MACROCYCLI C I NHI BI TORS OF HEPATITIS C VIRUS The present invention is
concerned with macrocylic conmpounds having inhibitory activity on
the replication of the hepatitis C virus (HCV). It further concerns 5
conpositions conprising these conpounds az active ingredients as well
as processes for preparing these conpounds and conpositions.
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25  protease functions, both encoded in the bifunctional NS3 protein, have been shown to
be essential for replication of HCV RNA. In addition to the NS3 serine protease, HCV
also encodes a metalloproteinase in the NS2 region.

Following the initial acute infection, a majority of infected individuals develop chronic
30  hepatitis because HCV replicates preferentially in hepatocytes but is not directly
cytopathic. In particular, the lack of a vigorous T-lymphocyte response and the high
propensity of the virus to mutate appear to promote a high rate of chronic infection.
Chronic hepatitis can progress to liver fibrosis leading to cirrhosis, end-stage liver
disease, and HCC (hepatocellular carcinoma), making it the leading cause of liver
35  transplantations.

There are 6 major HCV genotypes and more than 50 subtypes, which are differently
distributed geographically. HCV type 1 is the predominant genotype in Europe and the
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25  that the sustained administration of BILN-2061 or VX-950 selects HCV mutants which
are resistant to the respective drug, so called drug escape mutants. These drug escape
mutants have characteristic mutations in the HCV protease genome, notably D168V,
D168A and/or A156S. Accordingly, additional drugs with different resistance patterns
are required to provide failing patients with treatment options, and combination therapy
30 with multiple drugs is likely to be the norm in the future, even for first line treatment.

Experience with HIV drugs, and HIV protease inhibitors in particular, has further
emphasized that sub-optimal pharmacokinetics and complex dosage regimes quickly
result in inadvertent compliance failures. This in turn means that the 24 hour trough

35  concentration {minimum plasma concentration) for the respective drugs in an HIV
regime frequently falls below the ICo or EDyg threshold for large parts of the day. It is
considered that a 24 hour trough level of at least the ICsy, and more realistically, the
ICyg or EDqy, is essential to slow down the development of drug escape mutants.
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WO05/010029 discloses aza-peptide macrocyclic Hepatitis C serine protease inhibitors,

20  pharmaceutical compositions comprising the aforementioned compounds for
administration to a subject suffering from HCV infection, and methods of treating an
HCYV infection in a subject by administering a pharmaceutical composition comprising
the said compounds.

25  The present invention concerns inhibitors of HCV replication, which can be
represented by formula (T):
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amino, azido, mercapto, polyhaloCi salkyl, polyhaloC;¢alkoxy, Csscycloalkyl ,
pyrrolidinyl, piperidinyl, piperazinyl, 4-C; ¢alkyl-piperazinyl, 4-C; salkylcarbonyl-

20 piperazinyl, and morpholinyl; wherein the morpholinyl and piperidinyl groups may
be optionally substituted with one or with two Cj¢alkyl radicals;

Het as a group or part of a group is a 5 or 6 membered saturated, partially unsaturated
or completely unsaturated heterocyclic ring containing 1 to 4 heteroatoms each
independently selected from nitrogen, oxygen and sulfur, said heterocyclic ring

25 being optionally condended with a benzene ring; and Het as a whole being
optionally substituted with one, two or three substituents each independently
selected from the group consisting of halo, hydroxy, nitro, cyano, carboxyl,
Cisalkyl, Ci.salkoxy, CigalkoxyCigalkyl, C;salkylcarbonyl, amino, mono- or di-
Ci-¢alkylamino, azido, mercapto, polyhaloC; ¢alkyl, polyhaloC, salkoxy,

30 Csgcycloalkyl, pyrrolidinyl, piperidinyl, piperazinyl, 4-C salkylpiperazinyl,
4-Cy_salkylcarbonylpiperazinyl, and morpholinyl; wherein the morpholinyl and
piperic!inyl groups may be optionally substituted with one or with two C,.salkyl
radicals.

35  The invention further relates fo methods for the preparation of the compounds of
formula (I), the N-oxides, addition salts, quaternary amines, metal complexes, and
stereochemically isomeric forms thereof, their intermediates, and the use of the
intermediates in the preparation of the compounds of formula (T).
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The term “polyhaloC; salkyl” as a group or part of a group, e.g. in polyhaloC,.salkoxy,

25  is defined as mono- or polyhalo substituted C.salkyl, in particular C,¢alkyl substituted
with up to one, two, three, four, five, six, or more halo atoms, such as methyl or ethyl
with one or more fluoro atoms, for example, difluoromethyl, trifluoromethyl, trifluoro-
ethyl. Preferred is trifluoromethyl. Also included are perfluoroCi.salkyl groups, which
are C;¢alkyl groups wherein all hydrogen atoms are replaced by fluoro atoms, e.g.

30 pentafluoroethyl. In case more than one halogen atom is attached to an alkyl group
within the definition of polyhaloC,.salkyl, the halogen atoms may be the same or
different.

As used herein “Ci4alkyl” as a group or part of a group defines straight or branched

35 chain saturated hydrocarbon radicals having from 1 to 4 carbon atoms such as for
example methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-1-propyl;
“C,.¢alkyl” encompasses C;4alkyl radicals and the higher homologues thereof having 5
or 6 carbon atoms such as, for example, 1-pentyl, 2-pentyl, 3-pentyl, 1-hexyl, 2-hexyl,
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25

Ci.ealkoxy means Ci-salkyloxy wherein Ci.salkyl is as defined above.

As used herein before, the term (=0) or oxo forms a carbonyl moiety when attached to
a carbon atom, a sulfoxide moiety when attached to a sulfur atom and a sulfonyl moiety

30 when two of said terms are attached to a sulfur atom. Whenever a ring or ting system
is substituted with an oxo group, the carbon atom to which the oxo is linked is a
staturated carbon.

The radical Het is a heterocycle as specified in this specification and claims. Preferred
35 amongst the Het radicals are those that are monocyclic.

Examples of Het comprise, for example, pyrrolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, piperazinyl, pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl,
thiazinolyl, isothiazinolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl
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particular 1,2,3,4-tetrahydroisoquinolinyl), quinazolinyl, phthalazinyl, benzimidazolyl,
25  benzoxazolyl, benzisoxazolyl, benzothiazolyl, benzoxadiazolyl, benzothiadiazolyl,
benzofuranyl, benzothienyl.

The Het radicals pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, piperazinyl,
4-substituted piperazinyl preferably are linked via their nitrogen atom (i.e.

30  1-pyrrolidinyl, 1-piperidinyl, 4-thiomorpholinyl, 4-morpholinyl, 1-piperazinyl,
4-substituted 1-piperazinyl).

It should be noted that the radical positions on any molecular moiety used in the
definitions may be anywhere on such moiety as long as it is chemically stable.

35 _
Radicals used in the definitions of the variables include all possible isomers unless
otherwise indicated. For instance pyridyl includes 2-pyridyl, 3-pyridyl and 4-pyridyl;
pentyl includes 1-pentyl, 2-pentyl and 3-pentyl.
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Unless otherwise mentioned or indicated, the chemical designation of a compound

25 encompasses the mixture of all possible stereochemically isomeric forms, which said
compound may possess. Said mixture may contain all diastereomers and/or
enantiomers of the basic molecular structure of said compound. All stereochemically
isomeric forms of the compounds of the present invention both in pure form or mixed
with each other are intended to be embraced within the scope of the present invention.

30
Pure stereoisomeric forms of the compounds and intermediates as mentioned herein are
defined as isomers substantially free of other enantiomeric or diastereomeric forms of
the same basic molecular structure of said compounds or intermediates. In particular,
the term “stercoisomerically pure” concerns compounds or intermediates having a

35 stereoisomeric excess of at least 80% (i.e. minimum 90% of one isomer and maximum
10% of the other possible isomers) up to a stereoisomeric excess of 100% (i.e. 100% of
one isomer and none of the other), more in particular, compounds or intermediates
having a stereoisomeric excess of 90% up to 100%, even more in particular having a
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25  For some of the compounds of formula (I), their prodrugs, N-oxides, salts, solvates,
quaternary amines, ot metal complexes, and the intermediates used in the preparation
thereof, the absolute stereochemical configuration was not experimentally determined.
A person skilled in the art is able to determine the absolute configuration of such
compounds using art-known methods such as, for example, X-ray diffraction.

30
The present invention is also intended to include all isotopes of atoms occurring on the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without limitation, isctopes of
hydrogen include tritium and deuterium. Isotopes of carbon include C-13 and C-14.

35

The term “prodrug” as used throughout this text means the pharmacologically
acceptable derivatives such as esters, amides and phosphates, such that the resulting in
vivo biotransformation product of the derivative is the active drug as defined in the
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compound of the present invention may be prepared by nodifying
functi onal An in vivo hydrolysable ester of a compound of the formula (I) containing a hydroxy

group includes inorganic esters such as phosphate esters and o-acyloxyalkyl ethers and
related compounds which as a result of the in vivo hydrolysis of the ester breakdown to

25  give the parent hydroxy group. Examples of a-acyloxyalkyl ethers include acetoxy-
methoxy and 2,2-dimethylpropionyloxy-methoxy. A selection of in vive hydrolysable
ester forming groups for hydroxy include alkanoyl, benzoyl, phenylacetyl and
substituted benzoyl and phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters),
dialkylcarbamoyl and N-(dialkylaminoethyl)-N-alkylcarbamoy] (to give carbamates),

30 dialkylaminoacetyl and carboxyacetyl. Examples of substituents on benzoyl include
morpholino and piperazino linked from a ring nitrogen atom via a methylene group to
the 3- or 4-position of the benzoyl ring,

For therapeutic use, salts of the compounds of formula (I) are those wherein the

35 counter-ion is pharmaceutically acceptable. However, salts of acids and bases which
are non-pharmaceutically acceptable may also find use, for example, in the preparation
or purification of a pharmaceutically acceptable compound. All salts, whether
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benzathine, N-methyl-D-glucamine, hydrabamine salts, and salts with amino acids such
25 as, for example, arginine, lysine and the like.

The term addition salt as used hereinabove also comprises the solvates which the
compounds of formula (I) as well as the salts thereof, are able to form. Such solvates
are for example hydrates, alcoholates and the like.
30
The term “quaternary amine” as used hereinbefore defines the quaternary ammonium
salts which the compounds of formula (I) are able to form by reaction between a basic
nitrogen of a compound of formula (I) and an appropriate quaternizing agent, such as,
for example, an optionally substituted alkylhalide, arylhalide or arylalkylhalide, e.g.
35 methyliodide or benzyliodide. Other reactants with good leaving groups may also be
used, such as alkyl trifluoromethanesulfonates, alkyl methanesulfonates, and alkyl
p-toluenesulfonates. A quaternary amine has a positively charged nitrogen.
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N- net hyl - D- glycam a acid
Such 25 as, PRI el oBanE R IR oy 806 B Bl oA Bafy S
addi tion sal tforss al@e@hwmt@mimbmdmts@nﬁbnpbqu dermulpeare sitenged to hinghded
t he corrpounq,slﬂglf.t}{e%@g(ﬁ*tﬁé resdfit MWoentiogS the salts thereof, are able
to form ch sol vat es are for exarrpl e hydrates, alcohol at es and the
like. 30 e term"quaternary am ne" as used here| nbef ore defines the
quat er nary anrksomentioned alipavs, thi cahpdunds efdimpoda (I3 hofe sboarshaspmihkfyic aemers.
able to formg rde?afﬁlbﬁrbfﬁa&ae@%fe@mbaaﬁ SfthEHetaEyQ%QmQ‘::exﬁerg QHPRHRSErR

formula (1) and an opr. uat erni zi n Tor
exanpl e, an (?EfftF‘Bﬁa ‘@c Eafet f ‘é"d‘n&FW“HSHQPH’g‘ﬁaE’F]\}E%%eflde or

aryl al kyl hal i de, e.g. 35 nethyligdi de or benzyliodide. O her
reactants with good | eaving grous y al.go be wused, such as al kyl
trifluoromet hanesul f onat es, ’ et Ranesul f onates, and al kyl
p-tol uenesul fonates. A quater b has a positively charged
nitrogen. 12

0

N HN?

Rs/ \(7)n $ R1

8\ P

20 Asymmetric centers are present at positions 1, 4 and 6 of the macrocycle as well as at
the carbon atom 3’ in the 5-membered ring, carbon atom 2’ when the R? substituent is
Ci.salkyl, and at carbon atom 1° when X is CH. Each of these asymmetric centers can
occur in their R or S configuration.



Phar maceuti cal |y acceptable counterions include chloro, brono, iodo,
trifluoroacetate and acetate. The counterion of choice can be

i ntroduced using ion exchange resins. The N-oxide fornms of the
present conpounds are neant to conprise the conmpounds of 5 fornula
(1) wherein one or several nitrogen atBms are oxidized to the
so-called Noxide. It will be appreciated that the conpounds of

formula (1) have net al binding, hel ating, compl ex_ .formn .
b oper L1 &5 antRaSiaTERBTi Ay PERIEL metRBb o EiopieR gt o ar faa soid
chel at es. Sucdeniiptratiat, éd. ttigrafLeprohmes of t he conpounds of formula (1)
are 10 intended to be included wthin the scope of the present

invention. Sone of .the conpounds of formula (1) may also exist in
their tautoneligd £dt it &s m%%?%“‘éqstsﬂ?ﬁyﬂﬁe‘iﬂfﬁ’%&%‘?si ]cia{“lig ¥He6 cat ed
in the abave dyolbpeitancaing prafeesbticale inca s iconfiguseidn. Thet darbonylhsabstwgneatof

the present i (5] . 'ﬁ’ﬂ@ﬁja ( f
formula (1) r@é{gﬂgg\/gﬁg%ﬁﬁ ]r?ﬁg%}%?c er?ti% g‘ri’l‘éa?cox:r%ﬁ %@gg’ 5)I%J](gqﬁrrct’)ﬁr?lg'
efficiently renfguraiion e cg%@%a%p&%@%@ AtPQsHIoNg | 'sandy) profeiplle Arendp
system as i ndiepiteddeiow inhe §talctpsbNge fdllbwirigufoshulhor nul a wi I 1 be used.
RS Ft6 NR4 \ I / O R ,, ~"Z(l) Otj/ O2O0OHN R3)ns R \ 6
20 Asynmmetric centers are present at positidons 1, 4 and 6 of the
macrocycle as well as at the carbon atom 3" in the 5-nmenbered ring,
carbon atom 2' when the RZ substituert_] i. sal kyl, and at carbon
atom 1" when Xis CH Each of these asynm ¢ centers can occur in
their Ror S configuration. 13 The sterg gm stry at position |
preferably corresponds to that of ag‘l__;\gfﬁ no (:2i d
0
e )

| !

10 The compounds of formula (I) include a cyclopropyl group as represented in the
structural fragment below:

0
H
N
5
0 G

wherein C; represents the carbon at position 7 and carbons at position 4 and 6 are
asymmetric carbon atoms of the cyclopropane ring.
15
Notwithstanding other possible asymmetric centers at other segments of the compounds
of formula (I), the presence of these two asymmetric centers means that the compounds
can exist as mixtures of diastereomers, such as the diastereomers of compounds of
formula (I) wherein the carbon at position 7 is configured either syn to the carbonyl or
20  syn to the amide as shown below.



configuration, i.e. that of L-proline. Wien X is CH the 2 carbonyl
groups substituted at positions 1' and 5 of the 5 cycl opentane ring
preferably are in a trans configuration. The carbonyl substituent at
position 5 prferably is in that configuration that corresponds to an
L-proline configuration. The carbonyl‘broups substituted at
positions 1' and 5 preferably are as depicted bel ow in the
structure of the followng fornula I 3 2" 4 501 Oz z O10 The

conmpounds of fornula (1) |ncludeia(§y progiﬁy |as represent ed

in the structural fragnent b .... L€ F erein C7
represents the carbon at p05|t| carb p05|t|on 4 and 6
are asymetric carbon atons o()the‘bycloprop@ne rng.

Not wi t hst andi ng ot her possi bl e asymmeBiic centers atCx her segnent s
of the conpounds of formula( s%nb%gﬁo [ese@egwgga%ﬂgse t wo
asymmetric centers neans that the un S can exist as m xtures of
di astereoners, such as the dlastereoners of conpounds of formula (I)

wherein the carbon at position 7# nfigured eith syn to the
carbonyl or 20 syn to the a 'deNaﬁﬂl | ow. (B4 0 45, b5<
.s 00 CC+ Q%{ \D N—
5 H 5
0O & O
=+C, =
C7 syn to carbonyl C7 syn to amide

One embodiment concerns compounds of formula (I) wherein the carbon at position 7
is configured syn to the carbonyl. Another embodiment concerns compounds of
formula (I) wherein the configuration at the carbon at position 4 is R. A specific

5 subgroup of compounds of formula (I) are those wherein the carbon at position 7 is
configured syn to the carbonyl and wherein the configuration at the carbon at position 4
isR.

The compounds of formula (I) may include as well a proline residue (when X isN) ora

10 cyclopentyl or cyclopentenyl residue (when X is CH or C). Preferred are the
compounds of formula (I) wherein the substituent at the 1 (or 5°) position and the
substituent at position 3” are in a trans configuration. Of particular interest are the
compounds of formula (I) wherein position 1 has the configuration corresponding to
L-proline and the substituent at position 3’ is in a trans configuration in respect of

15 position 1. Preferably the compounds of formula (I) have the stereochemistry as
indicated in the structures of formulae (I-a) and (I-b) below:



C7 syn to carbonyl C7 syn to amde >5 *FHV5 4-C V +C7 C7 syn to
carbonyl C7 syn to am de One enbodi nent concerns conpounds of fornula
(1) wherein the carbon at position 7 is configured syn to the
carbonyl . Anot her enbodi nent concerns conmpounds of forrmula (I)
wherein the configuration at the carbok at position 4 is R A
specific 5 subgroup of conpounds of forrmula (1) are those wherein the
carbon at position 7 igs5 configured syn to the cherbonyI and wherein
the configuration gt the carbon at position 4 ip R The gonpounds of
formula (1) may i mchpge~asNwliRa proline rBigwe(aNen R'is N) or a
10 cycl opentyl or cy d r O.
Preferred are the 15 - £ substituent
at the 1 (or 5') position dand the substituent at pogition 3" are in
a trans configuration. OF farticular interest are th® conpounds of
formula (1) wherein positiaop 1 has the configurati onZorresponding to
L-proline and the sub&¥ ent at position 3' isg
configuration in respect position 1. Preferab
of fornmula (1) have the s chem stry as indicat t he

structures of forrrul@sﬁ!/-ab d (lgb) below 15. 85 R5ZR6 | N R4 Rs
N R4 00 RZnzZ 2 4. , 5 040 &zz p 2 O

R3- )n RL 6 84 6 (I-a&){k&?j“”s avenbodi nent of tye prm\‘pent“\k
n n W 1
R

i nvention concerns cd®pou ormR% (1) or g¥” \W)n
N 5
84 o L
\\;‘\\\ 6 2 \\\\\\‘- 6
7

(I-a) (I-b)

One embodiment of the present invention concerns compounds of formula (I) or of
formula (I-a) or of any subgroup of compounds of formula (I}, wherein one or more of
the following conditions apply:

5 (a) R?®is hydrogen;
(b) X is nitrogen;
(c) a double bond is present between carbon atoms 7 and 8.

One embodiment of the present invention concerns compounds of formula (T) ot of
10 formulae (I-a), (I-b), or of any subgroup of compounds of formula (I), wherein one or
more of the following conditions apply:
(a) R? is hydrogen;
(b) X is CH;
(¢) a double bond is present between carbon atoms 7 and 8.
15
Particular subgroups of compounds of formula () are those represented by the
following structural formulae:



formula (l1-a) or of any subgroup of compounds of fornula (1), wherein
one or nore of the followng conditions apply: 5 (a) RZ is hydrogen;
(b) Xis nitrogen; (c) a double bond is present between carbon atons
7 and 8. One enbodi nent of the present invention concerns conpounds
of formula (1) or of 10 formulae (1-a) (1-b), or of any subgroup of
conpounds of formula (1), wherein one or nore of the foll ow ng
conditions apply: (a) g is hydrogen; (b) Xis gb, (c) a double bond
is present betweep,carjpon §t0n§47 and 8. 15 Particul ar sybgroups of
conpounds of for 3 3 ose represent g\\ | owi ng
structural fornul ae: R5 R6 / y NR4 R6 |R&| 00 3- R 3
g- 9 N O- 02 O ONL FHN3 HNS R~ )n 5 RL 86 87
7 (I-c) (1-d) Anongst thelconpounds of forrmula (I-c)l and (1-d),

t hose having the stereocheyi cal configuration of t h& conpounds of
formulae (l1-a), and (I-b), N espectively, are of Rpart'i ular interest.

5

(I-d)

Amongst the compounds of formula (I-c) and (I-d), those having the stereochemical
configuration of the compounds of formulae (I-a), and (I-b), respectively, are of
particular interest.

5
The double bond between carbon atoms 7 and 8 in the compounds of formula (I), or in
any subgroup of compounds of formula (I), may be in a cis or in a trans configuration.
Preferably the double bond between carbon atoms 7 and 8 is in a cis configuration, as
depicted in formulae (I-c) and (I-d).
10

A double bond between carbon atoms 1° and 2’ may be present in the compounds of
formula (I), or in any subgroup of compounds of formula (I}, as depicted in formula
(I-e) below.



The doubl e bond between carbon atons 7 and 8 in the conpounds of
formula (1), or in any subgroup of compounds of fornula (1), may be
inacis or in atrans configuration. Preferably the double bond
bet ween carbon atons 7 and 8 is in a cis configuration, as depicted
in formulae (lI-c) and (I-d). 10 A doubl? bond between carbon atons 1'
and 2' may be present in the conpounds of fornula (1), or in any
subgroup of conpounds of fornulagél), as depicted in formula (1-e€)
below 17 RS R6/ N R4 \ 1/ R2 3121 4" (l-e) 150020
R3~N)n HN3 4 Rl s 8 6 7 Y@ AP pBr ti cul ar subgroup of
conpounds of formula (1) are t |rep esented by the follow ng
structural fornulae: R5 R5 R6 K4 R6/ \ NR4 00 31 Rer 3" r
4 O- 020 O0OO0O02 NHN3 N HN3

(I-e)

Yet another particular subgroup of compounds of formula (I) are those represented by
the following structural formulae:




R3~)n5 RL R3~ )n3 RL $686 7 75(l-f) (l-g0 18 RSRe N\ R4 |

/ 0 R 3-r 47 \r 510020 .~-NHNB R3)ad4RL s86 7 (l-h)
Anongst the conpounds of formulae (I-f), (l1-g) or (lI-h), those having
the 5 stereochem cal configuration of the conpounds of formulae (I-a)
and (1-b) are of particular interest.®in (1-a), (I-b), (I1-c), (I-d),
(l-e), (1-f), (1-g) and (I-h), where applicable, X, n, R, , ,

R4, R5, and R6 are as specified ingdhe definitions of the conpounds
of formula (1) or in 10 any ofgthe suhgroups of compounds of fornula
(1) specified herein. It is to'bs , t hat the above defi ned
subgroups of conpounds of fornul g (r-b), (1-c¢), (1-d),,
(r-e), (1-f), (1-g) or (I-h), as We ag”~any ot her subgroup defined
herein, are nmeant to al so conprise any A oxi des, addition salts,

guat ernary am nes, 15 nmetal conpl exes and stereochemcally isomeric
forms of such compounds. Wen n i$ 2, the noiety -CH2- bracketed by
"n" corresponds to ethanediyl in the™— punds of formula (1) or in
any subgroup of conpounds of fornula ( en nis 3, the noiety

(I-h)

Amongst the compounds of formulae (I-f), (I-g) or (I-h), those having the
5  stereochemical configuration of the compounds of formulae (I-a) and (I-b) are of
particular interest.

In (I-a), (I-b), (I-c), (I-d), (I-e), (I-f), (I-g) and (I-h), where applicable, X, n, R", R?, R®,
R*, R®, and R® are as specified in the definitions of the compounds of formula (I) or in
10 any of the subgroups of compounds of formula (I) specified herein.

It is to be understood that the above defined subgroups of compounds of formulae (I-a),
(I-b), (I-c), (d-d), , (I-¢), (I-f), (I-g) or (I-h), as well as any other subgroup defined
herein, are meant to also comprise any N-oxides, addition salts, quaternary amines,

15 metal complexes and stereochemically isomeric forms of such compounds.

When n is 2, the moiety —CHj- bracketed by “n” corresponds to ethanediyl in the
compounds.of formula () or in any subgroup of compounds of formula (T). When n is
3, the moiety —CH,- bracketed by “n” cormresponds to propanediyl in the compounds of
20  formula (I) or in any subgroup of compounds of formula (I). When n is 4, the moiety
-CH;- bracketed by “n” corresponds to butanediyl in the compounds of formula (I} or
in any subgroup of compounds of formula (I). When n is 5, the moiety —-CH,-
bracketed by “n” corresponds to pentanediyl in the compounds of formula (I) or in any
subgroup of compounds of formula (I). When n is 6, the moiety —CH,- bracketed by
25 “n” corresponds to hexanediyl in the compounds of formula (I} or in any subgroup of



20 formula (I) or in any subgroup of conpounds of fornmula (1). When n
is 4, the noiety -CH2- bracketed by "n" corresponds to butanediyl in
t he conmpounds of fornmula (1) or in any subgroup of conpounds of
formula (1). Wien n is 5, the noiety-CH2- bracketed by "n"
corresponds to pentanediyl in the conmptunds of formula (1) or in any
subgroup of conpounds of formula (1). Wen nis 6, the noiety -CH2-
bracketed by 25 "n"_ corresponds to hexanedlyl in the conmpounds_ of
formula (1) ofompquadaotdomuiiatly Rartiodar subgronms of the spmpeyngs jof formyla (1) are
Particul ar suhgeavppomidstwierdoamodmds of fornula (1) are those
conpounds wherein nis 4 or 5. Enbodinents of the invention are
conpounds of formula (I% or any of the subgroups of 5 conpounds of
formula (1) vebedigentspt the invgntiqarre compouads efciormila (I ar @yrpffie subgroups of

Cl _6al kyl 5suﬁhmaﬁmﬁﬁﬁmmmmﬂggyyhmemr tert butyI (or t.butyl) and
nost preferabl yowher e R7 s HS

particul ar erlg FS %’E%c re&R 8?“6’31 i?y*}las &F% gﬁ“’l 05”3 butyl
wherein R8 is nﬁql‘lﬂmiyl)@}ddmtmp ablsowhqshan}ahydmgeq,o (c) R is

NHth O)C|2R2 lik@ Rf‘i{sUM(&O)éweii@aﬂwB%r Wﬁemqye! QK- SHPaslk Ry,
Wi - 6al ky

r ropyl, cyclobutyl,
cycl opentyl, or®gc gt ﬁ?ISIHZ[J‘)?)}%ImV\@X@%C?OWYE’I‘PIPg EE’& P%/ut edyvmth Y
d aal kyl , 10 . de) IShMﬁmzR einipatticulapwbgrgin, R¥isCpepgydlkylisubspityted with
(Ert DU o CoRMb bR WG STGCHTRIL SISk Ryen) on oo
formula (1) V\heﬂg‘;f ﬁgl %‘?’ hoig)sulsiitut ‘idrsf"‘gg{: a@iﬂ af- wmng\egvﬂeﬁg,l S
cycl opropyl subptopyiyisepropyl butél, texiabutyll or isobatylwi t h net hyl , et hyl ,

propyl, or isopropyl. 20 Furt her enbodi nents of the invention are
corrpounds of formula ( or any. of the subgroups of confounds of
formula (19 Wivethes W&@Jm@tmsbe@ymn argcompopnds pffermulgd} & a5y rEthes
1- met hyl cycl apbgpyis. offcompbetds efffuesiulxentvehetdin Rhi -INTIS{RO)®Y, iaperticular
conpounds of a. 0 0
formula (1) e%@ﬁlnh CI)‘&'IQQ{QP glr%bg t%%&;ﬁmh%gf%gl U%ﬁ "géﬂil)ﬁyi 65 s
preferably nmétapyapyl. Enbodl ment s of the invention are corrpounds of
formula (1) or any of the subgroups of 30 conpounds of formula (1)
WNErein 54 Purther embodiments of the invention are compounds of formula () or any of the
subgroups of compounds of formula (I) wherein R' is -NHS(=0),R?, in particular

wherein R%is 1-methylcyclopropyl.

Further embodiments of the invention are compounds of formula (I) or any of the
25  subgroups of compounds of formula (I) wherein

(a) R? is hydrogen;

(b) R? is Cy.¢alkyl, preferably methyl.

Embodiments of the invention are compounds of formula (I) or any of the subgroups of
30 compounds of formula (I) wherein
(a) X is N, C (X being linked via a double bond) or CH (X being linked via a single
bond) and R? is hydrogen;
(b) X is C (X being linked via a double bond) and R is Cy¢alkyl, preferably methyl.

35 Further embodiments of the invention are compounds of formula (I) or any of the
subgroups of compounds of formula (I) wherein
(2) R® is hydrogen;
(b) R? is Cysalkyl;



(a) Xis N, C (X being linked via a double bond) or CH (X being
linked via a single bond) and R2 is hydrogen; (b) Xis C (X being

| i nked via a double bond) and R2 is C -6al kyl, preferably nmethyl. 35
Furt her enbodi nents of the invention are conpounds of formula (1) or
any of the subgroups of compounds of fbrmula (1) wherein (a) R3 is
hydrogen (b) R3 is Cl. 6a|ky| 20 (c) R3 is Ci-6al koxyd . 6al kyl or

7cyc|oalky ed f t he i nvention are conpounds
of formula (I )grlsén‘gf g‘fm}'(ﬁ‘é B?L%%S%c Il1corrpounds of formula (1)
wherein R3 is hydrogen, or Cl.6alkyl, nore 5 preferably hydrogen or
met hy:c . E”bOdPgEﬁH{e@ eﬁiiao&ﬁﬁnts oY ﬁﬁgh\%i?@:]{ &e %&fiﬁ&h&ﬁé’ 1 Rkmh1 Iyt ﬁn)(df)th@lr
any o e su u S or mu s_ary
or et each THECHBRIGRIRISOBL Tumua O VATHE R (8 beiber Gtk mote
substituent s wefetdbly Igrdregenlor netliyl.oned in the definitions of 10 the

compounds of formula (1) or of any of the subgroups of conpounds of
formula (1); _o peci f I.Lly said aryl or each,

i ndependent | yﬂimﬁtﬁﬁ%wa Pf @e dRH5EHPN A EMRFIPAS 0%?“@9 E@ pr any A he suhgtqyps of
mono- or di O edfapolsydsastifomulpdl)y whérenllR’fyd; arypmrpﬁat; atinjtdependeniyh optionyily,
PIperazi ”y' ¢ib gtut@@kv‘fﬂﬂ'aﬂ# B?fh@%PW 3?91 G‘nehﬂ@né&% B{%Qieﬁﬂi}’ibn@é}d

pi peridin grou stltute

Cl- 6al kyl YE} adhe aqngpouyés E&B&Bﬁll%ﬂ {5 O%Wtqﬁ he; spharpensed camaml:f@ﬁﬁﬁf?ﬁagla &%
formula (1) osr s@divjﬁdailytsﬁlﬁ asyl log et fasingodach, dndependasidy, obtibmtimeitati(uldd with

V[\\?er g:, n :Qﬁ IerI? a.[k%?j 'hﬁ?o \f}\ﬁufo m})nch 51 AL ﬁlﬁ éélfctla{n 1§4$¥r%}ldm%gpeﬁdnfyﬁ (")

consi sti ng ofmorph@inmhan@rglw Raeall k‘salmazmazwl nNend veran @aenorpl(camxl) and
(9-2) (d-3) ($pdidinyl groups may optionally substituted with one or two C;-alkyl radicals;

15
Embodiments of the invention are compounds of formula (I) or any of the subgroups of
compounds of formula (I) wherein R* is a radical

S =
% s R /\l;q Réa <\’
R43A NJ g (q) \\N/NH q") \ /Nﬁ*ﬁ (q’-1)

or, in particular, wherein R* is selected from the group consisting of:

0 L <,

(q-1) (q-2) (a-3) (q-4)

20

wherein, where possible a nitrogen may bear an R** substituent or a link to the

remainder of the molecule; each R* in any of the R* substituents may be selected from
25 those mentioned as possible substituents on Het, as specified in the definitions of the

compounds of formula (I) or of any of the subgroups of compounds of formula (T);

more specifically each R* may be hydrogen, halo, C;salkyl, amino, or mono- or di-
Ci-galkylamino, pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl, 4-C; ¢alkyl-

30 piperazinyl; and wherein the morpholinyl and piperidinyl groups may optionally
substituted with one or two C;-salkyl radicals;



wherein, where possible a nitrogen nay bear an R4a substituent or a
link to the remainder of the nolecule; each R4da in any of the R4
substituents nmay be selected from 25 those nentioned as possible
substituents on Het, as specified in the definitions of the conpounds
of formula (1) or of any of the subgrotlps of conpounds of fornula
(I'); nore specifically each R4a may be hydrogen hal o, d - 6al kyI

am no, or nono- or dj- mno rroI| yl., pi i

mor phol i nyl , IBPrﬁéP‘?ﬁﬁ??}lV each IFQWP‘CIE'G in%%ﬁnﬂi:h&gﬁroge%ﬁ@ éfaéfyllr t he
nmor phol i nyl aamling, gp eiond aycﬂl-(gr:f,a]kpmnm optionally substituted with
one or two Cl-6al kyl radi cal S; 21 nore specifically each each Rda
i's, each |ndependentl¥ drogen, hal o, Cl_6al kyl am no nmono-
or di - Cr6al kyandivhees R ar‘ﬁjs '@d R & DtEOEEH, BeTH, tt@f%ra'éﬁ ipa Fﬁr‘%crrbvg’éﬁma%&)m
it preferapl YSubﬁltﬁ?enﬂ: b RrofnRteditd thaGitrdpes wiast datbioe Atont biedneiod its eabact ed

to the nltrogdq %‘zh%% Qhﬁ ?% lag, erL%biss? %P(gp atons; and

wherein in th P ns ance Enbodi ment s of
the invention are conpounds of forrrul a (1) or any of the subgroups of

corr{)ounlds OL Eabdiithant§ 81 theeieBiidh aﬁ?écbzﬁpdmh@swﬂfoﬁﬂtim?ym betiny! of@d’gubgmups Of
parti cul ar acC. ubst.i

st tuont o Dbinsiidslptdmiis GhwBae o ey Fap bt Pt onfesd”
defi ni ti ol o#hicheach amgycherstibstitiited withnll 2013 jubsiituertts setpptedffiomhthose

subgroups t h%@iﬁi‘oned ﬁ‘)rB?y'l i @ H@ﬁmﬁﬁis%f ﬂﬁ%@iﬂpoﬁl{ds RY fdrihla ([)i)r of any of the
substituted w stlt

su
substituents ¥ BEQSetH&F?%%%‘iﬁB aﬁ‘“ 3R¥)|°I8Vn‘gl lsaﬁlgﬁtgﬁ lg(or with
Enbodi ments of-2 tdnevxihrmhsubsw:uaﬁ@r substitvenisi selestedf fommbdle, (Cﬂs)llkm]rore(h;aalbcbxy
t he subgroups of corrpounds of for rrula (1) wherein R5 is halo, or

C1-6alkyl rab hy et hyl i sopropyl, .tert-butyl, uor o,
chloro, pepdimsts 5‘5'@ © FYRHHRR BEFUBRAUR othmisgp ek v st ﬂm@Lgroups of
i nventi on ar e:omnmﬂsrmdlfomﬁﬂa‘(m}wh&ran(ﬂs)ls ledlo, an €1 -@dlkyl hereferdbiy methgl, ethyl, 20
conmpounds of 6

di d _6al kyl am gr er? W%@h@ Fr@t)r%gyﬁ%ﬂrﬁ% Oh%aff)q'lém 0; nore

preferably R6 |s nmet hoxy. The conpounds of formula (I) consi st of
t hree bui |l di rgmidasdss lthe Eﬂrcnﬂﬁ‘ﬁl.ar&ﬁrhpﬁuﬁ@ oﬂﬂ)lﬁmﬂaﬁ’)oxf afytolf e sabgtb@iss

a Pl' tai Th n k i ) 6
compound %‘BS c‘)fvgv%%%/ @D {l@ llﬁ 15‘['\43]165?&% ﬁrsdﬁi nb“* & E ?’fé%fFrab]P’R

bui | di ng bl ocknw@oxrmdmﬁymn@fm@nmfmblyR Bunethexyg bI ock P2 of the
conmpounds of formula (1) wherein X is Cincorporates the carbonyl

O P B it mhOSR ST Byt (b copsikagine piing bioeks b PXPR! Bifiding”
block P1 further contains a P1° tail. The carbonyl group marked with an asterisk in
25  compound ([-c) below may be part of either building block P2 or of building block P3.
For reasons of chemistry, building block P2 of the compounds of formula (I) wherein X
is C incorporates the carbonyl group attached to the position 17,

The linking of building blocks P1 with P2, P2 with P3, and P1 with P1* (when R!is

30 -NH-SO;R® or -OR") involves forming an amide bond. The linking of blocks P1 and
P3 involves double bond formation. The linking of building blocks P1, P2 and P3 to
prepare compounds (I-i) or (I-j) can be done in any given sequence. One of the steps
involves a cyclization whereby the macrocycle is formed.

35 Represented herebelow are compounds (I-i) which are compounds of formula (T)
wherein carbon atoms C7 and C8 are linked by a double bond, and compounds (I-j)
which are compounds of formula (I) wherein carbon atoms C7 and C8 are linked by a



30 -NH-SO2Rs or -OR ) involves form ng an am de bond. The |inking of
bl ocks PI and P3 involves double bond formation. The |inking of
bui Il ding blocks P1, P2 and P3 to prepare conpounds (l-i) or (1-j)
can be done in any given sequence. One of the steps involves a
cyclization whereby the macrocycle is #orned. 35 Represented

her ebel ow are corrpounds (1 -|) V\:hl ch are corrpounds of fornmula (I)
wher ei n carbon t 7/ and a doubl.e. bond, an
Conpounds. ( T G hie P8 RagRgEYTaun s T e B roRaPpising
atons C7 and mpaumislqfrfdaumdﬂds@—lhbfﬁdu@ng@bdowﬂﬂ‘dondﬁhehmmmynlﬁs of
formula (1-j) can be grepared fromthe correspondi ng conpounds of
formula (1-1) by reddCing the double bond in the ngerocycle. RS RS
R6/ \ NR4 R6 R4 JO ONP2 PRB4R2 3" RR Y g ..q, p. V.5~ Q0 .JVIr
0 JVIr Z7Z HN%B Mla\%lRB"lqR~ PR%e5A P gl 66$6
77 (1-1) (I1-1) e noted that in conp 4 of |fornul a
(I-c), the am de bo i »
acconplished at two diffeent positions of the urea K )
first am de bond enconpas§espst he nitrogen of the pyrrohidgne ring and
the adjacent carbo ( ed with an asterisk).An alh
second am de bond for i om/ i nvol ves the reaction oOfg\2 hejasteri sked
carbonyl with a -NHR3 gripups/, Both am de bond formati s sbet ween

bui | di ng bl ocks P2 oamd 2f easi bl e.

(1)

It should be noted that in compounds of formula (I-c), the amide bond formation

5  between blocks P2 and P3 may be accomplished at two different positions of the urea
fragment. A first amide bond encompasses the nitrogen of the pyrrolidine ring and the
adjacent carbonyl (marked with an asterisk). An alternative second amide bond
formation involves the reaction of the asterisked carbonyl with a -NHR? group. Both

amide bond formations between building blocks P2 and P3 are feasible.
10

The synthesis procedures described hereinafter are meant to be applicable for as well
the racemates, stereochemically pure intermediates or end products, or any
stereoisomeric mixtures. The racemates or stereochemical mixtures may be separated
into stereoisomeric forms at any stage of the synthesis procedures. In one embodiment,

15  the intermediates and end products have the stereochemistry specified above in the
compounds of formula (I-a) and (I-b).

In order to simplify the structural representation of the compounds of formula (I) or the
intermediates the group

20 i



10 The synthesis procedures described hereinafter are nmeant to be
applicable for as well the racemates, stereochem cally pure

I nternmedi ates or end products, or any stereoisoneric m xtures. The
racenat es or stereochenmical m xtures may be separated into

stereoi soneric forns at any stage of t¥e synthesis procedures. In one
enbodi nment, 15 the internedi ates and end products have the

stereochem stry specified,above in the conpounds qf formula (I-a)
and (1-b). |rfsaqpa%rm%bx#%ﬁv#mdpﬁ@lgterr%f%&a|fherdt@a8@§£wsa¥ﬂgwusf the

conpounds of pesanted Hyl B’ to thetamaintertof thoanbledudss t he group RS R6 N\ R4
20 23 is represented by RO and the dotted line represents the bond
linking said group _represented by RO to the remminder of the

mol ecul e. | n Bi98e ExbeRivEh comBeRin (ke prepmpd by Grss rpHRE e B boads and
rOfrkYi ng LH‘E adﬂii)QQuéiﬂlﬁiﬁld ifithe dﬁulﬂelbslﬁnuﬁﬁge ﬁe@dﬁféénlrm ahh@ldﬁﬂiﬂoﬁ;dlﬂit‘ﬁiﬁt

I nkage between.P. Pl wil oncom tant cyclization to the

macr ocycl e. Icﬁ'&éz%fng oetthe \é\%oc %kcgii ment, conpounds (1) wherein the bond
between C7 and Cs is a double bond, which are conpounds of formula

]g :)l- : Z) _ fra]ls ?g; m{lﬁﬁ%@g&yh@nbdm%eﬂ%ﬂ;ﬁﬁﬁdsqﬂ&v%iﬁgg%hﬂ bétﬁzd%i 0, &Ja&:ag isa
W : ~ R3~ -
ot o9 of et RhaRE SR e sapgumds of Topiie 0d. B RrAH Aol melbe Blepared

met at hesi ¥ r esouflingd imthe fiadlowingrsesitn soifeme: sui t abl e met al cat al yst

such as e.g. the Ru-based catal ystgreported by Mller, S.J.,
Bl ackwel I, H E, Gubbs, RH J,-Bm Chem Soc. 118, (1996),

9606- 9614;
R2
X
Oﬁ/ o
—_— (1-1)
_N_  HN O

R D
1
l R

(1a)

Formation of the macrocycle can be carried out via an olefin metathesis reaction in the
presence of a suitable metal catalyst such as e.g. the Ru-based catalyst reported by
Miller, 8.1, Blackwell, H.E., Grubbs, R.H. J. Am. Chem. Soc. 118, (1996), 9606-9614;

15 Kingsbury, J. S., Harrity, I. P. A., Bonitatebus, P. J., Hoveyda, A. H,, J. Am. Chem.
Soc. 121, (1999), 791-799; and Huang et al., J. Am. Chem. Soc. 121, (1999), 2674-
2678, for example a Hoveyda-Grubbs catalyst.

Air-stable mithenium catalysts such as bis(tricyclohexylphosphine)-3-phenyl-1H-inden-
20  t-ylidene ruthenium chloride (Neolyst M1®) or bis(tricyclohexylphosphine)-
[(phenylthio)methylene}ruthenium (IV) dichloride can be used. Other catalysts that can
be used are Grubbs first and second generation catalysts, i.e. Benzylidene-bis(tricycle-
hexylphosphine)dichlororuthenium and (1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene)dichloro(phenylmethylene)-(tricyclohexylphosphine)ruthenium,
25  respectively. Of particular interest are the Hoveyda-Grubbs first and second generation
catalysts, which are dichloro(o-isopropoxyphenyimethylene)(tricyclohexylphosphine)-
ruthenium(IT) and 1,3-bis-(2,4,6-trimethylphenyl)-2-imidazolidinylidene)dichloro-



15 Kingsbury, J. S., Harrity, J. P. A, Bonitatebus, P. J., Hoveyda,
A IT., J. Am Chem Soc. 121, (1999), 791-799; and Huang et al., J.
Am Chem Soc. 121, (1999), 2674- 2678; for exanple a Hoveyda- G ubbs
catal yst. Air-stable rutheniumcatal ysts such as

bi s(tricycl ohexyl phosphi ne) - 3- phenyl - | #inden- 20 1 -ylidene

rut heni um chl oride (Neolyst M &) or bis(tricycl ohexyl phosphi ne) -

[ (phenyl t hi 0) | ene].r ut m dichlorid n be used. O her,
Cafalyat s t hub RemoroRE SR el rerentig: SRR GERars prnne
catal ysts, i .aherBandtion dﬁtats-sbcls(,s:Mchacbeaased for this reaction.

hexyl phosphi ne) di chl or or ut heni um and
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Hoveyda- Grub 3%%8 _IM\%'E are

di chl oro(o-i g%@&%%&%p en?ﬂ?rret hyP ﬁ go?t ri cyc exy &Q%

r ut heni un({ H) emphpdiment, the metathesis Teaction is conducted in toluene These reactions are

1, 3-bi s- (2, 4, anivdtatiag ntr@aeinperdturd¥ivideralitraben winadpheeg.di chl oro 24
(o-isopropoxyphenyl met hyl ene) rut heni um respectively. Al so other

catal ysts containin other transition nmetals such as Mo can be used

for this Heactgmenpundyef frpnde (@ sthereinghe inlobpswermnChandGhinhe macrpeycle is a
sui tabl e sol e Sohdhi. @%ofn burfdl¥ dFTr@ula FI-PL A 1bS pre;paﬁd frbhd the c6thPotABESHT

hal ogenat ed

KRR T T A NG a———
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tol uene The SResehRIraddBledhdal BARELKLR &, ¥r kitG ﬁqs@ﬁd tI@iTRﬁro@RHﬁe%Suckel

nder .at nos re ds fornmu er
e O e R G i e ich aeacngé g eSidlgedh a
conpounds of sbbemtwbeh @elg)andarhoﬂ)sucbraepaﬁlanblmtbmol lve arc ethproucidas BHF, or
1?1 Hiréd ¢ al e adde e sdl n es.
formula (I-i),§& % E&QMCW bH6e SHeiR ANRbRROB s Hﬁ?x

conpounds of or mul a Isre tion may be conducted by
catal yti c hydrogenati on vmth hydrogen in the presence of a noble

netal cat al ysitheSi gloumscantbe comneatep ethe Pl bufRiing Bock &Rung staRaoktie synthesis,
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group can be %d# 1 §; 1{ d' E}ﬁué’ bo%ﬁb%%eéﬂ‘%{otﬁ e‘?ieﬁ’f the
synt hesi s, 8 GPf Cel atron, ore or
after the cycﬂxmzlaﬂsr, morlMtfwmﬂéa@) wms@e |Roé@pr¢ﬁ@mé| ﬁRab@v@mpvh@is
conpoundsysof (- QMyLHaA be b}etpmwb?hﬂkﬁé tHeSDT &gnbsm MIRGRESn estadibdng, Inone

conpounds bel rr}%o 1%%n? e~ Cﬁg bX pfs%;e m{rodu(:ed n thell)a’st s%ep of %’JB S%’Ht?IQSISr oeﬂh

compounds () as outlined in the following reaction schemes wherein G represents a
group:




linking the R1L group to PI by form ng an am de bond between both
noieties. Simlarly, the conpounds of fornula (1) wherein Rl
represents -OR7, i.e. conpounds 25 (I-k-2), can be prepared by

| inking the RL group-to P1 by form ng an ester bond. In one

embodi ment, the -ORS groups are introd#fced in the |ast step of the
synt hesi s of the conpounds (1) as outlined in the follow ng reaction
schenmes wherein Grepresents a group: 01RO R2 O-X O 0ON HN R3 %
s--- (a). 25 G COOH + H2N- SO02R8 G-\ a) (2b) HN- SC2 O G COH +
HOR7 G4 ORs (2a) (2c§-CPRHk-2y | HaNPPRi ate(28) can bejgoupl ed with
the ami ne (2b) by an de formng.peaction such as any ofCeRe
procedures for the fo tion of an am de bond described hereinafter.
In particular, (2a) may be treated with a coupling agent, fnexanple
NN - carbonyl 5 diimdazole (CD), EEDQ I1DQ EDCI or,

benzotri azol - 1-yl -oxy-tris-pyrrolidi no- phosphoni um

hexaf | uor ophosphat e (comoaHci arl y HORI | abte—ms Py ry), ina
solvent such as an et hg{] e.g. THF or a hal ogenate ka’ydrocar bon,
e.g. dichl oronet hane, Porophorm i chl or oet hane, and r%%%ted vvlth
the desired sul fonam de (2b), preferably after reacting (2a) with

t he coupling Ia@eln@dlamﬁ@) CaH ¢cmnkdowrlth(th¢aymuwﬂb)(ozml apydeffermipg yeatiiorar e
cond ?Ct eflhl ln subIe asPdng r@éedarebe&%e foRhatNJTRA Bmiiettohd HkitHBEd Hifeifdfeh)
as ri ethy .sopro am

6. di azab) oy Pa%ufar 3? Tl Y JorTng Hegpty o xRy DY -<edientk s
be convert®ed dlmldazah: &0, B, FRNEDE] gr. beazptbarpl-{-ad-exy-frisrymotidino-
general for Mg fFofihhetliGdrEpdsphaliRbARER Il Kfmpdm@gs HyROPESSh a3bivat

SC}[,]: Y?og?\;ﬁ{)ﬂr‘c %me&qusrutgg lﬁ’g; al%é&%%d%lyjr oca:rng e.g glxgloromethane

chlorophorm, dichloroethane, and reacted with the desired sulfonamide (2b), preferably
after reacting (2a) with the coupling agent. The reactions of (2a) with (2b) preferably

10 are conducted in the presence of a base, for example a trialkylamine such as
triethylamine or diisopropylethylamine, or 1,8-diazabicycle[5.4.0Jundec-7-ene (DBU).
Intermediate (2a) can also be converted into an activated form, e.g. an activated form of
general formula G-CO-Z, wherein Z represents halo, or the rest of an active ester, e.g.
Z is an aryloxy group such as phenoxy, p.nitrophenoxy, pentafluorophenoxy,

15 trichlorophenoxy, pentachlorophenoxy and the like; or Z can be the rest of a mixed
anhydride. In one embodiment, G-CO-Z is an acid chloride (G-CO-Cl) or a mixed acid
anhydride (G-CO-0-CO-R or G-CO-0O-CO-0OR, R in the latter being e.g. C4alkyl,
such as methyl, ethyl, propyl, i.propyl, butyl, t.butyl, i.butyl, or benzyl). The activated
form G-CO-Z is reacted with the sulfonamide (2b).

20
The activation of the carboxylic acid in (2a) as described in the above reactions may
lead to an internal cyclization reaction to an azalactone intermediate of formula




15 trichl orophenoxy, pentachl orophenoxy and the like; or Z can be the
rest of a mxed anhydride. In one enbodinment, GCOZ is an acid
chloride (GCOC) or a mxed acid anhydride (G CO O COR or
GCOOCOOR Rinthe latter being e.g. ¢ aalkyl, such as nethyl,
ethyl, propyl, i.propyl, butyl, t.buty3, i.butyl, or benzyl). The
activated formGCOZ is reacted with the sulfonamde (2b). 20 The
activation of the carboxyljc acid in (2a) as described in the above
reacti ons mayvhar@dne, fo B R nPé?er?ﬁISP@f(@ldia e a9d Whersin the stefegsgiic centers
?g al a)Ct (2326 :mrlh@f e ittad sterodchbicalidonfighraftth afpedifiedl ?Mvej\foR&{ahﬁp)easGh (I-a)
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usi ng conventi.gna odol o n i sol ated internediate :
' 19 Chen' r R oS othusRRtn et B BeSfim PTG TR b
(2a-1) can beonducteddd afwaterHommisvible s¢leent, the repetion mixieyw eanitadring f2a¢ ) anay be
1) . I'n one enbaaéd®ith walpef @ith ﬁ@gm?%ﬁ&ib RtV $ddrlS réamivR lall REitRGERbleiskie

cont ai i ng ( At he B Sfaridtel Flitertman heaft oS it (3 dte
wat er i n dr dexdditional gamifieatinnl stepat Ehe-imddtiob lo€ intirnhediates (i) tos theTotherthhud

obt ai ned washgg, 56idé Eél{hiﬁf?d@ah'agé} if? Bhat 8GR Prbdiict, %ﬁ;ﬁfbﬂﬂ hirgi?

additional purification steps.  Th ol.ation of infernmed ate 2a-1)
on the ot her THAFERHORRaY P tRaGEd BaP(2iDneikmg S todes 15 o
i sol at ed pr odusrk-upaf tlerreagpibnonal further purification, may be
reacted with (2b), giving rise to |l ess side products and an easier
wor k-up of the reaction, 15 Internedi ate (Zai) can be couypled with the
al cohol (Yc) Iptgrmpdiate {%a) cansbegonpled adthihepicohab2c) byamestes formyng reagiign. Yor
(2c) are reackedplepQe) 4T (2w drbireacsdivgbtharf witiedetiovalidffweker phiygiphadidally, e.g.
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Intermediate (2a) can also be converted into an activated form G-CO-Z, such as the

ts taH casier

activated forms mentioned above, and subsequently reacted with the alcohol (2¢).

20  The ester forming reactions preferably are conducted in the presence of a base such as
an alkali metal carbonate or hydrogen carbonate, e.g. sodium or potassium hydrogen
carbonate, or a tertiary amine such as the amines mentioned herein in relation to the
amide forming reactions, in particular a trialkylamine, e.g. triethylamine, Solvents that
can be used in the cster forming reactions comprise ethers such as THF; halogenated

25  hydrocarbons such as dichoromethane, CH>Cl; hydrocarbons such as toluene; polar
aprotic solvents such as DMF, DMSO, DMA; and the like solvents.

The compounds of formula (I) wherein R? is hydrogen, said compounds being
represented by (I-1), can also be prepared by removal of a protecting group PG, from a

30 corresponding nitrogen-protected intermediate (3a), as in the following reaction
scheme. The protecting group PG in particular is any of the nitrogen protecting groups
mentioned hereinafter and can be removed using procedures also mentioned
hereinafter: '



I nternedi ate (2a) can al so be converted into an activated form

G CO Z, such as the activated fornms nentioned above, and
subsequently reacted with the al cohol (2c). 20 The ester form ng
reactions preferably are conducted in the presence of a base such as
an al kali netal carbonate or hydrogen ¥arbonate, e.g. sodium or

pot assi um hydrogen carbonate, or a tertiary am ne such as the am nes
nmentioned herein in relatigd to the amde formng reaggd ons, in
particular a trial kylamn e.g. triethylam ne. Solvents that can be
used in the ester forRfi actions conprise ether
hal ogenat ed 25 hydrocar bpns /such as di chor onet hane,

hydr ocar bons such asgfol pol ar aprotic sol ygnt h as DVF,
DVSO, DVA; and the |i kg sol vgRt3. The conpounds of f or mulye=Ql )
wherein R3 is hydrogeny sapg co unds—being=repr ggent by ¢1-1),
can al so be preparegdfy e f a protecting ggoug), PG\frgma 30

correspondi ng nitrogen-gro dnternedi ate (3a), &s t he,,
foll owi ng reacti on scheng, e protecting group PG P&b ticular is
any of the nitrogen protecting.,groups nentioned hereinaft [ and can
be renoved using procedures alg mentioned hereinafter: 297 OR9 OR9
R R XX O/ OO0/ O PNHNO~HNHNO G) HR HR . (3a)
(1-1) The stBiestafipgrapteriala(3p) mthy aboyerepstighende psmataddpllavang ke
prepared fol |pydetres e thepropeeithes chpoindeopfoghalk &) kb udhg Henpedines
of formula (I a@“% us}g 3 ﬁﬁgnediates wherein the group R3 is PG
5 The conpounds 6?1F3¥ a %I)'can al so be prepared by reacting an
intermedidte (4a) with internediate (4b) as outlined in the

fol | ow ng r eapHeicBRpSERIEIVE IOMIRIATY tah ARo ¥a plePhted by dbld & inRvAcdidte (4a)

eani ngs s pecv!zi];:}‘l i%%n%gdqgt% :(4b|§9as outlined in the following reaction scheme wherein the various

radicals have the meanings specified above:

Y-R®  (4b)

Y

{4a)

10 Y in (4b) represents hydroxy or a leaving group LG such as a halide, e.g. bromide or
chloride, or an arylsulfonyl group, e.g. mesylate, triflate or tosylate and the like.

In one embodiment, the reaction of (4a) with (4b) is an O-arylation reaction and Y
represents a leaving group. This reaction can be conducted following the procedures

15  described by E. M. Smith et al. (J. Med. Chem. (1988), 31, 875-885). In particular, this
reaction is conducted in the presence of a base, preferably a strong base, in a reaction-
inert solvent, e.g. one of the solvents mentioned for the formation of an amide bond.

In a particular embodiment, starting material (4a) is reacted with (4b) in the presence of
20  abase which is strong enough to detract a hydrogen from the hydroxy group, for
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triflate or tosylate and the |ike. In ¥ne enbodi nent, the reaction of
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Alternatively, in order to prepare the compounds of formula (), first an amide bond

20  between building blocks P2 and P1 is formed, followed by coupling of the P3 building
block to the P1 moiety in P1-P2, and a subsequent carbamate or ester bond formation
between P3 and the P2 moiety in P2-P1-P3 with concomitant ring closure.

Yet another alternative synthetic methodology is the formation of an amide bond

25  between building blocks P2 and P3, followed by the coupling of building block P1 to
the P3 moiety in P3-P2, and a last amide bond formation between P1 and P2 in P1-P3-
P2 with concomitant ring closure.

Building blocks P1 and P3 can be linked to a P1-P3 sequence. If desired, the double

30  bond linking P1 and P3 may be reduced. The thus formed P1-P3 sequence, either
reduced or not, can be coupled to building block P2 and the thus forming sequence P1-
P3-P2 subsequently cyclized, by forming an amide bond.

Building blocks P1 and P3 in any of the previous approaches can be linked via double
35 bond formation, e.g. by the olefin metathesis reaction described hereinafter, or a Wittig
type reaction. If desired, the thus formed double bond can be reduced, similarly as
described above for the conversion of (I-i) to (I-j). The double bond can also be
reduced at a later stage, i.e. after addition of a third building block, or after formation of



tri phenyl phosphi ne and an activating agent such as a dial kyl

azocar boxyl ate, e.g. 15 diethyl azodi carboxyl ate (DEAD), dii sopropyl
azodi carboxyl ate (DIAD) or the |ike. The Mtsunobu reaction changes
t he stereochem cal configuration at the carbon bearing the hydroxy
group. Alternatively, in order to prep#re the conpounds of fornula
(1), first an am de bond 20 between building blocks P2 and Pl is

formed, foll owed by coupl i f the P3 buildin bItho he PI
moi ety in Pl -tPomagiogycse. %l‘fb‘g%&?? B%\?%?IE? f%”&‘i“’r’i‘ﬁ’tl PhP3

bet ween P3 arukdPlerdEnkedibgtcyrbamatedr Bder@rmmitivh. concom tant ring
closure. Yet another alternative synthetic nethodology is the
formati on of an am de bond 25 between buil di nlg(; bl ocks P2 and P3,
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net at hesi s r eRgldiQnte 36 the RBdrd PhALdk tohpostiona Wttig type
reaction. If desired, the thus forned dou% | e bond can be reduced,
simlarly as descri bed above for the conversion of (I-i) to (1-j).
The doubl e bd¥iet fommioadlims breeach efithe ddilding blotkstraay st mrgtected foeavoud sider
addi tion of ggtdi.pd building block, or after formation of 29 the
macr ocycl e Bui | d| ng bl ocks P2 and P1 are |inked by am de bond
formationl’and P3 and P2 are |inked by carbamate or ester formation.
The tail Pl' Terfoletibnoofedid dohdscaRlbe barribd owtasing etakdad pareydistsesgeh of
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or after coupll ore or arter
coupling the thy ghiyecionpling Qf@l&afwxﬁlémlﬁ’r"flﬁ’é? FaetaRl Wit aregminp ij)UP of the
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bui | di ng SOLAT BTN I
stage to the c@emmmhﬁsarbgmlimnc@gmmtq wctﬂrm’@nmm IsenActiYe ester,inpixed

each of the Quhiddeor Boa®ksyl¥BM ARAE 6f REaR. (RnaMPdddciitdas of such
coupling reactions and the reagents used therein can be found in general textbooks on
peptide chemistry, for example, M. Bodanszky, “Peptide Chemistry”, 2nd rev. ed.,
25  Springer-Verlag, Berlin, Germany, (1993).

Examples of coupling reactions with amide bond formation include the azide method,
mixed carbonic-carboxylic acid anhydride (isobutyl chloroformate) method, the
carbodiimide (dicyclohexylcarbodiimide, diisopropylcarbodiimide, or water-soluble
30 carbodiimide such as N-ethyl-N'-[(3-dimethylamino)propyl]carbodiimide) method, the
active ester method (e.g. p-nitrophenyl, p-chlorophenyl, trichlorophenyl, pentachloro-
phenyl, pentafluorophenyl, N-hydroxysuccinic imido and the like esters), the
Woodward reagent K-method, the 1,1-carbonyldiimidazole (CDI or N,N'-carbonyl-
diimidazole) method, the phosphorus reagents or oxidation-reduction methods. Some
35 ofthese methods can be enhanced by adding suitable catalysts, e.g. in the carbodiimide
method by adding 1-hydroxybenzotriazole, DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene),
or 4-DMAP. Further coupling agents are (benzotriazol-1-yloxy)tris-(dimethylamino)
phosphonium hexafluorophosphate, either by itself or in the presence of 1-hydroxy-



reactions. 15 The formati on of am de bonds can be carried out using
standard procedures such as those used for coupling amno acids in
peptide synthesis. The latter involves the dehydrative coupling of a
car boxyl group of one reactant with an am no group of the other
reactant to forma linking anmi de bond.3The anmi de bond formation may
be 20 perfornmed by reacting the starting materials in the presence of
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25  The functional groups in the building blocks that are linked together may be protected
to avoid formation of undesired bonds. Appropriate protecting groups that can be used
are listed for example in Greene, “Protective Groups in Organic Chemistry”, John
Wiley & Sons, New York (1999) and “The Peptides: Analysis, Synthesis, Biology”,
Vol. 3, Academic Press, New York (1987).

30
Carboxyl groups can be protected as an ester that can be cleaved off to give the
carboxylic acid. Protecting groups that can be used include 1) alkyl esters such as
methyl, trimethylsilyl and ter¢-butyl; 2} arylalkyl esters such as benzyl and substituted
benzyl; or 3) esters that can be cleaved by a mild base or mild reductive means such as

35 trichloroethyl and phenacyl esters.

Amino groups can be protected by a variety of N-protecting groups, such as:
1) acyl groups such as formyl, trifluoroacetyl, phthalyl, and p-toluenesulfonyl;



| , 2-di hydroquinoline (11DQ. Unlike the classical anhydride
procedure, EEDQ and “11DQ do not require base nor |ow reaction
tenperatures. Typically, the procedure 10 involves reacting equinolar
anounts of the carboxyl and am ne conponents in an organic sol vent
(a wide variety of solvents can be useth) . Then EEDQ or 11 DQ is added
I n excess and the mxture is all owed to stir at roomterrperature The
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York (1999) and IntéRetidehing pfotcofia bibabsare Bybbh®Bhse. Bi ol ogy”, Vol .
3, Academ c Press, New York (1987?l 30 Carboxyl groups can be

protected as an ester that can be cleaved off to give the carboxylic
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e deprotectlon 1s carrled out at a temperature between 0 °C and room temperature,
usually around 15-25 °C, or 20-22 °C.

Other functional groups that can interfere in the coupling reactions of the building

25  blocks may also be protected. For example hydroxyl groups may be protected as
benzy! or substituted benzyl ethers, e.g. 4-methoxybenzyl ether, benzoyl or substituted
benzoyl esters, e.g. 4-nitrobenzoyl ester, or with trialkylsilyl goups (e.g. trimethylsilyl
or tert-butyldimethylsilyl),

30 Further amino groups may be protected by protecting groups that can be cleaved off
selectively. For example, when Boc is used as the a-amino protecting group, the
following side chain protecting groups are suitable: p-toluenesulfonyl (tosyl) moieties
can be used to protect further amino groups; benzyl (Bn) ethers can be used to protect
hydroxy groups; and benzyl esters can be used to protect further carboxyl groups. Or

35  when Fmoc is chosen for the a-amino protection, usually fert-butyl based protecting
groups are acceptable. For instance, Boc can be used for further amino groups; fert-
butyl ethers for hydroxyl groups; and fers-butyl esters for further carboxyl groups.



5 4) cyclic alkyl carbamate groups such as cycl opentyl oxycarbonyl and
adamant yl oxycar bonyl ; 5) al kyl groups such as triphenyl methyl, benzyl
or substituted benzyl such as 4-nethoxybenzyl; 6) trialkylsilyl such
as trimethylsilyl or t.Bu dinmethylsilyl; and 10 7) thiol containing
groups such as phenytthiocarbonyl and #ithiasuccinoyl. Interesting
am no protecting groups are Boc and Fnoc. Preferably the am no
protecting group is cleayed off prior to t next coupling step.
Reroval of N Aneetils Peltibegure i Sretid Fany sarny iy BABateedure
procedur es. W preferablyHbe Botectinpgmoupsofiage df the fiectiendhitidsna finvoheil dethar e
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aqueous buf f exheice of ptogacting pryoupsyiwhéch rhannelis alel voel bkretwinato ¢hose skilled in the art.
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groups; and tent-butyl esters for further carboxyl groups. 32 Any of
the protecting groups may ¥ renpved at any stage of the s{iatthesis
procedur e
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Carbonyl (CO) introducing agents include phosgene, or phosgene derivatives such as
carbonyl diimidazole (CDI), and the like. In one embodiment (5a) is reacted with the
CO introducing agent in the presence of a suitable base and a solvent, which can be the
15 bases and solvents used in the amide forming reactions as described above. Ina
particular embodiment, the base is a hydrogencarbonate, e.g. NaHCQs, or a tertiary
amine such as triethylamine and the like, and the solvent is an ether or halogenated
hydrocarbon, e.g. THF, CH>Cl,, CHCl;, and the like. Thereafter, the amine (5b) is
added thereby obtaining intermediates (1a-1) as in the above scheme. An alternative
20  route using similar reaction conditions involves first reacting the CO introducing agent
with the alkenamine (5b) and then reacting the thus formed intermediate with (5a).

The intermediates (1a-1) can alternatively be prepared as follows:



but preferably, the protecting groups of any of the functionalities
not involved in the reaction steps are renoved after conpletion of
the build-up of the nacrocycle. Renoval of the protecting groups can
be done in whatever nanner is dictated by the 5 choice of protecting
groups, which manners are well known t& those skilled in the art.

The internmedi ates of fornula (I a) wherein Xis N, said internediates
being represented by fornyb@1(la-1), may be prepareqjﬁﬁarting from
internedi ates (5a) which @re reacted wth an al kendm ne (5b) in the
presence of a carbonyl infroducing agentffs outlined_ in 10 the

foll owi ng reaction schere. M Of" O O
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solvent is an ether or hal ogenated nhydrocarbon, e.g. THF, CH2Cl12,
CHC13, and the like. Thereafter, the am ne (5b) is added thereby
obtaining internediates (la-1) as j™&the above schene. An alternative
20 route using simlar reaction cHndigions involves first reacting
the CO introducing agent wth the-allkenam ne (5b) and then reacting
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PG' is an O-protecting group, which can be any of the groups mentioned herein and in
particular is a benzoyl or substituted benzoyl group such as 4-nitrobenzoyl. In the latter

5  instance this group can be removed by reaction with a an alkali metal hydroxide (LiOH,
NaOH, KOH), in particular where PG' is 4-nitrobenzoyl, with LiOH, in an aqueous
medium comprising water and a water-soluble organic solvent such as an alkanol
(methanol, ethanol) and THF.

10 Intermediates (6a) are reacted with (5b) in the presence of a carbonyl introducing agent,
similar as described above, and this reaction yields intermediates (6¢). These are
deprotected, in particular using the reaction conditions mentioned above. The resulting
alcohol (6d) is reacted with intermediates (4b) as described above for the reaction of
(4a) with (4b) and this reaction results in intermediates (1a-1).

15
The intermediates of formula (1a) wherein X is C, said intermediates being represented
by formula (1a-2), may be prepared by an amide forming reaction starting from
intermediates (7a) which are reacted with an amine (5b) as shown in the following
reaction scheme, using reaction conditions for preparing amides such as those

20  described above.



NO/N HOO HI¥ O,NHNO COintroducing R3 R agent RL (6a) 6c)
OH N deprotectio' OY-R9 (4b) Ola-1 NFINO( ) R3 R (6d) PGL
is an O protecting group, which can be any of the groups nentioned
herein and in particular is a benzoyl or substituted benzoyl group
such as 4-nitrobenzoyl. In the latter 35 instance this group can be
removed by reaction with a an alkali netal hydroxide (Li OH  NaCH,
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5 PG!' is an O-protecting group as described above. The same reaction conditions as
described above may be used: amide formation as described above, removal of PG’ as
in the description of the protecting groups and introduction of R® as in the reactions of
(4a) with the reagents (4b).

10 The intermediates of formula (2a) may be prepared by first cyclizing the open amide
(9a) to a macrocyclic ester (9b), which in turn is converted to (2a) as follows:



RB R NHO HC OO O (5b) 0: O()) HNO HN amde formation R3' N R
| n3-1R-1 / (7a) (la-2) The internediates (la-1) can
alternatively be prepared as follows: O PGL OIPGL R3 R2 1 R2 NH
1 (7 n HOOC O (5b) OO HN Oamde formation R33N HN ORL RL / (8a)
/ (8b) OH 2 deprotection OOg Y-Rb) O 10 (l1a-2) R31IN ~)n HN
4Rl 5 PG is an O protecting group as descri bed above. The sane

reaction conditionspas described above npy be used: am de fornation
as described above; renoval of PG as o#R the description of tRe
protecting gngups and introduction of i

RrR2

PG’ is a carboxyl protecting group, e.g. one of the carboxyl protecting groups
mentioned above, in particular a C;4alkyl or benzyl ester, e.g. a methyl, ethyl or t.butyl
ester. The reaction of (92a) to (9b) is a metathesis reaction and is conducted as

5  described above. The group PG? is removed following procedures also described
above, Where PG is a Cy4alkyl ester, it is removed by alkaline hydrolysis, e.g. with
NaCOH or preferably LiOH, in an aqueous solvent, e.g. a C;4alkanol/water mixture. A
benzyl group can be removed by catalytic hydrogenation.

10  In an alternative synthesis, intermediates (2a) can be prepared as follows:
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(4a) with the reagents (4b). 10 The internediates of fornmula (2a) may
be prepared by first cyclizing the open amde (9a) to a macrocyclic
ester (9b), which in turn is converted to (2a) as follows: 35 0i RO
~R RS OR so R XOOOO 01XO RHN3,NHNO3,NHNO nRR
Un 4 W-4 2 40-PG OP& OH (9a) (9b¥ (2a) P& is a carboxyl
protecting group, e.g. one of the carboxyl protecting groups
menti oned above, in particular a Cl4al kyl or benzy| ester, ,a
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NaOH or pr ef chedBriy pstapiremevabls uag @;@maklys!@!dmsqwdltlengor zﬁ may be benzyl esters

Claal kanol§ WakmbvaBleih Stronf ackidt Lyl caglyeiy ﬁy&@ghnbﬁoﬂ ey estebiveakal BG' ¢
hydrogenation. 10 ln an atlelt er atl%e s%nt esi % i nternedi ates (2a) can

be prepared a8t} PHREC e 20k YpOX>0 0NHN

First, intermediates (10a) are cyclized to the macrocyclic esters (10b), the latter are

deprotected by removal of the PG! group to (10c), which are reacted with intermediates
10 (4b), followed by removal of carboxyl protecting group PG”. The cyclization,

deprotection of PG' and PG” and the coupling with (4b) are as described above.

The R! groups can be introduced at any stage of the synthesis, either as the last step as
described above, or earlier, before the macrocycle formation. In the following scheme,
15  the groups R being -NH-SO,R® or -OR” (which are as specified above) are introduced:

HaN-SO,R8
(2b)

!

(11d) /

In the above scheme, PG? is as defined above and L' is a P3 group
0

PP

ll¥3 (b),

wherein n and R are as defined above and where X is N, L' may also be a nitrogen-
20 protecting group (PG, as defined above) and where X is C, L! may also be a group —
COOPG?, wherein the group PG? is a carboxyl protecting group similar as PG?, but



R3 UX 10-PG (10a) (10b) OH R2 O X g (4b) OO Y~(9b)-- (2a) 3 NHNR
U)~41b-P& (10c) 36 The PGL group is selected such that it is

sel ectively cleavable towards P&R. P& may be e.g. nethyl or ethyl
esters, which can be renoved by treatnment with an al kali netal

hydroxi de in an aqueous nmedium in whi¥h case PGl e.g. is tbutyl or
benzyl. P& may be t.butyl esters renovable under weakly acidic
conditions or PGL may be benzyl esters 5 rem%vabl e wth strong acid
or by cat al ytwhereiy 800l selestivnly dleavatie tawardsdiG't Wworssenepdpant PE s t.husyla
benzoi ¢ est erandyedt igmethytoriiylobenzoi c ester. First, intermediates (|

OCa) are cycligzed to t r,0C ster the tter

depr ot ected b SRERITH é&ldéwﬁﬁrsmt% bR s it SorEordide g
wi t h i nt er medn@tresliatdsO(1&Wdnd maydid ppoesset yurthenas/specibéd gamvboxy|
protecting group P&Q. The cyclization, deprotection of PGL and P&
and the coupling.. re as de cri bed above. The Rl groups can
be i ntroduced 8 ghehesi s, either as the last step
as descri becﬂ‘laﬂﬁvamd Ptirbuddmg ib&rcks drefliokes] Wsing amaoridecfpohiag franctiat followingn

the follow ng,sehe res dﬂ:?ﬁ)tﬁ)@@ VAU BR ﬁ]blfgﬁi ggtlocwlfﬁg%@a Q&bO)gﬁg%ectézg

(which are as specl ove) are intro
renoval PGZ F&"‘HEW ) oxmey wregdy beyimle tRB Cpepp (25 iNH2e3) L' 15 AH

NH SO2R6 100 @J-ﬁ)ﬂo‘la‘)lmégﬂ(hl)) (PCI}],Q)} a gRBip (b}, & dpécifiéRubove. L? is hydroxy, -OPG' ora
group -O-R as specified above. Where in any of the following reaction schemes L? is

hydroxy, prior to each reaction step, it may be protected as a group -OPG' and, if
desired, subsequently deprotected back to a free hydroxy function. Similarly as
described above, the hydroxy function may be converted to a group -O-R’,

oPG?
(12b)
OPG?
(12a) (12d)
HaoN
(12c) 7_< ]
15 {12e)

In the procedure of the above scheme, a cyclopropyl amino acid (12b) or (12¢) is
coupled to the acid function of the P2 building block (12a) with the formation of an
amide linkage, following the procedures described above. Intermediates (12d) or (12¢)
are obtained. Where in the latter L? is a group (b), the resulting products are P3-P2-P1
20  sequences encompassing some of the intermediates (11¢) or (11d) in the previous
reaction scheme. Removal of the acid protecting group in (12d), using the appropriate
conditions for the protecting group used, followed by coupling with an amine
H,N-SO;R? (2b) or with HOR' (2¢) as described above, again yields the intermediates
(12¢), wherein —COR' are amide or ester groups. Where L? is a N-protecting group, it



(2¢) R2 _, XO LI/ NHORB O0O(11d) In the above schene, P& is as
defined above and L' is a P3 group 00 '/ N~ R3 (b), wherein n and
R3 are as defined above and where X is N, L' nay also be a nitrogen-
20 protecting group (PG as defined above) and where X is C, L' may
al so be a group - 000PQa, wherein the¥group PGZ is a carboxyl
protecting group simlar as P&, but 37 wherein PGZa is selectively

cl eavabl e towards PQ2 e enbo byt a S
met hyl or et H@P! efqﬁ%oveﬂgéqlnﬁ% e‘*ﬂg&) a)(h e\ﬁt’é’ﬁé‘?‘?’i‘t ril’% i s
represents a rgaiopifHBOCurogspdi tiomethgl orietiyd rfbete addisorally & ishydraxpy
be processed K b@ M '};?m% BRfn

bui | di ng bl Og&é‘&%ﬂﬁﬁg E?a%erﬁpe%%f ]E?lafg' %ﬁ’gléogggglrl (L‘él E’Sgé‘ﬁa ngg)nz’inPCT s
am de form ngB(P@a]%@l’éﬁlthM Ph&hygod t[‘né“ PrRcedures described above. The
Pl buildimg block may have a carboxyl protecting group P& (as in

g_ ézkl? ?:)r 8'[ ect Iylﬁghé gﬁggdl%gé’, Lmﬁ%%xi(tﬂ.g) (gtanagcé HQea(:ﬁ‘c'i;hS élg\{ogléezcg)%l%ncé;lgl ﬂo%’%aPB
hydr oxy, - OPGH 1@)‘? re&mfsgfl élappmte@nmata%(lgﬂéeq | pkrHeniigaebaboypelnenptieny of
the fol |l ow n@m@aﬁﬁdnamzsgmn@stea&gl grour G vhivh isRk kified ab&@hardahet | on

2 Pequentt BePR TR B Aehad ISk 4. A53LIAE ne eepp

subsequently 4 to a ree
as descrilbecan @mnomﬂ,eushggcrpmyn fenditions mem&gneé@b@@m@mp@a mtgrn@fdgmup

-O-R9. NH2 O (@@or Bspledtivelyl@hg), ¥hfeh encompass intermediates (5a) and (6a) as specified

above:
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(12e1) & (12g) =

In one embodiment, the group L? in the above schemes represents a group -0-PG!
15  which can be introduced on a starting material {12a) wherein L? is hydroxy. In this
instance PG is chosen such that it is selectively cleavable towards group L? being PG.

In a similar way, P2 building blocks wherein X is C, which are cyclopentane or
cyclopentene derivatives, can be linked to P1 building blocks as outlined in the

20 following scheme wherein R, R?, L? are as specified above and PG* and PG™ are
carboxyl protecting groups. PG** typically is chosen such that it is selectively cleavable
towards group PG*, Removal of the PG* group in (13c) yields intermediates (7a) or
(8a), which can be reacted with (5b) as described above.



AN OH/ L2~-N NH O OP& (12a) (12d) OL3 11 ~ H2ZNRL NO (12c) L2
N RL 15 (12e) In the procedure of the above schene, a cycl opropyl
amno acid (1 2b) or (12c) is coupled to the acid function of the P2
bui l di ng block (12a) with the formation of an am de |inkage,

foll owi ng the procedures described abo¥e. Internedi ates (12d) or
(12e) are obtained. Wherein the latter L2 is a group (b), the
resulting products are P3-P2-Pl 20 sequences enconpassi ng sone of the
internediates (I Ic) or (I | i n\t he previous reaction schene.
Renoval of the acid protecti ouPPfn (12d), ,using the appropriate
conditions for the prigtecting up used, foll'owed by coupling with

an amne H2N SQ2 2b) or with bl 2¢)rAas scri bed above, again
yields the inter 's (12e), erein - re anjde or ester
groups. Wiere L2_is 7z protee%rﬁg—g+eup,o C e renoved

yi el ding internpdigtes 58 or (6a). In _gnefenbofi ~OP& in this

reaction is a B8 §ouf and PR is nethyp 0P et Ayl . ere
additionally L3 is @¥groxy, the starting materi al a) is

Boc- L- hydroxyproline. 'In a pa thcul ar enbodi nemsp) PG #/s BOC, PR is
net hyl or ethyl and L3 |5, - \\;gk\5\Ln one enbodiment, L2 is a group
(b) and these reactions 11 a1coupllng Pl to P2-P3, which results

in the internediates (I a- r (la) ghed above. |In anot her
enbodi ment, L2 is a N-protectjjing group whi choi s as specified

above, and the couplird2@eaction res i nfli nt r medi gt 65 of Fe2el- 1
(12e-1), fromwhich the group PG %z@ d/ r enpsy edR’ usf‘l%g Pegctloﬁ)
condi tions mentioned above, obtaining |nterne es (8a)

{13c) I

In 2 particular embodiment, where X is C, R? is H, and where X and the carbon bearing
R? are linked by a single bond (P2 being a cyclopentane moiety), PG* and L taken
together form a bond and the P2 building block is represented by formula:

//ffbf\ ©

5 o
Bicyclic acid (14a) is reacted with (12b) or (12¢) similar as described above to (14b)
and (14c) respectively, wherein the lactone is opened giving intermediates (14¢) and
(14¢). The lactones can be opened using ester hydrolysis procedures, for example using
the reaction conditions described above for the alkaline removal of a PG’ group in (9b),

10 in particular using basic conditions such as an alkali metal hydroxide, e.g. NaOH,
KOH, in particular LiOH.



(12-f) or respectively (12g), which enconpass internediates (5a) and
(6a) as specified above: L3 L3 O _ O tJINJ HN H~ PG4 -0-PG
21C, OP&Z OO (12d-1) (12f) L3 L3 OHuUuHO PGRR O-~0O
(12e-1) (12g) In one enbodinent, the group L3 in the above schenes
represents a group -O-PG 15 whi ch cal be introduced on a starting
material (12a) wherein L3 is hydroxy. In this instance PG is chosen

such that it is selectively cleavable towards group L2 being B In
a simlar way, P2bui|dingbocksvvherinX|sC whi ch are
cycl opentane or cycl opehtt deet vatd can obe linked to f

schene V\:h
BG? car boxy
ch that Tt

bui | di ng bl ocks as outlinegyn the

R2, L3 are as spécified above d1#d P& and P
protecting grou a typl ally is chosen
sel ectively cl | oWar as oup P25 Renowal of the PGZa ou pG2
in (13c) vyiel%s |nt er rredl ates (7a) or (8a), I ch can bé4¥eac

with (5b) as des bed ove. 39 ONH2 OP&R 0 L3 R2 (12b) A 1 O™
p N\H2 OPG PGZ OPG% (13a)

o}
o}
NH gt —= HOOC

(14d)

(12¢) |

(14e)

e

Intermediates (14c) and (14e) can be processed further as described hereinafter.

5 Coupling of P3 and P2 building blocks
For P2 building blocks that have a pyrrolidine moiety, the P3 and P2 or P3 and P2-P1

building blocks are linked using a carbamate forming reaction following the procedures
described above for the coupling of (5a} with (5b). A general procedure for coupling P2
blocks having a pyrrolidine moiety is represented in the following reaction scheme

10 wherein L’ is as specified above and L* is a group -O-PG?, a group

(@] O
TN S ~opg2 NG g
(d), or a group

L3
3 R
L® T N
— ™ e
! 5b)
HN .
co-L* 3’N
R (Y)n
(15a) CO introducing agent -
(158b)

In one embodiment L* in (15a) is a group —OPG?, the PG? group may be removed and
the resulting acid coupled with cyclopropyl amino acids (12a) or (12b), yielding
15  intermediates (12d) or (12¢) wherein L is a radical (d) or (e).



HZN OR L3 (13b) R2 p (12c) H Z2, Nrenoval of PRa OO0 > or PQRa
RI (7a) (8a) (13c) In a particular enbodinment, where Xis C, R2 is
H, and where X and the carbon bearing R2 are linked by a single bond
(P2 being a cycl opentane noiety), P&a and L3 taken together forma
bond and the P2 building block is représented by formula: . Qc ~ .
5 OBicyclic acid (14a) Is reacted with (12b) or (12c) simlar as
descri bed above to (14b) and (14c)_respect.i vel wherein the | act one

i s opened gi vAﬁﬁanﬂtPé?%é'éfFé?fé@u](ﬂPﬂcB3 blerks With4dj - blagkeoriagrittonBL P4 Alocke
opened usi ng welsdrein theyRY ielaygtlopgntane o tycdiapentbny is Skanpinahe follogingtsokeme. L°

reaction con%hfog?eg%gg{lﬁgp% gove for the al kaline renoval of a PGL

group in (9b) I Ccu usi ng basic conditions such as an
al kali metal hydroxi de e.g. NaOH, KOCH,in rticular ¥ioOH 40 OH O
NH2 OP&2 0- 0 O (12b) O NH P& HOOC O O D - HN. (14b) OP&X O

404 OH (14c) _ (14a) OH O PN RL O G/

R2
\ {5b) o

)

co-14

HOOC Co44  amideformaton  gs-N \
it}
%, (16b)

(16a)

5 In aparticular embodiment L? and L? taken together may form a lactone bridge as in
(14a), and the coupling of a P3 block with a P2 block is as follows:

kb“\ (5b) /‘bu\ lactone opemng 0

OH—"'O

amide formation Ra—-N OH
(142) (16¢) | &

| (16d)

Bicyclic lactone (14a) is reacted with (5b) in an amide forming reaction to amide (16¢)

in which the lactone bridge is opened to (16d). The reaction conditions for the amide
10  forming and lactone opening reactions are as described above or hereinafter.

Intermediate (16d) in turn can be coupled to a P1 group as described above.

The reactions in the above schemes are conducted using the same procedures as
described above for the reactions of (5a), (7a) or (8a) with (5b) and in particular the

15 above reactions wherein L* is a group (d) or (e) correspond to the reactions of (5a), (7a)
or (8a) with (5b), as described above.

The building blocks P1, P1°, P2 and P3 used in the preparation of the compounds of
formula (I) can be prepared starting from art-known intermediates. A number of such
20  syntheses are described hereafter in more detail.

The individual building blocks can first be prepared and subsequently coupled together
or altemnatively, precursors of the building blocks can be coupled together and modified
at a later stage to the desired molecular composition.

25



ONHRL HOOC O (12c) HN O (14d) ~ 1 R (1l4e) Internedi ates (1l4c)
and (14e) can be processed further as described hereinafter. 5
Coupling of P3 and P2 buil ding bl ocks For P2 buil ding bl ocks that
have a pyrrolidine noiety, the P3 and P2 or P3 and P2-P1 buil ding

bl ocks are linked using a carbamate fo#2ming reaction followi ng the
procedures described above for the coupling of (5a) with (5b). A
general procedure for coupling P2 blocks having a pyrrolidine noiety
i's represent et ﬁn‘it’r?é‘alftlﬂs I“b?ﬁcﬁé’ff‘@é’(‘:‘flihﬁﬁ blockiney BoPiRiseiee fhever §ide as
specified aboeectiand L4 is a group -O-P&, a group 0 0 NH OP&Q NH Rl
(d), or a group (e) IL3 3 R3I| L NH\ \/ (5b) COL HN-NCO L4 R3

)n (15a) CO 4 LdUgb BloéﬂsSb) In one enbodinent L4 in (15a)
is a group M&%ﬂ_@y be renpved and the resulting
aci d couplied Theth? tujldingdrienisy condain githes @ipgrolidipe p cyelopentamg) or aydyelopeninge

15 i nt er medi aheisty(shBdiutod withdgrouph@y®‘n L2 is a radical (d) or (e).
41 A general procedure for coupling P3 blocks with a P2 block or a
with a P2-P1 block wherein the P2 is a cyclopentane or cyclopentene
i s shown in tHPDbuildingdleaky centhining a pygolidineimpietyagan bgslesyrddidm eemmbrsially
L3 R3 L3 NH dwdilable hydroxy proline.
10
The preparation of P2 building blocks that contain a cylopentane ring may be

performed as shown in the scheme below.

o OH
o~ —— O 0 o o]
o] o — ol ——

oPG’ OPG’

OH

PG“-O—(I.I: OH ~ —— PGzﬁ—o—% OPG2
0 O (179 - o o] \
O-R* o-R* PGza-O—(I.I‘r oPG2
0 0
/ (17e)
PEB-0—C COOH ™  PG®-0—C OPG?

O=
o=

(179 ° (17h)

The bicyclic acid (17b) can be prepared, for example, from 3,4-bis(mnethoxycarbonyl)-
15 cyclopentanone (17a), as described by Rosenquist et al. in Acta Chem. Scand. 46
(1992) 1127-1129. A first step in this procedure involves the reduction of the keto
group with a reducing agent like sodium borohydride in a solvent such as methanol,
followed by hydrolysis of the esters and finally ring closure to the bicyclic lactone
(17b) using lactone forming procedures, in particular by using acetic anhydride in the
20  presence of a weak base such as pyridine. The carboxylic acid functionality in (17b)
can then be protected by introducing an appropriate carboxyl protecting group, such as
a group PG?, which is as specified above, thus providing bicyclic ester (17¢). The
group PG? in particular is acid-labile such as a t.butyl group and is introduced e.g. by
treatment with isobutene in the presence of a Lewis acid or with di-fert-butyl



z1 RI In1 (5b) " -i COL4 HOOC CO L4 amide formation R3_N )n
(16a) | (16b) 5 In a particular enbodi ment L3 and L4 taken together
may forma |lactone bridge as in (14a), and the coupling of a P3
block with a P2 block is as follows: OH R3O OO 7,b)_  NH™

| actone opening OO O On - O NH (14a)*ami de formation )n R3'N )n OH
(16c) 11 (16d) Bicyclic lactone (14a) is reacted with (5b) in an

am de form ng,reactjan_to amde 6C | n ich the lLacton ridge is
opened o (1 GeABomHsn ASRBIRnRY ol iR 7ish s § BFn et G SRR B P
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and P3 used i59nY$iedse a geuari B of ta merou iy dke pductopbigined ynop remgyal
be prepared sifahd grogp PGOancdmttrnkadtngs (1) endieidi)atissh cofrespont @ infrmsdiatas

20 synt hesesc(Egﬁ Ogﬁr%%?%l%?gigﬁ%&gfter in nmore detail. The individual

bui | di ng bl ocks “ca e prepared and subsequently coupl ed
toget her l%br alternatively, precursors of the building bl ocks can be
coupl ed t ogetlhrtmétidlesWith fpeeific skirecdhdmit@y mal BE prepired BE redeivinzakk

ol ecul ar COF{Rt%ﬁﬁé(fia?&' in the above reaction sequence, For example, (17b) may be resolved
following art-known procedures, e.g. by salt form action with an optically active base
or by chiral chromatography, and the resulting stereoisomers may be processed further

15  as described above. The OH and COOH groups in (17d) are in cis position. Trans
analogs can be prepared by inverting the stereochemistry at the carbon bearing the OH
function by using specific reagents in the reactions introducing OPG' or O-R’ that
invert the stereochemistry, such as, e.g. by applying a Mitsunobu reaction,

20  In one embodiment, the intermediates (17d) are coupled to P1 blocks (12b) or (12¢),
which coupling reactions correspond to the coupling of (13a) or (16a) with the same P1
blocks, using the same conditions. Subsequent introduction of a -O-R® substituent as
described above followed by removal of the acid protection group PG* yields
intermediates (8a-1), which are a subclass of the intermediates (72), or part of the

25 intermediates (16a). The reaction products of the PG* removal can be further coupled to
a P3 building block. In one embodiment PG? in (17d) is t.butyl which can be removed
under acidic conditions, e.g. with trifluoroacetic acid.

o}
RB
HaN . OH o~
pG2 H Q1. introduction of -0-R® H @
= (120) N , » HO N
(17d) —_ - R 5 4 . R
o] fo) . deprotection 0 0
(18a) & (8a-1) #

An unsaturated P2 building block, i.e. a cyclopentene ring, may be prepared as
30  illustrated in the scheme below.



25 42 The functionalities in each of the building bl ocks my be
protected to avoid side reactions. Synthesis of P2 building blocks 5
The P2 building bl ocks contain either a pyrrolidine, a cyclopentane,
or a cyclopentene noiety substituted with a group -OR'. P2 building
bl ocks containing a pyrrolidine noiety#can be derived from
commercially available hydroxy proline. 10 The preparation of P2

bui | di ng bl ocks thag contain a cyl opegfane ring may be pegforned as
shown in the schenelbelow. OH OO O’O O O (1fc) OO

(17a) 0 \ O (17b)OOH Fé“ G QPG H -80
OH PG e-O OPG PC2a- O C 0P 7o)
O (17h) The bicyclik acid

)
PGA-O C COOH PG e-QIC OP&Q2 OO 0 (17i
(17b) can be prepar% for exanple, from 3, 4-bis(net hoxyca(?bonyl) 15
cycl opent anone (17@)73) as described byig@psenqui st et al. igoscta Chem
Scand. 46 (1992) 1127-1129. A first step in this procedure involves

the reductiom @f,4i0&;KShfhination reaction of 3,4-bis(methoxycarbonyl)cyclopentanone (17a)
as described by Dolby et al. in I, Org. Chem. 36 (1971) 1277-1285 followed by
reduction of the keto functionality with a reducting agent like sodium borohydride
5  provides the cyclopentenol (19a). Selective ester hydrolysis using for example lithium
hydroxide in a solvent like a mixture of dioxane and water, provides the hydroxy
substituted monoester cyclopentenol (19b).

An unsaturated P2 building block wherein R? can also be other than hydrogen, may be
10  prepared as shown in the scheme below,

R2 Vi
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R%.{/\ RZ@ RZ k
:8_/ \)_<
Vg — 0:( /=o — 0=( =0
o
/ )
} AN / T /K
(20g) {20h) (20i)

Oxidation of commercially available 3-methyl-3-buten-1-0l (20a), in particular by an
oxidizing agent like pyridinium chlorochromate, yields (20b), which is converted to the
corresponding methyl ester, e.g. by treatment with acetyl chloride in methanol,

15 followed by a bromination reaction with bromine yielding the o-bromo ester (20c).
The latter can then be condensed with the alkenyl ester (20¢), obtained from (20d) by
an ester forming reaction. The ester in (20e) preferably is a t.butyl ester which can be
prepared from the corresponding commercially available acid (20d), e.g. by treatment
with di-fert-butyl dicarbonate in the presence of a base like dimethylaminopyridine.



group with a reducing agent |ike sodi um borohydride in a solvent such
as nethanol, followed by hydrolysis of the esters and finally ring
closure to the bicyclic lactone (17b) using |lactone formng
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presence of a weak base such as pyridi#fe. The carboxylic acid
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(179) and (1 chirkspthilind abia! WEiSR Qfdedu@nityis @bURE 898 buildB@)bik. (16a)
specified above. "10 Internediates with specific stereochem stry may
be prepared by resolving the internediates in the above reaction

sequence. ForTlex®fprap i Bb jntrodyced en tiesmirodidine faytlopumitarg cucyelégreotne
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or by chiral chromato phy, and the resultin teregoi soners may. be
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coupl ed t ocks r c), ..whi coupl.i r tion .
cor resportd { SMECHS P Rt 4R% A ELs b Ere e B3 ppbrecting

bl ocks, usi ngreupeP@anme conditions. Subsequent introduction of a -0-R9
substituent as described above foll owed by renoval of the acid
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intermediates (21a) or (21b) with intermediates (4b) similar as described above for the

25  synthesis of (I) starting from (4a). These reactions are represented in the schemes
below, wherein L is as specified above and 1. and L*® independently from one
another, represent hydroxy, a carboxyl protecting group -OPG” or -OPG?, or L’ may
also represent a P1 group such as a group (d) or (e) as specified above, or L’® may also
represent a P3 group such as a group (b) as specified above The groups PG* and PG*

30  are as specified above. Where the groups L® and L** are PG? or PG?, they are chosen
such that each group is selectively cleavable towards the other. For example, one of L’
and L>* may be a methy] or ethyl group and the other a benzyl or t.butyl group.

In one embodiment in (21a), L? is PG and L’ is -OPG?, or in (21d), L* is -OPG? and L°
35  is -OPG” and the PG* groups are removed as described above.



25 internediates (16a). The reaction products of the P& renoval can
be further coupled to a P3 building block. In one enbodi mrent P& in
(1 7d) is t.butyl which can be renoved under acidic conditions, e.g.
with trifluoroacetic acid. 0O Ry FIzZNR OHG (12c) P& NO 1. ::::;
:7 ROHO (17d) OR O (18a) (8a-1) /4An unsaturated P2 buil ding

bl ock, i.e. a cyclopentene ring, may be prepared as 30 illustrated
in the schene below 44 OO0 0 OOHO 110 O~-0o HI®@ O -Ir OO0 O
(17a) (19a) (19b) A brom natiph-elimnation reactldn of

3, 4- bi s(met hoxycar bonyl ) cycl de
et al. inJ Og. Chem 36 (1971) 1277-1285 fol ed by reduction of
the keto functionality wth a gting agent |yke sodi um borohydride
5 provides the cycl opentenalz (1 Sel ecti vé&®®&st.er hydrol ysis using
for exanple lithium hydroxide rn a solvent like a m xture of di oxane
and water, provides the hydroxy, substituted n@ﬂggster cycl opent enol
(19b). An unsaturated P2 buil ding bl ock wherein can al so be ot her
t han hydrogen, may be 10 preparedR%s shown in the s&®ene bel ow. R2
R2 Rz OOH CH Br 0- R2-' (20a) (2 b) (20c) GO O @13 1~11v SOH

(20d) (20e) (20f) PG——E PG—y
O

OPG? oH

(21b-1) {21¢c)

OH

‘ o~ R®
R? R?
i~
L5a L5 |5 L5
0 0

(21d) (21e)

R? RY
o~ o~
R2 RZ
—_—
G2PO OPG? G28p0 OH
o 0 0O O

(21e-1) (21f)

Alternatively, when handling hydroxy substituted cyclopentane analogues, the
guinoline substituent can be introduced via a similar Mitsunobu reaction by reacting the
hydroxy group of compound (2a’) with the desired alcohol (3b) in the presence of
triphenylphosphine and an activating agent like diethyl azodicarboxylate (DEAD),

10  diisopropyl azodicarboxylate (DIAD) or the like.

In another embodiment the group L% is BOC, L’ is hydroxy and the starting material

(21a) is commercially available BOC-hydroxyproline, or any other stereoisomeric form

thereof, e.g. BOC-L-hydroxyproline, in particular the trans isomer of the latter. Where
15 L’ in(21b)is a carboxyl-protecting group, it may be removed following procedures



OoOH - O~0 g ~~-OO0- ~=O00 0 00 00 (20g) (20h) (201) Oxidation of
commercially avail abl e 3-nethyl-3-buten-1-0ol (20a), in particular by
an oxidizing agent |ike pyridiniumchlorochromate, yields (20b),
which is converted to the corresponding nethyl ester, e.g. by
treatment with acetyl chloride in nethfinol, 15 followed by a

brom nation reaction with brom ne yielding the a-brono ester (200)
The latter can then be condensed with t al ken ester
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St er eosel ect ingndRPHFGEE [10R1817) leZRa) stdAr BeerPeiaies.i €d out using the
Jacobsen asymmetric epoxidation nethod to obtain epoxide (20h).
Finally, an epoxide opening reactlon under basic conditions, e.g. by
addi ti on ¥ &HedstermediatespérRi @h) @n bepiepared following art-known methods using
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on carbon, yiabbdi mentioned ifermedintespowntneds shosindplont artke fodowogrsdheniche
t.butyl ester may be renpoved to the corresponding acid, which

subsequently is coupled to a Pl builsdi ng blockO The -R9 gyoup can be
i ntroduced on the pyr i di
any conveni ent sRag

fHot h QURG 3 to

the 15 present inve One _apq his to fepst int e the -R9
group to the said rt and sub add the ot her ges| r ed

bui | di ng bl ocks, i.e.qf) (opti onal I y( W h the Pl' tail)
foll onwed by the nacrocycl e formati on. Ahot her approach i% coupl e
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macrocycle formation. In theg ["ayt eryprocedure;” The
have a hydroxy group,” Wirch be protected 3 h/droxy protecting

15 (22¢) OH (220LG

Friedel-Craft acylation of a suitable substituted aniline (22a), available either
commercially or via art-known procedures, using an acylating agent such as acetyl
chloride or the like in the presence of one or more Lewis acid such as boron trichloride
and aluminum trichloride in a solvent like dichloromethane provides (22b). Coupling

20  of (22b) with a carboxylic acid (22c), preferably under basic conditions, such as in
pyridine, in the presence of an activating agent for the carboxylate group, for instance
POC, followed by ring closure and dehydration under basic conditions like potassium
tert-butoxide in fert-butanol yields quinoline derivative (22¢). The latter can be
converted to (22f) wherein LG is a leaving group, e.g. by reaction of (22¢) with a

25  halogenating agent, for example phosphoryl chloride or the like, or with an arylsulfonyl
chloride, e.g. with tosyl chloride. Quinoline derivative (22¢) can be coupled in a
Mitsunobu reaction to an alcohol as described above, or quinoline (22f) can be reacted
with (1a) in an O-arylation reaction as described above.



group PG . RO groups can be introduced on buil ding bl ocks P2 by
reacting hydroxy substituted internediates (21a) or (21b) with

I nternmedi ates (4b) simlar as described above for the 25 synthesis
of (1) starting from (4a). These reactions are represented in the
schenes bel ow, wherein L2 is as specif4ed above and LS and L$

I ndependently fromone another, represent hydroxy, a carboxyl
protecting group.-OP& or -~OPG' ,.or L5 y. als resent .a Pl
group such ad* ggber%ﬁga(m‘ylé‘? a%%wgéthgﬁg%q%isgactgﬁg%%fgﬁ q us¢d fpfhe ahoyp
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renoved as déB@faleedcddove. 46 OHRO Lz N->L/ LSO z OL5 (21
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R2 L5a L5 Lba L35 00O0O (201d) (21e) N N
OEt J\/Br EtO I ) ——— HO l )
HoN + RYC B s s

(23a) © (23b) O (230) 0 (2201)

Ethyl thiooxamate (23a) is reacted with the p-bromoketone (23b) to form the thiazolyl

10 carboxylic acid ester (23¢), which is hydrolyzed to the corresponding acid (25¢-1). The
ethyl ester in these intermediates may be replaced by other carboxyl protecting groups
PG?, as defined above. In the above scheme R** is as defined above and in particular is
Ci4alkyl, more in particular i.propyl.

15  The bromoketone (23b) may be prepared from 3-methyl-butan-2-one (MIK) with a
sililating agent (such as TMSCI) in the presence of a suitable base (in particular
LiHMDS) and bromine.

The synthesis of further carboxylic acids (22¢), in particular of substituted amino
20 thiazole carboxylic acids (25a-2) is illustrated herebelow:

0
HN—R%

. .oy ]

0 N="
da /u\ R4 S

HoN—R* g ><NJILN/R — H.N ﬁ/ — > o S

H H
(24a) 24¢

Thiourea (24¢) with various substituents R*, which in particular are C;_alkyl, can be
formed by reaction of the appropriate amine (24a) with tert-butylisothiocyanate in the
presence of a base like diisopropylethylamine in a solvent like dichloromethane

25 followed by removal of the tert-butyl group under acidic conditions. Subsequent
condensation of thiourea derivative (24c) with 3-bromopyruvic acid provides the
thiazole carboxylic acid (22¢-2).



0~R9 0~RO R2 Rz XRaPO OP& &RaPO OH 0 0 0 0 (21 a-1) (21f) 5

Al ternatively, when handling hydroxy substituted cycl opentane

anal ogues, the quinoline substituent can be introduced via a sim/lar
M t sunobu reaction by reacting the hydroxy group of conpound (2a')
with the desired al cohol (3b) in the p¥esence of triphenyl phosphine
and an activating agent |ike diethyl azodicarboxyl ate (DEAD), 10

di i sopropyl azodi car boxgl. e (DILAD) or the like. In another

enbodi nent t%ﬁ%&MS is hydroxy and the starting

materi al ( 2ITThexyelspropameantna@bdiy usedan thelprapald@oh bfitle 8% fippobntie, or any
ot her stereoi goneLi; 1 E;Qg-ﬁ;t_k}ﬁg pipld ne, in
particul ar tﬁg traéﬁ@b{%ﬂlébrégﬁatﬁ%%pf@?%gﬁ ere %Bﬁ% clin (21b) is a
car boxyl -protecting group, it may be renoved foll owi ng procedures 47

descri bed sabai gartioulaPthe amino-vingitdykloppol ey estef02h )Rt beRiBtdined(a2tdadihy

is Boc and P@.,is | wesd ! I

ethyl ester. thgr% eg%rg‘%écn‘tﬁhcg?ﬁ] att eO?d%Sé% grrﬁ'? gﬁﬁﬁgﬁg%hlggg%%‘ﬂx%%&érgﬁe
by standard p’i‘l’@é@élﬁéeﬁ,a argpxybprpigctinesrennasispeaifiadabayRir ochl oric  aci d
in nethanol or with an al kal.j tal hydroxide such as NaCH, _in
particular with 5 Li anut heeoer@fodi ment , P COPRSEi t ut ed
cycl opentane or cyclo ne anal ogs (2i—d)y™are co rted to (21 e),
whi ch, where L5 and LSa"are -OP&2 or -OPQ&a, nay be cpnverted to the
corresponding acids (21f) by ¥&toval of the gr 0yps PG ~ Renoval

of PQa in (21 e- 1) leads to simlar intermediates. 10 The
internmediates Y- RO (4b) can be prepared foll ow ng arg - known net hods
using known starting materials. A nunmber of synthesis pathways for

such internediates will beMebgcrGH®Pher eaf ter i nor e
detail. For exanple the preparati on of thee—abeve i oned
intermedi ate quinolines is showm:zbelow in the follow ng schene. R5
R5 11 00 R5S R5 NH2 R5 NH2 HO' AR5 N~R4 (22a) (22 (2 R5 RS C~

(12b-1) (12b)

Treatment of commercially available or easily obtainable imine (25a) with 1,4-dihalo-
10  butene in presence of a base produces (25b), which after hydrolysis yields cyclopropyl

amino acid (12b), having the allyl substituent syn to the carboxyl group. Resolution of

the enantiomeric mixture (12b) results in (12b-1). The resolution is performed using

art-known procedures such as enzymatic separation; crystallization with a chiral acid;

or chemical derivatization; or by chiral column chromatography. Intermediates (12b) or
15 (12b-1) may be coupled to the appropriate P2 derivatives as described above.

P1 building blocks for the preparation of compounds according to general formula (T)
wherein R! is ~OR” or -NH-SO,R? can be prepared by reacting amino acids (23a) with
the appropriate alcohol or amine respectively under standard conditions for ester or

20  amide formation, Cyclopropyl amino acids (23a) are prepared by introducing a N-
protecting group PG, and removal of PG? and the amino acids (a) are converted to the
amides (12¢-1) or esters (12¢-2), which are subgroups of the intermediates (12c), as
outlined in the following reaction scheme, wherein PG is as specified above.



R61 gR4 " S\ N\ R4 15 (22e) OH (22f)LG Friedel -Craft acylation of a
suitabl e substituted aniline (22a), available either commercially or
via art-known procedures, using an acyl ating agent such as acetyl
chloride or the like in the presence of one or nore Lewis acid such
as boron trichloride and alum numtri®hloride in a solvent |ike

di chl or onet hane provides (22b). Coupling 20 of (22b) with a
carboxylic acid (22c), p{@%gn@bly under basic conditions, s
pyridine, in yhe presencé of "an actiyvatithg agent for the car
group, for inMta POCLEP) f ol | oweéﬁ| by lting cl osure aheN
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(22f) wherein LG i § a | eaving group, e.g.| by reaction of (22q with a
25 hal ogenat (269 agent,_for exanpl e (gabsphoryl chl ori de(18e-1x he | i ke,

or with an aryl sul fonyl™~chloride, e.g. wth tosyl chloride.

Qui nol i ne derivati ve-d-22e)™>can bepcoupled in a Mtsupobu reaction to
an al cohol as descri.hs d aboveﬁ or|{[qui nol i ne (22f) can|be reacted

with (I a) in an C)érylatloper CtTOR’ as descri 6r7 48 A
variety of carboxylic acids w t he generat~ struc e (22c) can be
used in the above synthesis. Thesg acids are avail ab ei t her
comercially or can be prepapgg via art- known Erocedu es. An exanpl e
of the preparation of 2-(substituted)an nocarbo hnlnothlazole
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groups P&, Menhglaéﬁpmmmag gionp Pleand sohsequenheme vl4T thesgragp PET. 1 ned
above and in particular is Cl4alkyl, nore in particular i.propyl.
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10  In one embodiment the reaction of (26a) with (2b) is done by treatment of the amino
acid with a coupling agent, for example N,N’-carbonyl-diimidazole (CDI) or the like,
in a solvent like THF followed by reaction with (2b) in the presence of a base such as
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Alternatively the amino acid can be
treated with (2b) in the presence of a base like diisopropylethylamine followed by

15 treatment with a coupling agent such as benzotriazole-1-yl-oxy-tris-pyrrolidino-
phosphonium hexafluorophosphate (commercially available as PyBOP®) to effect the
introduction of the sulfonamide group.

Intermediates (12¢-1) or (12¢-2) in turn may be coupled to the appropriate proline,
20  cyclopentane or cyclopentene derivatives as described above.

Synthesis of the P3 building blocks
The P3 building blocks are available commercially or can be prepared according to
methodologies known to the skilled in the art. One of these methodologies is shown in

25  the scheme below and uses monoacylated amines, such as trifluoroacetamide or a Boc-
protected amine.



15 The bronoketone (23b) may be prepared from 3-net hyl - but an- 2- one
(MK) with a sililating agent (such as TMSCl) in the presence of a
suitable base (in particular UMVS) and brom ne. The synthesis of
further carboxylic acids (22c), in particular of substituted am no
20 thiazole carboxylic acids (25a-2) i¥ illustrated herebel ow 0
HN-R4da HO Br SII HZN-Raa NIR4a H2ZNN Rda O HO H H H (24a) (24b)
(2ac> 0 (22c-2) © Thiourea (24c) with varjous substituents Raa, which
in particular ar G-GaI‘II(\}v)I, can be forjred by reaction of the
appropriate am * WPBRh tent-butylilpot hi gpcyanate in the

(2
presence of & base ufi ke di| sggrop%’ét a | sotvert | iké\)ﬂ\/
di chl or onet hang2”2p foll by val of tjhe ten-butyl gro’l'”a under
acidi ¢ conditions. Subsequent@fondensati orgsof 2fdi our ea der il\gat i5ve

(24c) with 3-bronopyruvic acid provides the thiazole carboxylic acid

22c-2). 49 _Synt ' f P1. buil di bl ocks T [ 1.
berd ubed 1 n 1EHE RN SPERe Qb oapphw e R g n i NRIEPAF gofl h
avai | abl e or pedizulaeRys epatory tufliorgmethyl; Rhandn ¢ os defined gbo's ahd LG is

particul ar th@avﬁ@é?@ﬁﬁ{ﬁrﬂ%&ﬁ&ﬂ&r'tﬁﬁfg@@él . Sfib¥lor®fdnsy. (12b) may be
obt ai ned gccording to the procedure C%ESCI’I bed in WD 00/ 09543 or as
illustrated in the follow ng schene, wherein P& is a carboxyl

prot ecting gritepmasacyieed iminds @Fa\ae tréMACAETPGRrdRga@RG2h af fdaim hRisidy
HZN -, - COOPGE, g s(buentil AedctedRvith) a fedgdM 1.G-Cs salkenyl (27b), in particular
haloCs.galkenyl, to form the corresponding protected amines (27¢). Deprotection of
(27¢) affords (5b), which are building blocks P3. Deprotection will depend on the
10  functional group R, thus if R is #-butoxy, deprotection of the corresponding

Boc-protected amine can be accomplished with an acidic treatment, e.g. trifluoroacetic
acid. Alternatively, when R is for instance trifluoromethyl, removal of the R group is
accomplished with a base, e.g. sodium hydroxide.

15 The following scheme illustrates yet another method for preparing a P3 building block,
namely a Gabriel synthesis of primary Cs_salkenylamines, which can be carried out by
the treatment of a phthalimide (28a) with a base, such as NaOH or KOH, and with
(27b), which is as specified above, followed by hydrolysis of the intermediate
N-alkenyl imide to generate a primary Cs_galkenylamine (5b-1).

0

1. base

NH - HZNW
2,
L A A (5b-1)

20 (28a) O (27b)

In the above scheme, n is as defined above.

Compounds of formula (I) may be converted into each other following art-known
functional group transformation reactions. For example, amino groups may be

25 N-alkylated, nitro groups reduced to amino groups, a halo atom may be exchanged for
another halo.



Treatment of commrercially available or easily obtainable imne (25a)
with 1,4-di halo- 10 butene in presence of a base produces (25b),

whi ch after hydrolysis yields cyclopropyl amno acid (12b), having
the allyl substituent syn to the carboxyl group. Resolution of the
enantiomeric mxture (1 2b) results irm2(12b-1). The resolution is
performed using art-known procedures such as enzymatic separation'
crystallization wwth a chiral acid; or chem cal derivatization;
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The compounds of formula (I) may be obtained as racemic mixtures of enantiomers

20  which can be separated from one another following art-known resolution procedures.
The racemic compounds of formula (I), which are sufficiently basic or acidic may be
converted into the corresponding diastereomeric salt forms by reaction with a suitable
chiral acid, respectively chiral base. Said diastereomeric salt forms are subsequently
separated, for example, by selective or fractional crystallization and the enantiomers are

25  liberated therefrom by alkali or acid. An alternative manner of separating the
enantiomeric forms of the compounds of formula (I) involves liquid chromatography, in
particular liquid chromatography using a chiral stationary phase. Said pure
stereochemically isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials, provided that the

30 reaction®Ccurs stereospecifically. Preferably if a specific stereoisomer is desired, said
compound may be synthesized by stereospecific methods of preparation. These
methods may advantageously employ enantiomerically pure starting materials.

In a further aspect, the present invention concerns a pharmaceutical composition

35 comprising a therapeutically effective amount of a compound of formula () as
specified herein, or a compound of any of the subgroups of compounds of formula (I)
as specified herein, and a pharmaceutically acceptable carrier. A therapeutically
effective amount in this context is an amount sufficient to prophylactically act against,
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mlstratmn orally, rectally, percutaneously, or by parenteral injection. For example,
in preparing the compositions in oral dosage form, any of the usual pharmaceutical
20 media may be employed such as, for example, water, glycols, oils, alcohols and the like
in the case of oral liquid preparations such as suspensions, syrups, elixirs, emulsions
and solutions; or solid carriers such as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders, pills, capsules, and tablets.
Because of their ease in administration, tablets and capsules represent the most
25  advantageous oral dosage unit forms, in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other ingredients, for example, to aid
solubility, may be included. Injectable solutions, for example, may be prepared in
which the carrier comprises saline solution, glucose solution or a mixture of saline and
30 glucose solution. Injectable suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the like may be employed. Also
included are solid form preparations which are intended to be converted, shortly before
use, to liquid form preparations. In the compositions suitable for percutaneous
administration, the carrier optionally comprises a penetration enhancing agent and/or a
35 suitable wetting agent, optionally combined with suitable additives of any nature in
minor proportions, which additives do not introduce a significant deleterious effect on
the skin.
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20  pharmaceutical carrier. Examples of such unit dosage forms are tablets (including

scored or coated tablets), capsules, pills, suppositories, powder packets, wafers,
injectable solutions or suspensions and the like, and segregated multiples thereof.

The compounds of formula (I) show antiviral properties. Viral infections and their

25 associated diseases treatable using the compounds and methods of the present invention
include those infections brought on by HCV and other pathogenic flaviviruses such as
Yellow fever, Dengue fever (types 1-4), St. Louis encephalitis, Japanese encephalitis,
Murray valley encephalitis, West Nile virus and Kunjin virus. The diseases associated
with HCV include progressive liver fibrosis, inflammation and necrosis leading to

30 cirrhosis, end-stage liver disease, and HCC; and for the other pathogenic flaviviruses
the diseases include yellow fever, dengue fever, hemorrhagic fever and encephalitis. A
number of the compounds of this invention moreover are active against mutated strains
of HCV. Additionally, many of the compounds of this invention show a favorable
pharmacokinetic profile and have attractive properties in terms of bioavailabilty,

35 including an acceptable half-life, AUC (area under the curve) and peak values and
lacking unfavorable phenomena such as insufficient quick onset and tissue retention.
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infection, and for the prophylaxis of these infections. In general, the compounds of the
present invention may be useful in the treatment of warm-blooded animals infected
with viruses, in particular flaviviruses such as HCV.

The compounds of the present invention or any subgroup thereof may therefore be used

30 as medicines. Said use as a medicine or method of treatment comprises the systemic
administration to viral infected subjects or to subjects susceptible to viral infections of
an amount effective to combat the conditions associated with the viral infection, in
particular the HCV infection.

35 The present invention also relates to the use of the present compounds or any subgroup
thereof in the manufacture of a medicament for the treatment or the prevention of viral
infections, particularly HCV infection.
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30 Inhibitors of other targets in the HCV life cycle, including NS3 helicase; metallo-
protease inhibitors; antisense oligonucleotide inhibitors, such as ISIS-14803, AVI-4065
and the like; siRNA's such ag SIRPLEX-140-N and the like; vector-encoded short
hairpin RNA (shRNA); DNAzymes; HCV specific ribozymes such as heptazyme,
RPIL.13919 and the like; entry inhibifors such as HepeX-C, HuMax-HepC and the like;

35 alpha glucosidase inhibitors such as celgosivir, UT-231B and the like; KPE-02003002;
and BIVN 401.
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Thus, to combat or treat FICV infections, the compounds of formula (T) may be
co-administered in combination with for instance, interferon-¢. (IFN-g), pegylated
interferon-a and/or ribavirin, as well as therapeutics based on antibodies targeted
against HCV epitopes, small interfering RNA (Si RNA), ribozymes, DNAzymes,

30 antisense RNA, small molecule antagonists of for instance NS3 protease, NS3 helicase
and NS5B polymerase.

Accordingly, the present invention relates to the use of a compound of formula (I) or
any subgroup thereof as defined above for the manufacture of a medicament useful for

35 inhibiting HCV activity in a mammal infected with HCV viruses, wherein said
medicament is used in a combination therapy, said combination therapy preferably
comprising a compound of formula (I) and another HCV inhibitory compound, ¢.g.
(pegylated) IFN-a and/or ribavirin.
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In a further embodiment, the combination comprising (a) an HCV NS3/4a protease
inhibitor of formula (I) or a pharmaceutically acceptable salt thereof; and (b) ritonavir

20 or a pharmaceutically acceptable salt thereof; further comprises an additional anti-HCV
compound selected from the compounds as described herein.

In one embodiment of the present invention there is provided a process for preparing a
combination as described herein, comprising the step of combining an HCV NS3/4a

25  protease inhibitor of formula (I) or a pharmaceutically acceptable salt thereof, and
ritonavir or a pharmaceutically acceptable salt thereof. An alternative embodiment of
this invention provides a process wherein the combination comprises one or more
additional agent as described herein.

30 The combinations of the present invention may be used as medicaments. Said use as a
medicine or method of treatment comprises the systemic administration to HCV-



HCV, said nmethod conprising the admnistration of an anti-virally
effective anmount of a conpound of fornmula (1), as specified herein,
or of a conpound of any of the 5 subgroups of conpounds of fornula
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As used herein, the term “composition” is intended to encompass a product comprising
25  the specified ingredients, as well as any product which results, directly or indirectly,
from the combination of the specified ingredients.

In one embodiment the combinations provided herein may also be formulated as a

combined preparation for simultaneous, separate or sequential use in HIV therapy. In
30  such a case, the compound of general formula (I) or any subgroup thereof, is

formulated in a pharmaceutical composition containing other pharmaceutically

acceptable excipients, and ritonavir is formulated separately in a pharmaceutical

composition containing other pharmaceutically acceptable excipients. Conveniently,

these two separate pharmaceutical compositions can be part of a kit for simultancous,
35  separate or sequential use.

Thus, the individual components of the combination of the present invention can be
administered separately at different times during the course of therapy or concurrently



w-interferon and the like, such as Intron A(r), Roferon-A(r),
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In a further embodiment, the invention relates to the use of ritonavir or a

25 pharmaceutically acceptable salt thereof, as an improver of at least one of the
pharmacokinetic variables of a HCV NS3/4a protease inhibitor of formula (I) selected
from t12, Crins Crmaxs Css, AUC at 12 hours, or AUC at 24 hours; with the proviso that
said use is not practised in the human or animal body.

30 The term “individual” as used herein refers to an animal, preferably a mammal, most
preferably a human, who has been the object of treatment, observation or experiment.

Bioavailability is defined as the fraction of administered dose reaching systemic
circulation. 11, represents the half life or time taken for the plasma concentration to fall

35 to half its original value. C, is the steady state concentration, i.e. the concentration at
which the rate of input of drug equals the rate of elimination. Cpi, is defined as the
lowest {minimum) concentration measured during the dosing interval. Ciax, represents
the highest (maximum) concentration measured during the dosing interval. AUC is



conprising a conmpound of formula (1) and another HCV inhibitory
conpound, e.g. (pegylated) IFN-a and/or ribavirin. 58 1In stil

anot her aspect there are provided conbi nati ons of a conpound of
formula (1) as specified herein and an anti-H V conpound. The |atter
preferably are those HV inhibitors tHat have a positive effect on
drug net abol i sm and/ or pharmacol dnetics that 5 inprove

bi oavai l abilty. exanpl e of such an HV inhibitor is ritgonavir..
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phar maceul® cal | y acceptabl e salt thereof; further conprises an
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of formula_ (lbofi1: 5, BRAGATGEM!ISORd sboBCLAB! gfansmbh abllaneof to 88t 1:10,
rrtonavir

or a_ pharnaceyt i cal cceptabl e Salt “thereof.. An .
Ll Larnat e andBursaREaty ropabburtel ot s, Abb ezt piiehlation ity ¢
t he conbi nat IHOV dNG3ftai petease mehibitorsroff fermula (I) fo ritonavir ranging from about 6:1 to
about 1:6, or from about 4:1 to about 1:4, or from about 3:1 to about 1:3, or from about

2:1 to about 1:2, or from about 1.5:1 to about 1:1.5. In one aspect, the amount by
weight of the HCV NS3/4a protease inhibitors of formula (I) is equal to or greater than
20  that of ritonavir, wherein the weight ratio of the HCV NS3/4a protease inhibitor of
formula (I) to ritonavir is suitably in the range of from about 1: 1 to about 15: 1,
typically from about 1: 1 to about 10: 1, and more typically from about 1: 1 to about 8:
1. Also useful are weight ratios of the HCV NS3/4a protease inhibitor of formula (1) t0
ritonavir ranging from about 1: 1 to about 6: 1, or from about 1: 1 to about 5: 1, or from
25 about 1: 1 to about 4:1, or from about 3:2 to about 3:1, or from about 1:1 to about 2:1

T

or from about 1:1 to about 1.5:1.

The term “therapeutically effective amount™ as used herein means that amount of active
compound or component or pharmaceutical agent that elicits the biological or

30 medicinal response in a tissue, system, animal or human that is being sought, in the
light of the present invention, by a researcher, veterinarian, medical doctor or other
clinician, which includes alleviation of the symptoms of the disease being treated.
Since the instant invention refers to combinations comprising two or more agents, the
“therapeutically effective amount” is that amount of the agents taken together so that

35  the combined effect elicits the desired biological or medicinal response. For example,
the therapeutically effective amount of a composition comprising (a) the compound of
formula (I) and (b) ritonavir, would be the amount of the compound of formula (I) and



addi ti onal agent as described herein. 30 The conbi nati ons of the
present invention nmay be used as nedi canents. Said use as a nedicine
or nethod of treatnent conprises the systemc admnistration to HCV
59 infected subjects of an anmobunt effective to conbat the conditions
associated with HCV and ot her pathogefic flavi- and pestiviruses.
Consequently, the conbinations of the present I nvention can be used
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and the amount of ritonavir per dose is from 1 to about 2500 mg. In another
25 embodiment, the amounts per dose for once or twice daily co-administration are from
about 50 to about 1500 mg of the compound of formula (I) and from about 50 to about
1500 mg of ritonavir. In still another embodiment, the amounts per dose for once or
twice daily co-administration are from about 100 to about 1000 mg of the compound of
formula (I) and from about 100 to about 800 mg of ritonavir. In yet another
30 embodiment, the amounts per dose for once or twice daily co-administration are from
about 150 to about 800 mg of the compound of formula (I) and from about 100 to about
600 mg of ritonavir. In yet another embodiment, the amounts per dose for once or
twice daily co-administration are from about 200 to about 600 mg of the compound of
formula (I) and from about 100 to about 400 mg of ritonavir. In yet another
35 embodiment, the amounts per dose for once or twice daily co-administration are from
about 200 to about 600 mg of the compound of formula (I) and from about 20 to about
300 mg of ritonavir, In yet another embodiment, the amounts per dose for once or



acceptabl e excipients, and ritonavir is fornul ated separately in a
pharmaceutical conposition containing other pharnmaceutically
accept abl e excipients. Conveniently, these two separate
pharmaceutical conpositions can be part of a kit for sinultaneous,

35 separate or sequential use. Thus, t®e individual conmponents of the
conbi nation of the present invention can be adm nistered separately
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the proviso that said use is not practised in the human or ani nmal

body. Another embodiment of the present invention concerns a kit or container comprising a
compound of the formula (I) or any subgroup thereof, or a combination according to

25  the invention combining an HCV NS3/4a protease inhibitor of formula (I} or a
pharmaceutically acceptable salt thereof, and ritonavir or a pharmaceutically acceptable
salt thereof, in an amount effective for use as a standard or reagent in a test or assay for
determining the ability of potential pharmaceuticals to inhibit HCV NS3/4a protease,
HCV growth, or both. This aspect of the invention may find its use in pharmaceutical

30 research programs.

The compounds and combinations of the present invention can be used in high-
throughput target-analyte assays such as those for measuring the efficacy of said
combination in HCV treatment.

35
Examples
The following examples are intended to illustrate the present invention and not to limit
it thereto.



30 The term"individual" as used herein refers to an ani nal
preferably a mammal, nost preferably a human, who has been the

obj ect of treatnent, observation or experinent. Bioavailability is
defined as the fraction of adm ni stered dose reaching systemc
circulation. t1,2 represents the half #ife or tine taken for the

pl asma concentratlon to fall 35 to half its original value. Cuis the
Steady state ( the conqgntratlon at which the rate
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the | owest (S}mthesmni‘ 4¢1gdmeyr{7¥ra¢th@4y Sreetyl-24thitao i hgl)quisclde $4)ng
interval. C.., represents the highest (maxinun) concentration
measur ed dur iMgpfhe dosing interval. AUC is 61 defined as the area
under the plasma concentration-tipe curve for a defined period of

ti me. The conbinations of thisPimeMt.on gan-Be adulNii stered to
humans in dosage ranges 5 speci for each colgp conprised in

sai d conbi nati ons. The conponents corrprl sed in i § conbi nations can
be adnini stered together or separhtely. The N83/24a0prot ease
inhibitors of fornmula (I) or any subgroup thereof, and ritonavir or a

phar maceuts cad kmummm@ptleo mhtcmche $9EMLY ey e diopWisadyeasins aae

| | f th
NS31 42 pr ot ealanirpdst vieon BRshk &' il G PR i

admi ni st er ed 2.4 gc bidonmadiin Aylert@00milghthe terriperagire whgmpiningdetregen 0°C

protease i nhlahﬂhmc @il by dd]tRn (Wak c&nﬁplefetlt Qﬂéﬂéﬂad'dﬁm%h’l'%&ﬁin)ﬁt i, t he
range of fro about

m bout ram abo
ange of from abohhe (el Cp PR ik Saac AT BROME 030 et sgbout
to about 10 130 nis abf', nimrresultwg wuspehgion W@mrabﬁmed&tclatdmpamglfumml @nd
o Poroal o (ﬁ‘ﬁ‘ﬁ%ﬂ*ﬁ‘;‘[‘%ﬁm (405ni0] Trinixbfrd vl ab O Bk iy B S0h
from about 4:F 21315%9135%?]{0 1*1&313 @3 91% myg en%%éjﬂa'sﬁbt rssulwwél?%
about 2: 1 t golabtiontvad héteddn ah odmthiao BG°Chnderla fitogdnatreand fér.13.h. IThenthe
aspect the mp%n]_e t:
of IOforrml a (|%R ua nggéle@?%‘gﬁgr@t%é&ﬁ%ﬂ ?&?gﬂ%{é&?ﬁ& EHCy,
wherei n tliRe w&r@ﬂde at hi§ neimf%‘éaﬂmtems@rﬁﬂax Baréhéaééh@rﬁephsﬂffwomr
formula (1) tempdritora\After il 2h,3he pRBlay adjistédw OP@ROEWHR 6NNHORDLThY schitioh

to about 15 &é’c?éd%@i'ﬂﬂ%é@%h@%?%@elﬁa&ﬁ Qrit%%?f%rufleNaa)H rfﬂ%r Phe

typlcallyfroma out 1: use are wei
rati os of thersamg lagsmeg dpedNaB@4)i filtsres] angrcongentratediin vecyq.) Tlnfbremdue was

ritonavir rangiuRged dt860na Boverakire In dioppytetter (5, mOy fof DA, aARHthd 1 1
to about 2% silspensu];nr W98 cooled at 0°C, filtered, and washed with small portion of diisopropyl

ether and dried under high vacuum to give 15.4 g (46%) of the desired product 2: m/z =
180 (M+H)",

Step B

N
)
Oﬁ)\s
—
2 0 3 O

EDCI (257 mg, 1.34 mmol) and HOAt (152 mg, 1.12 mmol) were added to a stirred
solution of 2 (200 mg, 1.12 mmol) in CH>Cl, (10 mL) and dry DMF (1 mL). The
resulting solution was stirred at room temperature for 3 days. Then, the reaction
mixture was partitioned between CH;Cl; and TN NaHCOs. The organic layer was

25



25 about 1: 1 to about 4:1, or fromabout 3:2 to about 3:1, or from
about 1:1 to about 2:1 or fromabout 1:1 to about 1.5:1. The term
"therapeutically effective anount” as used herein neans that anount
of active conpound or conponent or pharnaceutical agent that elicits
t he bi ol ogical or 30 nedicinal respons®€ in a tissue, system aninma
or human that is being sought, in the |ight of the present

i nvention, by a researcher, veterinarian, mnedical doctor or other
clinician, wHPesessvRly washsdarithehlY Nlihanst watpip deghiNeobRe) gmdienepamitedase
bei ng tr eat edurifiGhtiteebyt Mh bmhamgrapny@gﬁm@n AcOibheptin, ]gx]g)mh)tdm:smns
conprising t r e t eu ef fective
anmpunt" is t\rllgg{&!aerc%orggn & %/ﬂ Ithe Jlgrﬁ?t %cpu% %og% e“lrL 0 that 35 the
conbi ned effect elicits the deS|red blologlcal or nedici nal response.
For exanplse, sitde therapeutically effective anmount of a conposition
conprising (a) the conpound of forymla (1) and (b) ritonavir, would
be the anmount of the conpound of, fagrmpla (1) and 62 the anount of
ritonavir that when taken toggt érgﬁave a conbi ey that is

therapeutically effective,d g al it isY eg’ that an
antiviral effective daily a woul e—te fro 01 ng/kg to 500
ng/ kg body wei ght, nore prefe from0.1 ng/Xg Yo 50 ng/ kg body

weight. It may be appropriate $0 @dm nister the4re@dired dose as two,
three, four or nore sub- doses at appropri ate interval s throughout

t he da Sai d_s ses for ted as unit_ dosage fo for
Cramre, conBRIRE0 e, o TR mrahiaicd th S papeon LA R o0 (b
active ingredi. Zalﬂtmrpel) nuﬂﬂu()}ﬁ(;ﬁ&ag)a Theresulting rfﬁhauewastaagBCmdtmght
frequency Oft BEo'aleEtaE artu’c‘:’g ar T Qeécﬁ@nﬂﬁ{r&ﬂe%s%hu&gm%%mﬁ

formula (1) use |t|on bejng treate
severity AR ﬁf‘éﬁ’ﬂﬂ’( HRO58f sercpssvalyaps %‘@lﬂa&éfermlgme Qugapic layer

extent of di seisdeied @gSQemt 2vapoiyal aiveciGrm (7406) obthe thriger poduct 5wl ar
patient as w%ﬂlte %wg %ﬂg?f@ ié?” the individual may be taking, as
e

is 15 wel | knovvn hoSe s inthe art. Furthernore, it is
evident that said effectlve dai ly anmount nmay be | owered or increased
dependi ng on Syhhetie6NMBSE-AH]) inehilfatidleqd]). subj ect and/ or dependi ng on
t he eval uation é)f t he physician prescribing the grrpounds of the

i nst ant |nvent|19n. The effective daily anount ranges nentioned

her ei nabove BEeé "Nt ‘hedef ore only gur dsl |/YY/\N’ S0 T AT TN

15 21 I

Step A
Sodium hydride (1.05 eq) was slowly added at 0°C to a solution of N-methyltrifluoro-

acetamide (25 g) in DMF (140 mL). The mixture was stirred for ih at room
temperature under nitrogen. Then, a solution of bromohexene (32,1 g) in DMF

20 (25 mL) was added dropwise and the mixture was heated to 70°C for 12 hours. The
reaction mixture was poured on water (200 mL) and extracted with ether (4 x 50 mL),
dried (MgS0y), filtered and evaporated to give 35 g of the target product 20 as a
yellowish oil which was used without further purification in the next step.

25 StepB
A solution of potassium hydroxide (187.7 g) in water (130 mL) was added dropwise to

a solution of 20 (35 g) in methanol (200 mL). The mixture was stirred at room
temperature for 12 hours. Then, the reaction mixture was poured on water (100 mL)
and extracted with ether (4 x 50 mL), dried (MgSQy), filtered and the ether was

30  distilled under atmospheric pressure. The resulting oil was purified by distillation
under vacuum (13 mm Hg pressure, 50°C) to give 7,4 g (34 %) of the title product 21



Accordi ng to one enbodi nent, the HCV NS3/4a protease inhibitor of
formula (1) and ritonavir may be co-adm nistered once or twice a
day, preferably orally, wherein the anount of the conpounds of
formula (1) per dose is fromabout | to about 2500 ng, and the
amount of ritonavir per dose is from 19t o about 2500 nmg. In anot her
25 enbodi nent, the amobunts per dose for once or twice daily

co- admnlstratlon are fro t 0 1 t ound
of formul a (@9agﬁ{jmfl?qgMla%-ﬁgg&nggéoo%ng%@()? g‘gldg‘? =ﬂ|t7t20¢?a9%0££I n
still anot herl.&Haod)#86 (mi bid), 2ivdtpt=7.0 &kz, 2k .48 ds, 30,080, J £ ICHz,

dai |y co-admyjs i r about 100 to about 1000 ng of the
conpound of ?@r%?{'g ?Iti%,qésg(g%??% about 100 to about 800 ny of
ritonavir. In yet another 30 enbodi nent, the anopunts per dose for
once or t\§ ceixdaiple?: (Ri)epﬂdﬂibﬁbﬁl? az-hmthomy-&-rﬁemz (@lianed-2 hBRuino liaBaldxy]-
800 My of o scomounth-Blox) 31 MliRralrohc NG o 0 RPANL 7400410t BRANIpcid

600 ng of ritonavi n yet énot i‘ment e anounts pe

for once or @%ice daily co-adm ni stratl on are from about 200 to
about 600 ng Qf {he conmpound of fornula (1) and from about 100 to
about 400 ny itonavir. In yet another 35 enbodinent, the anmounts
per dose for once or twce dail¥y c mni stratj are from about
200 to about 600 ngy ecgonpoun(ﬂof formul a from about 20

to about 300 ng of Jri I r. T yer anothern”enbgdi t he anounts
per dose for once®r 63 twitte daily co-admnistrdation aré about

100 to about 400 ng of the conmpound of fornula (I) and from about 40
t]g) ?bOUtll:bO(() w@x&b-d&h IR 7 2.1 fRésiamRd -gfcxrbsgme'aaﬁtm ?@o& b 3.5 el R d

of fornmula ton or ai l.y

O o b i T s G or U .3 0857 g bl 3k %m%o
400/ 100, 450/(43)5[)mg,5i)$41@3;ol)]1@0)1\1833 ml5FolBEd t@GIWPEEB A%(Sﬁrt@a for 40 min at

300/ 133,  50/p3E0e 04 250 50l Th e e
50/ 200, 100/2(9(15515072 , e se °mm%o 3§55t Pt the golvent was

0, 50/3
80/ 300, 150/ 3@6@2’6@?(!36'@&?6@‘%‘@91"3@ ?Qa"eff Saw/)en WaSh?g gtﬁﬂ““?é@b/ 600,
800/ 600, 1500MNAED); 20RIIH6The 4GRE6Bycr60R/ElifEcdSHit! BEB\C (260 BB, THEO

20011200, adEp19gs/ ekt antitotisbet e e S 9e00

Qther  exenpl 0§ evapsida dtoribiseionibyrfiseh elsapaioarpky (H9ARFEOlpy ether, 2:1

(ng) / rit onaviaffotd¥d 550 aig (@8%S oPfhe tankdt Prodderi A3Yas d@&l@gessldﬂebm@ﬁzcimmp
800/ 400, 600/ 400, 400/ 200, 600/200, 600/100, 500/100, 400/ 50,

300/ 50, and 200/50. 15
20 StepB
O
e

4

0 0 \ -
32\3# (\/ /X‘OH
/ /\/\/\ T

A solution of LiOH (105 mg in 4 mlof water) was added at 0°C to the lactone amide 23.
After 1h, the conversion was completed (HPLC). The mixture was acidified to
pH 2 - 3 with IN HCI, extracted with AcOEt, dried (MgSQys), evaporated,

25  co-evaporated with toluene several times, and dried under high vacuum overnight to
give 520 mg (88%) of the target product 24: m/z =270 (M+H)",

)

;)

-

H



I n one enbodi ment of the present invention there is provided an
article of manufacture conprising a conposition effective to treat
an HCV infection or to inhibit the NS3 protease of HCV, and
packagi ng material conprising a |abel which indicates that the
conposition can be used to treat infecd7ion by the hepatitis C virus;
wherein the 20 conposition conprises a conpound of the fornmula (I) or
any subgroup thereof, or the conbination as described herein.

Anot her enboditer@t of the present invention concerns a kit or

contai ner conprising a conpgynd of Hf é%%ggnula (1) or @y subgroup

t hereof, or a conbination ackording t he inventi gfi conbi ning an
HCV NS3/ 4a prot ease i nhj bi of #ernul a2§1) or a phar eutically

acceptable salt the NNl r i t onavi+—or—a*ph trgally
acceptable salt th FEijﬁl - :

anmount effecti e,forou S cBort
standard or reagent @stest or assay for determ ning e abrlity
of potential phar rraceutl cals to inhibit HCV NS3/4a f)er gtease, HCV
grow h, or both. This aspect of the invention may find its use in

gpa{ chgtrﬂe Isg athe 13\9&&??(@3(1)5};2@@@%&% B@ﬁfﬁ@ﬁt?ﬁlsesﬁﬂ HydiocHriiRt250NS
t ar get - anal yRIé 9%&?%@ suclfuan% ng ?5’?3 r‘ne%]s'[1 rlvﬁergg(ﬂ%gg‘% ?4 ((,Sa%:z‘yg of
said contdi naiZonmp Fll@vnux@@twmpole@m Exigerpate yndeT pregof oind dhendMF

exanpl es ar e (i6y ﬁngigxsh bPEA {19$txﬁﬁtﬁ Sﬂﬁmﬂ)rv?e“t%ﬁccéﬁ‘(@ﬂta'd@éﬂ Mer30tmih Gt

: In,[n ef’ maldlt at 22)58,§§ﬁ fcﬁlétgqnswzbsf@med at room%grg;r)earlzg.t{lr%r}or an ad 1ongle3r&1 a'}'l!ne\llleﬂle

4- hydr oxy- 7- MGhmxynﬂumBﬂdsyphrtRm@embﬁmﬂn-lﬂOy&b)aqduwa@t iwashe¢dtspecesSvady with
;(?d\'sé dArOO N\',"M? 0. ﬁN@{(éﬁa%‘% lﬁ% gh& Qfu:Ried Ret? 2(;9-2(911-1 'aﬂd @i@df{bzazsé 4PH1191<(:%@1;§0
a solutid i)yipa\é]k?};%%togr W&ﬂ%ﬁ%ﬁ ’S]g{ mﬁrs‘?%’?&&/gene
(300 ni). ThQGQ%}rqﬂ‘ethatamgapmctlﬁlaaaaohddsstmdt wé:eﬂ(ﬁ’(ﬁMﬂh)a 10C until
the addition was conpleted. After an additional 30 mn at 0OC

acetonitrile (t12'6 m., 241 mmol) was added dropw se under argon at
0OC. After  StepD

)
o N, A
N-"\> -~ R ]
0 N AL P A
OH d STOS T
> 9]
| 3
4
My LS|
-~ —
= o’ N .cooEt I W
26 A - 9 g ACOOEt
= 27

15 DIAD (218 uL, 1.11 mmol) is added at -20°C under nitrogen atmosphere to a solution
of 26 (300 mg, 0.738 mmol), quinoline 4 (420 mg, 1.03 mmol) and triphenylphosphine
(271 mg, 1.03 mmol) in dry THF (15 mL). Then, the reaction is warmed up to room
temperature. After 1.5 h, the solvent is evaporated and the crude product is purified by
flash column chromatography (gradient of petroleum ether/CH,Cl/ether, 3:1.5:0.5 to
20 1:1:1) to give the target product 27: m/z = 661 (M+H)".



10 30 min at 0OC, the resulting suspension was transferred into a
dropping funnel, and diluted with CH2C12 (40 nL). This m xture was
added at OC under argon over 20 mn to a suspension of AICl13 (25.9
g, 194 mmol) in CH2ClI 2 (40 nL). The resulting orange solution was
heated in an oil bath at 70C under a rnitrogen streamfor 12 h. Then,
the reaction m xture was cool ed down to roomtenperature, and
ice-cold water and CH2C12 15 were added. This m xture was heated at
reflux for 6RE%Rd then cooled to room tenperature. After 12h, the
pH was adjusted at OCto 3 wt The solu |on ps\ext ract ed
w th CH2Cl 2, successively it b ter, A% g rine. The
i i , \T* |t éred and ent ated in vacuo.
The residue was triturated a 3 sopropyl ether
(50 m.) for 0.5 h. Then, the 20 sHspenS| on was cool eg at 0C,
filtered, and washed W|th smal | rtlon of dii opr | ether and
dried under hi gh vacuumto giv 4 g (469 of esi red product
2: mz = 180 (MHIT)+. eNa& O_r_ 11 MNH2 ~ONH 2 O 25
3 O EDClI (257 ny, 1.34@ nd t (152 ng, | Jooser e added
to a stirred solution ( O 'ny\. @OQIQ mmol ) L2 (10 nL) and
dry DVF (1 nL). The resulting solu n was st#rr

+Ffoom
tenperature for 3 days. Then, the regtlon m xture was partitioned
bet ween CH2C12 and I N NaHCO3. The organic Iayer was 65 successi vel y

washed with | d}w; £29 Qom &30 ffdoBtnd ﬁ&%&{&% t

Purification‘dlgls Ia;qh chr ma rgﬁloégl}k}% t AcOé@Frzetane }'Zg

to 50:50) aflf P’(&e%‘ Ehmgpplyin g 518 eGt 3 ‘ELL‘S’E’Q‘?EC at

(M+H) +. 5 5St gp°Cutider nifrdgerSfdd 12 @. \Thdk) theOso‘lveM is Iev@orated and the residue purified
by silica gel chromatography (Petroleum ether/CH,CL/Et;O; 3:1:1) to give the target
product 28: m/z = 633 (M+H)".

N\ N\
O Ng ’} 0 Ny Q
o o

Step F

At N

10
A solution of LiOH (327 mg) in water (3 mL) is added to a stirred solution of 28
(150 mg, 0.237 mmol) in THF (15 mL) and MeOH (10 mL). After 48h, solvent is
evaporated and the residue partitioned between water and ether. Aqueous layer is
acidified (pH = 3) and extracted with AcOEt, dried (MgSO,) and evaporated. The

+

15 residue is crystallized from ether to give the target compound 29: m/z = 605 (M+H)".

Example 3: preparation of N-]17-[7-methoxvy-8-methyl-2-(thiazol-2-v1)quinolin-4-

loxyl-13-methyl-2.14-dioxo-3.13-diazatricyelo[ 13.3.0.0*Toctadec-7-ene-4-carbonyl

(cyclopropyDsulfonamide (30)
20



304 OHtBuX (50 ng, 0.448 mmol ) was added to a suspension of

acet ophenone 3 (62 ng, 0.213 mml) in tBuOH (5 nL). The resulting

m xture was stirred at 80C overnight, then cooled at room
tenperature. The reaction m xture was diluted with AcCEt, 10
acidified with KHSO4, and successi vel y¥9washed wi th water and bri ne.
Organic layer was dried (Na2SO4) and evaporated to give 43 ng (74%
of the target product as a whi powder: mz = 273 (M+H)+. Synthesis
of (hex-5-enyl)(methyljam ne, (2 g)a\> 0 CF3 F3Cit,NBr"®=~~ NJ -~0
15 H 20 21 Step A Sodi € (1.05 eq) wis show 8
a solution of N-methyltr 0- acetam de (25 (140 m).
The m xture was stirred for dh at room tenperaturelunder nitrogen.
Then, a solution of bronphexene (32,1 g) in DMF 20 25 nlL) was added
dropwi se and the m xtude heat ed t13_7_0£‘..for| 12 AqQurs. The
reaction nmixture was pduge o% wat er (200 ni) ng.[%racted W th
ether (4 x 50 nL), dtie filtered d leva edto give 35
g of the target product O(Oaség&ggl | ow sh oi o} aifs 2 wi t hout
further purification i next step. 25 Step B_A sGtit Honlof

pot assi um hydroxide (187.7 g) in water (130 ndo) wa ded dropwi se to
a solution of 20 (35 g) in nethanol (200 nL). The m xture was stirred

n

t ; . r
Sour od on warErRpiGr 2863 e 81 Bmolial coitey 1639 Bihd) %@ang?‘?ﬁ%
(MySO4), fi | tidheatedah gefiurdopdihadenpitogrn. diCP pradypis shaws ong prek ghEEi ¢

pressur ? Thentkersddidi (RIT 21513 7VaFherdadtioh @dxtaye idcsdléd foabbra fempefdere and

vacuum (13 nmm ressure, . t 0~Qk Ve A 34..9 ifl.e

oroduct 23 oRvEERREARERENE a0 % Hingh A aflaf 0 dndh Sl KL d i me

(ddd, J= 17. 2s sdded andthepreactian ixtare isigtiyred 4t @gny teqnparatuye fop 1l apd thep heated)

Hz, 1%'3 : g ‘é)i(’at S§°|C i%fz'hzth. 25dMent ?;evdp%r%ed? ahihe redidue partifiohdd beftBen AloCEtRd

S, ) a e 2: ‘epar.ation, o 1 .

L7+ bt o bRt P ELs DK e i Shagarinl i e ip b cq) gy giromatography

13- et hyl - 2, 1AcQEG&H:Gl/Patrolean ather, dyicl)o[[he r@idde t4rpfalizcd de €D, Elereditoc

ar boxyl i ¢ oaCigiye the target compound contaminated with the cyclopropyl-sulfonamide. This
material is triturated in 3 mlof water, filtered, washed with water and dried overnight in
the high vacuum pump to give the target compound 30 as a white powder: m/z = 708

(M+H)".

15  Example 4: preparation of 17-[2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methyl-
quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0“%octadec-7-cne-
4-carboxylic acid (46)

Synthesis of 4-hydroxy-2-(4-isopropylthiazole-2-y)-7-methoxy-8-methylquinoline (36)

20  Step 1: synthesis of N-(tert-butyloxycarbonyl)-3-methoxy-2-methylaniline (32)

9 H
0 o 0 N ©
e K
31 32

Triethylamine (42.4 mL, 302 mmol) was added to a suspension of 3-methoxy-2-
methylbenzoic acid (45.6 g, 274 mmol) in dry toluene (800 mL). A clear solution was
obtained. Then, dppa (65.4 mL, 302 mmol) in toluene (100 mL) was slowly added.

25  After 1 h at room temperature, the reaction mixture was successively heated at 50°C for
0.5 h, at 70°C for 0.5 h then at 100°C for 1 h. To this solution, +~BuOH (30.5 g,



(29) Step AHN 021 O 0O0; 022 CH 23 10

3- Ox0- 2- oxa- bi cycl o[ 2. 2. 1] hept ane- 5- car boxylic acid 22 (500 ng, 3.2
mol) in 4 M DW was added at OC to HATU (1.34 g, 3.52 nmmol) and
N- net hyl hex-5-enylamne (435 ng, 3.84 mmol) in DMF (3 nL), followed
by DIPEA. After stirring for 40 min at’™ 0C, the mixture was stirred
at roomtenperature for 5 h. Then, the solvent was evaporated, the

i due di d in. Et Q i t turated 15
ariacs (10" neyts Tl it HOap o RO IR i s Rl s
nmL). The or gafliceedifen/Er. SThesplstionwbs enadtd tosmine#mpetaturs then sudcesdivilyCl
(20 i), dri eghshiagmiXhter, (BN IRYIZDS NNEGH aRH bihd, GREA m§%4)f SRS

aporated
chr omat ogr aph Et OAc/ petr ol eum et her, 2. afforded 550 ng (68% of
t he target pr%é%)’@téc’)%é’fgﬁe?@@@ﬂ?‘é‘s’&ﬂﬁ?@@g = 252 (MtH)+. 20 Step
BOH oN3Jl O0O230Q OH 24 A solution of LiOH (105 ng in 4 m of
wat er) was adggh @il ord Beubasbonmnaitle 3  After Th, the
conver si on Wangﬁ) | et éd (HPLC)%cThe 'xtlure( %as acidified to pH 2 -

3 with 1IN HCl, extracted vvit(p AcCkt , dried (l\/gsog), evapor at ed, 25
i A0 \I-rt
t@

co-evaporated with tol uene sé I"es—ana=dri der hi gh vacuum
overnight to give 520 ng (88 fOthe target pro 24: mz = 270
(MHIT)+. 67 Step CHO OH2 @GOt OH 25 NN 11,331, H

TFA (40.7 mL, 548 mmeol) was added to a solution of N-(fert-butyloxycarbonyl)-3-
methoxy-2-methylaniline, in dichloromethane (500 mL). After 2 h at room

10  temperature, TFA (40.7 mL, 548 mmol) was added and the resulting mixture was
stirred at room temperature overnight. Then, volatiles were evaporated. The residue
was triturated with toluene (100 mL) and diisopropylether (250 mL), filtered off and
washed with diisopropyl ether (100 mL) to give 56.3 g of the title product as a TFA
salt: m/z = 138 (M+H)". The TFA salt was transformed to the free aniline by treatment

15 with NaHCOs.

Step 3: synthesis of (2-amino-4-methoxy-3-methylphenyl)(methyl)ketone (34)

33 34 ©

A solution of BCL; (1.0 M, 200 mL, 200 mmol) in CH>Cl, was slowly added under

20  nitrogen to a solution of 3-methoxy-2-methylaniline (26.0 g, 190 mmol) in xylene (400
mL). The temperature was monitored during the addition and was kept below 10°C.
The reaction mixture was stirred at 5°C for 0.5 h. Then, dry acetonitrile (13 mL,
246 mmol) was added at 5°C. After 0.5 h at 5°C, the solution was transferred into a
dropping finnel and slowly added at 5°C to a suspension of AICl; (26.7 g, 200 mmol)

25 in CH,CL (150 mL). After 45 min at 5°C, the reaction mixture was heated at 70°C
under a nitrogen stream. After evaporation of CH,Cl, the temperature of the reaction
mixture reached 65°C. After 12 h at 65°C, the reaction mixture was cooled at 0°C,
poured ontc ice (300 g), and slowly heated to reflux for 7h. After 2 days at room
temperature, 6 N NaOH (50 mL) was added. The pH of the resulting solution was 2-3.

30 The xylene layer was decanted. The organic layer was extracted with CH>Cl,. The
xylene and CH->Cl; layers were combined, successively washed with water, 1N NaOH,
and brine, dried (Na;SQ4) and evaporated. The residue was triturated in diisopropyl



C 240 O CH p ONNN COCEt 26 -" The

1- (am no)-2-(vinyl)cycl opropanecar boxylic acid ethyl ester
hydrochloride 25 (4.92 g, 31.7 mmol) and HATU (12.6 g, 33.2 mol)
were added to 24 (8.14 g, 5 30.2 nmol). The m xture was cooled in an
i ce bath under argon; and then DMF (100 nm.) and DI PEA (12.5 m, 11.5
mmol ) were successively added. After 30 mn at O0C, the solution was
stirred at roomtenperature for an additional 3 h. Then, the
reaction nixtethes a@E, Gliered offone washed Narisemprylether toaiver 3.6&(4f &) of the
successi vel y titictplodus & dNydiotvish261idrls)/z ando gatHy'at ed NaCl(2 x 20 ml),
and dried (Na2SO4). Purification 10 by flash chromat ography

(AcCEt/ CH2C12/ Petrol eum et her, 1:1: 1% afforded 7.41 g (60% of the
t ar get produddte$ sisthesivef Brll (éssppmpbf thipgole-2Z-yH(oxojivethyllamispleds -rmethpxyny-
O AS OH ,50 Imdthy 1§;e\t6fhén(fhe r CN OCOCEt 26 0 O N.O00OEt 27

15 DIAD (218 iL, 1.11 mmol) |s added at -20C under nitroge

at nosphere to a solution of 26 (300 ng, 0.738 mmol ), quingtne 4
(420 ny, 1.03 nmol) and triphenylphosp ine (271 ny, 1) in
dry THE (15 nL). Then, 4 ngactign mégﬁérned up ot ol rgpms

tenperature. After 1.5 he” sgl g evaggréte nd the crude
product is purified by a col enm Chr omat ogr aph adi ent of

petrol eum et her/ CH2C12/ et3#er®, 3:1.5:0.5 to 20 1:1:35 @o give the
target product 27: mlz = 661 (MtH)'. 68 Step EO * 110 1 \ O NN

A solution of (2-amino-4-methoxy-3-methylphenyl){(methyl)ketone (18.6 g, 104 mmol)
in dioxane (50 mL) was added under nitrogen to a suspension of 4-isopropylthiazole-2-
carbonyl chloride in dioxane (250 mL). After 2 h at room temperature, the reaction

10  mixture was concentrated to dryness. Then, the residue was partitioned between an
aqueous solution of NaHCO; and AcOEt, organic layer was washed with brine, dried
(NaySQy), and evaporated. The residue was triturated in diisopropyl ether, filtered off
and washed with diisopropyl ether to give 30.8 g (90 %) of the title product 35.

15  Step S5: synthesis of 4-hydroxy-2-(4-isopropylthiazole-2-yl)-7-methoxy-8-
methylquinoline (36)

35 0 36 OH

Potassium tert-butoxide (21.8 g, 195 mmol) was added to a suspension of 2°-[[(4-iso-
propylthiazole-2-yl)(oxo)methyl]amino]-4’-methoxy-3’-methylacetophenone (35,

20 30.8 g, 92.7 mmol) in fert-butanol. The resulting reaction mixtures was heated at
100°C overnight. Then, the reaction mixture was cooled at room temperature and
diluted with ether (100 mL). The precipitate was filtered off and washed with Et,O to
give a powder (fraction A). The mother liquor was concentrated in vacuo, triturated in
ether, filtered off, and washed with ether to give a powder (fraction 2). Fractions 1 and

25 2 were mixed and poured into water (250 mL). The pH of the resulting solution was
adjusted to 6-7 (control with pH paper) with HCI 1N. The precipitate was filtered off,
washed with water and dried. Then, the solid was friturated in diisopropyl ether,



HN O, N C O 111000Et O00Et 27 A solution of 27 (200 ny, 0.30 nmol)
and Hoveyda- Grubbs 1st generation catalyst (18 ng, 0.030 mmol) in
dried and degassed 1, 2-dichloroethane (300 nL) is heated at 5 70C
under nitrogen for 12 h. Then, the solvent is evaporated and the
residue purified by silica gel chromat®graphy (Petrol eum

et her/ CH2C12/ Et 20, 3:1:1) to give the target product 28 nmlz = 633
(MtH) +, Step FiO\ NN S ONNI OO L. NN QHO TN O COOEt
L O NoooH  1dfiliggeddt %Pdls\IQﬂtht? give g 8PP ?fé%hﬁlﬁgymflwt TRRe? bf("?’“ﬁlc}))“’]i“% m/z
added to a st#3rse@igd'uti on of 28 (150 ng, 0.237 mol) in THE (15
m.) and McOH (10 mL). After 48h, solvent is evaporated and the
residue partitioned between water and ether. Aqueous |ayer is
aci di fied (pryuthesis ghchexdrenyDinagthyhamine38Ft  drijed (MySO4) and
evaporated. Theol5 residue is crystallized fromegegher to give the

t ar get conpoupﬁ,ﬂQ@? M, 2~<-6055( M) _Exanple, 3 preparati gR_~_~,
of N- (1 7-[ 7- methoxwW- 8- net hyl - 2- (t hi azol - 2-vI3}cano?i n- 4- ag |
vl oxyl -1 3 et hyl - 2, 14- di oxo- 3. 13-di azatricycl o(13. 3. 0. 04' 6l oct adec- 7-
ene- 4- car bon\l%2 A{ cycl opropvl sul fonanide (30) 20 69 N~ N iON S ~O
NN S i - | I[Sodiudh Bydride (1.05 eq) was slowly added at 0°C to a solution of N-methyltrifluoro-

acetamide (25 g) in DMF (140 mL). The mixture was stirred for 1h at room
ternperature under nitrogen. Then, a solution of bromohexene (32,1 g) in DMF

10 (25 mL) was added dropwise and the mixture was heated to 70°C for 12 hours. The
reaction mixture was poured on water (200 mL) and extracted with ether (4 x 50 mL),
dried (MgSOy), filtered and evaporated to give 35 g of the target product 37 as a
yellowish oil which was used without further purification in the next step.

15 Step B:
A solution of potassium hydroxide (187.7 g) in water (130 mL) was added dropwise to

a solution of 37 (35 g) in methanol (200 mL). The mixture was stirred at room
temperature for 12 hours. Then, the reaction mixture was poured on water (100 mL)
and extracted with ether (4 x 50 mL), dried (Mg80,), filtered and the ether was

20  distilled under atmospheric pressure. The resulting oil was purified by distillation
under vacuum (13 mm Hg pressure, 50°C) to give 7,4 g (34 %) of the title product 38
as a colourless oil: 'H-NMR (CDCl): & 5.8 (m, 1H), 5 (ddd, /= 17.2 Hz, 3.5 Hz, 1.8
Hz, 1H), 4.95 (m, 1H), 2.5 (t, /= 7.0 Hz, 2H), 2.43 (s, 3H), 2.08 (q, /= 7.0 Hz, 2H),
1.4 (m, 4H), 1.3 (br s, 1H).

25
Preparation of 17-[2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methylquinolin-4-yloxy]-
13-methyl-2.14-dioxo-3.13-diazatricyclo[ 13.3.0.0**Joctadec-7-ene-4-carboxylic acid
(46)

30 Step A

o 4 N’\/\4
SHE OH { x

3-Oxo-2-oxa-bicyclo[2.2.1Theptane-5-carboxylic acid 39 (500 mg, 3.2 mmol) in 4
mIDMF was added at 0°C 1o HATU (1.34 g, 3.52 mmol) and N-methylhex-5-



|l -1 NHN OONOOHII HOO\ N ~ 29 Hv 30 A mixture of 29
(85 ng, 0.14 mmol) and CDI (47 mg, 0.29 mml) in dry THE (7 nL) is
heated at reflux for 2h under nitrogen. LCVMS anal ysis shows one peak
of the internediate (RT = 5.37). The reaction mxture is cooled to
roomtenperature and 5 cycl opropyl sul f8naniide (52 ng, 0.43 nmol) is
added. Then, DBU (50 L, 0.33 mml) is added and the reaction m xture

t d at t f {eq C f.
2ah: Sol vent SPY BRI ATia VA e TOVE L p RReV e O e S8 Mt
and acidic Vfb.t'ﬁ}m(lmﬂ OECStjle mT:ktereovasdarredaateomaltemquwe ifdriSetel Byencide unm

h t
gr;gfgl 09" apWivehs qzég'@v%ﬂ#%%%ﬂa%a@é EMRRAPEIOAS GO hL) oFl Salifhelite 1 S

er'e give the t ar 0
cont am nat ed SiUfate ]H%HG%:E g’pyr]iheé’ﬂP‘POHﬁ T¥as o W’éﬁgﬁj‘g? (% %25 mL).
triturated i ks omgmic piatasrweré cdmlﬁn@i;lwashedlmm mndned/m@r(zmnﬂ,),oﬂnedd

over ni ght in i S
a white povvder agﬁ %@%Hg i%ﬁlgxq’g\fﬁfﬁ Hﬁoﬁl%gﬁg @?@%H@gtr oiChi?
17-[2- (4- i sopt y’q{ 8‘%,6) ﬂmﬁé@ggetgr gqﬂﬂasacolorlessoﬂ m/z =252
qui nol i n- 4- ylxd)?.13- net hyl - 14 di oxo- 3, 13-di azatricycl o[ 13.3.0.04, 6
] oct adec- 7- ene- 4-carboxylic aci d (46) Synthesis of

4- hydr oxv- 2- (4-isopropyl t hi azol e-2-vl)-7- net hoxv- 8- net hvl aui nol i ne
(36) 20 &t ept Bsynt hesi s

of N- (tert - butyl oxycar bonyl ) - 3- net hoxy- 2- met hyl ani | i ne f832) 0 ~O OH
O NYO 31 32 Triethylam ne (42 4 nmL, 302 nmol) vvas a dtoa
suspensi on of 3-net hoxy- 2- Cben20| c acid 5“ 274 mmol ) in
dry toluene (800 nL). A ¢} ar4oso N On was—obt ai n // oen, dppa
(65.4 n, 302 mml) in tol uene (100 T)y—was slovﬂyﬂacPded

A solution of LiOH (105 mg in 4 mlof water) was added at 0°C to the lactone amide
40. After 1h, the conversion was completed (HPLC). The mixture was acidified to pH
2 - 3 with 1IN HCI, extracted with AcOEt, dried (MgSQs), evaporated, co-evaporated

15  with toluene several times, and dried under high vacuum overnight to give 520 mg
(88%) of the target product 41: m/z = 270 (M+H)".

Step C
OH HN '-IC%IOEt OH
s

=’ 42 \

- N
1 b H
O 57 oH = 9 o’ N cooe
— a 0 o] e‘.c i
43 ;

—_—t

20 The 1-(amino)-2-(vinyl)eyclopropanecarboxylic acid ethyl ester hydrochloride 42
(4.92 g, 31.7 mmol) and HATU (12.6 g, 33.2 mmol) were added to 41 (8.14 g, 30.2
mmol). The mixture was cooled in an ice bath under argon, and then DMF (100 mL)
and DIPEA (12.5 mL, 11.5 mmol) were successively added. Afier 30 min at 0°C, the
solution was stirred at room temperature for an additional 3 h. Then, the reaction

25  mixture was partitioned between EtOAc and water, washed successively with 0.5 N
HCI (20 mL) and saturated NaCl (2 x 20 mL), and dried (Na,SOy4). Purification by
flash chromatography (AcOEt/CH,Cly/Petroleum ether, 1:1:1) afforded 7.41 g (60%) of
the target product 43 as a colorless oil: m/z = 407 (M+H)".



25 After 1 h at roomtenperature, the reaction m xture was
successively heated at 50C for 0.5 h, at 70C for 0.5 h then at 100C
for 1 h. To this solution, t-BuCH (30.5 g, 70 411 mmol) in tol uene
(40 nmL) was added at 100C and the resulting m xture was refluxed for
7h. The solution was cooled to roomtefperature then successively
washed with water, 0.5 N HCO, 0.5 N NaCH and brine, dried (Na2S»4),
and evaporated to give 67 g of the target product: nmz = 237 (M+. 5
Step 2: synti&f%?—g of 3-nethoxy-2-nmethylaniline (33) ,0 Nu0O< O NHz /
IO I 1/ 32 33 TFA (40.7 nL, 548 nmmol) was added to a sol utt

of N-(tert-butyl oxycarbonyl)-3- methoxy-2-nethylanilin

di chl oronet hane (500 nL). After 2 h at room te A (40.7

m., 548 mol) was added and the resuliting NTixt ure wa tlrred at
room tenperature overni ght. ofhen, -¢ p were evapof d 7ed. The
residue was triturated w t ol uen mL) and dii sopPopyI et her

The TFA salt was tr f oP med L. &Pke free anilin

with NaHCO3. Step 3: syndhesi‘shof \COOEt
(2-am no- 4- net hoxy- 3- net hyl pheﬁyl)(met hyl ) ket one (34)“ ~0 NH2 NHz
33 34 0 Asolution of BC13 (1.0 M 200 niL, 200 nmol) in cHzE12 was
sl owl y added under 20 nitrogen to a solution of

E? met h0;<y 2- ITSTATY {120 ﬂnﬁliﬂﬁyc@)ﬂashahaéﬁmb‘)chﬂﬁextﬁhagﬁl z(ﬁﬁ@ﬁ)henl‘é‘tbalgge
enper a urevva n e n e.a el,ow

The reaction® I?m urlbei:’p ! 9%’%%9:13% ’cql%@qun Bkgﬁ%&%ﬂ;% (?nd lphen I+
acetonitrid e p@msphms (126@, 80 mmathin diy JEE (49 mEE. Aﬂ:«rﬂeﬁrh et 515ﬁCa1ﬂ1e s@ction
ttheSséolt uti on rMgfrd &erﬁﬁdrﬁd b%tWe@n &e-c@irdwérraadh@mﬁglzdéﬁa bg %d?gggd
a O a Sus enS| 1 N

) per abvRTRGE B orpferatetidl el niodt B R sdunB MR AREE o
a nitrogen st(grdient olipetoleemap§GbLhot 9 @H2:@) ®, givdhb4] gifetohoithe tapget

the reaction rm&;m%&ga,g@@q.,_ﬁ’ﬁc After 12 h at 65C, the reaction
m xture V\I%S cool ed at 0C,

(250 nL), filtered of f nand /washed V\ABho;dIISOpI’OpW (100 rrL) to
give 56.3 g of the[ Zle pr E:t as a TFA—sal t: (l\/HrH)

Step E

A solution of 44 (1.07 g, 1.524 mmol) and Hoveyda-Grubbs 1% generation catalyst
(33 mg, 0.03 eq) in dried and degassed 1,2-dichloroethane (900 mL) was heated at
15  75°C under nitrogen for 12 h. Then, the solvent was evaporated and the residue
purified by silica gel chromatography (25% EtOAc in CH,CL). 620 mg (60%) of pure
macrocycle 45 were obtained. m/z =674 (M-+H)". '"H NMR (CDCl): 1.18-1.39 (m,
12H), 1.59 (m, 1H), 1.70-2.08 (m, 5H), 2.28 (m, 1H), 2.38 (m, 1H), 2.62 (m, 2H), 2.68
(s, 3H), 2.83 (m, 1H), 3.06 (5, 3H), 3.19 (sept, J= 6.7 Hz, 1H), 3.36 (m, 1H), 3.83 (m,
20 1H), 3.97 (s, 3H), 4.09 (m, 2H), 4.65 (td, J=4 Hz, 14 Hz, 1H), 5.19 (dd, /=4 Hz,



poured onto ice (300 g), and slowy heated to reflux for 7h. After 2
days at room tenperature, 6 N NaCH (50 nL) was added. The pH of the
resulting solution was 2-3. 30 The xylene | ayer was decanted. The
organi c |l ayer was extracted with CH2C12. The xylene and CH2C12| ayers
were conbi ned, successively washed with water, IN NaOH, and brine,
dried (NazSO4) and evaporated. The residue was triturated in

i 1 sopr opyl et HeF- By Shanary: & 68 B s ot e 15 700 Ghbs gom 746
yel | owi sh sol(dd/=Aitiz, TH)LGA (s4-HJ)+8.05( g =49 HeylhDhesi s

of 2' -[[ (4-1sopropylthiazol e-2-yl) (oxo)nethyl]am no]-4"'-nethoxy-3"- 5
nmet hyl acet op no e (35) O -ONH O~oNHs OL SI / 340350A

sol ution of (& no- 4- met hoxy- 3- net hyl phenyl ) (net hyl ) ket one (18.6 g,
104 mml) in dioxane (50 nL) was added under nitrogen t 0-a
suspensi on of 4-isopropylthjazol g carbonyl chloride -/ di oxane

(250 m.). After 2 h at reo \tempett ure, the r(ea cm/;llOmxture was
concentrated to dryness Wle; jhe resi due was ;% gj tj onéd between an
aqueous sol ution of NaHCO3 “AcCEt, organic |a er“w‘vas washed with

brine, dried (Na2SO4), and ewaporat ed The residueonas triturated in
diisopropyl ether, filtered off and washed wth | sopropyl ether to

give 30.8 g (90 % of thé tl%e product 35. 15\St 5: synthesis of
4- hydr oxy- 2- (4-i sopropy tMaz | g-2-yl)-7-neth \9;8 net hyl qui nol i ne
(36) io NHO NI S 35 8 ab@Esi um tert ‘Pon (g2, 8 g, 195
mmol ) was added to a susgpensi on~df 2'-[[(4-isqg =
propyl t hi azol e- 2-yl ) (oxo) met-hysani noj T

-4' - met hoxy- 3' - et hyl acet ophenone (35, 20 30.8 g, 92.7 muol) in

tert- bUL ?HO[I_ HA %&@ndngﬁ‘rliéﬁﬂé{%?)gﬁﬁﬁﬁfe;(g rlS @ 3g.8y xﬁﬁml’)@ﬁ waRAIBUnE) was]éag&:l to a

and a1 ut ed Wi a0 B e 98] Berch) e ATy SRLHH Bor

and washed wiAfter E6 2@t t@m tpmperaturg dhaeactioh lrrameamas/kiucnéﬁhé withINT&(Cl sat.,

o onhas WRPASIINE SR SABE P LR 15 ) l;lafced;eﬁe%@ﬁ%h
CH,Cl,, dried (Mg ) and evaporated to give 560 mg (88%) of carboxylic acid 46.
m/z =647 (M+ID)". "I NMR (CDCl): 1.11-1.40 (m, 8H), 1.42-1.57 (m, 2H), 1.74 (m,
2H), 1,88-2.00 (m, 2H), 2.13 (m, 1H), 2.28 (m, 1H), 2.40 (m, 1H), 2.59 (m, 2H), 2.67
(s, 3H), 2.81 (m, 1H), 2.97 (s, 3H), 3.19 (m, 1H), 3.31 (m, 1H), 3.71 (m, 1H), 3.96 (s,
3H), 4.56 (dt, J= 4 Hz, 12 Hz, 1H), 5.23 (m, 2H), 5.66 (m, 1H), 7.01 (s, 1H), 7.10 (s,

15 1H), 7.22 (d, J= 10 Hz, 1H), 7.45 (s, 1H), 8.00 (d, J= 10 Hz, 1H).

Step G




25 2 were mxed and poured into water (250 nL). The pH of the
resulting solution was adjusted to 6-7 (control with pH paper) wth
HCI 1IN. The precipitate was filtered off, washed with water and
dried. Then, the solid was triturated in diisopropyl ether, 72
filtered off and dried to give 26 g (88% of the title product 36 as
a brownish solid: nlz 315 (MtH) +. Synthesi s of

(hex-5-enyl) (pet hvAam ne 0 CF3, F3Cit.H Br™" ~~'~\ ~~ ~ ~N
~~O NH 5 37 4 sdgtion °f§t7e[6 (Aﬂscgé?ﬂytrma%ﬂl%r?*ryav& (nfﬂl%y écf)ietmgmg?lewfvloxyl-
added at O0OC ti@-metagl-214-divxof3, IS-divtaiidytiof 13l 04 6] oataédcalveted-cAboxglic acid

DVF (140 i) . 46T,
ander it roga Skt Uo%a Mo rpbo bt accBldiislo Hﬁ%ﬂ%ﬂﬁf SRAPREQYING ond
(25 L) was Ha@thonyidimidarale (GhAmen SH smeddn dissT Q@&)W@s storedrapreflyp

hours. The& nedetrifspenifist 2H, EThyasadion! rre:dm@rwas/abaw e&ﬁeaﬂrbc)ma@ﬁberauue and

extracted w tc%ngent}g%g (md@% frécglﬁgg' %ressugr % ? %'%% paljﬁiia!')ﬁe% b%ﬁ:reen

evaporated to arget produ OW S

whi ch was us WNh@QPISaBMIW wwasheém%mnm@neﬂ@a@@ @ﬁfquap@eé}t ep
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mixture vae SM g TURRALCBELE 00801 b0 Yep, 126 2RO ) a6 SR
reaction ¥ xtGel 684 TlourlEn, bir2ay 2H), CAGER. 24 (m, 2EN.PR. 2RO 4 6d), RitBIGS,
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by i st 111 at 116p AR Wad s, S ‘ﬁ% Ao B Bo4b b HRb S3
(34 9% of th({m;ilﬁbé(m(sdu@;738(dafs=%2éhlHﬁi}ﬂéﬁs GH); sowedumxmﬂm
8 5.8 (m 111) 5(ddd J=17.2 Hz, 3.5 Hz, 1.8 Hz, 114), 4.95 (m

1 2. 7 Hz, 2
H) 4 (m 54 " B repaat] FYEIS lthaaggle(?,—vl) 7 methc())xv-S- H.,

17 [2-(4-i sorm Tl ﬁﬂmlﬁﬁd}l x¥ Y3 i 04> b

13- et hyl - 2, 4. di X0 féﬁ%ﬁMﬁé 47 0. 04" 6l oct adec- 7- ene- 4 o

ar boxylic aci

A solution of 17-[2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methylquinolin-4-yloxy]-
20 13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.04,6]octadec-7-ene-4-carboxylic acid
46 (560mg, 0.867 mmol) prepared according to Example 4, and carbonyldiimidazole
(308 mg, 1.90 mamol) in dry THF (10 mL) was stirred at reflux under nitrogen for 2h,
The reaction mixture was cooled to room temperature and cyclopropylsulfonamide
(400 mg, 3.301 mmol) and DBU (286 mg, 1.881 mmol) were added. This solution was
25 heated at 50°C for 15 h. Then, the reaction mixture was cooled down at room
temperature and concentrated under reduced pressure. The residue was partitioned
between CH»>Cly and HCI 1 N, the organic layer was washed with brine, dried (MgSQOy4)
and evaporated. Purification by flash chromatography (gradient of EtOAc (0 to 25%)
in CH>Cl,) afforded 314 mg of an off-white solid which was further washed with water,



30 Step AH 383 O 0040 0O39 (H

3- Ox0- 2- oxa- bi cycl o[ 2. 2. 1] hept ane- 5- car boxylic acid 39 (500 ng, 3.2
mmol) in 4 nlDVF was added at 0C to HATE (1.34 g, 3.52 mmol) and

N- net hyl hex-5 73 enylamne (435 ng, 3.84 nmmol) in DWP (3 ),
followed by DI PEA. After stirring for740 nmin at OC, the mxture was
stirred at roomterrperature for 5 h. Then, the solvent was
evaporated, t resid e d| ssol ved Et CAc (70 ni) and wa h(;d)
saturated Na lswep a%H&gaF%?V%%d@syﬁ%ﬁ%lea Were ﬁe@aee

(2 x 25 nl). tﬁle“ﬁmdxmrghan a:whiwapm;sdemm/e =TSO MAEY. "HESMBICMAN): 0.99-1.52

t ted Na
by flash chrg Zﬁ%"‘t%’* %f%‘i“%%??@?"ﬂ%eu 20 (R AR02 300 i 2 €A
(68% of the 2% 6% 3Hb 349 (@, ¢B).ord04Es HD|39 2H), 480 (t, { mlﬁ)Hz
10 St r671p 55041}@%04@9 =40 H, UHY, 557 @4, 18] Sfeas@i, WH),0802 10s, IH)QHO!ZIQF}HDI;U
in 4 of wat ts 0]
t he conversi o’ﬁi dm@%&?quzg?e %SE’(,@I) ?ﬁg %%Lbre}équ\gg ég% ge{%) pH
2 - 3 wth 1IN HCl, extracted with AcOEt, dried (l\/gSO4) evapor at ed,
co- evapor at eCEX:hﬁlpW 8: Pprépalramaﬂ@fﬁq\m[am isblﬁiﬁpyltlﬁdidledl Vied-adety-hi gh

v ot 1 SR RT3 S 514 BRI el

10 7- ene-4 -carbonyl](1-methyleyclopropyl)sulfonamide (48)

e 9
|
A O O

\“ ) i;'NHU\ 1,0
o NHJ 0O X N

g oH . H

———
/ 43

A solution &f carboxylic acid 46 (240 mg, 0.38 mmol) and carbonyldiimidazole (2 eq)
in dry THF (5 mL) was stirred at reflux under nitrogen for 2h. The reaction mixture
was cooled to room temperature and 1-methylcyclopropylsulfonamide (2 eq) and DBU
15 (2 eq) were added. This solution was heated at 50°C for 15h. Then, the reaction
mixture was cooled down to room temperature and concentrated under reduced
pressure. The residue was partitioned between CH,Ch and HCI 1N, the organic layer
was washed with brine, dried (MgSQ,) and evaporated. Purification by flash
chromatography (gradient of EtOAc (0 to 25%) in CH,Cl) afforded 170 mg (58 %) of
20  the title compound 48 as an off-white solid which was further washed with water, then
isopropylether, and dried in the vacuum oven: m/z = 764 (M+H)". 'H NMR (acetone-
d6): 0.86 (m, 2H), 1.15-1.78 (m, 19H), 1.87 (m, 2H), 2.13-2.54 (m, 3H), 2.57-2.71 (m,
4H), 2.96-3.25 (m, 4H), 3.54 (m, 2H), 4.02 (s, 3H), 4.58 (t, /=13 Hz, IH), 5.04 (m,
1H), 5.46 (m, 1H), 5.62 (m, 1H), 7.31 (s, 1H), 7.43 (d, /=9 Hz, 1H), 7.58 (s, 1H), 8.07
25  (d,J=13 Hz, 1H), 8.19 (broad s, 1), 11.44 (broad s, 11).



OHON C470 OO0, COCEt 43 20 The

1- (am no)-2-(vinyl)cycl opropanecar boxylic acid ethyl ester
hydrochloride 42 (4.92 g, 31.7 mmol) and HATU (12.6 g, 33.2 mmol)
were added to 41 (8.14 g, 30.2 mmol). The m xture was cooled in an
ice bath under argon, and then DMF (108 nL) and DIPEA (12.5 nL, 11.5
nml) were successively added. After 30 mn at 0C the solution was

stirred at rq erature fa nal The e reaction
25 mi xture f“‘ﬁ&’.e‘??t @H@Gﬁ%&miﬁﬁ %g WQY@P 213(36';]

successi vel y methdxyquinolih-4HGhxy]-28-ndthyl2rild-dietasd,a8ed NaCl (2 x 20 nL),
and dried ( AET, ' . aphy

( AcOEt JCH2C12 Eﬁ%e;tﬁrgflgﬁ%%?ﬁgﬁ‘%ﬂfew eﬁ’é }?%nglgf%ggf (60% of the
target product 43 as a colorless oil: mz = 407 (I\/H-|)+ 74 Step D
\\}}- N /50 NteftA: Sinftids dfi\2-&minok3-co@d&4-faethbixfphefy 1 jmeth§DRétona {568 L~ O
ONOOOEt 44 DIAD (1.02 m., 5.17 mmol) was added at -15C under
nitrogen atnosphere to a solutio

of 43 (1.5 g¢ 3.69 mol),
quinoline 36 (1.39 g, 4.43 mml Nhrl phenﬁ@sphl ne (1.26 g,
4.80 mml) in dry THE (40 ).~ @ h, at - I5C° the reaction
m xture was partitioned between i -coI d water AcCEt, dried

(NazS™4) and evaporated. The crud® materi al Wasolerlfled by flash
col um chr omat ogr aphy (gradi ent of petrol eum ACOEt %CH2C12, 1:9 to

2:8) to give 1.45 g (56 % of thetargg E)roduct 44: mz = 703
(MtH) +. 10 Stfegplgtion of BCh (1.0 M, 138 mL, 138 mmol) in CHyCl; was slowly added under

10  nitrogen to a solution of 2-chloro-3-methoxyaniline 49 (20.6 g, 131 mmol) in xylene
(225 mL). The temperature was monitored during the addition and was kept below
10°C. The reaction mixture was stirred at 5°C for 0.5 h. Then, dry acetonitrile
(9.0 mL, 170 mmol) was added at 5°C. After 0.5 h at 5°C, the solution was transferred
into a dropping funnel and slowly added at 5°C to a suspension of AlCl; (184 g,

15 138 mmol) in CHoCl; (80 mL). After 45 min at 5°C, the reaction mixture was heated at
70°C under a nitrogen stream, After evaporation of CH,Cl,, the temperature of the
reaction mixture reached 65°C. After 12 h at 65°C, the reaction mixture was cooled to
0°C, poured onto ice (200 g), and slowly heated to reflux for 7h. After 2 days at room
temperature, 6 N NaOH (25 mL) and CH,Cl, (100 mL) were added. The mixture was

20  filtered, the filtered washed with CH,Cl,. The organic layer was decanted, and
successively washed with water, 1IN NaOH, and brine, dried (Na;SO,) and evaporated.
The residue was triturated in diisopropyl ether at 0°C, filtered off and washed with
diisopropylether to give 19.0 g (73 %) of the title product 50 as a white solid: m/z = 200

(M+H)".

D

25
Step B: Synthesis of 2°-[[(4-isopropylthiazole-2-y1)(0oxo)methyl]amino]-3°-chioro-4°-
methoxyacetophenone (51)

N%\
0
Cl | 7"«3\
o) NH, o I}I ¥ .0 NH
+ ?,{S —
Cl
50 O 51 O



NN /ON ON 14" "1 OO0 CHNH OOCOOEt O COCEt 44 45 A
solution of 44 (1.07 g, 1.524 mol) and Hoveyda- G ubbs 1st generation
catalyst (33 ng, 0.03 eq) in dried and degassed 1, 2-di chl oroet hane
(900 nL) was heated at 15 75C under nitrogen for 12 h. Then, the

sol vent was evaporated and the residue®purified by silica gel

chr omat ogr aphy (25% Et OAc in CI-|2C12) 620 ng (60% of pure
macrocycle 45 were obtained. mz = 674 (MH) +. tH NVR (CDC13)

1.18-1. 39 (mThemlfBroduft gbwmremd (79 “gdrom @%arpwp-%qlaloro-zl Iggh@)ﬁ,iphenyl)
(11 1%H) 2. 38 ((Methitiketode @) {oMowaikdhe procé&dire fefortedHps 2° 2[{@%3@?@pykhbazol&206
S, ,

3.97 (s. %Slﬁg’%ﬁ’g’ﬁthg’ﬂ?‘g?éﬁ bzﬁ“”égp‘% £ dm%@yfagéw%?tg@ "’%3) 3@@@7
(dd, J-4Hz 75 10 Hz, 5.3. (m 1H), 5.65 (td, J= 4 Hz, 814z,
1H), 7.00 's,stdds syﬁth%ﬁs 6158 cﬂlb%-4—71y¢ﬂr6:8r -0.q4- 1sbprogyl|tiﬁazold:ﬁﬁyl)77 ﬂn&hﬁﬁy

1H), 8.03 (d, ‘]_11%;)_‘“_') Step F I rS vT100 IN
N pN 0 COCEt qu(?% 45 46 5 A solution of |ithium hydroxide

(1.65 g, 38.53 Mol ) in water (15 L) saddedtoa stirred
solution of ester 45 (620 rrg, in THE (30 and MeCOH (20

m). After 16 hat roomten res the rea tl‘:(bn m'*k re was
guenched wth NH4OQ sat., 'f'rate.d__un.de pressure,
acidified to pH 3 with HC extractedvm

52 OH

The title preduct 52 was prepared (58 %) from 2’-[[(4-isopropylthiazole-2-yl)(oxo)-
methyl]amino]-3’-chloro-4’-methoxyacetophenone (51) following the procedure

10  reported for 4-hydroxy-2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methylquinoline
(36): m/z =335 (M+H)".

Step D: Preparation of compound 53

b
S

N S

15 Compound 53 was prepared from alcohol 43 and 8-chloro-4-hydroxy-2-(4-isopropyl-
thiazole-2-yl)-7-methoxy-quinoline {52) following the procedure described for 44: m/z

— 723 (M+H)",



10 CH2C12, dried (MgSO™4) and evaporated to give 560 ng (88% of
carboxylic acid 46. mz = 647 (MH)". tH NWVR (CDC13): 1.11-1.40 (m
811), 1.42-1.57 (m 2H), 1.74 (m 211), 1.88-2.00 (m 21-1), 2.13
(m 1H), 2.28 (m 1H), 2.40 (m 1H), 2.59 (m 21-1), 2.67 (s, 3H)
2.81 (m 1H), 2.97 (s, 3H), 3.19 (m 1%1), 3.31 (m 114), 3.71 (m
1H), 3.96 (s, SFD 4.56 (dt, J= 4 Hz, 12 Hz, 1H), 5.23 (m 211),

5.66 (m 114) 0(s, 15 114) 7.22 (d, J= 10 Hz,
111), 7.45 (SteRk Og'relgaéé‘i‘fﬁl?f'&"mﬁ'mfoﬁ‘m Step GONNN i \ SiO

N S OON~, N 101 ° H oCOOH O N O 46 46 76 A solution of

17-[2- (4-isopropyl thiazol e-2-yl - met hoxy- 8- net hyl qui nol i ﬁ\;_4-y| oxy] -
13- met hyl - 2, 14- di oxo- 3£l 3- di atg ricyclo[13.3.0.04,§] oct aq{eei—? ene-4-c
arboxylic acid 46.90138.3 /214 nol ) prepggedl acgor di g to the
procedure descri bed a{ﬂ)ov “and” car bonyl di i m daz | &(9679 $y, 0.598
mol) in dry THE (5 n)*Wa€ stirred at reflux 5 Aitrogen for
2h. The reaction m xture was cool ed down at roomtenpgrature and
concentrat ed under reducea pressure. The residue was Partitioned

bet ween Et OAc and HC , the organre—tayer s ed with brine,
dried (Na2sSO™4) andév o ted oThenthe SO|Id tur ed|n|-Pr
ether to get 46' as/ a er mz = 629

(CDC13): 0.99-1.00 m 20 1 35 (m 2H), @9 dd, ‘\‘ “B

10 613), 15517(m m 2H) 2.15-2, 25 (

2.3-2.60 (m 413), 2.68 4 .82 (m 1H 2.8 8252 9 (m
1H), 3.08 (s, 3H), 313ﬁ 3435(m 111), 3.65-3.71 (m

1H. 3.91 (s. 3H). 4. 28-34'(m 1H) 5.32-5.46 (m 2#4), 5.85-5.95
(m 1H), 7.00 (s, 113), 7.22 (d, J= 9.2 Hz, 1H), 7.45 (s, 113), 8.09

(d, J= 9.2 Hzgzomdgdhnd 55 waXp f?bl@d From¥35BRG Wik e Iﬁf)cedure described for 45: m/z =
e-2-yl)-7-nmet hoxy- 8-

N-flI7-f2-(4-i 1t hiaz
met hvl aui nol @%ﬁ%xw 13- et hyl - 2. 14- di oxo- 3, 13-di azatri cvcl of 13. 3.
0. 04' 6l octSadec- 7-ene-4-carbonyl | (cyclonronvl)sullf\fonnam de (47) N

S Step F: Preparation of compound 55

A solution of lithium hydroxide (3.85 g, 90.1 mmol) in water (30 mL) was added to a
stirred solution of ester 54 (1.64 g, 2.36 minol) in THF (55 mL) and MeOH (40 mL).
10 After 16 h at room temperature, more LiOH (1.0 g) was added. After 20 h at room
temperature, the reaction mixture was quenched with a saturated solution of NH4Cl,
concentrated under reduced pressure, acidified to pH 5 with HCI IN, extracted with
EtOAc, dried (MgSO4) and evaporated to give 1.37 g (87%) of the carboxylic acid 55.

=667 M-+H)".



i O NHNHOO OO??"i00H OOAT j.,~N,S 46 47 H A solution of
17-[2-(4-isopropyl thiazol e-2-yl)-7-nmethoxy-8-met hyl qui nol i n-4-yl oxy] -
20

13- et hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13. 3. 0. 04, 6] oct adec- 7- ene-4-c
arboxylic acid 46 (560ng, 0.867 nmol )3lprepared according to Exanple
4, and carbonyl diimdazole (308 ng, 1.90 mol) in dry THF (10 nl)
was stirred at reflux under nitrogen for 2h. The reaction m xture
was cool ed to roomtenperature and cycl opropyl sul fonam de (400 ny, 3

301 mml ) and:aBigly 8 8Breparaticn FOE[ 1VA[BIchlore 2 €4-asbpepyltfibzde-29i)et-i on was
25 heated at [ I down
at room terrprg‘?@% ﬁmﬂ;ﬁ%ﬁ ’Qﬁgarr%@ 281?1‘ eléﬁp?é uceacyigtg?}\é%i[llj%g% Oeﬂ
resi due was psfades-/whed- caﬂ@?ﬂé@ﬁ“@ﬂ? pulipngmige (58)-N, t he organic

| ayer was washed with brine, dried (MgSO4) and evapor at ed.\{/
Purification by flash chromato phy (gradient of EtQAc (0 to 25%

in CH2Cl 2) af forded 31;4 my ai—@n of f-white solid which urt her
washed wi th water, o077 lf\g propyl et her, and® N $(e vacuum
oven to deliver 282rrrg 40 of the pure title ct) 47 as a white
powder: mz = 750 ( T 1H NMR (CDC13): 0.99-1.52 [(m 14H),

1.64-2.05 (m 4H), 277@11 1H), 2.41 (m 214), 2.59 fm 214), 2.69

(s, 3H, 2.92 (m 2H) .04 (s, 3H), 3.19 (m 1H),.3 40 (m 2H)
3.98 (s, 3H), 4.60(t, 13 H. 5 1H), 5.04 (t) J51 . 5.37
(m 1H), 5.66 (m M)i 21 (®, 1H), 7.02 (s, 1 m\‘ &Hgg 10 10
Hz, 111), 7.45 (s, lgb : \\\éldo J= 10 Hz, 114),\ 90.§2 @* sy, 1H) .
Exam In a 6: Prepariatidn \ 3

Oof N-[17-[ 2- (4-1i sopr _Z

t hi azaol e- 2- yI) 7- met hoxy- 8-
met hyl qui ol i n- 4-yl ogg]\i&% hyl - 2, 14- di oxo- 3, 13-%i azafri cycl o[ 13. 3.
0. 04' 6] oct adec 10 7-ene-4-carbonyl ] (1 met hyl cycl opr opyl ) sul f onam de
(48) N - X ~ \A sduiionficarboxgiclagid ¥ (137 g 2,02 Nyffol) and caplenyldiimidaad(Dbeq) (r

p’' LOH OH dry THF (75-mL) was stirred at reflux under nitrogen for 2h. The reaction mixture was
cooled to room temperature and cyclopropylsulfonamide (2 eq) and DBU (2 eq) were
added. This solution was heated at 50°C for 36 h. Then, the reaction mixture was

10 cooled down to room temperature and concentrated under reduced pressure. The
residue was partitioned between EtOAc and HCI 1N, the organic layer was washed
with brine, dried (MgSO4) and evaporated. Purification by flash chromatography
(gradient of EtOAc (0 to 25%) in CH,Cl;) afforded 880 mg (55 %) of the title
compound 56 as an off-white solid: m/z =770 (M+H)". "H NMR (CDCls, major

15  rotamer): 0.93-1.52 (m, 13H), 1.60-2.07 (m, 5H), 2.21-2.64 (m, SH), 2.92 (m, 2H), 3.04
(s, 3H), 3.19 (m, 1H), 3.41 (m, 2H), 4.07 (s, 3H), 4.60 (t, /= 13 Hz, 1H), 5.04 (t, J=11
Hz, 1H), 5.37 (in, 1H), 5.66 (m, 1H), 6.33 (s, 1H), 7.07 (s, 1H), 7.24 (d, /=9 Hz, 1H),
7.52 (s, 1H), 8.05 (d, /=9 Hz, 1H), 10.81 (broad s, 1H).

20 Example 9: Preparation of N-[17-[8-chloro-2-(4-isopropylthiazole-2-yl)-7-methoxy-
quinolin4-yloxy]-13-methyl-2, 14-dioxo-3,13-diazatricyelo[ 13.3.0.0*®Joctadec-7-ene-
4-carbonyl](1-methyleyclopropyl)sulfonamide (57).



48 46 A solution of carboxylic acid 46 (240 ng, 0.38 muol) and
carbonyl diimdazole (2 eq) in dry THE (5 nL) was stirred at refl ux
under nitrogen for 2h. The reaction m xture was cooled to room
tenperature and 1-nethyl cycl opropyl sul fonani de (2 eq) and DBU 15 (2
eq) were added. This solution was heat®d at 50C for 15h. Then, the
reaction mxture was cooled down to roomtenperature and
concentrated under reduced pressure. The residue was partitioned

bet ween CH2C12 and HCl1 1N, the ganic layer was washed th brine,
dried (MgSO4) and evap@latedN rification by flagh r“jo t ogr aphy
(gradi ent of EtOAc_00 ,a\&% CH2Cl 2) aff or -$58 % of 20
the title conpound 48|as anfof f~white solid whi was_further washed
with water, then isoprdpyFether, and dried in th& vEcuumoven: mz =
764 (I\/H—l)'. 1H NWMR (acetome- d6): 0.86 (m 2H), 1.1501.78 (m 19H),
1.87 (m 2H), 2.13-2.54 (m 3H), 2.57-2.71 (m 4 '296 3.25 (m
4H), 3.54 (m 2H), 02( , 3H), 4.58 (t, J= 13 : , 504(m
1H), 5.46 (m 114), \6 m 1ky, 7.31 (s, 114)37.43 &g‘ _O,Q)HZ
1H), 7.58 (s, 1H), %d@ Wl J= 13 Hz, 1H), 8019 brosd: /J_I7-|)
11.44 (broad s, 111)\ 780 Ex @H7 Preparation of° B
17-[8-ch|or02(4|s azoIeZyI) 7- me yqum&l

opyl t
i n-4-yloxy] -13 -net hygzhm—fﬁfoxo -3 ,13 diazagfi yeFoT
13. 3. 0. 04' 6] oct adec-7 the- 4- car boxylic acid (25) 5 Step A Synt hesi S

of (2-am no-3-chl oro-4-net hoxyph ﬁ%l)(rreth I)ketone (b50) cl '
NH2 O NH2 49\ sgutiynofsarherylisacit SHEP ang, 9.033 gymolzand par omsléﬂww@mle (%eq)
CH2Cl 2 was S|1@MHEQ££§1L9IMEEtméEht Réfluk Q@ edt nitfogan SR l2Ut ThE r@fmon mixture

2-chl or o- 3- et akyaRl] 1 oreHér%%GGalﬁl Ay R Asafith &R (4 Cﬁge BU

The tenper at ur’e was noni urin
10C. The Pead? rarwere rddade Mowmnmhmted%ﬁm fog 18h.nTheppthg reaamn

?ﬁet on: t { ile nﬁ&tu@c; Whs 0(:})7&1 doRl b r(Vhﬁﬁt ﬁﬂuaanmncéﬁ‘uwa WHa& rEtlu%éd 5gd .
e sol ution was r Ser're n un e
st o L0 SRty RS IsPkE fpsbftiBorba 5B BIDACRIMICPIN 5 Sifeats RYES
m.). After A45vasiwashad i€l btites drieh@MgSEh) midkevaperatads Pirifitation by flash0C
U?de[] anitr Qﬁﬁ)‘?nﬁéérm(gﬁﬁfeﬁf of HORE r(@&d %)QB ]ﬁﬁgfé:rdéd‘ﬁ) he (% REULE
OF The 10 title compound 57: m/z = 784 (M+TI)",

Example 10: Preparation of 17-[2-(3-isopropylpyrazol-1-yl)-7-methoxy-8-
methylquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*°Joctadec-
7-ene-4-carboxylic acid (65).

15
Step 1: Synthesis of ethyl 4-hydroxy-7-methoxy-8-methylquinoline-3-carboxylate (58).

. 0 0 .0 Ny
/OﬁjNHz oﬂ\ll)Lo Ao
+ 0 —_—
OH O
1 ~ 58

Diethyl ethoxymethylenemalonate (17.2 g, 79.6 mmol) was added to 2-methyl-m-
anisidine (8.4 g, 61.2 mmol) (exothermic reaction), Then, diethylether (100 mL) was
20  added and the mixture was stirred overnight at room temperature. The solvent was
evaporated and the residue re-dissolved in ether (50 mL), filtered, washed with heptane
and dried to give 12 g of an intermediate. This intermediate was added portion wise to
diphenyl ether (50 mL) pre-heated at 230 °C. The reaction mixture was successively



reaction m xture reached 65C. After 12 h at 65C, the reaction mxture
was cooled to OC, poured onto ice (200 g), and slowy heated to
reflux for 7h. After 2 days at room tenperature, 6 N NaCH (25 nli)
and CH2C12 (100 nL) were added. The mi xture was 20 filtered, the
filtered washed with CH2Cl 2. The organic | ayer was decanted, and
successively washed with water, IN NaCH, and brine, dried (Na2SOQ4)
and evaporated. The residue was triturated in diisopro et her at
0C, filtered hspred maShEsied S Pwle%tlf%%erwd@H“@E%thi@P@fg (73
% gf tﬂe ti t2e0 pLydrietprédpitte Rasilicrel &f lahd sucisgively2@hed Witlhhepline Shé p
B ynt hesi s 0 . -

-[{(4-isopr 8‘;‘” 1% 224 202570 OShe RSt RYPTL RS a6 7 YlomeREles e ~ 262 M
rret hoxyacet ophﬁ%one(Sl) CC'l OONH2 OONHS +~1, 500510 79
The title gproduct 51 was prepared (79 % from

I(Drzogtran;jﬂfe reFSé?-Q—gor glg%i{%}(‘lygr%g ﬂ_%_!r%%'t]one 1‘&‘5@9)]: offowing the

yl ) (oxo) net hyl ] am no] 4' - met hoxy- 3' rret hyl acet ophepone (35): nlz =
353 (MtH)'. 5 Step C syntheg 0 N
8-chl oro- 4- hydr oxy- 2- (4-i sopro t hllaz Ie--z-yl-f- t Apxy- qui nol i ne
(52) 4 SCA N .ONHO,N, 5 he titl e product 52 was
prepared (58 % from 2 - [ [ (4-i sA8r@p@ t hi azol e- 2- yl5pQbko) -

met hyl ] am no] - 3' - chl oro- 4' - et hoxyacet ophenone (51) follow ng the
procedure 10 A@R ErdsRfh (If%ih drox ~methoxy— -methquumolme 3- ca.rboxylate (58,

(360 miy = % g,("p”’ N A A vibat S A el

N 'S 1 10 was obtained). Then the solutlon was cooled to 0 °C and the pH adjusted to 2-3 with
concentrated HCI. The solid was filtered off and successively washed with water,

acetone and ether. This powder was added in small portions to diphenylether (40 mL),
pre-heated at 250 °C. The resulting suspension became a solution after 20 min (CO;
formation was observed). After 1 h at 250 °C, the brown solution was cooled to room

15 temperature and diluted with heptanes (200 mL). The precipitate was filtered off and
washed with heptanes and ether to give 6.4 g (96 %) of the target product 59 as a
yellow powder: m/z= 190 (M + H)".

Step 3: Synthesis of 4-Chloro-7-methoxy-8-methylquinoline (60).

/O N\ /o N\
g =
20 59 OH 60 ClI

A solution of 4-hydroxy-7-methoxy-8-methylquinoline (59, 6.4 g, 33.8 mmol) in POC}
(17.2 g, 111.6 mmol) was heated at reflux for 1 h under nitrogen. Then, the resulting
solution was cooled down to room temperature and the excess of POCl; was evaporated
under reduced pressure. The residue was partitioned between ice-cold 1N NaOH and

25  AcOEt The organic layer was dried (Na,S0Oy), and evaporated. The residue was
purified by silica-gel filtration (AcOEt/CH,CL/Heptane, 4:4:2) to give 6.5 g (92.5 %)
of the target product 60 as yellow needles: m/z = 208 (M + H)",

Step 4: Synthesis of 4-Chloro-7-methoxy-8-methylquinoline N-oxide (61).



0O / NH[IO O53 15 Conmpound 53 was prepared from al cohol 43 and
8- chl or o- 4- hydr oxy- 2- (4-isopropyl - thiazol e-2-yl)-7-nmethoxy-quinoline
(52) follow ng the procedure described for 44:. mz = 723 (M+1l4)'. so
Step E: Preparation of conpound 54 C INN~C N S Oo 0O N Yo:
I~ NH/L {p ONHO..~ 53 \\ 54 Conpoulld 54 was prepared from 53

foll ow ng the procedure described for 45 mz = 695 (MtH ~. 5 Step
F: Preparation of conpound 55 CI NC N N JL.S NJ:,/ S 0000
O~p NHL OH -NH 54 55 A solution of lithiumhydrdxide (3.85 g, 90.1
mmol) in water (30 nL) was ad My, stirre8 jon of ester 54
(1.64 g, 2.36 nmmol) in THE (55 10 After 16 h
at roomtenperature, nore Li OH (1.&, ) Wwas addedg,gfjter 20 h at room

Metachloroperbenzoic acid (90.2 g, 366.0 mmol) was added portion wise over3htoa
solution of 4-chloro-7-methoxy-8-methylquinoline (60, 15.2 g, 73.2 mmol) in CHCl
(1 L). Then, the solution was partitioned between ice-cooled NaOH 1N and CH>ClL

5 (B successive extractions). The organic layers were combined, dried (N2,SQOy) and
evaporated.- The residue was purified by column chromatography (gradient of
AcOEt/CH,Cl, 1:2 to 1:0) to give 3.0 g (18.3 %) of the title product 61 as a pale
yellow powder: m/z = 224 (M + H)".

10 Step 5: Synthesis of 4-Benzyloxy-7-methoxy-8-methylquinoline N-oxide (62).

|+

|+
0 Ny 0 N
D =

61 Cl 620

3

NaH (973 mg, 60% in mineral oil, 24.3 mmol) was added at 0 °C, under inert
atmosl)here; to benzylalcohol (2.96 mL, 28.6 mmol) in DMF (10 mL). After 5 min at
0°C, the solution was warmed up to room temperature, After 10 min at room

15 temperature, 4-chloro-7-methoxy-8-methylquinoline N-oxide (61, 3.2 g, 14.3 mmol)
was added in one potion. The resulting black solution was stirred at room temperature
under inert atmosphere for another 30 min, then poured into ice-cooled water, and
extracted 4 times with AcOEt. Combined organic layers were dried (Na;SO4) and
evaporated. The residue was purified by column chromatography (gradient

20 AcOEt/CH,Cl, 1:1 to 1:0, then AcOEt/MeOH 9:1) to give 2.5 g (59 %) of the target
product 62 as a yellow powder: m/z =296 (M + H)".

Step 6: Synthesis of 4-benzyloxy-2-chloro-7-methoxy-8-methylquinoline (63).



tenperature, the reaction m xture was quenched with a saturated
solution of NH4Cl, concentrated under reduced pressure, acidified to
pH S5 with HO IN, extracted with EtQAc, dried (MJSO4) and evapor at ed
to give 1.37 g (87% of the carboxylic acid 55. mz = 667 (MtH)+. 81
Exanpl e 8: Preparation 85

of N-[17-[ 8-chl oro- 2- (4-i sopropyl t hi azol e-2-yl)-7-

met hoxyqui nol i n-4-y| oxy] - 13- net hyl - 2, 14-di oxo- 3, 13-di azatricycl o[ 13. 3

.0.04, 6]- octadec-7-ene-4-carbon I]ﬁ’hcycl opropyl) quonam de (56). C
NCl OM 1pN\\~SI S\IYD‘,\;mOO 555 0H /\~-

56 A solution of carboxylic ac (1-3%9, | ) and
carbonyl diim dazole (2 eq) in dr 0THP (75 nb) V\%i stlrred at reflux

under nitrogen for 2h. The reacti 6nm xture was 00] ed to room
tenperature and cycl opropyl sul f onam (2 eq) and (2 eq) were
added. This solution was heated at for 36 h. T 7 the reaction

m xture was 10 cool ed down to roomtenperature and concentrated under
reduced pressure. The residue was partitioned between Et OAc and HCl

1IN, the orgarfi QCly #pe pddpdamderdprattmapnbrre e C rd-eenzy s Omethory-8-
evapor at ed. Rodthflosiadlirerv-oyidé (625 D.5qh) 8 amairagly. ambbiy the(r@fcﬁdm sittefwast OAC

(2 10 259 | R IRk Ptk 0 Moo heaflo Bl S ssRP AU
rot aner): 0. glution wag geoladtprpom fengmpraturg and the exgesy of BOGHK was gvappraed
511), 2. 92 ( Rinderlréduced plidsuré. The 3ebidue was pRtifiohed bkieen ToedboleBwatet dd
557 (m 1iryiodbiegiti e ind Samoeh %fwdu% g et g o
J= 9 Hz, 111)filteredl 2pg spesessively) wagte@mttl gmall porgionzof methanol 216l egtier @tbgl@fad

S, 111)- 20 bxpppdos & oPﬂ:@Qﬁﬁé{t préiftict 63 as a white powder: m/z = 314 (M + H)".
of NN[17-[ 8- chl oro 2- (4-isopropyl thiazole-2-yl)-7-nmethoxy-

qui nol i n-4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13.3.0.04' 6
] oct adec- 7- eridep B-Syathbgingf 4}-@1drnmy-ﬁ3(3-d®ppiopplpmy¢l)ls;aID-ﬂanethdudeS—(xﬁﬂl)rl-

quinoline (64).
-0 Ny Cl o) N m
=

T E——

63 03 64 OH

A mixture of 4-benzyloxy-2-chloro-7-methoxy-8-methylquinoline (63, 1.00 g,

15 3.19 mmol) and 3-isopropylpyrazole was heated at 155 °C for 12h. Then, the reaction
mixture was partitioned between AcOEt and water, dried (Na»S04) and evaporated.
The residue was purified by column chromatography { AcOEt/CH,Cl,, 1:1) to give
900 mg (95 %) of the target product 64 as a yellowish powder: m/z =298 (M + H)".

20  Step 8: Synthesis of 17-[2-(3-isopropylpyrazol-1-yl)-7-methoxy-8-methylquinolin-4-yl-
oxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0%%|octadec-7-ene-4-carboxylic
acid (65).



82 N G N O6 N /~SON ~S OO I I C*~ Nit ON-I\ NH; ~O
| OONH.~~-CHOO N 57 55 A solution of carboxylic acid 55 (49
nmg, 0.073 mmol) and carbonyldiimdazole (2 eq) in dry THE (5 nL) was
stirred at reflux under nitrogen for 2h. The reaction m xture was
cool ed to roomtenperature and 1-methy$¥ocycl opropyl sul fonani de (2 eq)
and DBU 5 (2 eq) were added. This solution was heated at 50C for 15h.
Then, the reaction mxture was cool ed down tQ roomtenperature and

concentrated under reduced pressuge. [ Thg régh was partitioned
between Et OAc and HO IN, the organi ayar Mwas‘washed with brine,
dried (MgSH) and evaporated. Purificafi by flash chromatography

(gradient of EtQAc (0 to 259 in DCM afforded 10 ng (20 %9 of the
10 title conmpound 57: mz = 784 (M+lI)"' .7 Exanple 10: Preparation of
17-[2-(3-isopropyl pyrazol -1 -yl)-7-net hoxy- 8-

met hyl qui nol i n- 4-yl oxy] - 13- net hyl - %N 4-ql oyo-a8, 13- di azatricycl o[ 13. 3.
0. 04' 6] oct adec- 7-ene-4-carboxyliciag d )"“U\g’g Step 1: Synthesis of
et hyl 4-hydroxy- 7- net hoxy- 8- net hyl qui ndl i ng~3- Carboxyl ate (58). ~O
O-ON'ONR rO" I -O-09 7/ J SB%me»nyl

et hoxynet hyl enemal onate (17.2 g, 79. &5 ¥ was added to 2-nethyl-m
anisidine (8.4 g, 61.2 nmmol) (exotherm c reaction). Then,

di et hylether (100 nL) was, 20 added and the mi xture was stifjre

overni ght at Tﬁ@mﬁemem‘ﬁwrepﬁwéfw%w#%&@vwm wtezgh D
resi due r e- dimsahdxyelimethyijulirexiné £6%) ahg inteérinkdigte @d follvadiethe prdchdire (Btgne

5  D-F)reported for the preparation of 17-[7-methoxy-8-methyl-2-(thiazol-2-yl)quinolin-
4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyelo[13.3.0.0“¢]octadec-7-ene-4-
carboxylic acid (29): m/z = 630 (M+H)".

Example 11: Preparation of N-[17-[2-(3-isopropylpyrazol-1-yl)-7-methoxy-8-methyl-
10 quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*%Joctadec-7-ene-
4-carbonyl](cyclopropyl)sulfonamide (66).

15  The title compound was prepared from 17-[2-(3-isopropylpyrazol-1-yl)-7-methoxy-8-
methylquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*¢Joctadec-
7-ene-4-carboxylic acid (65) and cyclopropylsulfonamide following the procedure
reported for the preparation of N-[17-[8-chloro-2-(4-isopropylthiazole-2-yl)-7-
methoxyquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0%¢]-

20  octadec-7-ene-4-carbonyl](cyclopropyl)sulfonamide (56): m/z = 733 (M+H)". 'H NMR
(CDClL): 0.80-1.50 (m, 12H), 1.65-1.78 (m, 1H), 1.79-2.05 (m, 4H), 2.15-2.31 (m, 1H),
2.32-2.48 (m, 2H), 2.49-2.63 (m, 5H), 2.84-2.96 (m, 2H), 3.03 (s, 3H), 3.05-3.14 (m,
1H), 3.33-3.42 (m, 2H), 3.61-3.70 (m, 1H), 3.96 (s, 3H), 4.60 (t, /= 12.3 Hz, 1H), 5.04



and dried to give 12 g of an internediate. This internediate was
added portion wise to diphenyl ether (50 nmL) pre-heated at 230 C.
The reaction m xture was successively 83 heated to 250 C for 1.5 h,
cooled at roomtenperature, and diluted with heptane (200 nmL). The
precipitate was filtered off, and succ¥ssively washed with heptane
and ether to give 9.2 g (57.5 %9 of the target product 58 as a

yel | ow powder,, p Synt.h

A Hydrowy- 7 Mo EmbEhoran i AB 85 5 R B 9 25 85 1B
59 OH A suspéen¥i (ns.d)e?hyKd, /=9.0 Hz, 1H) 730(5 1H), 7.95 (d, J=9.0 Hz, 1H), 8.68 (d,
4- hydr oxy- 7- net hexy, $H57qt0rggl(gpg QHPI ne- 3-car boxylate (58, 9.2 g, 35.2
mmoi ) in 5N NaOH (150 was refluxed for 1.5 h (until a clear
solution 10 was obt ai ned) Then, the solution was cooled to 0 C and
t he pH adj5ustmuwaﬂﬁmmﬁdé-rﬁs-emtbei-(M@bproifylﬁlimlei-ﬂywsméﬂlbner ed
of f and succ I { -
oo “vae BB MRSl Y 2 BSRLRDE, OBl
pre- heat ed at*2sppxplic 3¢id ( 7‘§sul ting suspensi on becane a solution after
20 mn (CO2 formation was observed). After 1 h at 250 C, the brown

sol ution was 0] "{%H‘g nes
(200 m.). esi%;’r‘e%qm%htg!?i1 89\/\/4%% %?tere%h}cl?rf an %%Hﬂ@%v %l%"@ggéﬁhes
and et her to give 6.4 g (96 %9 of the target producpnb59 as a vyellow
powder: mz = 190 (M+ H+. Step 3 nt hesi s of

4- Chl or o- 7- met hoxy- 8- me (60Q). . /LON 'Nﬂ){o 59 CH 60
Cl A solution of 4-hydroxy- th - 8- et hyl qui 59, 6.4 g,
33.8 mmol) in POC13 (17.2 1116mm|) was he dat reflux for 1

h under njgtrogen. Then, the resul ti ng solution we&k cool ed down to
room tenperature and the excess of POCl13 was evaporated under

reduced pres%écﬁmm}} J\?ﬁét ﬂlﬂﬁu?ﬁ@ﬁﬁ%ﬁﬁh&h%@eﬂ4gﬁ}‘f’??@nrh&l?wﬁ?édﬁe&'\'
NaOH and 25 AcCOkt anic layer was 1ed

evapor at ed. ﬁﬁ@vvl%%at&ug §r NiEREINTD & AT 0 iqtlpe 3{" Ye{P-msthqxyphenyh)-
( Ac CEVCH2 C1 2 /pinetydaneide 4A fer 2 h at toodi tempérafureg tHeGacHofgnixtafe waseoblad dedn to

o - Gl or o 7- e ey g SRR b BENC At o pfh oy O AEFLA,
added. After 10 min, the reaction mixture was allowed to warm up to room temperature
for 30 min. Then, the reaction mixture was partitioned between AcOEt and water, dried
(N2a,804) and evaporated to afford 500 mg (45 %) of the target product 66 as a yellow
solid: m/z = 252 (M+H)".

20  Step 2: Synthesis of N-[2-ethyl-3-methoxyphenyljpivaloylamide (67).

OH
H H
0 N _0 N
0 o
66 67

A mixture of N-[2-(1-hydroxyethyl)-3-methoxyphenyl]pivaloylamide (66, 42 g,
167 mmol), Pd/C (10%, 2.00 g) and H>S804 (10 mL) in acetic acid (400 mL) was stirred
at room temperature for 30 minutes. Then, the resulting reaction mixture was

25 hydrogenated for 4 days, after which the catalyst was eliminated by filtration on
kieselghur. The filtrate was concentrated to 300 mL, then poured into 1.0 L of water.
The solid formed was filtered off, washed with water to give the target product 67 as a
yellow solid: m/z = 236 (M+H)",



84 O "OON, 60 C 61 CI Metachl oroperbenzoic acid (90.2 g, 366.0
mmol ) was added portion wise over 3 hto a solution

of 4- chl or o- 7- met hoxy- 8- net hyl qui noline (60, 15.2 g, 73.2 mmol) in
CHC13 (1 L). Then, the solution was partitioned between ice-cool ed
NaOH I N and CH2C12 5 (8 successive extfhctions). The organic |ayers
were conbi ned, dried (Na2SO4) and evaporated. The residue was
purified by c ona radient of AcCEt/CH2Cl2, 1:2 to
1:0) to give g—BEnS{’% ‘b‘??g%"?ﬁ?’ﬁ@’%% égdsr oduct 61 as a pale yellow
powder: mz = 224 (M+ H+. 10~\Step 5. Synthesis
of 4- Benzyl oxy- 7- met hoxy- 8- net hyl| quithol | ne N-OXI de (¢
Il N61 C 620 NaH (973 ng, ral oil,
at 0 C, under inert atnospher bgnzyl al cohol
in DM (10 nL). After 5 min at ~0C, the solution was
roomtenperature. After 10 nin &t room 15 tenper at uite,
4- chl or o- 7- net hoxy- 8- net hyl qui nol i ne N-oxide (61, 3.2 g, 14.3 mmol)
was added in AR6luH6H bON-[2-Eh1-B&sdihdxlypltbnbl] e&qoﬁ&hi&el(w 1\5@%111%61} drides} @t

e 2t HE P B iy e o PP BT 8 oA Yl % hhoppe was
Combi ned ot gaqﬂO@dltamtwmm mjcoemm@@dpn@dedmecbmssaxee@/a oftvelume).
rA gsoizsl/ & 23?; pu_ns bd16tebnbYasCRkiHAThed B PTBLR 8 MAPRY sollid taf by eanas ﬁ%tered off,
the target pal’lgdﬁ‘é? a;é‘ﬁ%égnsé’pgf’QAf%f t?cﬁlge_#z 35@ thtge %%t emduct%y gt 19'I§ll @adt
6: Synt hesi s Bfe fieelbasedWasgendratetl by treathentew #oKyC G towfweyA0R5i g @B ) ef the

(63). 85 0 "@robk rGHLNw@'m/z@zlSQ(ﬁﬁIg* POC13 was added under inert
at m)spherﬁ)zat -78 C to 4-benzyl oxy-7- met hoxy-8- net hyl qui nol i ne

N- oxi de ( 2.5 g, 8.47 mmol). Then the reaction m xture was
al l oved to wetep 4(Synthesio ofi8-thypéihgtione 2-(4Hisprdpghhieebls-o-ylef-l ux. After
35 mn, the methoxyquinoline (69).

“Ej e
0 NH, _0 Ny s
e es

68 69 OH

The title compound was prepared from 2-ethyl-m-anisidine (68) following the
15  procedure (Steps 3-5) reported for the preparation of 4-hydroxy-2-(4-isopropylthiazole-
2-yl)-7-methoxy-8-methylquinoline (36): m/z = 329 (M+H)".

2). O0 .ON.O
ot was added

warmed up to

Step 5: Synthesis of 17-[8-ethyl-2-(4-isopropylthiazole-2-yl)-7-methoxyquinolin-4-yl-
oxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*¢]octadec-7 -ene-4-carboxylic
20 acid (70).



5 solution was cooled to roomtenperature and the excess of POCl1l3 was
evaporated under reduced pressure. The residue was partitioned

bet ween ice-cooled water and AcCEt, dried (Na2SO4) and evapor at ed.
The residue was triturated in ether, then filtered and successively
washed with small portions of nethanol®and ether to give 2.4 g (90.4
% of the target product 63 as a white powder: mlz = 314 (M+ H+. 10
Step 7. Synthesis \

of 4- hydr oxy- 2- (3-i sopropyl pyrazol -1-yl)-7-met hoxy-8-net hyl - qui nol'i ne
(64). 'ON, C ONN 630 640H of A mxture of Nfg

4- benzyl oxy- 2- chl or o- 7- met hoxy- 8- net hyl gii nol i ne (63494 N}/Llé 3.19
nmol ) and 3-i sopropyl pyrazol s heated at 155 C for ign Ihen, the
reaction mxture parti AcCEt and water, [dried
(Na2SO™4) and eva

chr omat ogr aphy (Ac ~co0 g 9% %uf the
target product 64 as*ayell ow sh powder: Z = 298 (Mt H)-y. 20 Step
8: Synthesis of € . on == I H

7N

17-[ 2- (3-i sopropyl pyrazol - 1-yl ) - 7- met hoxy- 8- net hyl qui Pi f- 4)yge0H
oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13. 3. 0. 046\]\@th c-7-ene
-4-carboxylic acid (65). 86 O N N 00 O NN\\ OOH The title
conpound was prepared from 4-hydroxy-2-(3-isopropyl pyrazol -1-yl)-7-
met hoxy- 8- ety tiglaicomboyns W& prepared from Sethybii-dydrozp2f(dtiscpwdrnlihinrede-2-y)-
F:I)_r70f(7adur '?h( St'?exgetﬁogﬁﬁ}no%iﬁ@%§ ] ifnfb!'rm&clhfce As %ﬂ@%ﬁﬁl Wahd 8 pRicedure (Steps D-F)

-[ 7- met hoxy- 8- -2- .. azagl.=2=yl ) qui nol.i.n-
3y oy - 19 R 10 the rpbasRistast 13- o diop R hiifer s v Tompghoxy-8-methyl
6] oct adec-57- epimolin-4edotydxipinethpled, th-4i29)-3, 131diazatriggelof(l 818 07| oBtaderpT-ene-

11: Prepar at is0rboxylic acid (46): m/z = 661 (M+H)".

of NN[17-[ 2- (3-1sopfopyl pyrazol - 1-yl) - 7-met hoxy- 8- net hyl - 10

qui nol i n-4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13.3.0.04' 6
] oct adec- 7- erExample 13: N-[17-[8-ethyl-2-(4-isopropylthiazole-2-yl)-7-methoxyquinolin-4-yloxy]-

13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3 .0.04’6]octadec-7-ene-4-carbonyl](cyc]o-
10 propyl)sulfonamide (71).

N [fi

o~ \‘“'

L?é S0 oF
XN

ni\w_ - H e

The title compound was prepared from 17-[8-ethyl-2-(4-isopropylthiazole-2-yl)-7-
methoxyquinolin-4-yloxy]-13-methyl-2, 14-dioxo-3,13-diazatricyclo[13.3.0.0*°]-

15 octadec-7-ene-4-carboxylic acid (70) and cyclopropylsulfonamide following the
procedure reported for the preparation of N-[17-[8-chloro-2-(4-isopropylthiazole-2-yI)-
7-methoxyquinolin-4-yloxy]-13-methyl-2, 14-dioxo-3,13-diazatricyclo[13.3.0.0%]-
octadec-7-ene-4-carbonyl](cyclopropyl)sulfonamide (56): m/z = 764 (M+H)".



4- car bonyl ] (cycl opropyl )uul fonam de (66). 0.y~ NN.N NO NNOOO O
OHS 66 15 The title conpound was prepared from

17-[ 2- (3-isopropyl pyrazol -1-yl)-7-nmet hoxy- 8-

met hyl qui nol i n- 4-yl oxy] - 13- et hyl - 2, 14- di oxo- 3, 13-di azatri cycl o[ 13. 3.
0. 04' 6] oct adec- 7-ene-4-carboxylic aci¥ (65) and

cycl opropyl sul fonam de followi ng the procedure reported for the

preparation of N[ 17-] 8-chl oro-2-(4-isopropylthiazole-2-yl)-7-

met hoxyqui no|mwp%§1%ﬂ%§h[3ﬂu ‘g’-'%if‘%?@rg?égﬂ"&f’é'z%ﬁ176,19?91‘8‘[3'13. 3
.0.04, 6] 20 apfimdiesyloryiel34dmethyb2d-diokepcl3edisapidydlalil3tohaifi-detadds &) ene-
m z=733 ( MtH)4 . 13): 0.80-1.50 (m 1211), 1.65-1.78 (m
111), 1.79- 2%?%%1@%%1(&%5 2.31 (m 111), 2.32-2.48 (m 211),
2.49-2.63 (m 511), 2.84-2.96 (m 211), 3.03 (s, 311), 3.05-3.14 (m

| H), 3.33-3. 4itep 1 8-Addrd.4-BydodxyR-Wisgptopylthiayrole - AP 7{Beth@ddninokheq02)( t ,
J= 12.3 Hz, 111), 5.04 87 (t, J= 10.6 Hz, 1H), 5.26-5.46 (m 1H),
5.61-5.69 (m 1H), 6.32 (d, J= 2.5 Hz, 114), 6.37 (br s, 11-1), 7.13
(d, J= 9.0 Hz, 1H), 7.30 (s, 1H), 7.95 (d, J= 5.0 Hz, 114), 8.68 (d,

J= 2.5 Hz, 1H), 10.88 (br s, 1H). 5 Bfanple N2y Preparation of

17-[8-ethyl -2- (4-isopropyl t hi azol e<2<y reshoxy-

qui nol i n-4-yl oxy] - 13- net hyl -2, 14-di o @: B- di azatricycl o[ 13. 3. 0. 046]
Stle

oct adec- 7-ene- 4-carboxylic acid (70). *8 1: Synthesis

of N-[ 2- (1- hydr oxyet hyl ) - 3- met hoxyphenyl#25val oyl anide (66). y OH ly
/O1 Nul\ -- O\ Nom\ OO 10 66 A solution of N-butyllithium(2.5
M i n hexanes, Tif. fhleMlempbind waliBlehard@ Froatelerlorot-RiRMoRPeBb0if alid Yo1RFing the

nitrogen to a stirred so i on_ of _N-(3-nmet hoxyphen - pival oyl am de.
A er ih ot RSO (Erat ol EPOUSIOF b BT B Aredat Rt Bl
-78 T. Then, Zay¥dtmthany-®inethybiunodied 36 ¢/54810,(MIHB4 mol ) in THE (1
m_) Wwas 10
Step 2: Synthesis of 17-[8-fluoro-2-(4-isopropylthiazole-2-yl)-7-methoxyquinolin-4-
yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13 3.0.0*%octadec-7-ene-4-carboxylic
acid (73)

OH |
F N | NN
X
! Ne o 0
Ly O M=,
= + == 0 ~COOEt \
DN .
72 O 3 [ b H O
== o 7N [
K Q 4& “~OH
73 .5
15  The title compound was prepared from 8-fluoro-4-hydroxy-2-(4-isopropylthiazole-2-
y1)-7-methoxyquinoline (72) and alcohol 43 following the procedure (steps D-F)
reported for the preparation of 17-[2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methyl-
quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*%|octadec-7-ene-
4-carboxylic acid (46): m/z = 651 (M+H)".
20
Example 15: N-f17-[8-fluoro-2-(4-isopropylthiazole-2-yl)-7-methoxyquinolin-4-yl-
oxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13 .3.0.04’6]octadec-7-ene-4-carbonyl]-
(cyclopropyl)sulfonamide (74).



15 added. After 10 min, the reaction mxture was allowed to warm up
to roomtenperature for 30 mn. Then, the reaction m xture was
partitioned between AcOEt and water, dried (Na2SO4) and evaporated
to afford 500 ng (45 % of the target product 66 as a yellow solid:
mz = 252 (MrH) +. 20 Step 2: Synthesi s?lof

N-[ 2- et hyl - 3- net hoxyphenyl ] pi val oyl am de (67). OH4/O1 \ N/JOMN O
OO 66 67 A mxture \

of N-[ 2- (1- hydr oxyet hyl ) - 3- et hoxy%f}ﬂyl]pi val oyl am de (66, 42 g, 167
mmol ), Pd/C (10% 2.00 g) ard H2S \>( 10 i) |n|=acet|0~ha{C|d (400 ni)
was stirred at roomtepp. 30 m note Rhe gthe resulting
reaction mxture was 25 hiﬁr ge ated for 4 dz?g af er®whi ch the
catal yst was el im nated by\f/’ “ation on kles r. The filtrate
was concentrated to 300 ni, then poured into 1. 0 D of water. The
solid fornmed was filtered off,,\ washed Wit h water,{o gi ve the target
product 67 as a yellow ;‘Qolila: mz = 236 (\@H) .88 Step 3:

Synthesis oft-ethyl-marfisidine (68). H ON%®0 N3, 4 O/ 67 68 A
solution of N-[2-ethyl -3 n'et)h enyl ] pi val oyl (g ‘”167 nmmol )
and 37 % HC (700 nlL) in\Et 00%H) was refl ux rzgé h. Then,
the reaction mxture was™ \Es\conled to roomf"eﬁ'peraiure a

concentrat ed under reduced pressure (1/3 of volune). This solution
was nmaintained at. 5 C for h. The SO|Id t hat azoéeared was filtered
of f, and msﬂ@alﬂwcmpalmdswnsw@tw 17-58-Gpere-2-iseprepylipiapele-2r ) Get
product as i trseﬂnl@yqsmbﬁn 4-ylowy |1 8-ecetiba20d-diaw-3) e tapbteicydbyf 13.8 e nt

\(Ml\/f+rl-]|) K2 C?S ts,?)cg&l%ce =7 %}83 aﬂm&ﬁﬁ:@m&)(fﬂi o] cyEl%r%ﬁ§lsﬁf'o%%?&e fgﬁowﬁé fhe~ 192

8- et hyl - 4-5hydar@¢ﬁ9urzrmrﬁe§ &rrtbqamepawwfél A7y Bhipro-Aet-isoripguithisroland yD)-
(69) . \\}}~~ 7-methoxyquinolin-4-yloxy]-13-methyl-2, 14-dioxo-3,13-diazatricyclo[13.3.0.04%]-
octadec-7-ene-4-carbonyl](cyclopropyl) sulfonamide (56): m/z = 754 (M+H)'. 'H NMR
(CDCL): "H NMR (CDCL): 0.75-1.52 (m, 15H), 1.64-2.05 (m, 4H), 2.77 (m, 1H), 2.41
(m, 2H), 2.59 (m, 2H), 2.92 (m, 2H), 3.04 (s, 3H), 3.19 (m, 1H), 3.40 (m, 2H), 4.07 (s,
10  3H), 4.60 (m, 1H), 5.05 (t, J=10.5 Hz, 1H), 5.37 (m, 1H), 5.66 (m, 1H), 6.17 (s, 1H),
7.07 (s, 1H), 7.54 (s, 1H), 7.86 (m, 1H), 10.77 (broad s, 1H).

Example 16: 18-[2-(4-isopropylthiazole-2-vl)-7-methoxy-8-methylquinolin-4-yloxy]-
2.15-dioxo-3.14-diazatricyclo[14.3.0.0*Inonadec-7-ene-4-carboxylic acid (80).

15
Step 1. Synthesis of N-(hept-6-enyl)phthalimide (75).

O
0
@iﬂm R (%\J}
O

A solution of potassium phthalimide (627 mg, 3.38 mmol) and 7-bromohept-1-ene in
20  dry DMF (10 mL) was stirred at 100 °C under nitrogen for 1 h. Then, the reaction
mixfure was successively cooled to room temperature, filtered, diluted with ether, and
filtered again. The filtrate was concentrated under reduced pressure to give the target
product 75 -as an oil, which was used without further purifications in the next step: m/z
=244 (M+H)".
25



N ~ONHZ O\ N1 S 66 69 OH The title conmpound was prepared from
2-ethyl-manisidine (68) followi ng the 15 procedure (Steps 3-5)
reported for the preparation of 4-hydroxy-2-(4-isopropylthiazole-
2-yl)-7-met hoxy-8-nethyl quinoline (36): nmfz = 329 (MtH)+. Step 5:

Synt hesi s of 92

17-[8-ethyl -2-(4-isopropyl thiazol e-2-yl)-7-methoxyquinolin-4-yl-

oxy] -13-net hyl -2, 14-di oxo- 3, 13-di azatricycl o[ 1 3. 3. 0. 0" 6] oct adec- 7-ene
-4 car boxyl i cSted Symthesis ph§-hegonyyming@?H~ - N~ \ NNI o i0 NS
I/~ H+ v OO,,,000Et 43 EA CH H L~ 00/ \;.000H 70 The title
conpound was prepared from
8- et hyl - 4- hydr oxy- 2-(4-i§

opyl t hi azol e- 2-yl ) - HR: ui nol i ne
(69) and internediate 43 _“g_Jﬁ_;yrdcéaﬁ‘e {ggeUpXESF)

reported for the preparatldn of 76
17-[2-(4-isopropyl thiazol e- Z$y ) - 7- met hoxy- 8-net hyl 5
qui nol i n-4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13.3.0.04' 6

] oct adec- 7- eng soldtepsiIBEpt-6- eﬁSilDldltl(a‘ﬂiﬁilde m,zs@z £612 @ividi) dnd Hypgapple 13:
i\l- [17-[8-et h)il drate(éQISSmBrtﬂJ% L4 hf) azﬂegHZ(l)ﬂ ) was”ﬁrrgt?%(%gu' I:c]é)nllﬂerl"'a‘rureyl oxXy
13- et hyl -2, lovegight.ollgn,tBe miaghen mixgyre wes a®lel to roum Bmperaie endrthe gelidq - ¢
ar bonyl ] (cycld@scasied By @ilbydtibs UTeom asi das Qifdibd witd $hdk dnd thd&b10 ¥ortmed! N
discarded by filtration. The ether was evaporated under reduced pressure. Then, 5N
HCI (50 mL) was added and the resulting mixture was stirred at reflux. Afier 45 min.,
the reaction mixture was cooled down to room temperature and the solid formed
10 filtered. The pH of the filtrate was adjusted to 3 at 0 °C with NaOH. Then, the reaction
mixture was extracted with ether and dried (Na;SOy) and evaporated. The crude was
purified by distillation to give 34.57 g of the target product 76 as an oil: m/z =114

(M-H)",

15  Step 3. Synthesis of intermediate 77.

HoN ’\/\/\/
4&g§i:2L< k d 4jz§i:24€0
O -

o N
77 /\/\/\/
0 22 OH H -

The title compound was prepared from 6-heptenylamine (76) and 3-Oxo-2-oxa-
bicyclo[2.2.1]heptane-5-carboxylic acid (22) following the procedure reported for the
preparation of intermediate 23: m/z = 252 (M+H)". The title compound was also

20 prepared (82 % isolated yield) using other coupling conditions (EDCI.HCI (1.1 eq.),
HOAT (1.1 eq.) and diisopropylethylamine in dry DMF).

Step 4. Synthesis of intermediate 78.
OH

& 0
Om e

N e
77 H/\/\/\/ |\ p) o// ~OH
N\ 78



HOO0O 7~-0 Ox-NI g H The title conpound was prepared from
17-[8-ethyl -2-(4-isopropylthiazole-2-yl)-7

met hoxyqui nol i n-4-yl oxy] - 13- net hyl - 2, 14-di oxo- 3, 13-di azatricycl of
13.3.0.04'6]- 15 octadec-7-ene-4-carboxylic acid (70) and

cycl opropyl sul fonam de foll owi ng the rocedure reported for the
preparation ofN—[ 17- [8 chl or o- 2- (4- isopropylthiazole 2-yl) -

7- met hoxyqui 3- I 0,
13.3. 0. 04, 6] nﬁne Te%g é%&n\ggs r%?a&"%iy 65 /i)]ﬁ('1 %%Féat%%7 agn%l ?%(?IE’I ﬁ;lg}%ﬁg thb
(56): mz mme@wmyportegcﬁor t@(mr@nowf nrtﬁ ‘8 o 270 (M+H)".

17-[ 8- quoro 2- (4 i sopropyl thiazol e-2-yl)-7- nethoxy-

qui nol i n- 4-yl -2, 14- di,Qxo- 3, 13-di azatricycl o[ 13.3.0.04' 6
] - oct adec- 7- i%mg?%5§ ????%§§W57?73). 5 Step 1:
8-f|uoro-4-hydroxy 2- (4-isopropyl thiazol e-2-yl)-7-met hog¥qui nol i ne
(72). FN ~ONM S 72 OH The titlmnE und was prepated from

2-fl uoro- 3- net hoxybenzoi c 1 d folkgh ng the prod@du (steps 1-5)
reported for the prepamatlg' of #=hydro%§- 2- (4<Ts0pRiopy thlazole-
2-yl) - 7- met hoxy- 8- M\ﬂUl?@lﬂE—(—Bﬁr—W ,9\(|\%-I-b+$00%?%p 2:
Synt hesi s of E:t ~~OH

17-[8-fluqro-2-(4-i dp&mpyﬁ%hlazole 2-yl)-7- nethoxqu|nﬂ£1n 4-

yl oxy] - 13-"net hyl - 2, 14- di oxo- 3, 13- dlazatrlcyclo[13 . 0. 04 6]octadec 7-

ene- 4- car boxMﬂ agl dagr'gz \zras prepare% (69‘? )] ﬁ'om 1ntermec51ate % ané 1 (ein‘-uno) J2_|

ONOOOEt N 7
(vmyl)cyc]opropanecarboxyhc acid ethyl ester hydrochloride 25 following the

procedure reported for the preparation of intermediate 26: m/z = 407 (M+H)".

10  Step 6. Synthesis of 18-{2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methylquinolin-4-
yloxy]-2,15-dioxo-3,14-diazatricyclo[14.3 .0.0"Inonadec-7-ene-4-carboxylic acid (80).

OH !
;g— _0 Nog
H N7 =
N _0 N A
K o

The title compound was prepared from intermediate 79 and quinoline 36 following the
procedure (Steps D-F) reported for the preparation of 17-[2-(4-isopropylthiazole-2-yl)-

15  7-methoxy-8-methylquinolin-4-yloxyl-13-methyl-2,14-dioxo-3,13-diazatricyclo-
[13.3.0.0%] octadec-7-ene-4-carboxylic acid (46): m/z = 647 (M+H)".

Example 17: N-[18-[2-(4-isopropylthiazole-2-yl)-7-methoxy-8-methylquinolin-4-yl-
oxy]-2,15-dioxo-3,14-diazatricyclo[ 14.3.0.0*%Inonadec-7-ene-4-carbonyl](cyclo-
20  propyl)sulfonamide (81).



i L OH 73- =15 The title conpound was prepared from

8- fl uoro-4-hydroxy-2-(4-isopropylthiazol e-2- yl)-7-nmethoxyquinoline
(72) and al cohol 43 followi ng the procedure (steps D-F) reported for
t he preparation of
17-[2-(4-isopropyl thiazol e-2-yl)-7-nmetMoxy- 8- net hyl -

qui nol i n-4-yl oxy] - 13- et hyl - 2, 14- di oxo- 3, 13-di azatricycl o[ 13.3.0.04' 6
] oct adec- 7- ene- 4-carboxylic acid (46): mz.= 651 (M+H) +. 20 Exanpl e

15:

N-[17-[8-fl uoro-2-(4-isopropylthiazole-2- ‘%77 met hoxyqui nol i n- 4-yl -
oxy] - 13- net hyl - 2, 14- di oxo- 3, 13- di } o] 13. 3. 0. 04' 6] oct adec- 7-en
e-4-carbonyl]- (cycl opropyl)sul fona 74). 91 FNFN-,\'\ 7S o
NCH O0NQC-~" O00 OOHOI~-NS 73 744\ C- H The title conpound was
prepared from 17-[8-fl uoro-2-(4-isopropylthiazole-2-yl)-7-

met hoxyqui nol i n- 4-yl oxy] - 13- met hyly 2, {43 di oxo- 3, 13- di azatri cycl o[ 13. 3
.0.04. 6] - octadec-7-ene-4-carboxy. 'l‘*qr“ai g, (g3p and

cycl opropyl sul fonanmi de follow ng the 7 g%\du‘é’e reported for the
preparation of N-[ 17-[ 8-chl or o- 2- (4<i soprapy! thi azol e- 2-yl ) -

7- met hoxyqui nol i n- 4- yl oxy] - 13- met hyl'= A_14- di oxo0£3, 13- di azatri cycl o[
13. 3. 0. 041] - octadec-7-ene-4-carbonyl ] (gycl opropyl) sul fonam de (56):
mz = 754 (MtH)', "H NMR (CDC13): 111 NWMR (CDC13): 0.75-1.52 (m

1511), 1.64- Q5. 411), 2. 77 11 41 .21 59
331)) 205 AAne3ilPhmibait s phdnatdDiond t - forotsnigolla-y i Behdi-s-
4.07 (s, 10 3nahylquin@in-¢yloxylt)5-diox0s3, (4-giagetricyolos 4-8.0.01 monad - Banetdn

%1 éé 3 ?n 6 ?51 (1 ;Ehrb%%gﬂ%acﬁi ®6) b cy%ﬁ%?o?ylgglfﬁanﬁc% folldwing the prbecdine rdpoked for

Toor 2} (- T o bR AL - 27 piopend RBgPIes 2 Fonelharr Sretbrlaginelivut-

yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*°]°Ctadec-7-ene-4-
carbonyl](cyclopropyl)sulfonamide (47): m/z = 750 (M+H)". "H NMR (CDCl): 0.90-
0.96 (m, 1H), 1.1-1.2 (m, 41), 1.39 (d, J = 6.9 Hz, 6[1), 1.4-1.55 (m, 5H), 1.80-1.92 (m,
5H), 2.15-2.25 (m, 1H), 2.30-2.40 (m, 1H), 2.45-2.55 (m, 2H), 2.68 (s, 3H), 2.85-2.92

10 (m, 1H), 3.15-3.30 (m, 2H), 3.45-3.55 (m, 2H), 3.96 (s, 3H), 4.09 (dd, J=11.5 Hz, J=
3.8 Hz, 1H), 4.61 (t, /= 7.9 Hz, 1H), 4.99 (t, /= 9.0 Hz, 1H), 5.51-5.53 (m, 1H), 5.71
(dd, /= 18.6 Hz, /= 8.2 Hz, 1H), 6.86 (s, 1H), 7.03 (s, 1H), 7.20 (d, /= 9.2 Hz, 1H),
7.50 (s, 1H), 7.88 (d, J= 9.2 Hz, 1H), 9.40 (br s, 1H).

15  Example 18: N-[[18-[2-[4-(isopropvyDihiazol-2-v1]-7-methoxy-8-methylquinolin-4-
yloxy]-2.15-dioxo-14-(4-methoxybenzyl)-3.14. 1 6-triazatricyclo[ 14.3.0.0**Inonadec-7-
en-4-yl]carbonyl](cyclopropylsulfonamide (90).

Step A: Synthesis of intermediate 82.



2, 15-di oxo- 3. 14-di azatricvcl o[ 14. 3. 0. 046l nonadec- 7- ene- 4- car boxyl i c
acid (80). 15 Step 1. Synthesis of N-(hept-6-enyl)phthalimde (75). O
O\ 4 NK8 / N O75 O A solution of potassium phthalimde (627 ng,
3.38 mml ) and 7-bronohept-l-ene in 20 dry DMF (10 nlL) was stirred
at 100 C under nitrogen for 1 h. Then,%the reaction m xture was
successively cooled to roomtenperature, filtered, diluted with
ether, and filtered again. The filtrate was concentrated under
reduced pressure to give the target product 75 as an oil, i
used wi thout further purify-eations igythe next step:

(MtH)'. 25 92 Step 2. t hesi s of -heptenylamneo N N/
76 75 O A sol i pt - 6- eny thalinide (75 2 272
nmol ) and hydraz ydrat e {19. 8 408 mol (1.0 L) was

stirred at room tefifpefature 5 ov n m xt ure

—OThen, w
was cool ed to room t eperat ure d ®hé>solld dlsqgmﬁ
filtration. The fiftrate was dil uted with ether angy=tne SO|Id f or med
di scarded by filtration. The ether was evaporated under—reduced
pressure. Then, 5N HC (50 nL) was added and the resalting m xture
was stirred at reflux. After 45 mn. the reaction m xture was

Co e, S0 R SO SRR S s i A b T
reaction nmi mmé)ﬂmléml} Aanethbxyi & metbylqeinolined 36, 768dng, Me%fﬁ@nf)l) antl
evapor at ed. Thgipkdny lﬁﬁ{dlﬁé ?91 , 186 hinldna&e@ Rrib® usHeY RigB 4adlmrSfor
of the t arsg etl PD Od Li“(HF was tﬁen &dted under mtrogen an:(ll the 1(esul1|:_?1g reaction mixture was
cooled to -15°C. Then, DIAD was added drop wise. After 1 h at -5°C the solution was
allowed to warm up to room temperature. After 16 h, the reaction mixture was
partitioned between ice-cold water and AcOEt. The organic layer was successively
washed vigorously with HCI 1M and brine, dried (MgSO,), filtered and evaporated.
10 Purification by column chromatography on silica gel (gradient AcOEt/CH,Cl, 0:10 to
5:95) afforded 940 mg (85%) of the desired product 82 as a colorless oil: m/z = 542

(M+H)",

Step B: Synthesis of intermediate 83.

/
/

O"‘ OH
15 82 83

A solution of LiOH (592 mg, 13.8 mmol) in water was added to a solution of
intermediate 82 (1.5 g, 2.77 mmol) in MeOH/THF 1:1. After 16 h at room temperature,
the reaction mixture was acidified to pH 3-4 with diluted HCI, extracted with AcOEt,
washed with brine, dried (MgS0s) and evaporated. The residue was purified by flash

20  chromatography (Gradient AcOE{/CHxCL, 1:9 to 4:6) to give 1.26 g (86%) of the title
product 83 as an orange oil: m/z = 528 (M-+11)",



15 Step 3. Synthesis of internediate 77. HzN~ 0 76 O JO O 22 CH 77
H The title conpound was prepared from 6- heptenyl am ne (76) and

3- Ox0- 2-oxa- bicyclo[2.2. |jheptane-5-carboxylic acid (22) foll ow ng
the procedure reported for the preparation of internediate 23: mz =
252 (MrH)+. The title conpound was al s¥ 20 prepared (82 %i sol at ed

yi el d) using other coupling conditions (F,DCI.HCI (1.1 eq.), HOAT

(1.1 eq.) and,di}.s | et hyl am n n dry DMF). Step 4. Synthesis of
intermdiatewt%oé%qw “737£H~ TOO/i 'OH 78 93 The title
conpound was prepared (65 %9 frominternediate 77 and Li ol I owi ng
the procedure reported for the prep tion of internedipaie 24: ink =
270 (M+r14)+. Step 5. Synthesiis of Nnafernedi ate . : N . HCl
COOEt H 25 H O i N 0O00Ew© S e flitle conpound
was prepared (65 % fromin edi ate 78 and 1-(am no-2-
(vinyl)cycl opropanecar xyI| 1d ethyl ester hydr | ori de 25

fol | ow ng t he procedu 0% +8d for_the prepgr ath] of internedi ate
26: ink = 407 (MtH)' 6. Synthesis g

18- 2- (4 |sopropylth| azo =£-yl)-7- met hoxy- 8- q
yl oxy] - 2, 15-di oxo- 3, 14-di azasii cycl o[ 14. 3. 0. 04' 6] nona @/\e 4-carb
oxylic aci d (80). 83

To a stirred solution of carboxylic acid 83 (1.26 g, 2.39 mmo]) in dry DMF (20 mL)
was added (IR,25)-1-amino-2-vinylcyclopropanecarboxylic acid ethyl ester tosylate

5 (860 mg, 2.63 mmol) and diisopropylethylamine (1.04 mL, 5.98 mmol). Then, HATU
(999 mg, 2.63 mmol) was added at 0 °C under nitrogen. The resulting solution was
stirred at 0 °C for 30 minutes, then at room temperature. After 4 h, the reaction mixture
was diluted with water and extracted with AcOEt. The organic layers were combined
and successively washed with a saturated solution of NaHCO;, water and brine, dried

10  (MgSOy), and evaporated. Purification by column chromatography (gradient

AcOEt/CH;Cl,, 0:1 to 2:8) afforded 1.44 g (90%) of the title product 84 as a white
solid: m/z = 665 (M+H)".

Step D: Synthesis of intermediate 85.

e o
.0 NeAg e, NyAg
P =
.0 Ne)
>( \[f H HQH
N | N T

Ao °

= 85

o™

W

8]
84
15
To a stirred solution of Boc-protected proline derivative 84 (1.44 g, 2.16 mmol) in
CH,Cl; (20 mL) was added trifluoroacetic acid (5 mL). After 2h at room temperature,
the reaction mixture was concentrated and the residue was partitioned between a
saturated solution of NaHCO; and CH,Cl,. The organic layer was dried (MgSQ;)



OHO NN\V}- S NONNi i S ON; COCEt 79 36 OHH ~n( N O O COOH
80 The title conmpound was prepared frominternediate 79 and qui noli ne
36 following the procedure (Steps D-F) reported for the preparation
of 17-[2-(4-isopropylthiazole-2-yl)- 15

7- met hoxy- 8- net hyl qui nol i n-4-y| oxy] - 13¥net hyl - 2, 14- di oxo- 3, 13- di azatr
i cyclo [13.3.0.04' 6] oct adec- 7-ene-4-carboxylic acid (46): mz = 647
(MHIT) +. Exanple 17:

18-[2-(4-is o?‘,v%’ A a0 Caa%ﬂngatfd% give 1 e (B by oighetitipogest A ef A cologjgss oil:
oxy] - 2, 15- di awb=FeE4MiHZat ri cycl o[ 14. 3. 0. 04' 6] nonadec- 7- ene- 4- car bon
yI](cycIo- 20 propyl)sul fonamde (81). 94 1IN /ON)) s OH N N
,,[L 010, od. H 81 The title conmpound was prepared from

18- 2- (4- |sopi@pm$wlﬁt§|0é1\&ﬂlym) -onyhel1idraptigxybenzyl)amine 86.

met hyl qui nol i n- 4¢yl oxy] 2, 15-di oxo- 3, 14-di azatricycl of14. 3

. 0. 04, 6] nonadec caTboxyI ic acid (80) and TSN R
cycl opr opyl sul f onay de follow ng the procedure reported for 5 the
preparation of N + NSNS,
17-[2-(4-isoprop i azol e- 2-yl ) -7-met hoxy- 8- net hy nol g¢- 4-

yl oxy] -1 3-net hyl - 2/ 14- di oxo- 3, 13-di azatri cycl o[ 13. 3.10. 04, 6] Ct adec-7-e
ne-4- carbpnyl ] (oy@l opropyl )sul fonam de (47): mz =0750 (MtH) ' . 114
NVMR (CDC13): 0.90- 0.96 (m IH, 1.1-1.2 (m 414), 1.39 (d, J= 6.9

Hz, 6H), 1.4-dsRdddr h%'ﬁ?—ﬁ-eﬁylgtglhlz (@8 g,( {8.4 mmol) and anisaldehyde (1.79 mL,

14.7 mmol) in EtOH (50 mL) was stitred at room temperature for 1 h. Then, NaBH,
(556 mg, 14.7 mmol) was added at 0 °C under nitrogen. The resulting solution was
allowed to warm up to room temperature for 4 h. Then, the reaction mixture was

10  partitioned between ice-cold water and CH,Cl;, washed with brine, dried (Na;SO4) and
evaporated. The residue was purified by chromatography (gradient AcOEt/CH,Cl, 0:1
to 2:8, then CH,Cl,/MeOH 9:1) to give 1.8 g (34%) of the title product 86 as a colorless
oil: m/z = 234 (M-+H)",

15  Step F: Synthesis of intermediate 87.

)
/O N\ S ,O N\ S
- H P
Re Ny O \ 0
HN
?H 2
(@] I\\LL “~~ 86 e
&5 o e A 0
;—; =

To a solution of proline derivative 85 in THF (50 mL) was added NaHCO; (1.0 g).
Then, phosgene (4.7 mL, 20% solution in toluene) was added at 0 °C under nitrogen.
After 1.5 h, the white solid was filtered off and washed with THF and CH»Cl,. Then,
20 the filrate was concentrated under reduced pressure and the residue was re-dissolved in
dry dichloromethane (50 mL). To this solution, NaHCQO; (1.0 g) and protected amine
86 were successively added. After 16 h at room temperature, the reaction mixture was
filtered off. The filtrate was concentrated under reduced pressure and the resulting



514), 2.15-2.25 (m IH), 2.30-2.40 (m IH, 2.45-2.55 (m 2H), 2.68

(s, 3H, 2.85-2.92 10 (m 1H), 3.15-3.30 (m 2H), 3.45-3.55 (m 2H),

3.96 (s, 3H), 4.09 (dd, J= 11.5 Hz, J= 3.8 Hz, 1H), 4.61 (t, J=7.9
Hz, 1H), 4.99 (t, J= 9.0 Hz, 114), 5.51-5.53 (m 1H), 5.71 (dd, J=

18.6 Hz, J= 8.2 Hz, 114), 6.86 (s, 1H)8 7.03 (s, 1H), 7.20 (d, J= 9.2
Hz, 114), 7.50 (s, 1H), 7.88 (d, J= 9.2 Hz, 1H), 9.40 (br s, 1H. 15
Exanpl e 18:

N- 1 f1 8- 12- [ 4-TE§idspovasRpmfier by silice shromptography (ezadiens ARREHCFaGhadbl to2:§).t0

yl oxyl -2, 15- @wh%é{i{%}m‘ﬂh@m&@mm{fw?Bm%m(tvtﬂﬁﬁatr| cyclo[ 14. 3. 0.
04' 61 nonadec- 7- en 4-yl | car bonvl I (cycl opropyl ) sul fonam de (90). N
.OL N S OONO Olr HNS$ O OHO Step A Synthesis of

i nt er nedi ate%@—@%ynt@ﬁlstWW‘@ate@S i i OANO..,0 001N 36 OH
O O 0- 82 Boc-cis-hydroxy-L-Proline nethyl ester (500 ng, 2\04 mol),
4- hydr oxy-2-[4- (i so- propyl)thiazol-2-yl]-7-nmethoxy-8-nethyl/qui nol i ne
(36, 769 ng, 2.04 mmol) and 2-di phe%?phosphanylooyrl di

2.86 nmol) were dried under 8|h mfor 5 1-h

added under nitrogen and t he @ Y1 fg reaction m
to -15C. Then, DI AD wgs added off W se. After 1 hat C t he solution

was aIIovvedto vvarm’u mté?rperature After 16 the reaction
m xture was partitione n i ce- col d—watser t. The
organi c | ayer was SUCCESSI H
)_\_ ~ 34
o) ml
= gﬁﬁ ¢
5

Hoveyda-Grubbs 1™ generation catalyst (50 mg, 0.082 mmol) was added to a degassed
solution of diene 87 (1.36 g, 1.65 mmol) in toluene (170 mL). The resulting solution
was heated at 80 °C under nitrogen for 4 h, Then, the reaction mixture was
concentrated and purified by flash chromatography (gradient AcOEt/CH2Cl,, 0:1 to

10 2:8) to give 900 mg (65%) of the title product 88 as a brownish foam: m/z= 796

(M+H)".

Step H: Synthesis of intermediate 89.

N‘\z
o) N A N
= -
0 0
Oy N
- ?n o (i
O (1] |/< l/
o EANS" d iu O
] =
88
15 A solution of LiOH (242 mg, 5.65 mmol) in water (20 mL) was added to a solution of

ester 88 (900 mg, 1.13 mmol) in MeOH/THF 1:1. The reaction mixture was stirred at
50 °C for 2 h, then cooled down to room temperature, acidified to pH 3-4 with diluted



washed vigorously with HCl1 1M and brine, dried (MgSO4), filtered and
evaporated. 10 Purification by columm chromat ography on silica gel
(gradient AcCEt/CH2CI 2, 0:10 to 5:95) afforded 940 ng (85% of the
desired product 82 as a colorless oil: mz = 542 (MH +. Step B:
Synthesis of internediate 8. NN 'O _ S'ONS NNOO1l- OOO
OH 15 82 83 Asolution of LiOH (592 ng, 13 8 muol) in water was

added to a s iintermedi ate 82 2.77 mmol) in

McOH THF 1: 1%# e"i’@“ﬁ &P&r%&ﬁtt $€§J§ fgwﬁﬁéu?féa%‘fqllbw%%dur e
was aci di f i edwisbedowiit brineyidtibd Mgsme,oﬁltdﬁd anebevapmedtetitovdite B40aEEH(97%) of the
washed with e residue was
purified by ?Etle Odzugf%%%oa(mgog %ielﬁ’%(c@jq?ﬁent XM /'CH2C12, 1:9 to

4:6) to give 1.26 g (86% of the title product 83 as an orange oil:
mz = 528 5( MiSvlp [: Senth&lieel /G| 18y MIAEsomomi)thiniob i) -adethofg-8-thbthid@indlin-

158 l:t :\Iog of cd\l}'lh’gﬁ %qgchka%{l) &Qégnfei%gmm%gé 1%%‘?‘”;‘[‘3“’2"@@4@[)‘?@ Badrgﬁ)

was added (IR- grs? ¥ C?ih??i@(%’ﬁlﬂpm})%f%&ﬂ@ﬁé%car boxylic acid ethyl
ester tosylate 5 (860 ng, 2.63 ) and dii sopropyl et hyl am (1.04
m., 5.98 mmol). Then, HATU m§~ Az—
N
N
!

) N
0 Na s e Ny s
= =
o o
Oy N O, N
N 0
O
St O
{ OH { N-5
= H

3 = 3 A

89 90

A solution of carboxylic acid 65 (830 mg, 1.03 mmol) and carbonyldiimidazole

10 (333 mg, 2.06 mmol) in dry THF (20 mL) was stirred at reflux under nitrogen for 2 h.
Then, the reaction mixture was cooled to room temperature and cyclopropyl-
sulfonamide (249 mg, 2.06 mmol) and DBU (313 mg, 2.06 mmol) were added. The
resulting solution was stirred at 50°C for 12h, then cooled to room temperature. The
reaction mixture was quenched with water and extracted with CH,Cl;, washed with

15  diluted HCI, dried (MgSOy), filtered and evaporated. The crude material was purified
by column chromatography (CH>Cly/EtOAc, 80:20) and recrystallized from
CH;Cly/ether to give 450 mg (50%) of the title product 90 as a white powder: m/z = 871
(M+H)"; "TH-NMR (CDCl): 1.05-1.61 (m, 18H), 2.00 (m, 1H), 2.12-2.22 (m, 2H), 2.59-
2.70 (m, 5H), 2.96 (m, 1H), 3.15-3.20 (m, 3H), 3.63 (s, 3H), 3.71-3.78 (m, 2H), 3.88-

20 3.94 (m, 4H), 4.54 (d, J= 15 Hz, 1H), 5.08 (t, /= 8.5 Hz, 1H), 5.16 (t, /= 9.4 Hz, 1H),
5.38 (m, 1H), 5.75 (m, 1H), 6.45 (d, /= 8.4 Hz, 2H), 6.65 (d, /= 8.4 Hz, 2H), 7.03 (s,
1H), 7.10 (d, /= 9.1 Hz, 1H), 7.41 (s, 1H), 7.73 (d, /= 9.1 Hz, 1H), 7.76 (br 5, 1H),
10.15 (br s, 1H).

25  Example 19: N-[[18-[2-[4-(isopropy])thiazol-2-y1]-7-methoxy-8-methylquinolin-4-
yloxy]-2,15-dioxo-3,14,16-triazatricyclo[14.3.0. 04’6]nonadec—’/'-en—4-yl]carbony1] -
(cyclopropyl)sulfonamide (91).



(999 ny, 2.63 mmvl) was added at 0 C under nitrogen. The resulting
solution was stirred at 0 C for 30 mnutes, then at room
tenperature. After 4 h, the reaction mxture was diluted with water
and extracted with AcOEt. The organic | ayers were conbined and
successi vel y washed with a saturated ¢8f ution of NaHCO3, water and
brine, dried 10 (MgJSMX), and evaporated. Purification by colum
chromat ography (gradient AcOEt%CH2C12, 0:1 tp 2:8) afforded 1.44 ¢
(90% of the title product 84 as a white solpd: mlz = 665 (M-H)'.
Step D. Synthesis of internmediate 85. NN NGN.ON 110 ,OONHN O
ON,'L N1IL 84 85 15 To a stirr of Boc- protected
prollne derivative 84 (1.44 g, 2.16 ) Jin CH2C12 (20 nmL) was
added trifluoroacetic acid (5 nm.). Aft'erT2h at roomtenperature, the
reaction mixture was concentrated and th@ residue was partitioned
between a saturated sol ution of NaHCOﬁ%;nd CH2C12. The organic | ayer
i

was dried (MgSO™4) 97 filtered and trated to give 1.0 g (81%
of the title product 85 as a col orl N z = 565 (MtH)'. Step
E: Synthesis of N (kept-6-enyl)-N-(4- ﬁlb@no I)am ne 86. H O H
N~ + NH2 86 5 ,0~0 A solution of h e@ﬁéamne(ZOg, 13. 4
nmol ) and ani sal dehyde (1.79 nL, 14.7 r OH (50 nL) was
stirred at roomtenperature for 1 h. They, NaBH4 (556 ng, 14.7 mmol)
was added at O C under nltrogen The resulting solution was allowed

t 0 warm up t Oflirjea@mf)n;g [ i & o Quetdn %fN:IEh%n[’Z [51 %Olr)f%g 13201[9 ))’ﬁ e

methoxy-8-methylquinolin-4-yloxy]-2,15-dioxo-14-(4-methoxybenzyl)-3,14,16-

triazam'cyclo[14.3.0.04’6]nonadec—7-en-4-y1]ca.rbonyl](cyclopropyl)sulfonamide (90) in
5 DCM (20 mL). After 30 min at room temperature, water (20 mL) was added to the

reaction mixture and the pH was adjusted to 3-4 with NaHCOs. The organic layer was
washed with brine, dried (Na;SOy), filtered and evaporated. The residue was purified
by column chromatography (gradient MeOH/CH,Cl,, 0:1 to 1:99, then AcOEt/CH,Cl,
1:1) to afford 313 mg (73%) of the desired title product 91 as a yellowish solid: m/z =

10 751 (M+H)". "H-NMR (CDCl): 0.88-1.64 (m, 16H), 1.96 (m, 2H), 2.52 (m, 1), 2.68
(ms, 5H), 2.79-2.92 (m, 3H), 3.18 (m, 1H), 3.63-3.69 (m, 2H), 3.86 (m, 1H), 3.97 (s,
3H), 4.34 (m, 1H), 4.59 (m, 1H), 5.08 (m, 1H), 5.40 (m, 1H), 5.80 (m, 1H), 6.73 (s,
1H), 7.03 (s, 1H), 7.21 (d, /= 8.9 Hz, 1H), 7.26 (br s, 1H), 7.47 (s, 1H), 7.92 (d, /= 8.9
Hz, 1H), 10.20 (br s, 1H).

15
Example 20: N-[[18-[8-chloro-2-[4-(isopropyl)thiazol-2-yl]-7-methoxyquinolin-4-
yloxy]-2,15-dioxo-3,14,16-triazatricyclof14.3.0.0“¢|nonadec-7-en-4-yl]carbonyl]-
(cyclopropyl)sulfonamide (94).

Step A: Synthesis of 4,8-dichloro-2-(4-isopropylthiazole-2-yl)-7-methoxyquinoline

20 (92).
cI N{ Cl N%'

/O N\ S —_— /O X
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CH 92 Cl

A solution of 8-chloro-4-hydroxy-2-(4-isopropylthiazole-2-yl)-7-methoxy-quinoline
(2.0 g, 5.97 mmol) in POCl; (10 mL) was heated at 85°C during 30 min. Then, the
reaction mixture was concentrated under reduced pressure. The residue was poured into



10 partitioned between ice-cold water and CH2Cl Z, washed with bri ne,
dried (Na2SO4) and evaporated. The residue was purified by

chromat ography (gradient AcCEt/CH2C12 0:1 to 2:8, then CH2Cl2/ MeCH
9:1) to give 1.8 g (34% of the title product 86 as a colorless oil:
mz = 234 (MHIT)+. 15 Step F. Synthesil8l of internediate 87. ONNS O
NN OHOO aaHNHOI NNONHO ON,,1l0 8 0 .110 85 ~ 'O 87

To a solution of proline derivative 85 in THE (50 ni) was added
NaHCO3 (1.0 gffe-cooRibwateniZ@dplainthe pH wasadjusteddg Kowith 587 NaPH.gind exEactegas
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re- di ssol ved ®MHdry di chl or omet hane (50 nl). To this sol ution,

NaHCO3 (1.9 g) and protected amne 86 were successively added. After
16 h at room{.enperature, the rngaaget'on m xture was filtered off. The
filtrate was i‘@@e e Thade ¢ced pressure and the resulting 98
residue was purified by silica chronmatography (gradi ent AcCE 12,

0:1to 2:8) to give 189 g (90% of the title product 87: mg—<c 824

(MtH) +. Step G Synthesis of internediafhe-88. N N Q s©O0 N
NNNNO LI-10-87 O 8 Hoveyga- Gyfibs 1' generati atjal yst (50
ng, 0.082 mmol) was ad te ao Bsety

0 OH df&ij&@ —_— 9‘0 0
7< ‘«0 o 92 Cl Ob—:é]

0
a3 OH
NaH (60% in mineral oil, 679 mg, 17.0 mmol) was added under nitrogen to a solution
of Boc-trans-hydroxy-L-Proline-OH (2.0 g, 5.661 mmoles) in dry DMF (50 mL). After
10 30 min at room temperature, a solution of 4,8-dichloro-2-(4-isopropylthiazole-2-yl)-7-
methoxyquinoline (92, 1.38 g, 5.94 mmol) in dry DMF was added and the resulting
solution was stirred overnight at room temperature. Then, the reaction mixture was
quenched with diluted HC] until pH 2, extracted twice with AcOEt, and the combined
organic layers were washed with brine, dried (MgSO4) and evaporated. The residue
15 was purified by column chromatography (gradient AcOEt/CH>Cl, 0:1 to 1:1) to give
2.35 g (75%) of the title 93: m/z = 548 (M+H)".

Step C: Synthesis of N-[[18-[8-chloro-2-[4-(isopropyl)thiazol-2-yl]-7-methoxy-
quinolin-4-yloxy]-2,15-dioxo-3,14,16-triazatricyclo[ 14.3.0.0**|nonadec-7-en-4-
20 yl]carbonyl](cyclopropyl) sulfonamide (94).
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solution of diene 87 (1.36 g, 1.65 mmol) in toluene (170 nlL). The
resulting solution was heated at 80 C under nitrogen for 4 h. Then,
the reaction mxture was concentrated and purified by flash

chromat ography (gradient AcOEt/CH2Cl12, 0:1 to 10 2:8) to give 900 ngy
(65% of the title product 88 as a brdhish foam mz = 796 (MH) +.
Step H Synthe5|s of internediate 89. NN ONS'ON S OOONON

~NON( 88 C 899 5 .A sol ution 242 5,65
nnnol ) in vvat'@'e s gompp gsited %%B’It‘?ﬁ“fﬂﬁﬂteg’%’%_i thgg’r?cﬁ%eng,
1.13 mml) i r(swpeefrrr@omedformgl&éh[ﬁ (impropy Nthiazel-ixgh-7siethoxedS-aethyb0 C
for t hen, &o0hed IHOND | 240k ¢ @gﬁﬂ%ﬁ{ ) 30idilieulegapt 34

Wi th d||uted 9 H and ‘extrac orga | ayers
vere successiVePP& 01‘?8?45188' -ens¥ W]h FPé’YD ﬁ% %ﬁ/@%&g}‘

filtered &nd M—‘{/[aBQE-@L@doﬁrOp}g)tMazcﬂ-&@yl]@-n(eﬂiﬁ@' Serhethylquinolid-#eylpyp a6+ 89
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ON SON N [

sol uti on of car ﬁdd\l (Nghég) 30{;/"0?'87@1 %ﬂ%?—%&ﬁ 2 10,1 A, 10,

car bonyl dig m%@;%ﬂ 442 (m, 1H),459 (t, J 13 Hz, IH), 5.05(dd, /= 8.3 Hz, 9.9 Hz, 1H),
5.51 (m, 1H), 5.79 (m, 1H), 7.03 (m, 1H), 7.08 (s, 1H), 7.22 (d, J= 9.3 Hz, 1H), 7.54

(s, 1H), 7.95 (d, J = 9.3 Hz, 1H).

Example 21: N-[[18-[8-chloro-2-[4-(isopropyl)thiazol-2-yl]-7-methoxyquinolin-4-
15 yloxy]-2,15-dioxo-3,14,16-triazatricyclo[14.3.0.0*5|nonadec-7-en-4-yl]carbonyl](1-
methylcyclopropyl)sulfonamide (95)

95

The title compound was synthesized from intermediate 93 and 1-Methyl-cyclopropyl-
sulfonamide following the procedure (Steps C-1) reported for N-[[18-[2-[4-(isopropy])-
20  thiazol-2-yl]-7-methoxy-8-methylquinolin-4-yloxy]-2,15-dioxo-14-(4-methoxybenzyl)-
3,14,16-triazatricyclo[14.3 .0.0*%Inonadec-7-en-4-ylJcarbonyl] (cyclopropyl)-
sulfonamide (90) and for N-[[18-[2-[4-(isopropyDthiazo]-2-yl]-7-methoxy-8-methyl-
quinolin-4-yloxy]-2,15-dioxo-3,14,16-triazatricyclo[14.3 .0.0*%]-nonadec-7-en-4-yl]
carbonyl](cyclopropyl)sulfonamide (91): m/z = 785 (M)". 'H-NMR (CDCl): 0.90 (m,
25  1H), 1.12-1.60 (m, 16H), 1.74 (m, 1II), 1.90-1.99 (m, 4H), 2.51 (m, 1H), 2.65-2.78 (m,
3H), 2.88 (m, 1), 3.20 (m, J = 6.7 Hz, 1H), 3.69 (m, 1H), 3.84 (m, 1H), 3.96-4.00 (m,
1H), 4.01 (s, 3H), 4.46 (m, 1H), 4.63 (t, J= 7.4 Hz, 1H), 5.09 {(t, /= 9.1 Hz, 1H), 5.50



10 (333 ng, 2.06 mmol) in dry THE (20 nmL) was stirred at reflux under
nitrogen for 2 h. Then, the reaction m xture was cooled to room
tenperature and cycl opropyl - sul fonam de (249 ng, 2.06 mvl) and DBU
(313 ny, 2.06 nmol) were added. The resulting solution was stirred
at 50C for 12h, then cooled to roomtdiperature. The reaction

m xture was quenched with water and extracted wth CH2C12, mashed
with 15 diluted HCI dried ( filtered and evaporated

crude materi &M WES Pl mhildd: 7%(%6111)%2%% St oYf-aphy -6E é‘ﬁbﬂé’é@d =
80: 20) and rex:yﬁlﬂHlﬂaeﬂﬂﬁmpﬁD CH2C12/ et her to gi ve 450 mg (50% of
the title product 90 as a white powder: niz 871 (N%FD+ H-NNR

(CDC13): 1.05-1.61 (m 1811), 2.00 2 12- 59-
2.70 (m 5H),E M@M@r@a&w@% qqﬁ Hpl2- (@H@@y@@-pyyﬂyl) -7- methoxy-S-
3.71-3. 785(mmah91,quam&a 2P0y 198 -hethy Kt 4-d#x54,16Miazd= 15 Hz, 1H), 5.08

(t, J=8 I (m lH) 5.75 (m
1H), 6. 45 (Hzﬁh‘j”]g‘—‘gé13 §19sz6 ]%itﬁif’de"“’ %‘?"t‘ﬁmbﬁn—""}sg‘ﬂldﬁ?l“%g 7.03 (s, 1H),
7.10 (d, J= 9.1 Hz, 1H), 7.41 (s, : (d, J= 0. 1 Hz, 1H), 7.76
(br s, 1H), 10.15 (br s, 1H). 2%
N[ 18- [2-[4-(isopropyl )thi azol - 2- t"hoxy- 8- met hyl qui nol i n- 4-

yl oxy] - 2, 15-di oxo- 3,14, 16-tri azatri B[ 14. 3. 0. 04' 6] nonadec- 7-en-4-y
| ] carbonyl]- (cycl opropyl)sulfonamide @1). 100 N "O NS O ONHN

ONpd " oH 91 TFA (10 nL) was added to a sol ution of
N-[[18-[2-[4-(isopropyl)thiazol-2-yl]-

met hoxy- 8- met hyl qui nol i n- 4-yl oxy] - N-45- o %4”% met hoxybenzyl )-3, 1
4, 16- o @ Rl

triazatricycl o[ 14. 3. 0. 04' 6] nonadec- -4_—_ | ] ca®bonyl ] (cycl opropyl ) su
| fonami de (90) in 5 DCM (20 ). After, mn at roomtenperature,
water (20 nmL) was added to the reactlon m xture and the pH was
adjusted to 3-4 with NaHCO3. The organic |ayer was washed with
brine, dri ed Steuddgymthesisiof funethylapidineeZprsberylis acidi@aeetd imethas2-

purified methylpheny!)-amide (96).
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6-Methylpicolinic acid (1.12g, 8.167 mmol) was dissolved in dry DCM (100 ml) and
kept on an ice-bath. Then, 6-acetyl-3-methoxy-2-methylaniline (1.48 g, 8.17 mmol) and
pyridine (6.6 mL, 0.082 mol) were added followed by drop wise addition of POCl,
(1.53 mL, 0.016 mol) over 15 minutes, The resulting solution was stirred at -5 °C for

15  Th. Then, water (100 mL) was added carefully and after 5 min of stirring, NaOH (40 %,
20 mL) was subsequently added drop wise followed by the separation of the organic
layer. The water layer was extracted three times with CHCl,, and the combined
organic layers were washed with brine, dried (MgSQs), filtered and evaporated. The
residue was purified by column chromatography (Heptane/AcOEt, 3:1) to give the title

20 compound (2.1 g, 86%): m/z =299 (M+H)".

Step B: Synthesis of 4-hydroxy-2-(6-methyl-2-pyridyl)-7-methoxy-8-methylquinoline
(97).



by col umm chromat ography (gradi ent MeOH CH2C12, 0:1 to 1:99, then
AcCEt 1CH2C12 1:1) to afford 313 ng (73% of the desired title
product 91 as a yellowish solid: mz = 10 751 (MtH)+. "H NVR (CDC 3):
0.88-1.64 (m 16H), 1.96 (m 2H), 2.52 (m 1H), 2.68 (ms, 5H),
2.79-2.92 (m 3H), 3.18 (m 1H), 3.63869 (m 2H), 3.86 (m 1H),
3.97 (s, 3H), 4.34 (m 114), 4.59 (m 1H), 5.08 (m 1H), 5.40 (m
1H, 5.80 (m 1H), 6.73 (s, 1H), 7.03 (s, 1Hxn_7.21 (d, J= 8.9 Hz,
1H), 7.26 (br s, 114), 7.47 (s, 1H), 7T 8.9 Hz, 1H), 10.20
(br s, 1H). 15 Exanple 20: ~ N
N-[[18-[8-chloro-2-[4-(isopropyl)thi yl]-7-met hoxyqui nol i n-4-
yl oxy] - 2, 15-di oxo- 3, 14, 16-tri azatricyef o 14. 3. 0. 04' 6]

nonadec- 7-en-4-yl] carbonyl] - (cycl opropp )sul fonam de (94). Step A
Synt hesi s of 97

4, 8-di chl oro-2- (4-isopropyl t hi azol e-2-yl)-7-met hoxyqui noline 20
(92). C N CIToM soliitioN,of 8-ethllpsridifd-L-92rb6itylid asidl (Blab@yl-Binethoxy-2-methyl-

(20 g 5. o7 e -érﬁ%d%é%@@ﬂgﬁﬂén{l?‘ RSVl s FaERER By nebh it
Then, the rdetjatmenyify winter (B LEbIde mixtareavrs hsdied by sduewaveprradiatipneat

The resi due Was *Qae Romin)iHen $0-85% SRhEHRIGR WiRRleQipotASt wldey reih@dPH was
adjusted to 10 with. 509 and .ext.ract.ed or gani c

0. NaOH i 1 2Cl 2. T
| ayer was wadREHGi THF BYfISvaspouEed 08&)5“396&)“?“?%\?‘??‘@?’%{?“%?‘%@5%0r at ed
to give 2.05 pyecfrotaed) wastfiltepes off tthen drigdtmgimel the 2itle sompgusid| (bR g5 85 % m/n¥ 2
= 353 (MtH) bgg n B: Synthesis of intermediate 93. OHClI N ') N
CC NN+ '0 NS'N OH 0

10  Step C: Synthesis of 2-(1-ethoxycarbonyl-2-vinylcyclopropylcarbamoyl)-4-{2-(6-
methyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yloxyJcyclopentanecarboxylic acid
tert-butyl ester (98).

oF
0 N \N

9
H (o]
(o NKLO/\
X7y T A,
98 /7

A solution of 2-(1-ethoxycarbonyl-2-vinylcyclopropylcarbamoyl)-4-hydroxycyclo-

15 pentanecarboxylic acid tert-butyl ester (500 mg, 1.5 mmol), prepared as described in
W02005/073195, 4-hydroxy-2-(6-methyl-2-pyridyl)-7-methoxy-8-methylquinoline
(97, 504 mg, 1.8 mmol) and triphenylphosphine (990 mg, 3.75 mmol) were stirred in
dry THF {40 mL) at 0 °C for 10 min. Then, DIAD (0,74 mL, 3.75 mmol) was added
drop wise. The resulting reaction mixture was stirred at a temperature from 0 °C to

20 22°C overnight. Then, volatiles were evaporated and the residue was purified by
column chromatography on silica gel (gradient CH2CL/AcOEt, 1:0 to 95:5) to give
1.1 g (88%) of the title compound 98: m/z = 630 (M+H)".

Step D: Synthesis of 2-(1-ethoxycarbonyl-2-vinylcyclopropylcarbamoyl)-4-[2-(6-
25  methyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yloxyJcyclopentanecarboxylic acid
(99).



/(\ O092 C OO01 93 OH NaH (60% in mneral oil, 679 ng, 17.0 mMuol)
was added under nitrogen to a solution

of Boc-trans-hydroxy-L-Proline-OH (2.0 g, 5.661 nmles) in dry DVMF (50
m). After 10 30 mn at roomtenperature a sol ution of

4, 8- di chl or o- 2- (4-i sopropyl t hi azol e- 21403 )-7 met hoxyqui nol i ne (92,
1.38 g, 5.94 nmmol) in dry DV was added and the resulting solution
was stirred overnight at room tenperature. en, the reaction mxture
was quenched with diluted HC unti l Bftracted twice with
AcCEt, and the conbined organic T3 ashed with brine, dried
(MgS™) and evaporated. The residu pas purified by colum

chromat ography (gradi ent AcCEt/CHZClZ 0D:1to 1:1) togive 2.35¢g
(75% of the title 93: mz = 548 (I\/HT)+ Step C. Synthesis

ofN—[[18[8 chl oro- 2- [4(|sopropyl)th| IH2 |]-7-met hoxy-
qui nol i n-4-yl oxy] - 2, 15- di oxo- 3, 14, 6= t al?g o[ 14. 3. 0. 04' 6] nonad
ec-7-en-4- 20 yl]carbonyl] (cycl opropy pamde (94). A N 'O N

S t~'" 0 OHNONO "/( pO H 94 02 The//tltle conmpound was

synt hesi zed frominternediate 93 fol l owt*hg the procedure (Steps C 1)
reported forN-[[18-[2-[4-(isopropyl)thiazol-2-yl]-7-methoxy-8-nethyl -
gui nol i n- 4- yI'lﬂ%WManleﬁ agided dt4odmd temgichadry iemgohition3yf P41 bk dxyeaalzanyl-2-cy

clo- [14.3 0.5, RGrbhaBYN A L A6 SAGRADY idy1)-7-methoxy-8-methylquinolin-4-
(cyclopropy|) |f0n v [ﬁ(k Pﬁ ILBIHY) methoxy-8-methylquinolin

N-[[ 18- 2- [4-Y Ry Bwt?’iet(ﬁ?fg%l lczwgdﬂf"f'?uw}s?%)@sé Lt P IEPR e n- 4- yi

oxy] -2, 155 tr1ethy131]ane (510 mg, 2.5 eq) in CH,Cl, (24 mL). After 2h, the reaction mixture was

di oxo-3, 14, | & ﬁée'nﬂgt@l}l Eﬁ %@Lédgprgﬁgreoaé"f)%& rrt!{laéi'sﬁ%Zt ﬁo@ltﬁ tglbérﬁw”ﬁl'le residue

carbonyl](cyc opropy
(CDC13): 0. 93vasAg-dipgglved 1111 Ofit gnd Qqqff,esswe]y washed with a solutlon of NaHCO; and

brine. The organic layer was dried (MgSQy), filtered and evaporated, to give 800 mg
(80 %) of the title compound 99 (800 mg, 80%): m/z = 574 (M+H)".

10
Step E: Synthesis of 1-{2-(hex-5-enylmethylcarbamoy!)-4-[2-(6-methyl-2-pyridyl)-7-
methoxy-8-methylquinolin-4-yloxylcyclopentanecarbonyl} amino-2-
vinylcyclopropanecarboxylic acid ethyl ester (100).
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15 A solution of 2-(1-ethoxycarbonyl-2-vinylcyclopropylcarbamoyl)-4-[2-(6-methyl-2-
pyridyl)-7-methoxy-8-methylquinolin-4-yloxy]cyclopentanecarboxylic acid (99, 0.77 g,
1.344 mmol), N-methylhex-5-enylamine hydrochloride (221 mg, 1.95 mmol) and
diisopropylethylamine (1.17 mL, 6,72 mmol) in DMF (25 mL) was stirred at 0 °C
under inert atmosphere. After 30 min HATU (741 mg, 1.95 mmol) was added and the

20  reaction mixture was allowed to warm up to room temperature overnight. Then, DMF
was evaporated and the residue was partitioned between AcOEt and a solution of
NaHCOs. Crganic layer was successively washed with water and brine, dried (MgSQ.),
filtered and evaporated. The crude product was purified by silica gel chromatography



15H), 1.92 (m 311), 2.50 (m 1H), 2.64 (m 2H, 2.76 (m 1H,6 2.87
(m 2H, 3.20(m J =6.9 Hz, 1H), 3.70 (m 1H), 3.77-3.87 (m 1H),
4.00 (dd, J= 4.0 Hz, 10.1 Hz, 114), 10 4.04 (s, 3H), 4.42 (m 1H),
4.59 (t, J=7.3 Hz, 11-1), 5.05 (dd, J= 8.3 Hz, 9.9 Hz, 1H), 5.51

( 1H, 5.79 (m 1H), 7.03 (m 1H), 28 (s, 1H), 7.22 (d, J= 9.3

, 1H), 7.54 (s, 1H), 7.95 (d, J= 9.3 Hz, 1H). Exanple 21:

5[ [18-[8-chlo a(()hent {-I éne?&%lgtp %l QOttQ |58 %8)I to Zgi‘}él'l]BS ann&5 q/?)ngf% ttllf el clorr]npgund
yIoxy]-2,15-dnbxﬂ%ﬂ(mﬂim6-trlazatrlcyclo[14.3.0.04'6]nonadec-7-en-4-y
| ] car bonyl ] (1- nethylcyclopropyl)sulfonanide (95) A4 N O N S O ON
HN NOHSir 95 /~ The title conmpound was synthe5|zed fro

i nt er medi at e B ERYNthes OhY -1 (Remshyspidin-2e0)-7 drethares- ms'lhvbwmjﬂwe
procedur e § Stydme] T3 nethyIor4-didxd-8/13Midzp- h&y[:]a’éf 1343.0.0 8 Qgutajey7)enc-20

t hi azol - 2-yl ]c&oﬁﬁﬁmetﬁyl@iepﬁo‘iy' nol i n-4-yl oxy] - 2, 15- di oxo- 14- (4-ne
t hoxybenzyl) -

3,14, 16-triazatricyclo[14.3.0.04'6]n nadec 71en 4-yl]carbonyl ]

(cycl opropyl) sul fonam de (90) a N
forN-[[18-[2-[4-(isopropyl)thiazol - 7- met hoxy- 8- net hyl -

qui nol i n- 4-yl oxy] - 2, 15- di oxo- 3, 14, 16-trjazatricycl o[ 14. 3. 0. 04. 6] - nona
dec-7-en-4-yl ] carbonyl](cyclopropyl)s%lfonanide (91): mz = 785

(M'. 1IHNWR (CDCI3): 0.90 (m 25 1I1), 12-1, 60 (m 161), 1.74 (m
1H), 1.90-1.99 (m 4H), 2.51 (m 11 64 78 (m 3H), 2.88 (m
111), 3.20 (m J= 6.7 Hz, 111), 3.6 Om Q 3.84 (m 114),3.96-4.00
(m 1H), 4.01 (s, 31-1), 4.46 (m 1H-—~4.63 (t, J= 7.4 Hz, 1H), 5.09
(t, J= 9.1 Hz, 1H), 5.50 103 (m 1H), 79 (m 1H)), 7.08(m 2H) ,
7.22 (d, J= 9.2 Hz, ’114) 7.52 (s, lH) .95 (d, J= 9.2 Hz, 1H),
10.08 (br s, 1H). Exanple 22: Cycl opropanesul fonic acid
{17-[ 2- (6- netlh @@mﬂw%&m@nﬁ [ {6-gethyl-2-pyridyl)-7-methoxy-8-methyl-
net hyl - qui nO'(juﬂroﬁnM )%:lbp@ﬁhﬁééhrban h@»gqn&d&-,%wilk carboxyhc acld
tricycl 0[1%3 ?éthyl esz%ér 6){? 5?8' mg,aﬁ‘ olb v%gsrcgssoxreé in é}‘yqez ic oethane’
(250 mL). Then, nitrogen gas was bubbled through the solution for 30 min before
Hoveyda-Grubbs 2™ generation (25 mg) was added. The resulting solution was
refluxed overnight, then cooled down to room temperature and evaporated. The residue
was purified by column chromatography on silica gel (gradient AcOEt/Heptane, 3:7 to

15  3:5) to give 139 mg (58%) of the title compound 101.

Step G: Synthesis of 17-[2-(6-methyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yl-
oxy]-13-methyl-2, 14-dioxo-3,13-diazatricyclo[13.3.0.0*%)octadec-7-ene-4-carboxylic
acid (102). -

20 102

LiOH (0.42 mL, 1M) was added to a solution of 17-[2-(6-methylpyridin-2-y1)-7-
methoxy-8-methyl-quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diaza-tricyclo-



\'I'/ N O NvN11 NO OOHII O 103 Step A Synthesis of

6- met hyl pyri di ne- 2-carboxylic acid (6-acetyl-3-net hoxy- 2-

nmet hyl phenyl )-am de (96). O VN i0 H 10 96 O 6-Methyl picolinic acid
(1.12g, 8.167 mmol) was dissolved in dry DCM (100 m) and kept on an
i ce-bath. Then, 6-acetyl-3-nethoxy-2-fthylaniline (1.48 g, 8.17
mml ) and pyridine (6.6 nL, 0.082 nol) were added followed by drop

W se additio 13 53 0.016 over 1 nu The. .
resul ting soﬁ&?‘%gﬁ Ogtagécl' T %ed%?rbs’g%&af@‘r%’h%ée%erﬁ.laﬁﬁg‘ﬁ,‘g’ \%@ti%m@dﬁa
m) was addednitrep{iTHMedH:Eh0e?:18 (in)oThesresultingnglutina Gras $tiged)t ooz
[ﬂﬁ) was subs &ﬁ:ﬁﬁ&hﬁ%T%@ﬁﬁm%t%&Dm%Sﬁwés@hju@%é@% ?Wgch B@etﬁ:@i@tﬁf Thd RActRh

e organic |ayer. e r Jayer .was extrac . i, e
Graa g CREMEG T Heat o Ey AR et b aSGE S SR m el sl
dried (MySO4)filter¢d andewaposater! to\giysolZmg (b5 %hef the 64 ctumponad: nplari 613 Qi-+HBY .
col utm chr omat ogr aphy (Heptane/ AcOEt, 3:1) to give the title 20
conpound (2. , 869 nmz =299 (MH)'. Ste ; nt hesi s qf
oy oxy- 2. (U Y Thestsf T De TR A ATV TS HE) T 7)
104 1~O N\ Nhathéxycmedigyl-guinalirséylaxiyph3-afethyl-2,14-dioxo-3,13-diaza-tricyclo-
6- met hyl pyri gt £ b AC) : - met hoxy- 2- net hyl -
phenyl 31 2?1/1 dgh?g%)?i]ﬁagg‘%%{%ib%e@%ﬁoﬁg %‘&.@Kéﬂﬁed 2.5 equival ent of
freshly grounded /I

e Ny Sy
P
Q
\ %H o o
Ny 41
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A mixture of the acid 17-[2-(6-methyl-2-pyridy])-7-methoxy-8-methylquinolin-4-yl-
oxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13 .3.0.04’6]octadec-7~ene—4-carb0xylic
acid (102, 28 mg, 0.046 mmol) and CDI (15 mg, 0.092 mmol) in dry THF (3 mL) was
heated at reflux for 2 h under nitrogen. The activation was monitored by LC-MS. The
15 reaction mixture was cooled at room temperature and cyclopropylsulfonamide (17 mg,
0.137 mmol) was added. Then, DBU (16 pL, 0.105 mmol) was added and the reaction
was heated at 55 °C. After 24 h, the pH of the reaction mixture was adjusted to 3 with
citric acid (5%). Then, the solvent was evaporated, and the residue partitioned between
AcOEt and water. The crude material was purified by preparative HPLC to give 17 mg
20 (52%) of the target compound 103: m/z="716 (M+H)".

Example 23: Cyclopropanesulfonic acid {17-[2-(6-isopropyl-2-pyridyl)-7-methoxy-8-
methyl-quinolin-4-yloxyj-13-methyl-2, 14-dioxo-3,13-diaza-tricyclo[13.3.0.0*9]-
octadec-7-ene-4-carbonyl }-amide (114).



KOH along with water (200 L). The m xture was heated by m crowave
irradiation at 5 150 C for 30 mn, then 80-85% of the pyridine was
evapor at ed under reduced pressure. The residue was poured on ice and
neutralized with acetic acid. The precipitate was filtered off, then
dried to give the title conpound (1.8188 95%: nmiz = 299 (N%FD+ 10
Step C. Synthesis of

2- (1- et hoxycar bonyl - 2-vi nyl cycl opr opyl carb yl)-4-12-(6-

met hyl - 2- pyri dyl ) - 7- net hoxy- 8- net quui ol|l n{{4-yl oxy] cycl opent anecarb
oxylic acid tert-butyl ester ( OO 98 A solution of
2- (1- et hoxycar bonyl - 2- V|nylcyclopr banmoy! ) - 4- hydr oxycycl o 15
pent anecar boxylic acid tert-butyl ester (500 ng, 1.5 nmmol ), prepared
as described in W?2005/073195,

4-hydroxy 2- (6- et hyl - 2-pyridyl)-75 rrew 8- me hyI qui noline (97,

504 ng, 1.8 mmol) and trlphenylpho 3.75 nmmol ) were
stirredln dry THE (40 nL) at nN hﬁh DI AD (0.74 i,
3.75 mvol ) was added drop vvlse res ng oeactlon m xt ure was
stirred at a tenperature fromO C to 20 = overnight. Then,

vol atiles were evaporated and the resi dfe was purified by colunn
chromat ography on silica gel (gradient CH2CI 2/ AcCEt, 1:0 to 95:5) to
give 1.1 g (Si&9: Sfnthidi of Dibepraipeiding-R8xide104) 630 (MeH) +, Step D
Synt hesi s of 2- (1- et hoxycar bonyl - 2-vi nyl Q/cl opropyl car banoyl )-4-[2-(6
25

nmet hyl - 2- pyri dyl ) - 7- met hoxy- 8- net hyl qui i p~4-yl oxy] cycl opent anecarb
oxylic acid (99). 105 ,0/ N N OH';b N 99

o]

104

A mixture of isopropylpyridine (2.1 g, 17.75 mmol) and m-CPBA (5.0 g, 1.3 eq.) in

5 CH,Cl, was stirred overnight at room temperature. Then, the reaction mixture was
diluted with CH,Cl; (twice the volume) and successively washed with aqueous sodium
bicarbonate (twice) and brine, dried (Na;SOs) and evaporated to give 2.0 g (85%) of
the title compound 104,

10  Step B: Synthesis of 2-cyano-6-isopropylpyridine (105).

[

— N/
/

N 105

A mixture of 2-isopropylpyridine-N-oxide (104, 1.33 g, 9.7 mmol), cyanotrimethyl-
silane (TMS-CN) (1.42 mL, 1.06 g, 11.0 mmol) in 1,2-dichloroethane (40 ml) was
stirred at room temperature for 5 min. Then, diethylcarbamoylchloride (Et;NCOCI,

15 1,23 mL, 9.7 mmol) was added and the mixture was stirred at room temperature under
inert atmosphere. After 2 days, a aqueous solution of potassium carbonate (10%) was
added and the stirring was continued for 10 min, The organic layer was separated, and
the water layer was extracted twice with 1,2-dichloroethane. The combined organic
layers were washed with brine, dried (Na,80,) and evaporated. The residue was

20 purified by column chromatography on silica gel (Hexanes/AcOEt, 3:1) to give 1.06 g
(74%) of the title compound: m/z = 147 (M-+H)".



TFA (24 nlL) was added at roomtenperature to a solution of

2- (1- et hoxycar bonyl -

vi nyl cycl opr opyl car banoyl ) - 4-[ 2- (6- net hyl - 2- pyri dyl ) - 7- met hoxy- 8- net h
yl qui nol i n- 4- onxy]cycIopentanecarboxxl|c acid tent-butyl ester (98,
1.1 g, 1.75 mol) and 5 triethylsiland® 510 ng, 2.5 eq) in CH2Cl2 (24
m.). After 2h the reaction m xture was concentrat ed under reduced
pressure, th n C -eva rat ed The due

re-di ssol ved d%"é’é%l’gm)&‘ﬂv i(/))va éyb& ?cﬁd Qﬁgiﬂ ution of
NaHCO03 and bri ne. The orgam c layer was~kied (MgSO™4), filtered and
evaporated, to give 800 ng (80 % itl e conpound 99 (800 ny,
80%: mz = 574 (Mt1T)'. 10 Step E Sy 5
1- {2- (hex- 5-enyl net hyl car banoyl ) - 4- [ 2006+gget hyl - 2- pyri dyl)-7-

met hoxy- 8- met hyl qui nol i n- 4-yl oxy] cycl opent anecar bonyl } am no- 2-

L eyt oPT RS A3 Kahe (A orS i Hair S TR, 1 0380 3 e il 37 aqBolt
2- ( 1- et hoxy c dGoryeOH-(Vi2hyos heskade ogfipk oaeinight yhpn, 4hq Iyedt was ¢vpporated,
pyridyl) - % %h%ﬁdmmﬂ&wdmla@aﬁmmﬂﬁmtmqﬁ@?&aﬁﬁ $oldidn

d (99, 0. 344 | h | hl d
(221 hg, " 1, SRS RT T THE s LR Mah e e Fored SEvh 5 Tpgh )
in DMF (25 nitympastustand tiecplbf @aidjusteddo S ibpeddition uim;pbtmsd{CIATheeneSMg
mn HATU (74%e{Bon drisdRre W shoddtsdy Qﬁﬂc@@%ﬂﬁ&ﬁloﬁﬁbﬁﬁ%ﬂé&r\m% Brlirdl &ned

Svapor at od. arfe) PELHHRED %395 57 BRI e B mreens M - 165

sol ution W (MBHJOB. Organic |ayer was successively washed with water
and brine, dried (MyS04), filtered and evaporated. The crude product
was purified by silica gel chromatography 106 _(gradien

Hept ane/ Ac OEtStaRRynihssis 9f asoprapylyiding-Feraphpxykicoacig (GOEfcetYﬂré 1agthexy-2-
conpound: mIﬂethylﬁ@ﬁyl)Mﬂdbfmﬁt ep F: Synthesis of

17-[ 2- (6- et hyl pyri di n-2-yl ) - 7- met hoxy- 8- get hyl - qui nolin-4- 5
yl oxy] - 13- net hyl - 2, 14- di oxo- 3 13- di aza- dLLvl;o!;\c,)ij. 3.0.04' 6] oct adec-7
.
-

-ene-4- carboxylic acid ethyl este

107 ©

15 POCI; (0.88 mL, 9.53 mmol) was added at —25 °C drop wise over 5 min under
nitrogen, to a stirred solution of 6-isopropylpyridine-2-carboxylic acid (106, 1.43 g,
8.66 mmol) and 6-acetyl-3-metoxy-2-methylaniline (1.55 g, 8.66 mmol) in dry pyridine
(70 mL). The resulting solution was stirred at 10 °C for 2.5 h. Then, the reaction
mixture was poured on ice, neuiralized with aqueous sodium bicarbonate and extracted

20 3 times with AcOELt. The organic layers were combined, washed with brine, dried
(Na2S04) and evaporated. The residue was purified by column chromatography
(hexanes/AcOEt, 3:1) to give 3.54 g (72 %) of the title compound 107: m/z =327

(M-+H)".

25  Step E: Synthesis of 4-hydroxy-2-(6-isopropyl-2-pyridyl)-7-methoxy-8-methyl-
guinoline (108).




~O/ NN\VI/ O NO~~O0O" "NOO 101 1-

{2- (Hex- 5- enyhnet hyl car banmoyl ) - 4-[ 2- (6- et hyl - 2- pyri dyl ) - 7- net hoxy- 8-
nmet hyl -

gui nol i n- 4-yl oxy] cycl opent anecar bonyl ] am no- 2- vi nyl cycl opr opanecar box
ylic acid 10 ethyl ester (100, 250 ng .37 mmwol) was dissolved in
dry 1,2-dich|oroethane (250 nL). Then, nitrogen gas was bubbl ed

t hrough the sgl uti on f r 30 mn before Hoveyda-G ubbs 2a generation
(25 m9) vas ALRIBEITRRST CCERreRIRy TS PR 2t G poriobd BT ey
t hen cool ed dehwnyljamido@i7} &g 2atdunmoB i pyricieo atle)dwerd béded @5 eubsalenis

purified by cg
ACCEL ! Fpt ance Y %‘”“%?%ﬁégaﬂ%% "?i@‘e&ﬁ%fgﬁ%%zs%h&%%eﬂ o hepiel by
conpound 101. mg{%vgrrzé}qﬁpﬁ@ for 55 min, then 80-85% of the pyridine was

17- ][21g 6- rﬂ?';\f’éﬁbp&atﬁdlﬁndéy l‘édu@edpiésiﬂﬁk)éﬁl&-reﬁﬂdby&?lpoﬁﬁﬂIoﬂ-léb'aﬁﬁ-neuh‘ahzed?wnh
oxy met hy, AN t en
e- 4- car boxyl |éget%’a%c d %i%%/“gﬁl\%ﬁﬁfed‘)ﬁ &l %lsqtg 59 Ve%%ﬁ%@% ﬁﬁ?ﬁvﬂml&%
O 0 20 102 L9ompoppl g,fwma’g—é@aélu% -a sol ution of

17-[ 2- (6- net hyl pyri di n- 2 yl)-7- nethoxy- 8- nethyl - qui no

l'i n-4- onxy] 3 13

15,30, 04 b o p A e idntu L B S kpitopbpmoy 246y
0. 042 rleIO) |momfl-pmdan@-xel)-6frner:h4my%mhvmlmcﬂm14-tlo(tﬁ] eyiclopenirecarboxylic
resul ting soladidi/0nHaRs estérd l_wg;d at room tenperature overnight, then
the pH was adjustedto6w|t acetic acid. _JIhe reaction

Q
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XY YR

109 4

The title compound was prepared in 62% isolated yield from 2-(1-ethoxycarbonyl-2-
vinyleyelopropylearbamoyl)-4-hydroxycyclopentanecarboxylic acid tert-buty! ester and

15 4-hydr0xy—?-(6-isopropyl-Z-pyridyl)-?-methoxy-S-methquuinoline (108) following the
procedure reported for the preparation 2-(1-ethoxycarbonyl-2-vinylcyclopropyl-
catbamoyl)-4-[2-(6-methyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yloxy]cyclo-
pentanecarboxylic acid zert-butyl ester (98): m/z = 658 (M+H)".

20 Step G: Synthesis of 2-(1-ethoxycarbonyl-2-vinyleyclopropylcarbamoyl)-4-[2-(6-iso-
propyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yloxyjcyclopentanecarboxylic acid
(110)



m xture was successively diluted with water, extracted with CH2C12,
dried (MgSH), 5 filtered and evaporated to give 17 ng (65 % of the
title conpound: mz = 613 (MtH)'. Step H Synthesis of

cycl opropanesul fonic acid {17-[ 2-(6-nethyl -2-pyridyl)-7-

met hoxy- 8- met hyl - qui nol i n- 4-yl oxy] - 13- t hyl - 2, 14- di oxo- 3, 13-di aza-tr
icyclo- [13.3.0.04' 6j octadec-7-ene-4-carbonyl }-amde (103). N ONO

?7 6'(2) 2'23 rrét WA E%%L?twaﬁ lﬁ@ g% X%?ﬁl tempngatu:e tﬂa solutlon ?f2 (1 eth?xycarbonyl-z-
oxy] - 13- met hy‘[m -quloﬁﬁoaxlsarhm&wlhﬁa{%—&@ PSPES?BYB{YI@I%Z'MWAJH o8- Sanethyt- en
e- 4- car boxyl l@moalﬁmdyl()ﬂ;ﬂ?cycﬁ BeritEhecb&4ic BEia drs-Bitgl stk (105 59Wmg 0. 092

nmol ) in dry at f

The activati on%vas qri;llbttr\éﬁ?éy S'Eme t%ﬂ Z'Feéﬁ T)S(Cﬁ%lﬁfs 18%)[]%%%{ %}?éﬁ lon
cool ed at ¥ oomixtwspyes mmcléraéﬁddmdyrcrﬁ@m@pspsw to@ifard the desirgd prpductd19.37
mol) was addggleh wheised BBiHe hdf step WAthbROUAR®R phrik@sioadded and the
reaction was heated at 55 T. After 24 h, the pH of the reaction

m xture was adjusted to 3 with citric aci d (59 . Then, the sol vent
was evapor at eitep EnBynthesisrodd i {@e(berpaenyltictykdrbbmpyl-dr(2- (A6 ©Bropah2-pycidsd)-.
The crude ”Htﬁhbﬁbx%@éndi‘wléﬁdﬁﬂx RYIRERPAS hﬁ@cal’ﬂaohﬁ}n%ﬁlié’ Gin 17 ng 20

(529 of the t anpl e
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, 13-di aza-tricycl o]

met hyl - qui nol i n- 4- onxy] 13- et hyl - 2, 14- di oxQs<
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The title compound 111 was prepared in 70% isolated yield from 2-(1-ethoxycarbonyl-
2-vinyleyclopropylcarbamoyl)-4-[2-(6-isopropyl-2-pyridyl)-7-methoxy-8-methyl-
quinolin-4-yloxy]cyclopentanecarboxylic acid (110) following the procedure reported

15  for the preparation of 1-{2-(hex-5-enylmethylcarbamoyl)-4-{2-(6-methyl-2-pyridyl)-7-
methoxy-8-methylquinolin-4-yloxyJcyclopentanecarbonyl }amino-2-vinylcyclo-
propanecarboxylic acid ethyl ester (100): m/z = 697 (M-HH)",

Step I: Synthesis of 17-[2-(6-isopropyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yl-
20  oxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*%Joctadec-7-ene-4-carboxylic
acid ethyl ester (112).

2



A m xture of isopropylpyridine (2.1 g, 17.75 mmol) and m CPBA (5.0 g,
1.3 eq.) in 5 CH2C12 was stirred overnight at roomtenperature. Then,
the reaction mxture was diluted wth CH2Cl2 (tw ce the volune) and
successi vel y washed wi th aqueous sodi um bicarbonate (tw ce) and
brine, dried (Na2SO4) and evaporated t¥% give 2.0 g (85% of the
title conpound 104. 10 Step B: Synthesis of

2-cyano- 6-i sopr, | pyridin 105). .. N 05 A .mxtu f
2- Zopr opyl pyI:2 ?[% %éﬁ %g‘?‘ﬁfgyl%irgﬂ%‘o@.'ééﬁ ,'ISQPI?W#%P-"F}J@S/%%@Pf‘ﬁét’ﬁ‘ﬁ‘ﬂ'
silane (TMs- G[\l)r}o(lmzﬂjzlonﬂpyclomﬁtaggcaﬂbbnﬂ}armnb)z-vinylglgyelogiophthemmbex;h'mmeid

(40 ni) vas gy reétlagggi 43@@%3%%%&1&»5%&%%&@ iﬂ%&%%—;@%f)g}roetbme. Then

di et hyl car bamyyl ch i de COCI . . was _adde
and the m xt JHEORRILE Vs P@g %%oasl?ﬁhﬁéwﬁté%%ﬁ%mah‘ae&re Hdygyda-Grubbs 1*
at nospher & Afehemtich @4ysg) veas addedoTse ealltiig hutioh wae rafhsed for G, fhen aioge

L m sak aitinh . 1
o gani & | ayer- gst GO E AL, ARel T LLRTLL Waler Rimd U Bacatfies,

with 1, 2-di crddehéier heh atreilns Hiegraction BEuRves coelsddawmiorrgomdepreture,
W th brine, drfHegtciPag&@AP-TT (Ry@pait Jeeltholofike [ct)ShuddsmE-38®me) and the

purified by t b I X t 1)
to give 1 o6g“%@é"é_t%#@taﬁ%%?f@?ﬁg@é@%fgt%%Fﬁf}@@ ST B
Step C Sht Hespngm sfliqagshemsiiant of CHCheMeOR a:® t088:7)do abied 2 medps¥erp!
IN OH 106 A tpotitle doaipohd 212 o668 (gemyopy! pyri dine (105, 1.06 g,
7.3 mol) in 37% aqueous HC - MeOH (1:2) was heated to reflux
overni ght. Then, the solvent was evaporated, 5 and the residue was
poured into &temk Syathesis elol 7di2(@risapFopxERtpyTithd)-7 avathaxiyrfgms iy lquinoinas
refluxed overynd gt 3-rddi-2, 140@oRs25 48 aRPa RIS 1S S OTF b BthdecCRO LA BN lic
to room terrpergf‘{ee and the pH of was adjusted to 5 by addition o
aqueous . 2% sulting reaction m xture was successively
extracted with chloroform washed with bri
evaporated to give 0.97 g (81% of-
10 (MtH)'. Step D: Synthesis of 6-is
(6-acetyl - 3- met hoxy- 2- net hyl phenyl ) am

€,jdried (Na2SO4) and

ound 106: mz = 166
| pyri'di ne- 2-carboxylic acid
(107).

A solution LiOH (40 mg) in water (1.5 mL) was added to a solution of 17-[2-(6-iso-
propyl-2-pyridyl)-7-methoxy-8-methylquinolin-4-yloxy]-13-methyl-2,14-dioxo0-3,13-
diazatricyclo[13.3.0.0**Joctadec-7-ene-4-carboxylic acid ethyl ester (112, 220 mg,

20 0.33 mmol) in a mixture of MeOH (3 mL) and THF (1 mL). The resulting solution was
successively heated to 55 °C for 3 h, then stirred at room temperature for 5 h. Then, the
pH of the reaction mixture was adjusted to pH 6 with acetic acid and water (3 mL) was
added. The resulting solution was extracted with CHCls. Then, the organic layer was
dried (Na2S0,), filtered and evaporated to give 200 mg (95 %) of the title compound

25 113 as a white powder: m/z = 641 (M-+H)",

Step K: Synthesis of cyclopropanesulfonic acid {17-[2-(6-isopropyl-2-pyridyl)-7-
methoxy-8-methyl-quinolin-4-yloxy]- 13-methyl-2,14-dioxo0-3,13-diaza-tricyclo-
[13.3.0.0*%Joctadec-7-ene-4-carbonyl} amide (114).



O ONH 107 0 15 POC13 (0.88 nmL, 9.53 nmmmol) was added at -25 C drop
Wi se over 5 mn under nitrogen, to a stirred solution of

6-1 sopropyl pyri di ne-2-carboxylic acid (106, 1.43 g, 8.66 nmol) and
6- acetyl - 3-nmet oxy-2-nethylaniline (1.55 g, 8.66 mMmuol) in dry pyridine
(70 mL). The resulting solution was stilfred at -10 C for 2.5 h. Then,
the reaction mxture was poured on ice, neutralized wth aqueous
sodi um bi carbonate and extracted 20 3 tinmeg.wth AcOEt. The organic

| ayers were combined, washed wi th br ipd (Na2SO™4) and

evapor ated. The resi due was purifi chr omat ogr aphy
(hexanes/ AcOEt, 3:1) to give 3.54 g ) of the title conpound 107:
mz = 327 (MtH)" 25 Step E: Synthesis ®f

4- hydr oxy- 2- (6-1i sopropyl - 2-pyridyl) - 7- »et hoxy- 8- net hyl - qui nol i ne
(108). /O/ NN N \ | / OH 108 110, T otutdon of

6-i sopropyl pyri di ne-2-carboxylic acfuy (6)yage Mllsi-_% met hoxy- 2- net hyl -
phenyl)am de (107, 0.70 g, 2.14 mmp Oirm ridilne (5 m) were added
2.5 equivalents of freshly grounded fong wWith water (50 L). The
m xture was heated by mcrowave irradintgion at 133 C for 55 mn,
then 80-85% of the pyridine was 5 evaporated under reduced pressure

prec pi at o vee P S22 peni e '?”f‘?e‘f‘hf’%%%%f SlpoliE
F itl eIO corrpod’r‘r‘?fhﬂt%l"(‘ 1080‘ 13gtiaggiricyglo(13 Cy7-enmy Hboxﬂyﬁ?ﬁék 3
e i e
ecar boxyl i c %éyﬁp &ra%?%u@?d‘ SOIHE 4515) il PP&IHE% (fhe‘,(ic{)va\ﬁon of e aBid was
monitored by LC-M ) Then, cyclopropy sulfonamide (191 mg, 1.56 mmol) was

added, foliowed by DBU (228 1L, 1.56 mmol), The resulting solution was stirred
overnight at room temperature, then neutralized with acetic acid and evaporated. The

residue was re-dissolved in MeOH and purified by preparative HPLC to give 90 mg
10 (39%) of the title compound 114: m/z = 744 (M+H)*.

Example 24: (65)-Cyclopropanesulfonic acid {17-[2-(2-cyclohexylthiazol-4-yl)-7-

methoxy-8-methylquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diaza-tricyclo-

[1 3.3.0.04’6]0ctadec-7-ene-4-carbonyl} amide (123) and {(6R)-Cyclopropanesulfonic acid
15 {17-[2-(2-cyclohexylthiazol-4-yl)-7-methoxy-8-methylquinolin-4-yloxy]-13-methyl-

2,14-dioxo-3,13-diaza-tricyclo[13.3.0.0%%)octadec-7-ene-4-carbonyl} amide (124).

Step A: Synthesis of cyclohexanecarbothioic acid amide (115).
S

O)LNHZ

115

20  To a suspension of cyclohexanecarboxamide (10 g, 78.6 mmol) in diethyl ether
{300 mL} was added phosphorous pentasulfide (9.0 g, 200 mmol) in three portions over
5 h. After stirring overnight the reaction mixture was filtered. The mother-liquor was
evaporated to give 5.5 g (49%) of the title compound 115,



N VI / OHO /~ 109 The title conpound was prepared in 62%

I solated yield from 2-(1-ethoxycarbonyl -

vi nyl cycl opr opyl car banoyl ) - 4- hydr oxycycl opent anecar boxylic acid
tert-butyl ester and 15

4- hydr oxy- 2- (6-i sopropyl - 2- pyri dyl ) - 7-1t hoxy- 8- net hyl qui nol i ne (108)
foll owi ng the procedure reported for the preparation 2-(1

- et hoxycar bon I-

car banoyl ) - 4- Ggﬁ Fl‘ﬁrl 9‘§§£Bé{)@g‘ia§°1ﬁétmﬂ§-m tHalssEnditPh- 4- vl o

xy] cycl o- pentanecarboxylic acid t - bus ester (98): mz = 658
(MtH) +. 20 Step :Synthesis @%
pyl ¥ar

of 2- (1- et hoxycar bonyl 2-vinyl cycl o niﬁ) 4-[2-(6-1iso-
propyl - 2- pyri dyl ) - 7- met hoxy- 8- rret hyl quiqsol i 8- 4- yl oxy] cycl opent anecarb
oxylic acid (110) I ~O N\ | O HoHOL ~// 110 TFA (5 nL) was

added at roo ur to a qutlono t ar bo - 2-

vi nyl - cycl op%ﬁ@ﬂﬁ %@Pﬁxaﬂe othio 1F§8B|"5‘b“§l(g%§ls% ﬁ%% %‘“qr%tpﬂ(%(y
- 8- et hyl - quirowbpyravate/(96%y B-3cy 88.3 peneh meTEF [ﬂﬁ,@yﬂbwadledted&r:teﬂbmtAﬂe_r
G2a 2 (5 ) Areactgh iR e BOIAT RO oAt of P hene g oont
under reduced”aﬁreéf%?t ‘51?135{ f 1o empﬂb%d:yé'd’om‘?m{“i@ap hy, {gragientefs
used in the reptangAePERISDHGUd 75:08) thaffora.8 & (B84) ol titltoempbiind 116 as a
Synt hesi s of

1-{2- (hex- 5- enffn%tﬁyl carbanmoyl ) - 4-[2- (6-i sopropyl - 2-pyridyl) -

7- met hoxy- 8- net hyl qui nol i n- 4-yl oxy] cycl opent anecar bonyl } am no- 2- vi nyl
- 10 cyclapr GageCaSintheyisiof 2 agtidhaiyhitihzds t-earbodllik)acid@117)\N - N

S
O_QNJ\(OH
117 ©

To a solution of 2-cyclohexylthiazole-4-carboxylic acid ethyl ester (116, 6.8g,
28.5 mmol) in water was added 1M LiOH (50 mL). The solution was kept at room
temperature and monitored by LC-MS. When the hydrolysis was completed the

15  reaction mixture was neutralized with myriatic acid and extracted with ethyl acetate
and diethyl ether. The organic phase was dried (Na,S0Oy), filtered and concentrated
under reduced pressure to give 5.0 g (83 %) of the title compound 117: m/z =212

(M+H)",
20  Step D: Synthesis of 2-cyclohexylthiazole-4-carboxylic acid (6-acetyl-3-methoxy-2-

methylphenyl)amide (118).
O
N

C 118

POCI; (1.4 mL, 14.9 mmol) was added drop wise at 35 °C over 5 min, to a stirred
solution of 2-cyclohexylthiazole-4-carboxylic acid (117, 1.5 g, 7.1 mmol) and 2-acetyl-
25  5-methoxy-6-methylaniline (1.27 g, 7.1 mmol) in dry pyridine (40 mL). After 1 h, the
reaction mixture was successively warmed up to room temperature for 2.5 h,
evaporated and neutralized with an aqueous solution of sodium bicarbonate. The



\'l1 / OHQ NOO 111 The title conpound 111 was prepared in 70%
isolated yield from 2-(1-ethoxycarbonyl -

2-vi nyl cycl opr opyl car banoyl ) -4-[ 2- (6-i sopropyl - 2- pyri dyl ) -7-nmet hoxy-8
-met hyl - qui nol i n-4-yl oxy] cycl opent anecar boxylic acid (110) foll ow ng
the procedure reported 15 for the predgdtation of

1-{2- (hex- 5- enyhnethylcarbanDyI) 4-12-(6- nethyl 2-pyridyl)-7-

et hoxy- 8- met i,nol i 0 ent

ani no- 2- vi nyl%‘g%ﬁlgat ’ﬁ‘é‘?ﬁ%‘g r%%%@%ﬁ’cwﬁ ° %‘é‘%/%# g(396) of thy jtle
697 (M+H) +. Stogpopnd Egﬁwﬁreeﬁ'% OvI+H)”.

17-[2-(6- isopropyl 2-pyridyl)-7-nmet hoxy- 8- net hyl qui nol i n-4-yl - 20

13- et h 4' 6] oct adec- 7-
o241 car boxyl 1325 EPasn A SR u o e el oo B ey a2 112

1- 5 methylquincline (119).

{2- (hex-5-enyl nmet hyl car banmoyl )-4-[2-(6-iso
- 8- net hyl - 0 N 7

qgui nol i n-4- onxy]cycIopentanecarbo |an1noNb vinyl - cycl opr opanecar bo
xylic acid ethyl ester (111, 438 - 0750 nmmol ) was dissolved in dry
1, 2-di chl or oet hane. Then, nitrogen gasowmas bubbl ed t hrough the
solution for 30 m n before Hoveyda-Gubfs | st 5 generation (15 ny)
was added. The resulting solution was refluxed for 3 h, then nore

catal yst (20 ng) was added. After 2 h at reflux, another 10 of the
catal yst was Fresiegrounied &OH ghmanol,r1d2 me) was pdded éee solaiorrafier ayclohoved-

% oolhedI down tt@lam@mdam KcPdcit @s—ace@hsametm@mgm 1p N?WT)MBIM@IS) Rasin §
echnol ogi es m Xt ure S

at room ? errperlg{nﬁ P énP%rll‘%ﬂ%&&“%L) ?ﬁ%%‘gl% fiw\’lx‘Eg P §%V§F%§%CW af% cac
filtrati o orbathlwasdndjeidugliyrheaticd hy mifro@m@ligadipdm, at 150 °¢ for38:n2ip. Then, the

give 220 ny (#§8ntPatchbd Rerk cbmBinc@ RO Mink s eWipbrated The fMETR Was SLRR
J: Synthesis a

17-[ 2- (6- i sopFBIRAPCTSFIFP i o £Yha SyBsasias which ytag sihseruentiydiluted with a

small volume of EtOH, then partitioned between water and CH,Cl,. Organic layer was

py - pyridyl)-7-nmet hoxy

dried (Na»S0y), and evaporated. The residue was purified by column chromatography
15  (gradient of CH,Cl:MeOH, 1:0 to 93:7) to give 1.8 g (72.5%) of the title compound
119 as a white powder: m/z = 355 (M+H)".

Step F: Synthesis of 1-{[4-[2-(2-cyclohexylthiazol-4-y})-7-methoxy-8-methyl-quinolin-
4-yloxy]-2-(hex-5-enylmethylcarbamoyl)cyclopentanecarbonyl]amino} -2-vinyleyclo-
20  propanecarboxylic acid ethyl ester (120).

/o \ >—<:>

The title compound 120 was prepared in 42% yield from 1-{[4-[2-(2-cyclohexylthiazol-
4-yl)-7-methoxy-8-methyl-quinolin-4-yloxy]-2-(hex-5-enylmethylcarbamoyl)-cyclo-
pentanecarbonyl]amino}-2-vinylcyclopropanecarboxylic acid ethyl ester (120)

25  following the procedure reported for the preparation of 1-{2-(hex-5-enylmethyl-



yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatri cycl o[ 13. 3. 0. 04' 6] oct adec- 7-
ene-4-carboxylic 15 acid (113). I ,016g NONHO NL OH OO 113
A solution LIiCH (40 ng) in water (1.5 nL) was added to a sol ution of
17-12-(6-i so-

propyl - 2- pyri dyl ) - 7- met hoxy- 8- net hyl quitdol i n- 4-yl oxy] - 13

- et hyl - 2, 14- di oxo- 3, 13 -

di azatricycl o[ 13. 3. Q. 04' 6] oct adec- 7-ene-4-carboxylic acid ethyl ester
(112, 220 ny, cBmeydst-Frdisonrepyd-2rakidub-d -wethayeymethyiuinodind-mpEyleyplo-
m.). The r esubentangrasiainyl}anihovBsinyBeiebpidpareahiboRd Rtz dtlﬁyl@&e%?lw m h,
then stirred s _ﬁgﬁtenperature for 5 h. Then, the pH of the
reaction m xture was ‘adjusted to pH 6 wth acetic acid and water (3
m.) was added. The resulting solution was extracted with CHCL3.

Then, the rgaeh G: sWsisvas7-[Q{(ﬁ@9h1&M?1ﬁ%bl-4? L1-Blet@x 8 dn &N ARRIRISD-
to e 200 9 f fit cenmpoun as .a t .
10,501 200 TR ] eSS 25 o B A P
acid {17-[ 2- (%id lydespy(122)- pyri dyl ) - 7- _ _

met hoxy- 8- net hyl - qui nol i n-4-yl oxy] - 13 & 2, 4=di oxo- 3, 13-di aza-tr
icyclo- [13.3.0.04" 6] oct adec- 7-ene b a ¢ (114). 1131 io
NOOO NN SI, 2j"U HII O 1 A splution ©

net hyl - 2, 14- di oxo- 3, 13- di azatri cycl o[ 1% 3. 0. 04' 6] oct adec- 7- ene-4-carb

oxylic acid (113, A
& . H ﬁ\
= ;’N RN
A

121

The title compound 121 was prepared in 50% yield from 2-(2-¢cyclohexylthiazol-4-yl)-
10 4-hydroxy-7-methoxy-8-methylquinoline (119) and 2-(1-ethoxycarbonyl-2-vinylcyclo-
propylcarbamoyl)-4-hydroxycyclopentanecarboxylic acid fert-butyl ester following the
procedure reported for the preparation of 17-[2-(6-methylpyridin-2-yl)-7-methoxy-8-
methyl-quinolin-4-yloxy]-13-methyl-2, 14-dioxo-3,13-diaza-tricyclo[ 13.3.0.0*]-
octadec-7-ene-4-carboxylic acid ethyl ester (101): m/z =715 (M-+H)".
15
Step H: Synthesis of 17-[2-(2-cyclohexylthiazol-4-yl)-7-methoxy-8-methylquinolin-4-
yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3 .0.04’6]octadec-7-ene-4-carb0xylic
acid (122),



200 nmg, 0.31 mol ), DVAP (76.5 ng, 0.62 nmmol), and EDC (151 ny, 0.78
mmol) in 5 DV (5 nL) was stirred at roomtenperature overnight (the
activation of the acid was nonitored by LG MS). Then,

cycl opropyl sul fonam de (191 ng, 1.56 mml) was added, followed by
DBU (228 L, 1.56 mmol). The resulting!dblution was stirred overnight
at roomtenperature, then neutralized with aceti c acid and

or ahar at | ve IABREDE WEn B LGS Sl S Wat Ak 3 5 RGBTy guPde-Blo-
mz = 744 ( Mﬂd)(}hhi@o&#fyll)g—mﬁho@:ﬁ-&m@yﬂqmpmapdﬁﬂem]ﬂénneihpleﬂ tH-dioxo-3,13-
{17-[2-(2- Cyc&l%ﬁ%% b '3632@!)4‘6?0&4&0 Fene-4-carboxylic a01d cthyl ester (121) in MeOH
nmet hoxy- 8- et cﬁr xyz (1 dmazatrl
cycl o- y[ 13. 3. @86"&56 ﬂ%h@d@ ‘ﬁ‘iﬁterﬁ(ﬁsb'ggﬁr‘l"ﬁ mgc@ “(tli’%'ﬁasé'ﬂ‘aed at50°C
(6R) - Cycl dpr dpatEs.ten the pH@If therbaction mixture was adjusted to 6 with myriatic acid

i i—g_ [ 2t §12| ?yc(bﬂf' %y,{]ﬁﬁ THé Pésuﬁing Lélut?oﬂ@és@%orﬁem Qﬁéa%ﬂd%%ﬁ@d gy Xcllt?rﬁ?( |

2, 14- di oxo- 3,°mereatesraphy (ACOEN MePIVACQHGH:2): bide give 277 men@5%4) ebWB&HY | } a

mde (124). Sippudl 129yRtahadicpodider yad 0 B8X@MEEAS bot hi oi ¢ aci d ani de
(115). SS "™ r Y NH2 115 20 To a suspension of
cycl ohexanecar boxam de 78 6 n’m)@l)f in diet ether (300 nL

was addelepho%gmbrSme%fpﬁ( wlon@p@ges ic g { ()2 qyplohewydtiazol-4-yl)-
portions overs. m&hbxy—@fnﬁdﬂliylélmdlﬁi—ﬂgloﬁﬁf.’ﬂingﬁlS(I 3, e dioRaGH 1 30Matl ik @'- was

i cerea, o Tuy i LAY ol RLOHE AL OB Skl
of t - cycl ohex Wl H2-4Z-eydebexgltrisreigtile7-aethdxefipéthdquinelin-4-yBixy]-03-giethyl-

NI yO -~ 116 23 454ieRd- sltw%zgftn@eﬁ:l[pﬁ%@ﬂﬁ@@é&é@hmn@uccaﬁﬁhg;l]}ﬁm&?mlS
5 g, 38.3 mml) and ethyl 3- bronopyrivate (90% 3 0,

|n THE (200 nmL) was heated to-geflux. After 5 2 h, the

m xture was cool edgto rogmtn%e—r@e for 124h. Thﬁn £—S ent
was evapor at ed and t eSTdu® was—purified ‘6y ' mi[ chM¥omatogr aphy
(gradient of heptanétACCEl, 90:10 to 75:25) to~atfgrd 6.8 g (74% of
the title conmpound 116 ag a clear |iquid. 0

(65) (6R)
15 } 123 124

A solution of 17-[2-(2-cyclohexylthiazol-4-yl)-7-methoxy-8-methylquinolin-4-yloxy]-
13-methyl-2, 14-dioxo-3, 1 3-diazatricyclo[ 13.3.0.0*%}octadec-7 -ene-4-carboxylic acid
(122, 173 mg, 0.25 mmol) and CDI (81 mg, 0.5 mmol) in THF (7.5 mL) was heated to
reflux for 2h (the activation of the acid was monitored by LC-MS). Then, the reaction
20  mixture was cooled down to room temperature, and cyclopropylsulfonamide (91 mg,
0.75 mmol) and DBU (8 pL, 0.575 mmol) were successively added. After 12 h, the
reaction mixture was neutralized with acetic acid, evaporated. The residue was re-
dissolved in water and acetonitrile, then purified by preparative HPLC to give 21 mg
(11 %) of the title compound (123, first isomer): m/z = 790 (M+H)" and 35 mg (18 %)
25  of the second isomer 124: m/z = 790 (M+H)".



10 Step C. Synthesis of 2-cycl ohexylthiazol e-4-carboxylic acid (117).
0O S 117 10 To a solution of 2-cyclohexylthiazole-4-carboxylic acid
ethyl ester (116, 6.8g, 28 5 mol) in water was added 1M Li CH (50
m.). The solution was kept at room tenperature and nonitored by

LC- MS. When the hydrolysis was conpl etl®¥ the 15 reaction nixture was
neutralized with nyriatic acid and extracted with ethyl acetate and

di et hyl ether,._ Th gani c pha i,ed 2S04), filtered and
concent r at ed E’%@iﬁﬁ g%ﬁ%aé 032% ﬁ?@z 35)”@?? {P&’ %yﬁz‘bp ](‘é]gﬂf%]e“gl?xyf ﬁ'énethy]'
title conpounghinodip-4-yloxyl=l Pmethyl-MiHyioxo 20l 3Siiamatrivycls)lidt @6} Foctridec-7-ene-
2- cycl ohexyl theA88HvEH Ath i } P - 3- et hoxy- 2-
nethylphenyl)anidey?ilg)éhg@%¥kkﬁmgﬂﬁﬁgﬁgggggb%g.4 m., 14.9 nmol) was
added drop wise at -35 Cover 5 mn, to a sthrred solution of

2- cycl ohexyl t hi azol e- 4- car boxyl i ¢%eid L WN 135 g, 7.1 mml) and
2-acetyl - 25 5-net hoxy- 6- net hyl ani | .27 g, 7.1 mmol) in dry
pyridine (40 nL). After 1 h, the reactjon m xture was successively
warmed up to roomtenperature for 2.5 hy evaporated and neutralized
wi th an aqueous sol ution of sodiun1biE%;Eonate. The 115 precipitate

was filtered, washed with water an \nd' Hedyt @ gbye 2.6 g (95% of the
title conmpound 118: mz = 373 (MHg. .8Synt hesi s of

=
R
2- (2-cycl ohexyl t hi azol -4-yl)-4-hyd oxi27-§§;ﬁ$xﬁ§8- 5 met hyl qui nol i ne
(119). s i0O M N OH 119 Freshly\ﬁrwz KOH (2 mmol, 112 ng) was
added to a solution of 2-cycl ohexyl -¢hiaZol e- 4- car boxylic acid
(6-acetyl - 3- met hoxy- 2- net hyl phenyl )am de (118, 373 ng, 2 mmol) in
pyri di ne (520 The)title Ehmpoand waseprepmeeddiom B -(Riscpregyipyratold afl s hesetiamg-8-
each methylquinolin-4-yloxyl-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*%Joctadec-
7-ene-4-carboxylic acid (65) and 1-methylcyclopropylsulfonamide following the
procedure reported for the preparation of N-[17-[8-chloro-2-(4-isopropylthiazole-2-y1)-
7-methoxyquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*]-
10 octadec-7-ene-4-carbonyl](cyclopropyl) sulfonamide (56): m/z = 747 (M+H)". "H NMR
(CDCl): 0.79-0.92 (m, 2H), 1.20-2.03 (m, 19H), 2.20-2.32 (m, 1H), 2.35-2.48 (m, 2H),
2.52-2.64 (m, SH), 2.85-2.93 (m, 1H), 3.04 (s, 3H), 3.05-3.14 (m, 1H), 3.35-3.46 (m,
2H), 3.97 (s, 3H), 4.60 (td, J= 13.2 Hz, J= 2.2 Hz, 1H), 5.04 (t, /= 10.5 Hz, 1H),
5.30-5.47 (m, 1H), 5.61-5.69 (m, 1H), 6.30 (s, 1H), 6.32 (d, /= 2.4 Hz, 1H), 7.12 (d, J
15 =9.2Hz, 1H), 7.30 (s, 1H), 7.95 (d, J= 9.0 Hz, 1H), 8.61 (d, /=2.5 Hz, 1H), 10.9 (br

s, 1H).

Example 26: Preparation of 17-[2-(3-tert-butylpyrazol-1-yl)-7-methoxy-8-methyl-

quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*®Joctadec-7-ene-
20 4-carboxylic acid (127).

Step 1: Synthesis of 4-hydroxy-2-(3-tert-butylpyrazol-1-yl)-7-methoxy-8-

methylquinoline (126).

=
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10 batch was individually heated by mcrowave irradiation at 150 C
for 30 mn. Then, the different batches were conbined and pyridine
was evaporated. The residue was treated w th aqueous citric acid to
gi ve a suspension, which was subsequently diluted with a small

vol ume of EtOH, then partitioned betwddh water and CH2C12. Organic

| ayer was dried (Na2SO4), and evaporated. The residue was purified

olve 18 g (T Ve et e ten 2 ot retpsaareny .

= 355 (Mrll) ﬂungtlygp (63) a8y Birerebiylpyfazole following the procedure reported for the
1-{[4-[2-(2- Eﬁé?ﬁtﬁ%)ﬁfhtﬂ ?'24(3)(1[9() prpy IR BRKY - MMk%G%é!RyLIQIBnOIme

4-yl oxy] -2-( e car bam)yl ) €ycl opent anecarbonyl J'am no }
- 2- vi nyl cycl odgsg(?'/ gigﬁ%ﬂyboxyl ic acid ethyl ester (120). i0O NS \
N | / OH N-., OCG OL~ 120 The title conpound 120 was

pr epar ed in 4&!@3 ﬁh%&&%ﬁli{i ﬁfe%uyﬁ ﬁXﬁ)ll(l’ Hetﬂoﬂ%% I?T%th%l l]unol 4%

4-yl)-7-met hoxy- u car
yl )-cycl o- pefhhd lﬁ%ﬁyllg' Adﬂ’i"r‘i%rﬁ}flaﬁtﬁ‘(ﬁ Broodaﬁé@ﬁr% -rarbogylig
et hyl ester @&RnyZZE foll owi ng the procedure reported for the

preparation of 1-{2-(hex-5-enylnmethyl 116 =

car banoyl ) - 4-[ 2- (6-i sopr opyl - 2- py;o%ng =N[- @RﬂwS met hyl qui nol i n- 4-
yl oxy] cycl o- pent anecar bonyl ) am no- nyj cycl opropanecar boxyl i c
acid ethyl ester (111): mz = 743 ( S Step G Synthesis of
17-[2-(2-cycl ohexylthi azol -4-yl)-7-net ho:Xy 8- met hyl - qui nol i n- 4-

yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13- dlaz i cyclo[ 13. 3. 0. 04' 6] oct adec- 7-
ene- 4- car boxylic aci d et hyl ester \(1 z i0 N\ N

A OH
12’N/

10 The title compound was prepared from 4-hydroxy-2-(3-tert-butylpyrazol-1-yl)-7-
methoxy-8-methylquinoline (126) and intermediate 26 following the procedure (Step
D-F) reported for the preparation of 17-[7-methoxy-8-methyl-2-(thiazol-2-yl)quinolin-
4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0**Joctadec-7-ene-4-
carboxylic acid (29): m/z = 644 (M+H)".

15
Example 27: Preparation of N-[17-[2-(3-tert-butylpyrazol-1-yl)-7-methoxy-8-methyl-
quinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*%Joctadec-7-ene-
4-carbonyl](cyclopropyl)sulfonamide (128).
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20  The title compound was prepared from 17-[2-(3-tert-butylpyrazol-1-yl)-7-methoxy-8-
methylquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0*%Joctadec-



IHO N OO 121 The title conpound 121 was prepared in 50%yield
from 2-(2-cycl ohexyl t hi azol -4-yl)- 10

4- hydr oxy- 7- met hoxy- 8- net hyl qui noli ne (119) and

2- (1- et hoxycar bonyl - 2-vi nyl cycl o

propyl car banmoyl ) - 4- hydr oxycycl opent anéé%r boxylic acid tert-butyl
ester follow ng the procedure reported for the preparation of

et hyl 2. 14 HPAse oD g a7 e ydompony ot ovin e brocedite
oct adec- 7- eneteorgdribothy prapalamndoiéftf-lﬁw [Sechi@D- %(ﬁqsgpropynthlazola DEyI-Rar-H) +.

]1-§ [StZeFZHcy(?%/Ig%th tﬁlﬁllgilg-gl- loxy] 13- r%ethr‘r%:tz 14~ dn_:)xo_ -3, 13 d1 atnc cl?[|13 3. Z? 0%
onxy] 13- et 1A %ﬁéHIWE- %@%mgﬁf IHWQEQSP é@@}g§ Y Gﬂ QvégyéH%éD@R
ene- 4- car boxy(ldDCh)a@.Po-1(1222), 2HF 1. 13- N3N(m,QHY-1.8 -1145 (@ DI[),—ILE?} 2.05 (2 2H),

éfl?ﬂAan?gegy@o 58k ¢! o), 9fsold Sdnd, 4M), Pod'ls) 390838398t 915 SHI-AYH AR,

hexyl t hi azol lﬁ%yg?'? & AERBA/ el - Az Hk AdH G F- 10135k 1 IS 2B A9 (mp | 1

4- 'dij oxoh 3|, 13- lmi_, ABa5a9qQs 1 H), 63 53d0s 92. 5&][1}_?_1—]3,%(& gner)@.ca(d;%ﬂ.i Hz,
et eSf! 7 I

ﬁf; Theyres fnééé%%ﬁ?w é g%ﬂ#?ggna &ﬁ@_% gq%%%q%g ﬁ?éﬁﬁe ﬁDthe

pH of the(}eactlon m xture was adjusted to 6 with nyriatic acid (3M
1.7 nl). The Bsaipld 183 Preépatatibh Gfll’M@SG?Sl@ﬁiéﬂﬁlp?%z@Plﬁl)llﬁaéth@ﬂd&@ﬁ&h)m ed

(o555 of "t ho TERRh BRI a6 e G Bl dicason b @ lgmacserage:
10 Step |: Syheaseoxyhc asid 680).cycl opr opanesul fonic acid

{17-[2-(2-cydq ﬂi!?%ﬂl@&l@ém-hﬂdﬂiﬂz (3,5-dimethylpyrazol-1-yl)-7-methoxy-8-
7- met hoxy158 mtt@iqﬁﬁél?n%'(ﬁb)ll yl oxy]-"13- rret% F 2, 14-di oxo- 3, 13 di aza-t

ricycl o-
/qu o AN

b NN

= —_— P

630

3 129 OH

The title compound was prepared from 4-benzyloxy-2-chloro-7-methoxy-8-methyi-

quinoline (63) and 3,5-dimethylpyrazole following the procedure reported for the

preparation of 4-hydroxy-2-(3-isopropylpyrazol-1-yl)-7-methoxy-8-methylquinoline
20 (64): m/z =284 (M+H)",

Step 2: Synthesis of 17-[2-(3,5-dimethylpyrazol-1-yl)-7-methoxy-8-methylquinolin-4-
yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13 .3.0.04’6]octadec-7-ene—4-carboxylic
acid (130).



[ 13. 3. 0. 04' 6] oct adec- 7- ene- 4-car bonyl }am de (123) and

(6R)-cycl opropanesul fonic acid {

17-[ 2- (2-cycl ohexyl t hi azol - 4-yl ) - 7- met hoxy- 8- net hyl qui nol i n- 4-yl oxy] -
13-net hyl - 2, 14-di oxo- 3, 13-di aza-tricycl of

13. 3. 0. 04' 6] oct adec- 7- ene- 4- car bonyl } 1&hi dee((l\ 24). ~ON N\~ 0 WN
NV NNI1111 N\ N'U 11 1~-O0OH10J01, H1 00 (6S) (6R 15
123 124 A solution of

17-[2-(2-cycl ohexyl t hi azol -4-yl)-7-net oxy 8771/;,;\hy| qgui nol i n- 4-yl oxy]
13- et hyl - 2, 14- di oxo- 3, 13-di azatri AN-Q7 04’ 6] oct adec- 7-ene-4-c
arboxylic acid (122, 173 ng, 0.25 yﬁd CDl (81 ng, 0.5 nmol) in
THE (7.5 m.) was heated to reflux for 2\ (the activation of the acid
was nmonitored by LG-MS). Then, the reacti®n 20 m xture was cool ed
down to roomtenperature, and cycl opro sul fonam de (91 ng, 0.75
mmol) and DBU (8 L, 0.575 mmol) werﬁ suceessivel y added. After 12 h,
the reaction nixture was neutralizediwi h',;h tic acid, evaporated.
The residue was re- dissolved in wate? end ®cetwhitrile, then
purified by preparative HPLC to giv 1 rrg[ 11 %9 of the title
conmpound (123, first isonmer): mz = 79 (M:LF)+ and 35 ng (18 %9 25
of the second isoner 124: mz = 790 (MtH)+ 118 Exanple 25:

G hol ey PR CoRa Yo R i Sy s S dpesiazas Byl Toa. 6
] oct adelc 7- enmethdkyc@iethyldujroling (E20hyd) imenhaliato py fdilswing the padédiee (Step

br epar ed 17 org 17 Py r Begrcoartln BeL Prpbeiiiols Hifta (/oD IR HES
met hyl qui ndl .%ylaxxlrléxwﬂiz hfb@iwpﬁzl?ffi;a@my@iomﬁsl@. hvmdpq-wm 6{ 13. 3.

0. 04’ 6] oct adearboXyleneidi20Rmex 5 eMas)d (65) and
1- met hyl eycl opr opyl sul f onam de f ol I ow ng the procedure reported for

t he preparatl on of N[ 17-[ 8-chl oro-2-(4-i sopropyl thiazol e-2-yl)-
ample 29: Preparation of N-[17-[2-(3,5-dimethylpyrazol-1-y1)-7-methoxy-8-methyl-

qumolm-4-yloxy] -13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0“%|octadec-7-ene-
10 4-carbonyl](cyclopropyl)sulfonamide (131).
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The title compound was prepared from 17-[2-(3,5-dimethylpyrazol-1-yl)-7-methoxy-8-
methylquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[13.3.0.0*¢]octadec-
7-ene-4-carboxylic acid (130) and cyclopropylsulfonamide following the procedure

15 reported for the preparation of N-[17-[8-chloro-2-(4-isopropylthiazole-2-yl)-7-
methoxyquinolin-4-yloxy]-13-methyl-2,14-dioxo-3,13-diazatricyclo[ 13.3.0.0%%]-
octadec-7-ene-4-carbonyl](cyclopropyl)sulfonamide (56): m/z = 719 (M+H)". 'H NMR
(CDCl): 0.70-0.96 (m, 1H), 1.1-1.2 (m, 5H), 1.4-1.55 (m, 2H), 1.80-1.93 (m, 4H),
2.15-2.25 (m, 1H), 2.30-2.40 (m, 2H), 3.30 (s, 3H), 2.45-2.55 (m, 2H), 2.52 (s, 3H),

20 2.80 (s, 3H), 2.82-2.91 (m, 2H), 3.00 (s, 3H), 3.45-3.55 (m, 2H), 3.95 (s, 3H), 4.51-4.60



7- met hoxyqui nol i n- 4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatri cycl of
13.3.0.04'6] 10 octadec-7-ene-4-carbonyl] (cycl opropyl) sulfonam de
(56): mz =747 (MtH)'. "H NMR (CDC13): 0.79-0.92 (m 211),
1.20-2.03 (m 1911), 2.20-2.32 (m 11 9 2.35-2.48 (m 2H)
2.52-2.64 (m 511), 2.85-2.93 (m 1H), 23 04 (s, 3H, 3.05-3.14 (m
1H), 3.35-3.46 (n1 2H), 3.97 (s, 3H, 4. 60 (td, J=13.2 Hz, J= 2.2

e % ?'s" D, 49 by, 40533 Bn 10547 hepEbg 1B 98, )
1H), 7.30 (s, 7-146dJ=p. bsIZ(bH) 72065, H)7, 981(d) J = 8. 167, (1), 19-802bss, HE).

111), 10.9 (hr s, 1FD Exanple 26: Preparation of
17-[ 2-( 3- tertE}l(:) t razol - 1-yl)-7- met hoxy- 8- net hyl -

qui nol i n- 4-yl = et hyl - 2, 14- di oxo- g 13-diazatricyclo[13.3.0.04'6
] oct adec- 7- ene- 20 4- carboxyllc aci d (2 7). Step 1: Synthesis

of 4- hydr oxy-2- (3-tert-butyl pyrazol -1 - -7 nmethoxy- 8- net hyl qui nol i ne
(126). '"OL N C _ON N 603128 198 TH E title conpound was

pr epar ed fron14-benzy|oxy-2-chI;16-7Fhet 8- wethyl - quinoline (63)
and 3-tert-butyl pyrazole follow ng tthe proceeure reported for the

preparation of |

4- hydr oxy- 52 (3-isopropyl pyrazol -1-yl ) -7-met hoxy- 8- net hyl qui nol i ne

(64): mz = 312 (I\/H-|)+ 5 Step 2: Synthe5|s of

17[2(3tert- ‘ anivlcasbaovis xR :

oxy] - 13- met hydarbdxitic ﬁ@f@ﬁ—b’ﬁtﬂ%ﬁ@f @gg)t ri cycl o[ 13 3.0. 04 6] oct adec 7 en

g g (C:]?Ir b2)2<¥| Iﬁoc-pro ecte((l prane (4Og,|¥|§|§ mml\? ﬁIAT{J @(9 g, lé\lb mmol) anlg 1- ammo-?.-
vinyl-cyclopropanecarboxylic acid ethyl ester prepared as described in W003/099274,

10 (3.5 g, 18.3 mmol) were dissolved in DMF (60 ml) and cooled to 0 ° on an ice-bath.

Diisopropylethyl amine (DIPEA) (6ml) was added. The ice-bath was removed and the
mixture was left at ambient temperature over-night. Dichloromethane (~80 ml) was

then added and the organic phase was washed with aqueous sodium hydrogen
carbonate, citric acid, water, brine and dried over sodium sulfate. Purification by flash

15 chromatography (ether — 7% methanol in ether) gave pure title compound (6.13 g,
96%)

Example 31
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20  2-(1-Ethoxycarbonyl-2-vinyl-cyclopropylearbamoyl)-4-(4-nitro-benzovloxy)-
pyrrolidine-1-carboxylic acid tert-butyl ester (133)
Compound 132 (6.13 g, 16.6 mmol), 4-nitrobenzoic acid (4.17 g, 25 mmol) and PPh,
(6.55 g, 25 mmol) was dissolved in THF (130 ml). The solution was cooled to ~0° and
diisopropyl azidocarboxylate (5.1 g, 25 mmol) was added slowly. The cooling was then

25  removed and the mixture was left over-night at ambient condition. Aqueous sodium
hydrogen carbonate (60 ml) was added and the mixture was extracted with



10 The title conpound was prepared from

4- hydr oxy-2- (3-tert-butyl pyrazol -1-yl)-7- methoxy-8-nethyl qui noline
(126) and internediate 26 followng the procedure (Step D-F)
reported for the preparation of

17-[ 7- met hoxy- 8- et hyl - 2- (t hi azol - 2- ylI)?4ui nol i n-

4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13 di azatricycl o[ 13. 3. 0. 04. 6] oct adec-
7-ene-4- carb I|c )..mz = 644 (M+H) +. 15 Exanpl e 27:
Preparati on o ?rf’f‘e?’fn‘f é’g“f‘% %fl%wﬂaﬁwgelaﬁtosmplm @?ntﬁ%ﬁc'?r}g'??yzé-"ﬁé’@f%e:
qui nol i n- 4- y| elxer] 1:2 3+ 26 mydthadollid -cther)eavapi3titk ecradound Y62 o] 234)3. 0. 04' 6
] oct adec- 7- ene- 4-carbonyl] (cycl opropyl)sul fonam de (128). O-NN N . N
ONHOO0O OONIL H 28~%C 20 The title conpound was prepared from
17-[2- (3-tertERmRl 321 az0l -1 -yl ) - 7- net hoxy- 8-

met hyl qui nol i n-4-yl oxy] - 13- et hyl - 2 S .4-o x0- 3, 13-di azatricycl o[ 13. 3.
0.04' 6] oct adec 120 7-ene-4-carboxyLc ¥ ,‘ 927) and

cycl opropyl sul fonam de fol |l ow ng th _procedure reported for the
preparation of N[ 17-[8-chl oro-2-(&- opro | t hi azol e-2-yl)-7-

met hoxyqui no |in-4-yloxy] -13-nmeth 2, oxo 3,13-diazatricyclo |
13. 3. 0. 04, 6] - octadec- 7- ene- 4-car bbny oﬁ\opyl ) sul fonam de (56):
mz = 747 (MtH+. 'H NVR 5 (CDC13): 0095 12(m 2H), 1.13-1.30 (m
2H), 1.31-1.55 (m 11H), 1.63-2.05 (m 4H), 220255(m 9H),
2.80-2.985m 1H), 3.03 (s, 3H), 3.36-3.47 m 2H), 3.61-3.70 (m
1H), 3.97 (s, 3H), 460(t J=12.2 Hz, 1H) 5.04 (t, J= 10.3 Hz,
1H), 5. 26-5.416Ntﬁl-be olidin-3-
11-1), 6.42 ( 1;,713(d J=9.1 Hz, 1 .
(d, J= 9.1 , 67 (d, J= 2.5 Hz, 1H) 109(brs 1H) 10
Exanpl e 28: p}mpg@ n;h(@ g, 12 mmol) was dissolved in an ice-cold mixture of triffuoro-
17-12-(3, 5- dllﬁ%dﬂjﬂlﬂ)ﬁéhﬂ%@id’ﬂ?%'lﬂ dﬁhﬁﬂnﬁ%\ﬁesﬂﬁ%éjwth was then removed and the

qU|noI|n -yl ax 0X 046]

oct adec- 7-e nénu"ni’l c‘g?solgﬁ W’(?maf&fnaerf‘%?oé% IS% 3 ﬂie‘ S‘%Sfﬁ ‘?‘@ Orateg and

of 4- hydr Oxy 2.253Mzodinmetarhyinpity addeol anld thd I)lH{ﬁHem'Bhe)ctlyaeth with dichloromethane.
Evaporation gave the title compound (4.8g, 95 %) as a yellowish powder.

Example 33
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4-Nitro-benzoic acid 5-(1-ethoxycarbonyl-2-vinyl-cyclopropylcarbamovl)-1-[hept-6-

enyl-(4-methoxy-benzyl)-catbamoyl]-pyrrolidin-3-yl ester (135)

To a solution of compound 134 (4.5 g, 10.8 mmol) in THF (160 mL) were added

NaHCO; (1 tablespoon) and phosgene in toluene (1.93 M, 11.5 mL, 22 mmol). The
20  mixture was vigorously stirred for 1 h at room temperature, and then filtered and

evaporated. The residue was dissolved in CHzCl; (160 mL), and NaHCO;

(1 tablespoon) and hept-5-enyl-(p-methoxybenzyl)-amine (4.3 g, 18.5 mmo]) were

added. After stirring overnight at room temperature the reaction mixture was filtered
and evaporated to dryness. Flash column chromatography on silica gel (EtOAc:toluene
25 25:75 — 40:60) gave the title compound (6.59 g, 90%) as a light brown syrup.



15 methylquinoline (129). "ON Cd OMNM NN 63 O 129 OHi The title
conpound was prepared from 4-benzyl oxy- 2-chl or o- 7- net hoxy- 8- net hyl -
qui noline (63) and 3, 5-di net hyl pyrazole foll ow ng the procedure
reported for the preparation _ _

of 4- hydr oxy- 2- (3-i sopropyl pyrazol - 1- yl $#7- met hoxy- 8- net hyl qui nol i ne
20 (64): mz = 284 (MrH) +. Step 2: Synthesis of _ _

17-[2-(3, 5-di g é Xrazol -1-yl)-7-nnmet hoxy- 8- net hyl qui nol i n- 4-

yl oxy] - 13- net iyT—2, 14- di oxo- 3, 13-di azatri cycl o[ 13. 3. 0. 04' 6] oct adec- 7-
ene-4-carboxylic acid (130). 121 N NN NO ON.~ OOHL 130
The title conpound was preparedg ram o _ _
4- hydr oxy- 2- (3, 5- di et hyl pyr azol -mu >Q|y08- met hyl qui nol i ne
(129) and internediate 26 follow progedurel(Step D-F)
reported for the preparation of i
17-[ 7- met hoxy- 8- et hyl - 2- (t hi azol - 2-yl ) gtn 5

4-yl oxy] - 13- net hyl - 2, 14-di oxo- 3, 13-di azatricycl o[ 13. 3. 0. 04' 6] oct adec-

7-ene-4- carboxylic acid (29): nlz 616 (M-H) +. Exanpl e 29:
Prepar ati on ofdx (& nethtixprbetrled; t Hdioke3:1¢ 1 p-tAazaet hoxy- 8- met hyl -

qui nol i n- 4- y|tﬁ¥ﬁdlo;l3.3ﬂﬁi Winoheddk-1ll Mééo%%zfcq‘i%%ﬂ%i& 3: %\IRI? 60
] oct adec- 75 € -ml}oun -183 Ii g(,) Tyl CXI?W%(EJ'(S)J:())YVedSII‘llJ 1,2-dichloroethane (2 %)'. The mixture

N...~ N,©O
was degassed for 15 min using a stream of argon. Hoveyda-Grubbs catalyst (IT) (50 mg,

(2]

5 mol%) was added and the mixture was refluxed for 4h. The solvent was evaporated
and the crude ester was dissolved in tetrahydrofuran (100 ml), methanol (50 ml) and
water (50 ml). The mixture was cooled 0 °C on ice-bath. Aqueous lithium hydroxide

10 (20 ml, 1M) was added and the mixture was stirred at  °C for 4 h. The volume was
then doubled with water and the mixture acidified with acetic acid. Extraction
(dichloromethane) followed by flash chromatography (methanol 1—5 % in ether) gave
pure title compound (450 mg, 61 %).
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18-[2-(4-Isopropyl-thiazol-2-y1)-7-methoxy-8-methyl-quinolin-4-yloxy]-14-(4-

methoxy-benzyl)-2,15-dioxo-3,14,16-triaza-tricyclof 14.3.0.0*4.6*Inonadec-7-ene-4-
20  carboxylic acid ethyl ester (137)

Alcohol 136 (230 mg, 0.460 mmol), quinolinol 36 (218 mg, 0.690 mmol), and

triphenylphosphine (182 mg, 0.690 mmol) were dissolved in dry THF and the mixture

was cooled to 0 °C. DIAD (130 pL, 0.690 mmol) was added dropwise to the stirred

solution at 0 °C during 30 minutes after which the solution was allowed to attain room

15
Example 35

25  temperature and was subsequently stirred overnight. The solvent was evaporated and



131 The title conmpound was prepared from

17-[2- (3, 5-di net hyl pyrazol - 1-yl ) - 7- net hoxy- 8-

nmet hyl qui nol i n- 4-yl oxy] - 13- net hyl - 2, 14- di oxo- 3, 13-di azatri cycl o[ 13. 3.
0. 046] oct adec- 7-ene-4-carboxylic acid (130) and

cycl opropyl sul f onanmi de followi ng the ptocedure 15 reported for the
preparation ofN—[l? [ 8-chl oro-2-(4-isopropylthiazole-2-yl)-7-

met hoxyqui nol | I ox 13- net.h i 0xQ-3, 13-diazatric [

13. 3. 0. 04, 6] - Seds L]e 53155%#1 @5%1}9@31311}1 UFERR] ﬁﬁﬁ (@8%ye
ink = 719 ( MHE))to gNeItM\ARle c(oﬁﬂﬁﬂxﬂd(SGGan){M+W<(aﬂﬂd 196.4; faurt: 1967.(m
51-1), 1.4-1.55 (m 2H), 1.80-1.93 (m 41-1), 2.15-2.25 (m 1H),
2.30-2.40 (m 214}, 3.30 (s, 31-1), 2.45-2.55 (m 2H), 2.52 (s, 3H,
20 2.80 (s, D8 2-2.91 (m 214), 3.00 (s 3H), 3.45-3.55 (m

2H), 3.95 (s, 314), 4.51-4.60 122 (m1l : 5.4 (m 1H),
5.21-5.33 (m 1H), 5.51 (m 114), 6. , AO03 (s, 1H), 7.10
(d, J= 9.1 Hz, 1H), 7.20 (s, 1H), 7.98 9.1 Hz, 1H), 10.80 (br
s, 1H). Exanple 30 OH yOQUN H ~~ /I 11 ~ 005 i
(I-Etboxycarbonyl-2-vinyI-cyclonronvlcarbaﬁnyl) 4- hydr oxy- pyrrolidine

- | - carboxylic acid tert-butyh (1 Boc-protected proline (4
g, 17.3 mmol ), HATU (6.9 g, 18. _@T\ n02-

vi nyl - cycl opr opanecar boxylic acid et hy%eﬁ'&r ed as descri bed
in WO03/099274, 10 (3.5 g, 18.3 mmmol) re dissolved in DM (60 m)
and cooled to O on an ice-bath. Diisopro y| am ne (DI PEA) (6ml)
was added. The ice- bath was renoved and the mxture was left at

anbi ent tenpgqk S 4t hen
added and t haSoA A en

carbonate, ci ¢ i ' 1 2 BN 80 -
Purification cbgboﬂda-sdmﬂ.ﬁsshronat ography (et her -> 7% rret hanol in

ether) gave RS olied 1% GBERRUEed Smbf) Whs aisIGia P ATMEORIMD 2:1:1
10 (30 mL) and 1M LiOH (4.6 mL, 4.40 mmol) was added dropwise at room temperature
during 5 minutes after which the solution was stirred overnight. The mixture was

=]

acidified to pH 3-4 by addition of solid citric acid and the organic solvents were
evaporated. The water phase was diluted with brine (50 mL) and was then extracted
trice with DCM. The combined organic phase was washed twice with brine and was

15  thereafter dried, filtered and concentrated. The crude was then purified by flash column
chromatography (ethyl actetate/ methanol 7:1) to give the title compound (212 mg,
60%). (M+H)" calcd: 768.3; found: 768.7.

Example 37
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1-Methyl-cyclopropanesulfonic acid [18-[2-(4-isopropyl-thiazol-2-y1)-7-methoxv-8-
methvl-quinolin-4-vloxy]-14-(4-methoxy-benzyl)-2.15-dioxo-3,14. 1 6-triaza-tricvclo-
f14.3.0.0*4.6*nonadec-7-cne-4-carbonyl]-amide (139)




N2 ONHOO Il 20

2- (1- Et hoxyoar bonyl - 2-vi nyl - cycl opr opyl car banoyl ) - 4- (4-ni tro-benzovl o
Xy)- pvrrolidine-|-carboxylic acid tert-butyl ester (133) Conpound
132 (6.13 g, 16.6 mml), 4-nitrobenzoic acid (4.17 g, 25 nmol) and
PPh3 (6.55 g, 25 mml) was dissolvedh T IF (130 m). The solution
was cooled to -0 and diisopropyl azidocarboxylate (5.1 g, 25 mvl)

Vert over- ni it THpT2 e 87 ool Eomaiae bUSR Gamities O ap Bl Sded
car bonat e ( GCEIMI {69wmg, GPaumal)dnd the redctiommaxtyre svae stirredoat ecbnvienipefadge.
di chl or onet h%&‘er %szLQ@LﬁcPLCMS idd%%ﬁd%@ﬁl?lélﬁt&%&ﬂbﬂ of REBhANEG n%&é}ﬁ[

2:1 -> pent ane t her, 1:2 --> ano n_ et her ve t e
compound (6. g e giesodd e ene. ATeREston it s fuid bigh %ﬂ% ofg-
4-Nitro- bénzone:thaaxm('d) mL) and the organic phase was washed twice with water after which the

5-( 1- et hoxvc C I |
esg or (194) %{5 ué}hg?el‘)ghs“ ad ﬁﬁér@d% aﬁ@xén%@ﬁm!aotthé reQiHﬁé ﬁ'aé ﬂggah%a i

I SSQOl ve
ce-col d m xtARROTBRe ARG (5J%Mﬂ%ﬁaflﬁarﬁgﬂmefh\§'ﬁ%foa@wde§%% g1 ;394 mmol) and
di chl or onet hameu (T8eL, CE2shaimb]) wase ddded atdetite wadiandixtuie wad irfadxat toom

and 0.25 M Ol R, 198 pulnd vin dHE S SR RER R0 R A
di chl or onkt hdheorganiy pbase stas wiashgd ywice watht 1044 diricamdand aneapviglybriis Thy a5
a yell owi sh peyes phabcaipdred3SltdledandcotNoted Add-the brddy brdinctbasQurified
by flash column chromatography (toluene/ethyl acetate 1:1, 1:2, ethyl acetate, ethyl
acetate/methanol 9:1) to give the title compound (108 mg, 44%) as a colorless solid.
LC-MS purity: >95%. (M+H)" calcd: 885.4; found: 885.7.
15

Example 38

methyl-quinolin-4-yloxy]-2,15-dioxo-3,14,16-triaza-tricyclo[ 14.3.0.0*4,6*Inonadec-7-
20  ene-4-carbonyl}-amide (140)

To compound 139 (106 mg, 0.120 mmol) dissolved in dichloromethane (18 mL) were

added triethylsilane (38 pL, 0.240 mmol) and TFA (9 mL) and the reaction mixture

was stirred at room temperature for 1 hour. The solvents were evaporated and co-

evaporated trice with toluene. The residue was dissolved in dichloromethane and the

25  organic phase was washed twice with saturated NaHCO; solution. The organic phase
was dried, filtered, and concentrated and the crude product was purified by flash
column chromatography (toluene/ ethyl acetate 1:1) to yield the title compound (73 mg,
80%) as a slightly yellow solid. LC-MS purity: >95%. (M+H)" cald: 765.3; found:
765.7.

30



O0O15 1 4-Ntro-benzoic acid

5- (1- et hoxvcar bonvl - 2- vi nyl - cycl opr opyl car banovl ) - 1- r hept - 6-

enyl - (4- nmet hoxv- benzvl ) -carbanovl | -pvrrolidin-3-vl ester (135) To a
sol ution of conpound 134 (4.5 g, 10.8 mml) in THE (160 nlL) were
added NaHCO3 (1 tabl espoon) and phosgeéhe in toluene (1.93 M 11.5
m., 22 mol ). The 20 m xture was vigorously stirred for 1 h at room
tenperature, and then filtered and evaporated. The residue was

di ssol ved in @amz_féwmmye royfrdfonErEaparetion aftomnesarhi4 and

o st tr B SRR Al L erbe oty e i bebrob o SR 8tias

filtered andlél)aporated to dryness. Flash col um chromat ography on
silica gel (EtQOAc:toluene 25 25:75 -> 40:60) gave the title conpound
(6.59 g, 90% as a light brown syrup.Hd @ple 34 OHO O\ | O-N
N.UO NOI-V 18- Hydroxv-14- (4-net hox zvl)-2 15-dioxo-3 14
16-triaza- tricvclo[l4.3.0.0*%4, 61ndiadec ene; 4- caroxylic acid et hyl
ester (136) 5 Conmpound 135 (1g, 1.48 npol) was dissolved in

1, 2-dichl oroet hane (21). The m xture Wwas degassed for 15 mn using a
stream of argon. Hoveyda- G ubbs catalyst (H (50 ng, 5 nol% was
added and X helav selution ofgedipafothoxisd (1.31L) 4eshiyinzeppuidbyradditios of seiion aeed

ﬁg?h; Egl CE ggew 9%, B135uas) i e%faﬁblv(@ Lhyht b@bf@d@%géafeéﬁ{ﬁﬂo{gﬂ;gg Ahthte dte (25 &

i ce-bath. Aqde &"ﬁu@aﬁ FP%&%&PW&? 52 dedgt 533” i 'rfme e Sg&a@a vﬁ'ﬁa&!eﬂe
m xture was sthoxymethglen®mglononnigild(21 6. lvmah)m Rilemd thdmeactiba whikeek wast h
(5 Sy T A S b ey
Ilg E;gﬁrrjl) eggEillute:g{?NF:th water (100 mL) and ﬁIterec?B Thchgohcllwfas washed with water ang;i@g’xed

under vacuum at 50 °C to give the crude product (27 g). The crude solid was washed

with 5% ethyl acetate in pet. ether which gave pure title compound (22.5 g, 59%).
TLC: EtOAc/ Pet. ether, 3:7, Re=0.4

15
Step B: Synthesis of 4-Amino-5-cyano-2-hydroxy-3-methylbenzoic acid (142)

HO NH,

HO
CN

0

To a solution of LiIOHxH,O (8.4 g, 0.2 mol) in ethanol/water (1:1, 300 mL) was added
compound 74 (22 g, 0.1 mol) at RT and the reaction mixture was refluxed at 80 °C for
20  4h. The reaction mixture was concentrated under vacuum, the obtained residue was
diluted with water (100 mL), washed with pet. ether/ ethyl acetate (1:1, 2x200 mL).
The aqueous layer was separated, acidified to pH=5 using 1.5N HC] and the obtained
solid product was filtered off. The aqueous layer was further extracted with ethyl
acetate (2x300 mL), dried and concentrated to give more product. The combined
25  products was washed with 5% ethyl acetate in pet. ether to give the pure title
compound (19 g, >95%).
TLC: MeOH/ Chloroform, 1:4, Re=0.2



ioN\ OO0ON-N;O0 OO

18- (2- (4-1sopropyl -thiazol-2-vl)-7-nmethoxv-8-net hyl -oui nol i n-4- vl oxyl
-1 4-(4- et hoxy-benzvl)-2,15-di oxo-3, 14 16-triaza-tricyclo(14 3 0 0*4
6*| nonadec- 7- ene-4- 20 carboxylic acid ethyl ester (137) Al cohol 136
(230 ng, 0.460 mol), quinolinol 36 (248 ny, 0.690 nmol), and

tri pbenyl phosphine (182 ng, 0.690 nmmol) were dissolved in dry THE and

the m xture s,.cooled. tq, 0 C DI AD (130 . ,0.690 . | ). was added
dropwi se to ti@g—gig 18 o&&ﬁqqng#-&dréyy@-aﬁhyﬂaﬁ%ﬂﬁgﬁf s after

whi ch the solution was allowed to attainroom?25 tenperature and was
subsequently stirred overnight. The t _Mmas evaporated and 125
the crude material was purified by fla | um chr onmat ogr aphy
(toluene/ ethyl acetate 1:1) to give't i llle conmpound (366 ny)
(MtH) + cal cd: 796.4; found: 796.7. Exanple 38 i0 N. N 0O O N,N ~CH
0 05 18-[2-(4-1sopropyl-thiazol-2-yll-7-nmethoxv-8-nethyl-quino

| i n-4-yl oxvl -Aixture of compound 75 (19 g, 0.1 mol) in quinoline (50 mL) was heated to 170 °C

(4- et hoxvbergyi oiléimélcaitind odeck i thafid ki leddhed iR Pk € | no
ol ) s it anrs ROl sfonsaerge oM 340 nfS followd fr bqcmergint] e
m., 4.40 molrpacties maxidedvairstpred o 18 imin exiht eqpenalaverevasdeparated. The

- ft . . o . o
oo aci 0 1 SRy, PRSI I ORI i R (D S ol b ©
organi ¢ sol véRFr® e\wgy.él"he@g P syegwaspsidifipsveith AN Lt 8HEP tﬁ@ glidyash
brine (50 nl)filerd offand dried uaddrivacived The bbiaimedbdlid vB@NhrtFﬁn@ael;mbﬁﬂem

t . h t

Or 920l HIESSURIRE Nos et 4 RGOS AU A der eal et

e
fl1 ash col unm TLC: EtOAc/ Pet ether, 3:7, R=0.35

Step D: Synthesis of 2-Amino-4-methoxy-3-methylbenzonitrile (144)
|

0 NH,

CN

15 A mixture ¢f compound 76 (12 g, 0.08 mol), K,COs (11 g, 0.08 mol) in dry DMF
(200 mL) was stirred for 15 min at RT. To this was added MelI (13.6 g, 0.096 mol) and
the mixture was stirred for 4h at RT. The reaction mixture was diluted with water
{800 mL), extracted with 30% ethyl acetate in pet. ether (3x300 mL). The combined
organic layers were washed with water and brine, dried and concentrated to give a

20  crude product. The crude product was washed with pet. ether to give pure title
compound (12 g, 93%).

TLC: Pet. ether/ EtOAc, 7:3, R=0.4

Step E: Synthesis of 1-(2-Amino-4-methoxy-3-methyl-phenyl)-ethanone (34)

o NH,

25 O



chromat ography (ethyl actetate/ nethanol 7:1) to give the title
conpound (212 ngy, 60%. (MtH)+ calcd: 768.3; found: 768.7. Exanple
37 06 N. 0 O/ \ N\\W OO NO" P, NS OOH 20
1- Met hyl - cycl opr opanesul fonic acid
[ 18- 12- (4-isopropyl -thiazol-2-yl)-7-md&hoxv- 8-
met hvl - ci ui nol i n- 4-yl oxvl - 14- (4- met hoxv- benzyl ) -2, 15- di oxo- 3, 14, 16-tr
I aza-tricyclo- f 14.3.0,0*4. 6*| nonadec-7-ene-4-car bo%lﬁl -am deH\g139
126 To aci d i®gsqigtion ergompounds/ b gy0-4if sad) inddi (o8 ntn v grdsdMeidelr
m.) was addedin difKyl ef8r (334, 100 309 OP96Imolpar® *Chkop-edse! T reattioh tHituwagas
stirred at T ogmeh eRETA! 1 e 85 o 1IN BreTeborBl thikre\fis Aei £
conpl ete conversion of the starting matérial 1 nto the correspond ng
oxazol i di noneduerghed matides-epld hisRt H@gt%\@ effervatcarresersss MEEH ofhs repction
\Arrﬁ_t hﬁne h( ML) mixgte Waﬁdﬂxﬁtecawitﬁ ga_tba@mo:cm];s), &\ﬂ&gﬁd wiithd eftfy] Wedtdie mtagm n%?]tm
ich the or ..c phase was._ drie ] oncentr .
Fesi due was PCLHRIRIBRE 4% RE S iohed bR gl gRRRRELE! B tiown
cycl opr opy!| mefohigd Thegrddsrealidl wes (B®lvag,in gthgbasetated|l 3O mhdl addmipet. 2thep (150
?- 525 mtml ) }/&ﬁLﬁaﬁ%ﬁﬂz : d &gy Hwbe_rde;tff%mc@gem i@:ﬁmd_ | cg\ﬁﬁiriﬁﬁwiﬁiéﬁﬂldaaonééhﬁﬁi’ed.
enper at ure r urs e u i Lute . .
i cht or omet hatle <pasnmed was vateH ot SshRe! Sorled nehedarovhich waye pure i
with 10% 4 t rdompauadi94 88 Bheea yllow delidne. The organi ¢ phase was
dried, filtergd.and .aRposoMcar.6dRAaNd. t he crude product was purified
by flash col utm chromat ography (tol uene/ ethyl acetate 1:1, 1:2, ethyl
acetate, ethyl acetate/nethanol 9:1) to give the title conpound (108
ny, 449 as &Emoiptr4less solid. LC M purity: >95% (M-H)+ cal cd:

885. 4; found: Sy%ﬁ{%siz of j—-@x’é@%-ﬁoﬁ@o[@.ZH\]heane-S -carboxylic acid tert-butyl ester

15 (146)
/bz
O /%
o 0

DMAP (14 mg, 0.115 mmol) and Boc,O (252 mg, 1.44 mmol) was added to a stirred
solution of 145 (180 mg, 1.15 mmol) in 2 mL CH,Cl; under inert argon atmosphere at
0 °C. The reaction was allowed to warm to room temperature and was stirred

20  overnight. The reaction mixture was concentrated and the crude product was purified
by flash column chromatography (toluene/ethyl acetate gradient 15:1, 9:1, 6:1, 4:1, 2:1)
which gave the title compound (124 mg, 51%) as white crystals.

'H-NMR (300 MHz, CD3;0D) 5 1.45 (s, 9H), 1.90 (d, /= 11.0 Hz, 1H), 2.10-2.19 (m,
25  3H), 2.76-2.83 (m, 1H), 3.10 (s, 1H), 4.99 (s, 1H); '*C-NMR (75.5 MHz, CD;OD) 5
27.1,33.0,37.7, 40.8, 46.1, 81.1, 81.6, 172.0, 177.7.

Alternative method for the preparation of compound 146
}b?k )J\ ,BF3E0 (0.5eq) /Sbi /k
0 OH DCM, -10 °C, 70 min o) 0
145 146

30 Compound 145 (13.9 g, 89 mmol) was dissolved in dichloromethane (200 ml) and then
cooled to approximately -10°C under nitrogen. Isobutylene was then bubbled into the




HNHOO ) S N, NNOOH 1-Mthyl-cyclopropanesul fonic acid f
18-[2-(4-isopropyl -thiazol-2-yl)-7-nmethoxy- 8-

nmet hyl - qui nol i n-4-yl oxvl -2, 15-di oxo- 3, 14, 16-tri aza-tricycl o(14. 3. 0. 0*
4, 6*| nonadec-7- 20 ene-4- carbonyl} am de (140) To conpound 139 (106
ng, 0.120 mmol ) dissolved in di chl or orfé! hane (18 m.) were added
triethylsilane (38 pL, 0.240 mmol) and TFA (9 niL) and the reaction

m xture was S%IlJitfoh tifthe 104 %hﬁ@%@d%&éﬁedﬁ togﬁr"ﬁtcel Iﬂﬁlﬁf ﬁ%%ve a

wer e evaporate

was di 590l vedurtid BleRanoBERELRAME Tinth.§ MECIE).brahraddhband thesaoksshed

]E w: ;:e wndt h ngi:ldhﬁrbwds kajﬂ@f:ﬁ)pﬁghﬁte@nlo°mdem&ag@ TRS €0 ngm%d&kat §lution
iltered, and_co e e_cr.ude urifi

flash col um” eht ;%ga%n% doé%ﬁ r%ac (Crf BrUBREr" dtﬁ&/ﬂg(gg%tpggsr(@ V%?%Wlth

the titl e Tonplwrdtopsad aﬁgic ac@o%i haxang-BsQAg Htl, staipisig voivh lmicumnnmaw

RIU[ ity: t >95%so(d’bﬁ5h2 +A1°?j #in offptrates meﬁq?ounrf 223 eraI%@d 3{%17aq @ﬁ%ﬁ@a@ﬂ:oa

ernative or r.epar |on 0 oun

Synt hesi s of "é@%ﬂw@’ tgep %&?‘F@ Wﬁ@B’@OQPWIfOI

ester (141) I}Q@mHZ'he Brganic lﬁye@lwas @aslemwrél sgimraied l‘darH@fJg @mzom%ahbkmbe

(1.3 L) (freghly SDrrEl %&pd.rt&i vﬁﬂlddoaiuﬁ{‘su‘?ﬁte Sﬁlf&é&rﬂnm%md&e wik dapd? ;i to

nol ) to ethanol was, . a 0 acet ate
) Sl ol el s fhpn e e o e i T aredc W iphgehbo e
sol ution was /sdiiéeh ofendrehyxant hyd lmlangm:l refimngave ticlear {ohition, frdin Whichohe)

al RT and the:bfRelb ARl Mol v e hieced bgttﬁ;é%ogfg&?%vgmashm%

reacti on m xture wa neutralze tion o
1.5 N HO andeidEnthemaiidrisdder %s&ym&cowe%@%qlwéa Fe8i W
di luted w th as&d)er (100 m.) and filtered. The solid was vvashed W th
wat er andlsdrl ed
Synthesis of (1R,2R.45)-2-((1.R.25)-1-Ethoxycarbonyl-2-vinvl-cvclopropylcarbamovl)-
4-hydroxy-cyclopentanecarboxylic acid fert-butyl ester (147)
OH

\Y \\\ NH ”/<O

-
2
=

o\

Compound 146 (56 mg, 0.264 mmol) was dissolved in dioxane/ water 1:1 (5 mL) and

20 the mixture was cooled to 0 °C. 1 M lithium hydroxide (0.52 mL, 0.520 mmol) was
added and the mixture was stirred at 0 °C for 45 minutes, after which the mixture was
neutralized with 1M hydrochloric acid and evaporated and coevaporated with toluene.
The crystalline residue was dissolved in DMF (5 mL) and (1R,25)-1-amino-2-vinyl-
cyclopropane carboxylic acid ethyl ester hydrochloride (60 mg, 0.313 mmol) and

25  diisopropylethylamine (DIEA) (138 pL, 0.792 mmol) were added and the solution was
cooled to 0 °C. HATU (120 mg, 0.316 mmol) was added and the mixture was stirred
for 0.5 h at 0 °C and for an additional 2 h at room temperature. The mixture was then
evaporated and extracted with EtOAc, washed with brine, dried, filtered and
concentrated. Purification by flash column chromatography (toluene/ EtOAc 1:1)

30 provided the title compound (86 mg, 89 %) as a colourless oil. The afforded oil was
crystallised from ethyl acetate-hexane.



under vacuumat 50 C to give the crude product (27 g). The crude
solid was washed wth 5% ethyl acetate in pet. ether which gave pure
title conpound (22.5 g, 59% . TLC EtOAc/ Pet. ether, 3:7, Rf=0.4 15
Sten B: Synthesis of 4-Am no-5-cyano-2-hydroxy- 3-net hyl benzoic acid
(142) NH2 CN HO;1 0 To a solutionid Li OxH2O (8.4 g, 0.2 nol) in
et hanol /water (1:1, 300 ni) was added corrpound 74 (22 g, 0.1 nol) at

RT and the reg I 30 C for 20 4h. The
reaction m xt BRS¢t CXH—trTTen i t he obt ai ned residue
was diluted M (100 rrL) vvashed W|th pet. ether/ ethyl
acetate (1:1,THXd £ Il yvg@h t- B0 d
to pH=5 usi ng%é %O%asgndJ the o t;%g%)é X &ggﬂh@ ﬁﬁmn?ﬂ;ﬁgfrjgg
of f. The aqu érF%lgFéPowsa wejvlﬁh@ﬁayexifhﬁ&é%a@&ewma@fi the soppging

(2x300 nl)§ dbimia &) dxibinalietiviat @uist)ngepltmrmefupétﬁﬂmbm a cth eulﬁﬁHbT]iHE‘d

25 products i ve
the pure titl e ?%‘%E%"W%“ o3 PR Eiibioh Boly B ALY

ience vol. 285 pp. 110-113 with modifications descnbed by
Rt =0.2 128 Siypann S§
of 2- Ani no- 4- H{adégéxyt-a@ (mmybh@ﬂwmﬂdglyas(4643)4&@1&!&1&111&4 dehtréening

m xture of caq ﬁ?gﬂf‘%ﬁéﬂ%ﬁﬁ?ﬁ?@%@ ngsgs{;oﬂo‘ggl noline (50 nL) was

heated to 17 ervescence cease@) The reaction
ne

m xture wiks cOwlaswywsiliced thatably dgosfenied eglidine Saht lnoheadisrealictadicfredvo as
500 ni) fol | cn@ALRY. s ceBUiNEharb&9an FINA enkB@ing hBREH0RIR brebsidecoieBuct

stirred for 15 m.n a aqg ueous

| ayer was furtHEH® %gfﬁe‘ﬁ“%ﬁﬁgglﬁsgﬁ%&mi égqme)altbtt@n#&{;rg@@m

qui nol i ne cdnistnat Bibpsori Entay Gko(IBES biyem eneephaleinyidarditds virus (EMCBN, HCI

to pH=5, the makhs B@B@re Biftértp%ft fif- lu%ﬂé}aﬂ: Ja8d a‘éé!g@féblé/ ﬁﬁfﬂéfrborm}ﬁgneo

obt ai ned solid was U}E ﬁ th 5% Oet %ﬂ:‘?gat

other to T vacpty e PhossuEat: ( 1ountagon bodedy £ NABS ton

et her, 3:7, Rtanflat88regions)from HCV type 1b. Continued culture of the replicon cells in the
presence of G418 (neo”) is dependent on the replication of the HCV RNA. The stably
transfected replicon cells that express HCV RNA, which replicates autonomously and

to high levels, encoding inter alia luciferase, are used for screening the antiviral
20 compounds.

The replicon cells were plated in 384 well plates in the presence of the test and control
compounds which were added in various concentrations. Following an incubation of
three days, HCV replication was measured by assaying luciferase activity (using

25  standard luciferase assay substrates and reagents and a Perkin Elmer ViewLux"
ultraHTS microplate imager). Replicon cells in the control cultures have high
luciferase expression in the absence of any inhibitor. The inhibitory activity of the
compound on luciferase activity was monitored on the Huh-Luc cells, enabling a dose-
response curve for each test compound. EC50 values were then calculated, which

30  value represents the amount of the compound required to decrease by 50% the level of
detected luciferase activity, or more specifically, the ability of the genetically linked
HCYV replicon RNA to replicate,

Inhibition assay
35  The aim of this in vitro assay was to measure the inhibition of HCV NS3/4A protease
complexes by the compounds of the present invention. This assay provides an

indication of how effective compounds of the present invention would be in inhibiting
HCV NS3/4A proteolytic activity.



Step D Synthesis of 2-Am no-4-nmnet hoxy- 3-nethyl benzonitrile (144) 1
ONH2 | CN 15 A m xture of conpound 76 (12 g, 0.08 nol), K2C03 (11 g,
0.08 nol) in dry DM (200 nL) was stirred for 15 mn at RT. To this
was added Mel (13.6 g, 0.096 nol) and the mixture was stirred for 4h
at RT. The reaction mxture was dilutéddwith water (800 nL),
extracted with 30% ethyl acetate in pet. ether (3x300 nL). The
conbi ned organic |ayers were washed with water and brine, dried and
concentrated to give a 20 crude product. The crude product was washed
with pet. et hEre inbigionef fullength hepatitic CrpeA prdtegst2ngym@824 medsled eRentially
ﬁt ?tzer /A Et OAZ , asﬁt'e?cﬁbEﬁ ﬁppd%itaﬁ&@ Qoﬁz Px%lvniﬂ?gsé.io% &burification 23363 371. Bricfly, the
- (2- Ami no- 4- oxy-3- nyl - nyl ) - 0
To a sol uti od‘%rﬁz%%mﬁ”{dgéﬁﬁ?ﬁle')?ogﬁgﬁ @%”%ﬁﬁ%‘—”’f&%@fﬁﬁmﬁs@l)“
added MeMfBr NHn(Aha8péoy SawidserUSA)wad dasuted sPecd@BuoomgtriebllPinGhe presence
drop-wi se. Thea'R2a6dd QB kRES VAT GRIVLEERY AR FREsHs, D en at

PRSI PRIARS Fiflads =q3£ﬁgﬂga““

R

55 C for 3h. _.The reaction mxég{i_e é@&éoo .07 C ed with
i ce-col d 1. sNMIpsgralHipghemiptry apd Migrabio paladivepiitveSwedene eade K7
5 m xture wasfRlodhetedh 994019348l dthe eAB0hen(l nM)eadsrinaibstdd wi 30hmd HEPES, pH
acetate (2x3 sophi. nedn 06,aani.cr i . 2@@&& '
brine, drijed ’g%c} %ﬂcﬁ?’ﬂé’t@@?ﬁ%?@éﬁ%ﬁ%ﬂ’ %gl%ﬁgi%’ iﬁe_ rude 4\§o§qq%ftor
was di ssol%edqnd nhdbiteyat 3¢ far d 0 migovherqupon heaerchien waginfiiated bysdditign pf
and passed t l0.DuNsudsthed Bhibitolsivete disdolved i DMB(E s6fitfaEd fof ROk ks and
concentr at ed. i | with 5% ethyl acetate in
pet. ether \/\/nviotlft &ga\s}‘g‘eﬁ% g&’@@g%ﬁ%ﬁ%ﬁ@ﬁb@ay e(e§ nbefas%@%a{%s a yell ow
solid. TLC: Pet. ether/ EtOAc, 7:3, Rf=0.4. Exanple 40: Synthesis
of 3- Ox0- 2- ox eFRifuCddabehtrtibl HEPMBIEM At WMpicCr ARG sk i 3.3 Yihe rate
ester 151 5( 1%(%)113(00:01)(915%% corrected for inner filter effects according to published procedures.
[Liu, 1999 Analytical Biochemistry 267 331-335]. Ki values were estimated by non-
linear regression analysis (GraFit, Erithacus Software, Staines, MX, UK), using a

model for competitive inhibition and a fixed value for Km (0.15 pM). A minimum of
two replicates was performed for all measurements.

20
The following Table 1 lists compounds that were prepared according to any one of the
above examples. The activities of the compounds tested are also depicted in Table 1.

Compound nr. structure ECso (uM) Ki (uM)
Replicon assay | Enzymatic assay
29 o @A}
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~N
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L\j_ﬁ" 10 -

47
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L\ o
o

0.00618 0.00050




DVAP (14 ny,
stirred

i nert argon at nosphere at
roomtenperature and was stirred 20 overni ght.

0. 115 nmol ) and Boc20 (252 ny,
1.15 nmol )

solution of 145 (180 ny,
O T. The reaction was allowed to warmto

1.44 mmol ) was added to a

in 2 nm CH2

The react

Cl12 under

ion m xture

was concentrated and the crude product!3was purified by flash col um

chronatography (tol uene/ethyl

acetate gradient 15:1, 9:1, 6:1, 4:1,

2:1) which e The tT e conpound (124 Ty, T 51 e C s
1H NVR (300 OMRYREE)- | S 1. 45 Q@C“Q‘H) 1. 90 ?855&3@1 0 m
2.10-2.19 (m| 25 3H), 2.76-2.83 (m 1H, 3. lﬁe]jls:,on]a,ké)ay 4E99yn§a£‘1,ca§da3r
13C-NMR (75.% Mz 4,CD30D) 6 27.1, 38.0, 37.|[7, 40.8, 46.]1, 81.1,
81.6, 172.0, [177.7. Alternati v thod for Alternative method for

t he~~aration|of conpoundg 146 of ound 144 O O, BF3.|[Et20 (0.5
eq.) & OOCHDCM -10 Cf 70 min % O- O 143 146 30 Conpound 145
(13.9 g, 89 mmol) was dissol ve dlchloronethane (200 M) and then
cooled to approximately|-10C un efénTtrogen IsoQHh Iene was t hen
bubbl ed into-+he—&39——s?!dt:cn eAHH—the—totial—voltrre—had—rereased
to approximafely 230 ni [which g veug' turbid sol ution. BF3.Et20 (5.6
m, 44.5 mol, 0.5 €q.) |was adﬁ%ﬁgﬁhd the rgaction m xtlure was kept
at approxi mafely -10C upder nitrogen. After [10 min, a cllear sol ution

was obtained] The reaction was wgbpitored by |TLC (Et OAc- Tol uene 3:2
acidified wifh 5 a few drops of tack{ipc acid |and hexane-Ht OAc 4:1,
stai ning with basic perfranganat €1_soFution).| AB.54& 1"h dnl y5100&des of
conpound 145|remaiged and aq. saturated NaHJG3 (200 nl)| was added to
the reaction|m xture, which wa gietirrec vigorously (for 10 mn.
The organic [ayer was whashed w rsaturat ed INaHCO8 (3 x |200 nl) and
brine (1 x 150 m), then dried with sodiumisulfite, filitered and the
resi due was ¢vaporated o 10 qnf%lly resi dde. Upon addi|ti on of
hexane to the residue, {he product X7 eci pits ign
hexane and heatina—to—r fl ||B ﬂD\l}'ﬁ’ﬁT\l narp C:I 11835&%85&\ HwwH 398’0453
patHrg—toe gave—a
product crystalli 8éd. T1e crysta s m@re col llect ed by f||trat|on and
was washed with hexane|(rt), t° Hr-dried for 72 h gifvi ng
col ourl ess ngedles (12.45 g, 58.7:;mol, 66%. 15
| oé’:_{:
) 10 1
82 .
/"-EE(:D/J':;_
.
\zlij—&j{i -3
s 8.321539 9.40x 10
o
/kLl?JL,\?
L i
uEim%i%
56 ‘ 2.93 x 10° 1.00 x 10*
Rou
°€Kg$fﬂ
57 > 1.87 x 10° 3.00 x 10




Synt hesi s of

(1R 2R, 4S)-2-((1R 2S)-1- Et hoxycar bonyl
4- hydr oxy- cycl ouent anecar boxyl i c acid tent-butyl

Conmpound 146

(5 m.) and 20 the mixture was cooledb 0 C
(0.52 nL, 0.520 nmol) was

(56 ny,

-2-vin

yl
ester

(
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15 neonyci ne phosphotransferase). The construct is bordered by 5 and
3" NTRs (non- translated regions) fromHCV type | b. Continued culture
of the replicon cells in the presence of 6418 (neon) is dependent on
the replication of the HCV RNA. The stably transfected replicon
cell's that express HCV RNA, which repllfrates autononously and to

hi gh | evel s, encoding inter alia luciferase, are used for screening

vel | plates ifr-?PYS é‘%ence of ¥HEM®st and [corft%se onpounBLM ch

the antiviral rFfU TO s, The repticon Cel\l‘is Werfl\ﬁ)l ated 111, 384
i
were added in various cogncentrations. Fol |l ow RgplivoniassaybaBneynnaic assay

activity (usilng 25 standard |1 assay| substrates fand reagents
and a Perkin(El mer Viewlu)Jm u aHTS m cropl ate i mager|). Replicon
cells in thejcontrol cultures h hi gh lucli ferase exprlession in the
absence of any inhibitof. The [ LA gory actjivity of the conpound on
| uci ferase agtivity was nDnlto&£4£‘_ﬁAﬁhe Huhf- Luc 86? enabling a
dose- response—curvefot—each—test—conpouhd- §'“°° were fhen
cal cul ated, which 30 val ue represents the anDunt of the conmpound
required 0 dasRBRY. by HPYN RGN RhyiPt 10 BhARREKHGHEL LECGR S o 47
activity, or nore specifically, the abilTity of e geneticallTy I'inked
HCV repllconﬂﬁﬁﬁ to replicate. Inhibition assay 35 The aimof this in
vitro assay uarsl plmnnmmkme‘ecstdf@ohnﬂohﬁﬂ tni. hinohalkiahd fialedShrigueil¥adey rats
conpl exes sby B, GARRALATS 10tadlle e Ritnula VR B SODPEEMGWASS A the

provides an on of [ |ve conpoun e present
i nvention V\/t)lH”"EPe’Ei*@3 o1 Deptting| Wthdon%gWSB?%WﬁP&Vﬁﬁlaﬁeﬂc activity.
132 The inhibition of full-length hepatitis C NS3 protease enzyne

K ST 0O iy SRSy T o s o 0

depsi pept i de Véﬂéi?)@!lﬁ%mb’ dividedomty Feranes ERABUSY Irddenaskgann
(AnaSpec, 105abodte) a3 b0t el STHES i A e hdiidid lﬁﬁinidlsﬂcﬁh |th dlﬂ'elttb@

presence of a e cof act or ... KKGSV, VI V 5@ Eg
bepar t ment _oftuohdin 4R ERpHGR, dpr bt S 665508l Blinking
Uni versity, Sweteemaingd avadatde adb@l‘ﬁlﬂi#Bl ochem 36 9340-9348]. The

y
enzynme (1 nM was i ncubat ed in 50 MM HEPES pH 7.5, 10 mM DTT, 40%

gl ycerol, % oct I-D | ucosi de, wi of actog .10 an

i nhi bi t or at e %ﬂ‘?&?é‘iﬁﬁ‘ﬁﬁ‘?f 1%85’??8@ S?H ?’BP‘&’&g

addi ti on 16f nr. 47, formulated as a 3 mg/ml 50% PEG400/water at pH 8. Rats from the boosted
group received a single oral dose of ritonavir, about 30 minutes before single oral
dosing with 10 mg/kg of Compound nr. 47. The drug formulations were administered

t hree days, HCV replicatiion was asyged by lassaying lucj ferase
dﬁH as
I

by oral gavage.

20  From each rat, a 0.5 mi blood sample was collected at 0.5h, 1h, 2h, 4h and 8h after
dosing. Plasma concentrations were determined using HPLC-MS. Results are shown
in the table 2 below, expressed as fold change in pharmacokinetic parameter of the
boosted group as compared to the non-boosted group.

25 Table?2

pharmacokinetic parameter | ritonavir
Compound nr. 47 | Cpax 2.2
AUC 2.5




0.5 M substrate. Inhibitors were dissolved in DMSO, sonicated for 30
sec. and vortexed. The solutions were stored at - 20C between
nmeasurenents. The final concentration of DMSO in the assay sanple was
adjusted to 3.3% The rate 15 of hydronS|s was corrected for inner
filter effects according to published!ptocedures. [Liu, 1999

Anal ytical Biochem stry 267 331- 335] Ki val ues were estimted by
non- | i near ressi n anal aFLt rithac Sof t war e, ai nes
WU s nes e B e Rt Erstb AT s g ek D o
for Km (0. 15 ®gmpotindinnidifumrasfwith ewsrallegxposisasesprsssed pe AU inerdasiingr ovat 2-
measur ement s.g0 The following Table 1 |ists conpounds that were
prepared according to any one of the above exanples. The activities
of the compounds tested are also depicted in Table 1. Conpound nr.
structure EC50 (M Ki (gM Replicon assay Fnzyg~atic assay 29 C-H O
10 - 47 0.00618 0.00050 133 Compound nr. structure ECSO (M 1(i (M

Replicon assay Enzymatic assay 46 G~ " 0.91 - 91 oy", 8.54x103
5.00x105 55 1*P 0.36743075 5.00 x 10-3



81 ~y d~a Lo 10 1 82 8.321539 9.40 x 10-3 56 2.93 x 10-3 1.00 x 10
05700 g~~1.87 x 10-3 3.00 x 104 134 Conpound nr. structure
ECso (M Ki (M Replicon assay Enzymatic assay 94 3.26 x 10-3 1.00
x 10-4 48 2.33 x 10-3 2.50 x 10-4 95 4.04 x 10 1.00 x 10, 75 b 5.75
x 10-2 71 10 - HN O XN-9 103 6.30 x 'tb73 - 72 6.60 x 10-2 135
Compound nr. structure EC50 (gM Ki (M Replicon assay Enzymatic
assay 66 0. Oéléqn;xarrpl e 32: In vivo effects of Ritonavir on the
phar macoki nettesrof Compound nr. 47 in rat Oal pharnacokinetics of
Compound nr. 47 in male and femal e Sprague-Dawl ey rats 5 after a -
si ngl e dose at. J;Cboqquohgdham e forin@laul ati on i n 50% PEG400/ wat er and
the influence of "boosting" vmth 10 ng/ kg ritonavir were

i nvestigated. Four nale and four fexfal e Sprague-Dawl ey (SD)-rats
(approx. body wei ght 200-2509) 6wer ra don1|¥ divided into 2 groups
of 2 males and femal es each ( Qo " 10 boost ed) based on
body wei ght. The wei ght of the i animal s did not differ too

()

R1

5 an N-oxide, salt, or stereoisomer thereof, wherein
each dashed line (represented by - - - - - ) represents an optional double bond;
X is N, CH and where X bears a double bond it is C;
R!is ~OR’, -NH-SO,R%;
R? is hydrogen, and where X is C or CH, R* may also be C;_salkyl;
10 Rlis hydrogen, Cy¢alkyl, C;.¢alkoxyC;¢alkyl, Ciscycloalkyl;
R* is aryl or Het;
nis3, 4,5, or6;
R® represents halo, C; galkyl, hydroxy, Ci.salkoxy, polyhaloC; salkyl, phenyl, or Het;
RS represents C; ¢alkoxy, or dimethylamino;
15 R’ is hydrogen; aryl; Het; Csscycloalkyl optionally substituted with C;salkyl; or
C1alkyl optionally substituted with Cs;cycloalkyl, aryl or with Het;
R?® is aryl; Het; Cacycloalkyl optionally substituted with C; salkyl; or Cy.salkyl
optionally substituted with Cs_7cycloalkyl, aryl or with Het;
aryl as a group or part of a group is phenyl optionally substituted with one, two or three
20 substituents selected from halo, hydroxy, nitro, cyano, carboxyl, C;alkyl,
Crsalkoxy, Cy.salkoxyCialkyl, C;.salkylcarbonyl, amino, mono- or di-Cj.salkyl-
amino, azido, mercapto, polyhaloC; . ¢alkyl, polyhaloC,.salkoxy, Cs.scycloalkyl,
pyrrolidinyl, piperidinyl, piperazinyl, 4-C;salkylpiperazinyl, 4-C; salkylcarbonyl-
piperazinyl, and morpholinyl; wherein the morpholinyl and piperidinyl groups may
25 be optionally substituted with one or with two Ci.salkyl radicals;



much fromthe group nmean. The aninmals were fasted shortly before the
trial. Drinking water remained available ad |ibitum Rats fromthe
non- boosted group received a single oral 10 ng/ kg dose of Conpound

15 nr. 47, forrmulated as a 3 ng/mM 50% PEGA00/ wat er at pH 8. Rats
fromthe boosted group received a si n@ e oral dose of ritonavir,
about 30 m nutes before single oral dosing with 10 ng/ kg of Conpound

nr. 47. The fo t] . 1 nj
From each 1 at Bepsg W00 SgalilR o YRR 06 ¥ohb BleFiEina sihflobbariBli ARy o
4h and 8h after orgempleiely msaBaiedrtescharing sentaiping 1 dof betgioroms$athg
HEL G- MB. Rea ul t Sn@et’(;ﬁndﬂﬂﬁy\@eledtéﬂ e nitﬁ):cgblﬁ o2y @l @ Wsulfi iatbiitstodslit dhel
change i n phar macgoki net | ar [, Q . 0
Co the non: boos e SRRAARRERE Hhin AL ShEhnBEll Bt SOTRER
ritonavir 5 Conpowtignaily subistitiged with ong two opibgesulsstitggts expheindeneadantly
dﬁrmnSt r ﬁt e t hatsel'e;lc:ﬁe@ A the %&ﬁb&ﬁ%ﬂ;ﬁh by haﬁ&h@ﬂfb{ﬁ% iR6, cycin?o, carboxyl,
phar macoki netics. o nd nr. n Wi ver .eXposur es,.
expressed as Au&lﬁﬁ‘é?‘g?é?ﬂﬁ%”xé{vgwa%“%rﬁaﬁqa% Craifey @I%:\%’fg amindy Mopp= & id
havi ng the for miligalkiRemiRg azid\mddapto, bolyhaloC:.@ikyl, pplyh@eCGatkoxy HN R3
N RL 5 an N-oxidgeycisiibyl, froBbfyE BipeAMRY, biBEaARYY, 4.6 SiiRY iperaziny],

10 4-C;alkylcarbonylpiperazinyl, and morpholinyl; wherein the morpholinyl and

piperidinyl groups may be optionally substituted with one or with two C.salkyl

radicals.

2. A compound according to claim 1, wherein the compound has the formula (I-c),
15 (I-d), or (I-e):




each dashed line (represented by - - - - -) represents an optional
doubl e bond; X is N, CH and where X bears a double bond it is C R
is -OR7, -NHSO2R8; R2 is hydrogen, and where Xis Cor CH R2 may
al so be G _balkyl; 10 R3 is hydrogen, C-6alkyl,

G _6al koxyCl. 6al kyl, C3-7cycloalkyl; R¥is aryl or Het; nis 3, 4,
5, or 6; RS represents halo, Cl1_6al kyl, hydroxy, Ct.6al koxy,

pol yhal oG v6al kyl , phenyl, or Het; RR6 represents Cl4al koxy, or

di met hyl am no; 15 R7 is hydrogeg, y Hetgs C3- 7cycl oal kyl
optionally substituted with Cl4a (§-6a|ky| optionally
substituted with C3. 7cycl oal kyl, & ith Het; R8 is aryl; Het;
C3. 7cycl oal kyl optionally substitutéd th Cl4al kyl; or d. bal kyl
optionally substituted with C3. 7cycl oal@yl, aryl or with Het; aryl as

a group or part of a group is phe%? opty onally substituted with one,
o
(/

two or three 20 substituents sel ecteg
cyano, carboxyl, d-6al kyl, C1-6alko kyl ,
Cl. 6al kyl car bonyl , am no, nono- or di 7O -8&al kyl - am no, azi do,
mer capt o, pol yhal oG -6al kyl, poly
pyrrolidinyl, piperidinyl, piperazinyl,
4- C 4al kyl car bonyl - pi perazi nyl, ggd
nmor phol i nyl and pi peridi nyl groups may
with one or with two Cl-6al kyl radical s s Het as a group or part
of a group is a 5 or 6 nenbered saturated,y partially unsaturated or
conpletely unsaturated heterocyclic ring containing 1 to 4

het er oat ons each independently selected fromnitrogen, oxygen and
sul fur, said henaoappahd sccbiditg tolhey o drldinn sl wheendrissdetdd frora the
benzene ring; a I i awhole is 5 optionally
substituted wt Bﬁggh ﬂ§g§?bgﬁpgéw%ﬁ%gf¥$uents each i ndependently
sel ected f¥omthe group consisting of hal o, hydroxy, nitro, cyano,

4- @] - 6allkyl pi perazi nyl,
g o) A 3 erein the
5 optiﬁhally substituted

car boxyl, Ci1-6al kyl, C1-6al koxy ~ 6al koxyCl- :
C - 6al kyl car bonyl , am no, nmﬁe—{é; d|[- Cl1./8 a , azido,
mer capt o, pol yhal oC, - 6al kyl, pol ¥ha g%éGalkoxy, cycl oal kyl ,

I
m no
pyrrolidinyl, piperidinyl, piperainy ;\4;C1-6aI%yIp perazinyl, 10
4- C1- 6al kyl car bonyl pi perazi nyl, and norpholinyl; wherein the

nor phol i nyl and piperidinyl gr may be OQLiO substituted
with one or with two Cl- 6gkkydn
/

\N J"{ , and \\N/N?JJ:;

wherein R* is, each independently, hydrogen, halo, C;.salkyl, amino, or mono- or
di-C,-galkylamino.
10
4. A compound according to any one of claims 1-3, wherein R® is methyl, ethyl,
isopropyl, tert-butyl, fluoro, chloro, or bromo; and R® is methoxy.

5. A compound according to any one of claims 1-4, wherein
15 (2) R' is —OR’, wherein R’ is C; salkyl or hydrogen;
() R! is -NHS(=0),R?, wherein R® is methyl, cyclopropyl, or phenyl; or
R! is -NHS(=0),R?, wherein R® is cyclopropy! substituted with methyl.

6. A compound according to any one of claims 1-5, wherein n is 4 or 5.
20



radicals. 2. A conpound according to claim11, wherein the conpound
has the fornmula (1-c), 15 (1-d), or (l-e): RS RS R6/ NN RA R6 / N
R4 00 31 RZ3 4 61 ~510 20020 NHN3 HN3 W)n 4 RL R3i
y)hs RL 6 s\ 57 (I ~) (I-d) 139 RS, \' NRA OR a 4 (l-e)
\r s OOO NHN R)n R7T s $\ 6 . A conpound according to any
one of clains 1-2, wherein R4 is selected fromthe group consisting

of phenyl, pyjidi J?)'m%o%d ac%ording to any one of claims 1-6, wherein R® is hydrogen or
Ci¢alkyl, in particular R? is hydrogen or methyl.

8. A compound according to any one of claims 1-7, wherein R*is a radical

S S
( \ll_ ) 2 Réa /\’
R46AN)§ \\ /NH q,) \\N/N}fi‘ (q:_l)

wherein, where possible a nitrogen may bear an R*? substituent or a link to the
remainder of the molecule; each R* in any of the R* substituents may be selected
from those mentioned as possible substituents on Het, as specified in claim 1,

10 9. A compound according to any one of claims 1-7, wherein R* is selected from the
group consisting of: '

s S =
R4a_<\ j’\ R4a4ql R43—N\/j\ R4a_<\ﬁ
N N L, N fr’: or N

(g-1) (a-2) (a-3) (a-4)

15 wherein each R* is hydrogen, halo, Cy.salkyl, amino, or mono- or di-
Ci-galkylamino, pyrrolidinyl, piperidinyl, morpholinyi, piperazinyl, 4-C;.salkyl-
piperazinyl; and wherein the morpholinyl and piperidinyl groups may optionally
substituted with one or two C;-¢alkyl radicals;

20  10. A compound according to any one of claims 1-9, wherein RCis methoxy.



Rae. / IR4da CS R4da Rda-N \N ~N-NSN ~ ,and ~; wherein Rd4a is, each
i ndependently, hydrogen, halo, Cl.6al kyl, am no, or nono- or

di -d -6al kyl am no. 10 4. A conpound accordi ng to any one of clains
1-3, wherein RS is nmethyl, ethyl, |soqr]g\p tert-butyl, fluoro,
chloro, or brono; and R6 is net hoxy 5 corrpound accordl ng to any
one of clains 1-4, wherein 15 (a) RLis -OR, wherein R7 is Cl4al kyl
or hydrogen; (b) Rl is NHS(=0O) 2R8, wherein R8 is nethyl, cyclopropyl,
or phenyl; or 4R o MREH § pyI
substituted WI A&%ﬁmmé&ﬁﬁ&)moun a@%oé%?ﬁx t@egsgy one of
claims 1-5, wherein nis 4 or 5. 20 140 7. A\compound according to
any one of clainms 1-6, wherein R3 is hydrogen por C -6alkyl, in
~particular R3 is hydrogen or nethyl. und according to any
one of clainms/1-7, wherein Ra is-& | RRaa \ ' 5 R4A\N-
(9) \NNH (qg') \NN(qgq'-1) wherein possi bl e a nitrogen may
bear an Raa substituent or a link to remai nder of the nol ecul e;
each Raa in any of the Ra substituents n@y be selected fromthose
ment i oned as possible substituents on Hét, as specified in claiml1.
10 9. A conpound according to any lpne clainms 1-7, wherein Ra is
selected fromthe group consisti : \H ~é§ S . R4da Raa-N Raa Raa \i N

12, A compound according to claim 11 wherein the compound is in amorphous form.

13. A form of the compound of ¢laim 11 obtainable by:
a) stirring at reflux under nitrogen for 2 hours, a solution of 560mg (0.867 mmol)
of compound no, 46 and 308 mg (1,90 mmol) of carbonyldiimidazole in 10
m] of dry tetrahydrofuran;

b) cooling the reaction mixinre obtainable from step 4) to room temperature and
adding 400 mg (3.301 xamol) of cyclopropylsulfonamide and 286 mg of DBU
{1.881 mmol);

¢) heating the solution obtainable from step b) at 50°C for 15 hours;

d) cooling down the reaction mixture obtainable from step ¢) at room temperature
and concentrating it under reduced pressure;



ND~ NN=~or N(g-1) (g-2) (g-3) (g-4) 15 wherein each Raa is
hydr ogen, hal o, d -6al kyl, am no, or nono- or di- Cl-6al kylam no,
pyrrolidinyl, piperidinyl, norpholinyl, piperazinyl, 4-Cv6alkyl -

pi perazi nyl; and wherein t he nDrphollnxl and plperldlnyl groups nay
optionally substituted with one or two %J-Galkyl radi cals; 20 10. A
conpound according to any one of clainms 1-9, wherein R6 is nethoxy
141 11, A conpound according to claim| wherein the conpound is:

O NOpHOO KN .H ' S~ accor
wherein the co WF@F&%WF‘@WE@&“@Q%M“% g’b‘iﬁ}’nc% azﬁ’@&HOllN
conpound of claim washmg&e negahie ldwr Wa;)lbﬁne, dryimgsaidt orgefi¢ layerwitieMgSO;,

nitrogen for 2 hougss %@ gy (0,867 mml) of conpound

no, 46 and 308 1) of car i l.e dry

t et r ahydr of ur aanJI\Fg’"“'”ég?JJ r{%l\) %%ﬁ%a Eﬂf”% %d”%%ﬁ%&&%@?ﬁp

m xt ure obt ai nabl e(mdémtgfﬁw@)(ott@%%bm@éﬁié@w Hedng otrh offfwhde
mg (3.301 mol ) of sqebpr opyl sul fonam de and 286 ng of DBU (1.881

nmrol c) heatin bt for
hour)s Q) cool i 19t HEbIERR AR L BRIt vl AR i
at room t enper at ur éﬂpfahﬂe@%é@ﬂl'ﬁ%ﬁﬁé offrwhitecrelid § F%Yﬁ%‘é!ﬂm’@hsure 142
e) partitioning the residue obtainable fromstep d) between CH2Cl2

and HCL1 N, vis'i it i A6RRTHS o AUt WhdiWd Qfpolliaend sai d or gani ¢

| ayer with My

16. A compound according to claim 1 wherein the compound is:



and evaporating said organic layer; f) purifying the organic |ayer
obtai nable fromstep e) by flash chromatography (gradient of EtCQAc
(0 to 2599 in CH2A 2) affording 314 ng of an off=white solid; and Q)
washi ng the off-white solid obtainabl elagom step t) with water and
then with isopropylether, and drying said off-white solid in a
vacuum oven, 14. A conpound according to claim 1l wherein the conpound
is: N 14 111~ -NH ~L H 15. A conpound according to claim| wherein
the conpound is: CI N~iON5 i 1-4 ON~r" OO0 N N 16. A
conmpound according to claim1 wherein the conpound is: 143 C "0 N~
N3 O~ O NH~NO N 17. A conpound accord to any of clains
1-16 ot her than an N-oxide, or salt.CI 18. nmbi nati on conpri si ng
(a) a conpound as defined in any @ne)of \cl | to 17 or a

phar maceutically acceptable salf
pharmaceutically acceptable salt t

\
N & 0o
i EO;»NH L &2

R
=

i

17. A compound according to any of claims 1-16 other than an N-oxide, or salt.

18. A combination comprising
(2) a componnd as defined in any one of claims 1 to 17 or a pharmaceutically
acceptable salt thereofs and
(b) ritonavir, or a pharmaceutically acceptable salt thereof,

19. A combination comprising
(2) a compound as defined in any one of ¢laims 1 to 17 or a pharmaceutically
acceptable salt thereof} and
(b) (pegylated) interferon-alpha, or a pharmaceutically acceptable salt thereof.

20. A pharmaceutical composition comprising a carrier, and as active ingredient
an anti-virally effective amount of a compound as claimed in any one of claims 1-17
or a combination according to any one of claims 18-19,

21. A compound according to any of claims 1-17 or a combination according to
any one of claims 18-19, for use as a medicament.

22, Use of a compound according fo any of claims 1-17 ot a combination
according to any one of claims 18-19, for the manufacture of a medicament for
inhibiting HCV replication.



19. A conbination conprising (a) a conpound as defined in any one of
claims 1 to 17 or a pharmaceutically acceptable salt thereof; and
(b) (pegylated) interferon-al pha, or a pharnaceutically acceptable
salt thereof. 20. A pharnaceutical conposition conprising a carrier,
and as active ingredient an anti-virall effective amount of a
conpound as clainmed in any one of clains 1-17 or a conbination
according to %r}y one of claims 18-19. 21. A conpound according to any
of claims 1-17 of HOESHST BRPIENE srostppenday olaimedimanywécloimscl ol fasvherein
18-19, for use asmidproesscamprides: 22. Use of a conpound according to
any of clainms 1-17 or a conbination according to any one of clains
18-19, for the mppufacture of a medi cament for inhibiting HCV
replication. 144 prpanguas eaunound of fopnus ) whereln the hensihstivess Coland Rets a
in any of cl ai medduble tibAd, whiel Bigvompendl difaness(16Y) B fhiasss 2 dakble bondd
preparing a conmpQkl fayqes J et. C7 an

Cg is a double bon%n_cév%%@%;i s%ﬁggﬁgﬁbféﬁh%ﬁnﬁ% ”%"ilﬁs’gg‘y .
formng a doubl €OBEALAT, LY %W"%? thepperecycle gs paftipedin g follpwing seastien | n

met at hesi s reactdebgreiwi th  concomitant cyclization to the macrocycle
as outlined in the followng reaction schene: O-Re R9 2 RZ O-X 0 O
XO0,0NNNRS)nRSI\bHﬁR9 RL ~I11I1 -- ~ O/RQ

R ‘ R2
X
O\( 0 o\l/
I:{3,1\1 MN O
)
R1
Py

(1a) ()

wherein in the above and following reaction schemes R reprosents a radical

RE N. _R?%

(b) converting a compound of formula (I-i) to a compound of formula () wherein
the link between C7 and C8 in the macrocycle is a single bond, i.¢. a compound of
formmla (3-7):



(1a) (I-i) wherein in the above and foll ow ng reaction schenes RO
represents a radical RS R6 N R4 (b) converting a conpound of formula
(I-1) to a conpound of forrmula (1) wherein the |Iink between C7 and
C8 in the macrocycle is a single bond, . a conpound of formula
(ly): 145 RO O- R X OA0O O RaeN) Rl 0-i) by a reduction
of | -ie C7-C8 double bond in the conpounds of formula (I j); (c)
preparing a conpound of fornula (1) whergin R represents -NHSOzRs,
said conpounds being represented by f fvul a (I-k-1), by form ng an
am de bond between a internediate (2 and an sul fonyl am ne (2b), or
preparing a conpound of formulag rein R represents -OR7, i.e.
a conmpound (1-k-2), by formng an dgter/ bond between an internediate
(2a) and an al cohol (2c) as outljinedXra{the follow ng schene wherein
G represents a group: O Re R2 @] HN @ G 000H + H2N- SO02R8 G4
7
’

(2a) (2b) HNzSO2Ra 0 G COOH + c?HN

(-
by a reduction of the C7-C8 double bond in the compounds of formula I-5);
(c) preparing a compound of formula (I) wherein R® represents -NHSO,R?, said
compounds being represented by formula ({-k-1), by forming an atnide bond
between a intermediate (2a) and an sulfonylamine (2b), or preparing a compound
of formula (1) wherein R? represents ~OR’, i.¢, 8 compound (I-k-2), by forming an

ester bond between an intermediate (24) and an alcohol (2c) as outlined in the
following scheme wherein G represents a group:

o~ R?

Oﬁ/ o
N HN
rs

RS })n -

@),

0
GOOOH +  HpN-SORE —— G—‘<
HN-— ]
(2a) (2b) SOaR
(k1)
0
GCOOH +  HOR?! e e—-<
7
(2a) (2¢) R (-k-2)

(@) preparing a compound of formula (T) wherein R® is hydrogen, said compound
being represented by (I-1), from a corresponding nitrogen-protected intermediate
(3a), wherein PG represents a nitrogen protecting group:



(2a) (2c) OR7 (1,k-2) (d) preparing a compound of fornula (1) wherein
R3 is hydrogen, said conmpound being represented by (I-1), froma
correspondi ng nitrogen-protected internediate (3a), wherein POr
represents a nitrogen protecting groupiyld4d6 ORB ORO Rz R2 G 00 X
O NHNO ----- >NHNO PGA~"Hn ~ R R (3a) (I-1) (e)
reacting an internediate (4a) with internedi ate (4b) as outlined in
the followng reaction schegge: RO OH O R2 R2 ~X0,X.z 0 Y-R
(4b) Y 2. 0O NHNs O R3 N 0 RB~)"s 4~nB. RER 7 (4a)
(1) wherein Y in (4b)rze sents hydroxy or a Ieaé@' ng_gr oup; and
where V represents hydr he reaction of (4a) w h i
M tsunobu reaction; aggd Y represernts a |eavin
reaction of (4a) wth Csubstitution reanPﬁﬂ; 0
converting conmpounds of yfanpdl a (4) into each other lby a functy onal

gr oup transfornatio&efeyr;ﬁ . ¢ (g) preparing a%”ﬂ rmpy
reacting the free formol a mpoyad  of forrmla(l"j t n wcid or
a base. Ne R R

(&a) ()

(e) reacting an intermediate (4a) with intermediate (4b) as outlined in the following
reaction scheme:

0
Y-RS  (4h) **r’
NS o

N_  HNs
3
R >)n b
< 1
a\‘ / =3
7

0]

wherein ¥ in (4b) represents hydroxy or a leaving group; and where ¥ represents
hydroxy the reaction of (4a) with (4b) is a Mitsunobu reaction; and whete Y
represernts a loaving group the reaction of (4a) with (4b) is a substitution reaction:

(f) converting componnds of formula () into each other by a functional gtoup
transformation reaction; or

| (8) prepating a salt form by reacting the free form of 2 compound of formula @
with an acid or a base,





