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This application claims the benefit of priority of
U.S. provisional application Serial No. 60/040,660, filed
March 11, 1997. This application is also a continuation-
in-part application of U.S. Serial No. 08/831,284, filed
March 31, 1997, which is a continuation application of
U.S. Serial No. 08/517,051, filed August 21, 1995, which..
is a continuation-in-part application of U.S. Serial No.
08/305,526 filed September 12, 1994; and is a
continuation-in-part application of U.S. Serial. No.
08/816,065, filed March 11, 1997, which claims priority
from U.S. provisional application Serial No. 60/013,119,
filed March 11, 1996.

BACRGROUND OF THE INVENTION

Field of the Invention

The present invention relates to novel
benzothiepines, derivatives and analogs thereof, in
combinat;on with HMG Co-A reductase inhibitors;, - .
pharmaceutical compositions containing them, and use of -
these compositions in medicine, particularly: in the -
prophylaxis and treatment of hyperlipidemic conditions
such as is associated with atherosclerosis oxr: -
hypercholesterclemia, in mammals. '

Description of Related Axt . o

It is well-settled that hyperlipidemic conditions
associated with elevated concentrations of total: '
cholesterol and low-density lipoprotein cholesterol are
major risk factors for coronary heart disease and
particularly atherosclerosis. Interfering with the
circulation of bile acids within the lumen of the
intestinal tract is found to reduce the levels of serum
cholesterol in a causal relationship. Epideﬁiological
data has accumulated which indicates such reduction
leads to an improvement in the disease state of
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atherosclerosis. Stedronsky, in "Interaction of bile
acids and cholesterol with nonsystemic agents having
hypocholesterolemic properties,” Biochimica et
Biophvsica Acta, 1210 (1994) 255-287 discusses the
biochemistry, physiology and known active agents
surrounding bile acids and cholesterol.

Pathophysiologic alterations are shown to be
consistent with interruption of the enterchepatic
circulation of bile acids in humans by Heubi, J.E., et
al. See "Primary Bile Acid Malabsorption: Defective
in ¥itro Ileal Active Bile Acid Transport”,
Gastroenterology, 1982:83:804-11. IR

In fact, cholestyramine binds the bile acids in
the intestinal tract, thereby interfering with their

normal enterchepatic circulation (Reihnér, E. et al, in -

*Regulation of hepatic cholesterol metabolism in
humans: stimulatory effects of cholestyramine on HMG-
CoA reductase activity and low density lipoprotein
receptor expression in.gallstone patients®, Journal of
Lipid Research, Volume 31, 1990, 2219-2226 and Suckling

el al, "Cholesterol Lowering and bile acid Excretlan 1n‘*l

the hamster with cholestyramine treatment™,

Atherosclerosis, 89(1991) 183-190). This resilts in an

increase in liver bile acid synthesis by'ﬁﬁé”IEVer-
using cholesterol as well as an upregulation of the
liver LDL receptors which enhances clearance of’
cholesterol and decreases serum LDL cholesterol levels.
In another approach to the reduction of :
recirculation of bile acids, the ileal bile acid
transport system is a putative pharmaceutical target
for the treatment of hypercholesterolemia based on an
interruption of the enterohepatic circulation with
specific transport inhibitors (Kramer, et al;
*Intestinal Bile Acid Absorption" The_Journal of

Bioloagical Chemistry, Vol. 268, No. 24, Issue of August
25, pp. 18035-18046, 1993).

A
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In a series of patent applications, eg Canadian
Patent Application Nos. 2,025,294; 2,078,588;
2,085,782; and 2,085,830; and EP Application Nos. 0 379
161; 0 549 967; 0 559 064; and 0 563 731, Hoechst
Aktiengesellschaft discloses polymers of wvarious
naturally occurring constituents of the enterohepatic
circulation system and their derivatives, including
bile acid, which inhibit the physiological bile acid

transport with the goal of reducing the LDL cholesterol

level sufficiently to be effective as pharmaceuticals
and, in particular for use as hypocholesterolemic
agents. -

. In vitro bile acid transportinhibition is c -
disclosed to show hypolipidemic activity in The '
Wellcome Foundation Limited disclosure of the world -
patent application number WO 93/16055 for
"Hypolipidemic Benzothiazepine Compounds®

Selected benzothiepines are disclosed in world
patent application number W093/321146 for numerocus uses’
including fatty acid metabolism and coronary vascular °~
diseases. s o

Other selected benzothiepines are known for use as = "

hypolipaemic and hypocholesterolaemic agents,
especially for the treatment or prevention of -
atherosclerosis as disclosed by application Nos. EP
508425, FR 2661676, and WO 92/18462, each of which is
limited by an amide bonded to the carbon adjacent the
phenyl ring of the fused bicyclo benzothiepine ring.
The above references show continuing efforts to
find safe, effective agents for the prophylaxis and
treatment of hyperlipidemic diseases and their
usefulness as hypocholesterolemic agents.
Additionally selected benzothiepines are disclosed
for use in various disease states not within_éhé
present invention utility. These are EP 568 898A as
abstracted by Derwent Abstract No. 93-351589; WO
89/1477/A as abstracted in Derwent Abstract No. 89-

3
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370688; U.S. 3,520,891 abstracted in Derwent 50701R-~B;
Us 3,287,370, US 3,389,144; US 3,694,446 abstracted in
Derwent Abstr. No. 65860T-B and WO 92/18462.

-HMG Co-A reductase inhibitors have been used as
cholesterol-lowering agents. This class of compounds
inhibits 3-hydroxy-3-methylglutaryl-coenzyme A (HMG Co-
2A) reductase. This enzyme catalyzes the conversion of -
HMG Co-A to mevalonate, which is an early and rate-
limiting step in the biosynthesis of cholesterol.

Benzothiazepine anti-hyperlipidemic agents are
disclosed in WO 94/18183, WO 94/18184, WO 96/05188, WO
96/16051, AU-A-30209/92, AU-A-61946/94, AU-A-61948794,
and AU-A- 61949/94. -

The present invention furthers such efforts by
providing novel pharmaceutical ‘compositions and methods
for the treatment of hyperlipidemic conditions.

SUMMARY OF THE INVENTION
Accordingly, among its various apects, the present
invention provides compounds of formula (I): -~ = -

pé ps R?

wherein:
q is an integer from 1 to 4;
n is an integer from 0 to 2;*

Rl and R? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,

oy
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dialkylamino, alkylthio, (polvalkyl)aryl, and
cycloalkyl,

wherein alkyl, alkenyl, alkynyl, haloalkyl,
alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl optionally are substituted with one or more

substituents selected from the group cons:.stlng of © 9.

»ROR1C, wR'R®RYA", RS, s*RR R, P'R'RMR¥A°, S{O)RY, sozRr?,

9, CC)zl?.9 CN, halogen, oxo, and CONR9R1°

wherein alkyl, alkenyl, alkynyl, alkylaryl,

alkoxy, alkoxyalkyl, (polyalkyl)aryl. and cycloalkyl .

optionally have one or more carbons replac‘ed"b_y o, NR9,

N"'RSR]'OA- 8, SO, S02, S+R9A P"'Rs RIOA- or phenylene,

10

SO3R

wherein R9, R™", and R¥ are independently selected
from the group consisting of H, alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, acyl, heterocycle, heteroaryl,
ammeniumalkyl, alkylammoniumalkyl, and arylalkyl; or

1 and R2 taken together with the carbon to wh:.ch

they are attached form C,-C,, cycloalkylidene.

R3 and R are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,
acyloxy, arvl, heterocyicfe,z]ﬁRg, NR9R1°, SRS,‘ s (O)'Rg.','

sozR%, and SO03R%, wherein R’ and R* are as defined
above; or . o
R3 and R4 together form =0, =N0R11, =8, -NNRllnlz

=NR9 , Or =C‘I.?:‘":"R12 .

wherein Rll and R:"2 are independently seiected
from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl
heterocycle fi‘%ﬁ?g@kyalkyl carboalkoxyalkyl,’

cycloalkyl, cvanoalkyl, 0R9, 9R1°, SR9 R S(O)R9 R
soar?, s03r’, cozr?, ON, halogen, oxo, and CoNr%RC,
S
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wherein R9 and Rlo are as defined above, provided that

both R> and R? cannot be oH, NHZ-'and SH, or

811 and R:]'2 together with the nitrogen or carbon

atom to which they are attached form a cyclic ring;
RS and RS are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, heterocygfg,Aquatemary heterocycle. quaternary

3 S(O)R ’ 802R9. and 503R9.

wherein alkyl alkenyl, alkynyl, aryl, cycloalkyl,
heterocyléitgxgzyatemary heterocycle, and quaternary
hetercaryl can be substituted with one or more "~
substituent groups indepéndently selected from the
group consisting of alkyl, alkenyl, alkynyl, polyalkyl, -
polyether, aryl, haloalkyl, cycloalkyl, heterccycle, heteroaryl
arylalkyl, gquaternary heterocycle, quaternary

heteroaryl, halogen, oxo, OR13, NR13R14, SR1~3, : S(f.'))l'{:"3

13 13 nri3orl4

sozr*3, sosr or4, NrP3NrMR15, N0z, cozrY3, on,

OM, SO20M, SOzNR13R14. c(o)Nr}3RM, clorom, cor!?,

P(0) R13R14 , P+R13R14R15A_ P (OR™) OR™, S'RaR“A'.. “and ..
n*rRIr11Rr12a", i AR
wherein:

A~ is a pharmaceutically acceptable anion and M is”
a pharmaceutically acceptable cation, : R

said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, heterocycle and heteroaryl
can be fur;her substituted with one or more substituent
groups selected from the group consisting of OR’,

xer%, sr’, s(0)r’, So2R’, SO3R’, CO2R’, CN, ‘cxo,

CONR7R8, N+R7RBRSA ., alkyl, alkenyl, alkynyl, aryl.

cycloalkyl, heterocycle, heteroaryl, arylalkyl, quaternary
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heterocyecle, quaternary heteroaryl, P(O)R7R8.

»*R7R8R%A", and P(0) (OR’)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,

polyether, aryl, haloalkyl, cycloalkyl, heterocycle and heterocaryl .

can optionally have one or more carbons replaced by O,

2
NR’, N'R’R%A-, S5, S0, $02, s™R’a-, PR, P(O)R,

P+R7R8A-. or phenvlene, and R13, RM, and Rl-s are -

‘independently selected from the group consisting of

hydrogen, alkyl, alkenyl, alkynyl, polyalkyl, aryl,
arylalkyl, cycloalkyl, heterocycle, hetercaryl
quaternary heterocycle, quaternary heteroaryl, and .
qguaternary heteroarylalkyl, '
wherein a]ikyl. alkenyl, alkynyl, arylalkyl
heterocycle.A and polyalkyl optionally have one or more

carbons replaced by 0, NR’, N+R9R1°A-, s, 80, S02,

S+R9A PRS. P"'RSRJ'OA , P(O)R’, phenylene, carbohydrate,

amino acid, peptide, or polypeptide, and

Ru. R“, and r1S are optionally substituted with

one or more groups selected from the group consisting
of sulfohﬁﬁcyeg 3 qué.te ter"w:’%et:e::'ocycle, quatermary + . -

heteroaryl, ORS. NR9 10, N R9 11 12 AT, SR9 S(O)R .

10

802R9, SO3R9, oxo, coza CN, halogen, CONR.SR ' SGZOM.-'

9g10- +.9..10

s028R7RM?. po(or'®)orY?, P'RORVORMa-, s'RORVA-, and C(O)OM, - -

wherein R:"5 and RY? are independently selected

from the substituents constituting R? and M; or

Ru‘ Rls. together with the nitrogeﬁ atom to

which they are attached, form a cyclic ring:;

R’ and R® are independently selected from the

group consisting of hydrogen and alkyl; and

and

one or more R* are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,
pelyalkyl, acyloxy, aryl, arvlalkyl, halogen,

?.

PCT/US98/03792
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haloalkyl, cycloalkyl, heterocycle, heteroaryl,
polyether, quaternary heterocycle, quaternary

13' Nr13g14 13

heteroaryl, OR , srRY3, s(0)r?, s(o)2rY3,

3134 S+R13R14A-. NR130R14, NR13NR14R15, NO3Z, C02R13,

CN, OM, SO0M, SONRISgrl‘

S03

, NR*C{0)R®, c(0)NrRIR4,

nrY4c(o)r'3, cloyoM, corl3, orl® 18 Ng13g18,

18.,14

, S{O)nNR

wr18orY4, N'R%RI1IR125-, p*RORIIRZA™, amino acid,

peptide, polypeptide, and carbohydrate, .
- wherein alkyl, a.lkenyll, alkynyl, cyclecalkyl, aryl,
polyalkyl, heterocygie,/\acyi ioxy, arylalkyl,” haloalkyl,
pquether; quaternary heterocycle, and gquaternary
9,'NR9R10,

, SO3R’, oxo; CO2R?,

hetercaryl can be further substituted with OR

n*RIR11R22a7, sr?, s(o)r?, sozr®

CN, halogen, CONR9R1°

p*rIRIIR1I2A", S'R’R¥A", or C(O)}OM, and

18

, SozoM, 502NR’RC, PO(OR*)ORY,

wherein R™" is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocyclé,

heteroaryl, alkyl, quaternary heterocycle, and quaternary heteroaryl .-: .: - - o

wherein acyl, arylalkoxycarbonyl, arylalkyl, -
heterocycle, hetercaryl, alkyl, quaternary heterocycle,
and quaternary hetercaryl optionally are substituted -
with one or more substihents selected from the group

consisting of 0R9. NRSRJ'O, N+R9R11R12A°, SRQ,~ S(O)Rg'.
SOzRg. 80339, oxo,-COzRg, CN, halogen, CONR?RIQ. SO3R?.

sozom, soznr’r*°, Po(or®)or'?, and c(ojom, .

wherein in RX, one or more ca:rbons are optionally
replaced by 0, NR*3, N*R¥3rMa-, s, s0. so;, s*Rr13a-,
PR13.' p(o)R13 P+R13R14A-, phenylene, amino a_.c'id.
peptide, polypeptide, carbohydrate, polyether, or
polyalkyl,
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wherein in said polyalkyl, phenylene, amino acid,
peptide, polypeptide, and carbohydrate, one or more

carbons are optionally replaced by O, NRS. N+R9R1°A '

s, s0, soz, s*’R%a-, pr?, P'RPRY%a-, or P(O)R;

wherein quaternary heterocycle and quaternary
heterocaryl are optiocnally substituted with one or more -
groups selected from the group consisting of alkyl,
alkenyl, alkynyl, polyalkyl, polyether, aryl,

‘haloalkyl, cycloalkyl, heterocy®T&iitvlalkyl, halogen,

oxo, ORL3, NrR13RM, srl3, s(0)R13, s0grY3 13,

Nr130r14, nr1PNR14RI5, Noa, copr?3

13p14

+» SO3R

» CN, OM, SO20M,

SO2NR , cto)NrRM3RY4, crojom, corl3, p(oyr13Rr14,

*RI3R14:15,_ P(OR®)ORM, S'RPR™A", and N*RPRIIR12a-

5 and RG

OH, or SH,and when R° is OH, RY, R%, R3, R% R’ and RS

cannot be all hydrogen; :
provided that when R’ or R' is phenyl, only one of
R' or R is H; AT :
provided that when g = 1 and R* is styryl,
anilido, or anilinocarbonyl, only one of R''or R® is
alkyl; or T ‘
a pharmaceutically acceptable salt, solvate, or -

provided that both R cannot be hydrogen,

prodrug thereof.

Preferably, R° and RS can independently be

selected from the group consisting of H, aryl,
heterocygfgfxggaternary heterocycle, and quaternary
heteroaryl,

whergln said aryl, heterocycle, hetercaryl, quaternary
heterocycle, and quaternary heteroaryi can be .
substituted with one or more substituent groups
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, polyalkyl, polyether, aryl,
haloalkyl, cycloalkyl, heterggsﬁfgiKgrylalkyl, halogen,

oxo, OrR13, NRM3r'4, sr13, s5(0)R?3, s0.r3, sosrl3,
3
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Nr13or14 , NRISNRI4RYS 13

13,14

. NO2, CO2R
13R14

, CN, OM, SO20M,

, C(O)NR 1314,

SO2NR , c(oyom, cor'3, p(o)R

p*RIR143%5,.. P(OR®)OR™, S+R™R™a-, and N'RIRMIRr12a-,

wherein said alkyl, alkenyl, alkynyl, polyalkyl,.

polyether, aryl, haloalkyl, cycloalkyl, heterocycle and hetercaryl

can optionally have one or more carbons replaced by O,

NR’, N'R'r®A-, s, S0, S02, s*R’A-, PR’, P(O)R/

P+R7R8A- . ©or phenylene,

* wherein said alkyl, alkenyl, alkynyl, polyalkyl,

polyether, aryl, haloalkyl, cycloalkyl, heterocycle and heterceryl

can be further substituted with one or more substituent

groups selected from the group comnsisting of O 7.

Nr’R®, SR, sto)R’, soz2r’, soar?, cogr’, CN, cxo,

CONR7R8, N+R7R8R9A- alkyl,l alkenyl, alkynyl, aryl,

cycloalkyl, heterocycle.[\ary’lalkyl, quaternary

heterocycle, quaternary heteroaryl, P(O)R7R8, P+R7R8R9A-.

and P(0) (OR")OR'. PRI L

More preferably, R’ or R® has the formula:

-Ar-(R),

wherein:

t is an integer from 0 to 5; :

Ar is selected from the group consisting of
phenyl, thiophenyl, pyridyl, piperazinyl, piperonyl,
pyrrolyl, naphthyl, furanyl, anthracenyl, quinolinyl, '
isoquinolinyl, quinoxa.l:'i.nyl. imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, pyrimidinyl, thiazolyl, -
triazolyl, isothiazolyl, indolyl, ) benzoimidazolyl,
benzoxazolyl, benzothiazolyl, and benzoisothiazolyl;
and

one or more RY are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, aryl,

10
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cycloalkyl, heterocycle, neteroaryl, quaternary heterocycle,

quaternary heteroaryl OR’, SK°, S(O)R’, sozng, and so3R9.

wherein alkyl, alkenyl, alkynyl, aryl, cycloalkvl.
heterocycle, and heteroaryl can be substituted with one or more
substituent groups independently selected from the
group consisting of alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, heterocycle, hetemeryl,

i3 , nri3gl4 i3

, sr13, s(o)r?3,

soarY3, so3r3, mr130r4, Nr13mr14R5, mo», cozr?, om,

oM, sozoM, So2NRIZRM4, c(o)nr13r'4, c(ojom, corid,

B(0) R1.3R14 , P+R13R14R15

NRIRY1RY25",

wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl,hetexccycle, axd heterceryl
can be furthe_r substituted with one or more substituent

A-, P(OR*)ORY, SRR"“A", and

groups selected from the group consisting of 0R7',
NR'R®, sr7, s(O)R’, SO2r’, so0ar’, CO2R7, CN, oxo,

conr’R®, N*R'R®R7a-, alkyl, alkenyl, alkynyl, aryl,.

cycloalkyl, heterocycle, hetereryl, arylalkyl, gatermery-- ~ . - .. . .

heterocycle, quaternary heteroaryl, P(O)RvP.a, PfR"? A=y

and P(0) (OR')OR', and L _

wherein said alkyl, alkenyl, alkynyl, polyalkyl, '
polyether, aryl, haloalkyl, cycloalkyl, heterocycle, and heteroaryl -
can opticnally have one or more carbons replaced by O,

Nr’, N*R’R%A-, s, S0, s02. s*R7A-, PR’, P(O)R’,

P+R7R8A- ., or phenylene.,

6

Most preferably, RS or R” has the formula__ {II):

i
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(II)

(R":

The invention is further directed to a 'compound
selected from among:

R® - R? - R® (Formula DI)

Rzz
|
R*” - R” - R® (Formula DII),

and

R
I

R - R" -~ R® (Formula DIII)
|

Rz:

wherein R"” is selected from the group
consisting of alkane diyl, alkene diyl, alkyne diyl,
polyalkane diyl, alkoxy diyil, poly.ether diylh,
polyalkoxﬁr diyl, carbohydrate, amino acid, peptide, and
polypeptide, wherein alkane diyl, - alkene diyl, alkyne
diyl, polyalkane diyl, alkoxy diyl, polyether aiyl.
polyalkoxy diyl, carbohydrate, amino acid, peptide, and
polypeptide can optionally have one or more carbon

atoms replaced by 0; NR7, N*R7R8, s, SO, soz. S+R7R8..

12
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pR7, p*’p738, phenylene, heterocycle, heteroaryl, quaterndry
heterocycle, gquaternary heterxocaryl, oxr arxyl,

wherein alkane diyl, alkene diyl, alkyne diyi,
polyalkane diyl, alkoxy diyl, polyether diyl,
polyalkoxy diyl, carbohydrate, amino acid, peptide, and
polypeptide can be substituted with one or more
substituent groups independently selected £rom the
group consisting of alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, heterocycle, hetercaryl,
arylalkyl, halogen, oxo, oR'3, nri3rM4, &3, sio)r!?,

1

s0zrt3, 503533, Mr13om?4, wrl% e R1S, woa, cogrld, cox.

oM, S020M, _sozmun“. cto)nr3r14, ciojom, cor??,
w*adatlnlda-,

’

-, P(orRY)ORM, S'RUR"A", and

" wherein R further comprises funct:.onal linkages
by which R” is bonded to R®, R", or R® in the compounds

of Formulae DII and DIII, and R” in the compounds of
Formula DIII. Each of R", R®, or R® and R® comprises a
benzothiepine moiety as described above that is
therapeutically effective in inhibiting :.leal b:.le acid -
transport. SUREETER

The invention is also directed to a compound -
selected from among Formula DI, Formula DII and Formula‘
DIII in which each of R®, R*, R® and R® comprises a”
benzothiepine moiety correspending to the Formula: '

{Formula DIV) "

13
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(R* 1

54
{Formula DIVA)

wherein R', R, ®R*, R, R, R', R, R’, R", ¢, and n are as’
defined in Formula I as described above, and R® is
either a covalent bond or arylene.

In compounds of Formﬁla DIV, it is particularly
preferred that each of R®, R”, and R” in Formulae DIT
and DIII, and R® in Formula DIII, be bonded at its 7-
or 8-position to R”. In compounds of Formula DIVA, ‘it
is particularly preferred that R® comprise a phenylene
moiety bonded at a m- or p-carbon thereof to RY.

Examples of Formula DI include:
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In any of the dimeric or multimeric structures
discussed immediately above, benzothiepine campounds of

the present invention can be used’'alone or in various
combinations. '

In any of the compounds of the present invention,
R' and R’ can be ethyl/butyl or butyl/butyl.

5
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Other compounds useful in the present invention as
ileal bile acid transport inhibitors are shown in

. Appendix A.

In another aspect, the present invention provides
a pharmaceutical composition for the prophylaxis or
treatment of a disease or condition for which a bile
acid transport inhibitor is indicated, such as a
hyperlipidemic condition, for example, atherosclerosis.
Such compositions comprise any of the compounds
disclosed above, alone or in combination, in an amount
effective to reduce bile acid levels in the blood, or - -
to reduce transport thereof across digestive system
membranes, and a pharmaceutically acceptable carrier,
excipient, or diluent. : ' '

In a further aspect, the present invention also
provides a method of treating a disease or condition in
mammals, including humans, for which a bile acid
transport inhibitor is indicated, comprising
administering to a patient in need thereof a compound
of the present invention in an effective amount in unit
dosage form or in divided doses. = '

In yet a further aspect, the present invention
also provides processes for the preparatlon of
compounds of the present invention.

In yet another aspect, the present invention
provides a combination therapy comprising the use of a
first amount of an ileal bile acid transport .inhibitor
and a second amount of a HMG Co-A reductase inhibitor
useful to treat hyperlipidemic disorders, wherein said
first and second amounts together comprise an anti-
hyperlipidemic condition effective amount of said
compounds:

HMG Co-A reductase inhibitor- compounds useful in
the present invention are shown in Appendix B.-

Further scope of the applicability of the present
invention will become apparent from the detailed
description provided below. However, it should be

b
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understoocd that the following detailed dscription and
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only since
various changes and modifications within the spirit and
scope of the invention will beomce apparent to those
skilled in the art from this detailed description.

DETATILED DESCRIPTION OF THE INVENTION

The following detailed description is. prov1ded to.
aid those skilled in the art in practicing the present .
invgntion. Even so, this detailed description should
not be construed to unduly limit the present invention:
as modifications and variations in the emobodiments.
discussed herein can be made by those of ordinary skill
in the art without departing from the spirit or scope
of the present inventive discovery.

The contents of each of the references cited
herein, including the contents of the references cited -
within these primary references, are herein
incorporated by reference in their entirety.

Definitions T
In order to aid the reader in understanding the
following detailed description, the following - -
definitions are provided: B .
"Alkyl", "alkenyl," and "alkynyl®” unless otherwise -
noted are each straight chain or branched chain

hydrocarbons of from one to twenty carbons for alkyl or - =

two to twenty carbons for alkenyl and alkynyl in the
present invention and therefore mean, for example,
methyl, ethyl, propyl, butyl, pentyl or hexyl and
ethenyl, propenyl, butenyl, pentenyl, or hexenyl and
ethynyl, propynyl, butynyl, pentynyl, or hexynyl
respectively and isomers thereof. .

"Aryl" means a fully unsaturated mono- or multi-
ring carbocyle, including, but not limited to,

A
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substituted or unsubstituted phenyl, naphthyl, or
anthracenyl.

"Heterocycle” means a saturated or unsaturated
mono- or multi-ring carbocycle wherein one or more
carbon atoms can be replaced by N, S, P, or 0. This
includes, for example, the following structures:

2 )
}"' ﬁlzur
']
P’Z/ z{"zfzz"

oxr

wherein 2z, Z', 2" or 2"’ is C, §, P, O, or N, with the
proviso that one of 2z, 2’, Z” or Z”' is other than
carbon, but is not O or S when attached to another 2
atom by a double bond or when attached to another O or
S atom. Furthermore, the optional substituents are
understood to be attached to 2, Z‘, 2” or Z”' only when
each is C.

The term “heterocaryl” means a fully unsaturated
heterocycle. o

In either “heterocycle” or “heterocaryl,” the point'
of attachment to the molecule of interest can be at the
heterocatom or elsewhere within the ring.

The term “quaternary heterocycle” means a
heterocycle in which one or more of the.heterﬁatoms.
for example, O, N, S, or P, has such a number of bonds
that it is positively charged. The point of attachment
of the quaternary heterocycle to the molecule of
interest can be at a heteroatom or elsewhere.

The term “quaternary heteroaryl” means a-
heteroaryl in which one or more of the heteroatoms, for
example, O, N, S, or P, has such a number of bonds that
it is positively charged. The point of attachment of
the quaternary heteryaryl to the molecule of interest
can be at a heterocatom or elsewhere.

1}
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The term “*halogen” means a f£luoxo, chloro, bromo
or iodo group.

The term “haloalkyl” means alkyl substituted with
one or more halogens. .

The term “cycloalkyl” means a mono- or multi-
ringed carbocycle wherein each ring contains three to
ten carbon atoms, and wherein any ring can contain one
or more double or triple bonds.

The term “diyl” means a diradical mozety wherein
said moiety has two points of attachment to molecules
of -interest. L

The term “oxo” means a doubly bonded oxygen.

The term “polyalkyl” means a branched or straight
hydrocarbon chain having a molecular weight up to about
20,000, more preferably up to about 10,000, most
preferably up to about 5,000.

The term “polyether” means a polyalkyl wherein one
or more carbons are replaced by oxygen, wherein the
polyether has a molecular weight up to about 20,000,
more preferably up to about 10,000, most preferabiy up
to about 5,000. - ST

The term “polyalkoxy” means a polymer of alkylene -
oxides, wherein the polyalkoxy has a molecular weight
up to about 20,000, more preferably up to about 10, 000 .
most preferably up to about 5,000. ' :

The term “cyclocaklylidene” means a mono- or mﬁlti**
ringed carbocycle wherein a carbon within thg ring -
structure is doubly bonded to an atom which is not
within the ring structures.

The term “carbohydrate” means a mono-, di-, tri-,
or polysa;charide wherein the polysaccharide can have a
molecular’ weight of up to about 20,000, for example,
hydroxypropyl-methylecellulose or chitosan.

The term “peptide” means polyamino acid’containing
up to about 100 amino acid units.

The term “"polypeptide” means polyamino acid
containing from about 100 amino acid units to about

19
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1000 amino acid units, more preferably from about 100
amino acid units to about 750 amino acid untis, most
preferably from about 100 amino acid units to about 500
amino acid units.

The term “alkylammoniumalkyl” means a NH, group or
a mono-, di- or tri-substituted amino group, any of
which is bonded to an alkyl wherein said alkyl is
bonded to the molecule of interest. ' -

The term *“triazolyl” includes all positional
isomers. In all other heterocycles and heterocaryls
which contain more than one ring heterocatom and for
which isomers are possible, such isomers are included
in the definition of said heterocycles and heteroaryls.

The term “sulfoalkyl” means an alkyl group to
which a sulfonate group is bonded, wherein said alkyl
is bonded to the molecule of interest.

The term “active compound” means a compound of the
present invention which inhibits transport of bile
acids.

When used in combination, for example “aikylaryl*"'
or “arylalkyl,” the individual terms listed above have

the meaning indicated above.
The term "a bile acid transport inhibitor" means a

compound capable of inhibiting absorption of bile acids:

from the intestine into the circulatory system of a
mammal, such as a human. This includes increasing the
fecal excretion of bile acids, as well as reducing the
blood plasma or serum concentrations of cholesterol and
cholesterol ester, and more specifically, reducing LDL
and VLDL cholesterol. Conditions or diseases which
benefit from the prophylaxis or treatment by bile acid
transport 'inhibition include, for example, a
hyperlipidemic condition such as atherosclerosis.

The phrase “combination therapy” refers to the
administration of an ileal bile acid transport
inhibitor and a HMG Co-A reductase inhibitor to treat a
hyperlipidemic condition, for example atherosclerosis

L0

~



WO 98/40375 PCT/US98/03792

10

15

20

25

30

35

and hypercholesterolemia. Such administration
encompasses co-administration of these inhibitors in a
substantially simultaneous manner, such as in a single
capsule having a fixed ratio of active ingredients or
in multiple, separate capsules for each inhibitor
agent. In addition, such administration also
encompasses use of each type of inhibitor in a
sequential manner. In either case, the treatment
regimen will provide beneficial effects of the drug
combination in treating the hyperlipidemic condition. -

The phrase *“theraputically effective” is intended’
to qualify the combined amount of inhibitors in the -
combination therapy. This combined amount will achieve’
the goal of reducing or eliminating the hyperlipidemic
condition.

ompounds

The compounds of the present invention can have at
least two asymmetrical carbon atoms, and therefore
include racemates and sterecisomers, such as =~ - - % %
diastereomers and enantiomers, in both pure form and in -
admixture. Such stereoisomers can be prepared using -
conventional techniques, either by reacting -
enantiomeric starting materials, or by separating
isomers of compounds of the present invention.

Isomers may include geometric isomers, for exﬁmple
cis isomers or trans isomers across a double bond. All
such isomers are contemplated among the compounds of
the present invention.

The compounds of the present invention also
include tautomers. '

The compounds of the present invention as
discussed below include their salts, solvates-and
prodrugs. '

Compound Syntheses

2l
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The starting materials for use in the preparation
of the compounds of the invention are known or can be
prepared by conventional methods known to a skilled
person or in an analogous manner to processes described
in the art.

Generally, the compounds of the present invention
can be prepared by the procedures described below.

For example, as shown in Scheme I, reaction of
_aldehyde II with formaldehyde and sodium hydroxide
yields the hydroxyaldehyde III which is converted to
mesylate IV with methanesulfonyl chloride and -
triethylamine similar to the procedure described in -
Chem. Ber. 98} 728-734 (1965). Reaction of mesylate IV
with thiophencl V, prepared by the procedure described

" in WO 93716055, in the presence of triethylamine yields
keto-aldehyde VI which can be cyclized with the
reagent, prepared from zinc and titanium trichloride in
refluxing ethylene glycol dimethyl ether (DME), to give

. a mixture of 2,3-dihydrobenzothiepine VII and two

" racemic steroisomers of benzothiepin-(5H)-4-one VIII
when R' and R’ are nonequivalent. Oxidatich of VII with
3 equivalents of m-chloro-perbenzoic acid (MCPBA) gives
isomeric sulfone-epoxides IX which upon hydrogenation
with palladium on carbon as the catalyst yield a
mixture of four racemic stereoisomers of 4-hydroxy-
2,3,4,5-tetrahydrobenzothiepine-1,1-dioxides: X and two
racemic stereoisomers of 2,3,4,5-tetrahydro-" '
benzothiepine-1,1~dioxides XI when R' and R*® are
nonequivalent.

Optically active compounds of the present
invention can be prepai':ed by.using optically active starting
material III or by resolution of compounds X with optical
resolution agents well known in the art as described in J.
Org. Chem., 39, 3904 (1974), ibid., 42, 2781 (1977), and
ibid., 44, 4891 (1979). '
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Alternatively, keto-aldehyde VI v;rhere R’ is H can be
prepared by reaction of thiophenol V with a 2-
substituted acrolein.
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8# ©
Ry

®y,
Benzothiepin- (5H)-4-one VIII can be oxidized with MCPBA
to give the benzothiepin-(5H)-4~-one-1,1-dioxide XII
which can be reduced with sodium borohydride to give
four racemic stereoisomers.of X. The two stereoisomers
of X, Xa and Xb, having the OH group and R’ on the
opposite sides of the benzothiepine ring can be.
converted to the other two isomers of X, Xc .and Xd,
having the OH group and R’ on the same side of the
benzothiepine r:i.ng by reaction in methylene chloride
with 40-50% sodium hydroxide in the presence of a phase
transfer catalyst (PTC). The transformation can also
be carried out with potassium t-butoxide in THF.

a4
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when R ¢= By, Ra=EL R =P, X=H, qu4d
Sa=Xa
&b = Xb
GcuXs
od = Xd

The compounds of the present invention where R® is OR,
NRR’ or S(O),R and R‘ is hydroxy can be prepared by .-
reaction of epoxide IX where R® is H with thiol,
alcohol, or amine in the presence of a base.
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R? pns
R
PN,
|
(R*}
o HOR, or HNRR' or HS(O),R base
R:/Rl
[}
F VR .
! vebd]
{R®) oH

$

R* = OR, NRR!, S(O)R

Another route to Xc and Xd of the present invention is
shown in Scheme 2. Compound VI is oxidized to cdmpound
XIII with two equivalent of m-chloroperbenzoic acid.
Hydrogenolysis of compound XIII with palladium on

10 carbon yields compound XIV which can be cyclized with
either potassium t-butoxide or sodium hydroxide under
phase transfer conditions to a mixture of Xc and Xd.
Separation of Xc and Xd can be accomplished by'eithér:
HPLC or fractional crystallization. o R
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The thiophenols XVIII and V used in the present
invention can also be prepared according to the Scheme
3. Alkylation of phenol XV with an arylmethyl chloride
in a nonpolar solvent according to the procedure in J.
Chem. Soc., 2431-2432 (1958) gives the ortho
substituted phenol XVI. The phenol XVI can be
converted to the thiophenél XVIII via the thiocarbamate
XVII by the procedure described in J. Ozrg. Chem., 31,

- 3980 (1966). The phenol XVI is first reaqped with-

dimethyl thiocarbamoyl chloride and triethylamine to
give thiocarbamate XVII which is thermally rearranged
at 200-300 °C, and the rearranged product is hydrolyzed
with sodium hydroxide to yield the thiophenol XVIII.
Similarly, Thiophenol V can also be prepared from 2-
acylphenol XIX via the intermediate thiocarbamate XX.

1
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Scheme 3 PATENT

2
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xvi vl
)
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Ry ——> Re —> R

Scheme 4 shows another route to benzothiepine-1,1-
dioxides Xc and Xd starting from the thiophenol XVIII.

Compound XVIII can be reacted with mesylate IV to give
the sulfide-aldehyde XXI. Oxidation of XXI with two-

equivalents of MCPBA yields the sulfone-aldehyde XIV =~

which can be cyclized with potassium t-butoxide to a
mixture of Xc¢ and Xd. Cyclyzation of sulfide-aldehyde -
with potassium t-butoxide also gives a mixtﬁ:e of
benzothiépine XXIIc and XXIId.

>%
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Examples of amine- and hydroxylamine-con'taining
compounds of the present invention can be prepared as-
shown in Scheme 5 and Scheme 6. 2-Chloro-5-
nitrobenzophenone is reduced with triethylsilane and
trifluoromethane sulfonic acid to 2-chlorxo-5-
nitrodiphenylmethane 32. Reaction of 32 witin lithium
sulfide followed by reacting the resulting sulfide with
mesylate IV gives sulfide-aldehyde XXIII. Oxidation of
XXIIT with 2 equivalents of MCPBA yields sulfone-
aldehyde XXIV which can be reduced by hydrogenation to
the hydroxylamine XXV. Protecting the hydroxylamine XXV
with di-t-butyldicarbonate gives the N,0-di-(t-

a9
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butoxycarbonyl) hydroxylamino derivative XXVI.
Cyclization of XXVI with potassium t-butoxide and
removal of the t-butoxycarbonyl protecting group gives
a mixture of hydroxylamino derivatives XXVIIc and
XXVIId. The primary amine XXXIIIc and XXXIII4
derivatives can also be prepared by further
hydrogenation of XXIV or XXVIIc and XXVIIA.

10
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In Scheme 6, reduction of the sulfone-aldehyde XXV
with hydrogen followed by reductive alkylation of the
resulting amino derivative with hydrogen and an
aldehyde catalyzed by palladium on carbon in the same
reaction vessel yields the substituted amine derivative

3
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ooy ,(_; oV

XXVIII. Cyclization of XXVIII with potassium t-butoxide - .

vields a mixture of substituted amino derivatives of
this invention XXIXc and XXIX4. '

Scheme 7 describes one of the methods of
introducizig a substituent to the aryl ring at the 5-
position of benzothiepine. Iodination of 5-phenyl
derivative XXX with iodine catalyzed by mercuric
triflate gives the iodo derivative XXXI, which upon
palladium~catalyzed carbonylation in an alcohol yields
the carboxylate XXXIT. Hydrolysis of the carboxylate
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and derivatization of the resulting acid to acid
derivatives are well known in the art.

Abbreviations used in the foregoing description
have the following meanings:

THF--~-tetrahydrofuran

33
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PTC---phase transfer catalyst

Aliquart 336---methyltricaprylylammonium chloride

MCPBA---m-chloroperbenzoic acid

Celite--- a brand of diatomaceous earth filtering
aid

DMF---dimethyl formamide

DME---~ethylene glycol dimethyl ether

BOC~-~~t-butoxycarbonyl group

R' and R’ can be selected from among substituted
and unsubstituted C, to C,, alkyl wherein the
substituent{s) can be selected from among -
alkylcarbonyl, alkoxy, hydroxy, and nitrogen-containing
heterocycles joined to the C, to C, alkyl through an
ether linkage. Substituents at the 3-carbon can
include ethyl, n-propyl, n-butyl, n-pentyl, isobutyl,
isopropyl, -CH,C(=0)C,JH,, -CH,0CH,, and -CH,0-(4-
picoline). Ethyl, n-propyl, n-butyl, and isobutyl are
preferred. In certain particularly preferrved - )
compounds of the present invention, substituents 'R’ -and
R’ are identical, for example n-butyl/n-butyl; so that
the compound is achiral at the 3-carbon. Eliminating
optical isomerism at the 3-carbon simplifies the
selection, synthesis, separatién, and quality contxol
of the compound used as an ileal bile acid transport -
inhibitor. In both compounds having a chiral 3-carbon
and those having an achiral 3-carbon, substituents (R")
on the benzo- ring can include hydrogen, aryl., alkyl,
hydroxy, halo, alkoxy, alkylthio, ‘alkylsulfinyl,
alkylsulfonyl, halcalkyl, haloalkoxy, (N}-hydroxy-
carbonylalkyl amine, haloalkylthio, halcalkylsulfinyl,
haloalkylsufonyl, amino, N-alkylamino, N,N~
dialkylamino, (N)-alkoxycarbamoyl, (N)- '
aryloxycarbamoyl, (N)-aralkyloxycarbamoyl, trialkyl-
ammonium (especially with a halide counterion), (N)-
amido, (N)-alkylamido, -N-alkylamido, -N,N-

M



10

15

20

25

30

35

WO 98/40375 PCT/US98/03792

dialkylamido, (N)-haloalkylamido, (N)-sulfonamido, (N)-
alkylsulfonamido, (N)-haloalkylsulfonamido,
carboxyalkylamino, trialkyl-ammonium salt, (N)-carbamic
acid, alkyl or benzyl ester, N-acylamine,

hydroxylamine, halocacylamine, carbohydrate, thiophene a ..

trialkyl ammonium salt having a carboxylic acid or
hydroxy substituent on one or more of the alkyl
substituents, an alkylene bridge having a quaternary
ammonium salt substituted thereon, -[O(CH,),],-X where x
is 2 to 12, w is 2 or 3 and X is a halo or a quaternary
ammonium salt, and {N)-nitrogen containing heterocycle
wherein the nitrogen of said heterocycle is optionally
quaternized. Among the preferred species which may
constitute R* are methyl, ethyl, isopropyl, t-butyl,
hydroxy, methoxy, ethoxy, isopropoxy, methylthio, iodo,
bromo, f£luoro, methylsulfinyl, methylsulfonyl,
ethylthio, aminé, hydroxylamine, N-methylaminc, N,N-
dimethylamino, N,N-diethylamino, )

(N) ~-benzyloxycarbamoyl, trimethylammonium, A7,
~-NHC(=0)CH,, -NHC(=0)CH,, -NHC(=0)CH,, - .. - ..
carboxyethylamino, (N)-morpholinyl, (N)-azetidinyl,

(N) -N-methylazetidinium A", (N)-pyrrolidinyl, pyrrolyl,
(N) -N-methylpyridinium A", (N)-N-methylmorpholinium A~,
and N-N'-methylpiperazinyl, (N) -bromomethylamido, (N)}- -
N-hexylamino, thiophene, -N"(CH,),CO,H I°, ~NCH,CH,COH, -
{N) -N*-dimethylpiperazinium I, (N)-t- '
butyloxycarbamoyl, (N)-methylsulfonamido, (N)N'-~-
methylpyrrolidinium, and -(OCH,CH,),I, where A" is a
pharmaceutically acceptable anion. The benzo ring

can be mono-substituted at the 6, .7 or 8 position, or
disubstituted at the 7- and -8 positions. Also
included are the 6,7,8-trialkoxy compounds, for example
the 6,7,8-trimethoxy compounds. A variety of other
substituents can be advantageously present on the 6, 7,
8, and/or 9- positions of the benzo ring, including,
for example, guanidinyl, cycloalkyl, carbohydrate
(e.g., a 5 or 6 carbon monosaccharide), peptide, and

35
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quaternary ammonium salts linked to the ring via
poly(oxyalkylene) linkages, e.g., -(OCH,CH,) -NR’R"R"A",
where x is 2 to 10. Exemplary compounds are those set
forth below in Table 1.

3b
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TABLE 1
Altexnative =cm=eunds §3 (Family Fl0l.xxx.yyy) *
QF
S 1
®R* Ty 2 2
17
- y s 4 4 R
H s ” ot
R
zefix Cpdd Rl=p2 RS (R g
(FEF.xxx, vvv) -% .
F101.001 01 n-propyl Pr-  7-zéthyl
02 n-propyl Ph-  Teethyl
63 n-propyl Ph~ 7T-iso-pzopyl
04 n-pzopyl fh~-  T-tez=-butyl
Qs n-ps9pyl Ph=- 7-0f
06 n~pzopvl " Ph= 7-0CH3
07 n-prapyl P~  7-O(iso-propyl)"
08 n-propyl Ph-  7-5CH3 h
09 n-propyl Ph-  7-S0CHj3 <
10 n-psopyl Ph=-  7-802C%

* General Notes

In the description of the subst::.tuents *(N)* indicates
that a n:.trogen bear:.ng substituent -is bonded to the r:.ng
structure via the nztrcgen ‘atom.

Similarly, 2-t:h:.cphene indicates a bond in. the 2 position

of the thicphene n.ng.

A similar convem::.on is used for other

heterocyclic substituents.

Abbreviations and Definitions

NH-CBZ is defined as -ENC(=0)OQCH,Ph

N
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11
2
a3
14
15
26
17
18
1s
20
53
22
- 23
¢
25
28
27
28
29
30
31
32
33

34
3S
36
37
38
39
40
41
42
43
44
4s
46
47
48
49
50
L33
s2

n-pxcéyl
n=propyl
n-propyl
n-propyl
n-propyl

n-propyl .

n=-propyl
n-prepyl
R=propyl
a=propyl
a-propyl
a-propyl
n-propyl
R=propyl
a-propyl
a-propyl
n-propyl
n=propyl
a-propyl
a~propyl
n-propyl
n=propyl
n=-propyl

n-propyl
n-propyl
a-propyl
B-propyl
n=propyl
n-propyl
a-propyl
n=propyl
R=propyl
n-propyl
n-propyl
n=propyl
n-prapyl
n-propyl
a-propyl
n-propyl
n=-propyl
n-propyl
n-propyl

)

Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Fh-
Ph-
Fh-
Ph=-
Ph-
Ph-
Ph-
Ph-
Ph-

Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
oh-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-~
Ph-
Ph-
Ph-

PCT/US98/03792

7~SCH2CH3
7-NH2

7-~-NHOH

7-NHCH3

7-N(CH3) 2

7-§*(cHz)3, I~

7~NHC (=0) CH3

7-N(CHzcn3)2

7-NMeCHaCO2H

7-N"(Me) yCH2C02H, I°

7~{N) ~mozpholine
T-{N)~azetidine . .
7~{N)-meethylazetidinium, b o
7= (N)~pyrrolidine .
7~(N)-mee:hyl-pyrrclidinium, I~
7-(N)-meschyl-mozpholinium,'I‘
7-(NJ-N'-me:hyipipe:azine
7-(N)-N’-dime:hylpipe:aziniua, I-
7-N¥-C3z . .
7-NEC(0) C5iy 1

7-NEC(O)C828:

7~NE-C (NH) NHg

7-(2}-th£ophene

8~methyl
§~ethyl
8-lso-prapy1
8~te:t-butyl
3~-oi

8~0CH3
8-otisc~prcpy1)
8~scH3

8~-socus
8~-so2cH;3
8-scHycH3
8~NH2

8~NHOn
8~NHCHS
8~N(CH3) 2
8~N*(cug 3, -
8~NHC (=0) CHy
8-N(CHaCH3) 2
8-MMeCHaCO2R
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53
54
55
56
57
58
59
€0
61
62
63
63
€5
66

67
€3
€9
70
71
72
73
74
75
76
77
78
79
80
81
82

83
8
85
86
87
88
89
90
91

82

93
83
95

a~propyl
a-propyl
a-propyl
n=-propyl
a-propyl
n-propyl
n-propyl
n-pzopyl
n-propyl
n-propyl
n-propyl
n=propyl
n-propyl
a-propyl

n-propyl
n-propyl
a-propyl
n-propyl
n-propyl
n-propyl
n-propyl
n-propyl
n-propyl
n-propyl
n-propyl
n-propyl
a-pzopyl
a-propyl
n-propyl
n~prapyl
n-propyl
n-propyl
n~propyl
a~propyl
n-propyl
n-propyl
a~propyl
a~propyl
a-propyl
n-propyl
n-propyl
n-propyl
n-propyl

39

Ph-
fh-
Ph-
Ph-

_Phe

Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-
Ph-

Ph-
Ph-
Ph-
Ph~
Fh-

Bl

Ph-
Ph-
Ph~
Phe
Ph~
Ph-
Ph~
Ph-
Ph~
Phe
Ph-
Ph~
Ph~
Ph~

Ph~
Ph~
Ph~
Ph~
Ph~
Ph-
Ph-

Ph-.

PCT/US98/03792

8-N* (Me) CH2CO2H PATENT

8- (N) ~moxpholine

8- (N} ~azetidine

8= (N) ~N-methylazetidinium, I

8= (N) ~pyrrolidine

8~(N) ~N-methyl-pyrrolidinium, I1-
8- (N) ~N-methyl-morpholinium, I~
8~ (N) -N’ ~methylpiperazine

8- (N} -N’ ~dimethylpiperazintum, I-
8~-NK-CBZ -
8-NHC(O)CgH11 :
8~NHC(0) CH2Bx

8-NH-C (NH) NHa

8-(2)-thicphene

S-methyl

9-ethyl
8~-iso-propyl
S-P.e:t-butyl

9-0k ~

9—62§3
8-0(iso~pzopyl)
8-SCH3

9-S0CH3

9-502CH3

9-8CiaCH3

9~Ni2

9-NHOK

$-NHCH3

9-N(CH3) 2
s-n*(cu3)3, I
9-NHC (=0) CH3
9-N(CH2CH3) 2
9-NMaCH2CO2H

9-N" (Me) ;CH2CO2H, I~
9=(N) ~mozrpholine

9=~ (N) —azetidine
9=(N) -N-me:hylazetidinium, I~

3= (N) -pyrrolidine

9= (N} ~N-methyl-pyrzolidinium, I~
98- (N) ~-N-methyl-mozpholinium, I*
$=(N) -N* ~methylpiperazine

9= (N) ~N* ~dimethylpiperazinium, I~
9~-NH~CBZ
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56 n-propyl Ph-  9-NHC(O)CsH1l
97 n-propyl Ph—-  9-NHC(O}CH28z
98 n-propyl Ph=  9=NH-C (NHINH2
99 n-prepyl Ph- 9=(2) -thiophene
100 n~propyl Ph~ 7-0CH3, 8~0CH3
101 n-pzopyl Ph- 7=-SCH3, 8-0CH3
102 n-propyl Ph-  7-SCH3, 8-SCH3
103 n-propvl Ph-  6-QCH3, 7-OCH3, 8-0CH3
pregix Cpd#  Rpi=R2 B (RN)g
(FFF.xx=. ' YYv)
F101.002 o1 _ n-butyl Ph- 7-methyl
02 n-butyl Ph~ 7-ethyl
Q3 a-butyl Ph- 7-iso-propyl
04 n-butyl Ph-  7-text~butyl
05 n-butyl Ph- 7-0OR
g6 n-butyl Ph- 7-0CH3
07 n~butyl Ph=- 7-Q(iso-pzopyl) .
08 n=-butyl Ph-  7-5CH3 .
Q9 n-butyl Ph=  7-S0CH3
10 a-butyl Ph-  7-502CH3
11 a-butyl _ Ph-  7-SCH2CH3
12 n-butyl _ Ph-  7-NH2
i3 n-butyl Ph- T~NHOH
14 n-butyl Ph- 7=NHCE
1s n-butyl Ph~  7=-N(CH3)2
18 n-butyl Ph-  7-n*t(cu3)3, I
17 a-butyl Ph-  7-NHC(=0)CH3
18 n-butyl Ph-  7-N(CH2CH3)2
18 n-butyl Ph- 7-NMeCH2CO2H
20 n-butyl Ph=  7-N"(Me);CH2CO2H, I~
21 n-butyl Ph=- 7-(N)-morpholine TR
22 n-butyl Ph=- 7-(N)~azetidine -
23 n-butyl Ph=  7-(N)=-N-methylazetidinium, I~
24 n=-butyl Ph= 7={N)-pyrcrolidine
25 n~butyl Ph~  7-(N)-N-methyl-pyrrolidinium, I°
26 n-butyl Ph=  7-(N)-N-methyl-morpholinium, I
27 n-butyl Ph-  7-(N)-N’-methylpiperazine
28 n-butyl Ph-  7-(N)-N’~dimethylpiperazinium, I°
29 n-butyl Ph- 7-NH-CB2 :
30 n-butyl Ph-  7-NHC(O)CsH1]
3 a-butyl Ph=-  7=NHC(O)CH2Bz

4.0
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n-butiyd
n=-butyl

n-butyl
n=-butyl
n-butyl
n~butyl
a-butyl
n-butyl
n-butyl
n-butyl
a=butyl
n=-butyl
a~butyl
n-butyl
n-butyl
n-butyl
n=butyl
n~-butyl
n-butyl
n-butyl
n=-butyl
n~-butyl
a~butyl
n-butyl
n-butyl
n-butyl
n=-butyl
n-butyl
n-bucyl
a~butyl
n~butyl
n-butyl
n-butyl
n=butyl
n~butyl

n~butyl
a-butyl
n-butyl
n-butyl
n-butyl
n-butyl
n-butyl
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T-NH=C (NH) NH2 -
7-(2)-thiophene

8~methyl

8~-ethyl

8-iso-propyl

8-text~-butyl

8-0K

8~0CH3

8-0(iso-propyl)

8-SCH3

8-S0CH3

8-+802CH3

§-SCH2CH3

8-NH2

B-NHCH

8-NECH3

8~N(CH3) 2

8-NF(cHz) 3, I”

8-NEC(=0)CH3 .

8-N(CH2CH3) 2

4-MMeCH2CO2R

§-~N*{Me) CH2CO2H, I™

8~ (N) ~mozphaline

8- (N} =azetidine _
8~ (N) -N-methylazetidinium, I~
8-(N)-py::alidiég "
3-(N)-N-methyl-gg::clidiﬁium,'I‘
8- (N) -N-methyl-miorpholinium, I~
8- (N) =N’ ~methylpiperazine
8-(N)-N’-dime:hglpipeza;inium, I~
8§~NH~-CBZ

8-NHC (0)CsH11

8~-NHC{0) CH2Bx

8-NH~-C (NH) NH2

8-(2) -thiophene

S=mathyl
S-ethyl
3-iso-propyl
9~tert-butyl
9-0H

9-0CH3

-0 (iso-propyl)
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74 n—hutyi Ph-  9-5CH3
75 n~butyl Ph-  9-S0CH3
76 n~-butyl Ph~  5-S02CH3
37 n=butyl Ph-  5-SCH2CH3
78 n-butyl Ph- 9-NH2
.79 n~butyl Ph~  S-=NHOH
86 n~-butyl Ph-  9-NHCH3
81 n~butyl Phe 9-N(CH3)2
82 n=-butyl Ph~  g-Nt(CH3)3, I
83 n-butyl Ph=  9=NHC(=0)CH3
84 n=butyl Ph-  9-N(CH2CH3)2
858 n=butyl "Ph-  9-NMeCH2CO2K
8¢ n-butyl Ph-  9-N*(Me);CH3CO2E, I~
87 n-butyl Ph=  §=(¥)-morzpholine
88 n-butyl Ph- 9=(N)-azetidine
89 n-butyl Ph-  9-(N)-N-methylazetidinium, I~
90 n-butyl Ph~  9-(N)-pyrzolidine o
91 n-butyl Ph=  9-(N)-N-zethyl-pyrrolidinivm, I-
92 n-butyl Ph~-  9-{¥) «N-methyl-morpholinium, I
g3 n-butyl Ph~  9-(NIZN’-me shylpipezazine
93 n-butyl Ph~ 9~ (N} =N’~dimethylpiperazinium, I~
95 n-butyl Ph~ 9-NE=-C32
96 n-butyl Ph~  9-NHC(O)CsH11
97 n-butyl Ph-  9-NHC(Q)CH2Bx
93 n-butyl Ph-  9-NE-C(NR)N=Z2
989 n-butyl Ph-  9-(2)-thiophene
100 n-butyl Ph- 7-0CH3, 8~CCH3
102 n«-butyl Ph-  7-SCH3, 8-0CH3
102 n-butyl Ph-  7-SCH3, 8-SCH3
103 n-butvl Ph-  6-0CH3, 7-0CH3, 8-OCH3
Prefix Cpdf  Rrlar2 &% (’9q
(STF.xx=. VYY)
* F101.003 91 n-pentyl Ph= 7-methyl
02 n~peatyl Ph= T=ethyl
03 n-peatyl Ph=  7-iso-propyl
084 n-pentyl Ph~ T=tert-butyl
0S n-pentyl Ph- 7=0H
06 n-pentyl Ph~ 7-0CH3
a7 n-pentyl Ph- 7-0(isco-propyl)
a8 n-pentyl Ph~- 7-SCH3
09 n-pentyl Ph~ 7-80CH3

Ad
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n~peatyl
n-pentyl
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n~pentyl
n-pentyl
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n=-pantyl
n-pentyl
n~pentyl
n-pantyl
n-pentyl
n=-pentyl
n-pentyl
a-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
a~-pentyl
n-pentyl
n-pentyl
n-pentyl

n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n~-pentyl
n-pentyl
n-pén:yl
n-pentyl
n~pentyl
n-pentyl
a~pentyl

Phe~
Ph-
Ph-
Ph-
Bh-
Ph-

Ph~
Bhe
Ph-
Ph-
Ph-
Bh-
Ph-
Ph-
Ph~
Ph-
Ph-
Ph~
Ph-
Ph-
Ph-
Ph=
Ph-

. Ph-~
Ph-
Ph-

Ph-
Ph~
Ph-
Ph-
Ph-
Ph-
Ph-
Ph~
Ph-
Ph~
Ph-
Ph~
Ph-
Ph~
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7-502CH3

7=-SCH2CH3

7-MH2

7-NHOH

7-NHCH3

7-N(CH3) 2

7-Nt(cH3)3, T

7-NHC (=0) CH3

7-X (CHaCH3) 2

T-NMeCH2CO2H .

7-N*(Me) CH2CO2H, I~

7= (N} ~morpholine '

7-(N) ~azetidine
1-(N)-N-nethylazetidiniuxp I

7= {X) -pyzrolidine

7~{N) -N-methyl-pyrrolidinium, 1~
7-(N) -N-methyl-mozpholinium, I’
7-{N) =N’ -methylpiperazine

7~ () =N’ -dizethylpiperazinium, I~
7-NH=ts2z -
T-NHC (0)Cs811
7-NHC (0) C¥28z
7-NE=~C (V&) N82
7-{2)~thiophene

§~-methyl
8§-ethyl
8~isc-pzopyl
8-tert-butyl
8§-0H

8-0CH3
8-0{iso-propyl)
8-5CH3

8-50CH3
8-502CH3
8-SCH2CH3
8~NH2

8-NHOR

8-NHCH3
8-N(CH3) 2
8-N*(cu3) 3, I-
8-NHC(=Q)CH3
8-N(CH2CH3) 2
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n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyi
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl

n-pentyl
n-pentyl
n-pentyl
n=-pentyl
n-pencyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
n-pentyl
a-pentyl
n-pentyl

Ph-
Ph-
Ph-
Ph-
Ph~
Ph-

Ph~
Ph-
Ph=
Ph~
Ph-

Ph-
Ph-

Ph~
Ph-
Ph-
Ph~
Ph~
Ph-
Ph-

Ph-
Ph-
Ph-
Phe
Ph-
Ph-
Ph~
Ph~
Ph~
Ph-
Ph-
Ph-
Ph-
Ph-
Ph~
Ph-
Ph~
Ph-
Ph-
Ph-
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8-NMeCH2CO2H

3-N* {Me) ;CH2CO2H, I”

8-({N) -morpholine

8- (N} ~azetidine

8- (N) ~-N-methylazetidinium, I~

8- (¥) ~pyrzrolidine

8= (N} =N-methyl-pyrrolidinium, I~
8= (N) ~N-methyl-morpholinium, I~
8- (N) =N’ -methylpiperazine

8- (¥) N’ =dimethylpiperazinium, I~
8=-NEH~CB2

8-NHC(0)CsgHis

8-NHC (0) CH2Bz

8-NH-~C {NH} NH2

8-(2)-thiophene

-mezhyl

S~athyl

S-iso-arupyl

9-t¢ t-butyl

9-03

9-0CH3

9-0({isc-propyl)

8-5CH3

9~-SQCH3

9-502CH

S-SCHICH3

9-NH2

9-NHOH

9=NHCH3

9=N({CH3)2

9-N*(cH3)3, I

9-NHC (=0} CH3

S-N(CH2CR3) 2

§-NMeCH2CO2H

9-N* (Me) 2CH2CO2H, I~

9-(N) -mozpholine

9-(N) ~azetidine

9~ (N} ~N~mathylazetidinium, I~
9=(N) -pyzzolidine
9-(N)-thathyl-pyzrolidinium, I~
9= (N} ~N-methyl-mozpholinium, I~
9= (X¥) ~N’ -methylpiperazine

9-(N) -N' ~dimethylpiperazinium, I~
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95 n-pentyl Ph-  9-NH~-CBZ
96 n-pentyl Ph=  9=NHC(O)CsH1}1
97 n-pentyl Ph~  9-NHC(O)CH2Bz
98 n-pentyl Ph=  9-NH-C(Ni)NH2
99 n-pentyl Ph- 9-(2)-thiophene
100 n-pentyl PR~ 7-0CH3, 8-OCH3
101 n-pentyl Ph~- 7=-8CH3, 8~0CH3
102 n-pentyl Ph~ 7-SCH3, 8-SCH3
103 n-pentyl Ph-  6-0CH3, 7-OCH3, 8-OCH3
Prefix .Cpd#  gl=p2 RS (’R®)q
AFFP.xxx. vyy) -

¥101.004 01° n~-hexyl Ph~ 7T-methyl
g2 a-hexyl Ph~ 7T-ethyl
03 n-hexyl Ph~  7-iso-propyl
04 n-hexyl Ph=  7=text~butyl
0s n-hexyl Ph= 7=QH
06 n-hexyl Ph~  7-0CH3
07 n—-hexyl Ph- ‘I-o":-{iso-pr.opyl) -
08 n-hexyl Ph~-  7-SCHj3
09 n-hexyl Ph- 7-350CH
10 n-hexyl Ph- 7-502CH3
11 n-hexyl BPh-  7-5CH2CH3
12 n~-hexyl Ph-  T-NH3
13 n-hexyl Ph~  7-NHOE
14 n-hexyl Ph~-  7-NHCH3
1s n-hexyl PR~ 7-N(CH3)2
16 n-hexyl Ph-  7-n*(CH3)3, I™
17 n~hexyl Ph~  7-NHC(=0)CH3
18 n-hexyl Ph=  7-N(CH2CH3)2
19 n~hexyl Ph-  7-MMeCH2C02H
20 n~hexyl Ph~  7-N*(Me)2CH2CO2H, I~
21 a-hexyl Ph=-  7«(N}-morpholine
22 n-hexyl Ph- 7-(N)~-azetidine
23 n-hexyl Ph=  7-(N)-N-methylazetidinjum, I~
24 n~hexyl Ph= 7-(N)-pyrzolidine .
2s n~-hexyl Ph=  7-(N)-N-methyl-pyrrolidinium, I~
26 n~hexyl Ph- 7~ (N)-N-methyl-morpholinium, X~
27 n-hexyl BFh= 7= (N)=-N’ -methylpi.pe:az'ine
28 n-hexyl Ph- 7=(M)-N’ -dinenhylpipe:‘aziniwu. r
29 a-hexyl Ph~ 7-NH-CBZ
30 n-hexyl Ph~ 7-NHC{O)CsH11

45
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n=hexyl
n-hexyl
n-hexyl

n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n~hexyl
n-hexyl
an-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n=hexyl
n-hexyl
n-hexyl
n=-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-hexyl
n-=hexyl
n~hexyl
n-hexyl
n-hexyl
n~hexyl
n=haxyl
n-hexyl

n-hexyl
n=-hexyl
n-hexyl
n~hexyl
n~hexyl
n~hexyl

Ph~
Ph~-
Ph-

Ph-
Ph-
Ph-
Ph~-
Ph-
Ph~
Ph-
Ph-
Ph=-
Ph-
Ph-
Ph-
Ph-
fh-
Ph-
Ph-
Ph-
Ph-
Bh-
Ph~
Ph-
Ph-
eh-
Ph-
Ph-
Ph~
Ph-
Ph-
Ph-

Ph- -

Ph-
Ph-
Ph~-

Ph-
Phe
Ph-
Ph-
Ph-
Ph-~
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7-NHC (0) CH2Br
T-NH~C (NR) NH2
7-~(2) -thiophene

§-methyl

8~ethyl

8~iso-propyl

8~tezrt-butyl

8-0H

8-0CH3

8-0(iso~propyl)

8~SCH3

8-SOCH3

8-502CH3

8-5CHaCH3

8-NH2

8~NHOE

8-NHCH3

S-N(_Ca;;)z

8'“%;5.‘.:.33)30 I~

8-NHC (=0} CH3

8-N (CH2CH3) 2

§-NMeCHaCO2H

8-N*(Me) 2CH2C0O2H, I~

8~{N) -mozpholine
8-(N)~-azetidine -

8~(N) -N-methylazetidinium, I~"
8~ (N) ~pyrrolidine -
8-(N)-N-me:hyl—éf::olidinium, b i
B-CN)-N—methyl—md:pholinium, I~
8- (N) =N’ -methylpiperazine

8- (N) =N’ ~dimethylpiperazinium, I-
8~-NH-CBZ - : -
8-NHC (0)CsH1y

8-NHC (0) CH2Bx

8~NH~C (NH) NH2

8=(2)~thiophene

9-methyl
S~-ethyl
§-iso-propyl
S-tezt~butyl
9-CH

9-0CHt3
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WO 98/40375
73 n~hexyl Ph-  9-0({iso-propyl)
74 n-hexyl Ph~  9-SCH3
73 n-hexyl Ph~- 9-SOCH3
76 n-hexyl Ph-  9-S02CH3
77 a-hexyl Ph-  9~SCH2CH3
78 n~hexyl Ph~ 9-NK2
79 n~-hexyl Ph~  9-NHOH
ao n=hexyl Ph~-  $-NHCH3
81 n=-hexyl Ph-  9-N(CH3)2
82 n~hexyl Ph=  g-nt(cu3)3, I
83 n-hexyl Ph~ 9=-NHC (=0) CH3
. 84 n-hexyl Ph-  9-N(CHR2CH3)2
8s . n-hexyl Ph=  9-NMeCH2ICO2R
86 n-hexyl Ph=  9-N*(Me)2CH2COZ2H, I~
87 n-hexyl Ph- 9-~(N)-morpholine
28 " n-hexyl Ph-  9-{N)-azetidine _
89 n-hexyl Ph- 9= (N) —N-:r.e:hylazetid.‘.niﬁn, -
90 n-hexyl Ph- 9=(N)~py=zolidine I
81 n-hexyl Ph- g- &) ~N~zethyl-pyzzolidiniv=, I~
92 n~-hexyl Ph~ 9~ (Ry-N-methyl-morpholinium, I~
33 n~hexyl Ph~  9~(N)-N’-~methylpiperazine
93 n~hexyl Ph~  g=(N)-N’-dimethylpiperazinium, I*
8s n~hexyl _ Ph~  9-NH-CBZ
96 n-hexyl Ph- 9-NEC(0)Cs3H1:
87 n-hexyl Ph-  9-NHC(O)CH2Br
98 n-hexyl Ph-  §-NH~C(NH)NH2
99 n-hexyl Ph-  $~{2)-thicphene
100 n-hexyl Ph-  7-0CH3, 8-0CH3
101 n-hexyl Ph~-  7-SCH3, 8-0CH3
102 n-hexyl Ph-  7-SCH3, 8-8CH3 .
103 n-hexvl Ph-  6-OCH3j, 7-CCH3, 8-OCH3
Prefix Cpdi  gplep? R (’%q
(FEF.xxx. YYY)
F101.005 01 iso~propyl Ph~ 7-methyl
g2 iso-propyl Ph~  7-ethyl’
03 iso-pzopyl Ph- 7-iso-propyl
04 iso-propyl Ph~  TJ=tert-butyl
0s iso-propyl’ Ph~ 7-0H -
06 iso-propyl Ph=- 7~-0CHj3
Q97 iso—-propyl Ph~ 7-0{iso-propyl)
08 isc-propyl Ph~ 7-SCH3
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Ph-
Ph-
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7-SOCH3

7=-S02CH3

7-SCH2CH3

7-N#t2

7=NHOH

7-NHCH3

7-N{CH3)2

7-N*(cH3) 3, 1T

7-NEC (=Q)CH3

T=N (CH2CH3) 2

T-¥MaCH2CO2H

T-N*{Me} 2CH2CO2H, IT

7~ {N) -zozpholine

7={N)-azetidine

7= (N) =N-methylazetidinium, I™

7= (N) -pyzrolidine R

7= ({¥) ~N-methyl-pyrrolidinivm, I™
7-(¥) ~N-zmethyl-mozpholinium, I”
7-{¥) =N/ -methylpiperazine
7J?N7-N'-dime:hylpipe:azinium. I~
7-N¥~-C32 '

7-NEC(Q)CsH11
7-NEC (O)CH2Bz
7-NH-C (NH) Nii2
7-{2) -thiophene .

8-methyl
8-ethyl
8§~iso-propyl
8§=-cert-butyl
8~0H

8-0CH3
8-Q(iso-propyl)
8-SCH3

§~-SQOCH3
8-S02CH3
8-SCH2CH3
§-NH2 -

§~NHOH
8-NHCH3
8=N(CH3)2
g-n*(CcH3)3, I
8-NHC (=0)CH3
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iso-propyl
iso-propyl
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8-N(CH2CH3) 2

8-NMeCH2CO2H

8-N* (Me) 2CH2CO2H, I

8= (N) -morpholine

8= (N) -azetidine

8- (N) -N-methylazetidinium, I~

8- (N) ~pyrrolidine '

8= (N) -N=-methyl-pyrzrolidinium, I~
8~ (N) ~N-methyl-morpholinium, I~
8- (N} -N’-methylpiperazine
8-(N)-R'-dimethylpipe:azinlumb I~
8-NH-CB2

8-NHC (0)Cs5H11

8-NHC (0) CH2Bx

8~NH~C (NH) NH2

8- (2)~thicphene -

S-methyl
9-e=hy-
S-ise-p:onyl
9-:e=:-bucy1
9-QH

9-0CH3

9=0 (iso=pzopyl)
§-5CH3

9-SOCH3
9=-S02CH3
9-SCH2CR3
9-NHz

9=NHOH

9~NHCH3
9-N{CH3) 2
g-N*(cH3)3, I
9~NHC (=0) CH3
9-N(CH2CH3) 2
9-NMeCH2CO2H
9-N*(Me) ;CH2CO2H, I

9= (X) -morpholine

9= (N)~azetidine

§={N) ~N-mathylazetidinium, I~
9~ (N) -pyrrolidine

9~ (N) ~N-methyl-pyzrolidinium, I~
9= (N) =N-methyl=-morpholinium, I"
9= (N) =N’ -methylpiperazine
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53 iso-propyl Ph=~ 9~ (N) =N’ =dimethylpPpTREBinium, I~
85 iso~pzopyl Ph-  9-NH-CBZ

86 iso-propyl Ph- 9-NHC(O)C3H11

97 iso-propyl Ph-  9-NHC(O)CH2Bz

98 iso~pzopyl Ph-  9-NH-C (NH}NH2
99 iso-pzopyl Ph~ 9=(2)~thiophene

100 iso-propyl Ph~ 7-0CH3, 8-CCH3

102 iso-propyl Ph-  7-SCH3, 8-0CH3

102 iso~preopyl Ph- 7-SCH3, 8~SCH3

103 iso-propvl _ Ph-  6-OCH3, 7-0CR3, 8-aCH3

Prefix Cpd¥ RiI=R2 RS (R%)q . _.
{FFF.xxx. vvy)
F101.006 01 iso-butyl Ph-  7-methyl

02 iso-butyl Ph- 7-ethyl

03 iso-butyl Ph~ 7-isc-propyl

04 iso~butyl Ph~  7-tert-bucyl

05 isco-butyl Ph- 7-QH _

06 iso-butyl Ph~  7-0fH3

07 iso-butyl Ph= 7~0({iso-pzopyl)

08 iso=bucyl #h-  J-sCij3

09 iso~butyl Ph~  7-S0CHj3

10 iso~butyl Ph-  7-502CH3

11 iso=butyl Ph-  7-SCH2CH3 .
2 isc-butyl Ph-  7=NH2

13 iso-butyl Ph=-  7-NHOH

14 iso-butyl Ph=  7=NHCH3

15 iso-butyl Ph-  7-N(CH3)2

16 iso-bueyl Ph-  7-n*(cH3)3, I°

17 ise-butyl Ph-  7-NHC(=0)CH3

18 iso~butyl Ph-  7-N(CH2CH3}2

19 isc-butyl Ph~  7-MMeCH2CO2H

20 iso-butyl Ph=  7-N*(Me) ;CH2CO2H, I°

21 iso-butyl Ph~  7=(N)-morpholine

22 iso~butyl Ph~ 7-(N)-azetidine

23 iso~butyl Ph=  7-(N)~-N-methylazetidinium, I~
24 iso-butyl Ph=  T={N)-pyrrolidine

2s isc-butyl B~ 7-(N) -N-methyl-pyrrolidinium, I~
26 iso-butyl Pk~  7-(N)-N-methyl-morpholinium, I
27 iso-hutyl Ph~  7={N)~N’-methylpiperazine ~

28 iso-butyl Ph=  7=(N)-N’-dimethylpiperazinium, I”
2% ise-butyl Ph-~  7-NH-CBZ
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30 isc-butyl Ph-  7-NHC(O)CsEi1
3 isc-butyl Ph~  7=NHC(O)CH2Bz
32 iso-butyl Ph~  7=NH-C(MH)NH2
a iso-butyl Ph=  7-{2)-thicphene
34 iso=butyl Ph~ S-methyl
33 iso-butyl Ph~  §-ethyl
36 iso-butyl Ph-  8-iso-propyl
37 iso~butyl Ph=-  8=tezt-butyl
38 dso=butyl . Phe — B-OH—
39 iso~butyl Ph~  8-0CH3
40 iso~butyl Ph-  8-0(iso-propyl)
41 iso-butyl Ph- 8-5CH3
42 iso-butyl Ph~ 8-S0CH3
43 iso-butyl Ph-  8-S02CH3
44 iso~butyl Ph=-  8-SCHaCH3
45 iso~butyl h~- 8§-~NH2
46 iso-butyl Ph- 8-NEOH
47 iso-butyl Ph-  9-NECH3
48 iso-butyl Ph-  8-N(cH3l2
49 iso=-butyl Ph~- 8-2?; (cH3)3, T~ i
50 iso-butyl Ph~  §-NEC(=0Q)CH3
Sl iso-butyl Ph~  2-N(CH2CH3)2
52 iso~butyl Ph-  8-NMeCH2CO2H
53 iso-butyl Ph=  §-N*{Me),CH2CO28, I~
54 iso-butyl Ph~ B=(N)=-mo :phaline
55 iso-butyl Ph- 8=(N)-azetidine o
56 iso~butyl Ph~ 8=(N) -N-me:hylazetidinium, =
57 iso~butyl Ph~ B8=(N)-pyrzolidine . T
58 isc-butyl Ph=  B8-(N)-N-methyl-pyrrolidinium, I~
59 iso~-butyl Ph-  8-(N)-N-methyl-mozpholinium, I-
60 iso-butyl Ph~ B=({N)-N’-methylpiperazine
61 ise-butyl Ph= g=(N) -u'-dimechylpipe:azinium, :
62 iso-butyl Ph~- B8-NH-CBZ
63 iso~butyl Ph~ 8-NHC{O}CsH1y
64 iso-butyl Ph-  B-NHC{O)CH2B:r
11 isc-butyl Ph-  8-MH-C (NH)NH2
66 iso-butyl Ph~  8-(2)~thiophene
67 iso-butyl Ph~  9-methyl
68 iso-butyl Ph~ 9=ethyl !
69 iso=-butyl Ph~ 9-iso-propyl
70 iso-butyl Ph-  9-tert-bugtyl
71 iso~-butyl Ph- 9-OH
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72 iso-butyl Ph-  9-0CH3 i
73 isa-butyl Ph~ 9-0{iso-propyl)
74 iso-butyl Ph=-  9-SCH3
75 iso~butyl Ph-~ 9-SOCH3
76 iso-butyl Ph-~  9$-S02CH3
77 iso-butyl Ph-  9~SCH2CH3
78 iso-butyl Ph-  S=Ni2
73 isc=-butyl Ph-  9-NHOH
80 isc-bhutyl Ph-  9-NHCH3
81 iso=-butyl Ph-  9-N(CH3)2
82 iso-butyl Ph- 9-N*(cH3)3, I
83 iso-butyl Ph~  9-NHC(=0)CH3
84 iso-butyl Ph-  9-N{CH2CH3)2
as iso-butyl Ph=  9~-NMeCH2CO2R .
1 iso-butyl Ph=  9-N*(Me),CH2CO28, I
87 iso-butyl Ph~-  9-(N)-mozpholine
s iso-butyl Ph-  9-(N)-azetidine -
89 iso-butyl Ph~ §=(N) -N-methylazetidinium, I
90 iso-butyl Ph=  9=(N)~pyrrolidine '
91 iso-butyl Ph~ 93§N)-N-me:hyl-py::clidinium, I~
82 iso-butyl Ph= 9~ (N)-N-methyl-mozpholinium, I~
33 iso-buryl Ph~  9-(N)-N’-methylpiperazine
93 iso~butyl  Ph=  9-(N)~N’-dimethylpipezazinium, I~
9s iso-butyl Ph~- 9-NE-C32
96 iso~butyl Ph-  9-NHC(O)CsH31
97 iso~butyl Ph~ 9-NHC(O)CH23=
98 iso-butyl Ph=  9-NE-C(NH)NH2
99 iso-butyl Ph~  9-{2)-thiophene -
100 iso~butyl #h- 7-0CH3, 8-CCH3
101 iso-butyl Ph- 7-SCH3, 8-0CH3
102 iso~butyl Ph~  7-SCH3, 8-SCH3
103 iso-butvl Ph-  6-OCH3, 7-OCH3, 8~0OCH3
Prefix Cpdi  plap2 P R¥)q

{FFF.=xx. vvv)

F101.007 o1 iso-pentyl Ph= T7-methyl
02 iso-pentyl ‘PR~ T-ethyl
03 iso-pentyl Ph=- 7-iso-propyl
04 iso-pentyl Ph~ 7-tert-butyl
05 iso-pentyl Ph~- T-0H
06 iso-pentyl Ph~ 7-0CH3
07 iso-pentyl Ph-

L.

7=0(iso-propyl)
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08 isc-pentyl Ph-  7-SCH3
a3 iso-pentyl Ph-  7-S0CH3
10 iso-pentyl Ph~ 7-502CH3
11 iso-pentyl Ph~  7-5CH2CH3
12 isc-pentyl Ph~ 7-NH2
13 iso-pentyl Ph-  7-NEOH
14 iso-pentyl Ph-  7-NHCH3
15 isa~pentyl Ph- 7=-N{CH3)2
16 iso-pentyl Ph-  7-nt(CH3) 3, I

17 iso-pentyl " ph=  7-NHC(=O)CH3
18 iso-pentyl Ph=  7-N(CH2CH3)}2

. 18 iso-pentyl Ph-  7-NMeCH2CO2H
20 iso-peatyl Ph-  7-N*(Me) ,CH2COZKE, I
21 iso-pentyl Ph= 7=(N)-morpholine
22 iso-peatyl Ph-  7=(N)-azetidine -
23 iso-pentyl Ph~ 7=(N) —N-uthylazetidmium. I~
24 iso-pentyl Ph-  7-(N)-pyzzolidine
25 iso-pentyl Bh~  7-(N)-N-methyl-pyrrolidinium, I~
26 ise-peantyl Ph- 7~ tm sN-methyle-mozpholinium, I~
27 iso-pentyl Ph= 7~ mr—u' ~methylpiperazine
28 iso-pentyl Ph=  7-(N)-N’-dimethylpiperazinium, I~
2% isc=-pentyl Ph- 7=N#-C32
30 iso-pentyl Ph-  7-NHC(Q)}Cs5H11
3 iso-pentyl Ph~  7-MHC(Q)CH23x
32 iso-pentyl Ph- 7=N2-C (NH) NH2
33 . iso-pentyl BPh~  7-(2)-thiophene -
34 iso-pentyl Ph- 8-methyl
35 iso-pentyl Ph~ B-ethyl
36 iso-peatyl Ph- B8-~iso-propyl
37 iso~-peatyl Ph=-  8-tert-butyl
38 iso-pentyl Ph- 8-0H
33 iso=-pentyl Ph-  8-QCH3
40 iso~-pentyl Ph- 8-O{isc-propyl) -
41 iso=pentyl Ph~ 8-SCH3
42 iso-pentyl Ph- B-SOCH3
43 iso-pentyl Ph-  8-S02CHj3
44 iso-pentyl Ph~  B-SCH2CH3
45 iso-pentyl Ph-  B8-NH»
46 iso-pentyl Ph-  8=NHOH
47 iso-pentyl Ph-  8-NHCH3
48 iso-pentyl Ph- 8-N(CH3)2
49 iso-pentyl Ph-  g-n*ticup 3, -

53



PCT/US98/03792

WO 98/40375
50 iso-pentyl Ph-  8-NHC(=0)CH3
53 iso-pentyl Ph=-  8-N(CH2CH3)2
52 iso-~pentyl Ph-  8-NMeCH2CO2H
83 iso-pentyl Ph-  g8-N*(Ma) 2CH2CO2H, I~
54 iso-pentyl Ph=  8-(N)-morpholine
55 iso~-pentyl "Ph=  8-«(N)-azetidine
56 iso~pentyl Ph=  8-(N)-N-methylazetidinium, I~
57 iso-pentyl Ph- = {N)-pyzrelidine _
58 isc-pentyl Ph= g-() ~N-methylepyzzolidinium, 1~
59— iso=pentyl Ph- g-(N) -N-methyl-morpholinium, I~
60 iso-pentyl Ph~  8-(N)-N’-methylpiperazine
61 iso~pentyl Ph=  g=(N)-N7 -d.i.mathylpipe:azlnium,_ I~

" 62 iso-pentyl Ph~ §-NH-CBZ )

83 iso~pentyl Ph~-  8-NEC(0)CsH11
64 iso-pentyl Ph-  8-NHC(O)CH2Br:

- 65 iso-pentyl Ph~  8-NH~-C(NH)NH2
66 iso=-pentyl Ph~-  8~(2)~-thiophene
67 iso=-pentyl Ph- 9=methyl
68 iso-pentyl Ph- 9-ethyl
€9 iso-pentyl Ph-  9-{35-propyl
70 iso-pentyl Ph~ 9-text-butyl
71 iso-pentyl Ph-  9-0H
72 iso-pentyl Ph~ 9-0CH3
73 iso-pantyl Ph-  9-0Q({isc~propyl) )
74 iso-pentyl Ph-  9-sCH3 ' '
75 iso-pentyl Ph-  §5-50CH3
76 iso-pentyl Ph~  9-S03CH3
7 iso-pentyl Ph- 9-SCH2CH3
78 iso=-pentyl Ph- $-NH2
79 iso-pentyl Ph~  9-NHOH
80 iso-pentyl Ph~-  9-NHCH3
81 iso~pentyl Ph- 9=-N(CH3) 2 .
82 iso-pentyl PR~ g-n*(cuz)3, I~
83 iso-pentyl Ph-  9-NHC(=0)CH3
84 iso-pentyl Ph-  3-N(CH2CH3)2
8s iso~pentyl Ph~  9-NMeCH2CO2H
86 iso-pentyl Ph=  9-N*(Me) sCHaCO2R, I~
87 iso-pentyl Ph=-  9=-(N) -mozpholine
88 iso-pentyl Ph=  9~(N)-azaetidine ;
89 iso-pentyl Ph=  g-(n) ~N-methylazetidinium, I~
50 iso-pentyl BPh=  9-(N)-pyrrolidine .
81 iso-pentyl Ph=  9-(N)-N-methyl-pyrrolidinium, I~
92 iso~pentyl Ph~  g-(N) ~N-methyl-mozpholinium, I~
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93 iso~-pentyl Ph=  9=(N)~N’-methylpifouEnine
93 iso-pentyl Ph=  g9-(N)-N’-dimathylpiperazinium, I-
95 iso~pentyl Ph-  9-NH-CBZ
8¢ iso-pentyl Ph-  3-NHC{O)CsHii
S7 iso-pentyl Ph-  9-NHC(O)CH2Br
98 iso-pentyl Ph-  9-NH-C(NH)NH2
99 iso~pentyl Ph~= 9-(2)-thiophene
100 iso-pentyl Ph= _ 7-0CH3, 8-0CH3
102 iso-pentyl Ph-  7-SCH3, 8-0CH3
102 iso-pentyl Ph~- 7-SCH3, 8-5CH3 .
103 iso~pentyl Ph~  6-0OCH3, 7-OCH3, 8-OCH3
Prefix Cpdd rl=R2 RS RS g,
(PEP.xex.  yvy) :

Fl101.008 01 CH2C (=0) Calls Ph~ 7=methyl
02 CHzC (=0} CaHs BPh- 7T-ethyl
03 CHzC (=0) C2Rs Ph- 7-iso-propyl
04 CH2C (=0) CaKs Ph~ 7~terz-butyl
05 CHzC (=0) CaHs Ph- 7-8H.- .
06 CH2C (=Q) CaHs Ph- 7-0C3
07 CH;C (=0) CaHis Ph-  7-0(iso-pzopyl)
08 CH3C (=0) CzHg Ph-  7-SCH3
09 CHaC (=0) CzHs Ph-  7-SOCHj3
10 CHC (=0) CaHs Ph-  T-S02CH3
11 CH3C (=0) CaHs Ph-  7-SCHaCH3
12 CHaC (=0) CaHg Ph-  7-NH2
13 CH,C (=0) CaHs Ph-  7-NHOR
14 CH,C (=0) CaHs Ph-  7-NHCH3
15 CH2C (=0)CaHg Ph-  7-N(CH3)2
16 CH;C (=0} Cyfis Ph-  7-n*(cH3)3, I-
17 CH,C (=0} CaHs Ph~  7-NHC(=0)CH3
18 CHC (=0) CoHs Ph=  7-N(CH2CH3)2
19 CHZC (=0) CzHs Ph~  7-NMeCH2CO2H
20 CHaC (=0) C2Es Ph=-  7-N*(Me) 2CH2CO2K, I~
21 CH,C (=0) Calis Ph=  7-(N)-morpholine
22 CHzC (=0) Ca8s Ph-  7<(N)-azetidine
23 CHaC (=0) CyHis Ph=  7-(N)-N-methylazetidinium, I~
24 CH,C (=0) CaHs Ph=- 7={N) ~pyrrolidine
as CHzC (=0) CzHis Ph=  7«(N)-N-methyl-pyrrolidianium, I*
26 CH2C (=0) CaHs Ph=  7-(N)-N-methyl-morpholinium, I~
21 CHzC {=0) CaRg Ph=-  7-(N)-N’-methylpiperazine
23 CH2C (=0) CaHs Ph~  7-(N)~-N’-dimethylpiperazinium, I”

5%
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29 CH3C {=Q) CaHis Ph- 7-NH-C32
30 Ci2C (=0) CaHis Ph-  7-NHC(O)CsH11
31 CH2C (=0) CaHs Ph-  7-NHC(Q)CH2Br
32 CH2C (=0) CzHs Phe  7-NH-C(NH)NH2
33 CH2C (=0) CaRs Ph~ 7-(2)~-thicphene
34 CHZC (=0) C3Hs Ph~  §-methyl
35 CH,C (=0) CaHig Ph-  g-sthyl
34 CH2C (=0) C2Hg Ph~ 8-iso-propyl .
37 CH,C (=0) CaKs Ph~ 8-tart-butyl
38 CH,C (=0) Cals Ph~ 8-OH
39 CH;C (=0) CaHg Ph~  §-0CH3
40 CH2C (=0) CaHs Ph~ 8-0(iso-propyl)
41 CH3C {=0) CzHs Ph-  8-5CH3
42 CH,C (=0) CaHs Ph~  8~-S0CHj3
43 CH;C (=0) CaHg Ph~  §-802CH3
44 CizC (=0)Cakg Ph~- 8~SCH2CH3
45 CH,C (=0) CaH3 Ph-  8-~Ni2
46 C22C (=0) CaHs Ph- 8-:,1:31-!0!{
47 CHC (=0) Cas Ph~  8<NuCH3
48 CH3C (=0) CaHs Ph-  §-N(CH3)2
43 CH,C {=0)CaHs Ph~ gyt (c23) 3, I°
50 CH,C {=0) CaKg Ph-  8-NHC(=0)CH3
s1 CH3C (=0) Calig Ph-  B8-N(CH2CH3)2
52 CH,C (=0) Gzl Ph~  3-NMeCHaCO2R
53 CHC (=0) Caits Ph-  8-N"(Me) ,CH2CO2H, I
54 CH;C {=0) CaHg Ph~  8-(N)-morpholine
55 CHC (=0) CaHis Ph~ 8- (N)~-azetidine
56 CHC(=Q) Calig Ph-  g-(M)-N-methylazetidinium, I
57 CH3C (=0) CzHig Ph- 8~ (N)-pycrolidine .
58 CHaC(=0) CaHs Ph-  8-(N)~N-methyl-pyrrolidinium, I~
59 CH;C (=0) CzHs Ph~  §-(N)~N-methyl-morpholinium, I~
60 CH,C (=0) CaRg Ph- 8- (N)-N’-methylpiperazine
61 CH2C (=0) Calis Ph- 8- (N)-N’-dimethylpiperaziaium, I”
62 CHaC (=Q) CaHs Ph- §-NB-CHZ
63 CH3C (=0) CaHs Ph=  8~NHC({O)Csyz
64 CH,C {=0) CaHg Ph~  B8-NHC(O)CH2Br
6S CH,C (=0) CaHis ‘Ph=-  8<-NH-C(NH)NH2
€6 CH,C (=0) CaHg Ph~ 8-(2)-thiophene
67 CHyC (=0) Cyfis Ph~  S-methyl
1] CH,C (=0) C3Hs Ph~ 9-ethyl
69 CHaC {=0) CoHg Ph- 9~iso-propyl
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70 CH2C {=0) CaHs Ph=  g-tert-butyl
71 CH,C (=0) Caits Ph- S-on
72 CH;C (=0) CaHs Ph-  9-0cH3
73 CH2C (=0) Caits Ph~  9-0(isc-propyl)
74 CHzC (=0} Cllg Ph-  9-scCH3
75 CH,C (=0) Cails Ph-  9-S0CH3
76 CH3C{=0) C2Hg Ph-  9-502CH3
77 CHC(=0) Calig Ph-  9-SCH2CH3
78 CHaC(=0) Caily Ph~  S-NH3
~28 CH;C{=0)C3ls—Ph="—9g=NHOH—
80 CHzC (=0) CaH; Ph~  9-NHCHj3
81 CHaC (=0) Cafls FPh-  9-N{(CH3)2
- 82 CH,C (=0)CaHs Ph- g.y* (cH3) 3, I~
83 .  CHC{=0)CaHs Ph~  S-NHC(=0)CH3
84 CH,C (=0) CyH« Ph-  9-N{CHaCH3)2
8s CHZC (=0) CzHg Ph-  9-NMeCH2COZH ._
86 CH,C (=0) CyHg Ph~  9-N*(Me);CH2CO2E, I~
87 | CHC (»0) CHs Ph-  9-(N)-morpholine
a8 CHzC(=0) C3Hs Ph- 9= {N) -azetidine
89 CE,C (=0) C;Ks PR~  9-(Nf-N-methylaietidinium, I-
90 CH2C (=0) CaHs Ph=  9-(N)-pyzsolidine .
51 CHzC(=0)CaH3 P~ 9-(N) -N-methyl~pyrrolidinivm, I~
92 CH3C (»0) CH5 Ph~  9-(N)-N-methyl-morpholinium, I-
93 CH2C (=0) CaH3 Ph~  9«(N)=-N’-mechylpiperazine
83 "CHZC (=Q) CaHs Ph-  ga (N} -N* -dime:hyipiperaziniuu_, 2
9s CH,C (=0) Calig Ph-  9-NH-CBZ '
96 CHC (=0} Calig Ph-  9-NEC(0)CsHiy
97 ‘CH;C (=0) CzHg Ph-  9-NHC(0)CHzBr
98 CH,C (=0) Calis Ph~  9-NH-C(NH)NH>
99 CHzC (=Q) CaH5 Ph-  9-(2)~thiophene -
200 CHC (=0) CaHy Ph-  7-0CH3, 8-oCH3
102 CH,C (=0) C3Hy Ph-  7-SCH3, 8-0CH3 -
102 CH,C (=0) CaHs .Ph-  7-SCH3, B-SCH3
103 CH,C (=0) CyHg ?h- 6-0CH3, 7-0CH3, 8-0CHj3
Prefir Cpdf  gi=p2 R?  (R%)q

(FIT.xex. vvy) E

F101.009 01 CH0C;Hs Ph~  7-methyl
02 CH,0CHs Ph-  T-ethyl -
03 CH20C28s Ph-  7-iso-prepyl
04 CH20C2Hs Ph-  7-tert-bucyl

s1
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CH20CHs Ph~- 7-0H
CH20CzHs Ph-  7-0CH3
CH20C;fs Ph-  7-0(iso-propyl}
CH20CHs Ph~ 7-SCH3
CH20C Hg Ph- 7-S0CH3
CH,0CHs Ph- 7-S02CH3
CH,0C e Ph-  7-SCH2CH3
_crpoc;as Phe 7wy
CH0CHg Ph-~  7-NHOH
CHy0C2Hs Ph~  7-NHCH3
CH20C2Hs Ph- 7-N(CH3)2
CH,0CHs Ph-  7-n*icuay3, I
CH,0C;3Rs Ph-  7-NHC(=O0)CH3
CH,0C;Hs Ph=  7-N(CH2CH3) 2
CH,0C Hs Ph=  7-MMeCH2CO2H
CH20C2Hs Ph~- 7-N* (Me) 2CH2CO2H, I~
CH30C2Hs Ph- 7-(N)-morpholine
CH20CHs . Bh~ 7-~(N)-azetidine
CHa0CHs Ph=  7-(¥) *N-methylazetidinium, I~
CH30CHs Ph- 7-(N)-pyrzolidine
CH0CHs Ph-  7-(N)-N-methyle-pyszzolidinium, I°
CH20C Hs Bh- 7~ () -N-methyl-morphalinium, I*
CHa0CHs Ph=  7=(N)=N’-methylpiperazine
CH70C;Hs Ph=  7-(N)-N’-dimethylpiperazinium, I-
CH0C;Hs Ph~  7-NH-C32Z s - :
CHzQ0C s fh~ 7-NHC(0)C5811
CH,0C,Ks Ph-  7-NAC(0)CH2Br
CH,0C;lsg Ph=  7-NH-C (NH)NH3
CH20C H3 Ph- 7-(2)-thicphene
CH0C;:Hs Ph- 8-mathyl
CH20C3Hs Ph~ 8-ethyl
CH0C o s Ph~-  8-iso-propyl
CHa0CHs Ph-  8-tert-butyl
CHz0C g Ph- 8-0H
CH,0C 5 g Ph- 8-0CH3
CH,0C s Ph~  8-0(iso-propyl)
CH;0CzHg Ph~  8~-5CH3
CH0CR3 Ph- 8-S0CH3
CH30C3Hs Ph-  8-S02CH3
CH30C;Hs Ph~  8-5CH3CH3
CH20C2Hs Ph~  8-~NH2
CH30C lg Ph~-  8-NHOH
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47 CH20C2 s Ph-  8-NHCH3
43 CH20C;2Hs Ph=  8-N(CH3)2
49 CHa0CaHs Ph-  g-nt(cuz)z, 1°
50 CH20C;’s Ph-  8-NHC(=0)CH3
51 CH0C,Hs Ph-  8-N(CH3CH3)2
52 CH20CHs Ph-  8-NMeCH2CO2H
s3 CH20C,Rs Ph-  §-N*(Me)3CH2CO2H, I~
54 CH30C2Hs Ph~ 8~(N)-morpholine
5S CH30CHg Ph~- 8-=(M)~-azetidine oo _
§6  CH30CzHs Ph-  g-(N)-N-zsthylazetidinium, I
57 CH30C;Hs Ph-  8-(N)-pyzzolidine '
88 CH30C;Hs Ph~  §-(N)-N-methyl-pyzrrolidinium, I~
59 CH,0C Hs Ph=  §-(N)-N-mathyl-marphelinium, I~
60 - CH0C2Hs Phe 8=(N)-N’-pethylpiperazine
61 CH20C Hs Ph~  §~(N)-N’-dimethylpiperazinium, I~
62 CH,0CzHs Ph-  8-NH-C3Z - L
63 CH30CzHs Ph-  8-NHC(0)CsH11
64 CH,0CHs Ph=-  8-NHC({O)CH2Bz
65 CHZOC2Hs Ph-  B-NE-C(N)NH2
(1 CH,0C2Hs fh- 8- ér-thicphene )
67 CHz0C3Hs Ph=  9~-methyl
68 CH,0C s Ph~  9-ethyl
69 CH20C2Hs Ph~ 9-iso-propyl
70 CH20CzHs Ph- S-tezt-buzyl
71 CH20C8s Ph- 9-08
72 CH20C 2 s Ph~  9-0CHj3
13 CH30CzHg Ph- 9-0(iso-pzopyl)
74 CH;0C;Hs Ph~  9-5CHj3
75 CH30C;is Ph~  9-SOCH3
78 CH20C3Hs Ph- 9~502CH3
77 CH20C3Hs Ph-  9-SCHCHj3
78 CH,0CHs Ph-  9-NH3
79 CH30C;8s Ph-  9-NHOH
80 CH,0CzHs Ph~  9-NHCH3
81 CH;0C;Hs Ph-  S-N(CH3)2
82 CH,0C, s Ph-  g-wt(cuz)s, I~
33 CH,0CzHs Ph-  9-NHC(=0)CH3
84 CH20Ca 1y Ph-  9-N(CHzCH3) 2
8s . CH;0Cz8s Ph~  9-NMeCH2CO2H
86 CH20CHs Ph-  9-N*(Me)CHaCO2H, I”
87 CH,0C, s Ph~  9-(N)-morpholine )

54
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a8 CH0C,Hs Ph- ' 9=(N)-azetidine
a5 CH20Czis Ph= 9= (N)=N-methylazetidinium, I~
80 CH2QC s Ph~ §-(N)~-pyrrolidine
§1 CH20Cz28Hs Ph-  §-(N)-N-methyl-pyrrolidinium, I~
92 CH20CzRs Ph=  9=(N)~N-methyl-morpholinium, I~
93 CH20C2Hs Ph-  9=(N)-N’=-methylpiperazine
93 CH20CHs Ph=  g=(N) -N’=dimethylpiperazinium, I~
s CH;0CaHs Ph~-  9-NH-CBZ
—86 CH0C3Hs ———Ph~— - 9=-NHC{O}CSHIT—
$7 CH;0C2Hs Ph-  9-NHC{Q)CH2Bx
98 CH,0C,8s Ph-  9-NH~C (NH)NH2
* 99 CH20C2Hs Ph~- 9~(2)-thiophene
i00” CH30CzKs Fh~ 7-0CH3, 8-OCH3
201 CH,0C;Hs Ph-  7-SCH3, 9-OCH3
102 CH,0C; s Ph-  7-5CH3, 8-SCH3 -
103 CH20C3Hs Ph~ 6-0CH3, 7~0CH3, 8~OCH3
Prefix Cpdd RI=r2 RS (R%Ig
{FTF . xx=. yvv)
F101.010 01 522CH (OH) CaHs he T-mechyl
02 CH,CH (OH) CaHs Ph=  7-ethyl
03 CH2CH (OH) C3Eg Ph=- T~iso-pzopyl
04 CH,CH (OR) CaHg Ph- 7-tert-butyl
05 CHCH {OR) CaHs Bh~ 7-0H
06 CH,CH (OH) Cyilg Bh-  7-0CH3
07 CHCH (OH) CaHs Ph- 7-0{iso-propyl)
08 CH,CH (QH) CaHg 2h- 7-SCH3
" 0% CHZCH (OR) C3Hs Ph-  7-S0CH3
10 CHCH (OH) CaH3 Ph~-  T-S02CH3
11 CHCH (OH) CaHs Ph-  7-SCH2CH3
12 CH,CH (OH) CaHs ¢h- 7-NH2
13 CH,CH (OH) CaHs Ph=  7-~NHOH
14 CH2CH (OH) CaHig Ph~-  7=NHCH3
18 CH2CH (OH) CaHtg Ph- 7-N(CH3)2
i€ CH,CH (OH) CHg Ph- 2-x*t(cum)3, I
17 CH,CH (OH) CaHs Ph-  7-NHC(=0)Ci3
18 CH,CH (OH) Citg Ph-  7-M(CH2CH3)2
19 CHaCH (OH) CaHs h- 7~NMECI~12C028
20 CHJCH (OR) CaHs Ph-  7-N*(Me),CH2CO2H, I”
21 CH,CH (OH) CyHig Ph-  7-(N)-morpholine
22 CHaCH {QH) CaHg Ph~ 7=(N)-azetidine
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23 CHaCH (OH) Caiis Ph= 7-{N) -N-mahylazegm&pm, bl
24 CHCH (OR) CaHs Ph= 7~ (N)-pyrrolidine
25 CH2CH (OH) CaHis Ph=  7-(N)-N-methyl-pyrrzolidinium, I*
26 CHaCH (OH) CaHs Ph-  7-(N)-N-methyl-morpholinium, I~
27 CHaCH (OH) CaHs Ph=  7=(N)-N’-methylpiperazine
28 CHzCH (OR) CzHs Phe  7=(N)-N’~dimethylpiperazinium, I~
23 CHCH (OH) C28s -Ph=-  7-N&~CBZ
30 CRZCH (OH) CaHs Ph~ 7-NHC(0)Cs5H11
31 CHZCH (OH) CaHs Ph-  7-NHC(O)CH2Bx
32 T T CH;CH(ORYCjHZ Ph= T=NH=C (NH)NE2—
33 CH2CH (OH) CaHs Ph-  7-(2)-thiophene
34 CHzCH (OR) Cafis Ph- 8~methyl
35 - CH2CH (OH) Calis Ph~- 8-ethyl
36 CH2CH (OH) CaHsg Ph- f-iso-pzopyl
37 CH3CH (OH) CaHs Ph-  8-tert-butyl
38 CH2CE (OR) CaHs Ph- 8-0H
33 CH,CH (OH) Calig Ph- 8-0CH3
40 CH2CH (OH) CaHs Ph- 8-0(iso-propyl)
41 CH,CH (OH) CzHs Ph-  8-5CH3
42 CH,CE (OH) Caiis Ph-  8-SOCH3
43 CH,CH (OK) CaHs Ph-  8-S02CH3
a4 CH2CH (OK) CaHs Ph-  8-SCH2CH3
45 CH,CH (OH) CaHs Ph~  8-NH3
46 CH2CRE (OH) CaHs Ph- 8-NKOH
47 CH,CH (OH) CaHis Ph-  B-NHCH3
48 CH3CH (OH) Calis Ph~  8-N{CH3)2
49 C2,CH (QX) CaHs Bh~  g-n*(CH3)3, I”
50 C2CH (QH) CaHs Ph- 8-NHC(=0)CH3
(31 CH3CH (OH) CzHs Ph-  8-N(CH2CH3)2
52 CH,CH (OH) CaHg Ph~  8-NMeCH2CO2H
53 CH,CH (OH) CaHs Ph-  8-N*(Me);CH2CO2H, I™
54 CH,CH (OR) CaHg Ph~  B8-(N)-morpholine
SS CHCH (OH)C28s Ph~- 8= (N) -azetidine .
56 Ci,CH (OH) CyHg Ph~ 8- (N)-N-methylazetidinium, I~
57 CH2CH (OH) CaHs Ph-  8-(N)-pyrrolidine .
58 CHaCH (OH) CaHg ?h- 8- (N) ~N-methyl-pyrrolidinium, I~
59 CHCH (OH) CaHg Ph-  8-{N)-N-methyl-morpholinium, I~
60 CH2CH (OH) CHs Ph~  §-(N)-N’-methylpiperazine
61 CHaCH (OH) C3Hs Ph=  §-(N)~N’~dimethylpiparazinium, I”
62 CH,CH (OH) CaHsx Ph-  8-NH-CBZ '
63 CH2CH (OH) CaHy Ph~- §-NHC(0)CsH11
64 CH,CH (OH) Callg Ph-  §-NHC(O)CH2Bz
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65 CH2CH (OR) CaHs Ph=-  8-NH-C{NH)NH2
66 CH2CH (OH) CzHs Ph~ 8-{2)~-thiophene
67 CHZCH (OR) CoHs Ph-  9-methyl
€8 CH,CH (OR) Calis Ph~ S-ethyld
69 CH,CH (OH) Calis Bk~ S~iso-propyl
70 CH2CH (OH) CaHs Ph-  9-tert-butyl
7 CH;CH (OH) CaHs P~ 9-0H
72 .. CHaCH (OH) CoHs Bh= ___ 9=-QCH3—
73 CH,CH (OR) Cylis #h= 3-0(iso=-przopyl)
74 CHZCH (OH) Calis Ph~  9-5CH3

. 78 CHaCH (OH) CaHs Ph- 9-50CH3
76 CH2CH (OH) CzRs Ph-  9-502CH3
77 CH,CH (OH) Cziis Ph-  9-SCH3CH3
78 Ci1;CH (OH) Cals Ph-  9-NHp
79 CH,CH (OH) CaH5 Ph~  9-NHOH
8¢ CH2CH (OH) CaEs Ph~ 9-NHCH3
81 CH,CH (OH) CpHig Ph-  9-N(CH3)2
82 C=,CH (OH) CRs Ph~  9-n¥(C23)3, I
83 CH,CH (QH) Calig Ph- S-N:EC'(-O) CH3 -
84 CHaCR (OR) CoX5 Ph=  9=N(CH2CHa)2
8s Ci2CH (OR) CaHs PR~  9~-NMeC22C02E
86 CH,CH (OH) CaHy Ph~  9-N*(Ms) ;CHaCO2H, I~
87 CH,CH {OH) CaR3 Ph=  9=(N)-mozpholine
8sg Cit;CH {0H) Ca 85 Ph- 9= (N)-azetidine _
83 CiCH (ORI CaEs Bh=  9=(N) -N-methylazetidinium, I~
90 CH,CH (OH) CE3 Ph-  §-(N)-pyzxolidine ' ‘
91 CH,CH (OH) CaHs Ph=  9-(N)~N-methyl-pyrrolidinium, I~
92 CitaCH(QH) CaKs Bh~  g-(N)-N-methyl-morpholinium, I
83 CHzCH {OH) CHs Ph=  9-{N)-N’-methylpiperazine _
93 CH,CH (OH) Calig Ph~  g9-(N)-N’-dimethylpipe razinium, I~
EH CHCH (OH) CaEs Ph~  S-NH-CBZ ' ’
1 Cl,CH {OH) CaHis Ph-  9-NHC{0)CsHy1
97 CHZCH (OR) CaEg PR~  9-NHC(Q)CH23r
S8 CECH{OR) C3Hg Ph-  9-NE-C(NH)NH2
99 CH,CR{OR) Calts Ph~- 9-(2)-thiophene
100 CHCH (OH} CaHls Ph= 7-0CH3, 8-0CH;3
101 CH,CH (OH) CaH; ‘Ph-  7-SCH3, 8~-0OCH3
102 - CHoCH (OH) CaHg Ph~ 7-5CH3, 8-5CH3
103 CH,CH (OH) CoHs Ph-  6-0CH3, 7-0CH3, 8-OCH3
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Prefix Cpd} Rlep2 R (r¥%q
(FFP.xxx. vvYy)
F101.011 O CH0-(4-picoline) Ph~ 7-methyl

02 CHz0-(4=-picoline) Ph- T7-ethyl
03 CH30-(4-picoline} Pph~- T-iso-propyl
04 CH20-(4-picoline) Ph- 7-tert~butyl
Qs CHz0~(4-picoline) Ph~ 7-0H
06 CH30-(4~picoline) Ph~ 7-0CH3 .

—07 "CTH0-(4-picoline) "PH< 7-0(iso-propyl)
08 CH20-({4-picoline) Ph- 7-SCH3
09 CH20~ (4~picoline) Ph~- 7-SOCH3

‘20 CH20-(4-picoline) Ph- 7~S02CH3
11 . CH20-(4~picoline) Ph~ 7-SCH2CH3
12 CH20=(4-picoline) Ph- 7-NH3
13 CH0~-{4-picoline) Ph~ 7-NHOH
14 CH0-({4-picoline) Ph-  7-NHCHj3
1s CH30-(4-picoline) Ph=~ 7-N(CH3)2
16 CH20-(4~-picoline) Ph- 7-y+ (CH3) 3, I
17 CH30~-(4-picoline) Ph-  7-NHC(=0)CH3
18 CH0~(4-picoline) Ph~ 7-N(CH2C23)2
13 CHp0~{4-picoline) Ph-  7-NMeCH2CO2R
20 CH;0-(4-picoline) Ph-  7-N*{(Me);,CH3CO2H, I
21 CH;0-{4-picoline) Ph~ 7-{N)-morpholine
22 CH30~-{4-picoline} Ph- 7-(N)-azetidine - :
23 CH20-(4-picoline) Ph-  7-(N)=-N-methylazetidinium, I~ -
24 CHy0-{4~-picoline) Ph- 7=(N)-pyrzolidine Lo T
25 CHy0-(4-picoline) Ph~  7-(N)-N-methyl-pyrrolidinium, I~
26 CHz0-(4-picoline)} PR~  7-(N)-N-methyl-morpholinium, I~
27 CH30~(4~picoline} Ph~ 7-(N)-N’-methylpiperazine '
28 Cii0-(4-picoline) Ph~  7-(N)-N‘-dimethylpiperazinium, I~
29 CHz0-(4~picoline) Ph- 7-NH~CB2 .
30 CH20-(4-picoline) Ph~ 7-NHC(O)CsH1) -
31 CH20-(4~picoline) Ph- 7-NHC(O)}CH2Br
32 CH20-(4-picoline) Ph~  7-NH~C(NE)NH2
33 CHa0-(4~-picoline) Ph- 7-(2)~-thiophene
34 CHzO0-(4-picoline) Ph~ G-methyl
3s CHz0-(4-picoline) Ph- 8-ethyl
36 . CHz0-(4~picoline) ph~ B8-iso-propyl
37 CHz0-(4-picoline) Ph~ B-tert-butyl
38 CiHy0~(4-picoline} Ph~ 8-OH
33 CH20~(4-picoline} Ph- B8-0CH3
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40 CH20-{4-picoline) Ph~ g=0¢ iso-propyl)
41 CHz0-(4-picoline) Ph~ g-sCH3
42 CH30~(4~picoline) Ph- 8-50CH3
43 CH20-(4-picoline)} Ph- @-50CH3 -
44 CH0~{4-picoline) Ph~ 8-SCH2CH3
45 CH20-(4-picoline) Ph- 8-Niiy
46 CH20~ (4~picoline) Ph- B8-NHOH
47 CH20-(4~picoline} ph- 8-NHCH3

48 CHz0-{4-picoline) Ph- 8-N(CH3)2
49 CHz0-(4-picoline) Ph~ g_yn*(cuys, I~
50 CH20~(4~picoline) Ph~ §-NHC(=0) CH3

31 CH20~(4~picoline) Ph~ 8-N (CH2CH3) 2
52 CH20~-(4-picoline) Ph- 8-NMaCH2CO2H
53 Ci20-(4~picoline) bph~ g-y* (Me) 2CH2CO2H, I~
54 CHzO-{d4-picoline) Ph~  §-(N)-mozpholine
55 CH20-(4-picoline) Ph~ 8-(N)-azetidine _
1 CHa0-(4~picoline) Ph- g-(y) =N-zethylazetidinium, I~
57 CH30~(4-picoline) Ph- ' g-(N) -py=zolidine
s8 CHz0-(4-picoline) Ph-  g~fNy-N-zethylepyrrolidiaium, I~
59 CHp0-(4-picoline) Ph-  g§-(N)-N-methyl-morpholinium, I-
60 CHz0~{4~-picoline) Ph- g-(N)-N' -methylpiperazine '
€l CH20-(4-picoline) Ph~  g-(N)-N’ ~dimethylpiperazinium, I~
62 CHy0-(4-picoline) Ph~ 8-NH-C32Z ) -
63 CH20~(4~picoline) Ph- g-NHC(O)CsH7y - -
64  CHO-{d4-picoline) Ph~ B-NHC(O)CHzBz k
65 CHz0-{4-picoline) Phe  B-NH-C(N)NH2 -
66 CHz0-(4~picoline) Ph- 8-(2) -thiophene
67 CH20-(4-picoline) Ph- Yemathyl
68 CH20—-(4-picoline) Ph- 9-ethyl
89 CHz0-({4~picoline) Ph- S-iso-propyl
70 CH20~({4-picoline) ph- §-tezt-butyl
71 CH0~(4~picoline) Ph- 9-0n
72 CH20-({4-picoline) ph- 9-0CH3 .
73 CHa0-(4-picoline) Ph- $§-9 {iso-pzopyl)
74 CH20-(4-picoline) ph-~ 9~SCH3
75 CHz0-(4-picoline) Ph~ 9-SocH3
76 CHz0-(4-picoline) ph- 9=-S02CH3
77 CHz0-(4-picoline) Ph~  9-SCHaCH3 ;
78 ' CHO-(4-picoline) Ph-. 9-MMp |
79 CH0~(4-picoline) Ph- 9-NEHOH
80 CH30-(4-picolina) ph- 9-NHCH3
81 CH20-(4~picoline) Ph- 9-N {CH3) 2
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82 CH20-{4-picoline) Ph- 9-n*+(CcH3) 3, I
83 CH20~(4-picoline) Ph~- $-NHC{=0)CH3
84 CH20~({4~-picoline) Ph~ 9-N(CH2CH3)2
85 CH20-{4~picoline) Ph~ 9-NMeCH2CO2H
86 CH0-(4-picoline) Ph-  guN*(Me),CH2CO2H, I
87 CH20~(4-picoline) Ph~ 5-(N)-morpholine
88 Cii20- (4-plcoline) Ph-  9-(N)-azetidine
89 Ciiz0- (4-picoline) Ph~ 9= (N)~-N-methylazetidinium, I"
- ~——§0— . -CH20~(4-picoline)}—Ph~—-9={N)~pyrrotidine Cem
91 CH20-(4-picoline) Ph-  9-(N)-N-methyl-pyrrolidinium, I~
92 CHz0-(4~picoline) Ph~  9=(N)=-N-maethyl-marpholinium, I~
" 83 CH20-(4~picoline) Ph~ 9-(N)-N’-maethylpiperazine
93 CH20-(4-picoline) Ph~  9-(N)-N’-dimethylpiperaziniium, I~ -
95 °  CH20={4-picoline) Ph~ §-NH-C3Z :
96 CH20-{4-picoline) Ph 9-NHC{0)CsH11 T
97 CH0- (4~picoline) Ph- 9~-NHC(Q)CH2Br
-1} CH0~-({4~picoline) Ph- 9-NH~C (NX) NH2
83 CHz0~(4~picoline} Ph-~ 9-{2) -thiophene

-®
-

bry
100 CHy0-(4-picoline) Ph- 7-OSH3, 8-OCH3
101  CH;0-(4-picoline) Ph- 7-SCH3, 8-QCH3
102 CH;0-(4-picoline] Ph~ 7-SCH3, 8-SCH3
103 CH,0~(4-picoline). Ph- 6-0CH3, 7-0CH#3, 8-0CHS3
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Additional Structures of the Present Invention

0
0, ’ .
\s
1
7 R
")
e R?
“R3
RC RS H‘
Ffompuund R! iy 10 R? (& K (T‘).
Number :
101 ethyl n-butyl OH H phenyl H H
’%J‘H:o\
. at the 7-position
102 ethyl nbutyl T OH | H phenyl H 7'lrimgtﬁzhmuwm'mn fodide
n-buty} cthyl _OH H phenyl H 7itrimethylammonium iodide
104 €thyl n-butyl OH H phenyl H 7-dimethylamino
105 ethyl n-butyl OH H phenyl H 7-methanesulfonamido
104 ethyl nbutyl | OH | H " phenyl H ~(2-bromoncetamido)
107 n-butyl ethyl OH H 4-(decyloxy)phenyl H -amino
108 ethyl -n-butyl OH H phenyl H 7-{(hexylanido)
109 ethy! n-butyl OH H 4-{decyloxy)phenyl H -amino
110 ethyl n-butyl OH H pheny H ~acetamido
111 n-bulyl ethyl ~“OH | H 4-hydroxyphenyl H Jamino

SLEOY/86 OM

T6LE0/86S/1.Od




L2

- eihy) n-butyl Ol [ H H "7-amino
I’
30
‘ 13 ethyl nbutyl | OH | H d-hydroxypheny] H J-amino
114 ethyl n-butyl OH H 4-methoxyphenyl H Z-amino
115 n-butyl ethyl | OH | H A-methoxyphenyl H 7-(0-benzylcarbamato)
116 ethy n-butyl OH H 4-methoxyphenyl H 7-{O-benzylearbamato)
‘ 117 n-butyl ethyl | OH H phenyl H 7-(O-benzylcarbamato)
118 ethyl n-butyl OH | H phenyl H -{O-benzylcatbamato)
19 elhyl " n-bulyl OH | H phenyl ~ H 7-(O-1ent-butylcarbamato)
120 n-bulyl ethyl OH H phenyl H 7-(0-benvylcarbamato)
‘ 121 ethyl wbulyl | OH | H phenyl —H Camina
12 n-butyl ethyl OH | H phenyl H ____Z-amino
13 ethyl n-butyl OH H phenyl H 7-hexylamino
124 n-butyl ethyl OH H “pheayl H 7-(hexylamino)
125 ethyl abutyl” [ OH | H phenyl H T
+
?Mm
at the 8-position
126 n-butyl ethyl “OH | H d-fluorophenyl ~H 7-(O-benzylcarbamato)
137 n-butyl ethyl OH . H a-Nuoroplhenyl H 7-amino
| Y ethyl n-butyl OH H 4-fluorophenyl H ~7-{ODenzylcarbamato) %
129 __ethyl n-butyl OH H ~ §-Nluorophenyl H : Samino
131 , ethyl . n-butyl OH | H ' 4-fluorophenyl H : o H
<+ -’

[ at tUwe 7-position

SLEOY/86 OM
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phenyl
H

264 ethyl n-butyl OH | H —_3-irifluoromethylphenyl H — 7-methoxy
265 ethyl n-butyl H | OH H 3-triflluoro- 7-methoxy
methyl-
- phenyl _
266 ethyl n-butyl OH H 3-hydroxyphenyl H 7-hydroxy
267 ethyl nbutyl | OH | H 3-hydroxyphenyl H - 7_E-uwthoxy
268 sthyl n-butyl ~ OH H 4-flunrophenyl H 7-methoxy
| 269 ethyl n-butyl H | OH H %;fluoro- 7-methaxy
) . phenyl _
270 ethyl nbutyi_ | OH | H 4-fluorophienyl H 7-hydroxy
271 ethyl nbutyl | OH H 3-methoxyphenyl H “7-bromo
b¥73 ethyl n-butyl H | OH H “3-methoxy- 7-bromo
phenyl
73 ethyl n-butyl H OH H 4-Auoro- 7-fluoro
phenyl
274 ethyl n-butyl OH | H 4-Mluorophenyl H — ¢-luoro
s ethyl n-butyl H | OH H 3-m'=m - 7-fluoro
phenyl
276 ethyl f-butyl —OH H —Emellmxyplwnyl H 7-flluoro
277 ethyl nbutyl | OH H 3-Tuorophenyt H 7-methoxy
278 ethyl n-butyl H | OH “2-Tliosophenyl H 7-methoxy
279 ethyl n-buiyl H OH I-Thorophenyl H -nethoxy
2080 ethyl n-butyl GH H Z-Tluvgplienyl H 7-nuthox
281 ethyl an-butyl OH H 4-fﬁumphenyl H 7-methylmercapto
282 ethyl n-butyl OH | H 4-Tluorophenyl H 7-methyl
283 ethyl nbutyl” |~ H | OH H 4-Tluoro- 7-methyl
pheny}
284 ethyl abutyl | OH H- 4-flaorophenyl H ~ 7-{4 -morpholino)
285 . MISSING
% ethyl ethyl " OH |'H phenyl H __7-{Obenzylcarbamato)
287 ethyl ethyl “OH | H phenyl H Z-amino
288 methyl methyl OH H phenyl H ~amino
289 n-butyl n-butyl OF H - phenyl H . 7-amine
T 290 n-butyl n-buty] T H phenyi H “amino
__ 91 n-butyl n-butyl OH | H — phenyl H 7-{Cbenzylcarbamato) —E
292 n-butyl n-butyl OH | H 4-fluorophenyl H Z-amino <]
293 - nebutyl. n-butyl OH H | phenyl H — 7-benzylaminn 5
204 .n-butyl ~nbutyl | OH H phenyl H “ﬁm{mmﬁa——g'
LS cthyl " nebutyl OH |"H [ H 7-amine
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In further compounds of the present invention, R’
and R’ are independently selected from among hydrogen
and ring-carbon substituted or unsubstituted aryl,
thiophene, pyridine, pyrrole, thiazole, imidazole,
pyrazole, pyrimidine, morpholine, N-alkylpyridinium, N-
alkyl-piperazinium, N-alkylmorpholinium, or furan in

which the substituent(s) are selected from among hal_o_,"
hydroxyl, trihaloalkyl, alkoxy, amino, N-alkylamino,

N,N-dialkylamino, qguaternary ammonium salts, a C, to C,
alkylene bridge having a quaternary ammonium salt
substituted thereon, alkoxycarbonyl, aryloxycarbonyl,
alkylcarbonyloxy and arylcarbonyloxy, (0,0)}-
dioxyalkylene, -[0(CH,} ]1X where x is 2 to 12, w is 2
or 3 and X comprises halo or a quaternary ammonium
salt, thiophene, pyridine, pyrrole, thiazole,
imidazole, pyrazole, or furan. The aryl group of R’ or
R*’ is preferably phenyl, phenylene, or benzene triyl,
i.e., may be unsubstituted, mono-substituted, or di-
substituted. Among the species which may constitute
the substituents on the aryl ring of R' or R' are
fluoro, chloro, bromo, methoxy, ethoxy, isopropoxy,
trimethylammonium (preferably with an iodide or
chloride counterion), methoxycarbonyl, ethoxycarbonyl,
formyl, acetyl, propancyl, (N)-hexyldimethylammonium,
hexylenetrimethylammonium, tri(oxyethylene)iodide, and
tetra (oxyethylene) trimethylammonium iodide, each
substituted at the p-position, the m-position, or both
of the aryl ring. Other substituents that can be
present on a phenylene, benzene triyl or other aromatic
ring include 3, 4-dioxymethylene (Sfmembered ring) and
3,4-dioxyethylene (6- membered ring). Among compounds
which have been or can be demonstrated to have
desirable ileal bile acid transport inhibiting
properties are those in which R’ or R® is sel'e,i:t:.e'd from
phenyl, p-fluorcphenyl, m-fluorophenyl, p-
hydroxyphenyl, m-hydroxyphenyl, p-methoxyphenyl, m-
methoxyphenyl, p-N,N-dimethylaminophenyl, m-N,N-
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dimethylaminophenyl, I° p-(CH,),-N"-phenyl, I  m-(CR,),~N-
phenyl, I" m-{CH,),-¥N-CHCH,- (OCHCH,),~O-phenyl, I p-
(CH,) ,-N"=CH,CH,~ (OCH,CH,) ,-O-phenyl, I m-~(N,N-dimethyl-
piperazinium)-(N')~CH,~ (OCH.CH,) ,-O-phenyl, 3-mathoxy-4-
fluorophenyl, cthienyl-2-yl, S-cholorothienyl-2-yl,
3,4-difluocrophenyl, I’ p-(N,N-dimethylpiperazinium)-
{x°)-CH,~- (OCH,CH,) ,-O-phenyl, 3-fluoro-4-methoxyphenyl, -
4-pyridinyl, 2-pyridinyl, 3-pyridinyl, N-methyl-4-
pyridinium, I’ Nemethyl-3d-pyridinium, 3,4~
dioxymethylenephenyl, 3.4-dioxyethylenephényl, and p-
methéxycarhonylphlnyl. Praferred compounds include 3-
ethyl-3-butyl and 3-butyl-3-butyl compounds having each
of the above preferred R’ substituents in combinatien
with the R' substituents shown in Table 1. It is
particularly praferred that one but not beth of R’ and
R* is hydrogen. :

It is especially preferred that R' and R® be
hydrogen, that R’ and R’ not be hydrogen. and that ®
and R’ be oriented in the same direction relative to
the plane of the molecule, i.a., both in ¢~ or both in
f-configuration. It is further preferred that, where
R’ is butyl and R' is ethyl, then R' has the same .
orientarion relative to the plane of the molecule as R
and R’. _—
Set forth in Table 1A are lists of species of
R'/8', R/R' and 8°. '
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Table 1A : Alternative R groups
s
]
1
x vt R
(R)q R?
N RS
=E.w»? LR RS RE) @
ethyl 20~ ?he T=aechyl
. “-’gmz..__.. . T . P-r-?h-_.._ — -_.____1.‘gu¥l.__._._.._ —_
a-butyl a=F=pPh- Telso-propyl
a=pentyl P=CH30=2h~ T-sezz-bucyl
a=hexyl 7-01 - .
¥ Lsgepropyl . n=CH30=2h~ - T-GCHy
iso=butyl P=(CHj) gN~72~ 7-0tisa=propyl)
dso=pentyl == (CH3) ;N-2h- 1-sc2y -
€2;C(~0) Calty I°, p=(CHy) 3=N"=Ph~ 7-80CK; -
C33CC,ds 1", m=(C2y) 3=N"=Ph= . T=50,CH3
CRLCILOR) C;yHy 1=, p{CE.} 1-N*-C2,0% 7-8CH,CEy
€30~ (4~picaline) ¢ PoiCE3)yN-CR,CH,y- ’
{CC2yCEy) 3=0mph= - L HE
I7, m=(CHy);-¥"-CHpCRp- ¢ = I-NEOR
{CCH3M5) 2=0=20= ;-uacs.,
1%, peiN,¥- -8l
" dizeenylzizeraziael - T=8"(CHsly, T
(47 ) =3y~ (CCR,CH;) 3-0- ;-:fg-g; C’S:
Ph- - 2553) 2
I7, =ty N- 7-NMaC2,C0,d
dl=pshyloipesazine}- T-N"{Me) ;84,8928, I
(N ) =C¥y= (CCHCH3) 2=0~ T={N) ~=2szholine
Phe~ 7=(N) =azecidine

a-F, p-CX;0=2k~
1,¢,dioxy=asiylene=-?0
m=C330=, peT=dr-
{=pycidiae
N-meshyl~q-pycidinium, I~
d=pysiciae
Nemezhyl-3-pyridinius, 1°
2=-pyzidiae

PoCH30:C-2tt~

thlenyl-2-yL
S=Cl-chisayle2=yl
3,4-difluozo . °

n"'ri P°C330-Ph

145

7= (N} =N-=echylazecidiniun, I™

T=(N) =gyczolldine

Te (M) =N-zechyl-pyrrolidiniun, I°
?=(N) =N-mechyl-mospholiniunm, I°
T={N) =¥’ ~mechylpiperazine

T=(N) =¥’ ~dinezhylpipezaziaiuz, I

T-NE-C3Z
7-HHC(=01CgHy ¢

T<NRC( =0 ]cle:
T=NHE-C(X8) ¥2,
71-(2] =shiaphene

coatiazed next pags...
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S8-zachyl
8=ethyl
8-isc-praopyl
S-gert-butyl
-0t
8-ccay
8~atizu~propyl)
4-5Ci3
8-52C3;
8-50,C3
$=SC3,CH;y
8-§H;
g=NHCR
8-NECH;
———fel{CHy) . . .
s-¥*(ctqyy, L
. 8=NHC{=0) CX,
$-N(CH,CH;) 2
8-NleCRC0,2
8~N* ey ;o0 0008, I
8« (N} ~aesphaline
8~(N)~azaticdine
8~ (N} ~N-zechylazesidiaiua, 1~
8~ (M) ~-pyzsalidine
8= (N) =N-zeshyl=pyrsalidiaiuz, I*
= (N) »i=2ezhiyl-mgzpheliniuva, I°
= (X) =N’ eaathylaliperazline
8~ (N) =¥’ =dizethylpiperazianiua, I7
8-NE~-C32
8=NEC(0) Csyy
8-NEC (0) CHp3x
§-NE-C(NZ) ¥R,
§={21 =tkiczhena

eéa':iauod neXT Paga...
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§-zethyl
9-ethyl
S~iso~propyl
S~zesz~butyl

. =08

9~CCHy
9-0(Llso-propyl}
9-SCHy

9~S0CHy
9-S03CRy
$~SCH,CH5

-y,

9~NEOE

9=NACH;

9-¥(CHy) 2

5 e - T et

9=NRC(=0)CE;y

§=N(C2,CHs) 5

9-N¥eCH OO,

9-¥*fue) s0H,00,0, I

9= (N) =nozpholine

9= {N) -azatidine

9= (N} «N-nethylazacidiniva, I~

S« (N} =py=zzolidine

9~ (N} ~N-meshyl~pyrzolidiniva, I~
9-(¥) =N~-meathyl~aaerpholialua, I*
9={4) =N’ ~zecshylplperazine

9= (N) =N’ ~cizechylpizecaziniuay, I
J-NE=-CIAZ

'9=NEC (0} C3=yy

9=NEC(0) G 3=

9-NE-CINHINE;

9={2) ~chiophene

7-c¢8;, 8-CCE,
T-SC2;, 3-CCE,

7-5Ca;, 8-804,

6-CCi3, 7~CCHy, §-0CH;

gt
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Further preferred compounds of the present invention
comprise a core structure having two or more
pharmaceutically active benzothiepine strﬁctures as
described above, covalently bonded to the core moiety via
5 functional linkages. Such aci:ive benzothiepine structures

preferably comprise:

(Formula DIV)

10 or:
©0)y Ry
s
(R* 1
54
(Formula DIVA)
15 where R', R, R, R, R', R, R', R, R*, X, g and n are as

defined above, and R® is either a covalent bond or.

arvylene.
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The core moiety can comprise alkane diyl, alkene
diyl, alkyne diyl, polyalkane diyl, alkoxy diyl,
polyether diyl, polyalkoxy diyl, carbohydrate, amino
acid, and peptide, polypeptide, wherein alkane diyl,
alkene diyl, alkyne diyl, polyalkane diyl, alkoxy diyl,
polyether diyl, polyalkoxy diyl, carbohydrate, amino
acid, and peptide polypeptide, can optionally have one
or more carbon replaced by O, NR’,_NR'R',.S, SO, 50,
S'R'R’, PR’, P'R’R®, phenylene, heterocycle, quatarnary
heterocycle, quaternary heteroaryl, or aryl,

-wherein alkane diyl, alkene diyl, alkyne diyl,
polyalkane diyl, alkoxy diyl, polyether diyl,
pelyalkoxy diyl,; caibohydrate, amino acid, peptide, and
polypeptide can be substituted with one or more
substituent groups independently selected from the
group consisting of alkyl, alkenyl, alkynyl, polvalkyl,
polyether, aryl, haloalkyl, cycloalkyl, heterocycle,

arylalkyl, halogen, oxo, OR13, NR13R14, SR13, S(O)R13.

soar*3, so3r?3

oM, soz0M, so2NRYR4, cro)nr13Rr14, c(o)oM, cor3,

p(o)r3rM, p*R138M4p15,  p(or”)or*, SRURMA", and

N+R9R11R12 o
wherein said alkyl, alkenyl, alkynyl, polyalkyl, -

polyether, aryl, haloalkyl, cycloalkyl, and heterocycle
can be further substituted with one or more substituent

groups selected from the group conéisting of O 7.

CONR7R8. N+R7R8R9A-. alkyl, alkenyl, alkynyl;.aryl,

cycloalkyl, heterocycle, arylalkyl, quaternary

149
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8 71,8

heterocycle, quaternary heteroaryl, P(O)R7R . P'RRA7,

and P(0) (OR')OR’, and
wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and hetexrocycle
5 can optionally have one or more carbons replaced by O,

Nr7, N*R'R%A-, S, £0, so02, s'R’a-, PR’, P(O)R.,

: 'P*R.,Rsx-'-", or "‘phenylene. '~

Exemplary core moieties include:
R R
B
10
27
26 o}
R/\‘Q \/9’?0 /\/3

15
26
; ‘ Q/L}/ "CR"
0
k .
28
;RZV\P'\Si)/o \/\337
. 9k .

20

15D
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A~

5 wherein:

R® is selected from the group consisting of C and

N, and
R* and R are independently selected from the
10 group consisting of:
30 o
—N— [ ﬂ—l el » —J—l m— ’ —CHZ-
15

R
—i%ip il NB =, —msoz-. and )‘\f;

20
wherein R*, R”, R and R® are independently
selected from alkyl, alkgnyl, alkylaryl, aryl,
arylalkyl, ; mloallq}_.___l;g;eronyc&e-r-and
~-ﬁgﬁéﬁm .
25 A" is a pharmaceutically acceptable anion, and k =
1 to 10. |
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In compounds of Formula DIV, R®, R®, R in
Formulae DII and DIII, and R” in Formula DIII can be
bonded at any of their 6-, 7-, 8-, or 9- positions to
R”. 1In compounds of Formula DIVA, it is preferred that
R*® comprises a phenylene moiety bonded at a m- or p-
position thereof to RY.

In another embodiment, a core moiety backbone, R”,
as discussed herein in Formulas DII and DIII can be
multiply substituted with more than four pendant active
benzothiepine units, i.e., R*, R®, R®, and R® as
discussed above, through multiple functional groups
within the core moiety backbone. The core moiety
backbene unit, R”, can comprise a single core moiety
unit, multimers thereof, and multimeric mixtures of the
different core moiety units discussed herein, i.e.,
alone or in combination. The number of individual core
moiety backbone units can range from about one to about
100, preferably about one to about 80, more preferably
about one to about 50, and even more preferably about
one to about 25. The number of points of attachment of
similar or different pendant active benzothiepine units
within a single core moiety backbone unit can be in the
range from about one to about 100, preferably about one
to about 80, more preferably about one to about 50, and
even more preferably about one to about 25. Such
points of attachment can include bonds to C, S, O, N,
or P within any of the groups encompassed by the
definition:of R.

The more preferred benzothiepine moieties
comprising R®, R®, R® and/or R® conform to the
preferred structures as outlined above for Formula I.
The 3~carbon on each benzothiepine moiety can be
achiral, and the substituents R, R’, ®', R', ®’ and R*

" 1SA



10

15

20

25

30

‘WO 98/40375 PCT/US98/03792

can be selected from the preferred groups and
combinations of substituents as discussed above. The
core structures can comprise, for example,
poly(oxyalkylene) or oligo(oxyalkylene), especially
poly- or oligo(oxyethylene) or poly- or

oligo (oxypropylene).

Dosages, Formulations, and Routes of Adminigtration
The ileal bile acid transport inhibitor compounds

of the present invention can be administered for the
prophylaxis and treatment of hyperlipidemic diseases or
conditions by any means, preferably oral,. that produce
contact of these compounds with their site of action in
the body, for example in the ileum of a mammal, e.g., a
human.

For the prophylaxis or treatment of the conditions
referred to above, the compounds of the present
invention can be used as the compound per se.

Pharmaceutically acceptable salts are particularly
suitable for medical applications because. of their
greater aqueous solubility relative to the parent .
compound. Such salts must clearly have a.
pharmaceutically acceptable anion or cation. Suitable
pharmaceutically acceptable acid addition salts of the
compounds of the present invention when possible
include those derived from inorganic acids, such as
hydrochloric, hydrobromic, phosphoric, metaphosphoric,
nitric, su;fonic. and sulfuric aciés, and organic acids
such as acetic, benzenesulfonic, benzoic, citric,
ethanesulfonic, fumaric, giuconic,'glycolic,
isothionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, toluenesulfonic, tartaric,

and trifluorocacetic acids. The chloride salt is
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particularly preferred for medical purposes. Suitable
pharmaceutically acceptable base salts include ammonium
salts, alkali metal salts such as sodium and potassium
salts, and alkaline earth salts such as magnesium and
calcium salts. _

The anions of the definition of A™ in the present
invention are, of course, also required to be
pharmaceutically acceptable and are also selected from
the above list.

. The compounds of the present invention can be
presented with an acceptable carrier in the form of a
pharmaceutical composition. The carrier must, of
course, be acceptable in the sense of being compatible
with the other ingredients of the composition and must
not be deleterious to the recipient. The carrier can
be a solid or a liquid, or both, and is preferably
formulated with the compound as a unit-dose
composition, for example, a'tablet, which can contain
from 0.05% to 95% by weight of the active compound.
Other pharmacologically active substances can also be
present, including other compounds of the present
invention. The pharmaceutical compositions of the
invention can be prepared by any of the well known
technicques of pharmacy, consisting essentially of
admixing the components.

These compounds can be administered by any
conventional means available for use in conjunction
with pharm?ceuticals, either as in&ividual therapeutic
compounds or as a combination of therapeutic compounds.

‘The amount of compound which is requiredtto-
achieve the desired biological effect will, éf ;ourse,
depend on a number of factors such as the specific

compound chosen, the use for which it is intended, the
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mode of administration, and the clinical condition of
the recipient.

In general, a daily dose can be in the range of
from about 0.3 to about 100 mg/kg bodyweight/day,
preferably from about 1 mg to about 50 mg/kg
bodyweight/day, more preferably from about 3 to about
10 mg/kg bodyweight/day. This total daily dose can be
administered to the patient in a Single dose, or in
proportionate multiple subdoses. Subdoses can be
administered 2 to 6 times per day. Doses can be in
sustained release form effective to obtain desired
results.

Orally administrable unit dose formulations, such
as tablets or capsules, can contain, for example, from
about 0.1 to about 100 mg of benzothiepine compound,
preferably about 1 to about 75 mg of compound, more
preferably from about 10 to about 50 mg of compound.
In the case of pharmaceutically acceptable salts, the
weights indicated above refer to the weight of the
benzothiepine ion derived from the salt. .

Oral delivery of an ileal bile acid transport.
inhibitor of the present invention can include
formulations, as are well known in the art, to provide
prolonged or sustained delivery of the drug to the .
gastrointestinal tract by any number of mechanisms.
These include, but are not limited to, pH sensitive
release from the dosage form based on the changing pH
of the small intestine, slow erosionnéf'a t;giet or
capsule, retention in the stomach based on the physical
properties of the formulation, bioadhesion of the
dosage form to the mucosal lining of the inteétinal

tract, or enzymatic release of the active drug from the

dosage form. The intended effect is to extend the time
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period over which the active drug molecule is delivered
to the site of action (the ileum) by manipulation of
the dosage form. Thus, enteric-coated and enteric-
coated controlled release formulations are within the
scope of the present invention. Suitable enteric
coatings include cellulose acetate phthalate,
polyvinylacetate phthalate,
hydroxypropylmethylcellulose phthalate and anionic
polymers of methacrylic acid and methacrylic acid
methyl ester.

when administered intravenously, the dose can, for
example, be in the range of from about 0.1 mg/kg body
weight to about 1.0 mg/kg body weight, preferably from
about 0.25 mg/kg body weight to about 0.75 mg/kg body
weight, more preferably from about 0.4 mg/kg body
weight to about 0.6 mg/kg body weight. This dose can
be conveniently administered as an infusion of from
about 10 ng/kg body weight to about 100 ng/kg body
weight per minute. Infusion fluids suitable. for this
purpose can contain, for example, from about 0.1 ng to
about 10 mg, preferably from about 1 ng to about 10 mg
per milliliter. Unit doses can contain, for example,
from about 1 mg to abouﬁ 10 g of the compound of the
present invention. Thus, ampoules for injection can
contain, for example, from about 1 mg to about 100 mg.

Pharmaceutical compositions according to the
present invention include those suitable for oral,
rectal, topical. buccal ({e.g., subiingual), and
parenteral (e.g., subcutaneous, intramuscular, .
intradermal, or intravenous) administration, although
the most suitable route in any given case will'aepend
on the nature and severity of the condition being

rreated and on the nature of the particular compound
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which is being used. In most cases, the preferred
route of administration is oral.

Pharmaceutical compositions suitable for oral
administration can be presented in discrete units, such
as capsules, cachets, lozenges, or tablets, each
containing a predetermined amount of at least one
compound of the present invention; as a powder or
granules; as a solution or a suspension in an agueous
or non-aqueous liquid; or as an oil-in-water or water-
in-o0il emulsion. As indicated, such compositions can .
be prepared by any suitable method of pharmacy which
includes the step of bringing into association the
active compound(s) and the carrier (which can
constitute one or more accessory ingredients). 1In
general, the compositions are prepared by uniformly and
intimately admixing the active compound with a liquid
or finely divided solid carrier, or boﬁh. and then, if
necessary, shaping the product. For example, a tablet
can be prepared by compressing or molding a powder or
granules of the compound, optionally with one or more
assessory ingredients. Compressed tablets can be
prepared by compressing, in a suitable machine, the
compound in a free-flowing form, such as a powder or
granules optionally mixed with a binder, lubricant,
inert diluent and/or surface active/dispersing

agent(s). Molded tablets can be made by molding, in a

. suitable machipe. the powdered compound moistened with

an inert liquid diluent.

Pharmaceutical compositions suitable for buccal
(sub~-lingual) administration incluée lozenges
comprising a compound of the present invention in a
flavored base, usually sucrose, and acacia or

tragacanth, and paétilles comprising the compound in an
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inert base such as gelatin and glycerin or sucrose and
acacia.

Pharmaceutical compositions suitable for
parenteral administration conveniently comprise sterile
agqueous preparations of a compound of the present
invention. These preparations are preferably
administered intravenously, although administration can

also be effected by means of subcutaneous,

-intramuscular, or intradermal injection. Such

preparations can conveniently be prepared by admixing
the compound with water and rendering the resulting
solution sterile and isotonic with the blood.
Injectable compositions according to the invention will.
generally contain from 0.1 to 5% w/w of a compound
disclosed herein.

Pharmaceutical compositions suitable for rectal
administration are preferably presented as unit-dose
suppositories. These can be prepared by admixing a
compound of the present invention with one or more
conventional solid carriers, for example, cocoa butter,
and then shaping the resulting mixture. -

Pharmaceutical compositions suitable for topical
application to the skin preferably take the form of an
ointment, cream, lotion, paste, gel, spray, aerosol, or
oil. Carriers which can be used include vaseline,
lanoline, polyethylene glycols, alcohols, and
combinations of two or more thereof. The active
compound is generally pfesent at a concentration of
from 0.1 to 15% w/w of the composition, for example,
from 0.5 to 2%.

Transdermal administration is also possible.
Pharmaceutical compositions suitable for transdermal

administration can be presented as discrete patches
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adapted to remain in intimate contact with the
epidermis of the recipient for a prolonged period of
time. Such patches suitably contain a compound of the
present invention in aﬁ optionally buffered, aqueous
solution, dissolved and/or.dispersed in an adhesive, or
dispersed in a polymer. A suitable concentration of
the active compound is about 1% to 35%, preferably
about 3% to 15%. As one particular possibility, the.
compound can be delivered from the patch by
electrotransport or iontophoresis, for example, as
described in Pharmaceutic Rese , 3(6), 318 (1986).

In any case, the amount of active ingredient that
can be combined with carrier materials to produce a
single dosage form to be administered will vary
depending upon the host treated and the particular. mode .
of administration.

The solid dosage forms for oral administration
including capsules, tablets, pills, powders, and
granules noted above comprise one or more compounds of .
the present invention admixed with at least one inert
diluent such as sucrose, lactose, or starch. Such
dosage forms may also comprise, as in normal practice,
additional substances other than inert diluents, e.g.,
lubricating agents such as magnesium stearate. 1In the.
case of capsules, tablets, and pills, the dosage forms
may also comprise buffering agents. Tablets and pills
can additionally be prepared with qnteric coatings.

Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, -
soluﬁions, suspensions, syrups, ana elixirs containing
inert diluents commonly used in the arﬁ, such as water.

Such compositions may also comprise adjuvants, such as
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wetting agents, emulsifying and suspending agents, and

sweetening, flavoring, and perfuming agents.
Injectable preparations, for example, sterile

injectable aqueous or oleaginous suspensions may be

formulated according to the known art using suitable

'dispersing or setting agents and suspending agents.

The sterile injectable preparation may also be a
sterile injectable solution or suspension in a nontoxic
parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed
are water, Ringer's solution, and isotonic sodium
chloride solution. -In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be
employed including synthetic mono- or diglycerides. 1In
addition, fatty acids such as oleic acid find use in
the preparation of injectables.

Pharmaceutically acceptable carriers encompass all
the foregoing and the like.

In combination therapy, administration of the
ileal bile acid transport inhibitor and HMG Co-A
reductase inhibitor may take place sequentially in
separate formulations, or may be accomplished by
simultaneous administration in a single formulation or
separate formulations. Administration may be
accomplished by oral route, or by iptravenous,
intramuscular, or subcutaneous injections. The
formulation may be in the form of a bolus, or in the
form of aaqueous or non-agueous isétonic sterilg
injection solutions or suspensions. These solutions
and suspensions may be prepared from sterile powders or

granules having one or more pharmaceutically-acceptable
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carriers or diluents, or a binder such as gelatin or
hydroxypropylmethyl cellulose, together with one or
more of a lubricant, preservative, surface active or
dispersing agent.

For oral administration, the pharmaceutical
composition may be in the form of, for example, a
tablet, capsule, suspension, or liquid. Capsules,
tablets, etc., can be prepared by conventional methods
well known in the art. The pharmaceutical cdmposition
is preferably made in the form of a dosage unit
containing a particular amount of the active ingredient
or ingredients. Examples of dosage units are tablets
or capsules. These may with advantage contain one or
more ileal bile acid transport inhibitors in an amount
described above. In the case of HMG Co-A reductase
inhibitors, the dose range may be from about 0.01 mg to
about 500 mg or any other dose, dependent upon the
specific inhibitor, as is known in the art.

The active ingredients may also be administered by
injection as a composition wherein, for example,
saline, dextrose, or water may be used as a suitable
carrier. A suitable daily dose of each active
inhibitor is one that achieves the same blood serum )
level as produced by oral administration .as described
above.

The active inhibitors may further be administered
by any dual combination of oral/oral, oral/parenteral,
or parenteral/parenteral route. '

Pharmaceutical compositions for use in the’
treaément methods of the present iﬁvention may be
administered in oral form or by intravenous
administration. Oral administration of the combination

therapy is preferred. Dosing for oral administration
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may be with a regimen calling for single daily dose, or
for a single dose every other day, or for multiple,
spaced doses throughout the day. The inhibitors which
make up the combination therapy may be administered
simultaneously, either in a combined dosage form or in
separate dosage forms intended for substantially
simultaneous oral administration. The inhibitors which
make up the combination therapy may also be
administered sequentially, with either inhibitor being
administered by a regimen calling for two-step
ingestion. Thus, a regimen may call for sequential
administration of the inhibitors with spaced-apart
ingestion of the separate, active agents. The time
period between the multiple ingestion steps may range
from a few minutes to several hours, depending upon the
properties of each inhibitor such as potency,
solubility, bicavailability, plasma half-life and
kinetic profile of the inhibitor, as well as depending
upon the age and condition of the patient. The
inhibitors of the combined therapy whether administered
simultaneously, substantially simultaneously, or
sequentially, may involve a regimen calling for
administration of one inhibitor by oral route and the
other inhibitor by intravenous route. Whether the
inhibitors of the combined therapy are administered by

oral or intravenous route, separately or together, each

. such inhibitor will be contained in a suitable

pharmaceut@cal formulation of pharmaceutically-
acceptable excipients, diluents or other formulations
components. Examples of suitable bharmaceutiéally—
acceptable formulations containing the inhibito;s for

oral administration are given above.
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Treatment Regimen

The dosage regimen to prevent, give relief from,
or ameliorate a disease condition having hyperlipemia
as an element of the disease, e.g., atheéosclerosis, or
to protect against or treat further high cholesterol
plasma or blood levels with-the compounds and/or
compositions of the present invention is selected in
accordance with a variety of factors. These include
the type, age, weight, sex, diet, and medical condition
of the patient, the severity of the disease, the route
of administration, pharmacological considerations such
as the activity, efficacy, pharmacokinetics and
toxicology profiles of the particular compound
employed, whether a drug delivery system is utilized,
and whether the compound is administered as part of a
drug combination. Thus, the dosage regimen actually
employed may vary widely and therefore deviate from the
preferred dosage regimen set forth above.

Initial treatment of a patient suffering from a
hyperlipidemic condition can begin with the dosages
indicated above. Treatment should generally be
continued as necesséry over a period of several weeks .
to several months or years until the hyperlipidemic
disease condition has been controlled or eliminated.
Patients undergoing treatment with the compounds or
compositions disclosed herein can be routinely
monitored by, for example, measuring serum LDL and
totai cholesterol levels by any of the methods well
known in the art, to determine the effectiveness of the
combination therapy. . Continuous analysis of such data

permits modification of the treatment regimen during
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therapy so that optimal effective amounts of each type
of inhibitor are administered at any point in time, and
so that the duration of treatment can be determined as
well. In this way, the treatment regimen/dosing
schedule can be rationally modified over the course of
therapy so that the lowest amount of ileal bile acid
transport inhibitor and HMG Co-A reductase inhibitor
which together exhibit satisfactory effectiveness is
administered, and so that administration is continued
only so loeng as is necessary to successfully.treat the
hyperlipidemic condition.

A potential advantage of the combination therapy
disclosed herein may be reduction of the amount of
ileal bile acid transport inhibitor, HMG Co-A reductase
inhibitor, or both, effective in treating
hyperlipidemic conditions such as atherosclerosis and
hypercholesterolemia.

The following non-limiting examples serve to

illustrate various aspects of the present invention.
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EXAMPLES OF SYNTHETIC PROCEDURES
-]
»
H,< ~ 53"’ ~<H,

Preparation 1 °o ) .
2-Ethyl-2-(mesyloxymethyl)hexanal (1) Ho

To a cold (10 °C) solution of 12.6 g (0.11 mole) of
methanesulfonyl chloride and 10.3 g (0.13 mole) of
triethylamine was added dropwise 15.8 g of 2-ethyl-2-
(hydroxymethyl}lhexanal, prepared according to the
procedure described in Chem. Ber. 98, 728-734 (1965),.
while maintaining the reaction temperature below 30 °C.

The reaction mixture was stirred at room temperature -

" for 18 h, guenched with dilute HCl and extracted with

methlyene chloride. The methylene chloride extract was
dried over MgSO, and concentrated in vacuo to give 24.4.
g of brown oil. '

Preparation 2
2~ {(2~-Benzoylphenylthio)methyl) -2 -ethylhexana.l (2) Aé
)
-]
¢

A mixture of 31 g (0.144 mol) of 2-<

mercaptobenzophenone, prepared according to the
procedure described in WO 93/16055, 24.4 g (0.1 mole)
of 2-ethyl-2- (mesyloxymethyl)-hexanal (1), 14.8 g
(0.146 mole) of triethylamine, and 80 mlL of 2-
methoxyethyl ether was held at reflux for 24 h. The
reaction mixture was poured into 3N HCl and extracted
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with 300 mL of methylene chloride. The methylené
chloride layer was washed with 300 mL of 10% NaOH,
dried over MgSO, and concentrated in vacuo to remove 2-
methoxyethyl ether. The residue was purified by HPLC
{10% EtOAc-hexane) to give 20.5 g (58%) of 2 as an oil.

Example 1
3-Butyl-3-ethyl~5-phenyl-2,3-dihydrobenzothiepine (3),
cis-3-Butyl-3-ethyl-5-phenyl-2,3-dihydrobenzothiepin~
(5H)4-one (4a) and trans-3-Butyl-3-ethyl-S-phenyl-2,3-

: dihydro~benzothiepin- (5H#)4~-one (4b) @%gc/\
Q
A mixture of 2.6 g (0.04 mole) of zinc dust, 7. & Ge,,

2 g
(0.047 mole) of TiCl, and 80 mL of anhydrous ethylene
glycol dimethyl ether (DME) was held at reflux for 2 h.
The reaction mixture was cooled to S °C. To the
reaction mixture was added dropwise a solution of 3.54
g (0.01 mole) of 2 in 30 mL of DME in 40 min. The
reaction mixture was stirred at room temperature for 16
h and then was held at reflux for 2 h and cooled before .
being poured into brine. The organic was extract into
methylene chloride. The methylene chloride  extract was
dried over MgSO, and concentrated in vacuo. The residue
was purified by HPLC (hexane) to give 1.7 g {43%) of 3
as an oil in the first fraction. The second fraction
was discarded and the third fraction was further
purified by HPLC (hexane) to give 0.07 g (2%) of 4a in
the earlier fraction and 0.1 g (3%) of 4b in the later
fraction.

“4b

cis-3-Butyl-3-ethyl-5-phenyl-2, 3-dihydrobenzothiepin-
(58)4-one¥1,1-dioxide (S5a) and trans-3-Butyl-3-ethyl-5-
phenyl-2,3~-dihydro-benzothiepin- (5H)4-one-1, 1-dioxide
(5b) .

$9, . : .
To a solution of 1.2 g (3.5 e) of 50~60% MCPBA in

20 mp"of methylene chloride was added 0.59 g (1.75
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mmole) of a mixture of 4a and 4b in 10 mL of methylene
chlorids. The reaction mixture was stirred for 20 h. 2n
additional 1.2 g (1.75 mmole) of 50-60% MAPBA was added
and the reaction mixture was stirred for an additional
3 h then was triturated with 50 mL of 10% NaOH. The
insoluble solid was filtered. The methylene chloride

- layer of the filtrate was washed with brine, dried over

MgsSO,, and concentrated in vacuo. The residual syrup
was purified by HPLC (5% EtOAc~-hexane) to give 0.2 ¢
(30%)of S5a as an o0il in the first fraction and 0.17 ¢

‘(26%) of b as an oil in the second fraction.

s,
: :'c/\ : rS":. ) [
Example 3 éo) ED'E/;‘Q - w €9

(3a,4a,5b) 3-Buty@3 -ethyl-4-hydroxy~-5-phenyl-2,3,4,5~"
tetrahydrobenzothiepine-1l,1-dloxide (62), (3a,4b,5a) 3~
Butyl-3-ethyl-4-hydroxy-5-phenyl-2,3,4,5-tetrahydro- o~ .;
benzothiepine~1,1-dioxide (6b), (3a,4a,5a) 3-Butyl-3- %
ethyl-4-hydroxy-5-phenyl~2,3,4,5~ ot
tetrahydrobenzothiepine-1,1-dioxide (6c), and < 44)

" {3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-5-phenyl-2,3,4,5-

tetrahydrchbenzothiepine~1l,1-dioxide (64)
A. Reduction of 5a and Sb with Sodium Borohydride

To a solution of 0.22 g (0.59 mmole) of 5b in 10 mL of
ethanol was added 0.24 g (6.4 mmole) of sodium
borohydride. The reaction mixture was stirred at room
temperature for 18 h and concentrated in vacuo to
remove ethanol. The residue was triturated with water
and extracted with methylene chloride. The methylene
chloride extract was dried over MgSO, and concentrated

. in vacuo to give 0.2 g of syrup. In a separate

experiment, 0.45 g of 5a was treated with 0.44 g of
sodium borohydride in 10 mL of ethanol and was worked
up as described above to give 0.5 g of syrup which was
identical to the 0.2 g of syrup obtained above. These
two materials were combined and purified by HPLC using
10% EtOAc-hexane as eluant. The first fraction was 0.18
g (27%) of 6a as a syrup. The second fraction was 0.2 g
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(30%) of 6b also as a syrup. The column was then eluted
with 20% EtOAc-hexane to give 0.077 g (11%) of 6c in
the third fraction as a solid. Recrystallization from
hexane gave a solid, mp 179-181 °C. Finally, the column
was eluted with 30% EtOAc-hexane to give 0.08 g (12%)
of 6& in the fourth fraction as a solid.
Recrystallization from hexane gave a solid, mp 160-181
ecC.

B. Conversion of 6a to 6c and 64 with NaOH and PTC

To a solution of 0.29 g (0.78 mmole) of 6a in 10 mL
CH,Cl, , was added 9 g of 40% NaOH. The reaction mixture.
was stirred for 0.5 h at room temperature and was added
one drop of Aliquat-336 (methyltricaprylylammonium
chloride) phase transfer catalyst (PTC). The mixture
was stirred for 0.5 h at room temperature before being:
treated with 25 mL of ice-crystals then was extracted
with CH,Cl, (3x10 ml), dried over MgSO, and concentrated
in vacuo to recover 0.17 g of a colorless film. The
components of this mixture were separated using an HPLC
and eluted with EtOAc-hexane to give 12.8 mg (4%) of 2-
(2-benzylphenylsulfonylmethyl)-2-ethylhexenal in the
first fraction, 30.9 mg (11%) of Sc in the second
fraction and 90.0 mg (31%) of 64 in the third fraction.

Oxidation of 6a to 5b )

To a solution of 0.20 g (0.52 mmole) of 6a in 5 mL of
CH,Cl, was added 0.23 g (1.0 mmole) of pyridinium
chlorochromate. The reaction mixture was stirred for 2
h then was treated with additional 0.23 g of pyridinium
chlorochromate and stirred overnight. The dark reaction
mixture was poured into a ceramic filterfrit containing
silica gel and was eluted with CH,Cl,. The filtrate was
concentrated in vacuo to recover 167 mg (87%) of 5b as
a colorless oil.

le$
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Example 4
3-Butyl-3-ethyl-5-phenyl-2,3-dihydrobenzothiepine-1,1-
dioxide (7) (o) 5%

—

£
To a solution of 5.13 g (15.9 mmole) of 3 in 50 mL of

CH,Cl,was added 10 g (31.% mmole)of 50-60% MCPBA (m-
chloroperoxybenzoic acid) portionwise causing a mild
reflux and formation of a white solid. The reaction
mixture was allowed to stir overnight under N, and was
triturated with 25 mlL of water followed by 50 mL of 10%

'NaOH solution. The organic was extracted into CH,C1,

{4x20 mL) . The CH,Cl, extract was dried over MgSO, and
evapecrated to dryness to recover 4.9 g (87%) of an .
opague viscous oil.

Example S

(1aa,2b,8ba ) 2-Butyl-2-ethyl-8b-phenyl-la,2,3,8b-
tetrahydro-benzothiepino[4,5-bloxirene~4,4-dioxide {( _8a.)
(1aa,2a,8ba) 2-Butyl-2-ethyl-8b-phenyl-1a,2,3,8b-
tetrahydro-benzothiepino [4,5-b]oxirene~4,4-dioxide

(8b) S0 ’ sdDA/\ .
owtmme. g .
d  (e6) @ (8a) e
£

To 1.3 g-(4.03 mole) o in 25 mL of CHCl, was added
portionwise 5 g (14.1 mmole) of 50-60 % MCPBA causing a
mild exotherm. The reaction mixture was stirred under
N, overnight and was then held at reflux for 3 h. The
insoluble white slurry was filtered. The filtrate was
extracted with 10% potassium carbonate (3x50 mL), once
with brine, dried over MgsO,, and concentrated in vacuo
to give 1.37 g of a light yellow oil. Purification by

. HPLC gave 0.65 g of crystalline product. This product

is a mixture of two isomers. Trituration of this
crystalline product in hexane recovered 141.7 mg (10%)
of a white crystalline product. This isomer was
characterized by NMR and mass spectra to be the
(laa,2b,8ba) isomer 8a. The hexane filtrate was
concentrated in vacuo to give 206 mg of white film
which is a mixture of 30% 8a and 70% 8b by ‘H NMR.
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(] 59 73 :fif::}f’~’~\
Example 6 (2 (o) “an
cis-3-Butyl-3-ethyl-5-phenyl-2, 3%, 5-tetrahydro- - (ld)
benzothiepine-1,1-dioxide (9a), trans-3-Butyl-3-ethyl-
S5-phenyl~2,3,4,5~-tetrahydrobenzothiepine~1,1-dioxide
(9b), and 3-Butyl-3-ethyl-4-hydroxy-5-cyclochexylidine-
2,3,4,5-tetrahydrobenzothiepine~1,1~-dioxide (10)

5%

A mixture of 0.15 g (0.4 mmole) of a 3:7 mixture of 8a
and 8b was dissolved in 15 ml MeOH in a 3 oz.
Fisher/Porter vessel, then was added 0.1 g of 10% pPd/C
catalyst. This mixture was hydrogenated at 70 psi H,
for 5 h and filtered. The filtrate was evaporated to
dryness in vacuo to recover 0.117 g of a colorless oil.
This material was purified by HPLC eluting with EtOAc-
hexane. The first fraction was 4.2 mg (3%) of 9b. The
second fraction, 5.0 mg (4%), was a 50/50 mixture of Sa
and 9b. The third fraction was 8.8 mg (6%) of 6a . The
fourth fraction was 25.5 mg (18%) of 6b. The fifth
fraction was 9.6 mg (7%) of a mixture of 6b and a:
product believed to be 3-butyl-3-ethyl-4,5-dihydroxy-5-
phenyl-2,3,4,5-tetrahydrobenzothiepine~1,1-dioxide
based on mass spectrum. The sixth fraction was 7.5 mg
(5%) of a mixture of 64 and one of the isomers of 10,
10a.

Example 7

In another experiment, a product (3.7 g) from
epoxidation of 3 with excess MCPBA in refluxing CHCI,
under air was hydrogenated in 100 mL of methanol using
1l g of 10% PA/C catalyst and 70 psi hydrogen. The
product was purified by HPLC to give 0.9 g (25%) of Sb,
0.45 g (13%) of Sa, 0.27 g (7%) of 6a, 0.51 g (14%) of
6b, 0.02 g (1%) of 6c, 0.06 g (2%) of one isomer of 10,
10a and 0.03 g (1%) of another isomer of 10, 10b.

"o,
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S :""'(.fd
s Ho
le § E:j E:] (}f)
2-( (2-Benzoylphenylthio)methyl)butyraldehyde (11)

To an ice bath cooled solution of 9.76 g (0.116 mole )
of 2-ethylacrolein in 40 nmL. of dry THF was added 24.6 g
(0.116 mole) of 2-mercaptobenzophenone in 40 mL of THF
followed by 13 g (0.128 mole) of triethylamine. The
reaction mixture was stirred at room temperature for 3
days , diluted with ether, and was washed successively
with dilute HCl, brine, and 1 M potassium carbonate.
The ether layer was dried over MgSO, and concentrated
in vacuo. The residue was purified by HPLC (10% EtOAc-
hexane) to give 22 g (64%) of 11 in the second
fraction. An attempt to further purifiy this material
by kugelrohr distillation at 0.5 torr (160-190 °C) gave
a fraction (12.2 g) which contained starting material
indicating a reversed reaction during distillation.
This material was dissolved in ether (100 mL) and was
washed with 50 mL of 1 M potassium carbonate three
times to give 6.0 g of a syrup which was purified by
HPLC (10% EtOAc-hexane) to give 5.6 g of pure 11.

S
Emamele. - L
3-Ethyl-5-phenyl-2,3-dihydrobenzothiepine (12)

é_Ztﬂ

To a mixture of 2.61 g (0.04 mole) of zinc AQust and 60
mL of DME was added 7.5 g (0.048 mole) of TiCl,. The
reaction mixture was held at reflux for 2 h. A solution
of 2.98 g (0.01 mole} of 11 was added dropwise in 1 h.
The reaction mixture was held at reflux for 18 h,

_cooled and poured into water. The organic was extracted

into ether. The ethér 1laVer was washed with brine and-
filtered through Celite. The filtrate was dried over
MgSO, and concentrated. The residual oil (2.5 g) was
purified by HPLC to give 2.06 g (77%) of 12 as an oil
in the second fraction. '

i
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S0 .
Example 10 Sy (13)
(1aa,2a,8ba) 2-Ethyl-8b-phenyl-la,2,3,8b-tetxrahydro-
benzothiepino~ 4, 5-b]oxirene-4,4-dioxide (13)

To a solution of 1.5 g (5.64 mmole) of 12 in 25 ml of
CHCl, was added 6.8 g {19.4 mmole) of 50-60% MCPB
portionwise causing an exothem and formation of a white
solid. The mixture was stirred at room temperature
overnight diluted with 100 ml methylene chloride and
washed successively with 10% K,CO, (4x50 ml), water

‘(twice with 25 ml) and brine. The organic layer was

then dried over MgSO, and evaporated to dryness to
recover 1.47 g of an off white solid. 'H NMR indicated
that only one isomer is present. This solid was
slurried in 200 ml of warm Et,0 and filtered to give
0.82 g (46%) of 13 as a white solid, mp 185-186.5 °C.

Example 13

(3a,4b,5a)~ 3-Ethyl-4-hydroxy-5-phenyl-2,3,4,5-
tetrahydro-benzothiepine-1,1-dioxide (14a), (3a,4b,5b) '~ '~
3-Ethyl-4-hydroxy-5-phenyl-2,3,4,5- e
tetrahydrobenzothiepine-1,1~dioxide (14b), and cis-3-
BEthyl-5-phenyl-2,3,4,5-tetrahydro~-benzothiepine-1,1-

diostide (15) I et (Q’\’:}it @*“’" T
S () ou @ (s

A mixture of 0.5 g (1.6 mole) of 13, 50 ml of acetfic
acid and 0.5 g of 10% PA/C catalyst was hydrogenated
with 70 psi hydrogen for 4 h. The crude. reaction slurry
was filtered and the filtrate was stirred with 150 ml
of a saturated NaHCO, solution followed by 89 g of
NaHCO, powder portionwise to neutralize the rest of

‘acetic acid. The mixture was extracted with methylene

chloride {4x25 ml), then the organic layer was dried
over MgSO, and concentrated in vacuo to give 0.44 g
(87%) of a voluminous white solid which was purified by
HPLC (EtOAc-Hexane) to give 26.8 mg (6%) of 15 in the
first fraction, 272 mg (54%) of 14a as a solid, mp 1l42-

(13-
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143.5 °C, in the second fraction, and 35 mg (7%) of
impure 14b in the third fraction.

Example 12
2-Ethyl-2-{( (2-Hydroxymethylphenyl)thiomethyl)hexenal

(e @::_ﬁ/\(\ 6)

oy
A mixture of 5.0 g (0.036 mole) of 2-mercaptobenzyl

alcohol, 6.4 g (0.032 mole) of 1, 3.6 g (0.036 mole) of
triethylamine and 25 mL of 2-methoxyethyl ether was
held at reflux for 7 h. Additional 1.1 g of.
mercaptobenzyl alcochol and 0.72 g of triethylamine was
added to the reaction mixture and the mixture was held
at reflux for additional 16 h. The reaction mixture was
coocled and poured into 6N HCl and extracted with
methylene chloride. The methylene chloride extract was
washed twice with 10% NaOH, dried over MgSO, and
concentrated in vacuo to give 9.6 g of residue.
pPurification by HPLC (20% EtOAc-hexane) gave 3.7 g

{41%)of 16 as an oil. s
SR

Example 13 1)
2-Bthyl-2-((2-formylphenyl)thiomethyl)hexenal (17)

A mixture of 3.7 g of 16, 5.6 ¢ (0.026 mole) of
pyridinium chlorochromate, 2 g of Celite and 30 mL of
methylene chloride was stirred for 18 h and filtered.
through a bed of silica gel. The silica gel was eluted
with methylene chloride. The combined methylene
chloride eluant was purified by HPLC (20% ETOAc-hexane)
to give 2.4 g (66%) of an oil. y T gl

Example 14 ..—DCZ‘:;
3-Butyl-3-ethyl-2,3-dihydrobenzothiepine (18)

A mixture of 2.6 g (0.04 mole) of zinec dQust, 7.2 g
(0.047 mole) of TiCl,, and 50 mL of DME was held at
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reflux for 2 h and cooled to room temperature.. To this
mixture was added 2.4 g (8.6 mmole) of 17 in 20 mL of
DME in 10 min. The reaction mixture was stirred at room
temperature for 2 h and held at reflux for 1 h then was
let standing at room temperature over weekend. The
reaction mixture was poured into dilute HCl and was
stirred with methylene chloride. The methylene
chloride-water mixture was filtered through Celite. The
methylene chloride layer was washed with brine, dried
over MgSO,, and concentrated in vacuo to give 3.0 g of

‘a residue. Purification by HPLC gave 0.41 g (20%) of 18

as an o0il in the early fraction.

Example 15 S
{laa,2a,8ba ) 2-Butyl-2-ethyl-la,2,3,8b~tetrahydro-
benzothiepinol4,5-bloxirene-4,4-dioxide (19a) and
{laa,2b,8ba) 2-Butyl-2-ethyl-8b-phenyl-la,2,3,8b~-
tetrahydro-benzotﬁiepino[4,5-b]ox;rene-4, -dioxide

54y soy
(19D) @g)tg‘: e’ N
X (4b)

A G o .
To a solution of 0.4 g of 0.4 g (1.6 mmole) of 18 in 30

mL of methylene chloride was added 2.2 g (3.2 mmole) of
50-60% MCPBA. The reaction mixture was stirred for 2 h’
and concentrated in vacuo. The residue was dissolved in
30 mL of CHCl, and was held at reflux for 18 h under N,.
The reaction mixture was stirred with 100 mL of 10%
NaOH and 5 g of sodium sulfite. The methylene chloride
layer was washed with brine, dried over MgSO, and )
concentrated in vacuo. The residue was purified by HPLC
(20% EtOAc-hexane) to give a third fraction which was

_ further purlfzed by HPLC (10% EtOAc-hexane) to give

.12 g of Syrup in the firstifractzon.
Recrystallizatzon from hexane gave 0.08 g {17%) of 19a,
mp 89.5-105.5 °C. The mother liquor from the first

fraction was combined with the second fraction and was
further purified by HPLC to give additional'iSa in the
first fraction and Sp mg of 19b in the second fraction.
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Crystallization from hexane gave 56 mg of a white
solid.

Example 16
3-Butyl-3-ethyl-4,5-dihydroxy-5-phenyl-2,3,4,5«
tetrahydro-benzothiepine-1,1-dioxide (20) $0, g
(:] «
&t

This product was isolated along with 6b from 4 ol
hydrogenation of a mixture of 8a and 8b. (zd)

"Example 17

3-Butyl-3-athyl~4-hydroxy-5-phenylthio-2,3,4,5~ <o .
tetrahydro-benzothiepine-1,1-dioxide (21)  (3Y \:} o
@By ou

A mixture of 25 mg (0.085 mmole) of 18b, 0.27 g (2.7 (1)
mmole) of thiophenol, 0.37 g (2.7 mmole) of potassium
carbonate, and 4 mL of DMF was stirred at room
temperature under N, for 19 h. The reaction mixture was
poured into water and extracted with methylene
chloride. The methylene chloride layer was washed
successively with 10% NaOH and brine, dried over MgSoO,,
and concentrated in vacuo to give 0.19 g .of semisolid. -
which contain substantial amounts of diphenyl
disulfide. This material was purified by HPLC (5% _
EtOAc-hexane) to remove diphenyl disulfide in the first
£raction. The column was then eluted with 20% EtOAc-
hexane to give 17 mg of a first fraction, 4 mg of a
second fraction and 11 mg of a third fraction which.
were three different isomers of 21, i.e. 21a, 21b, and
21c, respectively, by H NMR and mass spectra.

: . : |

Alternative Synthesis of 6c and 6d

A ?zeparation from 2-{(2-Benzoylphenylthio)methyl) -2~
ethylhexanal (2) ' :

Step 1. 2-((2-Benzoylphenylsulfonyl)methyl)-2~

ethylhexanal {(44) $0, 8w
S
S C
‘ Cad)
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To a solution of 9.0 g (0.025 mole) of compound'z in
100 ml of methylene chloride was added 14.6 g (0.025
mol) of 50-60% MCPBA portionwise. The reaction mixture
was stirred at room temperature for 64 h then was
stirred with 200 ml of 1 M potassium carbonate and
filtered through Celite. The methylene chloride layer
was washed twice with 300 ml of 1 M potassium
carbonate, once with 10% sodium hydroxide and once with
brine. The insoluble solid formed during washing was
removed by filtration through Celite. The methylene

.chloride solution was dried and concentrated in vacuo

to givé 9.2 g {95%)0of semisolid. A portion (2.6 g) of
this solid was purified by HPLC(10% ethyl acetate-
hexane) to give 1.9 g of crystals, mp 135-136 °C

Step 2. 2-((2-Benzylphenylsulfonyl)methyl)-ZEe 8e
1

ethylhexanal (45) . % }fo&
W (45)

A solution of 50 g (0.13 mole) of crude 44 in 250 ml of
methylene chloride was divided in two portions and
charged to two Fisher-Porter bottles. To each bottle
was charged 125 ml of methanol and 5 g of 10% P4/C. The
bottles were pressurized with 70 psi of hydrogen and’
the reaction mixture was stirred at room temperature
for 7 h before being charged with an additional 5 g of
10% Pd/C. The reaction mixture was again hydrogenated
with 70 psi of hydrogen for 7 h. This procedure was
repeated one more time but only 1 g of Pd/C was charged
to the reaction mixture. The combined reaction mixture
was filtered and concentrated in vacuo to give 46.8 g
of 45 as brown oil.

Step 3. (3a,4a,5a) 3-8uty1—3-ethyl-4 ~hydroxy~5-phenyl-
2,3,4.5-tetrah&a:cbenzothiepzne-1!l-dicxiae {6c), and
(3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-5-phenyl-2,3,4,5~
tetrahydrobenzothiepine-1,l-dioxide (64) )

(16
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To a solution of 27.3 g (73.4 mmole) of 45 in 300 ml of
anhydrous THF cooled to 2 °C with an ice bath was added
9.7 g (73.4 mmole) of 95% potassium t-butoxide. The
reaction mixture was stirred for 20 min, guenched with
300 ml of 10% HCl and extracted with methylene
chloride. The methylene chloride layer was dried over
magnesium sulfate and concentrated in vacuo to give
24.7 g of yellow oil. Purification by HPLC (ethyl
acetate-hexane) yielded 9.4 g of recovered 45 in the
first fraction, 5.5 g {20%) of 6c in the second

‘fraction and 6.5 g (24%) of 64 in the third fraction.

B. Preparation from 2-hydroxydiphenylmethane S‘*_

Step 1. 2-mercaptodiphenylmethane (46) Ei:r“j::]_

(4¢4)
To a 500 ml flask was charged 16 g (0.33 mol) of 60%

sodium hydride oil dispersion. The socdium hydride was
washed twice with 50 ml of hexane. To the reaction
flask was charged 100 ml of DMF. To this mixture was
added a solution of §5.2 g (0.3 mol) of 2~
hydroxydiphenylmethane in 200 ml of DMF in 1 h while
temperature was maintained below 30 °C by an ice-water
bath. After complete addition of the reagent, the .
mixture was stirred at room temperature for 30 min then
cooled with an ice bath. To the reaction mixture was
added 45.4 g (0.4 mocle) of dimethyl thiocarbamoyl
chloride at once. The ice bath was removed and the
reaction mixture was stirred at room temperature for 18
h before being poured into 300 ml of water. The organic.
was extracted into 500 ml of toluene. The toluene layer

_was washed successively with 10% sodium hydroxide and

brine and was concentrated in vacuo to give¢5§T3 g of a
yvellow oil which was 95% pure dimethyl 0O-2-benzylphenyl
thiocarbamate. This oil was heated at 280-300 °C in a
kugelrohhr pot under house vacuum for 30 min. The
residue was kugelrohr distilled at 1 torr (180-280 °C).
The distillate (56.3 g) was crystallized from methanol
to give 37.3 g (46%)'05 the rearranged product dimethyl

"
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S-2-benzylphenyl thiocarbamate as a yellow solid. A
mixture of 57 g (0.21 mole) of this yellow solid, 30 g
of potassium hydroxide and 150 ml of methanol was
stirred overnight then was concentrated in vacuo. The
residue was diluted with 200 ml of water and extracted
with ether. The agueous layer was made acidic with
concentrate HCl, The oily suspension was extracted into
ether. The ether extract was dried over magnesium
sulfate and concentrated in vacuc. The residue was
crystallized from hexane to give 37.1 g (88%) of 2-
mercaptodiphenylmethane as a yellow solid.

Step 2. 2-((2-Benzylphenylthio)methyl)~-2-ethylhexanal
(47) : o) s—fg?
d ° c4_"|')

A mixture of 60 g (03 mole) of yellow solid from step
1, 70 g (0.3 mole) of compound 1 from preparation 1,
32.4 g (0.32 mole) of triethylamine, 120 ml of 2-
methoxyethyl ether was held at reflux for 6 hr and
concentrated in vacuo. The residue was triturated with

-500 ml of water and 30 ml of concentrate HCl. The

organic was extracted into 400 ml of ether. The ether
layer was washed successively with brine, 10% sodium
hydroxide and brine and was dried over magnesium.
sulfate and concentrated in vacuc. The residue (58.3 g)
was purified by HPLC with 2-5% ethyl acetate-hexane as
eluent to give 2-((2-benzylphenylthio)methyl)-2~
ethylhexanal 47 as a yellow syrup.

Step 3. 2-((2-Benzy1phenylsu1£ony1)mathyl)—2-

ethylhexanal - (45) 40y Bu
. e an e — R e O c4 s)

To a solution of 72.8 g (0 21 mole) of yellow syrup
from.step 2 in 1 liter of methylene chloride cooled to
10 °C was added 132 g of 50-60% MCPBA in 40 min. The
reaction mixture was stirred for 2 h. An additional 13
g of 50-60% MCPBA was added to the reaction mixture.
T@g reaction mixture was stirred for 2 h and filtered

{13
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through Celite. The methylene chloride solution was
washed twice with 1 liter of 1 M potassium carbonate
then with 1 liter of brine. The methylene chloride
layer was dried over magnesium sulfate and concentrated
to 76 g of 2-((2-benzylphenylsulfonyl)methyl)-2-
ethylhexanal 45 as a syrup.

Step 4. (3a,4a,5a) 3-Butyl-3-ethyl-4~-hydroxy-5-phenyl-
2,3,4,5-tetrahydrobenzothiepine-1,1-dioxide (6¢c}, and
(3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-5-phenyl-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide (64)

Reaction of 45 with potassium t-butoxide according to

the procedure in step 3 of procedﬁge A gave pure 6¢c and
S

68 after HPLC. 3 -1

Example 19 %folfj—iz) "o (22)

(3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-8-methoxy-5-
phenyl-2,3,4,5-tetrahydrobenzothiepine-1,1-dioxide (25)
and (3a,4a,5a) 3-Butyl-3-ethyl-4-hydroxy-8-methoxy-5-
phenyl-2,3,4,5-tetrahydrobenzothiepine-1,1~dioxide (26)

Step 1. Preparation of 2~((2-benzoyl-4-methoxy
phenylthio)methyl)-2-ethylhexanal (22)

2-Hydroxy-4-methoxybenzophenone was converted to the
dimethyl O-2-benzoyphenyl thiocarbamate by methods
previously described in example 18. The product can be
isolated by recrystallization from ethanol. Using this
improved isolation procedure no chromatography was
needed. The thermal rearrangement was performed by
reacting the thiocarbamate( 5 g) in diphenyl ether at

260 °C as previously described. The improved isolation

procedure which avoided a chromatography step was
described below. ’

The crude pyrolysis product was then heated at 65 °C in
100 ml of methanol and 100 ml of THF in the presence of
3.5 g of KOH for 4 h. After removing THF and methanol
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by rotary evaporation the solution was extracted with S
% NaOH and ether. The base layer was acidified and
extracted with ether to obtain a 2.9 g of crude
thiophenol product. The product was furthexr purified by:
titrating the desired mercaptan into base with limited
KOH. After acidification and extraction with ether pure
2-mercapto-4-methoxybenzophenone (2.3 g) was isolated.

2-mercapto-4-methoxybenzophenone can readily be
converted to the 2-({2-benzoyl-4-

‘methoxyphenylthio)methyl) -2-ethylhexanal (22) by

reaction with 2-ethyl-2~(mesyloxymethyl)hexanal (1) as
previously described.

Step 2. 2-({2-Benzoyl-5 -metho:cyphenylsulfonyl)methyl) -

2-ethylhexanal (23) “"-@g-g‘“z\ﬁ 8y
(213)

Substrate 22 was readily oxidized to 2-((2-henzoy1-5-
methoxyphenyl-sulfonyl)methyl)-2 -et:hylhexa.nal {23) as

described in example 18. "3‘0 56, —<H, 3
"
ﬁ (24)

Step 3. 2-{(2~benzyl- S-methoxyphenylsulfcnyl )methyl)-2-
ethylhexanal (24) :

Sulfone 23 was then reduced to 2-{(2-benzyl-5-
methoxyphenyl-sulfonyl)methyl)-2-ethylhexanal (24) as

described in example 18. He “*@@& (25)
' >

ou
Step 4. (3a,4b,5b) 3-:Buty1-3-ethyl-4-hydro:qr 8-methoxy-

S5~phenyl-2,3,4,5~tetrahydrcbenzothiepine~1,1~dioxide
(25) and (3a,4a,5a) 3-Butyl-3-ethyl-4-hydroxy-8-

‘methoxy-5-phenyl-2,3,4,5-tetrabyd réb'e"ﬁ“z“o‘ﬁﬁiéﬁine-l, -7

dioxide (26) HEa )

A 3-neck flask equipped with a powder add:.t::.on oH
funnel, thermocouple and nitrogen bubbler was charged
with 19.8 g (0.05 mole) of sulfone 24 in 100 ml &ry
THF. ';l_'he reaction was cooled to -1.6 °C internal

“'Eé (ZL)
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temperature by means of ice/salt bath. Slowly add 5.61
g (0.05 mole) of potassium t-butoxide by means of the
powder addition funnel. The resulting light yellow
solution was maintained at -1.6 °C. After 30 min
reaction 400 ml of cold ether was added and this
solution was extracted with cold 10 % HCl. The acid
layer was extracted with 300 ml of methylene chloride.
The organic layers were combined and dried over
magnesium sulfate and after filtration stripped to
dryness to obtain 19.9 g of product. ‘H nmr and glpc

‘indicated a 96% conversion to a 50/50 mixture of 25 and

26. The only other observable compound was 4% starting
sulfone 24.

The product was then dissolved in 250 ml of 90/10
hexane/ethyl acetate by warming to 50 °C. The solution
was allowed to cool to room temperature and in this way
pure 26 can be isolated. The crystallization can be
enhanced by addition of a seed crystal of.26. After 2
crystallizations the mother liguor which was now 85.4%
25 and has a dry weight of 8.7 g. This material was
dissolved in 100 ml of 90/10 hexane/ethyl acetate and
10 ml of pure ethyl acetate at 40 C. Pure 25 can be
isolated by seeding this solution with a seed crystal

of 25 after storing it overnight at 0 C. 5
%o §9y 2
et (1)
Example 20 (0) oh
(3a,4a,5a) 3-Butyl-3-ethyl-4,8-dihydroxy~-5-phenyl-
2,3,4,5~-tetrahydrobenzothiepine-1,l1-dioxide (27)

In a 25 ml round bottomed flask, 1 g of 26( 2.5 mmoles)

‘and 10 ml methylene chloride were cooled to - 78 °C

with stirring. Next 0.7 ml of boron tribromide(7.5
mmole) was added via syringe. The reaction was allowed
to slowly warm to room temperature and stirred for 6 h.
The reaction was then diluted with 50 ml methylene
chloride and washed with saturated NaCl and then

.water.The organic layer was dried over magnesium .

(%1
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sulfate. The product (0.88g) 27 was characterized by
NMR and mass spectra.

Examole 21
General Alkylation of phenol 27

A 25 ml flask was charged with 0.15 g of 27(0.38
rmole), 5 ml anhydrous DMF, 54 mg of potassium
carbonate(0.38 mmole) and 140 mg ethyl iodide (0.9
mmole) . The reaction was stirred at room temperature

overnight.The reaction was diluted with 50 ml ethyl

ether and washed with water (25 ml) then 5% NaCH (20
ml) and then sat. NaCl. After stripping off the solvent
the ethoxylated product 28 was obtained in high yield.
The product was characterized by NMR and mass spectra.
This same procedure was used to prepare products listed
in table 1 from the corresponding iodides or bromides.
For higher boiling alkyl iodides and bromides only one
equivalent of the alkyl halide was used.

o o
RO K3 ;
>

(2
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Table 1
. Compound No. R
27 H
26 Me
28 Et
29 hexyl
30 Ac
a1 (CH2) 6-N-pthalimide
Example 22

(3a,4a,5a) B-Butyl-s-ethy1-4-hydroxy-7-hydfbxyamino-s-
phenyl-2,3,4,5~-tetrahydrobenzothiepine~1,1-dioxide (37)
and (3a,4b,5b) 3-Butyl-3-ethyl-4-hydrosxy-7-
hyd:oxyamino-s—phenyl-z,3,4,5~tetrahydrobenzothiepine-
1,1-dioxide (38)

Step 1. Preparation of 2-chloro-5-nitrodiphenylmathane

(32) (32)

NOg,
Procedure adapted from reference :Synthesis ~-Stuttgart

9 770-772 (1986) Olah G. Et al

Under nitrogen, a 3 neck flask was charged with 45 g
(0.172 mole ) of 2-chloro-5-nitrobenzophenone in 345 ml
methylene chloride and the solution was cooled to
ice/water temperature. By means of an additional
funnel, 150 g{ 0.172 mole) of trifluoromethane sulfonic
acid in 345 ml methylene chloride was added slowly.
Next 30 g of triethylsilane (0.172 mole) in 345 ml°
methylene chloride was added dropwise to the chilled
solution. Both addition steps( trifluoromethane

_.sulfonic acid and t;lethylszlane)were repeated. After

the addltzons were completed the reaction was allowed
to slowly'warm up to room temperature and stirred for
12 h under nitrogen. The reaction.mixture was then
poured into a chilled stirred solution of 1600 ml of
saturated sodium bicarbonate. Gas eveolution occurred.
Poured into a 4 liter separatory funnel and separated
layers. The methyleﬁe chloride layer was isolated and
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combined with two 500 ml methylene chloride extractions
of the agueous layer. The methylene chloride solution
was dried over magnesium sulfate and concentrated in
vacuo. The residue was recrystallized from hexane to
give 39 g product. Structure 32 was confirmed by mass

spectra and proton and carbon NMR. s B~
&C
. o
Step 2. Preparation of 2-((2-benzyl-4-%ﬂ %
nitrophenylthio)methyl)-2-ethylhexanal (33) (33)

The 2-chloro-5-nitrodiphenylmethane product 32 (40 g,

0.156 mole) from above was placed in a 2 liter 2 neck
flask with water condenser. Next 150 ml DMSO and 7.18 g
(0.156 mole) of lithium sulfide was added and the -
solution was stirred at 75 °C for 12 h. The reaction
was cooled to room temperature and then 51.7 g of
mesylate IV was added in 90 ml DMSO. The reaction
mixture was heated to 80 °C under nitrogen. After 12 h
monitored by TLC and added more mysylate if necessary.
Continued the reaction until the reaction was
completed. Next the reaction mixture was slowly poured
into a 1300 ml of 5% acetic agueous solution with
st{rring, extracted with 4 X 700 ml of ether, and dried
over MgSO4. Af;er removal of ether, 82.7 g of product
was isolated. The material can be further purified by
silica gel chromatography using 95% hexane and 5 %
ethyl acetate. If pure mysylate was used in this step
there was no need for further purification. The
product 33 was characterizgd by mass spectra and NMR.

Step 3. Oxidation of the nitro product 33 to the
sulfone 2-({2-benzyl-4-nitrophenylsulfonyl)methyl)-2~
ethylhexanal (34)

The procedure used to oxidize the sulfide 33 to the
sulfone 34 has been previously described.

so,_ By
=
onN ul e
(&) (24)
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R

onN

o (25).

Step 4. Reduction of 34 to 2-((2-henzy1-4-
hydroxyaminophenylsulfonyl)methyl)-2~-ethylhexanal (35)

A 15 g sample of 34 was dissolved in 230 ml of ethanol
and placed in a 500 ml rb flask under nitrogen. Next
1.5 g of 10 wt.% PA/C was added and hydrogen gas was
bubbled through the solution at room temperature until
the nitro substrate 34 was consumed. The reaction could
be readily monitored by silica gel TLC using 80/20
hexane/EtOAc. Product 35 was isolated by £filtering off
;:he P4/C and then stripping off the EtOH solvent. -The .
product was characterized by NMR and mass spectra..

Step 5. Preparation of the 2-((2-benzyl-4-N,O0-di-(t-
butoxy-carbonyl) hydroxya:ninophenylsulf onyl)methyl)-2- &

ethylhexanal (36). . :;::;..‘@ﬁ@ e
A 13.35 g sample of 35 (0.0344 mole) in 40 ml of dry _

THF was stirred in a 250 ml round bottomed flask. Next "3 )
added 7.52 g {0.0344 mole) of di-t-butyl dicarbonat_e _in
7 ml THF. Heated at 60 °C overnight. Striped off THF
and redissolved in methylene chloride. Extracted with
1 % HCl; and then 5% sodium bicarbonate.

The product was further purified by column
chromatography using 90/10 hexane/ethyl acetate and.
then 70/30 hexane/ethyl acetate. The product 36 was
obtained (4.12 ¢g) which appeared to be mainly the di-
{t-butoxycarbonyl) derivatives by proton NMR. ©,5°f- &

(YT ﬁ
Step 6. (3a,4a,5a) 3-Butyl-3-ethyl-4-hydroxy-7- 3
hydroxyamino-5-phenyl~2,3,4,5- tetrahydrobenzoth:.epins-(

1,1-di.oxide (37) and (3a,4b,5b) 3-Butyl-3 -et:hyl—d.-

hydroxy-7-hyd:o:qramino-5-pheny1-2 3,4,5~ Soy
tetrahydrobenzothiepine~1,l-dioxide (38)_({-0&{@&};‘\

' & %4 (as)
A 250m1 3-neck round bottcmed flask was charged with 4
g of 36 (6.8 mmoles), and 100 ml of anhydrous THF and
cooled to -78 °C under a nitrogen atmosphere. Slowly

add 2.29 g potassium tert-butoxide(20.4 mmoles) with
195
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stirring and maintaining a -78 °C reaction temperature.
After 1 h at -78 °C the addition of base was completed
and the temperature was brought to -10 °C by means of a
ice/salt bath. After 3 h at -10 °C, only trace 36
remained by TLC. Next add 35 ml of deionized water to
the reaction mixture at -10 °C and stirred for 5 min.
striped off most of the THF and added to separatory
funnel and extracted with ether until all of the
organic was removed from the water phase. The combined
ether phases were washed with saturated NaCl and then
dried over sodium sulfate. The only products by TLC and
NMR were the two BOC protected isomers of 37 and 38.
The isomers were separated by silica gel chromatography
using 85% hexane and 15 % ethyl acetaﬁe: BOC=-37 {(0.71
g) and BOC~- 38 (0.78 g}. :

Next the BOC protecting group was removed by reacting
0.87 g of BOC~38 (1.78 mmoles) with 8.7 ml of 4 M HC1
{34.8 mmoles)in dioxane for 30 min. Next added 4.74 ¢
of sodium acetate {34.8 mmoles) to the reaction mixture
and 16.5 ml ether and stirred until clear. After
transferring to a separatory funnel extracted with -
ether and water and then dried the ether layer with
sodium sulfate. After removing the ether, 0.665 g of 38
was isolated. Isomer 37 could be obtained in a similar

procedure. /ﬁyé .
A a4 4
HTH @ 7Y (2a),

Example 23
(3a,4a,5a) 3-Butyl-3-ethyl-7-(n-hexylamino)~-4~-hydroxy-
5-phenyl~-2,3,4,5~tetrahydrobenzothiepine~1,1-dioxide

n(40) and (3a,4b,5b) 3-Butyl-3-ethyl-7-(n-hexylamino)-4-
hydroxyus—phenyi-z +3,4,5-tetrahydrobenzothiepine-1,1-

dioxide (41)
Step 1. 2=~((2-Benzyl-4-{(n-
hexylamino)phenylsulfonyl)methyl)-2-ethylhexanal (39)

In a Fischer porter bottle weighed out 0.5 g of 34 (1.2
mmoles) and dissolved in 3.8 ml of ethancl under
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nitrogen. Next added 0.1 g of PA/C and 3.8 ml of
hexanal. Seal and pressure to 50 psi of hydrogen gas.
Stirred for 48 h. After filtering off the catalyst and
removing the solvent by rotary evaporation 39 was

" isolated by column chromatography (0.16 g) using 90/10

hexane ethyl acetate and gradually increasing the
mobile phase to 70/30 hexane/ethyl acetate. The product
was characterized by NMR and mass spectra.

Step 2. (3a,4a,5a) 3-Butyl-3~ethyl-7-(n-hexylamino)-4-

hydroxy-5-phenyl-2,3,4,5~tetrahydrocbenzothiepine-1,1-
dioxide (40) and (3a,4b,5b) 3-8uty1-3-ethy1-7-(n;
hexylamino)~-4-hydroxy-5-phenyl-2,3,4,5~ . 5%

A 2-neck, 25 ml round bottomed flask with stir bar was
charged with 0.158 g 39 (0.335 mmole) and 5 ml
anhydrous THF under nitrogen. Cool to -10 °C by means
of a salt/water bath. Slowly add 0.113 g of potassium
tert butoxide (0.335 mmole). After 15 min at -10 °C all
of the starting material was consumed by TLC and only
the two isomers 40 and 41 were observed. Next added 5
ml of chilled 10% HCl and stirred at -10 °C for S min.
Transferred to a separatory funnel and extract with
ether. Dried over sodium sulfate. Proton NMR of the
dried product (0.143 g) indicated only the presence of
the two isomers 40 and 41. The two isomers were
separated by silica gel chromatography using 90/10
hexane ethyl acetate and gradually increasing the
mobile phase to 70/30 hexane/ethyl acetate. 40 ( 53.2

Mrb“

. mg); 41(58.8 mg). . so}
: I""‘Ef (4")

Example 24
Quaternization of amine substrates 40 and 41

Amine products such as 40 and 41 can be readily

alkylated to quaternary salts by reaction with alkyl
halides. For example 40 in DMF with 5 equivalents of
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methyl iodide in the presence of 2,6 dimethyl lutidine
produces the dimethylhexylam;ng quaternary salt.
oy
@\*'2(" €& 42’)
Example 25 Y
(3a,4b,5b) 3-Butyl-3-ethyl-4- xy-s—(4-iodopheny1)-
2,3,4,5-tetrahydrobenzothiepine~1,1-dioxide (42)

In a 25 ml round bottomed flask 0.5 g (1.3 mmole) of 64
., 0.67 g of mercuric triflate were dissolved in 20 ml
of dry methylene chloride with stirring. Next 0.34 g of

"Iodine was added and the solution was stirred at room

temperature for 30 h. The reaction was then diluted
with 50 ml methylene chloride and washed with 10 ml of
1 M sodium thiosulfate; 10 ml of saturated KI ; and
dried@ over sodium sulfate. See Tetrahedron, Vol.50,
No. 17, pp 5139-5146 (1994) Bachki, F. Et al.Mass
spectrum indicated a mixturg of 64 , mono iodide 42 and
a diiodide adduct. The mixture was separated by column
chromatography and 42 was characterized bt NMR and mass

spectra. - bt B¢,

1 '.'et
2 %a (4ﬂ
Example 26 od— ocH3
(3a,4b,5Db) 3-Buty1-5-(4—carbomethoxypheny1) 3-ethyl -4~
hydroxy-2,3,4,5- tetrahydrobenzothiepine-1, 1-dioxide

(43)

A 0.1 g sample of 42 ( 0.212 mmole), 2.5 ml dry
methanol, 38 nl trzethylamlne (0.275 mmole) , 0.3 ml
toluene and 37 mg of palladium chloride (0.21 mmole)
was charged to a glass lined mini reactor at 300 psi
carbon monoxide. The reaction was heated at 100 °C
overnight. The catalyst was filtered and a high yield
of producf was isolated.

The product was characterized by NMR and mass spectra.

Note the ester functionalized product 43 can be
converted to the free acid by hydrolysis.

(4%
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Example 27

(3a,4a,5a) 3-Butyl-3-ethyl-4-hydroxy-7-methoxy-5-

phenyl-2,3,4,5-tetrahydrobenzothiepine~1, 1~dioxide

(48), and (3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-7-

methoxy-5-phenyl-2,3,4,5~-tetrahydrobenzothiepine~1,1-

dioxide (49) *o2

Step 1. 2-Mercapto~5-methoxybenzophenone (50) 0 e
O, (59:3

Reaction. of 66.2 g of 4-methoxythiophenol with 360 ml

of 2.5 N n-butyllithium, 105 g of

-tetramethylethylenediamine and 66.7 g of benzonitrile

in 600 ml cyclohexane according to the procedure in WO
93/16055 gave 73.2 g of brown oil which was kugelrohr
distilled to remove 4-methoxythiophenol and gave 43.86
g of crude 50 in the pot residue. ' '

Step 2. 2~-((2-Benzoyl-4-methoxyphenylthio)methyl)-2-

: 5 8
ethylhexanal (51) Weo %”Xf‘: s ‘3.
¥

Reaction of 10 g (0.04 mole) of crude 50 with 4.8 g
{(0.02 mole)of mesylate 1 and 3.2 ml (0.23 mole) of
triethylamine in 50 ml of diglyme according to the
procedure for the preparation of 2 gave 10.5 g of crude
product which was purified by HPLC (5% ethyl acetate-
hexané) to give 1.7 g ({22%) of 51.

Step 3. 2-((2-Benzoyl-4-methoxyrhenylsulfonyl)methyl)-

2-ethyl-h 1 (52 ﬁ"t 8x -
e hy exana ) Heo O ° Ee.e (523
3 @)

A solution of 1.2 g (3.1 mmoles) of 51 in 25 ml of
methylene chloride was reacted with 2.0 g (6.2 mmoles)
of 50-60% MCPBA according to the procedure of step 2 of
procedure'h in examplé 18 gave 1.16 g (90%) of 52 as a
vellow oil. )

Step 4. 2-((2-Benzyl-4-methoxyphenylsulfonyl)methyl)-

2-ethylh 1 (53 Se
ethylhexanal (53) - )‘!Iih'z g“
“f" [ ) €
{7

(s3)
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Hydrogenation of 1.1 g of 52 according to the procedure
of step 3 of procedure A of example 18 gave 53 as a
vellow oil (1.1 g).

Step 5. (3a,4a,5a) 3-Butyl-3-ethyl-4-hydroxy-7-methoxy-
S5-phenyl-2,3,4,5~tetrahydrcbenzothiepine~1,1-dioxide
(48), and (3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-7-
methoxy-s-phenyl-z 3,4, 5-tatrahydrohenzothiepine-1,1-

dioxide (49) s $€.
| d u'g oE’t “;‘ow& (4([)

(4&
A solution of 1.1 g of 53, 36 g of potassium.t-

butoxide and 25 ml of anhydrous THF was held at reflux
for 2 h and worked up as in step 4 of procedure A of
example 18 to give 1.07 g of a crude product which was
purified by HPLC to give 40 mg (4%) of 48 as crystals,
mp 153-154 °C and 90 mg (8%) of 49 as solid, mp 136-140

°c. @’ s o
Example 28 | (s7) " ;oE (5%)

5-Phgnyl-2,3-dihydrospixobenzothiepine-3.1'-cyclohexane
(57) .

Step 1. 1-(Hydroxymethyl)-cyclohexanecarboxaldehyde -
(54)

To a cold (0°C’mixture of 100 g (0.891 mole) of
cyclohexanecarboxaldehyde, 76.5 g of 37% of :
formaldehyde in 225 ml of methanol was added dropwise
90 ml of 1 N Sodium hydroxide in 1 h. The reaction
mixture was stirred at room temperature over 48 then
was evaporated to remove methanol. The reaction mixture

-~was. diluted with water and extracted with_methylene

chloride. The organic layer was washed with water,

brine, and dried over sodium sulfate and concentrated
under vacuum to give 75 g (59.7%) of thick oil. Proton
NMR and mass spectra were consistent with the product.

step 2. l~{mesyloxymethyl)cyclchexanecarboxaldehyde
(55) 4]

Hy< - §.’°QO

140 °  (s5)
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To a cold (0 °C'mixture of alcohol 54 (75 g, 0.54 mole)
and 65.29 g (0.57 mole) of methanesulfonyl chloride in
80 ml of methylene chloride was added a solution of
pyridine (47.96 g, 0.57 mole) in 40 ml of methylene
chloride. The reaction mixture was stirred at room
temperature for 18 h then quenched with water,
acidified with conc. HC1l and extracted with methylene
chloride. The organic layer was washed with water,
brine, and dried over sodium sulfate and concentrated
tinder vacuum to give 91.63 g (77.8%) of thick oil.
Proton NMR and mass spectra were consistent with the

product. S }O
g\
Step 3. 1-((2- (3 (s¢)

Benzoylphenylthio)methyl)cyclochexanecarbexaldehyde (56)

A mixture of €9 g {0.303 mole) of 2-
mercaptobenzophenone, 82 g (0.303 mole) of mesylate 55,
32 g of triethylamine, and 150 ml of diglyme was
stirred and held at reflux for 24 h. The mixture was
cooled, poured intec dil. HCl and extracted with
methylene chloride. The organic layer was washed with
10% NaOH, water, brine, and dried over sodium sulfate
and concentrated under vacuum to remove excess diglyme.
This was purified by silica gel flush column (5% EtOAc:
Hexane) and gave 18.6 g (75.9%) of yellow oil. Proton
NMR and mass spectra were consistent with the product.

Step 4. S-Phenyl-z,3-dihyazospirohenzothiepine-3,1'-
S

cyclohexane (57)

To a mixture of 6.19 g of zinc dust and 100 ml of dry
DME was added TiCl,{16.8 g, 0.108 mole) . The reaction
mixture was heated to reflux for 2 h. A solution of
compound 56 (8.3 g, 0.023 mole) in 50 ml of DME was
added dropwise to the reaction mixture in 1 h and the
migturg was held at reflux for 18 h. The mixture was

14t
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cooled, poured into water and extracted with ether. The
organic layer was washed with water, brine, and dried
over sodium sulfate, filtered through celite and
concentrated under vacuum. The residue was purified by
HPLC (10% EtOAc: Hexane) to give 4.6 g (64%) of white
solid, mp 90-91 °C. Proton and carbon NMR and mass
spectra were consistent with the product.

Example 29

'8b-Phenyl-1a,2,3,Sb-tetrahydrospiro(benzothiépino[4,5-

b]oxi:ene-z,1'-cyclohexané)-4,4-dioxida {58)

To a solution of 57 (4.6 g, 15 mmole} in 50 ml
chloroform under nitrogen was added 55% MCPBA- (16.5 g,
52.6 mmole) portionwise with spatula. The reaction was
held at reflux for 18 h and washed with 10% NaOH(3X),
water, brine, and dried over sodium sulfate and
concentrated under vacuum to give 5 g of crude product.

This was recrystallized from Hexane/EtOAc to give 4.31

g (81%) of vellow solid, mp 154-155 'C. Proton and
carbon NMR and mass spectra were consistent with the

product. Sou _

@: (54)
Example 30 () ou -
trans-4~-Hydroxy-5-phenyl-2,3,4,5~-tetrahydro
spiro(benzothiepine-3,1’-cyclohexane)~-1,1-dioxide (59)

A mixture of 0.5 g (1.4 mmoles) of 58 , 20 ml of
ethanol,10 ml of methylene chloride and 0.4 g of 10%
PAd/C catalyst was hydrogenated with 70 psi hydrogen for
3 h at room temperature. The crudé reaction slurry was
filtered through Celite and evaporated to dryness. The
residue was purified by HPLC (10% EtOAc-Hexane, 25%
EtOAc-Hexane). The first fraction was 300 mg (60%) as a
white solid, mp 99-100 ‘C. Proton NMR showed this was
a trans isomer. The second fraction gave 200 mg of

_sqlid which was impure cis isomer.

(a2
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Example 31 - (o) oH
cis-4-Rydroxy-5-phenyl-2,3,4,5-tetrahydro
spiro(benzothiepine-3,1’-cyclohexane)-1,1~-dioxide (60)

To a.solution of 0.2 g (0.56 mmole) of 59 in 20 ml of
CH,Cl,, was added 8 g of 50% NaOH and one drop of
Aliquat-336 (methyltricaprylylammonium chloride) phase
transfer catalyst. The reaction mixture was stirred forx

10 h at room temperature. Twenty g of ice was added to

the mixture and the mixture was extracted with CHCI,
(3x10 ml) washed with water, brine and dried over MgSO,
and concentrated in vacuoc to recover 0.15 g of crude
product. This was recrystallized from Hexane/EtOAc to
give 125 mg of white crystal, mp 209-210 'C . Proton
and carbon NMR and mass spectra were consistent with

whe product. " Vet O’Qf (¢?)

E le 32 okt (6‘\ ol
(3a,4a,5a) 3-Buty1 3-ethy1-4-hydroxy-s-phenyl-z 3,4,5-
tetrahydrobenzothiepine (61), and (3a,4b,5b) 3-Butyl-3=-
ethyl-4-hydroxy-S-phenyl-2,3,4,5~
tetrahydrobenzothiepine (62)

To a solution of 0.5 g (1.47 mmole) of compound 47 in S
ml of anhydrous THF was added 0.17 g (1.47 mmole) of
85% potassium t-butoxide. The reaction mixture was
stirred at room temperature for 18 h and quenched with
10 ml of 10% HCl. The organic was extracted into
methylene chloride. The methylene chloride extract was

. dried. over magnesium sulfate and concentrated in vacuo.

The residue was purified by HPLC (2% EtOAc-hexane) to
give 47 mg of 61 in the second fraction and 38 mg of 62
in the third fraction. Proton NMR -and mass speétra were
consistent with the assigned structures.

S0, SO,
lu. &t (}{E&

I(,
ot on

S @ g
649\3 (%)
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(3a,4a,5a) 3-Butyl-3ethyl-4-hydroxy-7-amino-5-phenyl-
2,3,4,5-tetrahydrobenzothiepine-1,1~dioxide (63) and
(3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-7-amino-5-phenyl-
2,3,4,5-tetrahydrobenzothiepine~1,1-dioxide(64)

An autoclave was charged with 200 mg of 37 in 40 cc
ethanol and .02 g 10 % PA/C. After purging with
nitrogen the clave was charged with 100 psi hydrogen
and heated to 55 C. The reaction was monitored by TLC
and mass spec and allowed to proceed until all of 37

‘was copsumed. After the reaction was complete the

catalyst was filtered and the solvent was removed in
vacuo and the only observable product was amine 63.
This same procedure was used to produce 64 from 38.

jat® % 6u
o@ (v Et \Jﬁ&

Wt X ou (44)
Example 34 f“ “53 @‘““3
{3a,4a,5a) 3-Butyl-3- eé‘zyl -4-hydroxy-7-methoxy~5-(3"'-
methoxyphenyl)-2,3,4,5-tetrahydrobenzothiepine~-1,1-
dioxide (65), and (3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy- .
7-methoxy~-5-(3'-methoxyphenyl)-2,3,4,5~
tetrahydrobenzothiepine-1,1-dioxide (66). -
Alkylation of e-methoxyphenol with 3-methoxybenzyl
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-methoxy-2~(3'-
methoxybenzyl)phenol in 35% yield. This material was
converted to compound 65, mp 138.5-141.5 °C, and
compound 66, mp 115.5-117.5 °C, by the procedure
similar to that in Example 18 method B.

Example 35
" (3a,4a,5a) 3-Butyi-3-ethyl-4-hydroxy-7-méthoxy=5-(3'-

{trifluoromethyl)phenyl)-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide (67), and. )
(3a,4b,5b) 3-Butyl-3-ethyl-4~hydroxy-7-methoxiy-5-(3"'~
(trifluoromethyl)phenyl)-2,3,4,5- '
tetrahydrobenzoth:.epz.ne-l l-dioxide (68).
sop @/ S0y
Reo ‘"Ge ug “Et

G
lag 3 )

e (6 s)
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Alkylation of 4-methoxyphenol with 3-
(trifluoromethyl)benzyl chloride according to the
procedure described in J. Chem. Soc. 2431 (1958) gave
4-methoxy-2-(3'- (trifluoromethyl)benzyl)phenol. This
material was converted to compound 67, mp 226.5-228 °C,
and compound 68, mp 188-190°C, byu the procedure
similar to that in Example 18 metho

dB.
/@/“L 8w “wet (‘70)
Example 36'% St (¢9) 4 Q)

F3
(3a,4a,5a) 3-Buty -3-ethy1 -5~ (4'-fluoropheny1)—4-

‘hydroxy-7-methoxy-2,3, 4, 5-tetrahydrobenzothiepine-1,1-~

dioxide (69), and (3a,4b,5b) 3-Butyl-3-ethyl-5-(4'-
fluorophenyl) -4-hydroxy-7-methoxy-2,3,4,5~

. tetrahydrobenzothiepine-1l,1~-dioxide (70).

Alkylation of 4-methoxyphenol with 4-fluorobenzyl
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-methoxy-2-(4°'-
fluorobenzyl)phenol. This material was converted to
compound 69 and compound 70 by the procedure s;mzlar teo

that in Example 18 method B.
‘ O’ l.. ‘g‘ "
ok (1)

Example 37 £ (113
(3a,4a,5a) 3-Butyl-3-ethyl-5- (3'-£1uoropheny1)-4- :
hydroxy-7-methoxy-2, 3,4, 5-tetrahydrobenzothiepine-1,1-
dioxide (71), and (3a,4b,S5b) 3-Butyl-3-ethyl~5-(3'-
fluorcphenyl) -4 -hydroxy-7-methoxy-2,3,4,5~-
tetrahydrobenzothiepine-1,1-dioxide (72).

Alkylation of 4-methoxyphenocl with 3-flucrobenzyl

_chloride according to the procedure described in J.

Chem. Soc, 2431 (1958) gave 4-methoxy-2-(3'-
fluorobenzyl)phenol. This material was converted to
compound 71 and compound 72 by the procedure similar to
that in Example 18 method B.

R
(13)

(’14—)
{as
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(3a,4a,5a) 3-Butyl-3-ethyl-5-(2°'-£fluorophenyl)-4-
hydroxy-7-methoxy-2,3, 4, 5-tetrahydrobenzothiepine-1,1-~
dioxide (73), and (3a,4b,5b) 3-Butyl-3-ethyl-5-(2'-
fluorophenyl)-4-hydroxy-7-methox§-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide (74).

Alkylation of 4-methoxyphenol with 2-fluorcbenzyl
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-methoxy-2-(2'~-

.fluorobenzyl)phenol. This material was converted to

compound 73 and compound 74 by the procedure s;melar to

5%
that in Example 18 method B. ,@/ "Et r-@Q"

Examole 39 ' °“ 18) <:tqul
(3a,4a,5a) 3-Butyl-7-bromo-3-ethyl- 4Jhydroxy-5 {3~
methoxyphenyl)-2,3,4,5-tetrahydrobenzothiepine-1,1-
dioxide (75), and (3a,4b,5b) 3-Butyl-7-bromo-3-ethyl-4-
hydroxy~5-(3'-methoxyphenyl)-2,3,4,5-
tetrahydrobenzothiepine-1,1~-dioxide (76).

Alkylation of 4-bromophenol with 3-methoxybenzyl
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-bromo-2-(3°'- :
methoxybenzyl)phenol. This material was converted to
compound 75, mp 97-101.5 °C, and compound 76, mp 102-
106 °C, by the procedure similar to that in Example 18

method B. ,@ ’(‘XSOJ"&‘

™ g-g £ - X% "a‘:'e& )
Example 40 o) % 1t}
(3a,4a,5a) 3-Butyl-3-ethyl-7- fluoro-S-(4'-
fluorophenyl) -4-hydroxy-2,3, 4, 5-°

'tetrahydrobenzothzepine—1 q-~dioxide (77), and

{3a,4b,5b) 3-Butyl-3-ethyl-7-fluoxro-5-(4'-
fluorophenyl) -4-hydroxy-2,3,4,5- .
tetrahydrobenzothiepine-1l,1~-dioxide (78).

Alkylation of 4-fluorophenol with 4-fluorobenzyl
cploride according to the procedure described in J.

1446
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Chem. Soc, 2431 (1958) gave 4-fluoro-2-(4'-~
flubrobenzyl)phenol. This material was converted to
compound 77, mp 228-230 °C, and compound 78, mp 134.5-~
139 °C, by the procedure similar to that in Example 18

55L _ SOL

method B. ,@ 4 E:] B

F a} e FTTN AEL
Example 41 ° al  (19) @ o4 (%0)

. ({ ] ““3

(3a,4a,5a) 3-Butyl-3-ethyl-7-fluoro-4-hydroxy-5-(3'-~
methoxyphenyl)~-2,3,4,5-tetrahydrobenzothiepine-1,1-
dioxide (79), and (3a,4b,5b) 3-Butyl-3-ethyl-7-fluoro-

‘40hydroxy-5~ (3 *'-methoxyphenyl)-2,3,4,5~-

tetrahydrobenzothiepine-1,1l-dioxide (80).

Alkylation of 4-fluorophencl with 3-methoxybenzyl
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-fluoro-2-(3'-
methoxybenzyl)phenol. This material was converted to
compound 75, as a so0lid and compound 80, mp 153-155 °C,
by the procedure similar to that in Example 18 method

s
: Ugo /e

@ o €3))

=
{3a,4b,5b) 3-Butyl-3-ethyl-5-(4'-fluorophenyl)-4-
hydroxy-7-methylthio-2,3,4,5-tetrahydrobenzothiepine-
1,1-dioxide (81).

A mixture of 0.68 (1.66 mmol) of compound 77, 0.2 g (5
mmol) of sodium methanethiolate and 15 ml of anhydrous
DMF was stirred at room temperature for 16 days. The
reaction mixture was dilute with ether and washed with
water and brine &nd dried over MSO;. The éther
solution was concentrated in vacuo. The residue was
purified by HPLC (20% ethyl acetate in hexanes). The
firsﬁ fraction was impure (3a,4a,5a2) 3-butyl-3-ethyl-4-
hydroxy-7-methylthio-5-(4'~fluorophenyl)-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide. The second
fgact}gn was compound 81, mp 185-186.5 °C.

141
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) 5'01
B e
D @: ou (3;3

(3a,4b,5b) 3-Butyl-3-ethyl-5-(4'-£fluorophenyl)-4-
hydroxy-7-(1l-pyrrolidinyl)-2,3,4,5-
tetrahydrobenzothiepine-1l,l1-dioxide (82).

A mixture of 0.53 g (1.30 mmol) of compound 78 and 5 ml
of pyrrolidine was held at reflux for 1 h. The
reaction mixture was diluted with ether and washed with
water and brine and dried over MsSO,. The ether
solution was concentrated in vacuo. The residue was
crystallized from ether-hexanes to give comPound 82, mp

Soy
174.5-177 °c. 8- .
g Et 33‘ F ? ‘unsé
{3 O
Examole 44 ol (5a) s (95)

(3a,4b,5b) 3-Butyl- 3-ethy1 -5-(4" -fluorophenyl)—4-
hydroxy=~7- (l1-morpholinyl)-2,3,4,5- ’CCZC m
tetrahydrobenzothiepine-1,1-dioxide (83). @

(g3)

A mixture of 0.4 g (0.98 mmol) of compound 78 and 5?0 g
(56 mmol) of morpholine was held at reflux for 2 h and -
concentrated in vacuo. The residue was diluted with
ether (30 ml) and washed with water and brine and dried
over M SO,. The ether solution was concentrated in
vacuo. The residue was recrystallized from ether-
hexanes to give compound 83, mp 176.5-187.5 °C.

Example 45

(3a,4a,5a) 3-Butyl-3-ethyl-5-(4'-£fluorophenyl)-4-
hydroxy-7-methyl-2,3,4,5-tetrahydrobenzothiepine-1,1~
_dioxide (84), and (3a,4b,5b) 3-Butyl- 3-ethy1-5 (4'
fluorophenyl) -4-hydroxy-7-methyl-2,3,4,5- .
tetrahydrobenzothiepine-1,1-dioxide (85).

Alkylation of 4-methylphenol with 4-f1uorober{.ziri’
chloride according to the procedure described in J.
Chem. Soc, 2431 (1958) gave 4-methyl-2-(4'-
fJ_.uorc?.benzyl)phenol) .. This material was converted to

193
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compound 84 and compound 85 by theﬂyrocedure similar to

that in Example 18 method B. ,E:j’ ¢ s S }::I-sm B
co A uge 1o Y g
o z
Example 46 D" () @ °H
(3a,4b,5b) 3-Butyl-3-ethyl-4-hydroxy-5-(4'- oH CSﬁ)
hydroxyphenyl) -7-methoxy-2,3,4,5-
tetrahydrobenzothiepine-1l,1-dioxide (86), and
(3a,4b,5b) 3-Butyl-3-ethyl-4,7-dihydroxy-5-(4'~
hydroxyphenyl) -2, 3,4, 5-tetrahydrobenzothiepine-1, 1~
dioxide (87).

To a solution of 0.52 (1.2 mmol) of compound €6 in 20
ml of methylene chloride was added 1.7 g (6.78 mmol) of
born tribromide. The reaction mixture was cooled to -
78 °C and was stirred for 4 min. An additional 0.3 ml
of boron tribromide was added to the reaction mixture
and the reaction mixture was stirred at -78 °C for 1 h
and quenced with 2 N HCl. The organic was extracted
into ether. The ether layer was washed with brine,
dried over M, SO,, and concentrated in vacuo. The
residue (0.48 g) was purified by HPLC (30% ethyl
acetate in hexanes). The first fraction was. 0.11 g of
compound 86 as a white solid, mp 171.5-173 °C. ' The
second fraction was crystallized from chloroform to
give 0.04 g of compound 87 as a white solid, mp 264 °C

(dec) . w&
wo et

F =

Example 47 Q@ ou (u)

(3a,4b,5b) 3-Butyl-3-ethyl-4,7-dihydroxy-5-(4°'-
£luorophenyl)-2,3,4,5~-tetrahydrobenzothiepine-~1,1-

Reaction of compound 70 with excess boron tribromide at
room temperature and worked up as in Example 46 gave
compound 88 after an KPLC purification.

so,
Example 48 @/ ' "'ceBé

| X 3, (=)
P

lad

odi
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{3a, 4b,5b) 3-Butyl-3-ethyl-5-(4'-fluorcphenyl)-4-
hydroxy-7-(1l-azetidinyl)-2,3,4,5~
tetrahydrobgnzothiepine-1,l-dioxide (89).

A mixture of 0.20 g (0.49 mmol) of compound 78, and 2.0
g (35 mmol) of aztidine was held at reflux for 3 h and
concentrated in vacuo. The residue was diluted with
ether (30 ml) and washed with water and brine and dried
over MgSO4. The ether solution was concentrated on a.
steam bath. The separated crystals were filtered to

wes o] | m‘g‘é nes AT
Example 43 % @ L, 1) G 2% (1)
(3a,4a,5a) 3-Butyl-3-etfyl-5-(3'-methoxyphenyl) -4~
hydroxy-7-methylthio-2,3,4,5-tetrahydrobenzothiepine-
1,1-dioxide (90). (3a,4b,5b) 3-Butyl-3-ethyl-5-(3°'-
methoxyphenyl) -4-hydroxy-7-methylthio-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide (91).

A mixture of 0.4 g (0.95 mmol) of compound 79, 0.08 g
(1.14 mmol) of sodium methanethiolate and 15 ml of
anhydrous DMF was stirred at 60 °C for 2 h. an ,
additional 1.4 mmol of sodium methanethiolaté was added
to the reaction mixture and the mixture was stirred at

60 °C for an additional 2 h. The reaction mixture was

triturated with 100 ml of water and extracted methylene
chloride. The methylene chloride water mixture was
filtered through Celite and the methylene chloride .
layer was dried over M,;SO, and concentrated in vacuo.
The first fraction (0.1 g) was compound 90, mp 117-121
°c. The second fraction (0.16 g) was compound 91, mp
68-76-°C+ -~

200
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5
10
15
Example 50
20 Preparation of polyethyleneglycol functionalized
benzothiepine A.
o
(“’Q—bm 1o 37 /
5_ OH
"lo
No. 141 ~ No.
136 '
- 285

A 50 ml rb flash under a nitrogen atmosphere was
charged with 0.54 g o6f M-Tres-5000 (Polyethyieneglycol

20l



10

15

20

25

WO 98/40375 PCT/US98/03792

Tresylate [methoxy-PEG-Tres,MW 5000) purchased from
Shearwater Polymers Inc., 2130 Memorial Parkway, SW,
Huntsville, Alabama 35801), 0.055 g Compound No. 136,
0.326 C,CO, and 2cc anhydrous acetonitrile. The
reaction was stirred at 30 C for 5 days and then the
solution was filtered to remove salts. Next, the
acetonitrile was removed under vacuum and the product
was dissolved in THF and then precipitated by addition
of hexane. The polymer precipitate was isolate by
filtration from the solvent mixture (THF/hexanef. This
precipitation procedure was continued until no Compound
No. 136 was detected in the precipitated product (by
TLC Si02). Next, the polymer precipitate was dissclved
in water and filtered and the water soluble pelymer was
dialyzed for 48 hours through a cellulose dialysis tube
(spectrum® 7 ,45 mm x 0.5 £t, cutoff 1,000 MW). The
polymer solution was then removed from the dialysis
tube and lyophilized until dried. The NMR was
consistent with the desired product A and gel
permeation chromatography indicated the presence of a
4500 MW polymer and also verified that no free_Compoﬁnd
No. 136 was present. This material was active in the

IBAT in vitro cell assay.

20
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Example S1
Preparation of Compound 140

No. 140

Ne. 111
10

A 2-necked 50 ml round botéom Flask was charged with
0.42g of Tfés-3400 {(Polyethyleneglycol Tresylate [Tres-
PEG-Tres,MW 3400)] purchased from Shearwater Polymers

15 Inc., 2130 Memorial Parkway, SW, Huntsville, Alabama
35801), 0.1 potassium carbonate, 0.100g of Compound No.

"1117and 5 ml anhiarougmbnr. Stir for 6 days at 27 °C.
TLC indicaéed the disappearance of the starting
Compound No. 111. The solution was transferred to a

20 separatory funnel and diluted with 50 cc methylene
chloride and then extracted with water. The ‘organic

layer was evaporated ‘to dryness by means of a rotary

203
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evaporator. Dry wgt. 0.4875 g. Next, the polymer was
dissolved in water and then dialyzed for 48 hours at 40
°C through a cellulose dialysis tube (spectrum® 7 ,45mm
x 0.5 £t, cutoff 1,000 Mw). The polymer solution was
then removed from the dialysis tube and lyophilized
until dried 0.341 g). NMR was consistent with the
desired product B.

No. 134

A 10 cc vial was charged with 0.21 g of Compound No.
136 (0.5mmoles), 0.17g (1.3 mmoles)potassium_carbonate,
0.6g (1.5 mmoles) of 1,2-bis-(2-iocdoethoxy)-ethane and
10 cc DMF. The reaction was stirred for 4 days at room
temperature and then worked up by washing with
ether/water. The ether layer was stripped to dryness
and the desired product Compound No. 134 was isolated
on a silica gel column using 80/20 hexane ethyl

" acetate’ -

Qo4
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Example 53

.

I-IO,,,

’r
LI}
N\

5 No. 112

Example 54
10

No. 113

15



10

15

WO 98/40375

A two necked 25 ml round bottom Flask was charged with
0.5g {1.24mmoles) of 69462, 13 mls of anhydrous DMF,
0.055g of 60% NaH dispersion and 0.230g (0.62 mmoles)
of 1,2-Bis [2-iodoethoxylethane] at 10 °C under
nitogen. Next, the reaction was slowly heated to 40
°C. After 14 hours all of the Compound No. 113 was
consumed and the reaction was cocled to room
temperature and extracted with ether/water. The ethex
layer was evaporated to dryness and then
chromatographed on Silicage (80/20 ethyl
acetate/hexane). Isolated Compound No. 112 (0.28 g)

was characterized by NMR and mass spec.

Example 55

@ No. 135

@ No. 136

206

PCT/US98/03792
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In a 50 ml round bottom Flask, add 0.7g (1.8 mmoles) of

Compound No. 136, 0.621g of potassium carbonate, 6 ml

DMF, and 0.33g of 1,2-Bis [2-iodoethoxylethane]. Stir
5 at 40 °C under nitrogen for 12 hours. The workup and

isolation was the same procedure for Compound No. 112.

Examples 56 and S7 (o) urn os. 131 an 3

The compositions of these compounds are shown in Table
10 3.

The same procedure as for Example 55 except appropriate

benzothiepine was used.

ample 5 Compoun 0. 13
15 The composition of this compound is shown in Table 3.
Same procedure as for Example 55 with appropriate
benzothiepine 1,6 diiodohexane was used instead of 1,2-

Bis [z-iddoethoxylethane].

20 ample 59 ompound No. 10

- No.
101 :

25 This compound is prepared by condensing the 7-NH,
benzothiepine with the 1,l12-dodecane dicarboxylic acid
or acid halide.

207
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e 60 (Compou No. 10

No. 104

2-Chloro-4-nitrobenzophencne is reduced with
triethylsilane and trifluoromethane sulfonic acid to 2-
chloro-4-nitrodiphenylmethane 32. Reaction of 32 with
lithium sulfide followed by reacting the resulting
sulfide with mesylate 1V gives sulfide-aldehyde XXIII.
Oxidation of XXIII with 2 equivalents of MCPBA yields
sulfone-aldehyde XXIV (see Scheme S5). Reduction of the
sulfone-aldehyde XXV formaldehyde and 100 psi hydrogen
and 55 C for 12 hours catalyzed by palladium on carbon
in the same reaction vessel yields the substituted
dimethylamine derivative XXVIII. Cyclization of XXVII
with potassium t-butoxide yields a mixture of
substituted amino derivatives of this invention

Compound No. 104.

20%
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Scheme &
®
[} [ ]
" a2 » N
W < Pel C- R COH ~
050
o:ye0
xx1v

5
Example 61
10 No. 102
A 1 oz. Fisher-porter bottle was charged with 0.14 g
(0.34 mmoles) of 70112, 0.97 gms (6.8 mmoles) of methyl
iodide, and 7 ml of anhydrous acetonitrile. Heat to 50
1s °C for 4 days. The quat. Salt Compound No. 192 was

20q
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isolated by concentrating to 1 cc acetonitrile and then

precipitating with diethyl ether.

210
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Example 62
N
g .“\ |
'.
e
/N No. 125
5 A 0.1 g (0.159 mmoles) sample of Compound No. 134 was

dissolved in 15 ml of anhydrous acetonitrile in a
Fischer-porter bottle and then trimethylamine was
bubbled through the solution for S minutes at 0 °C and
then capped and warmed tc room temperature. The

10 reaction was stirred overnight and the desired product

was isclated by removing solvent by rotary evaporation.

Example 63 Je) 5

15

AN ANA |

.. 3 -

No. 295

an
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No. 113

Sodium Hydride 60% (11 mg, 0.27 mmoles) in 1 cc of
acetonitrile at 0 °C was reacted with 0.248 mmoles (.10

g) of Compound No. 54 in 2.5¢cc of acetonitrile at 0 °C.
Next, 0.(980g 2.48 mmoles) of 1,2-Bis [2-

iodoethoxylethane]. After warming to room temperature,
stir for 14 hours. The product was isolated by column

chromatography.

Example

PhCH, dle'J:::[j::2<:::
s O
@ No. 286

Following a procedure similar to the one described

in Example 86, infra (see Compound No. 118), the title

compound was prepared and purified as a color;ess
solid; mp 180-181 °C; 'H NMR (CHCl,) & 0.85 (t, & =6
Hz, 3H_, 0.92 (t, J = 6 Hz, 3H), 1.24-1.42 (m, 2H),
1.46-1.56 (m, 1H), 1.64-1.80 (m, 1H), 2.24-2.38 (m,
iH), 3.15 (AB, J,, = 15 Hz, Av = 42 Hz, 2H), 4.20 (4, J

A
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= 8 Hz, 1H), 5.13 (s, 2H), 5.53 (s, 1H}, 6.46 (s, 1lH),
6.68 (s, 1H), 7.29-7.51 (m, 10H), 7.74 (4, J = 8 Hz,
1H), 8.06 (d, J = 8 Hz, 1H). FABMS m/z 494 (M+H), HRMS
calcd for (M+H) 494.2001, found 494.1993. Anal. Calcd.
for C,H,NO,S: C, 68.13; H, 6.33; N, 2.84. Found: C,
68.19; H, 6.56; N, 2.74.

a3
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xample 65 87
oqdf
£::) No. 287
5 Following a procedure similar to the one described

in Example 89, infra (see Compound No. 121), the title
compound was prepared and purified as a colorless
solid: mp 245-246 °C, 'H NMR (CDCl,) § 0.84 (t, T = 6
Hz, 3H), 0.92 {t, J = 6 Hz, 3H), 1.28, (4, J = 8 Hz,
10 iH), 1.32-1.42 {m, 1H), 1.48-1.60 (m, 1H), 1.64-1.80
(m, 1H), 2.20-2.36 (m, 1H), 3.09 (aAB, J,, = 15 Hz, Av =
42 Hz, 2H), 3.97 (bs, 2H), 4.15 (d, J = 8 Hz, 1lH), 5.49
(s, 1H), 5.95 (s, 1lH), 6.54 (&, J = 7 Hz, 1H), 7.29-
7.53 (m, 5H), 7.88 (d, J = 8 Hz, 1H); ESMS 366 (M+Li).
15 Anal, . for CH,NO,S: C, 66.82; H, 7.01; N, 3.90.
Found: C, 66.54; H, 7.20; N, 3.69. |

ample 6 ompound No. 2

20 ' (::)
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Following a procedure similar to the one described
in Example 89, infra (see Compound No. 121), the title
compound was prepared and purified by silica gel
chromatography to give the desired product as a
colorless solid: mp 185-186°C; 'H NMR (CDCl,) 51.12 (s,
3H), 1.49 (s, 3H), 3.00 (d, J = 15 Hz, 1H), 3.28 (4, J
= 15 Xz, 1H), 4.00 (s, 1H), 5.30 (s, 1H), 5.51 (s, 1H),
5.97 (s, 1H), 6.56 (dd, J = 2.1, 8.4 Hz, 1H), 7.31-7.52
{m, 5H), 7.89 {(d, J = 8.4 Hz, 1H). MS (FAB+) (M+H) m/z
332.

Example 67 ompound No. 2

No. 289

Following a procedure similar to the one described
in Example 89 (see Compound No. 121}, the title
compound was prepared and purified by silica gel
chromatography to give the desired product as a white -
solid: mp 205-206 °C; 'H NMR (CDCl,) & 0.80-0.95 (m,

68), 1.10-1.70 (m, 7H), 2.15 (m, 1H), 3.02 (4, J = 15.3
Hz, 2H), 3.15 (4, 0 = 15:1 Hz, 2H), 3.96 (s, br, 2H),
4.14 (4, J-= 7.8 Hz, 1lH), 5.51 (s, 1H), 5.94 (4, J =
2.2, 1H), 6.54 (dd, J = 8.5, 2.2 Hz, 1H), 7.28-7.50 (m,
6H), 7.87 (4, J = 8.5 Hz, 1H). MS (FAB): m/z 388 (M+H).

m 68 ompou

PCT/US98/03792
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q\g
B %,
i ou
No. 290
5 . Following a procedure similar to the one described

in Example 89, infra (see Compound No. 121), the title
compound was prepared and purified as a c¢olorless
solid: mp = 96-98 °C, 'H NMR (CDC1,) § 0.92 (t, T = 7
Hz, 6H), 1.03-1.70 (m, 11H), 2.21 (t, J = 8 Hz, 1lH),

10 3.09 (aB, J,, =- 18 Hz, Av = 38 Hz, 2H), 3.96 (bs, 2H),
4.214 (4, J = 7 Hz, 1K), 5.51 (s, 1H), 5.94 (s, 1H),
6.56 (4, J = 9 Hz, 1H), 7.41-7.53 (m, 6H), 7.87 (4, J =
8 Hz, 1H); FABMS m/z 416 (M+H).

15 Example 69
[o]
qﬁ?
P ee
pmn&cJLw —,
B § o

:: No. 291

Folloﬁing a procedure similar to the one.described
20 in Example 86, infra (see Compound-No. 118), thé title
compound was prepared and purified as a colorless
solid: 'H NMR (CDC1,) § 0.91 (t, J = 7 Hz, 6H), 1.02-
1.52 (m, 11H), 1..60-1.70 (m, 1H), 2.23 (t, J = 8 Hz,

e



WO 98/40375 PCT/US98/03792

1H), 3.12 (AB, J, = 18 Hz, Av = 36 Hz, 2H), 4.18 (4, J
= 7 Hz, 1H), 5.13 (s, 2H), 5.53 (s, 1H), 6.43 (s, 1H),
6.65 (s, 1H), 7.29-7.52 (m, 10H), 7.74 (d, J = 9 Hz, |
1H), 8.03 (4, J = 8 Hz, 1H); ESMS m/z 556 (M+Li).

rSy!
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No. 292

Following a procedure similar té the one descried
in Example 89, infra (see Compound No. 121), the title
compound was prepared and purified as a colorless
solid: mp = 111-112.5°C, 'H NMR (CDC1,) & 0.90 (t, J = 8

10 Hz, 6H), 1.03-1.50 (m, 10H), 1.55-1.70 (m, 2H), 2.18
(¢, § = 12 Hz, 2H), 3.07 (aB, J,, = 15 Hz, Av = 45 Hz,
2H), 4.09 (bs, 2H), 5.49 (s, 1H), 5.91 (s, 1H), 6.55
{(d, J = 9 Hz, 1H), 7.10 (t, §J = 7 Hz, 2H), 7.46 (t, J =
6 Hz, 2H), 7.87 (4, J = 9 Hz, 1H).

15
Example 71 (Compound No. 293
[}
o\\él
PhCH 4
$ H
No. 293
20

During the preparation of Compound No. 290 from

Compound No. 291 using BBr,, the title compound was

ARY
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isolated: 'H NMR (CDC1,) § 0.85 (t, J = 6 Hz, 6H), 0.98-
1.60 (m, 10H), 1.50-1.66 (m, 2H), 2.16 (t, J = 8 Hz,
1H), 3.04 (AB, J, = 15 Hz, Av = 41 Hz, 2H), 4.08 (s,
1H), 4.12 (s, 1H), 5.44 (s, 1H), 5.84 (s, 1H), 6.42 (4,
= 9 Hz, 1H), 7.12 (4, J = 8 Hz, 2H), 7.16-7.26 (m,
10H), 7.83 (4, J = 8 Hz, 1H); ESMS m/z 512 (M+Li).

Example 72 (Compound No. 294)

Following a procedure similar to the one described
in Example 60 {Compound No. 104), the title compound
was prepared and purified as a colorless solid: H NMR
(cpci,) & 0.90 (¢, J = 6 Hz, 6H), 1.05-1.54 (m, 9H),
1.60-1.70 (m, 1H), 2.24 (t, J = 8 Hz, 1H), 2.80 (s,
6H), 3.05 (aB, J,, = 15 Hz, Av = 42 Hz, 2H), 4.05-4.18
(m, 2H), 5.53 (s, 1H), 5.93 (s, 1H), 6.94 (4, J = 9 Hz,

- 1H), 7.27-7.42 (m, 4H), 7.45 (4, J = 8 Hz, 2H), 7.87

(d, J = 9 Hz, 1H); ESMS m/z 444 (M+H).
Structures of the compounds of Examples 33 to 72

are shown in Tables 3 and 3A.

Examples 73-79, 87, 88 and 91-102

Using in each instance a method generally
described in those of Examples 1 to 72 appropriate to
the substituents to be introduced, compounds were
prepared having the structures set forth in Table 3.
The starting materials i;lustrated in the reaction
schemes shown above were varied in accordance with
principles of organ;c synthesis well known to the art
to introduce the indicated substituents in the 4- and
5- positions (R’, R', R’, R') and in the indicated

position on the benzo ring (R").

a9
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Structures of the the compounds produced in
Examples 73-102 are set forth in Tables 3 and 3A.

Examples 80-84

Preparation of 115, 116, 111, 113

Preparation of 4-chloro-3-[4-methoxy-
phenylmethyl] -nitrobenzene.

In a 500 ml 2-necked rb flask weigh out 68.3 gms
phosphorus pentachloride (0.328 mole 1.1 eq). Add 50
ﬁls chlorobenzene. Slowly add 60 gms 2-chloro-5-
nitrobenzoic acid (0.298 mole). Stir at room temp
overnight under N2 then heat 1 hr at 50C.

Remove chlorcbenzene by high vacuum. Wash residue
with hexane. Dry wt=55.5 gms.

In the same rb flask, dissolve acid chloride (55.5
g 0.25 mole) from above with 100 mls anisole (about 3.4
eq). Chill solution with ice bath while purging with
N2. Slowly add 40.3g aluminum chloride (1.2 eq 0.3
mole). Stir under N, for 24 hrs.

After 24 hrs, the solution was poured into 300 mls
1IN HCl1l soln. (cold). Stir this for 15 min. Extract
several times with diethyl ether. Extract organic:
layer once with 2% aqueous NaOH then twice with water.
Dry organic layer with MgSO4, dry on vac line. Solid
is washed well with ether and then ethanol before

drying. Wt=34.57¢g (mixture of meta, ortho and para).

Elemental theory found
c - 57.65 ' 57.45
H 3.46 5.51
N 4.8 4.8
cl 12.15 12.16

N 20

PCT/US98/03792
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With the next step of the reduction of the ketone
with trifluoromethane sulfonic aid and triethyl silane,
crystallization with ethyl acetate/hexane affords pure
4-chloro-3-[4-methoxy-phenylmethyl] -nitrobenzene.

4-Chloro-3-[4-methoxy-phen§lmethyl}—nitrobenzene
was then reacted as specified in the synthesis of 117
and 118 from 2-chloro-4-nitrophenylmethane. From these
procedures 115 and 116 can be synthesized. Compounds
111 and 113 can be synthesized from the procedure used
to prepare compound 121. .

Compound 114 can be prepared by reaction of 116

with ethyl meicaptan and aluminum trichloride.

Examples 85 and 86
Preparation of 117 and 118

2-Chloro-4-nitrobenzophenone is reduced with
triethylsilane and trifluoromethane sulfonic acid to 2-
chloro-4-nitrodiphenylmethane 32. Reaction of 32 with
lithium sulfide followed by reacting the resulting
sulfide with mesylate IV gives sulfide-aldehyde XXIII.
Oxidation of XXIII with 2 equivalents of MCPBA yields
sulfone-aldehyde XXIII. Oxidation of XXIII with 2
equivalents of MCPBA yields sulfone-aldehyde XXIV (see
Scheme 5). _

The sulfone-aldehyde (31.8 g) was dissolved in
ethanol/toluene and placed in a parr reactor with 100
ml toluene and 100 ml of ethanol and 3.2 g of 10% Pd/C
anE"Eéétéaftd'sé'E"ESa 106“551 of ﬁ;d;égeﬁ éas for 14
hours. Thé reaction was then filtered to remove the
catalyst. The amine product (.076'moles, 29.5 g) from
this reaction was then reacted with benzyl
chloroformate (27.4g) in toluene in the presence of 35

g of potassium carbonate and stirred at room

Lo

PCT/US98/03792



10

15

20

25

WO 98/40375 PCT/US98/03792

temperature overnight. After work up by extraction
with water, the CBZ protected amine product was further
purified by precipitation from toluene/hexane. .

The CBZ protected.amine product was then reacted
with 3 eqhivalents of potassium t-butoxide in THF at O
C to yield compounds 117 and 118 which were separated

by silica gel column chromatography.

Examples 89 and 90

Preparation of 121 or 122

Compound 118 {.013 moles, 6.79g) is dissolved in
135 ml of dry chloroform and cooled to -78 C, next.1.85
ml of boron tribromide (4.9 g) was added and the
reaction is allowed to warm to room temperature.
Reaction is complete after 1.5 hoursz The reaction is
quenched by addition of 10% potassium carbonate at 0 C
and extract with ether. Removal of ether yields
compound 121. A similar proceduré can be used to
produce 122 from 117.

Examples 93-96

Compounds 126, 127, 128 and 129 as set forth in
Table 3 were prepared substantially in the manner
described above for compounds 115, 116, 111 and 113,
respectively, except that fluorcbenzene was used as a

starting material in place of anisole.

AN
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TABLE 3
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Specific compounds (§102-111,113-130,132-

134,136,138,142-144,262~296)

223

QP
3
RN~
% _CpF R R2 Rm3 Rt RS RS (3% g
61 102 Et- n-Bu- RO~ E- Ph- E- -, 7-
. (CE3) aN*-
73 103 n-Bu- Et- HO~- E- Ph- E- T, 1~
’ (CE3) aN+=
60 104 Et- n-Bu- EO- E- Ph-, E- 7- (CE3) 2N~
Tt - -
74. 105 Et- n-Bu- EO~ E- Ph~ E- 7-
: CH3SONE-
“75 106 Et- n-Bu~ EO~ E- Ph- E- 7=3r=-CHa.
CONE-
" 76 107 n-Bu- Et- KO- E- p-n-CyoEzi- E- 7-NEg~-
~-0-Bh-
77 108 Et- n-Bu~ HO- E- Ph- E- 7- .
. : CsHy1CONE~
78 109 Et- n-Bu~ EO~ E- p-n-CigEz1~ H- 7-NH2~-
: -0~Ph~
79 110 Et- n-Bu- HO- K- Ph- E- 7-CH3CONE~
80 111 n-Bu- Et- KO- E- p-EO-Ph- -5 7-NHz-
81 113 Et- n-Bu~- HO- R~ p-EO-Ph- H- 7-NHg~
82 114 Et- n-Bu- EO- E~ p-CH3O~Ph- E- | 7-NHz-
83 115 n-Bu- Et- EO=- E- p-CR30-Ph- B~ 7-NE-CB2
84 116 Bt~ na-Bu~ HO- H- p~CH3O-Ph- B~ 7-NE-CBZ
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117
118
119

120

121
122
123

124

125

126
127

128
129

130

132

133
134

136

n-2u~

n-3u-
n-Bu-

Et-

Et-

Etc-

Et—-_ ..

Et-

BEt-

Et- KO-
n-Bu- HO~-
n~-Bu—- HO~-
Et—- HO-
n~Bu-~ EO-
Et-.v KO-
n-Bu- HO-
Et- EO-
n-3uv—- EQO-
Et- EO-
Et- EO~
n-3u-~ EO-
n-Bu- EQO~
n-8u-~ EOQO=-
n-Bu- HO-
n-Bu- HO-
n-Bu~- HO-
n-Bu- HQ-

Ph-

Ph-
Ph-

Ph-

224

BE=-
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"7-NH~-CB2Z
7-NE-CBZ

7-NECO2~t-~
Bu

7-NHCO2~t~
Bu

7-NH2-
7-NEz~

7-n~CgB13—
NE-

7-n-CgE13-
NE-

I-’ 8-
(CH3)3 N*{
C#2CE20) 3~
7-NE-CBZ -

7-Nza-
7-NH-CBZ

T-NH2~

I-' 8-

{CH3) aN*
CeH120-

g-phthal~
imidyl-
CgE120~

.__8-n-C1oH21~

8- I-
(C2H40) 3-

§- HO~
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34
34
35
35
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46
36
36
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39
33
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40
41

a

37
38

37

WO 98/40375

138

90
91
89

66
65
68
67
87
86
70
69
88
76
75
77
78
79

80
72
73

71

n-Bu=-

Et-
Et-

EC-

Et~
Et-
Et-
EC~
Et-
Et-
Et~-
Et~-

Et-

Et-

Et-

n-Bu-
n-pu-

n-Bu~

n-Bu=-

n-3u-

HO- E-

B~ }’Io-
EO- &-
HO-  E-

EQ- B~

H- EO=~

a-Bu~
n-3u-
n-su-~
n=-3u-
n-gu-
n-Bu~
n-Bu-
n-Bu-
n-Bu~-
n-Bu-
n-Bu-
n-Bu-
n-Bu-
n-Bu-
n-Bu-

n-Bu-

Eo- E-
E- EO-
EO- E-
EO- E-
EO- E-
E- KO-
EO- H-
EO- H-
E- EKO-
HE- KO-
HO- H-
B~ HO-

HO- EH-
BO- E-
E- EO-
g~ RO~

Ph-

B~

n~-CE30-Ph-

p~F-Ph~

~CE30~Ph-

H-

m-C¥3-Ph-~

E= .

m~EQ0-2h-

m-£0~2h-

p-~2h-

p~F-Ph~

m~CH30-Ph~-

E-
-
p~F-2h-
g-

“m~CH30-Ph-

n~F-Fh-
8-
B~

L5
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B=-

m-CH30-Ph~

He~
8-

B-

m-CE30-Ph—

H—

m-CZ3-Ph-

m-CE30~Ph-

p~F-Ph-

a—

n-CH30-Ph~-

8- CH3CO2-

7-CH38~
T-CH35~
T=(N)~-

azetidine

7-Cx30-
7-CE30~-
7-CE30-
7-CE30~
-0~
7-CHE30~-
T-CH30~

7-CE30-
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64
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66
67

68
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70
71
72
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74

81
a5
84

83 .

82

286
28;
288
289

290
281
292
283
294
295

298

Et~-
Et-

Et-

Et-

Et-

Et- -
Et-
CH3-

n-’
CaBy~

n-3u-
n-3u-
n-3u-
n-Bu-
n-3u-~-

Et-

Et~-

n-Bu-
n-Bu-
n-Bu-
n-Bu=-

n-Bu-

n-B8u-

Et-
CE3~

n-
C3E7~

n-3u~
n-3u-
n-Bu-
n-3u-
n-su-

n-su-

n-Bu-

RO~
HO-

HO~-

RO~

HO-

RO~
EO~

EO-

EO-

EO-

B~ o~r—-Ph-

B-  p-F-Ph-
B~ p-F-Ph~-
HO=- H-
H- p-F-Ph~
B= p-F-Ph-
E- Ph-
E- Ph-
E- Ph=-
E- Ph-
E- Ph-
B Ph-
E-  p-F-Ph-
E~- Ph—
H- Ph-
B~ p=I-
(C2H40) 3~
Ph-
B- -, p-
(CH3) 3n* (C2
B40) 3~Ph-

A6
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7-CH30-
7-CH3S~
7-CH3-
7-CH3~

7-(N) -
morpholine

T-(N)-
pyzrroli=-
dine
7-NE-C32
T-N=22—
7-NE2-

T-NE2~

T=-NE2-
7-N&E-C32
7-N#Z2-
- 7-PhCEN-
7= (CH3) 2N~

7-NEz- -

T-NE2=



WO 98/40375 PCT/US98/03792

TABLE 3A
Bridged Benzothiephenes (§101,112,131,135,137,139-141)

C®D $101 (Ex. 59)

CPD #112 (Ex. 53)

CPD#131  (Ex. 56)

a7
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CPD $135  (Ex. 55)

CeD £137 (Ex. 57)

CPD #139 (Ex. 58)

3.9.8’
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%, , N4
NHz O-polyethyleneglycol-0/ NH,

3400 MW polyethyleneglycol bridge Ce®D #140 (Ex. 51)

(\Obo;";\o

OCHy “
Phy, £
8%
HO“"B .
ol = CPD $#141 (Ex. 50)

229
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Examples 104-231

Using in each instance a method generally
described in those of Examples 1 to 72 appropriate to
the substituents to be introduced, including where
necessary other common synthesis expedients well known
to the art, compounds are prepared having the
structures set forth in Table 4. The starting
materials illustrated in the reaction schemes shown
above are varied in accordance with principles of
organic synthesis well known to the art in order to.
introduce the indicated substituents in the 4~ and 5~
positions (R’, R', R’, R) and in the indicated position

on the benzo ring (R").
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Alternative compounds §1 (#302-312, 314-430)
I - E
(R™) q_w n-Bu
i ™
R‘, OH
Cpdd RS (R*) q-
302 p-F-Ph- 7-(l-aziridine)
303 p-F-Ph~ 7-EtS-
304 p-F-Ph- 7-CE3S(0) -~
305 p-F-Ph~- 7-CE3S5(0) 2~
306 p-T-Ph- % 7-phS--
307 p-F~Ph- 7-CH3S-
8-CH3S-
308 p-F~Ph- 7-CHE30~
9-CE30~
3098 p~F-Ph- 7-Et-
310 p-F~-Ph- 7-iPr-
311 p-F-Ph- 7-t-Bu=-
312 p—-F-Ph~=- 7=(l-pyrazole) -
314 n~CH30~Ph 7=~(l-2zetidine)
31s m-CH30-Ph- I={(1-aziridine)
316 m~-CE30-Ph- 7-EtS-
317 m-CH30-Ph~ 7-CE3S8(0) ~
318 m-CE30-Ph- 7-CH3S (0) 2~
318 m-CH30-Ph- 7-PhS~
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320
321

322
323
324

325

326
327
328
329
330
331
332
333
334

335
336

m-CH30-Ph
m~CH30~-Fh

m~CH30-Ph
m-CH30-Ph

m~CH30-Ph
p-F-Ph-

p-F-Ph-
p-F-Ph-
p--FPh-
p-F-Ph-
p-F-Ph-
p~F-Ph-
p-F~Ph~-

p-F-Ph~

p-F-Ph-

p~-F-Ph-
p-F-Ph~

PCT/US98/03792

7-CH3S-
9-CH3S-

7-CH30-
9=-CHE30~

7-Et-
7-iPr-—-

7=t~-Bu-

6-CH30~
7-CB30=
8=-CH30~

7-{1-azetidine)
$-CH3~-

7-288~- .
9-CH3~

7-C=23S (0) -
$-CH3-

7-CEaS{0) 2—
9-CH3~

7-PhS-
S-CH3~

7-CH35-
9-CHs-

7-CE30-
S-CH3—-

7=CHz~-
9-CH3~

7-(1-pyrrole)
7= (NMN’~methylpiperazine

232



WO 98/40375

337
338
339
340
341

342

343

344
345
" 346
347
348
349
350

351

352

353

354

p-F-Ph-
p-F-Fh~
p~F-Ph-
p-F-Ph-

p-F-Ph~-
p-F-Ph-~

p-F-Ph~

m=-CH30~Ph~
m-CE30-Ph-
m~CH30-Ph~
m-CH30~Ph-
m~CE30-Ph~
m~-CH30-Ph-

m~CH30~Ph-

m-CH30-Ph-

m-CH30~Ph-

m-CH30-Ph~

m-CH30~Ph~
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Ph~
7-CH3C{=CH2) ~
7-cyclipropyl
7~ (CH3) 2NH =~

7-{N)-azetidine
9~-CH3S-

7-{N-pyrrolidine)
9-CH3S~

7-(CH3) 2N-
9~CH3S~

7-(1-pyrazole)
7-(N£§L;mechylp;pera;ine
Ph-
7-CE3C (=CH2)—
7-cyclopropyl
7-{CH3)2NH -

7-{N)~azetidine
9-CH3S~

7- (N-pyrrolidine) -
9-CH3S-

7-(CR3) 2N=-
9~-CH3S~

6-CH30~-
7-CR30~-
8-CH30~

7= (1-azetidine)
$~CH3a~
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355

356

357

388

359

360

361

362

363
364
365
366
367
368

369

370
371
372
373
374

m~CH30-Ph~

m~CH30~Ph-

n-CE30~-Ph~- -

m~-CH30-Ph~
m-CH30~Ph~-
m~CH30-Ph-
m~-CE30-Ph-

m-CH30-FPh-

thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl

thien-2-yl

thien-2~-yl

thien-2-yl

thien-2-yl

thien-2-yl
thien-2-yl

PCT/US98/03792

7-EtS~-
$-CH3~

7-CH3S(0) -
9~CH3=

7-CH3S (0) 2~
9-CH3-

7-PhS~-
9-CH3—

7-CH3S-
9~-CH3~

7-CE30~
9-CH3-

7-CHa~
9-CH3—

7-CH30~ .
9-CH30~

7-(1-aziridine)
7-EtS-
7-CH3S (O0) -
7-CH3S(0) 2—
7-PhS~

7-CH3S-
9-CH3S=-

7-CH30~-
9-CH30-
7-Bt-
7-iPr-
7-£-Bu-
7-{1~-pyrzrole)~-

7-CH30~
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375

3176
37

378
379
380
381
382
383 -
384

385

386
387
ass
389
350
381

392
393
394

385

thien-2-yl
thien~2-yl
thien~2-yl

§-Cl-thien-2-yl
5-Cl-thien-2-yl
5-Cl-thien-2-yl
5-Cl-thien-2-yl
5=-Cl-thien-2-yl
5-Cl-thien-2-yl
5-Cl-thien=-2-yl

S~-Cl-thien-2-yl

5-Cl-thien-2-yl
5-Cl-thien-2-yl
S-Cl-thien-2-yl
§-Cl~-thien~2-yl
5-Cl-thien-2-yl
5-Cl-thien-2-yl

thien-2-yl

thienfz-yl
thien-2-yl -

thien-2-yl

235

PCT/US98/03792

7-CH3S—-
7- (1-azetidine)

7=Me~

7-(1~azetidine)
7= (1~aziridine)
7-EtS- '
7-CH3S (0)~
7-CH3S (0} 2-
7-PhS-

7-CH3S-
9-CH3S-

7-CH30~
8-CH30~

7-(1-azetidine)
9-CH3~
T-EtS~
$-CH3~

7-CH3S (0) -
$-CH3~

7-CH3S (0} 2~
9-~-CH3~
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396
3917
338
399

400

401
402
403
' 404
405
406
407

408

409

411
412
413
414
418
416

thien~2-yl
thien-2-yl
thien-2-yl
thien-2-yl

thien-2-yl

thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl
thien-2-yl

thien~2-yl
thien-2~-yl

thieﬁ-z-yl

S-Cl-thien-2-yl
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7-PhS-
9-CH3-

7-CH3S-
9~-CH3z~

7-CH30~
9-CH3~

T-CH3~
9~-CHa~-

7-CH30-
S~CH30-

7-{l-pyzazrole)
7= {NMN’-methylpiperazine
Ph~-
7-CE3C (=CH2) ~
7-cyclpropyl
7-(CR3)2NH -

7=(N)~azetidine
9-CH3S~

7= (N-pyrrolidine)
9~CH35-

7-(CH3) 2N~
9-CH3S~ .

7-(1-py:azroie)

'SZEI-tH;énéz-yl
S-CI-thien-Z-yl
5-Cl-thien-2-yl
5-Cl-thien-2-yl
5-Cl-thien-2-yl

" 7= (N)N’~methylpiperazine’
. gh-

7-CH3C {=CHz) = .

7-cyclopropyl

7-(CH3) 2NK ~
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417 §=-Cl-thien-2-yl
418 5-Cl-thien-2-yl
419 §-Cl-thien-2-yl
420 5-Cl-thien-2~-yl
421 S-Cl-thien-2-yl
422 $-Cl-thien-2-yl
423  5-Cl-thien-2-yl
424 5-Cl-thien-2-yl
425 5-Cl-thien-2-yl
426 S-Cl-thien-2-yl
427 5§-Cl-thien-2-yl
428 5~Cl-thien-2-yl
429 thien-2-yl

430 §-Cl-thien-2-yl

PCT/US98/03792

7-(N)-azetidine
9-CH3S-

7- (N-pyrrolidine}~
9-CH3S—

7-{CH3) 2N~
9-CH3S—-

7-(l~azetidine) -
9~CH3~

7-EtS—-
9~CH3~

7-CHaS (O)~
9-CH3-

“9-CH3S{0) 2~
9-CH3~

7-PhS-
9—CH3~

7-CH3S~
9~CH3~

7-CH30~
9-CHa~

7-CH3-
9-CHa—

7~-CH30~
9-CH30~

6-CE310~
7-CH30-
—8=CH30~

6-CH30-

7=-CH30-
8~CH30~-
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Examples 232-1394
Using in each instance a method generally
described in those of Examples 1 to 72 appropriate to
the substituents to be introduced, including where
necessary other common synthesis expedients well known
to the art, compounds are prepared having the
structures set forth in Table 1. The starting
materials illustrated in the reaction schemes shown
above are varied in accordance with principles of
organic synthesis well known to the art in order to
introduce the indicated substituents in the 4- and 5-
positions (R, R', R’, R') and in the indicated position
on the benzo ring (R').

Example 1395
Dibutyl 4-fluorobenzene dialdehyde

Br

Step 1: Preparation of dibutyl 4-fluoro benzene
dialdehyde o

To a stirred solution of 17.5 g (123 mmol) of 2,5~
difluorobenzaldehyde (Aldrich) in 615 mL of DMSO at -
ambient temperature was added 6.2 g (135 mmol) of
1ithium sulfide (Aldrich). The dark red solution was
_stirred at 75 C foxr 1.5 hours, or until the startinge
material was completely consumed, and then 34 ¢ (i§5
mmol) of dibutyl mesylate aldehyde was added at_about
50 C. The reaction mixture was stirred at 75 C for
three hours or until the reaction was completed. The
cooled solution was poured into water and extracted
with ethyl acetate. The combined extracts were washed
with water several times, dried (MgSO,) and
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concentrated in vacuo. Silica gel chromatographic
purification of the crude product gave 23.6 g (53%) of

fluorocbenzene dialdehyde as a yellow oil: ig MR
(cocl3) & 0.87 (&, J = 7.05 Kz, 6H), 1.0-1.4 {m, 8H),
1.5-1.78 (m, 4H), 3.09 (s, 2H), 7.2-7.35 (m, 1H), 7.5-
7.6 (m, 2H), 9.43 (s, 1H), 10.50 (d, J = 2.62 Hz, 1H).

Step 2: Preparation of dibutyl 4-fluorobenzyl alcohol
To a solution of 22.6 g (69.8 mmol) of the dialdehyde
obtained from Step 1 in 650 mL of THF at -60 C was
added 69.8 mL (69.8 mmol) of DIBAL (1M in THF) via a
syringe. The reaction mixture was stirred at -40 C for
20 hours. To the cooled solution at -40 C was added
sufficient amount of ethyl acetae to quench the excess
of DIBAL, followed by 3 N HCl. The mixture was
extracted with ethyl acetate, washed with water, dried
(Mgs0,) , and concentrated in vacuo. Silica gel
chromatographic purification of the crude product gave
13.5 g (58%) of recovered starting material, and 8.1 g
{(36%) of the desired fluorobenzyl alcohol as a
colorless oil: 1K NMR (cDCl3) 4 0.88 (t, J = 7.05 Hz,
6H), 1.0-1.4 (m, 8H), 1.5-1.72 (m, 4H), 1.94 (br s,
1H), 3.03 (s, 2H), 4.79 (s, 2H), 6.96 (dt, J = 8.46,
3.02 Hz, 1H), 7.20 (44, J = 9.47, 2.82 Hz, 1K), 7.42
(ad, J = 8.67, 5.64, 1H), 9.40 (s, 1H).

Step 3: Preparation of dibutyl 4-fluorobenzyl bromide
To a solution of 8.1 g (25 mmol) of benzyl alcohol .
obtained from Step 2 in 100 mL of DMF at -40 C was
added 47 g (50 mmol) of bromotriphenyphosphonium
bromide {(Aldrich). The resulting solution was stirred
“cold for 30 min, then was allowed to warm to 0 C. To~
the mixture was added 10% solution of sodium sulfite
and ethyl acetate. The extract was .washed a feQ'times
with water, dried (MgSO4), and concentrated in vacuo.
The mixture was stirred in small amount of eéﬁ}l
acetate/hexane mixture {(1:4 ratio) and filtered through
a pad of silica gel, eluting with same solvent mixture.
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The combined filtrate was concentrated in vacuo to give
9.5 g (98%) of the desired product as a colorless oil:

1y NMR (CDC13) 4 0.88 (t, J = .7.05 Hz, 6H), 1.0-1.4 (m,
8H), 1.55-1.78 (m, 4¥), 3.11 (s, 2H), 4.67 (s, 2H),
7.02 (&, J = 8.46, 3.02 Hz, 1H), 7.15 (dd, J = 9.47,

2.82 Hz, 1H), 7.46 (dd, J = 8.67, 5.64, 1H), 9.45 (s,
1H).

Step 4: Preparation of sulfonyl 4-fluorobenzyl
bromide
To a solution of 8.5 g (25 mmol) of sulfide obtained

from Step 3 in 200 mL of CH,Cl, at 0 Oc was added 15.9 g
(60 mmol) of mCPBA (64% peracid). The resulting
solution was stirred cold for 10 min, then was allowed
to stirred ambient temperature for 5 hours. To the
mixture was added 10% solution of sodium sulfite and
ethyl acetate. The extract was washed several times
with saturated Na,CO,, dried {MgsS0,), and concentrated
in vacuo to give 10.2 g (98%) of the desired product as

a colorless oil: 1H NMR (CDCl3) 4 0.91 (t, J = 7.05 Hz,
6H), 1.03-1.4 (m, 8H), 1.65-1.82 (m, 2H), 1.90-2.05 (m,

2H), 3.54 (s, 2H), 5.01 (s, 2H), 7.04-7.23 (m, 1H),

7.30 (dd, J = 8.87, 2.42 Hz, 1H), 8.03 (dd, J = 8.86,
5.64, 1H), 9.49 (s, 1H).
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Example 1396

ond
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Generic Scheme X

1. Li,S, DMSO, heat (j
> CHO

F
X
2 cHO 2. mesy'flate aldehyde, heat
1. BuLi, PMETA
-40°C, THF
2. DMF
i ! DIBAL, THF
Ted PMETA: AN -40°C
R~ .
Y
R

s
ST\WA! BrPh,PBr, -40 °C L ’\i\ w2
K R s
R qom: DMF CHO
B/ HO

mCPBA
0,0 R® B(OR),, heat 0,9
S R 4 ’\Ri
R —t R? > RE—-
2, OHC Pd(PhyP),, Na,CO4 A\ OHC
Br Et1OH, toluene or DME 5
or
RS SnR,, heat '
Pd(Ph,P),, solvent base; e.g. KOtBu
R =H, or short alkyl (C1-C6)
0. O
e AETN\R
Rx._:_ R?
P
T “oH
R

Generic Scheme X: The nucleophilic substitution of an
appropriately substituted 2-fluorcbenzaldehyde with
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lithium sulfide or other nucleophilic sulfide anion in
polar solvent (such as DMF, DMA, DMSO, etc), followed
by the addition of dialkyl mesylate aldehyde (X),
provided a dialkyl benzene dialdehyde ¥. DIBAL
reduction of the dialdehyde at low temperature yielded
benzyl alcohol monoaldehyde Z. Conversion of benzyl
alcohol to benzyl bromide, followed by oxidation of
sulfide to sulfone yielded the key intermediate W. .

To a solution of 51 mg (111 ym} Compound X in ethanol
{400 pnl) was added 1,3 propane sultone (19.5 nl, 222
pm) . The reaction was stirred in a sealed vial at 55
°C for 25 hr. Sample was concentrated under a nitrogen
stream and purified by reversed phase chromatography
using acetonitrile/water as eluent (30-45%) and
afforded the desired material as an off-white solid
(28.4 mg, 44%): 'H NMR (CDCL,) 4 0.82-0.96 (m, 6H),
1.11-1.52 (m of m, 10H), 1.58-1.72 (m, 1K), 2.08-2.21
(m, 1H), 2.36-2.50 (m, 2H), 2.93 (s, 6H), 3.02-3.22 (m
of m, SH), 3.58~-3.76 (m, 2H), 4.15 (s, 1H), 5.51 (s,
1H), 6.45-6.58 (m, 1H), 6.92-7.02 (m, 1H), 7.35-7.41
(m, 1H), 7.41-7.51 (m, 2H), 8.08 (d, J = 8.1 Hz, 1H),
8.12-8.25 (m, 1H); MS ES- M-H m/z 578.

Example 1397

The 7-fluoro, 9-fluoro and 7,9-difluoro analogs of

benzothiepine compounds of this invention can be
reacted with sulfur and nitrogen nucleophiles to give
the corresponding sulfur and nitrogen substituted
analogs. The following example demonstrates the
synthesis of these analogs.

3,3-Dibutyl-5a~(4’-£fluorcphenyl)-4a~hydroxy-7-
methylthio-2,3,4,5-tetrahydrobenzothiepine-1,1~dioxide.
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A mixture of 0.4 g Of 3,3-dibutyl-7-fluoro-5a-(4’-
fluorophenyl) -4a~-hydroxy-2,3,4,5~
tetrahydrobenzothiepine-1,1-dioxide, prepared by
previously described method, 0.12 g of sodium
methanethiolate and 20 ml of DMF was stirred at 50 C
for 3 days. An additional 0.1 g of sodium
methanethioclate was added to the reaction mixture and
the mixture was stirred for additional 20 h at 50 C
then was concentrated in vacuo. The residue was
triturated with water and extracte wiith ether. The
ether extract was dried over MgSO; and concentrated in

vacuo to 0.44 g of an oil. Purification by HPLC (10%
EtOAc in hexane) gave 0.26 g of needles, mp 164-165.5
%c.

3,3-Dibutyl-9-dimethylamino-7-fluoro-Sa=-{4’~
fluorophenyl)-4a-hydroxy-2,3,4,5-
tetrahydrcbenzothiepine-1,1-dioxide and 7,9-
Bis(dimethylamino)-3,3-dibutyl-5a-(4’~£fluorophenyl)-4a~-
hydroxy-2,3,4,5-tetrahydrobenzothiepine~1,1-dioxide.
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A solution of 0.105 g of 3,3-dibutyl-7,9-difluoro-
5a-(4’-fluorophenyl) -4a-hydroxy-2,3,4,5~-
tetrahydrobenzothiepine-1,1-dioxide, prepared by the
method described previously, in 20 ml of 2 N
dimethylamine in THF was heated at 160 C in a sealed
.Parr reactor overnight. The reaction mixture was cooled
and concentrated in vacuo. The residue was triturated
with 25 ml of water and extracted with ether. The ether

“ extract was dried over MgSO; and concentrated in vacuo.

The resdue was purified by HPLC (10% EtOAc in hexane)
to give 35 mg of an earlier fraction which was
identified as 3,3-dibutyl-9-dimethylamino-7-fluoro-5a-
(4’ -fluorophenyl)-4a-hydroxy-2,3,4,5-
tetrahydrobenzothiepine~1l,1-dioxide, MS (CI) m/e 480

(M* +1), and 29 mg of a later fraction which was
identified as 7,9-bis(dimethylamino)-3,3-dibutyl-5a-
(4’ -fluorophenyl)-4a~-hydroxy-2,3,4,5-
tetrahydrobenzothiepine-1,1-dioxide, MS (CI) m/e 505
(M +1).

The compounds of this invention can alsoc be
synthesized using cyclic sulfate (A, below) as the
reagent as shown in the following scheme. The following
example describes a procedure for using the cyclic
sulfate as the reagent.
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R
RuCly, NalO,

2
R SOCl, R
: o
OH OH O\i /O
(o
SH
1.NaH, diglyme
(R¥)q
Z
(RY)p ~ ’ : R1 2
2,
O\s /O
N
Ol, \0
3.H,80,

R”)p

Dibutyl cyclic sulfite:
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A solution of 2,2-dibutyl-1,3-propandiol
(103g, 0.548 mol) and triethylamine (221g, 2.19 mol)
in anhydrous methylene chloride (500 ml) and was
stirred at 0 degrees C under nitrogen. To the mixture,
thionyl chloride (97.8 g, 0.82 mol) was added dropwise
and within 5 min the solution turned yellow and then
turned black when the addition was completed within
half an hour. The reaction mixture was stirred for 3
hrs. GC showed that there was no starting material
left. The mixture was washed with ice water twice then
with brine twice. The organic phase was dried over _
magnesium sulfate and concentrated under vacuum to give
the cyclic sulfite 128 g (100%) as a black oil. Mass
spectrum (MS) was consistent with the product.

To a solution of the above compound (127.Sg , 0.54
mol) in 600 ml acetonitrile and 500 ml of water cooled
in an iqe bath under nitrogen was added ruthenium(III)
chloride (1 g) and sodium periodate (233 g, 1.08 mol).

The reaction was stirred overnight and the color of
the solution turned black. GC showed that there was no
starting material left. The mixture was extracted with
300 ml of ether and the ether extract was washed three
times.with brine. The organic phase was dried over
magnesium sulfate and passed throudh celite. The
filtrate was concentrated under vacuum and gave the
cyclic sulfate 133 g (97.8%) as an-oil. Proton; carbon
NMR and MS were consistent with the product. .

2-[(2~-(4?-Fluorobenzyl) -4~
methylphenylthio)methyl}l~-2~-butylhexanol:
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HsC o

Sodium hydride (60% oil dispersion), 0.27 g (6.68
mmole), was washed with hexane and the hexane wash was
decanted. To the washed sodium hydride was added 20 ml
of 2-methoxyethyl ether (diglyme) and the mixture was
cocled in an ice bath. A solution of 1.55 g (6.68
mmole) of 2-(4’-fluorobenzyl)-4-methylbenzenethiol in
10 ml of 2-methoxyethyl ether was added dropwise to the
reaction mixture in 15 min. A mixture of 2.17 g (8.68
mmole) of the dibutyl cyclic sulfate in 10 ml of 2-
methoxyethyl ether was added once and stirred for 30
min at 0 C then at room temperature for 1 hr under _
nitrogen. GC showed that there was no thiol left. The
soclvent was evaporated and triturated wth water then
was extracted with ether twice. The water layer was
separated, treated with 20 ml of 10% NaOH then was
boiled for 30 min and cooled, acidified with 6N HCl and
boiled for 10 min. The reaction mixture was cooled and

extracted with ether. The organic layer was washed
successively with water and brine, dried over magnesium

-sulfate and-concentrated under vacuum.-to-give.2.47 g (

92.5%) of an oil. Proton NMR , 13C NMR and MS were
consistent with the product. e

2-{(2~(4’~Fluorobenzyl) -4~
methylphenylthio)methyl]-2-butylhexanal:
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HC oH

I
F

' To a solution of the above product (2 g , 4.9
mmol) in 40 ml methylene chloride cooled in an ice bath
5 under nitrogen was added pyridinium chlorochromate
(2.18 g, $.92 mmol) at once. The reaction was stirred -
with 3 hrs and filtered through a bed of silica gel.
The filtrate was concentrated under vacuum to give 1.39

g (70%) of an oil. Proton, carbon NMR and MS were
10 consistent with the product.

2-[(2-(4’-Fluorobenzyl) -4~
methylphenylsulfonyl)methyl] -2-butylhexanal

JO_\/\/\\//\
)°”

15— — - - F

To a-solution of the above product (0.44 g ,1.1
mmole} in 20 ml methylene chloride solution.cooled in
20 an ice bath under nitrogen was added 70% m-
chloroperbenzoic acid (0.54 g, 2.2 mmol) at once. The
reaction mixture was stirred for 18 hrs and filtered.
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The filtrate was washed successively with 10% NaOH
(3X), water and brine, dried over magnesium sulfate and
concentrated under vacum to give 0.42 g (90%) of an
oil. Proton, carbon NMR and MS were consistent with
the product.

3,3-Dibutyl-7-methyl-5a-(4’/~fluorophenyl)-4a-

. hydroxy-2.3,4,5-tetrahydrobenzothiepine-1,1-dioxi&e:

0 g, 0
ST~

HaC ? OH

l
F

A mixture of 0.37 g (0.85 mmol) of the above
product in 30 ml of anhydrous THF was stirred at 0 %C.
Then potassium t-butoxide (102 mg, 0.85 mmol) was
added. After 3 hrs, TLC showed that there was a product
and some starting material left. The crude reaction
mixture was acidified with 10% HCl and extracted with
ether. The ether extract was washed successively with
water and brine, dried with MgSO4; and concentrated

under vacuum. The residue was purified by HPLC (10%
EtOAc-Hexane) . The first fraction was 0.1 g of starting

) material as an oil and the second fraction was a white

solid, 0.27 g (75%). Proton NMR and carbon NMR were
consistent.with_the desired product. Mass spectxum. (CI)

also confirmed the produét, m/e 433 (M* 1).
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Example 1398
Step 1
G o}
CHs
o/
NO2
5 C,H,CINO, fw=291.69

In an inert atmosphere, weigh out 68.3 gms
phosphorus pentachloride (0.328mole Aldrich 15,777-5)
into a 2-necked 500ml round bottom flask. Fit flask
10 with a N, inlet adapter and suba seal. Remove from
inert atmosphere and begin N, purge. Add 50mls
anhydrous chlorobenzene (Aldrich 28,451-3) to the PCl,
via syringe and begin stirring with magnetic stir bar. '

15 Weigh out 60 gms 2-chloro-S5-nitrobenzoic acid
(0.298 mole Aldrich 12,511-3). Slowly add to the
chlorobenzene solution while under N, purge. Stir at
room temperature overnight. After stirring at room
temperature for ~20hrs, place in oil bath and heat at

20 50C for lhr. Remove chlorobenzene by high vacuum. Wash
residue with anhydrous hexane. Dry acid chloride
wt=61.95gms. Store in inert and dry atmosphere.

In inert atmosphere, dissolve acid chloride with
105mls anhydrous anisole (0.97 mole aldrich 29,629-5}.
S.. - ___Place solution in_a 2-necked _500ml_round bottom flask.-—-
Weigh out 45.1gms aluminum chloride (0.34 moles
aAldrich 28,471-3) and place in a solid addition funnel.
Fit reaction flask with addition fumnel and a N, inlet

30 adapter. Remove from inert atmosphere. Chill reaction
solution with ice bath and begin N, purge. Slowly add
AlCl, to chilled solution. After addition is complete,
allow to warm to room temperature. Stir overnight .

as|
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Quench reaction by pouring into a solution of 300
mls 1N HCl and ice. Stir 15 min. Extract twice with
ether. Combine organic layers and extract twice with
2% NaOH, then twice with deionized H,0. Dry with Mgso,,
filter and rotovap to dryness. Remove anisole by high
vacuum. Crystalize product from 90% ethanol 10% ethyl
acetate. Dry on vacuum line. Wt=35.2gms. Yield 41%.

Obtain NMR and mass spec (m/z=292).

Step 2
c
(T L.
o” ’
NO;

C,H,CINO, £w=277.71

Dissolve 38.10gms (0.131 moles) of the
benzophenone from step 1 in 250mls anhydrous methylene
chloride. Place in a 3 liter flask fitted with N,
inlet, addition funnel and stopper. Stir with magnetic
stir bar. Chill solution with ice bath.

Prepare a sclution of 39.32 gms trifluoromethane
sulfonic acid (0.262 mole Aldrich 15,853-4) and 170
mls anhydrous methylene chloride. Place in addition
funnel and add dropwise to chilled solution under N,.
Stir 5 minutes after addition is complete. )

Prepare a solution of 22.85 gms triethyl silane
{(0.197mole Aldrich 23,019-7) and 170mls anhydrous

‘méthylerie chlofide. —Place inaddition fupnel and add

dropwise to chilled solution under N,. Stir 5 minutes
after addition is complete.

Prepare a second solution of 39.32 gms
trifluoromethane sulfonic acid and 170mis anhydrous
methylene chloride. Place in addition funnel and add

dropwise to chilled solution under N,. Stir 5 minutes
after addition is complete._
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Prepare a second solution of 22,85 gms triethyl
silane and 170mls anhydrous methylene chloride. Place
in addition funnel and add dropwise to chilled solution
under N,. After all additions are made allow to slowly
warm to room temperature overnight. Stir undexr N,
overnight.

Prepare 1300 mls saturated NaHCO, in a 4 liter
beaker. Chill with ice bath. While stirring
vigorously, slowly add reaction mixture. Stir at
chilled temperature for 30 min. Pour into a separatory
funnel and allow separation. Remove organic layer and
extract aqueous layer 2 times with methylene chloride.

Dry organic layers with MgSO,. Crystallize from
ethanol. Dry on vacuum line. Dry wt=28.8gms. Confirm
by NMR and mass spec (m/z=278). |

Step 3

ek
NO,
C,H,NO S fw=443.61

Dissolve 10.12 gms (0.036 moles) of product 2 with
200 mls anhydrous DMSO. Place in a 500 ml round bottom
flask vgi_gh magnetic stir bar. Fit flask with waterxr
condenser, N, inlet, and stopper. 2add 1.84 gms Li,S
(0.040 moles Aldrich 21,324-1). Place flask in oil
bath and heat at 75°C under N, overnight then cool to
room temperature. .

Weigh out 10.59 gms dibutyl mesylate (0.040
moles). Dissolve with anhydrous DMSO and add to
reaction solution. Purge well with N,, heat overnight
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at 8o0°c.

Cool to room temperature. Prepare 500 mls of 5%
acetic acid in a 2 liter beaker. wWhile stirring,
slowly add reaction mixture. Stir 30 min. Extract
with ether 3 times. Combine organic layers and extract
with water and sat’d NaCl. Dry organic layer with
MgSO,, filter and rotovap to dryness. Dry oil on vacuum
line. Obtain pure product by column chromatography
using 95% hexane and 5% ethyl acetate as the mobile
phase. Dry wt=7.8 gms. Obtain NMR and mass spec
(m/z=444).

Step 4

/O

o
NO,
C,H,NO,S fw=475.61

Dissolve 9.33 gms (0.021 moles) of product 3 with
120 mls anhydrous methylene chloride. ©Place in a 250
ml round bottom flask with magnetic stir bar. Fit
flask with N, inlet and stopper. Chill solution with
ice bath under N, purge. Slowly add 11.54 gms 3-
chloroperbenzoic acid (0.0435 mblés, Fluka 25800,
~65%). After addition is complete warm to room
temperaturé and monitor reaction by TLC. Reaction goes
quickly to the sulphoxide intermediate but takes 8 hrs
to convert to the sulphone. Chill solution over night
in freezer. Filter solid from reaction, extract
filtrate with 10% K,CO,. Extract agueous layer twice
with methylene choride. Combine organic layers and dry

st
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with MgsO,. Filter and rotovap to dryness. Obtain
pure product by crystallizing from ethanol or isolating
by column chromatography. Obtain NMR and mass spec
(m/z=476).

Step 5

C,H,NOS £fw=473.68

Reaction is done in a 300 ml stainless steel Parr
stirred mini reactor. Place 9.68 gms (0.0204 moles) of
product 4 in reactor base. Add 160 mls ethanol. For

safety reasons next two compounds are added in a N,
atmosphere glove bag. In glove bag, add 15.3 mls
formaldehyde (0.204 moles, Aldrich 25,254-9, about 37
wt% in water) and 1.45 gms 10% Pd/Carbon (Aldrich
20,569-9). Seal reactor before removing from glove
bag. Purge reactor three times with H,. Heat to 55°C
under H,. Run reaction at 200 psig H,, 55°C, and a stir
rate of 250 rpm. Run overnight under these conditions.

Cool reactor and vent H,. Purge with N,. Check
pfogress'of run by TLC. Reaction is a mixture of
desired product and intermediate. ‘Filter reaction
mixture over a bed of celite washing well with ether.
Rotovap and redissolve with ether. Extract with water.
Dry organic layer with MgSO,, filter and rotovap to
dryness. Dry on vacuum line. '

Charge reactor again with same amounts, seal
reactor and run overnight under same conditions.
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After second run all of the material has been converted
to the desired product. Cool and vent H, pressure.
Purge with N,. Filter over a bed of celite, washing
well with ether. Rotovap to dryness. Dissolve with
ether and extract with water. Dry organic layer with
MgsSoO,, filter and rotovap to dryness. Dry on vacuum
line. Obtain NMR and mass spec (m/z=474).

Step 6

0.
N\
g
4
L7
o /CH;
N
H:‘z/'\m‘

C,H,NO,S £w=473.68

Dissolve 8.97 gms (0.0189 mole) of product 5 with
135 mls anhydrous THF. Place in a 250 ml round bottom
flask with magnetic stir bar. Fit flask with N, inlet
and stopper. Chill solution with ice/salt bath under
N, purge. Slowly add 2.55 gms potassium t-butoxide
(0.227 mole Aldrich 15,667~-1). After addition is
complete, continue to stir at -10°C monitoring by TLC.
Once reaction is complete, quench by adding 135 mls
10% HCl stirring 10 min. Extract three times with
ether. bry organic layer with Mgso,, filter and
rotovap to dryness. Crystallize from ether. Obtain
NMR and mass spec (m/z=474).

Step 7
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oy

C,JH,,NO,S fw=459.65

Dissolve 4.67 gms (0.01 moles} of product 6 with
100 mls anhydrous chloroform. Place in a 250 ml round
bottom flask with magnetic stir bar. Fit flask with N,
inlet adapter and suba seal. Chill solution with dry
ice /acetone bath under a N, purge. Slowly add, via
syringe, 2.84 mls boron tribromide (0.03 moles Aldrich
20,220-7). Stir at cold temperature for 15 min after
addition then allow to warm to room temperature. )
Monitor reaction progress by TLC. Reaction is usually
complete in 3 hrs. ' _

Chill solution with ice bath. Quench with 100 mls
10% K,CO, while stirring rapidly. Stir 10 min. then
transfer to sep funnel and allow separation. Remove
agqueocus layer. Extract organic layer once with 10%
HCl, once H,0, and once with saturated NaCl sclution.
Dry organic layer with MgsO,, filter and rotovap to
dryness. Crystallize product from ether. Obtain NMR
and mass spec (m/z=460).

Step 8
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C,H,NOSI fw=701.71

Weigh 0.38 gms NaH (9.57 mmoles Aldrich 19,9%23-0
60% disp. in mineral oil) in a 250 ml round bottom
flask with magnetic stir bar. Fit £lask with N, inlet
and stopper. Chill NaH with ice bath and begin N,
purge.

Dissclve 4.0 gms (8.7 mmoles) of product 7 with 60
mls anhydrous DMF. Add to the cold NaH. Stir at cold
temperature for 30 min. Add 1.33 gms K,CO, (9.57 mmoles

Fisher P-208).

Dissolve 16.1 gms 1,2-bis-{(2-iodoethoxy)ethane
(43.5 mmoles Aldrich 33,343~3) with 60 mls anhydrous
DMF. Add to cold reaction mixture. Warm to room
temperature then heat to 40°C overnight under N,.

Cleanup by diluting with ether and extracting
sequentially with 5% NaOH, K,0, and saturated NaCl.
Dry organic layer with MgsO,, filter and dry. Obtain
pure product by column chromatography using 75% hexane
25% ethyl acetate as the mobile phase. Obtain NMR and
mass spec (m/z=702).

Step 9

Qs8
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o/\/o\/\o/\/ NQ/
G, H,N,0,SI fw=802.90

Dissoclve 1.0 gms (1.43 mmecles) of product 8 with

5 10 mls anhydrous acetonitrile. Place in a 3 ounce
Fischer-Porter pressure reaction vessel with magnetic
stir bar. Add 2.9 gms triethyl amine (28.6 mmoles
Aldrich 23,962-3) dissolved in 10 mls anhydrous
acetonitrile. Purge well with N, then close system .

10 Heat at 45°C. Monitor reaction by TLC. Reaction is

usually complete in 48 hrs.

Perform cleanup by removing acetonitrile under
vacuum. Redissolve with anhydrous chloroform and
15 precipitate guaternary ammonium salt with ether.
Repeat several times. Dry to cbtain crystalline
product. Obtain NMR and mass spec (m/z=675).

20
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Example 1399
Step 1. Preparation of 1
r

OCH 3

To a solution of 144 g of KOH (2560 mmol) in 1.1 L of
DMSO was added 120 g of 2-bromobenzyl alcohol (641
mmol) slowly via addition funnel. Then was added 182 g
of methyliodide (80 mL, 1282 mmol) via addition funnel.
Stirred at ambient temperature for fifteen minutes.
Poured reaction contents into 1.0 L of water and
extracted three times with ethyl acetate. The organic
layer was dried over MgSO, and concentrated in vacuo.
Purified by silica-gel chromatography through a 200 mL
plug using hexanes (100%) as elutant yvielded 103.2 g
(80%) of 1 as a clear colorless liquid. ‘H NMR (CDCl,) d
3.39 (s, 3H), 4.42 (s, 2H), 7.18-7.27 (m, 2H), 7.12 (4,
J = 7.45, 1H), 7.50 (s, 1RH).

Step 2. Preparation of 2

CH 3

To a coocled (-78 °C) solution of 95 g (472 mmol) of 1
in 1.5 L THF was added 240 mL of 2.5 M n-butyl lithium
(576 mmol). The mixture was stirred for one hour, and
then to it was added 180 g of zinc iodide (566 mmol)
dissolved in 500 ml THF. The mixture was stirred
thirty minutes, allowed to warm to 5 C, cooled to -10
°C and to it was added 6 g of PA(PFh,}, (5.2 mmol) and
125 g 2,5~difluorobenzoyl chloride (708 mmol). The
mixture was stirred at ambient temperature for 18
hoursand then cooled to 10 °C, quenched with water,
partitioned between ethyl acetate and watexr, and washed

QG0
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organic layer with 1IN HCL and with 1N NaOH. The
organic layer was dried over MgSO, and concentrated in
vacuo. Purification by silica gel chromatography
(Waters Prep-500) using 5% ethyl acetate/hexanes as
elutant gave 53.6 g (43 %) of 2 as an orange oil. 'H
NMR (CDCl,) 4 3.40 (s, 3H), 4.51 (s, 2H), 7.12-7.26 (m,
38), 7.47 (t, J = 7.50, 1R), 7.57 (4, J = 7.45, 1H),
7.73 (4, J = 7.45, 1K), 7.80 (s, 1H).

Step 3. Preparation of 3

A solution of 53 g (202.3 mmol) of 2 and 11.2 g Li2S
(242.8 mmol) in 250 mL DMF was heated to 100 °C for 18
hours. The reaction was cooled (0 °C) and 60.7 g of X’
(the cyclic sulfate compound of example 1397) (242.8
mmol) in 50 mL DMF was added. Stirred at ambient
temperature for 18 hours then condensed in vacuo.

Added 1 L water to organic residue and extracted twice
with diethyl ether. Aqueous layer acidified (pH 1) and
refluxed 2 days. Cooled to ambient temperature and
extracted with methylene chloride, dried organic layer
over MgSO, and condensed in_ggégg. Purification by
silica gel chromatography (Waters Prep-500) using 10%
ethyl acetate / hexanes as elutant gave 42.9 g (48 %)
of 3 as a yellow oil. 'H NMR (CDC1,) d 0.86 (t, J = 7.25
Hz, 6H), 1.10 - 1.26 (m, 12H), 2.83 (s, 2H}), 3.32 (s,
2H), 3.40 (s, 3RH), 4.48 (s, 3H), 7.02 (dd, J = 8.26 Hz
and 2.82 Hz, 1H), 7.16 (dt, J = 8.19 Hz and 2.82 Hz,
1H), 7.45 (t, 0 = 7.65 Hz, 1H), 7.56-7.61 (m, 2H), 7.69
(&, J = 7.85 Hz, 1H), 7.74 (s, 1H), )

Step 4. Preparation of 4



10

15

20

25

WO 98/40375

PCT/US98/03792

u
Bu
CH-OH

s"\(f

OCH4

To a cooled (-40 °C) solution of 42.9 g (96.2 mmol) of
3 in 200 mL of methylene chloride was added 21.6 g
trifluoromethane sulfonic acid (12.8 mL, 144 mmol)
followed by the addition of 22.4 g triethyl silane
(30.7 mL, 192.4 mmol). Stirred at -20 °C for two hours,
quenched with water and warmed to ambient temperature.
Partitioned between methylene chloride and water,
dried the organic layer over MgSO, and condensed in
vacuo. Purification by silica gel chromatography
{(Waters Prep-500) using 10% ethyl acetate/ hexanes as
elutant gave 24.2 g .(60%)of 4 as a oil. 'H NMR (CDCl,) &
0.89 (t, J = 7.05 Hz, 6H), 1.17 - 1.40 (m, 12H), 1.46
(t, J = 5.84 Hz, 1H), 2.81 (s, 2H), 3.38 (s, 3H), 3.43
(d, J = 5.23 Hz, 2H), 4.16 (s, 2H), 4.42 (s, 2H), 6.80
{(d, J = 9.67 Hz, 1H), 6.90 (t, J = 8.46 Hz, 1H), 7.09
(d, J = 7.45 Bz, 1H), 7.15 - 7.21 (m, 2H), 7.25 -~ 7.32
(m, 2H), 7.42 (m, 1H). | o

Step 5. Preparation of 5

Bu
By
CHO

,s

CH 3

To a cocled (15-18 °C) solution of 24.2 g (55.8 mmol)
of 4 in 100 mL DMSO was added 31.2 g sulfur trioxide
pyridine complex (195 mmol). Stirred at ambient
temperature for thirty minutes. Poured into cold water
and extracted three times with ethyl acetate. Washed
organics with 5% HCl (300 mL) and then with brine (300
mL), dired organics over MgSO, and condensed in vacuo
to give 23.1 g (96 %) of 5 as a light brown oil. *H NMR

X6 2
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(cpcl,) 4 0.87 (t, J = 7.05 Hz, 6H), 1.01 - 1.32 (m,
8H), 1.53 - 1.65 (m, 4H), 2.98 (s, 2H), 3.38 (s, 3H),
4.15 (s, 2H), 4.43 (s, 2H), 6.81 (dd, J = 9.66 Hz and
2.82 Hz, 1H), 6.91 (t, J = 8.62 Hz, 1K), 7.07 {d, J =
7.46 Hz, 1H), 7.14 (s, 1H), 7.19 (4, J = 7.65 Hz, 1H),
7.26 ~ 7.32 (m, 1H), 7.42 (a4, J = 8.66 Hz and 5.64 Hz,
1H), 9.40 (s, 1H).

Step 6. Preparation of 6

-,
CHO
Hs

To a cooled {0 °C) solution of 23.1 g (53.6 mmol) of 5
in 200 mL methylene chloride was added 28.6 g meta
cholorperoxy-benzoic acid (112.6 mmol). Stirred at
ambient temperature for 24 hours. OQuenched with 100 mL
10% Na,SO,, partitioned between water and methylene
chloride. Dried organic layer over MgSQ,ahd condensed
in vacuo to give 24.5 g (98%) of 6 as a light yellow
oil. 'H NMR (CDCl,) & 0.86 - 1.29 (m, 14H), 1.58 - 1.63
{m, 2H), 1.82 - 1.91 {m, 2H), 3.13 (s, 2H), 3.3% (s,
3H), 4.44 (s, 2H), 4.50 (s, 2H), 6.93 (d, J = 9.07 Hz,
in), 7.10 - 7.33 (m, 5H), 8.05 (s, 1H), 9.38 (s, 1H).

Step 7. Preparartion of 7

qgf . Bu
Bu .
CHO
MazN
OCH 3

To a solution of 24.5 g (52.9 mmol) of 6 in 20 mL of
THF contained in a stainless steel reaction vessel was
added 100 mL of a 2.0 M solution of dimethyl amine and
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20 mL of neat dimethyl amine. The vessel was sealed
and heated to 110 °C for 16 hours. The reaction vessel
was cooled to ambient temperature and the contents
concentrated in vacuo. Purification by silica gel
chromatography (Waters Prep-500) using 15 % ethyl
acetate/hexanes gave 21.8 g (84 %) of 7 as a clear
colorless oil. 'R NMR (CDCl,) 4 0.85 (t, J = 7.25 Hz,
6H), 0.93 - 1.29 (m, 8H), 1.49 - 1.59 (m, 2H), 1.70 -~
1.80 (m, 2H), 2.98 (s, 8H), 3.37 (s, 3H), 4.41 (s, 2H),
4.44 (s, 2H), 6.42 (s, 1H), 6.58 (dd, J = 9.0 Hz and
2.61 Hz, 1H), 7.13 (d, J = 7.45 Hz, 1H), 7.21 (s, 1H),
7.28 (t, J = 7.85 Hz, 1H), 7.82 (d, J = 9.06 Hz, 1H),
9.36 (s, 1H).

Step 8. Preparation of 8
o*s,P
o -‘\<Fu
MeN Bu
i "OH

A solution of 21.8 g (44.8 mmol) of 7 in 600 mL of THF
was cooled to 0 °C. 58.2 mL of a 1 M solution of
potassium

t-butoxide was added slowly, maintaining the
temperature at <5 °C. Stirred for 30 minutes, then
quenched with 50 mL of saturated ammonium chloride.

The organic layer was partitioned between ethyl acetate
and water, dried over MgS0O4 and concentrated jin vacug.
Purification by recrystalization from ~10% ethyl
acetate/hexanes gave 15.1 g of 8 as a white solid. The
mother liquor was purified by silica gel chromatography
(Waters Prep-500) using 30% ethyl acetate/hexanes as
the elutant to give 3.0 g of 8 as a white solid. MS
(FABLi’) m/e 494.6. HRMS (EI') calculated for M+H
487.2756. Found 487.2746.
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Step 9. Preparation of 9

0, #

/s-i\ Bu
O
MegN

%,

i “oH

Q-

A solution of 2.0 g (4.1 mmol) of 8 in 20 mL of
methylene chloride was cooled to -60 °C. 4.1 mL of a
1M solution of boron tribromide was added. Stirred at
ambient temperature for thirty minutes. Coocled
reaction to ~10 °C and quenched with 50 mL of water.
The organic layer was partitioned between methylens
chloride and water, dried over MgSO, and concentrated
in vacuo. Purification by recrystalization from 50%
ethyl acetate/methylene chloride gave 1.95 g (85%) of 9
as a white solid. MS (FABK') m/e 537. HRMS (FAB)
calculated for M 536.1834. Found 536.1822.

Step 10. Preparation of 10

o, f

MegN il Bu

“»

: OH

Q\/NO *

o+

A solution of 1.09 g (2.0 mmol) of 9 and 4.9 g (62
mmol) of pyridine in 30 mL of acetonitrile was stirred
at ambient temperature for 18 hours. The reaction was

"concentrated in vacguo. Purification by - . .. o

recrystallization from methanol/ diethyl ether gave
1.19 g (96%) of 10 as an’off white solid. MS (FAR')
m/e 535.5.
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Example 1398

Step 1. Preparation of 2

%s:? 3
CHO

NO2
To a solution of 6.0 g of dibutyl 4-fluorobenzene
dialdehyde of Example 1395 (14.3 mmol) in 72 mL of
toluene and 54 mL of ethanol was added 4.7 g 3-
nitrobenzeneboronic acid (28.6 mmol), 0.8 g of tetrakis
(triphenylphosphine) palladium(0) (0.7 mmol) and 45 mL
of a 2 M solution of sodium carbonate in water. This
heterogeneous mixture was refluxed for three hours, '
then cooled to ambient temperature and partitioned
between ethyl acetate and water. The organic layer was
dried over MgSO, and concentrated in_vacuo.
Purification by silica gel chromatography (Watexrs Prep-
2000) using ethyl acetate/hexanes (25/75) gave 4.8 g
(73%) of the title compound as a yellow solid. ‘H NMR
(cpcl,) d 0.88 {t, J = 7.45 Hz, 6H), 0.99-1.38 (m, 8H),
1.62-1.75 {m, 2H), 1.85-2.00 (m, 2H), 3.20 (s, 2H), '
4.59 (s, 2H), 6.93 (dd, J = 10.5 and 2.4 Hz, 1H), 7.15
(dt, J = 8.4 and 2.85 Hz, 1lH), 7.46-7.59 (m, 2H), B8.05-
8.16 (m, 3H), 9.40 (s, 1H).

%66



WO 98/40375 PCI/U
$98/03792

Step 3. Preparation of 3

"
¢

..

5 A solution of 4.8 g (10.4 mmol) of 2 in 500 mL THF was
cooled to 0 °C in an ice bath. 20 mL of a 1 M sclution
of potassium t-butoxide was added slowly, maintaining
the temperature at <5 °C. Stirring was continued for
30 minutes, then the reaction was quenched with 100 mL

10 of saturated ammonium chloride. The mixture was
partitioned between ethyl acetate and water; the
organic layer was washed with brine, then dried (MgSO,)
and concentrated in vacueo. Purification by silica gel
chromatography through a 100 ml plug using CH,Cl, as

15 eluent vielded 4.3 g (90%) of 3 as a pale yellow foam.
'H NMR (CDC1,) & 0.93 (t, J = 7.25 Hz, 6H), 1.00-1.55"
{m, 8H), 1.59-1.74 (m, 3H), 2.15-2.95 (m,. iH), 3.16
(qap, Jap = 15.0 Hz, AV = 33.2 Hz, 2H), 4.17 (d, J =

6.0 Hz, 1H), 5.67 (s, 1H), 6.34 (dd, J=9.6 and 3.0 Hz,
20 1H), 7.08 (dt, J = 8.5 and 2.9 Hz, 1H), 7.64 (t, T =

8.1 Hz, 1K), 7.81 (d, J = 8.7 Hz, 1H), 8.13 (44, J =

9.9 and 3.6 Hz, 1H), 8.23-8.30 (m, 1H), 8.44 (s, 1H). -

MS (FABHY) m/e (relative intensity) 464.5 (100), 446.6
(65). HRMS calculated for M+H 464.1907. Found

25 " 464.1505"
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Step 4. Preparation of 4

Q.

NOg

To a cooled (0 °C) solution of 4.3 g (9.3 mmol) of
3 in 30 ml THF contained in a stainless steel reaction
vessel was added 8.2 g dimethyl amine (182 mmol). The
vessel was sealed and heated to 110 °C for 16 hours.
The reaction vessel was cooled to ambient temperature
and the contents concentrated in vacuoc. Purification
by silica gel chromatography (Waters Prep-2000) using
an ethyl acetate/hexanes gradient (10-40% ethyl
acetate) gave 4.0 g (88%) of 4 as a yellow solid. 'H
NMR (CDCl,) 4 0.80~0.95 (m, 6H), 0.96-1.53 (m, BH),
1.60-1.69 (m, 3H), 2.11-2.28 (m, 1H), 2.79 (s, 6H),
3.09 (gag, Jag = 15.0 Hz, DV= 45.6 Hz, 2H), 4.90 (4, J
= 9.0 Hz, 1H), 5.65 (s, 1H), 5.75 (4, J = 2.1 Hz, 1H),
6.52 (dd, J = 9.6 and 2.7 Hz, 1H), 7.59 (t, J = 8.4 Hz,
1H), 7.85 (4, J = 7.80 Hz, 1H), 7.89 (d, J = 9.0 Hz,
1H), 8.20 (dd, J = 8.4 and 1.2 Hz, 1H), 8.43 (s, 1H).

MS(FABHY) m/e (relative intensity) 489.6 (100), 471.5

(25). HRMS calculated for M+H 489.2423. Found
489.2456.
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Step 5. Preparation of 5

o,

v

£ OH
: NH2

To a suspension of 1.0 g (2.1 mmol) of 4 in 100 ml
ethanol in a stainless steel Parr reactor was added 1 g
10% palladium on carbon. The reaction vessel was '
sealed, purged twice with H,, then charged with H, (100
psi) and heated to 45 °C for six hours. The reaction
vessel was cooled to ambient temperature and the
contents filtered to remove the catalyst. The filtrate
was concentrated in vacuo to give 0.9 g (96%) of S. 'H
NMR (CDCl,) 4 0.80~0.98 (m, 6H), 1.00-1.52 (m, 10H),
1.52-1.69 (m, 1H), 2.15-2.29 (m, 1H), 2.83 (s, 6H),
3.07 (gap, Jap = 15.1 Hz, DV = 44.2 Hz, 2H}, 3.70 (s,
2H), 4.14 (s, 1H), 5.43 (s, 1B), 6.09 (4, J = 2.4 Hz,
1H), 6.52 (44, T = 12.2 and 2.6 Hz, 1H), 6.65 (dd, J =
7.8 and 1.8 Hz, 1H), 6.83 (s, 1H), 6.93 (4, J = 7.50
Hz, 1R), 7.19 (¢, J = 7.6 Hz, 1H), 7.89 (4, J = 8.9 Hz,

1H). MS(FABH') m/e (relative intensity) 459.7 (100).
HRMS calculated for M+H 459.2681. Found 459.2670.
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Step 6. Preparation of €

To a solution of 914 mg (2.0 mmol) of 5 in 50 ml THF
was added 800 mg (4.0 mmol) S5-bromovaleroyl chloride.
Next was added 4 g (39.6 mmol) TEA. The reaction was
stirred 10 minutes, then partitioned between ethyl
acetate and brine. The organic layer was dried
{MgSO,) and concentrated in _vacuo. Purification by
silica gel chromatography through a 70 ml MPLC column
using a gradient of ethyl acetate(20-50%) in hexane as
eluent yielded 0.9 g (73%) of & as a pale yellow oil.
'R NMR (CDC1,) 4 0.84~0.95 {m, 6H), 1.02-1.53 (m, 10H),
1.53-1.68 (m, 1H), 1.80-2.00 (m, 4H), 2.12-2.26 (m,
4H), 2.38 (t, J = 6.9 Hz, 2H), 2.80 (s, 6H), 3.07 (qap,

JAB = 15'6 Hz' DV = 40.4 HZ.. ZH); 3-43 (t' J = 609 Hz'

2H), 4.10 (s, 1H), 5.51 (s, 1H), 5.95 (4, J = 2.4 Hz,
1H), 6.51 (dd, J = 9.3 and 2.7 Hz, 1H), 7.28 (s, 1H),
7.32-7.41 (m, 2H), 7.78 (4, J = 8.1 Hz, 1H), 7.90 (4, J
= 9.0 Hz, 1H).

Step 7. Preparation of 7

Me 2N

To a solution of 0.9 g (1.45 mmol) of 6 in 25 ml
acetonitrile add 18 g (178 mmol) TEA. Heat at 55 °C
for 16 hours. The reaction mixture was cooled 'to
ambient temperature and concentrated in vacuo:. '
Purification by reverse-phase silica gel chromatography
(Waters Delta Prep 3000) using an acetonitrile /water
gradient containing 0.05% TFA (20-65% acetonitrile)
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gave 0.8 g (73%) of 7 as a white foam. °‘H NMR (CDCl,) &
0.80-0.96 (m, 6H), 0.99-1.54 (m, 19H), 1.59-1.84 (m,
3H), 2.09-2.24 (m, 1H), 2.45-2.58 (m, 2H), 2.81 (s,
6H), 3.09 (gpg, Jag = 15.6 Hz, DV = 18.5 Hz, 2H), 3.13-

3.31 (m, 8H), 4.16 (s, 1H), 5.44 (s, 1H), 6.08 (4, J =
1.8 Hz, 1H), 6.57 (dd, J = 9.3 and 2.7 Hz, 1H), 7.24
(¢, J = 7.5 Hz, 1H), 7.34 (¢, J = 8.4 Hz, 1H), 7.56 (d,
J = 8.4 Hz, 1H), 7.74 (s, 1H), 7.88 (&, J = 9.0 Hz,
iH), 9.22 (s, 1H). HRMS calcd 642.4304; observed
642.4343.

Step 1

Cq14H1305F fw=232.25

A 12-liter, 4-neck round-bottom flask was equipped with
reflux condenser, N; gas adaptor, mechanical stirrer,

and an addition funnel. The system was purged with N3.

A slurry of sodium hydride (126.0g/4.988mol) in
toluene (2.5 L) was added, and the mixture was cooled
to 6 C. A solution of 4-fluorophenol (560.5g/5.000mol)
in toluene (2.5 L) was added via addition funnel over a
period of 2.5 h. The reaction mixture was heated to
reflux (100 C) for lh. A solution of 3-methoxybenzyl
chloride (783.0g/5.000mol) in toluene (750 mL) was
added via addition funnel while maintaining reflux.
After 15 h; refluxing, the mixture was coocled to room
temperature and poured into Hy0 (2.5 L). Aafter 20 min.

stirring, the layers were separated, and the organic
layer was extracted with a solution of potassium
hydroxide (720g) in MeOH (2.5 L). The MeOH layer was
added to 20% aqueous potassium hydroxide, and the
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mixture was stirred for 30 min. The mixture was then
washed 5 times with toluene. The toluene washes were
extracted with 20% ag. KOH. All 20% ag. KOH solutions
were combined and acidified with concentrated HCl. The
acidic solution was extracted three times with ethyl
ether, dried (MgSO4), filtered and concentrated in

vacuo. The crude product was purified by Kugelrohr
distillation to give a clear, colorless oil (442.0g/39%

vield). b.p.: 120-130 C/SOmtorrHg. I1H NMR and MS [(M

+ H)t = 233] confirmed desired structure.

Step 2

F
Cq7H1 gNOSFS fw=319.39

A 12-liter, 3-neck round-bottom flask was fitted with
mechanical stirrer and N, gas adaptor. The system was

purged with Ny. 4-Fluoro-2-(3-methoxybenzyl)-phenol

(455.5g/1.9261mol) and dimethylformamide were added.
The soclution was cooled to 6 C, and sodium hydride
(55.5g/2.197mol) was added slowly. After warming to
room temperature, dimethylthiocarbamoyl chloride
{242.4g/1.961mol) was added. After 15 h, the reacticn
mixture was poured into H30..(4.0 L), and extracted two

times with ethyl ether. .The combined organic layers
were washed with Hy0 and saturated agueous NaCl, dried

(MgsSO,), filtered, and concentrated in vacuo to give

the product (605.3g, 97% yield). I1H NMR and MS [(M+H)*
= 320) confirm desired structure.
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Step 3
SH

OMe

F
C14313OFS fw=248.32

A 12-liter, round-bottom flask was equipped with N gas

adaptor, mechanical stirrer, and reflux condenser. The
system was purged with N;. 4-Fluoro-2-(3-

methoxybenzyl) ~-phenyldimethylthioccarbamate
{605.3¢g/1.895mol) and phenyl ether (2.0kg) were added,
and the solution was heated to reflux for 2 h. The
mixture was stirred for 64 h. at room temparature and
then heated to reflux for 2 h. After cooling to room
temperature, MeOH (2.0 L) and THF (2.0 L) were added,
and the solution was stirred for 15 h. Potassium
hydroxide (425.9g/7.590mol) was added, and the mixture
was heated to reflux for 4 h. After cooling to room
temparature, the mixture was concentrated by rotavap,
dissolved in ethyl ether (1.0 L), and extracted with
Ho0. The aqueous extracts were combined, acidified

with concentrated HCl, and extracted with ethyl ether.
The ether extracts were dried (MgsO,), filtered, and
concentrated in vacuo to give an amber oil (463.0g, 98%

yield). ;KNNMR confirmed desired structure.

Step 4
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OH

Bu
OMe

F
CogH3505FS fw=418.61

A 5-liter, 3-neck, round-bottom flask was equipped with
N; gas adaptor and mechanical stirrer. The system was

purged with N5. 4-Fluoro-2-(3-methoxybenzyl)-
thiophenol (100.0g/403.2mmol) and 2-methoxyethyl ether

(1.0 L) were added and the solution was cooled to 0 C.

Sodium hydride (9.68g/383.2mmol) was added slowly, and
the mixture was allowed to warm to room temparature,
2,2-Dibutylpropylene sulfate (110.89g/443.6mmol) was
added, and the mixture was stirred for 64 h. The
reaction mixture was concentrated by rotavap and
dissolved in Hy0. The aqueous solution was washed with
ethyl ether, and concentrated H,SO4 was added. The

agqueous solution was heated to reflux for 30 min,
cooled to room temperature, and extracted with ethyl
ether. The ether solution was dried (MgSOy), filtered,

and conc’d in vacuo to give an amber oil ({143.94g/85%

vield). IH NMR and MS [(M + H)* = 419] confirm the
desired structure.

Step 5

an4
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//”\\Ezzf
Bu
1 Bu

OMe

E
CogHy302FS fw=416.59

A 2-liter, 4-neck, round-bottom flask was equipped with
5 N, gas adaptor, and mechanical stirrer. The system was

purged with N;. The corresponding alcohol
(143.94g/343.8mmol) and CHyCl, (1.0 L) were added and

cooled to 0 C. Pyridinium chlorochromate
(140.53g/651.6mmol) was added. After 6 h., CHyCl; was

10 added. After 20 min, the mixture was filtered through
silica gel, washing with CH5Cl,. The filtrate was

concentrated in vacuo to give a dark yellow-red oil

(110.6g, 77% yield). IH NMR and MS [(M + H)* = 417)
confirm the desired structure.

15
Step 6
o
NS
o= Bu
OMe
F
C25H3304FS fw=448.59
20 A 2-liter, 4-neck, round-bottom flask was equipped with

Ny gas adaptor and mechanical stirrer. The system was

purged with N3. The corresponding sulfide

ans
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(110.69/265.5mmol) and CHyCl, (1.0 L) were added. The

solution was cooled te 0 C, and 3-chloroperbenzoic acid
(158.21g/531.7mmol) was added portionwise. After 30
min, the reaction mixture was allowed to wazm tc room
temperatura After 3.5 h, the raaction mixture was
cooled to 0 € and filtered through a fine fricted
funnel. The filtrata was washed with 10% aguecus
KC03. An emulsion formed which was extracted with
ethyl ether. The oxganic layers were combined, 8ried
(MgSO4) ., filtered, and concencrated in vacuo to give

the product (93.2g, 78% yield). 1H NMMR econfirmed the
desired structure.
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Step 7

OMe
Cogli34a0 F5 fw=448.59

A 2-licer, 4-neck, round-bottom flask was equipped wich
N, gas adaptor, mechanical stirrer, and a powder

addition funnel. The system was purged with N5. The

corresponding aldehyde (93.2¢9/208mmol) and THPF (1.0 L)
were added, and the mixture was cooled to 0 C.
Potassium pert-butoxide (23.35g/208.1mmol) was added
via addicion funnel. Afcter 1h, 10% aq/ HC1 (1.0 L) was
added. After )} h, the mixture was extracted three
times with ethyl ether, dried (MgSO4), filtersd, and

concentrated in vacuo. The crude product was purified
by recryst. from 80/20 hexane/athyl acetate to give a
white solid {32.18 g). The mother licquor was
concentrated in vacuo and recrystelized from 95/5
toluene/echyl acevate to give a white selid (33.60g/

combined yield: 71%). MH NMR confirmed the desired
prxoduct.

27)
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Step 8

MaN

OMs
C27K3904NS fw=473.67

A Fisher porter bottle was fitted with N5 line and
magnetic stirrex. The system was purged with No. The

corresponding fluoro~compound (28.1g/62.6mmol) was
added, and the vessel was sealed and cooled to -78 C.
Dimethylamine (17.1g/379mmol) was condensed via a
COy/acetone bath and added to the reaction vessel. The

mixture was allowed to warm to room temperature and was
heated to 60 C. After 20 h, the reaction mixture was
allowed to cool and was dissolved in ethyl ether. The
ether solution was washed with H;0, saturated aqueous

NaCl, dried (MgSO4), filtered, and concentrated in

vacuo to give a white solid (28.5g/96% yield). 1y aMr
confirmed the desired structure.
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Step 9
o
°~t
{ ]
8u
MaN
{ oH
“oH
CygH3704NS fw=459.64
5 A 250-mL, 3-neck, round-bottom flask was eguipped with

N, gas adaptor and magnetic stirrer. The system was
purged with Ny. The corresponding methoxy-éompound
(6.62g/14.0mmol) and CHCl; (150 mL) were added. The

reaction mixture was cocled@ to -78 C, and boron

10 tribromide (10.50g/41.9mmol) was added. The mixture
was allowed to warm to room temperature After 4 h, the
reaction mixture was cooled to 0 C and was quenched
with 10% K,CO03 (100 mL). After 10 min, the layers were

separated, and the aqueous layer was extracted two
15 times with ethyl ether. The CHCl; and ether extracts

were combined, washed with saturated aqueous NaCl,
dried (MgSO4), filtered, and concentrated in vacuo to

give the product (6.27g/98% vield). lx NMR confirmed
the desired structure.
20
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Step 10

Bu
(H,Ch ¥

OH

°-_-"—\\N,/"-

.

In a 250 ml single neck round bottom Flask with stir
bar place 2- diethylamineoethyl chloride hydochloride
{fw 172.10g/mole) Aldrich D8, 720-1 (2.4 mmol,4.12g),
34 ml dry ether and 34 ml of 1IN KOH(agueous). Stir 15
minutes and then separate by ether extraction and dry
over anhydrous potassium carbonate.

In a separate 2-necked 250 ml round bottom flask with
stir bar add sodium hydride (60% dispersion in mineral
oil, 100 mg , 2.6 mmol) and 34 ml of DMF. Cool to ice
temperature. Next add phenol product(previous step) 1.1
g {2.4 mmilomoles in 5 ml DMF and the ether solution
prepared above. Heat to 40C for 3 days. The product
which contained no starting material by TLC was diluted
with ether and extracted with 1 portion of 5% NaOH,
followed by water and then brine. The ether layer was
dried over magnesium sulfate and isolated by removing
ether by rotary evaporation (1.3 gms).The product may
be further purified by chromatog;gphy (Si02 99% ethyl
acetate/1% NH4OH at Sml/min.). Isolated yield: 0.78 g
(mass spec , and H1 NMR) '

AB0
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Step 11

s The product from step 10 ( 0.57gms, 1.02 millimole fw
558.83 g/mole) and 1.6 gms iodoethane (10.02 mmol) was
placed in 5 ml acetonitrile in a fischer-porter bottle
and heated to 45 C for 3 days. The solution was
evaporated to dryness and redissolved in S mls of

10 chloroform. Next ether was added to the chloroform
solution and the resulting mixture was chilled. The
desired product is isolated as a precipitate 0.7272
gms. Mass spec M-I = 587.8 , H NMR).

15
Example 1401
Step 1
OH
OMe
F
20 Cq4H1302F fw=232.25

A 12-liter, 4-neck round-bottom flask was equipped with

asl



10

15

20

25

WO 98/40375

PCT/US98/03792

reflux condenser, N, gas adaptor, mechanical stirrer,
and an addition funnel. The system was purged with Nj.

A slurry of sodium hydride (126.0g/4.988mol) in
toluene (2.5 L) was added, and the mixture was cooled
to 6 C. A solution of 4-fluorophenol (560.5g/5.000mol)
in toluene (2.5 L) was added via addition funnel over a
period of 2.5 h. The reaction mixture was heated to
reflux (100 C€) for 1h. A solution of 3-methoxybenzyl
chloride (783.0g/5.000mel) in toluene (750 mL) was
added via addition funnel while maintaining reflux.
After 15 h. refluxing, the mixture was cooled to room
temperature and poured into HpO (2.5 L). After 20 min.

stirring, the layers were separated, and the organic
layer was extracted with a solution of potassium
hydroxide (720g{ in MeOH (2.5 L). The MeOH layer was
added to 20% aqueous potassium hydroxide, and the
mixture was stirred for 30 min. The mixture was then
washed 5 times with toluene. The toluene washes were
extracted with 20% ag. KOH. All 20% aqueous KOH
solutions were combined and acidified with concentrated
HCl. The acidic solution was extracted three times
with ethyl ether, dried over MgSO,, filtered and

concentrated in vacuo. The crude product was purified
by Kugelrohr distillation to give a clear, colorless
oil (449.0g/39% yield). b.p.: 120-130 C/50mtorrHg.

1y NMR and MS [(M + H)* = 233] confirmed desired
structure.

Step 2
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)L i

D N CHs

OMe

F
Cq7H; gNOSFS fw=319.39

A 12-liter, 3-neck round-bottom flask was fitted
with mechanical stirrer and N, gas adaptor. The system

was purged with Np. 4-Fluoro-2-(3-methoxybenzyl)-

phenol (455.5g/1.961lmol) and dimethylformamide were
added. The solution was cooled to 6 C., and sodium
hydride (55.5g/2.197mol) was added slowly. After
warming to room temperature, dimethylthiocarbamoyl
chloride (242.4g/1.961mol) was added. After 15 h, the
reaction mixture was poured into HyO (4.0 L), and

extracted two times with ethyl ether. The combined
organic layers were washed with H,0 and saturated

aqueous NaCl, dried over MgsO,, filtered, and
concentrated in vacuo to give the product (605.3g, S7%

yield). 1H NMR and MS [(M+H)* = 320]) confirm desired
structure. :

Step 3
SH

OMs

33



10

15

20

25

WO 98/40375

PCT/US98/03792

C143130FS fw=248.32

A 12-liter, round-bottom flask was equipped with
N, gas adaptor, mechanical stirrer, and reflux

condenser. The system was purged with Nj. 4-Fluoro-2-

(3-methoxybenzyl) -phenyldimethylthiocarbamate
(605.3g/1.895mo0l) and phenyl ether (2.0kg) were added,
and the solution was heated to reflux for 2 h. The
mixture was stirred for 64 h. at room temperature and
then heated to reflux for 2 h. After cooling to room
temperature, MeOH (2.0 L) and THF (2.0 L) were added,
and the solution was stirred for 15 h. Potassium
hydroxide (425.9g/7.590mel) was added, and the mixture
was heated to reflux for 4 h. After cocling to room
temperature, the mixture was concentrated by rotavap,
dissolved in ethyl ether (1.0 L), and extracted with
H50. The aqueous extracts were combined, acidified

with conc. HCl, and extracted with ethyl ether. The
ether extracts were dried (MgsO,), filtered, and _
concentrated in vacuo to give an_amber oil (463.0g, 98%

yield). i1y NMR confirmed desired structure.

Step 4
OH
8Bu
s
Bu
OMe
F

Cz5H3505FS fw=418.61

A 5-liter, 3-neck, round-bottom flask was equipped
with N, gas adaptor and mechanical stirrer. The system
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was purged with Nj. 4~-Fluoro-2- (3-methoxybenzyl) ~

thiophenol (100.0g/403.2mmol) and 2-methoxyethyl ether
(1.0 L) were added and the solution was cooled to 0 C.
Sodium hydride (9.68g/383.2mmol) was added slowly, and
the mixture was allowed to warm to room temperature
2,2-Dibutylpropylene sulfate (110.89g/443.6mmol) was
added, and the mixture was stirred for 64 h. The
reaction mixture was concentrated by rotavap and
dissolved in Hy0. The aqueocus solution was washed with

ethyl ether, and conc. H;504 was added. The aqueous

solution was heated to reflux for 30 min, cooled to
room temperature, and extracted with ethyl ether. The
ether solution was dried (MgSO,;), filtered, and

concentrated in vacue to give an amber oil (143.94g/85%

yield). 1M NMMR and MS [(M + H)* = 419) confirm the
desired structure. '

Step 5
o]
>
Bu
$ Bu
OMe
F

Cagli330,FS fw=416.59

A 2-liter, 4-neck, round-bottom flask was equipped
with Np gas adaptor, and mechanical stirrer., /The

system was purged with Na. The cbrrespondiné-alcohol
(143.94 g/343.8 mmol) and CH,Cl, (1.0 L) were added and

cooled to 0 C. Pyridinium chlorochromate
(140.53g/651.6mmol) was added. After 6 h., CH,;Cl, was

235
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added. After 20 min, the mixture was filtered through
silica gel, washing with CH;Clp. The filtrate was

concentrated inm vacuo to give a dark yellow-red oil

(110.6g, 77% yield). 1u NMR and MS [(M + H)* = 417]
confirm the desired structure.
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Step 6

CogH3304FS fw=448.59

A 2-liter, 4-neck, round-bottom flask was equipped
with Np gas adaptor and mechanical stirrer. The system

was purged with Np. The corresponding sulfide
(110.69/265.5mmol) and CHpCl; (1.0 L) were added. The

solution was cooled to 0 C, and 3-chloroperbenzoic acid
{158.21g/531.7mmol) was added portionwise. After 30
min, the reaction mixture was allowed to warm to room
temperature After 3.5 h, the reaction mixture was
cooled to 0 C and filtered@ through a fine fritted
funnel. The filtrate was washed with 10% agqueous
Kp,CO3. An emulsion formed which was extracted with

ethyl ether. The organic layers were combined, dried
(MgsSO,), filtered, and concentrated in vacuo to give

the product (93.2g, 78% yield). 1y MR confirmed the
desired structure.
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Step 7

L.
2

OMe
CagH3304FS fw=448.59

A 2-liter, 4-neck, round-bottom flask was equipped
with N; gas adaptor, mechanical stirrer, and a powder

addition funnel. The system was purged with N5. The

corresponding aldehyde (93.2g/208mmol) and THF (1.0 L)
were added, and the mixture was cooled to 0 C.
Potassium tert-butoxide (23.35g/208.1mmol) was added
via addition funnel. After 1h, 10% ag/ HCl1l (1.0 L) was
added. After 1 h, the mixture was extracted three
times with ethyl ether, dried (MgsSO4), filtered, and

concentrated in vacuo. The cfude product was purified
by recrystallized from 80/20 hexane/ethyl acetate to
give a white solid (32.18g). The mother liquor was
concentrated in vacuo and recrystallized from 95/5
toluene/ethyl acetate to give a white solid (33.60g,

combined yield: 71%). 14 MMR confirmed the desired
product.
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Step 8

NN

OMe
C27H3904NS fw=473.67

A Fisher porter bottle was fitted with N, line and
magnetic stirrer. The system was purged with Np. The

corresponding fluoro-compound (28.1g/62.6mmol) was
added, and the vessel was sealed and cooled to -78 C.
Dimethylamine (17.1g/379mmol) was condensed via a
COy/acetone bath and added to the reaction vessel. The

mixture was allowed to warm to room temperature and was
heated to 60 C. After 20 h, the reaction mixture was
allowed to cool and was dissolved in ethyl ether. The
ether solution was washed with H,0, saturated aqueous

NaCl, dried over MgSO4, filtered, and concentrated in

vacuo to give a white solid (28.5g/96% vield). 1y NMR
confirmed the desired structure. :

a%q
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Step 9
(o]
0\ sll
Bu
Bu
MezN : .,
'3 7’
F OH
L3
OH
CogH3704NS fw=459.64
5 A 250-mL, 3-neck, round-bottom flask was equipped

with Ny gas adaptor and magnetic stirrer. The

system

was purged with N3. The corresponding methoxy-compound

(6.62g/14.0mmol) and CHCly (150 mL) were added.

The

reaction mixture was cooled to -78 C, and boron
10 tribromide (10.50g/41.9mmol) was added. The mixture

was allowed to warm to room temperature After

4 h, the

reaction mixture was cooled to 0 C and waslquenched _
with 10% K,CO3 (100 mL). After 10 min, the layers were’

separated, and the aqueous 1ayer'was extracted two
15 times with ethyl ether. The CHClj and ether extracts

were combined, washed with saturated aqueous NaCl,
. dried over MgSO,, filtered, and concentrated in vacuo

to give the product (6.27g/98% yield). VIH NMR
confirmed the desired structure.

. 20
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Step 10

In a 250 ml single neck round bottom flask with
stir bar place 2- diethylamineocethyl chloride
hydochloride (fw 172.10g/mole) Aldrich D8, 720-1 (2.4
millimoles, 4.12g), 34 ml dry ether and 34 ml of 1N XOH
{aqueous). Stir 15 minutes and then separate by ether
extraction and dry over anhydrous potassium carbonate.

In a separate 2-necked 250 ml round bottom flask
with stir bar add sodium hydride (60% dispersion in
mineral oil, 100 mg, (2.6 mmol) and 34 ml of DMF. Cool
to ice temperature. Next add phenol product (previous
step) 1.1 g (2.4 mmol in 5 ml DMPF and the ether
solution prepared above. Heat to 40C for 3 days. The
product which contained no starting material by TLC was
diluted with ether and extracted with 1 portion of 5%
NaOH, followed by water and then brine. The ether layer
was dried over Magnesium sulfate and isolated by
removing gther by rotary evaporation (1.3 gms). The
product may be further purified by chromatography
(silica 99% ethyl acetate/1% NH40H at Sml/min.).
Isolated yield: 0.78 g (mass spec , and H1 NMR)

Step 11

34 (
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°\\s/°
Bu

Bu
(H,Cy

OH

/|\__

The product from step 10 (0.57gms, 1.02 millimole
fw 558.83 g/mole) and iodoethane (1.6 gms (10.02
mmol)was place in 5 ml acetonitrile in a Fischer-Portex
bottle and heated to 45 C for 3 days. The solution was
evaporated to dryness and redissolved in 5 mls of
chloroform. Next ether was added to the chloroform
solution and the resulting mixture was chilled. The
desired product is isoclated as a precipitate 0.7272
gms. Mass spec M-I = 587.9, 'H NMR).

BIO Lo ASSAY,

The utility of the compounds of the present
invention is shown by the following assays. These
assays are performed in vitro and in animal models
essentially using a procedure recognized to show the
utility of the present invention.

In Vitro Assay of compounds that inhibit IBaT-mediated
uptake of [YC]-Taurocholate (TC) in H14 Cells.

Baby hamster kidney cells (BHK) transfected with
the cDNA of human IBAT (H14 cells) are seeded at 60,000
cells/well in 96 well Top-Count tissue culture plates
for assays run within in 24 hours of seeding, 30,000
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cells/well for assays run within 48 hours, and 10,000
cells/well for assays run within 72 hours.

On the day of assay, the cell monolayexr is gently
washed once with 100 ml assay buffer (Dulbecco's
Modified Eagle's medium with 4.5 g/L glucose + 0.2%
{(w/v) fatty acid free bovine serum albumin- (FAF)BSA).

To each well 50 ml of a two-fold concentrate of test
compound in assay buffer is added along with 50 ml of €
mM [*C)-taurocholate in assay buffer (final
concentration of 3 mM [*‘C)-taurccholate). The cell
culture plates are incubated 2 hours at 37° C prior to
gently washing each well twice with 100 ml 4° C
Dulbecco's phosphate-buffered saline (PBS) containing
0.2% (w/v) (FAF)BSA. The wells are then gently washed
once with 100 ml 4° C PBS without (FAF)BSA. To each
200 ml of liquid scintillation counting fluid is added,
the plates are heat sealed and shaken for 30 minutes at
room temperature prior to measuring the amount of
radiocactivity in each well on a Packard Top-Count
instrument.

%33
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In vitro Assay of compounds that inhibit uptake of
[¥cl-Alanine

The alanine uptake assay is performed in an
identical fashion to the taurocholate assay, with the
exception that labeled alanine is substituted for the
labeled taurocholate.

In Vivo Assay of ¢ unds t inhibit Rat X
uptake of ['C}-Taurocholate into Bile

(See*Metabolism of 3a,7b-dihydroxy-~7a-methyl-5b-
cholanoic acid and 3a, 7b-dihydroxy-7a-methyl-Sb-
cholanoic acid in hamsters” in Biochimica et Biophysica
Acta 833 (1985) 196-202 by Une et al.) .

Male wistar rats (200-300 g) are anesthetized with
inactin @100 mg/kg. Bile ducts are cannulated with a
10" length of PE10 tubing. The small intestine is
exposed and laid out on a gauze pad. A canulae (1/8*
luer lock, tapered female adapter) is inserted at 12 cm
from the junction of the small intestine and the cecum.

A slit is cut at 4 cm from this same junction
{(utilizing a 8 cm length of ileum). 20 ml of warm
Dulbecco's phosphate buffered saline, pH 6.5 (PBS) is
used to flush out the intestine segment. The distal
opening is cannulated with a 20 cm length of silicone
tubing (0.02~ I.D. x 0.037” 0.D.). The proximal
cannulae is hooked up to a peristaltic pump and the
intestine is washed for 20 min with warm PBS at 0.25
ml/min. Temperature of the gut segment is monitored
continuously. At the start of the experiment, 2.0 ml
of control sample ([*C)-taurocholate 8 0.05 mi/ml with
5 mM cold taurocheoclate) is loaded into the gut segment
with a 3 ml syrinée and. bile sample collection is
begun. Control sample is infused at a rate of 0.25
ml/min for 21 min. Bile samples fractions are
collected every 3 minute for the first 27 minutés of
the procedure. After the 21 min of sample infusion,
the ileal loop is washed out with 20 ml of warm PBS
(using a 30 ml syringe), and then the loop is washed
out for 21 min with warm PBS at 0.25 ml/min. A second
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perfusion is initiated as described above but this with
test compound being administered as well (21 min
administration followed by 21 min of wash out) and bile
sampled every 3 min for the first 27 min. If
necessary, a third perfusion is performed as above that
typically contains the control sample.

Measurement of Hepatic Cholesterol Concentration
(HEPATIC CHOL)

Liver tissue was weighed and homogenized in
chloroform:methanol (2:1). After homogenization and
centrifugation the supernatant was separated and dried
under nitrogen. The residue was dissolved in
isopropanol and the cholestercl content was measured
enzymatically, using a combination of cholesterol
oxidase and peroxidase, as described by Allain, C. A.,
et al. (1974) Clin. Chem. 20, 470.

Measurement of Hepatie HMG CoA-Reductase Activity (HMG
COA)

Hepatic microsomes were prepared by homogenizing
liver samples in a phosphaté/sucrose buffer, followed
by centrifugal separation. The final pelleted material
was resuspended in buffer and an aliquot was assayed
for HMG CoA reductase activity by incubating for 60
minutes at 37° C in the presence of **C-HMG-CoA (Dupont-
NEN). The reaction was stopped by adding 6N HCl
followed by centrifugation. An aliquot of the
supernatant was separated, by thin-layer
chromatography, and the spot corresponding to the
enzyme product was scraped off the plate, extracted and
radioactivity was determined by scintillation counting.
(Reference: Akerlund, J. and-Bjorkhem, I. (1990) J.
Lipid Res. 31, 2159).

Determination of Serum Cholesterol (SER.CHOL, HDL-CHOL,

TGI and VLDL + LDL) '
Total serum cholesterol (SER.CHOL) was measured

enzymatically using a commercial kit from Wako Fine

235
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Chemicals (Richmond, VA); Cholesterol C1l, Catalog No.
276-64909. HDL cholesterol (HDL-CHOL) was assayed
using this same kit after precipitation of VLDL and LDL
with Sigma Chemical Co. HDL Cholesterol reagent,
Catalog No. 352-3 (dextran sulfate method). Total
serum triglycerides (blanked) (TGI) were assayed
enzymatically with Sigma Chemical Co. GPO-Trinder,
Catalog No. 337-B. VLDL and LDL (VLDL + LDL)
cholesterol concentrations were calculated as the
difference between total and HDL cholesterol. .

easu ent of Hepatic Cholesterol 7-a- xr lase
Activity (7a-OHase) _

Hepatic microsomes were prepared by'homogenizing
liver samples in a phosphate/sucrose buffer, followed
by centrifugal separation. The final pelleted material
was resuspended in buffer and an aliguot was assayed
for cholesterol 7-a-hydroxylase activity by incubating
for 5 minutes at 37° C in the presence of NADPH.
Following extraction into petroleum ether, the organic
solvent was evaporated and the residue was dissoclved in
acetonitrile/ methanol. The enzymatic product was
separated by injecting an aliquot of the extract onto a
C,, reversed phase HPLC column and quantitating the
eluted material using UV detection at 240nm.

(Reference: Horton, J. D., et al. (19%4) J. Clin.
Invest. 93, 2084).

Measurement of Fecal Bile Acid Concentration (FBA)
Total fecal output from individually housed
hamsters was collected for 24 or 48 hours, dried under
a stream of nitrogen, pulverized and weighed.
Approximately 0.1 gram was weighed out and extracted
into an organic solvent (butanol/water). Folidwing
separation and drying, the residue was dissolved in
methanol and the amount of bile acid present was
measured enzymaticélly using the 3a-hydroxysteroid
steroid dehydrogenase reaction with bile acids to
reduce NAD. (Reference: Mashige, F., et al. (1981)
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Clin. Chem. 27, 1352).

I’Bltaurocholate Uptake in Rabbit Brush Border Membrane
Yesicles (BBEMV)

Rabbit Ileal brush border membranes were prepared
from frozen ileal mucosa by the calcium precipitation
method describe by Malathi et al. (Reference: (19739)
Biochimica Biophysica Acta, 554, 259). The method for
measuring taurocholate was essentially as described by
Kramer et al. (Reference: (1992) Biochimica Biophysica
Acta, 1111, 93) except the assay volume was 200 pl
instead of 100 pl. Briefly, at room temperature a 1350
pl solution containing 2pM [’H]-taurocholate(0.75 uCi),
20 mM tris, 100 mM NaCl,_lOd mM mannitol pH 7.4 was
incubated for 5 sec with 10 pl of brush border membrane
vesicles (60-120 pg protein). The incubation was
initiated by the addition of the BEMV while vortexing
and the reaction was stopped by the addition of 5 ml of
ice cold buffer (20 mM Hepes-tris, 150 mM KCl) followed
immediately b& filtration through a nylon filter (0.2
um pore)} and an additional 5 ml wash with stop buffer.

Acyl-CoA:cholesterol Acyl Transferase (ACAT)

Hamster liver and rat intestinal microsomes were
prepared from tissue as described previously
(Reference: (1980) J. Biol. Chem. 255, 9098) and used
as a source of ACAT enzyme. The assay consisted of a-
2.0 ml incubation containing 24 pM Oleoyl-CoA (0.05
pCi) in a 50 mM sodium phosphate, 2 mM DTT ph 7.4
buffer containing 0.25 % BSA and 200 ng of microsomal
protein. The assay was initiated by the addition of
oleoyl-CoA. The reaction went for 5 min at 3f° C and
was terminated by the addition of 8.0 ml of ghloroform/
methanol (2:1). To the extraction was added 125 pg of
cholesterol oleate in chloroform methanol to'act as a
carrier and the organic and aqueous phases of the
extraction were separated by centrifugation after
thorough vortexing. The chloroform phase was taken to

11
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dryness and then spotted on a silica gel 60 TLC plate
and developed in hexane/ethyl ether (9:1). The amount
of cholesterol ester formed was determined by measuring
the amount of radiocactivity incorporated into the
cholesterol oleate spot on the TLC plate with a Packard
instaimager.

Data from each of the noted compounds in the
assays described above is as set forth in TABLES 5, 6,
7, and 8 as follows:

294%
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TABLE 5
COMPOUND IC50 |In vitro % | % % of Control
uM* Inhibition | Inhibition | Transport of TC in
of 1C of Alanine | Rat Ileum @ 0.1lmM #
Uptake @ Uptake @
100 uM # 100 uM #
Benzothiaze | 2 0 45.4 +/- 0.7
pine=
12 25
3 0
4a 3
Sa 34
5b 40 0 72.9 £ 5.4 € 0.5 mM
4b 9
18 6
14b 1g
l4a 13
13 23
15 60
19a 0
19b i5
8a 41
Mixture of 69
8a and 8b
Mixture of 6
9a and 9%
6a 5
6b 85
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9a 5 0% @ 25 mM | 53.7 +/- 3.9

Mixture of }13

6a and 20

Mixture of 0.8 14% @ 25

6d and 10a mM

2la 37

2lc 52

21b 45

6c 2 58.5 68.8 +/~ 5.7 at 0.4
mM

64 0.6 77.7 16.1 +/=- 1.1 @ 0.5
mM 30.2 +/- 0.9 @
0.15 mM

17 10

7 50 49.3

10a 7 77.6 62.4 =/- 2.5 @ 0.2
M

10b 15 €8.6

25 0.1 4% @ 10 mM ] 26.0 +/- 3.3

26 2 31s @ 25 87.9 +/- 1.5

mM

27 5 7% @ 20 mM

28 8 31% @ 20mM

29 88 @ 50 mM

30 : 96 @ 50 mM

31 41 @ SO0 mM

37 3 0% @ 5 mM

38 0.3 11% @ SmM }20.6 +/~ 5.7

40 49 @ S0 mM
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41 2 0% @ 20 mM
42 1.5
43 1.5 16% @ 25
mM
48 2 22% 68 20
mM
49 0.15 21% € 200 21.2 +/~ 2.7
™M
57 51 6 50 mM
58 20 @ 50 mM
59 70
60 9 59
61 30 175
62 10
63 90 @ 6 mM
64 100 ¢ 6 mM
* In vitro Taurocholate Cell Uptake
# Unless otherwise noted

Comparative Example is Example No. 1 in WO 93/16055
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Compound | TC-uptake | TC~uptake | TC-uptake ACAT ACAT
(H14 Ileal (BBMV) (liver) | intestine
cells) Loop
IC(50) EC(50) IC(50) IC(50) IC(50)
COMP. 1 mM 74 mM 3 mM 20 mM 20 mM
EXAMPLE’
64 0.6 mM 31 mM. 1.5 mM 25 mM 20 mM
* 38 0.3 mM 12 m 2 mM 15 mM N.D.
49 0.1 mM 12 oM N.D. 6 mM N.D.
25 0.1 mM 20 mM 0.8 mM 8 mM 8 mM

Comparative Example is Example No. 1 in WO 93/16055

EFFICACY OF COMPOUND NO.

TABLE 7

25 IN CHOLESTEROL-FED HAMSTERS

PARAMETER CONTROL 4% CHOLES- 0.2%
TYRAMINE CPD. NO. 25
WEIGHT (G) (mean +* SEM, *p<0.0S, A-Student‘'s t, B-
Dunnett's)
day 1 117 (2) 114(6) 117(5)
day 14 127(3) 127(3) 132(4)
LIVER WEIGHT (G) 5.4(0.3) 4.9(0.4) 5.8(0.2)°
SER.CHOL (mg#%) T3 (319643 *A;3—} —126{2)*A,B.
HDL-CHOL (mg$%) _ 89{4) 76(3)*a,B 76(1)*A,B.
VLDL + LDL 54(7) 42(3)*a 50(3)
TGI (mg%) 203 (32) + 190(15) 175(11)
HEPATIC CHOL(mg/g) 2.5(0.3) | 1.9(0.1)*a,B | 1.9(0.1)*a,B
HMG COA (pm/mg/min.) 15.8(7.6) |448.8(21.6)* |312.9(37.5)*a
1a.8 B
7Ta-0Hase (pm/mg/min.) {235.3(25.1
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24 HR. FECAL Wt (G)
FBA (mM/24H/100g}

)

2.3(0.1)
€.2(0.8)

357.2(28.3)*
A,B

2.7(0.1)*A,B
12.3(1.5)*A,
B

291.0(6.0)*A
2.4(0.04)
11.9(0.5)*A,B
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EFFICACY OF COMPOUND NO.

TABLE 8

25 IN RAT ALZET MINIPUMP MODEL

PARAMETER CONTROL 20 MPL/DAY
; CPD. NO. 25
WEIGHT (G) {mean + SEM, *p<0.05, A-Student's t, B-
Dunnett's)

day 1 307 (4) 307 (3)

day 8 330 (4) 310 (4)*a,B
LIVER WEIGHT (G) 15.5 (0.6) 14.6 {0.4)
SER.CHOL {mg%) 85 (3) 84 (3)
HEPATIC CHOL (mg/g) 21 (0.03) 2.0 (0.03)
HMG COA pm/mg/min 75.1 (6.4) 318.0 (40.7)*A,B

7a-OHase (pm/mg/min)
24 HR. FECAL WT (G)
FBA (mM/24H/100g)

281.9 (13.9)
5.8 {0.1)
17.9 (6.9)

535.2 (35.7)*A,B
5.7 (0.4)
39.1 (4.5)*A.B

Additional taurocholate uptake tests were

conducted in

the following compounds listed in Table 9..
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TABLE 9
Biological Assay Data for Some Compounds
of the Present Invention
Compound | Human TC | Alanine Uptake
Number IC5° Percent Inhibition
" (M) @ iM
0@1.0
103 13 @ 0.25 .
104 0.0056 l
105 0.6 i
106 08"
107 14.0 @ 0.063
108 0.3
109 2.0@ 0.063
110 0.09
111 25
112 3.0
113 0.1
114 0.19
115 8.0
116 0.3
117 12.0 @ 0.625
118 04
| 119 13 |
| 120 340@50 |
| 121 0.068 1
122 1.07 |
123 1.67
124 14.0@6.25 4
125 18.0
126 18 @1.25
127 055
128 0.7
129 0.035 B
131 1.28
i 132 5.4 @ 0.063
1 133 16.0 :
134 0.3 .
l 135 22.0
| 136 0.09 I
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[ 137 2.4 |
[ 138 3.0 {
I >250
{ 142 0.5
143 0.03_
I 144 0.053
I 2& 0.07
[ 263 0.7
264 0.2
265 2.0
266 05_
267 0.073
268 0.029
269 0.08
270 0.12
271 0.07
272 0.7
273 19 |
| 27 018 — 1
275 - 5.0@ 0.25 |
276 0.23 1
277 0.04 |
278 3.0 1
279 0.4 i
280 0.18
281 0.019
282 0.021
283 035
284 0.0
286 19.0 i
287 4.0
| 288 0.0 @ ﬁs‘—l
289 023
290 0.054
291 0.6 l
292 | 0:046— —
293 19 |
294 0.013 —1
295 13 . |
296 1.6 |
1005 0.0004 |
1006 0.001 |
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1007 0.001 |
1008 0.001 §
1009 0.001 I
1010 0.001
1011 0.001 |
1012 0.0015 i
1013 0.002 i
1014 0.002 |
1015 0.002 i
1016 0.002 |
1017 0.002
1018 0.002 l
1019 0.002
1020 0.002 1
1021 0.002

| 1022 0.002
1023 0.002
1024 0.002
1025 0.002
1026 0.002
1027 0.002
1028 0.002 |
1029 0.002 i
1030 0.002 1
1031 0.002 |
1032 0.002 i
1033 0.002 |
1034 0.002 |
1035 0.002 |
1036 0.002
1037 0.0022

1038 0.0025
1039 ~0.0026
1040 0.003 .
1041 0.003
1043 0.003 i
1044 0.003 |
1045 0.003 |
1046 0.003 |
1047 0.003
1048 0.003 J
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1049 0.003 i
1050 0.003 |
1051 0.003 i |
1052 0.003 }
1053 0.003 ]
i 1054 0.003 |
I~ 1055 0.003 |
1056 0.003 |
1057 0.003 |
‘ 1058 0.003
[ 1055 —0.003
i 1060 0.0036
1061 0.004
1062 0.002
1063 0.004
1064 0.004
1065 0.004
1066 0.004
1067 0.004
1068 0.002
1069 0.004
1070 0.004
1071 0.004
1072 0.004
1073 0.004
1074 0.004
1075 0.0043
1076 0.0045
1077 0.0045
1078 0.0045
1079 0.005
1080 0.005
1081 0.005
1082 0.005
1083 0.005__
1084 0:005
1085 _ 0.005
1086 0.005
1087 0.005
1088 0.0055
1089 0.0057
1090 0.006

308

PCT/US98/03792

L)

*——-I"‘U-'



WO 98/40375 PCT/US98/03792

1091 0.006 1
1092 0.006
1093 0.006
1094 0.006
1095 0.006
1096 0.006
| 1097 0.006
1098 0.006
1099 0.0063
1100 0.0068_ ﬂ
1101 0.007
1102 0.007 i
1103 0.007 _ 1
1104 0.007
1105 0.007_
1106 0.0073
1107 0.0075
1108 ~0.0075
| 1109 0.008
| 1110 0.008
| 1111 0.008
1112 0.008
1113 0.009
1114 0.009
1115 0.0098
1116 ~ 0.0093
1117 0.01
1118 0.01
1119 0.01
1120 0.01
1121 0.01 _
1122 0.011 |
1123 0.011
1124 0.011
1125 0.012
1126 0.013
1127 0.013
1128 0.017
1129 0.018
1130 0.018 :
1131 0.02 |
| 1132 0.02
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s 002 ]
I 113 0.02 |
{ 115 0.021
| 1136 0.021
1137 0.021

1138 0.022 '
1139 0.022

1140 0.023

1141 0.023

1142 0.024_ i
1143 0.027

1144 0.028

1145 0.029

1146 0.029

1147 0.029 |
1148 0.03 1
1149 0.03

1150 0.03 ]
1151 0.031

1152 0.036

1153 0.037

1154 0.037

1155 0.039

1156 0.039

1157 0.04
1158 0.06

1159 0.06

1160 0.062

1161 0.063

1162 0.063 4
1163 0.09 i
1164 0.093 |
1165 0.11
1166 0.11

1167 | 012

1168 0.12

1169 0.12 i
1170 013 i
I un 0.14 i
1172 014 _ |
1173 0.15_ |
1174 0.15 A
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75 017 |
§ 1176 0.18 j
1177 0.18
1178 0.19 4
1179 019
1180 0.2
1181 0.22
1182 025
1183 028
1184 0.28 |
1185 0.28 | -
1186 03 |
1187 0.32 |
1188 035 _
1189 0.35
1150 0.55 |
1191 0.65 |
1192 1.0 |
1193 1.0 1
1154 16
i 119 1.7 |
i 119 2.0 |
[ 1197 2.2 |
¥ 1198 2.5
1159 4.0
1200 6.1
1201 8.3
1202 400
1203 0 @ 0.063
1204 0.05
1205 0.034
1206 0.035
1207 0.068 |
1208 0.042
1209 — 0 @ 0.063
1210 T 0.4
1211 0.28_
i 1212 0.39
[ 1213 17
1214 075 _
I 1215 0.19
i 1216 0.39
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1217 032 q
1218 0.19
1219 0.34
1220 0.2
1221 0.041 |
1222 0.065 i
1223 0.28 |
1224 0.33 1
1225 0.12 |
1226 0.046 |
' 1227 0.25
1228 ~ 0.038 i |
1229 0.049
— 1230 0.062
1231 0.075
1232 12
1233 015
1234 0.067
1235 0.045
1236 0.05
~ 1237 0.07
1238 03
1239 0.035
1240 0.016
1241 0.047
I‘—‘—mz 0.029
1243 0.63
1244 0.062
1245 0.32
1246 0.018
1247 0.017
1248 0.33 |
1249 10.2 |
1250 0.013 i
1251 0.62
1252 29, i ==
1253 05 _ |
1254 0.85 |
1255 0.69 i
1256 0.011 |
1257 0.1 1
1258 0.12 |

3L
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~ 1259 16.5 1
1260 0.012 1
{121 0.019_ |
1262 0.03_
1263 0.079
1264 0.21
I 1265 0.24
1266 0.2 1
1267 029
1268 [ 0.055
| 1269 0.02%
1270 0.02-
1271 0.0I%
1272 0.047
1273 0.029
1274 0.028
1275 0.024
1276 — 0.029
1277 0.018_
1278 0.017
1279 0.028_
1280 ~ 0.76
1281 0.055
1282 017 __
1283 017 ]
1284 0.011
1285 0.027 '
1286 0.068
l 1287 0.071 |
1288 0.013
[ 1289 0.026
I 12% 0.017
1291 0.013 1
1292 ~ 0.025 |
1293 | 0019 |
1294——0.01 ¥
1295 0.014
L 1296 0.063
1297 0.029
1298 0.018
1299 0.012
1300 |10 |
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I 13;2 0.15 1
| 1302 14 |
I 1303 0.26 |
1304 0.25_ __1
| 1305 0.25 J
1306 12
1307 3.1
| 3308 0.04
| 1309 0.24 )
{1310 116
1311 327
1312 5.0
1313 6.1 |
1314 0.26
1315 167
1316 39
1317 21.0
1319 11.0@0.25 |
1321 11.1@5.0
1322 3.0 @ 0.0063 I
1323 40@00063 I
1324 43.0 @ 0.0008
1325 1.0 @ 0.0063
{1336 36.0 @ 0.0008
1327 3.0@00063 |
1328 68.0 @ 0.0063__ |
1329 2.06%_'
1330 9.0@0.0063_ |
1331 57.0 @ 0.0008
1332 43.0 @ 0.0008
1333 0 @ 0.0063
1334 50.0 @ 0.0008
1335 38.0 @ 0.0008
1336 45.0 @ 0.0008
1337 0 @0.0063
1336 1.0.G-0.35_
1339 0@ 0.083
1340 9.0 @ 0.063
1341 1.0 @ 0.063
1342 1.0@0.063 |
1345 13.0 @ 0.25
1347 0.0036 |
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1351 044
1352 0.10
1353 0.0015
1354 0.006 :
1355 0.0015 i
{1356 022 _ |
1357 0.023
1358 0.008
1359 0.014
1360 0.003
1361 0.004_
1382 0019 _ |
1363 0.008 |
1364 0.006 |
1365 0.008 i
1366 0.015 ]
1367 0.002__ |
1368 0.005 §
1369 0.005
1370 0.002
1371 0.004
. 1372 0.004
~ 1373 0.008
1374 0.007
1375 0.002 :
1449 0.052 |
1450 0.039 |
1451 0.014 J .
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The examples herein can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

Novel compositions of the invention are fuxther
illustrated in attached Exhibits A and B.

The invention being thus described, it is apparent
that the same can be varied in many ways. Such
variations are not to be regarded as a departure from
the spirit and scope of the present invention, and all
such modifications and equivalents as would be obvious
to one skilled in the art are intended to bé included
within the scope of the following claims.

3l
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Table C2: Alternative compounds §#2 (Families F101-F123)

L sf?
. 1
(RX) l' N |0“\ Rz
q U y s 4 / R
s ™ on
R
Family Cpd# Ri=R2 RS (R g
Fi01 CEOSEN FROM Ph~ CHOSEN FROM
TABLE D * TABLE D
F102 CEOSEN FROM p~F~Ph~- CHEOSEN FROM
TABLE D TABLE D
F103 CEOSEN FROM m-F-Ph- CEOSEN FROM
TABLE D TASLE D
F104 CHOSEN FROM p-CH30-Ph~ ' CEOSEN FROM
TABLE D TABLE D
F105 CEOSEN FROM n-CE30-Ph~ CHOSEN FROM
TABLE D TASLE D
F106 CEOSEN FROM p~ (CE3) 2N-Ph~ CHOSEN FROM
TABLE D " TABLE D
F107 CEOSEN FROM m- (CH3) 2N-Ph CEOSEN FROM
TABLE D TABLE D
F108 EOSEN FROM 1=, p-{CH3)3-N*-Ph- CEOSEN FROM
TABLE D TABLE D
F109 CEOSEN FROM I, m-(CH3)3-N*-Ph~, CHOSEN FROM
TABLE D ‘ TABLE D -
Fl110 CEOSEN FROM I~, p-(CH3)3-N*-CH2CHz2~ CHOSEN FROM
TABLE D (OCH2CH2) 2-0O-Ph- TABLE D
F111 CHOSEN FROM  Iv, m=(CH3)3-N*=CH3CHz=——CHOSEN- FROM--
TABLE D (OCH2CH3) 2-0-Ph~ TABLE D
Fli2 CHOSEN FROM I-, p-(N,N~- CHOSEN FROM
‘TABLE D dimethylpiperazine)~(N’)- . -TABLE D
CH2- (OCH2CH2) 2-0-Ph~
M1 Exhibit A



F113

Fll4

F115

Fll6

F117

Fl118

F119

Fl20

F121

Fla2

Fl23

WO 98/40375

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CEOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CROSEN FROM
TABLE D

I-, m-— (N’ N-
dimethylpiperazine)-(N/)-
CH2~- (OCH2CH2) 2-0-Ph~

m=-F-Ph-

p-CH30~
3,4,dioxy-methylene~Ph~

m=-F-Ph-

p-F-Ph-

m-CHa0~-

p~F~Ph~
4-pyridine
N-methyl-4-pyridinium
3-pyzidine
N-methyl-3-pyridinivm

2-pyridine

p-CH302C~Ph~

PCT/US98/03792

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

. CHOSEN FROM

TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TABLE D

CHOSEN FROM
TARBLE D

CHOSEN FROM
TABLE D

CEQSEN FROM
TABLE D

CEOSEN FROM
TABLE D

CHOSEN TROM
TABLE D

CEOSEN FROM
TABLE D

Similar families can be generated where R1<>R2, such as R! = Et and
R? = n-Bu, but (R*)q is chosen from table C1.
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CHy
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APPENDIX A

The ileal bile acid transport inhibitors used in the present
invention include, for example, those compounds disclosed in this
Appendix A.

1) The c':ompounds of the formula (I) :
This Sheet Has Been Replaced

g ~ NRTR T
Rae [ R-; :
Rl (I) .
R® N-X K
R’. i‘

wherein R1 and R2 are the same or different and each is optionally substituted Cy.g
alkyl, C3.5 cycloalkyl, or R! and R2 together with the carbon atom to which they are
artached form an opticnally substituted C3.g spiro-cycloalkyl group;

R4 is a Cg.14 aryl, or a C3.13 heteroaryl group each optionally substituted with one
to eight substituents which are the same or different and are each selected from
halogen, hydroxy, nitro, pheayl-C|.¢ alkoxy, C|.¢ alkoxy, optionally substituted C1.4
alkyl, S(O),R3, SONRBRY, CO,R®, O(CH;CH;0),R8, OSO2RS,
O(CH2),SO3RS, O(CH)pNRR10 and O(CH2),N*RSRIOR!1 wherein RE to RI!
are the same or different and are independently selected from hydrogen or optionally
substituted Cj.g alkyl, and wherein p is an integer from 1-4 and n is an integer from

0-3;

R38, R5b, R5C, and R5d each represent atoms or groups which are the same or
different and each is hydrogen, halogen, cyano, RB.acetylide, ORS, optionally
substituted . C1.6alkyl, .CORS,_CH(OH)R3,_S(0),R8, SO;NRERS, P(QXOR3)a,
OCORS, OCF3, OCN, SCN, NHCN, CH30RS, CHO, (CHp)pCN, CONRORIO,
(CH2),CORS, (CHZ),NROR!0, COZRS, NHCOCF;, NHSOzRS, OCH,0RS,
OCH=CHR$, O(CH2CH20)5R3, 0SO2R8, O(CHz),SO3RE, O(CH)pNRIR10 and
O(CH2)pN*RRIOR!] wherein R8 to R11, n, and p are as hereinbefore defined; or
R52 and R5b, R3b and RS, or R and R5d together with the ring to which they are
attached form a cyclic group -O(CROR10),0- wherein R® and RIC are as
hereinbefore defined and mis 1 or 2;

22 |
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RS and R7 are the same or different and each is hydrogen, optionally substituted C1.g
alkyl, C3_g cycloalkyl, or RS and R7 together with the carbon atom 1o which they are
attached form an optionally substituted C3_g spiro-cycloalkyl group;

X is CHy, C=0, C=S, or C=NR8 wherein R3 is as hereinbefore defined; and

1 is an integer from 0-2;

and salts, solvates or a physiologically functional derivatives thereof,

A compound of formula (J) according to claim 1 wherein

" R! is methyl or ethyl;

R2 is methyl, ethyl or n-butyl;
R4 is pheny};
R52 and R4 are hydrogen;

R and R5C are the same or differemt and are each hydrogen, methyl, methoxy,
hydroxy, triflucromethyl or halo;

RS and R7 are the same or differert and are each hydrogen, methyl, ethyl or i-butyl;
X is CHy or C=0;

lis2;
or a salt, solvate, or physioclogically functional derivative thereof.

A compound of formula (I} selected from the group consisting of
(£)-3-n-Butyl-3-ethyl-2,3-dihydro-5-phenyl-1, 5-benzothiazepin-4-one;
(£)-3-n-Butyl-3-ethyl-2,3-dihydro-5-pheayl- 1,5-benzothiazepin-4-one-1, 1-dioxide;
(2)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl- 1, 5-benzothiazepine; .
(&)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine-1, 1-dioxide;

. (#)'3—n-Buty!-z-isobuqu-B-e!hyl-_Z.3.4.5-!emhydro-5-pheny!-l.'S'-'benzothiaz'eﬁﬁl'e'-'

1,1-dioxide;
3,3-Diethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one;
3,3-Diethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one 1,1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine- 1, 1-dioxide;

R

o

I

T
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3,3-Dimethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one;
3,3-Dimethyl-2,3-dikydro-5-phenyl-1,5 jazepin-4-one-1,1-dioxide;
3,3-Dimethyl-2,3,4, 5-tetrahydro-5-phenyl-1,5-benzothiazepine;
3,3-Dimethyl-2,3,4,5-tewrahydro-S-phenyl-1,5-benzothiazepine-1, 1-dioxide;
(+)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-7, 8-dimethoxy-5-phenyl-1,5-
benzothiazepine-1, ] -dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro~7,8-dimethoxy-5-phenyl-1,5-benzothiazepine-1,1-
dioxide; '
(2)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-
1,1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1,5-benzothiazepine-1, I-dioxide;
(2)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1, 5-benzothiazepin-8-ol-1, 1-
dioxide;
3,3-Diethyi-2,3,4,5-tetrahydro~5-phenyi-1,5-benzothiazepin-8-ol- 1, I-dioxide;
()-3-n-Butyl-3-ethyl-2,3,4 S-tetrahvdro-'l-methoxy-S-phenyl-l S-benzothiazepin-8-
ol-l 1-dioxide;
13-Diethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,5-benzothizzepin-8-ol-1,1-
diox:de.
(£)-7-bromo-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-
benzothiazepine-1,1-dioxide; '
7-bromo-3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-
1,1-dioxide; _
(#)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothirzepin-7,8-diol-1,1-
dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro~5-phenyl-1,5-benzothiazepin-7,8-diol-1, 1-dioxide;
(2)-3-n-Butyl-3-ethyi-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-1-
monoxide;
3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl- 1, S-benzottumpm-l-mono:nde.
(%)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-8-ol-1-
monoxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyi-1,5-benzothiazepin-8-ol-1-monoxide;
()-3-n-Butyl-3-ethyl-2,3-dihydro-8-methoxy-5-phenyl-1,5-benzothiazepin-4-one;
(£)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine;
(*)-3-n-Butyl-3-cthyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyi-1,5-benzothiazepine-

1,1-dioxide;
(#)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-hydroxy-5-phenyl-1, S-ben:otlumpme-
1,1-dioxide;
_ﬁx\
This Sheet H. 3 {
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(£)-7-Bromo-3-n-butyl-3-ethyi-2,3-dihydro-8-methoxy-5-phenyl-1,5-benzothiazepin-
4-one,

(£)-7-Bromo-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-S-pheayl-1,5-
benzothiazepine 1,1-dioxide;
(2)-7-Bromo-3-n-butyl-3-ethyl-2 3 4,5-tetrahydro-5-phenyl- 1,5-benzothiazepin-8-

ol 1,1-dioxide;

(2)-3-n-butyl-3-ethyl-2,3,4, S-tetrahydro-7-methoxy-5-phenyl-1 S-benzoth:azepm-S-ol
1.1-dioxide;
(*)-3»n~butyl-a-ethyl-2.3.4,s-tetrahydro-7,8-dimethoxy-5-phenyl-I.S-benzothiazepine
1, l-dioxide;

(2)-3-n-butyl-3-ethyl-2,3 4,5-tetrahydro-5-phenyl-1, 5-benzothiazepine-7,8-diol 1,1-
dioxide;

(=)-7-Bromo-3-n-butyl-3-ethyl-2,3-dihydro-5-phenyl-1, 5-benzo2iuazepm-4~one.
(£)-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-3-phenyl- 1,5-benzothizzepine
1,1-dioxide; and
(=)-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-7-ol 1,3+
dioxide.

4) A compound of formula (I) selected from:
{£)-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,5-benzothiazepin-8-
ol 1,1-dioxide; and '
(£)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-hydroxy-5-phenyl-1, 5-benzoth:azepme-
1,1-dioxide
or a salt, solvate, or physiologically functional derivarive thereof.
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(*)-s-n-Butle-ethyl-z._3-dihydro-5ophenyl-I,S-benzothiazepin-t-one-l.l-dioxide;
()-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine;
{=)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine-1, 1-dioxide;
()-3-n-Butyl-2-iscbutyl-3-ethyl-2 3 4,5-tetrahydro- 5-phenyl- 1,5-benzothiazepine-1,1-
dioxide;

3,3-Dicethyl-2,3-dihydro-5-phenyl-1,S-benzothiazepin-4-one;

3,3-Diethyl-2, 3-dihydro-5-phenyl-1,5-benzothiazepin-4-one 1,1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl- 1, 5-benzothiazepine;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine-1, 1-dioxide;
3,3-Dimethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one;
3,3-Dimethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one-1, 1-dioxide;
3,3-Dimethyl-2,3,4, 5-tetrahydro-S-phenyi-1,5-benzothiazepine;

- 3,3-Dimethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepine-1, 1 -dioxide;
(x)-3-n-Butyl-3-ethyl-2,3 4,5-tetrahydro-7, 8-dimethoxy-5-phenyl-1,5-benzothiazepine-1, 1-
dioxide;

3 3-Diethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyi- 1,5-benzothiazepine-1,1-dioxide;

" (%)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-1,1-
dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-1, 1-dioxide;
()-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1,5-benzothiazepin-8-ol- 1, 1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-8-ol-1, 1 -dioxide;
(2)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,5-benzothiazepin-8-ol-1,1-
dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,5-benzothiazepin-8-ol-1, | -dioxide;
(£)-7-bromo-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-
benzothiazepine-1,1-dioxide;
7-bromo-3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1,5-benzothiazepine-1, 1-
dioxide;
(2)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-7,8-diol-1, 1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-7,8-diol-1, 1-dioxide;
(£)-3-n-Biityl-3-ethyl-2,3,4, 5-tetralydro-§-methoxy-5-phenyl-1, S-benzothlazepme l-
monoxide;

3, 3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,5-benzothiazepine-1-monoxide;
(£)-3-n-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,5-benzothiazepin-8-ol-1-monoxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl- 1,5-benzothiazepin-8-ol- 1-monoxide;
(:2)-3-n~Butyl-3-ethyl-2.3-dibydro-8-methoxy-5-phenyl-l.S-benzo:hia_zepin-4-one;
{£)-3-n-Butyl-3-cthyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl-1,5-benzothiazepine;

- 3 £
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(=h)-3-n-Butyl-3-c:hyl-z,J,4,5-temhydro~8-methoxy-5-phenyl-!,S-benzothiazepine-l.l-
dioxide;
(*)-3-n-Butyl-3-ethyl-z,J,4,5-teuahydro-8-hydroxy-5-pheny1-l.S-benzcthiachine-l,l-
dioxide;

(2)-7-Bromo-3-n-butyl-3-ethyl-2,3-dihydro-8-methoxy-5-phenyl-1, S-benzotluazepm-tt-one,
(&)-7-Bromo-3-n-butyl-3-ethyl-2,3,4,S-tetrahydro-8-methoxy-5-phenyl-1, 5-
benzothiazepine 1,1-dioxide;
(&)—7-Bromo-3-n-butyl-S-ethyl-Zj,4.5-temhydro-5-phenyl-l,S-benzothiazepin-B-o! 1.1-
dioxide;

()-3-n-butyl-3-ethyl-2,3,4,5- tetrahydro-7-methoxy-S-phenyl-1,5-benzothiazepin-8-ol . 1-
dioxide;

(:)-3-n-butyl-3-ethyl-2,3.4.5-tetrahydro-7,s-dnmethoxy-s-phenyl-I ,5-benzothiazepine 1.1-
dioxide;

(2)-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1 ,5-benzothiazepine-7,8-diol 1,1-dioxide;
{)-7-Bromo-3-n-butyl-3-ethyl-2,3-dihydro-5-phenyl-1,5-benzothiazepin-4-one;
(£)-3-n-butyl-3-cthyl-2,3,4 5-tetrahydro-?-methoxy-s-phenyl-I,S-benzothiazepine L1-
dioxide; and

(&)-3-n-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyi-1 S-benzoth!azepmﬂ-ol 1,1-dioxide.

Particularly preferred compounds include:
(é)-s-n-butyl-S-ethyl-2.3,4,5-tetrahydro-7-methoxy-S-phenyl-1,S-benzothiazepin-s-ol 11-
dioxide; and

(2)-3-n-Butyi-3-ethyl-2,3,4,5-tetrahydro-8-hydroxy-5-phenyi- 1,5-benzothiazepine-1. 1~
dioxide.

ThlS Sheet Has Been Replaced

(I

THIS SHEET HAS BEEN
REPLACED

321



WO 98/40375 PCT/US98/03792

This Sheet Has Been Replaced

BT

3,3-Dicthyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-yl aspartate.

(3R,SR)-3-Butyl-3-cthyl-2,3,4,5-tetradhydro-7,8-dimethoxy-5-phenyl- 1,4-benzothiazepine-
1,1-dioxide;
(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-4-
ol 1,1-dioxide;

(+)-Trans-3-butyl-3-ethyl-2,3,4 S-tetrahydro-'.',s-dxmethoxy-s-phaiyl -1 4—benzo:hxachme- |
1,1-dioxide;

(+)-Trans-3-butyl-3-cthy}-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4,-benzothiazepin-
d-ol 1,1-dioxide; |

(3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;
(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl- 1,4-benzothiazepine-7,8-diol 1, 1-
fioxid

(3R,5R)-3-Butyl-3-¢thyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-7-ol
1, 1-dioxide;

323
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(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro- 7-methoxy-5-phenyi- 1,4-benzothiazepin-8-ol
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1 ,t.i-benzothiazepine 1,1-
dioxide;

- (+=)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol1, 1-dioxide;
(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-4,8-diol;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1 4-benzothmzepme-7—
carbaldehyde 1,1-dioxide;

(+-)-’I'rans-2-((3-butyl-3-ethyl-2,3.4,5-tetrahydro-8-m:thoxy—5-phenyl-l.4-benzoﬁxiazepin—
7-yDmethoxy) ethanol S,S-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-hydroxy-5-phenyl-1,4-benzothiazepine-7-
carbaldehyde 1,1-dioxide;

(+-)-Trans-3-buty}-3-ethy}-2,3,4,5-tetrahydro-5-phenyl-1, 4-benzoﬂuazepm—8-tlnoll 1-
dioxide;

(~)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-sulfonic acid-
1,1-dioxide;

(7R.SR)-7-Butyl-7-ethyl-6,7,8,9-tetrahydro-9-phenyl-1,3-dioxolo(4, S-H)(1,4)-
benzothiazepine 5,5-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrabydro-8,9-dimethoxy-S-phenyl-1,4-benzothiazepine-
1,1-dioxide;

(3R,5R)-3-butyl-3-ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-1,4-
benzothiazpin-4-ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyi- 1,4-benzothiazepine-7-
methano! S,S-dioxide;

-
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(3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-7-nitro-5-phenyl-1,4-
benzothiazepine-1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-7-(methoxymethyl)-5-phenyl-1,4-
benzothiazepine 1,1-dioxide; .

(3R, 5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1,4-benzothiazepin-7,8-diyl diacetate-
1,1-dioxide; i

(8R,10R)-8-Butyl-8-ethyl-2,3,7,8,9,10-hexahydro-10-1,4-dioxono(2,3-H)(1,4)-
benzothiazepine 6,6-dioxide;

(3R,5R)-3-butyl-7,8-diethoxy-2,3,4, 5-tetrahydro-5-phenyl- 1,4-benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-8-cthoxy-3-ethyl-2,3,4, 5-tetrahydro-5-phenyl-1 4-benzoth:az=pme-l 1-
dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-8-isopropoxy-5-phenyl-1,4-
benzothiazepinel, 1-dioxide hydrochloride;

(+~)-Trans-3-butyl-3-ethyl-2,3,4, S-tetrahydro-5-phenyl- 1, &-benzothiazepin-8-carbaldehyde-
1,1-dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyi- 1,4-benzothiazepine 1,1-dioxide;

3,3-Diethyl-5-{4-fluorophenyl)-2,3,4,5-tetrahydro-8-methoxy-1,4-benzothiazepine l,.lo
fioxid .

3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepine1, 1-dioxide;
3,3-Dicthyl-2,3,4, 5-tetrahydro-5-phenyl- 1,4-benzothiazpin-4;8-diol I 1-dicxidé;.

(RS)-3,3-Diethyl-2,3,4,5- ro-4-hydroxy-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-bu!yl-8-ethoxy-3-ethyl-2.3,4.5-tmhydro-5-phenyl-1,4-benzothiazepin—4—ol—
1,1-dioxide;

U
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(-+-)-Trans-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-8-isopropoxy-5-phenyl-1,4-benzothiazepin-3-
ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8,9-trimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;

(3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazpin-4,7,8-triol 1,1-
dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3 4,5-tetrahydro-4,7 B-umethoxy-s-phenyl-l 4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-5-phenyl-2,3,4,5-tetrahydro-7,8-dimethoxy-1,4-benzothiazepin-
4-yl acetate S,S-dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide;
3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide;

(+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1, 1 -dioxo-5-phenyl-1 4-benzotlnazepm-8-yl
hydrogen sulfate;

(+=)-Trans-3-Butyi-3-ethyl-2,3,4,5-tetrahydro- 1, 1-dioxo-5-phenyl-1,4-benzothiazepin-8-yi
dibydrogen phosphate;

3,3-Diethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-yl hydrogen
sulfate;

3,3-Diethyl-2,3,4,5-tetrahydro-1, 1-dioxo-5-phenyl-1,4-benzothizzepin-8-yl-

dihydrogen phosphate;
(+-)-Trans-3-Butyl-3-ethyl-2,3,4,S-tetrahydro-1, 1-dioxo-5-phenyl-1,4-
benzothiazepin-8-yl aspartate; and
< SHEET HAS BEEN
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(22) (4-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl-1,4-
' benzothiazepine-7-methanol S,S-dioxide, mp 122-123°C

(23) (3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-7-nitro-5-phenyl-1,4-
benzothiazepine 1,1-dioxide 0.40 hydrate, mp 122-123°C

(24)  (+-)-Trans-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-8-methoxy-7-(methoxymethyl)-5-
phenyl-1,4-benzothiazepine 1,1-dioxide, mp 118-119°C

(25) (+-)-Trans-7-bromo-3-butyl-3-ethyl-2 3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepin-8-ol 1,1-dioxide 0.40 hydrate, mp 137-138° C

(26)  (+-)-Trans-3-butyl-3-ethy}-2,3,4,5-tetrahydro-7,8,9-trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 169-170° C

27 (3KSR)-S-butyl-3-ethyi-2.3,4,5-tetrahydro—$-pheny!—l,4-bemthiazepin-7.8—diy!
diacetate 1,1-dioxide, mp 79-81°C

- (28)~ (8R,10R)-8-Butyl-8-cthyl-2,3,7,8,9,10-hexahydro-10-1;4-dioxono(2,3-H)(1;4)s—
benzothiazepine 6,6-dioxide, mp 829 C

(29) (3R,5R)-3-butyl-7,8-diethoxy-2,3,4 S-tetrahydn-s-phenyl-l sA-benzothiazepine 1,1
dioxide 0.20 hydrate, mp 110.1110C

\
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(30) (+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 45-54°C

(31) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-(methylthio)-5-phenyl-1.4-
benzothiazepinel, 1-dioxide hydrochioride, mp 194-1970C

(32) (+-)-Trans-3-butyl-3-ethyl-2,3,4,S-tetrahydro-8-isopropoxy-5-phenyi-1,4-
benzothiazepine 1,1-dioxide hydrochloride, mp 178-181°9C

(33) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-
carbaldehyde 1,1-dioxide, mp 165-1700C

(34) . 3,3-Diethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-yl aspartate

(35) 3,3-Diethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepine-1,1-
dioxide, mp 163-164° C

(36) 3,3—Diethyl-5-(Lﬂuorophmyl)-zs,4,5-tetrahydro-8-methoxy-l,4-beqzot}ﬁazepine-
1,1-dioxide mp 101-1039C

(37)  3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepine-1,1--
dioxide, mp 132-1339C

(38)  3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-4,8-diol-
1,1-dioxide, mp 225.2270 C

(39) (RS)-3,3-Diethyl-2,3,4,5-tetrehydro-4-hydroxy-7,8-dimethoxy-S-phenyl-1,4- )
benzothiazepine 1,1-dioxide, mp 205-206° C

(40)  (+)-Trans-3-butyl-8-ethoxy-3-cthyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepin-4-ol-1;1-dioxide, mp 149-1500 C

(41)  (+)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-S-phenyl-1,4-
benzathiazepin-4-ol 1,1-dioxide, mp 109-115° C

(42) (4-)-Trans-3-butyl-3-ethy)-2,3,4,5-tetrahydro-7,8,9-trimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide, mp 84-96° C
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(43) (3R.SR)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1,4-benzothiazpin-4,7,8-triol-
1,1-dioxide, mp 215-2200C

(44)  (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4,7,8-trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 169-1879 C

(45)  (+-)-Trans-3-butyl-3-ethyl-5-phenyl-2,3 4,5-tetrahydro-7,8-dimethoxy-1,4-
benzothiazepin-4-yi acetate S,S-dioxide, mp 154-156°C

{46) 3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1, 4-benzothxazepm-8-oll 1-dioxide, mp
177-178°C

(47)  3,3-Diethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-benzothiazepin-8-cl 1,1-
dioxide

(48)  3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol1, I-dioxide

(49)  (#-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-
benzothiazepin-8-yl hydrogen sulfate, mp 196.5-200°C

(50) (+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1, 1 -dioxo-5-phenyl-1,4-
benzothiazepin-8-yl dihydrogen phosphate '

(51)  3,3-Diethyl-2,3,4,5-tetrahydro-1, 1-dioxo-5-phenyl-1,d-benzothiazepin-8-ylhydrogen
sulfate

(52) 3,3-Diethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-
yldihydrogen phosphate

—{53) .. (+~)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4="
benzothiazepin-8-yl aspartate

i
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The compounds of the formula (I) :

Rl 8% /P ngnm
s gl

R 1))
4 3
Rs R R

wherein R1 is a straight chained C;.g alkyl group; R2 is a straight chained Cj_g

. alkyl group; R3 is hydrogen or a group OR!! in which R11 is hydrogen, opticnally

substituted C}.g alkyl or a Cj.¢ alkylcarbonyl group; R% is pyridyl or optionally
substituted phenyl; RS, RS, R7 and RS are the same or different and each is selected
from hydrogen, halogen, cyano, R}3-acetylide, OR15, optionally substituted Ci.¢
alkyl, CORIS, CH(OH)R!5, S(0);R!5, P(O)(OR15);, OCOR!5, OCF;, OCN,
SCN, NHCN, CHaOR!S, CHO; (CH),CN, CONRIZRI3, (CHp)p coznls
(CH2)pNRIZR13, COZR15, NHCOCF;, NHSO2R 15, OCH,0R!5, ocn-crmls
O(CH,CH,0)pR 15, O(CHp)pSO3R13, O(CHz)pNRuRl?' and
O(CHy) 12R13R14 wherein p is an integer from 1-4, n is an integer from 0-3
andRu R13, R14 and RIS are independenly selected from hydrogen and-
opnonaﬂy substituted C}.g alkyl; or RS and R7 are linked to form a group -

- 0
(CRIZRB)

-6

wherein R12 and R13 are as hereinbefore defined and m is 1 or 2; and R? and R10
are the same or different and each is hydrogen or Cj.g alkyl; with the proviso that
when R3 is hydrogen either R7 is not hydrogen or at least two of RS, RS, R7 and
R8 are not-hydrogen; and salts, solvates and physiologically functional derivatives -
thereof.

—————
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2. The compounds as claimed in claim ! which are of the formula (II)

8% v "’n“’
s al

R’

R @
RS s B
S R

wherein R to R10 are as hereinbefore defined and R72 is selected from halogen,
cyano, Rl5-acetylide, ORIS, optionally substitsted Cj.g alkyl, CORIS,
CH(OHR!5, S(O),R15, P(OXOR1S),, OCOR!S, OCF3, OCN, SCN, HNCN,
CH0R15, CHO, (CH2),CN, CONRIZR13, (CH)pCOaR!S, (CHp)pNRIZRI3,
COoRI5, NHCOCF3, NHSOsR!S, OCH,0R!5, OCH=CHRI!S,
O(CHzCH0),R 15, O(CH2)pSO3R!5, O(CHz)pNRI2R13 and
O(CH)pN*RIZRI3R14 wherein n, p and R12 1o R15 are as bereinbefore defined;
and salts, solvates or physiologically functional derivatives thereof.

3.  The compounds as claimed in claim 1 which are of the formuta (II) :

A AR 0

8
" e
R2

¢ H
R s
‘M m

wherein R1-R10 are as defined in claim 1; and salts, solvates and physiologically
fimctional derivatives thereof.

4, The compounds as claimed in claim 1 which are of the formuia (TV)

This Sheet Has Been Replaced

wherein R1-R10 are as defined in claim 1; and salts, solvates and physiologically
functional derivatives thereof.
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5. The compounds as claimed in claim 1 which are of the formula (IVa)
r? R?
R’ O‘SP R¥®
R'
l" Rz

wherein R1-R10 are as defined in claim 1; and salts, solvates and physiologically
functional derivatives thereof,

6. The compounds as claimed in claim 1 wherein: This Sheet Has Been Replaced
R! and R2 are straight chained C).¢ alky};
T i

R4 is unsubstituted phenyl;

R is hydrogen;

R? and R10 are both hydrogen; and either

R7 is selected from halogen, hydroxy, Cj.galkoxy, optionally substituted .

C}.5 alkyl, -S(O)aR15, -OC(O)R13, and -CH,OR15 wherein R15 is hydrogen or

C}.¢ alkyl; and

RS and R8 are independently selected from hydrogen and those groups listed in the

definition of R7; or

RS is hydrogen and RS and R7 are linked to form a group -O-(CHp)py-O- wherein

mis 1 or2; .

and salts, solvates, and physiologically functional derivatives thereof

7. Acompound according to any of claims 1 to 6 wherein RS and R7 are both
methoxy.

8. A compound selected from the group consisting of :

(3R, 5R)-3-Butyl-3-cthyl-2,3,4, 5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

237
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(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4 S-tetrahydro—? 8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1, 1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4,-
benzothiazepin-4-ol 1,1-dioxide; .

(3R, 5R)-7-Bromo-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrrahydro-5-phenyl-1,4-benzothiazepine-7,8-diol
1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl-1,4-
benzothiazepin-7-ol 1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4 S-temhydro-7-m=thoxy—5-phenyl-! 4
benzothiazepin-8-0l 1,1-dioxide;

(+)-Trans-3-butyl-3-ethyl-2,3,4, S-tetrahydro-8-methoxy-5S-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-'rms-3-buzyx-3-exhyl-z.3,4,s-zemhydm-s-phenyl-1,4-benzo:hiazépin-s-o|
1,1-dioxide;

(+-)- Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-4,8- .
diol;

(+-)-Trans-3-buty)-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-pheayi-1,4-

benzothiazepine-7-carbaldehyde 1,1-dioxide; e
" This Sheet Has Been Replaced
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(+-)-Trans-2-((3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-7-yl)methoxy) ethanol S,S-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-hydroxy-S-phenyl-1,4-
benzothiazepine-7-carbaldehyde 1, 1-dioxide;

(+-}-Trans-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-thiol
1,1-dioxide; )

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-
sulfonic acid 1,1-dioxide;

(7R,9R)-7-Butyl-7-ethyl-6,7,8,9-tetrahydro-9-phenyl- 1,3-dioxolo(4,5-H)(1,4)-
benzothiazepine 5,5-dioxide;
(+)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8,9-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;
(3R,5R)-3-butyl-3-ethyl-5-(4-flucrophenyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-1,4-
benzothiazpin-4-ol 1,1-dioxide;

(+)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine-7-methanol S,S-dioxide;

(3R,5R)-3-butyl-3-ethy}-2,3,4, 5-tetrahydro-8-methoxy-7-nitro-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3 4,5-tetrahydro-8-methoxy-7-(methoxymethyl)-5-
phenyl-1,4-benzothiazepine 1,1-dioxide;

(3R;5R)-3-butyl-3-ethyl-2,3,4,S-tetrahydro-5-pheryl-T4-benzothigzepii-7,8-diyl
diacetate 1,1-dioxide;

(8R,10R)-8-Buty}-8-ethyl-2,3,7,8,9,10-hexahydro-10-1,4-dioxono(2,3-H)(1,4)-
benzothiazepine 6,6-dioxide;
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(3&5R)-3-butyl-7.8-diethoxy-2.3.4,5-temhydro-5-phenyl-l,4-benzothiazepine 1,1-
dioxide;

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-5-phenyl-1,4-
b.enzothiazepine 1,1-dioxide hydrochloride;

(+-)-Trans-3-butyl-3-cthyl-2,3,4,5-tetrahydro-5-phenyl- 1,4-benzothiazepin-8-
carbaldehyde 1,1-dioxide;

3,3-Diethy)-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1 4-benzoﬂ'nazepme 1. -
dioxide;

3,3-Diethyl-5-(4-flucrophenyl)-2,3,4,5-tetrahydro-8-methoxy- 1,4-benzothiazepine
1,1-dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1,4-benzothiazepine 1,1~
dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazpin-4,8-diol 1,1-dioxide;

(RS)-3,3-Diethy}-2,3,4,5-tetrahydro-4-hydroxy-7, 8-dimethoxy-5-phenyl-1,4-

benzothiazepine 1,1-dloxide;, =

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-5-phenyi-1,4- { This Sheet Has Been

i T [

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-cthyl-2,3,4,5-tetrahydro-7,8 9-mmeﬂxoxy-5-phenyl-l 4-
benzothiazepin-4-ol 1,1-dioxide;

(3R,5R)-3-butyl-3-ethyl-2,3 4, 5-tetrahydro-S-phenyl-1,4-benzothiazpin-4,7,8-triol
1,1-dioxide;

O -
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(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4,7,8-trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3~butyl-3-ethyl-5—phenyl-2.3.4,5-teu=hydro—7,8—dimethoxy-l,4-
benzothiazepin-<4-yl acetate S,S-dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-diexide;

3,3-Diethyl-2,3,4,5-tetrahydro-7-methoxy-S-phenyl-1,4-benzothiazepin-8-ol 1,1-
dioxide;

3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide;

(+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1, 1-dioxo-5-phenyl-1,4-
benzothiazepin-8-yl hydrogen sulfate;

(+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1,1-dioxo-S-phenyl-1,4-
benzothiazepin-8-yl dihydrogen phosphate; .

3,3-Diethyl-2,3,4,S-tetrahydro-1,1-dioxo-S-phenyl-1,4-benzothiazepin-8-yl
hydrogen sulfate; o

3,3-Diethyl-2,3,4,5-tetrahydro-1, 1-dioxo-5-pheayl-1,4-benzothiazepin-8-yl
dihydrogen phosphate;

(+-)-Trans-3-Butyl-3-ethyl-2,3,4,S-tetrahydro-1,1-dioxo-5-phenyl-1,4-
benzothiazepin-8-yl aspartate; and

3,3-Diethyl-2,3,4,5-tetrahydro-1, I -dioxo-5-phenyi-1,4-benzothiazepin-8-yl

aspartate.

(3R,5R)-3-Butyl-3-cthyl-2,3,4,5-tetrahydro-7, 8-dimethoxy-5-phenyl-1,4-
benzothtazepine 1,1-dioxide, or a salt, solvate, or phystologcally functional
derivative thereof T -

; This Sheet Has g
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Compounds ) having exceptional hypolipidaemic properties include:-

(4~)-u'ans-3-etl:yl-2,3,4,5~ten'ahydro-3-((2R)-2-hydxoxybutyl)-5—phenyl-I,4-
benzothiazepine 1,1-dioxide;
(+-)-trans-1-(3-ethy}-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-3-
yl-2(R)-2-butanol S,S-dioxide;

(+-)-trans-1-(3-ethyl-2,3,4 S-ten'ahydro-s-methoxy-s-phenyl-l ;4-benzothiazepin-3-
y1)-3-butanol §,S-dioxide; .
(-*-)-tmns-l-(3-cthyl—Z,a,4,5-texrahydm-7-methoxy—5-phenyl-l,4-benzothiazepin-3-
¥1)-2(R)-2-butano! S,S-dioxide;
(+)-trans-1-(3-ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-7-methoxy-1,4~
benzothiazepin-3-yl)-2(R)-2-butanol S,S-dioxide;
(+)-trans-1-(3-ethyl-5-(4-hydroxypheny!)-2,3,4,5-tetrahydro-1 ,4-benzothiazepin-3-
yl)-2(R)-2-butanol S,S-dioxide 0.5 hydrate;
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(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-hydroxyphenyl)-1,4-
benzothiazepine 1.1-dioxide hydrochlozride;
(+-)-cis-3-ethyl-2,3,4,5-tetrahydro-3-(4-hydroxybutyl)-5-phenyl-1 4-benzothiazepine
1,1-dioxide hydrochloride; -
(+-)-trans-3-ethyl-2,3.4 S-tetrahydro-:-(4-hydroxybutyl)-5-phenyl—l 4-
benzothiazepine 1,1-dioxide;
(+-)-trans-3-butyl-3-ethyl-2,5,4, 5—teuahydro-7—hydroxy-5-phenyl-l,4~
-benzothiazepine 1,1 dioxide;
(+-)-trans-1-(3-cthyl-2,3,4 S-teuahydro-s-phenyl-l ,A-benzothiazepin-. 3-yl)-4.4 4~
trifluoro-(28)-2-butanol- S,S-dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7-methoxy-35-phenyl-1,4-benzothiazepin-3-
y1)-4,4,4-trifluoro-(25)-2-butano}-S,S-dioxide; .
(+-)-trans-3-Ethyl-2,3,4,5-tetrahydro-3-(3-hydroxybutyl)-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;
(#-)-trans-3-Ethyl-2,3,4,5-tetrahydro-3-(2(R)-2-hydroxybutyl)-5-(4-
hydroxyphenyl)-1,4-benzothiazepine 1,1-dioxide; _
(++)-trans-1-(3-Ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-1,4-
benzothjazepin-3-yI)-2(R)-2-butanol §,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4
benzothiazepin-3-y1)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide;
(+<)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-"
benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-butanol S,S-dioxide;
(+=)-trans- 1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-35-phenyl-1,4-benzothiazepin-
3-yl-2(R)-2-butanol §,S dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-S-phenyl-1,4-
benzothiazepin-3-yl)-4.4,4-trifluoro-2-butanol S,S-dioxide;
(+)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-3,3.4,4,4-pentafluoro-2-butanol S,S-dioxide;
(+)- trans-3-((3-ethyl-2,3,4,5-tetrahydro-5-phenyl-3-(4,4,4-trifluoro-2-
hydroxybutyl)-1, 4-benzothiazepin-8-yl)oxy)propanesulfonic acid 1, 1-dioxide;
_ (#)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)- S-phenylel,4-..
benzothinzepin-8-yl)oxy)ethyltrimethylammonium iodide 1, 1-dioxide;
(+-)-trans-1-(3-Fthyl-2,3,4,5-tetrahydro-7,8-diethoxy-S-phenyl-1,4-
benzothiazepin-3-yl)-4,4.4-trifluoro-2-butanot S,S-dioxide;
(+=)-trans-3-((3-ethyl-2,3.4,5-tetrahydro-3-phenyl-3(4,3,4-trifluoro-2-
hydroxybutyl)-1,4-benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide
1.1-dioxide;
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(+-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)-5-phenyl-1,4-
benzothiazepin-8-yl)oxy)propanesuifonic acid 1,1-dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phenyi-1,4-
benzothiazepin-3-yl)-2-butano] S,S-dioxide;
(+-)-trans-1-(3-(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-5-
phenyl-1,4-benzothiazepin-3-yl)-4,4,4-trifluorc-2-butanol S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dihydroxy-S-phenyl-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; '
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-1-butanol S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dibydroxy-5-phenyl-1,4-
benzothiazepin-3-yl)-2-butanol S,S-dioxide;
(+)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-3-yI)-4,4,4-triflucro-1-butanol S,S-dicxide;
(+)-trans-1-(3-ethyl-2;3,4,5-tetrahydro-7,8-dihydroxy-5-phenyl-1,4-
benzothiazepin-3-y1)-2-butanone S,S-dioxide;

Of the above the following compounds are most preferred:-

(+-)-trans-1-(3-ethyl-5-(4-flucrophenyl)-2,3,4,5-tetrahydro-7-methoxy-1,4-

benzothiazepin-3-yl)-2(R)-2-butanol S,S-dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-y1)-4,4,4-
trifluoro-(28)-2-butanol- S,S-dioxide;
(+-)-trans- 1-(3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl- 1,4-benzothiazepin-3-
y1)-4,4,4-trifluoro~(2S5)-2-butano]-S,S-dioxide;
(+-)-trans-1~(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothinzepin-3-yi)-4,4,4-trifluoro-2(S)-butanoc! S,S-dioxide; '
(+)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-
3-yl-2(R)-2-butanol §,S dioxide;

This Sheet Has Been Replaced
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14)
15)
16)
17)
18)
19)

20)

3y

22}

23)

(+-)-Irans-2,3,4,5-Tetrahydro-3-methyl-5-phenyl-1,4-benzothiazepine-3«
methanol 1,1-dioxide, mp 79-30°C; :

(+-)-Cis-2,3,4,5-Tetrahydro-3-methyl-S-phenyl-1,4-benzothiazepine-3-
methanot 1,1-dioxide hydrochloride 0.25 hydrate mp 222-224°C;

(+-)-Trans-4-(3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1 4-benzothiazepin-5-
yDphenot hydrochioride, mp 234—235°cC(dcc.);

(+)-Trans-5-(4-Benzyloxyphenyl)-3-ethyl-2,3,4,5-tetrahydro-1,4-
benzothiazepine-3-methanol, mp 138-143°C;

' (+-)-Imns-3 -Ethy!-2,3,4.5-teu-ahydru-S-phenyl-l,4-b=nzothiapzepine-3-

methanol l.l-dioxide. mp 134-137°C;

(+-)-I:ans-3-Bthyl-2,3.4 5-tetrahydro-3-(3-hydroxybutyl)-S-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 151-155°C;

(+-)-Cis-3-Ethyl-2,3,4,5-tetrahydro-3-butyl-4-hydroxy-5-(3-pyridyl)-1,4-
benzothiazepine 1,1-dioxide, mp 202-205°C;

(+-)-Cis-4-(3-Butyl-3-ethyl-2,3,4 5-tetrahydro-1,4-benzothiazepin.5-
yi)phenol hydrochloride, mp 236-237°C(dec.);

(+-)-Cis-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-hydroxyphenyl)-1,4-
benzothiazepine 1,1-dioxide, mp 163-165°C;

(+-)-Cis-3-Ethyl-2.3,4,5-tetrahydro-3-(3-hydroxybutyl))-5-phenyl-1,4- This Sheet Has Been Repl

ticgio |-l i3 0 2 A
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(+-)-Trans-3-Ethyl-2,3.4,5-tetrahydro-3~(2(R)-2-hydroxybutyt)-5-(4-
hydroxyphenyl)-1.4-benzothiazepine 1.1-dioxide, mp 197-198°C;




WO 98/40375 PCT/US98/03792

24)
25)
26)
27
28)
29)
30)

31)

32)

13)

34)

35)

{(+-)-Trans-3-Ethyl-2,3,4,5-tetrahydro-3-(2(S)-2-hydroxybutyl)-5-(4-
hydroxyphenyl)-1,4-benzothiazepine 1.1-dioxide, mp 178-179°C;

(+-)-Xrans-3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-1 4-bcnzoth1az=pme-3- -
methanol, mp 104-106°C; i

heet Has Been Replaced

SIS

(+-)-Trans-1-(3-Ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-1,4-
benzothiazepin-3-yI)-2(R)-2-butanol §,S-dioxide, mp 130-132°C;

(+-)-Irans-1-(3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-
y1)-4,4,4-trifluoro-2(R)-2-butanot S,S-dioxide, mp 140-145°C;

(+-)-Irans-1-(3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-
yD-4-fluoro-2-(RS)-2-butanol S,S-dioxide 0.50 hydrate, mp 130-147°C;

(+-)-Txans-1-(3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-
yl)-4,4,4-trifluoro-2(S)-2-butano} S,oxide, mp 159-161°C;

(+-)-Trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl1)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide, mp 168-
170°C;

(+-)-Irans-1~(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide, mp 175-1790C;

(+-)-Trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl-2(R)-2-butanol §,S-dioxide, mp 156-1570C;
(+-)-Irans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide:

(+-)>-Trans- l-(3-Ethyl-2.3,4,S-teunhydro-8-methoxy-5-phcnyl-l.4-
benzothiazepin-3-yl)-3,3,4,4,4-pentafluoro-2-butanol S,S-dioxide;

36)

37N

38)

(+)-Irans-1-(3-Ethy}-2,3,4,5-tetrahydro-7.8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-y1)-3,3,4.4 4-pentaﬂuoro-2-butanol S,S-dioxide;

(+-)-Trans-3-((3-ethyl-2,3,4,5-tetrehydro-5-phenyl-3-(4,4,4-trifluoro-2-
hydroxybutyl)-1.4-benzothiazepin-7-yl)oxy)propanesulfonic acid 1,1-dioxide;

("")'Il:iln::3-((3—elhyl-2.3.4.5-letra.hydro-5-phenyl-3-(4.4,4-triﬂuoro-2-

2Y4
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hydroxybutyl)-1,4-benzbthiazepin-8-yl)oxy)propanesulfoxﬁc acid 1,1-dioxide;

39) (+-)-Trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)-5-phenyl-1,4-
benzothiazepin-7-yloxy)ethyitrimethytammonium icdide 1,1-dioxide;

40) (+-)-Tmans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)-5-phenyl-1,4-
benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 1,1-dioxide;

41) . (+)-Irans-1-(3-Ethyl-2,3,4,5-tetrahydro-7, 8-d1eﬂxoxy-5-phenyl—1 4-
benzothiazepin-3-yl)-4,4,4-triflucro-2-butanol S,S-dioxide;

42)  (+)-Trans-3-((3-ethyl-2,3,4,5-tetrahydro-5-phenyl-3(4,4,4-trifluoro-2-
hydroxybutyl)-1 #bcnmthmzepw?-yl)oxy)ethylmmethylammomum jodids
1, l-dxoxxde

43) (+~)-Irans-3-((3-ethyl-2,3,4,5-tetrahydro-5-phenyl-3(4,4,4-trifluoro-2-
hydroxybutyl)-1,4-benzothiazepin-8-yl)oxy)ethyitrimethytammonium iodide
1,1-dioxide;

44) (+-)-Inns-3-((3 -ethyl-2,3 4,5-tetrahydro-3-Q-hydroxybutyl)-s-phenyl-l 4-
benzothiazepin-8-yl)oxy)propanesuifonic acid 1,1-dioxide;

45) (+-)-Irans-3- ((3-ethyl-2,3,4,5-ten'ahydro-a-(2-hydroxybutyl)-5-phcnyl-I 4=
benzothiazepin-7-yl)oxy)propanesulfonic acid 1,1-dioxide;

46) (+-)-Irans-1-(3-cthyl-2,3,4,5-tetrahydro-7, E-dxethoxy-s-pheayl-l 4-
benzothiazepin-3-yl)-2-butanol S,S-dioxide;

47) (+-)>-Irans-1-(3-(2,2,2-triflucroethyl)-2,3,4,5-tetrahydro-7, 8-dimethoxy-5-
phenyl-1,4-benzothiazepin-3-y1)-4,4,4-trifluoro-2-butanol S,S-dioxide;

48) (+-)-Trans-1-(3-(2,2,2-triflucroethyl)-2,3,4,5-tetrahydro-8-methoxy-5-
phenyl-1,4-benzothiazepin-3-yl)-4,4, 4-mﬂuoro-2-bmancl S,S-dioxide;

49) (+-)-Traps-1-(3-Ethyl-2,3,4,5-tetrahydro-9-methoxy-5-phenyl-1,4- .
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; This Sheet Has Been Replaced

50) __(+)-Trans-1-G3-ethyl-2,3,4,5-tetrahydro-9-methoxy-S-phenyl-1,4- l
~ " benzothiazepin-3-yl)-2-butanol S,S-dioxide;

51) (+)-Trans-1-(3-Ethyl-2,3,4 Sotet.rahydroﬂ 8-dihydroxy-5-phenyl-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S ,S-dioxide;

52) (+-)-Ttans-1-(3-ethyl-2.3.4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-1-butano] S,S-dioxide;
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53)

54).

33)

S6)
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1. A compound of formula (I):

©Om 57
1 r6
| S
)&. r* -

Wherein ®p 1

R %2 3

. R R ThlS Sheet Has Been Replaced

g ot om0 [T
n is an integer of from 0 t0 2;

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy,
aryl, heteroary), aryloxy, arylalkoxy, aralkyl, aikaryl, -O(CHp);SO3R1],
-O(CI-Iz)pNRI 1rR12 .Q(CHﬂpml 1R12R14 .coRl!! -cole 1

-CONR1IR12, .CH,0R11, .NR1IR12, .NHCOR!], -NHSO2R11, .sgl 1
-SO2R11, -SO;NR11R12 and -SO3R11 or R is a group -OCH20- which forms a
further ring attached to X wherein p is an integer of fom 1 t0 4, R11 R12are =
independently selected from hydrogen, Cj.6 alkyl and phenyl and R14 is hydrogen -
or C}.¢ alkyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy,
aralkyl and alkaryl groups are optionally substituted by one or more atoms or gronps
selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -COR11, -CO,R1],
-SO3R11 wherein R11 is as hereinbefore defined and -NR14R15 wherein R14 is as
bereinbefore defined and R13 is hydrogen or C}.4 alkyl

Rlis hydrog or C1.6 alkyl;

- R? is an atom-or-group selected from hydrogen; Cj.g alkyl-(including-cycloalkyl —
and cycloalkylalkyl), Cj.4 alkoxy, pymyl, thienyl, pyridyl, 1,3-benzodioxolo,
phenyl and naphthyl, which groups are optionaily substituted by one or more atoms
or groups independently selected from halogen, cyano, hydroxy, nitro, carboxyl,
phenyl, phenoxy, benzyloxy, -COR11, -COsR11, -CONRIIR12, .CH,0R]], .
-NRIIRI2 .NHCOR!I, -NHSO4R1], -SR!1, -SO;R11, -SO3R!1 (wherein R1!
and R12 are as hereinbefore defined), -OCH2)pNR! IR12, ~0(CH2)pN"‘R1 IRI2R13

349
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and -O(CHp) SO3R!! (wherein p, R11 and R12 are as hercinbefore defined and
R13 is hydrogen or Cp.g alkyl);

R3 is hydrogen, hydroxy Cj.g alkyl, alkoxy or -0-C}.g Acyl;

R4 is a group independently selected from C1.-6 alkyl (including cycloalkyl and
cycloalkylalkyl), C3.¢ alkenyl, and Cj. alkynyl, which groups are optionally
.substituted by one or more atoms or groups independently selected from halogen,
oxo, -OR!4, -COR 14, -NRI4R15, -SR14, -5(0)C}.6 alkyl, -SO2R14 2nd -SO3R 14
(wherein R14 and R15 are as hereinbefore defined );

RS is 2 group independently selected from Co.6 alkyl (including cycloalkyl and -
cycloalkylalkyl), C.g alkenyl and Co_g alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
oxo, -OR14, .CO,R14, -NRI4R15, -SR14, -5(0)C;.6 alkyl, -SO;R14 and -SO3R 14
(wherein R14 and R15 are as hereinbefore defined);

or R# and R3, together with the carbon atom to which they are attached, form 2 C3.7
spiro cycloalkyl group which is optionally substituted by one or more atoms or
groups independently selected from halogen, -OR14, -CO2R 14, -SO3R14 and

. NR14R13 (wherein R14 and R15 are as hereinbefore defined);

- R6 and R7 are independently selected from hydrogen and Cj.g alkyl; and

X is an aromatic or non-aromatic monocyclic or bicyclic ring system
having from 5 to 10 carbon atoms (including the two carbon atoms forming
part of the thiazepine ring) wherein optionally one or more of the cartbon
atoms is/are replaced by hetercatom(s) independently selected from nitrogen,
oxygen and sulphnr;

with the proviso that at least one of R, RZ, R4 and RY is hydroxy or 2 group_
“containing hydroxy;

and salts, solvates and physiologically functional derivatives thereof,
This Sheet Has Been Rep
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.isan int?ger- of from 1 10-4; K11 and-R12 are as-heseinbefort definsd mmd R13 is
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1is 0,1, 0r2;

—————

nis 1 or2; and
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R3 is hydrogen or hydroxy

A compound as claimed in Claim 2 which is a trans isomer wherein:
lisOori;
nis 2; and

R4 and R3 are groups independently selected from C1.4 alky! (including cycloalkyl
and cycloalkylalkyl), Co.g alkenyl and Co.g alkynyl, wherein said alkyl, alkenyl, or
alkynyl group may be substituted by one or more hydroxy groups, or R4 and RS,
together with the carbon atom to which they are attached, form a C3.7 spiro
cycloalky] group which can be substituted by one or more hydroxy groups; or

IisOorl;
nis2;

_R2 is a phenyl group which may be substituted by one or more atoms or groups
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl,
phenoxy, benzyloxy, -COR11, .COoR11, .CONRIRI2, -CH4 ORI, :
-NRUIR12, .NHCOR!}, -NHSO,R!}, -SR11, -SO5RY}, -SO3R!! (wherein R1!
and R12 are independently selected from hydrogen, Cj.¢ alkyl and phenyl),
-O(CHp) NRIIR12, -O(CH;) NR* 1IR12R13 and -O(CHg) SO3R1! (wherein p

hydrogen or Cy.¢ alkyl);

R4 and RS are groups independently selected from Cy.g alkyl (including cycloalkyl
and cycloalkylatkyl), C2.6 2lkenyl and C.6 alkynyl, wherein said alky}, atkenyl, or
alkynyl group may be substituted by one or more hydroxy groups, or R4 and RS,
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together with the carbon atom to which they are antached, form a C3.7 spiro
cycloalkyl group which can be substituted by one or more hydroxy groups; or

lisGor1:

nis2;

R2 is a phenyl group which may be substituted by one or more atoms or groups

independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl,
phenoxy, benzyloxy, -COR11, -CO5R11, -CONR1IR12, .CHyOR!],

NR1IR12, .NHCOR!], -NHSO5R1], -SR1}, -SO9R11, -SO3R11 (wherein R11
and R12 are independently selected from hydrogen, Cj.g alkyl and phenyl), -
O(CHy) NRIIRI2, .O(CHy) NR* 11RIZRI3 and -O(CHg) SO3R1! (wherein p is
an integer of from 1 10 4, lﬁl and R12 gre s hereinbefdre defined and R13 is
hydrogen or Cj.¢ alkyl);

R% and R are groups independently selected from Cj.¢ alky! (inchuding cycloalkyl
and cycloalkylalkyl), Co.¢ alkenyl and Cj.6 alkynyl, which groups can be
substituted by one or more hydroxy groups; and

X is a fused phenyl, naphthyl, pyrryl, thienyl, or pyridyl group;
A compound as claimed in Claim 1 which is:

(+-)-trans-3-cthy}-2,3,4,5-tetrahydro-3(2R)-2-hydroxybutyl)-5-phenyl-1,4-

benzothiazepine 1,1-dioxide; )
(+=)-trans-1-(3-cthyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-3-
yl-2(R)-2-butanol S.S-dioxide;
(4)-trans-1-(3-¢thyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl-1,4-benzothiazepin-3-
yD)-3-butanotl S,S-dioxide;

is Sheet Has Been Replaced

T

(+-)-trans-1-(3-ethyl-2,3,4,5-tetraliydro-7-methoxy-5-phenyl-1,4-benzothiazepin-3-
y1)-2(R)-2-butano! S,S-dioxide;
(+-)-trans-1-(3-cthyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-7-methoxy-1,4-
benzothiazepin-3-y1)-2(R)-2-butanol S,S-dioxide;
(#-)-trans-1-(3-cthyl-5-(4-hydroxypheny!)-2,3,4,5-tetrahydro-1,4-benzothiazepin-3-
¥D-2(R)-2-butano] S.S-dioxide 0.5 hydrate:

S
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(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-hydroxyphenyl)-1,4-
benzothiazepine 1,1-dioxide hydrochloride;
(+-)-cis-3-ethyl-2,3,4,5-tetrahydro-3-(4-hydroxybutyl)-3-phenyl-1,4-
benzothiazepine 1,1-dioxide hydrochloride;
(+-)-trans-3-ethyl-2,3,4,5-tetrahydro-3-(4-hydroxybutyl)-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;
(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7-hydroxy-5-phenyl-1,4-
benzothiazepine 1,1 dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1 4-benzoth:mpm-3-yl)—4,4 4-
trifluoro-(2S)-2-butanol- S,S-dioxide;
(+-)-trans-1-(3-cthyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1 4-bcnzcthxachm—3-
yl)-4,4,4-trifluoro-(2S)-2-butanol-S,S-dioxide;
(+-)-trans-3-Ethyl-2,3,4,5-tetrahydro-3-(3-hydroxybutyl)-3-phenyl-1,4-
benzothiazepine 1,1-dioxide; -
(+=)-trans-3-Ethyl-2,3,4,5-tetrahydro-3-(2(R)-2-hydroxybutyl)-5-(4-
hydroxyphenyl)-1,4-benzothiazepine 1,1-dioxide;
(+-)-trans-1-(3-Ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-1,4-
benzothiazepin-3-yi)-2(R)-2-butano! S,S-dioxide;
(#-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4
benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyi-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-butanol S,S-dioxide;
(+-)-trans-1-(3-ethyl-23,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1, 4-
benzothiazepin-3-yl-2(R)-2-butano! S,S dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-y1)-4,4,4-trifluoro-2-butanol S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-3,3,4,4,4-pentafluoro-2-butanol S,S-dioxide;
(+-)- trans-3-((3-ethyl-2,3,4,5-tetrahydro-5-phenyl-3-(4,4,4-trifluoro-2-
hydroxybutyl)-1, 4-benzothiazepin-8-yl)oxy)propanesulfonic acid 1, 1-dioxide;
-(¥-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)-5-phenyl-1,4-
benzothiazepin-8-yl)oxy)ethyltrimethylammonium jodide 1, I-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7.8-diethoxy-5-phenyl-1,4-
benzothiazepin-3-y1)-4,4,4-trifluoro-2-butanol S,S-dioxide;
(+-)-trans-3-((3-ethyl-2,3,4.5-tetrahydro-5-phenyl-3(4,4,4-trifluoro-2- -
hydroxybutyl)-1.4-benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide
I.1-dioxide:
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(+-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-hydroxybutyl)-S-phenyl-1,4-
benzothiazepin-8-yl)oxy)propanesulfonic acid 1,1-dioxide;

' (4-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5:phenyl-1,4-
benzothiazepin-3-yl)-2-butanol S,S-dioxide;
(+-)-trans-1-(3-(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-5-
phenyl-1,4-benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide;
(+)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dihydroxy-5-phenyl-1,4-

benzothiazepin-3-y1)-4,4,4-trifluoro-2-butanol S,S-dioxide;
(#-)-trans-1-(3-cthyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
‘benzothiazepin-3-yl)-1-butanol §,S-dioxide;
(4)-trans-1-(3-Ethy}-2,3,4,5-tetrahydro-7,8-dihydroxy-5-phenyi-1,4-
. benzothiazepin-3-yl)-2-butanol S,S-dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyi-1,4-
benzothiazepin-3-y1)-4,4,4-trifluore-1-butano] S,S-dioxide; or
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dihydroxy-5-phenyl-1,4-
benzothiazepin-3-yl)-2-butanone S,S-dioxide )

5. Acompoundas claimed in claim 1 of the formula (fa)

©n o7
L Lo
RS (12)
RrR? S
®p 1

wherein R R2 g3 This Sheet Has Been Replaced
o g e O A
nis an integer of from 0 to 2;

R'i5 an atom or group ‘selected from halogen, cyano, hydroxy, nitro, alkyl, alkosy,
ary), heteroary}, aryloxy, arylalkoxy, aralky), alkaryl, -COR!1, -CO5R11,
-CONR!R1Z, .CH;0R!1, -NRUIR1Z, .NHCOR!!, -NHSO5R1], -SR11, -SO5R11
and -SO3R1! wherein R11 and R12 are independently selected from hydrogen, Cj.¢
alkyl and phenyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy,
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups
selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -CORL1, .CO,R!Y, -
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SO3R11 wherein R} is'as hereinbefore defined and -NRI4R15 wherein R14 and
R15 are as hereinbefore defined;

R! is hydrogen or Cj.¢ alkyl;

R2 is an atom or group selected from hydrogen, Cj.¢ alkyl (including cycloalkyl and
cycloalkylalkyl), C1.4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and
naphthyl, which groups are optionally substituted by one or more atoms or groups
independently sclected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl,
phenoxy, benzyloxy, -COR!1, -CO9R11, -CONRIIR12, .CH,0R1}, -NRIIR 12,
-NHCOR!1, -NHSOZR!1, -SRI, -SO5RI1, -SO3R!! (wherein Ri! and RI2 are
independently selected from hydrogen, Cj.g alkyl and phenyl), -O(CHy) NRIIRI2,
-O(CHg) N*R1IRI2R!3 and -O(CH) SO3R11 (wherein p is an intefér of from 1
to 4, R1and R12 are as hereinbefore défined and R13 is hydrogen or Cj.g alkyl);

R3 is selected from hydrogen, hydroxy and Cj.g alkyl;

R4 is a group independently selected from Cj.g alkyl (including cycloalky! and
cycloalkylalkyl), C2.¢ alkenyl and Cy.g alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen, .
-OR14, -CO;R14, -NRI4R1S and -SO3R14 (wherein R14 and R15 are independently
selected from hydrogen and Cy.4 alkyl);

RJ is a group independently selected from Co.g alkyl (including cycloalkyl and
cycloalkylalkyl), Co.g alkenyl and Cp.g alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
-OR14, .COoR14, -NRI4R15 and -SO3R14 (wherein R14 and R15 are independently
selected from hydrogen and Cj.¢ alkyl);

or R4 and R3, together with the carbon atom to which they are attached, form a C3.:}

* " spiro cycioalky! group which is opticnally substituted by one or more atoms or groups
independently selected from halogen, -OR14, .COsR14, -SO3R14 and -NR14R1S
(where R14 and R15 are as hereinbefore defined;

RS and R7 are independently selected from hydrogen and Cjg alkyl; and
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having from 5 to 10 carbon atoms (including the two carbon atoms forming part of
the thiazepine ring) wherein opiionally one or more of the carbon atoms is/are
replaced by heteroatom(s) independently selected from nitrogen, oxygen and sulphur;

with the proviso that at least one of R, R2, R4 and R3 is hydroxy or a group
containing hydroxy;

and salts, solvates and physiologically functional derivatives thereof, -

6. A compound of formula (I):

(i)n 7 y o
B3 ™
®Rp al i
R? R3 ——
whercx.n ThlS Sheet Has Been R,
o smons T
n1is an integer of from 0 10 2;

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy,
aryl, heteroaryl, aryloxy, arylalkoxy, aralkyl, alkary], -O(CH2)pSO3R11,
,O(CHZ)pNRI IR12 -O(CH;;)pN"'Rl 1r12R14, .COR!}, -COzRM,
-CONR!IRI2, .CH,OR!!, -NR1IRI2, .NHCOR!], .-NHSO5R11, .snll,
-SOzR11 .SO5NR11R12 and -5O3R!! or R is a group -OCH20- which forms a

- further ring attached to X whereirrp isan integerof from 1 to 4, R11'afid R12are
independently selected from hydrogen, C;.6 alkyl and phenyl and R14 is hydrogen
or C1.¢ alkyl, wherein said alkyl, alkoxy, ary}, heteroaryl, aryloxy, arylalkoxy,
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups
independently selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -COR1},
-CO9R11, -SO3R11 wherein R11 is as hereinbefore defined and -NRI4R15 wherein
R14 is as hereinbefore defind and R13 is hydrogen or C.4 alkyl;
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R1 is hydrogen or C}.g alkyl;

R? is an atom or group selected from hydrogen, Cj.g alkyl (including cycloalkyl

and cycloalkylalkyl), Cj.4 alkoxy, pymyl, thienyl, pyridyl, 1,3-benzodioxolo,
pheny! and naphthyl, which groups are optionally substituted by one or more atoms
or groups independently selected from halogen, cyano, hydroxy, nitro, carboxyl,

. phenyl, phenoxy, benzyloxy, -COR11, .COoR11, .CONR1IRI2, -CHo0RIY,

NRIIR12, -NHCOR!], -NHSO9R1}, -SR1], -SO;R1Y, -SO3R!! (wherein R11
and R12 are independently selected from hydrogen, Cj. alkyl and phenyl),
-O(CH3) NR1IR12, .0(CHy) N*R1IRI2R13 and -O(CH;) SO3R!! (whereinp is
an intege? of from 1 10 4, RE! and R12 are as hereinbefore defined and R13 is
hydrogen or Cy.¢ alkyl);

R3 is hydrogen, hydroxy Cy.g alkyl, alkoxy or -O-C1.g Acyl;

R4 is a group independently selected from Cj.g alkyl (including cycloalkyl and

cycloalkylalkyl), Ca.¢ alkenyl and- C5.¢ alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,

oxo, -OR14, -COoR14, .NRI4R15, -SR14, -5(0)Cy .5 alkyl, -s02k14 and -503R14
(wherein R14 and R!5 are as hereinbefore defined);

R5 is a group independently selected from C3-6 alkyl (including cycloalkyl and
cycloalkylalkyl), C3.¢ alkenyl and Cs.g alkynyl, which proups are optionally
substituted by one or more atoms or groups independently selected from halogen,
oxo0, -OR14, -COoR14, .NRI4R15, .SR14,-S(0)C}.6 alkyl, -SOoR 14 and -SO3R14
(wherein R} and R15 are as hereinbefore defined); .

or R4 and RS, together with the carbon atom to which they are attached, form a C3.7
spiro cycloalkyl group which is optionally substituted by one or more atoms or

__groups independently selected from halogen, -OR!4, -COoR14, -SO3R14 and

- R6 and R7 are independently selected from hydrogen and Cy.¢ alkyl; and— -

-NRI4R15 (where R14 and R15 are as hereinbefore defined;

Th1s Sheet Has Been Repl
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having from 3 to 10 carbon atoms (including the two carbon atoms forming
part of the thiazepine ring) wherein optionally one or more of the carbon
atoms is/are replaced by hetercatom(s) independenﬁy selected from nitrogen,
oxygen and sulphur;

with the proviso that at least orie of R, R2, R4 and RS is hydroxy or a group
containing hydroxy;

and salts, solvates and physiologically functional derivatives thereof, for use in the
prophylaxis or treatment of clinical conditions for which a bile acid uptake inhibitor
in indicated.
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Compounds of formula (I) having exceptional hypolipidaemic properties include:-

(-)-(RR)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine 1,1-dioxide;
(+-)-trans-3-((E)-2-butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyi-1,4-benzothiazepinel,1-
dioxide;

(+-)-trans-3-ethy}-2,3,4,5-tetrahydro-3-(3-methoxypropyl)-5-phenyl-1 4-benzoth:azepme
1,1-dioxide;

(+-)-trans-1 -(3-ethyl-2,3,4,5—tetrahydro-5-phenyl-!,4-benzot1nazepm—3-yl)-2-butanones,s-
dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-3-yl)-2-
butanone S,S-dioxide hydrochloride 1.1 hydrate;
(-+-)-trans-3-(1-butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepinel, 1 -dioxide
hydrochloride 0.4 hydrate;

(+-)-trans-3-(ethoxyethy!)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1 4-benzotluazepme1 1-
dioxide hydrochloride hemihydrate;

(4-)-trans-3-(ethoxymethyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepinel,1-
dioxide hydrochloride;

(+-)-trans-ethyl 3-(3-cthyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-yl)propionate
1,1.dioxide;

(+-)-trans-(E)-4-(3-ethyl-2,3,4 S-ten'ahyd:o-s-phenyl-l 4-bcnzoﬂuachm-3-yl)-3-butm—2—
one 1,1-dioxide;

(+-)-2,3,4,5-tetrahydro-8-methoxy-5-phenylspiro(1 ,4-benzothiazepine-3, l-cyclohzxane)
1,1-dioxide;
(+-)-trans-3-butyl-3-cthyl-2,3,4,5-tetrahydro-5-(4-pyridyl)-1,4-benzothiazepine 1,1-dioxide;
(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4-hydroxy-5-(4-pyridyl)-1 4-benzoth:azep1ne
1,1-dioxide;
(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(2-thienyl)-1,4-benzothiazepine 1,1-dioxide;
(4-)-trans-3-butyl-3-ethyl-2,3,4,5-tctrahydro-5-(1H-pyrrol-1-y1)-1,4-benzothiazepinel,1-
dioxide;
(+-)-trans-3:butyl-3=ethyl2,3;4;5-tetrahydro=5-phenylpyrido(4,3-F)-1;4-benzothiazepine
1,1-dioxide; '
(+-)-trans-3-butyl-3-ethyl-3,4,5,7-tetrahydro-5-phenyl-2H-pyrrolo(3,4-F)-1,4-
benzothiazepine 1,1-dioxide 0.1 hydrate;
(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenylthieno(2,3-F)-1,4-benzothiazepine1, 1-
dioxide;
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(+-)-trans-3-¢ethyl-2,3,4,5-tetrahydro-5-phenyl-3-(4,4,4-trifluorobutyl)-1,4-benzothiazepine
1,1-dioxide;

(+-)-trans-2,3,4 5-tetrahydro-3-1sopxopyl-a-methyl-s-phenyl-l ;4-benzothiazepine 1,1-
dioxide 0.25 H20;
{+-)-trans-3-((E)-2-Butenyl)-3-ethyl-2,3,4.5-tetrahydro-5-phenyl-1,4-benzothiazepine;
(+-)-Cis-2,3,4,5- Tetrahydro-S-xsopmpyl-B-meﬂzyl-S-phcnyl-l 4-b=nzothxazepme 1,1-dioxide
0.66 HyO;

(+-)-trans-3-(3-Ethyl-2,3,4, S-Imahydro-s-phenyl-l ,~A-benzothiazepin-3-yl)propanot 1, l
dioxide;

(+-)-trans-3-Ethyl-5-(4-Fluorophenyl)-2,3,4,5-tetrahydro- 7-methoxy-3-(3-methoxypropyl)-
1,4-benzothiazepine 1,1-dioxide hydrochloride;
(+-)-2,3,4,5-Tetrahydro-7-methoxy-5-phenylspiro(1 4~benzothxachme-3 1-cyclohexane)
1,1-dioxide;

(+-)-trans- l-(3-Ethyl-z,3,4.5-ten'ahydm-7-methoxy-..-ph:nyl-l,4-benzotlnachin—3-yl)-2—
butanone S,S-dioxide hydrochloride;

(+-)- trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyinaphtho(3,2-F)-1,4-benzothiazepine
1,1-dioxide;
(+~)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-3-yI)-
2-butanone S,S-dioxide;

(+-)-trans-3-(1-butenyl)-3-cthyl-2,3.4 5-!ctmhydzo-7 s-dnnetlmxy-s-phcnyl -1,4-
benzothiazepine 1,1-dioxide;

(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7, 8-dxm:thoxy—5-phenyl—l 4-benzoﬂnazepm—3-yl)-
3-butanone S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-35-phenyl-1,4-benzothiazepin-3-yl)-1«
butanone S,S-dioxide;
(+-)-trans-1-(3-Ethy}-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-3-yl)-
1-butanone S,S-dioxide;
(*-)-wans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-3-yl)-
4,4,8-trifluoro-1-butanone 8,S-dioxide;
(+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepin-3-yi)-
_33,4,4,4-pentafluoro-2-butanone S,S-dioxide;
(++)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1 4-benzoﬁnazepm-3-yl)-
4,4 4-trifluoro-2-butanone S,S-dioxide;
(+-)-n'ans-3-ethyl-2,3.4,5-tctrahydro-7.8-dimethoxy-5-phenyl-3-(4,4,4-triﬂuombutyl)-l,4-
benzothiazepine 1,1-dioxide;
(-i-.)-tmns-l-(3-(2,2,2-triﬂuoroethyl)-2,3,4,5-ten'ahydro-7,8-dimethoxy-5-phenyl-I,4-
benzothiazepin-3-yl)-2-butanone S,S-dioxide;
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(+-)-trans-1-(3-Ethyl-2,3,4,5-1etrahydro-7,8-diethoxy-5-phenyl- 1 ,4-benzothiazepin-3-yl)-2-
butanone S,S-dioxide;
(+-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxobutyl)-5-phenyl-1,4-benzothiazepin-8-
yDoxy)propanesulfonic acid 1,1-dioxide;
(+—)-trans-2-((3-etbyl-2,3,4,5-teu'ahydro-3-(2-oxobutyl)-5-phcnyl-l JA-benzothiazepin-8-
yhoxy)ethyltrimethylammonium iodide 1,1-dioxide;

(-)-(RR)-B-bmyl-S-ethyl-z,3.4,5-tetrahydro-5-phenyl-l,4-benzoﬂ1iazep§ne 1,1-dioxide;
(+-)-trans-1-(3-¢thyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-3-y1)-2-
butanone §,S-dioxide hydrochloride 1.1 hydrate;
(+-)-Cis-2,3,4,5-Tetrahydro-3-isopropyl-3-methyl-5-pheny!-1 4-benzothlazepme 1,1-dioxide
0.66 H20;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-S5-phenyl-1,4-benzothiazepin-3-yl)-
2-butanone S,S-dioxide;
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(+-)-2,3,4,5-Tetrahydro-5-phenylspiro(l 4-benzot!uazepme-3 1%
cyclohexane) 1 l-dxoxxde mp 177-175°C;

(+-)-Traps-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4-
benzothiazepine 1,1-dioxide 0.25 H20, mp 130-1320C;

(+)~(8)-2,3,4,5-Tetrahydro-5-phenylspiro(1,4-benzothiazepine-3,1'-
cyclohexane) 1,1-dioxide, mp 210-2119C;

->R)-2,3,4,5-Tetrahydro-3-phenylspiro(1,4-benzothiazepine-3,1'-
cyclohexane) 1,1-dioxide, mp 210-2119C;

(+-)-Trans-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4-
benzothiazepine bydrochloride, mp 211-213°C;

(+-)-Cis-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4-
benzothiazepine hydrochloride, mp 268-270°C;

(+-)-3-sec-Butyl-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1,4-
benzothiazepine hydrochlioride, mp 202-205°C;

(+-)-4,5-Dihydro-5-phenylspiro(1 .4-benzothiazepine-3-(2H),1'-
cyclopentane) hydrochloride 0.25 H70, mp 224-226°C;

(+-)-2,3,4,5-Tetrahydro-5-phenylspiro(1,4-benzothiazepine-3,1'-
cyclohexane) hydrochioride. H20, mp-167-169°C (eff.);-

(+-)-5-(2-Fluoropheny!)-2.34,5-tetrahvdrospiro(1 .4-benzothiazepine.
3.1"-cyclobexane) 1.1-dioxide. mp 160-161°C;

(+-)-Cis-3+(2,3 4,5-tetrahydro-3-methyl-5-phenyl-1.4-benzothiazepin-3-
yhpropionic acid 1.1-dioxide 0.5 H20, mp 132-133°C;

a2(2
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31)  (=-)}-Trans-Ethyl 3-(2,3.4,5)-tetrahydro-3-methyl-5-phenyl-1,4-
’ benzothiazepin-3-yl)propioniate 1.1-dioxide, mp 143-1480C;

32) (--)-Cis-Ethyl 5-(2,3,4,5-terrahydro-3-methyl-5-phenyl-1,4-
benzothiazepin-3-yl)valerate 1,1-dioxide, mp 121-1220C;

33)  (=-)-Tmns-3-((E)-2-Butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine, mp 69-740C;

34) *  (=-)-Trans-3-Ethyl-2,3,4,5-tetrahydro-3-isopropyl-5-phenyl-1,4~
- benzothiazepine 1,1-dioxide, mp 116-1189C;

35)  (+-)-Cis-3-iso-Butyl-3-ethyl-2,3,4.5-terrahydro-5-phenyl-1,4-
benzothiazepine 1~oxide, mp 91-93°C;

36) (+-)-Cis-3-iso-Butyl-3-ethyl-2,3,4.5-tetrahydro-5-phenyl-1 ,4-
benzothiazepine 1,1-dioxide, mp 149-1510C;

37)  (+-)-Trans-3-iso-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine 1-oxide, mp 92-939C;

38)  (+)-Irans-3-iso-Butyl-3-ethyl-2.3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 101-1030C;

39)  (+)-Cis-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-(3-pyridyl)-1,4-
benzothiazepine 1,3-dioxide, mp 60-61°C;

40)  (+-)-Cis-Ethyl-2,3,4,5-tetrabydro-5-phenyl-1,4-benzothiazepine-3-
carbaldehyde 1,1-dioxide, mp 162-164°C;

41)  (+-)»-Cis-2.3,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4- -
benzothiazepine 1,1-dioxide 0.66 H20, mp 119-1200C; B

42)  (+-)Trams- _,.Ethyl_g,_,,4,s.czrahvdro-;-xsopmpyl-5-phcnyl-l 4- This Sheet Has Been R
e Ny

43)  (+-)Cis-3-Ethyl-2,3,4,5-terzhydro-3-isopropyl-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 150-1520C;

44)  (+):Cis-3-Butyl-3-ethyl-2.3,4, S-terahydro-4-hydroxy-5-(3-pyridyl)-1,4-
benzothiazepine 1,1-dioxide, mp 202-205°C;

45) (+-)}-Trans-3~(3-Ethyl-2.3.4,5-tetrahydro-35-phenyl-1 -benzothiazepin-3-
¥Dpropanol 1,1-dioxide mp 164-165°C;

46)  (~-)-Irans-3-Ethyl-5-(4-Fluorophenyl)-2.3.4,5-tetrahydro-7-methoxy-3-

3(3
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(3-methoxypropyl)-1,4-benzothiazepine 1,1-dioxide hydrochioride, mp
179-1810C;

47y  (+-)-Cis-3-Buryl-3-ethyl-2,.3,4,5-terrahydro-5-phenyipyrido(4,3-F)-1,4-
thiazepine 1,1-dioxide 0.333 H20, mp 111-1120C;

48)  (+)-Cis-3-Buryl-3-ethyl-2,3,4,5-tetrahydro-5-(1H-pymol-1-y1)-1,4-
: benzothiazepine 1,1-dioxide, mp 50-520C;

49)  (+-)-Cis-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl- 7H-pyrrolo(3,4-F)-
- 1,4-thiazepine 1,1-dioxide 0.125 H20, mp 75-77°C;

50)  (+-)2,3,4,5-Tenahydro-7-methoxy-3-phenylspiro(1.4-benzothiazepine-
3,1-cyclohexane) 1,1-dioxide, mp 142-143°C;

51) (+-)-Irans-1-(3-Ethyl-2.3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-2-butanone S,S-dioxide hydrochloride, mp 175-
176°C;

52)  (+-)- Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenylnaphtho(3,2-F)-
1,4-benzothiazepine 1,1-dioxide, mp 128-131°C;

53) (+-)-Trans-3-Butyl-3-ethyl-2,3,4, 5-tetrahydro-5-(2-pyridyl)-1,4-
benzothiazepine 1,1-dioxide, mp 50-53°C;

54) (+-)-Trans-3-Buty-3-ethyl-2,3,4,5-tetrahydro-5-(3-pyridyi)-1,4-
benzothiazepine I;I:dioxide 0.25 hydrate, mp 153-155°C;

55)  (+)-Trans-1-(3-Ethyl-2.3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-y1)-2-butanone S,S-dioxide, mp 142-146° C;

56) (+-)-Trans-3-(1-butenyl)-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl
-1,4-benzothiazepine 1,1-dioxide

57} . (+-)-Trans-3-(1-butenyl)-3-cthyl-2,3,4,5-tetrahydro-7.8-dimethoxy-5-
phenyl -1,4-benzothiazepine 1,1-dioxide

58) (+-)-Trans-1-(3-Ethyl-2.3,4,5-terahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-3-butanone S,S-dioxide

'59) (+-)-Trans-1-(3-Ethyl-2.3.4,5-tetrahydro-7, B-dxmethoxv-a-phmyl-l s
benzothiazepin-3-yi)-3-butanone S.S-dioxide

60) (+-)-Trans-1-(3-Ethyl-2.3.4.5-tetrahydro-8-methoxy-3-phenyl-1,4-
benzothiazepin-3-vl)-1-butanone S,S-dioxide
61) (+-)-Trans-1-(3-Ethyl-2.3.4,5-tetrahydro-7.8-dimethoxy-5-phenyl-1.4-
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benzothiazepin-3-yl)-1-butanone S.S-dioxide

62) (+-)-Trans-1-(3-cthyl-2,3.4,5-tetrahydro-8-methoxy-5-phenyl-1.4-
benzothiazepin-3-yI)-4.4,4-trifluoro-1-butanone S,S-dioxide
63)  (+-)-Trans-1-(3-ethyl-2.3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-4,3.4-trifluoro-1-butanone S,S-dioxide
64) (+-)-Trans-1-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-3S-phenyl-1,4-
benzothiazepin-3-yl)-3,3,4,4,4-pemaflucro-2-butanone S,S-dioxide
' J .
65) (+-)-Trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-3-phenyl-1,4-
benzothiazepin-3-yl)-3,3,4,4,4-pentaflucro-2-butanone S,S-dioxide
66) {+-)-Trans-1-(3-cthyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yi)-4,4,4-trifluoro-2-butanone S,S-dioxide
- 67) (+-)-Trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanone S,S-dioxide
68) (+-)-Trans-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-3-(4,4,
- 4-uiflucrobutyl)-1,4-benzothiazepine 1,1-dioxide
69)  (+)-Trans-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-3-(4,4,
4-uifluorobutyl)-1,4-benzothiazepine 1,1-dioxide
70) (+-)-Trans-1-(3-(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-8-methoxy-5-
phenyl-1,4- benzothiazepin-3-yl)-2-butanone S,S-dioxide
71)  (+)-Trans-1-(3-(2:2,2-trifluoroethyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-5-
phenyi-1,4- benzothiazepin-3-yl)-2-butanone S,S-dioxide
72) (+-)-Trzns-1-(3-Ethyl-2,3,4,5-tetrahydro-9-methoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-2-butanone S,S-dioxide
73) (+-)-Trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxobutyl)-5-phenyl-1,4-
benzothiazepin-7-yl)oxy)propanesulfonic acid 1,1-dioxide
74) (+-)-Trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phenyl-1.4-
benzothiazepin-3-yl)-2-butanone-S:S=dioxide
75 (+)-Irans-1-(3-Ethyl-2.3,4.5-tetrahydro-7,8-dimethoxy-4-hydroxy-5-phenyl-
1.4-benzothiazepin-3-y]}-2-butanone S.S-dioxide
76) (+-)-Trans-3-((3-ethyl-2.3.4,5-terrahydro-3-(2-oxobutyl)-5-phenyl-1.4-
benzothiazepin-8-yl)oxy)propanesulfonic acid 1.1-dioxide
i —
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rr)) (+-)-Trans-2-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxoburyl)-5-phenyl-1.4-
' benzothiazepin-7-yl)oxy)ethyltrimethylammonium iodide 1,1-dioxide

78) (+-)-Trans-2-((3-ethyl-2,3,4.5-tetrahydro-3-(2-0xobutyl)-5-phenyl-1,4-
benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 1,1-dioxide

———
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L A compound of formula (T) ;

On .7
T ,
RS
R ®
) ad
(R)l 1
R Rz Ls e
herei . This Sheet Has Been Rep
e gt om0 WA IIII
nis an integer of from 0 to 2;

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl,
heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -O(CH2),SO3R!],
-O(CHz)pNRI IR12 'O(CHZ)pN"'Rl IRI2R14 cORI .CQZRI 1, .CONRIIR12
-CHa0R11, -NR1 IR12, .NHCOR!!, -NHSOR1}, -SR1%, -SO5R1,
-SO;NR1IR12, -SO3R!1, wherein p is an integer from 1 o 4, R1! and R12 are
independently selected from hydrogen, Cj.¢ alkyl and phenyl, and R14 is hydrogen
or C1.6 alkyl, or R is a group ~OCH,0- which forms a further ring attached 1o X,
- wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, aralkyl and alkaryl
groups are optionally substituted by one or more atoms or groups selected from
halogen, nitro, nitrile, alkyl, alkoxy, -COR11, -COgR11, -SO3R1! wherein R11 is
as hereinbefore defined and -NRI4R15 wherein R14 is as hercinbefore defined and
R15 is hydrogen or C;.¢ alkyl;

R1 is hydrogen or Cj.¢ alkyl;

R? is an atom or group selected from hydrogen. Cj.g alky! (including cycloalkyl
and cycloalkylalkyl), C1.4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl
and naphthyl, which groups are optionally substituted by one or more atoms or
groups independently selected from halogen, cyano. nitro, carboxyl, phenyl,
phenoxy, benzyloxy, -COR!1, -COaR11. .CONRIIR12, -CH,0R1!, .NRIIR12,
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-NHCOR!!, -NHSO3R11, -SR!}, -S0,R !}, -SO3R ! (wherein R1! and R12 are as
hereinbefore defined). -occnz)pNRI IR12,.0(CH)pN*RIIRIZR13 ang
-O(CH3)pSO 3R11 (wherein p, R1! and R12 are as hercinbefore defined and R13 is
hydrogen or C).¢g alkyl);

R3 is hydrogen, OH, C).¢ alkyl. C|.¢ alkoxy or -OCj.¢ acyl;

.R4 is a group independently selected from C1.6 alkyl (including cycloalky! and
cycloalkylalkyl), Co.¢ alkenyl and Ca.g alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
oxo, C].4 alkoxy, -CO7R14, -NR14R15, .SR14, -5(0)C) g alky], -SO05R 14,
-SO3R 14 (wherein R14 and R15 are hereinbefore defined);

RS is a group independently selected from Ca.g alkyl (including cycloalkyl and
cycloalkylalkyl), Ca.g alkenyl, and Ci.g alkynyl, which groups are opiionally
substituted by one or more atoms or groups independently selected from halogen,
oxo, C).4 alkoxy, -COsR14, -NR14R15, .SR14, -5(0) Cy .6 alkyl, -SO; R14,
-SO3R!4 (wherein R14 and R15 are hereinbefore defined);

or R4 and R5, together with the carbon atom to which they are attached, form 2 C3.7
spiro cycloalkyl group which is optionally substituted by one or more atoms or
groups independently selected from halogen, Cj.g alkoxy, -CO2R14, -S5O3R 14 and
-NR14R15 (where R14 and R15 are as hereinbefore defined);

. R6and R7 are independently selected from hydrogen and C 1-6 alkyl; and

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5
to 10 carbon atoms (including the two carbon atoms forming part of the thiazepine
ring) wherein optionally one or more of the carbon atoms is/are replaced by
heteroatom(s) independently selected from nitrogen, oxygen and sulphur;

with the proviso that when 1 is an integer of from 0 10 4,Rl = R6=R7=H, R3=H
or OH, . R2 = unsubstituted pheny] or pheny! substituted by one or more atoms or
groups independently selected from halogen, nitro, phenylalkexy, Cj1-4 alkoxy, Ci.6
alkyl and -0(CH2)pSO3R ! wherein p and R!1 are as hereinbefore defined, wherein
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or
more halogen atoms, and X is a fused phenyl ring, then R4 is other than a Ci-6
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straight alkyl group and RS is other than a Ca.5 straight alkyl group, and salts,
solvates and physiologically functional derivatives thereof.

2. A compound as claimed in claim 1 which is a trans isomer wherein

lis0,1 0r2;
nislor2;
R1, R6 and R7 are all hydrogen;
R3is hydrogen or hydroxy; and
Xisa fu.sed phenyl, naphthy), pyrryl, thienyl or pyridyl, group.
3. A compound as claimed in claim 1 or claim 2 wherein
lisOorl;
nis2; and
R2 is pyrryl, thienyl, pyridyl, phenyl or nsphthyl, .such groups being optionally
substituted by one or more atoms or groups independently selected from halogen,
cyano, nitro, carboxyl, phenyl, phenoxy, benzyloxy, -COR11,
-COgR1], -CONR1IRI2, .cH,0R 1], -NR}IR12, .NHCORI],
-NHSO2R1], -SR1J, -SO;R11, -503R1 (wherein R!! and R12 are independently
selected from hydrogen, Cj.g alkyl and phenyl),
-O(CH2)pNRIIR12, -O(CHz)N*R1IRI2R13 and -O(CH2)pSO3R11 (wherein p is

an integer of from 1 to 4, R11 and R12 are as hereinbefore defined and R13 is
hydrogen or C_g alkyl).
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4. A compound as claimed in Claim 1 which s :

(-)-(RR)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-3-phenyl-1. 4-benzothiazepine 1,1-
dioxide;

(+-)-trans-3-((E)-2-butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine],I-dioxide; .
(+-)-trans-3-ethyl-2,3,4,5-tetrahydro-3-(3-methoxypropyl)-5-phenyl-1,4-

- benzothiazepine 1,1-dioxide; _
(+-)-trans-1-(3-ethyl-2,3.4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-yl)-2-
butanoneS,S-dioxide;

{+-)-trans-1-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-35-phenyl-1 4-benzotlua.zepxn—3—
yl)-2-butanone S.S-dioxide hydrochloride 1.1 hydrate;

" (+-)-trans-3~(1-buienyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine 1, 1-
dioxide hydrochloride 0.4 hydrate; :
(+-)-trans-3-(ethoxyethyl)-3-ethyl-2,3,4,5- tetrahydro-S-phenyl-l 4-
benzothiazepinel,1-dioxide hydrochloride hemihydrate;
(+-)-trans-3-(ethoxymethyl)-3-ethyl-2,3,4,5-tetrahydro-S-phenyl-1,4-
benzothiazepine!, I-dioxide hydrochloride;

(+-)-trans-ethyl 3-(3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-
yDpropionate 1,1-dioxide;

(+) -trans-(E)~4-(3-¢thyl-2,3,4,5-tetrahydro-5-phenyl-1 4-bcnzo:l'nachm-3~yl)-3-
buten-2-onc 1,1-dioxide;

(+-)-2,3, 4 »>-tetrahydro-8-methoxy-5-phenylspiro(1,4-benzothiazepine-3,1-
cyclohexane) 1,1-dioxide;
(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrabydro-5-(4-pyridyl)-1,4-benzothiazepine 1,1+
dioxide;

(+-)-trans-3-butyl-3-ethyl-2,5,4,5-tetrattydro-4-hydroxy-5-(4-pyridyl)-1,3-
benzothiazepine 1,1-dioxide;

- (+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(2-thienyl)-1,4-benzothiazepine 1,1-
dioxide;

_(+-)-trans-3-butyl-3-ethyl-2,3; 4 J-tetrahydro-3-(1H- pynqLLyl)-l 4=
benzothiazepinel,1-dioxide;
(+-)-trans-3-butyl-3-ethy}-2.3,4,5-tetrahydro-5-phenylpyrido(4,3-F)-1,4-
benzotl;iazepine 1,1-dioxide;

(+-)-trans-3-butyl-3-ethvl-3,4.5 7-teuahvdro-5-phcnvl-"H-pyrrolo(B “4-F)-1,4-

benzothiazepine 1. 1-dioxide 0.1 hydrate: I
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(+-)-trans-.:-butyl-B-ethyl-Z..:,4 5-letrahydm-s-phcnylth:cno(2,3-F)-l A4~
benzo:hxazepmel 1-dioxide:
(+-)-trans-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-3-(4,4,4-triflucrobutyl)-1 4-
benzothiazepine 1,1-dioxide;
(+-)-trans-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4-benzothiazepine
1,1-dioxide 0.25 H20; '
(+-)-trans-3-((E)-2-Butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepine; ;
(+-)-Cis-2,3,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl-1,4-benzothiazepine 1,1-
dioxide 0.66 H0;
(+-)-trans-3-(3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-3-yl)propanol
1,1 dioxide; _
(+-)-trans-3-Ethyl-5-(4-Fluorophenyl)-2,3.4,5-tetrahydro-7-methoxy-3-(3«
methoxypropyl)-1,4-benzothiazepine 1,1-dioxide hydrochloride;
(+-)-2,3;4,5-Tetrahydro-7-methoxy-s-phenylspiro(-l ,4-benzothiazepine.3,1-
cyclohexane)'1,1-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-benzothiazepin-3-
yl)-2-butanone S,S-dioxide hydrochloride;

(+)- trans-3- butyl-3-ethyl-2,3,4,5-teuahydm—:—pheny1naphtho(3,2 =F)-1,4«
benzothiazepine 1,1-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-2-butanone S,S-dioxide;
(+<)-trans-3-(1-butenyl)-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl - 1,4«
benzothiazepine 1,1-dioxide;
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-yl)-3-butanone S,S-dioxide;
(+)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-3-
yl)-1-butanone S,S-dioxide; '
(+-)-trans-1-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-S-phenyl-1,4-
benzoﬂ:iazepin—S-yl)-l-butanone S S-dioxide,

benzotluazepm-a-yl)-4,4,4-mﬂuoro- -butanone S,S-dmxxde;
(+-)-trans-1-(3-cthyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-3-ylI)-3.3,4,4,4-pentafluoro-2-butanone S,S-dioxide;'
(#+-)-trans-1-(3-ethyl-2.3 4,5-tetrahydro-7,8-dimethoxy-S-phenyl-1,4-
benzothiazepin-3-y1)-4,4,4-trifluoro-2-butanone S,S-dioxide;

<)
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(+-)-trans-3-¢thyi-2,3.4,5-tetrahydro-7,8-dimethoxy-5-phenyl-3-(4,4,4-
triflucrobutyl)-1,4-benzothiazepine 1,1-dioxide;
(+-)-trans-1-(3~(2.2,2-triflucroethy])-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-
1,4- benzothiazepin-3-yl)-2-butanone S,S-dioxide;
(+-)-trans-1-(3-Ethyl-2,3 4.5-tetrahydrc-7,8-diethoxy-5-phenyl-1,4-benzothiazepin-
3-yl)-2-butanone S,S-dioxide;
(+-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxcbutyl)-5-phenyi-1,4-
benzothiazepin-8-yl)oxy)propanesulfonic acid 1,1-dioxide;

" (+-)-trans-2-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxcbutyl)-5-phenyl-1,4-
benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 1,1-dioxide;

5. A compound as claimed in claim 1 of the formula (la):

©On o7
T
5
R (t2)
r?
®y
1
- RR2 Ls
wherein
lisaninteger of from O to 4;
nisanintegerofﬁomOtoZ;

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl,
heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -CORI1, -CO5R11, -CONR1IR]12, -
-CH,0R11, -NRHRI2, .NHCOR!!, -NHSOzR!L, -SR1l, -sO4R1], -sO3R1]
wherein R11 and R12 are independently selected from hydrogen, Cy.g alkyl and
phenyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, aralyl and
“alkatyl groups are optionally substituted by one or more atoms or groups selected
from halogen, nitro, nitrile. afkyl, alkoxy, -COR1], -COsR11, -SO3R1! wherein R11
is as hereinbefore defined and -NR14R15 wherein R14 and R15 are as hereinbefors
defined;

"R! and R3 are independently selected from hydrogen and Cj.g aliyl:

T T =
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R2 is an atom or group selected from hydrogen, Cj_g alkyl (including cycloalkyl and
cycloalkylalkyl), C;.4 alkoxy, pyryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and
naphthyl, which groups are optionally substituted by one or more atoms or groups
independently selected from halogen, cyano, nitro, carboxyl, phenyl, phenoxy,
benzyloxy, -COR11, .CO4R1], -CONR1IR12, .CH,OR1!, -NR11IR12, .NHCOR!!,
-NHSOR11, .sR11,.505R11, .SO3R 1] (wherein R11 and R12 are independently
selected from hydrogen, Cj.g alky! and phenyl), -O(CHZ) NR1IR12,

--O(CH3) N*R1IR12R13 end -O(CH3) SO3R1! (wherein pis an integer of from 1
to 4, R11and R12 are as hereinbefore ddfined and R13 is hydrogen or Cy.g alkyl);

R4 is a group independently selected from Ci-¢ alkyl (including cycloalkyl and
cycloalkylalkyl), C2.g alkenyl and Cp.¢ alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
Ci4 alkoxy, -COzR14, -NRI4RI15, .SO3R!4 (wherein R14 and R15 are
independently selected from hydrogen and Cj.g alkyl) and R1I6COR17 where R16 is
a Cy.4 alkylene group and R17 is a C}.4 alkyl group;

RS is a group independently selected from Ca.¢ alkyl (including cycloalkyl and
cycloalkylalkyl), C2.¢ alkenyl and Ca.¢ alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
Ci4 alkoxy, -COsR}, -NRI4RI5, .SO3R14 (wherein R14 and RIS are
independently selected from hydrogen and Cj_g alkyl) and -R16COR17 where R16 is
a Cy4 alkylene group and R17 js'a C} 4 alkyl group; :

or R4 and R, together with the carbon atom to which they are attached, form a Cs.7
spiro cycloalkyl group which is optionally substituted by one or more atoms or groups
independently selected from halogen, Cy.g alkoxy, -CO2R14, -SO3R 4 and
“NRI4R15 (where R14 and RIS are as hereinbefore defined;

R6 and R7 are independently selected from hydrogen and Cj.g alkyl; and

X is en aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to
10 carbon atoms (including the two carbon atoms forming part of the thiazepine ring)
wherein optionally one or more of the carbon atoms is/are replaced by heteroatom(s)
independently selected from nitrogen, oxygen and sulphur;
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with the proviso that when | is an integer of from 0 to 4, Rl = R3 =R6=R7 = H, R2
= unsubstituted phenyl or phenyl substituted by one or more atoms or groups
independently selected from halogen, nitro, phenylalkoxy, Cy-4 alkoxy, Ci.g alkyl
and -0(CH2) SO3R!1 wherein p and R1! are as hereinbefore defined, wherein said
phenylalkox:’: alkoxy and alkyl groups arc optionally substituted by one or more
halogen atoms, and X is a fused phenyl ring, then R# is other than a Cj.g straight
alky! group and R3 is other than a C5_s straight alkyl group; and

salts, solvates and physiologically functional derivatives thereof,

6. A compound of formula () :

Or o7
* RS
. R
(’Q_ ®
_ RS
®R .
1
Rr
wherein
lisanintegerofﬁ-o-;()totl;
nis an integer of from 010 2;

R is an atom or group selected fom halogen, ‘cyano, nitro, alkyl, alkoxy, aryi,
heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -O(CH2)pSO3R!1,

. -O(CH)pNR!IR12, -0(CHp)pNt R1IR12R14, -COR1], .CO,RI],
-CONRIIR!2, .CH,0R1], .NR1IR12, .NHCORI}, -NHSO4R1, -SR],
-SO2R11, -SO,NR11IR12, .SO3R1] wherein p is an integer of from 1 to 4, R11 and
R12 are independently selected from hydrogen, C1.4 alkyl and phenyl, and R14 is

“hydrogen—or-Cy= alkyl;-or R-isa group ~OCH,0=" whiclkforms & “fifther Tmg
attached to X, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy,
aralky] and alkaryl groups are optionaily substituted by one or more atoms or groups
selected from halogen, nitro, nitrile, alkyl, alkoxy, -COR11, -CO3R11, .503R1!
wherein. R!1 is as hereinbefore defined and -NR!4R15 wherein R14 is as
hereinbefore defined and R15 is hydrogen or Cj.g alkyl:

I
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R! is hydrogen or Cy.g alkyl;

R2 is an atom or group selected from hydrogen, Cj.¢ alkyl (including cycloalkyl
and cycloalkylalkyl), C1.4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl
and naphthy], which groups are optionally substituted by one or more atoms or
groups independently selected from halogen, cyano, nitro, carboxyl, phenyl,
phenoxy, benzyloxy, -COR11, .CO5R!1, -CONR!IR1Z, .CH;0R1, -NRIIRIZ,
~NHCOR!1, .NHSO3R 11, -sR11, -sOzR1] -5O3R ! (wherein R11 and R12 are as
hereinbefore defined), -O(CH2)pNR11R12, -O(CH2)pN*RI IR12R13 and
-O(CH2),SO3R11 (wherein p, R1! and R12 are as hereinbefore defined and R13 is
hydrogen or Cj_g alkyl);

R3 is hydrogen, OH, Cj.4 alkyl, C}.g alkoxy or -OCj.6 acyl;

R4 is a group independently selected from Cj.g alkyl (including cycloalky! and
cycloalkylalkyl), C2.6 alkenyl and Co. alkynyl, which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
oxo, C1.4 alkoxy, -COoR14, .-NR14R15, -SR14, -S(0)C;.4 alky], -SO9R14,
-SO3R14 (wherein R14 and R15 are as hereinbefore described);

RS is a_group independently selected from Cp.5 alkyl (including cycloalkyl and
cycloalkylalkyl), Co.¢ alkenyl, and Cy.g alkynyl,- which groups are optionally
substituted by one or more atoms or groups independently selected from halogen,
oxo, C1.4 alkoxy, -COoR14, -NR14R15, -SR14, -5(0)C}.¢ alky], -SO,R14
-SO3R14 (wherein R14 and R15 are as hereinbefore defined);

or R4 and RS, together with the carbon atom to which they are attached, form a C3.7
spiro cycloalkyl group which is optionally substitited by one or more atoms or
groups independently selected from halogen, C.¢ alkoxy, -CO2K14, -SO3R14 and
-NRI4R15 (where R14 and R!5 are as hereinbefore defined;

RS and R7 are independently selected from hydsogen and'Cy.g alkyl; and

X is an aromatic or non-arometic monocyclic or bicyclic ring system having from 5

to 10 carbon atoms (including the two carbon atoms forming part of the thiazepine
ting) wherein optionally one or more of the carbon atoms isfare replaced by
heteroatom(s) independently selected from nitrogen, oxygen and sulphur;

-
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with the proviso that when 1 is an integer of from 0 to 4, R! =R6=R7=H,R3=H
or OH, R? = unsubstitted phenyl or phenyl substituted by one or more atoms or
groups independently selected from halogen, nitro, phenylalkoxy, Cj.4 atkoxy, Ci.6
alkyl and -0(CH2),SO3R1! wherein p and R11 are as hereinbefore defined, w;mein
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or
more halogen atoms, and X is a fused phenyl ring, then R4 i$ other than a Ci1-6
straight alkyl group and RS is other than a C3.5 straight alkyl group, and )

salts, solvates and physiologically functional derivatives thereof for use in therapy,
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PCT/US98/03792

3-Ethyl-3-methyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine,
mp 124-125°C;

S) {(+)-3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine i
1,1-dioxide, mp 100-102°C;
6) 3.Butyl-2,3.,4 5-tet:ahyd:o-3 methyl-5-phenyl-1 k—benzothiazepina
‘ 1,l-dioxide, mp 103- 104° c;
7)) 3-Methyl-3-propyl-2,3,4,5-tetrahydro-S-phenyl-1,4-benzothiazepine
1,1-dioxide, mp 120-121°C;
8) 3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine
1,1-dioxide, mp 115-116°C;
) 8)  {+)-Ixans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzo-
thiazepine 1,1-dioxide, mp 101°%;
c 10) (+) -I;m-z.:i.6.S-Tet:ahydro-3-me:hy1-5-phen§1-3-propyl-l.b- .
. benzothiszepine 1,1-dioxide, mp 129-130°C;
11) (-)-3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine
1,1-dfoxide, mp 101-103°C;
12) 3-Ethyl-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1,4-benzothiazepine,
mp 110-112°C;
13) 3-Ethyl.2,3,4,5-tetrahydro-3-methyl-5-phenyl-1,4-benzaothizzepine
. hydrochloride 0.25H,0, mp 162-164°C (ef£.);
T " ° 1&) 3-Ethyl-2,3,4,5-tetrshydro-3-methyl-S-phenyl-1,4-benzothiazepine
) N 1.1-dioxide, mp 128-129°C;
* *
. 15) 3,3-Diethyl-2,3,4,5- :etrahydro -5-phenyl-1,4- benzothiazepine

hydrochloride, mp 211- 214°¢;
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16)
17)
_-'1‘8).
o 15)
20)
21)°
22)
_.23)
"24>_

25)

PCT/US98/03792

(+-) 2,3,4,5- Tetrahydro -3- methyl S-phenyl 3-propy1 -1,4-benzothia-
zepine, mp 101 103° C:

é.3.h.5~Tetrahydro-3-ﬁethy1-5-pheny1-3-propy1-1,&-benzo:hiaze-
pine, mp 72-74°c;

3-Ethy1-2.3,4.S-te:rahydrp-S-phenyll3-prop§1-1,&-benzothiazepine
hydrochloride 0.25H,0, mp 205-207°C; ‘

3-Ethyl-2, 3 4,5 tetrahydto 5ophenv1 ~3-propyl-l,4-benzothiazepine

" 1,1-dioxide 0. -25H,0, mp 115- 118° ¢

2,3,4,5- Tetrahydro -5-phenyl- 3 3-dipropyl- 1 4- benzothiazepine
hydrnchloride. 209 211%;

3-E:hy1-2.3.A.5-tecrahydro-5-pheny1-3-propyl-l,a-benzo:hiazepine
1,1-dioxide hydrochloride 0.33%,0, 206-209°C:
2.3.6,5-Te:rahydro-5-pheny1:3.3-dipropy1—1.A-benzothiazepine
1,1-dioxide; mp 104-106°C;

3,3-Dibueyl-2,3,4,5- te::ahyd:o -5-phenyl-1,4- benzo5hiazepine
hydrochloride mp 209- 212° C;

3-Buiy1-2,i.4.5-cetrahydro-S-me:hyl-S-phenyl-l.b-benzothiazepine
hydrochloride, mp 203-205°C;

3-Butyl- 3 sethyl-2, 3 4,5- te::ahydro S-phenyl -1,4-benzothiazepine
hydrochloride, mp 205 207° C;

26)

27)

3-Buty1;3-e:hy1-§,3.h,5-tetrahydro-S-pheﬁ&l~1.h-EEnzothihzepine '
1,1-dioxide hydrochloride, mp 209-212°C;

2.3.&.S-Tetrahydro-B-methyl-B-pentyl-S-phenyl-l]&-benzo:hiazepins
maleate, mp 182-183°C;

This.Sheet Has Been Replaced 37 8

! ms SHEET HAS BEEN
~h~'«CED




WO 98/40375

28)

29)

30)

31

32)

33)

34)

35)

36)

37)

PCT/US98/03792

3-Ethyl-2,3,4,5-tetrahydro-5-phenyl-3-propyl-1,4-benzothiazepine
hydrochloride, mp 198-200°C;

(+-)-Cis-3-Butyl-3-echyl-2,3,4,5-tetrzhydro-7-methyl-5-phenyl-
1,4-benzothiazepine 1,l-dioxide, mp 138-140°¢;

(+-)-Ciz-3-Butyl-3-ethyl-2,3,4,5+-tetrahydro-7-methoxy-5-phenyl.
1,4-benzothiazepine, light yellow oil; .

(+~)-Ixans-3-Butyl-3-ethyl-2,3,4,5-cetrahydro-7 -mechoxy-5-phenyl-
1,4-benzothiazepine, light yellow oil;

(+-)-Cis-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-
1,4-benzothiazepine 1,1-dioxide, mp 113-. 115°c;

(+-)-Cis-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-
1,4-benzothiazepine l-oxide, mp 103-105°C;

{+-)-Irans-3-Butyl-3-ethyl-2,3,4,5-tecrahydro-7-methoxy- S-phenyi-
1,4-benzothiazepine 1,1-dioxide hydrochloride, mp 199-201°¢;

{+-)-Irans-3-Butyl-3-ethyl-5-phenyl-2,3,4,5-tetrahydro-1,4-
benzothiazepine l-oxide, mp 98-101°c;

(+-)-Irans-3-Butyl.3-ethyl-2,3,4,5-tecrahydro-5-phenyl-l,4-
benzothiazepine l-oxide, mp 133-136°c;

(+-)-Cis-7-Chloro-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-
1,4-benzothiazepine 0.4 toluene, light yellow oil;

38)

39

_{+-)-Irans-7-Chloro-3-butyl-3- et:hyl -2,3, lo 5 tetrahydro-3- phenyl-

1,4-benzothiazepine 0.3 toluene, light yellow oil:

{+-)-Trans-3-Bucyl-7-Chlora-3-ethyl-2,3,4,5-tetrahydro-3- ohenyl-
1,4-benzothiazepine 1.1-dioxide. mp 100- 102° C:

/
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40)
41)

42)

PCT/US98/03792

(+-)-Irang-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-methoxyphen-
y1)-1,4-benzothiazepine 1,1-dioxide hydrochloride, mp 194-196°C:

(;-)-x;gng-3-Buty1-3-etﬁy1-2.3.k.S-tetrahydro-s-(é-colyl)-l.p;
beniotﬁiazepine 1,1-dioxide hydrochloride, mp 204-206°C:

{(+-)-Cis-3-Butyl-3- ethyl 2,3,4,5- :etrahydro-s (A-tolyl) 1,4-

* benzothiazepine 1,l-dioxide, mp 155- 156C;

43) -
45)
fS)
486)

47)
48)
49)

50)

(+-)-gig-é-nuty1-3-ethyl-2.3.b.5;:etrahydto-5-(h-me:hoxyphenyl)-
1,A-benzochiazeping. mp 75-77°¢C;

(++)- Qig <3-Butyl-3-ethyl-2,3,4, S tetrahydro-5- (h-meynoxyphenyl)-
1,4-benzothiazepine 1,1- -dioxide, mp 109-111 c
(+-)-Cls-3-Butyl-3-ethyl-5-(4- fluorophenyl) 2.3,4 5-~eurahvdro-
1,4- benzothiazepinn. np 76- 78° C;

(+-)-I;gn§-3-nu:yl-5-(3,&-dichlorophenyl)-3-ethy1-2.S.ﬁ.Soteqra-
hydro-1,4-benzothiazepine, mp ?8-100°c:

_(+-)-I;gn;-B-Butyl-S-(&-chlorophenyl)-3-ethy1-2,3,é.S-te:rahydro-

1,4-benzothiazepine  1,1-dioxide hydrochloride 0.3 H,0.
mp 178-180°C;

(+-)-Cis-3-Butyl-5-(4-chlorophenyl)-5-echyl-2,3,4,5- tetrahydro-

.1,a-senzo:h1azepine 1,1-dioxide hydrochloride, mp 186-188°C;

Trans- 3 -Butyl-3- ethyl -2,3,4,5- tetrahydro -5-(3-nitrophenyl)-1, 4-

‘benzochiazepine 1.l-dioxide, mp 139-142° ¢

I;ggg-3-5uty1-3-ethy1-2.}.&.S-ceirahydro-s-(&-nitrophenyl)-1.6.'

benzothiazepine l.l-dibxide, mp 139-142%;
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51) (+-)-Ixans-5-(4-Benzyloxyphenyl)-3-butyl-3-ethyl-2,3,4,5-
tetrahydro-1,4-benzothiazepine 1,l-dioxida, mp 9&-9s°c;

52) (+-)-Cis-5-(4-Benzyloxyphenyl)-3-butyl-3-ethyl-2,3,4,5-tetra-
hydro-1,4-benzothiazepine 1,1-dioxide, mp 137-138°C;

53) (+-)-Iransg-5-(4-Benzyloxyphenyl) -3-butyl-3-ethyl-2,3,4,5-tetra-
‘ hydro-1,4-benzothiazepine, mp 97-98°C;

54) (+-)-Irans-3-(4-(3-Butyl-3-ethyl-2,3,4,5- tetrahydro-l,4-benzo-
thiazepin-5-yl)phenoxy]propanesulphonic acid 1,1-dioxide,

mp 270°C -(dec.);

35) (+-)-Irans-3-Butyl-3.ethyl-2,3 «4,5-tecrahydro-5-(2-fluorophenyl)-
1,4-benzothiazepine 1,1-dioxide hydrochloride, mp 194-196°C;

56) (+-)-Iraps-3-Butyl-3-ethyl-2,3,4,5-tecrahydro-S- (3-fluorophenyl)-
1,4-benzothiazepine 1,1-dfoxide, mp 143-145°C;

57) (+-)-Cis-3-Butyl-3-ethyl-2,3,4 .S-tetrahydro-.S- {4-pyridyl)-1,4-
benzothiazepine 1,1-dioxide, mp 121-123°C;

58) (+.)-I_m§_g3-nhty1-3-echy1-2.3.lo.5-te:rahydro-s-(h-pytidyl)-1.4-
benzothiazepine 1,1-dioxide, mp 110-111°C:

59) (+-)-Cis-3-Bucyl-3-ethyl-2,3,4,5- tetrahydro-5-(4-trifluoromethyl-

. ;. - phenyl)-1,4-benzothiazepine 1,1-dioxide, mp 64-65°C:

60) (+-)-Irans-3-Butyl-3-ethyl-2,3 +4,5-tecrahydreo-5-(3-crifluoro-
methylphenyl)-1,4-benzothiazepine 1.1-dioxide, mp 110-112°¢C:

61) (+-)-m-s-nu:yl-s-e:hyl-z.a.4.5-:e:rahyd;'o-5-(3.a-di.£1uoro-
phenyl}-1,4-benzothiazepine 1,1-dioxide, mp 205-215°C;
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62) (+-)-Irans-3- Butyl -3-ethyl-2,3,4,5- :ecrahydro-S {2,4-difluoro-
- phenyl) -1, A-benzothiazepine 1, 1 dioxide, mp 97- 99° c

63) (+-) Izans 3-isopentyl-3- ethyl -2,3,4,5- cetrahydto-S phenvl 1 4o
benzothiazep1ne 1,1-dioxide, mp 86- 87° C; and

64)- {+-)-Cis-3- isopentyl 3.ethyl.- 2 3,4,5- :etrahydro -5- phenvl 1 4.
: benzothiazepxne l,l-dioxide, mp 123- 125 c.

-Ye «3. -3.ethv]- 4,5-tetrahvdro-5-
4-be az =dio d‘ hvdrochlorid

?) (+-)-I;gng-B-Butyl-3-e:hy1-2.3.ﬁ.S-tetrahydro-s-phenyl-l,a-benzo-
thiazepine 1,1-dioxice; mp 98-100°C;

3)- (-)~1;§ng-3-Methy1-3-p:p§y1-2.3.6.5-tettah§dro-5-pheny1-l;a-
benzothiazepine 1,1-dioxide, mp 129-130°C;
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1. A compound of formula (I)
(O)
i
l N }Rs
&z Rr? 169
(Rh/ N‘H
=

wherein (R')m

1 is an integer of from 0 to 4;

m is an integer of from 0 to 5;

n is an integer of from 0 to 2;

R and R’ are atoms or groups independently selected from halogen,
nitro, phenylalkoxy, C 14 alkoxy, C 1.6 alkyl and -O(Cl-lz) SO 4RY
vherein p is an integer of from 1 to 4 and R" is hydrogen or cl 8
alkyl, wherein said phenylalkoxy, alkoxy and alkyl groups are
opticnally substituted by one or more halogen atoms:

R‘ is a Gl_ P straight alkyl group; and

2% is a C,.¢ Straight alkyl group;

and salts, solvates and physiologically functional derivatives
thexeof.
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A compound of formula (1) as claimed in Claim 1, wherein

n is 2;

——

R* is methyl, ethyl, p-propyl, or n-butyl; and

5

R” is echyl, n-propyl, or n-bui:yl;

and salts, Ssolvates and physiclogically funectional derivatives

thereof.

" A compound of formula (I) as claimed in Claim 2. which compound

is in cthe traps configuration as herein. defined, or a sale,

solvate., or physiologically functional derivative thereof.

A compo’um.l of formula (I) as claimed in Claim 3, which compound
is _g;m-3-bhty1-3-éthy1-2.3.4.5-:e:rahyd;o-5-pheny1-’l,h-benzo-'
thiaz.e-pi:ie 1,1-dioxide, or a salt, solvate, or physiclogically
functional derivative thereof. - ‘

The compound of fo_mula (1) claimed in Claim 4, which compound is

in the (RR)-, (SS)-, or (RR,SS)-form. or is a salt, solvate. or
physiologically functional derivative of any thereof.

(-)-{RR)-3-Buryl.3-ethyl-2,3,4,5-tecrahydro-5-phenyl-1,4-benzo-

thiszepine 1.1-dioxide or a salt, sclvate, or physiologically

funetional derivative thereof.

(-)}-{RR)-3-Butyl-3-echyl-2,3,4,5-tecrahydro- 5 -phenyl-1,4-benzo-
thiazepine 1,1-dioxide

(+-)-(RR,55)-3-Butyl-3-ethyl-2,3.4.5-tetrahydro-5-phenyl-1,4-
benzothiazepine 1,l-dioxide or a salt, solvarte, or

- physiologically funcrional thereof. ' i e

e —
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- -1,4-
9 (+-)-(RR,55)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1
benzothiazepine 1,l1-dioxide
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1. A polymeric or oligomeric bile acid, prepared by
polymerization of a monomeric bile acid of the formula
I .

GeXA m

in which .
G s a free bile acid or its alkali metal salt or 2 bile acid
having rings A, B, C, D esterified on ring D and
which is bonded viaits ring A, B or C, to the group

X,

X is a bridge group snd

A is a polymerizable, ethylenically unsaturated
group, or by copolymerization with a monomer
containing a polymerizable, ethylenically unsatu-
rated double bond,

or by copolymerization with N-vinylpyrrolidone or
its derivatives,

PCT/US8/03792
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and/or by copolymerization with ethylenically unsat-
vrated dicarboxylic anhydrides and ethylenically
unsaturated dicarboxylic acids each having 2 10 6
carbon atoms; their esters or half esters, esters
‘being understood as alkyl esters having 1-6 carbon
atoms, cycloalkyl esters baving 5 to 8 carbon
atoms, benzyl esters or phenyl esters.

z.Apolymeroroligomerasclaimedinclaiml,w

wherein

G is a free bile acid or its alkali metal salt or a bile acid
esterified on ring P and which is bonded via its
ring A, BorC, totl:egx-oupx.mmvhiclnhefoxrb

mula II applies
(V)r—(Z)p an
in which 20
Y is adjacent to G and is —0~, —NR'—,
o]
? il
-0=—C—, ot =—NR=C—, 25

is {Ci.cad-alkylene or (Cr-Cia)-sralkylene, where
individual methylene groups in the alkylene chain
of the alkylene or aralkylene radical can be re- 30
placed by one or more groups selected from

—0—, —NR'—,
—NR'eCm, =Q=C= mnd —NR'—C—NR™—, 35
i i 1
o o o

o and p independently of one ancther are zero or 1,
where o and p are not simultaneously zero, 40

A is an ethylenically unsaturated group of the for-
mulz

o .
] . 4
N~ or CHy=CeR%=,

il
[+]

50
in which
R} is hydrogen or CHs and
R2is 3
(l? 0
~NR=~C=, =0=C-,
60
—-0—, —NR’~ or » single bond, where the carbonyl

groups are adjacent 10 the C—C double bond,
R’ and R” independently of one another are hydro.
gen or (C1~Ce)-alkyl.
3. Apolymerorohgcmuasdamedmclumz.
wherein
G corresponds to the formula II

Sheet Has Been Replaced :

T
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0 [1311]

in which

R3 10 R¥independently of one another are hydrogen,
OH, NHzor an OH group protected by an OH
protective group and one of the radicals R3to Réis
a bond 1o the group X, where this bond starts from
the positions 3 (R? or R4) or 7 (RS or Re), and the
other position 7 or 3 in cach case carries an OH
group or 3 protected OH group,

B is —OH, ~—O-alkali metal, —O-alkaline eanh
metal, —0—{(Cy=~C)2)-alkyl, —O-aliyl or —O-ben-
2yl where alkyl is either n-alkyl or iso-alkyl and
where the ester group formed

[+
P
B
is an ester which can be saponified both by acid and

by base,
Y is —O—, —NR’—,

g g
=0=C~, ot =NR'==C=,

Z is (C1~Cy3)-2lkylene, (C7-Cy3)-aralkylene, where 1
to 3 methylene groups in the alkylene chain are
replaced by the groups —O—, —NR’,

~NR'=C=, ~0—C~, or —NR'—C—NR"=
] ] ]

and o and p independently of one ancther are zero or 1,
where © and p are not simultaneously zero,

Ais
o}
] !
N~ ot CH;=(‘:—R3-—.
/L )
i
(]
where
R!is hydrogen or CHjand
Rais
i
—NR'—C~,

~NR'— or a single bond, in which R’ and R” indepen-
- dently of one another are hydrogen or (Ci~Ce)-alkyl.
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4. The polymeric or oligomeric bile acid of claim 1,
wherein said monomer containing a polmerizable, eth-

J 9 v
ylenically unsaturated double bond is a monomer of i g1

i it 1
Hzc=é—C-NH—D-NH—C-C=C}!3

formula IV s
in which
¥ ™ "'R9is hydrogen or methyl and
H;C=C~R1, D is ~(CHE)pr—,
where
in which 10 misltol0and
R9is hydrogen or methyl and E is hydrogen or OH. o
Ri0js 10. A pharmaceutical composition comprising 3 com-

pound of claim 1 and a pharmaceutically acceptable
o carrier.

? 15 11. The polymer or oligomer as claimed in claim 5,
wherein the weight-average molecular weight is be-
tween 2,000 and 100,000 g/mol.

12, The polymer or oligomer as clsimed in claim 12,
wherein the weight-average molecular weight is be-.
20 tween 3,000 and 60,000 g/mol. '
13. The polymer or oligomer as claimed in claim 3,
wherein B is —OH, ~0O-alkeli meal, «~0O—{Cy~Cq)-
alkyl, —Q-allyl or -—O-benzyl

.-g...o—nll. ..c:..mgllgli, Q= C—R14,

~CN, —0—R3, hydrogen halogen —SO3H, or
—O—{CH—CH;O)aR ¢,
in which
R1 is hydrogen, (Ci~Cip)-alkyl, (Ci~Cio)-monohy-
droxyalkyl or —(CH2CHy-—0—),R16,
.RI2, RI3, RIS, and R16 are identical or different and

are (Ci-C1o)-alkyl, 14. The polymer or cligomer as claimed in claim 3,
Ri4is (Cy-Caa)-alkyl and 25 wherein R3 to RS independently of one another sre
nis 110 50. hydrogen, OH, NH; or an OH group protected by an

5. A polymer or oligomer as claimed in claim 1,  OH protective group and one of the radicals R3to Réis
wherein the weight-average molecular weight is vp  a bond 10 the group X, where this bond starts from the
250,000 g/mol. . . positions 3 (R¥ or R¥) or 7 (R3or RS) in the B-position,

6. A polymer ¢r oligomer as claimed in claim 1, 30 and the other position 7 or 3 in each case carries an OH
wherein in the case of copolymers the molar ratio of

bile acid units to copolymerized monomer- units is be-
tween 300:1 and 1:300.
7. A polymer or cligomer as claimed in claim 3,

group or a protected OH group. . .
15. The polymer or oligomer as claimed in claim 2,

wherein G is a free bile-acid or its alkali metal sait or a

bile acid esterfied on ring D which is bonded viaits ring

wherein the crosslinking is carried ont by means of 35 A to the group X.

copolymerization with ethylenically polyunsaturated
monomers.

8. A polymer or oligomer as claimed in claim 7,
wherein the crosslinking is camried out with ethyleni-

cally polyunsaturated acrylic acid and methacrylc acid 40

9. A polymer or oligomer as claimed in claim 7,
wherein the crosslinking is carried ont with acid amides
of the formula V

16. A polymer or oligomer as claimed in claim 4,
wherein the monomers are compounds according to the
formula IV (meth)acrylic acid, (meth)acrylic acid es- |
ters, ecrylamide and its derivatives, carboxylic acid
vinyl esters having 3-20 carbon atoms or N-vinylpyr-
rolidone and its derivatives.

17. The polymeric or oligomeric bile acid of claim 4,
wherein said helogen is chlorine, bromine, or iodine.

s & » 5 2
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EXAMPLE ]

48 g (122 mmol) of 3a,7c,12a-trihydroxy-24-nor-23--
cholanic acid (=norcholic acid), 200 m! of formic acid and
1 m! of perchloric acid (60%) are stirred at 30° C. for 1.5
hours, the mixwre is cooled to room temperature, 160 mi of
acetic anhydride are added and the mixture is stirred fora
funther 15 minutes. Jt is poured onto 1.5 | of water and the
solid constituents are filtered off with suction and washed
with 11 of water. The residue is dissolved in 700 m of ether
and washed three times with water. The organic phase is
dried (MgSO.) and concentrated. Yield S2 g (39%) of
Example 1,

MS (FAB, 3-NBA/LIiCl) CysH;505(478), 485 (M+LI")

S g (10.4 mmol) of Example 1 are dissolved in 20 ml of

trifluoroacetic acid/S ml of trifluoroacetic ankydride at 0° C.

MOmg(l!md)ofwdtummmwmaddedmpomomh

the coursc of one hour. The smixture is subsequently stirred

al®C. fornfunhuhomthmnw'c.forzhmm

solution is cooled to 0° C. again, neatralized with SN NaOH

mdexmtedwnhd:chlnmmctbane.'rheo:gamcphassis

dried (MgSO,) and concentrated. Chromatography of the

—_— residue over silica gel {cyclohexane/cthyl acctate=2:1) gives

——

'IhISSe

//ﬂ/l///ul//x/ml/?il?“

\
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3.1 g (67%) of Example 2. . stirred ait’ room umper:‘z?&:or I:n hm?h;n The macnog
3-NBA/LICI NO, , 452 mixture is concentrated residue is chromatographe
MS (FAB. ) CustlasN0, (U3, 452 BLE) e ge! (dichloromethane/methanol= §:2). 320 mg
\ (56%) of Example 4 are obtained.

5 MS (FAB/3-NBA) C,.H,,NO, (451), 452 (M+H")
EXAMPLE §

1.5 g (3.37 mmol) of Example 2 and § g of KOH are
dissolved in 50 ml of cthanol/water (=1:1) and the solution .
is huted under reflux. When the rcaction has ended (moni- 3° 340 mp (53%) of Example 5 are obtained from 500 mg
toring by thin layer chromatography), the ethanolis stripped (12,67 mmol) of norcholic acid and 450 mg (836 mmol) of
off and the residue is washed with ether, The aqueous phase taurine by the process described for Example 4.
acetate. The combined organic phases are dried (MgSO,)
and concentrated. 1.25 g (97%) of Example 3 ore obteined. 35 EXAMPLE §

MS (FAB, 3-NBA/LICl) C,,H;c04(380), 387 (M+Li")

10 g (25.3 mmol) of norcholic acid are dissolved in 50 ml

6 of pysidine, 2.6 m] of methanesuifony! chloride are added

: . dropwise at 0° C. The reaction mixture is then stirred at

500 mg (12.87 mmol) of 30,70, 120-tribydroxy-24-nor-  room temperature for 3 hours, It s poured onto ice-water

23-cholznic acid and 370 mg (36 mmel) of N-methylmor- and extracted three times with cthy! acetate. The crganic

pholine are dissolved in 20 ml of THF, 034 m! (36 mmol) ~ phase is dried (MgSO,) and concentrated, The crude product

of ethy} chlorofonmate is added at 10° C, Afier 15 minutes, ¢s i3 crystallized from diisopropy? ether, filiered off with suc-

a solution of 270 mg (36 mmol) of lycine in S mi of IN tion and then dricd in vacuo, 11.2 g (93%) of Example 6 arc
NaOH i3 edded dropwise. The mixture is subsequently  obisined, )

390
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MS (FAB, 3-NBA/LICl) C,,H 50,8 (472), 485 (M+2Li*

38.7 g (81.9 mmol) of Example 6 and 6.9 g (106 mmol)
of sodium azide are stirred in 350 ml of dimethylformamide

3t 130° C. for 2.5 hours, After cooling, the mixture is poured ¥

ento 1.5 1 of ice-water and extracted three times with ethyl
acetate. The organic phase is diied (MgSO,) and concen-
trated. The crude product is esterified in a methanolic
hydrochloric acid solution, prepared from 100 ml of metha-
nol and 14 m! of acetyl chloride, 2t room temperature for 2
hours. For working up, the mixture is panily concentrated
and the product is poured onto 1 ] of water and extracted

PCT/US98/03792

8.0 g (18.5 mmol) of Example 7 are hydrogenated with
hydrogen in 220 ml of ethyl acctate in the presence of about
50 mg of 10% PY/C. When the geaction has ended, the

s caelystis filtered off and the filtrate is concentrated. Chro-

matography of the residue (methanoltriethylamine= 95:5)
gives 6.0 g (80%) of Example 8.
MS (FAB, 3-NBA/LICl) C, H,;NO, (407), 414 (M+Li")

4.3 g (8.6 mmo)) of the mesylate (cf, EP-A-0 489 423) are
hegted at 100 to 110° C., in 80 ml of dry DMF with 0.42g |
(8.6 mmol) of sodium cyanide for 3 hours. The mixture is
poured onto ice-water and extracted with cthyl acetate, and

three times with ethyl acetate, After drying and concentra- D€ Fesidue from the organic phase is filtered over silica gel.

tion of the arganic phase, the crude product is chromato- _  (Ethyl acetate/beptane=2:1). 890 mg (25%) of nitrile are

gxaphe% over silica gel (cycloh:ixmdethyl acclate=6:4). 9.0 ° obtained. - _ .

g (25%) of Example 7 are obtained. . 3-NBA/L! NO, (431), 438 .
MS (FAB, 3-NBA/LICY) C;HyoN,0, (433), 440 (M+Li%) MS (FAB CD CacHyuNO, (431), 438 (MALT")

& EXAMPLE 10

EXAMPLE S

1.5 g (3.48 mmol) of the nitrile from Exampic 9 are
hydrogenated in 100 ml of methenol with addition of 10 ml
60 of concentrated ammonia soletion and 1 g of 5% strength
shodinm-on-AlL O, under 140 bar at 50° C. for 24 hours. The
catalyst is filtered off with suction, the filtrate is concentrated
and the residue is purified over silica gel (CH,CL/MeQOH/
conceatrated NH, solution=100:15:2). 1.1 g (73%) of amine
(Example 10) are obtained.,
MS {FAB, 3-NBAJLiCl) C,,H, NO, (435), 442 (M+Li")

This Sheet Has Been Replaced 27 , -
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EXAMPLE 1A are obtained,
MS (FAB, 3-NBA/LICD) Cs,H,NOsSi, (595), 603
L%

EXAMPLE 12A

270 myg of dry zinc iodide are added 10 9 g (21.4 mmol)
of ketone (see equation 4) under argon in 50 ml of dry
dichloromethane, and 10 ml (3.5 equiv_alenu) of trimethyl. 28
R T T S
reaction .
: . son is puri 20 g (42 mmol) of methyl ketone (cf. equation 2) are
which remains after concentration is purified with .| . e .
tane/ethyl acctate<10:1 over silica gel. 12.1 g (85%) ofufe  ssolved in 400 ml of methanol, 248 g (64 mmol) of

’ ol sodium borohydride are added and the mixture is stired at
Ry tcmﬂ“m"m“’” which predominantly 30 oo temperature for 45 minutes. Afier addition of 400 ml

of water, 2N HCl is carefully added until the pH reaches 3.

NM‘_{D”@AB- 3-NBA/LIC) CysHesNO,Sly (664), 671 Thbe mixture is concentrated, water is added again and the

mixture is extracted with EA. The organic phase is dried and
. ’ concentrated, and the residue is chromatographed over silica
EXAMPFLE 11B 35 gel (cyclohexane/ethyl acetate 1:1).
: ' Yield: 15.1 g (75%)
MS (FAB, 3-NBA/LICY) C;H,;0, (478), 485 (M+Li")

EXAMFLE 12B

2.1 mi (274 mmol) of trifiucroacetic acid are first added
to a suspension of 1.036 g (827.4 mmol) of sodivm boro-
hydside in dry THF, the mixture is stirred for 15 minntes and &
12.1 g (18.2 mmo}) of the nitrilc from Example 11A in 40
ml of dry THF arc then added, while cooling with ice. Afier
24 hours at room temperature, the mixture is worked up by 15.1 £ (31.5 mol) of alcobol (Example 12A) are dissolved
addition of water and ether, the organic phase is extracted by in 250 m! of dichloromethane/250 m! of pyridine, 4 g (35

ing with hydrogen-carbonate solution and the residne is 65 miol) of methanesulfony} chloride arc added at 0° C, and
pwiified by chromatography with CH,Cl/CH,OF/concen- the mixtore is stirred at room temperatore for 2 hours. For
trated NH, solation=100:10:1.5. 7.83 g (48%) of the amine - working up, water is added and the mixture is extracted with

—_—

————
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i s e (nqlnm:ryd' ) e m St and the wesihoe T8 s eogpied '\ ien gel
tate 175 co matographed over
:fuhich cgnh”;'e mactgd without funhum;‘xizﬂcaﬁon. are (cyclohexanc/ethyl acelate=7.3), 5.8 g (44%) of aldehyde
obtained, - . are obtained, .
MS (FAB, 3-NBA/LICl) C,,H,0,S (556), 563 (M+LI*) 5 MS (FAB, 3-NBA/LICI) C,,H;,0, (462), 469 (MHLI")

EXAMPLE 12E

" EXAMFLE 12C

" ‘The 2ldehyde Example 12D is oxidized to the free C-20-
30 carboxylic acid Example 12E by Jones oxidation (J. Chem.

18 g (32.3 mmol) of Example 12B and 80 m! of diazabi-  Soc. 1953, 2548).
cycloundecene are dissolved in 400 m! of DMF. The mixture MS (FAB, 3-NBA/LIiCI) C,oHs;0; (478), 485 (M4Li")
is stirred at 100° C. for 16 hours, Afier cooling, the reaction
mixture is concentrated and the residue is chromatographed , EXAMPLE 12F

EXAMPLE 12D

N 507ing (1.15 Tmol) of Example 125 arc dissolved in 30 -
ml of etbanol, 10 ml of 2N NaOH are added and the mixture
* is stirred at yoom temperature for 24 hours, Water is added
and the organic solvents are stripped off, The pH is brought

& m3m4nﬁl:idma!:dﬂ.me1herie;m;;menﬁxmmm-
trated completely residue is chromatogra; over

13 g (28.2 mmol) of Example 12C are dissolvedin 100ml sifica Hr4:1). 270 mg (67%) of product

e i o e s o om0 ot

mixture is to is W X

stiring, until a blve coloration is obtained. The mixture is MS (FAB, 3-NBALIC) s (352), 359

then flushed with N, and warmed to room temperature, and EXAMPLE 13

THIS SHEET HAS BEEN |
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2.0 g (5.01 mmol) of 3a,7ct,)

ek L o, 70,1 20-tribydroxy-24-por-23- 30 ma;
sl ) ) e s 19 ] omgra;heg over silica gel (chloroform/methancl=85:15)
g(mmowl) dran 24-cholanate (cf, EP-A-D417725), 136 2 (%) of Exammple 13 s 0 “ -
of dicyclohexylcarb Dottt e sied 1a 100 2 of iy MS (FAB, - NBAVLIC) CuF1,NO, (98}, 805 04411

. arboctiui 1 gdmhm of dry Exemples 14 10 31 of Tables 1 1o 3 are MM-M‘)
‘m"’mmmkmm : oo mmmmmd Jor 24 ouin. The 35 gously to Example 13 (reactive —X—G2 deri "lmo-
reacti ncentrated residue is chro- described in EP-A-0 489 423 or EP-A-0 :1#2;).”“’ arc

TABLE 1

MS (PAB, 3 NBAZICY

M
CoHsNOp (342),
849 (M43

e e ——

e —
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MS (FAB, 3.NBA/LICY)

CalinNO1o(886),
M413%)

16 CulNOs
905 (<L)

” CulinNOVT82),
789 (M+L3Y)

19 {972),

CssHynNOsSiz
79 (M+LI%)
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TABLE 2

. MS (FAB, 3-NBALICY)
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BEx MS (FAB, 3-NBA/LICY)
= CuyHnNO(812),

819 (M+LiY
2 CulinNOy (814),

821 (MHLIY)
B, MS (FAB.3-NBAAICYH
1] CusHnNOy (756),

763 QMeLi")

This Sheet Has Been Replaced
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Ex. MS (FAB, 3-NBAZLICD
z CrkinNOy (300),
$07 M+11Y)
% CasHlgNCro (844),
251 (ML)
30 CasHisNO, (740),
T47 M+L2Y)
N CusthNO; (759), )
761 (441i")

This Sheet Has Been Replaced
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3.0 g (3.76mmol) of Example 13 are dissolved in 80 m MS (FAB, 3-NBA/LICY) Call;NO, (784), 791 ML)
ofcthauol.somololeaqueousNaOHarenddedandtb les 33w500tmks4w6mobhinedmdo-
mim:ls:ﬁned‘nmmmmfbrlshml’orm Examp ?
woddngnp,:!!)mlofmuelddedlndlheﬂcoholis zonslytoExampleSmethemethyxesma’abml-S)-
stripped off completely, After acidification with IN HCl, the
predpimeisﬁlmdoﬁ’withnwdon,_mhedwnhmmd
dﬁedinvawmﬁgm%)of&nmphszmobhhed.
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Ex.
E
34 CsHisNOy, (872), 379 (M4L5%)
s CyHyNO, (884), 851 (M+U‘)
” CgHpNO, (768}, 775 (MeL1%)
- CuHnNO, (798), 205 (M+L1)
[ ——

yoo

MG

11HIS SHEET HAS BEEM;
REPLACED
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Bx, MS (FAB, 3-NBAAIC)
38 CuinyNO, (814), 321 (M4LI")
Ex MS (FAB, 3-NBAALICD
» C.auO, (7700, T OHLIY)
© CunO, (314}, 821 Q4HLIY
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Ex.
4
aQ
Canbie Oy (5703, 877 (M4LIS
a
CodHNO; (754), 755 L")
“
CaallssNO; (79%), 305 (M4LIY)
&
CustinND, (800), 507 (4411%)
This Sheet Has Been Rep l/ D;L
llllll"llllﬂ"llll”lll
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Ex. MS (FAB, 3-NBALICY)

4 CuBNO, (742), 749 Q44LI)

o CulfzpHNO, (736), 793 Q4SLI%)

48 o )
o CultNO; (126, 733 0L

% ColasNO, (40), 747 (a1

Examples 51 to 54 from Teble 7 are cbtained anslogoualy
to Example § from the acids described above, - This Sheet Has Been Repl
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" CogHigd0,8 (891), 592 (VM4
2

CaaHiN;0,,8 (935), 342 (MHH")
(]

CasFlagN,0135 (976), 1024 (MHH")
S8

CostiN,04S (875), 920 ME")
Examples 55 to 57 of Table 8 are obtai a
—Example 4. I!luned‘ analogously to
This Sheet Has Been Replaced
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Ex.
55
1HadN20)0 (285),
gzmm-';
56
N0 (929),
Erprt
7
Examples 58 to 63 of Tuble 9 are obtained analogously to
Example 13.
This Sheet Has Been R
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MS (FAB, -NBALICY)

CagtigNO (798),
305 (L)

CulinNO, (732),
789 Qvi+Li*)

CuHisNO (782),
189 Q441"

CasHizoNO,3 (798),
805 (M+Li")

7";;%“&%"_“2-__ ......
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of G1 s not shown),
o.umm:“"'vl- M3 (FAB, 3-NBAIC)
Ex.

CastlysNO3 (770),
P . ? 777 (MLEY)

- H '
formoulas)
valency of GI i not shown n the follewing
(The frez MS (FAB, 3-NBALICY)

1HnN0, (784),
%1 044149

.
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TABLE 10-continued

ﬂhﬁwvﬂmydﬁlhumhﬂmm
Ex. . [0 3o MS (FAB, 3-NBA/LICY)

msotﬁnmmnofnnmpleﬂandamheumplﬂof

gbulo?v:dg ::e‘t:gn:(l’, by eqb:in;’;armmof IN aqueoul This Sheet Has Been Replaced
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1. A bile acid derivative of the formula I

%0,

15
wherein G, is liiked via the side chain on atom No. 17 with
the bonding member X to atom No. 3 of Gz, and G, is a
sadical of the formula I1

PCT/US98/03792

L(1), 1{2) and 1(3) arc identical or different and are
selected from.H, an slky) radical or alkenyl radical
having up to 10 carbon atoms, & cycloalkyl radical

having 3 to 8 carbon atoms, a phenyl radical, which is

ensubstituted or mono- to tisubstituted by F, C1, Br,

(C,~C,-alkyl or (Cy~C,-alkoxy, or a benzyl radieal,
which is vnsubstituted or mono- to trisubstituted by K

Cl, Br, (C;~C,)-alkyl or (C;-C,)-alkoxy,
qisOtw 5;
risQorl;
sisQ0orl;and
tisOorl,
Gg It a radical of the formula IV

0
]
in which Z is one of the following radicals
in which . » lm\ : _H’c
Z is one of the following radicals H-ch~Ch—, -t
HC HC, )
Nes—-cn—ane, et T s BN
] o o
N
?"-' “ or a single bond, with the proviso that Z may be
RN
or 2 single bond, ?’—c&_c&—
R(1)is H, an stky] radical having 1 to 10 carbon atoms or
on alkeny! radical having 2 to 10 carbon atoms, 45
R(2), R(3), R(4), R(5) are independently H, OH or in only one of formulas II and IV;
R(2) and R(3), or R(4) and R(S) together form the oxygen Vis—O—or _—_—
of a carbonyl group,
X is a single bood or  bridge member of the formula XL 50 o Ny
P f ;
€ O, — A =N—C—(C)y—Ci N— (B} —~
x'.m ll-m 1'43) whea
55 WisHor,
~in which" - e et Vza—CH,—-or—CH,-—CHg—wthisHurOH.
A:sanalkylenechun.wbxchubrmchadormhmd:ed. Y is —OL, NHL,
and which is optionally interrupted by —O—m, —S—,
orphenylme.thclinhge&!fthephznylﬁngbunginthe S /"
cortho-, meta- or pars-position snd the chain comprising - ,
2 to 12 chain members, N

B is an alkylene chain which is branched or unbranched,
and which is optionally interrupted by —O—, —S--,
orphenylene.thelinksgeoﬂhephenylmgheinginme 6s
ortho-, meta- or para-position and the chain comprising
2 to 12 chain members,
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" or an amino acid or amine-sulfonic acid bonded viathe
amino group, sclected from the gronp consisting ef

~—NH—CH,—COOH, —NH—CH,—CH,—, SO,H,
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2. The bile acid derivative of the formmla 1, as claimed in
—f—CHyTCo0H md ~N—CHy=CH—SOH. tlilm 1, wherein L is an alkeny] sadical having 2 10 10
5 G - catbon atoma. .
3, The bile acid derfvative of formula I, as claimed in
in which L is ¥, en alkyl radical or alkenyl radical 3 claim 1, wherein one or more of L(1), L(2) or L(3) is an
having up to 10 carbon atoms, 2 cycloalicyl radical  alkenyl radical having 2 to 10 carbon atoms.
having 3 to 8 carbon atoms, a pbenyl radical, which is
unsubstituted or mono- to trisubstituted by F, Cl, Bz,
(Cy-C,)alkyl ar (C;~Co-slkuxy, or 2 benzyl sadical, .
which is unsubstituted or mono- to trisubstituted by R,
€L, Br, (C;~C.)-alkyl or (C,-C,)-alkoxy, and
R(6), R(7), R(8), R(9) are independently H, OH or
R(6) and R(7) or R(8) and R(9) together form the oxygen
of a carbony] group.
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Bile acid derivatives, processes for their preparation
and the use of these compounds as medicaments

Description

The invention relates to novel bile acid derivatives,
processes for their preparation, phazmaceuticél prepara-
tions based on these compounds and the use of the bile

- acid derivatives as medicaments.

Bile acids have an important physiological function in
lipolysis, for example as cofactors of pancreatic lipases
and as natural detergents for solubilizing fats and fat-
soluble vitamins. As the end product of cholesterol
metabolism, they are synthesized in the liver, stored in
the gall bladder and secreted from this by contraction
into the small dintestine, where they display their
physiological action. The greatest proportion of the bile
acids secreted is recovered via the enterchepatic circu-
lation. They return to the liver wvia the mesenterial
veins of the small intestine and the portal vein system.
Both active and passive transportation processes play a
role in reabsorption in the intestine. Most of the bile
acids is reabsorbed at the end of the small intestine,
the terminal ileum, by a specific Na‘*~dependent trans-
portation system, and returns to the liver with the
mesenterial_.vein..blood. via. the . portal_ _vein,_ to ' .
secreted by the liver cells again into the bile. The biie
acids appear in the enterxchepatic circulation both as
free acids and in the form of glycine conjugates and
taurine conjugates.

Non-absorbahle, insolubla. hasic, crosslinked polymers
have been used for many years for binding bile acids and
utilized therapeutically on the basis of these proper-
ties. Bile acid derivatives described " i {

Application EP-A-0 489 423 have a high
y (44
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intestinal bile acid transportation system and therefore
allow specific inhibition of the enterchepatic
circulation. All diseases in which inhibition of bile
acid resorption in the intestine, in particular in the
small intestine, seems desirable are regarded as the
therapeutic object. Por example, the blligenic diarrhea
following ileum resection or increased bloocd cholesterol
levels are treated in this manner. In the case of
increased blocd cholesterocl level, a reduction in this
level’ can be achieved by intervention .in the
enterchepatic circulation. The corresponding new
synthesis of bile acids from cholestercl in the liver is
caused by 1lowering the bile acid pool in the
enterchepatic circulation. The LDL-cholesterol in the
blecod circulation is resorted to in order to meet the
cholestercl requirement in the liver, the hepatic LDL
receptors increasingly being used. The acceleration of
LDL metabolism which has thus occurred takes effect by
reducing the atherogenic cholesterol content in the

blood.

The object was to discover novel medicaments which are
capable of reducing the atherogenic cholesterol content
in the blced or of influencing the enterohepatic circul-
ation in respect of increased excretion of bile acid and
consequent reduction in the cholesterol level.

This object is achieved by the bile acid derivatives
according to the invention.

EP-A~0 489 423 relates to dime;{é.bile acidmderivatives

of the formula
Gl-X-G2

in which Gl and G2 are linked in positions 3, 7 or 12 or
by the side chain via the linker X. Bile acid derivatives
in which Gl is bonded to X via positions 7 or 12 and G2
is bonded to X via positions 3, 7 or 12 or the side chain

Y
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are not described in the examples of the European Patent
Application cited.

The invention therefore relates to bile acid derivatives
of the formula I

Gl - X - G2 .

in.which Gl is a radical of the formula II

This Sheet H;

in which

Y

has the following meaning: OKa, in which Ka is an
alkali metal, alkaline earth metal or guaternary
ammonium ion,

-0L, -NEL, -NL,,

an amino acid or aminosulfonic acid bonded via the
amino group, such as, for example

CH, CHj,

and (C,-C,)-alkyl esters, alkali metal and alkaline
earth metal salts and guaternary ammonium salts
thereof, and in which L is .

H, an alkyl or alkenyl radical having up to 10
carbon atomse, which . is branched or unbranched, a
cycloalkyl radical having 3 to 8 carbon atoms or a
phenyl or benzyl radical, which are unsubstituted or

. mono- to trisubstituted by F, Cl, Br, (C,~C,)-alkyl

i3
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or (C,~-C,)-alkoxy,

R? ’is B, an alkyl or alkenyl radical having up to 10
carbon atoms, which is branched or unbranched, a
cycloalkyl radical having 3 to 8 carbon atoms, a

5 benzyl radical, a biphenylmethyl or a triphenyl-
methyl radical,
in which the nuclei are unsukstituted or mono- to
trisubstituted by F, €1, Br, (C,-C,)-alkyl or
{C;=C,)~alkoxy, or

10 a radical
0 o)
I o}
-P-OL, -S-0L or ﬂ
I [ -C-L
(o] 10)

in which L has the abovementioned meaning,
R* to R’, R? and R’ or R' and R® in each case together
being the oxygen of a carbonyl group, or indi-

15 vidually and in each case independently of one
another being
0 (o] o] oL 0
H, -OT, -8T, -NHT, Oog-T. -S-f":-T. -NH-!:-T. -O-L-OT. -0-8-0T, -T
o) o

in which T has the meaning of L or is a free valency
for bonding the group X,
and.in.which in. total. only one free. valency starts
20 from G1 for bonding the group X,
X is a single bond or a group of the formula III

—_— 0
This Sheet Has Been -[-(N]S-A'N-C' lCHzlq'C°]r°N' [B’f {in),
LT A
in which ! Y THIS SHEET HAS BEEN
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A and B are alkylene chains, which are branched ox
unbranched, it being possible for the chains to
be optionally interrupted by -0- or -S-,
L}, 1? and 1’ are identical or different and

5 have the meaning of L and
q is zero to 5,
xr is zero or 1,
8 is zero or 1 and
t is zero or 1 and

10 G2 is a radical of the formula IV

I—
Bee:nReplaLcesd

i -

R ] 0\\\\\

in which

4 is a free valency to the group X or has the meaning
given under Y,

R¢ is a free valency to the group X or has the meaning

15 given under R! and

R’ to R*® have the meaning given under R®* to R, and in
which in total only one free valency starts from G2
to the group X.

The compounds according. to the invention have a high
20 affinity for the specific bile acid transportation system
of the small intestine and inhibit bile acid absorption
in a concentration-dependent and competitive manner. Thé

compounds according to the invention furthermore are not
themselves absorbed and thus do not enter the blood

25 circulation. The enterchepatic circulation can be inter-
rupted very specifically and efficiently by application
of this principle of action. )

By using the compounds according to the invention, it is
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enterohepatic circulation such that a reduction of the
cholesterol level in the serum occurs. Avitaminoses are
just as’ unlzkely during their use as effects on the
absorption of other medicaments or an adverse effect on

5 the intestinal flora. Furthermore, the side-effects known
of polymers (constipation, steratorrhea) are not found,
i.e. lipolysis is not adversely influenced. Because of
the high affinity for the specific bile acid transport-
ation system of the small intestine, low daily doses are

10 sufficient , 8o that acceptance of such medicaments by the
doctor and patient will be very high.

Particularly preferred compounds of the formula I are
those in whi_.ch Gl is a radical of the formula II

This Sheet Has Been Replaced

T

in which

Y OH, 0-(C1—C41-Alkyl. -NHCH,COOH,

-NCH,COOH, -NHCH,CH,SO4H, -NCHzCHZSO3H
]

I
CHj CH,

5—-R*- is-H, benzyl; biphenylmethyl; formyl- or acetyl,-

R? to R, R? and R’ or R* and R* in each case together
being the oxygen of a carbonyl group, or indi-
vidually and in each case independently of one
another being 0 o)

i
M, -OT, -NHT, -0-C-T, -NH-C-T, T

20 in which T is
H, a branched or unbranchec}a (C,~-C,)~alkyl radical or
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a free valency to bridge group X, and in which a
total of cne free valency starts from Gl for bonding
the group X,

X is a bond,

-N-,
H

-CH,CH,NH-
-CH,CH,CH,NH-
0 )

-{CH)"N-C-(CHy)py"C-N-(CH,) .-
H H

where n is 2 or 3, mis 1 to 4 and o is 2 or 3, and

G2 is a radical of the formula IV
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(1v)

in which

-2 is a . free valency to-group X-or has the-meaning

given above under Y,

R* is a free valency to group X or has the meaning
given above under R! and

R’ to R have the meaning given above under R? to R®, and
in which only one free valency starts from G2 to the
group X.

The invention furthermore relates to a process for the
preparation of compounds °5“'7the formula I, which :
AS BEEN
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comprises

a)

b}

c)

a)

—_—

in the case where X is a single bond, reacting
suitable forms of Gl and G2 with one another by
processes which are known in principle, or

in the case where X is a bridge group, reacting

x) reactive forms of Gl-X with G2 or

B) reactive forms of Gi-X with Gl

by processes which are known in principle, or

. preparing compounds of the formula I (G1l-X-G2) from

Gl-X1 and X2-G2 by processes which are known or,
where they are not known, by the processes described
below in more detail, X being formed fxom X1 and X2
by formation of a covalent berd, in particular
within a condensation or substitution reaction.

X is a single bond

The bile acids Gl are employed either in the free
form or in protected form. After linking with G2,
which is likewise present in a free or protected
form, the protective groups are split off, if
appropriate, and the C-24 carboxyl function is
converted into a derivative, if appropriate. Suit-
able protective groups for the alcohol groups are
expediently formyl, acetyl, tetrahydropyranyl or
t~batyldimethylsilyl. various alkyl or Dbenzyl
esters, and also, for eiample, orthecesters, arxe
suitable protective groups for the C-24 carboxyl .
group.

For- example, - bile- acid preferentially .xreacts at
position 3, but also at position 7, with activated
forms of carboxylic acids, such as acid chlorides or
mixed anhydrides, with addition of bases, such as
trialkylamine or pyridine, but also NaOE, at room
temperature in suitable solvéq}s, such as tetra-
hydrofuran, methylene chloride or ethyl acetate, but
also dimethylformamide (DMF) or -dimethoxyethane

(DME) . Y/f
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b)

The various isomers can be separated, for example by
chromatography. The reaction can be carried out
selectively by using suitable protective groups.

The corresponding amino-bile acids can be converted
into corresponding amides analogously; Here also,
the reaction can be carried out either with protec-
ted or with free bile acids.

Other compounds according to the invention can be
linked analogously by known standard processes.

X is a bridge group

The processes specified under a) are also used to
carry out the linking of Gl-X with G2 or Gl with
X-G2. Here also, the bile acid portion is
expediently employed either in protected or in
unprotected form.

A preferred preparation process comprises reacting
reactive forms of Gl with reactive forms of X-G2. If
appropriate, the linking reaction is followed by
splitting-off of protective groups and conversion of
C-24 carboxyl into derivatives.

The preparation of reactive bile acid units Gl1-~X and X-G2
is shown in the following eguation.

OMe

PCT/US98/03792
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= = "= acetyl
R B fomyl ox acetyl s R’ H or OH, R formyl or
r

Vil HOM
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X1 or Xttl

0"(”’1):-'““2

(xv11)

|

R = H, formyl or acetyl, R* = Hox OH, n= 2 or 3

Compounds of the type V in which the 3-positiofi is
protected are reacted with allyl hromide/Hiinig base or
triethylamine. If the compound V has one OB group, the
alkylation is unambiguous; if two free OB groups are
present, monoalkylation takes place at positions 7 and 12
in approximately equal proportions and only traces of the
dialkylated product are formed. The protective group in
the 3-position can either be split off with sodium
methylate or retained for further reactions. The

Y2
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monoalkylated compounds VI -and VII can be split with
ozone.or with 0s0,/Nal0, to give the aldehydes VIII and
IX. The 7-and 12-hydroxyethyl compounds X and XI are
readily accessible from these by simple reduction, for
example with NaBH,. The corresponding 7- and 12-hydroxy-
propyl derivatives XII and XIII can be synthesized from
the allyl compounds VI and VII by hydroboration. The
aminoalkyl derivatives XIV and XV can be prepared from
the hydroxyalkyl compounds of the type X to XIII by a
reaction sequence which is known in principle (mesylation
of the primary OH group with methanesulfonyl chloride/
pyridine, azide exchange with NaN, in dimethylformamide,
reduction of the azide function with hydrogen under

PCT/US98/03792

catalytic conditions). Further reaction of the amino

functions of these compounds with succinic anhydride
gives bile acid units of the type XVI and XV1I. Suitable
bile acid units furthermore are described in EP-A~-
0 489 423.

The invention furthermore relates to _t_he use of the

compounds according to the invention for the preparation

of a medicine. For this, the compounds of the formula I
are dissclved or suspended in pharmacologically accept-
able organic solvents, such as monc- or polyhydric
alcohols, such as, for example, ethanol or glycerol, or
in triacetin, oils, such as, for example, sunflower oill
or cod-liver oil, ethers, such as, for example, diethyl-
ene glycol dimethyl ether, or also polyethers, such as,
for example, polyethylene glycocl, or also in the presence
of other pharmacologically acceptable.polymeric carriers,
such as, for example, polyvinylpyrrolidone, or other
pharmaceutically acceptable additives, such as starch,
cyclodextrin oxr polysaccharides. The compounds according
to the invention furthermore can be administered in
combination with other medicaments.

The compounds of the formula I are administered in
various dosage forms, preferably orally in the form of
tablets, capsules or liquids. The daily dose varies in

Yy 3
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the range from 3 mg to 5000 mg, but preferably in the
dose range from 10 to 1000 mg, depending on the body
weight and constitution of the patient.

On the basis of their pharmacological properties, the
compounds are particnlarly suitable as hypolipidemic
agents.

The invention therefore also relates to medicaments based
on the compounds of the formula (I) and to the use of the
compounds as medicaments, in particular for lowering the
cholesterol level.

The compounds according to the invention were tested
biologically by determination of the inhibition of [?H]-
taurocholate uptake in brush border membrane vesicles of
the ileum in rabbits. The inhibition test was carried out
as follows: '

1. Preparation of brush border membrane vesicles from
the ileum of rabbits

The brush border membrane vesicles from the intestinal
cells of the small intestine were prepared by the.
so~called Mg®* precipitation method. Male New 3Zealand
rabbits (2 to 2.5 kg bedy weight) wexre sacrificed by
intravenous injection of 0.5 ml of an agueocus solution of
2.5 mg of tetracaine BCl, 100 T 61* and 25 mg of
mebezonium iodide. The small intestine was removed and
flushed with ice-cold physiological saline solution. The
terminal 7/10 of the small intestine (measured in the
‘oral-rectal directionm, i7e. thé terminal iYeum wkich
contains the active Na*-dependent bile acid transport-
ation system) was used for preparation of the brush
border membrane vesicles. The intestines were frozen in
plastic bags under nitrogen at -80°C. To prepare the
membrane vesicles, the frozen intestines were thawed at
30°C in a watex-bath. The mucosa was scraped off and
suspended in 60 ml of ice~cold 12 mM Tris/HCl buffer (pH

P, Ll_
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7.1)/300 mM mannitol, 5 mM EGTA/10 mg/l of phenylmethyl-
sulfonyl fluoride/l mg/l of trypsin inhibitor <from
soivbeans (32 U/mg)/0.5 mg/l of trypsin inhibitor from
bovine lung (193 U/mg)/5 mg/l of bacitracin. After
dilvution to 300 ml with ice~cold distilled water, the
mixture was homogenized with an Ultraturrax (18-rod, IKA
Werk Staufen, FRG) for 3 minutes at 75% of the maximum
output, while cooling with ice. After addition of 3 ml of
1 M MgCl, solution (final concentration 10 mM), the
mixture was left to stand at 0°C for exactly 1 minute. By
addition of Mg**, the cell membranes aggregate and pre-
cipitate with the exception of the brush border
membranes. After centrifugation at 3000 x g (5000 rpm,
SS-34 rotor) for 15 minutes, the precipitate is discarded
and the supernatant, which contains the brush border
membranes, is centrifuged at 267000 x g (15000 rpm, SS-34
rotor) for 30 minutes. The supernatant was discarded and
the precipitate was rehomogenized in 60 ml of 12 mM
Tris/HCl1 buffer (pE 7.1)/60 mM mannitcl, 5 mM EGTA using
a Potter Elvejhem homeogenizer {Braun, Melsungen, 900 rpm,

10 strokes). After addition of 0.1 ml of 1 M MgCl,
solution and an incubation time of 15 minutes at 0°C, the
mixture was centrifnged again at 3000 x g for 15 minutes.

The supernatant was then centrifuged again at 46000 x g
(15000 rpm, SS-34 rotor) for 30 minutes. The precipitate

was taken up in 30 ml of 10 mM Tris/Hepes buffer (pH-
7.4)/300 mM mannitol and resuspended homogenecusly by 20

strokes in a Potter Elvejhem homogenizer at 1000 rpm.

After centrifugation at 48000 x g (20000 xrpm, SS-34

rotor).for 30 minutes, the precipitate was_ taken up in
0.5 to 2 ml of Tris/Hepes buffer {pH 7.4)/280 mM mannitol

(final concentration 20 mg/ml) and resuspended with the

aid of a tuberculin syringe with a 27 gauge needle. The

vesicles were either used for transportation studies

immediately after preparation or stored in 4 mg portions

in liquid nitrogen at -196°C.

2. Inhibition of Na’~-dependent uptake of [°H}-tauro-

This Sheet Has Been Replaced QS

cholate in the brush border membrane vesicles of the
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The uptake of substrates in the brush border membrane
vesicles described above was determined by means of the
so-called membrane filtration technique. 10 pl of the
vesicle suspension (100 pg of protein) were pipetted as
drops onto the wall of a polystyrene incubation tube
(11 x 70 mm) which contained the incubation medium with
the corresponding ligands (90 pl). The incubation medium
contained 0.75 pl = 0.75 pCi  [’H(G)])-taurccholate
(specific activity: 2.1 Ci/mmol)/0.5 pl of 10 mM tauro-
cholate/8.75 pl of sodium transportation buffer (10 mM
Tris/Bepes (pH 7.4)/100 mM mannitol/100 mM NaCl) (Na-T-P)
or 8.75 pl of potassium transportation buffer (10 mM
Tris/Bepes (pB 7.4)/100 mM mannitecl/100 mM KCl) (K-T-P)
and 80 pl of the inhibitor solution in question as a
solution in Na-T buffer or K-T buffer, depending on the
experiment. The incubation medium was filtered through a
polyvinylidene fluoride membrane filter (SYBV LO 4NS,
0.45 pm, 4 mm @, Millipore, Eschborn, FRG). The transpor-
tion measurement was started by mixing the vesicles with
the incubation medium. The concentration of taurocholate
in the incubation batch was 50 pM. After the desired
incubation time (usually 1 minute), the transportation
was stopped by addition of 1 ml of ice-cold stopping
solution (10 mM Tris/Bepes (pH 7.4)/150 mM KCl).

ileum

The mixture formed was immediately filtered off with
suction over a rembrane filter of cellulose nitrate (ME

25, 0.45 pm,~ 25.mm_.diameter, _Schleicher & Schuell,
Dassell, FRG) under a vacuum of 25 to 35 mbar. The filter

was rinsed with 5 ml of ice-~cold stopping solution.

To measure the uptake of radioactively labeled tauro-
cholate, the membrane filter was dissolved with 4 ml of
the scintillator Quickszint 361 (2inssér Analytik GmbR,
Frankfurt, FRG) and the radiocactivity was measured by
liguid scintillation measurement in a TriCarb 2500
measuring instrument (Canberra Packard GmbH, Frankfurt,

42 6
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FRG). After calibration of the instrument with the aid of
standayd samples and after correction for any chemi-
luminescence present, the values measured were obtained
as dpm (decompositions per minute).

The control values were determined in each case in Na-T-P
and K-T-P. The difference between the uptake in Na-T-P
and K-T-P gave the Na‘-dependent transportation content.
The concentration of inhibitor at which the Na’-dependent
transportation content was inhibited by 50% - based on
the control - was designated the IC,, Na*.

The pharmacological data include a test series in which
the interaction of the compounds according to the inven-
tion with the intestinal bile acid transportation system
in the terminal small intestine was investigated. The
results are summarized in Table 11.

Examples 1 and 2

0
At 0“\ l"lo " ION ) \‘\\ﬁ% “
]

"'- ) ."' 2

= im

150 g (0.32 mol) of methyl 3-acetyl-cholate, 500 ml of
dimethylformamide, 125 ml of N-ethyl-diisopropylamine and
70 ml of allyl bromide are heated under reflux for 16
hours. New allyl bromide (25 nl) is added e every fuﬁahrs{
The reaction solution is evaporated on a rotary evapora-
tor. The residue is partitioned between water/methylene
chloride and the organic phase is separated off and dried
with magnesium sulfate. After column chromatography
(ethyl acetate/cyclohexane 1:2, silica‘'gel 70-200 pm),
the product fractions are evaporated on a rotary

evaporator.
Yield = 92.2 g of 7-/12-allyl mixture.

{27
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CyoHs0 (504), MS 511 (M + Li*)
The mixture was separated by fractional crystallization
with n-heptane.

Example 3
Yo 0 0
= ONe Hgo OMe
H . H
ﬁ -

H
\X %y, CH \ .
Ac 0\ m o/\(/ 2 Ae 0\\\ A //,o/\rru

5 50 g (0.1 mol) of Example 1, 250 ml of diethyl ether and
250 ml of water are initially introduced into the reac-
tion vessel, while stirring vigorously. 503 mg
(0.002 mol) of osmium tetroxide are added. The mixture is
stirred at room temperature for 15 minutes. 53 g

10 (0.25 mol) of sodium periodate are added in portions over
the course of 1 hour, and the mixture is subsequently
stirred for 8 hours, while stirring vigorously. The ether
phase is separated off, dried with magnesium sulfate and .
evaporated on a rotary evaporator.

15 Yield: 47 g of crude C,,H,O0, (506}, MS 513 (M + Li*)
Example 3 is further reacted without additional purifica-

tion.
Example 4 ’
- e .o —— e
This Sheet Has Been R, = HE?
Hll!lﬂIIIIIHIIHIHIII F17Y 6% ous T Pou
AN ///, R ,’ﬁ OH
AcO 0/\? Acod v Uy~

4.2 g (0.1I mol) of sodium borohydride are added in

20 portions to 47 g (0.093 mol) of Example 3 and 250 ml o
- 42% ST HAS BEEN
| Tms se e ACED
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methanol at 0°C. After 2 hours at 0°C, the reaction
solution is poured onto saturated ammonium chloride
solution, the mixture is extracted 3 times with ethyl
acetate and the combined organic phases are dried with
5 magnesium sulfate and evaporated on a rotary evaporator. .
After column chromatography (ethyl acetate/cyclohexane
1.5:1, silica gel 35 = 70 pm), the product fractions are
evaporated on a rotary evaporator and the residue is
crystallized with diisopropyl ether. Yield: 25 g of
10  C,,H,,0, (508}, MS 515 (M + Li*)

Example 5
HO HO
= /
OMoe Hgoj\ou'
\ i/“ CH ﬁ '
\) (/ 2 \ /4
Aco\ IOM Ac0\\\ A /llo/\/\uR

10 g (0.02 mol) of Example 1 and 250 ml of tetrahydxo-
furan were initially introduced into a reaction vessel at
room temperature, and 40 ml (0.04 mol) of borane-tetra-
15 hydrofuran complex (1 molar) were added dropwise at room
temperature. The mixture was subsequently stirred at room
temperature for 2 hours, and 25 ml of water, 25 ml of 2
N sodium hydroxide solution and 25 ml of 35% strenéth
hydrogen peroxide solution were added dropwise in
20 succession. The mixture was subsequently stirred at room
temperature ~“f6r" 4 further 15 minutes. The reaction
solution was poured onto water, the mixture was extracted
3 times with diethyl ether and the combined organic
phases were dried with magnesium sulfate and evaporated
25 on a rotary evaporator.
Yield: 8.5 g of C,Hs0, (522), MS 529, (M + Li*)
Example 5 was further reacted without additional purifi-

caticn .
129
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10 g (0.02 mol) of Example 4 and 100 ml of pyridine are
initially introduced into a reaction vessel at 0°C.
1.7 ml {0.022 mol) of methanesulfonyl chloride are added
dropwise at 0°C and the mixture is subsequently stirred
at 0°C for a further 30 minutes and at room temperature
for 2 hours. The reaction sclution is poured onto water,
the mixture is extracted 3 times with ethyl acetate, and
the combined organic phases are dried with magnesium
sulfate and evaporated on a rotary evaporator. The
residue is dissolved in 100 ml of dimethylformamide,
1.4 g {0.022 mol) of sodium azide are added and the
mixture is stirred at 80°C for 2 hours. The reaction
solution is poured onto water and the mixture is worked
up as described above. The residue is dissolved in 100 ml
of methanol, 100 mg of palladium-on-charcocal (10%) are
added and hydrogenation is carried out under normal
pressure for 2 hours. The catalyst is filtered off and
the filtrate is evaporated on a rotary evaporator. After
column chromatography (ethyl acetate/ MeOR/Et,N 10:1:1,
silica gel 70-200 pm), Example 6 is obtained.

Yield = 7.3 g of C,,H,NO, (507); MS 514 (M '+ Li*)

"

”I’ONNT\/\)’LD H
0

Example 7
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98.6 mg (0.001 mol) of succlnic anhydride are added to
500 mg (0.001 mol) of amino compound, 20 ml of tetra-
hydrofuran and 4 ml of triethylamine at room temperature.
The mixture is subsequently stirred at room temperature
for 1 hour. The reaction solution is poured onto 25%
strength sodium dihydrogen phosphate solution, the
mixture is extracted 3 times with ethyl acetate and the
organic phase is dried with magnesium sulfate and
evaporated on a rotary evaporator.

Yield: 580 mg of C,H,,NO, (607), MS 614 (M + Li*)

Example 7 was further reacted without additional purifi-
cation. )

Examples 8 to 12 were prepared analogously to Examples 3
to 7. '

Exémples 8~12

T T —

This Sheet Has Bee

“o NN

N
AcO® 8
HExample RY® | — MS
8 -CH,CHO 513 (M + 1nLi*)
9’ |~ -cB,cB,0H 515 (M + Li*)
u 10 ~CH,CE,CH,0H 529 (M + Li*)
11 -CH,CH,NH, 514 (M + Li%)
12 ~CH,CH,NHCOCH,CH,COUH 614 (M + Li*)
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10

15

(")

Example 1

em——

070M
+ cholic acid

300 mg {0.73 mmol) of cholic acid, 330 mg (0.78 mmol) of
methyl 7f-amino-3g,l2a-dihydroxy-5f-cholanate (Redel,
Bull. Soec. Chim. Fr., page 877, 1949), 240 mg (0.97 mmol)
of BEDQ and 0.25 ml of diisopropylethylamine are stirred
in 20 ml of DMP at 90°C for 4 hours. After cooling, the

reaction mixture is concentrated and the residue is .

chromatographed over silica gel (CH,Cl,/MeCH 8.2). C,H,,NO,
(812) 819 (M + Li*). The two bile acid derivatives can
also be linked with triethylamine in methylene chloride
or with dicyclohexylcarbodiimide, hydroxybenzotriazole or
triethylamine in tetrahydrofuran.

The compounds of Table 1 were prepared analogously to
Example 13.

T




WO 98/40375 PCT/UIS98/03792
Example| R*? |R™ | RM* [MS (FAB, 3-NBA/Licl)
7
14 |a-oH|H [-0B |C,H,NO, (796) 803 (M + Li*%)
5
15 |p-OB{E |-OB |C,B,NO, (796) 803 (M + Li*)
16 |8 |B |-0CHO|C,B,NO, (808.5) 809.5 (M+E*) d

10 The examples of Table 2 were obtained analogously to
BExample 13 from Examples 7 and 8.
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Table 2

i,

n
AcO
' H

«

-~ 1
Example | X’ RS MS (FAB, 3-NBA/LiCl)

17 ‘:Né" H C,,ﬂ.,ﬂou (898) 905 (" + Li‘)

18 -NH- i diphenylmethyl | C,H,NO,, (1064) 1071 (M + Li*)
%is ~NHCO(CH,) ,CONH(CH,),;NE~ | B Coy N0, (1054) 1061 (M + Li*)
i :
¥ -NHCO(CH, ) ,CONH(CH,) ;NE~. | diphenylmethyl | CyyB,,N,0,, (1220) 1227 (M + Li*)

qEOV 1S '
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The examples of Tables 3 and 4 were likewise obtained
analogéusly to Example 13.

Table 3
0
HO OMe
H
T PS:
\ 29 /\/N R ‘ 6
Ac O\\\ (!
H 0
Example 'R“ ) MS (FAB, 3-NBA/LiCl) "
21 "o 0 CezH,00N;0;, (1097) 1104 (M+L*)
= OMe
SO
aco™ A g~
22 wo 0 CooHssN,0,; (1055) 1104 (M+L*) |
§ OMe i
3s
" .di[’ﬁ
-"\/\o "0 N
N
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Table 4
17 H 0
R -N\/\o OMes
H
=
) H
Ac OV “0H
H
Example R¥? MS (FAB, 3-NBA/LiCl) | ﬂ |
23 0 | CiB,,NO;, (898) 905 (M+L")
HQ
N
. ]
HOY OR
H
24 o 9 Ce2B;00N;0;,(1097) 1104 (M+L*)

- ————————————
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Example 26

x
o

= Ml

no'™

x
rz 2ot

250 mg (0.31 mmol) of Example 13 are dissolved in 20 ml
of ethanol, 2 ml of 1N NaOH solution are added and the
mixture is stirred at room temperature for 16 hours. For

5 working up, the mixture is concentrated, the residue is
dissolved in H,0, the pB is brought to 1-2 with 2N EHCl
and the mixture is concentrated again. The residue is
chromatographed over silica gel (CHCl,/MeOB 8:2). 220 mg
of free acid are obtained (90%). o

10 MS (FAB, 3~NBA/LiCl) C,H,NO, (798) 805 (M + Li*)

The examples of Tables 5 to 8 are cbtained analogously to
Example 26.

Table 5

This Sheet Has Been Rep
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e
RIZ R13 Ms
«~OH H C.,H,,NO, (782) 789 (M+Li*)
p~OH H C.H,sNO, (782) 789 (M+Li*)
B H C.sH,NO, (766) 773 (M+Li*)
T
¢33 .

-.‘—-—-—_. .. —--wN
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Table 6

aadovIiday
Ndd4 SVH LI8HS SIHL

H 0‘
0 oH
g il
=" =
= W "’gcn CHyx?
- R
_g HO H thdid]
=§
Y
=.—*§;
8
.
[
-l
Example | X* R MS
30 -NH- H | CyoHesNO,, (860) 867 (M + Li*)
31 -NB- diphenylmethyl | ¢,,8,,N0,, (1026) 1033 (M.+ Li*)
32 ~NHCO(CH,),CONB(CH,) NE~ | B Cs,H,;N,0,; (1016) 1023 (M + Li*%)
~NHCO(CH,),CONH(CH,),NH- | diphenylmethyl | C,H;,;N,0;, (1182) 1189 (M + Li*)

SLEOY/86 OM
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Table 7 .
0

HO OH

H
T
H D\\\ ,IONNT(\)'LR 18 .

H 0

CyH,y;N,0,,(985) 992 (M+Li') }

C;.H"N,On ( 985 ) 992 (M"'Ilj-*) ‘

————

———
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Table 8
H 0

17
R '-N o~ OH

Mo

This Sheet Has Been Replaced
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36 0 | CuBaNO, (842) 849 (M+Li*)
HO
R
3
R
Ho\\\ "IOH
H
37 0 H 0 Cy Hy,N,0,, (985) 992 (M+Li%)
)"L/\n'“\/\_g oK
wo K'Y
]
38 . i" CyeBy,N,0,, (985) 992 (M+Li*)
o [
M [
1 [

The IOlloWing glycine conjugates and

“taurine conjugates

were obtained analogously to synthesis processes which

have already been described ‘ﬁP 489 423).
- Y
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Table 9
HO
%? A SO,H
—F
— é
& \\\\
== HO H
=%
——
—
< —3.
_C‘ I g
* 8
— —————————
Example R R MS (FAB, 3~-NBA/LiCl
39 l"on ¢"OH C“H““,O"s (905) 918 (H + 2Li*-ﬂ‘)
Huo a-0H 8 C, H,N,0,5 (889) 890 (M + H')
S ‘,‘
442 H C.oH,N,0,8 (872.5) 895.5 (M + Na®)
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Table 10

SLEOV/86 OM

= H
H
—F
—— z
— M .
—r » "“IoCH,CH,~
— HO 1 CH,
pos—
=
—
&
-z .
~C
)
Example X3 R MS
43 | ~NH=- H C5zn,guzogzs (967) 974 (H + Ili.‘)
‘ 44 =NH~ diphenylmethyl c.,n,,.n,o,,s ( 1133) 1140 gll + I.ui*)
—
L ; )
AT i :
o om
5 | 6 (M + Li*
% ':‘.' -l 46 -NHCO(CH,LCONB(CB,)MH‘ diphenylmethyl Cy3H10:M.0:8 (1289) 1296 ( )
G2 _ |
o

B‘
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Example 47

MS (FAB, 3-NBA/LiCl) C¢H,,,N;0,,8 (1092) 1099 (M + Li%)

Example 48
0
= H
H
S ;
- N A~
R N e

AL 3

5 Table 11 shows measurement values for the inhibition of .
" the uptake of [‘H]-taurocholate in brush border membrane
vesicles from the ileum of rabbits. The quotients of the
IC,, and IC,, Na values of the reference substance tauro-
chenodeoxycholate (TCDC) and of the particular test

10 substance are stated. '
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Table 11
Compound I1C,,~TCDC{gmol] IC,pu,~TCDC[ pmol }
g::::ple IC,,~substance[pmol] | IC,,,,~substance[pmol]
20 0.00 0.12
26 0.00 0.29
27 0.64 0.44
i 28 0.54 0.43.
29 0.23 0.17 .
30 0.93 0.85
32 1.00 0.80
39 0.92 1.05
40 0.54 0.52
43 1.18 0.96
47. 0.35 0.26.
lm 0.75 0.71
This Sheet Has Been Rep
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l. A bile acid derivative of the formula I
Gl -X-~-G2 I

in which Gl is a radical of the formula II

5 in which

'Y has the following meaning: OKa, in which Ra is an
alkali metal, alkaline earth metal or quaternary
ammonium ion,

-OL, -NEL, -NL,, W
10 an amino acid or aminosulfonic acid bonded via_“”
the amino group, such as, for example

-NHCH,COOH, -NHCH,CH,SO4H, -NCH,COOH, -NCHchzsosH
This Sheet Has Been Repla NHCH, 2~7°25F3 | 2 |

[T by b

and (C,~C,}-alkyl esters, alkali metal and
alkaline earth metal salts and guaternary
15 ammonium salts thereof, and in which L is

""H, an alkyl or alkenyl radical having ‘up .to 10

carbon atoms, which is branched or unbranched, a

cycloalkyl radical having 3 to 8 carbon atoms oxr

a phenyl or benzyl - -radical, which are unsubsti-

. 20 - tuted or mono~ to trisubstituted by F, Cl, Br,
(C,~C,)~alkyl or (£,~C,)-alkoxy,

R is H, an alkyl or alkenyl radical having up to 10

carbon atoms, which is branched or unbranched, a

cycloalkyl radical having 3 to 8 carbon atoms, a

¢Y6 T TAS BEEN
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benzyl radical, a biphenylmethyl or a triphenyl-
methyl radical,

in which the nuclei are unsubstituted or mono-to
trisubstituted by F, Cl, Br, (C,~-C,)-alkyl or

a radical
o} 0
i i 0
-P-OL , -S-OL or
-C-L
0 (o]

in which L has the abovementioned meaning,
R* to R>, R? and R?® or R*' and R® in each case together -
10 being the oxygen of a carbonyl group, or indi- .
vidually and in each case independently of one
another being

) 0 (I) oL (lJ
i | |
Ho 'OTp 'STn 'NHT' O'C’Tc 's'C°T. 'NH'C'TO .°°E'°Tl .o.?.o-r' ®
0 0o

in which T has the meaning of L or is a free
valency for bonding the group X, :
15 and in which in total only one free valency
starts from Gl for bonding the group X, -
X 1is a single bond or a group of the formula III

O 0
.
°[°(N),—A-N—C-!CH;1,-C-l,-N-(Blt- i,
IL‘ . L2 ||_3 .
in which
A and B are alkylene chains, which are branched
20 or unbranched, it being possible for the

chains to be opticnally interrupted by
This Sheet Has Been Rep

-0- or -S-,
M = =" i o st o
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have the meaning of L and

q is zero to 5,

b is zero or 1,

s is zero or 1 and
5 t is zero or 1 and

G2 is a radical of the formula IV

(1v)

in which
2 is a free valency to the group X or has the
meaning given under Y,
10 R*  is a free valency to the group X or has the

meaning given under R! and

R’ to R! have the meaning given under R? to R?, and ' .
in which in total only cne free valency starts .
from G2 to the group X. P

15 2. A bile acid derivative of the_ formula I as claimed
in claim 1, in which Gl is a radical of the formula .
II

This Sheet Has Been
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- in which

y is OH, O-IC;-C4)-Alkyl, -NHCH,COOH,
-NCH,COOH, -NHCH,CH,S03H, -l‘qcn-t,cnzsoan

|
CHg CHy

R? is H, benzyl, biphenylmethyl, formyl or acetyl,
R? to R>, R? and R’ or R' and R® in each case
5 together being the oxygen of a carbenyl
group, or individually and in each case
independently of one another being

o o
I I
H, -OT, -NHT, -0-C-T, -NH-C-T, -T

in which T is

10 B, a branched or unbranched {C,~C,)-alkyl radical
or a free valency to bridge group X, and in which
a total of one free valency starts from Gl for
bonding the group X,

X is a bond,

N-.
H

-CH,CHyNH-

15 -CH,CH,CH,NH- ——

—_—

This Sheet Hag Been Re

o o (i

-(CHz},,-N-C-(CHz)m-C-:-(CHz),-
H

where n is 2 or 3, mis 1 to 4 and o is 2 or 3,
and
G2 is a radical of the formula IV

Y4
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This Sheet Has Been Replaced
(I ()
in which . :
2 is a free valency to group X or has the meaning

given above under Y,
R* is a free valency to group X or has the meaning -
5 given above under R! and
R’ to R have the meaning given above undexr R* to R%,
and in which only one free valency starts from
G2 to the group X. :

3. ©Process for the preparation of a bile acid deriva-
10 tive of the formula I as claimed in claim 1, which
comprises TR
a) in the case where X is a single bond, reacting
suitable forms of Gl and G2 with one ancther by
processes which are known in principle, or.
15 b) in the case where X is a bridge group, reacting
a) reactive forms of Gl-X with G2 or .
p) reactive forms of G2-X with Gl
‘ by processes which are known in principle, or
c) . preparing compounds of the formula I (Gl-X-G2)
20 from Gl-X1 and X2~G2 by processes which are
known or, where théy are not known, by the
processes described below in more detail, X
being formed from X1 and X2 by formation of a
covalent bond, in particular within a condensa-
25 tion or substitution reaction.

4. A wedicament comprising a bile acid derivative as
claimed in claim 1.

. AS BEEN
5. A hypolipidemic agent comprising THS Sﬁgﬁé‘%ggcid
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MONOMERIC BILE ACID DERIVATIVES,

PROCESSES FOR THEIR PREPARATION R
AND THE USE OF THESE COMPOUNDS AS )
MEDICAMENTS
3 .
Bilc acids are synthesized in the liver from cholesterol in groups, and in which GS is bonded via X 83 desired,
scveral enzymatic steps. They are stored in the gall bladder, and
from whick they are secreted with the bile into the small Zis

intestinc, They fulfill imponant physiological functions . :

there during the digestion process, for example as cofactors 10 HO—, Cfy—0—, HO=CH,—CH=CH-Cl;~,
or pancreatic lipases and as natural detergents for absorption :

of fats and fat-scluble vitamins, The greatest proportion of

biic acids returns to the Hver from the small intestine via the - - - SEP
portal vein blood by active and passive transportation pro- (CHisla—CH=0=, * Altali-0—F=0~=.
cesses. 15

Polymers which bind bile 2cids have been employed as o "o
therapeutics for a relatively long time. They are used for ] ]
discascs where inhibition of the absotpiien of bile acid is “0'1;-0-- W-}-O-
desirable. In cases of an increased blood cholesterol level, T ol
increased synthesis of bile acids from cholesterol can be 20 . )
indncedinmelimbyreducingmemomoi:bﬂeacidﬁn ﬁ A
the entcrohepatic circulation. This leads to an increased LD =CHymCoNi=. BiNow Co=NHem
cholesterol uptake from the blood into the Hver and an CHe=Clg—C=MH—, HiN—C—H—,
aceclerated LDL catabolism. The effect achieved is a reduc- ﬁ 1“‘"' e
tion in the aherogenic LDL cholesterol in the bloed. L] HNwC—~NH—, BN~=Ci-NHw=,

The polymers used as medicaments for this purpose, for | e
cxample cholestyramine or colestipal, mnst be administered Cetls
in very high daily doses of 12 to 30 g. In addition to the high e
dosage, the taste and smell make acceptance by patient and =NR) o ~=NRh
doctor more difficnie. 30

The polymers mentioned dis, side-effects because .
lhcklel:e(ivlly ismolowmdm'e’irmbinding of vitamins is where R is in each case C;-C; allkyl, or Hy—N—(CHy)e.,
100 high, and because of interactions with dnigs sdminis- :
tered at the same time, Furthermore they can modify the
composillunn!‘bileamdmﬂtbi!e These properties mani. 35

fest themselves in various gastrointestinal disturbances (for ’
example constipation, steatorrhea), avitaminoses and an : : '
increased risk of cholelithiasis. CHy—~NH=. (CHaicns ~ ~-NH=,

Surprisingly, novel monomeric bile acid derivatives have AR R o a s
now been found which can interrupt the enterohepatic 40 5 NG . : - e e
circulation of bile acids and do not have the disadvantages A : TR
‘The invention thercfore relates 10 monomeric bile acid
detivatives of the formula I
45

i
P L {Ci~Cio>AkylC—NH,

GS isa bilc acid radical having an acid function in the side

chain or  salt thereof, g  COOH gromp,
X is a covalent bond or a bridge group of the formula

(CHy),» where n=1 to 10, in which the alkylene chain

can contain I to 3 oxygen atoms, NH or

in which whmtheaﬂqlmctyisopdonﬂlytubsﬁmwdbya

aOf."?{g’lm-. e
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W, 3. ~,=
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where A is in each case OH or NH(C,-C,plalkyl.

Preferred componnds of the formala [ are those in which
GS is Jinked to X in the 3-position, linking taking place in
the «- or P-position.

An acid function is understood as meaning, in panicular,
the COOH group or the sulfonic acid group.

Alkyl radicals are straig or branched.

The of the femmh (1) according to the
invention have a high affinity for the specific bile acid
transportation sysiem of the small intestine and inhibit bile
acid ahsorption in a concentration-dependent and competi-
tive manner.

By competitive inhibition, intervention in the enterohe-
patic circulation can be considerably more selective. Avita-
minoses are not 1o be expected, and a gualitative change in
the bile acid compositon in the bile is just as uniikely. A
controlled reduction in the semm cholesterol level can be
achieved with s according 1o the invention, with-
out the known side effects being observed, Because of their
high affinity for the bile acid transponation system, very
much lower daily doses than with the commercially avail-
able polymers arc sufficient; this also

- apceptance by patient and doctorr -

‘The compounds have valuable pharmacological proper-

ties and are therefore panicularly suitable as hypolipidemic

agents.
‘The invention thus also relates to medicaments based on
the compounds of the formula (I} and to the vse of the
compounds as medicaments, in particular for reducing the
cholesterol level.

‘I‘hecmnpmmdsacwdmglomcinvenﬁonmmd

biologically by determination of the inhibition of [*H]
taurocholate uptake in the brush border membrane vesicles

Sheet Has Been Replaced

I,
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43

lf:ads toa high'

AP N

fro;n dlxhc ileum of rabbits. The inhibition test was carvied out
as follows:

1. Prcpamxonofbmsh border mbme vesicles from the
fleum of rabbits

Bmshbmdermembuneveuclesmpnmd

:mdntesﬁnal cells of the small intestine by the so-called Mg
bodypw:::ght) were sacrificed by imravenous injection £ 0.5
ml of an aqucous solution of 2.5 mg of tetracaine HCI, 100
T 61% and 25 mp of mcbezonium jodide. The small imestine
was removed and rinsed with ice-cold physiolopical saline
solution. The lerminal 7/10 of the small iniestine (measured
in the oral-rectal direction, i.e. the terminal ilenm, which
contains the active Na*-dependent bile acid transportation’
system) was used for preparation of the brush border meimn-
brane vesicle. The intestines were frozen in plastic bags
under nitrogen at ~80° C, For preparation of the membrane
vesicles, the frozen intestines were thawed at 30° C. in a
water bath, The mucosa was off and suspended in 60
ml of ice-cold 12 mM Tris/HCI buffer (pH 7.1)!300 mM
masnitol, § mM EGTA/10 mg/l of phenylmethylsutfonyl
fivoride/t mp/l of trypsin inhibitor from soybeans (32
U/mg)/0.5 mp/1 of wypsin inhibitor from bovine lung (193
Ulmg)/s mg/1 ofbacitracin..&ﬂctdﬂuﬁmmsoonﬂ with
jce-cold distilled water, the mixture was homogenized with
an Ultraturrax (18-rod, JKA Wesk Staufen, FRG) for 3
minutes at 75% of the maximum output, while cooling with
ice. After addition of 3 ml of IM MgCl, solution (final
concentration 10 mM), the mixture was left to stand at 0° C.
for exactly 1 mimate, The cell membranes aggrepate by
addition of Mg?* and precipitate, with the exception of the
brush border membranes. After centrifugation at 3000X g
(5000 rpm, SS-34 rotor) for 15 minutes, the precipitate was

A
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:i 1 AC D
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tion method. Male New Zealand rabbits (2t0 2.5kg
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discarded, and the supcmatant, which contained the brush
border membrancs, was centsifuged at 267000x g (15000
rpm, SS-34 rotor) for 30 minutes. The supcmatant was

discarded and the precipitate was rehomogenized in 60mlof *

12 mM Tris’HCI buffer (pH 7.1)/60 mM mannitl, § mM
EGTA using a Potter Elvejhem homogenizer (Braun, Mel-
sungen, 900 rpm, 10 strokes). After addition of 0.1 m] of 1
M MgCl, solution and an incubation time of 15 minutes &t
0° C., the mixture was centrifuged again at 3000x g for 15
minptes. The supernatant was then ceatrifuged again at
46000% g (15000 rpm, 5S-34 rotor) for 30 minutes, The
precipitate was taken up in 30 ml of 10 mM Tris/Hepes
buffer (pH 7.4¥300 mM mannitol and resuspended homo-
geneously by 20 strokes in a Potter Elvejhem homogenizer
at 1000 rpm, After centrifugation at 48000x g (20000 rpm,
§85-34 rotor) for 30 minutes, the precipitate was taken up in
0.5 t0 2 ml of Tris/Hepes buffer (pH 7.4)/280 mM mannitol
(final concentration 20 mg/mi) and resuspended with the aid
of a tubereulin syringe with a 27 gauge needle. The vesicles
were either used immediately for transportation studies after
preparation, or stored at ~196° C. in portions of 4 mg in
liquid nitrogen.

2, Inhibition of Na*-dependent l’l-!]-taumcholale uptake in
the brush border membrane vesicles of the ileum

10

The uptake of substrates into the brush border membrane 25

vesicles described above was determined by means of the
so-called membrane filtration technigue. 10 pl of the vesicle
suspension (100 pg of protein) were pipetted as drops onto
the wall of a polystyrene incubation tube (1170 mm) which
contained the incubation medinm with the comesponding
ligands (90 ul). The incubation medium contained 0.75
p=0.75 pCi of [*H(G)}-tavrocholate (specific acuivity: 2.1
Ci/mmol)/0.5 ut of 10 mM tavrocholate/8.75 |l of sodium

transportation buffer (10 mM Tiis/Hepes (pH 7.4)/100 mM
_ mannitol/160 mM NaCl) (Na—T—P) or 8.75 jl of potas.
sium transportation buffer (10 mM Tris/Hepes (pH 7.4)/100
. mM mannito/100 mM KCI) (K—T—P) and 80 ul of the
inhibitor solution in question, dissolved in Na-T buffer or
K-T buffer, depending on the experiment. The incubation
medium was filtered through a polyvinylidene fiuoride
membrane filter (SYHV LO 4NS, 0.45 pm, 4 mm ¢, Milli-
pore, Eschborn, FRG). The transporation measurement was
started by mixing the vesicles with the incubation medium,
The concentration of taurocholate in the incubation baich
was 50 uM. Afier the desired incubation time (usually 1
minute), the transportation was stopped by addition of 1 ml
of ice-cold stopping solution (10 mM Tris/Hepes (pH 7.4
150 mM KQC1).

The mixmre formed was immediately filtered off with
suction over 2 membrane filter of cellulose nitrate (ME 25,
045 um, 25 mm diameter, Schlcicher & Schuell, Dassell,
FRG) under a vacoum of 25 to 35 mbar. The filter was rinsed
with § ol of ice-cold stopping solution.

To measure the uptake of the radioactively labeled tau-
rocholate, the membranc filter was dissolved with 4 ml of
the scintillator Quickszint 361 (Zinsser Apalytik GrobH,
Flmkfun.FRG)andthendimﬁvhywnmmmedby
lxquid scintillation measurement in a TriCarb 2500 measur-
ing instrument {Canberra Packard GmbH, Frankfur, FRG).
After calibration of the instnment with the aid of standard
samples and after cormrection for any chemituminescence

This Sheet Has Been Replaced
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present, the valucs measured were obtzined as dpm (decom-
positions per minute),

The control values were in each case determined in
Na~—T-—P and K—T—F. The difference hetween the uptake
in Na—T--P and K—T—P was the Na* trans-
ponation content. The concentration of inhibitor at which
the Na"-dependent transportation content was inhibited by
50%—based on the control—was  designated a1
IC, Na*,

The table shows the measurement values of the inhibition
of the [*H}-taurocholate uptake in brush border membrane
vesicles from the fleum of rabbits. The quotients of the IC,
and IC0y, values of the 1aurochenodesoxycholate (TCDC)
investigated as the standard in each vesicle preparation and

the particular substance are stated.
Substanes 1Cs0 (TCDC) 1Csam (TCDC)
BomExmples  Wo(Subsance)  Caome (Gubsamoe)

3 s 033
4 o 069
18 047" 042
2 034 - 033
] 033 . 03s
35 10 . 102
36 0.19 020
3z 049 - 04t
40 o2 030
43 07

The invention furthermore relates to the use of the com-
pounds according to the invention for the preparation of a
medicine,

For this, the compounds of the formula I are dissolved or
suspended in pharmacologically accepiable organic sol-
vents, such as mono- or poiyhydric aleohols, such as, for
example, ethanol or glycerol, or in triacetin, oils, for
example sunflower oil or cod-liver of}; ethers, such as, for
example, diethylene glycol dimethyl ether, or also poly-
sihers, for example polyethylene glycol, or also in the

presence of other pharmacologically- acceptable polymeric -

carriers, such as, for example, polyvinylpyrrolidene, or other

pharmaceutically acceptable additives, such as starch, cyclo.

dextrin or polysaccharides. The compounds tothe-

according
invention funhermore can be adnummdincombmanon :

with other medicaments.
Mwmmmdsof:befomMalm:dmininemdm
varlons dosage forms, preferably orally in the form of
tablets, capsules or liquids, The daily dose varies in the
range from 3 mg to 5000 mg, bt preferably in the dose -
rangeofmlcloonmg.dependmgmthcbodywe:ghtm
constitution of the patient.
Thepamcm:rmonmwmpmmoleaﬂarwaghuulclﬂawd
are stated in the following examples,
Unlussuwdothexwue.mmspednwmwrdedby
the FAB techmque vnth addition of LiCl and 3-nitrobenzal-
dehyde[3-NBA). -~
Starting compounds which have the bile acid structure
bave already been described in some cases (cf,, for example,
EP-A-0 417 725, EP-A-0 489 423 and EP-A-0 548 793.
R'udeﬁnsdinExampleG

P —



WO 98/40375

EXAMPLE 1

COoCH,

h
NeOR >
THF

10

s

1 g (1.96 mmol) of the methyl ester & is dissoived in 15 ml
of tetrahydrofuran (THF) or 1,4-dioxanc and the solution is
stirred intensively with 10 ml of 2N NaOH ovemight a2 .59

room temperature. It is then diluted with a large quantity
water and acidified with half-concentrated hydrochl

of

acid, while cooling with ice. Precipitation is brought to
completion by subsequemt stirring for 1 hour, while cooling
with ice, and the precipitate formed is filtered off with 35
suction and rinsed with cold water. Recrystallization from

ethanol/water and drying in vacuo give 940 m
Example 1.
CogHsn04(494) MS; 501 (M+LI*),

B (96%) of

The following Examples 2 to 7 are prepared analogously 49
to “Example 1" from the corresponding bile acid esters:

Bx 1 it
;:.plu as “Example Empirical

where n = fi MW
48
2 [ CyHsO, 508 SISM
3 : CafO, = g;m:%
WI +
5 10 CuleOs 554 mou&
50
EXAMPLE 6
HO_ o F
- B
CagHat0y(496) MS: 503 (M +1i%

PCT/US98/03792

EXAMPLE 7
B T

MS: 547 (M +15%)
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EXAMPLE 8

100 mg (0.2 mmol) of the methyl ester are dissolved in 10
ml of dioxane and the solution is stimed with 3 ml of 25
half-concentrated sodium hydroxide solution at room tem-
perature for 6 hours. The mixture ig diluted with water and
gcidified with half-concentrated hydrochloric acid to give,
after filtration with suction and washing, the acid “Example 54
8" (30 mg, 51%).

CooH;NO; (489) MS: 496 (M+Li")

‘The following substance examples were prepared as for
“Example B":

35

“"“*j‘g\/\m @

CitiaNO(305)  MS:S12(M+11Y)

L]
EXAMPLE 10
[+]
""'\/u\m’ (bRt ®
o=$
CuHoNOy(34T)  MS:354(M+L19) -

EXAMFLE 11
0
B’r\/u\m’ (!
a=é

CaHissNOy (S61)  MS: 568 (M +18%)

This Sheet Has Been Replaced Y\S_\S
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CnHnN20;(576) MS:SS!(M-H.!’)

EXAMPLE 13

[+
c—o’\)‘m—-ccm-w

CodipNOy(S53)  MS: 600 (M +1I%)

EXAMPLE 14
o ...
mc-o’\)Lm—(ca,).-m

ColinNO;(575)  MS:SBS(M+LiD

EXAMPLE 15
o

mc—o/\/“‘m—(;m.-n;

CoHaNOp(S37)  MS:564 Qs 1)

EXAMFLE 16

n=§

=2
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0.84 ml of triethylamine is added to 3.14 g (6 mmol) of the
primary alcoho! 2 (n =6) in 100 ml of dry methylene chloride
end the mixture is cooled to ~10° C. 0.4 mi (§ mmol) of
chicrosulfonic acid in 20 ml of dry methylene chloride is
added to the solution at this temperature. After 1 hour at 0°
C. and 1 hour at room temperature, water is added, the
organic phase is separated off, the aqueous phase is extracted
scveral times with ethyl acetate and the combined organic
phases arc dried and concentrated. The residue is purified by
chromatography (510, ethy! acetate/methanol=3:1), 1.45 g
(40%) of “Example 16" are obtained.

C,Hs,0,S (602) MS: 633 (M-H"+Li*+Na") 615 (M~H*
2LI%)

15

EXAMPLE 17
v
Compound from Example 16 ——> mo-ﬁ—o—(afa.-al n
o

0.5 g (0.83 mmol) of “Example 16" is stirred in 20 ml of
dioxane with 7 ml of half-concentrated sodium hydroxide
solution at soom temperature for 6 hours, The mixture is then
acidified with balf-concentrated hydrochloric acid, while
cuoling, and is concentrated in vacuo. The residue is purified
by column filtration (Si0,, ethyl acetate/methanol=3:1), 254
mg (52%) of “Example 17" are obtained.

CaoHg; 058 (610) MS=617 (M+Li*) 601 (M-Na*+2L*)

40

EXAMPLE 18 as
i
@O-T_O_W_‘.
o 50
ss

. 15 ml of phosphoric acid dipheny! ester chloride are added ..
dropwise 1o 2 solution of 2.6 g (5.12 mmol) of “Example 2"

in 20 mi of pyridinc at 0 10 5° C. and the mixwre is
subsequently stirred at room temperature for 2 hours. It is
poured onto 200 m! of ice-water, about 15 ml of concen- ©°
trated sulfuric acid are added, while stirring and cooling, and
the mixture is extracted several times with ethyl acetate, The
organic phase is dried and concentrated and the residue is
purificd by chromstography (Si0,, CH,CL/CH,OH=10:1). g
1,78 g (47%) of “Example 18" arc obtained,

CyaHy O,P (740) MS: 747 (M4L3™)

This Sheet Has Been Replaced
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EXAMPLE 19

Il
"L

O=—(CHzly—R*

1 g (1.35 mmol) of “Example 18" is hydrogenated in 50 ml
of glacial acctic acid with a spatnla-tip of platinum-on-
charcoal in a skaking vessel. When the reaction has ended
(about 4 hours), the catalyst is filiered off with suction and
the filtrate is concentrated. The residue is purified by column
fliration (Si0,, ethy] acetate/CH,OH=2:1). 270 mg (34%)
of “Example 19" arc obtained,
CaoHs OpP (588) MS: 601 (M—H‘-rzu") 595 (M+Li’)

224 2 (4 mmol) of amine h and 324 mg (4 mmol) of. ..
potassium cyanate are suspeaded in 50 ml of wates and the. - -,
suspension is heated 1o beiling point. A solution is formed,
from which a solid- precipitates after a short time. The-
mixture is stirred at boiling point for 30 minutes and cooled, * -
about 40 ml of water are added and the mixture is acidified
with dilute hydrochloric acid. It is extracted several times
with ethyl acetate, the organic phase is dried and concen-
trated in vacuo and the residue js purified by chmmltogm-
phy (Si0,, EOAC/CH,OH=10:1). 520 mg (23%) of
“Example 20" are obtained,

CagHagN,04 (564 ) MS: 57) (M+L1")

EXAMPLE 2]
o

H:PHLN-I—(GH:—R'

450 mg (0.mmol) of “Example 20™ are stirred in 10 m of
dioxanc with 5 ml of half-concentrated sodinm hydroxide
solution st room lempemmfor 6 hours. When the reaction
has ended, the mixture is diluted with water, acidified with
hydrochloric acid and subsequently stirred in an ice-bath for
1 hour. The precipitate is filtered off with suction and rinsed
with water to give, after drying in vacuo, 430 mg (97%) of
“Example 21",
C1Hs N;O, (550) MS: 557 (M+Li*)

-
i
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EXAMPLE 22 raphy (Si0; CH,CL/CH,OH=10: 1). 1.2 g (43%) of

@-mim-«@—o ) " o:

2 mmol of pheny! isocyanate in § ml of methylene chicride 1S “Example 24" are obuained,

are added 1o 1.04 g (2 mmol) of amine b (Example 20} in 50 % -
ml of dry teuc chl and 28 ml of n G HeaINO, (691) MS (FAB, 3-NBA): 564(M I°J
©0° C. The mixture is subseguently stirred at soom tempera-

ture for 6 hours and worked up as described under

16", the equeous phase being acidified. After column filtra- 20 EXAMFLE 25
tion (CH,C1,/CH,0H=10:1), 6540 mg {51%) of “Example o '
22" are oblained. (H3Ch)N~=(CHg—R!
CysHooN, 0, (640) MS: 647 (M+LI*) o CHn
EXAMPLE 23 s

o Compound Example 25 is prepared from Example 24 analo-
NH)L gously to “Example 21”. The crude product is purified by
NH—{CH;)—R! medium pressure chromatography over RP-8 silica gel
©_ 3 (CH,OH/MH,0=7:3).
CyyHeCINO, (585) MS (FAB, 3-NBA): 550 (M~C1®)
CasHsgN; 05 MS: 633 (M+LI*)

EXAMPLE 24 EXAMPLE 26

2.08 g (4 mmol) of aming b, 10 sl of wiisobutylamine and
5 ml of iodomethane are heated a1 boiling point in S0 mi of
acetonitrile for 2 hours. All the volatile constituents are
removed in vacuo and the residue is purified by chromatog.

—_—
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1.04 g (2 mmol) of aminc b and 276 mg (2 mmol) of
pyrazole ¢ are heated under reflux in 40 mi of dry acetoni-
trile for 10 hours, Aficr cooling and addition of ether, a
precipitere is formed, and is filicred off with suction and
tinsed with dry cther. After drying, 450 mg of “Example 26" §
are obtained.

CiaHepBrN,Og (643) MS: 570 (M-HBr+Li') 564
(M-Bro)

EXAMPLE 27 10

NH
M NH~—(CH)s—R
HA .

PCT/US98/03792

EXAMPLE 29
by
N—(CHz)y—R}
chis
=HC1

is prepared analogously to “Example 21", The aqueous
phase is decamed off from the oily crude product after
acidification, and the residue is extracted by stirring with
cthy] acetate and then filtered off with suction and dried.
CasiyCINOg  (740) MS: 711 (M-HCHLI") 705

¥ M09
is pm;{ued analogously to "Esx.lmpl; 211""i .
Y MS: | . .
(M% e5,(:11\,0, (585) 556 (M-HCl+Li*) S50 . %
EXAMPLE 28
COOCH;

n-Coiis
Ne(CHy)s~0
2-CaHys R

1.0 g (1.9 mmol) of amine b, 265 mg of NaBH,CN and 610 3s
mg of heptanal are stirred in 10 ml of dry methanol af room
temperatute for 48 hours, The mixmre is concentrated in
vacuo, the residue is pantitioned between ethyl acetate and

CHy—NH~CHy=CHs™

saturated bicarbonate solution and the residue of the organic
phase is purificd by chromatography. In addision to a small
amount of monoheptylamino derivative, 650 mg (49%) of
“Example 28" are obtained. ©
C.sHaNO; (718) MS: 725 (M+Li*)

s

This Sheet Has Been Replaced

is prepared analogously to “Example 28" and “Example 29"
by reductive amination of anthracene-9-carbaldehyde with
methyl 3a-(aminoethy)-7Ter, 120r-dihydroxy-24-cholanate
(d) and subsequent alkaline hydrolysis.

CaHasNO, (625) MS: 632 (M+Li")
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EXAMPLE 31

{CHn CH—NH—C;—CH™

is prepared analogously to “Example 30" using cyclodode.
canone as the carhonyl component.
CaaHeNO, (502) MS: 609 (M4LI*)

EXAMPLE 32

COOR

R=CHy
i
C=~NH—CH;~CHjz

0.38 g (2 mmel) of naphthoyl chloride in 5 ml of CH,Cl, is
added to 0.9 g (2 mmol) of amine d and 0.6 ml of tricthy-
lamine in 20 m! of dry CH,Cl,, while cooling with ice. The
mixwre is subsequently stirred at 0° C. for 1 hour and left 40
to stand overnight. Water is added. and the mixture is
acidified and exiracied several imes with CH.Cl,, The
residue from the organic phase is purified by chromatogra-
phy (Si0,, EiOAc/cyclohexane=3:1). 1 g (83%) of
“Example 32" is ohtained. i
CasHsNO; (603) MS: 610 (M+L5*)

EXAMPLE 33

is prepared analogously 1o “Example 21", 6
CyH3,NO; (589 ) MS: 596 (M+Li*)

y59

PCT/US98/03792
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G Oy = C oM

13 prepared analogously to “Bxample 327 and “Example 3™ EXAMPLE 37
mw’lm » 0o .

CosH3NO, (639) MS: 645 QML) : A - o

EXAMPLE 35 - coon
1 pregared analogowsly 1o “Exarplc 34° using o-pm
SO MR~=(CiHMR anhydside and mmioe b
M_O- s ConflnNOy (655) MS: 668 O-H42LI) £62 M4LT)

is prepared snalogoasly 1o “Exampls 34” using p-tefuene-
:vw ehloride and xmine b, EXAMPLE 33

CnHysN0,S (657) M5: 668 (M4LI") - o

E-ﬂi—m—l\'

“ s RS L. N
t ..
[ =Y

hmﬂmﬂybwrr&mﬂeﬂ“ N
prpared Exxmpls 357, The mediyl ester ,, Going amive b, CmT
:Mu:mumnmhm“ Q;"M(‘SIJMS.“OM&U‘) ..
with iodamethans 52 T000 IRPErEus. The producy is kea » .
sibjected to slkaling bydrolyiis sualogoudy w “Exampls o mu e
DS (675 MB: 658 (M-HT42LE) 682 044LI

u@—:‘;"" —ck-an-@-m-wrmu-z —> m
a@im@wm*-cﬁ?m

6 0
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426 mg (1 mmol) of urcthanc and 782 mg (15 ramol) of
aminc b arc heated under reflux in SO ml of dioxane for 4
hours. The mixture s then concentrated and the residue is
purificd by chromatography (SiO,, CH,Cl/CH,OH=10:1),
540 g (59%) of “Example 39" are obtained, s
Caatl1oCIN,O,S (915) MS: 922 (M+1L1%)

EXAMPLE 40

Qb @reetem

is prepared anslogously to “Example 21",
CarHlosCIN;04S (901) MS (electrospray): 902 (M+H"%) 4

EXAMPLE 41

L

750 mg (3.6 mmol) of dicyclohexylcarbodiimide arc added N S
to a solution of 1.56 g (3 mmol) of amine b, 5§76 mg (3 : Y
mmol) of China acid and 490 mg (83.6 mmotl) of hydroxy- S s L T
benzotriazole in 100 ml of THF. The mixture is stirred at Cor Tt oo N
room temperature for 40 hours, The urea formed is filtersd St P
off, the solution js concentrated and the residue is taken up - - N
in ethy! aceate. The solution is washed with saturated

NaHCO, solution, 2N citric acid, saturated NaHCO, solv-

tion and water. The residue from the organic phase is

purified by chromatography (SIO;, ethy! acetate/CH,OH= ¢ s IR
5:1). 1.2 g (SB%) of “Example 41 arc obtaincd, EXAMPLE 43 ' .
CullysNO,, (695) MS: 702 (M+Li") O,  Ni—(CH)—R o
N
- ¢
EXAMPLE 42 H—C—O0H
- oam o. e o . .- m—é—ﬂ
RO |
W G i O e
H~C—OH
Ho™ Gmon
OH
is prepared analogously to “Example 41"/ “Example 42"
is prepared anzlogously to “Example 21". using gluconic acid,
Ca7HgsNOyg (681) MS (FAB, 3-NBA): 682 (M+H") CsHyyNO,, (685) MS: 714 (M~H*+L{*+Na*)
This Sheet Has Been Replaced (/é , N ; _,l—n:LT HAS BEEN
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EXAMPLE 44

1.04 g (4 mmol) of acid chloride e, 2.1 g (4 mmol) of amine EXAMPLE 47
b and a spatula-tip of 4-dimethylaminopyridine are stirred in :
40 ml of dry pyridine at room temperature for 6 hours. After
standing overnight st room temperature, the mixture is 20
concentrated in vacuo. “Example 44” is isolated after puri- coonr
fication by chromategraphy (8i0,, CR,Cl,/CH,0H=20:1),

CaHeeNO; (743) MS: 750 (M4Li*)
CO—NH—(CH1;—R!

EXAMPLE 45 25
? is prepared analogously to “Example 21”,
CaHggNO,, (747) MS: 760 (M~H*+2Li*) 754 ((M+L{")
N—(CH)=R!
8 30
COOR
is prepared anzlogously 10 “Example 21", i3
CaH N0, (729) MS: 742 (M-H*+2L1") 736 (M+L")
EXAMPLE 46 !

2.6 g (5 mmol) of amine b in CH,Cl, are added to 1.3 g (5
mmol) of acid chloride e and 0.8 ml of triethylamine in 50 55
ml of dry CH,Cl,, while cooling with ice, and the mixture
is stirzed at 0° C. for 1 hour. An excess of methanol is then
added, the mixture is allowed 1o come to room temperature,
water is added and the mixture js acidified with dilute
hydrochloric acid. The agueons phase is extracted several

times by shaking with CH,Cl,. After purificasion of the This Sheet Has Been Replaced

S [T

CH,CL,/CH,0H=10:1), “Example 46" is obtained.
Cuit;NO,, (775) MS: 783 (M+Li%)

v6o




WO 98/40375

EXAMPLE 43

3.14 g {6 mmol) of alcohol a (n=6) are heated at 100° C, with

3 m!} of ethyldiisopropylamine and 1.5 g of diphenylmethyl
bromide in 50 ml of DMF for 8 hours, After aquecns
working up and purificafon by chromatography (Si0,;, 20
CH,CI,ICH,OH=10'!). “Example 48" is obtained.

€. M4 O (688) MS: 695 (M+Li*)
EXAMFLE 49
© ;
O—(CH)y—R'
© )
is prepared analogously to “Example 21", 3
CuaHe20s (674) MS: 681 (M+Li%)

The following compounds are prepared analogously to
Example 1 from the comesponding bile acid esters by
alkaline ester hydrolysis: ©

EXAMPLE 50

CaatlasOp MW: 478 MS: 485 (M+LI")

763

T

PCT/US98/03792
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EXAMPLE 35!

oS\ :

CpaHes0s MW: 462 MS: 469 (M+L1Y) hour, and the precipitate formed is filtered off with suction.
1S After drying, 154 mg of “Example 54" are obtained.
EXAMPLE 52 CaaHiaNo0, (831) MS: 838 (ML)
CO0H o EXAMPLE 55

#
HiN—(CH)—~ X o

C3HssNO,, MW: 491 MS: 498 (M+H")
EXAMPLE 53

N—(CHix—0
L

N (CH)y—~CHy

is prepared from Example 44 and n-hexylamine analogously
to Example 41 with 2 reaction time of 25 hours,
CooH2aN20;y (827) MS: 834 (M+LI")

50  Prepared anslogously to “Example 53% and “Example 54
EXAMPLE 54 from fluoresceine and amine b,
g CyoHaNO, (821) MS: B28 (M+Li") -
C—NH=~(CH)—R* '
COOH

[+] . o

]
C=NH = {CHa)s~CH;
© VL NH—(CH—R

170 mg of “Example 53" are dissolved in 5 ml of dioxane, Gt
1.5mlof;h;1dt;-concmmwdsodiumhydrondnmd25nﬂof
water gre added, and the mixture is stisred at soom tempera o 1
wre for 12 bouss, . ml’r::ﬂued :nalosously 1o “Example 55" from pivalic acid
A suspended solid is Sltered off and the filtrate is scidified ne
with dilute hydrochleric acid, stiring is contimed for 1 CasHg NO, (591) MS: 598 (M+Li*)
This Sheet Has Been Replaced Yé L/
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EXAMPLE 57
0

Hu(\/fkm—«m.-m s

CHy

is prepared analogously to “Example 55 from 2-ethylhex-
anoic acid and amins b.
CyaHyNO, (633) MS: 640 (M+LI")

EXAMPLE 58

(O

is prepared analogously to “Example 55" from clofibric acid 20
and amine b.
ClollsCINO, (703) MS: 710 (M-+Li*)
EXAMPLE 59
]

(\Mm—m-nl
™ "Ch

is prepared analogously to “Example 55 from gemfibrocil 35
and amine b,
C,sHNO, (740) MS: 747 (VLY

EXAMPLE 60

[+]
B i N N
O
He

Prepared from 522 mg of amine b and 94.1 mgof
di-n-propylmalonic acid in ‘THF in the presence of DCCY 35
HOBT. Isolated after 54 h. The yield is 69%.

CaoHesNO; (690) MS: 697 (M+LI*)

v
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EXAMPLE 61

HC

250 mg of “Example 60" arc hydrolyzed in dioxane using
2N NaOH. After aqueous work-up and purification by
column chromatography (EtOAc/CH,0H 10:1), 160 mg of
compound 61 are obtained.

CyoHNO, (676) MS: 677 (M+1})

We claim:

1. A monomeric bile acid derivative of the formula JA

Z—

wherein
Ris H, CH; or M and M is a metal capable of forming a 35
salt,
X is a bridge group of the formula (CH,),, where =1 1o
3, in which 1 to 3 (CH,)-groups can be seplaced by NH
o 40
NHC—
]
[

groups, or & bridge group of the formula (CH,), where 4
n=4 to 10, in which 1 10 3 (CH,)-groups can be repiaced
by oxygen atoms, NH or

NHC~
4
o

PCT/US98/03792

-continued

[+] - [+]

] L I
CHa=CH;~C—~NH~, " HiN~~C—NH—,

NH

] i

lﬂ?-C—-NH—. BN—C—NH~—,
Celty

[ ]
=NR) o= =NRh

or —N(R),

where
R is in each case C,-C, alkyl, or Hy—N-—(CH,}s;

CHy—NH--' (CHas.yy . CH—NH-,

il .
(C-Cu}- Ay LC—~NH—, -~

50
where the alky) moiety is optionaily substimited by a COOH

groups with the proviso that no neighboring (CH,)- group, :

groups are replaced by oxygen atoms and in which GS
is bonded via X 28 desired; and
Zis

HO=, CH,—-0-—,

0~CH,~CH=CH~CH,~, -
0
(CHeh—CH—0—, Anuso—g-o-.
g
0 0
HO——0—, (EQO—hm0m
A 0

O
NM““"

e ———
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~continucd ~continued
h i s
C—N—, C—NH~—, —C 50!""“\ /““"
|
i .
o NH =
o J N
¥, 2 N '
15 . (ﬂ—m [
Ho" Gwon’

[+ ]
COA
COoA CO~NH-

* where A s in each casc OH or NH (C,~Cyq) alkyl.

o 2. A bile acid derivative of the formula I as claimed in
HC 80— . claim 1, in which G is Jinked 10 X in the 3-position, linking
4s 12King place in the o- or B-position,

3. A medicament comprising a bile acid derivative as
f'b claimed in claim1. | .
C—NH—CHy— 4. A hypolipidemic agent comprising a bile acid desiva-
4o tive s claimed in claim 1. _

= * * B &
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APPENDIX B
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HMG CoA Reductase Inhibitors

COMPOUND
MPOUND CLASSES

Benfluorex

Flgvastatin

Lovastatia .

Pravastatin

Simvastatin

Atorvastatin

Cerivasmatin

Bervasatin and related benzopyrans
BMS 180431

NK-104

(Carboxydihydroxyheptenyl)sulfonylpyrro
les including S-4522

Boron Anzlogs of di- and tripeptides

Zamgozic acids

CAS _NUMBERS
for SPECIFIC and
g_gggrsmm_mg
OMPOUNDS
23602.78-0
93657-541
75330-75-5
81093-37.0
79902-63-9
134523-00-5
145599-86-6
132017-01.7
. 125829034
141750-63-2 T

148966-78-3, 139993-44-5, 139993-.

45-6, 139993-46-7, 139993-47-8,

139993-48-9, 135993-49-0, 139593-

50-3, 139993-51-4, 139993-52.5,
139993-53-6, 139993-54-7, 139993-
53-8, 139993-56-9, 139993-57-0,
139993-58-1, 139993-59-2, 139993-
60-5, 139993-61-6, 139993-62-7,
139993-63-8, 139993-64-9, 139993
65-0, 139993-66-1, 139993-67-2,
139993-68-3; 139993-69-4, 139993-
70-7, 139993-71-8, 139993.72-9,
139993-73-0, 139993-74-1, 139993-
75-2, 139993-76-3, 139993-77-4,
139993-78-5, 139993-79-6, 139993~
80-9, 140110-63-0, 140128-98-9;
140128-99-0, 140157-62-6

125894-01-1, 1258594-02-2, 125893-
03-3, 125894-04-4, 125894-05-5,
125894-08-8, 125894-03-9, 125914-
967

157058-13-4, 157058-14-5, 157038-

V6§

REFERENCE
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EP 244364

EP 22478

DE 31224599

EP 33538

EP 4092381

JP 08073432

EP 380392

Sit, Parker, Motoc, Han, Balasubra-
manian, Catt, Brown, Harte,
Thompson, and Wright, J.Med. Cher:
(1590), 33(11), 2982-99.

Takano, Kamikubo, Sugihara, Suzuks -
Ogzsawara, TecahedromAssymeny
{1993), 42), 201-4
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Seco-oxysterol analogs including
U-88156

Pyridopyrimidines including acitemate

BMY 22566

Colestolone

CpP-83101

Dalvastarin

Dihydromevinolin

DMP-565

Pyridyl and Pyrimidinylethenyldesmethyl-

mevalonates including glenvastn

GR 95030

Isoxazolopyridylmevalonates, wbo:-zylic

acids and esters

Lactones of 6-phenoxy-3,5-dihydroxy-
haamcadds

This Sheet Has Been Replaced

UL

15-6, 157038-16-7, 157058-17-8,
157058-18-9, 157058-19-0

157555-28-7, 157555-29-8

64405-40-9, 101197-99-3

129829-034

50673-97-7

130746-82-6, 130778-27-7

132100-55-1

7i517-294

122254459

157243-22-6

130581429, 130581-43-0, 130381-
43-1,130581-45-2, 130581-46-3,*
130581-47-4, 130581-48-5, 130581~
49-6, 130581-50-9, 130581-51-0,
130581-52-1, 130619-07-7, 130619-
08-8, 130619-09-9

127502-48-1, 136006-66-1, 136034~
04-3

469
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Larsen, Spilman, Yagi, Dich, Hart, 2nd
Hess, ). Med. Chem. (1594), 37(15),
2343-51.

Hermecz, Meszaros, Vasvari-Debreczy,
Horvath, Virag, and Sipos, Hung.
Armeim-Forsch. (1979), 29(12),
1833-5
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Kurear, Windisch, Trivedi end
Golebiowski, J. Chromatogr, A
(1994), 678(2), 259-63.

Falck and Yang, Tetrzhedron Lett:

(1984), 25(33), 3363-66.

Ko, Trzaskos, Chen, Hauscer, Brosz,
and Srivastava, Abstr. Papers Am.
Chem. Soc. (207th Nadonal Meeting,
Part 1, MEDI 10, 1994)'

Beck, Kesseler, Baader, Barumann,
Bergmann, Granzer, Jeadralla, Von
Kerekjarto, Krause, et al, J. Med.
Chem. (1990), 33(1), 52-60.
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L 659699

L 669262

Mevastatin

Pannorin

Rawsonol

RP 61969

Bile 2cid derived HMG CoA reductase
inhibitors including Na S-2467 and
S-2468

SC32561 -

SC 45355

Phesplorus containing HMG CoA
reductase ichibitors including SQ 33600

6-Aryloxymethyl-4-hydroxytetrahydro-
pyran-2-ones, carboxylic acids and salts

Atorvastain calcium (C1 981)

Fenofibrate

Benzafibrate

Etofibraze

Mevinolin analogs

124 Triazolidine-3,5-diones

This Sheet Has Been Rep
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29066-42-0

130463-11-0

73573-88-3
137023-81-3

125111-69-5

126059-69-6

76752-41-5
125793-76:2
133983-25-2

135054-71-6, 136215-82-2, 136215-

83-3, 136215-8+4, 136215-85-5, . -
136315-18-9, 136315-19-0, 136315-

20-3, 136313-214, 136316-20-6

134523-03-8

49562-28-9
41855-67-0
31637575

16044-43-2
q70
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(1991), 3K10), 2962-83.

Chiang, Yang, Heck, Chabala, and
Chang, J. Org. Chem. (1989), 54(24),
5708-12.

Stokker, J. Org. Chem, (1953), 55(20),
5983.6.

Jp 56051992

Ogewa, Hasumi, Sakai, Mirakawa and
Endo, J. Andbiot. (1591), 4(7), 762.7

Carte, Troupe, Chan, v.'est!'ey and
Faulkner, Phytochemistry (1589),
28(11), 2917-19

EP 326386

Kramer, Wess, Echsen, Bock, Falk,
Hoffmann, Neckermzann, Ganez, Schulz,
et al., Biochim. Biophys. Aca D
(1999, 1227(3), 137-54.

US 4230626

EP 329124

EP418648 - - .

Baumann, Butler, Deering, Mennen,
Millar, Nanninga, Palmer and Roth,
Tetrahedron Let. (1992), 33(17),
22834

DE 2250327

DE 2145070

US 3723448

EP 245003

US 4937259

WO 5000857
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1scazolidine-3,5-diones
Cs-514
;,lo-bis(carboxymcmymﬁo)deane

a-, - and y -aikylaminophenone analogs

including N-phenylpiperazinopropio-
phenone

3-Amiro-1-(2,3,4-mononitro-, mono-, oF

dihalopbenyl)propan-1-coes including 3-
morpholino- or piperidino-1-(3-
nitrophenyi)propan-1-ones

Substiruted isoxazolo pyridinones
Bipheryl derivadves

4-{1-(Subsdmted phenyl)-2-0x0-
pymlizﬁn—‘-yl]methoxybenzoic acids

Dihydroxy(tetrahydroindazolyl,
tetrahydrocyclopentapyrazolyl, or
hexahydrocycloheprapyrazole)beptencate
derivatves

124756-24-7
81181-70-6
32827499

64769-68-2

¥ [

PCT/US98/03792

EP 321090

DE 3122499

DE 2038835

Huang and Hall, Eur. J. Med. Chem.
(1996), 31(4), 28 1-99.

Huang and Hall, Arch. Ptarm. (1596),
329(7), 339-346.

US 4049813

IP 07089898

Watznabe, Ogawa, Oh=o, Yazo,
Yamada and Shirasaka, Eur. J. Med.
Chem. (1994), 29(9), 675-86.

US 5134155
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benfluorex
fluvastatin
lovastatin.
- pravastatin
simvastatin

atorvastatin
cerivastatin
bervastatin
BMS-180431
NK-104
§-4522

Boron Analogs
EMG-CoA Reductase Inhibitors

BMG-Col Reductase Inhibitors
U-8815¢

A-1233
acitemate
BAY-w-9533
BB-476
BMS-180436
BMY-22566 '
colestolone This Sheet Has Been Replaced

Cp-83101
Wiini

dihydremevinolin

DMP-565

glenvastatin

GR~95030

HMG-CoA Reductase Inhibitors

HMG~-CoA Reductase Inhibitors

EMG-CoA Reductase Inhibitors, Chiral

EMG-CoA Reductase Inhibitors, isoxazolo-
pyridine

EMG-CoA Reductase Inhibitors, seco~-oxysterol

HMG-CoA Reductase Inhibitors, thicphene

HEMG-CoA Reductase Inhibiters, €-phenoxy-
3,5-dihydoxyhexanoic acids

hypolipzemics, Warner-Lambert

L-658699

L-689262

mevastatin

N-{(1-methylpropyl)carbonyl}-
8~ (2~ [tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl)ethyl) -perhydro-isoquinoline

f 7

PCT/US98/03792

Servier
Sandoz
Merck & Co’
Sankyo
Merck & Co

varner-Lambert
Bayer

Mexrck KGaA
Bristol-Myers Squikb
Nissan Chenical
shionogi

Boron Biologicals
British Biotech &
Japan Tobacco

Merck & Co.
Pharmacia & Up:ohn

Kitasato University
Mitsubishi Chemical
Bayer

British Biotech
BEristol-Myers Squibb

" american Eome Products

Pfizer

_Rhene-Poulenc Rorer

Mexck & Co
DuPont Merck
Hoechst Marion Roussel

.. Glaxo Wellcome

Bristol-Myers Squibb
Oono ST
Chiroscience . .
Nissan Chemical

Pharmacia & Upjohn
Sandcz
Hoechst Marion Roussel

Vlazrner-Lambert
Merck & Co
Merck & Co
Sankyo

Sandoz
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N-({1l-cxododecyl)~4alpha,l0-dimethyl~-8~
: aza-trans-decal-Sbeta-ol '
P-882222

pannorin

rawsonol

RP 61969

S-2468

§-853758A

{S)-4-((2-({4-(4-fluorophenyl)-S5-methyl-
2~ (l-methylethyl) é-phenyl-3-pyridinyl)

e the'xyl Yhydroxyphosphinyl)-

3-hydroxybutanoic acid, disodium salt

S5C-32581
sc=-45385
SDZ-~-265858
5Q-335800
(4R-(42lpha,€beta({E)))=6-(2-(5~(4~
fluorophenyl) -3~ (l-methyl-ethyl)-1-
(2-pyridinyH-pyrazol-4-yl)ethenyl)
tetrahydro-4-hydroxy-2H-pyran~2~one
S~beta-amino-ethylthiopentancic
‘2cid derivatives
€-amino-2-mercapto-5-methylpyrinidine
=4-carboxylic acid
6-phencxymethyl- & 6-phenylethylen-

{4-hydroxy-tetrahydropyran-2-one) e.na.logues

atorvastatin

PCT/US98/03792

Koechst Marion Roussel

Nissan Chemical
Tokyo Noko University

. SmithXline Beecham

Rhone-Poulenc Rorer
Ecechst Marion Roussel
Hoechst Marion Roussel
Bristol-Myers Squibb

Monsanto
Non-industrial source
Sandoz

Bristol-Myers Sguibb
Warner Lambert

Boehringer Mannheim:
North Cardlina Universit

Roechst Marion Roussel

(4R-(42lpha,fbeta(E) ) ) -6-(2- (5~ (4-fluorophenyl)}~3=
(1-methyl-ethyl)-1- (2-pyzié;ny‘z-pyrazol-4-y1)ethenyl)

tetrahydro-4-hydroxy-2H-pyran-2-one

473
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What Is Claimed Is:

1. A composition, comprising an ileal bile acid
transport inhibitor and an HMG Co-A reductase inhibitor.

2. The composition of claim 1 wherein the HMG Co-A
reductase inhibitor is selected from the group consisting
of lovastatin, simvastatin, pravastatin and fluvastatin.

3. A pharmaceutical composition, comprising:

a first amount of an ileal bile acid trénsport
inhibitor, and o

a second amount of an HMG Co-A reductase 1nh1b1tor,

wherein said first and second amounts of said
inhibitors together comprise an anti-hyperlipidemic
condition effective amount of said inhibitors, and

a pharmaceutically acceptable carrier.

4. The pharmaceutical composition of claim 3
wherein the HMG Co-A reductase inhibitor is selected from
the group consisting of lovastatin, simvastatin; =
pravastatin and fluvastatin. '

5. A combination therapy method for the prophylaxis
or treatment of a hyperlipidemic condition in a mammal{
comprising: _ |

administering to said patient a first amount of an
ileal  bile-acid transport-inhibitor, and

administering to said patient a second amount of an
HMG Co-A reductase inhibitor,

wherein said first and second amounts of said
inhibitors together comprise an anti-hyperlipidemic
condition effective amount of said inhibitors.

e
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6. The combination therapy method of claim 5
wherein the HMG Co-A reductase inhibitor is selected from
the group consisting of lovastatin, simvastatin,
pravastatin and fluvastatin.
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