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AND INTERNEDIATES THEREOF _ This invention relates.to the

fields of 5 pharmaceutical and organi ¢ chem stry and provi des processes
for preparing 2-substituted benzo[b]thi ophene conpounds, somne of
whi ch are useful as i-nternediates for preparing phar maceutical |y
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This inﬁention reiétes to'the fields'of'

5 pharmaceutlcal ‘and organic chem1scry and’ prov1des processes
for preparing 2- substituted benzo[b]thlophene compounds, some
of which are useful as 1ntermedla£es for preparlng
pharmaceutlcally active compounds. and others are useful,
1nter alla,_for the treatment of osteoporos1s in

10 postmenopausal women.

Compounds of'formula VII

15 . S 4 4

wherein - _ : _
Rl is -H, -OH, or -OR?, in which R? is a hydroxy
protecting group: S _ . _é ._ p'.
20 F2 is ~-H, -OH, or -OR%, in which R4 is a hydroxy
protecting group: ' '
R> is 1-piperidinyl, 1- o\rrc-ldlnyl methyl-i-
pyrrolidsnyl, dimethyl-1- pyrro;1o1n5¢, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1-
25 hexamethyleneimino; '
n is 2 or 3, or a pharmaceutically acceptable salt
thereof; are known as antifertility agents igeg, e.g., U.S.

Pat. No. 4,133,814). Certain formula ""II compounds,.



15 VI | wherein R1
Is -H -OH or -ORlerr], in which Rerr] is a hydroxy protectlng
group; 20V0 96/30361 Rlerr] is -H -OH or -ORerr], in RERUSIBPOT]
hydr oxy protecting group; R5 is 1-piperidinyl,

I -pyrrolidinyl, nethyl-1- pyrrclidinyl dlnethyl-l-pyrrolldlnyl,

4- nor phol i no, di nmet hyl am no, dleghylanlno di i sopropyl am no, or 1-
25 hexanet hyl enei mi no; - -~ ni.s 2 o0r 3, or a

phar WHC[euba&Mllcmlaﬁﬂggthbbe aal wmch Rl tiaér eaxi% 4rarae:é<rw\me'ﬁfrﬁéa i }‘er{/ : : ity
agents [se rtaln ormul a
conpounds ove, ahd R vt?gélgbggildlnyl l pyfr 251ﬂ§?
PCT/USQG/@&«Ehethylenelmlno, or a pharmaceutically ae@eptable salt

parti cul arl se R n e; ove, and
Rlerr] is T%g%%grl Fﬂb@_p@%rggfas@@ﬁl f@% 1ﬁﬁ1gféiﬁ§dbon?hl?%%e|n1n0 or
a pRar mace a€§IN§§§cc§p9abl -§al Pat. No. tﬁe?8%f75éfeIﬂ%ﬁvF@@PQKﬁ%sefu

- for inhi biknhiowg ti@nehleoa&tl assSralohwzea& (seeorfuba. vﬂx Scmﬁ?&uncﬁ‘bznf |
ene a or nul a

5, 393, 763 co known in fhe art aIOXI
VI | conpo@ﬁ&cinil nB ﬁg %ﬂ°¥u?5%d B At e 2 H%;%ZP¥B%§1ﬂP§V#} is
1- p|perldnnyh,pharmaceutacahaynaceaptabubysamceﬁhebé@fsaéépééﬁﬁfmy ;the

oD asaes hydiBenlorial/ adEY 96! d°pbRlebrrkd BrBRGLETLE%RE Welesed M
10 described herein.

Jones and Suarez, in U.S. Pat. No. 4,133, 814,
supra, first taught processes for preparlng compounds of
formula VII. In general, Jones, et al., prepared
benzothiophenes of formula I

15 ’

-

wherein
R! is -H, -OH, or OR3, in which R? is a hydroxy
20 protecting group; and _
R? is -H, ~OH, or OR4, in which R¢ is a hydroxy
p*otectlng group, by first preparing a 2,3-dioxo-2,3-

dihydrobenzothiophene of formula X

wherein R! is as defined above, and reacting a formula %
compound with a-chlorophenylacetic acid, or an appropriacely




10 descri bed herein. ' Jones and Suarez, in U S. Pat. No.
4.133, 81¢wo 9630361 supra, first taught processes for prepari ngCTaISpEO4ads of

formula VII. 1In general, Jones, et al., prepared ~ benzot hi ophenes of

formula I 15 [err] wherein Rlerr] is -H -0OH,

or OR3, in which R3 is a hydroxy 20 'ﬁ#ntectlng group; and

Rlerr] is -H -OH or OR4, in which R4 is a hydroxy protecting group,

by Tirst prEgeitaged defidupioelcfioreor, i BAdnORCRAANPRAN %fs?fo”m' a
I's I'ned above, reactlng a tornmula X

corrpound avehigedryichl ar apﬁéﬁyﬁa@& SOJ4MI] acetase mmtaml y. .
anhydride to give a compound.of formula XI

' CH,

XI

wherein R! and R? are as defined above. The formula XI
compound is then hydrolyzed in the presence of sodium
10 hydroxide to provide a compound of formula XII

COOH

XII

15 in which R! and R2 are as defined above, which can finally'be
decarboxylaced or used as such.

Because the Jones process for pfeparing formula I
compounds éf the present invention is costly and time
consuming, a less expensive and more direct process for

2C preparing compounds of formula I and, ulcimately, compounds
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- 3- S jtuted derivative thereof, to forma diacid ' 1S ,:
cyclized WQ#@S I Xxture of sodium acetate and acetic al‘ﬁi@\dﬁ%@‘% gi ve
a conmpound of formula Xl [err] wherein R1L and
R2 are as defined above. The formula XL4-

of formila VII, would be highly desirable and represent a

significant advancement in the art. Accordingly, the present
invention provides novel processes for preparing -compounds of
formulae I and VII, as well as novel intermediates therefore.

5
The present invention provides a process for
preparing a compound of formula I
10 | I
comprising '
a) forming a 2-position boronic acid derivative
of a compound of formula II
15
II - ; and
) 'COﬁbiing the reaction product from step a!, a
20 compound of formula III '

. _ III
"with a compound of formula Iv



conpound is then hydrolyzed in the presence of sodium 10 hydr oxi de to

proevi de VO8#3¥Ad . of fornula Xl | [err] 15 | $R6104437cr 1 |
and Rlerr] are as defined above, which can finally be “decar-boxyl at ed
.or used as such. Because tge Jones process for preparing
formul a | conpounds of the preseni®Tnvention is costly and tine
consum ng, a | ess expensive and nore direct process for 20 prepari ng
conmpounds. of formula |I and, ultinmately, .conmpounds WO 96/ 30361

PCT/ US96/ 04417
woul d be highly desirable and represgnt a
the art. Accordingly, the presentX
for preparing-conmpounds of for
intermedi ates therefore. 5

-4- of formula VII,
significant advancenent in
+®1 provi des novel processes
dnd VI, as well as novel

Iv

‘wherein
5 - R} is -H, -OH, or OR3, in which R? is a hydroxy
protecting group; | - _
" R2 is -H, -OH, or OR%, in which R4 is a hydroxy
protecting group; and”w' _ o
X is bromo, iodo, or triflate.

10
The present invention further provides a process
for preparing a compound of fqrmula I :
1 R : I .. —
comprising | . _
' a) selectively brominating or iodinating or
forming a trlflate leav1ng group at the 2—p051t10n of a .
compound of formula IX ' '
20

e

TT
iI

to provide a compound of formuias V



The present |nvent|on provides a process for preparing a conpound of

formula I~ = 10 conpri si ng a) formng a - :

2- p05|t|5H°B€?Fﬁlc acid derivative of a conpound of fREHUSHROMI7 15

[err] and "b) coupling the reaction product from
step a), a 20 conmpound of formula I'lk_

v ; and

" b) - coupling said formula V' compound with a
5 compound of formula VI : :
(HO) -B
wherein '

, Rl is -H, -OH, or OR3, in which R3 is a hyaféxy'
10 protecting group: _
R? is -H, -OH, or OR4, in which R4 is a hydroxy
protecting group; and . . f
X is bromo, iodo, or tfifla;eﬁ"

15 In addition, the present invention provides methods
of preparing a compound of formula I comprising steps al) and .
b) of either of the above-described processes of the présent
invention and further comprLSLng ; - '
c) acylatlng a compound of formula I w1th a
20 compound of formula VIII

whereir:
25 rL! is -H., -OH, or OR>, in which E? is a hydrox
protecting group;
R< 1s -H, -OH, or OF%., in which R4 is a hydrox
protecting group;



[err] wi th a conpound of fornula IV WD 96/ 30361

PCT/ US96/\96%ér50361 - 5- [err] perrosksgadin 5
Rlerr] is -H -OH or OR3, in which Rerr] is a hydroxy protecting:
group; p2 is -H -0OH or OR4, in which R4 is a hydroxy
protecting group; and X 1s b#®ro, iodo, or triflate. 10

The present invention further provides a process for preparing a

conpound of f . : . £ 35 idi
np 0 ornmul a Ilis is 1-piperidinyl, l-pyrrolidinyl, methyl-1-

pyrrolidinyl, dimethyl-l-pyrrolidinyl, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1;
hexamethyleneimino; S _ | “
5 ' . R® is bromo, chloro, iodo, or an activating ester
' group; and -
n is 2 or 3; o .
'© @) optionally removing the R?® and/or R% hydroxy
protecting groups; and _ N 3 ‘
10 S e) = optionally forming a'pharmaceutically_
acceptable salt of said formula VII compound. "

The present invention also. provides compounds of
formula IX '

15

wherein
Rl is -OH or -OR3, in which R3 is a hydroxy
protecting group; and
20 Z is bromo, iodo, triflate, or -B(OH)2, which are
useful intermediates for the preparation of compounds of
" formulae I and VII of the present invention.

One aspect of the present invention provides
25 convenient processes for preparing benzothiophene compounds
of formula T. |
The starting macerial fcr the instant process o:l
the rresent invention. & compound cf formula II



[err] 15 conpri sing a) sel ectively brom nating or

| odi nating or formng a triflate | eaving group at the 2-position. of a
conpoundws¥96/3936tul a |1 20 C[err] to provide a

formula V 25 WD 96/ 30361

PCT/ US96/ 04417 -g- - 6-

11

wherein Rl is as defined above, is commercially available or
_ is prepared via known procedures using known or commércially
5 available materials [gee, e. g.,Graham, S.L., et al., J. Med.
Chem., 32(12):2548-2554 (1989)1].

In the present, convenient proCess, an arylboronic
acid derivative of a formula II compound is'prepared,
providing a compound of formula III, which is then coupled:

10 with an'aréne'bf“formula'IV,'providing'a cdmpound of formula
I. Alternatively, a formula II compound is selectively
halogenated or a triflate leaving group is placed at the 2-
posiéion;'providing'a‘cémpound of formula Vv, which is then

_ coupled with an arylboronic acid compound of formula VI

15 prov1d1ng a formula I compound. These reactions are shown in

Route A and Route B, respectively, of Scheme I below.



Vv [err] and : | b)- coupling said forrmula V conpound

wi-th a Syoegipaground of fornula Vi [err] wher ei BeTUS96/04417
Rlerr] is -H -0OH or OR3, in which R3 is a hydroxy 10 protecting group;
Rlerr] is -H -OH or ORerr], in which R4 is a hydroxy protecting
group; and _ X is brono, i<aeo, or triflate. 15

In addition, the present invention provides nethods of preparing a
conmpound of formula | conprising stegé ag anE b) of either of the
above-descri bed processes of the pr i nventi on_and further -

conpri sing : c) acylating

a conmpound of formula I with a 20
conpound of fornmula VIII : : .

11
Route A Route B.
[' -
b -
X R (HO) - B~ R

10 wherein R!, K2, and X are as defined above.
when R! and/or R2 are OF: and OR%, respectiveiy, F:
and r? represent hydroxy'protecting groups which are mcieties
" which generally are not found in the final, therapeutically

[}
tn

active compounds of forﬁulaHVII, but are intentionally
introduced during a portidn"of the synthétic process to -
protect a gfoup which othérwisé might react in the course of
chemical manipﬁlations,'and is then removed at a later stage
of the synthesis. Becaqse'compoundé bearing such protecting



[err] wherein 25 Rlerr] is -H -0OH, orO%ar]in

which R err] i.s a hydroxy protecting group;
- -H, -OH, P] 61i n"which R4 is a hydr oxy protecting B?BH ‘%k“7
WD 96/ 30361 PCT/ US96/ 04417
R5 is 1-piperidinyl, 1-pyrrolidinyl, megRgyl-I- pyrrolidinyl,
di met hyl -1 -pyrrolidinyl, 4-norpholino, di nmet hyl am no, di et hyl am no,
di i sopropyl am no, or 1- hexanet hyl enei m no; 5 R6 is

brono, chlaraipd G idpoatandt ibramaydlysasr chemicadr anpermediates
nis 2 or Fichough some derld$t1ve%p%%%BaEkﬁ15§EDBEBQO%Q@aBBaQEQG?fyFqerr]

hydr oxy - Iprotectlng groups; and . opti1 ona
forming a ARl |y ~acceptable salt of said formula VI
conpound. structure is not criltdceneseMumeRv@st reacehisaspEeyi €ge compounds
of fforrrul | X

5 rmation, removal, and possxbly, reformation of such

protecting groups are described in a number of standard works
including, for example, Protective Groups in Organic
Chemistry, Plenum Press (London and New York, 1973); Green,
T.W., Protective Groups in Organic Synthesis, Wiiey New York,

10 1981; and The Peptides, Vol. I, Schrooder and Lubke, Academic

Press (London and New York, 1965). o
Representative hydroxy protecting groups include,

for example, —C1 C4 alkyl, -CO-(C3-Cg alkyl), -S03(Cy-Csg

alkyl), and -CO Ar in which Ar is optionally substltuted

15 phenyl. The term “substituted phenyl” refers to a phenyl
group having. one or more substituents selected from the group
consisting of C1-Cq alkyl, C1-C4 alkoxy, hydroxy, nitro, halo,
andftri(chloro or fluoro)methyl. Of these; methyl is highly
preferred. ' :

20 f General chemical terms used above and throughout
the present specification bear their usual meanings. For
exahple, “C3-C4 alkyl® refers to straight or branched
aliphatic chains of 1 to 4 carbon atoms ineludingimoiecies
such as_methyl, ethyl, propyl, isopropY1, butyl, n-butyl, and

25 the like. The term “halo” refers:tp bfbmo, chloro, fluorc,
and iodo. | . '

in the first step of Route & oI Scheme I, a z-
position arylboronic acid of formula III is formed using
standard procedures. Generally, a compound of formula II is

30 treated with a slight excess of an n- alkyl*ithium in heranec,
in an anpronrlate solvent and, frequentl\, under an inerc
atmosphere such as nltrogen, rollowed by the slow or dropwiss
addition of an app*oprlate trlalkylnorane '

) Approprlate solvents 1nclude an inert solvent cr

35 . mixture of solvents such as, for example, dlethyl ether,

' dioxane and tetrabydrofuran {THF of these, THF, '
partlcularly anhydrous THF, is preferred. '



wherein [err] Rlerr] is -OHor -OR3, in
whi ch R3 r oxy protecting group; and 20 2
brono, io oy&t‘ I‘If| ate, or -B(OH) 2, which are useful i r?tc'.errmns\e9 | ates for

t he preparation of conpounds of formulae I and VII of the present

I nventi on. One aspectiok the present invention provides
25 conveni ent. processes for preparing benzot hi ophene conpounds of
formula |I. The starting material for _the instant process of

the present inventi de PTEHRFSEN WiiakorkRerate used in|ghe)present
WO 96/ 303¢gaction 1s triisopropyl borate.  PCT/ US96/ 04417

e The product of this reaction, a compound of formula
III, is then reacted with an aryl compound of formula IV, via
5 "standard Suzuki coupling procedures to provxde compounds of
formula I. Compounds of formula IV, in which R? is -h or OR-
and R3 is a hydroxy protecting group, are derlved from
commerc1ally avallable compounds via procedures well known to
one of ordlnary skill in the art [see, e g.. Advanced Organic
10 Chemistry: Reacc1ons, Méchanzsms, and Scruccure} 4cth Edition
(J. March, ed., John Wlley and Sons, Inc., 1992); and Suzuki,
A., Pure and Appl. Chem., §(2):213-222 (1994)}.
_ In the present coupling reaction, a sllght excess
of a formula IV compound is reacted with each equlvalent of a
15 formula III compound in the presence of a palladlum catalyst
and an appropriate base in an inert solvent. such as toluene.
‘although various palladium catalysts drive this
coupling reaction, the catalyst selected usually is réaction
specific.  Thus, the use ofnte;rakis triphenylphosphine 
20 palladium in the present reaction is highly_préferredf _
Likewise, wvarious bases_may.bé used in the present
coupling reaction. However, it is preferred to use an alkali
metal carbonate, particularly 2N sodium carbonate. |
The temperature employed in this Step should be
25 sufficient to effect completion of the coupling feaction.
Typically, heating the reaction mixture to reflux for a
period from about 2 te abou* 4 hours is adequate and
preferred.
In Route B of Scheme I, the first step involves the
30 2-position bromination, *odlnatlon, or forming a triflate
leaving group of a formuia II compound using standard
procedures. Generally, when bromlnatlng or iodinating, a
formula II compound is reacted with a slight excess of n-
butyllithium in hexane, in an appropriate solvent and,
35 frequently under an inert atmosphere such as nitrogen,
followed by the dropwise addition of a slight_éxcess of the
desired brominating or iodinating agent in an appropriate



wherein Rlerr] is as defined above, is comrercially avai | abl e or IS

prepared via known procedures u3|ng known or commercially 5 avai l.abl e
mat er i al swiosssep36a. g., G aham S. L. et al ., J. Med. EEAWISI604417
32(12):2548- 2554 (1989)] "I'n t he present, conveni ent
process, an aryl boronic aC|d derlvative of a formula Il compound is
pr epar ed, provi di ng a conpound of 13ormula 111, which is then coupl ed
10 with an arene of formula IV, providing a conpound of formula

| Alternaglygbye . ai%ﬂ&&fédcmwa@lmé §§é§€tis’eio'd1ne andi@l ogenat ed
or a trlflate [eavin is placed at -t - p05|t|on providing
a conpoundP®eLeEr e ! Qé%%99|§g?%%ﬁ inc udec%ﬂﬁmeﬂewﬂ?% Mn aryl boronic

acid CO”DOBﬁdmdéuécmmﬂmfuéﬂ 15 prOV|d|ng a fornula | conmpound. These
reacti ons are .shown- bEP ogge % R%u 8 B, resgectlvev¥ of Schene
. §8P§6§% veén ‘in e an ht

| bel ow.
PCT/ESQG/Oﬂﬂﬁﬂure of solvents such as, for example, @iethyl ether,:

Schere | dloxane, or THF. THF is preferred and anhydrous THF is
espec1ally preferred '
:. The present reactlon is optlonally run at a
temperature range from about -75° C to about' -85° C
10 : The product of the above reaction, a halo arene'Of
formula Vv, is then coupled wlth an arylboronic acid compound
of formula VI, to provide compounds of formula I. The
preferred reaction conditions for the coupling reaction are
as described for the coupling reaction involving formula III
15 and formula IV compounds in Route A of Scheme I above.

' The processes shown in Scheme I and herein
descrlbed may be carried out in separate steps in which the
”reactlon product from each step is purified and -
characterized, or the process shown in Route & and the

20 process shown 'in Route B is carried out In situ. Thus, the
" present processes, preferably, are each carried out in a
single vessel. o B
Compounds 6f formula III and V, as shown in the-
preseht'process, are novel when Rl is -CH or -OR® and useful
-25 as intermediates for the preparation of pharmaceuzically
active compounds of formula VII, and are hereinafter
colliectively referred to as compounds of formula IX

wherein

Rl’ is -OH, or -OR?, "in which ER* is a hydroxy
proteCting group; and

Z is bromo, iodo,.triflate, or -B(OH: 3



[err] 5 10 wherein R err], R2, and X are as
defined apgvgr30361 Wien R and/or R err] are QRFrosdsoasrt
OR[err], respectively, R err] and Rl err] represent hydroxy-protecting
groups mhlch are noieties _

S =-13-

.In another aspect of the present 1nventlon,_ﬁ
compounds of formula VII are prepared by a process compr1s1ng
the process steps shown in: ‘Route. A and Route B of Scheme I
5 and further comprising '
-c) acylating a compound of formula I w1th a
compound of formula VIII '

~O(CH-).-R

10 ' L - VIII
wherein _ _
' - Rl is -H, 40H,'or OR3, in which R3 is-a hydroxy
protecting group; ' =t e -
R2'is -H, -OH, or OR%, in which R% is‘a hydroxy
15 protectingmgroup; ' ' ' S
R> is l-piperidinyl, l-pyrrolidinyl, methyl-1-
pyrrolidinYl, dimethyl-1l-pyrrolidinyl, 4-morpholino,-
dimethvlamino, diethylamino, diisopropylamino, or 1-..
hexamethyleneimino; - ' :
20 Ré is bromo, chloro, iodo, or an activating ester
group; and ' o
. n 1s 2 or 3;
ai optionally removxng the R2? ‘and/or R% hydroxy
protectlng groups, and Co
25 e) optlonally forming a pharmaceutically
cceotable salt of said formula VII compound

Process steps ci, d1, and el are well known in. the
arsz individually cr "ollectlve‘” and are described in U.5.
30 Pat. Nos. 4,358,593, 4,418,06&, 4,133,614, and 4,380,635,
which are herein incorporated by reference.
although the free-base form cf formula VII
compounds car: be used for the aforementioned medical
indications, it is preferred'to prepare and use a-



whi ch generally are not found in the final, therapeutically active

conpounds of -formula VII, but are intentionally I ntroduced during a
portion OWVOPRB0IINnt hetic process to protect a group VIEEESISORET se
m ght react in the course of chem cal mani pul ations, and is then
renoved at a | ater stage of the. qaﬁthe5|s Because conmpounds beari ng
such protecting WO 96/ 30361

PCT/ US96/ 04417 -10- groups

are inpor{pharpacentitylhs adespraible alneibmi.es Thus, thedlforpugh sane

d t | '

Structur e FRRpGinds bPlhatl s A pitHacduticatyy acceBsadle®BlR. | o
renoval , anddpbs@mb$§lt$eWtﬂhmﬁ|wwdeﬁvéﬂkﬁty of orgemitce@mnidngngrgaps.car e
descr i bed é%&s hugheriRf18d&ndes %Mwloglcally %@c‘é%t%gyle %&géaﬁﬂk‘éh

Protective s 1n Organic ndon and New
Yor kS 19733repEepn use ln1PW9rm¢$%H%&ﬂ§¥N$hﬁﬂiﬁ&§ ‘Suglniselsgnaresi s,

W ley New XD&§, pé,ﬁt of 4884 lm‘l?éhﬂ'ithepEy;ﬂQSal \L(Qiorgla.nlﬁcwcqfd@ehséﬂd cbubke
Academ c eSS Londo

96
Repr esent afPHB ﬁﬁﬁ?oﬁ b?of%b*?ﬂ 2¥4%ﬁéglqﬁﬂ ZEGIObromler exanpl e,
-( err] - Cihpdikgiodi€O ik eic] - §61 ahkid ) phdﬂﬁhdﬁbdiihypophosﬂﬂqwhﬁﬂ and

-COArin gﬂwfu’é% 'SSQP&O&@M%%%}M&%@ acmsﬁaw X as/he term

substi tuted pheny ers to a

ne or nore
subéﬂltuen@éleﬁééﬁeﬁoﬁ@oﬁﬂﬁh@lgﬁﬁkﬁﬁyllc aCkﬁﬁEﬂQhﬁﬂﬂ} §N%§Fé$%¥1¥1err]
al kyl, eaﬁ;agélél kems hu?a%&yaméﬁ&c NP, hydroxyalmcﬁrdlec ek, or

| quoro)nethyI 3 nfgﬁ%@ is hl¥ dT%e erred.,

Gener al chéﬁ?@%FlFe?ﬁ% Bsed Bramp rﬁ%ﬁﬁﬁﬁiﬁ onid GCide, may
also be used. Such pharmaceutically acceptable salts thus
include acetate, phenylacetate, trifluoroacetate, acfylate,

15 ascorbate, benzoate, chlorobenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, methylbenzoate, o-
acetoxybenzoate, naphthalene -2-benzoate, bromldet
1sobutyrate.,phenylbutyrate, B- hydroxybutyrate, butyne -,4—
dioate, hexyne-1,4-dioate, caprate, capryle;e, ehlorlde,

20 cinnamate, citrate, formate, fumarete,uglyeollete;
heptanoate, hippurate, lactate, malate, maleate, o
hydroxymaleate, malonate, mandelate mesylate, nlcotlnate,
isonicotinate, nitrate, oxalate, phthalate, terephthalate,
phosphate, monohydrogenphosphate, dlhydrogenphosphate,'

25 - metaphosphate, pyrophosphate, propiolate, pfopionate.
phenylpropionate, salicylate, sebecate, suecinate,_sube:aee,
suifate,  bisulfate, pyrosulfate, sulfite,:bisulfihe,
sulfonate, benzenesulfonate, prbromophenylsulfonace.
chlorobenzenesulfonate, ethanesulfonate, 2- :

30 ... hydroxyethanesulfonate, methanesulfonate, qaphthalene—l—

~sulfonate; naphthalene—B—sulfona;e, p-:oluenesulipnace,

xylenesulfonate, ravtarete, and the like. FA preferted salt

is the hydrochloride salt. ) :' '
The followxng examples are oresented to rurtnel

35 illustrate the preparation of compounds of the present
invention.. It is not intended that the invention be limited
in scope by reason of any of the follow1ng examples.



the present specification bear their usual neanings. For exanpl e,

"derr] vedogsds¥t " refers to straight or branched al i pabsdsalsp ns of
l1to 4 cargon atons including noieties such as nethyl, ethyl, - '
propyl, isopropyl, butyl, n-butyl, and 25 the like. The term "hal o"

refers to brono, chloro, fluoro, -15and i odo. In the
first step of Route A of Schene I, a 2- posi tion aryl boronic acid of

formula Ill is forned usin S argd procedures. Cenerally, a
conmpound of formul astaga‘.or the eéﬂa]gﬂo‘?}\ﬂ% EXIpLfs E?E@sgeﬁﬁ)ééﬁed

n- al kyl | bhhiaUGEI 8 0l0e MH2e SIMR 1nstrdmenm1aanuwanﬁyﬁnbugnaemtnnsd,was
frequent L%ed”gg%h%”sb&%ht uples '$e %Jhéa%—té‘d”oge” foll owed by

the slo dropw se son of an appr opri tri-al kyl bor ane.
Appropriate solvents include an inert solvent or 35 m xture of solvents
sugh as, for exanple, diethyl ether, di oxane and tetrahydrof uran
(THF;. O these, THF, particurarlz anhydrous THF, is preferred.

VO 96/ 30361 PCT/ US96/ 04417

-11- 6-meth :b%béh@‘&[b?@ﬂibﬁh‘é‘ﬂ@oﬂa%wﬁdd é&h@ present
reaction is triisopropyl borate The product of this
reaction, a conpound of formula 11, is then reacted with an aryl
conmpound of forrmula IV, via 5 zuki coupling procedures to

provi de conpounds of for bunds of fornmula IV, in which
R2is -Hor ORerr], . - and % J drRxy protecting group, are
derived from conmmer cyatdy awed’| gs vi a procedures well
known to ~ one of ordinary skill in the art sée, e.g., Advanced

Olfani c o _ o
To a solution of sfmethoxybehzo[b]thiophéne,Jl§.13
g, .111 mol) in 150 mL of anhydrous_tetrahydrofuraﬁ 1TH?§ at
-60° C was added n-butyllithium (76.2 mL, .122 mol, 1.6 M
solution in hexanes), dropwise via syringe. After stirriﬁg '
15 for 30 minutes, triisopropyl borate (28.2 mL, .122 mol) was
introduced via syringe. The resulting mixture was allowed to
gradually warm to. 0° C and then distributed be:wegniln
hydrochloric acid and ethyl acetate (300 mL each),_,Thé
layers were separated, and the organic layer was_dried'¢Ver
20 sodium sulfate. ' Concentration in vacuo produced aiwﬁx;é
solid that was triturated. from ethyl ether hexanes.
Filtration provided 16.4 g (71%) of 6- - _
methoxybenzo[b]thlophene 2-boronic acid as a whlte solld mp
1'200° ¢ (dec). IH NMR (DMSO-dg) d 7.83 (s, 1lH), 7.78 (4, J =
25 8.6 Hz, 1H), 7.51 (4, J'= 2.0 Hz, 1H), 6.97 (dd, J = .5, 2.0
"Hz, 1H), 3.82 (s, 3H). FD mass spec: 208, |

Prepared in an analogous manner was benzo(b]thiophene-Z-

boronic acid (known compound).

[¥Y)
Ch



10 Chem stry: Reactions, Mechanisns, and Structure, 4th Edition

(J. March, ed., John Wley and Sons, Inc., 1992); and Suzuki, A, )
Pure and AN 96/303dm , 6(2):213-222 (1994)]. PIOT/USY6/OpNI2 S ent
coupling reaction, a slight excess of a formula IV conmpound is
reacted wth each equivalent of a 15 formula Il conpound in the
presence of a palladi um catal yst ¥ an appropriate base in an inert
sol vent such as tol uene. : N Al t hough vari ous pal | adi um

catal ysts drive this coupl i ng reaction, the catal yst sel ected
usually is reaction - - specific. g husy _the -use of tetrakis

tri phenyl phosphi ne 20 pal | adi um _ ent reaction is highly
preferred. [6-methoxy-2+1[ AewetthoxypranybiJdsen®y (19 tEedphHen&e

pr esent coupling reaction. However, it is preferred to use an

al kal i nmetal carbonate, pagxiicularly 2N sodi um carbonate.

The tenperature enpl oyed in thieé
conpl etion of the coupling reaq
m xture to reflux for a -
adequat e and pref eif 10eHB of Schene |, the
first_step involves the 30 2-position bro , i1odination, or
forn#%g atriflate | eaving group of a fornulTa Il compound usi ng
standard procedures. Generally, when brom nating or iodinating, a

formula Il di bt Ly =
ormul a conpound ifg rgagd Agk Wd o é—rhgfﬁ?&%ﬁ%%gél Q%lophe??'é%]ﬁem ly

butyllithiumin hexane, In _an appr%frlate o) ,
under an | RAFCTHGTEGHE S -O0c 924 f) MRQIN, in toluems | Rl dlby wase adidsshi se
addi tion of4-dicagiiflscdecads 2af ¢,h& .29 mmoldeHJ1abWPByat i ng or iodinating

[ ; i_ate - e - 1361
gg;/tsbglg 5%%%@¥%Ef¥ﬂ%enylphosphlnémgé¥¥ég¥ﬁ% (0.17 g, 0.15 mmol). To

thiéf solution was added 5.0 nil. of 2N sodium carbonate .

ep—shedhd be 25 sufficient to effect
i |y, heating the reaction
0 .about 4 hours is

splutibn.:'The resulting mixture was heated to reflux for 2
hours. Upon cooling, a white precipitate ([6-methoxy-2-(4-
métho%yphehyl)]benzb[b]thiophene)varmed;.'The~solid was

15 cdllegted'by_filtration'andfwashéd with ethyl acetate. The
filtrate was distributed between ethyl acetété.and_Saturated
sodihm"bicarbonate'SOlution.--The-layers,were separated, and
the 6rgénic layer was dried over sodium sulfate. o
Concentration in vacuo produced a white solid (additional [6-

20 methoxy-2- (4-methoxyphenyl) 1benzo[b}thiophene) that was :
collected by filtration. ' Total yield of. product was 1.25 ¢g
(96%). mp 190-194° C. - lH NMR (DMSO-dg) & .7.71-7.63 (m, 3H:,
7.61 (s, 1H), 7.53 (d, J = 2.0 Hz, 1H), 7.03 (d, J = 9.0 Hz,
2H), 6.99 (dd, J = 9.0, 2.0 Hz, 1H), 3.82 (s, 3H), 3.81 (s,

25 3H). Anal. Calcd. for Cj3gH1402S:  C, 71.08; E, 5.22. Found:
c, 71.24; H, 5.26. |

' ‘Alternatively, purification was rout:inely achieved by

chromatography on silicon dioxide.

30



-12- solvent. A preferred iodinating agent is iodine, and
preferreq"pﬁﬂﬂ$apting agents include brom ne and N- b peFRKYEH441y M de.
Appropriate solvents include an inert solvent or 5 m xture of solvents
such as, for e%ﬁi%FéHTaEB?hyfTether di oxane, or THF. THF is
preferred and anhyHF8d&EHF i s es{¥ti al |y preferred.

The present aIIy run at a tenperature range from
about -75 C tomm!w ﬂwﬁﬂﬁ The product of the above '
. | H H .

reaction, a ha formula V, is then coupled w th an

aryl boronic acid conpound of BxamphkeVl3d to provide conpounds of
formula I. The r rga ' fo e, coupling
reaction are - as egeé%ghb%fgr%?%ggh%%dé hg?ﬁ%ac #h%;si ol vi ng formul a |

11 15 and formula IV conpounds in Route A of Scheme | above.
The processes shown in Scheme | and hg described nmay be carried
out in separate steps in which the product fromeach step is

purified and characterized, or shown in Route A and the
20 process shown in Route By ; N ~+NNsit-u.- Thus, the

preSent processes, preferably, ére each cafrl%d ot in a single
vessel . _ Conpounds of fornula 111 and V, as shomn in the

present process, are_novel 25
as intermediates for ¢hd ﬁ?ﬁﬁ%%ﬁ?.Sﬁ grmﬁﬁgPﬁ¥§88FgR§?F§£°P éne 3% bg
conpounds gof 3fordfulmmad ) |, imnZi0 drmel hef eanbkyytleous THF abl F@8fi@elwaseferred

to as compounds Of M dhidh (20.0[RE132.01 mmol, 1.6 M solution in
10 hexanes). After stirring for 15 minutes, a solutlon of Iz
(8.10 g, 32.01 mmol) in 25 mL of anhydrous THF was 1ntroduced
dropwise via canula. The resulting mixture was allpwed to
gradually warm to ambient temperéture; The reaction was
_ quenched by distributing between ethyl acetate/brine {150 mL
15 each). The layers'were separated and the organic layer was
‘dried over sodium sulfate. Concentration in vacuo produced a
tan solid that was reCrystallized from hexanes to provide
6.70 g (75%) of 6-methoxy-2-iodobenzo[b]thiophene. mp 75-77°
C. 184 NMR (CDCl3) d 7.59 (d, J = 8.6 Hz, 1H), 7.42 (s, 1H),
20 7.22 (d, 3 = 2.0 Hz, -1H), 6.92 (44, J = 8.6, 2.0 Hz, 1lH),
3.86 (s, 3H). FD mass spec: 290. Anal. Calcd. for C9H70SI:
'C, 37.26; H, 2.43. Found: C, 37.55; H, 2.43.
6-mechoxy-2-iodobenzo[blthiophene was reacted with 4-
-methoxyphenylboronic acid according to the general procedure
25 described above to provide [6-Methoxy-2-(4-methoxyphenyl)]
benzo[b]thiophene in 80% yield. |



30 whe Ra OH, or -ORlerr], in which
Herrl 158 ey AR Ill|°“p " o6 a0 FCTONEY

PCT/ US96/ 04417 THISISHEET HAS BEEN

I n anot her aspect of the present |nvent| cOnBEBACEDYf formula VI
are prepared by a process conprising the pr SaeWn in Route
A and Route B of Schene I, 5 and further conp[)ﬂmagm I8 1] I c)
acyl ati ng we ceppibmnd of fornula | mnth a KIGIR | o VI |

[err] 10 VI wherein

Rlerr] is -H -0OH or OR3, in whi ch RS is a hydr oxy protecting group;

R2 is -H -OH or OR3; i nAnhrefers fgraphgnanxqus ‘compoane co f ntpwols;
R5 is l-piperidinyl, 1-pyrrolidinyl, nethyl-

5
I
comprising ' |
Tt -+ - " :a) - forming a 2-position boronic acid derivative
10 of a compound of formula II
II. .. ; and
15 - b)) coupling the reaction product from step a), a
‘compound of formula IIT
[~ .
B (OH) -
L .
III
20
with a compound of formula IV
X R-

This Sheet Has Been Reﬂlaced




py}rolidinyl di methyl -1 -pyrrolidi di net hyl am no,
di et hyl’ awmgsmﬂn sopropyl am no, ”mm mllm"mumwl enei MpCE/USYS/04417
R6 is brono, chl OE%A aﬂTan acfl vati'ng "ester * group; and

nis 2 or 3 JOASA3A ‘optionally renpvi nﬂ_"b@_mg{, ngni/.or

Rlerr] hydroxy prote groups;-18rd 25 optionall y
formng a phar ﬂ mﬂf acceptabl e salt of sai d for nul a Vi |
R

conmpound

. ocess stegs c), d), aﬂ”ﬂnlmﬂwq“ known in
t he art i nd| Vi dual ly cr collecti veI y and are S. 30

Pat. Nos. whe3®dn593, 4,418,060, 4,133,814, and 4, 330, 635. : whi ch are

herein incorporated gy jefafencsyy, or or2, in whlchpkl hpsioh hbarbkge- base
formof formula VII corrpounds can be used for the aforenentioned

medi cal ProteqtiBic SLOMR, it is preferred to prepare and use a
WO g6/ 30361 R2 is -H, -OH, or OR4, in whichPRA/1S98/ B¢diéxy

-14- phar.maceuti cal | cceptable salt form Thus, the fornmula VIl
conmpounds pﬁﬂ%ﬁrﬂg e imils] h%}iceut ical ly acceptable acid addi tion
salts with .a w de V6XI:E$beC§m@I‘ gaodo, aod trdfdaniec . acids, and include
t he physiol ogically acceptable salts which 5 are .often used.in
phar maceuti cal chem stry. Such salts are _

2. A process according to Claim 1 wherein Rl is

10 -OR? and R2 is -OR%, and R? and RY each are C;-Cg alkyl.

3. A process according to Claim 2 wherein B3 and
R4 each are methyl.

15 . 4. A process according to Claim 3 wherein X is
iodo.

5. A process according to Claim 4 wherein steps
a) and b) are carried out in the same vessel.

20
6. A process according to Claim 1 wherein steps
a) and b) are carried out in the same vessel.
7. A process for preparing a compound of formula
25 I ' ' '
I
comprising _
30 | ' a) selectively brominating, iodinating or

triflating a compound of formula II

ThlS Sheet Has Been Rep! laced
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al so part of this invention. l ic acids used to form
such sal ts- isngk@derzhydrochl o ll mu "H@‘Iﬂm hydr0| od| cC, nitric, -
an

sul furi c WORHHbri c, hypophosphoritc, SHUBBYAVT \ o
from organi ¢giza@ighys T a5 10 al i phatl o rmno an BEEN Cc aci ds,
phenyl substltut@@qujc A al kanoi ¢ aC|d hydrox al kan | ERd
hydroxyalkanp|0|c_aC|ds aronatl CIdS é' romatic
sul foni ¢ aci @&, ' !ual so be used Such ph Maccept abl e
salts thus - nﬂﬁmm cetate, | acetate, tri fI uor at e,

acryl ate, 15 ascor bate, benzoap# obemzopt e, dinitrobenzoate,
hydr oxybenzoat.e,. nmet hoxybenzoat e, i o-

acet oxybenzoat e, napht hal ene- 2- ben;lﬁte ' i sobutyrat e,
phenyl butyrate, [err]-hydroxybuRyratsSy B0t yne 4- di oat e,
hexyne-1|, 4-di oate, caprate, caprylate, chlori ﬁe, 20 ~_cinnamate, citrate,
formate, funmarate, glycollate, h€iilt anoat e, hi ppurate, |actate,
mal at e, mal eat e, hydr oxymal eat e, nal onate, nandel ate, nesyl ate,
ni coti nat e, i sonicotinate, nitrate, oxalate, phthal ate,

t er epht haltat @rovide a eynewack offirmpkddenphosphat e,

di hydr ogenphosphate, 25 nmet aphosphat e, pyrophosphate, propiolate,
propli onate, - - - phenylpropionate .\allcylate sebacat e, succi nate,
suberat e, sul fate, bisulf a, sulfite, bisulfite,

sul fonat e, benzenesul fonate, p-brjonophenj | sul fo at e,
chl orobenzenesul f onat e, et hanesu
met hanesul f onat e, napht hal ene- k=

hydr oxyet hanesul f onat e,
sth{ opat eyx napht hal ene- 2- sul f onat e,

p-t ol uenesul f onat e, xyl enesul fonate, Yartarate, and the like. A
preferred salt is the hydrochloride salt. ; and The
foll ow ng exanples are presented to further 35 illustrate the
preparati-on of conpounds of.the present invention. It is not

i ntended that the inpentiocoupdihgnsted formulal W soompeubyl wéabkoa of any of

t*“i&‘”"”%éﬁbéﬁﬁﬁ“%f* formula VI

Vi

-wherein _ o
15 Rl is -H, -OH, or OR?, in which B3 is a hydroxy
protecting group;
R2 is -E, -OH, or OR%, in which R? is a hydroxy
proteczing group; and ' ; a

X is bromo, iodo, or triflate.

20 |
e. & process acccrding teo Tiaim 7 wherein ®! i=
CR? and F2 is OR?*, and ®* and ®¥* each are C)-C3 alkyl.
9. A process according to Claim 8 wherein PR’ and
25 R4 each are methyl.
This Sheet Has Been R
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s st NWR data for Hllllll il lllullllﬂl TS SHEEFRAGYRM oo
on a GE 300 MAZZHIRRHITISHE@Ht, and” anhydr *DVBO WREPLACED used as

t he sol vent - unl esgaawm se indicated. 5

Exanple 1 moxybenzo[ bEthi ophene- 2- ulﬂmﬂl,ﬂﬁlmu

[err] 10 :,_-; i li td sol ution of 6-nethoxyb (18. 13
g. .111 mol) ih £RINGIT S Yo P, TsHFo,h@f X

-60[err] C was added n butyI- It |um57é7':'etS dj . 122 ) pin 1.2_0' ution
i n hexanes®dodr opwi se via syringe. - After Stl rring 15 for 30 m nutes,
triisopropyl borate (28.2 nL, .122 nol) was ‘introduced via syringe.

The resulting m xture was allowed to - mto Olerr]C and
then distributed betieen A Process fﬂfb‘?%‘?ﬂ-%& o ai#’&\rqﬁée‘t’lﬁ??e et afRS (300
mL gach). a)ThAd b) arbayargiedr eutepar ahed saaid vidssed.gani ¢ | ayer was dried
over 20 sodi um sul fate. ~"Concentration in vacuo produced a white-

solid that was triturated fromethyl ether hexanes.- . Filtratiaon .
provided 16.4 g (71%2.of %-process rmd:d:mm@mzupb(]:l&ump‘henbeﬁebm@hep&‘aam d

as a V\:hlts) §ntidb)nBre garr%%g[ %hzt] %_D(t‘#% qoaine[ ?ers]#lNl\/R (DMSO-d6) d 7.83

(s, |H), 2.0 Hz, - 1H), 6.97
(dd, J = 8.6, _ B
10 . 13. A process for preparing a compound of formula
Vil '
O(CH:)%-R"
.R'ﬂ
VII
15
" comprising steps a) and b) accordlng to Claim i, and further
comprising e :
c) acylating a compound cof formula I with a

compound cof formula VIII

20

G

I )

P —C SICH ' -P
VIII
wherein
_ Fl 1s -H, -OH, or OR3>, in which R* is a hydroxy

25 protecting group;

This Sheet Has Been Re ﬂ
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T ner e et el m%%agﬁaﬁsz 7Tﬂilll |m3||ur|||;| ||4HLdPEEE§CﬁdCL“ 23n3“a17§8°”5
M

V\o 96/ 303WP %6 SEL) CTUISSHEED

- nple 2 REPLACED
[6 rret hoxy- ggg;m& 70t %nyl)]benzo[b] 4 ophene :
To a sol uti st Rokybenzo[ b] t hi ophene- 2- M{!ﬂ tm (1 00 g,
4.81 mol) in toluene (20 nL) was added . g, 5.29

mmol ) fol |l oned by 10R? lsefHakreHr|pheo&4phnsphunﬁxpélh&dbumy@oni g, 0.15
nmol ) . Toprotectinbsgrggﬁutlon was added 5.0 nL of 2N sodium carbonate
_ R5 1s 1- plperldlnyl 1- pyrrolldlnyl methyl-1-
pyrrolldlnyl d1methy1 l-pyrrolldlnyl 4- -morpholino,
5 dimethylamino, dlethylamlno, dllsopropylamlno, or 1-
hexamethylenelmlno,
| R6 is bromo, chloro, 1odo, or an actlvatlng ester
group; and ' ' B
o _ n is 2 or 3;
10 - dt' optlonally remov1ng the R? and/or R4 hydrot}
- protecting groups; and '
e) optionally forming a pharmaceutically
acceptable salt of'said formula VII compound.

15 ~ 14. A process according to Claim 13 wherein R! and
R2 of said formula VII compound each are -OH.

15. A process according to Claim 14 wherein n is 2

and RS is l-piperidinyl.. |
20 - _ _
16. A process according to Claim 15 wherein said
pharmaceutically acceptable salt is the hydrochloride salt.

17. A process according to Claim 16 wherein R® is

to
wn

bromo or chloro.

18. A process for preparing a compound oI formula
VII

This Sheet Has Been RT
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sol ution.. The resulting mxture:’ wmmuﬂuu(wuﬁmux f or hour s.
Upen coolwngvﬁlsaﬁﬂﬁ’te presicpi-tat e wn
t

met hoxyphenyl ) ] benz&f ?ﬁophene) formed. The’sofid was 15 &d by
filtration and ki.h ethyl acetate. - The : f||tr

di stri but ed betwm gﬁ acetate and sa?ﬁrat ed sodi m r-bqn
solution. The | ay t'e separated, and the organic ? d
over sodium sul fate. Concentration in vaguo progggs mhlte sol
(additional [6- 20 met hoxy- 2- (4- met hoxyg# |ophene) t hat
was collected by filtration. Total i product mas .25 ¢

(969 .- np 190-194 C. 1H NWR (DNBC)d[err]n [err]}}7. 71-7.63 (m 3H

7.61 (s, 1FD, 7.53 (d, J =2.0 Hz, 1 N d = 9.0 Hz, 2H) ,
6.99 (dd, J 9.0, 2.0 Hz, 1H), 3.83 : .81 (s, 25 3H). Anal
Cal cd. for C[err]H[err]CQS - , 5.22. Found: C 71.24; H
5. 26. Al ter natgZrel YN Liication was routinely achi eved by
chromat ography on silico WO 96/ 30361

PCT/ US96/ 04417 .

-17-

Exanpl e 3 '
npl e R
- vII

comprising steps a) and b) accordlng to Clalm 7, and further

5 comprising '
c) acylating a compound of formula I with a
compound of formula VIII ' ' '
O(CH:).-R’

10

VIII

wherein . _

Rl is -H, -OH, or OR?, in which R3 is a hydroxy

protecting group:; C e :
15 R2 is -H, -OH, or OR4%, in which R4 is a hydroxy
protectlng group;

R> is l-piperidinyl, 1-pyrrolidinyl, methyl-i-
pyrrolidinyl, dimethyl-l-pyrrclidinyl, 4-morpholinc,
dimethylamino, diethylamino, dllsopropylaminc,'or i~

20 hexamethyleneiminc;

R® is bromo, chloro, iodo, or an activating ester

group; and ' ' '
- n is 2 or 3;
d) optionally removing the R? and’/or R% hydroxy

25 protecting groups; and —_—

ThIS Sheet Has Bee
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[err] - To a sol ybenzo[ b] t hi ophene (5. 00
g, 30.49 D] Jaweis 200 L of an "ml " fﬁB ETH ded

n- but yl | MY 0 nL, 32.01 o*t i on éﬁmg@ﬁﬁm
After stlrrlng gﬁmnutes asolutlon of 12 8. 32.01 nmol)
in 25 nL of anhy’éﬁ’ﬁ s THF was introduceg 1%“1“ m:ul a. The
resulting mxture was allowed to graduall :

tenperature. The reaction was ) guenched by distributing between et hyl
acetate/ brine (150 ™) 15 optiemally fitreming e2 sphermasepaica bl and t he

organic | @é@ep‘@%%le sa1tedk |fegaq\5erfo§(ﬁglllténk,§lil lc%;rg,ghﬁy;cent ration in vacuo

produced a an sol i hat was recrystal m hexanes to provide
6.70 g (75% of 6 met hoxy- 2 | odobenzo[ b] t hi ophene. np 75-77[err] C.
[err]H NVR (CDCL3) d197 5% (grodess abobbaid) vo 1c#2ih 1 Mherdln Rl Bk? (¢
J (Ig) g }‘]l-i) 3.86 (s, 3H. FD
mass5 spec R%8 Saﬁﬁal o E&PédVIFoF°EP8PPFHFéF &8e: “OH. ¢ 37.26: H 2. 43.
Found: C, 37.55; H, 2.43. 6- met hoxy- 2- |odobenzo[b]th|ophene was
reacted with 4- I di gener I
procedure 25 descrlbedga%%{’/)gg%% %?%@P%En€ &%ﬁ%&% ‘Egg‘ﬂﬁ??re% oxy sgnz;ll )]
benzo[ b] t kinspRend si A -Bomeyidiayl. WO 96/ 30361
PCT/ US96/ 04417 _ - -18-

10 21. A process according to Claim 20 wherein said

pharmaceutically acceptable salt is the hydrochloride salt.

22. A process according to Claim 23 whérein RS is
bromo or chloro. o

15 _
23. A compound of formula IX
R
IX
20 wherein _
- " R!" is -OH or -OR3?, in which R* is a hydroxy
protecting group: and
2 is bromo, iodo, triflate, or -B{OH]:.
25 _ '24. A compound according ta Claim 23 wherein RY°
is -ORZ.
Z3 A compound accerding t~o Claim 24 wherein R~ :is
C:-Ty alkyl. '
30 :
26. A compound according tc Claim 25 wherein R? is
'methyl. '

- This Sheet Has Been Re‘p
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1. A process for preparlng a [err]
conpr i 51 Wb sgm0set formmml Imllll m 7RIS SHESTHS R8T 10
of a compound of fornu all Ler i REPKACED coupl i ng

the reaction product fromstep a), a -zcsorrpound of f “m“i“lm"l”m

27. A compoundﬂéééarding to Claim 26 wherein Z is

bromo.

28. A compound according to Claim 26 wherein z is
5 iodo. | -
29. A éompound according to Claim 26 wherein Z is
-B{OH)>.
10 30. A compound according to Claim 23 whrein Z is
“bromo.
.31.';A compound-according-to-tlaim 23 wberein Z is
sodo. S
15 | _
| 32. A compound according to Claim 23 wherein Z is
-B(OH) 2. ' o T ' )
\—_\_—R‘
' This Sheet Has Be
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[err] | Mcorrpound of forrrula 1V

WD 96/ 03061 PCT/ US96/.044 T ~f n
Rlerr] is -H, C]—I or C]?S”"”'W“ugﬂﬂ”ﬁ"thhydr RE?LACEWE)@L { g group;
5 is -H -*OHe oL 'r-s a nhydr oxy '
protecting group; and ’ X is bro _ 6 ApR1993flate.
2. A process according to Caim1l wherein R[err ' 143 - Rjerjr] and
R2 is -OR4, and Rlerr] and Rl err] each areifferr]t d_aldey—
3. A process according to Claim2 wherein R.err] and R4 e are
met hyl . 15 We claim: 4. A process accordi kg—tTCrarm 3 wherein Xis
I odo. © b, A process according to Claim4 wherein steps
1. A process for preparing a compound of formula
I
5
au
Rr! \ . \S/ R®
I
comprising
a) forming a 2-position boronic acid derivative
10 of a compound of formula II
am
Rl AN .
S
11 ; and
i5 b) coupling the reaction product from step a), a

compound of formula III

ri B(OH) 2

ITI
20

with a compound of formula IV



a) and b) are carried out _in the sane vessel. 20

process according to Caim1l wherein steps. a)' A@Epmﬂ :
corpound of formia 25 | MM MNUNTRM: 3 ng°30 )™ ST
sel ectively bromnatlng,;lomtl‘ng"or * trifl ating04 ARRMg98nd) o
formula |1 WD 96/ 30361 PCt f UBQ6/ 04417 =
-19-
v
wherein

10

15

20

30

R! is -H, -OH, or OR3, in which R3 is a hydroxy
protecting group; R

R2 is -H, -OH, or OR%, in which R? is a hydroxy
protecting group; and

X is bromo, iodo, or triflate.

2. A process according to Claim 1 wherein R! is
-OR? and R2 is -OR4, and R® and R4 each are C3-C4 alkyl.

3. A process according to Claim 2 wherein R3 and
R4 each are methyl. -

4, A process according to Claim 3 wherein X is
iodo.

5. A process according to Claim 4 wherein steps
a) and b) are carried out in the same vessel.

6. _ A process according to Claim 1 wherein steps
a) and b) are carried out in the same vessel.

7. A process for preparing a compound of formula
I
1 T
R S
I
comprising
a selectively brominating, iodinating or

triflating a compound of formula II

d out



R- [err] to prGA,Li—de—a—een@@cmd_gf_forrrul ‘REP
b) coupling saldforrml Vco vmtha OSHEET la Vi
[err] wherein 15 , u”Jll r" H, C]—I r OR[err], in]which
Rlerr] is a hydroxy i , 04AP§1998 H FOH, or
OR4, in which R4 is a hydroxy pr ot ectlng grpup; and Xis
bronmo, iodo, or triflate. 8. process accordtng to Claim
7 wherein Rlerr] is CR[err] and R[ er#2Pp-i s ]._and R[err]' and
Rlerr] each are (err]-Cerr] alkyl.
1
R S
II
to provide a compound of formula V
5
1
R S X
v ; and
b) coupling said formula V compound with a
10 compound of formula VI
(HO) 3B R?
VI
wherein
15 R! is -H, -OH, or OR3, in which R3 is a hydroxy
protecting group; .
R? is -H., -OH, or ORY, in which R? is a hydroxy
protecting group; and
X is bromo, iodo, or triflate.
20
8. A process according to €laim 7 wherein R} is
OR? and R2 is OR4, and R3 and R4 each are C;-Cg4 alkyl.
9. A process according to Claim & wherein R?® and

25 R4 each are methyl.



9. A process according to Caim8 wherein Rerr]

eyl WO 96/ 3oﬁmu| mllu“u'lmu’ I“IPCT/ Usoo | BEE
10. A process according to X is '

11. A process accordlng'to d &i ni 14" wier &i n st eps-. )
pr océ@@gg

carried out in the sane vessel. 12. ordijng to
Claim7 wherein steps a) and b) are carried o el .
10 13. A process for preparing azgonpou VI |
[err]
10. A process according to Claim 9 wherein X is
iodo.
. 11. A process according to Claim 10 wherein steps
5 a) and b) are carried out in the same vessel.

12. A process according to Claim 7 wherein steps
a) and b) are carried out in the same vessel.

10 13. A process for preparing a compound of formula
VIiI
[
0] (Cﬁz) n"'R
QO
R- g R"
. VI
15
comprising steps a) and b) according to Claim i, and further
comprising
c) acylating a compound of formula I with a
compound of formula VIII
20
O
il .
R-—C OI(CH:} -F

VIII
wherein
£l is -H, -OH, or OR:, in which R> s a hydroxy

25 protecting group;



VIl 15
conpri si ng

conmpound of forrmula VIII 20 .
is -H -OH or ORerr], in whic

group;

10

15

20

25

conpri sing steps a) a

C)

*
>
—

WO 96/ 30361

R? is -H, -OH, or OR%, in which R? is a hydroxy
protecting group:

R® is l-piperidinyl, l-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrolidinyl, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1-.
hexamethyleneimino;

R® is bromo, chloro, iodo, or an activating ester
group; and

n is 2 or 3;

d} optionally removing the R3 and/or R%¢ hydroxy
protecting groups; and

e) optionally forming a pharmaceutically
acceptable salt of said formula VII compound.

14. A process according to Claim 13 wherein R! and
R? of said formula VII compound each are -OH.

15. A process according to Claim 14 wherein n is 2
and RS is 1l-piperidinyl.

16. . A process according to Claim 15 wherein said
pharmaceutically acceptable salt is the hydrochloride salt.

17. A process according to Claim 16 wherein R® is
bromo or chloro.

18. & process for preparing a compound of formula
VI '



R2is -H -OH or OR4, in which Rerr] is a hydroxy (v gr oup;
R5 is 1-piperidinyl, 1-pyr 1l l -1- : ggﬁﬁﬁhﬁﬁi i

di met hyl - 1- pyrrolidinyl, A”m“mmu I"(umuml di et hyl @am no, di et hyl ant no,
dii sopropylam no, or 1- . * Chekantth¥yl enei'm no;- U4AP§ 998 [Rp is
brono, chloro, iodo, or an activating ester gr bup; an

nis 2 or 3; 10 d) optionally renoying orf Rl err]
hydr oxy protecting groups; and ~23- e) optional |y

form ng a pharmaceutically acceptable salt of said fornmula

“conpound. 15 14. A process acgQrdi Cl.a m 13 wherein
R1 and R2 of said formula VII conpoung g %&gbﬂ‘@

15. A process according to Caim14 wherei p and R5 is
1-piperidinyl. 20 16. A prQ according to Cdaim15

wherein said pharmaceutically am
sal t.. 17. A
25 brono or chloro.
conpound of formula

“abRg. galt is the hydrochl oride
cording to Caim116 wherein R6 is
18. A process for preparing a

VII

comprising steps a) and b) according to Claim 7, and further
5 comprising

c) acylating a compound of formula I with a
compound of formula VIII

R6—C O(CH;) n-R®

10
VII1
wherein

Rl is -H, -OH, or OR3, in which R3 is a hydroxy
protecting group:

15 R2 is -H, -OH, or OR%, in which R4 is a hydroxy
protecting group;

R® is 1l-piperidinyl, l-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrclidinyl, 4-morpholinc,
dimethylamino, diethylamino, diisopropylaming, or 1-

20 hexamethyleneimino:; _ .

Ré is bromo, chloro, iodo, or an activating estexr
group; and

nis 2 or 3;

d) optionally removing the R?® and/or R4 hydroxy

25 protecting groups; and
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e) optionally forming a pharmaceutically
acceptable salt of said formula VII compound.

19. A process according to Claim 18 wherein Rl and
) R2 of said formula VII compound each are -OH. '

20. A process according to Claim 19 wherein n is 2
and RS is 1-piperidinyl.

10 21. A process according to Claim 20 wherein said
’ pharmaceutically acceptable salt is the hydrochloride salt.

22. A process according to Claim 21 wherein R® is
bromo or chloro.

15
23. A compound of formula IX
R S z
IX
20 wherein
R’ is -OH or -OR3, in which R3 is a hydroxy
protecting group: )
Z is bromo, iodo, triflate ,or -B(OHJ2: and
when Z is bromo or iodo, R~ is not alkoxy.
25 24. A compound according to Claim 23 wherein R!’
is ~OR2.
25. A compound according to Claim 24 wherein R3 is
Ci1-C4 alkyl.

26. A compound according to Claim 25 wherein R3 is
methyl.



[err] wherein

is a hydroxy protect
OR4, in which Rerr] is a
Rlerr] is.1-piperidinyl, |-gyr
di met hyl - 1-pyrrolidi nyl, 4-nor
di | sopropyl am no, or 1- 20
bronmo, chloro, iodo, or an act
nis 2 or 3 d)
hydr oxy .25 protecting 9[.oups;
PCT/ US96/ 04417
phar maceuti cal | y bromo.
19.
formula VII conmpound each

according to Claim 19 wherein
5 1odo

29.
~-B(OH) 5.
10 30.
bromo.
31.
jodo.
15
32.

-B(0OH)>.
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OR3, in mhlch
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arrd
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R4
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acceptable salt of said fornula VII
A process according to Clain118 wherein Rerr] and 5
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A compound according to Claim 26

A compound according to Claim 23

Claim 23

A compound according to

A compound according to Claim 23
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wherein Z is
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wherein Z is
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