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(54) Title: HYPOLIPIDEMIC 1,4-BENZOTHIAZEPINE-1,1-DIOXIDES

(57) Abstract

The invention is concerned with novel hypolipidemic compounds of
"| formula (I), with processes and novel intermediates for their prepamnm,
phmmaceuucal compositions containing them and with their use in medicine,
particularly in the prophylaxis and treatment of hyperlipldemxc conditions,

such as atherosclerosis.
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pl asma or -serum concentrations of LDL and VLDL chol esterol and in .
consequence are particularly useful as hypolipidenmc agents. By decreasing
t he concentrations of chol esterol and chol esterol ester in the plasm, the
conpounds of the present invention retard the build-up of atherosclerotic’
| esi ons and reduce the incidence of coronary heart disease-related events.
‘The latter are defined as cardi ac events associated w th increased
concentrations of cholestgrol and cholesterol ester in the plasnma or serum
For the purposes of this specification, a hyperlipidemc condition is
defined as any condition wherein the total chol esterol concentration (LDL +
VLDL) in the plasma or serumis greater than 240ng/dL (6.21nmol /L) (J. '
Amer . Med. Assn. 256, 20, 2849-2858 (1986)). International Patent
Application No. WD 93/ 16055 -descri.bes compounds of fornula (0) [err]
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2 wherein 1 is an integer of fromO to.4;, mis an integer of fromO to 5;
is an inte ﬁéﬂ%romo to 2, Rand R -are atons.Qr groups porERIsnmsat | y
selected f 8#1‘“ gen, .nitro, phenyl al koxy,. . C[err] ‘al koxy, Cerr] alkyl,

and -Q(CH err])[err]SOerr]R" wherein g is an.integer of frwﬁ—b—t-e—é;mand R'-
is hydrogen or Clerr] alkyl, wherein said phenyl al koxy, al kQXWSEMEEBRKS 3.0+

groups are_ opt | onajrty SpfENG UL RGERYOTAIRZEFINEDY A-Debiaoes 2t pro: REPLAGER

n

derr] straight ranc group; and Rb i sTaCferri
straight, that is, unbranched, alkyl group; and salts, solvates and
physi ol ogi cal | y functi onal derivatives t hereof, as being useful as

hy pol i pi dem Theaesehsinvention is concerned with new hypohpldermc compounds, with processes and

novel intermediates for their preparation, with pharmaceutical compositions containing them
and with their use in medicine, particularly in the prophylaxls and treatment of
hyperlipidemic condmons such as atherosclerosis.

Hyperlipidemic conditions are often associated with elevated plasma concentrations of low
density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol.
Such concentrations can be reduced by decreasing the absorption of bile acids from the
intestine. One method by which this may be achieved is to inhibit the bile acid active uptake
system in the terminal ileum. Such inhibition stimulates the conversion of cholesterol to bile
acid by the liver and the resulting increase in demand for cholesterol produces a
'correspondi'ng increase in the rate of clearance of LDL and VLDL cholesterol from the

-~

blood plasma or serum. s

There has now been identified a novel class of heterocyclic compounds which reduce the
plasma or serum concentrations of LDL and VLDL cholesterol and in consequence are
particularly useful as hypolipidemic agents. By decreasing the concentrations of cholesterol

and cholesterol ester in the plasma, the compounds-ef the present invention retard the

build-up of atherosclerotic lesions and reduce the incidence of coronary heart
disease-related events. The latter are defined as cardiac events associated with increased
concentrations of cholesterol and cholesterol ester in the plasma or serum.

For the purposes of this specification, a hyperlipi&enﬁc condition is defined as any condition
" wherein the total cholesterol concentration (LDL + VLDL) in the plasma or serum is

greater than 240mg/dL (6.21mmoVl/L) (J. Amer. Med. Assn. 256, 20, 2849-2858 (1986)).

International Patent Application No. WO 93/16055 describes compounds of formula (O)

©
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W have now discovered a group of conpaunds which have greater
hypol i pi demi ¢ activity i npvvo Nné Beme | speci fi cal l'y discl ose in
| nt er natwomabsi8mt ent Appl ij THISI® - Ngep WO 93/ 16055. Accor dP IH%‘ present
i nvention provides conpounds o the formita (I'va): [err] whereln Rlerr] is
a straight chai ned (err] yl group; R2 is a straight chained Clerr] .
al kyl ‘group; R3 is hydrogen or a group eRferr] in which Rlerr] is hydrogen,
optionally substituted Clerr] alkyl or a Cferr] alkylcarbonyl group; R4 is
un- subst i MM phenyl : R5 is” hydrogen;

1 is an integer of from O 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,
Ci4 alkoxy, Ci6 alkyl, and -O(CHZ) SO;R" wherein p is an mteger of from 1 to 4 and
R" is hydrogen or Cl 4 alkyl, wherem said phenylalkoxy, alkoxy and alkyl groups are
optlonally substituted by one or more halogen atoms; -

"R%isa Ci6 straight, that is, unbr'anched, alkyl group; and

R®isa C, g straight, that is, unbranched, alkyl group;
and salts, solvates and physwloglcally functional denvatwes thereof as bemg useful as
hypolipidemic agents.
We have now discovered a group of compounds which have greater hypolipidemic activity
in vivo than those specxﬁcally disclosed in International Patent Application No. WO

93/16055.

Accordingly. the presenunmnon provides compounde ofthe fgnnu!a=(1)

% //0 R9R10 |

wherein R1 is a straight chained C1.g alkyl group; R2 is a straight chained Cj.g alkyl

 group; R3 is hydrogen or a group OR11 in which R11 is hydrogen, optionally substituted
C}-6 alkyl or a C}._ alkylcarbonyl group; R# is pyridyl or optionally substituted phenyl;
R5, RS, R7 and R3 are the same or different and each is selected from hydrogen, halogen,
cyano, R13-acetylide, OR!5, optionally substituted Cj.g alkyl, COR15, CH(OH)R!S, '
S(O)uR15, P(O)OR!S),, OCORIS, OCF;, OCN, SCN, NHCN, CH,0R!5, CHO,
(CHp)pCN, CONRIZRI3, (CHp)pCO2RI5, (CHp)pNRIZRI3, CO5RIS, NHCOCF3,
NHSO2R15, OCH0RI5, OCH=CHRI5, ' O(CH;CH20);R15, O(CHy)pSO3RIS,
O(CH2)pNR12R13 and O(CH2)pN*RI2R13R14 wherein p is an integer from 1-4, n is an
integer from 0-3 and R12, R13, R14 and R15 are mdependently selected from hydrogen and
optionally substituted C1-6 alkyl; or Ré and R7 are linked to form a group

This Sheet Has Been Reﬂlaced
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REPLACEVENT  SHEET 3 R6 and R8 are i ndependent |y sel ected from hydrogen,

Clerr] al kwosmsiggnal |y substituted by fluorine, (err] al ka‘MGnih?dlmen or
hydroxy; R7 is selected from OR15, S(OnReri], . QOORL5, OCF3,
CHO, OCCH err] OR[err], OCH=CHR[err], QCH[err]CH[err]O)nR[
Q(CH2)pSO err]Rerr], O(CH[err])[err]NR[err]R[err] and C(T(tllfé'r‘?i%ﬁ }_
Nlerr]R err]Rlerr]Rerr] wherein p is an idteger from1-4, nlis dWP lEé’ger

fromO0-3 and Rlerr], Rlerr]s Rlerr] and R err] are independeRtTy Selected
from hydr ogen and optionally-eubstitut ed CJerr] alkyl; RO and Rlerr] are
the sane or different and eac 8, drogen or (err] aI kyl; and salts,

sol vates and physi ol ogically (IB'ncB dnal derivatives thereof O the
conpounds of fornula (IVa) -t0ose in which R8 is hydrogen and R6 and R7 are

both C1 -6 al ko rticul arl bot h nmet hoxy, are prefered.
w ereiglleiTD P-’a e as heremb)e/fore defined and myls For2, pand lgand R10 are the

same or different and each is hydrogen or C_g alkyl; and salts, solvates or a physiologically
functional derivatives thereof, 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.

When R# is a substituted phenyl group, there may be one to five, preferably one or two
substituents which are the same or different and are each selected from halogen, hydroxy,
nitro, phenyl-Cj. alkoxy, Cj.g alkoxy, optionally substituted Cj.g alkyl, S(O)4R15, -
COzR15,  O(CHyCH;0),R15, O(CHp)pSO3R15,  O(CHp)pNRIZRI3  and
O(CHp)pN*RI2R13R14 wherein R12 to R15 n and p are as hereigbefore defined.

According to a further aspect, the invention provides compounds of formula (I) wherein:

R! and R2 are straight chained C.g alkyl;

R3 is hydrogen or hydroxy;

R4 is unsubstituted pheny!:

R3 is hydrogen;

R9 and R10 are both hydrogen; and either

R7 is selected from halogen, hydroxy, Ci._g alkoxy, optxonally substituted 'C1_g alkyl,
-S(0)sR15, -OC(O)R15, 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

R8is hydrogen and R6 and R7 are linked to form a group -0-(CH2)m-O- whereinmis 1 or
2

and salts, solvates, and ph'ysiolo'gically functional deﬁvatives the'reof

Of the compounds of formula (I), those in which R8 is hydrogen and RS and R7 are both.
Cj.¢ alkoxy, more parncularly both methoxy, are preferred

Preferred embodiments of the eompounds of formula O mclude compounds of the formula
), (111) (IV) or (IVa) |

This Sheet Has Been Replaced
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Suitably Rlerr] is methyl, ethyl or n-propyl and preferably Rlerr] is
et hyl . Swtabl R2 |s met hyI n-propyl, n-butyl or jaa R%BM
R10 are

Preferabl JEE s f ad&E‘y ‘R7 is CR[err] Sui tably i
hydr ogen, met hyI or t'\'M}ﬂsREP agberably Rlerr] and Rerr] are both hydrogen.
Preferred conmpounds o foriul are selected fromthe group. consi sti ng

of : (3R, 5R)-3- But yl - yl-2,3,4,5-tetrahydro-7, 8-di net hoxy- 5- phenyl

, 4- benzot hi azepi ne- 1 1- di, 8 /p

(3R 5R) - 3- But yl - 3- et hyTa 2, 3 Kdr o-7,8-d| met hoxy-5-,pheny|

, 4- benzot hi azepi n-4- ol X1 ) - Trans- 3- butyl - 3- et hyl - 2, 3
S&yl 1, 4- benzot hi azepi ne-1 , 1-di oxi de;

~,4,5-tetrahydro-7, 8 d| met]
(+ ) - Tr ans- 3- butyl n%rahmjyo 7, 8-di met hoxy 5- phenyl 1,4,-

y
benzot hi azep| n- 4- ol 11,61 di 3<| dq: H
R

am

av

wherein R1 to R10 are as hereinbefore defined and R72 is selected from halogen, cyano,
R15.acetylide, OR!5, optionally substituted C}_g alkyl, COR!5, CH(OH)R15, S(O),R15,
P(O)OR15),, OCOR!S, OCF3, OCN, SCN, HNCN, CH,ORIS5, CHO, (CHz)pCN,
CONRI2R13, (CHp)pCO2R15, (CHp)pNRIZRI3, CO;RIS, NHCOCF;, NHSOZR15
OCH,OR!5, OCH=CHR!5, O(CH2CH20)pR15 O(CHz)pSO3R15, O(CHz)pNRI2R13
and (')(CHZ)‘,N"'RIZRBR14 wherein n, p and R12 to R15 are as hereinbefore defined; -
with the proviso that in compounds of formula (III) at le:st two of RS to R8 are not
hydrogen; and salts solvates and physiologically functional dc. . ‘atives thereof.

When one or more of R3 to R8 or R1! to R4 is a substituted Ci.s alkyl group, or

comprises a Cj_g alkyl group the substituents may be the same or different and each is
 selected from hydroxy, halogen, Cj.g alkyl, Cj.g alkoxy, CORIS, nitrile, CO,R16,

i Islhlilelt lliiilllgelelnlllzi




4 (3R 5R)-7-Brono-3-butyl -3-ethyl -2, 3,4, 5-tetrahydro- 8- met hoxy- 5- phenyl -
1, 4- benzo |aze ne 1, 1- di oxi de;
(3R, 5R) - 7-. butyl 3-ethyl -2, 3, 4, 5- tetrahydro 8- net hoxyggs;n?lséonl?/?‘ 1,4-

benzothlazepln 4 ol 1, 1-di oxide; ‘\
(3R, 5R) - 3-But yl - 3- et hyI 2,3,4,5- tetrahydro 5- phenyl - THlSSHEET HAS BEEN }
, 4- benzot hi azepi ne- 7, 8-di oI | ,1- dioxide; § - REPLACED

(3R 5R) - 3- Bugy, é' % %YV§ %%@aWﬂrQn&lm{&Rxg a?e Wm’a? different and

, 4- benzot hi aze
(3R, 5R) - 3- Bu¢ag J%seéqcrgdlﬁqnéydroseq%&GbaWb 7- met hoxy- 5- phenyl -
, 4- benzot hi azepi n-8-0l 1, 1-di oxi de;

Suitably Rlis methyl, ethyl or n-propyl and preferably R! is ethyl. Suitably R2 is methyl,
ethyl, n-propyl, n-buty! or n-pentyl. Preferably R2 is n-butyl: -

Preferably R5 is hydrogen

Suitably R7 and R72 are selected from ORIS, S(O)nR15 OCOR!5, OCF3, OCN, SCN,
CHO, OCH0R!5, OCH=CHR!5, O(CHCHz0),R15, O(CHp)pSO3RI5,
O(CH2)pNR12R13 and O(CHp)p, N*RI2R13R14 wherein p is an integer from 1-4, n is an
mteger from 0-3 and RI2 RI3, R14 and R15 are independently selected from hydrogen and
optionally substituted C1-6 alkyl. Preferably R7 and R78 are OR15, -

Suitably R and R10 are hydrogen, methyl or ethyl Preferably R® and R10 are both
hydrogen. '

.Suitably R4 is pyridyl or phenyl optionally substituted, preferably at the 4- and/or 3-position
by halogen, methyl, ethyl, methoxy, ethoxy, trifluoromethyl, hydroxy, carboxy or
O(CH3);SO3H. _Preferably R4 is unsubstituted phenvl.

In the compounds of the formula (II) : suitably one or two, and preferably one, of R3, RS
and R8 is other than hydrogen and suitably each is selected from Cj_4 alkyl, optionally
substituted by fluoro, Cj.4 alkoxy, halogen and hydroxy. Most suitably, each is selected
from methyl, methoxy, hydroxy, trifluoromethyl and halo. Preferably, RS is methoxy or
bromo and R3 and R8 are hydrogen. Suitably, R78 is C;_4 alkyl optionally substituted by
fluoro, C1.4 alkoxy, halogen or hydroxy. Most suitably, R7a is methoxy, hydroxy or
trifluoromethyl and preferably R73is methoxy '

In the compounds of the formula (III) smtably at least one and preferably two of R3to R8
are hydrogen. Preferably at least one of RS and R7 is not hydrogen. When R to R8 are
other than hydrogen then they are suitably Cj_4 alkyl optionally substituted by fluorine, Cj.
4 alkoxy, halogen or hydroxy, most suitably methyl, methoxy, hydroxy, tnﬂuoromethyl or
chloro and preferably methoxy.

In the compounds of the formula (IV) suitably two, three or four of R3 to R8 are
hydrogen, the others being C;.4 alkyl optionally substltuted by fluoro, Cj4 alkoxy,

This Sheet Has Been Replaced
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(+-)-Trans-3-butyl - 3-ethyl -2, 3 4, 5 tetr _dro-8-r-rethoxy-5-pheny|- 1

, 4- benzot hi azepi ne 1, 1-di oxi
(+-)-Traf@ W@?syl - 3-et hyl rahydro 5- phenyl -
, 4- benzot hi azepi n-8-ol | 'B‘éﬁ‘-&

(+ ) - Trans- 3-but.yl - 3- et hyl -
4,8-diol 1,1- -dioxide;

(+-)-Trans; 3-but t h t h t hox '
, 4- benzot hﬁ"g% %eh-y -° 5}/‘85%632 ﬁ%fglyl'%%hﬁt é‘g{hgﬁy hmdnroxy, HiflioR °mergl¥yl o chloro

(+ )-Tr ansmx;iqrgﬁerabm:yethmt hyl - 2, 3, 4, 5-t et r ahydr-o- 8- net hoxy- 5- phenyl 1
, 4- benzot hi azepi n- 7-yl ) net hoxy) et hanol S, S-di oxi de; -

o o B i 1318 S et ot e STl o s
(+-) - Tr ansar8 hipdriogen. SPeférybly at Rast, &xetat‘tnﬁadmld{b:s&xophmbed When R3 to RS are
 4- benzot hotﬁéwoé&%en t'hey afd sﬁﬁﬁlﬁ';? C1-4 alkyl optionally substituted by fluorine, Cy.
4 alkoxy, halogen or hydroxy, most suitably methyl, methoxy, hydroxy, triflucromethyl or
chloro and preferably methoxy. Most preferably, R1 is n-butyl, R2 is ethyl, R3, RS, R8, R®
and R10 are hydrogen, R4 is pyndyl or optionally subsntuted phenyl and RS and R7 are

: methoxy

-tet rahydro 5- phenyl 1, 4- benzot hi azepi ne-

Preferred compounds of formula (I) are selected from the group consisting of :

(3R,5R)-3-Butyl-3-ethyl-2 3,4,5 tetradhydro-7 8-dunethoxy—5-phenyl-l 4-benzoth1azepme-
1,1-dioxide; - . ~

(3R,5R)-3-Butyl-3-ethyl—2 3,4,5-tetrahydro-7, 8-dlmethoxy-5-phenyl-l 4-benzoth1azep1n-4-
ol 1,1-dioxide; : : : :

(+)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-benzothiazepine-
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2 3,4 5-tetrahydro-7 8-d1methoxy-5-phenyl-1 4,-benzothiazepin-
4-0l 1,1-dioxide; .

(3R,5R)~7-Bromo-3-butyl-3-ethyl-2 3 4 S-teu'ahydro-s-methoxy-s-phenyl-l 4-
benzothiazepine 1, 1-dioxide;

(3R,5R)-7-Bromo-3-butyl-3-ethyl-2 3.4 S-tetrahydro-s-methoxy-s-phenyl-l 4-
-benzotlnazepm-4~oll 1-dioxide; : :

(3R,5R)-3-Butyl-3-ethyl-2,3 4 5-tetrahydro-5-phenyl-l 4-benzothxazepme-7 8-dioll,1-
dioxide; :

(3R,5R)-3-Butyl-3-ethyl- 2,3,4,5- tetrahydro-8-methoxy-5-phenyl-l 4-benzotlua.zepm—7-ol
1,1-dioxide; :

is Sheet Has Been Re; laceo
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5

(+-) Trans-w’;‘bgﬂ(;%& 3-ethyl -2, 3,4, 5- tetrahydro 5- phenyl 1, 4- 98&‘:6%&)61%?@ n-8
-sul foni ¢ aci 8 - di oxi de;

(7R, 9R) - 7-But yl - 7-et hyl -6, 7, 8, 9- tetrahydro 9- phenyl ; 5 i
, 3-dioxolo(4,5-H)(1,4)- benzoth| azepi ne 5, 5-di oxi.de; ' TH,SSHEH*HAS BEEN
(+ ) - Trans- 3- butyl - 3-et hyl -2, 3, 4, 5- tetrahyd7ro 8, 9- di net hdxy- aeﬂmb
benzot hi azepi@Rr;5R)B-Bug¥30Riy1-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1} i
(3R 5R) - 3- buhyL 3ot hyl - 5-(4-1TUor ophenyl ) - 2, 3, 4, 5- tetrahydro 7,8 di rrethoxy
-1, 4- benzot 34 ol 1 1- di oxi de;

(+-)-Trans- 3- butyl 3-ethyl -2, 3,4,5-tetrahydro- 8- net hoxy-5-phenyl - 1

, 4-benzot hi azepifgsd 3. bﬁﬁ}ﬂ}a&i}h 23 §Sqet(}&ﬂyQFd-S-methoxy-S-phenyl-l 4-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;

(+-)-Tréns;3-butyl-3-efhyl-2,3 ,4,5-tetrahydro-8-methoxy-5-phenyi-1,4-benzothiazepine-7-
carbaldehyde 1,1-dioxide;

(+-)-Trans-2-((3-buty}-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-S-phenyl- 1,4-benzothiazepin-
- 7-y)methoxy) ethanol S,S-dioxide; o=

(+-)-Trans-3-butyl-3-ethyl-2 3,4,5- tetrahydro-s-hydroxy-s-phenyl-l 4-benzoth1azep1ne-7-
carbaldehyde 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5- tetrahydro-S-phenyl—l 4-benzothxazepm-8-thmll 1-
dioxide; :

(+-)-Trans-3-buty1-3-ethyl-2 3,4 S-tetrahydro-S-phenyl-l 4-benzoth1azepm—8-sulfomc acid-
1,1-dioxide; : -

(7R,9R)-7-Butyl-7—ethyl 6,7,8 9-tetrahydro-9-phenyl-l 3-dxoxolo(4 S-H)(l 4)-
benzothiazepine 5,5-dioxide;

' (+-)-Trans-3-butyl-3-ethyl 2, 3 4,5-tetrahydro-8, 9-d|methoxy-5-phenyl-l 4-benzothiazepine-
1,1-dioxide; -

(3R,5R)-3-butyl-3-ethyl-S-(4-ﬂuorophenyl)-2 3,4 5-tetrahydro-7 8-d1methoxy-l 4-
benzothiazpin-4-ol 1, l-dxoxlde ' S

(+-)-Trans-3-butyl-3-ethyl—2 3,4,5- tetrahydro-s-methoxy-s-phenyl-l 4-benzoth1azepme-7-
methanol S, S-dioxide; ' :

et Has Been Re;ilaced
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(3R 5R) - 3-butyl -3-ethyl -2, 3, 4, 5-t et r ahydr o- 8- net hoxy- 7- ni tr o- 5- phenyl -1, 4- °
benzot hi azepi ne- 1, 1- di oxi de; -

(+-)-Tr awo-95/05188y | - 3- et by §A5425-Nttrahydro 8- met hoxy- ?Wﬁ‘é‘f%@%t hyl)-5- .
-phenyl - 1, 4- benzot *@ssﬁﬁ?ﬁcépl di §xi de; -
(3R 5R)-'3-butyl'- 3-et Ry +etTahydr o- 5- phenyl - 1, 4- benzot hi azepi n- 7, 8-
diyl diacetate-, 11- ; (8R10R) & Butyl-8-ethyl-2,3,7,8,9,1

0- hexahydr0-10-'1 , 4-di oxono( 2, 3- 4)- benzothlazeplne 6, 6 di oxi de;

(3R 5R) - 31%t59~9'37b”&cﬁ W2 .45~ ?F“Z-"Bif p-Srnethoeyr Grntron¥rahenyl-1,41- benzot hi azepi n

e 1, 1- di Gunsdetiazepine-1,1-dioxide; _
(+- ) Tr'ans- 3- but yl - 8- et hoxy- 3- et hyl -2, 3, 4, 5-tetrahydro-5-pheny| -1

, 4-benzot hi azepi ne- 1, 1- di oxi de;

(+ ) - Tr an§t Q‘Ibmsy?r-b@ybﬁ-nmyl-z 34,45 tmdmmmﬂ+(mwmmyﬁ-spwmym 4- 4-
benzot hi ag&&bﬂﬂ&zepﬁ,e—lql_&Mth hydrochl ori de; |

(3R,5R)-3-butyl-3-ethyl-2 3,4 5-tetra.hydro-5-phenyl-l 4-benzothxazepm-7 8-diyl diacetate-
1, l-dxox:de

~ (8R,10R)-8-Butyl-8-ethyl-2,3,7,8,9 IO-hexahydro-IO-I 4-dxoxono(2 3-H)(1 4)-
benzothiazepine 6,6-dioxide;

(3R,5R.)-3-butyl-7,8-diethoxy;2,3,4,5-tétrahydro-5-phenyl-l,4-benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl -2,3,4 5-tetrahydro-5-phenyl-l 4~‘benzothxazepme-l 1-
dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-5-phenyl-1,4-
benzothiazepinel , l-dioxide hydrochloride; '

(+-)-Trans-3-butyl-3-ethyl—2 3.4, 5-tetrahydro-5-phenyl-l 4-benzothxazepm-8-carbaldehyde-
1,1-dioxide;

3,3-Diethy1-z,3,4,s-tetrahydro-7,s-dimethoxy-.s-phenyl-l,4-benzothia'zepine 1,1-dioxide;

'3 3-D1ethyl-5-(4-ﬂuorophenyl) 2,3,4,5 tetrahydro-s-methoxy-l 4-benzotluazepme 1,1-
dioxide;

3,3-Diethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepine1, 1-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazpin-4,8-diol1, 1-dioxide;

(RS)-3,3-Diethyl-2,3,4,5-tetrahydro-4-hydroxy-7,3-dimethoxy-5-phenyl-1,4-
benzothiazepine 1, l-dioxide;

(+-)-Trans-3-butyl-8-ethoxy-3 ethyl-z 3,4,5 tetrahydro-S-phenyl-l 4-benzothxazepm-4-ol—
1,1-dioxide;, ~ =~ —— :
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(+-)-Trans-3-butyl -3- ethyl 2,3,4,5- t etrahydr o- 5- phenyl -

, 4- benzot hi azepi n- 8- car bal dehyde I , 1 -di oxi de; 95/018 _
,3-Di et hW9£’°§13§ 5-tetrahydro-7, 8- d| met hoxy- 5- phényl -1, f%ré(r;lgot | azepi ne

6

3, 3-

1, 1- di oxi de;

3, 3-Di et hyl -5-(4-fl uorophenyl)-2, 3, 4, 5- tetrahydro 8- net SW gﬁagggz%%% aze
pi n -9-D

ine 1, 1- dioxide; 3,3- Di et hyl - 2 3, 4 5-t%®t r ahydr o- 8- net{hoxy enyl
4-benzot hi azepi nel , 1 -diexide; 3,3-Diethyl-2,3,4,5- t et rahydr o- 5- phenyl -
, 4- benzot hi azpi n- 4 diol |, 1-di oxi de;
(RS) - 3, 3- D|(érth?;xranw@uwls’wethy!r%wrt@trahmdwSﬁsoyroposyérnbsaﬂowbsnmwpmﬂ- 4-
benzot hi azefiinedidxidedi oxi de;
(+-)-Trans- 3- butyl - et hoxy- 3- et hyl - 2 3,4, 5-t.etrahydr.o-.5-phenyl -
, 4- benzot hi azepi n- 4- oI '
(+-)-Trans-3-butyl-3-ethyl-2,3,4,5 tetrahydro-7 8, 9 tnmethoxy-S-phenyl-l 4-

benzothxazepm—4~ol 1,1-dioxide;

_(3&5R)-3-butyl-3-ethyl -2,3,4,5 tetrahydro-S-phenyl-l 4-benzothlazpm-4 7,8-triol I 1-
dioxide;

(+-)-Trans-3-butyl-3-ethyl 2,3,4 5-tetrahydro—4 7 8-tnmethoxy-5-phenyl-l 4-
'benzothlazepme 1,1-dioxide;

(+-)-Trans-3-butyl—3-ethyl-5—phenyl -2,3,4,5- tetrahydro-7 8-dxmethoxy-l 4-benzothxazepm-
4-yl acetate S,S-dioxide; ot

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-benzothiazepin-8-yl
hydrogen suifate; '

_ (+-)-Trans-3-Buty!-3-ethyl 2,3,4,5 tetrahydro-l l-dxoxo-S-phenyl—l 4-benzothiazepin-8-yl
“dihydrogen phosphate; : -

3 3-D|ethyl-2 3,4, s tetrahydro—l l-dloxo-S-phenyl-l 4-benzoth1azepm-8-yl hydrogen
sulfate;

3 3-D1ethyl -2,3,4,5- tetrahydro-l l-dloxo-S-phenyl-l 4-benzoth1azepm-8-yl—
dxhydrogen phosphate;

(+-)-Trans-3-Butyl-3_-ethyl-2,3,4,5-tetrahydro-l,1-dioxo-5-phenyl.-l,4—
-benzothiazepin-s-yl aspartate;and
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-1, 1- di oxi de; _
(+-)-Trans-3-butyl-3-ethyl-2,3,4,5- te

, 4- benzot WQ6H5188- 4- ol _1 eHOXT
(+-)-Tr ans- 3- but yl-- 3- ethmhsg—i% Zf‘

, 4- benzot hi azepin-4-ol | 1, 1-R¥
(3R 5R) - 3- but yI- 3- et hyl -tet rahydrmS phenyl -1, 4- benzot hi azpin-4,7, 8

Lo L 1 R 3 4 sy, e RO AR Bl R R P ey -1, 4
- benzot hi azepi ne 1, 1-di oxi de; '

() -Tr anﬁ Eh&uxwémnsalgt dexptible BaRYdre %aﬁmﬂiaﬂy sitabRNEf krfediCaBaglieRIone ecalise
537Dl ot ny| S50 rester aqpa PhBUT, reae o the pureat s pasice ompaungs. Such sals
1, 1- di oxi demusg cleaxlmheva bhanﬁcewcalﬁdemeﬂ enedtionX \Suitajple phyrimateutically
 4-benzot hi azepthble Sicfd ad]dltilolpka@fé' SHEthe compounds of the present invention include those
' derived from inorganic acids, such as hydrochloric, hydrobromic, phosphoric,
metaphosphoric, nitric, sulphonic and sulphuric acids, and organic acids, such as acetic,
benzenesulphonic, benzoic,"citric, ethanesulphonic, fumaric, gluconic, glycollic, isothionic,
lactic, lactobionic, maleic, malic, methanesulphonic, succinic, p-toluenesulphonic, tartaric
and trifluoroacetic acids. The chloride salt is particularly preferred for medical purposes.
Suitable pharmaceutically acceptable base salts include ammonium salts, alkali metal salts,

such as sodium and potassiﬁm salts, and alkaline earth salts, such as magnesium and calcium -

salts.

ahydr o- 8-i sopr opoxy-5-phenyl - 1
Y prop yPC'I‘I B95/0>1/884

hydro- 7,8, 9-tri met hoxy- 5- phenyl -

o

Salts having a non-pharmaceutically acceptable anion are within the scope of the invention
as useful intermediates for the preparation or purification of pharmaceutically acceptable
salts and/or for use in non-therapeutic, for example, in vitro, applications. :

The term "physioldgicklly functional derivative" as used herein refers to any physiologically
acceptable derivative of a compound of the present invention, for example an ester, which
upon administration to a mammal, such as a human, is capable of provxdmg (directly or
indirectly) sucha compound or an active metabolite thereof. :

A further aspect of the present invention is prodrugs of the compounds of the invention.
Such prodrugs can be metabolised in vivo to give a compound accordmg to the invention.
These prodrugs may or may not be active in their own nght

The compounds of the present invention can also exist in different polymorphic forms, for
example, amorphous and crystalline polymorphic forms. All polymorphic forms of the
compounds of the present invention are within the scope of the invention and are a further -
aspect thereof. '

The term "alkyl” as used- herein refers, uniess otirerwise stated, to a monovaient straight or
branched chain radical. Likewise, the term "alkoxy" refers to a monovalent straight or
branched chain radical attached to the parent molecular moiety through an oxygen atom.
The term "phenylalkoxy" refers to a monovalent phenyl group attached to a divalent Cl-6_
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7 3,3-Dibutyl - 2 3,4, 5-tetrahydro-5-phenyl - 1, 4- benzot hi azepi n- 8- ol
1, 1d|0X|de - -Trans 3-Butyl - 3-ethyl'- 2345tetrahydro
- di oxo- 5- p ) , 4- benzot hi azepi n- 8-yl - hydrogen ‘sul fatel’élm}ms’01884

(+-)-Trans- 3- Butyl' 3 ethyl -2, 3,4,5-tetrahydro-1, 1 -diox
, 4-benzot hi azepi n- 8-yl di hydrogen phosphat e; ' Tésg:ﬁ%it’:garmf
3 3-Diethyl -2, 3, 4,5-tetrahydro-1, 1- di oxo- 31phenyl - 1, 4- befizoi hi azepr n- 8- y;

hydrogen sul fiahe go ?%@&g& dtsznf?anéc a&@&ﬂ@@&ﬁ%&e&wim&ﬁm@nv&n okygen,

, 4- benzot hi azepin- rogen pho _
(+ )-Trans- 3ﬂBMtyI 3- et hyl - 2 3 ,4,5- tetrahydro- 1,1 -dioxo-5 -phenyl- 1, 4-
benzot hi azepi n- 8-yl aspartate and

The compounds of formula (I) exist in forms wherem the carbon centres -C(Rl)(Rz)- and
-CHR4- is/are chiral. The present invention includes within its scope each possible optical
isomer substantially free, i.e. as associated with less than 5%, of any other optical isomer(s),
and mixtures of one or more optical isomers in any proportions, including racemic mixtures.

For the purposes of this specification, the absolute chiralities of the aforementioned carbon
centres are given in the order -C(R1)(R2)-, then -CHR4-.

In those cases where the absolute stereochemlstxy at -C(Rl)(Rz)- and -CHR4 has not
been determined, the compounds of the invention are defined in terms of the relative -
positions of the R1/RZ and H/R# substituents. Thus those compounds wherein the bulkier
of the R1 and R2 substituents, i.e. the substituent of higher mass, and the R% substituent are
both located on the same side of the thiazepine ring are referred to herein as "cis", and those
compounds in which the bulkier of the_R_1 and R2 substituents are located on opposite sides
of the ring are referred to as "trans" and are preferred. It will be evident to a skilled person
. that both "cis" and "trans" compounds of the invention can each exist in two enantiomeric
forms which are individually designeted "(+)-" or "(-)-" according to the direction of
rotation of a plane of polarised light when passed through a sample of the compound Cis
or trans compounds of the invention in which the individual anantiomers have not been
resolved are referred to herein using the prefix "(+-)-".

Aecording to further aspects of the invention, there are also provided:

(@ compounds of formula (I) and pharmaceutically acceptable saits, solvates and

physiologically functional derivatives thereof for use as therapeutic agents, particularly in

the prophylaxis and treatment of clinical conditions for which a bile acid uptake inhibitor is
 indicated, for example, a hyperlipidemic condition, such as atherosclerosis;

(b)  pharmaceutical compesitions comprising a. cdmpeund of formula (I) or one of its
pharmaceutically acceptable salts, solvates, or physiologically functional derivatives, at least
one pharmaceutically acceptable carrier and, optxonally, one or more other physlologlcally
active agents;

-
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3,3-Diethyl-2,3,4,5- tetrahydro 1. 1-di-ex0q5- phenyl - 1, 4- benzot hi azepi n- 8-yl
aspartate. Phar rraceut I cal ¥ @tya.lslai'@ lts are part icularly sui tatzl e for
medi cal aP{? ¥¥#8ons beca ter aqueous sol GBIt ve
to the parent, ie bas_l c, , salts nmust clearly have a

. pharmaceutically acceptab ani on or cation. Sui t abl e
pharmaceutical 'y accept abl e acid additi on salts of the conmpounds of the
present invention include fhose derived f?om i norgani ¢ acids, such as

hydr ochl or i €) hy#edise fi & compeunghof; farmulaeih oh f sh pharmaceuticaliycaccepthide csait c

and sul ph u r $otvabe; iof %hysﬁl@g@ﬂ?%ﬁ&loﬁﬂ' diﬁvatﬁdé Qﬁbr@o‘f ﬁﬁﬁ%&mfégg{}f S8 Std

I sot 0n| C

benzoi c, c,. et.hanesul.phoni ¢ c uc
| actic, %[. ,P(SP,P*};’ axis of tigagment °Frﬁ|°fm al c°’?£‘t‘9¥h§ H‘d?#@c‘ “%ﬂ@c‘ﬂhb’éor
p-tol uenes us pidivated, fot‘&xaxmlecatgnpdrhprdeﬁﬁmndmommch w:atﬁiéi'osclaiesxﬂ hloride salt

Is particularly preferred for nedical purposes. Sui‘table phar maceutical ly
accept abl e gase salts _include ammonium salts, alkali netal salts, such as

" sodi um and (bt agsethed of inhibiting the |absarptien efbileracids|from theiiotestine ofiajmasimain and
cal ci um salsisch asSphifiar) avtiditcoinptizes AiAnIRARE bh eAbdtive BE 88U 2bictpadH MRibRIE

W thin the afioURt of z]; cctupxgodn %‘%nmﬂa (Dorofa phaxmaceuucally acceptable salt, solvate, or
* physiologically functional denvatlve thereof to the mammal;

(¢) amethod of reducxng the blood plasma or serum concentrations of LDL and VLDL
cholesterol in a mammal, such as a human, wluch compnses ‘administering an effective
cholestero!l reducing amount of a compound of formula’ (I) or of a pharmaceutically
acceptable salt, solvate, or phymolog_tca_lly ﬁ_mctlonal derivative thereof to thie mammal,

TN

® a method of reducmg the concentrations of cholesterol and cholesterol ester in the

blood plasma or serum of a mammal, such as a human, which comprises adnumstenng an

effective cholesterol and cholesterol ester reducmg amount of a compound of formula (I) or

of a pharmaceutxcally acceptable salt, solvate, or physwloglcally functxonal derivative
' theteof to the mmnmal, . _

(8) a method of increasing the fecal excretion of bile acids in a mammal, such as a
human, which comprises administering an effective bile acid fecal excretion increasing
amount of 2 compound of formula (I) or of a pharmaceutically acceptable salt, solvate, or
physiologically functional derivative thereof to the mammal; -

(h)  a method for the prophylaxis or treatment of a clinical condition in a mammal, such
~ as a human, for which a bile acid uptake inhibitor is indicated, for example, a hyperlipidemic

condition, such as atheroscierosis, which comprises administering a therapeutically effective

amount of a compound of the formula (I) or of a pharmaceutically acceptable salt, solvate,
 or physiologically functional derivative thereof to the mammal;

§)) a method of reducing the incidence of coronary heart disease-related events in a
‘mammal, such as a human, which comprises administering an effective coronary heart
disease-related -events reducing amount of a compound of formula (I) or of a
pharmaceutically acceptable salt, solvate, or physiologically functional derivative thereof:

This Sheet Has Been Rem
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as useful internediates for the preparation or purification of

phar maceut {oalslp¥ggccept abl e salts and/or for use: I n. non-t hegaRHehdsioissal Or

exanpl e, i Vi t ro appl i cations. 8 The ter m-* phy51 ol ogi.cal Ly functi-enal
derivative" as used herein refers to any- phyS| ol ogi cdl | )) o6 SIRtETIH s BEEY |

derivative of a conmpound of the present i nvention; for exarrpln&PLmEDester

whi ch upon adninistration to a nmanmal, -sudB as a hunman,

provi di ng (Ct'i)r ectd Methbd 'o??écfu% |tNé c&ié@ﬁ}rﬁloﬁmﬂél&i'ergf mqsﬂe %Bh\b?asﬁﬁtd?t%%&ﬁ €
t her eof . Af ther a pec% &‘E I nvention J s (re%? b‘g ,
conpounds. of nfY<Bras & H‘“‘E gfé’“l?&ﬁesb ’WB‘P‘&B q‘ﬂv"vi" estero
give a corrpo'edutmgmmmbﬂatmnpmmoﬂfaﬂtula)m These pr_odrugs nmay or may not
be active in their own right. The conpounds of t he present invention can

al so exist in different polynorphic forns, fo
_processes t‘gr thz prepgranon of compounds of formula (I) (including salts, solvates

and physmloglcally functional derivatives thereof as defined herein); and

(l)' novel chemiéal inter_médiates in the preparation of compounds of formula (I).
(m) the compounds of Synthetic Examples 1-53 as hereinafter disclosed.

' Hereinaﬁér all references to "compound(s) of formula (I)" refer to compound(s) of formula
(I) as described above together with theu' salts, solvates and physiologically ﬁ.mctlonal -
derivatives as defined herein.

- The amount of a compound of formula (I) which is required to achieve the desired
biological effect will, of course, depend on a number of factors, for example, the specific
compound chosen, the nse__for_ which it is intended, the mode of administration and the
clinical condition of the recipient. In general, a daily dose is in the range of from 0.3mg to

- 100mg (typically from 3mg to 50mg) per day per kilogram bod)"weight, for example,
3-10mg/kg/day. An intravenous dose can, for example, be in the range of from 0.3mg to
1.0mg/kg, which can conveniently be administered as an infusion of from 10ng to 100ng per

- kilogram per minute. . Infusion fluids suitable for this purpose can contain, for example,

~from 0.1ng to IIOmg, typically from Ing to 10mg, per millilitre. Unit doses can contain, for
example, from img to 10g of the active compound. Thus ampoules for injection can
contain, for example, from 1mg to 100mg and orally administrable unit dose formulations,

. such as_tiblets or capsules, may contain, for example, from 1.0 to 1000mg, typically from
10 to 600mg. In the case of pharmaceutically acceptable salts, the weights indicated above
refer to the weight of the benzothiazepine ion derived from the salt. :

For the prophylaxis or treatment of the conditions referred to above, the compounds of-
formula (I) can be used. as the compound per se, but are preferably 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
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exanpl e, anorphous and crystalline pol:
of the conpounds of the pr E are within the scolpe of 't he
i nvent i oNVQHWM548% a furt hey \sﬁ‘ﬁé f eredf. The term "al kPFE

refers, unless . otherwse stat BeEFLAL
radi cal . Likew se, the t oxy refers to a nonoval ent straight or’

branched chain radical attached to the par ent nol ecul ar noi ety through an
oyal ent phenyl group

oxygen atom The .ter enyl Ikox ers to a no
at1 ached tB"agma??}%@% &lgﬁs}* aljpo*arp URSS1E Hincluding aher’ CATERAUREY of o
t he parent fomhlac(tﬁ) a’ll‘herpharm;cmhcaj wgh:posmmsy@fahe iventionTdan beoprepared By Ghy of

formul a (1Y@l in oyi%r%engie‘ﬂ cBFsE%xgl te?sgﬁtl{ﬂﬁ%u@?n%tﬁgg{z{n#%r&%ggrp]e) -

- .and - CHR4- |s/are c |ra

each possible optical i sorrer substantially free, i.e. as associated with
| ess than El%m@éeuﬁ&l cOmpOsition! a&eﬂwg&ormé entaiﬂﬁbnﬁbif tiﬂh'hﬁi% t‘%s@ﬁﬁ’ta@l@ fopr e
optical i Sq_ M fectal glcﬁ,r Qg%rc%n' e g sub-l Cpearngn(t:ergl‘ (e.g. subcutane_ous, '

intramuscular, intradermal, or intravenous) adm:mstratlon, although the most suitable route
in any given case will depend on the nature and severity of the condition being treated and
on the nature of the particular compound of formula () which is being used. Enteric-coated
and enteric-coated controlled release formulations are also within the scope of the
invention. Suitable enteric coatings fnclude cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropylmethyicellulose phthalate and anionic polymers of methacrylic acid
and methacrylic acid methyl ester. -

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 a compound of formula (T); as a powder or granules; as a solution or a
suspension in an aqueous or non-aqueous liquid; or as an oil-in-water or water-in-oil
emulsion. - As indicated, such compositions can be prepared by any suitable method of
pharmacy which includes the step of bringin'g into association 1*:* active compound and the
carrier (which can constitute one or more accessory ing ients). In general, the
compositions are prepared by uniformly and intimately admlxmg the active compound with
a liquid or finely divided solid carrier, or both, and then, if necessary, shaping the product.
For example, a tablet can be prepared by compressing or moulding a powder or grariules of
the compound, optionally with one or more accessory ingredients. Compressed tablets can
be prepared by compressing, in a suitable machine, the oompour_rd 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). Moulded tablets can be made by moulding, in a smtable
machme the powdered compound moistened with an mert hquld diluent.

Pharmaceutical ' compositions suitable for buccal (sub-lihgual) administration include -
lozenges comprising a compound of formula (D) in a flavored base, usually sucrose and,
acacia or tragacanth, and pastilles compnsmg the compound in an inert base such as gelatin
and glycerin or sucrose and acacia. - -

Pharmaceutical compositions suitable for parenteral administration conveniently comprise
sterile aqueous preparations of a compound of formula (D, preferably isotonic with the
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For the purposes of this specification, the absolute chiralities of the

af orement i ﬁ?bon centres are given in the order -C(R| %&,&éﬂﬁg@] ) -

then -CHR[ err]- n those cases where the absol uté& sterepehen stry at

C(R[err])(R[err])- and -CHR[err]- has not been det er ni n m’S%hﬁsﬁﬁﬂ?ﬁUﬁp?
of the invention are defined in terms of the relative positi GEpLAdE
Rlerr]/Rerr] and H R4 substituents. Thus lfhose conpound :

bU|dk![ﬁr %‘E tﬁl@od?l%ﬁifiﬁlet Rﬁte?&@?ﬁtredogi?ﬁlt Isoggf% ﬁré’tﬁra‘iiéhﬁé;rrgusfegeerﬂ% hh&ﬁﬁ[stdf@és
an e Rl err] substi ar

i azopi ne. ey eaPEA. AEoHE, SAEHRATAIPR b alsq Be eREiAT DF JBEATS i BUAEEnFQPS,
whi ch t he buhiramsuscolar,tdrantiidesmal ifijéctionb sSuch tpaapumnensacahamnvmrﬂy bepreparéd-by

ol S oy S AR i e o
the inventi g¥ith- the bleeds érgeeg,a gompgsitions according to the invention will generally contain

from 0.1 to 5% wiw of the active compound.

Pharmaceutlcal composmons smtable for rectal adnumstratlon are preferably presented as
unit-dose suppositories. These can be prepared by admixing a compound of formula (I)
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 present at a concentration of from 0.1 to
15% wiw 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 adapted to remain in
intimate contact with the epidermis of the recipient for a prolonged period of time. Such
patches suitably contain the active compound in an 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 active compound can be delivered from the patch by
electrotransport or 1ontophores1s for example, as descn’bed in l_xgmggeu;xca! Research,
3(6), 318 (1986).

The compounds of thej invention can be prepared by conventional methods known to a
skilled person or in an analogous manner to pr'ocesses described in the art.

For example, compounds of the formula () wherein R3 is hydrogen can be prepared by
oxidation of the corresponding compound of the formula (V)

'\'
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enantionmeric forns which are individually designated "(+)-" or "(-)-"
according to the direction of rotatien -of a plane of polarised |ight when
passed t WOIYMSIE sanpl e—of—TTE commmid. G s or trans conPEHRISAPESY e

i nvention in which. the 'iw@ﬁ"\’f*l‘ﬁ gpenantj oners have not been resol ved are
referred tao herei-n usin t hd® ' -)-". According to further aspects
of theé invention, there al so providets (a) °~ conpounds of fornula (IVa)
and pharmaceutically accepgabl e sajts, solvates and physiol ogically .
functional derivativegthefeo$(®gr gle as therapeutic agents, particularly
in the prophyl axis ard prit~6t_ 8Finical -conditions for which a bile
acid uptake inhibitor ig ' ' for exanple, a hyperlipidemc '
condition, such as athg 3 0N s\p¥b)  pharnaceutical conpositions
conpri sing a conmpoundg6f f9r (4l & (1 Va) orpngne of its pharmaceutically
accept abl e salts, solvateg; physi ol ogi cal I'y functional .derivatives, at

| east one pharmaceutically acceptable carrier and, optionally, one or nore

ot her physiologi-cally active agents; (c) - the use of a conpound of fornula
(1Va) or oivhéreRiR} PR Etare £ Heyeintsefsrdafied andll is 0 or 1. This oxidation may suitably

be carried out by reaction with a peroxide, for example hydrogen peroxide in the presence
of trifluoroacetic acid at 4 non-extreme temperature, .g. -20°C to 50°C and preferably at -
10°C to 10°C. The compound of the formula (V) where l'is 1 may be prepared from the
corresponding compound where | is 0 by partial oxidation using a peroxide as described
above..

Compounds of formula (V) can be prepared by reducing the imine bond of a 'c':ompound of

- formula (VI) - >

wherein R1 to R10 are as hereinbefore defined, using, for example, a boron compound,
such as borane, in a suitable solvent, for example an ether such as THF, or catalytic
hydrogenation using, for example, a palladium catalyst, such as 10% Pd/C at a non-extreme
temperature, for example -20°C to 100°C and preferably -10°C to 50°C. |

Compounds of formula (VI) as herein defined as well as each possible optical isomer
substantially free, i.e., associated with less than 5% of any other optical isomer(s), and
mixtures of one or more optical isomers in any proportions, including racemic mixtures are-
considered to be novel and constitute a further aspect of the present invention.

Compounds of formula (VI) can be bre'pared by cyclising cbmpounds of formula (VII)
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sol vate, or -physiologically functional derivative thereof in the
manufacture of a medi cament for the prophylaxis or treatme ni cal
condi ti on PR%HNBh a bile acid upt ake i nhi bitor ‘i's~indi cat %ﬁ&?%foqg?anpl e,
a hyperlipidemic condition, such as atherosclerosis; (d) a
i nhi biting the absorption. of bile acids fromthe i ntest i &Qa\ Trmxﬁﬁlcm X
such as a human, which conprises adm ni std7ing an effect greacEd d
absor ption i nhi bi ti ng anountg8of a conpound of formula (|
phar maceutical Iy accept abl e sal t, RO vlgt e, or physiologically functional
derivative thereof to a et hod of  reducing the bl ood
pl asma or serum concentra &lnd VLDL chol esterol in a mammal ,
such as a human, which co WIR2stering an effective chol esterol
reduci ng anount of a o quor mula (1Vva) or of a pharmaceutically
acceptabl e salt, solvate, or 5i ol ogi cal |y ( ctional derivative thereof
to the mammal ; (f) a net htBa of reducing the concentrations of chol esterol
and chol est erol ester |n the bl ood pI asma or serum of a mammal, such as a.
human, - whi Cr}wt%?ex darrre Qsl. é,%{ efore geﬁned, by, for example, azeotropic distillation or
refluxing in the presence of a suitable drying agent, such as molecular sieves, in a suitable

solvent, for example, 2,6-lutidine, in the presence of an acid, such as HCI.

o -

of

Compounds of formula (VII) can be prepared by reacting a compound of formula (VIII)

v

- (VI

wherem R4 to R are as hereinbefore deﬁned, with the appropnately substituted aziridine,
typncally ina polar solvent, for example, methanol.

Compounds of formula (VII) can also be prepg.red by reacting a compound of formula (IX)

8
RI
R6” .

wherein R% to R8 are as hereinbefore defined and L is a suitable leaving group, for example,
halogen, with a compound of formula HSC(RQ)(RIo)C(Rl)(Rz)'N'I-I2 wherem Rl R2 RY
and Rlo are as hereinbefore defined.
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~effective -chol esterol and chol esterol _ester reducing amount of a conpound
of formula 10 (IVa) pe+—of : rmeeutlcal | y acceptable salt, solvate,
or physi oVO3FRHEy fun UHlSrﬁ!EE E];.fvatl\xfe t hereof to the BIS a

met hod of - i ncreasing tHe feBﬁ‘fL EXCI n of bile acids in a mammal, such as -
a human, which conpris mnistering an effective bile acid fecal
excretion increasing amount of a conpount8 of forrmula (IVa) or of a

e o Cetoln SER ARl ko of Brepiled ulealipie gt ?ﬁ*&gbﬁﬁeé#ﬂﬁw@'
" treat ment - compound rorfc&hnulanﬂﬁHl ovherein Rbrdsmasl hersmbefom defi mﬂnem)lc b¥hach a
bile acid wRpgMCrhMieRitidi using, fob karfie Glurhiffunfeididlee, 2 hyper | i pi denic’

condition, such as atheroscl & osi s, which conprises admi nistering a

‘Compounds of formula (VIII) can be prepared by react_ing a compound of formula_(X)

wherein RS to Rs_ are as hereinbefore defined with a non-nucleophilic base such as sodium _
hydride followed by treatment of the resulting salt with N,N-dimethylthiocarbamoyl

chloride, pyrolysis of the resulting O-azyldxalkylthlocarbamate to the S-
aryldialkylthiocarbamate (for example in a high boxlmg solvent such as tetradecane at 2
- temperature of about 255°C.), and hydrolysis (for example with a strong base such as

- KOH).

Altematxvely, compounds of formula (vm) can be prepared by reacting compounds of
formula (IX) with sodium’ hydrosulﬁde (NaSH)

The starting materials as hereinbefore defined can be obtamed commerclally or prepared by
methods known to those skilled in the art or obtainable from the chemical literature, for
example, the aziridines can be prepared from the corresponding 2-substituted

2-aminoethanols.

Compounds of the formula \)) wherein one or more of R to R8 is halo may be converted
to compounds of the formula (V) wherein R to R8 is a different functional group by
methods known to those skilled in the art or readily available from the literature.

_ Compounds of formula 1)) wherein R3 = OH can be prepared from the correspondmg
compounds of fornmla (I) - wherein R3 = H by ox:datlon with, for example, m-
chloroperbenzoic acid.

The compounds of formula (T) substantially free, of othér optical isomers can be obtained
either by chiral synthesis, for example, by the use of the appropriate chiral starting
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t her apeut.ical |y effective anount of a conpound of the fornula (1Va) or of a
phar nnceuthgﬁj cceptable salt, solvate, or physiological . gnal
derivativ e;roélo to the manmmal ; (i) a net.hod“of" redurié%r"%ﬁ%%ﬁ idence
- of coronary heart disease-relat ed events in. a_ manmmal, suchmasHe: e

whi ch conprises adninistering an effective coronary hear di sﬁzagﬁnge at Id
events reduci ng amount of a conmpound of fdPrmula (IVa) or

R aceut ! areals %eglaa@'tﬁe %hﬂm 564 7 rEsoltfon AL BreicsbUuindd BOh Bélital

ci.n onc I of
chol est er ol SYHhF#éa @FS’E?&F‘H% "%1 P "Lhi‘l‘gﬁ“‘iﬁﬁﬁﬁwﬂ ‘gé’h‘ sac Shuman,

whi ch conpri ses adm ni stering an effective chol esterol reduci ng anount of a

d f Y k: d
of Tor mul o (PR Rretfiv oFcd corolfE U3 Bonil 0F o e PARAGR o o oal
derivati ves comprisiog anbasitcsubstitiente teiangorrespanding) acid addition salt:may die effected by
| nt er medi at §gactign tith Prs@lﬁﬁéx%fﬂ{é erEWSfoPExaﬁﬁﬁlénﬂné Jf'tf{@sh reifdd earfi?.

corrpounds OfOpSt}émaP ggnlvgrs%xac;p) a compound gts forr?urxlgl( aéén%nsmlgsgn aclg"xc substituent to a
corresponding base salt may be effected by reaction with a solution of the appropriate base,
for example, sodium hydroxide. Optional conversion to a physiologically functional
derivative, such as an ester, can be carried out by methods known to those skilled in the art
or obtainable from the chemical literature.

2
=

In addition, compounds of the formula () may be converted to different compounds of the -
formula (I) by standard methods known or available from the literature to those skilled in
the art, for example by alkylation of a hydroxy group. >

For a better understanding of the invention, the following Examples are giyen by way of
illustration and are not to be coristrued in any way as limiting the scope of the invention.

(a)  Ethyl 2-aminobutyrate hydrochioride

A slurry of 2-aminobutyric acid (100g, Aldrich) in absolute ethanol (300 ml) was stirred
under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. The reaction
was stirred overnight at 0°C and then gradually warmed to room temperature.  The
resulting white slurry was heated under reflux for 3 hours, left to cool for 10 minutes, then
poured into chilled diethyl ether (600ml), with hand stirring. The suspension was filtered
and the solid product dried to give the desired product ( 150g) as a white solid. 1H NMR
consistent with proposed structure. '

®) Ethyl 2-b§1glidenm°ngbgm te

A solution of the product from step (a) (149.6g), magnesiu'm' sulfate (74.3g), and
triethylamine (246 ml) in dichloromethane (1500 mi) was stirred at room temperature under
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! ound(s) of formul a (Iva)" refer to
§galwbed above together with their salts,
sol vat es 5{ﬂ§§ﬂ§| ol ogi calyryst icesal derl vatives as defll’%‘al’%@?%’i‘n The

anmount of a conpound- of fdrmul ch is required to achieve the
de5|red_b|ologlcal effect WwrTT, of course, depend on a nunber of factors,
for exanple, the specific 11 conpound2@hosen, the use for which it S

0t e iR SAMARICToR S5 RN uldld gl “RRERE s %84,
(typi cal | y at renm mepergusolon? hours theny filtesed. ki Thedfiltrate tyens\cnetepkrated trrtmmednpl e,
3- 10ny/ ka/ dfeYhyl Bthet, HifefotCaHAUDNEGNALAAB yidlP theCdeARTTY Brodl& dsh ydlBw éif‘994gf
fromO. Smﬂw r%ﬁg?qnbmtﬁclg cggoscégrsltvn?c%eent |y be adm ni stered as

Hereinafter all references to "co
conpound(s) of fornula (| Ve

infusion o

(c) (+-)-Ethyl 2-benzylideneamino-2-ethyihexanoate -

* Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimethylfom.lamide (DMF) (700mI)
were stirred under nitrogen at room temperature and a solution of the product from step (b)
(178.1g) in DMF was added dropwise. ~After 2 hours stirring at room temperature, a
soluﬁon of butyl iodide (149.5g) in DMF was added -dropWise and the reaction left stirring
for a further 2 hours. The reaction was poured into an ice cold mixture of water (560m),
diethyl ether (300ml) and ammonium chloride (120g). The resulting organic layer was dried -

" over potassium carbonate then concentrated to give the desired product as a brown oil

(2208). | >
(d)  (+-)}-Ethyl 2-amino-2-ethylh

The product from step (c) (233.0g) was partitioned between petroleum ether and 10% w/w
hydrochloric acid (421ml) and snrred at room temperature for 2 hours. ‘The aqueous lﬁyer
-was extracted twice with petroleum ether and then chilled with ethyl acetate in an ice-salt
bath. Sodium hydroxide pellets were added to the mixture until the aqueous layer was at
pH 10. The latter was extracted twice with ethyl acetate and the combined ethyl acetate
layers were dried over potassium carbonate, then concentrated and vacuum distilled to give
the desired product as a colourless oil. !H NMR consistent with the proposed structure.

(® . -2-Amino-2-ethylh ic aci

A suspension of pig liver esterase (0.1g, Sigma-Aldrich-Fluka) in water was added to an
aqueous solution of the product from step (d) (100g). When addition was complete, the pH
of the mixture was adjusted to 9.7 using 1N aqueous NaOH and maintained at this value by-
the addition of further IN NaOH.  After the addition of a predetermined amount of 1IN
aqueous NaOH (85g over 10 hours), thelmixture' was washed with diethyl ether to -remove
unreacted (S)-ethyl 2-amino-2-ethyl-hexanoate. = The remaining aqueous phase was
evaporated in vacuo to give a white solid comprising the titled compound and its sodium
salt. - ' :
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per Kil ogram per mnute. Infusion fluids suitable for this purpose can
cont ai n, from0.Ing to 10nyg, typlcallyfromlrlgnf, per
milli I|tre olf(rzn ?ﬁgoses can contain, for exanple, fromlng t (8% o?“th
active compound. Thus arrpoul es for injection.can contain)| 'g R gEE,EFom
ing to 100mg and oral ly admi nistrable unit.dose. formul at| 'F\ ’%ﬁg

tabl ets or capsules, may contain, for exa?rble from 1.0 4o 10

typically fr(gm 1Q&Q-§M§-dh&lh§*ﬁ-ﬁ@56 of pharmaceutically accept abI e -
salts, the weights indicated above refer to the weight of the

benzot hi azepi ne ion derived fromthe salt. For the prophylaxis or treatmnment
of the condiTheqredyat{208)dtbm stepife)vwas added ¢o apldd isdlution of tithinm alufinum) hydridebe

used as the (& grmaw%men in PHF afd theRhiRhuPE Ras vefm@dsﬁ%%uw Eﬂanaﬁned for 16,

acceptabl e garrier he form of a pharmaceut |qc?2 ng t1on. Hfar rier

nust, of colPYs, atH@°5‘c‘E§‘BF’&BF% he pxturejuas ¢gol ?°n§’°&‘ { et Q“W

ot her i ngr. edvateriand AN idieowmm tThe riesaltﬂlgrmlid was broken dp withexdditionaltvatérund

reci pi ent. a,s |

br of or abl y 15 SEgPEpGH b ec o Ot 5 Ininfl; Bren ook (R0H, hperpiyre.

exanpl e, a Diethyk etheth{10pmhawascadded meﬂmme)mswmd G@/ﬁl@redxelTthtdmhyltdtkr
layer was separated, dried and concentrated in vacuo to give the desired product as an oil
(82% yield), 1H NMR consistent with the proposed structure. |

® -2-Amin6-2- thylhexyl hydrogen sulfate

The product (20.0g) from step (f) was dissolved in dichloromethane (170 ml) and treated
with chlorosulfonic acid (26.8 g). The reaction mixture was surrqd at room temperature
for 17 hours. A major part of the solvent was removed by distillation and the resulting
slurry was diluted with acetone, filtered and dried to get a white solid. !H NMR consistent
with the proposed structure. |

(h) . 2-Hydroxy-4,5-dimethoxybenzaldehyde

A 1.0M solution of boron trichloride (210 nil, Aldrich) in dichloromethane was added to
benzoyl chloride (30.1g, Aldrich) in benzene (350 ml). Next, 3,4-dimethoxyphenol (30.0g,
Aldrich) in benzene (130 ml) was added and the reaction mixture was stirred at room
temperature for 21/2 hours. 50% NaOH (55 ml) was then added and the mixture was
stirred for 15 minutes. The organic layers were separated, dried and concentrated in
vacuo. The resulting res:due was tnturated with IN NaOH for 40 minutes then filtered.

~ The aqueous basic filtrate was acidified thh conc. HCI to give the title product as a yellow

- solid (25.9g), mp 104-105°C. lH NMR was consistent with the proposed structure.

() O-2-Benzovi-d S-dimethoxyphenyl N.N-diethyithiocarbamate

Triethylamine (106.3g, Aldrich)), 4-dimethylaminopyridine (6.5g, Aldrich) and
diethylthiocarbamoyl (86.4g) was added to the product (130.4g) from step(h) to 1 L of
dioxane.  The reaction mixture was stirred at reflux for 22 hours, cooled to room
temperature, then filtered. The filtrate was concentrated in vacuo and IN HCI (600 ml) -
‘was added followed by diethyl ether (500 ml). The mixture was allowed to stand for 45

This Sheet Has Been Reﬂlaced

AR R




active conpound. O her pharnacol ogically active substances can al so be
present including other conpounds la (IVa). The pharnaceuti cal.
‘conposi t Wn95/05188t he i nvenii- Res pt®8bhred by any of tPEI/GBISO18840nn

t echni ques of"phar macy co sm\§§§E&Acmentl 1y of admixing the conmponent s.
Phar maceuti cal  ‘conposi tions ac 0 the present inventi.on include

t hose suitable for oral, r al, topica buccal (e.g. sub-lingual) and
par ent eral (e.g. subcutaneous, intranuscllar, intradernmal, or intravenous)

adni ni st ramnows then filtergdh (Fhe snlids were washsd:theroughly whadwh:dueﬂeﬁ apdydaed in|a)
depend on JaBgurhdver B AfdHd SiRVRIe ;wdtw‘: a$ B§elfdw Solid no b ), Ap 94-9s8dIHNMRN t he

nature of the tlcu formula (IVa) ich is being used. _
Enteric- co‘&?sec(?gﬂ @J‘ec?r% ‘g% Prolled release fornul ations are al so
wi thin the scope of the invention. Suitable enteric coatings include

cel I ul ose @gcet Al | smk § N ief oCHtb4
hydroxypro yl négt'%'pg%#jts- 1m i N i e

na and . anr oni ¢ pol yners of methacryllc
acid and nethacrylic acid net hyI ester Phar maceuti cal conposi tions

sui tabl e fRilufyabf €I roisck 1(50.4€) fremstére (ip ir? $fadechné (250 l) Wa heated to an
internal temperature of 250°C and kept there for a penod of 25 minutes. The reaction
mixture was cooled with an ice bath. ‘l‘he solvent ‘was decanted and the residue was
triturated with diethyl ether (100 ml) to gtve the title product (43 4g) as a beige solid, mp
114-116°C. 1H NMR was consistent with the proposed structure.

_(k) Z-M apto-4. S-di

Potassium hydroxide pellets (58. 6g) was slowly added to a solutiorrof the product (85.0g)
" from step (j) dissolved in 1L of methanol/THF (1:1). Aﬁer reﬂuxmg for 3 hours, the
reaction mixture was cooled to room temperature and concentrated in vacuo.  The
resulting residue was triturated with 1N HC! then extracted with EtOAc. The organic layer
was separated, washed with 2x250 ml of IN HCI then washed with 3x400 ml of 1N NaOH.
The aqueous basic layers were combined and acidified with conc. HCI to afford the title
product (54.8g) as a gold solid. 1H NMR was consistent with the proposed structure.

[}

The product 8. 8g) from step (g) was dissolved i in water (250 ml) and to this solution the
product (54.2g) from step (k) in butyl acetate (300 ml) was added. The reaction mixture
was stirred and heated to an internal temperature of 93°C and NaOH (18.9g) in water (250
ml) was added dropwise. After complete addition, the reactlon was stirred an additional 25
minutes at 93°C, then cooled to room temperature. The organic layer was separated, dried
and concentrated to give the title product (78.5g) as an orange-brown oil. Treatment of the
free base with ethereal HCI afforded the hydrochlonde salt as a light yellow sohd, mp 75-78
°C. 1H NMR consistent with the proposed structure. :

~The product (78. Og) from step (1) was dissolved in 2, 6-lut1dme (400ml), added p-
toluenesulfonic acid (0.70g) and the reaction mixture was reﬂuxed usmg a Dean Stark trap.
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units, such-as capsul es, cachets, |ozenges, or tablets, each containing a

predetermw 051%@ anount of a corrpound of f-ornmul a_ (IVa) gé.s %WE{ or
granul es; as a.solution .or a suspension i'n an -aqueous or no queou

liquid; or as an oil-in-water or water-in-oil “emul sion. Tt cared §}J'¢h
conpositions can be prepared by any suitabl e method. of pﬂ}h" 5;?1“ ;
i ncl udes the step of bringing into associ @ion the activg co and tlhe

carri elr ( ml The fé&&mﬁ?ﬂﬁi reflisted 6P 8 p@tﬁm{c}&l;ﬁ ﬁ’&ﬁ@&ﬁr?ﬂ@’wluﬁﬂ nﬁ@t s@%ﬁt) was ﬂegmved

general , e conposi Ll ons ar e or n I m X1 ng

the active cORBotARRATY aqqu%FdP%C% Hépygff}’\ﬁc’&v tsodthf 'E?&? Hn © B8t n,

and t hen, |fccmsemmat yin ‘wicapiang thee residuduwvas tFeatede wethp 58 maeg@oownm

pr epared by ERIRUSOGHNG O'THE ARl gerp%éeg Hardd! ADRhES Wik Kifhel UHRR| B
one Q| éf‘r

opt [ onal ly wt nor e accesgm_ ents.
concentrated in vacuo to give a darkred oil. omatography on sx lca gel using hexane :

EtOAc(4:1) as eluant, afforded the desired product (64.1g) as a light brown oil. 1H NMR
consistent for the proposed structure.

A 1M solution of diborane in THF (200ml) was added to a solution of the product (64.0g)
from step (m) in THF (350ml). The reaction mixture was stirred at room temperature for a _
period of 17 hours, then 6N HCl (150mi) was added and the solution was concentrated in

- vacuo to remove THF. The aqueous residue was basified with 50./0 NaOH and extracted
with EtOAc. The EtOAc layer was separated, dried and concentrated in vacuo to afford an
oil which was chromatographed on silica gel, using hexane : EtOAc (85:15) as eluant, to
give the title product (25.5g) as a beige solid, mp 64-66°C. !H NMR consistent for
proposed structure. '

A solution of the product (25.5g) from step .(n') in trifluoroacetic acid (125ml) was added to
30% Hy07 (18.8g) in trifluoroacetic acid (100ml). The reaction mixture was stirred at
room temperature for 17 hours, then poured into water (800ml) followed by the addition of
50% NaOH until the mixture reached a pH of 10. The reaction mixture was layered with

- EtOAc and stirred for 1 hour. The organic layer was separated, dried and concentrated in
vacuo to afford solids which were recrystallized from EtOH to afford the txtle product
(18.5g) as a white solid, mp 148-149°C. -

Analysis: Calcd : C 66.16; H 7.48; N 3.35; S 7.68
Found: C 66.01; H 7.56; N 3.31;8S7.74

~ IH NMR (DMSO-d5) 5; 0.74-0.86(6H, m); 1.07-1.39 (4H, m); 1.39-2.20 (4H, m); 3.33
(2H, q); 3.44 (3H, 5); 3.83 3H, 5); 5.92 (IH, d); 6.11 (1H, 5); 7.33-7.48 (6H, m)
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tabl ets can be prepared by conpressing, in a suitable machine, the conpound
in a free-flowng form such, or granul es optionally mxed wth

a bi nder, WOBI8t , i ner T*Qélsuga’rtHP@n%ﬁEB‘r surface acti ve/ dPEP/EBIS/IIgE4

agent (s). Moul ded tabI et sy can dwm@ﬁ!b by houl ding, in a suitable nmachine,

t he powder éd conpound noi Ah inert liquid diluent.
Phar maceut i cal’~ conposi; t:ions suitable f014 buccal (sub-Iingual)

admi ni str K &1& B q 2I ozgnges. conprising a conpound of formula (1Va) in a
flavored sucr ose and acaci a or tragacant h, and pastl Il es
conpri si u'qz_.: tion mof ] -3 tétrad X ethop vi-il )2 _

sucrose aggiz@mﬁnfglaf mgﬁaé caI corrp05| ti onssw tabI e for parent eral

adm ni stratron conveni ently conprise sterile aqueous preparations of a
conpound of formila (IVa) preferably isotonic with the blood of the
i nt ended Oong(14617g AlfHei)cin pWaRera(580 nt)wasiidded rtefaeyoa.mon o'tfdﬁ% produér @4.4g)

t ffecte

subcut ane Syrfehd BERpR b n bl Ohuifo Rt Fidelh B ri %ﬁ%fmns

can convetemparatyrefor b7 hpms,edleuy:autlously basified with 50% NaOH. This heterogeneous
mixture was layered with EtOAc and stirred for 1 hour. The organic layer was separated,

dried and concentrated in vacuo to get a pink solid. ‘Chromatography on silica gel, 'using
hexane: EtOAc (65.35) as eluant, afforded the tltle product (6 7g) as a white solid, mp 174-
175°C

~ Analysis: Caled: C 63.72; H7.21; N 3.23; § 739 B | -
* Found: C 63.81; H7.22; N 3.19; § 7.47 | _.

o>
»

IH NMR(DMSO-dg), 5: 0.77-0.90 (6H, m); 1.10-2.17 (8H,m); 3.27-3.45 (SH, m); 3.84
© (3H, 5); 6.14 (1H, s); 6.38 (1H, s); 7.30-7.53 (SH, m); 7.97 (1H, s).

S etic Exam le 3

benzothiazepine 1.1-dioxide

(8  (+-)-2-Amino-2- -1

Lithium aluminum hydride (22.2g) was added to anhydrous diethyl ether (450ml) under
‘nitrogen. The product (129.0g) from Synthetic Example 1(d) was diluted with diethyl
ether (40ml) and added dropwise. The reaction was refluxed. for 1 hour then cooled to
room temperature. 1M sodium hydroxide (23ml) was added dropwise followed by
deionised water. The resulting suspension was filtered and the filtrate concentrated to give
the desired product as a colorless oil (87 9g). 1H NMR consistent with the: proposed

structure.
(b)  (+-)-2-Butyl-2-ethvlaziridi

' Acetonitrile (150ml) and the product (20. Og) ﬁ'om step (a) were mixed under mtrogen,
cooled to 2-3°C and chlorosulphonic acid (16. 0g) Aldrich) was added dropwise keeping the
temperature below 10°C.  The coolant was removed and the slurxy left to stir for 80
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adm xi ng the conpound with water and rendering the resulting solution
sterile and isotonic with the blood. |Injectable -conpositions according to
the inventi Bi@%%08188general Iy contain fromO0. 1 te B%w w of _t HEVGEIYY
corrpound Phar maceuti cal conpositions sui'tabte for rectal @lesrp_,lsg hgglsgq]
are preferably presented as unit-dose supposi tori es.- Thes REME A BE red .
by admi xi ng a conpound of fornula (1Va) @th one or nore Q‘QDMQDIIQDa[.i sol id

carriers, fof, fambg Q@Qﬁmﬂgt { Ghe réddon I%f%? c?ﬂ@éﬂiﬁ&dtlh%a&‘f& ghd | 'cB-Qixstllled

m Xt ur e. Phar nmaceut | cml oSl tions Sultab aor topical ag) i.cation

the skin prwithwatgr(5mle 5% Aqypenssediam hydrxide(55.28) aadhwatep{30m)) W ‘554‘@
gel, spray, arﬁleﬂﬁ&ﬁixtur@ rwai distilled fat Iaﬁiio‘sph‘é}lcClh'eﬁsafb bernesa@madiyedevasaaubmae

anol | ne, p@o% ydxs%ﬂategan\écc?n % P & pofass"f‘ur}:(xj hy&%%d@atg'ﬁ\r/]es thoef ddsRd %roduct

(12.8g). |H NMR consistent with proposed structure.

(c)

The product (14.7g) from Synthetic Exaxhple 1(k), in 2,6-lutidine (50ml), was added to a
solution of the product (6.5g) from step (b) in 2,6-lutidine (200ml). The reaction mixture
was stirred for 1 hour, conc. HC! (4.4ml) was added and then refluxed with a Dean-Stark
trap for 17 hours. The reaction mixture was concentrated in vacuo and the residue was
partitioned between 5% NaHCO, and EtOAc. The organic layer was separated, dried and -
concentrated to get an oil which was chromatographed on silica gel, using hexane: EtOAc
(7:3) as eluant to afford the deslred product (12 0g) as an oil. 1H;C?IMR consistent with
proposed structure. |

The title compound was prepared following the procedures of Synthetic Example 1 (n)-(0)
using the product from step (c) to give a white solid, mp 146-147°C.

Analysis (0.50 HyO); Caled: C 64.54; H7.35; N3.24, § 7.40

" Found: C 64.76; H 7.56; N 3.28; $ 7.52 | ]
IH NMR (DMSO0-dg), 5: 0.74-0.86 (6H, m); 1.07-1.39 (4H, m); 1.40-2.20 (4H, m); 3.33
(2H, q); 3.44 (3H, s); 3.83 (3H, s); 5.92 (1H, d); 6.11 (1H, s); 7.30-7.48 (6H, m)

benzothiazepin-4-o! 1,1-dioxide

Oxone (7.3g, Aldrich) in water (100ml) was added to a solution of the product (1.7g) from
Synthetic Example 3(d) in MeOH (100ml). The reaction mixture was stirred at room
temperature for a period of 17 hours and water and EtOAc were added. After stirring for
1 hour, the organic layer was separated, dried and concentrated to give a foam.
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nore thereof. The active conpound is general ly present at a concentration
of fromO0.1 to 15% w w of the.cespesttTorm for exanple, fromO0.5 to.2%

Tr ansder nwo ssbsisgsi st rat i ol Tmssmtstb%%ﬁ"b e. Phar naceut i ca@CTGB593884i ons
sui tabl e for transdermal dm nREﬂ-AﬁE‘Pon can be presented as discrete

pat ches adapted t'o retrai n U-A—-atmatecontact with the epiderm s of the
reci pient for a prol onged period of timpg. Such patches suitably contain the
active cogpound |n an . opfj.ona bu fered u S ution, dissolved

and/ or di SHOMEIRERIY0n 4 %Sgel,e.}’s% erang EgAE (£1% &ﬁ%rsam theii desiprde
COﬂCentl’qﬁrbdllithf Zghamhme/ﬁalﬂpmpdamdw!c about 1%to 35% preferably about
3% to 15% -As one particular possibility, the active conpound can be
delivered fromthe patch by el ect r'otransgort or iontophoresis, for exanpl e,
as descrlmslsncmdrﬁéé&?t B2L;RE333rER393(6), 318 (1986). The conpounds of
t he i nvergguad: C &Y. ﬁeHmﬁ)Ngnggmgnvent i onal nethods known to a:skilled

s A O Ut A RN o

pr epar ed (B, s); 6.13 (1H, s); 6.37 (1H, s); 7.34-7.53 (SH, m); 7.96 (1K, 5).

Sﬂhetxc Example 5

Sodium hydride (8.8g, Aldrich) was added slowly to a solution of 2-hydroxy-4-
methoxybenzophenone  (50.0g, Aldrich) in 300 ml of dimethylformamide.
Hexamethylphosphoramide (43.0g) was then added dropwise and stirred at room |
| temperature for 2 hours. Dimethylthiocarbamoyl chloride (37.0g, Aldrich) was added and
stirred overnight at 50°C. The reaction mixture was poured into deionized water (300mL)
and extracted with a petroleum ether/chloroform (1:4) mixture. The organic layer was
washed with 10% sodium hydrox:de brine and concentrated to give the title product as a
yellow solid (40 0g). IH NMR was consistént with proposed structure.

() S-(2-B ]-5-

The product (97.4g) from step (a) was suspended in tetradecane (500mL) and heated to an
. internal temperature of 255°C for 30 minutes. After cooling to room temperature, the
reaction mixture was chromatographed on silica gel using hexane, then hexanes/ethyl
acetate (7:3) as eluants to afford the title product (65.0g) as a tan sohd mp 95-97°C. 1H
NMR was consistent with proposed structure. | - B

(c) 2-Mer meth henone

 Potassium hydroxide pellets (20.0g) were slowly added to a solution of the product (28.0g)
from step (b) dissolved in 800 ml methanol/tetrahydroﬁxran (1:1). After refluxing for 4
hours, the reaction was cooled to room temperature, methylene chloride was added and the
solution was extracted with 5% hydrochloric acid. The organic layer was dried and
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oxi dation of the correspondi ng corrpound of the formula (V): [err] wherein
Rlerr] to Rygoémwsigd © as hereinbefore defi ned and 1 is .0 orp@rlg"ﬂgslglss‘;

oxi dation may suitably be carried out by reaction'wth ag.peroxjde,

exanpl e hydrogen peroxide in the presence of trifl uoroa ﬁmsos,.,%g A@tsr?rj
non-extrene tenperature, e.g. -20[err]Cto 7'50[err]C and prefgf LE‘
-10[err]C-to 10[err] C. Conpounds of forrmla (V) can dUCI ng

the imne borsenesntratedonpobrematsisraphy an silica/gsl usmglhews{qthxbr?éﬁ@m( r 45 thteo
Rlerr] are asnhf affoiieiohe RS pridddet (191139 asf @ ofngenile, 18 NMRNcongisteat Mt

proposed structure.

(d) _2-(2-Amino-2-ethylhexvithio)-4-metho ophenone

This compound was prepared following the procedure of Synthetic Example 1(1), using the

~product (46.4g) from step (c) and the product (44.6g) frpm Synthetic Example 1(g).
Concentration of the organic layer afforded the title product (66.5g) as a red oil. IH NMR
consistent with proposed structure.

(e)

This compound was prepared following the procedure of Syntheiic Example 1(m), using the
product (66.5g) from step (d). Chromatography on silica gel, us;ng hexane: EtQAc (9:1)
as eluant, afforded the title compound (54. Sg) as a yellow 011 IH NMR consistent with
the proposed structure. : '

®

benzothiazepine

This compound was prepared following the procedure of Synthetic Example 1(n), using the
product (54.4g) from step (e). Chromatography on silica gel, using hexane:EtOAc (9:1) as
eluant, gave the title product (22.8g) as an orange oil. IH NMR consistent with the
proposed structure.

Bromine (18.6g) was added to a solution of the product (10.4g) from step (f) dissolved in
glacial acetic acid (150mi). The reaction mixture was stirred at room temperature for 2,
hours. Acetic acid was removed in vacuo, added another 100ml and concentrated in
vacuo.  The resulting residue was dissolved in EtOAc and washed with sodium
 metabisulfite amd 1N NaOH. The organic layer was separaxed, dried and concentrated in
vacuo to give a brown oil which was then converted to the hydrochloride salt with ethereal
HC!. This solid was filtered, washed with ether and then treated with 1N NaOH and EtOAc
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such as borane, in a suitable sol vent exanpl e an et her such as THF, or ~
~catal yti enati on usiges; T argeke,\ a pal | adi um q,@.rfé ggguch as

10% Pd/ Cﬁ’g{%}égfr#gn- extreme |(Té Wég for\ exanple -20[err o 100[err]C
nds of formula (VI) as herein

and- preferably_-lO[err]C t ol 50[
defined-as wel| as each posstBbre optical isonmer substantially free, i.e.,
associated with | ess than 5% of any ot hes optical i'somer(s), and m xtures

of one or wPge thetitle Produk(S:0F) ks akdyange K10 LH NMR donsibtei WithIthe @fdgosed
m xt ures ai’w sidered to be novel and constitute a further aspect of the
present in Conpounds -of fornula (VI) can be prepared by cyclising

conpounds of forrrula (V) [err] V\/nereln R[err] to Rlerr] are as

her ei nbef qp defi R 4L ef | uxing.

in the. pr-senc-.o . e -rylng agent, 'eves, in a

sui t abl e RSRZRUuazepine l.lsdigdde. o 6 [ytidine, in the presence of an acid,

such as HCL. Corrpounds of fornmula (VII) can be prepared by reacti ng a

conpound Olf'hxg &H%u%d%vas Iplrépaie%rf{:homng the procedure of Synthetic Example 1(0), using the |
product (8.2g) from step (g). Chromatography on silica gel, using hexane: EtOAc (4:1) as
-eluant, afforded a foam which upon trituration in ether ; gave the ntle product (5 0g) as a

white solid, mp 132-134°C

Analysis: Calcd; C 56.65; H 6.05; N 3.00; Br 17.13;S6.87 .
Found: C56.71; H6.01; N 2.94; Br 17.07; S6.95 : -

IH NMR (DMSO-dg), 5: 0.64-0. 81 (6H, m); 0.97-1.19 (4H, m) 122-1 50 (2E, m); 1.69-
1.78 (1H, m); 1.98-2.06 (1H, m); 2.67 (1H, d,); 3.39 (2H, q,) 392 (3H, s); 5.88 (1H, a;
6.63 (1H, 5); 7.29-7.43 (SH, m); 7.55 (1H, 5)

Synthetic le 6

Meta-chloroperbenzoic acid (57-86%, 0.90g, Aldrich) in CHyCl> (50ml) was added to a
solution of the product (2.4g) from Synthetic Example 5(h) in'CH2C]2 (50ml). The
. reaction was stirred at room temperature for 1 hour, then 5% NaHCO3 (100ml) was added
and the mixture stired for 30 minutes.  The organic layer was separated, dried and
concentrated in vacuo to give a foam. Chromatography on silica gel, u'sing hexane: EtOAc ,I
~ (9:1) as eluant gave a foam which upon trituration with ether afforded the title product
¢ 3g) as a white solid, mp 202-204°C Co

Analysis: Calced: C 54.77; H 5.8_5; N 2.90; Br 16.56; S 6.65
- Found : C 54.92; H5.90; N 2.85; Br 16.65; S§6.75 o
IH NMR (DMSO-dg), 8: 0.75-0.86 (GH, m); 1.05-1.41 (5H, m); 1.43-1.64 (1H, m); 1.66-
- 1.79 (1H, m); 1.83-2.49 (1H, m); 3.46 (ZH,‘ 5% 3.93 (3H, s, 6.33 wx, s). 6.67 {IH; s);
7.30-7.50 (6H, m) 8.07 (1H, s)
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15 wherein .Rlerr] to Rerr] are as hereinbefore.defined, with the
appropria tituted aziridine, typically.in.a polar

exarrpl e, #gé#é%x Conmpounds of formula (VI'l)- can-'al'so be %%’Egrg’;’e’%sﬁ
reacting a corrpound of formula (1X) [err] wherein R[err\},%g BE@(‘[‘A\Q&HE' as

her ei nbefore defined and L is a suitable beavi ng group, EePRRDER,
2 —
hal ogen, with a conpound of formula

HSC(R[err])ﬁﬂ.ﬁ!QlQM!ﬂr],)(R[err])NH[err] wherein Rerr], R err] R[err]
B8R fA SR RkAHGdrB! ib@hi&" in@

prepared by_T g e Sp np ornmul'a R4H
wherein R4 8= efore defi ned, typically by a Friedel- Crafts
reaction using, for exanple, alumniumchloride.

The product (5.0g) from Synthetic Example 1(o) was dissolved in glacial acetic acid (36 ml)
and 48% HBr (36ml) and allowed to stir at reflux for 2 hours. The reaction mixture was
poured into an ice water mixture then basified with 50% NaOH to a pH of 7. The reaction
mixture was filtered to get a solid which was chromatographed on silica gel, using hexane:
EtOAc (3:2) as eluant, to give the title product (1.6g) as a white solid, mp 117-118°C.

Analysis (0.30 HyO): Calcd: C 63.87; H7.04; N 3.55; S 8.12
- Found: C 63.86; H7.09; N3.51;,S8.18

1H NMR (DMSO-dg), 8: 0.76 3H, t); 0.81 (3H, 1); 1.08-2.41 (8H, m); 3.24 (OH, ;583
_ (1H, d); 6.03 (1H, s); 7.31-7.42 (6H, m); 9.60 (,H, bs) |

thetic E le 8

benzothi ine-7-ol 1 1-dioxide

Chromatography of the reaction from Synthetic Example 7 produced mixtures which were
combimred and rechromatographed using totuene and toiuene: EtOAc (95:5) as tne eluants,
to afford the title product (0.29g) as a white solid, mp 155-156°C.

Analysis: Calcd: C 65.48; H 7.24; N 3.47; S 7.95

Found: C 65.58; H 7.28; N 3.43; S 8.03

1H NMR (DMSO-dg), 8: 0.76 (3H, t); 0.81 (3H, t); 1.18-2.04 (8H, m); 3.28 (2H, q); 3.82
(3H, s); 5.85 (1H, d); 6. 09 (1H, s); 7.31-7.45 (6H, m); 9.43 (1H, s)

Synthetic Example 9

Pr ti

benzothiazepine-8-ol 1.1-dioxide

Chromatography of the reaction mixtures from Synthetic Example 7 produced the title
-compounds of Synthetic examples 7 and 8. One other product was also isolated during the
chromatography used-in Synthetic Example,s The title product (0. 3Sg) was isolated as 2
white solid, mp 165-166°C.
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Compounds. of fornula (VI II)W by reacting a conpound of
formul a % %‘%rl#g wher ei'n '[ﬁ-nébHEBT HYSEBEEN are as herei nbg, &ﬁgé};@lgé“ned with

a non-nuc | c base such as mmf&ﬁﬂ hydrj de foll owed by treatnent of the
resulting salt with NN-dime yl chloride, pyrolysis of the '
resul ting Oaryl di'al kyl t hi ocar bamat e to e S aryldial kyl t hi ocar bamat e:
(for exanple in a high boiling solvent suUth as tetradecane at a tenperature

of about 2@mplysis] Caled: @64. AByHIT24 N 3.47fDF.98xanmpl e with a strong base such
as KOH). | ds of formula (VII1) can be prepared
Fodil: € 6£5 (ﬁ?\é? st&@?% dr osul fi de Sl-g"'4

by reacti ngi; cQ oun S 0 1th sodi um hg/
(DMSO0-dg), d: 0.77 (3 t); 081 (3H, t); 1.11-2.08 (8H, m); 3.29 (2

(3H, s); 5.86 (1H, d); 6.06 (1H, s); 7.32-7.43 (6H, m); 9.73 (IH, s)

benzothiazepine 1,1-dioxide

(a) -(2-benzoyl-3-methoxyphenyl)dimethyithio

Sodium hydride (8.8g, Aldrich) was added slowly to a solution of 2-hydroxy-4-
methoiybenzophenone (50.0g Aldrich) in 300 ml of dimethylformamide.
Hexamethylphosphoramide (43.0g) was then added dropwise and stirred at room
temperature for 2 hours. Dunethyltlnocarbamoyl chloride (37.0g Aldnch) was added and
stirred overnight at 50°C. The reaction mixture was poured into delomzed water (300mL)
and extracted with a petroleum ether/chloroform (1:4) mixture. The organic layer was
washed with 10% sodium hydroxide, brine and concentrated to give the title product asa
yellow solid (40.0g). !H NMR was consistent with proposed structure. |

‘(b)  S-(2-Benzovi-S-meth imethylthi

The product (97.4g) from step (a) was suspended in tetradecane (500mL) and heated to an
internal temperature of 255°C for 30 minutes. . After cooling to room temperature, the
reaction mixture was chromatographed on silica gel using hexane, then h'eXanes/ethyl '
acetate (7:3) as eluants to afford the title product (65.0g) as a tan solid, mp 95-97°C.

~ NMR was consistent with proposed structure.

© 2 -4-meth 1on

Potassium hydroxide pellets (20.0g) were slowly added to a solution of the product (28.0g).
from step (b) dissolved in 800 m! methanol/tetrahydrofuran (1:1). - After refluxing for 4
hours,' the reaction was cooled to room temperature; methylene chloride was added and the
solution-was extracted—with—5%. hydrochtoric acid. The organic' layer was—dried -and
concentrated. Chromatography on silica gel using hexanes/ethyl acetdte (99:1) as the eluant
afforded the title product as an orange oil (17.1g).: IH NMR consistent with proposed

* structure.
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The starting materials as herei nbefore defined can be obtained comercially
or prepar edybyegEs§ods known to those skilled in'the art or 1;&;@9%?8? from
the chemcal literature, for exanple, the aziridihes can be prepared from
the corresponding 2-substituted 2-ani noethanols. Conpound é_g T he—forruha,
(V) wherein one or nore of R6 to R8 is hal gy my be converP Rﬁsﬁfdﬁ'tﬁ)%ﬁﬂ's5
of the formula (V) wherein R6 to R8 is a different functijgnal g?'tﬁﬁ?f’by :
met hods known to those skilled in the art or readily available fromthe
literature. (dypoEnis 2aiminctunyrae Hytirsehioniier ei n R3 = OH can be prepared from
t he correspondi ng conpounds of fornula (1Va) wherein R3 = H by oxidation
with, for exanple, m chloroperbenzoic acid. The:conmpounds of fornula (I Va)
subst anti al | YA sluaw, ofo3-aminebutytp tacisa(100g ohdrieh) da rabsaiutehethaned 3 @Gml) syaspspirred
chiral synt hggiet nilr@dencataM shd MonyDenibsde 201885 waP A drdbWisehi Rie reaction
starting materlal.;r;%, such .as 6‘22‘; a‘ilééldlgpaﬁ ?nor by r.esol Utlﬁn of the
products obt 388 SHITEH AYemmet 2t 0L ang daen gragy ye‘%ﬁ%ﬁﬂdet? FRPM iEmpratiss- . Jhepy
cl assi cal r esesulting ovhitei shirrycwas hdatedoindsr reflux for 3 hours, left to cool for 10 minutes, then

- poured into chilled diethyl ether (600ml) with hand stirring. The suspension was filtered

and the solid product dried to give the desired product (150g) as a white solid. 1H NMR

consistent with proposed structure.

(e)  Ethyl 2- i inobu

A solution of the product from step (d) (149.6g), magnesium sulphate (74.3g), and

triethylamine (246ml) in dichloromethane (1500mi) was stirred at room temperature under
 nitrogen and benzaldehyde (94.9g, Aldrich) was added dropwise. ~The mixture was stirred

at room temperature for 3 hours then filtered. The filtrate was concentrated, triturated in
. diethyl ether, filtered and concentrated to yield the desired product as a yellow oil (174g).

1H NMR consistent with the proposed structure.

Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimethylformamide (DMF) (700mi)
were stirred under nitrogen at room temperature and a solution of the product from step (e)
(178.1g) in DMF was added dropwise. ~After 2 hours stirring at room temperature, a
solution of butyl iodide (149.5g) in DMF was added dropwise and the reaction left stirring
for a further 2 hours. The reaction was poured into an ice cold mixture of water (560mi),
diethyl ether (300ml) and ammoniurmn chloride (120g). The resulting organic layer was
dried over potassium carbonate then concentrated to give the desired product as a brown oil
(220g)..

® (= aming-2-

The product from step (f) (233.0g) was partitioned hetween-petroleum ether and 10% wiw
hydrochloric acid (421ml) and stirred at room temperature for 2 hours. The aqueous layer
was extracted twice with petroleum ether and then chilled with ethyl acetate in an ice-salt
bath. Sodium hydroxide pellets were added to the miixture until the aqueous layer was at
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"Optional conversion of a conpound of forrrul a (lva), or a conpound of

formula (I ri sing agpasrtsub to a correspondi ng acid
addi ti on sg@[ ;r}r’wga{/pabe ef f ect éﬂ'ﬂ%@%?iél%ﬁ@%nth a sol ution JICT{GEIS01884
appropr| ate 'acid, for exangl e F thosd recited earlier. Optional

conversion of a’ corrpound of—formula (IVa) conprising an acidic substituent
to a corresponding base salt may be effectd@d by reaction with a solution of

. ngEPof o) ETICE e e st ot Ut i eobnsgBeg fnt
physi gi u rivativ S rri
by et BolaEerk st B GYvt pataSHie FarpoTter HEn oo AL Yogits ENFT

chemi cal | i t thealesired. producadsia tolourless orrpéHrTMRm‘othentfmtlmhb praposed strmyurbe
converted to different conpounds of the fornula (1Va) by standard nethods

known or avajlable fromthe ljterature to those skilled in the art, for
exanpl e by aiy| dtbA-Aming-Zegthvihggndeelip. For a better understanding of the

invention, the follow ng Exanples are given by vvay of Il lustration and are
not to be conahl Mol dilid HydiSht 35.25) Wes'adfed B at5aRss Wethil et @8binf} Ninder
nitrogen. The product from step (g) (129.0g) was dxlut_ed with diethyl ether (40ml) and
added dropwise. The reaction was refluxed for 1 hour then cooled to room temperature.
IM sodium hydroxide (23ml) was added dropwise followed by deionised water. The
resulting suspension was filtered and the filtrate concentrated to give the desired product as
a folourless oil (87.9g). !H NMR consistent with the proposed structure.

()  (+-)-2-Butyl-2-cthylaziridine

Acetonitrile (150ml) and the product from -step (h) (20.0g) ‘were mixed under nitrogen,
cooled to 2-3°C and chlorosulphonic acid '(16.0g, Aldrich) was added dropwise keeping the
temperature below 10°C. The coolant was removed and the slurry left to stir for 80
minutes at room temperature. The reaction was concentrated in vacuo and co-distilled
with water (50ml). 50% Aqueous sodium hydroxide (55.2g) and water (50ml) were added
and the mixture was distilled at atmospheric pressure. The organic layer was coilected
from the distillate and dried with solid potassium hydroxide to give the desired product
(12.8g). 1HNMR consistent with proposed structure.

G

The product (55.2g) from step (i), in 2,6-lutidine (100ml), was added to a solution of the
product (118.5g) from step (c) in 2,6-lutidine (400ml). The reaction mixture was stirred
for 1 hour and p-toluenesulfonic acid (9.0g) was added and then refluxed with a Dean Stark
- trap for 17 hours. The reaction mixture was concentrated in vacuo and the residue was
partitioned between 5% NaHCO3 and EtOAc. The organic layer was separated, dried and
concentrated to get an oil which was chromatographed on silica gel, using hexane: EtOAc
(85:15) as the eluant, to aﬁ‘ord the title product (124 3g) as an orange oil. IH NMR
wﬁs:stent with th&des:red stmctu:e : :
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17 Syntheti.c Exanple 1 Preparation of.
(3R 5R) - 3-Relogpss et hyl - 2, 3, 4, 5- tetrahydro 7, 8-di et hoxy- 5-pfTeenYs0isss -
benzot hi azepi ne' 1, 1-di oxi de’ (a) Et hyl 2-am nobutyrate hydrochl oride A

sl urry of 2-am nobutyric acid (100g, Aldrich) i.n_absol utgergél o)
was stirred under nitrogen at O[err]C and_j hi onyI chl orifde (ﬁ%ﬁ%@%ﬂ
added dropw se. The reactron vas stirred 8 erni. ght at 0[ hen.,

A 4 s o enyE

gradual I'y m@kﬁed 4 gthyls2e btpahydrod® Ay was

heat ed unde%cl g& fgr 3 hours left to cooI for 10 nrnutes t hen poured
into chilled Bl (600n1) with hand stirring. The suspension was
filtered and the solid product drired to give the desired product (150g) as

a white sol igdiM iddd HNRbErans (40nil)in THE Rvdsraddes &da sslutier of the product (12.3g)
- from step (j) in THF (150mi). The reaction mixture was stirred at room temperature for 17
hours, then 6N HC (50ml) was added and the solution was concentrated in vacuo. The
residue was basified with 50% NaOH and extracted with EtOAc. The EtOAc layer was
separated, dried and concentrated in vacuo to give an oil which was chromatographed on
silica gel, using hexanes then toluene as the eluants to afford the desired product (4 9g)asa
yellow oil. lH NMR consistent with the desired structure. :

() .
benzothiazepine 1, 1-dioxide ' ) : -

A solut_ion of the product (4.9g) from step (k) in trifluoroacetic acid (50ml) was added to
30% HpO5 in trifluoroacetic acid (S50ml). The reaction mixture was stirred at room

~ temperature for 17 hours, then poured into deionized water (200ml) followed by the
addition of NaOH pellets until a pH of 14 was obtained. = The reaction mixture was
warmed, at 45°C, for 3 hours then extracted with dichloromethane. The orgamc layer was
separated, dried and concentrated to give an oil which was chromatographed on silica gel,
using hexane : EtOAc (9:1) as the eluant, to give the title product as a whlte solid, mp 123-
125°C.

Analysis: Calcd: C 68.18; H 7.54; N 3.61; S 8.27

Found: C 68.19; H 7.49; N 3.55;S 8.35

IH NMR (DMSO-dg), 8: 0.73-0.85 (6H, m, CH3); 1.07-1.47 (4H, m, CH2) 1.48-2.20
(4H, m, CHp); 2.48-2.53 (1H, d, NH); 3.51 (2H, q, CH2S03); 3.84 (3H, s, OMe); 5.90
(1H, d, CHPh); 6.50 (1H, d, ArH); 7.09-7.20 (1H, m, ArH); 7.32-7.48 (6H, m, ArH)

ol 1.1-dioxide

This compound was prepared following th&proeedm‘e of-Synthetic Example 7, using the
product (4.8g) from Synthetic Example 10(1). Chromatography on silica gel, using hexane:
EtOAc (4:1) as the eluant, gave the title product (1.8g) as a white solid, mp 130-132°C.
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(b) Et hyl 2-benzyl i deneam nobut ) e.A-solution of the product from step
(a) (149 nesi um s [ %A:gggh,e\‘a\nd triethylamn

di chl ororre a’ﬂ%ﬁ?BOO m) § y EE(@@ at rpom tenperat ure?’&&@g"’ma};‘?ogen
and benzal dehyde (94. 9g, cdded dropwi se. The m xture was

stirred at roomterrperatur or 3 hours then filtered. The filtrate was
concentrat ed, triturated in diethyl etheB4 filtered and concentrated to

.yield the e'sﬁﬂ{s‘&dcﬁ&@w Zﬁﬁzg I3o;\g §I8| 8(1749) 1H NWR consi stent with

the propos ructure
2-benzyli ddrauadi §oR%H2 %tﬁl e&‘é’m@atses @%dl um hydride (32.5g, 60% di spersion

in oil) and NN-di net hyl formami de (DMF) (700m ) were stirred under ni trogen

D vas acodt RS (M- 38 00 e e F PUQEAS it B DAET et Bl 1
O e o O T BLO1FEgY; LU, a3 S0 ‘W BACLE, Ahcb 1B, o
reaction I?‘-h_gtsbr(“{,n f‘pj4_q3% ﬁ.? @@gug The reaction was poured into

m ' '

an ice cold mxture vvater ( 60 di et hy et her (300n) and ammoni um
chloride (120g). The resulting organic ' '

 Synthetic Example 12

4.8-diol 1,1-dioxide

The product (1.0g) from Synthetic Example 11 was dissolved in methylene chloride

(100ml), cooled to -
0°C and m-chloroperbenzoxc acid (0.55g, 57-86%, Aldnch) was added. The reaction

mixture was stirred at ice bath temperatures for 5 hours then 5%. NaHCO3 was added to
neutralize excess acid. The organic layer was separated, dried and concentrated in vacuo.

- The resulting residue was chromatographed on silica gel, using hexane: EtOAc as the
eluant, to afford the title product (0.68g) as a pale yellow solid, mp 213-214°C.

Analysis: Calcd: C 64.76; H 6.99; N 3.60; S 8.23
Found: C 64.86; H 7.03; N 3.63; S 8.31 |

1H NMR (DMSO-dg), 5: 0.77-0.89 (6H, m); 1.09-1.64 (6H, m); 1.68-2.03 (2H, m); 3.36
(2H, @); 6.30 (IH, s); 6.4 (1H, d); 6.82-6.87 (1H, m); 7.27-7.49 (6H, m); 7.89 (1H, s);
10.0 (1H, 5) | |

benzothi ine l-d'o:ti

(@)  3-Methls senzoste

A solution of benzoyl chloride (32.5g, Aldrich) in ether (200mi) was added dropw:se to &
stirred solution of m-cresol (25-0g, Aidrich) and. triethylamine (27 2g, Aldrich) in ether
(500ml). The reaction mixture was stirred at room temperature for 1 hour then filtered.
The ethereal filtrate was washed with saturated NaHC03 and water then dried over
NapSO4. The ether layer was separated, dried and concentrated in vacuo to give the
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|'ayer was dried over potassium carbonate then concentrated to give the
desired prodigdgnsfesa brown oil (220g). (d) .. (+-)-Ethyl PCT/GB95/01884
2- am no- 2- et hyl hexanoat e 18 The product.-fromstep. (c)—& 0
partitioned between petrol eum ether and 10%w w hydr ochlfGHisosregt o (221
and stirred at roomtenperature for 2 hours, The aqueou$ | ayrgpiwas,, '
extracted twice with petrol eum et her and t?ﬁen chilled , . icetate
an ice-salt ldesited sioductn(1040gpxs davhi) dofitls mpess47eqt] e d1 H ONMERE comisistent Qvithnitel

t he aqueous | [y pH 10. The latter was extracted twice with ethyl
acetate and tdgé'eeg&%?wg% ethyl acetate |layers were dried over potassium

carbonate, then concentrated and vacuumdistilled to give the desired:

product as a(spl oRLiGHS xRl metivibibbpHensit St ent Wi th the proposed structure.

The product (48g) from step (a) was mélted (at 70°C) and aluminum chloride (30.2g) was
added in portions. The reaction mixture was heated to 200°C for 5 minutes, then cooled
to room temperature. The resulting solid was ground to a powder and slowly added to a
mixture of conc. HCI (800mi) and ice. This mixture was extracted with ether and the ether
was washed with water. The ether layer was separated, dried and concentrated. The

- resulting residue was chromatographed on silica gel, using toluene as the eluant, to afford
the title product (39g) as a yellow oil. 1H NMR consistent with the desired structure.

(c)
benzothiazepine 1.1-dioxide

0

The product from step (b) was converted 'fo the title product following the procedures used
in steps (a) to (1) of Synthetic Example 10. The title product was isolated as a white solid,
mp 121-122°C - | S

Analysis : C 71.12; H 7.87; N 3.77; S 8.63
Found: C 71.23; H 7.94; N 3.67; S 8.74

- TH NMR (DMSO-dg); 5: 0.77-0.82 (6H, m); 1.16-2.07 (8H, m); 2.36 (3H, s); 3.37 (2H, q);
- 5.92 (1H, d); 6.47 (1H, d); 7.27-7.39 (6H, m); 7.79 (1H, s)

hetic E le 14
Preparation _of

b iazepine-7- ehyde 1.1-dioxide

2,3-Dichloro-5,6-dicyano-1,4-b.enzoquinone( 16.93) was added difectly to a benzene
. solution(300 mi) of the-produck(as the-racemate}(30.2g) from Synthetic ExampteS (g). The
: rea;:tion mixture was stirred at reflux for 3 hours, cooled to room temperature. 1IN
NaOH(200 ml) was added, stirred for 30 minutes; then the organic layer was separated,
washed with brine and IN NaOH. The benzene layer was separated, dried and concentrated
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(e) (R)-

.2- Ami no- 2- et hyl hexan0| c acid A suspension of pig |iver esterase

N f
the. pr oo ORI o cn () TraBouFe fan adq 11 on wae conpl SLRCMAMERET 0! e

m xture was adjusted .t:o 9.
val ue by the addition of f\

- greous NaOH and nmintained at this
IN NaOH. After the addition of a

predet er mned anount -of 1N aqueous NaOH3685g over 10 hours), the m xture

was washe
2-am no- 2-

vacuo to gﬁ"9@‘°& %?S)e‘s §d’F4 gil. lm r-wylssm “ﬂﬁhtthws

salt. (f)
was added

equi val ent

for 16 hodummymmterrperature

do Vg]& %danWéh Qw%lqz}{ﬂzédeﬂnﬁ(&ah’é‘ B

nin ueoug("p%'getp%igst"e%%\tpg‘Fa?t&d in

I-hex

(R) - 2- Am no- 2- et hyI hexan-1-ol The product (20g) fromstep (e)
_ h d :

¢f | a .30

t hen. quenched with water and 1N aqueous NaCH. The resulting solid was
br oken up W th additional wate

A solution of 1.6M n-butyl lxth?um (49.0 ml) was. to an ice-cooled solution’ of the
product(25.8g) from step (a) in hexane (500 ml): The reaction mixture was stirred for 25
minutes and 4-formylmorpholine(9.0g). The ice bath was removed and the reaction was
stirred at room temperature for 2 1/2 hours. The reaction was quenched with a saturated
solution (250 ml) of NH4Cl and stirred for 60 minutes. The organic layer was separated,
dried and concentrated to get 26.9g of a red oil. C-hromatography on silica gel, using
hexane:EtOAc(85:15) as eluant afforded the title product (13 9g) as an orange oil. 1H
NMR consistent with the desired structure. '

Ethylene glycol(9.3g) and pyridinium p-toluenesulfonate(l.'}g) were added to a benzene
solution (250 mi) of the product(19.0g) from step (b) and this mixture was refluxed in a

‘Dean Stark trap for 17 hours. The reaction mixture was cooled to foom temperature and

treated with aqueous NaHCO3 (150 ml) for 15 minutes. The organic layer was separated,
dried and concentrated to get a thick yellow-orange 0il(19.7g). 1H nmr was consistent for
the dioxolane derivative. This oil was then treated with BaHg, following. the procedure

cited in Synthetic Example 1 (n), to give the title product(3.5g) as an orange oil. \H NMR

consistent with the desired structure.

The product(3.5g) from step (c) was dissolved in t-butanol/THF (1:4, 60 ml) and N-

methyimorpholine N-oxide(3.4g) was added, foliwed by 2.5 wt.% of OsO4 in 2-methyl-2- -
propanol (5.0 ml). The reaction mixture was stirred at room temperature ofr 17 hours then
diluted with EtOACc {250 mi). The organic layer-was separated, washed with IN NaOH
(2x150 ml) and brine. The organic layer ' was separated, dried and concentrated to give an
oil which upon tnturatxon in chethyl ether afforded the title product (3 lOg) asa whlte solid,
mp 127-128° C.. - -
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el

t he suspensiron was heated at 50[err]C for 5 mnutes, then cooled to room

t enper at ur 4o dglo8iggy! ether (100m ) was added, the. m xture Vieé‘l‘éﬂds{ 01§ and

filtered. The diethyl ether layer was separated, .dried and concentrat ed in
vacuo to give the desired product as- an oil- (82% yi.el d), @Er q,‘;
consistent with the proposed structure. g_L (R)--2- Am np-Z~ &L 5?' '
hydrogen sul fate The product (20.0g) frombstep (f) was diLssolve Th

di chl oronet hane (170 nl) and treated with chlorosul fonic acid (26.8 g). The

reaction m xtu rre 0 ture for 17 hours. A nmjor part
of the sol vé{’(‘[&ﬁm%s?@antéﬁ“gyﬁcﬂ@tméﬁgﬁ nd the resulting slurry was

di l uted wi t FoamdtO66,26f HI A&t dH3.308 @82ed to get a white solid. [err]H NWR
consistent with the proposed structure. 19

IH NMR(DMSO-d), 5: 0.73-0.86(6H, m); 1.07-2.05(8H, m); 2.65(1H, d); 3.50(2H, q);
4.03(3H, s); 5.91(1H, s); 6.92(1H, s); 7.33-7.48(5H, m); 7.74(1H, 5); 10.28(1H; 5)

benzothiazepin-7-yl)methoxy) ethanol S.S-dioxide

Chromatography of the reaction from Synthetic Example 14 (c) afforded the corresponding
sulfide compound(2.3g) of the title product as an oil. IH NMR was consistent for the _
desired structure. This oil was then treated, according to the procedure shown in Synthetic
Example 1 (0), to yield the title product (0.65g) as a white solid, mp $3-850 C.

Analysis: Calcd: C 65.05; H 7.64; N 3.03; S 6.95
Found: C 64.82; H7.72; N 2.99; S 6.91

1H NMR(DMSO-dg), 5: 0.74-0.86(6H, m); 1.07-2.14(8H, m); 2. sz(iH, d); 3 3‘..5(4H, m);
3.41(2H, q); 3.87GH, s); 4.39(2H, s); 4.54(1H, t), 5.91(1H, d); 6. 64(1H, s); 7.29-7. 45(5H,
m), 7.51(1H, )

Synthetic Example 16 - :
Preparation _ of - (+-)-Trans-3 bml-:&-etl_ul-z,3,4,S-thro-S-hzdrog-S-ghenyl-1,4-

enzothi ine-7-carbaldehvde 1.1-di

- The product (2.0g) from Synthetic Example 14 (d) was added to glacial acetic acid (20 ml)
and 48% HBr (20 ml)) and heated to 150°.C for 24 hours. T he reaction mixture was
concentrated in vacuo, partitioned between diethyl ether and 5% NaHCO3, The organic
layer was separated, dried and concentrated to give the title product (0.85g) as a tan solid,
mp. 158-1590 C. : - S

Anaiysis: Calcd: C 65.81; H6.78; N3.49; S 7.95
Found: C65.63; H7.04;N3.32;S7.74
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(h) 2- Hydr oxy- 4, 5- di net hoxybenzal dehyde A 1. 0M sol ution of boron

trichloride (210 n1 Al drich et hane was adde
~chloride v(% %88 Al dri ch) inuR @m&eﬁéﬁsgé ). Next, gﬁ#’%&?ﬁoxyphenol

- (30.0g, Aldrich) in benzend (1BGERHAF s added and the reactlon m xture was
stirred at roomtenperatureg_fo ours. 50% NaOH (55 m) was then added

and the mixture was stirred for 15 nminut3®. The organic Iayers wer e

r1tur at ed i NYRESEARSED! (5720 st Bl L7 el 4 3801EE B CH SR o
filtrate wasBSEtHAAX 6SA(IL,ish TctAré 47¢58h m)o7 gPUH, s)1d 025¢1E Sﬂ)rld étHsé?é'O%ﬁ el | ow
solid (25.99), np 104-105[err]C [err]H NMR was consistent with the

pr oposed strugturg. éleﬁ 0- (2- Benzoyl - 4, 5- di met hoxyphenyl|
NN- di et hyl riethylam ne (106 39, Al dri ch))
4- di net hyl Pre :’;_A [ ] 5 Bie 2304]5-dietra : BILNY-1) igfe c
was added tsg!“rtg lgglgg!ggt (130 4g) from step( h) to 1 L of d| oxane The
reaction ni irred at reflux for 22 hours, cooled to room -
tenperature, then filtered. The filtrate was concentrated I n vacuo and 1N
HCl (600 niphe product from Synthetic Example 11 was treated according to the procedures shown in
' Synthetic Example 1 (i)-(k) to give the title product as a white solid, mp 108-110° C.

Analysis: Calcd: C 64.75; H 6.99; N 3.60; S 16.46
Found C 64.83; H7.03; N 3. 56 $16.54

1H NMR(DMSO-dg), 5: 0.70-0.81(6H, m); 1.05-2. os(sn, m); 2. 54(1H, d); 3. 37(2H, Q;
5.85(1H, d); 6.06(1H, broad s); 6.40(1H, d); 7.26-7.40(6H, m); 7.90(1H, 5) ;

8-sulfonic acid 1.1-dioxide

The product(5.3g) from Synthetic Example 17 was dissolved in DMSO (13 ml). Water (0.3
mi)and 48% HBr (0.2 ml) were then added. The reaction mixture was heated to 120° C,

allowing for distillate to be removed, for a period of 4 hours. The reactxon mixture was
cooled to room temperature, diluted with IN NaOH, and filtered through a sintered glass
funnel. The filtrate was acidified with IN HCI, the resulting solids were filtered and dried to.

get the title product(1.6g) as a beige solid, _mp>2959C. :

' Analysis: Caled. C57.64; H6.22;N3.20; S 14.65
‘Found: C 57.48; H6.19;N3.25; S 14.73

- IHNMR (DMSO-dg), 5: 0.82-0.95(6H, m); 1.32—2.06(81{ m);‘2.54(1H, d); 3.93(2H, q);
4.70(1H, broad s); 6.23(1H, s); 6.93(1H, d); 7.60(6H, broad s); 7.84(1H, d); 8.30(1H, s)
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was added foll owed by diethyl ether (500 m). The mixture was allowed to
stand for %oggﬂgék then filtered. The soli-ds were washed pihfupanpiasy W th

di et hyl et her Gried in a vacuum oven to afford the title product as a
yel low solid (120.5g), np 94-95[err]C [err] H NVRwas conghss@ily M4 Lt he
proposed structure. (j) S- (2- Benzoyl - 4, 5- di met hoxypherlyl ) gepracen _

NN- di et hyl t hi ocarbanate A slurry of the prB)QJuct (60.49) Mromstep (lVa) in

t et radecane (%ﬂ,eﬁ“gxx%}ﬂehgat ed to an i nternal terrperature of 250' C and
kept there f(i,r a Deri o fo R 8 f - ¢ W ridwlth.

an i ce bat h. &S

di et hyl et heH)Y1.9Bb Mt}nazegneré,smemdetl e product (43 4g) as a be| ge solid,
np 114- 116[err]C [err]H NMR was consistent with the proposed structure.

(k) 2- Mer ca 4, 5- di met hoxybenzophenone Pot assi um hydr oxi de pell ets

(58.6g) was le' uc9eisgd drom SymtheticoBxample Fewas disspdved(igsDME) (5 mbmPotasgium; )
di ssol ved i nc&boﬁéteqmesrjgmﬁa Bkiﬁné&ﬂ&bemﬁer@mg)%éruwaeu t® khe3réaibnS mitht® and

_rrﬁgct hon mxLure %Os(tokor(a ﬁo%rsr e ngu?tu eevrvg‘st filtered’ throucg?lrtce?'?é rwaagl?e% wﬂa I\-fta&&lc '
and the filtrate was dried and concentrated to get an oil. Chromatography on silica gel,
using hexane:EtOAc(1:1) as eluant, afforded the title product(0.68g) as a white solid, mp
71-730 C. |

© Analysis: Caled. C65.81; H6.78; N 3.49; § 7.9 |
-. Found: C65.89; H6.80; N 3.50; S 8.08 _ ) -

IH NMR(DMSO-dg), &: 0.71-0.85(6H, m); 1.05-2.12(8H, m); 249(1H, d; 3.25(2H, q);
3.42(2H, s); 5.91(1H, d); 6.06(1H, s);7.27-7.41(6H, m)

benzothiazepine 1.1-dioxide |

@@ 2- -3 4-methoxybenzal

Aluminum chloride(21.8g) was added, spatula-wise, to an ice-chilled solution of benzoyl
chloride(22.1g) and 1,2,3-trimethoxybenzene(25.0g) in 1,2-dichloroethane (250 mi). The
reaction mixture was stirred at 0-5° C for 3 hours, then heated to reflux for 2 hours. The
reaction mixture was then poured onto ice/concentfated HC! (100 mi) and stirred for 30
minutes, then extracted with diethyl ether. The organic layer was separated, dried and
- concentrated to get a solid(23.0g). Chromatography on silica gél , usmg
- toluene:EtOAc(9:1) as eluant, afforded the title product(18. Og) as a white solid, mp 127-
1280 C. 1H NMR consistent with the desired structure. '

This Sheet Has Been Re[ilace

(AT




resulting.residue was triturated with 1IN HCl then extracted with Et QAc. The -

organi c 20 | ayer was separated th 2x250 mM of 1IN HCl then -
washed WWO9EHEA0 ni of IN | 'E@eHaq@E’H basi c | ayer sSPGHEBIYMBYi ned and
acidified with conc, HCl to ar oerpuméDtltl d product (54.8g) as a gold ’
solid. [err]H NVR was-consilste e proposed structure. (1)

(R)-2-(2- Ami no- 2- et hyl hexyl t hi 0) - 4, 5- di ngg hoxybenzophenone The product
m i,S sol ution

(48.8g) fr tep.(Q A d ! Q. I
t he produc?br?(54 q i & S-plenylElde jded. The

reaction W_MW;QMand heat ed to an |nternal t enper at ure of
93[err]C-and NaCH (18.9g) in water (250 m.) was added dropwi se. After

conplete addition, the reaction was stirred_ an additijonal
The product from step (a) was converted to the title product following the procedures used

“in steps (a) to (I) of Synthetic Example 10. The title product was isolated as a white solid,
mp 142-1440 C. ' ' C

Analysis: C 66.16;H 7.48; N 3.35; S 7.68
Found: C 66.03; H7.53;N3.28;S 7.77

1H NMR(DMSO-dg), & 0.64(3H, t); 0.81G3H, t); 0.87-2.08(8H, m); 2.42(1H, d);
3.73(2H, @) 3.75GH, s); 3.79GH, s); 5.50(1H, d); 605(1H, d), 6.97(1H, d); 7.27-
7.41(5H, m) | )

Synthetic Example 21 .' | s

dimethoxy-1 4-benzothiazpin-4-ol 1, 1-di

(8)  2-Hydroxy-4,5-Dimethoxy-4'-fluorobenzophenone

. A 1.0 M solution of boron trichloride(142 ml) 'in dichloromethane was added to 4-
ﬂubrobenzoyl chioride(16.8 ml) in benzene (200 ml). Next, 3,4-dimethoxyphenol(20.0g) in
benzene (100 ml) was added and the reaction mixture was stirred at room temperature for 2
hours. The mixture was then poured onto ice water and allowed to stir for 15 minutes, then
1N HCI (500 ml) was added and stirred at room temperature for 17 hours. The reaction
mixture was extracted with EtOAc, the EtOAc was separated, concentrated and dried to

~ give the title product(41.7g) as an orange solid. \H NMR consistent with desired structures.

. The product from step (a) was converted to the title prodtict following the procedures used
in steps (a) to (0) of Synthetic Example 1 and the procedure used in Synthetlc Example 2.

Thetrtie product was isolaied-as-white-solid, mp 170-171°C.

Analysis: C61.18,H6.70; N 3.10;, S 7.10
Found: C61.28; H6.78; N 2.99; S 7.27 _
- This Sheet Has Been R,
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25 mnutes at 93[err]C, then cooled to roomtenperature. The organic |ayer
was separ atypgogskiged and concentrated to give the title pro -4aS
an orange-brown ol Treatment of the free- base Wwith:etHh é'ﬁ ,Gr'ded
t he "hydrochl ori de salt as a li ght yel |l ow sol i d, rrp 75-78 Tk ﬁ_;{@m;r]H NMVR
consistent wth the proposed structure. (m .
(3R) - 3-But yl - 3- et hyl - 2, 3- di hydr o- 7, 8- di net Rbxy- 5- phenyl 1, 4- benzot hi azepi ne
The product (78.09) from step. (1) was di ssolved in 2,6-lutidine (400m),

added p- tol I d d th

e B oo R RMRIASE-5, 5 S s Gt S Il a8 43 e
during whi ch 28¥@Hs$t 6671 sy &Efbﬂesj 7.22(2H, ) 7390k, 0:% 4@ S O(F,rm); é’FQ@Hé,d
with fresh s bvent The reaction.m xture was concentrated in vacuo and the
resi due was treated with 5% NaHCO err] (300m ) and Et QAc(300ni). The Et OAc
| ayer was separated, washed with brine, dried and concentrated in vacuo to

give a dark rmt@hd:Exﬁhglgm graphy on silica gel, using hexane: EtQAc(4:1)

as eluant, afforded the desired product (64.19) as a | i ght brown oil.

[err]H NI\/R consistent for the proposed structure.
Each of the following examples was prepared by a method analagous to that of Synthetic

Example 1, by one of the other exemplified routes or by chemical methods known to those
in the art. In all cases, IH NMR and elemental analysis were consistent with the proposed
structure. :

 (22)  (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4- o
benzothiazepine-7—tnethanol S,S-dioxide, mp 122-123°C

\

(23) (3&5R)-3-butyl-3-ethyl-2 3,4 5-tetrahydro-8-methoxy-7-mtro-5-phenyl-l 4-
benzotluazepme 1,1-dioxide 0.40 hydrate, mp 122-123°C

(29 (+-)-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 137-1380C

.(26) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8,9-trimethoxy-5-phenyl-1,4~
benzothiazepine 1,1-dioxide, mp 169-170° C

(27)  (3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-7,8-diyl
diacetate 1,1-dioxide, mp 79-819 C

(28)  (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, mp 820C

(29) (3R,5R)-3-butyl—7 8-dtethoxyc2 3,4 5-tetmhyd1=a—5—phenyl-l 4-benzoth1azepme 1,1
dioxide 0.20 hydrate, mp 110-111°C
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(n) |
(3R 5R) - 3- But | -3-ethyl-2,3,4,5-tetr 18- di met hoxy- 5- phenyl - 1, 4-
~ benzot hi aY¥)6M5188 1M sol uti o LR9nenssEEN {THE (200n ) VRET/GRINIBHG o

sol ution of the product (64. )"‘%%‘gﬂ;ﬂt@p (miin THF (350m ). The reaction
m xture was stirred at' roomt

a peri-od of 17 hours, then 6N
HCl1 (150m ) was added and the sol uti on wa42 concentrated in vacuo to renove

THF. The aq d gcted with -
Et OAc. The Ef‘%%('fgil s\%&’e’ﬁ%ﬁlg g'a@l&?dégrfcfm?ﬂcen? |n vacuo to
af ford an obeéenzothiazepined, le&padatmgﬂéqﬁﬁ%@ on silica gel, usi ng hexane: Et QAc
(85:15) as eluant, to 21 give the title product (25 59) as a beige

solid, mp 6406l ertle [errlth NI S9nsL o SRl arh Y RbRARS S Sheier 4
benzothiazepinel, 1-dioxide hydrochioride, mp 194-1970 C :

(32) (+-)-Trans-3-butyl-3-ethyl-2 3.4 5-tetrahydro-8—1sopropoxy-5-phenyl-l 4-
benzothlazepme 1, l-dlo:nde hydrochloride, mp 178-1810 C

(33) (+-)-Trans-3-butyl-3-ethyl—2 3,4 S-tettahydro-S-phenyl-l ,4-benzothiazepin-8-
carbaldehyde 1,1-dioxide, mp 165-170° C

(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-1,4sbenzothiazepine-1,1-
dioxide, mp 163-1640 C - .

(36) 3,3-Diethyl-5-(4-fluorophenyl)-2,3,4, 5-tetrahydro-8-methoxy-1,4-benzothiazepine-
1,1-dioxide mp 101-103° C :

(37) 3,3-Diethyl-2,3,4,5 tetrahydro-S-methoxy-S-phenyl—l 4-benzoth1azepme-1 1-
ledee mp 132-133° C

(38) 3,3-Diethyl-2,3,4 S-tetrahydro-S-phenyl-l 4-benzotlnazepm-4 8-dxol-
1,1-dioxide, mp 225-2270 C

(39) (RS)-3,3-Diethyl-2,3,4,5-tettahydro-4-hydroxy-7, 8-dunethoxy-5-phenyl—l 4-
benzoth:azepme 1,1-dioxide, mp 205-206°C .

(40) (+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2 3,4 5-tetrahydro-5-phenyl-l 4-
 benzothiazepin-4-ol 1,1-dioxide, mp 149-150° C

l_ (41) (+-)-Trans-3-butyl-3-ethyl -2, 3 4 5-tetrahydro-8-1sopropoxy-5-phenyl—l 4-
benzotlnazepm-ft—ol 1,1-dioxide, mp 109-115° C : :

(42) (+-)-Trans-3-butyl-3-ethyl-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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(0)
(3R, 5R) - 3- Butgz{lg—¥ ethyl -2, 3,4, 5- tetrahydro 7, 8-di.nmet hoxy- 5-phenyl - 1, 4-

benzot hi a% 1- di oxi de A'sol uti on of - the product (25. -
Hf i BETSH)S Bin

i n trlfluoroacetlc acid (125m) was added to *30% Hierr]O[
trifluoroacetic acid (100m ). The reaction mi xture was sti|rredREPLATEBmM

tenperature for 17 hours, then poured inta@3water (800m) fo “tie
addi tion of 50% NaOH unti | {he mxture reached a pH of 10. The reaction
m xture was |-ayered with Et OAc and stirred for 1 hour. The organic |ayer

‘was separ at eéd3) dr (3BSR)3rbutyhd ethyl-213c4/5 tetrahudroes-phengi-1,d+tenzsathiagisin i, Hrioler e

recrystal | i zgeldigxade, I,:,;pq-[g@o@f(ford the title product (18.5g) as a white
solid, np 148-149[err|C. Analysis: Calcd: C 66.16; H 7.48; N 3.35;. S 7.68

Found: C 66.01; H 7.56; N 3.31; S774[err]H NVR (DVBO-d6), [err]; _
0. 74- 0. 86( 6Ha4)) ;(+4)-Tiand-33htyiB=sthyi)2,3,4,538trih a@o-@ﬁts-:ﬂﬁeth&ﬁﬁpﬁ&iﬁl-l q) 3.44

(30 9+ 3 Snd H &(Hs)733 748" (6H,

Synt heti ¢ Exanp?’mzﬁ e £13foide! knpPeod- I%‘] t |
(43) (+-)-Trans-3-buty1-3-ethyl-s-phenyl-z,s,4,s-tetrahydro-7,-s-dimethoxy.1,4-
benzothiazepin—4-yl acetate S;S-dio::ide, mp 154-156° C

(46) 3 3-D1ethyl-2 3,4,5- tetrahydro—S-phenyl-l 4-benzothxazepm—8-oll 1-dioxide, mp
177-1780 C '

(47) 3,3-Diethyl-2,3,4 5-tetrahydro-?-methoxy-s-phenyl-1 4-benzoth1azepm-8-ol 1,1-

-y

dioxide : Y
(48)  3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol1, 1 -dioxide

(49) (+-)-T;ans-3-Butyl-3-ethyl-2,3;4,5-tetrahydro-.1,l-dioxoés-ph_enyl-l,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-
benzotlﬁazepin-s-yl'dihydrogen phosphate

(51D 3 3-D1ethyl-2,3 4 5-tetrahydro-1 l-dxoxo-S-phenyl-l 4-benzothxazepm-8-ylhydrogen
suifate

(52) 3,3-Diethyl-2,3,4 S-tetrahydro-l l-dxoxo-S-phenyl-l 4-benzothxazepm-8-
yldlhydrogen phosphate

(53) (+-)-Trans-3-Butyl-3-ethyl-2 3,4 S-tetrahydro-l l-dxoxo-S-phenyl-l 4-
benzothlazepm-s-yl aspartate '
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Preparati on of

(3R, 5R) - 3- But I-3 ethyl-2,3,4 : 78d|methoxy5 :
benzot hi a¥AS1801 1, 1-di %\éjg.\g@(bhﬁésf' .79 Aldrich) inP FE&’“(‘%O m)
was added to a sol ution of \the mﬁb‘d\ﬁ,ﬁf’ g) from Synthetic Exanmple |(n)

in MeOH (500m ). The reacti —U'r’é"""'vvas stirred at roomtenperature for
17 hours, then-cautiously basified with 5§ NaOH. This het er ogeneous

m xt ure vvasljﬁxgwg%&ﬁh Ef OAc and stirred for 1 hour. The .organic |ayer -
was separ at ed d concentrated in vacuo to get a pink solid.
Chr omat ogr a L cid ‘hexane: Et OAc (65.35) as el uant,

af forded the titIe pr oduct (6. 7g) as a white solid, np 174- 175[err]C
739 Found: C 63. 81, H7.22; N

é\nilgys 'SS 7. Acﬁiht ttxr}% 196% BN)BE‘}‘@I gésorql\tlg%r»]%? eya;mq)sagges(tms qasurglcaﬂm withjpartial
(8H, n') 3. 2ileaB. bpasSHsurgdry 3s Sdh (&féctied ; why 1tb (dedredse ; plasnid® LDY, chblesterol
7.30-7.53 (édhlcem‘atlozl %tﬁe]r 'ﬂpp&ch to decreasmg bile acid absorption is inhibiting the ileal bile
acid active uptake transport system. It has been shown that this inhibition, as measured by

the fecal excretion of bile acids results in hypocholesterolemic activityl.
(1) Lewis, M.C.; Brieaddy, L.E.; and Root, C. Effects of 2164U90 on Ileal Bile Acid
~ Absorption and Serum Cholesterol in Rats and Mice. J. L:pzd. Research., 1995, 36, 1098-

1105.
Fecal Excretion of Bile Acids | | _

Male Spraque-Dawley rats weighing 220-260 g were housed in individual cages and fed
normal chow. The rats were divided into 6 treatment groups of 10 to 12 rats per group. The
rats were dosed by oral gavage(l mL/100 g body weight) with test compounds as a
suspension in 0.5% methylcellulose at 9:00 am and 3:30 pm for two days. The control
group received 0.5% methylcellulose. Two hours after the morning dose on day two, the
rats were given a trace amount(1.3 nmoles) of .23, 25-73Se-homocholic  acid
taurine(75SeHCAT) in 1.0 mL saline orally. 75SeHCAT, a synthetic gamma emitting bile
acid analog which is absorbed by the ileal bile acid uptake system similar to taurocholic
acid, has been used clinically as a measure of ileal bile acid absorptionl,2. Feces were _
collected over the 24 hr following 75SeHCAT administration. Fecal content of 75SeHCAT
was determined using a Packard Auto-Gamma 5000 Series: gamma-counter. Representative
data are tabulated in Table 1 as the % inhibition of 75SeHCAT. :

(1)  Galatola, G.; Jazrawi, R. P.; Bridges, C.; Joseph, A. E. A. and Northfield, T.
C. Direct Measurement of First-Pass Ileal Clearance of a Bile A_cid in Humans.
Gastroenterology . 1991, 100, 1100-1105.

(2)  Ferrars, R, Galatoa; G.; Barlotta, A; Pellerito, R.; Fracchia, M.; Cottino, F. and
De La Pierre, M. Measurement of Bile Acid Half-Life Using [758e]H~"AT in
Health and Intestinat D!seases Dig. Dis. Sci. 1992, 37, 225-232

llIIIl (T
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22 Synthetic Exanple 3 Preparation of . =~

(+-)-Trans |- 3-ethyl - 2345tetrahydro78d|nrethoxy , 4-
benzot hi aze‘%??fg{&‘}lllsi di oxi de (a) (+-) - 2- At n6=2- €t hyl hex; PLT ”%Msﬁ} :
al uni num hydride (22.2g) was added to anhydrous diethyl e W@S SHEBPTh S sgg“
nitrogen. The product (129.0g) from Synthetic Exanple 1(f) wesepdap ce €
with diethyl ether (40m ) and added dropw #§. The reacti orwas——efluxed for
1 hour then cg&?g%i%g&wgg =~ 1M sodi um hydroxi de (23m ) was
added dropw s ol To oni's er. The resulting suspension was
filtered and the filtrate concentrated to give the desired product as a
colorless oil (87.99). [err]H NVR consistent w tmbselqgsﬁglposed 'structure.

Compound of} 1.0 0.3 0.1
Example | - F

1 ' 51 |54

7 65 . |72

9 80 |70

10 53 33

11 72 |7

14 56 |41

16 4 |34

18 39 12 B
24 49 |24

5 - |26 e ]

In comparison, the most active compound spéciﬁciliy disclosed in International Patent
Application No. WO 93/16055 produced a 9% inhibition of 7>SeHCAT at 1.0 mg/kg in this

assay.
Pharmaceutical Composition Emglg: -]

In the following Examples, the active compound can be any. compdund of formula (I)
and/or a pharmaceutically acceptable salt, solvate, or physiologically functional derivative
thereof. The active compound is preferably (3R,5R)-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-7,8-
dimathoxy-S-phenyl-lA-benzoﬂﬁazépine 1,1-dioxide or one of the compounds of Synthetic
Examples 2 to 53. '

@ I'_:_.'t_' s
The following compositions A and B can be prepared by wet gtinulation of ingredients (aj

to (c) and (a) to (d) with a solution of povidone, followed by addition of the magnesium
stearate and compression. ' |
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(b) (+-)-2-Butyl-2-ethylaziridi ' trile (150m ) and the product
(20.0g) fromstep (a) wer gt 1Al \trogen, cooled to 2-3[err]C and
chl or osul Wedsisaci d ( 16.\04) %E eliCER) wad added dropwi se REI(FHI§O0I8GE
tenperature. bel aw.10[err]\C._T ant was renoved and the slurry left to
stir for 80 ninutes at roomtenperature. The reaction was concentrated in
~vacuo and co-distilled with water (50m). 460% Aqueous -sodi um hydr oxi de

(55.2g) and water, éSOrﬂ) were added and the m xture was distilled at

at nospheri c The organic |ayer was collected fromthe distillate
and dri ed with sol i d potassium hydroxi de mmg/tablste t he desMgr oduct

(12.89). nt with propo structure.
(+-)-3- Buty ?{nmgﬁa%d%hﬁydro 7, 8-di me?ﬁgxy 5- phenyl -°T,"4- benzot hi azepi ne’
The product (!-'()14 kgqt0$&5M Synt hetic Exanpl 210(k), in 2, 6-Rétidine (50m),

was added t )a sgb&;hmcg}m@ﬁmy&u%oduct (6209) from step @®) in-2,6-1utidine
(200m ). rea g Ba ture was stlrredI{or 1 hour, conc. HC1 (4.4n1) was
added and t nr ‘PY‘ tth a Dean-Stark*trap for 17 hodrs. The reaction :

m xture mzas(ec)oncMzgnesinmdStearamcuo and the_§esidue was _3

500 ' 300
Composition B
_ mg/tablet ‘mg/tablet
(8  Active ingredient . 250 - 250
() Lactose - 150 _ 150 - -
(c) Avicel PH 101 | 60 26
(d)  Sodium Starch Glycollate 20 -~ 12
()  PovidoneB.P. 15 -
® Magnesium Stearate -1 : | 3
| - 500 1300
C ition C
mg/tablet
- Active ingredient : 100
Lactose o , : 200
Starch sl S s
Povidone | _ 5
Magnesiimi Stearate 4
| | 359

The foﬂowing compositions D and E can be prepared by dn'ect compression of the admixed
ingredients. The lactose used in composition E is of the direct compression type.

CompositionD
| ' : mg/tablet
Active ingredient 250
Magnesium Stearate 4
Pregelatinised Starch NF15 146
I 400
This Sheet Has Bee '
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partitioned between 5% NaHCO, and Et OAc. The organic |ayer was separ at ed,
dried and : ated to get an oil which was-chromatograj 1(;9&/03544' ca
gel , using hexane:” EtOAc (7:3) as eluant to-affopd the desiréd product
(12.0g) as an oil. 1H NMR consistent w.th proposed structUfifs sy E%g%ﬁ,ﬁ
(+-)-Trans-3-butyl -3-ethyl -2, 3,4, 5-tetrahydro-7, 8-di net hoxy- 5- Egﬂﬂa Y-
benzot hi azepine 1,1 -dioxide The title cond@und was prep: d-follow.ng the
procedures of Synthetic Exasple 1 (n)-(0o) using the product fromstep-(c)

to give a whiEe solid, . np 146-147[err]C. Analysis (0.50 Herr]0); Calcd: C

64.54; H 7. 35 1t ;ES 7.40 Found: C 64.76; H 7.56; N 3.28;, S 7.52
' ' - - mg/tablet :
Active ingredient o - 250
Magnesium Stearate 5
Lactose 145
Avicel _ 100
o 500

Composition F (Controlled release composition) _ :
- mg/tablet

(a)  Active ingredient - 500
(b)  Hydroxypropyimethyicellulose - 112 -
(Methocel K4M Premium) |
(c) LactoseB.P. > 53
(d) PovidoneBP.C. - . 28
(¢)  Magnesium Stearate 2
' ' : 700

The composition can be prepared by wet granulation of ingi'edients (a)to(c) with a solutiori
of povidone, followed by addition of the magnesium stearate and compression.

mposition i ted tabl

Enteric-coated tablets of Composition C can be prepared by coating the tablets with
25mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropylmethyl- ~cellulose phthalate, or anionic polymers of methacrylic
acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these
-polymers should also include 10% (by weight of the quantity of polymer used) of a
plasticizer to prevent membrane cracking during application or on storage. Suitable
plasticizers include diethyl phthalate, tributyl citrate and triacetin. L

Composition H (Enteric-coated controlled release tablet)

Enteric-coated tablets of Cdmposition F can be pfepared by coating the tablets with
50mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropylmethyl-  cellulose phthalate, or anionic polymers of methacrylic
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1H NVR (DMVBO-d6), [err]: 0.74-0.86 (6H, m): 1.07-1.39 (4H, m); 1.40-2.20

(4H, n); 3.33 (2H, q); 3.44 (3H
s); 7.30-WOS80588, n) Sy
(+-):Trans-3-butyl.-3:ethy

benzot hi azepi n-4-ol 1,1 -4 de—ER

bfie %§4
' one (7.3g, Aldrich) in water (100m ) was

i (3H, s); 5.92 (1H, d); 6.11 (1H,
Preparati on of PCT/GB95/01884
dro- 7, 8- di net hoxy- 5- phenyl - 1, 4-

added to a solution of the product .(1.79)4g rom Synthetic Exanple 3(d) in

MeOH (100m ). .The reaction mixture was
period of 1¥ihAGHsmethacryhig asid methyk ester

tirred at roomte ture_for a
(indgiidada.  Reest of 5ucramt Logthese

hour, the opgismess shoukl alsasincladerlove by dieightl ofinble cuatitytofapeigmeo usid) eofaa

Gave the dcOHPen 8 fibydl E@E@Zﬁéﬁ’% '

Anal ysi s: (plpstigizers ipdudediethylp

a0 alif" Afpiicarion! o Gft ordi, 'sitbie

alatey tgbutgt citgate agbtriagetind: C 63.79; H 7.26: N

3.18; 'S 7.47 1H NMR (DMBO-d6), [err]: 0.78-0.90 (6H, n); 1.14-2. 14(8H, m;

Composition

3.27-3.41 (5H,.m;, 3.84 ..
A

Capsules can be prepared by admixing the ingredients of Composition D above and filling
two-part hard gelatin capsules with the resulting mixture.. Composition B (infra) may be

prepared in a similar manner.

Composition B

(@) . Active ingredient

(b)  Lactose B.P.

()  Sodium Starch Glycollate
(d) Magnesium Stearate

mposition

(@  Active ingredient
(b)  Macrogol 4000 BP

mg/capsule
250
143
25

A

420

mg/capsule
250

350

600

Capsuleé can be prepared by meltmg the Macrogol 4000 BP, dispersing the active
ingredient in the melt and filling two-part hard gelatin capsules therewith.

- Composition D
Active ingredient
Lecithin
Arachis Oil

is Sheet Has Been Replaced
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(3H, s); 6.13 (1H s); 6.37 (1H s); 7.34-7.53 (5H m; 7.96 (1H s).

Synt hetic Preparati on of

(3R 5R)-7- @@%@l’é %utyl 3-ethyl-2,3,4,5- tetrahydro 8 mat S =
1, 4- benzot hi azepine 1,i -dioxide (a) SHiETH,as RErs |
0- (2- benzoyl - 5- net hoxyphenyl ) di met hyl t hi ocar bamate SOdI u o5 48cy:8. 89,

Al drich) was added slowy to a solution of 43- hydr oxy- 4- net hoxy

(50.0g, Aldr |Gi'ﬁsule§1 c&be Pleparied By Ges goma&einﬂeingrwmmattha l@hﬁamrmmbeoﬂ
(43.0g) was t ddeﬂ ti etg room tenperature for 2
hours. Di met tﬁ?ﬁrﬁ@&sg béﬁ%@lg{aﬁf‘(ﬁ?s&gs £}' G OSAPY-ch) was added and 24

stirred overnight at 50[err]C The reaction m xture was poured into

dei oni zed watEgm{Afh Controlled release capsule
mg/capsule
(a)  Active ingredient - 250
(b)  Microcrystalline Cellulose - 125
(c) = LactoseBP - 125
(d) . Ethyl Cellulose 13
: ~ 513

The controlled release capsule composition can be prepared by extruding mixed ingredients
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried pellets.
are coated with a release controlling membrane (d) and filled into two-part, hard gelatm
capsules. o~

g Hsiti E[En . l]

mg/capsule -

(@)  Active ingredient . . 250 -
®) Microcrystalline Cellulose 125
(&) Lactose BP 125
(d  Cellulose Acetate Phthalate 50
(¢)  Diethyl Phthalate -1

: 555 : _
The enteric capsule composition can be prepared by extruding mixed ingredients (a) to (c)
using an extruder, then spheronising and drying the extrudate. The dried pellets are coated
with an enteric membrane (d) oontalmng a plasticizer (¢) and filled into two-part, hard
gelatin capsules

ompositi nteric- [ ed release caf

~ Enteric capsules of Composition E can be prepared by coating the controlled-release pellets
with  50mg/capsule of an enteric polymer such as cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropylmethyiceliulose phthalate, or anionic polymers of
methacrylic acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L,
these polymers should also include 10% (by weight of the quantity of polymer used) of a
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and extracted wrth a petroI eum et her loroform (1:4) m xture. The organic
| ayer was washed with 10% so gggo\x de, brine and concentrated to giv
the titl QPR as a gwes\'oﬂ‘; (40%0g). [err]H NVR wBST/EBIQ1884.t ~ t h
proposed structure. (b) Z - met hoxyphenyl ) '
di et hyl t.hi ocar bamate The (97.4g) fromstep (a) was suspended in
t et radecane (500m) and eated to an inté&@nal tenperature of 255[err]C for

30 minut es. pAkkBEr 60 Yrbvets kiR CAERAE a&m%g,aptphag)rzgﬁi bR {kﬁgaagg Ur Suie

chromat ogr a hed on,sil ne,

(7:3) as el Préerﬁa“%r#dfﬂgﬁmsﬂehq,@%rﬁm gdrigeeina s o tan solid, np
95-97[err]C. [err]H NVR was consistent with proposed structure. (c)

2- Mer capto ofe assi um hydroxide pellets (20.0g) were
slow y addé@%ﬁu& 0 'o%ﬁ%—%hoduct (28.0g) fromstep (b) dissolved
in 800 mM nethanol/tetrahydrofuran (1:1). After refluxing for 4 hours, the

reacti on Wotive fgpélidde " 0OM tenperature, nethyl enegoppgri de was added and

the sol utian s extracted wi.ith 5%h | oric aci The organi c | ayer
was dried My\lg, pyrogenafreep osphate b er?/p(ﬁ%;] 3ml J | Y

The active ingredient is dxssolved in most of the phosphate buffer at 35-40°C then madeup
to volume and filtered through a sterile micropore filter into sterile 10 ml glass vials (Type
1) which are sealed with sterile closures and overseals.

(v) Intramuscular injection composition S i

Active ingredient _ 020g ~
: Benzyl Alcohol : 0.10g .
Glycofurol 75 _ 145g
Water for Injection q.s. to 3.00 ml

_ ?he-acti.ve ingredient'is dissolved in the glycofurol. The benzyl alcohol is then added and
“dissolved, and water added to 3 ml. The mixture is then filtered through a sterile micropore
filter and sealed in sterile 3 ml glass vials (Type 1). :

W) JﬂD_QO_D_Qﬂ_tLO_

Active mgredlent - 0.25g
Sorbitol Solution : 1.50g
Glycerol ' 1.00g
Sodium Benzoate | 0.005g
Flavour - ©0.0125ml
Purified Water gq.s. to : 5.0ml

The sodium benzoate is dissolved in a portion of the purified water and the sorbitol solution
added. The active ingredient is added and dissolved. The resulting solution is mixed with
the glycerol and then made up to the required volume with the purified water.
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concentrated. Chronatography on silica gel using hexanes/ethyl acetate
(99:1) as t gt afforded the title product (17 lg) as il
1H NWR cons‘?stelrll# W th proposed structure.” (d) . %ﬁﬁ%ﬁs@
(Ry-2-(2- Am no--2- et hyl hexyl t hi 0) - 4- met hoxybenzophenone This.. corrpoun, _
prepared followi ng the procedure of Synthetic Exanple 1(3f L e,,,-p:
‘product (46.4g) fromstep (c) and the prodédt (44.6q9) frd @yﬁ% :
Exanpl e | (9) . (Wo8apmisitaty compofitibie or gani ¢ |ayer afforded th Ie product

(66.59) as a red oil. [err]H NVR consistent with proposecrme (e)

. (3R)-3-Butyl -3-et hyl -2, 3-di hydro- 8- net hoxy- 5-phenyl - 1, 4- benzot hi azepi ne

This conpound was prepared fol lowing the procedtﬂldﬂm.&gﬂhetlc Exanpl e

1(m, using tRsiRif %?ﬁ,m( 66.59) fromstep (d). Chromaggqgraphy. on silica

gel, using h s el uan forded the.title conmpound

(54.5g) as a %’r&%&'fv 't%EsPﬁ'IH? nt W th ﬁagbproposed structure.
2020

One-fifth of the Witepsol Hi15 is melted ina steam-;acketed pan at 459C maximum. The
active ingredient is sifted through a 200im sieve and added to the molten base with mixing,
using a Silverson fitted with a cutting head, until a smooth dispersion is achieved.
Maintaining the mixture at 45°C, the remaining Witepsol H15 is added to the suspension

.. 'which is stirred to ensure a homogenous mix. The entire suspension is then passed through
a 250Im stainless steel screen and, with continuous stirring, allowed to cool to 40°C. Ata_
temperature of 38-40°C, 2.02g aliquots of the mixture are filled into suitable plastic moulds '

and the suppositories allowed to cool to room temperature. P
(vii) Pessary composition
Active ingredient (63m) - 250
_Anhydrous Dextrose _ - 380
~ Potato Starch _ o 363
Magnesxum Stearate | A
| 1000

The above ingredients are mixed directly and pessaries prepared by compression of the

resulting mixture.

(viif) I_rmd.etmmimtm

Activemgredient - _ ' ~ 200mg
Alcohol USP | 0.1ml
Hydroxyethyl cellulose .

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and packed in
a transdermal device with a surface area of 10 cm?. '
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4-5-\t et rahydr o- 8- net hoxy- 5- phenyl - 1, 4-
gap%ﬁ“e follow ng the procedure of

25 (f) (3R 5R)-3-Butyl-3-ethyl -
A‘gﬁmduct (54. 4g) from st efCl/ERIS01884

benzot hi a Thi s conpoure~me
Synt het i c@g‘ﬂ%‘ 8 1(n), ubiwmeg stk

Chr omat ogr aphy on silica del, BY ng—kexane: Et OAC’ er ‘the:
title product (22. '8g) as an-o ange oil. - [err]H NVMR consi t he
proposed structure. (g) 52 o[ :
(3R, 5R) - 7- Br ono- 3- but yI-- 3-et hyl - 2, 3, 4, 5- tetrahyd'r #’{Hfﬂlﬂ -1,4-
benzot hi azepj ne Bronine (1 8.6g) was added to a soI’Ut Icont duct (1
0.4g) from ) dissolved in glacial acetic acid (150n1) *The reaction

m xture was stirred at roomterrperature for 2 hours. Acetic acid was

rermyed |'n. Y_acqo,rhadded an Pt%efolrg)ncl);rlg(l?nd concen{t.rat ed in

e_compoun

“wherein R! is a straight chained C;.g alkyl group, R2 is a stralght chained Cl-5

i alkyl group, R3is hydrogen or a group OR1lin wlnch R11 is hydrogen, optionally
substituted C;.g alkyl or a Cj.¢ alkylcarbonyl group, R# is pyridyl or optionally -
 substituted phenyl; RS, RS, R7 and R8 are the same or different and each is selected
from hydrogen, halogen, cyano, R15-acetylide, OR!S, optipnally substituted C.g
alkyl, COR!5, CH(OH)R15, S(0),R15, P(O)(OR15)2, OCOR!5, OCF3, OCN,
SCN, NHCN, CH20R!S, CHO, (CHp),CN, CONRIZRI3, (CH2)pCOR15,
(CH2)pNR12R13, CO5R15, NHCOCF;, NH502R15 OCH,OR15, OCH—CHR15
O(CHCH0)R 15, O(CH2)pSO3R15, O(CHz)pNR12R13 and
O(CH)pN*R12R13R14 wherein p is an integer ﬁ'om 1-4, n is an integer from 0-3
and’R12 R13, R14 and RIS are independently selected from hydrogen and
optionally substituted C_g alkyl; or RS and R7_ are linked to form a group

-? .
(CRIZRI3)

wherein R12 and R13 are as hereinbefore defined and m is 1 or 2; and RS and R10
are the same or different and each is hydrogen or C1-6 alkyl; with the proviso that
when R3 is hydrogen either R7 is not hydrogen or at least two of R3, RS, R7 and
R3 are not hydrogen; and salts, solvates and physlologlcally functional derivatives
thereof. :
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vacuo. The resultl ng residue-was -di ssol ved in Et OAc and washed with

sodi um rreta@ ,hg The organic-l.ayer was sepzi;cq.}&;m | ed
and concentrate ' n va wn ‘oi'l - whi.ch-was then converted to.

t he hydrochl ori de salt W 1. Thi s solid ‘was L‘-'_- fs I-?E@ pwashed
with ether and then treated W|th 1N NaO-l and Et OAc to get kptla@:product
(8.99) as an orange oil. [err]H NVR consisPdnt with the pr_Q_pg_s.ed_er,ucture
(h) 2. The compounds as claimed in claim 1 which are of the formula (II)

(3R, 5R) - 7- Br onp- 3- but yl - 3-et hyl -2, 3,4, 5-t et rahydr o- 8- net hoxy- 5- phenyl - 1 4-
benzot hi azepi ne 1, 1-di oxi de Thi's corrp'oun%d wa Iagr epared follow ng the
procedure of Synthetic Exanple 1 &9 , UR /ﬁ R[1)“oduct (8.29) fromstep
(g). Chronatography on silica gel® Rt CAc (4:1) as eluant,

af forded a foam which upon triturati gave the title product
(5.0g) as a white solid, np 132-134 sys: Calcd; C 56.65 H
6.05; N 3.00; Br 17.13; S 6.87 FouTd: ALy B o1; @DZ 94; Br 17.07; S
6. 95 R .5 R4

H

wherein R! to R10 are as hereinbefore defined and R73 is selected from halogen,
cyano, Rl5-acetylide, ORIS, optionally substituted Cj.g alkyl, COR!S,
CH(OH)R15, S(0),R!3, P(O)ORI15),, OCORIS, OCF3;, OCN, SCN, HNCN,
CH0R!3, CHO, (CH2)pCN, CONRIZRI3, (CH)pCO2R15, (CHp)sNRI2R13,

.CO;RI5,  NHCOCF3, NHSOsRI5, OCH20R15 OCH—CHR15
O(CH,CH,0),R 15, O(CH2)pSO3R 15, O(CHR)pNRI2R13 and-
O(CH2)1,1~1"‘R12R1:‘3R14 wherein n, p and R12 to R15 are as hereinbefore defined;
and salts, solvates or physiologically functional derivatives thereof.

3. The compounds as claimed in claim 1 which are of the formula (IIT) :

6
RO 5 Re P am

wherein R1-R10 are as defined in claim 1; and saits, solvates and physnologxcally
functxonal derivatives thereof.

4, The compounds as claimed in claim 1 which ate of the formula (IV)

aw

wherein RI-R10 are as defined in claim 1; and salts, solvates and physiologically
functional derivatives thereof. —_—

i



[err] H NVMR (DIVBOdG) [err]: O. 64 0. 81 6H, n)-; 0.97-1.19 (4H, m;
1.22-1.50 Q 69 1.78 T enl| 98-2. 06 (1H, rr);267(1H d,);
3.39 (2HW 5'6/05l 92 (3H, & e§8H SEEYd): 6.63 (1H, s): PCHGBISIES4 51
~7.55 (1H, s) Synt hetlc Eﬁ_:\°°26 D eparatloh of
(3R, 5R) - 7- Brono- 3-but yl - 3 3,4, 5- tetrahy enyI :
1, 4- benzot hi azepi n-4-ol 1-T -di oxi de Met 84chl or mmim H 57-86%
0.90g, Aldrich) in CHerr]err] (50m) was adde 0 aLso of t he
product (2.4g) from Synthetic Exanple 5(h) in CHerr]Cl err (50mM ). The
reaction wds st ithesempoundsasclaimeskinglaimd whigh are gbthe fo NaHCO3 (1 00m )
was added and the m xture stirred for 30 mnutes. The organl c layer was

separated, dried and

wherein RI-RIO are as deﬁned in claim I; and salts solvates and physxologxcally
functional derivatives thereof,

6.  The compounds as claimed in claim 1 wherein: B

R! and R2 are straight chained C;.g alkyl; s

- R3 is hydrogen or hydroxy; .
R4 is unsubstituted phenyl;
RS is hydrogen;

* R and R10 are both hydrogen; and either

R R7 is selected from halogen, hydroxy, C1.6 alkoxy, optionally substituted
C1-6 alkyl, -S(0)pR 13, -OC(O)R15 and -CH20R15 wherein R15 is hydrogen or

C1.¢ alkyl; and
RO and R8 are independently selected from hydrogen and those groups hsted in the

definition of R7;0r
R8 is hydrogen and RS and R7 are lmked to form a group -0-(CH2)m-O- wherein

mis1lor2;
and salts, solvates, and physiologically functional derivatives thereof

7. A compound according to any of claxms 1to 6 wherem R6 and R7 are both
methoxy

8. A compound selected from the group consisting of:

(3R,5R)-3-Butyl-3-ethyl 2,3,4 5-tetrahydro-7 8-dlmethoxy-5-phenyl-l 4-
benzothiazepine 1,1-dioxide; :
//
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éoncentrat ed in vacue-t f oam Chronat ography on silica gel, using

hexane: %b ﬁ(/'{5|l@> as el uant  gave a foamwhi ch upon trituration vmth et her
af forded t ? pr Hmmumgmgm whit e solid;« mp 202-PONGCBPY)1884 .
Anal ysis: Calcd: C 54 ﬁﬁm% Br 16.56:° S 6.6 Tﬁwgqtg@«%
H5.90; N 2.85 Br 16.565:°S'6. 7?5 fert]H NVR (DVSO-d6), [erfr]: (ReFLReoll: 86

(6H m: 1.05-1.41 (5H m: 1.43-1.64 (1H5%); 1.66- 1.79 (I —m— :
1.83-2.49 (1H, ”? ( ﬁ,ﬂgd-ﬁﬁ{ylé z%&ﬁ%éi!ragzam ﬁs%&éﬂ&g en 1- Z (1H S)?

7.30-7.50 (6H, anpl e
(3R 5R) - 3- Butyl aéepgl-érg Téﬁ?’%‘&ydro 5- phenyl - 1, 4- benzoth| azep| ne-
7,8-dioll, I-d| oxXi de The product (5.09) from Synthetic Exarrpl e 1(0) was

Oy sl ved 1, 9 20kelBARASui T APl B2 infifkiobfistan e '

wat er nixture thehemme\hh-ﬁlo&d% NaOH to a pH of® 7. The

(+-)-Trans-3-butyl-3-ethyl-2,3,4 5-tetrahydro-7 8-dnnethoxy-5-phenyl-l 4 -
benzothnazepm—4-ol 1,1-dioxide;

: (3R,5R)-7-Bromo-3-butyl-3-ethyl 2,3,4 5-tetrahydro-8-methoxy-5-phenyl-l 4-
benzothlazepme 1,1-dioxide;

(3R, 5R)-T-Bromo-3-butyl-3-ethyl-2,3,4,5- tetrahydro-s-methoxy-s-phenyl-l 4 -
benzothiazepin-4-ol 1,1-dioxide;

»ny

-

(3R,5R)-3-Butyl—3-ethyl 2, 3 4 5-tetrahydro-5-phenyl-l 4-benzoth1azepme-7 8-diol
1, l-dxox1de :

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzotlﬁazepin-7-oll 1-dioxide; o . :

(3R,5R)-3-Butyl-3-ethyl-2,3,4 5-tetrahydro-7-methoxy-5-phenyl-l 4-
benzothxazepm-s-ol 1,1-dioxide; :

(+)-Trans-3- -butyl-3-ethyl-2,3,4 S-tetrahydro-s-methoxy-s-phenyl-l 4-
benzothlazepme 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl—2 3.4 S-tetrahydro-s-phenyl-l 4-benzotluazepm-8-ol
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4, 5-tetrahydro-5-phenyl-1,4-benzothiazepine-4, 8-
diol; : ' - |

(+-)-Trans-3-buty1-3-ethyl-2 3,4,5- tetrahydro-S-methoxy-S-phenyl—l 4-
benzotluazepme-7-carbaldehyde 1,1-dioxide;

This Sheet Has Been RT
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1 d which was chromat ogr aphed on
- 2\s@serefuant, to give the Lifle product
(1.69) asWOWIS188 sol id, A @rr] C. Anal ysis (0. 3P &ﬁecd C )
63.87, H 7.04; N 3.55; S 8}12 Fou 3-86; H 7.09; N 3.51; S 8.18 [err]H
NVR (DVBO-d6), .[err]: 0.76 (3R, t); 0.81 (3H, t):i1.08-2.41 (8H, m; 3.24
(2H, q); 5.83 (1H,. d); 6.03 (1H, s); 7.31567.42 (6H n; 9.60 (3H, bs)
Synt heti ¢ Exanpl 1. - - 8- -5 -1.4-
(3R 5R) - 5- Buty. - s 21‘%@&3{@%&8@3 e:®123,4 5-tetgahyde droSmetho sepri}sn;_d 14-
benzot hi azep| ne- Wpthﬂziplmﬁﬂ)m OX}’) 2‘?‘&“ lSS-dxoxx e :

silica gel, using hexane:

(+-)-Trans-3-butyl-3-ethyl-2 3, 4 5-tetrahydro-s-hydroxy-s-phenyl-l 4-
benzothiazepine-7-carbaldehyde 1, l-dloxxde, :

(+-)-Trans-3-butyl-3-ethyl-2,3,4 S-tetrahydro-S-phenyl-l 4-benzoth1azepm-8-thxol
1,1-dioxide; =

(+-)-Trans-3-butyl-3-ethyl 2 3,4 5-tetrahydro-5-phenyl-l 4-benzot1uazepm—8-
sulfonic acid 1,1-dioxide;

(7R,9R)-7-Butyl-7-ethyl-6 7,8,9- tetrahydro-Q-phenyl-l 3-dioxolo(4,5-H)(1,4)- -
benzothiazepine 5,5-dioxide; .

;‘

- (+-)-Trans-3-butyl-3—ethyl-2 3,4 S-tetra.hydro-s 9-dunethoxy-5-phenyl-l 4-
‘benzothiazepine 1,1-dioxide; :

(3R,5R)-3-butyl-3-ethyl-S-(4-ﬂuorophenyl)-2 3,4, 5-tetrahydro-7 8-d1methoxy-1 4-
benzothiazpin-4-ol 1,1-dioxide; -

(+-)-Trans-3-butyl-3-ethyl-2,3,4 5-tetrahydro-8-methoxy-5-phenyl-l 4-
benzothiazepine-7-methanol S, S-ledee :

(3R,5R)-3-butyl-3-ethyl-2,3,4 5-tetrahydro-8-methoxy-7-mtro-S-phenyl-1 4-
benzotluazepme 1,1-dioxide; :

(+-)-Trans-3-butyl-3-ethyl-2 3 4,5 tetrahydro-S-methony-(methoxymethyl)-S-
phenyl-1, 4-benzotluazepme 1,1-dioxide;

(3&5R)-3-buty1-3;ethyl-2,3,4,s-tetrahydro-_s..phenyl-l,4-.benzothiazepin-7,s-diy1
diacetate 1,1-dioxide; _

(8R.10R)-8-Butyl-8-ethyl-2 3,7,8,9, 10-hexahydro-10-l ,4-dioxono(2,3-H)(1,4)-
benzothlazepme 6, 6-dtox1de :

—_—
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Chr omat ogr aphy of the reaction from Synt heti c. .Exanple 7 produced m xtures
whi ch wer nbi ned and re hed usi.ng toluene an 2ne-  Et OAc
(95:5) as%’ﬁgﬁlylﬁ%ntjr‘ “ Tli@i |tIe product : (0. 299) q’g&%fggﬁﬁ%
solid, nmp 155-156C 65.48;. H.7.24; N 344 - d:
C 65.58; H 7.28; N '3.43; S .03 1H NNR( O d6), [err] ™IS SHERHIAS BEE*O: 81
(3H, t); 1.18-2.04 (8H m; 3.28 (2H, q); 82 (3H, s); pb.85 ReEPERCHD) ; 6. 09
(1H, s); 7.31-7. 4(3R(ﬁ{-)p3-lﬁixtyl-9 84diethdxry-2,3 )4, Srenahyiro-S-fheayipl; o-benettepmpint itdn

of (3R 5R)-3- Butg ﬁ ethyl -2, 3,4, 5-tetrahydro-7-net hoxy-5-phenyl -1, 4-
benzot hi azepi ne- 8- 81“ i 1- di oxi de Chromat ography of the reaction m xtures
from Synthetic Exanple 7 produced the title conpounds of Synthetic exanples
7 and 8. One ot he(ﬁb Pt%wztb %ah&:e/-z-%ﬂbﬁnsd; Sitl!tx*aﬂﬁirbhﬁpli‘éﬂypﬂm ogr aphy used
in Synthetic Exa The |1t(} J)roduct (0 59) was |soI ated as a whlte
solid, np 165-16 °§F‘P Zepine lox1de _

(+-)-Tra.ns-3-butyl-3-ethyl -2,3,4 5-tetrahydro-8-1sopropoxy—5-phenyl-l 4-
benzothiazepine 1,1-dioxide hydrochlonde,

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-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-tet_rahydro-8-methox§'-l,4-benzothiazepine
1,1-dioxide;

3,3-Diethyl-2,3,4, S-tetrahydro-S-methoxy-S-phehyl-l,4-benzoth_iazepine 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-Diethyl-2,3,4,5-tetrahydro+hydroxy-7, 8-di_methoxy-5-phenyl-l,4-
benzothiazepine 1,1-dioxide; '

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-
benzothiazepin-4-ol1,1-dioxide; '

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5 tetrahydro-s-lsopropoxy-s-phenyl-l 4-
benzothiazepin-4-ol 1,1-dioxide; .

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8,9-trimethoxy-5-phenyi-1,4-
benzothiazepin~4-ol 1,1-dioxide; '

_ (3R,5R)-3-butyl-3-ethyl-2 3,4,5- tetrahydro—S-phenyl—l 4-benzoth1azpm-4 7,8-triol
1, l-dxox:de
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28 Analysis: Calcd: C 65.48; H 7. 24, I S 7.95 Found: C 65.32; H 7.28;
N 3.49; S 8.00 [err]H NVR (! Gyt nfePESY 10.77 (3H, t); 0.81 (3H sqx; 1.1
1-2.08 (8HWRPEANIS®Y (2H, q); % LABFY s); i5.86 (1H. d);: 6PEE ;
7.32-7.43 (6H, m; 9.73 (1H, C Exanple 10 Preparatlon

benbol b azepi ne 1 1-di o de’ () gy o Tillllllﬂllh"lﬂl?ﬂllllﬂlli

0- (2- benzoyl -5- met hoxyphenyl ) di met hyl t hi ocar barrate sddi &m hydti de (8. 8g,
Al drich) was added . slowy to a solution of 2-hydroxy-4- nethoxybenzophenone:
(50. Qg Aldrich) in(#3p{Trans-3ebutyl-IrethyiyZ, B,drSﬁmhbdro-4 7 8-tnmethoxy-5-phenyl-l 4-

benzothlazepme 1,1-dioxide;

' (+-)-Trans-3-butyl-3-ethyl-5-phenyl 2,3 4 5- tetrahydro-7 8-dtmethoxy-l 4-
benzoth:azepm—4~yl acetate S, S-dxoxlde '

3,3-Diethyl-z,s,4,s-tetrahydro-s-pheny1-1,4;bm¢ﬂﬁazepin-s-ol 1,1-dioxide;

3,3-Diethyl-2, 3,4 5~tetrahydro-7—methoxy-5-phenyl- 4-benzoth1azepm—8-ol 1,1+~
dioxide; _

" 3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-of 1,1-dioxide; -

(+-)-Trans-3-Butyl-3-ethyl-2,3,4 S-tetrahydro-l l-dloxo-,s-phenylel 4-
benzothiazepin-3-yl hydrogen sulfate; - .

(+-)-Trans-3-Butyl-3-ethyl-2,3,4 5-tetrahydro-l l-d10xo-5-phenyl-1 4-
benzothiazepin-8-yl dihydrogen phosphate; ' :

3 3-Dzethy1-2 3,4, S-tetra.hydro-l l-dxoxo-S-phenyl—l 4-benzothxazepm-8-yl :
hydrogen sulfate; .

3 3-D1ethyl-2 3,4,5- tetrahydro-l l-dloxo-S-phenyl-l ,4-benzothiazepin-8-yl
dlhydrogen phosphate, ' :

' (+-)-Trans-3-Butyl-3-ethyl 2,3,4 S-tetrahydro-l l-dloxo-S-phenyl-l 4-
benzothiazepin-8-yl aspartate and '

3,3-Diethyl-2,3,4 5-tetrahydro-l l-dloxo-S-phenyl-l 4-benzotluazepm—8-yl |
- aspartate. .

9. (3R,SR)-3-Butyl-3-ethiyl-2,3,4,5-tetrahydro-7, 8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, or a salt, solvate, or physiologically functional
derivative thereof.

-
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Hexamet hyl phosphor ami .0g) was then added dropwi se and stirred at room
t enper at ur 10U \‘ ar banoyl " chtor.ide (37 ) “was
added and g‘ﬁ)%’% 8’gve E!ﬁ‘ﬂ“%l\m HC The  reacti:on m*b&xgi@?—%
into deionized water (. Lantl extract ed with' a petrol|gts SHEET HAS BERS e
ether/chloroform (1:4) mixture. The organi g | ayer was Washed“ﬁﬂt‘i‘i?‘?O%

sodi um hydroxi de, brine and concentr at ed give the tit

yel | ow sol i d1Q,40. Agdethgdof freatingR mabmdumem mm;fobwgg@ Biler agid aptéke |
(b)  S-(2-Benzoy ﬁst&% RRHYRGER, E‘cﬁ OpRidY hdrhisterin imtr&xﬁhﬂ & eRetive bile
|

-+

(97.4g) fromstep pen n tetrade and heated to an
i nt er nal tenperat%%“lﬁﬂkez' itiog amgynt 9 rﬁﬁ°§§’°“§l§$€‘ﬁe to room
tenmperature, the reaction mxture was chronmatographed on silica gel using
hexane, then hexanes/ethyl acetate (758 ? gluants to afford the title
product (65.0g) as a tan solid, R®R was consistent with
proposed structure. (.c) 2- Mer cap yhalzophenone Pot assi um

hydr oxi de. peIIets (20.0g) were slo a solution of the product
(28.09) ' |

)]

wherein R1 is a straight chained C1.g alkyl group; R2 is a straight chained Cj_g
.alkyl group; R3 is hydrogen or a group OR11 in which R1! is hydrogen, optionally
substituted Cj.¢ alkyl or a Cj.g alkylcarbonyl group; R is pyridyl or optionally - -
substituted phenyl; R, RS, R_7 and R8 are the same or different and each is selected
from hydrogen, halogen, cyano, R15-acetylide, OR!5, optignally substituted Cj.¢g
alkyl, COR!5, CH(OH)R15, $(0);R15, P(O)(OR15),, OCOR!5, OCF3;, OCN,
SCN, NHCN, CHp0R!5, CHO, (CHp)pCN, CONRIZRI3, (CHp), CO4R15,
(CHz)pNRIZR13, CO2R15, NHCOCF3, NHSO2R15, OCH20R15, ocn—crmlS
O(CH,CH20)4R 15, O(CH),SO3R 15, O(CHp)pNR12R13 and
O(CH)pN*R12R13R14 wherein p is an integer from 1-4, n is an integer from 0-3
andR12, R13, R14 and RIS are independently selected from hydrogen and
optlonally substituted C1-5 alkyl; or RS and R7 are linked to form a group '

- O
wherein R12 and R!3 are as hereinbefore defined and m is 1 or 2; and R and R10
are the same or different and each is hydrogen or Cy.g alkyl; with the proviso that
when R3 is hydrogen either R7 is not hydrogen or at least two of R3, RS, R7 and
R8 are not- ‘hydrogen; and salts, solvates and physxologlcally functional derivatives
thereof. :

| 11. A method of treating a hyperlipidemic condition in a mammal which comprises,
" administering to the mammal an effective hyperlipidemic treatment amount of a
compound of formula (I): :

heet Has Been Re ;ilaced
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fromstep (b) dissolved in 800 M ne | /tetrahydrofuran (1:1). After
refl uxi ngwfor 4 hours, the L qweEsticool ed to room tenperat ur e

met hyl eneVORAMBMAYe was a ah\'EFT% sol ufi on was extract g’gﬂfﬁn{’ 01534
‘hydrochl oric acid:. The organi CREFY dried and concentrat ed

Chr omat ogr aphy. on silica i'ng hexanes/ et hyl - cera‘r"’(g—m
eluant afforded the title product as an%8range oil

consistent with proposed structyre. 8 I@qll%o Et hyﬂm m‘k

hydrochl oride A slurry of Y- amiR IOOg rech) i ébsol ut e
et hanol (300m ) was stirred under 3 [err] C and thionyl chloride

(120. 8g) was added dropwi se. The stirred overnight at Oferr]C
and then gradually warned to rgp

wherein R! is a straight chained Cj.g alkyl groui:, 'RZ is a étraight chained C1.g
alkyl group; R3 is hydrogen or a group OR11 in wluch R11 is hydrogen, optionally
_substituted Cj.¢ alkyl or a Ci_¢ alkylcarbonyl grpup, R4 is pyridyl or optionally
substituted phenyl; R3, RS, R7 and R$ are the same or different and each is selected
from hydrogen, halogen, cyano, R15-acetylide, OR15 optionally substituted Cj.g
alkyl, COR15, CH(OH)RIS, S(0),R!5, P(O)XOR!5);, OCORIS, OCF3, OCN,
SCN, NHCN, CH,ORI5, CHO, (CH)pCN, CONRIZRI3, (CHp),CO:R15,
(CH2)pNRI2R13, CO,R15, NHCOCF3, NH802R15 OCH,0R15, OCH=CHRI15, -
O(CH2CHyO)sR1S, O(CHz)pSO3R15 - O(CHppNRIZRI3  and
O(CHz)pN"‘RlZRI-?'R14 wherein p-is an integer from 1-4, nis an integer from 0-3
and R12, R13, R14 and RIS are independently - selected from hydrogen and
optlonally substituted C1. alkyl; or R and R7 are hnked to form a group

"'0
(CRIZRB)
-0 N |
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 Cliﬁ alkyl; with the proviso that
when R3 is hydrogen either R7 is not hydrogen or at least two of R, RS, R7 and
R8 are not hydrogen; and salts, solvata and physlologlcally functional derivatives

- thereof.
12. Tﬁe method of claim 11 wherein the hyperlipidemic __condition is atherosclerosis.

13.. Amethod accordmg to claim 11 or 12 which compnses adxmmstenng a compound
 of formula (T) wherein RS and R7 are each -OCH3. |

o
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resul ting white slurry—wastheated under “reflux for 3 hours, left to cool

for 10 m n en p, | d diethyl ether (60 and
stirring. e suygenmgmﬂgﬂﬂﬂ!ﬂmﬂﬁiﬁnd the solid" produc?lg?‘d)rl e(fsto gl ve
the desired product (1 3 sWhst exsolid. [err_]H NMR commsSIstTent Wi
proposed structure. (e)  Ethyl 2-benzyli gfneam' nobut yr at[gH® SHEETHARSH
the product fromstep (d) (149.6g), magnestum sul phate (74. 3g)REmeﬁTd'D
triethylam nbt. ( 246 phyrmaceuticahdontpositioh aoprisiig edmpound of foriuB(TRI r 00M
tenperature under nitrogen and benzal dehyde (94.9g, Aldrich) was added -
dropwi se. The mi xture was stirred,at roomterrperature for 3 hours then
filtered. The filtrate was glence % WQ(R twlturated i n diethyl ether,
filtered and concentrated t eS|Rned product as a yell ow oi | (1
74g). [err]H NVR consistent w e pr sed structure. (f) (+-)-Ethyl
2- benzyl i deneam no- 2- et hyl hex hydri de (32 5g, 60% di spersion
in oil) and NN-di net hyl f or 1 de] ( ) X m) @gere stirred under nitrogen
at roomtenperature and a sol ut IRdn Rt tRS product from _ '

" wherein Rl is a straight chained Cj.g alkyl group; R2 is a straight chained C;_g
alkyl group; R3 is hydrogen ora grdup ORI11lin which Rlljs hydrogen, optionally
substituted C1.6 alkyl or a Cy.¢ alkylcarbonyl group; R4 is pyridyl or optionally

 substituted phenyl; RS, RS, R7 and R8 are the same or different and each is selected
from hydrogen, halogen, cyano, R15-acetylide, OR15, optionally substituted C;.g
alkyl, COR15, CH(OH)R15, S(0);R15, P(O)OR15),, OCORIS, OCF3, OCN, -
SCN, NHCN, CH,ORI15, CHO, (CH2)pCN, CONRIZRI3, (CH,),COzR15,
(CH)pNRI2R13, CO,R15, NHCOCF;, NH502R15 OCH3ORI15, 0CH-CHR15
O(CH2CH,0)R 15, O(CHZ)pso3R15 O(CH2)pNR12R13 and
O(CHz)pN"'RlzR13R14 wherein p is an integer from 1-4, n is an integer from 0-3

‘andR1Z, R13, R14 and RIS are independently selected from hydrogen and
optionally substituted C|_g alkyl; or RS and R7 are linked to form a group

. __?
((':RIZRI 3)m
- 0 .
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 Cy_g alkyl; with the proviso that
whenR3 is hydrogen either R7 is not hydrogen or at least two of RS, RS, R7 and
R8 are not hydrogen; or a salt, solvate or physiologically functional derivative
~ thereof, at least one pharmacéutically acceptable carrier, and optionally one or more
other physiologically active agents. -

15. A pharmaceutical composition according to claim 14 comprising a compound of
formula (T) wherein RS and R7 are each -OCH3.
-
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step (e) (178.1g) in DW was adde mi se. After 2 hours stirring at room "
tenperature, a solution,; Hs@BEE® 1(149. 5g) in DVF was_ added dropvm se
and t he r‘@ﬁef’?ﬁ?ﬁleft styimHs PLman furfher 2 hours. ThePFUSBPYYAas )
poured into-an ice cold - (560m), diethyl ether (300m) and
anmmoni um chl ori-de- ¢120g) ' e resul ting organic layer was dried aver

pot assi um car bonate then concentr at ed tézgl ve the desired product as a
brown oi I {£200X methdd for ¢hepregaidtion of a@6inpouridt oftfbylednno ﬂﬂ:umv
fromstep (f) (233.00) walgr partitioned bgtween petroI&Zum ﬂm“nﬂnﬂmﬂ ‘
hydrochl oric acid (421m) and SLI rred at roomtenperature for®?2 hodlrs® The
aqueous |ayer was extracteg t wﬁ pet r ol eum et her and then chilled

‘with ethyl acetate in an i $ R Sodi um hydroxi-de pellets were added
to the mxture until the aqu | aye s at ._
R U S

O

wherein R1 is a straxght chamed Ci-6 alkyl group; RZ is a straight chained Cj_g
alkyl group; R3i is hydrogen or a group OR!1 in which R11 is hydrogen, optionally
substituted C).¢g alkyl or a C1.¢ alkylcarbonyl group; R4 is pyridyl or optionally

* substituted phenyl; RS, RS, R7 and R8 are the same or different and each is selected
from hydrogen, halogen, cyano, R15-acetylide, OR15, optionally substituted C1.¢
alkyl, COR15, CH(OH)R15, S(0)sR15, P(O)OR!%),, OCOR!5, OCF3, OCN, -
SCN, NHCN, CHz0R!5, CHO, (CHp),CN, CONRIZRI3, (CHp),CORIS,
(CHz)pNR12R13 CO2R15, NHCOCF3, NHSO2R 15, OCHgOR 15, OCH—CHRIS

. O(CH2CH20)pR15, O(CH2)pSO3R15, O(CHz)pNR12R13 and
O(CHz)l,N"'RIZRBR14 wherein p is an integer from 1-4, n is an integer from 0-3
andR12, RI3, R14 and RIS are independently selected from hydrogen and

optxona.lly substituted C_ alkyl; or RS and R7 are linked to form a group

-9
($R12R13)m

wherem R12 and R13 are as herembefore defined and mis 1 or2; and RY and R10

are the same or dtﬁ'erent and each is hydrogen or Cj.¢ alkyl; with the ‘proviso that
‘when R3 is hydrogen either R7 is not hydrogen or at least two of R3, RS, R7 and

RS are not hydrogen; and salts, solvates and physiologically functional derivatives
thereof, which comprises

(a)  wherein R3 is hydrogen; by oxldatxon of a compound of
formula (V):
-
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30 pH 10. The latter was extracted twice with ethyl acetate and the

conbi ned getate | ayers were dried over potassium ca en
concentr at e@ ansg vacuum distilled to give the desired prod% §§§018§4h
colourless oil. [err]H NVR consistent with the proposed -s-t-#—u-e—t—u-r—e—-——é—h}—-w
(+-)-2- Am no- 2- et hyl hexan-1-ol Lithium al6am ni.um hydri dJ=T(\|S$¥%§)‘ HAaSEBdded

t o anhydrous diethyl ether (450n) under i trogen. The pr oduBEPLAEEPh st ep
(g) (129.0g) was di'luted wiath diet hyI R(’4Rﬁ1) and iﬁ'd-eﬁ—'o‘mp'vm"rhe
’t‘chlr oom t enperature 1 Msodium

reaction was refluxed for 1 houg?h
y dei oni sed water. The

hydr oxi de (23m ) was added dropw s \
el e e o AR

resulting suspension was filtered

desired product as a folourless

proposed structure. (I1Va) (+)-2RButyd -Rée hyIa2|r|the Acétonithil'®
(150m ) and the product fromstep ( (20.0g) were m xed under nitrogen,
cooled to 2-3[err]C and chl orosul phonic acid (16.0g, A drich) was added-
dropwi se keeping the

wherein R_l to R10 are as hereinbefore defined and 1is 0 or 1; or

(b) wherein R3 is OH; by oxidation of a compound of formula (I) wherein R3 is
hydrogen; and optionally,

(¢)  separating the mixture of isomers so obtained and/or coverting the
compound of formula (I) so formed to a corresponding salt, solvate, or
physiologically functional derivative thereof. '

17.. A compound of formula (I) according to any one of Claims 1 to 9 or a
pharmaceutically acceptable salt, solvate, or physiologically acceptable salt, solvate,
| or physiologically functional derivative thereof for use in medical therapy.

18. A compound of formula (I) according to any one of claims 1 to 9 or a
pharmaceutically acceptable salt, solvate, or physiologically functional derivative
thereof for use in the prophylaxis or treatment of clinical conditions for which a bile
acid uptake inhibitor is indicated.

19. - Use of a compound of formula (I) according to any one of Claims 1 to 9 or a
pharmaceutically '._acéeptablé salt, solvate, or physiologically functional derivative
thereof in the manufacture of a medicament for the prophylaxis or treatment of a
clinical condition for which a bile uptake inhibitor is indicated.
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GToDedb -6

] el*;dture bel ow 10C."° The cool ant was renoved and thg‘sfd/;gﬁry;he %ﬁ
gf- 80 I8enlt es at roomterrperature The reaction was c D& E
a‘hd co; ‘distilled with-water (50m ). 50% Aqueous sodi unﬁém&éﬁﬂé
and water (50m) were added and the mxture was distilled at atnospheric
pressure. The organic |ayer. was collect ed fromthe distillate and dried

W th solid potassium hydr oxi dgYFOIIPYOEMIE CEMPOIINDSOduct (12.8g). [err]H
NMR consi stent with proposed Structuare. (J)

(+-)-3-Butyl - 3- et hyl - 8- nmet hoxy- 5- phenyl - 2, 3- di hydr obenzot hi azepi ne The
product (5%higpresenoinvehtign {d dmcerned vﬂﬂﬁnéwthy@bnpdémﬂﬂmmpounds, witldl prodesses

sol uti on of, a6 A MGt 65 eeg) gr%éa?ﬁ@i%o%\ﬂmg}ﬁ%lﬁ%e@gﬂ C hg ifiéns C%Ql%%h)lg

The reactlon mXxture was Stirr uenes on|
(9. Og) was thetdemdawith tthein usefin unedicing.t particubarky, 11$tth¢ prophyfexisoand, repianeng of The

reaction m%w&mce&mkrﬁkﬁqshmef@a%sﬁnd the residue was partitioned

bet ween 5% err] and Et OAc e organic |ayer was separated, dried and
concentrated to get an oil which was chromatographed on silica gel usi ng

hexane: Et %fpeflﬁﬁdéﬁk cofditibss &t Wieh assobiatidiwitideleited plabia ponRHEitidns 2 189)
as an or ang&%nsﬂy llpoﬁarotelll (% cholesterol and very low density lipoprotein (VLDL)
' . cholesterol. Such concentrations can be reduced by decreasing the absorption of bile acids

from the intestine. One method by which this may be achieved is to inhibit the bile acid
active uptake system in the terminal ileum. Such inhibition stimulates the conversion of

cholesterol to bile acid by the liver and the resulting increase in demand for cholesterol
produces a corresponding increase in the rate of clearance of LDL and VLDL cholesterol
from the blood plasma or serum. |

There has now been identified a novel class of heterocyclic compounds which reduce the
plasma or serum concentrations of LDL and VLDL cholesterol and in consequence are
particularly useful as hypolipidemic agents. By decreasing the concentrations of
cholesterol and cholesterol ester in the plasma, the compounds of the present invention
retard the build-up of atherosclerotic lesions and reduce the incidence of coronary heart
disease-related events. The latter are defined as cardiac events associated with increased
concentrations of cholesterol and cholesterol ester in the plasma or serum.

For the purposes of this specification, a hyperlipidemic condition is defined as any
condition wherein the total cholesterol concentration (LDL + VLDL) in the plasma or
serum is greater than 240mg/dL (6.21mmol/L) (J. Amer. Med.- Assn. 256, 20, 2849-2858
(1986)).

International Patent Application No. WO 93/16055 describes compounds of formula (O)
R

S

RP
®); j(
N R
' H

R : 0)



f(:on.)s'i stent with the desired structure. I 31 (k) E31993
) - Traas-3-butyl - 3-ethyl -2, 3,4, 5-tetrahydro-8-nmet ho

benZot hi azepi ne A 1M sol ution of di borane (40n) in T:%EE%EMEN?aSHEET
solution of the product (12.3g) fromstep (j) in THF (150m ). The reaction

m xture was stirred at roomtenperature for 17 hours, then 6N HCL (50mM)

was added and the solution was concentrated in vacuo. The residue was
basified with 50% NaOH and extracted with Et OAc. The Et QAc | ayer was

separ at ed, "°fY and concentrated in vacuo to give an oil which was

chr omat ogr 4fifeslimeges of from Mwl4; usi ng hexanes then toluene as the eluants to

afford t hengfassa'nrlﬁt%ggrro%% OQO 599) as a
n is an integer of from 0 to 2;
R and R’ are atoms or groups independently selected from halogen, nitro, phenylalkoxy,
C1 4 alkoxy, C1 6 alkyl and - O(CH2) SO3R" wherein p is an integer of from 1 to 4 and
R" is hydrogen or Cl 6 alkyl, wherem said phenylalkoxy, alkoxy and alkyl groups are
optionally substituted by one or more halogen atoms;

R%isa C1-6 straight, that is, unbranched, alkyl group; and

Rb is aC2 6 straight, that is, unbranched, alkyl group;

and salts, solvates and physiologically functional derlvatlves thereof, as being useful as
hypolipidemic agents. '

We have now discovered a group of compounds which have greater hypolipidemic activity
in vivo than those specifically disclosed in International Patent Application No. WO

93/16055.

Accordingly, the present invention provides compounds of the formula (IVa) :

< R
R® R (IVa)

wherein
R1 is a straight chained Ci.-6 alkyl group;

R2 is a straight chained C1.6 alkyl group;

R3 is hydrogen or a group OR1! in which R11 js hydrogen, optionally substituted Cj.¢
alkyl or a Cy_g alkylcarbonyl group;

R4 is un-substituted phenyl;

R is hydrogen;



yel I%ow oil. [err]HNWR consistent with the desired structure 10 FEB 199

(¢-)-Trams-3-butyl -3-ethyl-2,3,4,5-tetrahydro-8-net hoR) G}éMENlT SHEET

enzot hi azepine 1,1 -dioxide A solution of the product (4 9g) fromstep (k)
in trifluoroacetic acid (50m) was added to 30% Herr]Jerr] in
trifluoroacetic acid (50m). The reaction mxture was stirred at room
tenperature for 17 hours, then poured into deionized water (200m ) foll owed
by the addiR6 md RS aedfil¢pendently selected ffrom hydrogen] €uaslkyboptionally substitued by |
reaction mfpgbﬂﬁ@% an@kyr&ﬁlogahoﬁﬁhﬁbﬁ}C for 3 hours then extracted with

di chl or onet hane e orgam C ayer was separated, dried and concentrated to

gi ve an oi 'RW@'s‘éféct‘[éﬁ 8d i3, iseEr 03% NUSCRY a@@ HYBRYC

9:1 t tof 1
(125[)er?]sc ’%g 11&%%%# 1'5 X §§I§E)CP§ @2)1’ oung‘ C é@d 19;
H7.49; N & H NIVR (DMSO d6), 8: 0. 73-0. 1?2'3 l@HRIH]angT{?i)S are

1. 07- 1, 47( A¥herain pdsan intege grom >4, p4sqan integer from 0-3 and R
independently selected from hydrogen and optionally substituted C1 -6 alkyl;

R and R10 are the same or different and each is hydrogen or C.¢ alkyl;

and salts, solvates and physiologically functional derivatives thereof.

Of the compounds of formula (IVa), those in which R8 is hydrogen and R6 and R7 aré
both C1_g alkoxy, more particularly both methoxy, are preferred.

Suitably R! is methyl, ethyl or n-propyl and preferably Rl isethyl. Suitably R2 is methyl,
ethyl, n-propyl, n-buty! or n-pentyl. Preferably R2 is n-butyl.

Preferably R7 is ORI,

Suitably RY and R10 are hydrogen, methyl or ethyl.  Preferably RY and R10 are both
hydrogen.

Preferred compounds of formula (IVa) are selected from the group consisting of :

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7, 8-d1methoxy-5-phenyl-l 4-benzoth1azep1ne—
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-2,3,4,5-tetrahydro-7,8-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;



&H2): 2.48-2.53 (1H, d, NH): 3.51 (2H q, CH2SOR): 3.84 (3H, s) Oﬁ%g%
-90 (1K d, CHPh); 6.50 (1H, d, ArH); 7.09-7.20 (1RE%LA&O(EMEN§2 ) T
H m ArH) Synthetic Exanple 11 Preparation of o
(+-)-trans-3-butyl-3-ethyl -2, 3,4, 5-tetrahydro-5-phenyl -1, 4- benzot hi azepi n-
8-ol 1,1-dioxide This conpound was prepaf‘ed foll ow ng the procedure of

Synt heti ¢ BRySR)-?-Biomdsi-bayl-Bethiyl-od M, 5-tétfah§do-§-ncethdiyr3-prényd-1@xanpl e 10(1).
Chr omat ogr aphy..on si | i a4 eJd .using hexane: EtOAc (4:1) as the eluant, gave
the title 5?:&5&%26@11%35- IS hite solid, np 130- 132[err]C. 32

Anal ysis: Cal cd: C67.53; H 7.28;, N 3.75; S 8.58 -

(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;

m
S,
(6

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-7,8-dioll,1-
dioxide; '

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepin-7-ol
1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-benzothiazepin-8-ol
1,1-dioxide; : |

(+-)-Trans-3-butyl-3-ethyl-2,3 ,4,5-tetrahydro-8-methoxy-5 -phenyl-1,4-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 1,1-
dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-benzothiazepine-7-
carbaldehyde 1,1-dioxide;

(+-)-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-5-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-thiol1,1-
dioxide; '



Found: C 67.26; H 7.21; N 3.76; S 8.65 [err]H NVR (DVBO-d6), 8: 0. Gc-EB 98

(6H, n);+0.96-1.23 (4H, m; 1.25-1.49 (1H m; 1.66- 1. 7RE(HHA®EMENT(§HEET

¥°98-2.07 (1H, m; 2.40 (1H, d); 3.33 (2H, q); 5.82 (1H, d); 6.35 (IH,
6.77-6.80 (1H, m,; 7.24-7.38 (6H m; 10.0 (1H, s) Synthetic Exanple 12
Preparation of - 5

(+-) - tr ansy3:brrhiyd-3-Bull BYethyd- 233 4,5etaHydad 8 Phenyl- RPbBitothiabphe8salftnia acidi ne-
4, 8-di ol 1:(1-)%?()(' d %e pr%duct (1.0g}§ fr(c)brlnlesjent hetic Exanple 11 was

di ssol ved ilnl- Hi‘?l" ene chloride (100m), cooled to O[err]C and

m chl or oper benzoic acid (0.55g, 57-86% Aldrich). was added. The reaction

%gt ;gge\é\at?%ﬁ’:?gz{ r aFtS’hie E Qg&%%ﬂ%g{gﬁén 1903- io$8ﬁiﬁgi}ﬁ§§%ﬁ% NaHCO[ err]

'Tze ‘excess’ac gani ¢ layer _ arated, dried
and concentbenzathiazapineahbralioxies resul ting resi due was chromat ogr aphed on
silica gel, using hexane: EtOAc as the eluant, to afford the title product

0. 68 as a pale yellow solid 213-214[ err] C.
( 9) (+-)PTrans- -buty -3-ethyl-2,3,4,r§?t ydro- E9-<Iiin}e%oxy-5-phenyl-l,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-5-phenyl-1,4-benzothiazepine-7-
methanol S,S-dioxide;

(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-5-phenyl-1,4-benzothiazepin-7,8-diyl diacetate-
1,1-dioxide;

(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-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-
benzothiazepinel,1-dioxide hydrochloride;



Anal’ysis: Calcd: C 64.76; H 6.99; N 3.60; S 8.23 Found: C 64.86; H D &EBRE8

3.63; S+8.31 [err]H NVR (DMBO-d6), 8: 0.77-0.89 (6H, m; J=641- L
¥ 68-2.03 (2H, m); 3.36 (2H, q); 6.30 (1H s); 6.44 (1H, %EWM%NTBHEET
m; 7.27-7.49 (6H, m; 7.89 (1H, s); 10.0 (1H, s) Synthetic Exanple 13
Preparation  of 6

(+-) - Tr ans (R)uyhel 3-Bu®l-B36thyd-233, 4,5 Fetratydrd 5 PHhenyd- 1B béndotagebrg - 1, 4-

benzot hi azé jne ﬁ(é dli .i)gg.(a) 3- Met hyl.g,ﬁen}gl benzoat e g sol uti on of

benzoyl chF P@@X ol 3?‘(0 ©rich) in ether (200m) was added dropw se to a
stirred solution of mcresol (25.0g, Aldrich) and triethylamne (27.2g,

Al drich) i her he aet i 12X _Yas ' . OR: 1.
tenper at ur &5 DD 2ot Ao ¢ 3P et S L LA B LA My
saturated NaHCO err] and water then dried over
3,3-Diethyl-5-(4-fluorophenyl)-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-dioxide;
3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1 ,4-benzothiazpiri-4,8-dioll ,1-dioxide;

(RS)-3,3-Diethyl-2,3 ,4,5-tetrahydro-4-h$rdroxy-7,8-dimethoky-5-phenyl-1 4-
- benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-4-ol-
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-5-phenyl-1 ,4-benzothiazepin-
4-0l 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-4,7,8-trimethoxy-5-phenyl-1,4-
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;



33 Na2SO4. The et her | ayer was separated, dried and concentrated ihUvEEBdgga
to give whe desired product (104.0g) as a white solid, 5

[“’er'?] H NVMR consistent with the desired structure. (b) REPLA@EMEN:" SHEET
2- Hydr oxy- 4- et hyl benzophenone The product (48g) fromstep (a) was nelted
(at 70[err]C and al um num chl oride (30. ’Z'g) was added in portions. The
reaction nBaiDivatylas3, hSakeshydeo-83RERYIL Y £-befdotiiazepii-8-08 1,1tdiexide;0ol ed to room
tenperature. The resulting solid was ground to a powder and slowy added to
a mxture of conc. HCL (800m ) and ice. This m xture was extracted with

et her and (+h9-Teans<3-Bugd-3vethyle)3 MiSetralatdeo-1, [Thiexediphenylal,éibenzshiszqpin-8ydd, -
dried and ﬁg&gg&“‘ﬁfa&d. The resulting residue was chronat ographed on silica
gel, using tolGene as’the eluant, to afford the title product (39g) as a

yellow oil. [err]H NVR consistent with the desired structure.
(+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-yl
dihydrogen 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-benzothiazepin-8-yl-
dihydrogen phosphate;

(+-)-Trans-3-Butyl-3-ethyl-2,3,4,5-tetrahydro- 1', 1-dioxo-5-phenyl-1,4-
benzothiazepin-8-yl aspartate; and

3,3-Diethyl-2,3,4,5-tetrahydro-1,1-dioxo-5-phenyl-1,4-benzothiazepin-8-yl aspartate.
Pharmaceutically acceptable salts are particularly suitable for medical applications because
of their greater aqueous solubility relative to the parent, ie basic, compounds. Such salts
must clearly have a pharmaceutically acceptable anion or cation.-  Suitable
pharmaceutically acceptable acid addition salts of the compounds of the present invention
include those derived from inorganic acids, such as hydrochloric, hydrobromic,
phosphoric, metaphosphoric, nitric, sulphonic and sulphuric acids, and organic acids, such
as acetic, benzenesulphonic, benzoic, citric, ethanesulphonic, fumaric, gluconic, glycollic,
isothionic, lactic, lactobionic, 'maleic, malic, methanesulphonic, succinic,
p-toluenesulphonic, tartaric and trifluoroacetic acids. The chloride salt is 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.

Salts having a non-pharmaceutically acceptable anion are within the scopé of the invention
as useful intermediates for the preparation or purification of pharmaceutically acceptable
salts and/or for use in non-therapeutic, for example, in vitro, applications.



(c) ) (+-)-Trans-3-butyl -3-ethyl -2, 3,4, 5-tetrahydro- 8- net hyl - 5 p|1l€ﬁ‘l)FE
benzot hivazepi ne 1, 1-di oxi de The product fromstep (bha? E’ﬁ? S?ﬂlggl'
t1tTe product follow ng the procedures used in steps

Synt hetic Exanple 10. The title product was isolated as a whlte solid, np
121-122[ err] C Anal ysis C71.12; H7.87, 8 3.77; S 8.63 Found: C 71.23; H

7.94; N 3. 61'_’he $e1€n 1 old aMVRfﬁMQalineanWd"] ‘as Oudet Ohe?ein( GEfers)to any

1.16-2.07 (2H,
7.27-7.39 y ?@ce vgwﬁ tha ¢ Eg‘ié-ﬁa? ety &HQ)PB?%ELW %mple
(+-)-Trans -aae(s(eﬂ w}uclyhpcﬁr azhﬂmistrﬁt;cm t, £mbmatial fsych as 8huraar) dxgapablelod pydviding -
benzot hi az gﬁ}“ aphy of the
reaction frqgfrrn&;él&n(%f 41}3&:{] h?tcn%ﬁfj’{m:f rsi‘nf ﬁgéegl%ﬁ?gh%o@érrgg%ondl ng sul fide
conmpound(2.3g) of the title product as an oil. 1H NVMR was consistent for
the A further aspect of the present invention is prodrugs of the compounds of the invention.
Such prodrugs can be metabolised in vivo to give a compound according to the invention.
These prodrugs may or may not be active in their own right.

The compounds of the present invention can also exist in different polymorphic forms, for
example, amorphous and crystalline polymorphic forms. All polymorphic forms of the
compounds of the present invention are within the scope of the invention and are a further
aspect thereof.

The term "alkyl" as used herein refers, unless otherwise stated, to a monovalent straight or
branched chain radical. Likewise, the term "alkoxy" refers to a monovalent straight or
branched chain radical attached to the parent molecular moiety through an oxygen atom.
The term "phenylalkoxy" refers to a monovalent pheny1 group attached to a divalent Cl-6
alkylene group which is itself attached to the parent molecular moiety through an oxygen
atom.

The compounds of formula (IVa) exist in forms wherein the carbon centres -C(R1)(R2)-
and -CHR4- is/are chiral. The present invention includes within its scope each possible
optical isomer substantially free, i.e. as associated with less than 5%, of any other optical
isomer(s), and mixtures of one or more optical isomers in any proportions, including
racemic mixtures. |

For the purposes of this specification, the absolute chiralities of the aforementioned carbon
centres are given in the order -C(R1)(R2)-, then -CHR4-.

In those cases where the absolute stereochemistry at -C(R1)(R2)- and -CHR#- has not
been determined, the compounds of the invention are defined in terms of the relative
positions of the R1/R2 and H/R# substituents. Thus those compounds wherein the bulkier
of the R and R2 substituents, i.e. the substituent of higher mass, and the R4 substituent are
both located on the same side of the thiazepine ring are referred to herein as "cis", and
those compounds in which the bulkier of the Rl and R2 substituents are located on
opposite sides of the ring are referred to as "trans" and are preferred. It will be evident to a



desi‘red structure. This oil was then treated, according to the &0 @E '[ SHE
shown i r-Synthetic Exanple 1 (o), to yield the title produc Pqu
vhite solid, np 83-85[err]C. Analysis: Calcd: C 65.05; H7Z§E

6. 95 34 Found C64.82; H7.72; N2.99; S 6.91 [err]H NI\/R(DI\/SOdG) 8:
0.74-0.86(6H, m; 1.07-2. 14(8H n) 2. 52(91H d); 3.35(4H, m; 3. 41(2H q);

173 gg( §H45?§ﬁlléd &@&Hhaﬁ%th“’cﬁ'%ﬂd’f trdnk" cém Hof gﬂye ;infentiéh J:fh edch; exist in two
,e Jon
(23 Ao Shbngihioric fopha yhicH aie;mabavally, didated kb B335 folling 1o the

8-t hi ol 1, Hirdétimni aferotation of a plane qf polarised light when passed through a sample of the
compound. Cis or trans compounds of the invention in which the individual enantiomers

have not been resolved are referred to herein using the prefix "(+-)-".
According to further aspects of the invention, there are also provided:

(a) compounds of formula (IVa) and pharmaceutically acceptable salts, solvates and
physiologically functional derivatives thereof for use as therapeutic agents, particularly in
the prophylaxis and treatment of clinical conditions for which a bile acid uptake inhibitor is
indicated, for example, a hyperlipidemic condition, such as atherosclerosis;

(b)  pharmaceutical compositions comprising a compound of formula (IVa) or one of its
pharmaceutically acceptable salts, solvates, or physiologically functional derivatives, at
least one pharmaceutically acceptable carrier and, optionally, one or more other
' physiologically active agents;

(c) the use of a compound of formula (IVa) or of a pharmaceutically acceptable salt,
solvate, or physiologically functional derivative thereof in the manufacture of a
medicament for the prophylaxis or treatment of a clinical condition for which a bile acid
uptake inhibitor is indicated, for example, a hyperlipidemic condition, such as
atherosclerosis; |

(@  amethod of inhibiting the absorption of bile acids from the intestine of a mammal,
such as a humah, which comprises administering an effective bile acid absorption
inhibiting amount of a compound of formula (IVa) or of a pharmaceutically acceptable salt,
solvate, or physiologically functional derivative thereof to the mammal;

(e) a method of reducing the blood plasma or serum concentrations of LDL and VLDL
cholesterol in a mammal, such as a human, which comprises administering an effective
cholesterol reducing amount of a compound of formula (IVa) or of a pharmaceutically
acceptable salt, solvate, or physiologically functional derivative thereof to the mammal;

® a method of reducing the concentrations of cholesterol and cholesterol ester in the
blood plasma or serum of a mammal, such as a human, which comprises administering an
effective cholesterol and cholesterol ester reducing amount of a compound of formula



The 'product from Synthetic Exanple 11 was treated accordin 0 I]IED FEB 1998
procedures shown in Synthetic Exanple 1 (I1Va)-(k) to gi VREQRLAGEEMENEMSHEET
as a white solid, np 108-1 10[err]C Analysis: Calcd: C 64.75; H 6.99; N

3.60; S 16.46 Found: C 64.83; H 7.03; N 3.56; S 16.54 [err]H NVR(DMVSO d6),

8: 0.70-0.81(6H, n); 1.05-2.06(8H, m); 21&4(1H d); 3.37(2H q); 5.85(1H,

d); 6.06(1(Na) rogd as%)lianﬁaégﬁﬁé&ﬂly deceptabbd sdlt, 46 Gdtk, 69 physiSldgithlly Sunctional
Synt hetic- a‘gﬁlye 18 Preparati onl'of

(+-) - Tr ans 9€TVatve thezeoffg\the mammal: o ot 1 ahydr o- 5- phenyl - 1, 4- benzot hi azepi n-
8-sulfonic acid 1, 1-di oxi de The product (5.3g) fromSynthetic Exanple 17 was

di | ved R DVBQ. (13 . :

added. " TheBeacrmsiod BF hnonsbing’ gt Joctt AdrBh0h oL Bk Bhics dpja Bl fuch '8

di sti | | at ehumamewhishweeprisés adminisseringlaw feffactiveubile adid fepal gxeredian inFERE was
cool ed 10 LG FHER i g’off ﬂn{[nyg;?g\?% bb o N ce 1§ aké et 54N, Qubte

sintered glass funnel. . : was acidified wth” 1IN HC , the
resul ting SbPiolo@eallyfupetionabdesiyative therpof to the mammal;

(h)  amethod for the prophylaxis or treatment of a clinical condition in a mammal, such
as a human, for which a bile acid uptake inhibitor is indicated, for example, a
hyperlipidemic condition, such as atherosclerosis, which comprises administering a
therapeutically effective amount of a compound of the formula (IVa) or of a
pharmaceutically acceptable salt, solvate, or physiologically functional derivative thereof
to the mammal; '

@) a method of reducing the incidence of coronary heart disease-related events in a
mammal, such as. a human, which comprises administering an effective coronary heart
disease-related events reducing amount of a compound of formula (IVa) or of a
pharmaceutically acceptable salt, solvate, or physiologically functional derivative thereof;

)] a method of reducing the concentration of cholesterol in the blood plasma or serum
of a mammal, such as a human, which comprises administering an effective cholesterol

reducing amount of a compound of formula (IVa);

(k) processes for the preparatibn of compounds of formula (IVa) (including salts,
solvates and physiologically functional derivatives thereof as__;deﬁned' herein); and

()] novel chemical intermediates in the preparation of compounds of formula (IVa).

(m) the.compounds of Synthetic Examples 1-48 as hereinafter disclosed.

Hereinafter all references to "compound(s) of formula (IVa)" refer to compound(s) of
formula (IVa) as described above together with their salts, solvates and physiologically

functional derivatives as defined herein.

The amount of a compound of formula (IVa) which is required to achieve the desired
biological effect will, of course, depend on a number of factors, for example, the specific



to det the title product(1l.6g) as a beige solid, nmp>295[err]C. AnLI ng 1988
Cal cd. @-57.64; H 6.22; N 3.20; S 14.65 Found: C 57.48; I—Ré TS§HEE‘|
174, ‘73[err]H NI\/R(DI\/BOdG) 8: 082095(6H m; 1.32-2.06(8H, n) 2.5

d); 3.93(2H, q); 4.70(1H, broad s); 6. 23% s); 6.93(1H, d); 7.60(6H,

broad s); 7.84(1H, d); 8.30(1H, s) 35 1Synt hetic Exanpl e 20 Preparation

?E_ )-Trans % B und chosen, the use for wh1c¥1 1'% is Jntended the mode ?i;] adm1mstrat10n and the
-tetra 0X -

benzot hi az&hR lﬁ%l cond man&%tfe'e%laaenf Bﬂs}lagyﬂ%"e’csﬁg%f%‘@ﬂ ot 3%/%‘“8 to

Al'um num chb@hg ctg(pz&wgﬁomaangdde&d)mgegﬁnﬂay perskilogtam Elmdywerghblﬂot esample,
sol ution 05 tbe ng%l?é?day An intravenous dose can, for example, be in the range of from 0.3mg to -

l.Omg/kg, which can conveniently be administered as an infusion of from 10ng to 100ng

per kilogram per minute. Infusion fluids suitable for this purpose can contain, for example,
from 0.1ng to 10mg, typically from Ing to 10mg, per millilitre. Unit doses can contain, for
example, from 1mg to 10g of the active compound. Thus ampoules for injection can
contain, for example, from 1mg to 100mg and orally administrable unit dose formulations,
such as tablets or capsules, may contain, for example, from 1.0 to 1000mg, typically from
10 to 600mg. In the case of pharmaceutically acceptable salts, the weights indicated above
refer to the weight of the benzothiazepine ion derived from the salt.

For the prophylaxis or treatment of the conditions referred to above, the compounds of
formula (IVa) can be used as the compound per se, but are preferably 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'compdunds of formula (IVa). The pharmaceutical compositions of the invention can
be prepared by any of the well known techmques of pharmacy consisting essentially of
admixing the components.

Pharmaceutical compositions according to the present invention include those suitable for
oral, rectal, topical, buccal (e.g. sub-lingual) and parenteral (e.g. subcutaneous,
intrafnuscular, intradermal, or intravenous) administration, although the most suitable route
in any given case will depend on the nature and severity of the condition being treated and
on the nature of the particular compound of formula (IVa) which is being used.
Enteric-coated and enteric-coated controlled release formulations are also within the scope
of the invention. Suitable enteric coatings include cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate and anionic polymers
of methacrylic acid and methacrylic acid methyl ester.

Pharmaceutical compositions suitable for oral administration can be presented in discrete
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined



chloride(22.1g) and 1,2, 3-tri methoxybenzene(25.0g) in 1, 2- dICh| or tp g@ﬁ%%

(250 mM k- The reactlon mxture was stirred at O-5[err Cfor

Heated to reflux for 2 hours. The reaction nixture wa @EMENSBSHEET
i ce/concentrated HC1 (100 m) and stirred for 30 m nut es t hen extracted
with diethyl ether. The organic |ayer waézseparat ed, dri ed and concentrated
to get a sghbfit?ef @Lompelh® BEBAAERTIVAR a5id | peRd@ebr grauﬁlbszgas a solution or a

t ol uene: Et OAC(I?SI‘%[]as el uant afforg“é@t

| d
ol TS Shspension i AP AqHeOUS R RN EGTRES &wec* o i BRCoiirs et & Piefinrll ¢

(b) emulsion. As mdlcated such compositions can be prepared by any suitable method of

oot nens iy v st B AR b el QS B

title prodeatief (whishi wgn tdostimntec oveirars mpsecacch@D'ep!gr‘{dasntfé)o (In) geferal, ‘the

Synt het i ! Ogre Ty
Syt et i o, EiforkOae Hiepditd b5 BifHES AR AR Aihdguithidie ok undm

7.53: N 3. xth zghgur,zbor ﬁnely divided solid cari'ler, or bof?n and then if necessary, shaplng

product. For example, a tablet can be prepared by compressing or moulding a powder or
granules of the compound, optionally with one or more accessory 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). Moulded tablets can be made by
moulding, in a suitable machine, the powdered compound moistened with an inert liquid
diluent.

Pharmaceutical compositions suitable for buccal (sub-lingual) administration include
lozenges comprising a compound of formula (IVa) in a flavored base, usually sucrose and
acacia or tragacanth, and pastilles comprising the compound in an inert base such as gelatin
and glycerin or sucrose and acacia.

Pharmaceutical compositions suitable for parenteral administration conveniently comprise
sterile aqueous preparations of a compound of formula (IVa), preferably isotonic with the
blood of the intended recipient. 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 the active compound.

Pharmaceutical compositions suitable for rectal administration are preferably presented as
‘unit-dose suppositories. These can be prepared by admixing a compound of formula (IVa)
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



1H NMR(DVBO d6), [err]: 0.64(3H t); 0.81(3H, t); 0.87-2. 08(8H 18 FEB 1998
2.42(1Hr-d); 3.73(2H, q); 3.75(3H, s); 3.79(3H, s); 5. 5‘0R§<gld9\C5 NIHSHEET
d); 6.97(1H d); 7.27-7.41(5H, m) Synthetic Exanpl es 25-48 Each of the

foll ow ng exanpl es was prepared by a net Egd anal agous to that of Synthetic
Exanmple 1, by one of the other exenplifi routes or by chem cal nethods

known to thnse thetedfh eThrrdctivé bomapourklis @enerfly piestritidRaaodcenkratiem b froan®ll ytei s

wer e .consi stgnt , Wi ths;"a). t (25)
(+-)-Tr ans-slg-/'g 6%8%%963 Yy £§8§,t5t§§?§a%{p§&ﬁb@?pesttggﬁ/§dr 0- 5- phenyl - 1, 4-
benzot hi azepi n-8-o0l 1, 1-di oxi de 0.40 hydrate, np 137-138[err]C

Transdermal administration is also possible. Pharmaceutical compositions suitable for

transdermal administration can be presented as discrete patches adapted to remain in
intimate contact with the epidermis of the recipient for a prolonged period of time. Such
patches suitably contain the active compound in an 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 active compound can be delivered from the patch by
electrotransport or iontophoresis, for example, as described in Pharmaceutical Research,
3(6), 318 (1986).

The compounds of the invention can be prepared by conventional methods known to a
skilled person or in an analogous manner to processes described in the art.

For example, compounds of the formula (IVa) wherein R3 is hydrogen can be prepared by
oxidation of the corresponding compound of the formula (V) :

8 9
. ’ sy Ry
R r!
H R?
RS .5 R V)

wherein R1 to R10 are as hereinbefore defined and 1is.0 or 1. This oxidation may
suitably be carried out by reaction with a peroxide, for example hydrogen peroxide in the
presence of trifluoroacetic acid at a non-extreme temperature, e.g. -20°C to 50°C and
preferably at -10°C to 10°C.

Compounds of formula (V) can be prepared by reducing the imine bond of a compound of
formula (VI)



(26) 10 FEB 1998

(+2 Trans- 3- butyl - 3-et hyl - 2345tetrahydro789trR5 G-%NFE/SHEET
benzot hi azepi ne 1, 1-di oxide, np 169-170[err] C (29) -

(3R, 5R) - 3-butyl -7, 8-di et hoxy- 2, 3, 4, 5-tetrahydro- 5- phenyl -

1, 4- benzot hi azepine 1,1 di oxi de 0. 20 hyd|1 te, np 110-111 C (30)

(+-)-Trans-3-butyl - 8-et hoxy- 3-et hylr82, 3, 4, 5-t et rahydr o- 5- phenyl - 1, 4-

benzot hi azepi ne 1, 1-di oxi de rrp 45- 54[err RSCR()Sl)

(+-)-Trans-3-butyl - 3-ethyl - 2, R g (et hyl t hi 0) - 5- phenyl - 1, 4-

benzot hi azepi nel , 1- di oxi de hydro RO4-197[err] C (32)

(+-)-Trans- 3- butyl 3-ethyl -2, 3,48 28- i sopr opoxy- 5- phenyl - 1, 4-

benzot hi azepi ne 1, 1-di oxi de hy N , hp 178-1 {err] C (33)

(+-)-Trans-3-butyl -3-ethyl -2, 3 4, 5-f_et’r ahydr o- 5- phehy 4- benzot hi azepi n-8

- carbal dehyde 1, 1-di oxi de, np 165~Rf Gferr] C (35)

3,3-Diethyl-2,3,4,5- tetrahydro 7, 8-di met hoxy- 5- phenyl -1, 4- benzot hi azepi ne-1

1= dioxi dei‘;vher n ]lﬁsto ﬁfb Ls E’erembefore defined, using, for example, a boron compound,
such as borane, in a suitable solvent, for example an ether such as THF, or catalytic

hydrogenation using, for example, a palladium catalyst, such as 10% Pd/C at a non-
extreme temperature, for example -20°C to 100°C and preferably -10°C to 50°C.

Compounds of formula (VI) as herein defined as well as each possible optical isomer
substantially free, i.e., associated with less than 5% of any other optical isomer(s), and
mixtures of one or more optical isomers in any proportions, including racemic mixtures are
considered to be novel and constitute a further aspect of the present invention.

Compounds of formula (VI) can be prepared by cyclising compounds of formula (VII)

8
R 9
7 R” Q10
R S ]
R
V4 R2
6 H. N
R (VID

4
RS R

wherein R1 to R8 are as hereinbefore defined, by, for example, azeotropic distillation or
refluxing in the presence of a suitable drying agent, such as molecular sieves, in a suitable
solvent, for example, 2,6-lutidine, in the presence of an acid, such as HCI.

Compounds of formula (VII) can be prepared by reacting a compound of formula (VIII)

RS

RS (VII)



gBE?:Dl ethyl -2, 3, 4, 5-tetrahyd 8 h 5-ph | - 0 FEB1998
G oki do, p 132.133(err] C (38) 0P & ﬁeﬁﬁ?ﬂbaéﬂ%ﬁer SHEET

3,3-Diethyl -2, 3, 4, 5-t et rahydr o- 5- phenyl - 1, 4- benzot hi azepi n- 4, 8- di ol -
1, 1-di oxi de, np 225- 227[err] C (39) 15
(RS)-3,3-Diethyl -2, 3,4,5-tetrahydro-4-hydroxy-7, 8-di net hoxy-5-phenyl -1, 4-

benzot hi azepi ne xi de, .
() 2 ane hetiie R4 i 8 s nerBtigipre A8Bhad it Aibrapriacely subsifued agiridine
~ benzot hi azeymaal&mlapbla‘te»dlven&,ﬂnexmpptb;tmetlﬁﬁ([)lerr] C—- 37 (41)
(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-i sopropoxy-5-phenyl -1, 4-
benzot hi azepi n- 4- ol 1 1-di oxide, np 109-115[err] C

ompounds of formula (VII) can also be prepared by reacting a compound of formula (IX)

R8
R L
JOS
RS (IX)
5 R4

wherein R4 to R8 are as hereinbefore defined and L is a suitable leaving group, for
example, halogen, with a compound of formula HSC(R9)(R10)C(R1)(R2)NH2 wherein
Rl ,R2 R9 and R10 are as hereinbefore defined.

Compounds of formula (IX) can be prepared by reacting the corresponding acid with a
compound of formula R4H wherein R4 is as hereinbefore defined, typically by a

Friedel-Crafts reaction using, for example, aluminium chloride.

Compounds of formula (VIII) can be prepared by reacting a compound of formula (X)

RS
R. OH
o
R6 74 x
RS R4

wherein R5 to R8 are as hereinbefore defined with a non-nucleophilic base such as sodium
hydride followed by treatment of the resulting salt with N,N-dimethylthiocarbamoyl
chloride, pyrolysis of the resulting O-aryldialkylthiocarbamate to the §S-
aryldialkylthiocarbamate (for example in a high boiling solvent such as tetradecane at a
temperature of about 255°C.), and hydrolysis (for example with a strong base such as
KOB).
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(+-) - Tr ans ARefHgtivdl 3c&hdf5kﬂnd3 of fénﬁuaqw m{ ®e 4repabed by Tedckiay componady bf 1, 4
- benzot hi gzepi n C (45
(+-)-Tr ans?%’“Htﬂéng?‘@tsﬂ&“mg}‘Werﬁé% gr{]etragydzo 7, 8- di met hoxy- 1, 4-

benzot hi azepi n- 4- yI acetate S, S-dioxide, np 154-156{err] C (46)

3,3-Dieth 2 5- d
o 177 175 ThE pape T ERERY ﬂén Poegd i I RN SERRER A gty <€
1, 4- benzot hiethodp |know;ldb those 1lqudom|the a(tzp;)obtamable from the chemlcal htera re, for
3, 3- Di but ytex%mﬁf‘l the t ‘ihhﬁmégr @arr- BOCPikbarkd: 4rdnenaR! Neoiresindint O2-substituted

1, 1- d|0X|de |ca
2-aminoethanols.

Compounds of the formula (V) wherein one or more of R6 o R8 is halo may be converted
to compounds of the formula (V) wherein R6 to R8 is a different functional group by
methods known to those skilled in the art or readily available from the literature.

Compounds of formula (IVa) wherein R3 = OH can be prepared from the corresponding
compounds of formula (IVa) wherein R3 = H by oxidation with, for example, m-
chloroperbenzoic acid.

" The compounds of formula (IVa) substantially free, of other optical isomers can be

" obtained either by chiral synthesis, for example, by the use of the appropriate chiral starting
material(s), such as the aziridine, or by resolution of the products obtained from achiral
syntheses, for example, by chiral hplc or by classical resolution with chiral acids.

Optional conversion of a compound of formula (IVa), or a compound of formula (IVa)
comprising a basic substituent, to a corresponding acid addition salt may be effected by
reaction with a solution of the appropriate acid, for example, one of those recited eatlier.
Optional conversion of a compound of formula (IVa) comprising an acidic substituent to a
corresponding base salt may be éffected by reaction with a solution of the appropriate base,
for example, sodium hydroxide. Optional conversion to a physiologically functional
derivative, such as an ester, can be carried out by methods known to those skilled in the art
or obtainable from the chemical literature.

In addition, compounds of the formula (IVa) may be converted to different compounds of
" the formula (IVa) by standard methods known or available from the literature to those
skilled in the art, for example by alkylation of a hydroxy group.

For a better understanding of the invention, the following Examples are given by way of
illustration and are not to be construed in any way as limiting the scope of the invention.
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(a)  Ethyl 2-aminobutyrate hydrochloride

A slurry of 2-aminobutyric acid (100g, Aldrich) in absolute ethanol (300 ml) was stirred
under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. The reaction
was stirred overnight at 0°C and then gradually warmed to room temperature.  The
resulting white slurry was heated under reflux for 3 hours, left to cool for 10 minutes, then
poured into chilled diethyl ether (600ml), with hand stirring. The suspension was filtered
and the solid product dried to give the desired product (150g) as a white solid. 1H NMR
consistent with proposed structure.

(b)  Ethyl 2-benzylideneaminobutyrate

A ‘solution of the product from step (a) (149.6g), magnesium sulfate (74.3g), and
triethylamine (246 ml) in dichloromethane (1500 ml) was stirred at room temperature
under nitrogen and benzaldehyde (94.9g, Aldrich) was added dropwise. The mixture was
stirred at room temperature for 3 hours then filtered. The filtrate was concentrated,
triturated in diethyl ether, filtered and concentrated to yield the desired product as a yellow
oil (174g), 1H NMR consistent with the proposed structure.

(c) (+-)-Ethyl 2-benzylideneamino-2-ethylhexanoate

Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimethylfonnémide (DMF)
(700ml) were stirred under nitrogen at foom temperature and a solution of the product from
step (b) (178.1g) in DMF was added dropwise. After 2 hours stirring at room temperature,
a solution of butyl iodide (149.5g) in DMF was added dropwise and the reaction left
stirring for a further 2 hours. The reaction was poured into an ice cold mixture of water
(560ml), diethyl ether (300ml) and ammonium chloride (120g). The resulting organic
layer was dried over potassium carbonate then concentrated to give the desired product as a
brown oil (220g).

(d) (+-)-Ethyl 2-amino-2-ethylhexanoate
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Di r ect Measurerrent of F| rst Pass |l eal Clearance of a Bile Acid in Humans.
(e) (R)-2-Amino-2-ethylhexanoic acid

A suspension of pig liver esterase (0.1g, Sigma-Aldrich-Fluka) in water was added to an
aqueous solution of the product from step (d) (100g). When addition was complete, the pH
of the mixture was adjusted to 9.7 using IN aqueous NaOH and maintained at this value by
the addition of further IN NaOH. After the addition of a predetermined amount of IN
aqueous NaOH (85g over 10 hours), the mixture was washed with diethyl ether to remove
unreacted (S)-ethyl 2-amino-2-ethyl-hexanoate. - The remaining aqueous phase was
evaporated in vacuo to give a white solid comprising the titled compound and its sodium
salt.

® (R)-2-Amino-2-ethylhexan-1-ol

The product (20g) from step (€) was added to a 1M solution of lithium aluminum hydride
(1.5 molar equivalents) in THF and the mixture was refluxed for 3 hours, then stirred for
16 hours at room temperature. The mixture was cooled to about 0°C, then quenched with
water and IN aqueous NaOH. The resulting solid was broken up with additional water and
the suspension was heated at 50°C for 5 minutes, then cooled to room temperature.

" Diethyl ether (100ml) was added, the mixture was stirred and filtered. The diethyl ether
layer was separated, dried and concentrated in vacuo to give the desired product as an oil
(82% yield), LH NMR consistent with the proposed structure.

(2 (R)-2-Amino-2-ethylhexyl hydrogen sulfate

The product (20.0g) from step (f) was dissolved in dichloromethane (170 ml) and treated
with chlorosulfonic acid (26.8 g). The reaction mixture was stirred at room temperature
for 17 hours. A major part of the solvent was removed by distillation and the resulting
shurry was diluted with acetone, filtered and dried to get a white solid. 1H NMR consistent
with the proposed structure.
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I nhi bition of 75SeHCAT) Dose (rrg/ kg) Conﬁ%und of 1.0 0.3 0.1 Exanmple 1
51 51 54 7 72 9 80 70 10

>3 33 _1j(h) 2-Hydroxy-4,S-mmeﬁ?oxybenz%ld%ﬁ'yde . 56 41

A 1.0M solution of boron trichloride (210 ml, Aldrich) in dichloromethane was added to
benzoyl chloride (30.1g, Aldrich) in benzene (350 ml) Next, 3,4-dimethoxyphenol
(30.0g, Aldrich) in benzene (130 ml) was added and the reaction mixture was stirred at
room temperature for 21/2 hours. 50% NaOH (55 ml) was then added and the mixture
was stirred for 15 minutes. The organic layers were separated, dried and concentrated in
vacuo. The resulting residue was triturated with 1IN NaOH for 40 minutes then filtered.
The aqueous basic filtrate was acidified with conc. HCI to give the title product as a yellow
solid (25.9g), mp 104-105°C. 1H NMR was consistent with the proposed structure.

(IVa) O-(2-Benzoyl-4,5-dimethoxyphenyl N.N-diethylthiocarbamate

Triethylamine (106.3g, Aldrich)), 4-dimeihylaminopyridine (6.5g, Aldrich) and
diethylthiocarbamoyl (86.4g) was added to the product (130.4g) from stepth) to 1 L of
dioxane. The reaction mixture was stirred at reflux for 22 hours, cooled to room
temperature, then filtered. The filtrate was concentrated in vacuo and 1N HCl (600 ml)
was added followed by diethyl ether (500 ml). The mixture was allowed to stand for 45
minutes, then filtered. The solids were washed thoroughly with diethyl ether and dried in

~a vacuum oven to afford the title product as a yellow solid (120.5g), mp 94-95°C. 1y
NMR was consistent with the proposed structure.

()] S-(2-Benzoyl-4,5-dimethoxyphenyl) N,N-diethylthiocarbamate

A slurry of the product (60.4g) from step (IVa) in tetradecane (250 ml) was heated to an
internal temperature of 250°C and kept there for a period of 25 minutes. " The reaction
mixture was cooled with an ice bath. The solvent was decanted and the residue was
triturated with diethyl ether (100 ml) to give the title product (43.4g) as a beige solid, mp
114-116°C. 1H NMR was consistent with the proposed structure.

k) 2-Mercapto-4,5-dimethoxybenzophenone

Potassium hydroxide pellets (58.6g) was slowly added to a solution of the product (85.0g)
from step (j) dissolved in 1L of methanol/THF (1:1). After refluxing for 3 hours, the
reaction mixture was cooled to room temperature and concentrated in vacuo.  The
resulting residue was triturated with 1IN HCI then extracted with EtOAc. The organic
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the title product (54.8g) as a gold solid. 1H NMR was-consistent with the proposed
structure. |

)] (R)-2-(2-Amino-2-ethylhexylthio)-4,5-dimethoxybenzophenone

The product (48.8g) from step (g) was dissolved in water (250 ml) and to this solution the
product (54.2g) from step (k) in butyl acetate (300 ml) was added. The reaction mixture
was stirred and heated to an internal temperature of 93°C and NaOH (18.9g) in water (250
ml) was added dropwise. After complete addition, the reaction was stirred an additional
25 minutes at 93°C, then cooled to room temperature. The organic layer was separated,
dried and concentrated to give the title product (78.5g) as an orange-brown oil. Treatment
of the free base with ethereal HC1 afforded the hydrochloride salt as a light yellow solid,
mp 75-78°C. 1H NMR consistent with the proposed structure.

(m) (3R)-3-Butyl-3-ethyl-2,3-dihydro-7,8-<__iimethoxy-5-phenyl-1,4-benzothiazepine

The product (78.0g) from step (I) was dissolved in 2,6-lutidine (400ml), added p-
toluenesulfonic acid (0.70g) and the reaction mixture was refluxed using a Dean Stark trap.
The reaction was refluxed for a period of 22 hours during which time solvent was removed
from the apparatus and then replaced with fresh solvent. The reaction mixture was
concentrated in vacuo and the residue was treated with 5% NaHCO3(300ml) and
EtOAc(300ml). The EtOAc layer was separated, washed with brine, dried and
concentrated in vacuo to give a dark red oil. Chromatography on silica gel, using hexane :
EtOAc(4:1) as eluant, afforded the desired product (64.1g) as a light brown oil. 1H NMR
consistent for the proposed structure.

(n) (3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepine ' '

A 1M solution of diborane in THF (200ml) was added to a solution of the product (64.0g)
from step (m) in THF (350ml). The reaction mixture was stirred at room temperature for a
period of 17 hours, then 6N HCI (150ml) was added and the solution was concentrated in
vacuo to remove THF. The aqueous residue was basified with 50% NaOH and extracted
with EtOAc. The EtOAc layer was separated, dried and concentrated in vacuo to afford an
oil which was chromatographed on silica gel, using hexane : EtOAc (85:15) as eluant, to
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3 benzothiazepine 1,1-dioxide

A solution of the product (25.5g) from step (n) in trifluoroacetic acid (125ml) was added to
30% HpO5 (18.8g) in trifluoroacetic acid (100ml). The reaction mixture was stirred at
room temperature for 17 hours, then poured into water (800ml) followed by the addition of
50% NaOH until the mixture reached a pH of 10. The reaction mixture was layered with
EtOAc and stirred for 1 hour. The organic layer was separated, dried and concentrated in
vacuo to afford solids which were recrystallized from EtOH to afford the title product
(18.5g) as a white solid, mp 148-149°C. '

Analysis: Calcd : C 66.16; H 7.48; N 3.35; S 7.68
Found: C 66.01; H 7.56; N 3.31; S 7.74

1H NMR (DMSO-dg), 8; 0.74-0.86(6H, m); 1.07-1.39 (4H, m); 1.39-2.20 (4H, m); 3.33
(2H, q); 3.44 (3H, s); 3.83 (3H, s); 5.92 (1H, d); 6.11 (1H, s); 7.33-7.48 (6H, m).

Synthetic Example 2
Preparation of (3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1, 1-dioxide '

Oxone (146.7g Aldrich) in water (550 ml) was added to a solution of the product (18.4g)
from Synthetic Example 1(n) in MeOH (500ml). The reaction mixture was stirred at room
temperature for 17 hours, then cautiously basified with 50% NaOH. This heterogeneous
mixture was layered with EtOAc and stirred for 1 hour. The organic layer was separated,
dried and concentrated in vacuo to get a pink solid. Chromatography on silica gel, using
hexane: EtOAc (65.35) as eluant, afforded the title product (6.7g) as a white solid, mp 174-
175°C.

Analysis: Caled: C 63.72; H7.21; N 3.23; § 7.39
Found: C 63.81; H 7.22; N 3.19; § 7.47

1H NMR(DMSO-dg), &: 0.77-0.90 (6H, m); 1.10-2.17 (8H,m); 3.27-3.45 (5H, m); 3.84
(3H, s); 6.14 (1H, s); 6.38 (1H, s); 7.30-7.53 (SH, m); 7.97 (1H, s).
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Synthetic Example 3

Preparation of (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide '

(a) (+-)-2-Amino-2-ethylhexan-1-ol

Lithium aluminum hydride (22.2g) was added to anhydrous diethyl ether (450ml) under
nitrogen. The'product (129.0g) from Synthetic Example 1(d) was diluted with diethyl
ether (40ml) and added dropwise. The reaction was refluxed for 1 hour then cooled to
room temperature. 1M sodium hydroxide (23ml) was added dropwise followed by
deionised water. The resulting suspension was filtered and the filtrate concentrated to
give the desired product as a colorless oil (87.9g). 1H NMR consistent with the proposed
structure. ’

)  (+)-2-Butyl-2-ethylaziridine

Acetonitrile (150ml) and the product (20.0g) from step (a) were mixed under nitrogen,
cooled to 2-3°C and chlorosulphonic acid (16.0g) Aldrich) was added dropwise keeping
the temperature below 10°C. The coolant was removed and the slurry left to stir for 80
minutes at room temperature. The reaction was concentrated in vacuo and co-distilled
with water (50ml). 50% Aqueous sodium hydroxide (55.2g) and water (50ml) were added
and the mixture was distilled at atmospheric pressure. The organic layer was collected
from the distillate and dried with solid potassium hydroxide to give the desired product
(12.8g). |HNMR consistent with proposed structure.

(©) (+-)-3-Butyl-3-ethyl-2,3-dihydro-7,8-dimethoxy-5-phenyl- 1 ,4-benzothiazepine

The product (14.7g) from Synthetic Example 1(k), in 2,6-lutidine (50ml), was added to a
solution of the product (6.5g) from step (b) in 2,6-lutidine (200ml). The reaction mixture
was stirred for 1 hour, conc. HCI (4.4ml) was added and then refluxed with a Dean-Stark
trap for 17 hours. The reaction mixture was concentrated in vacuo and the residue was
partitioned between 5% NaHCO, and EtOAc. The organic layer was separated, dried and
concentrated to get an oil which was chromatographed on silica gel, using hexane: EtOAc
(7:3) as eluant to afford the desired product (12.0g) as an oil. 1H NMR consistent with
proposed structure.
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Conposi tiogy D nply-aedl3-Beli-yRthylR4l5 2éttahydro-7,8-dimethoxy-5-pher{Adl 4-
benzothiazepine 1,1-dioxide

The title compound was prepared following the procedures of Synthetic Example 1 (n)-(0)
using the product from step (c) to give a white solid, mp 146-147°C.

Analysis (0.50 HyO); Calcd: C 64.54; H 7.35; N 3.24; S 7.40

Found: C 64.76; H 7.56; N 3.28; S 7.52

1H NMR (DMSO-dg), 5: 0.74-0.86 (6H, m); 1.07-1.39 (4H, m); 1.40-2.20 (4H, m); 3.33
(2H, q); 3.44 (3H, s); 3.83 (3H, s); 5.92 (1H, d); 6.11 (1H, 5); 7.30-7.48 (6H, m)

Synthetic Example 4
Preparation of (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide

Oxone (7.3g, Aldrich) in water (100ml) was added to a solution of the product (1.7g) from
Synthetic Example 3(d) in MeOH (100ml). The reaction mixture was stirred at room
temperature for a period of 17 hours and water and EtOAc were added. After stirring for 1
hour, the organic layer was separated, dried and concentrated to give a foam.
Chromatography on silica gel, using hexane: EtOAc (4:1) as eluant, gave the desired
product (1.2g) as a white solid, mp 172-174°C.

- Analysis: Caled: C 63.72; H7.21; N 3.23; S 7.39
Found: C 63.79; H 7.26; N 3.18; S 7.47 .
IH NMR (DMSO-dg), 5: 0.78-0.90 (6H, m); 1.14-2. 14(8H, m); 3.27-3.41 (5H, m); 3.84
(3H, s); 6.13 (1H, s); 6.37 (1H, s); 7.34-7.53 (5H, m); 7.96 (1H, s).

~ Synthetic Example 5
Preparation of (3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-
1,4-benzothiazepine 1,1-dioxide

(a) O-(2-benzoyl-5-methoxyphenyl)dimethylthiocarbamate

Sodium hydride (8.8g, Aldrich) was added slowly to a solution of 2-hydroxy-4-
methoxybenzophenone (50.0g, Aldrich) in 300 ml of dimethylformamide.
Hexamethylphosphoramide (43.0g) was then added dropwise and stirred at room
temperature for 2 hours. Dimethylthiocarbamoyl chloride (37.0g, Aldrich) was added and

21
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and extracted with a petroleum ether/chloroform (1:4) mixture. The organic layer was
washed with 10% sodium hydroxide, brine and concentrated to give the title product as a
yellow solid (40.0g). 1H NMR was consistent with proposed structure.

(b) S-(2-Benzoyl-5-methoxyphenyl) dimethylthiocarbamate

The product (97.4g) from step (a) was suspended in tetradecane (S00mL) and heated to an
internal temperature of 255°C for 30 minutes. After cooling to room temperature, the
reaction mixture was chromatographed on silica gel using hexane, then hexanes/ethyl
acetate (7:3) as eluants to afford the title product (65.0g) as a tan solid, mp 95-97°C. lH
NMR was consistent with proposed structure.

(¢)  2-Mercapto-4-methoxybenzophenone

. Potassium hydroxide pellets (20.0g) were slowly added to a solution of the product (28.0g)
from step (b) dissolved in 800 ml methanol/tetrahydrofuran (1:1). After refluxing for 4
hours, the reaction was cooled to room temperature, methylene chloride was added and the
solution was extracted with 5% hydrochloric acid. The organic layer was dried and
concentrated. Chromatography on silica gel using hexanes/ethyl acetate (99:1) as the
eluant afforded the title product (17.1g) as an orange oil. 1H NMR consistent with
proposed structure.

(d) (R)-2-(2-Amino-2-ethylhexylthio)-4-methoxybenzophenone

This compound was prepared following the procedure of Synthetic Example 1(1), using the
product (46.4g) from step (c¢) and the product (44.6g) from Synthetic Example 1(g).
Concentration of the organic layer afforded the title product (66.5g) as a red oil. 1H NMR
consistent with proposed structure.

(e) (3R)-3-Butyl-3-ethyl-2,3 -dihydro-8-methoxy-S-phenyl-1 ,4-benzothiazepine

This compound was prepared following the procedure of Synthetic Example 1(m), using
the product (66.5g) from step (d). Chromatography on silica gel, using hexane: EtOAc
(9:1) as eluant, afforded the title compound (54.5g) as a yellow oil. 1H NMR consistent
with the proposed structure. '
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This compound was prepared following the procedure of Synthetic Example 1(n), using the
product (54.4g) from step (¢). Chromatography on silica gel, using hexane:EtOAc (9:1) as
eluant, gave the title product (22.8g) as an orange oil. 1_H NMR consistent with the
proposed structure.

(2 (3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine

Bromine (18.6g) was added to a solution of the product (10.4g) from step (f) dissolved in

" glacial acetic acid (150ml). The reaction mixture was stirred at room temperature for 2
hours. Acetic acid was removed in vacuo, added another 100ml and concentrated in
vacuo.  The resulting residue was dissolved in EtOAc and washed with sodium
metabisulfite and 1N NaOH. The organic layer was separated, dried and concentrated in
vacuo to give a brown oil which was then converted to the hydrochloride salt with ethereal
HCl. This solid was filtered, washed with ether and then treated with 1IN NaOH and
EtOAc to get the title product (8.9g) as an orange oil. !H NMR consistent with the
proposed structure.

(h) (3R,5R)-7-Bromo-3-butyl-3-ethyl-2,3.4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide

This compound was prepared following the procedure of Synthetic Example 1(0), using the
product (8.2g) from step (g). Chromatography on silica gel, using hexane: EtOAc (4:1) as
eluant, afforded a foam which ﬁpon trituration in ether gave the title product (5.0g) as a
white solid, mp 132-134°C. |

Analysis: Calcd; C 56.65; H 6.05; N 3.00; Br 17.13; S 6.87
Found: C56.71; H 6.01; N 2.94; Br 17.07; S 6.95

1H NMR (DMSO-dg), 5: 0.64-0.81 (6H, m); 0.97-1.19 (4H, m); 1.22-1.50 (2H, m); 1.69-
1.78 (1H, m); 1.98-2.06 (1H, m); 2.67 (1H, d,); 3.39 (2H, q); 3.92 (3H, s); 5.8 (1H, d);
6.63 (1H, s); 7.29-7.43 (5H, m); 7.55 (1H, s)

Synthetic Example 6



pht hal at e, hydroxypropyl met hyl - cel | ul ose. phthal ate, or ani on{dq f¢#p1888s of
met hacrylic acid and nethacrylic acid methyl ester (Eﬁg i wEmmEET
for Eudragit L, these polyners should also include 10% M

guantity of polymer used) of a plasticizer to prevent nenbrane cracking
during application or on storage. Sui t abP@ pl astici zers include diethyl

pht hal at e, pteghbidbil| off (3K 3RS 7B dnio-3-BESA3 bthf XD A Sk teirghy drb-8 Enéthortye 5-pharyid
control | ed Telease. tanf er NMLETLC-coated tapl ets of Conpositron F can be

prepared b A el Lrdoxige; | 50ng/tabl et of an enteric polyner such
as cellulose acetate phthal ate, polyvinylacetate phthal ate,

ot hact g1 | MeEN orertEBoit sfBS e Pode t@%@?i@ﬁ%ﬁﬁléﬁﬁlf“@i;d dion
~ for Eudr agisolution tofidbe m@ﬂuptrég.ég)s front §ynthetic iBxemplie S0 oin( Gﬁzﬂﬂ GAmb+ Iﬁ@

quantity o bCEAQr r rdzkddasd
during apphagg{n?/gﬁg (S)tﬁﬁﬁatslﬁteérpgﬂgb%%%gogIqeh&pl)l?’atgflj?gﬁgg?%gi c( ?gﬁggdi et Pgrll d

pht hal at e, and jthg,mixtugg stimed: form 30 minytes | nlhe prganie laxen way seRased:

concentrated in vacuo to give a foam. Chromatography on silica gel, using hexane: EtOAc

(N
#~

(9:1) as eluant gave a foam which upon trituration with ether afforded the title product
(1.3g) as a white solid, mp 202-204°C.

Analysis: Caled: C 54.77; H 5.85; N 2.90; Br 16.56; S 6.65

Found : C 54.92; H 5.90; N 2.85; Br 16.65; S 6.75 _

1H NMR (DMSO-dg), &: 0.75-0.86 (6H, m); 1.05-1.41 (5H, m); 1.43-1.64 (1H, m); 1.66-
1.79 (1H, m); 1.83-2.49 (1H, m); 3.46 (2H, s); 3.93 (3H, s); 6.33 (1H, s); 6.67 (1H, s);
7.30-7.50 (6H, m); 8.07 (1H, s)

Synthetic Example 7
Preparation of (3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-
7,8-dioll,1-dioxide '

The product (5.0g) from Synthetic Example 1(o) was dissolved in glacial acetic acid (36
ml) and 48% HBr (36ml) and allowed to stir at reflux for 2 hours. The reaction mixture
was poured into an ice water mixture then basified with 50% NaOH to a pH of 7. The

- reaction mixture was filtered to get a solid which was chromatographed on silica gel, using
hexane: EtOAc (3:2) as eluant, to give the title product (1.6g) as a white solid, mp 117-118
°C. '

Analysis (0.30 HyO): Calcd: C 63.87; H7.04; N 3.55; S 8.12

Found: C 63.86; H7.09; N 3.51; S 8.18

1H NMR (DMSO-dg), 8: 0.76 (3H, t); 0.81 (3H, t); 1.08-2.41 (8H, m); 3.24 (2H, q); 5.83
(1H, d); 6.03 (1H, s); 7.31-7.42 (6H, m); 9.60 (3H, bs)

Synthetic Example 8 ,
Preparation of  (3R,5R)-3-Butyl-3-ethyl-2,3.4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine-7-o0l 1,1-dioxide




Com;oleon A Capsul es can be prepared by adm xi ng the ingredi el& F&B 1398
Conposi tion D above and filling two-part hard gelatin

resulting mixture. Conposition B (infra) may be preparR§ in a smﬁr\g@.{EET
manner. Conposition B ny/capsule (a)- Active ingredient 250

(b) Lactose B.P. 143 2¢)  Sodium Starch dycollate
25 (d)  Mygp&nhtdPraphy 8f MeGeaction from SynthétitBQample 7 produced mixtures which were

combined and rechromatographed using toluene and toluene: EtOAc (95:5) as the eluants,
to afford the title product (0.29g) as a white solid, mp 155-156°C.

Analysis: Calcd: C 65.48; H 7.24; N 3.47; S 7.95

Found: C 65.58; H 7.28; N 3.43; S 8.03

1H NMR (DMSO-dg), 8: 0.76 (3H, t); 0.81 (3H, t); 1.18-2.04 (8H, m); 3.28 (2H, q); 3.82
(3H, s); 5.85 (1H, d); 6.09 (1H, s); 7.31-7.45 (6H, m); 9.43 (1H, s)

Synthetic Example 9
Preparation of  (3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-
benzothiazepine-8-ol 1,1-dioxide

Chromatography of the reaction mixtures from Synthetic Example 7 produced the title
compounds of Synthetic examples 7 and 8. One other product was also isolated during the
chromatography used in Synthetic Example 8. The title product (0.35g) was isolated as a
white solid, mp 165-166°C.
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filling two-part hard gelatin capsules therewith. Conposition D ng/capsul e
Active ingredient 250 2&cithin

100 Arachi anfalysis : Caled: C 65.48; H 7.24; N 3.47; S1065 450
Found: C 65.32; H 7.28; N 3.49; S 8.00
1H NMR (DMSO-dg), 8: 0.77 (3H, ); 0.81 (3H, t); 1.11-2:08 (8H, m); 3.29 (2H, q); 3.44
(3H, s); 5.86 (1H, d); 6.06 (1H, s); 7.32-7.43 (6H, m); 9.73 (1H, s)

Synthetic Example 10
Preparation of  (+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide

(a) 0-(2-benzoyl-5-methoxyphenyl)dimethylthiocarbamate

Sodium hydride (8.8g, Aldrich) was added slowly to a solution of 2-hydfoxy-4-
methoxybenzophenone (50.0g Aldrich) in 300 ml of dimethylformamide.
Hexamethylphosphoramide (43.0g) was then added dropwise and stirred at room
temperature for 2 hours. Dimethylthiocarbamoyl chloride (37.0g Aldrich) was added and
stirred overnight at 50°C. The reaction mixture was poured into deionized water (300mL)
and extracted with a petroleum ether/chloroform (1:4) mixture. The organic layer was
washed with 10% sodium hydroxide, brine and concentrated to give the title product as a
yellow solid (40.0g). 1H NMR was consistent with proposed structure.

(b) S-(2-Benzoyl-5-methoxyphenyl) dimethylthiocarbamate

The product (97.4g) from step (a) was suspended in tetradecane (500mL) and heated to an
internal temperature of 255°C for 30 minutes. After cooling to room temperature, the
reaction mixture was chromatographed on silica gel using hexane, then hexanes/ethyl
acetate (7:3) as eluants to afford the title product (65.0g) as a tan solid, mp 95-97°C. 153
NMR was consistent with proposed striucture. :

© 2-Mercapto-4-methoxybenzophenone

Potassium hydroxide pellets (20.0g) were slowly added to a solution of the product (28.0g)
from step (b) dissolved in 800 ml methanol/tetrahydrofuran (1:1). After refluxing for 4
hours, the reaction was cooled to room temperature, methylene chloride was added and the
solution was extracted with 5% hydrochloric acid. The organic layer was dried and
concentrated. Chromatography on silica gel using hexanes/ethyl acetate (99:1) as the
eluant afforded the title product as an orange oil (17.1g). 1H NMR consistent with
proposed structure.
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Active ingredi ent 250 (b) M crocrystalline Cellul ose 125
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13 513 The controll ed rel ease capsul e conposition can be prepared by
extrudi ng m xed mqredl ents (a), to sing an extruder, then spheronising
and dryi ng(®he &t Zpminobytyeatehyd Cets are coated with a rel ease

control ling nenbrane (d) andfllled into two- part, -hard gel atin capsul es.

Conposi t1 0'}; Ent -'aﬁm(fo egmd (100g Aldrich) in absolute ethanol (300ml) was stirred

under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. The reaction

was stirred overnight at 0°C and then gradually warmed to room temperature.  The
resulting white slurry was heated under reflux for 3 hours, left to cool for 10 minutes, then
poured into chilled diethyl ether (600ml) with hand stirring. The suspension was filtered
and the solid product dried to give the desired product (150g) as a white solid. 1H NMR
consistent with proposed structure.

(e) Ethyl 2-benzylideneaminobutyrate

A solution of the product from step (d) (149.6g), magnesium sulphate (74.3g), and
triethylamine (246ml) in dichloromethane (1500ml) was stirred at room temperature under
nitrogen and benzaldehyde (94.9g, Aldrich) was added dropwise. The mixture was stirred
at room temperature for 3 hours then filtered. The filtrate was concentrated, triturated in
diethyl ether, filtered and concentrated to yield the desired product as a yellow oil (174g).
1 NMR consistent with the proposed structure. |

(f) . (+-)-Ethyl 2-benzylideneamino-2-ethylhexanoate

Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimethylformamide (DMF)
(700mI) were stirred under nitrogen at room temperature and a solution of the product from
step (e) (178.1g) in DMF was added dropwise. After 2 hours stirring at room temperature,
a solution of butyl iodide (149.5g) in DMF was added dropwise and the reaction left
stirring for a further 2 hours. The reaction was poured into an ice cold mixture of water
(560ml), diethyl ether (300ml) and ammonium chloride (120g). The resulting organic
layer was dried over potassium carbonate then concentrated to give the desired product as a
brown oil (220g). '

(2) (+-)-Ethyl 2-amino-2-ethylhexanoate

The product from step (f) (233.0g) was partitioned between petroleum ether and 10% w/w
hydrochloric acid (421ml) and stirred at ro_bm temperature for 2 hours. The aqueous layer
was extracted twice with petroleum ether and then chilled with ethyl acetate in an ice-salt
bath. Sodium hydroxide pellets were added to the mixture until the aqueous layer was at
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the desired product as a colourless oil. 1H NMR consistent with the proposed structure.

(h) (+-)-2-Amino-2-ethylhexan-1-ol

Lithium aluminium hydride (22.2g) was added to anhydrous diethyl ether (450ml) under
nitrogen. The product from step (g) (129.0g) was diluted with diethyl ether (40ml) and
added dropwise. The reaction was refluxed for 1 hour then cooled to room temperature.
IM sodium hydroxide (23ml) was added dropwise followed by deionised water. The
resulting suspension was filtered and the filtrate concentrated to give the desired product as
a folourless oil (87.9g). 1H NMR consistent with the proposed structure.

(IVa) (+-)-2-Butyl-2-ethylaziridine

Acetonitrile (150ml) and the product from step (h) (20.0g) were mixed under nitrogen,
cooled to 2-3°C and chlorosulphonic acid (16.0g, Aldrich) was added dropwise keeping the
temperature below 10°C. The coolant was removed and the slurry left to stir for 80
minutes at room temperature. The reaction was concentrated in vacuo and co-distilled
with water (50ml). 50% Aqueous sodium hydroxide (55.2g) and water (50ml) were added
and the mixture was distilled at atmospheric pressure. The organic layer was collected
from the distillate and dried with solid potassium hydroxide to give the desired product
(12.82). 1H NMR consistent with proposed structure.

()] (+-)-3-Butyl-3-ethyl-8-methoxy-5-phenyl-2,3-dihydrobenzothiazepine

The product (55.2g) from step (IVa), in 2,6-lutidine (IOOml), was added to a solution of the
product (118.5g) from step (c) in 2,6-lutidine (400ml). The reaction mixture was stirred
for 1 hour and p-toluenesulfonic acid (9.0g) was added and then refluxed with a Dean Stark
trap for 17 hours. The reaction mixture was concentrated in vacuo and the residue was
partitioned between 5% NaHCO3 and EtOAc. The organic layer was separated, dried and
concentrated to get an oil which was chromatographed on silica gel, using hexane: EtOAc
(85:15) as the eluant, to afford the title product (124.3g) as an orange oil. 1H NMR
consistént with the desired structure.
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separated, dried and concentrated in vacuo to give an oil which was chromatographed on

silica gel, using hexanes then toluene as the eluants to afford the desired product (4.9g) as a
yellow oil. 1H NMR consistent with the desired structure.

()] (+-)-Trans-3-butyl-3-ethyl-2,3 ,4,5-tetrahydro-8-methoxy-5—phenyl- 1,4-
benzothiazepine 1,1-dioxide

A solution of the product (4.9g) from step (k) in trifluoroacetic acid (50ml) was added to
30% H-yO» in trifluoroacetic acid (50ml). The reaction mixture was stirred at room
temperature for 17 hours, then poured into deionized water (200ml) followed by the
addition of NaOH pellets until a pH of 14 was obtained. = The reaction mixture was
warmed, at 45°C, for 3 hours then extracted with dichloromethane. The organic layer was
separated, dried and concentrated to give an oil which was chromatographed on silica gel,
using hexane : EtOAc (9:1) as the eluant, to give the title product as a white solid, mp 123-
125°C.

Analysis: Calcd: C 68.18; H 7.54; N 3.61; S 8.27

Found: C 68.19; H 7.49; N 3.55;S 8.35

1HNMR (DMSO-dg), 8: 0.73-0.85 (6H, m, CH3); 1.07-1.47 (4H, m, CH»); 1.48-2.20 (4H,
m, CHy); 2.48-2.53 (1H, d, NH); 3.51 (2H, q, CH»S05); 3.84 (3H, s, OMe); 5.90 (1H, d,
CHPh); 6.50 (1H, d, ArH); 7.09-7.20 (1H, m, ArH); 7.32-7.48 (6H, m, ArH)

Synthetic Example 11
Pl_'eparat_ion of (+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-
8-ol 1,1-dioxide

This compound was prepared following the procedure of Synthetic Example 7, using the
product (4.8g) from Synthetic Example 10(1). Chromatography on silica gel, using
hexane: EtOAc (4:1) as the eluant, gave the title product (1.8g) as a white solid, mp 130-
132°C.
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Found: C 67.26; H 7.21; N 3.76; S 8.65 --

1H NMR (DMSO-dg), 8: 0.70-0.86 (6H, m); 0.96-1.23 (4H, m); 1.25-1.49 (1H, m); 1.66-
1.75 (1H, m); 1.98-2.07 (1H, m); 2.40 (1H, d); 3.33 (2H, q); 5.82 (1H, d); 6.35 (1H, d);
6.77-6.80 (1H, m); 7.24-7.38 (6H, m); 10.0 (1H, s) -

Synthetic Example 12 _ :
Preparation of (+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-
4 8-diol 1,1-dioxide

The product (1.0g) from Synthetic Example 11 was dissolved in methylene chloride
(100ml), cooled to '
0°C and m-chloroperbenzoic acid (0.55g, 57-86%, Aldrich) was added. The reaction
mixture was stirred at ice bath temperatures for 5 hours then 5% NaHCO3 was added to
neutralize excess acid. The organic layer was separated, dried and concentrated in vacuo.
The resulting residue was chromatographed on silica gel, using hexane: EtOAc as the
eluant, to afford the title product (0.68g) as a pale yellow solid, mp 213-214°C.

Analysis: Calcd: C 64.76; H 6.99; N 3.60; S 8.23
Found: C 64.86; H 7.03; N 3.63; S 8.31

1H NMR (DMSO-dg), 3: 0.77-0.89 (6H, m); 1.09-1.64 (6H, m); 1.68-2.03 (2H, m); 3.36
(2H, q); 6.30 (1H, s); 6.44 (1H, d); 6.82-6.87 (1H, m); 7.27-7.49 (6H, m); 7.89 (1H, s);
10.0 (1H, s)

Synthetic Example 13
Preparation of  (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methyl-5-phenyl-1,4-
benzothiazepine 1,1-dioxide

(a) 3-Methylphenyl benzoate

A solution of benzoyl chloride (32.5g, Aldrich) in ether (200ml) was added dropwise to a
stirred solution of m-cresol (25.0g, Aldrich) and triethylamine (27.2g, Aldrich) in ether
(500ml). The reaction mixture was stirred at room temperature for 1 hour then filtered.
The ethereal filtrate was washed with saturated NaHCO3 and water then dried over
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)] 2-Hydroxy-4-methylbenzophenone

The product (48g) from step (a) was melted (at 70°C) and aluminum chloride (30.2g) was

added in portions. The reaction mixture was heated to 200°C for 5 minutes, then cooled

to room temperature. The resulting solid was ground to a powder and slowly added to a

mixture of conc. HCI (800ml) and ice. This mixture was extracted with ether and the ether

was washed with water. The ether layer was separated, dried and concentrated. The

resulting residue was chromatographed on silica gel, using toluene as the eluant, to afford
- the title product (39g) as a yellow oil. 1H NMR consistent with the desired structure.

| (c) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methyl-5-phenyl-1,4-
benzothiazepine 1,1-dioxide

The product from step (b) was converted to the title product following the procedures used
in steps (a) to (1) of Synthetic Example 10. The title product was isolated as a white solid,
mp 121-122°C ' '

Analysis : C71.12; H7.87; N 3.77; S 8.63
Found: C 71.23; H 7.94; N 3.67; S 8.74

1H NMR (DMSO-dg); &: 0.77-0.82 (6H, m); 1.16-2.07 (8H, m); 2.36 (3H, s); 3.37 (2H, q);
5.92 (1H, d); 6.47 (1H, d); 7.27-7.39 (6H, m); 7.79 (1H, s) _ |

Synthetic Example 15
Preparation of (+-)-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

Chromatography of the reaction from Synthetic Example 14 (c) afforded the corresponding
sulfide compound(2.3g) of the title product as an oil. lH NMR was consistent for the
desired structure. This oil was then treated, according to the procedure shown in Synthetic
Example 1 (0), to yield the title product (0.65g) as a white solid, mp 83-85°0.C.

Analysis: Calcd: C 65.05; H 7.64; N 3.03; S 6.95



One-fifth of the Wtepsol H15 is nelted in a steamjacketed hUaIFEB%ﬂéC
maximum: The active ingredient is sifted through a 20RPiA

the nol ten base with mixing, using a Silverson fitted with a cutting head,
until a snooth dispersion is achieved. Mintaining the nixture at 45[err]C
the remaining Wtepsol H15 is added to t A8 suspension which is stirred to
ensure .a hEHmRAGNCUH.8D; H 7.TReN 29 B&.Fluspensi on i s then passed through a
2501m st ai nl ess steel screen and, with continuous stirring, allowed to cool
to 40[err]C. At a tenperature of 38-40[err]C, 2.02g aliquots of the m xture
are filled IHhNMRDMSED-dg)p|5aHt74e0.86(6H s)ah D7t hE4(8Hpp)s2 53¢ 1iHe s1):aB BO@EH m)
cool o 0 FAIEHPE; e, 4 JIORESHA 34 BATHOS DI (H] JF56 BRABGY, 78I M5(SH,

i ngredi ent
m), 7. 51(1H s)

Synthetic Example 17
Preparation of (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepin-
8-thiol 1,1-dioxide

The product from Synthetic Example 11 was treated according to the procedures shown in
Synthetic Example 1 (IVa)-(k) to give the title product as a white solid, mp 108-110° C.

Analysis: Calcd: C 64.75; H 6.99; N 3.60; S 16.46
Found: C 64.83; H7.03; N 3.56; S 16.54

1H NMR(DMSO-dg), 5: 0.70-0.81(6H, m); 1.05-2.06(8H, m); 2.54(1H, d); 3.37(2H, q);
5.85(1H, d); 6.06(1H, broad s); 6.40(1H, d); 7.26-7.40(6H, m); 7.90(1H, s)

Synthetic Example 18
Preparation of (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-
8-sulfonic acid 1,1-dioxide

The product(5.3g) from Synthetic Example 17 was dissolved in DMSO (13 ml). Water (0.3
ml)and 48% HBr (0.2 ml). were then added. The reaction mixture was heated to 1200 C,
allowing for distillate to be removed, for a period of 4 hours. The reaction mixture was
cooled to room temperature, diluted with 1IN NaOH, and filtered through a sintered glass
funnel. The filtrate was acidified with IN HCl, the resulting solids were filtered and dried
to get the title product(1.6g) as a beige solid, mp>295°C.

Analysis: Caled. C57.64; H6.22; N 3.20; S 14.65
Found: C 57.48; H6.19; N 3.25; S 14.73

1H NMR (DMSO-dg), s: 0.82-0.95(6H, m); 1.32-2.06(8H, m); 2.54(1H, d); 3.93(2H, q);
4.70(1H, broad s); 6.23(1H, s); 6.93(1H, d); 7.60(6H, broad s); 7.84(1H, d); 8.30(1H, s)



;12 Anhydr ous Dextrose 380 Potato Starch 10 FEB 1998

3 .,Magnmesi um St ear at e 7 1000 T é:l,e
m xed di rectly and pessaries prepared by conpressi OFEM@ES&W@‘F
m xture. (viii) Transdermal conposition Active ingredient

200y Al cohol USP 35 0.1m Hydroxyethyl cellul ose
The active ¢ aghead iEsampiish al cohol USP are gelled with hydroxyet hyl

|1 ul
g% elrjr i) .se Preparation of (+-)- 1-;[11{3? E%thyqavi Eg-tetrahydro- wcilme oxy gphoefnyllp4-
benzothiazepine 1,1-dioxide

(a) 2-Hydroxy-3,4-methoxybenzaldehyde

Aluminum chloride(21.8g) was added, spatula-wise, to an ice-chilled solution of benzoyl
chloride(22.1g) and 1,2,3-trimethoxybenzene(25.0g) in 1,2-dichloroethane (250 ml). The
reaction mixture was stirred at 0-5°© C for 3 hours, then heated to reflux for 2 hours. The
reaction mixture was then poured onto ice/concentrated HCI (100 ml) and stirred for 30
minutes, then extracted with diethyl ether. The organic layer was separated, dried and
concentrated to get a solid(23.0g). Chromatography on silica gel , using
toluene:EtOAc(9:1) as eluant, afforded the title product(18.0g) as a white solid, mp 127-
1280 C. 1H NMR consistent with the desired structure. '

b) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8,9-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide

The product from step (a) was converted to the title product following the procedures used
in steps (a) to (1) of Synthetic Example 10. The title product was isolated as a white solid,
mp 142-144° C.

Analysis: C 66.16; H 7.48; N 3.35; S 7.68
Found: C 66.03; H 7.53; N 3.28; 8 7.77

1H NMR(DMSO-dg), & 0.64(3H, t); 0.81(3H, t); 0.87-2.08(8H, m); 2.42(1H, d);

3.73(2H, q); 3.75GH, s); 3.79(3H, s); 5.50(1H, d); 6.05(1H, d); 6.97(1H, d); 7.27-7.41(5H,
m) :

Synthetic Examples 25-48

Each of the following examples was prepared by a method analagous to that of Synthetic
Example 1, by one of the other exemplified routes or by chemical methods known to those
in the art. In all cases, IH NMR and elemental analysis were consistent with the proposed
structure.



46 CLAINS A conmpound of the fornula (1Va) [err] wherein R rm]FEB;lgga

strai ght chained C1 6 alkyl group; R2 is a straig Hai
g‘fo_up; R3 is hydrogen or a group OR[err] in whi chw&b\r& MX&HEET
optionally substituted CJerr] alkyl or a (ferr] alkylcarbonyl group; Rerr]

un- substituted phenyl; Rerr] is hydroge3‘é Rlerr] and R err] are
I ndependently selected from hydrogen, Cl1 4 al kyl optionally

(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 137-1380C

(26) (+—)-Trans-3-butyl-3-e_thyl-2,3,4,5-tetrahydro-7,8,9—trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 169-1700 C

(29) (3R,5R)-3-butyl-7,8-diethoxy-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine 1,1
dioxide 0.20 hydrate, mp 110-1110C

(30)  (+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4--
benzothiazepine 1,1-dioxide, mp 45-54° C

(1) (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-(methy1thio)—5;phenyl-1,4-
benzothiazepinel,1-dioxide hydrochloride, mp 194-1970 C

(32)  (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-isopropoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide hydrochloride, mp 178-181° C

(33)  (+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-
carbaldehyde 1,1-dioxide, mp 165-1700 C

(35) 3,3-Diethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,4-benzothiazepine-'1,1-
dioxide, mp 163-164° C

(37 3,3-Dieﬂ1yl-2,3,4,5-fetrahydro-S-methoxy-S-phenyl-1.,,4-benzoﬂ1iazepine-1,l-
dioxide, mp 132-1330C ' :

(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-tetrahydro-4-hydroxy-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 205-206° C

40) (+-)-Trans—3-butyl-8-ethoxy-3-ethyl-2,3,4,5-tétrahydro-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide, mp 149-1500 C



sulbsftltut ed by fluorine, (err] alkoxy, halogen or hydroxy; r Bi S _
selected fromOR[err], S(OnRerr], OCOR err

OCH err]OR[err], OCH:CHR[err], O(CI—I[err]]CH[err]BEE[lé&ak Tgﬁ‘aEET
QCH[err])pSQerr]R[err], Q(CH2) pNR{err] R err] and
O(CH[err])pN+R[err]R[err]R[err] wherein I's an integer from14 nis

i nteger fr
sel ected f

Rlerr] are ?‘F@ %%gﬁ,‘b‘p ﬁP?Tdé tlona

0- Fhiity1-381131-2]3,4, Rl hly dionslisspipoky-3-shehyidEpendent |
Gﬁ‘) @- }L‘y zﬁﬁs{:ltutéd C[pgr)r,] If’;llllk&; R9 and
s hydrogen or Clerr] alkyl;

salts, solvat es and physi ol ogi cal ly funct ional derrvatives thereof. 2.

conpound a

A corrpound

hydr ogen.

OR[err].

nmet hoxy.

5.

an
y

and

A

cof Tyt Bl kel ki P8 %“2‘%% B boin

henzothlazepmﬁ}ohhdl ch@od¢,dmm§4-96° gny of claims 1 to where R7 i

1,1-dioxide, mp 215-2200 C

(44)  (+)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4,7,8-trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide, mp 169-1870 C

(45) (+-)-Trans-3-butyl-3-e_thyl-5-phenyl-2,3,4,5-tetrahydro-7,8-dimethoxy-1,4-
benzothiazepin-4-yl acetate S,S-dioxide, mp 154-156° C

(46)  3,3-Diethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol1,1-dioxide, mp
177-178° C '

(47)  3,3-Diethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-benzothiazepin-8-ol 1,1-
dioxide '

(48)  3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide

Biological Assay
In vivo inhibition of bile acid uptake

A conpound according to any of claims 1 to 5 where R7 is
(43)  (3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazpin-4,7,8-triol-

S

Inhibiting intestinal bile acid absorption with bile acid sequestrants or surgically with

partial ileal bypass surgery is an effective way to decrease plasma LDL cholesterol
concentration. Another approach to decreasing bile acid absorption is inhibiting the ileal
bile acid active uptake transport system. It has been shown that this inhibition, as measured

by the fecal excretion of bile acids results in hypocholesterolemic activityl.

(1) Lewis, M.C.; Brieaddy, L.E.; and Root, C. Effects of 2164U90 on Ileal Bile Acid
Absorption and Serum Cholesterol in Rats and Mice. J. Lipid. Research., 1995, 36, 1098-

1105.

Fecal Excretion of Bile Acids




6. ’ A conmpound according to any of clains 1 to 4 wh ﬁB 9&3
both methoxy. 7. A compound sel ected fromthe grou?%éﬁ T SHEET
(fSR 5R) - 3-Butyl - 3-et hyl -2, 3, 4, 5-t et r ahydro- 7, 8- di net hoxy- 5- phenyl -1, 4-
benzot hi azepine 1, 1- d|0X|de

(3R, 5R)-3-Butyl -3-ethyl -2, 3,4, 5- tetrahyd?% 7, 8-di net hoxy- 5- phenyl - 1, 4-
benzot hi az Mhlﬂ Sprague-Datvieh faxs dieighmg 220-260 g were housed in individual cages and fed

(+=)- Trans. 3 §| VIR i ‘gerb%i\ﬁdgd i & BBaHeRt drofipdbf R L3S rart pRP §ROMp: The 4-

benzot hi az8

(+-)-Transi8s bmﬂrqldoSscbeyﬂraIZg&ag;G mdy/10th gdbasly7 weightnwithotest- compprunds -as a 4, -
suspension in 0.5% methylcellulose at 9:00 am and 3:30 pm for two days. The control
group received 0.5% methylcellulose. Two hours after the morning dose on day two, the
rats were given a trace amount(l.3 nmoles) of 23, 25-75Se-homocholic acid
taurine(75SeHCAT) in 1.0 mL saline orally. 75SeHCAT, a synthetic gamma emitting bile
acid analog which is absorbed by the ileal bile acid uptake system similar to taurocholic
acid, has been used clinically as a measure of ileal bile acid absorption1’2~ Feces were
collected over the 24 . hr following 79SeHCAT administration. Fecal content of
758eHCAT was determined using a Packard Auto-Gamma 5000 Series gamma-counter.
Representative data are tabulated in Table 1 as the % inhibition of 758eHCAT.

¢)) Galatola, G.; Jazrawi, R. P.; Bridges, C.; Joseph, A. E. A. and Northfield, T.
C. Direct Measurement of First-Pass Ileal Clearance of a Bile Acid in Humans.
Gastroenterology . 1991, 100, 1100-1105.

2) Ferraris, R.; Galatoa, G.; Barlotta, A; Pellerito, R.; Fracchia, M.; Cottino, F. and
De La Pierre, M. Measurement of Bile Acid Half-Life Using [7Se]JHCAT in
Health and Intestinal Diseases. Dig. Dis. Sci. 1992, 37, 225-232. '

TABLE 1 (% Inhibition of 75SeHCAT)

Dose (mg/kg)
Compound of} 1.0 0.3 0.1
Example .
1 ' 51 |54
7 65 72
9 80 70
10 53 33
11 72 71
14 56 41
16 44 34
18 39 12
24 49 24
45 26 6
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(3R, 5R) »7-Bronp-3-butyl - 3-et hyl - 2, 3, 4, 5- t et r ahydr o- REPLACEMENTSHEEL
benzot hi azepi ne 1, 1-di oxi de; R
(3R, 5R) - 7- Br onp- 3- but yl - 3-et hyl -2, 3, 4, 5-% et rahydr o- 8- net hoxy- 5- phenyl - 1, 4-
benzot hi azepi n-4-ol 1,1 -di oxide; 9
(3R55R) - 3hBUt yl -3-ethyl -2, 3,4, 5-tetrahydro-5-phenyl -1
, 4-benzot hi azepi ne-7, 8- diol, 1, 1-di oxide; . . . . '
(3R, 5R) - 3- BuEgmPEIRaphhe 508! Fétive, eppmmpd specifisglby dipglosed e pationg: Paren
benzot hi az&pplieationl Nd., WQiP34l 605 produced a 9% inhibition of 7 SeHCA\{" at 1.0 mg/kg in
(3R 5R) - 3- lﬁﬂg ngg- et hyl -2, 3, 4, 5-tetrahydr o- 7- net hoxy- 5- phenyl -1, 4-
benzot hi azepi n-8-ol 1, 1-di oxi de; -
(+-)-Trans-3-butyl -3-ethyl -2, 3, 4, 5-tetrahydro- 8- net hoxy-5. - phenyl - 1, 4-
benzot hi az pRhiicduticalCOmbE&iion Examples
(+-)-Trans=3-puryr-3-etnyt -2, 3,4, 5-tetrahydro-5 -phenyl -1
, 4- benzot hi azepi n- 8- ol

- In the following Examples, the active compound can be any compound of formula (IVa)

and/or a pharmaceutically acceptable salt, solvate, or physiologically functional derivative
thereof. The active compound is preferably (3R,5R)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-

~ 7,8-dimethoxy-5-phenyl-1-4-benzothiazepine 1,1-dioxide or one of the compounds of
Synthetic Examples 2 to 53.

(IVa) Tablet compositions

‘The following compositions A and B can be prepared by wet granulation of ingredients (a)
to (c) and (a) to (d) with a solution of povidone, followed by addition of the magnesium
stearate and compression.

Composition A
‘ mg/tablet mg/tablet
(a) Active ingredient 250 250
(b) Lactose B.P. 210 26
(c) Sodium Starch Glycollate 20 12
(d)  Povidone B.P. 15 9
(e) Magnesium Stearate 5 3
500 300
Composition B
. mg/tablet mg/tablet
(a) Active ingredient 250 250
(b) Lactose 150 . 150 -
(©) Avicel PH 101 60 26
(d)  Sodium Starch Glycollate 20 12
(e Povidone B.P. 15 9
® Magnesium Stearate 5 3

500 300



1, 1-di'oxi de; (+-)-Trans-3-butyl -
1, 1- d| oxi de;
(+ ) - Trans- 2- (( 3- but yl - 3-et hyl -
benzot hi azepi n- 7-yl ) net hoxy) et hanol

4 benzet hi azepi ne-4, 8- di ol

(+-)-Trans-3-butyl -3-ethyl -

-2,3,4,5-tetrahydro-5 ﬂeﬁBHgB
REPLA c

MENT SHEET

2,3, 4,5-tetrahydro- 8- net hoxy-5- phenyl - 1, 4-
S, S-di oxi de;

.3, 4,5-tetrafddro-5-phenyl - 1
, 4- benzot hi azepi n- 8-t hi ol 1 1 d|0X|de

(+-)-Trans-3-buty] -3-ethyl -2, 3, 4, 5-tetrahydro-5- phenyl -
, 4- benzot hiGomROSHION.C syl fonic acid 1,1 -di oxi de; 48
(+-)-Trans-3-butyl-3-ethyl-2,3 , 4, 5-tetrahgthbet8, 9-di net hoxy-5- phenyl - 1, 4-

Active ingredient
Lactose

Starch

Povidone
Magnesium Stearate

100
200

50

5
4
359

The following compositions D and E can be prepared by direct compression of the
admixed ingredients. The lactose used in composition E is of the direct compression type.

Composition D

Active ingredient
Magnesium Stearate
Pregelatinised Starch NF15

Composition E

Active ingredient
Magnesium Stearate
Lactose

Avicel

mg/tablet
250

4
146
400

mg/tablet
250

5
145
100
500

Composition F (Controlled release composition)

(@ = Active ingredient

(b)  Hydroxypropylmethylcellulose
(Methocel K4M Premium)

(c) Lactose B.P.
(d  Povidone B.P.C.
()  Magnesium Stearate

tablet
500
112

53
28

700
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(3R,5R) +3-butyl - 7, 8-di et hoxy- 2, 3, 4, 5- t et r ahydr o- 5- phREPLACEMENT SHEET

e 1, 1- dioxide;

(+-)-Trans- 3-butyl -8-et hoxy-3-ethyl -2, 3,4, 5-tetrahydro-5-phenyl - 1, 4-

benzot hi azepi ne 1, 1-di oxi de; 41 :

g+-)-TLans 3-butyl - 3 ethyl -2, 3,4, 5-tetrahydro-8-i sopropoxy-5-phenyl -1, 4-
enzot hi azepi ne 1,1 -di oxi de hydrqchl ori de;

(+)-Trans et?t?f“;ﬂos‘ﬁ‘%t%?l eng}rlyare “Bye el rgripdation of. ingredients (a) to (c) with a

, 4- benzot higlagen of povidoaepollowsy Ue addifion obthedrdgnesium stearate and compression.

3,3-Diethyl-2,3,4,5-tetrahydro-7, 8-di net hoxy-5-phenyl -1, 4- benzot hi azepi ne

1, 1- di oxide; i

3, 3- Di et hy Cothpdsitios G @ntexivyabateddablet) hoxy- 5- phenyl - 1, 4- benzot hi azepi ne 1, 1-

di oxide; 3,3-Diethyl-2,3 ,4,5-tetrahydro-5-phenyl- 1

, 4- benzot hi_azpi n- 4, 8- d|oI 1,1-dioxj de;
Enteric-coated tablets of Composition’ C can be prepared by coating the tablets with

25mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic polymers of methacrylic
acid and methacrylic acid methyl ester (Eudragit . L). Except for Eudragit L, these
polymers should also include 10%. (by weight of the quantity of polymer used) of a
plasticizer to prevent membrane cracking during application or on storage. Suitable
plasticizers include diethyl phthalate, tributyl citrate and triacetin.

Composition H (Enteric-coated controlled release tablet)

Enteric-coated tablets of Composition F can be prepared by coating the tablets with
~ 50mgf/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate
- phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic polymers of methacrylic

acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these

polymers should also include 10% (by weight of the quantity of polymer used) of a

plasticizer to prevent membrane cracking during application or on storage. Suitable

plasticizers include diethyl phthalate, tributy! citrate and triacetin.

(ii) Capsule compositions

Composition A

Capsules can be prepared by admixing 'the ingredients of Composmon D above and filling
two-part hard gelatin capsules with the resulting mixture. Composition B (infra) may be
prepared in a similar manner.

Composition B
mg/capsule
(a) Active ingredient 250
(b) Lactose B.P. 143
(c) Sodium Starch Glycollate 25

(d) Magnesium Stearate 2
' 420



(RS) 3,3-Diethyl-2,3,4,5-tetrahydro-4-hydroxy-7, 8-di rrethoxy Bﬂp

benzot hirazepi ne 1, 1 d|0X|de

(+-)-Trans-3-butyl -

benzot hi azepi n-4-ol 1,1 -di oxide;

(+-)-Trans-3-butyl - 3- ethyl 2,3,4,5- tetraﬁ%dro 8- i sopropoxy- 5- phenyl -1, 4-
benzot hi azepi n-4-ol 1, 1- d|0X|de

(+-)-Trans-3-

8- et hoxy- 3- ethyl

1,4- benzo

T SHedT

2,3,4,5-tetrahydro 5 phenyl 1, 4-

but..I-% ethyl -2, 3,4, 5-tetrahydro-7,8,9-tri net hoxy- 5- phenyl
-ol 1, 1-di oxide;

(3R, 5R) - 3-butyl - 3-et hyl -2, 3 4,5- tetrahydM&gghi_nyl“-

, 4- benzoth zp| ﬁ%mgﬁ] n?l 1 1- di oxi de;

(+ )-Tr ans

- benzot hi éb)epl N{ﬂclogpldo Bhe:
5- phenyl
benzot hi azepi n-4-yl acetate S, S dioxide;.

(+-)-Trans-3-butyl - 3-ethyl -

3,4,5-tetra

%§8r 0-4,7,8-trimet hoxy-5-phenyl-1,4

-2, 3, 40b-t et rahydro-7, 8-di net hoxy- 1,

Capsules can be prepared by melting the -Macrogol 4000 BP, dispersing the active
ingredient in the melt and filling two-part hard gelatin capsules therewith.

Composition D

Active ingredient
Lecithin
Arachis Oil

mg/capsule
250

100
100
450

Capsules can be prepared by dispersing the active ingredient in the lecithin and arachis oil
and filling soft, elastic gelatin capsules with the dispersion.

Composition E (Controlled release capsule)

(@  Active ingredient

(b)  Microcrystalline Cellulose

(c) Lactose BP
(d)  Ethyl Cellulose

mg/capsule
250

125

125

13
513

The controlled release capsule composition can be prepared by extruding mixed ingredients
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried pellets
are coated with a release controlling membrane (d) and filled into two-part, hard gelatin

capsules.

~ Composition F (Enteric capsule)

mg/capsule

(@)  Active ingredient

(b)  Microcrystalline Cellulose

250
125



- | Y 098
9 3,d|30>[c): S;hyl 2,3,4,5-tetrahydr o-.5- phenyl - 1, 4- benzoﬁé?’f&&ﬁ%&-r SHEET

4
1’ 1 . .
3, 3-Di et hyl -2, 3, 4, 5-tetrahydro- 7- met hoxy- 5- phenyl - 1, 4-benzot hi azépi n- 8- ol
1, 1- dioxide; _
3,3-Dibutyl -2, 3, 4, 5-tetrahydro-5-phenyl - f34 benzot hi azepi n- 8- ol

1, 1-di oxi de(c) or Iaac&&stP sol vate, or physitflogically functional derivative

Egg S(I;; 3- Bﬁf}?yl %&R{f'ﬁsg%c%t% gﬁ@;l?{e%t];;ﬁg]dr o5 7, 8-di rret hoxy- 5- phenyl -1, 4-

benzot hi azeg) ne lll,eﬂmyrlinﬂlalwe
(3R 5R)-3-Butyl -3-ethyl -2, 3, 4, 5- tetrahydr5)557 met hoxy- 5- phenyl -1 , 4-

benzot hi azelgﬁn 8-ol 1,1- di oxi de; or a salt, solvate, or, physiol ogtjl cally
functi onal e enteric capsule composition can be prepared by extruding mlxed 1ngred1en s (a) to (c)

using an extruder, then spheronising and drying the extrudate. The dried pellets are coated
with an enteric membrane (d) containing a plasticizer (¢) and filled into two-part, hard
gelatin capsules.

Composition G (Enteric-coated controlled release capsule)

Enteric capsules of Composition E can be prepared by coating the controlled-release pellets
with 50mg/capsule of an enteric polymer such as cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or anionic polymers
of methacrylic acid and methacrylic acid metﬁyl ester (Eudragit L). Except for Eudragit
L, these polymers should also include 10% (by weight of the quantity of polymer used) of
a plasticizer to prevent membrane cracking during application or on storage. Suitable
plasticizers include diethyl phthalate, tributyl citrate and triacetin.

(iii) Intravenous injection composition

Active ingredient 0.200g
Sterile, pyrogen-free phosphate buffer (pH 9.0) to - '10ml

The active ingredient is dissolved in most of the phosphate buffer at 35-40°C, then made
up to volume and filtered through a sterile micropore filter into sterile 10 ml glass vials
(Type 1) which are sealed with sterile closures and overseals.

(iv) Intramuscular injection composition

Active ingredient : 020¢g
Benzyl Alcohol | ' 0.10g
Glycofurol 75 145¢

Water for Injection g.s. to ~ 3.00ml
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SOﬂJltOl Solutlon 1.50g
Glycerol 1.00g
Sodium Benzoate 0.005g
Flavour 0.0125ml
Purified Water g.s. to 5.0ml

The sodium benzoate is dissolved in a portion of the purified water and the sorbitol
solution added. The active ingredient is added and dissolved. The resulting solution is
mixed with the glycerol and then made up to the required volume with the purified water.

(vi) Suppository composition

mg/sﬁppository
Active ingredient 250
Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 1770
2020

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45°C maximum. The
active ingredient is sifted through a 200lm sieve and added to the molten base with mixing,
using a Silverson fitted with a cutting head, until a smooth dispersion is achieved.
Maintaining the mixture at 45°C, the remaining Witepsol H15 is added to the suspension
which is stirred to ensure a homogenous mix. The entire suspension is then passed
through a 250lm stainless steel screen and, with continuous stirring, allowed to cool to
40°C. Ata temperature of 38-40°C, 2. 02g aliquots of the mixture are filled into suitable
plastic moulds and the suppositories allowed to cool to room temperature.

(vii) Pessary composition

mg/pess
Active ingredient (631m) 250
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The above ingredients are mixed directly and pessaries prepared by compression of the
resulting mixture.

(viii) Transdermal composition

Active ingredient 200mg
Alcohol USP 0.1ml
Hydroxyethyl cellulose

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and packed
in a transdermal device with a surface area of 10 cm2.
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thereof. 4 A compound of the formula (IVa) :

wherein
R1 is a straight chained C1.6 alkyl group;
R2 is a straight chained C1.6 alkyl group;
R3 is hydrogen or a group OR!1 in which R11 is hydrogen, optlonally substituted

A -6 alkyl or a C1.g alkylcarbonyl group;

is un-substituted phenyl;

R3 is hydrogen;
R6 and R® are independently selected from hydrogen, Ci.4 alkyl optionally
substituted by fluorine, Cy.4 alkoxy, halogen or hydroxy;
R7 is selected from ORIS, S(0),R15, OCORIS, OCF3;, OCN, SCN, CHO,
OCH,OR15, OCH=CHRIS, O(CH, CH20)nR15 O(CHz)pSO3R15
0(CH2)pNR12R13 and O(CHz)pN+R12R13R14
wherein p is an integer from 1-4, n is an integer from 0-3 and R12 R13 R14 and
R15 are independently selected from hydrogen and optlonally substituted Ci.¢
alkyl;
R9 and R10 are the same or different and each is hydrogen or Ci.6 alkyl;

and salts, solvates and physiologically functional derivatives thereof.

2. A compound according to Claini 1 wherein R1 is ethyl and R2 is n-butyl.

3. A compound according to Claim 1 or Clalm 2 wherein RY and R10 are both
hydrogen.

4, A compound according to any of claims 1 to 3 where R7is OR1S,

5. A compound according to any of claims 1 to 5 where R7 is methoxy.

6. A compound according to any of claims 1 to 4 wherem R6 and R7 are both
methoxy

7. A compound selected from the group consisting of :
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(3R,5R)-3 -Buty1-3-ethyl-2,3,4,5-teﬁahydro-7,8-dimethoxy-5-phenyl-1 4-
benzothiazepine 1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4 »>-tetrahydro-7,8-dimethoxy-5-phenyl-1,4-
benzothiazepin-4-ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4 5-tetrahydro-7 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-tetrahydro-5-phenyl-1 ,4-benzothiazepine-7,8-diol
1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3,4 5-tetrahydro- -methoxy-5-phenyl-1,4-
benzothiazepin-7-ol 1,1-dioxide;

(3R,5R)-3-Butyl-3-ethyl-2,3 ,4,5-tefrahydro-7—methoxy-5-phenyl- 1,4-
benzothiazepin-8-ol 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5- tetrahydro-S-phenyl 1,4-benzothiazepin-8-ol
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepine-4,8-
diol 1,1-dioxide;

' (+-)-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-5-phenyl-1,4-benzothiazepin-8-thiol
1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-benzothiazepin-8—
sulfonic acid 1,1-dioxide;
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(+-)-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-7,8-diethoxy-2,3,4,5- tetrahydro-S-phenyl -1,4-benzothiazepine 1,1-
d10x1de,

(+-)-Trans-3-buty1-8-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-
benzothiazepine 1,1-dioxide hydrochloride;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1 ,4-benzothiazep'in-8-
carbaldehyde 1,1-dioxide;

3,3-Diethyl-2,3,4 5-tetrahydro 7,8- dlmethoxy-S-phenyl 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-Diethyl-2,3,4,5-tetrahydro-4-hydroxy-7,8-dimethoxy-5-phenyl-1,4-

* benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-8-ethoxy-3-ethyl-2,3,4,5- tetrahydro-S-phenyl-l 4-

" benzothiazepin-4-ol1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5- tetrahydro-8-1sopropoxy-5-phenyl-1 4-
benzothiazepin-4-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-4,7,8-trimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;

(+-)-Trans-3-butyl-3-ethyl-5-phenyl-2,3 ,4,5-fetrahydro-7,8-dimethoxy-l 4-
benzothiazepin-4-yl acetate S,S-dioxide;
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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-
d10x1de

3,3-Dibutyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-ol 1,1-dioxide;
or a salt, solvate, or physiologically func_tional derivative thereof.

A compound selected from:

(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7, 8-dimethoxy-5-phenyl-1,4-
benzothiazepine 1,1-dioxide;
(3R,5R)-3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-1,4-
benzothiazepin-8-ol 1,1-dioxide; or a salt, solvate, or physiologically functional
derivative thereof.

(+-)-Trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-1,4-benzothiazepin-8-
sulfonic acid 1,1-dioxide, or a salt, solvate, or physiologically functional derivative
thereof. .

A method of treating a clinical condition in a mammal for which a bile acid _upfake
inhibitor is indicated which comprises, administering to a mammal an effective bile
acid uptake inhibition amount of a compound according to any one of claims 1-9.

A method of treating a hyperlipidemic condition in a mammal which comprises,
administering to the mammal an effective hyperlipidemic treatment amount of a
compound according to any one of claims 1-9.

The method of claim 11 wherein the hyperlipidemic condition is  atherosclerosis.

A pharmaceutical composition comprising a compound according to any one of
claims 1 to 9, or a pharmaceutically acceptable salt, solvate or physiologically
functional derivative thereof, at least one pharmaceutically acceptable carrier, and
optionally one or more other physiologically active agents.

A compound according to any one of Claims 1 to 9 or a pharmaceutically
acceptable salt, solvate, or physiologically acceptable salt, solvate, or
physiologically functional derivative thereof for use in medical therapy.

A compound according to any one of claims 1 to 9 or a pharmaceutically acceptable
salt, solvate, or physiologically functional derivative thereof for use in the
prophylaxis or treatment of clinical condltlons for which a bile acid uptake inhibitor

-is indicated.
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16.  Use of a compound according to any one of Claims 1 to 9 or a pharmaceutically
~ acceptable salt, solvate, or physiologically functional derivative thereof in the
manufacture of a medicament for the prophylaxis or treatment of a clinical
condition for which a bile uptake inhibitor is indicated.

17. A process for the preparation of a compound of formula (IVa), or a salt, solvate or
- physiologically functional derivative thereof, which comprises

(a) wherein R3 is hydrogen; by oxidation of a compound of formula (V):

3
R sy Fhio
Y 1; R I
R
6 H R?
R 4 )
R5 R

wherein R! to R10 are as hereinbefore defined and 1is 0 or 1; or

(b)  wherein R3 is OH; by oxidation of a compound of formula (I) wherein R3 is
hydrogen; and optionally,

(c)  separating the mixture of isomers so obtained and/or coverting the
compound of formula (I) so formed to a corresponding salt, solvate, or
physiologically functional derivative thereof.



