-1-:1 M DAZOLE- CONTAI NI NG | NHI BI TORS OF FARNESYL PROTEI N TRANSFERASE Thi s
applicatiion is a continuation-in-part of 5 application serial nunber
08/ 292,916 filed on August 19, 1994, which in turnis a

continuation-in-part of application serial nunber '08/221, 13®74K ed on March
31, 1994. The entire contents of these applications are hereby 10

i ncorporated by reference. This invention relates to conpounds that inhibit
farnesyl -protein transferase and Ras 15 protein farnesylation, thereby
maki ng them useful as anti-cancer ageq&s. The conpounds are al so useful in
the treatnment of diseases, other than ‘Cancer, associated with signa
transducti on pat hways operating through Ras and those associated 20 wth
CAAX-containing proteins other than Ras that are also post-translationally
nodi fied by the enzyne farnesyl protein transferase. The conpounds may

al so act as inhibitors of other prenyl transferases, and thus be effective
in the 25 treat nent 1MfIPAZ6ERCCONTAINING I INHIBDIORS POENYyFARMNESYICAt i ons

of proteins. -2- The nannalianpﬁgigqﬁpeﬂkﬂpéghﬁgggrises t hree

This application is a continuation-in-part of
5 application serial number 08/292,916 filed on
August 19, 1994, which in turn is a
continuation-in-part of application serial number
08/221,153 filed on March 31, 1994. The entire
contents of these applications are hereby
10 incorporated by reference.

This invention relates to compounds that

inhibit farnesyl-protein transferase and Ras

15 protein farnesylation, thereby making them useful
as anti-cancer agents. The compounds are also
useful in the treatment of diseases, other than
cancer, associated with signal transduction
pathways operating through Ras and those associated

20 with CAAX-containing proteins other than Ras that
are also post-translationally modified by the
enzyme farnesyl protein transferase. The compounds
may also act as inhibitors of other prenyl
transferases, and thus be effective in the

25 treatment of diseases associated with other prenyl
modifications of proteins.
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gemres, K ras, K-ras and N-ras. The Ras proteins are a famly of GIP-binding
and hydrolyzing 5 proteins that regulate cell growh and differentiation.
over production of normal Ras proteins or nutations that irtydj their
GlPase activity can lead to uncontrolled cell_-division. Th g nsform ng
activity of Ras is dependent 10 on |l ocalization of the protein to plasma
menbr anes. Thi s nmenbrane binding occurs via a series of post- translational
nodi fications of the cytosolic Ras proteins. The first and nandatory step
in-this sequence of events is the farnesylation of these 15 proteins. The
reaction is catal yzed by the enzyne farnesyl protein transferase (FPT), and
f arnesyl pyrophosphate FFPPWaQ@aié§na§a$h@en%rfﬁm%4ygﬁQﬂH?iﬁﬁﬁoﬁhrﬁethis

reaction. The Ras Geh@kli RUPaSONKa}AS Andafieiwe Nd RdLHFRRAedns _
"Cys- Aaal- Aaa2- 20  Xaa _box erein cysteine, Aaa is an

X . ((CAAX box), S, i
al i phatic am no acPg® ﬁnﬁaﬂééyigfaG§B§%ﬁ% iﬁgrﬁRQJﬁ%ﬂr Y nesyl ati on
occurs on the cysteroykinestHae pégubat&Addlbaxrdwis-atiib), t hereby

gt e, B gL sRERURESAC 0ROV A AP A4 iRl Ti0e: 0
proteins or mutations that inhibit their GTPase
activity can lead to uncontrolled cell division.

The transforming activity of Ras is dependent
10 on localization of the protein to plasma membranes.
This membrane binding occurs via a series of post-
translational modifications of the cytosolic Ras
proteins. The first and mandatory step in this
sequence of events is the farnesYlation of these
15 proteins. The reaction is catalyzed by the enzyme
farnesyl protein transferase (FPT), and farnesyl
pyrophosphate (FPP) serves as the farnesyl group
donor in this reaction. The Ras C-terminus
contains a sequence motif termed a “Cys-Aaal-Aaaz-
20 Xaa" box (CAAX box), wherein Cys is cysteine, Aaa'
is an aliphatic amino acid, and Xaa is a serine or
methionine. Farnesylation occurs on the cysteinyl
residue of the CAAX box (Cys-186), thereby
attaching the prenyl group on the protein via a
25 thio-ether linkage.

In accordance with the present invention, a
compound of the formula
30 1
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-3-fits=enantionmers and di astereoners, and pharnmaceutically acceptable
sal'ts, prodrugs and sol vates thereof inhibit S-farnesyl protein
transferase, which is an enzyne involved in Ras 5 oncogene fyghgtion. In
formula I and throughout this specificatiqng unless otherw se specified,

t he above synbols are defined as follows: [err] 10 15 J, K and L are each,
I ndependently, N, [err], O, S or CRIO with the provisos that only one of
the groups J, Kand L can be Oor S, and at |east one of the groups J or L

{nrJ]stbbedN,b Eerr],JO.L@fa ?ina&ilésmé"ﬂs I_aand4di&|sftké&fédm‘°ei:'§¢'§ﬁ¢lb6f e]g het ﬁr or: ng;

e bond bet ween n or a nma ormaone_side of a phenyl ring
fused to the fused &W%%?Q%e%%ﬁgﬁ%sa Se p@&gu%§ﬁl?&)q err],
Alerr] and Alerr] aseleaces thetrpehdendtibyit g-fakrhebylspbeteimt ed al kyl
phenyl or substituted, phedWlse [ SifilcH Sd 84 bnzbfib! invb8bEd: ir Ras

5 oncogene function. In formula I and throughout
this specification, unless otherwise specified, the
above symbols are defined as follows:

R3

. ' R3 ‘ I
2 | ® 3 N Q
a
o 0 A?

10
7/
J(K)\L
8
or ;
(CHR") e
Ny
N N
/ R® /
7
(CHR ),;.,
N
/ 8
15 G2is - R or -NR10-cH(Q1)-;

J, K and L are each, independently, N, NR?, O,
S or CR!? with the provisos that only one of the
groups J, K and L, can be O or S, and at least one

of the groups J or L must be N, NR?, O or S to form
\
\
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10 tetrazolyl, [err], [err] or [err]; [err] [err] is . attached at
the 1, 2, 4 or 5 position and optionally substituted, at any of the
avai | abl e position or positions on the ring, with 15 halo,, | or
substituted al kyl having 1 to 20 carbon aLo?sL al koxy, aryl, ‘aral kyl,

hydr oxy, al kanoyl, al kanoyl oxy, am no, al kyl am no, dlalkylan1no

al kanoyl am no, thiol, alkylthio, alkylthiono, alkylsulfonyl, sulfonam do,
nitro, 20 cyano, carboxy, carbanyl, N hydroxycarbanyl, N—alkylcarbanyl,

N-di al kyl car banyl , aalfla@éuceibenmémbeheayhecéf@ﬁng uteags W'bet@feeih
conblnatlon of these groups; are ef |nde ende - or 25

ly,
_C(O-: [err] - [etrprig & ekck, aT‘ad{épmeﬂ ?—?“br r&t éfl iy 1 to 20
car bon at omns; [errbmehgﬂrklagdfﬁsed]taayhalﬁms@@ firwd - mnmhnnddqﬂ and

[err], [err], [err}, rclk and [err] may al so be aral kyl; 30 m n and
p are each, indepehﬁgkﬁ rll'ng’or an integer fromlto 2; gis O or an
integer from1 §o 4; an@ is aBylthe dotted line represents an optiona

doubl e 0l, Al and A2 are each, independently, H,
alkyl, substituted alkyl, phenyl or substituted
phenyl;

63 is R1l, -c(o)orll, -c(o)nr11r12, s5-
10 tetrazolyl, -C(O)N(R13)ORll, -c(0)NHSO2R14 or
-CH20R11;

2

N3 O 1N N
\4 /
G¢ is 2 attached at the 1, 2, 4 or 5

position and optionally substituted, at any of the
available position or positions on the ring, with

15 halo, alkyl or substituted alkyl having 1 to 20
carbon atoms, alkoxy, aryl, aralkyl, hydroxy,
alkanoyl, alkanhyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro,

20 cyano, carboxy, carbamyl, N-hydroxycarbamyl,
N-alkylcarbamyl, N-dialkylcarbamyl, alkoxycarbonyl,
phenyl, substituted phenyl, or a combination of
these groups;

Y and 2 are each, independently, -CHz- or

25 -c(o)-;

Rl - R14 are each, independently, H or alkyl
having 1 to 20 carbon atoms;

R7, R8 and R14 may also be aryl or aralkyl,
and R3, RY, R11l, R12 and R13 may also be aralkyl;

30 m, n and p are each, independently, 0 or an
integer from 1 to 2; ‘

g is 0 or an integer from 1 to 4; and

\
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bond. 5¢tListed below are definitions of various terns used to describe this
i nventi on. These definitions apply to the ternms as they are used throughout
this specification, unless otherwise limted in specific 1 ?{Stances,
either individually or as part of a |arger group. The term yl" refers
to straight or branched chain unsubstituted hydrocarbon groups of 1 to 20
carbon atons, preferably 1 to 7 carbon 15 atoms. The expression "Il ower

al kyl" refers to unsubstituted al kyl groups of 1 to 4 carbon atons. The
term"substituted al kyl "tHeiRfttdd 13meahiepredbaAts &4 bSHE{oh£H ddubieOr
exanpl e, one to four substituents such as hal o, hydroxy, alkoxy, 20

al kanoyl , aIkanoyIé%BPd'an1no al kyl am no, di al kyl am no, al kanoyl am no,
thiol, alkylthio, alkylthiono, alkylsulfonyl, sulfonam do, nitro, cyano,
car boxy, carbanyl, substituted carbanyl, al koxycarbonyl, phenyl,
substituted phenyl 25 guanidino, indolyl, imdazolyl, furyl, thienyl,

t hi azol yl , yrrélldyl pyridyl, pyrimdyl and the Iike. The term "hal ogen”

or "hal 0" refers to fl uqx'i&id %urw Oe h@@ahlmelaﬁéléf)d@ﬁo@g terms The

term "al koxy" refers to a term "al kano refers
al kyl -C(O)-. The t &R é?%ﬂ%&;ﬂréw tPéﬁe.lEWFBtlon These definitions
apply to the terms as they are used throughout this

. specification, unless otherwise limited in specific

10 instances, either individually or as part of a
larger group.

The term "alkyl" refers to straight or
branched chain unsubstituted hydrocarbon groups of
1 to 20 carbon atoms, preferably 1 to 7 carbon

15 atoms. The expression "lower alkyl" refers to

unsubstituted alkyl groups of 1 to 4 carbon atoms.
The term *substituted alkyl* refers to an

alkyl group substituted by, for example, one to

four substituents such as halo, hydroxy, alkoxy,

20 alkanoyl, alkanoyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro,
cyano, carboxy, carbamyl, substituted carbamyl,
alkoxycarbonyl, phenyl, substituted phenyl,

25 guanidino, indolyl, imidazolyl, furyl, thienyl,
thiazolyl, pyrrolidyl, pyridyl, pyrimidyl and the
like.

The term "halogen" or "halo" refers to
fluorine, chlorine, bromine and iodine.

30 ~ The term ®"alkoxy" refers to alkyl-O-.

The term "alkanoyl" refers to alkyl-C(O)-.
The term *alkanoyloxy" refers to
alkyl-C(0)-0O-.
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al kyl -C(H -0 -6- The terns "al kyl am no" and "di al kyl am no" refer to
(al kyl )NH- and (al kyl )2N-, respectively. The term™al kanoyl ami no" refers to
al kyl -C(O-NH. 5 The term "al kylthio" refers to alkykb§- The term
"al kyl thiono" refers to alkyl-S(O-. The tergn_ " al kyl sul f ony }Bfers to

al kyl -S(0)2-. The term "carbanyl" refers toﬁﬂur]. 10 The term

"al koxycarbonyl" refers to alkyl-O-C(O-. The term"aryl" refers to
nonocyclic or bicyclic aromatic hydrocarbon groups having 6 to 12 carbon

atoms in the ring porti Ofige StEhms s PNEMEm SHPhdivhkAbRlgeY! and

di phenyl groups, each_of whi y. .he “su t| The térm "aral kyl "
refers to an aryl g?%ﬁ%rﬂﬁﬁdégugEngi (ShgﬁigﬁN r kY PEBPOLhVeSich as
benzyl . 20 The t ermhé st&fmltankahqynamﬂ » reffelrs to a phenyl group
substituted by, for to four substltuents such as al kyl, hal o,

hydr oxy, al koxy, alk il noyloxy, am no, al kyl am no, dlalkylan1no,
al kanoyl am no, thiol, aJ?hﬁtt#tm *alkylthio" refers to alkyl-s-.

The term *alkylthiono* refers to alkyl-S(O)-.

The term *alkylsulfonyl* refers to
alkyl-s(0)2-. :

The term “carbamyl® refers to -C{(O)NH2.

10 The term "alkoxycarbonyl® refers to
alkyl-0-C(0O)-.

The term "aryl* refers to monocyclic or
bicyclic aromatic hydrocarbon groups having 6 to 12
carbon atoms in the ring portion, such as phenyl,

15 naphthyl, biphenyl and diphenyl groups, each of
which may be substituted.

The term "aralkyl® refers to an aryl group
bonded directly through an alkyl group, such as
benzyl.

20 The term "substituted phenyl" refers to a
phenyl group substituted by, for example, one to
four substituents such as alkyl, halo, hydroxy,
alkoxy, alkanoyl, alkanoyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,

25 nitro, cyano, carboxy., carboxyalkyl, carbamyl,
alkoxycarbonyl, alkylthiono, alkylsulfonyl,
sulfonamido and the like.

The expression *“substituted carbamyl* refers
to a carbamyl group N—substituted by one to two

30 substituents selected from hydroxy and alkyl, and
when both the substituents are alkyl, they may be
taken together to form a 5- to 7- membered
saturated ring with the nitrogen atom to which they
are attached, said ring being optionally

_\
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25 nitrd cyano, carboxy, carboxyal kyl, carbanyl, al koxycarbonyl,

al Kyl t hi"ono, al kyl sul fonyl, sul fonam do and the |ike. The expression
"substituted carbanyl” refers to a carbanyl group N—substitﬂéfgbby one to
two 30 substituents selected from hydroxy ard _al kyl, and when both the
substituents are alkyl, they may be taken together to forma 5- to 7-
menbered saturated ring with the nitrogen atomto which they are attached,
said ring being optionally -7- substituted with hal ogen, hydroxy,

?lokox?/, ?X]? ni ”lotsﬁumﬁﬂﬂﬁutéa Qllhth 1@(1@)9&1 amgdirbgy!, l&Bko:Eh,e égpounds  of
rmul a ormsal ts,which are al sp O S9Re s invention. 5
Phar maceut i cal |y acethf@bl &¥FHCre.~C Q?X}Aﬂ'{’t o%‘@q Bh 2 oFgﬁ %Qf?y accept abl e)
salts are preferred, al tmbegd:bmpdsm'(dsadﬁ Samula Jo fosmf shlte. whichn
| solating of purlfylpg sfso%@&%ﬁ@ faddled deNeREL! Oftyedfion.  The

conmpounds of formla for I"kal i S suc as sodi um
pot assi um and | i% hi ah@rm@wmq@mm@mqam diisescRACASE%BI€i um and

magnesi um with orgﬂqyglsﬁé@ﬁcas}ﬁh Sfcdfrarlleoheikampe, dpféféwdd,am ne,

pyridine and 15 am nftﬁgﬁg Li'fehr assalatr Iai}len%lsloyalsgguim té‘.e, l:{tlfe'
isolating or purifying the compounds of this
invention.
10 The compounds of formula I may form salts with

alkali metals such as sodium, potassium and
lithium, with alkaline earth metals such as calcium
and magnesium, with_organic bases such as
dicYclohexylamine, tributylamine, pyridine and

15 amino acids such as arginine, lysine and the like.
Such salts may be obtained, for ekample, by
exchanging the carboxylic acid protons, if they
contain a carboxylié acid, in compound I with the
desired ion in a medium in which the salt

20 precipitates or in an aqueous medium followed by
evaporation. Other salts can be formed as known to
those skilled in the art.

The compounds of formula I may form salts with
a variety of organic and inorganic acids. Such

25 salts include those formed with hydrogen chloride,
hydrogen bromide, methanesulfonic acid, sulfuric
acid, acetic acid, trifluorocacetic acid, maleic
acid, benzenesulfonic acid, toluenesulfonic acid
and various others (é.g., nitrates, phosphates,

30 borates, tartrates, citrates, succinates,
benzoates, ascorbates, salicylates and the like).
Such salts may be formed by reacting compound I in
an equivalent amount of the acid in a medium in

\
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Such salts may be obtained, for exanple, by exchanging the carboxylic acid
protons,” if they contain a carboxylic acid, in conpound | with the desired
ion in a nediumin which the salt 20 precipitates or in an ggsggus nedi um
fol l oned by evaporation. Qther salts can be gornmed as known to those -
skilled in the art. The conpounds of formula | may formsalts with a
variety of organic and inorganic acids. Such 25 salts include those forned
wi th hydrogen chl oride, hydrogen brom de, nethanesul fonic acid, sulfuric
acid, acetic acid, whithueheagglt cprécibitetes odin anbagaesasunbaium acid,
t ol uenesul foni c aci% i?d vgrggus others.ée.g., nitrates, phosphates, 30
borates, tartrates, “OrtPYFRs! sﬁ%%??ﬁﬁ%%,nbenzoates, ascor bat es,
salicylates and the |ikefn 8ddhtsani szwaytéeidns netirner eadttisiig wmewpound |
in an equival ent ampunt,phefhe acid in a nmediumin -8- which the salt
precipitates or in an aqueous nediumfoll owed by evaporation. In addition,
zwitterions ("inher salt@ yomaound ¢§rfRe. formula I mayoAdSEndaye t he

formula | may al so bawarfgodorts! Ordly ASnpaeiPdHt Wiall Wel kohoegtBYert ed
'n vivo to provide EQ?XR&BaEE'HPbQQEQttﬁé'ﬁ&daéé¥%e agent (i.e., the
compound of formula I) is a prodrug within the
scope and spirit of the invention. For example,
10 compound I may be in the form of a prodrug having
the formula

II
Al 3
R4
1
G\ /}\ P Coor*
N Z
| & 2
15 R' °© A

wherein R14 is:
lower alkyl, such as methyl, ethyl and the
like;
substituted lower alkyl, such as 2-({(N-
20 morpholine)ethyl and the like;
lower aralkyl, such as benzyl, biphenylmethyl
and the like; |
(acyloxy)alkyl, such as (pivalyloxy)methyl, 1-
(propanoyloxy) -2-methyl-1-propyl and the like;
25 (aminoacyloxy)aroyloxyalkyl, such as para-
glycyloxybenzoyloxymethyl and the like;
{aminoalkoxy)aroyloxyalkyl, such as para-2-
{ (N-morpholine)ethoxy]benzoyloxymethyl and the
like;
30 substituted amides, such as N,N-di(2-
hydroxyethyl)acetamido, 4-methylpiperazine-1-
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compound of formula 1) is a prodrug within the scope and spirit of the

i nV'enti on. For exanple, 10 conpound | may be in the formof a prodrug
having the forrmula Il [err] 15 wherein [err] is: |ower alky ch as

met hyl, ethyl and the |like; substituted | owgr _al kyl, such as Eﬁ¥N- 20

nmor phol i ne) et hyl and the like; |ower aral kyl, such as benzyl,

bi phenyl net hyl and the |ike; (acyloxy)al kyl, such as (pivalyloxy)nethyl, 1-
(propanoyl oxy) - 2- et hyl - 1- propyl and the like; 25

(am noacyl oxy)ar oylafe@tahkyu- @%pmmtaﬁlgbygafazmewé@wﬁﬁwl and
the Iike; (am noal kox bgh%% kyl, such as para- 2- _
[ (N-mor pholine)eth xymet hyl and the |ike; 30 substituted
am des, such as NN-di (2- afdubxv@aﬂdmdﬁhgdetsubﬁoas4{Eeméyhplﬁkf@m¢ﬂe-1-
-9- acetyl, 4-(2- hydroyel il il ¢n3letiyl 8R! the 2thi e | ke: or
5 Further, for a compound of formula I where a2
is substituted alkyl of the formula -(CH2)wOH
(where w is 2 or 3), and G3 is -C(O)OH, A2 may be
joined with the carboxyl group to form a lactone
ring which can be opened in vivo to give a compound
10 of formula I where A2 is -{CH2)wOH (again where w
is 2 or 3).
various forms of prodrugs are well known in
the art. For examples of such prodrug derivatives,
see:
15 a) Design of Prodrugs, edited by H. Bundgaard,
(Elsevier, 1985) and Methods in Enzvmology, Vol.
42, p. 309-396, edited by K. Widder, et al.
(Academic Press, 1985);
b) A Textbook of Drug Desion and Development,
20 edited by Krogsgaard-Larsen and H. Bundgaard,
Chapter 5, "Design and Application of Prodrugs," by
~H. Bundgaard, p. 113-191 (1991);
c) H. Bundgaard, Advanced Drug Delivery Reviews,
8, 1-38 (1992);
25 d) H. Bundgaard, et al., Journal of
Pharmaceutical Sciences, 77, 285 (1988); and
e) N. Kakeya, et al., Chem Pharm Bull, 32, 692
(1984) . h |
It should further be understood that solvates
30 (e.g., hydrates) of the compounds of formula I are
also within the scope of the present invention.
Methods of solvation are generally known in the
art.
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a dt oxol?anerret hyl, such as (5-nethyl-2-oxo0- 1, 3-dioxol an-4-yl)nethyl and
the like. 5 Further, for a conmpound of fornmula | where A2 is
substituted al kyl of the formula -([err])wOH (where wis 271, and G is
-C(OOH, A2 may be joined with the carboxyligr-oup to forma |actone ring
whi ch can be opened in vivo to give a conpound 10 of fornmula |I where A2 is
-(CH err])wOH (again where wis 2 or 3). Various forns of prodrugs are well
known in the art. For exanples of such prodrug derivatives, see: 15 a)
Desi gn of Prodrugs prxsfértdeldy Molldtddgnard, (El sevier, 1985) and Methods in

Enzynol ogy, Vol. 42, p. .309-396, edit Ke WY r | & 1 C
Press, 1985); b) A Teﬁ%ooq?“gjro gg%egﬁﬁnfgﬁggév% gttbhrregn%o,l%aglm ed by
Krogsgaar d- Lar sen awdeatieBumdgaprefechedter 5, "Design and Application of
Prodrugs,” by H. Bundgaard, p. 113-191 (1991); c) H. Bundgaard, Advanced
Drug Delivery Reviews, 8, 1-38 (1992); 25 d) H Bupdgaard, et al.,
Journal of Pharmaceutical Sciences, 77R® 285 (1988); ard e) N. Kakeya, et
al., Chem PharmBull, 32, 692 (1984). It hogld furth be querstood t hat
solvates 30 (e.qg., hydratess of/ arfo

the scope of the present invention.

5 o A?

aliso within

N
G2 is /
Al and a2 are each, independently, H or
D-, L- or DL- -CH3, -CH(CH3)2, -CH2CH(CH3)2,
10 ~-CH(CH3)CH2CH3, -C(CH3)3, -CH20H, -CH2CH20H,

)

-CH2CH2CH20H, -CH(OH)CH3, .
CH,—¢7 "

'°”2'©_°"' -CH, CH, CHa CH, NH,

’ ?

-CHp CHp CHy NH— 5 —NH,
NH

-CH2C (O)OH, -CH2CH2C(O)OH, -CH2C(O)NH2,

15 -CHpCH2C(O)NH2, -CH2CH20CH3, -CH2CH2CONRISR1S,
-CH2SH, -CH2CH2SH, -CH2CH2SOCH3, CH2CH2S02CH3 or
~CH7CH2SCH3, where R15 and R16 are each,
independently, hydrogen or alkyl, or R15 and r1S,
taken together, form a 5- to 7-membered saturated

20 ring with the N-atom to which they are attached,
said ring being optionally substituted with
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N@thods~of salvatlon are generally known in the art. - 10 - Preferred
Mbi'eti eS For conpounds of the formula I, the follow ng noieties are
preferred: [err] Gis 5 [err] [er] is [err] and [err] are e

i ndependently, Hor D, L- or DL- [err], [eff]., [err], 10 err?, [err]
[err] [err] 15 [err] [err] or [err] independently, hydrogen or alkyl, or
R15 and R16, taken together, forma 5- to 7-nenbered saturated 20 ring with
the Natomto which they are attached, said ring being optionally
substituted with halogen, hydroxy. alkoxy, oxo, nitro, cyano,

-C(0)H, -C(O)OH and the like;
G3 is -C(0)OH, -C(0)OR11l or -c(0)NHSO2R14; and

' N3 O 1 N
\4 5/ '
5 G4 is attached at the 1, 2, 4 or §

position, and optionally substituted, at any
available position or positions on the ring, with
alkyl having 1 to 20 carbon atoms or aralkyl.

J/CK)\L

8

' N
10 when G2 is / .
the fused five-membered(substituted) heteroring is
H H
H s
preferably ' .

FED &

and when G2 is -NR1O-cH(Ql)-, ol is preferably

O Qw
15 D-, L- or Db,L-

-GHz/N-I

or

_—
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- ' 11+ - halogen, hydroxy, alkoxy, oxo, nitro, cyano, -C(OH, -C(O CH
and the'like; G3is -C(OOH [err] or [err]; and [err] 5 [err] is
attached at the 1, 2, 4 or 5 position, and optionally substkkga%p at any

avai |l abl e position or positions on the rings,,with alkyl hav to 20
carbon atons or aral kyl. 10 When [err]is the fused five-nenbered
(substituted) heteroring is [err] preferably . or
and when [err] is [err], [err] is preferably [err] 15 D-, L- or D,L-

, [err] or - 12 - Therhel EQMGﬁlﬁQ'xﬁéi@cSléH%r%a&ia'r@ibﬁﬁla*lwef erred:
[err] is [err] [errLfggrééxc»C}i [err] or [err];

G? is /

63 is -C(0)OH, -c(0)OR1l or -c(0)NHSOZR14;

2

. N, O 1N
\4 5/
cd is attached at the 1, 2, 4 or 5

position, and optionally substituted, at any
available position or positions on the ring, with
alkyl having 1 to 20 carbon atoms or aralkyl;

10 al is - -CH3, -CH(CH3)2, -CH2CH(CH3)2,

-C(CH3)3, -*(::)>, -CH(CH3)CH2CH3, -CH20H or

-CH (OH)CH3;
A2 is L- -CH2CH2SCH3, -CH2CH20H, -CH2CH2CH20H,
-CH2CH2C (O)NH2, -CH2CH20CH3, -CH2CH2CONRISR16,
15 -CH2CH2SH, -CH2CH2SOCH3 or -CH2CH2SO2CH3; and
Rl, R2. R3 and R4
However, when

3
/wr“r“’

are H.

[
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Gn,is . attached at the 1, 2, 4 or 5 position, and optionally
substituted, at any available position aor positions on the ring, with alkyl

having 1 to 20 carbon atonms or aral kyl; 10 [err] is L# 41rr], [err],
[err], [err] [err]; [err] is L- [err], [errjy15 [err] B %ferr], [err]
and [err] are H However, when Gis [err] - 13 - [err] is [err], [err]

Is -C(OOCH Y and Z are both -C(O -, [err] and [err] are each,
i ndependently, D, L- or 5 DL- [err], [err], [err] [err] 10 [err] [err]

[err] [err] are all H, G2 is -NHCH(CH,CgHs) -,
G3 is -C(0)OH,
Y and 2 are both -C(0)-,
Al and A? are each, independently, D-, L- or
5 D,L- -CH3, -CH{(CH3)2, -CH2CH(CH3)2, -CH(CH3)CH2CH3,
-C(CH3)3, -CH20H, -CH2CH20H,

0

-CH2CH2CH20H, -CH(OH)CH3, .
 CHp—¢7 “MH

0“2'©”°” -CHy CHa CHp CHa NH,,

-CHp CHp CHa NH=— &= NH,
NH

10 -CH2C(O)OH, -CH2CH2C(O)OH, -CH2C(O)NH2,
~CH2CH2C (O)NH2, -CH2CH2C (O)NHOH, -CH2SH, -CH2CH2SH,
-CH2CH2S (0) 2NH2 or -CH2CH2SCH3,
R1-Ré are all H,
n is 1 and
15 p is 0, then G4 is preferably substituted.

Use and Utility
The compounds of formula I are inhibitors of
S-farnesyl protein transferase. They are thus
20 useful in the treatment of a variety of cancers,
including (but not limited to) the following:
- carcinoma, including that of the bladder,
breast, colon, kidney, liver, lung, ovary,
pancreas, stomach, cervix, thyroid and skin;
25 - hematopoietic tumors of lymphoid lineage,
including acute lymphocytic leukemia, B-cell
lymphoma and Burketts lymphoma;
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nis 1 and 15

pis 0, then &4 is preferably substituted. Use and

UtiTity 'The conpounds of fornmula | are inhibitors of S-farnesyl protein

transferase. They

cancers, including (but not limted to) the,follow ng: -

are thus 20 useful in the treatnment of a ety of
L%Qﬁbinona,

|nclud|ng that of the bl adder, breast, colon ki dney, liver, lung, ovary,

pancr eas, st omach,

| i neage, including

cervi X, thyr0|d and skin; 25 - hemat opoi eti ¢ tunors
of | ynphoid Iineage, including acute Iynphocytic | eukem a, B-cell |ynphoma
and Burketts |ynphon®;, pemat

6%01et1c éﬁﬂgﬁé”3¥‘ﬂjé&d&d“Q&ieQEe”Ve|Old
acute_and chronic nyelogenous |.eukem as_and

promyel ocytic | eukei@luding acies A RO Pvelogengis, lenkeni®sg 5
fibrosarcoma and rhaﬁdo§y@ﬁ@ézémyt1@umbukem1agther tunors, including

nel anoma, seni nonmm

, tetratocarci neur ohl ast.oma and gli.oma. The
conpounds of fornula | EBmEE Ea??%eQéh¥Wﬁ i 1ty UG o s havi ng
a high 10 incidbncéibfoﬁascomaodndwmh&bdamydsarsomahoandlung and

pancreatic tunors.

conmbi nati on) of the

10

15

20

30

By thgeadp phmbfa! | Ak Rlaihd WIS sk hBRaONe (o
tetratocarcinoma, neuroblastoma and glioma.

The compounds of formula I are especially
useful in treatment of tumors having a high
incidence of Ras involvement, such as colon, lung,
and pancreatic tumors. By the administration of a
composition having one (or a combination) of the
compounds of this invention, development of tumors
in a mammalian host is reduced.

Compounds of formula I may also be useful in
the treatment of diseases other than cancer that
may be associated with signal transduction pathways
operating through Ras, e.g., neuro-fibromatosis.

Compounds of formula I may also be useful in
the treatment of diseases associated with CAAX-
containing proteins other than Ras (e.g., nuclear
lamins and transducin) that are also post-
translationally modified by the enzyme farnesyl
protein transferase.

Compounds of formula I may also act as
inhibitors of other prenyl transferases (e.g.,
geranylgeranyl transferase), and thus be effective
in the treatment of diseases associated with other
prenyl modifications (e.g., geranylgeranylation) of
proteins (e.g., the rap, rab, rac and rho gene
products and the like). For example, they may find
use as drugs against Hepatitis delta virus (HDV)
infections, as suggested by the recent finding that
geranylgeranylatioh bf_the large isoform of the
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conmpounds of this invention, devel opnment of tunors in a mamalian host is

reduced.” 15 Compounds of fornmula I may al so be useful in the
treatment of diseases other than cancer that nay be associq% i th signal
transducti on pathways operating through Rasyge. g., neuro-fibronatosis.

Compounds of fornmula | may also be useful in 20 the treatnent of diseases
associ ated with CAAX- containing proteins other than Ras (e.g., nuclear
| ami ns and transducin) that are al so post- translationally modi f i ed by the

enzyme farnesyl praieiva Endigesr a§eHD?Ois a reRipanels &y formula | may
et I bl G Sh RS R BOR PRE° ity o 9o any!
wi th other prenyl Saiiehigeat 206s 1833. (1982hhyl geranyl ation) of 30 proteins
(Fed oy 1 haPuse 5 T Ba R oBT PRAE' SO b g ST
as suggest ed by3t harsefadnins pﬁabﬁgat:hgn yethnknewn ant iatqancest anse | ar ge
i sof orm of the ctyl:%t‘ox(i@ E@eﬁﬁ&' geffOforklYl Afed £ 808 AW
productive viral Ir]suc tIOmbL.natJ.on progucts e$p10§x%§guéam£%uﬂds %%1
(1992)].
this invention within the dosage range described
below and the other pharmaceutically active agent
10 within its approved dosage range. Compounds of
formula I may be used sequentially with known
anticancer or cytotoxic agents when a combination
formulation is inappropriate.
The compounds of this invention may be
15 formulated with a pharmaceutical vehicle or diluent
for oral, intravenous or subcutaneous
administration. The pharmaceutical composition can
be formulated in a classical manner using solid or
liquid vehicles, diluents and additives appropriate
20 to the desired mode of administration. Orally, the
compounds can be administered in the form of
tablets, capsules, granules, powders and the like.
These compounds may be administered in a dosage
range of about 0.05 to 50 mg/kg/day, preferably
25 less than 50 mg/kg/day, in a single dose or in 2 to
4 divided doses.

Brocess of Preparation
A compound of formula III-below, wherein Protl
30 is an amine protecting group (e.g., t-butyloxy-
carbonyl (Boc), benzyloxycarbonyl (Cbz) and the
like):

—_—
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The* conpounds of this invention may also be 5 useful in conbination with
known anti-cancer and cytotoxic agents. |If fornmulated as a fixed dose, such
conmbi nation products enploy the conpounds of this inventionppzhly n the
dosage range described bel ow and the ot her. plgacnaceutically active agent 10
within its approved dosage range. Conpounds of formula | may beé used
sequentially with known anticancer or cytotoxic agents when a conbination
formul ation is inappropriate. The conpounds of this invention may be 15
fornmulated with a platnmaceutical vehicle or diluent for oral, intravenous
or subcutaneous adm ni stration. The pharnmacgediti cal egnposition can be
formulated in a classical manner usggg @3?%d rqui d vehicles, diluents
and additives appropriate 20 to th Esired noffe of administration.
Orally, the conpounds can be administered in the formof tablets, capsules,
granul es, powders and the |ike. These conpounds nmay be adm nistered in a
dosage range of about 0.05 to 50 ng/kg/day, preferably 25 |less than 50
nmg/ kg/ day, in a singbs bHeseoupléed with & chxbajodidosedd Protessedf .
Preparation A c o] ; I -%ygf ' hQt fer,r] 30 is an
am ne protectingygrgggl?éF59§n§#g%éy+%§§§c%éﬁ ony?d?ggég,&génzyloxycarbony
(Cbz) and the |ike)IV . ,

HzN\ CR/C02PrOt

!,
to form a compound of formula V below, wherein
Prot2 is a carboxylic acid protecting group (e.g.,
10 alkyl, benzyl, p-methoxybenzyl and the like):

v
H
/G2 N, ® _co,prot?
o} a?

For additional examples of amino and
carboxylic acid protecting groups (as well as means

15 of formation and eventual deprotection), see T.W.
Greene and P.G.M. Wuts, "Protective Groups in
Organic Synthesis", Second Edition, John Wiley &
Sons, New York, 1991. .

A variety of coupling agents may be used for

20 this coupling, including 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDC) with 1-
hydroxybenzotriazole (HOBT) , dicyclohexyl-
carbodiimide (DCC) with HOBT, benzotriazol-1-
yvloxytris (dimethylamino)phosphonium hexafluoro-

25 phosphate (BOP) with or without HOBT,
carbonyldiimidazole (CDI), bis(2-oxo-3-
oxazolidinyl)phosphinic chloride (BOP chloride),
isopropylchloroformate (IPCF) and the like.

heet Has Been Re;ilaced
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- 16 - 111 [err] can be coupled with a carboxylic acid protected 5
derivative of an amino acid of formula IV: IV [err] to forma conpound of
formula V bel ow, wherein Prot[err] is a carboxylic acid pr o} £ Eng group
(e.g., 10 alkyl, -benzyl, p-nethoxybenzyl angzthe like): V [err] For
addi ti onal exanples of am no and carboxylic acid protecting groups (as well
as neans 15 of formation and eventual deprotection), see T.W G eene and
P.GM Wts, "Protective Goups in Oganic Synthesis", Second Edition, John

Wley & Sons, New York, d&fdourfis/asf alhe Foraul! TVJagaeRhEwARYnbEReSEd foOr
20 this coupling, including 1-(3-dinethylam ngpro -_3-ethyl carbodi i m de
hydr ochl ori de ( EDC)3% t h SE€- ﬁﬂl’o@@éﬁgﬁ'rﬁaz%-eﬁi&ﬂ'?' di %%‘E]B%%Jxﬁﬁ -
carbodi i ni de (DCC) of tOptHERI LbdeAdMve dmino Acids, " Pergamon Press,

onxytris(dinethquﬂ}fé?&ﬁ1 ni um hexafl uoro- 25 phosphate (BOP) with or
wi t hout HOBT, carbonyl dii‘'m"daZzole (CDl), bis(2-oxo-3-
oxazol i di nyl ) ph@sphi ni ¢ eempeyntis (HOEamude dd, can be prepared by

methods known in the art. For example, see J. P.
Maffrand, U.S. Patent No. 4,147,787 issued April 3,
1979; H. Kawakubo, et al., J. Med, Chem., 33, 3110
(1990); D. G. Harvey, et al., J. Chem Soc., 153

10 (1941); A. Brossi, et al., J. Med, Chem., 16, 418,
(1973); M. Cain, et al., Heterocvcles, 19, 1003
(1982); S. Ueki, et al., U.S. Patent No. 5,126,448
issued June 30, 1992; J. W. Skiles, et al., J, Med.
Chem., 29, 784 (1986); V. schollkopf, et al., Angew.

15 Chem. Int. Ed. Engl., 26, 143 (1987); I. Huber and
D. Seebach, Helvitica Chim Acta., 70, 1944 (1987); J.
L. Stanton, et al., J. Med. Chem.., 26, 1267 (1983);
and M. Okada, et al., JP 02,193,971, 31 July 1990.

A compound of formula V can be treated with a

20 suitable N-deprotecting agent to provide the

corresponding free amine of formula VI:

VI
2 H R4
G N :
H/” \\\“/” \\\+/’f
1 |

(The Protl and Prot2 protecting groups are chosen

CcOo,Prot?

25 so that Protl can be selectively removed in the
presence of Prot2).
An amine of formula VI can be coupled with a
suitable amine-protected amino acid of formula VII
(wherein Prot3 is an amine protecting group):
30

This §
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i sopropyl chl oroformate (1 PCF) and the |ike. - 17 - Conpounds of the
formula’lv are known in the art. See, for exanple, R M WIlIlians,
"Synthesis of Optically Active [err]-Amno Acids," Perganoqmgﬁﬂgs, Oxf ord,
1989. 5 Compounds of fornula Il can prepared by nethods known in
the art. For exanple, see J. P. Maffrand, U'S. Patent No. 4,147,787 issued
April 3, 1979; H Kawakubo, et al., J. Med. Chem, 33, 3110 (1990); D. G
Harvey, et al., J. Chem Soc, 153 10 (1941); A Brossi, et al., J. Med.
Chem 16, 418, (193%%pz M Cain, et al., Heterocycles, 19, 1003 (1982); S
Ueki, et al., US. Patent No. 5,126,448 issu June 30, 1992; J. W Skiles,
et al. L. Med. Chem, 29, 784 (1986); V. Scho}j | kopf, et al., Angew 15
Chem Int. Ed. Engl., 26, 143 (1987); |. Hubef and D. Seebach, Helvitica
Chim Acta, 70, 1944 (1987); J. L. Strawnt |. ,OH Med. Chem, 26, 1267
(1983); and M Ckada, et al., JP 02,193, 9/H, uly 1990. A conpound of
formula V can be treated with a 20 suitabl & NRddbrotecti ng agent to provide
the corresponding free anine of formula VIR V| [err]

using an appropriate coupling reagent (e.g., BOP-
cl) to form a compound of formula VIII:

VIII

Al
H |
Prot3\ G2 N. R! _co,Prot?
N R2 Y \‘/
|1 a2
R . 0 o

(Compounds of formula VII are known in the art.

10 See, for example, R.M. Williams, "Synthesis of
Optically Active o-Amino Acids," Pergamon Press,
oxford, 1989).

Compounds of formula VIII can also be prepared
by coupling a compound of the formula IX (wherein

15 prot4 is a carboxylic acid protecting group):

IX
2 OProt?

G
u” \\\]r/”

o

20 with an amine-protected amino acid of formula VII
above to provide a compound of formula X:

-
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(The Prot[err] and Prot[err] protecting groups are chosen 25 so that
Prdt[err] can be selectively renoved in the presence of Prot[err]). An

am ne of formula VI can be coupled with a suitable am ne-prghegped am no
acid of formula VII (wherein Prot3 is an amyge_protecting group): 30

-18- VIl [err] using an appropriate coupling reagent (e.g., BOP- d) to
forma conpound of formula VIII: 5 VIII [err] (Conmpounds of formula VIl are
known in the art. 10 See, for exanple, RM WIlianms, "Synthesis of
Optically Active a-®m no Acids,"” Perganon Press, Oxford, 1989). Conpounds
of formula VIII can al so be prepared byatoupling-a conpound of the formula
| X (wherein 15 Prot[err] is a carboxylif acid protecting group): IX [err]
20 with an am ne-protected 1w acid of formul a2Vl ab @ provide a
conmpound of formula X Prot e Dot

R? (o] (o]
The Proté protecting group of compound X can be

selectively removed by methods known in the art to
5 provide a compound of formula XI below:

XI

10 (The Prot3 and Prot4 protecting groups are chosen
so that Prot4 can be selectively removed in the
presence of Prot3).

Coupling of a compound of formula XI with an
amino ester of formula IV would then provide

15 compound VIII. .

A compound of formula VIII can be selectively
N-deprotected by methods known in the art to
provide an amine of formula XII:

20 XII
Al
H 4
H_ G2 N. R _co,Prot?
v, \n/ \‘/
. Rl R" o o) a2

————
—
I
I—
e
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- 19 - x [err] The Prot4 protecting group of conpound X can be sel ectively
rerfoved’ by net hods known in the art to 5 provide a conpound of fornula Xl
below. XI [err] 10 (The Prot[err] and Prot[err] protectingogn®ips are
chosen so that Prot4 can be selectively remgved in the presence of Prot3).
- Coupling of a conmpound of formula XI with an am no ester of fornula IV
woul d then provide 15 conpound VIII. A conpound of formula VIII can be
sel ectively N-deprotected by nmethods known in the art to provide an am ne
of formula XiI: 20 (pKlel pir®tR] and Prée3 - ptdbecting roupsPiarie3 chiosleact i ng
groups are chosen s% Eﬁ?t Prot3 can pe se ECt'V?hy;§5QR¥EFihnt5Qe presence

of Prot?2). S at Prot> can be selective
presence of Prot2). _
Additionally, an amine of the formula VI'(a),

5§ vi'(b) or VI'(c):

3

R
vI®'(a) |
VI' (b)
10 %
J’ES\L
vVI'{(c)
r®
HN'

can be coupled with a suitable amino protected
amino acid of the formula VII to provide a compound
of the formula VIII'(a), VIII'(b) or VIII'(c),

15 respectively:'

VIII® (a)

Prot3\

\

—

i



Addttiomal Iy, an amne of the formula VI'(a), 5 WV'(b) or VI'(c): [err]
[err] 10 [err] can be coupled with a suitable am no protected am no acid of
the formula VI1 to provide a conpound of the formula VIII'(g#7 ViIil' (b) or
VII1'(c), 15 respectively: VIII'(a) [err] o, - 21.- VIl FBrr]
VIT1'(c) [err] 5 (The [err] protecting grou% can then be renoved by net hods
known in the art.) Further, a conmpound of fornula | where Y and 10 Z are
-C(O- can be prepared by autonated solid phase peptide synthesis using

met hods that are tn@gp in the art. See, for exanple: a) M
Bodansky and A. Bodans The Practice epti de Synt hesi s",

Spri nger - Verl ag, :

Prot{\\\

N
|
'R

1 o)

VIII® (c)

. 3
Prot
\ N )
| R
R} o

(The Prot3 protecting group can then be removed by
methods known in the art.) '
Further, a compound of formula I where Y and
10 Z are -C(0)- can be prepared by automated solid
phase peptide synthesis using methods that are well
known in the art. See, for example:

a) M. Bodansky and A. Bodansky, "The Practice
of Peptide Synthesis", Springer-Verlag,
15 Berlin/Heidelberg/New York/Tokyo, 1984; and
b) J. M. Stewart and J. D. Young, *Solid Phase

Peptide Synthesis", Pierce Chemical Co.,
Rockport, Illinois, 1984. .
In another process, an amino acid of formula
20 VII (wherein Prot3 is a suitable amino protecting
group) can be converted to the N-methoxy-N-
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15« =+ Berlin/Heidel berg/ New York/ Tokyo, 1984; and b) J. M Stewart
and J. D. Young, "Solid Phase Peptide Synthesis", Pierce Chemcal Co.,

Rockport, Illinois, 1984. In another process, an anmino acid B@ Eornula 20
VI1 (wherein Prot3 is a suitable am no prgtﬁﬁtlng group) caﬁ % converted
to the N-nethoxy-N - 22 - methylam de of"fornula X Il by nethods known
inthe art: XlII [err] 5 A conmpound of fornmula XIlIl can be reduced

to an al dehyde of the fornmula XV by nethods known in the art. (See, e.g.,

Fehrentz, et al., Sypf féuﬁldé?@f (#8R= xhG1 ¥yVmkehbhsAkhsimain vehy, a

conmpound of fornula XI'V can be prepared by reduction of a conmpound of
formula 15 VI1 wit®F&: reduci ng agent such as borane, followed by oxidation
of the resulting algobol using, for exanple, the Swern nethod of oxidation.
(See, e.g., Luly, et al., J. Og. Chem, 52, 148CH{1987); or Stanfield, et
al., J. Og. Chem, 46, 4797 20 (1981)). ?In ye| aﬁgaher alternative, a

conpound of
Prot ~ /?\C/ O
I rR? i

R! o)

5 A compound of formula XIII can be reduced to
an aldehyde of the formula XIV by methods known in
the art. (See, e.g., Fehrentz, et al., Svnthesis,
676 (1983)): '

10 X1v
al
Prot%\~ ’,f\\
N
' | g2l
0

R1

Alternatively, a compound of formula XIV can
be prepared by reduction of a compound of formula
15 VII with a reducing agent such as borane, followed
by oxidation of the resulting alcohol using, for
example, the Swern method of oxidation. (See,
e.g., Luly, et al., J. Org., Chem., 52, 1487 (1987);
or Stanfield, et al., J, Ora, Chem., 46, 4797
20 (1981)). In yet another alternative, a compound of
the formula XIV can be prepared by reduction of an
ester analog of a compound of formula VII with a
reducing agent such as diisobutylaluminum hydride.
See, e.g., Rich, et al., J. QOrg, Chem., 43, 3624
25 (1978). |
An N-protected aldehyde of formula XIV can be
reductively aminated with an amine of the formula

"



thes<formula XIV can be prepared by reduction of an ester analog of a
conpound of fornmula VII with a reduci ng agent such as diisobutylal um num
hydride. See, e.g., Rich, et al., J. Og. Chem, A, 3624 2pp7¢%978). An
N-protected al dehyde of formula XV can be pgductively am nated with an

am ne of the fornula - 23 - VI to forma conpound of the fornula XV
usi ng nmet hods known in the art (e.g., Borch, et al., J. Am Chem Soc., 93,
2897 (1971)): 5 [err] A conmpound of the formula XV can be treated with a
sui tabl e N-depr ot ecvIngoagefh & ocqgnipotine dfhehtO foemulasgrendsiggfree am ne

of the fornula XV Fétr\_/irqtégrﬂl%‘gé i’fg:}% \[/ag{tr](&%\?ggg%khprggegﬂ ng%_groups

are chosen so that can be se re n {hé prese of
[err]). A conpound ai.t@€bemor$etar M. A8IVI(183A)Be condensed with a
compound of the forrmula XVII: 20 XVII [err]

Al
H R
3 2 2
Prot\_ G N\I/COZProt
Y hd
1. Rr? 2 .
Rl " H y o] A

A compound of the formula XV can be treated
with a suitable N-deprotecting agent to provide the
10 corresponding free amine of the formula XVI:

5 xv

XVI
Al
H 4
H G2 N_ R _co,prot?
1. Rr? 2
R! " H g o} A

15 (The Prot2 and Prot3 protecting groups are chosen
so that Prot3 can be selectively removed in the
presence of Prot?2).

A compound of the formula XII or XVI can be
condensed with a compound of the formula XVII:

20

XVII

N
<OB—Gubasl%<j§( tluted) - CO»H
N

Prot”>

[
—————
—
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- 24 - wsing standard conditions for making an am de bond. (The i m dazole
group i$ optionally protected (Prot5) with agents known in the art. For
exanple, trityl, Boc, Cbz, Bom etc., can be used.) The 5 rgshding ester
of formula XVII1I.: XVIII [err] can be’ deprotgeted with base. The im dazoke,
if 10 protected, can be deprotected using standard nmethods and reagents
(for exanple, acid for trityl, Boc or Bom hydrogenation for Cbhz, etc).

Al ternatively, a conpound of fornmula XII or XVI can be condensed with a

E:]erpound 0}‘ for mul %slﬁag ?ﬂ:&ndgﬁd( E@hﬂitﬂégégf@fl mﬁagﬁ;ﬁa gmrlwgo&n@l aglent

or exanpl e, and.deprot ected_as i bed .a imlarly, a
conmpound of the for'\ia Wﬁpﬁz?é? BVPPP %B)°§F1Qﬁ$ii%<5 (5ﬁ¢ﬁ§§ N- depr ot ect ed
and condensed vmtr1«Pnan owndhoégehtsf knowh airK\ithe arun t IFor exapgled of t he

formula Xl X as desq__rlep_g,(i 2@0@ (‘fﬁz,AB&gOt ge{:ed ééﬁ q%ijgﬁ_@l kaq@}e can be

prepared by nethods kKnowi
5 resultlng ester of formula XVIII

XVIII

- N 0,Prot?
<O éulgsl»%tiute c\w/l\ v \( \I/C 2

Prot

can be deprotected with base. The imidazole, if
10 protected, can be deprotected using standard
‘methods and reagehts (for example, acid for trityl,
Boc or Bom, hydrogenation for Cbz, etc).
Alternatively, a compound-of formula XII or
XVI can be condensed with a compound of formula
15 XIX:

XIX

alkyl

<N()3_ (subét ituted) —— CHO

N

Prot®
using an acid and a reducing agent (for example,
20 NaCNBH3) and deprotected as described above.
Similarly, a compound of the formula VIII' (a),
VIII'(b) or VIII'(c) can be N-deprotected and
condensed with a compound of the formula XVII or
with a compound of the formula XIX as described
25 above.
A protected imidazole alkanol can be prepared
by methods known in the art. See, for example, F.
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- 25 - Schneider, Z. Physiol. Chem, 3, 206 - 210 (1961) and C. P. Stewart,
Bi ochem Journal, 17, 130 - 133 (1923). These can then be oxidized to

provi de either a conmpound of the formula XVI1 or XIX by 5 f$ds known in
0

the art. Further, a conpound which is usgdzéike a conmpoun he formul a
XI X, can be prepared by nethods known in the art as follows: 0 [err] 1)
Protecting group(s) 2) [err], coupling agent 3) LAH [err]
10 sStill further, a conpound which is also used Iike a conpound of the

formula XI X can be gugpaigd f m&ﬁw; ag kap@é c- agi ¢l Miggr)eduction

of the thioester with trieto and_palladiumon 15 carbon as

ST1 ane
follows: [err] Ac Shg¥@ Lt , r 3 x 13 243 ner be
oxi di zed also to provMzp a goiEeURANOthel bBeokfdiéd vd/prdvide

either a compound of the formula XVII or XIX by
5 methods known in the art. Further, a compound

which is used like a compound of the formula XIX,

can be prepared by methods known in the art as

follows: _
N N N
4 /1 3 / |
I CO;H
N N 2
- N cmo H NH H
: NH,
HN
) Prot®
1) Protecting group(s) |
N
2) CH3;NHOCH;, /
coupling agent |
CHO
3) LaH N _
NHProt3
XIX'

10
Still further, a compound which is also used
like a compound of the formula XIX can be prepared
from an imidazolyl-alkanoic acid via reduction of
the thioester with triethylsilane and palladium-on
15 carbon as follows: '

/N hrcozn /N SEt /N "\ o
(T T (T
i H H

XIX"
A compound of the formula XIX, XIX' or XIX" can
further be oxidized also to provide a compound of
20 the formula XVII.)
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- 26 - Sone imdazol e al kanoic acids containing al kyl substituents on the
carbon atons of the imdazole ring can be prepared by hydrolysis of the
corresponding nitriles, which can be prepared by 5 nmethods Kglvvn in the
art. See, e.g., J. Med. Chem, 19, 923 (19 Many corrpoJr'Bl f the

i nvention al so can be prepared by foll ow nqz ne or nore of the reaction
schenes shown below. 10 SCHEME 1 (4' imidazolyl) |I. -R2 [err] [err] (i)

coupl i ng [err] agent (ii) deprotect 15
Fol | owi ng Schene 1(1), f1 of QF r
protecting group such as t- to%cz%flt?o%]'?gg ﬁéxabgdg %e resu |Jr1ilg]®corrpound

i s hydrolyzed with thﬁtwseonb§hﬁuﬁﬁﬁpﬁﬁo%%s[%ﬁ rghe o
conpound of the foriH o8 be2PrApaeeROBRIhPArb Dy e 3o eO¢hd S coupl ed wth,

For corresponding nitriles, which can be prepared by
5 methods known in the art. See, e.g., J. Med.
Chem.., 19, 923 (1976).
Many compounds of the invention also can be
prepared by following one or more of the reaction
schemes shown below:

10
SCHEME 1 (4'imidazolyl)
I.
N
/ | _
/l\ Protecting group
N Lt
3 COzR
XX
N
2
</ I /|\ Hydrolyze </ R
N CO;R  Ba(OH) /|\
H 2 a 2 H N CO,H
Prot:6 xxy  Prot
(i) coupling /
agent <
HN(R°) (CR;) 0 /'\n/ Aw S
(ii) deprotect
15 Following Scheme 1(I), a compound of formula

XX is protected with a protecting group such as
t-butoxycarbonyl anhydride. The resulting compound
is hydrolyzed with, for example, barium hydroxide
(Ba(OH)2) to produce a compound of the formula XXI.

20 A compound of formula XXI is coupled with, for

\\\\\\\h‘iii\T f\ii‘ \‘iﬁif“’



- 27 - exanple, a conpound of the fornmula [err], and deprotected to produce
the desirted 4-substituted inidazole of the fornula XXI'l. A conpound of
formula XX can be prepared as 5 follows: a) [err] [err] (R #@g agent)

XX In this reaction scheme 1(1)a, an amde 45 10 reduced t t hyl ene

am ne using, for exanple, the two-step met h6d as shown. An exanple of a
suitabl e coupling agent is EDC. (This two-step reduction schene nay al so be
used to prepare a 15 conpound of the forrmula XXII fromN [err] by

sel ective reductio e api-d 0 ng, of the
formula XXI'l" and })g‘;o lrogjn %%ﬁgﬁgﬁgo%uﬁhe&%&ican g‘ey)p@%él‘&d from 20
the correspondi ng @t ‘tected- tepgproducer bhei desired conpound of
formila XX can be pfepaid duted BnitaZone bE the FoAMed Wz,

A compound of formula XX can be prepared as

5 follows:
2
<fy ' . //ji\\ coupling
agent
N CO,H H,N CO,R

N .
2
</ I o) /1"\ Lawesson's < j\/K
' Reagent _
:1[_‘11 g COsR COzR

NaBH;, NiCl,

i
(Reducing agent) XX

In this reaction scheme 1(I)a, an amide is
10 reduced to a methylene amine using, for example,
the two-step method as shown. An example of a
suitable coupling agent is EDC. (This two-step
reduction scheme may also be used to prepare a
compound of the formula XXII from
15

N
</ l 0 R? l
PN
¥ T ¥ N
o
by selective reduction of the secondary amide.
Similarly, a compound of the formula XXITI" and a

compound of the formula XXII'" can be prepared from
20 the corresponding precursor.)

—_—

—
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am hati on schene shown below.. b) N[err] 5 Additionally in Schene 1, a
conpound of formula XXI can be further protected if necessary: N Protectlng
group [err] 10 A compound of forrmula XXI' can then be treah§g S descrlbed
above for a conpound of formula XXI to obtakhg the desired p &

conpound of forrmula XXII. 15 Dependi ng on the final product desired
(see the definition of Gin the general formula), a conpound of formula XXl
can al so be treated as foll ows: - 29 - (1) XX (i) coupling

[err] agent (ii) deprotectafgéraativély, @ WingthrOH formula XX can
[err] N
be prepared from histamine in the reductive
amination scheme shown below:

<f I + reducing
4’1\\ agent
N NH
5 H 2 COzR
Additionally in Scheme 1, a compound of
formula XXTI can be further protected if necessary:

XX

XX1

N
Protecting group <f I ,J\\
N CO,H
Prot’
Prot6
XXT1*

10
A compound of formula XXI' can then be
treated as described above for a compound of
formula XXI to obtain the desired product, a
_ compound of formula XXII.

15 Depending on the final product desired (see
the definition of G in the general formula), a
compound of formula XXI can also be treated as
follows:

-

"l



i « (ii) deprotect A 4'-inidazo|y| anal og may al so be prepared by
tlowng the left-to-right" synthesis as shown below in Schene 1(11). 10

N NTlerr] - 30 - g8 IIT.
dltionally, the NJerr]-al kyl ated 4'-i m_dagolyl anal ogs can be prepared as
ollows: 5 (i) coupling [err] agent Terr] Protecting group [err]
e.g., Boc20) Base - 31 - ROH]Jerr] R-OIf Base [err] (e.qg.,

diisopropyl [err]
| (1)

XXI1 (i) coupling
agent

o

XX11°'!
(ii) deprotect
(2) X
XXI (i) coupling J/’ ‘\L
agent '
8
J,Zé;\L <?N 2 R
I R
8
0
HN XX1iI*'
5 (ii) deprotect

A 4'-imidazolyl analog may also be prepared
by following the "left-to-right"” synthesis as shown
below in Scheme 1(II).

10
II . .
] . <1v«
DIBAL
)\
CO,Et (reduce)
Prote Teoc PrOtB TeOC
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ethylan1ne) | V. An am no-substituted 4'-im dazolyl anal og can be
prepared as follows: 5 aqueous [err] As shown, a conpound of the fornula XX
is 10 treated with a diazoniumsalt under basic condi tionsypfi product is
hydr ogenated and results in a conpound of-tHe fornula XX . Then, a conpound
of formula XX can be treated as described above for a conpound of the 15
formula XX to obtain the desired product, a conpound of the forrmula XX IV:

- 32 - [err] 5 A2 -imdazolyl anal-og of the fornmula XXI11: XXIII [err] can
be protected and then treated |ike a conp¥ynd 10 of fornula XXI to obtain a
conmpound of formula XX V: Q/[err] 15%B
I ,
N)\/N Co;Me
Prot8
H;N COMe Teoc ‘}[iq-l
———
: Q
)\/ NH CO,H
XXII" Qg2
Q

III. Additionally, the N®-alkylated 4'-imidazolyl

analogs can be prepared as follows:

(i) coupling N RZ R3
XXI agent ( | : ) '
- N N Q

HN(R?) (CH,) @ H Y a

Protecting group &

(e.g., Boc,0) 4; :]L\~//~\ R2 ?3
:
N _ N Q

Base

i



A conpound of fornmula XXIIl can be prepared as follows: N [err] -33 -
[err] In this schenme, the hydroxyl group in the starting material is

di spl aced; the ester in the resulting conmpound is cleaved a§&T?$ed and t he

5 [err] group is. renoved. A conpound of theszjormula XXIII: [err] can
be prepared as follows: 10 [err] [err] I's prepared by the Wttig
Reaction as follows: 15 - 34 - [err] Wttig Reaction [err] 1) [err] A
conmpound of the formula XXI11' can then be 5 treated |ike a conpound of
formula XXI or a R'OH — R'OTf
- _
Base 2 3
I}
(e.g., dllsopropyl N 0
ethylamine) ? ? q
Rl
Prot‘o
N R? R3
deprotect <f I l
TFA 1 :
(TFA) L H q
0
xxITtV
Iv. An amino-substituted 4'-1m1dazoly1 analog
can be prepared as follows:
5

agqueous
XX KCO3 Br N\\
— N N 2
el \< j\/\ I
Br NzCl
N N/l\cozk
H

PtO,

5 HzN_< j\/\
EtOH COzR

XXI

As shown, a compound of the formula XX is
10 treated with a. diazonium salt under basic
conditions. The product is hydrogenated and
results in a compound of the formula XX'.
Then, a compound of formula XX' can be
treated as described above for a compound of the
15 formula XX to obtain the desired product, a
compound of the formula XXIIV:

i



conpound of formula XXIIl to obtain a compound of fornula XXIV : XXV
[err] 10 SCHEME 3. (N-imdazolyl) In methods which are simlar to the

net hods described in Scheme 1, the follow ng N-inmdazolyl 15, ounds can
be nade: - 35 - [err] [err] - 36 - A cgmound of formila can be
prepared as follows: [err] XXVIII n =2 or 35 1. The conmpound of formula
XXVI1l, when nis 3, is commercially avail able. The conpound of formula
XXVI11, when nis 2, can be prepared as follows: [err]
XXITIV
N R2 3
HzN—< | |
N N N Q
.0
SCHEME 2 (2'-imidazolyl)
5

A 2'-imidazolyl analog of the formula XXIII:

[N\>\/\1§)\co H

can be protected and then treated like a compound
10 of formula XXI to obtain a compound of formula
XXIV:

XXIII

XXIV
N 2 R?
\ L
I N )ﬁrN Q
H o)

A compound of formula XXIII can be prepared
as follows:

N
B, §
/J\\ o3P
N OH + N co,cH, —
H

15

DEAD
SO,CF4
N
B §
A Hy
N —N CO,CH, —
H | catalyst
SO,CF;
—_—
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[erf] where n is 2 10 Side-chain protecting groups may be used in t hese
processes with amino acids having reactive functionalities, such as

hydr oxyl , carboxyl, am no, 15 mercapto, guani di no, |n1dazolﬁé %ndolyl and
the like. The partlcular protecting groups §ed for any am % id residues
depend upon the sidechains to be protected and are generally known in the
art. Exenplary sidechain protecting groups include 20 acetyl, benzoyl,
benzyl, t-butyl and the like for hydroxyl; cyclohexyl, benzyl, nethyl,
ethyl, t- butyl and the Ii car boxyl; benzyl, 4- nethyl benzyl,

4- met hoxybenzyl , acetyl, acetanﬁdonethyl triphenyl nethyl (trityl)
and the |ike for nercapt onyl (BnN /Nﬁhnayloxy ?Frbonyl
(Cbz), N[(9H Fl uoren-9- 0 &b%{(FWDC), pht hal ¢ %F%n), p- 5
t ol uenesul fonyl (Tos), triflHoroacetlyl, 2- (trinethylsilyl)ethoxycarbonyl
(Teoc) and the |ike for amno; 2, 4-c$mmmmophenyl benzyloxynethyl Tos,

Boc, trityl and the like f

: mi d
2,2,2-trichloroethyl carb ﬁ%t%h g&%bgﬁﬁl %%én%yﬂﬁoﬁy&egFSPplﬁﬁoF§? and
tosyl, nitro, bis(1stamhtngﬂmdtnqm&ﬁﬁxsnﬂ;ppaadedhethekester foatheli no.

resulting compound is cleaved as noted; and the
5 -SO02CF3 group is removed.

<

A compound of the formula XXIII':
XXIIT*

can be prepared as follows:

10
N
>—\/\ OxJ.dJ.ze | \>_\/
OH Swern N CHO
conditions I
Prot1° Protl0
reducing
agent
et —————
amine XXIII®
EN\>_\/\
? OH
Prot!f is prepared by the Wittig
Reaction as follows:
15

R
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Si de-chain protecting groups may be renoved, if desired, by, for exanple,
tréatment with one or nore deprotecting agents in an inert solvent or 15
solvent m xture. For exanples of protecting groups and sui%ﬁpiﬁ
deprotecting agents, see M Bodansky and A gqgansky, "The Practice of

Pepti de Synthesis", Springer-Verlag, Inc. (i 84); and T. W G eene and
P.GM Wts, "Protective Goups in 20 Organi c Synthesis", Second Edition,
John Wley & Sons, New York, 1991. The invention will now be further

descri bed by the foll gy ng working exanple(s), which e preferred

enbodi nents of the fnveNtion. ANit@Ey Reagision uresdi'Q i n degrees €l Bjus
([err]C unless othgrw TRHPcated These exanpl e lare ; Fstrative_LaLhaL
than limting. - N [err] 5 CI) CO-EL
(R*)-N-[l,2,3,4-Tetrahjdro-2-[|\|—[E’".f Bt npgamol -4- N 2
yl acetyl)]-L-val yl]-3-Psogth nol i ny (fzca\bﬁnyﬁé-)b met himrdd1e.
trifluoroacetate salt A (R)-N[[2-](1, 1- D net hyl et hoxy)- 10
CarbonylI-1,2,3,4-tetrﬁhydro-3- i soqui nol i nyl ] carbonyl]-L-methionine,

met hyl ester A soluﬁtfn\Pf (S)-3, 4-di hydro- 2, 3(1H) -
f OH

Prot10

ii) LiAlH,

A compound of the formula XXIII' can then be

5 treated like a compound of formula XXI or a
compound of formula XXIII to obtain a compound of
formula XXIV':
XX1v'

10
SCHEME 3 (N-imidazolyl)

In methods which are similar to the methods
described in Scheme 1, the following N-imidazolyl
15 compounds can be made:

" This Sheet Has Been Rﬁ
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i soqui nal i nedi carboxylic acid, 2-(1,1- 15 dinmethylethyl) ester (2.0 g,
7.21 mol) and L- nethionine nmethyl ester HO (1.44 g, 7.21 mml) in 5:15
N- net hyl pyrrolidi none (NWP) -dichloronmethane was stirred at _I%
NN-Di i sopr opyl et hyl ani ne (DI EA, 1.23 ni, 7.4 mmol) was add€d“Tol | owed by
20 N hydroxybenzotriazole (HOBT, 974 ng, 7.21 mmol). The m xture was
~stirred for 5 mnutes, then 1-
et hyl - 3- ( 3- di et hyl am nopr opyl ) carbodi i m de. HO (EDC, 1.38 g, 7.21 nmol)
was added. The reartion mxture was allowed to come to roomtenperature,
25 stirred overnight and partitioned bgtween dichl oronet hane and sat ur at ed
sodi um chl ori de. The - 39 - organic Ehase \/\%f washed successively with
0

aqueous citric aci %mﬁ‘mﬁfﬁér bp_neﬁ % 8 Hﬂﬁe(?mlgﬁ gECYBri ed over
magnesi um sul fate, ‘and cgncentrdted gpder Vdcuumto give 2.61’9 (869 of 5
Compound A. B. ( [ (1,853, 4- Tetrahydro- 3-

i soqui nol i nyl)carbonyl]-L-nethionine, nethyl ester 10 ' A sol ution of
Compound A (2 g, 6.22 mmol) in 10 nlL dichl oronet hane was treated at room
tenperature with 10 nlL trifluoroaceti gaacid (TFA) and 0.5 niL di net hyl

sulfide, and stirred for 0.5 R?
Hydrolyze
N/AN—(CHz)n—N/kCOZ’R > N/\N—(CH )n—N
Ba (OH) , 2/n COH
\——-‘_ | Prot6 \=‘./ Prots
XXVI
3
E tao
* aent w ¥ p— e o Y
— \_—_./ Y
(1) HN(R3?) (CH;)Q KHVIL
(2) (2)
Rz(cgn")m,
N [/
N/\N—(CHz)n"H R®
\—/ 0
XXVII'
AN
J Ok
(3) R’
(3) R?
N/\N— (cnz)n‘ﬁ’J\n’N
N _ o}
. XXVIT®
(ii) deprotect
5
—_—
) ThisSheet a
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houy . r; reaction m xture was concentrated under 15 vacuum dissolved in
di cT‘uI or onet hane and concentrated. This procedure was repeated five tines to
yi el d Conpound B (99% as a clear glass. C (R*)-N-[ LD71b
2-[N-[1, 1- D et hyl et hoxy) - 20 . - 36 -

carbonyl]-L-valyl]-1, 2,3, 4-tetrahydro- 3-

I soqui nol i nyl ] carbonyl ] -L-nethi oni ne, nmethyl ester Conpound B (4.73 mmol)
was di ssolved in dichloronmethane (20 nL) and cooled to O[err]C. Nt- 25
But yl oxycar bonyl - L-val i ne A2céifipgund.dff foiula XXV can be prepared as

bi s(2- oxo- 3-oxazol i gér{yé‘gghosphi nic chloride (BOP chloride, 1.2 g, 4.7
nmmol ) and DI EA (1.6 5 mmol) were added. The mi xture was stirred for
24 hours at O[err]C. Additional BOP chloride (1.2 g, 4.7 30 nmmol) and DI EA

(0.8 n., 4.73 mol) added and the m xturegsas stirred for an

addi tional 12 hoursNdt O[ ¥rr{CH2)EhN¥HYEI xt ute wag conceredutionty and

chr omat ogr aphed (sil)ca |, eluting with 50%2 hyl oagentte, 50% pgxane).
Appropriate fracti ons—wer e -40- collected eeprent rat edto yield

Conpound C.as a clear oOigxfrdr?d 9. 97% . D.
(R*)-N-[[2-(L-Valyl)-1,2,3,4-tetrahydro-3- 5
I soqui nol i nyl ] carbonyl n l= r2etolti gni ne, nethyl ester, hydrochl oride

5
1. The compound of formula XXVIII, when n is 3, is
commercially available. The compound of formula
XXVIII, when n is 2, can be prepared as follows:

0]
N/\NH . Br/\/<::@ N/\N/\/
\=/ o \_/

deprotec; .
XXVIII where n is 2
10 NH,NH,

Side-chain protecting groups may be used in
these processes with amino acids having reactive
functionalities, such as hydroxyl, carboxyl, amino,

15 mercapto, guanidino, imidazolyl, indolyl and the
like. The particular protecting groups used for
any amino acid residues depend upon the sidechains
to be protected and are generally known in the art.
Exemplary sidechain protecting groups include

20 acetyl, benzoyl, benzyl, t-butyl and the like for
hydroxyl; cyclohexyl, benzyl, methyl, ethyl, t-
butyl and the like for carboxyl; benzyl, 4-
methylbenzyl, 4-methoxybenzyl, acetyl,

e

i



Conpounq C (100 ng, 0.192 mmol e) was dissolved in 4N hydrochloric acid in
di oxane at O[err]C for 1 hour. The solution was concentrated under 10

vacuumto afford a pink oil which was chased with diethyl e (3 x 20 m)
and triturated with diethyl ether to afford,81_ng (91% of und D as a
pink solid. 15 E (R*)-N-[[1,2,3,4-Tetrahydro-2-[ N-[ 2- (1H

I m dazol -4-yl acetyl)]-L-valyl]-3- isoquinolinyl]carbonyl]-L-nethionine,

nmet hyl ester To a solution of imdazole-4-acetic acid (34 ng, 20 0.21
ol ). [OBT (283 neulacitiny 134 GRRAYIA B B P L iliale | 1 2 1
of dichloronmethane at O[err]C V}\%.,S added I\I—#etﬁyl‘lrmggﬁ%rfl?]h% ﬁ l.}844 m.,

0.40 nmmol) fol | oned- e tHRF MRFGAPER i oft ~PBECKYE2RRONYL 2(B9%hd ) . The ni xture
was stirred at roorbdraiinatldarboniy118chey s, sNandoBSrlwerénig-oned bet ween
wat er and di chl oronet hane.  .The.or [ hase shed, with water and
brine, and dried ( é§§9f¥%ﬁﬁqqu§iq[gpﬁff?'Tﬁggg%fQ% t ‘BBY) r Sroved under
vacuum to affor8 5Toimeresidl fonylorifosid Erifluorddcetyl, 2-
R)-N[[1,2,3,4-T o L, | 75 | o 5 L3+ 1]-3-.
(R)-N-[[ eéeﬁq]h@@g%%mh herhbllychPbdag?! 1fedt Aoy e il V! ]

I soqui nol i nyl ] car bony . nine, t acetate s
for amino; 2,4-dinitrophenyl, benzyloxymethyl, Tos,

Boc, trityl and the like for imidazolyl; formyl,

Cbz, Teoc, 2,2,2-trichloroethyl carbamate (TROC)
10 and the like for indolyl; and tosyl, nitro, bis(1-

adamantyloxycarbonyl) and the like for guanidino.

Side-chain protecting groups may be removed,
if desired, by, for example, treatment with one or
more deprotecting agents in an inert solvent or

15 solvent mixture. For examples of protecting groups
and suitable deprotecting agents, see M. Bodansky
and A. Bodansky, "The Practice of'Peptide
Synthesis", Springer-Verlag, Inc. (1984); and T. W.
Greene and P.G.M. Wuts, "Protective Groups in

20 Organic Synthesis", Second Edition, John Wiley &
Sons, New York, 1991.

The invention will now be further described by
the following working example(s), which are
preferred embodiments of the invention. 2all

25 temperatures are in degrees Celsius (°C) unless
otherwise indicated. These examples are
illustrative rather than limiting.

e
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5 =« 1To a cool ed solution of Conpound E (53 ng, 0.1 mmol ) in nmethanol (2
nL) was *added a sol ution of l'ithium hydroxide (16.5 ng, 0.4 mmol) in 3 nL
of water. The mixture was stirred at O[err]C for 3 hours aggyﬁﬂpcentrated
under vacuum The residue was dissol ved ijé1jirn.of (80:

wat er/ acetonitrile/0.1% TFA. The sol ution was subjected to preparative HPLC
on an octadecyl silane colum (S-10; 30 x 500) using a gradient systemfrom
80% wat er: 20% acetonirile: 0.1% TFA to 55% water: 45% acetonitrile: 0.1%

TFA over 50 15 m nutes at 40 nL/m n. Uqﬁﬂﬁm?ﬂefglconditions, Compound F
eluted after approximately 37 m nutes. Fractions were anal yzed by

anal yti cal reversed phase HPLC, and those containing product with a m ni num
purity of 99% were pool ed *yophlllzed to af d 37 ng (62% of 20 the
title conpound as a white_doli #l ysis for [err] - 0.5

H20-0.75 [err]: Cal cul at eHN 52.25; H, 5.58; .50; S, 5.26; F, 7.02.
25 Found: C, 52.27; H, 5.45; 11.410; Q5 47 . 05. - 42 - Exanple
2 [err] (R*)-NJ[[1,2,3,4-Tetr hydrqu-[ (1H i m dazol - 4-

5 (rR*)-N-[[1,2,3,4-Tetrahydro-2-[N-[2-(1H-imidazol-4-
ylacetyl)]l-L-valyl]-3-isoquinolinyl])carbonyl]-L-
methionine, trifluoroacetate salt

A. (R*)-N-[[2-[(1,1-Dimethylethoxy) -

10 carbonyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]carbonyl]-L-methionine,
methvl ester
A solution of (S)-3,4-dihydro-2,3(1H)-

isoquinolinedicarboxylic acid, 2-(1,1-

15 dimethylethyl) ester (2.0 g, 7.21 mmol) and L-
methionine methyl ester HCl1l (1.44 g, 7.21 mmol) in
5:15 N-methylpyrrolidinone (NMP) -dichloromethane

was stirred at 4°C. N,N-Diisopropylethylamine
(DIEA, 1.23 mL, 7.21 mmol) was added, followed by

20 N-hydroxybenzotriazole (HOBT, 974 mg, 7.21 mmol).
The mixture was stirred for 5 minutes, then 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide«HC1l
(EDC, 1.38 g, 7.21 mmol) was added. The reaction
mixture was allowed to come to room temperature,

25 stirred overnight and partitioned between
dichloromethane and saturated sodium chloride. The

i




5 syl ca¥bonyl)-L-valyl]-3-isoquinolinyl]carbonyl] -L- nethionine.

tri‘fl uotoacetate (1.1) salt A 5- Hydr oxynet hyl - 1-tri phenyl net hyl -

i m dazol e 10 A solution of triphenylnmethyl chloridp7a 2 g, 7.9
mmol ) in dinethylformam de (DVMF, 5 nL) was 3@dded to a m xture of

4- hydr oxynet hyl i m dazole (1 g, 7.4 mol) and triethylamne (2.5 nm., 18
mml) in DMF (7.5 nL). The nixture was stirred for 18 15 hours, filtered
and the solid was washed with water and dried under vacuumto afford 2.33 g
(93 % of Cbnpoundo&gamle phhse was i waslbed successively with agueous

(1- Triphenylnethylini ol yI g A mixture of
conpound A (2.33 q@é F) EOd%Q%k%fﬁefqzﬂééﬁj wa ated to 85[err]C
to obtain a honogeﬁ@@@§1§§huﬁrbﬁd Q“Grh%%gn%ﬁﬂﬂ%x?q&£§qﬁbn@@@d, solid
manganese di oxi de ghﬁk%htrétad Sddér WRkluMeso piveldrdald @6exnez and the

m xture was stlrre ntil the tenperature began to drop. The m xture was
- 43 - heated f8r GOHBOMAdap.85[err]C, filtered through a pad of
Celite[err] and the filtrate was concentrated. The white solid was

di ssol ved in dichl ronethgﬁ?)Q§ éqg) 3659@8?r¥@§:QQQ?d and the m xture was

allowed 5 to stand ™ 0verni r'ed
1soqu1nollnyl)carbony1] ~L-methionine,
methvl estexr
10 A solution of Compound A (2 g, 6.22 mmol) in

10 mL dichloromethane was treated at room
temperature with 10.mL trifluoroacetic acid (TFA)
and 0.5 mL dimethyl sulfide, and stirred for 0.5
hour. The reaction mixture was concentrated under
15 vacuum, dissolved in dichloromethane and
concentrated. This procedure was repeated five
times to yield Compouhd B (99%) as a clear glass.

c. (R*)-N-[[2-[N-[(1,1-Dimethylethoxy)-
20 carbonyl]-L-valyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]carbonyl]-L-methionine, methyl
ester

Compound B (4.73 mmol) was dissolved in
dichloromethane (20 mL) and cooled to 0°C. N-t-
25 Butyloxycarbonyl-L-valine (2.06 g, 9.47 mmol),
bis (2-oxo-3-oxazolidinyl)phosphinic chloride (BOP
chloride, 1.2 g, 4.7 mmol) and DIEA (1.6 mL, 9.5
mmol)lwere added. The mixture was stirred for 24
hours at 0°C. Additional BOP chloride (1.2 g, 4.7
30 mmol) and DIEA (0.8 mL, 4.73 mmol) were added and
the mixture was stirred for an additional 12 hours
at 0°C. The mixture was concentrated and
chromatographed (silica gel, eluting with 50% ethyl
acetate, 50% hexane). Appropriate fractions were
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‘dried tog afford 1.86 g (80% of Conpound B as a white solid. C

(1-tri phenyl met hyl -i nmi dazol -5-yl)- 10 carboxylic acid Solid silver

oxide ([err], 0.68 g, 3.0 mol) in water (4 nL) at 55[err] CLpagbt r eat ed

wi t h sodi um hydroxi de (NaCOH, 570 ng, 14.4-ma0l »>. Conpound B (1 g, 3.0 mmuol)

was added and the m xture was stirred 15 at 55[err]C for 15 mnutes. The

m xture was filtered hot through a pad of Celite[err] and the filtrate was

acidified to pH 3.5 with 6N hydrochloric acid (HC). The resulting tan

solid was col | ect edcolinceedvand qereentiated itedyieddr Compoundt© aséfard 20

110 ng (10 %9 of Coppedpdofs B2.4 g, 4FEY-NI[[1, 2, 3, 4-Tetrahydro-2-[N-(I-

tri phenyl net hyl -i m dazol - 5-yl car bonyl ) - L-

val yl | - 3-i soqui nol i nyl ] carbonyl ]-L- 25 met hi oni ne. nethyl ester

Conpound D was preppted frQrt Cowppipd (1C-wand, Norm@yrid dPcereahbyagpBe 1 as

?Ef?fkff?lfgf3?2?$g$pgh5di%ggﬁ%ﬁﬁ%?igyf]cégkoﬁéll-L-methionine, methyl

tri phenyl met hyl -i ni dazol - 5egtetr vgrochloride

val yl']-3-isoqui nol i nyl]car k- hOH e I ution of

Conpound D (110 ng, 0. 145 §§g¥ &?% ﬁggﬂgﬂg*fkﬁ?{%g? &gglggdggga sol ugi on of
dissolved in 4N hydrochloric acid in dioxane at 0C

for 1 hour. The solution was concentrated under

10 vacuum to afford a pink o0il which was chased with
diethyl ether (3 x 20 mL) and triturated with
diethyl ether to afford 81 mg (91%) of Compound D
as a pink solid. '

15 E. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-[2-(1H-
imidazol-4-ylacetyl)]-L-valyl]-3-
isoquinolinyl]carbonyl]-L-methionine,
methyl ester

To a solution of imidazole-4-acetic acid (34 mg,

20 0.21 mmol), HOBT (28.3 mg, 0.21 mmol) and Compound D (81
mg, 0.18 mmol) in 2 mL of dichloromethane at 0°C was
added N-methyl morpholine (NMM, 44 mL, 0.40 mmol)
followed by the addition of EDC (40 mg, 0.21 mmol). The
mixture was stirred at room temperature for 18 hours and

25 partitioned between water and dichloromethane. The
organic phase was washed with water and brine, and dried
(magnesium sulfate, MgSO4). The solvent was removed
under vacuum to afford 53 mg (55%) of Compound E.
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- 44 - XN sodium hydroxide (5 nL). The mxture was stirred for 2 hours and
coricentrated to renmove methanol and the residue was partitioned between

wat er and di chl oronet hane. The aqueous | ayer was acidified H5 4 with
6N HCO and extracted with dichl oronet hane (44x). The conbi ned organi ¢ phases
were washed with water and brine and dried (MySO4). The sol vent was renoved
to afford 106 ng (98% of crude Conpound E. 10 F. '
(R)-N[[1,2,3,4-Tetrahydro-2-[ N- (I Hi m dazol -

yl carbonyl ) -L-val ykg| - 3-1i sqgul) nﬁLl[lpyI icgrbaf%,}ah}}df@tjumu

trifluoroacetate (1:1) salt sol ution of rlethyI5|Iane (0.23
m., 1.4 mmol) and TFA (5 H'ﬁ‘)" ﬁ°cl,l| FA’@ ?r’é‘flr?ahé"(‘éa]r{])]’lao‘ was added
Conpound E. The m xtureigeguiholinyll ] carkorall) <, -meyivionint,ed and t he

resi due was dissolved in 52123"31'?529%393 gﬁer/acetom trile/0.1 % TFA. The
m xture was centrifuged an ecante 0 renove rnsolruaplre al s. The
solution was subjected o a0cppipdraelykicplaf Grrpound RS2 sid.afelcol um

(S-10; 30 x 500) uamam)alﬁrﬁatﬁaﬁoﬁytsz el 1Y A4 lLSAMWion of
acetonitrile:0.1% TFA to 55% wat e JC%acetonl trile:Q.1% TEA over. 50

m nutes at 40 niL/ nﬂﬁﬁ%‘éumumﬂ@?‘”o’t‘h‘é%e mIingorfs 4 @ddudd P BLupédwakesr 25
approxi mat el y 29 nirhet fixthracivasnstiered anglorzedoly 3ahauyki aall rever sed

0
Phase LG o oR5oRanl 2aPoAT RAEU oL il NIRRT gt LoR T gCT e
white solid. 10 in 5 mL of (80:20) water/acetonltrllelo 1% TFA. The
solution was subjected to preparative HPLC on an
octadecylsilane column (5-10; 30 x 500) using a
gradient system from 80% water: 20% acetonitrile: 0.1%
TFA to 55% water: 45% acetonitrile: 0.1% TFA over 50
15 minutes at 40 mL/min. Under these conditions, Compound
F eluted after approximately 37 minutes. Fractions
were analyzed by analytical reversed phase HPLC, and
those containing product with a minimum purity of 99%
were pooled and lyophilized to afford 37 mg (62%) of
20 the title compound as a white solid.
MS: (M+H)* 516
Analysis for C25H33N505S - 0.5 H20-0.75 CF3CO2H:
Calculated: C, 52.25; H, 5.58; N, 11.50; S, 5.26;
F, 7.02.
25 PFound: C, 52.27; H, 5.45; N, 11.10; s, 5.42; F,
7.05.

-
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30 + M5 = (MHH) + 502 Analysis for [err] - 0.57 Herr]O1.25 [err]:
Calculated C, 48.52; H, 5.15; N, 10.67. Found: C, 48.52; H, 4.96;
N, 10.52. - 45 - Exanple 3 HJerr] 5 LD71b
(R*)-N-[[1,2,3,4-Tetrahydro-2-[ N-(2- (1H i m gazol -
yl)ethyl]-L-valyl]-3-isoquinolinyl]carbonyl]-L- nethionine,
trifluoroacetate (2:5) salt A
S- et hyl - (1- et hoxycar bonyl -i m dazol -4-yl)- 10 t hi oacetic acid To a
m xture of 4-imdazole acetic acid (2 Cgxampy®olgd and triethylamne (5.1
m., 37 mol) in dichloronethane (40 nL) at O[err]C was added a sol ution of
ethyl chl oroformate (2.5 nL, 26 mmol) in 15 dichl gronethane (10 nL) over 20
mnutes to naintain the reaction tenperature belgeen 0-5[err]C. The m xture
was stirred for 15 minutes and ethanethiol (2.0 $8 mmol ) and
4- (N, N- di net hyl am no) - pygi e (DVAP) (180 added consecutively.

d f

20 The m xture was stirr C, warned to room
tenperature, washed with
resi due was absorbed on a

he pl ug

(R*)-N-[[1,2,3,4-Tetrahydro-2-~[N- (1lH-imidazol-4-
5 ylcarbonyl)-L-valyl] -3-isoquinolinyl]carbonyl] -L-
i i 1t

A, 5-Hydroxymethyl-l-triphenylmethyl-
imidazole

10 A solution of triphenylmethyl chloride (2.2
g, 7.9 mmol) in dimethylformamide (DMF, 5 mL) was
added to a mixture of 4-hydroxymethylimidazole (1
g, 7.4 mmol) and triethylamine (2.5 mL, 18 mmol) in
DMF (7.5 mL). The mixture was stirred for 18

15 hours, filtered and the solid was washed with water

and dried under vacuum to afford 2.33 g (93 %) of
Compound A as a white solid.

B. (1-Triphenylmethylimidazol-5-yl) -
20 carboxaldehvde
A mixture of compound A (2.33 g, 6.85 mmol)
in dioxane (100 mL) was heated to 85°C to obtain a
homogeneous solution. The heat source was removed,
solid manganese dioxide (Mn0O2, 5 g, 57.5 mmol) was
25 added all at once and the mixture was stirred until
the temperature began to drop. The mixture was

\'\
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was- el utted wi th di chl oromet hane to renpve the 25 unreacted et hanet hi ol

fol’l oned by 10% net hanol : di chl oronet hane. Fractions containing - 46 -
product were conbi ned and evaporated to yield 0.55 g of Co d A as an
oil. B. (1-ethoxycarbony|-inidazol-4:y1 -5 dehyde To a

degassed sol ution of Conpound A (0.5 g, 2.1 mol) and triethylsilane (1.64
m., 10.3 nmol) in acetone (15 nL) was added 10% pal | adi um on car bon (100
ng). The m xture was stirred 1 hour, 10 filtered through a pad of

Gelitelerr] and thedlldf #e GORchIL 3toHs'e, HiVatdd ThrBubtPY pd

Compound B as an o .
(R)-N-[[1,2, 3, 4- Tatfy &isldte® and (the Mfiiltnater vlas concentrated. The

4-yl)ethyl]-L-val ylhi3d $04a"RhkNdikea1PeqYih - & cHES fUnitiHdhel 423 Sol ution
of Conpound D fron1Exang%§ 1 %83 ny, %F18 nnn%% and Conmpound B (100 nmg) in
met hanol (5 nl) wadHdddE*egesdvasgqpaareyaRdnbhe Mt uRe Mas Alloyvedo  ny,
0. 3|6) m"rolj). Af Ser £ gtand everadghti. onthe asoLbd Swaxd ﬁamﬁj&@ﬂiﬁﬁﬂ my, 0.36
nmo and acetic ac{ Il . e tthe _m xture was
T r) a0 o s oA de kol Birebken nggt méb%reéﬁ%%"%{%&f fy). NaBH3CN

(46 nmy, 0.72 mmol) vivideasedidd.acid (41 [err]L,

C. (l1-triphenylmethyl-imidazol-5-yl) -
10 carboxylic acid
Solid silver oxide (Ag20, 0.68 g, 3.0 mmol)

in water (4 mL) at 55°C was treated with sodium
hydroxide (NaOH, 570 mg, 14.4 mmol). Compound B (1
g. 3.0 mmol) was added and the mixture was stirred
15 at 55°C for 15 minutes. The mixture was filtered
hot through a pad of Celite® and the filtrate was
acidified to pH 3.5 with 6N hydrochloric acid
(HC1l). The resulting tan solid was collected,
rinsed with water and dried under vacuum to afford
20 110 mg (10 %) of Compound C.

D. (R*)-N-[[1,2,3,4-Tetrahydro-2-{N-(1-
triphenylmethyl-imidazol-5-ylcarbonyl)-L-
valyll]l-3-isoquinolinyl]carbonyl]-L-

25 methionine., methyl ester

Compound D was prepared from Compound C and

- Compound D from Example 1 as described for compound E
from Example 1.

30 E. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(1-
triphenylmethyl—imidazol-s—ylcarbonyl)—L—I
To a cooled solution of Compound D (110 mg,
0.145 mmol) in methanol (5 mL) was added a solution of

_—
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25 «0.72 mol ) were added over 1 hour. The m xture was stirred for 18
hours and evaporated, and the residue was di ssolved in nethanol (5 ni).
NaOH (1N, 4 nlL) was added, the solution was stirred 1 hour 3#9 EMa met hanol
was evaporated. The aqueous phase was dl|ut§ to 10 nL 30 ARwat e and
1 mL of TFA was added. The mixture was sitrred 10 m nutes, concentrated,
and the residue was dissolved in 25 nL of (80:20) water: acetonitrile
containing 0.1% TFA. The m xture was centrifuged and decanted to renove

i nsol ubl e material sy %8d§&%uﬁy&¥bx1de @y,mnmasgﬁ%bhggkﬁgetgagrgegfﬁgave

HPLC on an octadecyl silane col'um_(S-10; 30 x 5 usin %pa I ent system
from 80% wat er : 20@@%6e30“?¥¥$I%Pd(FQEGeﬁﬁ¥ﬁﬁfd5§%)W&P@Ve ns QEQ%OEP@th%

0. 1% TFA over 50 N pgéesuétwdd pastitibmed pddvéen Watee aaadl tions, the
product el uted afteé>c m Utﬁk Fr acj,i ons contalnln roduct

Lth.a
m nimum purity of 9 ¥ ?EP%% A an bﬁuﬁﬂﬂﬁ.Ufb&ays a Fﬁracéém%beéft?h%ﬁ
title conpound (4% with 6Mi Bl sd dexthBictedvmidlch+ d3ehloPomanhbnei $4xf or

[err] - 0.3 H[err]QT 5 {ded & Wt Ya 4 i 8

EoLng: e 15 ?_#l% rlé% C%&%ﬂi%%ase we sheatw3th Hat8rding
brine and dried (MgSO4). The solvent was removed to
afford 106 mg (98%) of crude Compound E.

10 F. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N- (1H-imidazol-4-
ylcarbonyl)-L-valyl]-3-isoquinolinyl]carbonyl]-

To a degassed solution of triethylsilane (0.23

mL, 1.4 mmol) and TFA (5 mL) in dichloromethane (5 mL)

15 was added Compound E. The mixture was stirred for 4
hours, concentrated and the residue was dissolved in 25
mL of (80:20) water/acetonitrile/0.1 % TFA. The .
mixture was centrifuged and decanted to remove
insoluble materials. The solution was subjected to

20 preparative HPLC on an octadecylsilane column (S-10; 30
x 500) using a gradient system from 80% water:20%
acetonitrile:0.1% TFA to 55% water:45%
acetonitrile:0.1% TFA over 50 minutes at 40 mL/minute.
Under these conditions, Compound F eluted after

25 approximately 29 minutes. Fractions were analyzed by
analytical reversed phase HPLC and those containing
product with a minimum purity of 99% were pooled and
lyophilized to afford 14 mg (19.6%) of the title
compound as a white solid.

30 Ms: (M+H)* 502
Analysis for C24H31Ns505S - 0.57 H20-1.25 CF3CO2H:
Calculated: C, 48.52; H, 5.15; N, 10.67.
Found: C, 48.52; H, 4.96; N, 10.52.

_—
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- 48 - Exanple 4 [err] 5

N-[(2,3*Di chl orophenyl )nmethyl]-Nerr]-(1H i m dazol - 4-

yl acetyl)-L-isol euci nam de A. N-[ (1, 1- D met hyl et hoxy) - Ig%)nyl) L-

I sol euci ne. 2. 3-di chl orobenzyl am de 10 A suspensi on oOf BoCc-i sol euci ne
hem hydrate (0.61 g, 2.5 mol), 2, 3- dlchloré%enzylan1ne hydrochl ori de (0. 36
g, 1.75 mmol), NwW (0.22 n_, 2.0 nnnl) EDC (0.48 g, 2.5 mmol ) and HOBT
(0.34 g, 225 mol) in 10 nL of 9:1 THF: DMF was stirred 13 15 hours. Half
saturated sodi um hydrogen carbonate andggidjeacetate were added, the

m xture was partitioned, the organic phase was washed again w th aqueous
sodi um hydrogen carbonate, twice wth agueous 5% pot assi um hydrogen sul fate
and once with 20 brine, driedferr] and evaporated to afford 0.90 g of
foany gum Flash chromat og on silica wth _28gethyl acetate/hexanes
provided 0.61 g (92% of d A as a whité . 25 B

L-isol eucine, 2,3-dichlor | am de, hydroc b To Conmpound A (0.60 g,
1.5 mol ) was added 2 nL of 4N hydgogen jxhl g di oxane. The sol ution
was stirred for 1.5 hours, e aporahed a

Y N

H 0

H3C CH; \/u\
o i OH
5\\v,,scn3

5 (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(2- (1H-imidazol-4-
yl)ethyl]-L-valyl]-3-isoquinolinyl]carbonyl]-L-
methionine, trifluoroacetate (2:5) salt

A. S-ethyl- (1l-ethoxycarbonyl-imidazol-4-yl)-
10 thicacetic acid

To a mixture of 4-imidazole acetic acid (2 g,

12 mmol) and triethylamine (5.1 mL, 37 mmol) in
dichléromethane (40 mL) at 0°C was added a solution
of ethylchloroformate (2.5 mL, 26 mmol) in

15 dichloromethane (10 mL) over 20 minutes to maintain
the reaction temperature between 0-5°C. The
mixture was stirred for 15 minutes and ethanethiol
(2.0 mL,, 28 mmol) and 4-(N,N-dimethylamino) -
pyridine (DMAP) (100 mg) were added consecutively.

20 The mixture was stirred for 30 minutes at 0°C,
warmed to room temperature, washed with water and
brine, dried (MgSO4) and evaporated. The residue
was absorbed on a plug of silica gel and the plug
was eluted with dichloromethane to remove the

25 unreacted ethanethiol followed by 10%
methanol:dichloromethane. Fractions containing
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- 49 - chased with ether, and the resulting white solid was suspended in
ether, filtered, rinsed with ether and dried to afford 0.47 g (94% of
Compound B as a white solid. 5 C N[ LD71b

(2,3-Dichl orophenyl )nethyl]-Nerr]- - 46 -
(1H i m dazol - 4-yl acetyl)-L-isol euci nam de A m xture of Conpound B (0.12 g,
0.35 mmol ), im dazol e-4-acetic acid hydrochloride (0.12 g, 0.71 10 nmol),
NW (0.12 m., 1.0 mwol), EDC (0.138 g, 0.71 mml) and HOBT (0.095 g, 0.71
nmmol) in 3 n of D\fra@scs tvdre bontintidind Ehapbivatvasts spierdl orgker
vacuumwi th gentle marguggﬂ hal f sat urated.sodi um hydrogen carbonate was
added, and the mi xt9r® DOING & A% & %icce with 10%

i sopropanol / met hyl ene chl oride. The conbi ned organi ¢ phases were washed
with brine, dried [grr] and.e f 8 f_ off-white

. gelatinous solid wﬁ?bh masq&u%?@%%ggsggbgygs%ﬂéﬁ?%%%I%éké%ohy on silica wth
5% 20 nethanolﬁnethylene ARSRGEAN A8 rRi-A-hyra-axi-de fol | owed by 10%
met hanol / met hyl ene chl orpged 1§a 'lggﬂﬁ*quxerCoﬁbgg550ﬂ56@99t@jning

cl ean product were evaporated, ihe,re I Jue was taken up in 10%
isopropanol/nethylé%eldﬂwg¥) %5%51FQPF](ing4e pot&t I} af f or d

314

| fd IS
0.13 g (94% of whiie scétshe WIS mawas agddedwiorR pabeadiem mgwvi de the

{iL1e compound, M dEZdBOL S by AN Hee i 2R eULab ol L 2Fed of ol 22
10 filtered through a pad of Celite® and the filtrate
concentrated to afford 0.37 g (98%) of Compound B
as an oil.

C. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(2-(1H-imidazol-
15 4-yl)ethyl]}-L-valyl]-3-isoquinolinyl]carbonyl] -L-
methionine

To a solution of Compound D from Example 1 (83 mg,

0.18 mmol) and Compound B (100 mg) in methanol (5 mL)
was added solid sodium cyanoborohydride (NaBH3CN, 23

20 mg, 0.36 mmol). After 10 minutes, additional amounts
of NaBH3CN (23 ng, 0.36 mmol) and acetic acid (21 UL,
0.36 mmol) were added and the mixture was stirred 30
minutes. Two additional portions of Compound B (150
mg), NaBH3CN (46 mg, 0.72 mmol) and acetic acid (41 ML,

25 0.72 mmol) were added over 1 hour. The mixture was
stirred for 18 hours and evaporated, and the residue
was dissolved in methanol (5 mL). NaOH (1IN, 4 mL) was
added, the solution was stirred 1 hour and the methanol
was evaporated. The aqueous phase was diluted to 10 mL

30 with water, and 1 mL of TFA was added. The mixture was
sitrred 10 minutes, concentrated, and the residue was
dissolved in 25 mL of (80:20) water:acetonitrile
containing 0.1% TFA. The mixture was centrifuged and
decanted to remove insoluble materials. The solution
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[erf]: 30 Calculated: C, 54.07; H 5.73; N, 13.80; d, 17.46. Found:

C, 54.06; H, 5.58; N, 13.86; O, 17.06. 50 - O [err] 5
(S)-N-[2-Methyl -1-[(1, 2, 3, 4-tetrahydro- 2- LD71b

i soqui nol i nyl ) carbonyl ] butyl]-1Him dazol e-47 acet ami de A

2-[N-[ (1, 1- D net hyl et hoxy) - carbonyl ] -L- 10 i sol eucyl]-1.2.3.

4-t etrahvdroi soqui nol i ne Conpound A was prepared as a clear gumfrom
Boc-i sol euci ne hem hydrate and 1, 2, 3, 4- tetrahydroi soqui noline as descri bed

for Conpound A of ReaMdudbiecttd Bo prepaZathve SEPEY M Janl chthdbdyaldialhwer o-

i soqui nol i ne. hydrochl oride . oupd A (1.60 g, 4.62 mml) was added 6
moof AN HG i ndi G radsoBll Rod0RdsEiRe & AR Rysn from
evapor at ed and chasti® weateret 20% twetentioraléord. 1% 2ZEFxy (O BHY ofat@onpdditd B

as a foany white Soalééi:o;)[ -tcrair eon&)fi]hgl'}'?&‘ﬁ _P/%?Yko é;i:i:(l?tegs }t4'4toetnﬁ.. %i.%‘?.’ez.' _

25 i soquinol1n .bu i mdazo acet am
Under these conditions, the product eluted after 32

minutes. Fractions containing product with a minimum
purity of 99% were pooled and lyophilized to afford 22
mg of the title compound (24%) as a white solid.
MS: (M+H)* 502 '

10 Analysis for C25H35N504S - 0.3 H20-2.5 CF3CO2H:
Calculated: C, 45.49; H, 4.84; N, 8.84.
‘Pound: C, 45.49; H, 4.68; N, 8.77.
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The-title conpound was prepared as an off- white solid from Conpound B and

i m‘dazol’e- 4-acetic - 51 - acid hydrochloride as described for Exanple 4,
np 73-78[err]C. Analysis calculated for [err]-0.4 Herr]Q Lyl ated: G,
66.42; H 7.47; N, 15.49. 5 Found: - &g 66.35; H 7.59; N 15.14.

[err] 10 (R*)-N-2-[[1, 2, 3, 4-Tetrahydro-2-[N-(1Hi m dazol - 2-

yl met hyl ) - 3-net hyl - L-val yl ] - 3-i soqui nol i nyl ] carbon- vl | -L-al utam ne.
trifluoroacetate (1:2) salt 15 A -

1-Tri phenyl net hyl - m dazol e- 2- car boxal dpRuglp160 4 sol ution of

I m dazol e- 2- car boxal dehyde (700 ng, 7.28 mmol) and DI EA (3.05 nL, 17.5

nmmol) in DMF (8 nL) was added a solution of triphenylnetfyyl chloride (2.23
g, 8.00 mmol) in DMV 20 (25 nL)'dropmA.;;MFE;f m xture s stirred for 16
ti i ]
t

hours, poured into water ang extract ed§ S Wt acetgte. The
conbi ned organic |ayers me/g§3fsﬁea]rm(: . ¥yt e '
dried (MgSO™4) and concent¥at e and jfhe rési duegwas
N o} A
-~ H

e W th brine,
(silica gel, 50% et hyl \%_-
H3C/\

omat ogr aphed
CH;

5 N—[(2,3-Dichloropheny1)methyl]—N2—(1H-imidazol-4-
-L-i i ide

A, N-[(1,1-Dimethylethoxy}-carbonyl] -L-

10 A suspension of Boc-isoleucine hemihydrate
(0.61 g, 2.5 mmol), 2,3-dichlorobenzylamine
hydrochloride (0.36 g, 1.75 mmol), NMM (0.22 mL,
2.0 mmol), EDC (0.48 g, 2.5 mmol) and HOBT (0.34 g,
2.5 mmol) in 10 mL of 9:1 THF:DMF was stirred 13

15 hours. Half saturated sodium hydrogen carbonate
and ethyl acetate were added, the mixture was
partitioned, the organic phase was washed again
with aqueous sodium hydrogen carbonate, twice with
aqueous 5% potassium hydrogen sulfate and once with

20 brine, dried (MgSO4) and evaporated to afford 0.90
g of foamy gum. Flash chromatography on silica
with 25% ethyl acetate/hexanes provided 0.61 g
(92%) of Compound A as a white solid.

25 B. L-isoleucine, 2,3-dichlorobenzylamide,
hvdrochloride
To Compound A (0.60 g, 1.5 mmol) was added 2
mL of 4N hydrogen chloride in dioxane. The

sblution was stirred for 1.5 hours, evaporated and

e
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- 52 - acetate/hexane) to yield Conmpound A as a slightly yellow solid (800
nmy,” 39 9%, (MH) + 339+. B. 3 -Methyl -N- [ (phenyl nmet hoxy) car bonyl 1
-L-valine 5 To a solution of L-tert-leucine (10.2 g,np94,6 mMol) in
aqueous sodi um hydroxide (2N, 40 nlL) at 0] gfg ].C was added benzy
chloroformate (12.1 nlL, 85.4 mmol) and sodi um hydroxi de (2N, 40 nl)
alternatively in 5 portions over 30 mnutes. The 10 cold bath was renoved
and after 1 hour the pH of the m xture was adjusted to 10. The m xture was

ext (r]I a]g:t eg E vvhcg) Wi t‘::hagéaem@%tmueouﬁdl euerr%mlfm ?eiaﬂ& Eﬁcﬂﬁkﬂ C ?Ed
acidified (p Wi aci n racte i, mes . W

ether. 15 The orgdf% ﬁ‘*ﬁ?{%‘%l& the gh@‘é‘?’fﬁ#slﬁ%’ﬁ"e‘% Wit gﬁ@éntrat ed
to afford Conpound dﬁchsiraddﬁltokacﬁlfbrdle 27gg 8%4%) oS daipound [E+lEs+a=

266[err]. C Tetrahydro-2-[3-nethyl -N- 20
((phenyl et hoxy caﬁ'{?%néﬁ] oil \;ﬁal yl]1-3- isoquinolinecarboxylic acid, nethyl

ester To a sol uPion of Conpound B (5.31 g, 20 nmmol) in dichl oronethane (80
nL) at O[err]C undes, argonN\A@{g §eg&l€1@1d;ﬁéﬂl-yerﬁm%t%.ﬁqﬂﬂ 6 m., 60 mmol ),

25 benzotriazol -1-yl oxytri s: ni.um-hexaf | uorophosphat e
(BOP, 5.08 g, 20 mmmol) and rboxylic

acid, nethyl ester, hydrmeﬁﬂ:muni;ao(ESCG&pgunaSBmllz Jheor:iﬁicimm m xture
Vas aI lowed to warm t:L%azole 4-acetic acid hydrochloride (0.12 g, 0.71
10 mmol), NMM (0.12 mL, 1.0 mmol), EDC (0.138 g, 0.71
mmol) and HOBT (0.095 g, 0.71 mmol) in 3 mL of DMF
was stirred overnight. The DMF was removed under
vacuum with gentle warming, half saturated sodium
hydrogen carbonate was added, and the mixture was
15 extracted twice with 10% isopropanol/methylene

chloride. The combined organic phases were washed
with brine, dried (MgS0O4) and evaporated'to.afford
0.18 g of off-white gelatinous solid which was
subjected to flash chromatography on silica with 5%

20 methanol/methylene chloride/0.5% ammonium hydroxide
followed by 10% methanol/methylene chloride/1%
ammonium hydroxide. Fractions containing clean
product were evaporated, the residue was taken up
in 10% isopropanol/methylene chloride, dried

25 (MgSO4) and evaporated to afford 0.13 g (94%) of
white solid, which was rinsed with ether to provide
the title compound, mp 167-169°C.
Analysis calculated for CigH22N402C12-0.20 H0-0.07

C4H100:
30 calculated: C, 54.07; H, 5.73; N, 13.80; Cl1l, 17.46.
Found: C, 54.06; H, 5.58; N, 13.86; Cl, 17.06.
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30 *5[err]C over 2 hours and stirred 16 hours. The mixture was washed with
AN ‘hydrochl oric acid, saturated sodi um bi carbonate and brine. The organic

| ayer was dried (nagnesiun1su|fate), filtered and concentraipgigo afford an
oil. Purification by - 53 - flash silica@el colum chronat ography
eluting with 20% et hyl acetate in hexanes afforded Conpound C (4.0 g, 45%.
Ms: (Cl) (MHH)[err] = 439[err]. 5 D

(S-1,2,3,4-Tetrahydro-2-[3-nmethyl -N- [ (phenyl met hoxy) car bonyl ] -L-val yl]- 3-
I soqui nol i necarboxylic acid To a sol ut iExambléonppound C (830 ng, 1.9 mol)

I n THF/ nmet hanol (4 nmL/5 nL) at room 10 tenperature was added |ithium
hydroxide (1IN, 1.9 mL). After 1 hour, additiongl |ithium hydroxide (1N, 1.5
m.) was added. After 2 hours, sodlun1hdeOX|d- (IN, 1.9 nl) was added.

After anot her hour, solvent s regved fod t & as 15 partitioned
bet ween 1N hydrochloric achgygﬁﬁrﬁfﬁyvgﬁce ol e. ~ ayer was dried
(magnesi um sul fate) and congent Hat ed ~affgrd Co 0 ng). 20 E
(R*)-N[err]-[[l,2,3,4-Tetra§$dr§-2-[3£heth

[ (phenyl met hoxy) car bonyl ] - L-val #l ]-3- iggdui N9l i nyl [*Car boMyl ] - L- gl ut am ne,

5 (S) -N-[2-Methyl-1-[(1,2,3,4-tetrahydro-2-
isoquinolinyl)carbonyl]lbutyl]-1H-imidazole-4
acetamide

A. 2-[N-[(1,1-Dimethylethoxy) -carbonyl] -L-
10 . _ _ . . .
Compound A was prepared as a clear gum from
Boc-isoleucine hemihydrate and 1,2,3,4-

tetrahydroisoquinoline as described for Compound A
of Example 4. '
15
B. 2-(L-isoleucyl)-1,2,3,4-tetrahydro-
. inoli hvdrochlorid |
To Compound A (1.60 g, 4.62 mmol) was added 6
mL of 4N HCl in dioxane. The solution was stirred
20 2.25 hours, evaporated and chased with ether twice
to afford 1.29 g (98%) of Compound B as a foamy
white solid.

C. (S)-N-[2-Methyl-1-[(1,2,3,4-tetrahydro-2-
25 isoquinolinyl)carbonyl]butyl] -1H-imidazole-
4 acetamide '

The title compound was prepared as an off-
white solid from cOmpound B and imidazole-4-acetic
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di net hyl:et hyl ester To a solution of Conpound D (0.9 g, 2.1 mmwol), L- 25

glutam ne t-butyl ester hydrochloride (0.50 g, 2.1 mml), and BOP (0.93 g,
2.1 mol) in 3:1 CH3CN: DMF (26 nl) was added DIEA (1.1 ni, grﬁ ). The
solution was stirred for 16 hours, quenched th IN HO (10 n%?ng

extracted 4 tines with ethyl 30 acetate, t he conbi ned organic extracts
were washed 3 tinmes with 10%Lid, dried (I\/gSO4) filtered and
concentrated. The residue was purified by flash chromat ography (1/1 - 54

- hexane/ acetone) t@aca2dfRydrdshmsrigt Ry Bebctibdd¥EoRSERampiées Sohh d, NP

60-68[err]C. Mo 609. F.
(R*) - kl[er]r] [[1, Z(M?E')#gségihydro 2-(3-nmethyl-L- 5

val yl) - 3-i soqui nol |M&}Y%@$ b@&ﬂﬁqla_tedglﬁmamznszsm%- @i meHbqt et hyl ester,
hydr ochl ori de PaII 3 &)XI bgp (71(4% T&F fg yvas added to a
b

sol ution of Corrpoun ) with 1IN HCO
(1.5 m). A bal¥ ooBows@t ai ni ng Q”ry Q)g"én \l‘hs 7at519acNed oléhe flask and the

m xture was stirred for 3 hours. The m xture was filtered through
Celite[err] and the filtrate concentrat d under yacuumto afford 15
Compound F (0.77 g, 100% which was use

A \i

CONH;
10 _
(R*)-N-2-[[1,2,3,4-Tetrahydro-2-[N- (1H-imidazol-2-
ylmethyl)-3-methyl-L-valyl]-3-isoquinolinyl])carbon-
15 A. =Tri -imj —2-

To a solution of imidazole-2-carboxaldehyde
(700 mg, 7.28 mmol) and DIEA (3.05 mL, 17.5 mmol)
in DMF (8 mL) was added a solution of
triphenylmethyl chloride (2.23 g, 8.00 mmol) in DMF
20 (25 mL) dropwise. The mixture was stirred for 16
hours, poured into water and extracted 3 times with
ethyl acetate. The combined organic layers were
washed twice with water and once with brine, dried
(MgSO4) and concentrated, and the residue was

25 chromatographed (silica gel, 50% ethyl

\
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further *purification. Ms: (MrH) [err] 475 (free base). G
(RY-N-2-[[1, 2,3, 4-Tetrahydro-2-[ N-(I -
trlphenylnethyl-inidazol-2-y|nethy|)-3- 20 D71b
met hyl - L-val yl ] - 3-i soqui nol i nyl ] carbon-yl ]1-54-gl utam ne, 1.E-d|nethylethyl
ester Conpound A (332 ng, 0.97 mmol) and Conpound F (250 ng, 0.489 nmpl)
were di ssolved in nethanol (20 nlL) and glacial acetic acid (0.4 nL). Sodium
25 cyanoborohydride (31 ng, 0.489 mmol) was added portionw se over 15
mi nut es. dThedrri Xtﬁrﬁcé\e&télhéxaﬁb)f cuo( A d1aucempodndonl &8 éoﬁmig}%th@, and
sat urat ed sodi um hydrpgen car : e mxture
was concentrated arﬁeggoweﬁc?];b w nb%y%&ci#&& ?gﬂ'g ethyl acetate
| ayer was washed with water and brine, drled (NgSCﬂ) concentrated and
chromat ogr aphed (sigica ge %
Fractions containing the d 0
concentrated and purified B9 %w%ﬁﬁﬂQﬁQQMPqHﬁLGeFVwéﬁsciﬂeCbéoegl%nn 30 X
ﬁg? rrm) 1‘§%t?' 63%%16]&1&&&1)@@@@@&@(1 fudl Bolgdufd. %%1%5361@&8(2149 m(rjm!.)es at 20

mn). Fractions contajnin e (desi roduct were i ne
concentrated, extratte ﬁ\)ﬁ‘?g f?&f‘ rCEeﬁBEB’ﬁ? ’f‘ﬁ%‘,’edffgnf (Myso4) and
concentrated to yi e88. £ammmlindcar@d md'iuni bgdroklide (2N, 40 mL)

alternatively in 5 portions over 30 minutes. The

10 cold bath was removed and after 1 hour the pH of

the mixture was adjusted to 10. The mixture was
extracted twice with ether. The aqueous layer was
cooled to 0°C and acidified (pH 2) with 5 N
hydrochloric acid and extracted 3 times with ether.

15 The organic layer was dried (magnesium sulfate) and
concentrated to afford Compound B as a thick oil
(18.2 g, 88%). MS (CI) : (M+H)* = 266*.

C. (s)-1,2,3,4-Tetrahydro-2-[3-methyl-N-
20 [ (phenylmethoxy)carbonyl] -L-valyl]-3-
. inolj ] 1 id hy1
To a solution of Compound B (5.31 g, 20
mmol) in dichloromethane (80 mL) at 0°C under argon
were sequentially added DIEA (10.6 mL, 60 mmol),

25 Dbenzotriazol-l-yloxytris-(dimethylamino)phosphonium
hexafluorophosphate (BOP, 5.08 g, 20 mmol) and
(s)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic
acid, methyl ester, hydrochloride (5.68 g, 25
mmol). The reaction mixture was allowed to warm to

30 5°C over 2 hours and stirred 16 hours. The mixture
was washed with 1N hydrochloric acid, saturated
sodium bicarbonate and brine. The organic layer
was dried (magnesium sulfate), filtered and
concentrated to afford an oil. Purification by
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(130 ny,» 33%, (MrH)[err] 797[err]. 10 H
(R)-N2-[[1, 2, 3, 4- Tetrahydro- 2-[ N- (1H

i m dazol - 2-yl net hyl ) -3-net hyl -L-val yl ] - 3- D

i soqui nol i nyl ] carbon-yl]-L-glutam ne, tritlggrgacetate (1:2? Zﬁpt Compound
G (130 ng, 0.34 mmol) was dissolved 15 in fethylene chloride (10 nm), TFA
(10 m.) and triethylsilane (0.5 nmL), and the m xture was stirred for 1
hour. The m xture was concentrated, dissolved in nethylene chloride (60 nlL)

and concentrated. Thi r RREA ' [ Vol t he
crude product as a ﬁ%??g g%?gggqg%??ghin qﬁgﬁf%%gggggzg?eﬁgﬁt#ﬁ%‘%ﬁ&ge
I

solid was purified 3% pRepat Afetatepin hemanss: gLifpr gempowrd XC 500 mm
18% t o 63% et hanol (40 eg, CAB% B NS @IH%(MRft)ever 430+ m nutes at 20
m./mn). Fractions 25 containing the desired product were conbi ned and

| yophilized to provide 53 ng (17 % of the title conpound, np 89-90[err]C.
[err]D25[err] =3 3@, 0[ err[S]cl=203.14-Festtahydro-2rdBy-geshyaNul at ed for

[err]-3.20 [err]- 30 2. gf)FSglg%?lpﬁ{ﬁg@@é@fgarbgnyéé_ﬁafgrlﬁl]4359; N, 9.23.
dsoguinolinecaxbo

Found: C, 41.43; . .
xvlic acid

To a solution of Compound C (830 mg, 1.9

mmol) in THF/methanol (4 mL/5 mL) at room

10 temperature was added lithium hydroxide (1N, 1.9
mL). After 1 hour, additional lithium hydroxide
{1N, 1.5 mL) was added. After 2 hours, sodium
hydroxide (1N, 1.9 mL) was added. After.another
hour, solvent was removed and the residue was

15 partitioned between 1N hydrochloric acid and ethyl
acetate. The organic layer was dried (magnesium
sulfate) and concentrated to afford Compound D (820
mg) .

20 E. (R*)-N2-[[1,2,3,4-Tetrahydro-2-[3-methyl-N-
[ (phenylmethoxy)carbonyl}]-L-valyl]-3-
isoquinolinyl]carbonyl]-L-glutamine, 1,1-
dimethvlethvl ester

To a solution of Compound D (0.9 g, 2.1 mmol), L-

25 glutamine t-butyl ester hydrochloride (0.50 g, 2.1
mmol), and BOP (0.93 g, 2.1 mmol) in 3:1 CH3CN:DMF
(26 mL) was added DIEA (1.1 mL, 6.3 mmol). The
solution was stirred for 16 hours, quenched with 1IN
HCl (100 mL) and extracted 4 times with ethyl

30 acetate, and the combined organic extracts were
washed 3 times with 10% LiCl, dried (MgSO4),
filtered and concentrated. The residue was
purified by flash chromatography (1/1

‘ 
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5 (R*) ‘Nerr]-[[1,2,3, 4-Tetrahydro-2-[N-[(1-nethyl -

i m dazol’- 4- yl)acetyl] 3-net hyl - L-val yl ] - 3-i soqui no-

| i nyl]carbonyl]-L- glutanine trifluoroacetate (1:2) salt 10 D#&b
(R*)-Nerr]-[[1,2,3,4-Tetrahydro-2- [N—[(l- 54 -

met hyl - 1H i m dazol - 4- yl )acetyl]-3-nethyl -
val yl ]-3-1soqui nolinyl]carbonyl]-L- untan1ne 1, 1-di net hyl et hyl ester
Conmpound A was prepared from Conpound F of 15 Exanple 6 and

1- net hyl d I Y0 d Cgl for ound E
L rreExaxrfm : gl 1?Z?Nﬁ|_|)4h%$ér‘r]§ /gagc%feg%eh dpoaklegrideoRBodRECE! PEYL fPr &P

(RE)-Nerr]-[[1, 2, P81-aef %&q}lﬁ[mp[@ﬁ 680C. Ms: (M+H)* 609.

met hyl - 1H i m dazol - 4- yl)acetyl]- 3- nethyl ) I
val yl']-3-isoqui nol i yI]car VAN s gl,ut,am pe | uor o etate 1:2 sal t
A mxture of TFA ( hL) angggo h&& %lghg éyﬂﬁg %ngf L-

di chl or onet hane5(5 nl) vvasrﬂlﬁfls)t-ﬁr-rm@qlu\molhnyilaadrbonpbh%mat ed The

resi due was dissolved in ?}‘%’3&3’4 8Q: 308 i %Rt ggﬁ%gné% %*elo 1% TFA and

the m xture was centrifug cantéd to re nso - 57 -
materials. The solution

oct adecyl sil ane col um ( S-paliad3@mX r@ag},xgagngnacgfgghemosgysgfr}h&)r om 80%

was added to a solution of Compound E (0.91 g, 1.5

10 mmol) in THF (9.1 mL) with 1N HCl (1.5 mL). A
balloon containing hydrogen was attached to the
flask and the mixture was stirred for 3 hours. The
mixture was filtered through Celite® and the
filtrate concentrated under vacuum to afford

15 Compound F (0.77 g, 100%) which was used without
further purification. MS: (M+H)*t* 475 (free base).

G. (R*)-N-2-[[1,2,3,4-Tetrahydro-2-[N-(1-
triphenylmethyl-imidazol-2-ylmethyl)-3-

20 methyl-L-valyl]-3-isoquinolinyl]carbon-yl]-
L-glutamine, 1.l-dimethvlethv] ester
Compound A (332 mg, 0.97 mmol) and Compound

F (250 mg, 0.489 mmol)} were dissolved in methanol
(20 mL) and glacial acetic acid (0.4 mL). Sodium
25 cyanoborohydride (31 mg, 0.489 mmol) was added
portionwise over 15 minutes. The mixture was
stirred for 16 hours and cooled to 0°C, and
saturated sodium hydrogen carbonate (30 mL) was
slowly added. The mixture was concentrated and

30 extracted with ethyl acetate. The ethyl acetate

layer was washed with water and brine, dried
(MgsS0O4), concentrated and chromatographed (silica
-gel, 95% methylene chloride, 5% methanol).
Fractions containing the desired compound were
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water: 20% acetonitrile:0.1% TFA to 55% water: 45% 5 acetonitrile:0.1% TFA
over 50 minutes at 50 nli/m nute. Under these conditions, the peptide eluted
after approximately 18.2 m nutes. Fractions were anal yzed py73pal yti cal
reverse phase HPLC and those containing engsched product were pool ed and 10
| yophilized. The residue was dissolved in water (5mL), 1N NaOH was added
to pH 10 and the solution was stirred 15 mnutes and acidified to pH 2.5
with TFA. The solution was applied to a C 18 sepepak cartridge (2g), which
was prewashed w thcdltettea, wondaim@fararqﬁmﬂfueaj byaptdepBraaliven

hqueous acetoni i FECG. Th RO s ok 1 Ad" 508wl 18¢°€02¥ad0%
acetonitrile:0.1% MEthakohcvaves comtaiming GClléaTEH ovest 4\Qlemént3§ﬁ§| ned to

20 afford 27 g (30% 00 it MeH =
206, Ll 2se3 (RRbochuiiifnll i fed de;m&%ﬁc&&&aam engokiedirbE

err err H20: 25
Cal cul at ed: c 34. xpsodulctawgee cembined MtratEd'c Iaﬁf'}egH 6.78; N,
15. 48. - 58 - Ex@tiBkew8thl methylene chlorlde. dried (MgSO,;) and

concentrated to yield Compound G as a clear oil
(130 mg, 33%), (M+H)* 797+,

10 H. (R*)-N-2-[[1,2,3,4-Tetrahydro-2-[N- (1H-
imidazol-2-ylmethyl) -3-methyl-L-valyl]}-3-
isoquinolinyl]carbon-yl]-L-glutamine,
trifluoroacetate (1:2) salt
Compound G (130 mg, 0.34 mmol) was dissolved

15 in methylene chloride (10 mL), TFA (10 mL) and

triethylsilane (0.5 mL), and the mixture was

stirred for 1 hour. The mixture was concentrated,
dissolved in methylene chloride (60 mL) and
concentrated. This procedure was repeated five

20 times to yield the crude product as a white sticky
solid in quantitative yield. The crude solid was
purified by preparative HPLC (YMC S-10 ODS column,
30 X 500 mm; 18% to 63% methanol:water containing
0.1% TFA over 40 minutes at 20 mL/min). Fractions

25 containing the desired product were combined and
lyophilized to provide 53 mg (17 %) of the title
compound, mp 89-90°C.

[@]p25° = - 34.0° (c = 0.1, methanol)

Analysis calculated for C25H34Ng05-3.20 CF3CO2H-
30 2.60 H20: o

Calculated: C, 41.43; H, 4.69; N, 9.23.

Found: C, 41.43; H, 4.25; N, 8.92.
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[er
4-y

err] SYR)-Nerr]-[[1,2,3,4-Tetrahydro-2-[N-[3-(I Him dazol -

| ) - 1- oxopropyl]-N nethyl -L-val yl]-3-isoqui no-
l'inyl)-carbonyl]-L-glutamne, trifluoroacetate (1:2) salt 1§pAp
(R*)-Nerr]-[[1, -2, 3, 4-Tetrahydro-2-[N[3-56l-

t

ri phenyl met hyl -i m dazol -4-yl) -1-oxopropyl]-
N- et hyl - L-val yl ] - 3-i soqui nol i nyl ] -car- bonyl]-L-qgl utam ne.

1. 1-di net hyl et hyl

ester Conpound A was prepared from Conpound F of 15

Exanmpl e 6 and (N-triphenyl net hyl i m dazol Edamble Hropi onic acid as descri bed

for Conpound E of Exanple 1, (MtH)[err] 596[err]. B. (R*)-Nerr]-

2, 3, 4-Tetrahydro-2-(N[3- 20

(1H i m dazol - 4-yl ) -1- oxopropyl ] - ﬁ%?hyl-L-
vaIyI]-3-isoquinoIinyI]-carbongl]-

The title conpound was prepare

descri bed for Conpound F 25 of anl e
calculated for [err]-2.13 [err]: N

- glutam
a whi

rom Conpound A as

N, 10.73. This is the replacenent #heeti DatM 1995
°/T~_ H
Me Nhyb o 1 OH :
_-CONH;
5 (R*)-Nz—[[1,2.3.4-Tetrahydro-2—[N-[(l—methyl—lH-

10

15

25

imidazol-4-yl)acetyl]-3-methyl-L-valyl)]-3-isoquino-
linyl]carbonyl] -L-glutamine, trifluoroacetate (1:2)
salt

A. (R*)-N2-[[1,2,3,4-Tetrahydro-2-[N-[ (1-
methyl-1H-imidazol-4-yl)acetyl]-3-methyl-L-
valyl]-3-isoquinolinyl)}carbonyl]-L-

i ' ~dim r
Compound A was prepared from Compound F of

Example 6 and l-methylimidazole-4-acetic acid

hydrochloride as described for Compound E of

Example 1, (M+H)* 596+,

B. (R*)-N2-[[1,2,3,4-Tetrahydro-2- [N-[ (1-
methyl—lH-imidazol-4-yl)acetyl]—3—methyl—L—
valyl]-3-isoquinolinyl]}carbonyl] -L-
glutamine, trifluoroacetate (1:2) salt
A mixture of TFA (2 mL) and Compound A (100

mg, 0.168 mmol) in dichloromethane (5 mL) was

stirred two hours and concentrated. The residue

was dissolved in 25 mL of (80:20)

water/acetonitrile/0.1% TFA and the mixture was

centrifuged and decanted to remove insoluble

([,

rifluoroacetate (1:2) salt

—

e —
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- 59 - Found: C, 47.58; H, 5.20; N, 11.11. Exanple 9 [err] 5
(R)-NT[1, 2,3, 4-Tetrahydro-2-[N-(1Hi m dazol - 4-

yl met hyl) - L-val yl ] - 3-isoqui nol i nyl]carbonyl]-L- methionine;p71p
trifluoroacetate (1:1) salt 10 A (Rt)sw-L[z-[N-[(l,l-a met hyl et hoxy) -
carbonyl]-L-valyl]-1,2, 3, 4-tetrahydro- 3-

I soqui nol i nyl ] carbonyl ]-L-nethionine A mxture of Conpound C of Exanple 1
(1.0 g, 15 1.91 muol) in methanol (20 nmL) and 5N NaCH (5 mL) was stirred

for '3 ours, neut ghigedata. Piesé ot 50h HRls (dhih dBdecats concent rat ed.

The residue was dissolved in ethyl acetate (1 ..and water (% 0 nm), the
| ayers were separ aPEEP3ZARIVRHBRteBRsABPCY ans &erveg tg‘pH 2

using 5N HO and reg;es0r aC500) Wik ingt Hydradisnt esysk o From BO%¥The conbi ned

concentratod Lo yi HPHEE gPEapearphibEiiety, T S el Rave 88 | o oo
chloride (10 nij, @EAtehatmilealdl¥rTBAhgver | hanimiteesriat e added and
the mxture vas st }nLvﬁlfin&%AOuﬂ%laytféﬁe@adc&m@mx@.t Qhe Paprigei due was
ssolved in nmethylene chloride (50 ni) and concentrated five tinmes to
yield the crude pr@aygpd after approximately 18.2 minutes. Fractions
were analyzed by analytical reverse phase HPLC and
those containing enriched product were pooled and
10 1lyophilized. The residue was dissolved in water
(5mL), 1N NaOH was added to pH 10 and the solution
was stirred 15 minutes and acidified to pH 2.5 with
TFA. The solution was applied to a C-18 sep-pak
cartridge (2qg), which was prewashed with 2 column
15 volumes of acetonitrile and 10 column volumes of
water. The cartridge was eluted with water
followed by 10% aqueous acetonitrile:0.1% TFA (10
mL) and then 30% aqueous acetonitrile:0.1% TFA.
Fractions containing clean product were combined to
20 afford 27 mg (30%) of the title compound as a white
solid.
MS: M+H = 556, M+ Li = 562.
Analysis calculated for C27H3gNgOeLi-1.0 CH30H :

1.33 H0:
25 calculated: C, 54.45; H, 6.96;: N, 15.87.
Found: Cc, 54.55; H, 6.78; N, 15.48.
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- 60 - as a white sticky solid (800 ng). Half of this crude solid (400 ng)

wad purified by preparative HPLC (YMC-C18 colum, 2.2 X 25 cm 5 micron,

120 angstrom solvent A, 0.1% TFA in water; solvent B, 5 OL%%EEFA in
acetonitrile: 25-35% B in 40 m nutes, flqmgraLe 9 nm./mnute
containing the desired product were conbineg

Compound A (230 ngy, 54%, np 129-130[err]C 10 B.

ractions
and | yophilized to provide

(R)-N-[I,2,3,4-Tetrahydro-2-[N-(1- triphenyl nethyl-inidazol -4-yl methyl)-L-

val yl ] -3-isoqui nol i nyl]carbonyl]-L- nepﬁ%ﬁggngigbnpound B was prepared in
56% yield from 15 Conmpound A and Conpoun of Exanple 2 as described for

Conmpound G of Exanple 6. It was carried on without purification. C
(R*)-N[]1,2,3,4-Tetrahydro-2-[N-(1H 20

I m dazol - 4-yl net hyl ) - L-val yl§-3- isoqui nol j\nyl
trifluoroacetate (1:1) salt/Tq title Honpfjund
solid from Conpound B as de e orN

= 488. Anal ysis cal culated for 4H3BN504S- 1.2

'Dﬁdq;rb S

jonyl ] - L- net hi oni ne,

2
eu;;/ﬁtZl H20:
N
OH

\/CONHz

5 (R*)-N2-[[1,2,3,4-Tetrahydro-2-[N-[3-(1H-imidazol-
4-yl)-1-oxopropyl]-N-methyl-L-valyl]-3-isoquino-
linyl]-carbonyl] -L-glutamine, trifluoroacetate
(1:2) salt

10 a. (R*)-N2-[[1, 2, 3, 4-Tetrahydro-2-[N-[3-(1-
triphenylmethyl-imidazol-4-yl)-1-oxopropyl]-
N-methyl-L-valyl]-3-isoquinolinyl]-car-
Compound A was prepared from Compound F of

15 Example 6 and (N-triphenylmethylimidazol-4-yl)-

propionic acid as described for Compound E of
Example 1, (M+H)* 596*.

B. (R*)-N2-[[1, 2, 3, 4-Tetrahydro-2-[N-[3-
20 (1H-imidazol-4-yl)-1-oxopropyl] -N-methyl-L-
valyl]-3-isoquinolinyl] -carbonyl]-L-
] . {f] (1:2) 1
The title compound was prepared as a white
solid from Compound A as described for Compound F
25 of Example 2. '
MS: M+H = 541.
Analysis calculated for C27H36NgO6-2.13 CF3CO2H :
0.31 H»O:
Calculated: C, 47.92; H, 4.91; N, 10.73.
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Calgulaﬁed: C, 49.84; H 5.21; N, 10.84. 30 Found: C, 49.52; H 5.22;

N, 11.10. - 61 - [err] (S)-N-[[l,2,3,4-Tetrahydro-2-[N-(lH-inidazol-4- 5
ylacetyl)-3-nethyl -L-val yl]-3-isoquinolinyl]- carbonyl]-L-g}y gg
trifluoroacetate-(1:2) salt A (S)-N-[[&92.3, 4- Tetrahydro- [N—(lH—

I m dazol - 4-yl acetyl)-3-nethyl-L-valyl]-3- 10

I soqui nol i nyl]carbonyl]-L-glutamne, 1,1- dinethylethyl ester Conpound A
was prepared in 78% vyield from Conpound F of Exanple 6 and

4-i m dazol eaceti c arowhdwydr ochlqyr i4de 583 #ESGr.Rbednt o1 Corpound E of 15
Exanple 1, (MtH)+ 587+. B. (S)-N-[[1,2,3,4-Tetrahydro-2-[ N (1H

I m dazol - 4-yl acetyl)-3-nethyl-L-val yl]-3-

i soqui nol i nyl ] carbonyl]-L-glutam ne, 20ExXample 9 trifl uoroacetate (1:2)
salt A solution of Compound B (135 ng, 0.23 mml) and TFA (5 nL) in

di chl oronet hane (5 nL) was stirred for four houg§ and concentrated. The
resi due was dissolved in 30 nL of (80:20:0.1) 25 /| acetonitrile /
TFA. The m xture was centrifug carmged enove i nsol ubl e
materials. The solution was s &e tedif

s _-SMe

(R*Y—N-[[1.2,3,4—Tetrahydro-2-[N-(1H-imidazol—4-
ylmethyl)-L-valyl]-3-isoquinolinyl]carbonyl]-L-

ionj i r 1:1
10
a. (R*)-N-[[2-[N-[ (1,1-Dimethylethoxy) -
carbonyl] -L-valyl]-1,2,3,4-tetrahydro-3-
in r 11-L- hionin

A mixture of Compound C of Example 1 (1.0 g,

15 1.91 mmol) in methanol (20 mL) and 5N NaOH (5 mL)
was stirred for 3 hours, neutralized to pH 7 using
5N HCl (4.8 mL) and concentrated. The residue was
dissolved in ethyl acetate (100 mL) and water (100
mL), the layers were separated, and the agqueous

20 layer was acidified to pH 2 using SN HCl and re-
extracted with ethyl acetate (2 X 50 mL). The
combined organic layers were washed with brine (100
mL), dried (MgSO4) and concentrated to yield a
clear oil. This o0il was dissolved in methylene

25 chloride (10 mL), TFA (10 mL) and triethylsilane
(0.5 mL) were added and the mixture was stirred for
40 minutes and concentrated. The residue was
dissolved in methylene chloride (50 mL) and
concentrated five times to yield the crude product
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octadecyl silane colum (S-10; 30 x 500) using a gradient system from 80%
wat er: 20% acetonitrile: - 62 - 0.1% TFA to 55% water: 45% acetonitrile:
0.1% TFA over 50 minutes at 50 nlL/m nute. Under these condigpmns, two
materials eluted at approximtely 18.3 and ghl.-9 m nutes. Fractions were
anal yzed by 5 anal ytical reversed phase HPLC and those containing the early
retention time peak with a m ni numpurity of 99% were pooled and

| yophilized to afford 11 ng (10% of the title conmpound from Exanple 11 as
a white solid. Sindeard whifteastiieky sohidi 180¢ ndk. 1Halfataf tdtienti on tine

peak with a m ni num | t f o I W Qeaf ford 30
To (3199 of the (1 e, soatd, (POLRET RaS Gie EREA AP B ettt \ DL
527. 15 Anal ysis GHBLEU| ST CASr cpdump, 2202 3123 : cimg| Tundgran, ¢207. 75; H,

4.81; N, 11.14. Fouhstrom; ®ol¥entOa,Ho.4386FANin Mather; Bl B, 20
[err] (S)-N-[[1,2,3,4-Tetrahydro-2

-IN-(1Himdazol-4- . .
yl acetyl ) - 3- met Ryl -Q~LalTFA -131-,ia§8&6’L’1’r6$"FE‘_9F] 9%5:%%3? by LR RE i ¢
acid, trifluoroacetfiicgy (Fet®d 9 mL/minute). Fractions containing the
desired product were combined and lyophilized to

provide Compound A (230 mg, 54%), mp 129-130°C.

10 B. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(1-
triphenylmethyl-imidazol-4-ylmethyl) -L-
valyl]-3-isoquinolinyl]carbonyl]-L-
methionine

Compound B was prepared in 56% yield'from
15 Compound A and Compound B of Example 2 as described
for Compound G of Example 6. It was carried on
without purification.

C. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(1H-
20 imidazol-4-ylmethyl)-L-valyl]-3-
isoquinolinyl]carbonyl] -L-methionine,
trifluoroacetate (1:1) salt

The title compound was prepared as a white

solid from Compound B as described for Compound H
25 of Example 6.

MS: M+H = 488.

Analysis calculated for C24H33N504S-1.4 CF3CO2H :

0.21 H0:
Calculated: C, 49.84; H, 5.21; N, 10.84.
30 Found: c, 49.52; H, 5.22; N, 11.10.
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salt The title conpound of Exanple 11 was prepared as described in Exanple
10. > 63 - M5: MrH = 527. Analysis cal cul ated for C26H33N507-1.7
CF3CO2H. Cal culated: C, 49.02; H 4.99; N, 11.67. Found: leﬁ&gS H 4.69;
N, 11.24. 5 Exanple 12 [err] 10

N2-[[(S)-2-[ N-[2-am no- (1H—|n1dazo|-4-y|)e}hyl]-
3-nethy|-L-vaIyI]-1,2,3,4-tetrahydro-3- I soqui nol i nyl
carbonyl]-L-glutam ne, trifluoroactate (1:3) salt 15 A

N- Met hyl - N- et hoxy-[ 2-am no-[ N-[ (1, 1- Examnlg_lﬂ

di met hyl et hoxy) -carbonyl]]-2-(N-[ (1, 1-

di met hyl et hoxy) - car bonyl ] -i m dazol - 4- yl )l acetam de To a sol ution of
2-amno-[N-[(1,1- 20 di net hyl Xy) - car bony -2-(N-[(1, 1-

di et hyl et hoxy) - car bonyl ] -i m HRZQ¥- 4- vy )acetii d (330 ng, 0.97 nmol;
prepared as described in Schnei R}~ Chem, 3, 206-210 (1961);
Janusz, J.M, Young, P.A , Blum ¢ M 25 J. Med Chem 33,
1676- 1682 (1990)), N, O di net hyl

(S)-N-[[1,2,3,4-Tetrahydro—2-[N—(1H-imidazol-4—
5 vylacetyl)-3-methyl-L-valyl]-3-isoquinolinyl]-

A. (s)-N-[(1,2,3,4-Tetrahydro-2-[N-(1H-
' imidazol-4-ylacetyl)-3-methyl-L-valyl]-3-
10 isoquinolinyl]carbonyl]-L-glutamine, 1,1-
dimethvlethvl ester
Compound A was prepared in 78% vield from
Compound F of Example 6 and 4-imidazoleacetic acid
hydrochloride as described for Compound E of
15 Example 1, (M+H)* 587+,

B. (s)-nN-[[1,2,3,4-Tetrahydro-2-[N- (1H~
imidazol-4-ylacetyl)-3-methyl-L-valyl]-3-
isoquinolinyl)carbonyl] -L-glutamine,

20 trifluoroacetate (1:2) salt
A solution of Compound B (135 mg, 0.23 mmol)
and TFA (5 mL) in dichloromethane (5 mL) was
stirred for four hours and concentrated. The
residue was dissolved in 30 mL of (80:20:0.1) water
25 /| acetonitrile / TFA. The mixture was centrifuged
and decanted to remove insoluble materials. The

solution was subjected to preparative HPLC on an
octadecylsilane column (S-10; 30 x 500) using a
gradient system from 80% water: 20% acetonitrile:

een

\\\\\\\ \\\\\\\\\\"\\\



hydr oxyd am ne hydrochloride (97 ng, 1 mol) and
brono-tris-pyrrolidino-phosphoni um hexaf | uor ophosphate (PyBrop) (466 ny, 1
mmol) in nethylene chloride (10 nL) at O[err]C was added D b - 64 -
(0.523 nm., 3 muol) and DVAP (12.2 ng, 0.1 ggDL). The solution™was al | owed
to stir at anmbient tenperature for 2 hours and concentrated. The residue
was dissolved in ethyl acetate (40 nL) and 5 the solution was washed with
IN potassium bisulfate [err] (3 x 30 nL) followed by water (1 x 30 nL). The

organi c | ayer was grigd : fal@®y dddropriediand gopgepiiated. The
resi due was chrona?é%?aééed ??%ﬁﬁﬁé%#|i ca Zéi X 26 T 10 et hyl

C 1:
acet at e: hexanes). PVEEt PBBLBFR%IFH mP e okt NBEérpBéFﬁﬁ and
concentrated to af tghdie6onsp twd NatdriGip@luted at apphokémavély. M

o - colBody pha 5l g deds [ M ARGy Wiik(dndiyzea by
di met hyl et hoxy)5 caahabytlic4l nrelentsedi-phageetHRU] a@dmshhge- coptaiming, 2, 3, 4-
171 Gl ety et byl EaFePatel o SRS S pesk IO paE ) i
THF (20 L) cooi edofo98pevere peeledianf fygphilized to afford 11 mg
(10%) of the title compound from Example 11 as a
white solid. sSimilarly, fractions containing the
10 late retention time peak with a minimum purity of
99% were pooled and lyophilized to afford 30 mg
(31%) of the title compound of Example 10 as a
white solid.
MS: M+H = 527.
15 Analysis calculated for C26H34NgO6-2.0 CF3CO2H:
Calculated: C, 47.75; H, 4.81; N, 11.14.

Found: C, 48.10; H, 4.86; N, 11.57.

Example 11

f”?m : L,

N\ CoH

(S)-N-[[1,2,3,4-Tetrahydro-2-[N- (1H-imidazol-4-
ylacetyl)-3-methyl-L-valyl]-3-isoquinolinyl]-

25 carbonyl]-L-glutamic acid, trifluoroacetate (1:2)
salt

The title compound of Example 11 was
prepared as described in Example 10.

i



l'i&hium al um num h
solutidn was stirr
addi ti on of 1M pot
hour at O[err]C, e
were separated. Th

resi due was i medi
nol ecul ar si eves (
(300 ngy, 0.58

foll owed by the po
hour. The sol ution
resi due was chroma
Fractions contai ni
ng (25% of Confou
10 C N err]-|
yl)ethyl]-3-nethyl -

10

15

20

25

ydride in THF (0.47 mL, 0.47 mmol) dropwise. The

ed under 25 argon for 0.5 hour followed by dropw se

assiumbisulfate to pH 4. The m xture wazﬁyi rred for 1

ther (40 nL) and water (4Q nlL) were adde

the layers

e aqueous | ayer was washed with ether and the 30 organic
| ayers were pooled, dried (MgSO4) and concentrated. The highly unstable
ately dissolved in dry nethanol (20 nL), along with 3A
ggs S H acgﬁyc aC|d (0.2 nL) and Cbnpound F of Exanple 6

PRAdNFLEcCaleni Rt

0#utlon was stlrr d for 10 m nutes
ﬂg §F2¥0a801) over 1
caa&uatatéaedctoagélomptn,s b ; cmceult gat.ed, and the 5

BURE B oacES ek Bobfbartt Clbicent rat ed Lo afford 90

nd B as a slightly yellowoil. Ms: (N%FD[err] 784[errr].
[(S) 2- [N—[2 am no- Ziﬁéﬁﬁﬂﬁﬂlgazm
L-valyl]-1,2,3,4- tetrahydro-3 |squ|noIinyI] car bonyl)

X\_-CONH,

N2-[[(S)-2-[N-[2-amino-2- (1H-imidazol-4-yl)ethyl]-
3-methyl-L-valyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]}carbonyl]-L-glutamine,

trifluorocactate (1:3) salt

A. N-Methyl-N-methoxy-[2-amino-[N-[(1,1-
dimethylethoxy)-carbonyl]l]-2-(N-[(1,1-
dimethylethoxy)-carbonyl] -imidazol-4-
vlllacetamide
To a solution of 2-amino-[N-[(1l,1-

dimethylethoxy) -carbonyl]}-2- (N-[(1,1-

dimethylethoxy)-carbonyl] -imidazol-4-yl)acetic acid

(330 mg, 0.97 mmol; prepared as described in
Schneider F. Z. Physiol. Chem., 3, 206-210 (1961);
Janusz, J.M., Young, P.A., Blum, R.B., Riley, C.M.
J. Med Chem. 33, 1676-1682 (1990)), N,0-dimethyl
hydroxylamine hydrochloride (97 mg, 1 mmol) and
bromo-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBrop) (466 mg, 1 mmol) in
methylene chloride (10 mL) at 0°c was added DIEA
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qutan1Qe trifluoroactate (1:3) salt 15 ‘A solution of Conpound B
(40 mg, 0.05 nmmol) in TFA (5 nL) and nethylene chloride (5 nL) was stirred
for 2.5 hours and concentrated. The residue was dissol ved |nr§ nL of a

50/ 50 mi xture of .0.1% TFA i n met hanol and 0. #%;TFA in water P 20.

subj ected to HPLC purification (YMC C18 coI& (S 10, ODS 30 x 500 mm);
Solvent A; 0.1% TFA in 90% wat er, 10% et hanol, Solvent B; 0.1% TFA in 90%
met hanol , 10% water; 10-35% B in A over 60 ninutes) Fractions cont ai ni ng

th Kk 5 d % of the
tlflgaaggpgﬁﬁd ggre(glag9§hﬁ |?QH%%¥?EEM£B EN#%) err 5?8?29&?§ 1H NVR

([err], 400 MHz) [eFRf 8okBti1om wa§ akloweq fig s@ir atoambigntn), 5.10 (1H,
m, 4.8-4.3 (5H n)tedPerdtibe (ot MhodkS-ahd do?idsen'ﬂrat%d28 ﬁ*ﬂa&' m, 1. 92

E%HS) m)N[ erlr]8 O[E%H[ [gli\h%}‘ﬁéo‘ﬁ“s% i fto et iny %H*b"ﬁi %ces’ (48 k) “ana

oxopr opyl ] - 3- methyl thevadiutidn was washediiwictiho-13% potassium bisulfate

i soqui nol i nyl] -car bwé%y ?j%am o) MRS WP 3aterlQ1 £ 30 mu).
(S, S)-N2-[[2-[[ 2- Ami no
The organlc layer was dried (magnesium sulfate),

filtered and concentrated. The residue was
chromatographed (flash, silica 7.1 x 20 cm, 1:1

10 ethyl acetate:hexanes). Fractions containing the
product were pooled and concentrated to afford 260
mg (70%) of Compound A as a white solid.
MS: (M+H)* 385+,

15 B. N2-[[(S)-2-[N-[2-amino- [N-[(1,1-
dimethylethoxy)-carbonyl]}-2-(N-{(1,1-
dimethylethoxy)-carbonyl] - (imidazol-4-
yl)ethyl}-3-methyl-L-valyl}-1,2,3,4-
tetrahydro-3-isoquinolinyl}carbonyl]-L-

20 glutamine. 1.1-dimethvlethy] ester
To a solution of Compound A (0.18 g, 0.47

mmol) in THF (20 mL) cooled to 0°C was added 1 M
lithium aluminum hydride in THF (0.47 mL, 0.47
mmol) dropwise. The solution was stirred under
25 argon for 0.5 hour followed by dropwise addition of
1M potassium bisulfate to pH 4. The mixture was
stirred for 1 hour at 0°C, ether (40 mL) and water
(40 mL) were added and the layers were separated.
The agqueous layer was washed with ether and the

30 organic layers were pooled, dried (MgSO4) and
concentrated. The hiéhly unstable residue was
immediately dissolved in dry methanol (20 mL),
along with 3A molecular sieves (0.5 g), acetic acid
(0.2 mL) and Compound F of Example 6 (300 mg, 0.58
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di et hyl et hoxy) - carbonyl ]]-3-(1H i m dazol -

4-yl|) - I- oxopropyl]-3-nethyl -L-valyl]- 1,2,3,4-tetrahydro- 3- |squ|noI|nyI]

carbonyl]-L-glutam ne, 1, 1-dinethylethyl 15 ester qpound A was

prepared in 71%yield from Conpound F of BExanple 6 and Boc-L-histidine as

descri bed for Conmpound E of Exanple 1. (MtH)[err] 712[err]. 20 B

(S,S)-NZ-[[Z-[[Z-Anino-3-(|FLinidazoI-4-yI)-

1- oxopropyl]-3-nmethyl-L-valyl]-1, 2,3, 4-

tA etra[wdro ? 'Cgqu'mﬂEJ hiyny! ]rh%a'éBQﬂMianwaQ@ﬁ%ﬂTéﬁ £dPNY intihugessal t 25
m xture o npo an

di chl or onet hane (13£ﬂﬂfmé%%g¥ngpﬁe8°f0}°? S?Kﬁﬁ o d‘ng%ggﬁppgpéénghe

resi due was retreamngd 0.4 IE:AlQ lotrey 1rhdurl ofheaisdlluriemewasne for 30

m nut es and evapor a S S Hen 25 niL of
(80:20:0.1) water Fttd'féie nlt% [ ﬁeh?g%ﬁAaﬁih%&?n& ureégv\éésqcn\grvz\%rl fuged and

decant ed to renbve riesiduebWasnghepmategraphed of fkasdh sl inshj d8:dd to
preparative HPLC on %géf?ﬁ:ﬁr@ﬂ%ﬁﬁhﬁbi?nef‘EQ&MGhé Totkaidfing 2@ using a

gr adi ent systen1fron1 wat er: 15% acetgnitri
product were pooled and concentrated to afford 90

mg (25%) of Compound B as a slightly yellow oil.
MS: (M+H)*t 784*.

10 ' .
C. N2-[ [ (S)-2- [N~ [2-amino-2- (1H-imidazol-4-

" yl)ethyl]-3-methyl-L-valyl]-1,2,3,4-
tetrahydro—3-isoquinolinyl]carbonyl]-L—

15 A solution of Compound B (40 mg, 0.05 mmol)
in TFA (5 mL) and methylene chloride (5 mL) was
stirred for 2.5 hours and concentrated. The

residue was dissolved in 3 mL of a 50/50 mixture of
0.1% TFA in methanol and 0.1% TFA in water, and

20 subjected to HPLC purification (YMC Cl1l8 column (S-
10, ODbS 30 x 500 mm); Solvent A; 0.1% TFA in 90%
water, 10% methanol, Solvent B; 0.1% TFA in 90%
methanol, 10% water; 10-35% B in A over 60
minutes). Fractions containing the major peak were

25 pooled and lyophilized to yield 20 mg (45%) of the
title compound as a fluffy white solid. -
MS: (M+H)* 528%*.
1g-NMR (CDC13, 400 MHz) & 8.40 (1H, m), 7.46 (1H,
m), 7.22 (4H, m), 5.10 (1H, m}, 4.8-4.3 (5H, m),

30 4.19 (1H, m), 3.3-3.0 (2H, m), 2.28 (1H, m),1.92
(2H, m), 1.80 (1H, m), 1.10 (9H, 4).
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0.1% TRA to 50% wat er: 50% acetonitrile: 0.1% TFA over 50 m nutes at 50
mY m nute. Under these conditions, the product eluted at approxi mately 22
10 m nutes. Fractions were analyzed by anal ytical reversed;ghpse HPLC and
those containing product with a mnimum puggty of 90% wer e pool ed and

| yophi | i zed. The residue was dissolved in 25 nL of water and the pH was
adjusted to 7.5 with 1IN 15 lithium hydroxide (LiOH). The sol ution was
applied to a colum of HP-20 (25 x 200 mm), which was prewashed with water.
The colum was eluted with water (ZOO/EkamnIgglgroduct was eluted with a
gradi ent system from 100% water to 50% aqueous 20 acetonitrile over 2
hours at 2 nL/m nute. C ean product was conbi ned and | yophilized to afford
14.8 ng (19% of the title conpound as a mhite nd. MS: M+H = 556.

Anal ysis cal cul ated for [er -1 0 rr] 20: Cal cul ated: C,
54.45; H, 6.96; N, 15.87.
- Exanple 14 [err] 5 (Q

7~ 6.78; N, 15.48. - 68
yl ) propyl]-3-nmethyl -L-val yl Jt 3- |soq nolinyl

-2-[N-[2-(1H i m dazol - 4-

Me
Nb Mo = O

5 (S,S)-N2-[[2-[[2-Amino-3-(1H-imidazol-4-yl)-1-
oxopropyl] -3-methyl-L~valyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]-carbonyl)]-L-glutamine, monolithium
salt

10 A (S,8)-N2-[[2-[[2-Amino-[N-[(1,1-
dimethylethoxy) -carbonyl]]-3- (1H-imidazol-
4-yl)-1-oxopropyl)-3-methyl-L-valyl]-
1,2,3,4-tetrahydro-3-isoquinolinyl] -
carbonyl]-L-glutamine, 1,l-dimethylethyl

15 estery -
compound A was prepared in 71% yield from

Compound F of Example 6 and Boc-L-histidine as
described for Compound E of Example 1.
(M+H)*+ 712%, ' '

20
B. (8,8)-N2-[[2-[[2-Amino-3-(1H-imidazol-4-yl) -
1-oxopropyl]-3-methyl-L-valyll-1,2,3,4-
tetrahydro-3-isoquinolinyl]-carbonyl] -L-
glutamine, monolithium salt
25 A mixture of Compound A (100 mg, 140 mmol)

and TFA (1 mL) in dichloromethane (10 mL) was
stirred for two hours and concentrated. The
residue was retreated with TFA (1 mL) in 5 mL of
dichloromethane for 30 minutes and evaporated. The

—_—
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carBonyly -L-glutanine, monolithiumsalt A

3-(N-Tri'phenyl net hyl i ni dazol -4-yl)- 10 t hi opropi oni ¢ acid, ethyl
ester To a heterogenous solution of (N 1b
tri phenyl.met hyl i m dazol - 4-yl ) - propi oni ¢ acid4 Q. 8 g, 2. 09 mmitl )t

et hanethiol (0.42 nL, 5.65 nmol) and DVAP (50ng) in dichl oronethane (10 nl)
at Oferr]C was 15 added EDC (0.52 g, 2.7 mml). The m xture was stirred
at roomtenperature for 2 hours. The honpbgeneous sol ution was washed tw ce

With 5% [err], satunsisidhrodiagmabisgaliedatis 2srml @nd(dy:2te.0.and wiiegd over
[err]. The drying %gent was . 20 filgﬁéed ﬁﬁd the filtrate was .evaporat ed
A TRA-

to afford 0.85g (95% Sot°COMpEAAE RFHETYHEe Wag qenitrifuged
3- (N-Tri phenyl met hyland de&cantédykp- pempuaaingsluble materbialas.deghesed

oul LT iiod gl sBEELD SYBHEARUGL G  0 °
m xture was stir?ed ORFadesyledlangdrelvmal (Smilint30 & S00)etising lkane (0. 25
i, 158 - 69 - mredieRtdsiBlenakiof 99y Ofacar barsy e eyane added,
and stirring was coqilgu%g f&é % our.eTbe ggxture w@s,flktere %prough a
pad of Celite[err], *H& p5& %8s PEn¥wakets  RO% Rehan1tTd Iie OodbTHad
over 50 minutes at 50 mL/minute. Under these
conditions, the product eluted at approximately 22
10 minutes. Fractions were analyzed by analytical
reversed phase HPLC and those containing product
with a minimum purity of 90% were pooled and
lyophilized. The residue was dissolved in 25 mL
of water and the pH was adjusted to 7.5 with 1IN
15 lithium hydroxide (LiOH). The solution was applied
to a column of HP-20 (25 x 200 mm), which was
prewashed with water. The column was eluted with
water (200 mL). The product was eluted with a
gradient system from 100% water to 50% aqueous
20 acetonitrile over 2 hours at 2 mL/minute. Clean
product was combined and lyophiiized to afford 14.8
mg (19%) of the title compound as a white solid.
MS: M+H = 556.
Analysis calculated for C27H3N706Li-1.0 CH3OH :
25 1.33 H0: _
Calculated: C, 54.45; H, 6.96; N, 15.87.
Found: C, 54.55; H, 6.78; N, 15.48.
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5 ffltrates were evaporated to afford 0.7 g (100% of crude Conpound B. MNS:
(MENa)[érr] = 389. C. (S)-NJ[[1,2,3,4-tetrahydro-2-[N-[2-(1- 10

tri phenyl nmet hyl -i m dazol - 4-yl ) propyl ] - 3-

met hyl - L-val yl ] - 3-i soqui nol i nyl ] - car bonyl |- gls- gl ut am ne, 1, f |nethylethyl
ester Conpound C was prepared.in 100% yi el d trom Conpound B and Conpound F
of Exanple 6 as described 15 for Conpound G of Exanple 6. It was carried
on without purification. Ms: (M:H) = 825. D.
(S)-N[[1,2,3,4-tetrahydro-2-[N-[ 2- (1H

I m dazol - 4-yl ) propyl]-3-nethyl -L-val yl]-3-

I soqui nol i nyl]-carbonyl]-L-glutam ne, nonolithiumsalt The title conpound
was prepared from Conpound C as described for nd F of Exanple 25 2.

Fol | owi ng preparative HPLC, e purified eri s dissolved in 25 nL of
wat er and the pH was adj ust [ 7.5 wilh 1 A
to a colum of HP-20 (25 X PN

he sol uti on was applied
shed with water. The

colum was eluted 30 with wgter (200 nl)i ™

gradi ent system from 100% water to 50% agpeous

roducig was eluted with a
ﬁoni rile over 2 hours at
2 nL/mnute. dean product was conbi neMeghdMe i TNg jafford 53.3 ny

(349 of the title conpound as a white s ®d.
5 (S)-N-[I[1,2,3,4-tetrahydro-2-[N-[2-(1H-imidazol-4-~
y1l)propyl] 3-methyl-L-valyl] -3-isoquinolinyl]-
-L- ithi alt

A, 3- (N-Triphenylmethylimidazol-4-yl)-
10 hi . . id hyl
To a heterogenous solution of (N-
triphenylmethylimidazol-4-yl)-propionic acid (0.8
g, 2.09 mmol), ethanethiol (0.42 mL, 5.65 mmol) and
DMAP (50mg) in dichloromethane (10 mL) at 0°c was
15 added EDC (0.52 g, 2.7 mmol). The mixture was
stirred at room temperature for 2 hours. The
homogeneous solution was washed twice with 5%
KHSO4, saturated sodium bicarbonate (NaHCO3) and
brine, and dried over MgSO4. The drying agent was
20 filtered and the filtrate was evaporated to afford
0.85g (95%) of Compound A.
MS: (M+Na)* = 449%.

B. I e _ AL _

25 To a degassed solution of Compound A (0.8 g,
1.88 mmol) and triethylsilane (1.0 mL, 6.33 mmol)
in acetone (5 mL) was added 10% palladium on carbon
(100 mg). The mixture was stirred 30 minutes,
additional amounts of triethylsilane (0.25 mL, 1.58

et
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- YD - MS: MkH = 526. Analysis for [err] - 3.43 H20: Calcul ated: C, 54.56;
H 7.43; N, 14.13. Found: C, 54.56; H, 7.32; N, 13.79. 5 Exanple 15 10
(S)-N[[1,2,3,4-tetrahydro-2-[ N-[2-(1H i m dazol - 4-

ylYethyl]-3-nethyl - L-val yl ] - 3-i soqui nol i nyl 1z carbonyl ] - L- gFB{ 5 ne,
nonolithiumsalt A (I m dazol -4-yl)-thioOacetic acid. ethyl ester 15

To a heterogenous solution of 4- imdazol eacetic acid hydrochloride (0.5 g,
3.08 mmol) in dichloronethane (10 nL) at O[err]C was added DI EA (0.50 ni,

3.08 mml ) followe 11,?7{%1?@“%@;3;&&8%#@%? %a?ﬁoﬁ”‘?iéo% ) 5;%1460. 65 g,

3.40 mmol ). 20 DWW dded after our to _Increas
solubility of the ed Trandyskixrdnga ¥agt copsdnyed, o 1 capr at ke for 18

hours and partiti oneiktiete\aeds SEi el dhloulghaad pddc BEocaNet B@)e theThe
organi ¢ phase was ma%$ed\Mtl]%§ﬁf”' nd brine, aad %5 dried‘gver [err].
The drying agent waR3¢iYa%rPafth e ASEPLe 380 abBF aF2MPIRe% 1 f or d 0. 529
(100% of Conpodnd filtfatds/imérecreviaporhtedeto] afford 0.7 g (100%) of
crude Compound B.
MS: (M+Na)+ = 389.

c. (s)-N-[[1,2,3,4-tetrahydro-2-[N-[2- (1-

10 triphenylmethyl-imidazol-4-yl)propyll}-3-
methyl-L-valyl]-3-isoquinolinyl]-carbonyl]-
L-glutamine, 1.l-dimethvlethv] ester
Compound C was prepared in 100% yield from

Compound B and Compound F of Example 6 as described
15 for Compound G of Example 6. It was carried on

without purification.

MS: (M+H) = 825.

D. (S)-N-[[1,2,3,4-tetrahydro-2-[N-[2-(1H-
20 imidazol-4-y1)propyl]-34methyl—L-valyl]-3-
isoquinolinyl]-carbonyl]-L-glutamine,
monolithium salt

The title compound was prepared from

Compound C as described for Compound F of Example

25 2. Following preparative HPLC, the purified
material was dissolved in 25 mL of water and the PH
was adjusted to 7.5 with 1IN LiOH. The solution was
applied to a column of HP-20 (25 x 200 mm), which
was prewashed with water. The column was eluted

30 with water (200 mL). The product was eluted with a
gradient system from 100% water to 50% aqueous
acetonitrile over 2 hours at 2 mL/minute. Clean
product was combined and lyophilized to afford 53.3
mg (34%) of the title compound as a white solid.
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- 7 - B (N-Tri phenyl met hyl i m dazol - 4-yl)-thioacetic acid, ethyl ester
Cortpound B was prepared fromtriphenyl- methylchloride and Conpound A as
described for 5 Conpound A of Exanple 2. Flash chronatogréﬁi??(n1 silica
gel with (2:1) hexanes/ethyl acetate affordggl 2 54%yield o npound B.

M. (MrH)[err] = 413[err]. 10 C (N-Tri phenyl met hyl i m dazol - 4-yl) -
acet al dehyde Conpound C was prepared from Conpound B as described for
Conmpound B of Exanple 14. 15 D (S)-N-[[1,2,3,4-tetrahydro-2-[N-[ 2- (I -
tri phenyl met hyl - i mMiaz (b1 =y Isp@t. hyl | - 3-

met hyl - L-val yl ]-3-1i L-gku 1. 1-di met hyl et hyl
ester Conpound D wégpg'epareg%# %3@52§§bh51c a%daggﬁﬁgnpound F of Exanpl e
6 as described for Cadnpdiateds 6f, BAahpheHE, 7ud4BngNdi T4l ld onet hane as the

extraction sol vent. S carid e 0’ M hoygt spursf i ¢at4@n. MS: (MrH) =
811. 25 E. Flé‘{’ﬁaz 3, 4dte§r4a fdrghzqrﬁl-a['zh ﬁg 19! |
I m dazol -4-yl)e hyI) 3-net hyl -L-val yl] - 3-

i soqui nol i nyl]-carbonyl]-L-glutam ne, nExanplidilsn salt

JL(?
A,

10 (S)-N-[[1,2,3,4-tetrahydro-2-[N-[2- (1H-imidazol-4-
yl)ethyl]}-3-methyl-L-valyl]-3-isoquinolinyl]-
-L- i ithj 1t

CONH,

(....

A. i —4- =

15 To a heterogenous solution of 4-
imidazoleacetic acid hydrochloride (0.5 g, 3.08
mmol) in dichloromethane (10 mL) at 0°C was added
DIEA (0.50 mL, 3.08 mmol) followed by ethanethiol
(0.56 mL, 7.68 mmol) and EDC (0.65 g, 3.40 mmol).

20 DMF (1 mL) was added after 1 hour to increase the
solubility of the acid. The mixture was stirred at
room temperature for 18 hours and partitioned
between saturated NaHCO3 and dichloromethane. The
organic phase was washed with water and brine, and

25 dried over MgSO4. The drying agent was filtered
and the filtrate evaporated to afford 0.52g (100%)
of Compound A. |
MS: (M+H)* = 171%.

—_—
———

—_—_
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30 * \ The title conpound was prepared as a white solid from Conpound D
as described for Compound D of Exanple 14 (21%yield fron1Cbnpound C. M
MtH = 513. Analysis for [err] - 0.5 [err]; 1.48 [err]: yi?

Cal cul ated: C, 56.70; H 7.17; N, 14.97. Foupnd: C, '57. 662 6. 97; N,
14.57. Exanple 16 5 [err] (S)-1,2, 3, 4-Tetrahydro-2-[2-[[2- (| Hi ni dazol -

yl ) et hyl | am no] - 3- net hyl - 1- oxobutyl]lsqu|noI|ne 10 1:1

hydrochl oride/trifluoroacetate salt A

I m dazol - 4-yl) - 1- gxoet hy|()¢-h'r‘i eR91 Bbﬁ ﬂﬁ?&ﬂél-ﬁ‘@iﬁ] eyl on of
sgllne benzyl ester . HO 15. ﬁh Y m Y I m dazo exglacetlc acid .
HO (1.46 g, 9 mmol ), HOBT in 10

m. of dry DMF at O[err]C umdmpoangon was pHdpdr&DGxom H:@he%yITIDU tThe
slurry was stlrred o] @g t 300 enpera ure
for 3 hours. \ﬁqﬁ%ﬂyﬁgggt’?gﬁgv\éggeé% éjlértl%gg ta% (ﬂeﬁ?&' f’Err] C. high
vac), and the re§|d@@mmagndlAuoédEKanleazuraEkasﬂwdﬂﬂama£ndraphyaoned W th
ethyl acetate (thregiyiigBShel™€th (2:1) hexanes/ethyl acetate

afforded a 54% yield of Compound B.

MS: (M+H)* = 413+,

10 c. (N-Triphenylmethylimidazol-4-yl) -
acetaldehvde

Compound C was prepared from Compound B as
described for Compound B of Example 14.

15 D. (S)-N-[[1,2,3,4-tetrahydro-2-[N-[2-(1-
triphenylmethyl-imidazol-4-yl)ethyl]-3-
methyl-L-valyl]-3-isoquinolinyl]¥carbony1]-
L-g1 . 1.1-di hyvlethy]

- Compound D was prepared from Compound C and

20 compound F of Example 6 as described for Compound G

of Example 6, using dichloromethane as the
extraction solvent. It was carried on without
purification.

MS: (M+H) = 811.

25
E. (S)-N-[[1,2,3,4-tetrahydro-2-[N-[2- (1H-
imidazol-4-yl)ethyl]-3-methyl-L-valyl]-3-
isoquinolinyl}-carbonyl]-L-glutamine, )
monolithium salt
30 The title compound was prepared as a white

solid from Compound D as described for Compound D
of Example 14 (21% yield from Compound C).

MS: M+H = 513.

Analysis for C2gH35NgOs5Li - 0.5 CH30H; 1.48 H20:
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conbi ned extracts were washed with brine (twice) 25 and dried [err], and
thé solvent was renoved to give 3.6 g of clear orange viscous oil. Flash
chr omat ogr aphy (di chl or oret hane: net hanol : annonlun1hydrOX|deL£9£§5 0.5))
afforded 2.0 g (78% of conpound A as a V|sz us foam 30

((I'm dazol -4-yl)-1-thioxoethyl)-L-valine enyl net hyl ester A suspen5|on
of conpound A (0.8 g, 2.5 nmmol) and Lamesson s Reagent (1.0 g, 2.5 mmol) in
30 nL 5 of dry toluene was heated at 90[err]C for 1 hour. A clear yellow

sol ution was obt ai neshebrdten s ke, heatiolgmyeni.ag; &, vigcops oil separated on
cooling to roomtenperature. The mxture, w_thout_ worku was subjected to
flash chromat ograpg&‘b?ﬁh 2.5 ﬁeom;")l(d’ 'crﬁ'cél gﬁn o[ %FI’EZa gel. (The
t ol uene solution was decanted directly onto the colum, the precipitate was
di ssol ved in dichloronethane and this s s al so added to the

colum). Elution with trlchloronethane nme ranmoni um hydr oxi de 15
(95:5:0.5) affodded 0.75 g (90% of conpound B as a clear viscous oil. C.

((1'm dazol -4-yl)-ethyl)-L-valine, Hphenyl net hyl este
| «]\Aj;(

(s)-1,2,3,4-Tetrahydro-2-{2-{[2-(1H-imidazol~-4-
yl)ethyl]amlno] -3-methyl-1- oxobutylllsoqulnollne.

10 1t

A. ((Imidazol-4-yl)-1-oxoethyl)-L-valine,
phenvimethy] ester '
To a solution of valine benzyl ester e HC1
15 (2.0 g, 8.2 mmol), imidazole-4-acetic acid « HC1l
(1.46 g, 9 mmol), HOBT (1.22 g, 9 mmol) and NMM (3
mL, 27 mmol) in 10 mL of dry DMF at 0°C under argon
was added EDC (1.73 g, 9 mmol). The slurry was
stirred with cooling for 0.5 hour and at room
20 temperature for 3 hours. The milky reaction was
evaporated to dryness (30°C, high vac), and the
residue was diluted with saturated NaHCO3 and
extracted with ethyl acetate (three times). The
combined extracts were washed with brine (twice)
25 and dried (MgSO4), and the solvent was removed to

give 3.6 g of clear orange viscous oil. Flash
chromatography (dichloromethane:methanol :ammonium
hydroxide (95:5:0.5)) afforded 2.0 g (78%) of
compound A as a viscous foam.

30

/_/////‘:e:
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20 ° ;> To a solution of compound B (0.75 g, 2.27 nmol) and [err] . 6
[err] (1.08 g, 4.54 mml) in 15 nL each of methanol and THF in an oversized
flask, at -40[err]C and under argon, was added in portions gﬁ ? solid,
sodiun1borohydride [err] (515 ny, 13.62 25 7§ng|). An i mefP2ER bl ack
precipitate, along with vigorous hydrogen evdl uti on, was obtai ned on
addition of the borohydride. Each addition of borohydride was done after
reaction fromthe previous addition had essentially ceased. After 30 the

addition, stirring gas contigxedater- @—Mﬁqttﬁwﬁd& ch Vh

reaction was allowed to warmto, approxinmately O[err] o] theirgark slurry
was then added sodlun1suIfPg%n%GW%ﬁFGiéFg3?%#+}-f&—69—g——4—54—ﬁﬁﬁ
Stirring was continued foraasuspensiidn -ofidsbrigouna 20.(9.i80yrs2. gfstw\/hl ch
the solids were re d filtratjon t Celite[err],and e Dbl ack
filter cake vvashedr%éﬁl La%?ﬁs%%ﬁté%ﬁ%ﬁnrﬁm(ﬂhz’n&' 2T emﬁ‘Pié &o‘%‘fi ltrate
was evapor ated to de§ndry Solwene hwas dmatsd iat rQélé’CdlﬁereXthanted A
exhaustively with digbherQ8%i Hansol eorpq{gg 8xehaghs vaporat ed to
dryness to give approx%na €F¢§g d@% oi Eﬁﬁah ﬁrgﬁa Hg y (2.5 x 30
cm silica gel, 5%hﬁ?ﬁhﬂ%lPer%?‘?chl%r‘@rﬁﬂ%‘sﬁn@)lla\s?&ﬁaéﬂeél@1@0%111(975% of
conpound C as a cl egdp ¥béfotémserature. The mixture, without workup,
was subjected to flash chromatography on a 2.5 x 30
10 cm column of silica gel. (The toluene solution was
decanted directly onto the column, the precipitate
was dissolved in dichloromethane and this solution
was also added to the column). Elution with
trichloromethane:methanol :ammonium hydroxide
15 (95:5:0.5) afforded 0.75 g (90%) of compound B as a
clear viscous oil.

C. ((Imidazol-4-yl)-ethyl)-L-valine,
phenvlmethyl ester
20 To a solution of compound B (0.75 g, 2.27
mmol) and NiCl, « 6 H2O0 (1.08 g, 4.54 mmol) in 15
mL each of methanol and THF in an oversized flask,

at -40°C and under argon, was added in portions as
a solid, sodium borohydride (NaBH4) (515 mg, 13.62
25 mmol). An immediate black precipitate, along with
vigorous hydrogen evolution, was obtained on
addition of the borohydride. Each addition of
borohydride was done after reaction from the
previous addition had essentially ceased. After
30 the addition, stirring was continued for 2 hours,
during which time the reaction was allowed to warm
to approximately 0°C. To the dark slurry was then
added sodium sulfide nonahydrate (NazS 9 H30)
(1.09 g, 4.54 mmol). Stirring was continued for an

-
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D. °* N-[ (1, 1- Di met hyl et hoxy)-- car bonyl ] - N-[1 - _
[ (T, 1- di met hyl et hoxy) - car bonyl ] -i mi dazol - 4- yl -ethyl]-L-valine,
phenyl et hyl ester 15 A sol ution of conmpound C (4.06%WE 3.3 mol)

and t-butoxycarbonyl (BOC) anhydride (8.7 97440 mmol) in 10
di chl or onet hane, under argon, was allowed to’stir at roon1tenperature for 2

days, after which time an additional 2 g of BOC anhydride 20 was added.
Stirring was continued for an additional day. The mixture was reduced in

e L0 APy % 50alaiRank 00 L STROW 0 S WL HIBHECLET ha LhpS"

chr omat ogr aphy (5 x cm_ silica ge cet at e- héxane
4.2 g (63% of conpaeﬁ‘avedzl?i' fil 'ar%tph%ﬁ W%@ars Galite® and the black

N-[(1,1-Di ][ret hyl et hax%):eeaebnewz&sméd [Wémlgaféiéih "addb 11:&6%&5.] mbtléiahbmte ﬁd t
solution o conpoun an arium r.oxi oct ahydr at e
[err] (3.15 g, nﬂ%‘ﬁ) giﬁaﬁgyﬁ{l%"é #fzjotfr%rﬁ fasy RYaRera éﬁél tﬁagrﬁ@ﬁﬁﬁd at
50[ err] C under aSgoanﬂothe bemi- smﬂmdrmpsﬁduﬂ1exunactedhekhanseﬁvalyate
formed. After COO|I ﬁﬁggiﬁ; re, ol
removed under reduc resgﬁ%{.an é{l'he re%ér@hg% f{g@gFtFrVeﬁﬁs added
960 ng (10 mmol) ofexﬁﬁﬁﬁﬁﬁﬁﬁcﬁﬁtﬂﬁxﬂqsq<§019¥¥? @pgwbwdmanﬁﬂyr058lgr|ng

of oil. Flash chromatography (2.5 x 30 cm, silica

gel, 5% methanol - trichloromethane) afforded 513

10 mg (75%) of compound C as a clear viscous oil.

D. N-[(1,1-Dimethylethoxy)-carbonyl]-N-[1-
[(1,1-dimethylethoxy)-carbonyl]-imidazol-4-
15 A solution of compound C (4.0 g, 13.3 mmol)
and t-butoxycarbonyl (BOC) anhydride (8.7 g, 40
mmol) in 100 mL of dichloromethane, under argon,
was allowed to stir at room temperature for 2 days,
after which time an additional 2 g of BOC anhydride
20 was added. Stirring was continued for an additional
day. The mixture was reduced in volume to approx
50 mL and the remaining solution subjected to flash
chromatography (5 x 30 cm, silica gel, 30% ethyl
acetate-hexane) to afford 4.2 g (63%) of compound D
25 as a clear viscous oil.

E. N-[(1,1-Dimethylethoxy)-carbonyl]-N-

A solution of compound D (2.0.¢g, 4 mmol) and
30 Dbarium hydroxide octahydrate (Ba(OH)z « 8 Hy0)
(3.15 g, 10 mmol) in 15 mL each of water and
methanol was heated at 50°C under argon for 1 hour,
during which time a white precipitate formed.
After cooling to room temperature, the methanol was

I
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for”0.5 hour, the solids were renpved by filtration 5 and the filter cake

washed well with additional water. The clear colorless filtrate was washed

once Wi th ether and evaporated to dryness to give a white ppwdeq. This

mat eri al was suspended into water and the.sggpension again evaporated to 10

dryness to yield 1.1g (88% of conmpound E as a fine white powder. F.

(S)-1,2,3,4-Tetrahydro-2-[ (N-[ (1,1

di et hyl et hoxy) - car bonyl ][ 2- (1Hi mi dazol - 4- 15

' yI)eghyI]anino]-g-nEEM9Ved-unﬁémﬂgé?ucédupndssﬂﬁgnand to the Eem%%?i%gOQS
1- Hydr oxy- 7- azo- ben | ) N a E . g,

0.48 mmol) were addégifgaéﬂéﬁé'{% %4‘9@%6‘3#3 éiﬁoﬂai§,°g.§‘§m%£%| )

in DVF (1.5 mL) andS®Reonake uf BNRwWoConi r asdafeplid. niAfiness stirring

1, 2, 3, 4- Tet r ahydr oi gggup N9l hdrer ( GeHe? lsdtls, enggbb Oy, DI m.,

0. 64 mol) wereeﬁdded ang the MXtureémmélsdsg?%%re Qyﬁ%bﬁp%%é?ﬁ%&n

reacti on was quehchBRAnWFR® GHbEeY (FAkAWAShed Welilqwithi adfitdonal) and

il alod NICCE (ioels, embummsnislon e ubiptode i 1ot
5 m). drled Lorr) OReR Y erh Pty Aid dNapelEhedhiar Stuteem tosimR 3 s due
was purified by flashit@érpomdens afthig elateniglwwab &Qspendédr Diitts m /
methanol ) to af for chy&osPoat ¢hd Gulfbrtsi i Yhadh BvhBARLLAE (SM H - 425.
10 dryness to yield 1.1g (88%) of compound E as a fine
white powder.

F. (s)-1,2,3,4-Tetrahydro-2-[[N-[(1,1-
. dimethylethoxy)-carbonyl] [2- (1H-imidazol-4-
15 yl)ethyllamino] -3-methyl-1-oxobutyl] -
isoquinoline

l1-Hydroxy-7-azo-benzotriazole (HOAT) (0.066
g, 0.48 mmol) and EDC (0.093 g, 0.48 mmol) were
added to a solution of Compound E (0.10 g, 0.32
20 mmol) in DMF (1.5 mL) and the mixture was stirred
for 30 minutes. 1,2,3,4-Tetrahydroisoquinoline
(0.121 mL, 0.97 mmol) and DIEA (0.101 mL, 0.64
mmol) were added and the mixture was stirred for 16
hours. The reaction was quenched with 10% lithium
25 chloride (LiCl) (30 mL) and saturated NaHCO3 (10
mL), and the solution was extracted with ethyl
acetate (2 X 30 ml). The combined organic extracts
were washed with 10 % LiCl (2 X 30 ml), dried
(MgSO4), filtered and concentrated under vacuum.
30 The residue was purified by flash chromatography
' (eluting with 19/1 chloroform / methanol) to afford
Compound F (0.094 g, 67%) as a foam. MS: (M-H)~
425.
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- 76 - G (S)-1,2,3,4-Tetrahydro-2-[2-[[ 2- (1H

I m dazol - 4-yl) et hyl]am no] - 3- net hyl - 1- oxobutyl]isoquinoline 1 1

hydrochl oride / trifluoroacetate salt 5 TFA (2.0 § mmol ) was
added to a solution of Conmpound F (0.090 g, 9@ 21 mmol) in dlékloronethane
(2.0 m), and the reaction was stirred for 1 hour and concentrated under
vacuum The residue was dissolved in water (10 nL), 10 mllipore filtered
and lyophilized to afford the title conpound (0.012 g, 100 %9 as a gl assy
solid. MS: (MrH)[ergl. 327. (&nallygi 3, 4fpettatiydrd-D- (4O -R2-LhH-err]-1.0

CF3CCRH 15 Cal cul ated: G, C, 48.99;
H 5.90; N, 10.81. Exanple %3&?201 Cy-P1 Pdenyg} 1 ai e} - RSy 1 -1 -

(S)-3-[[[(2, 3-Di chIorophen?RPbBFM&ﬂ}PQQ?{EPKQMQ 1:1 hydrochloride /
i m dazol -4-yl)ethyl]am no] t3{FRiiBy¥badeOXOe duit/| ] am nol net hyl ] benzoi ¢ acid,

dihydrochloride g5 TFA (2.0 mL, 26 mmol) was added to a
solution of Compound F (0.090 g, 0.21 mmol) in
dichloromethane (2.0 mL), and the reaction was
stirred for 1 hour and concentrated under vacuum.
The residue was dissolved in water (10 mL),

10 millipore filtered and lyophilized to afford the
title compound (0.012 g, 100 %) as a glassy solid.
MS: (M+H)*t 327.
Analysis for C319H2¢N40-1.0 HC1l-2.11 H20-1.0

CF3CO2H:
15 calculated: C, 48.99; H, 6.31; N, 10.88.
Found: C, 48.99; H, 5.90; N, 10.81.

Example 17

N
20
(S)-3?[[[(2.3—Dichlorophenyl)methy1][2-[[2-(;H-
imidazol-4-yl)ethyl]lamino]-3-methyl-1-oxo-
25

Tthh&x
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- 77=- A. N-[(2,3- dlchlorophenyl)nethyl] N-((3-
nethoxycarbonyl) phenyl met hyl ) - am ne, hydrochl oride Acetic acid (0.57 nmi,
10 mol ) was added to 5 a solution of 3-carboxybenzal dehyde g, 6.7
mml ) and 2, 3-di chl orobenzyl am ne (1.3 nl. 44 pmol) in dichl'oronet hane (33
m). The mxture was stirred for 1 hour, sodiumtriacetoxyborohydride (2.1
g, 10 mmol) was added and the solution was 10 stirred for 16 hours and
concentrat ed under vacuum The residue was dissolved in nethanol (50 ni),
the solution was caw) ed thO{ez;jialdnybﬁaymg@yquﬁeﬂﬁylmaﬁ_bp@bled into the
m xture. The sol ution was rrmed to.roo er turﬁg geated to reflux for
iek PRy Ingt Ry

6 hours 15 and concent r at™ S-SR RONY, pe& FALRRi ssol ved in
10% NaHCO3 (50 nl) and thehwdmmhhmda-fmn was extracted with ethyl

acetate (3 X 100 nlL). The gogbjd 1(&9@15;6(—)7 ﬂq_,tr{i,_@ g@sewgy%g he&Mdd -

filtered and concentrated under vacuum Ssolved in

di et hyl ether (20 ﬁi)so%qqﬁﬁnupﬁm&ﬂ@axhpmmbepﬁaAdehuae .09, &t the solid
was filtered. The sadX) raierd - d&@:@xl‘&ébéﬁz%/ﬂ.éﬁlﬂée?t'yj il Ne1o (mdaci )10 Nb)

2 white
22Id| g.“ eﬁ/sg?ﬁ/ﬁrH) \iacuural%la‘;’;g't%“-aé‘ﬁ[ ﬁ??z‘“’s) 'H’PSr'B H@/‘F?"?ﬁahy?] [2-[ N
[ (1, 1-di et hyl et hoxgpimzeddiox ]I hout-, sodium triacetoxyborohydride
triphenylnethyl-inieﬁﬁpln4jxi%ﬁkhxlhggigahéd and the solution was
10 stirred for 16 hours and concentrated under vacuum.
The residue was dissolved in methanol (50 mL), the
solution was cooled to 0°C, and anhydrous HCl was

bubbled into the mixture. The solution was warmed
to room temperature, heated to reflux for 6 hours

15 and concentrated under vacuum. The residue was
dissolveq in 10% NaHCO3 (50 mL) and the aqueous
solution was extracted with ethyl acetate (3 X 100
mL). The combined organic extracts were dried
(MgsSO4), filtered and concentrated under vacuum.

20 The residue was dissolved in diethyl ether (20 mL),
treated with 4M HCl in dioxane (5 mL), and the
solid was filtered. The solid material was washed
with diethyl ether (3 X 10 mL) and dried under
vacuum to afford Compound 2 (1.95 g, 81%) as a

25 white solid. MS: (M+H)* 324.

B. (S)-3-[[[(2,3-Dichlorophenyl)methyl] [2-[N-
[(1,1-dimethylethoxy)-carbonyl] [2-(1-
triphenylmethyl-imidazol-4-yl)ethyllamino]-

30 3-methyl-1-oxobutyl]amino)methyl]benzoic
acid. methvl] ester
DIEA (0.32 mL, 1.8 mmol) was added to a
solution of Compound A (0.33 g, 0.90 mmol) and
Compound A of Example 30 (0.25 g, 0.45 mmol) in
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30 ° ; 3- et hyl - | - oxobut yl ] am no] et hyl ] benzoi ¢ acid. nethyl ester

DI EA (O. '32 m., 1.8 mmpl) was added to a solution of Conmpound A (0.33 g,
0.90 nmmol ) and Conpound A of Exanple 30 (0.25 g, 0.45 WWD|)LbH1%hIS is the
repl acenent sheet Date; 3 1 OCT 1995 - _7§g- -di chl oronet hane (2.3 nlL).
The solution was cooled to O[err]C, DVAP (0.083 g, 0.68 mmol ) and PyBrop
(0.32 g, 0.68 mml) were added. The m xture was warnmed to roomtenperature,
stirred for 72 hours, quenched 5 with 1IN HCO (50 nL) and extracted with
ethyl acetate (3 X Bfchlproméehanebinell mii)ganitheesolationVeae washed Wwith

10% 1 X 50 fil d congent rat ed ,ynger
VaCUI[J%r[L gifford Conl:rr%ogﬁéd Wépﬂd% I toer gﬁg |)CR§}8 §¥F59P168-$§;
(MrH) + 859. C. g5) 0368 [ 1mol B- wmlaﬁdqﬂmenmh)ermukyh}rez‘wéhl- wéimed

1-di met hyl et hoxy) - EarPeﬂﬁliéﬁpéQaEﬁfe stirﬁfd for 72 hours, quenched
phenyl nmet hyl -1 m dazol Xﬁ)Eth [ am noj

met hyl - 1- oxobut y¥ | aWi-hBl Mt BGE 1 620k L and extgacsedhyaebxpabyLliN, 10 ni, 10
mmol ) was added to aceehtéi 0B RfsCampoundiR (@mbingd Qrsanmvéitfacfs&t hanol
(30 L) The 1 xt ur fPge, Shhes sl 87100 NAHIGH TIRCRECRR) | AagHalnoet

vacuum and the
(MgSO4), filtered and concentrated under vacuum to

afford Compound B (0.78 g, 100%) as a sticky solid.
10 Ms: (M+H)+ 859.

C. (S)-3-[[[(2,3-Dichlorophenyl)methyl] [2-[N-
{(1,1-dimethylethoxy)-carbonyl] [2-(1-tri
phenylmethyl-imidazol-4-yl)ethyljamino] -3~

15 methvl-1-oxobutvllaminolmethvllbenzoic acid
Sodium hydroxide (1N, 10 mL, 10 mmol) was

added to a solution of Compound B (0.78 g, 0.90

mmol) in methanol (30 mL). The mixture was stirred

for 16 hours and concentrated under vacuum, and the
20 residue was dissolved in 1IN HCl (50 mL). The

solution was extracted with dichloromethane (3 X 50

mL) and the combined organic extracts were dried

(MgsO4), filtered and concentrated under vacuum to

afford Compound C (0.76 g, 100%) as a sticky solid.

25 MS: (M+H)* 845.

D. (8)-3-1{[(2,3-Dichlorophenyl)methyl] [2-[[2-
(1H-imidazol-4-yl)ethyl]lamino]-3-methyl-1-
oxobutyl]aminolmethyllbenzoic acid,

30 dihvdrochloride

_ Triethylsilane (2.2 mL, 13.6 mmol) followed

by TFA (10 mL, 130 mmol) were added to a solution

of Compound C (0.764 g, 0.904 mmol) in
dichloromethane (7 mL). The mixture was stirred

" T ||ﬁ'““‘



20 ‘resitdue was dissolved in IN HO (50 mL). The solution was extracted
wi t'h di chl or onet hane (3 X 50 nm.) and the conbined organic extracts were
dried (MySO4), filtered and concentrated under vacuumto afggrdpConpound C
(0.76 g, 100% as a sticky solid. 25 MS: Myl + 845. D.

(S)-3-[[[(2,3-Di chl orophenyl )nethyl ][ 2-[[ 2-

(I Him dazol -4-yl)ethyl ]am no] - 3-net hyl - 1- oxobut yl ] am no] net hyl ] benzoi c
acid, 30 di hydrochl oride Triethylsilane (2.2 nL, 13.6 nmol)

foll owed by TFA (10fot, 14 3hounm| gndverencettadhtied ainselruviaenunl . &adpehed C

" (0.764 g, 0.904 mMmmo [ LXt,U ' stirred
f 79 - ?or hours£%% a%%ﬁ@%%?%%gagnﬁ%gg&Z§gtﬁﬁﬁ%ggngbtkeiﬁeQ?ZUe was
triturated mﬁth hex@hecarding othe )hexpng dayiers .t h&heexgsédugywas. The
resi due was purmeﬁupnpé@pas%y%a;%&@&@&mﬁ@ssa@ §pE090Sx g 10- 90%
u

ageous net hanol radi ent / mnute

0 T
appropriate fra V\i?/ Egn% LTl Wity Ol 3TREA, e§pdﬂénWé§
di ssolved in nethang&adi@nﬂl)ZGNNLAMiﬁﬂHeX22lﬁhb\umpr@@d&dteTheaﬁtxbﬂée was -

a;;r;ggegt (randn?f/\gst |'ﬂ§ ?ﬁ?%g@r% ea(%3%,“#\1&_der‘_:lcvacuumrh Trrlle%lld%tet er JPr ocedur e

' dlssolved in methanol (10 mL) and 1N HCl (2 mL) was
added. The mixture was stirred 5 minutes and

10 concentrated under vacuum. This latter procedure
was repeated two times and the residue was |
dissolved in water (10 mL), millipore filtered and
lyophilized to afford the title compound (0.070g,
13%).

15 Ms: (M+H)* 503.

Example 18

) Y

N-[ (2,3-Dichlorophenyl)methyl]-N2-[2- (1H-imidazol-

A suspension of Compound E of Example 16
25 (15.6 mg, 0.05 mmol), triethylamine (8 ul, 0.055
- mmol), 2,3-dichlorobenzylamine (200 pl of 0.25 M
solution in methylene chloride, 0.05 mmol), and BOP
(220 pl of 0.25 M solution in methylene chloride,
0.055 mmol) was stirred at 25°C for 18 hours. TFA
30 (1 mL) was added to the mixture and stirring was
continued for an additional 2 hours. The mixture
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di ssol ved in wat er (10 nL), mllipore filtered and |yophilized to afford
the titl'e conpound (0.070g, 13%. 15 NS (MrH)[err] 503. [err] 20

N-[ (2, 3-Dichl orophenyl )nmethyl]-Nerr]-[2-(l Him dazol - LD71b
4-yl)ethyl]-L-yalinam de. hydrochl oride A-swggpensi on of Conpound E of
Exanple 16 25 (15.6 ng, 0.05 mmol ), triethylamne (8 [err]l, 0.055 mmol),
2, 3-di chl orobenzyl ami ne (200 [err]l of 0.25 M solution in nethylene
chloride, 0.05 mml), and BOP (220 [err]l of 0.25 Msolution in nethylene
chloride, 0.055 rmoWpsweonsenrratiedt i25yasudC the residwer wasTEAmBAnedl ni)

was added to the mi xﬁmhemae@rmrff&a oS KONt d eIt f qrea@elaﬂgl tgﬁaa' 2

hours. The m xture - was concentrated I n vacuo he resi due was
conbi ned with naterF&F FPBPFQGGtH%Fe§+%ﬂI¥§SrR%R&q¥%% aﬁHePﬁ€a§éﬁ§|ned

mat eri al was pur|f|a@Lby(pmepsnaolamsFﬁﬁlhﬁﬁ$ﬂzd}ﬁisaaDﬁmgobqgﬁln g0 § 500
g;nueglugt Irrgghgn\g: cB’ﬁFgLﬁ ﬂﬂggi"%;ﬁ%Ao o‘-i'/taa:{ &;%ﬁ?t@gnomlg%gﬁ &gﬁggf{? omt he
third (of four) naj@ﬂ%paqhemnsemethﬂmm&xieumtarmnnnu}amewFAThevéesBdue was
purified again by tRe 3288) et PRger fEASIEAMR the third (of four) major
peak were combined and concentrated. The residue
was purified again by the same method. Fractions
10 containing the major peak were combined and
concentrated. The residue was dissolved in 50 mL
of 1N hydrochloric acid and reconcentrated twice.
The residue was lyophilized to give the title
compound as a white solid (70 mg, 75%).
15 MS: (M+H)* 369.
Analysis for C317H22N40C12-1.00 H20-2.06 HC1:
Calculated: C, 44.16; H, 5.68; N, 12.12; F, 31.13.
Found: C, 44.53; H, 5.94; N, 11.41; F, 31.24.

20 Example 19

N-[ (2, 3-Dichlorophenyl)methyl]-N2-[2- (1H-imidazol-
25 2- —L-valinami if]

A, : = =~N-
To a solution of N-triphenylmethylimidazole
(15.5 g, 50 mmol) at 0°C in THF was added normal
30 butyl lithium (nBuLi) (34.4 mL, 55 mmol) dropwise
over 30 minutes. The mixture was stirred for 1
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10 “contai ning the major peak were conbi ned and concentrated. The residue
was dissolved in 50 nL of 1IN hydrochloric acid and reconcentrated tw ce.
The residue was |yophilized to give the title corrpound as ﬁg%%e SO|Id (70
ng, 75%. 15 WMs: (M+H)+ 369. Analysis for égr;] .00 [err]~

Cal cul ated: C, 44.16; H 5.68; N, 12.12; F, 31.13. Found: C, 44.53; H.
5.94; N, 11.41; F, 31.24. 20 Exanple 19 [err]

N-[ (2, 3-Di chl orophenyl ) methyl]-Nerr]-[2-(1Hinm dazol - 25

2-yl)ethyl]-L-yali rl@dﬂldeﬁoiflfdvfédJW?ae@% | tge%rémggl St°| gg°c [over 30
Z

2- Hydr oxvet hyl - N-tri phen lim

N-'lt_?ll ph)(;xyl rrgt hyl i rﬁ‘%ﬁ'ﬁ%ﬁa’ ( 18185 splutgammds seodedr FPCOTer @M was added

nor mal 30 _tl)_lﬁlt yl | ![ténhyﬂe(ndBldzu)de( 3244 4t 550nmb1?1%§@¥%fﬁﬁew§5 é;ié ontl e
t e mx irre

\T/aplrjn ﬁ; to. 30[err] éﬁovegﬁris%g} i nuggg&w%é sgPut o A ‘%%Ise'ﬂnf%e‘g r]C,

and et hyl ene oxidde Q°%4 £orn2 heorsnshil gusduality warméd tD)ambrenm aa

cannul a. ‘The n1xtur@émﬁg%égﬂﬁéwg¢e§t1g ghggr]czﬁgr % ?@ ¢ gradual ly

war med to anbi ent tenperature over ours e so I on was concentrat ed
and t he residue vvascctr"ﬁ%la&@da the residue was chromatographed

(flash silica, 19:1; chloroform:methanol) to yield
14.5g (82%) of compound A as a white solid. Ms
10 (M+Na)* 377+,

B. Nz—[(Trifluoromethanesulfonyl)]-Nz—[2—(1—
triphenylmethyl-imidazol-2-yl)ethyl]-L-
yaline benzv] ester

15 To a solution of compound A (880 mg, 2.5
mmol), N-trifluoromethanesulfonyl-L-valine, benzyl
ester (842 mg, 2.5 mmol) and triphenylphosphine
(655 mg, 2.5 mmol) under nitrogen was added
diisopropylazodicarboxylate(0.49 mL, 2.5 mmol)

20 dissolved in THF (2 mL) dropwise. The solution was
stirred for 16 hours and concentrated, and the
residue was chromatographed (flash silica, 1:1;
ethyl acetate:hexanes) to yield 1.4g (83%) of
compound B as a white crystalline solid. (M+H)*

25 676,

C. NZ-[(Trifluoromethanesulfonyl)]—Nz-[z—(l—
triphenylmethyl-imidazol-2-yl)ethyl]-L-
valine

30 A solution of compound B (3 g, 4.4 mmol)

dissolved in methanol (30 mL) and THF (40 mL)} was
hydrogenated on palladium on carbon (10%, 0.3 g) at
atmospheric pressure. After 2.5 hpurs,_the
solution was filtered through Celite® and the

“‘ﬁli‘iiﬁ i



(flash gilica, 19:1; chloroformmethanol) to yield 14.5g (82% of conpound
A as a white solid. M5 10 (MtNa)[err] 377[err]. B

N[err]-[(TrifIuoronethanesulfonyl)]-N[err] [2-(1- LD71b
tri phenyl met hyl -i-m dazol - 2-yl)ethyl ]-L- val gge_benzyl ester Rg To a
solution of compound A (880 nmg, 2.5 mmol),

N-trifluoromethanesul fonyl-L-valine, benzyl ester (842 ng, 2.5 mol) and
tri phenyl phosphine (655 ng, 2.5 nmmol) under nitrogen was added

di i sopropyl azodi Carmwﬁ@(&&%ﬂﬂrac%&c ie29. sdgswbrreﬂ) i Qg THE (2 nl)
dropwi se. The solu g stirred. for concentrated and the

16
resi due was chromat A%héh "grll‘:recéryftf&ié?ﬁy?°£%:‘ét af¥+Bk%anes) to
yield 1.4g (83% ofs&ﬁhpound B as a white crystalline solid. (MH)+ 25
676+. C. Nerr]- [(TrifIuoronethanesulfonyl)] Nlerr]-[2-(1-
tri phenyl nmet hyl -i m dazol - 2- -L- yalrne 30 ' A sol ution of
conpound B (3 g3 4.B- mol) ' bk 2 = kD& and THF (40 nl)
was hydrogenated on pal I adhaina %Eﬁmﬁp &fl@&np%u%dgb QE %”Dapﬁeﬁdns

pressure. After 2. 5 h t he so}utron was filtered gh Celrte err]
and t he - 82 - sutanol (25 mL) i1n THF (25 mL) at 70 C was

added freshly distilled ammonia (150 mL). Freshly
cut sodium chunks were added until a blue color

10 persisted for 40 minutes. Ammonium chloride was
added until the blue color dissipated. The
solution was concentrated to dryness and the
residue was dissolved in 15 mL of water and applied
to a cation exchange column in the following '

15 manner: 10 equivalents of resin was washed with
0.1N HCl1 (100 mL) followed by water (100 mL); the
sample was loaded and the column was washed with
water (200 mL); the column was washed with 300 mL
of 1M ammonium hydroxide (NH4OH) and fractions were

20 collected. The appropriate fractions were pooled

' and nitrogen was bubbled through to remove
dissolved ammonia. The solution was concentrated to
give 833 mg (85%) of Compound D as an off-white
powder. (M+H)+ 212+,

25
E. N-[(2,3-Dichlorophenyl)methyl}-N2-[2- (1H-

imidazol-2-yl)ethyl]-L-valinamide,
trifluorcacetate

A solution of compound D (100 mg, 0.44 mmol)
30 2,3-dichlorobenzylamine (77 mg, 0.44 mmol), BOP
(190 mg, 0.44 mmol) and DIEA (0.77 mL, 0.44 mmol)
in DMF (3 mL) and DMSO (0.1 mL) was stirred for 3
hours under nitrogen. The mixture was concentrated
and the residue was dissolved in a 50/50 mixture of

_—
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filtrate concentrated to give 2.6 g (100 % of Conpound C as a white
crystalline solid. (MtH) + 586+. 5 D. (I'm dazol -2-yl)ethyl]-L-valine
To a solution of Conpound C (2.5g, 4.3 nmol) and t-butanol é%gﬁgk) in THF
(25 nmL) at -70[err]C was added freshly digtbhlgd ammoni a (1 . Freshly
cut sodi um chunks were added until a blue color 10 persisted for 40

m nutes. Ammoni um chl ori de was added until the blue col or dissipated. The
solution was concentrated to dryness and the residue was dissolved in 15 nL

of water and applied, 19TEACH: i ML IKENANGR GRWHAl Bnt |1 oy
manner: 10 equi val ents [ hed with 0.%ﬁ H e 100¥%£§ %%#Iomed

of _.resin was S
by water (100 ni); PRRILSAFR 3a9Y] %(F%H’Hmt HE-d 81 uRRSWEY #aBP@dmml t h
wat er (200 nl); theandl HABC vpsrifisderion Was3@Rrforabdl Wnaewoghem hydr oxi de
[err] and fractions cted.  The appropti ract L ons were
pool ed and nitro enf§£%8%%%%lééﬁéi%%§iﬁ1tﬁgxxfﬁgvé'dbsggﬁgédlﬁnﬁﬁgia. The
sol uti on was corcenvaterd 10% gietha8d .n$olserr 8 CoARTEAdiH 268% an

LTt pover UEAISS1) HOFISHe, 5550 o s . over 0 mimuses
i ni dazol - 2-yl ) et hyl Tgié%q’? a‘lﬁfbréift#ﬂgr thér BxESPstewRTS0PAPLEA a1d conpound

D (100 ny, 0.44 molyoRiilzéd dic hfforde e 2ikle cémpbindOadda Rige BOP
solid.
10 Ms (M+H)* 369.
Analysis for C18H24N40C12-0.98 H20-2.19 CF3CO2H:
Calculated: C, 40.34; H, 4.14; N, 8.80; F, 19.61.
Found: C, 40.34; H, 3.85; N, 8.55; F, 19.59.

15 Example 20

B ¢

[S-(R*,R*)]-1,2,3,4—Tetrahydro—2-[N-(1H¥imidazol-4-
.20  ylacetyl)-L-valyl]l-N-[3-(methylsulfonyl)-1-

[ (phenyl-methoxy)methyl]propyl]l-3-isoquinoline-

carboxamide, trifluoroacetate

A. [s-12-[(1,1-dimethylethoxy)-carbonyljamino] -
25 — -0- - -1-
A mixture of [S-[2-[(1,1-dimethylethoxy)-
carbonyl]amino] -4-methylsulfonyl]-butan-1-ol (212
mg, 0.79 mmol), sodium hydride (40 mg of 60%
fdispeision in oil, 1,0_mm01) and benzyl bromide
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(190 ng, 0.44 mmol) and D EA (0.77 ni, 0.44 nmol) in DVF (3 ni) and DVSO
(0.1 mL) was stirred for 3 hours under nitrogen. The m xture was
concentrated and the residue was dissolved in a 50/50 n1xture7gL - 83 -
0. 19%FA in net hanol and 0. 1% FA in water. _Thi,s_was applied EB73PyMe ci18
colum (S-10, ODS 30 x 500 mm) and HPLC purlﬁication was performed under
the followi ng conditions; Solvent A 0.1%FA in 90%5 water, 10% net hanol,
Sol vent B; 0.1%FA in 90% nmet hanol, 10% water; 10-35% B in A over 60

i ) i i 1o t d he n ilized to
m nutes. Fractions ¢@nizimiNo ¢ my00uGt ﬂﬁﬁ*gzpli\h/%)(%ﬁ gt£%§€£' dd

afford the title co u as a white solid. 1 Anal ysi s for
[err]-0.98 [err]-2. pc[ }gq.r] 18chougisat edhecmixguze: was diluted witlso: F,
19.61. Found: tetHpléde dhlokiffe, Mashe@®dwikh £9tbPatd® aqueous

Ex l e 20 20 yl ace )1 L - - Gnet hyl sul.fonyl ). -1-
[( Sﬂ‘é n§| “met hoxy rrge%/%%/\luf L%‘r‘gép’;%“a-é; -sl(oé'élé:w(lg%dl ?éﬁéfadcﬁ}’%ﬁx‘é?#%fnd |
trifluoroacetat@ A concentiyed. ( The diesdiduel walspp?):ifhe@cmyl fragmo] - 25
4- net hyl sul f | - O - =1-0 e . .
[ sfn[e 2 f/( 11 di et hyEEI lel%t ﬂioﬁxﬁlrgcﬂa bggi;hq&é‘#ang’f&- karew]yl ‘g%ﬁ“%’o?%l‘ﬁ‘t}ht an- 1- ol
(212 2:1 hexanes : ethyl acetate, to give Compound A

(165 mg, 58%).

10 B. [s-[2-amino] -4-methylsulfonyl-O-

A mixture of Compound A (165 mg, 0.46 mmol),
methylene chloride (1 mL) and TFA (2 mL) was
stirred for 6 hours and concentrated in vacuo to

15 give compound B (125 mg, 90%).

C. [S-(rR*,R*)]1-1,2,3,4-Tetrahydro-2-[N-L-
valyl]-3-isoquinoline-carboxylic acid,
phenvimethvl ester, hvdrochloride

20 Compound C was prepared from
tetrahydroisoquinolin-3-carboxylic acid,
phenylmethyl ester and Boc-L-valine in a 2 step
procedure as described for Compounds C and D of

Example 1.
25
D. [S-(R*,R*)]-1,2,3,4-Tetrahydro-2-[N- (1H-
imidazol-4-ylacetyl)-L-valyl]-3-
isoquinoline-carboxylic acid, phenylmethyl
ester .
30 To a suspension of the sodium salt of

imidazole acetic acid (2.26 g, 12.3 mmol) in DMF
(15 mL) at 0° under nitorgen was added BOP (5.42 g,
12.3 mmol). After stirring for 30 minutes,
Compound C (4.12, 10.2 mmol) was added followed by

[
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ng, *0.79 nmml ), sodium hydride (40 ng of 60%dispersion in oil, 1.0 nmmol)
and benzyl brom de - 84 - (0.12 nL 1.0 mol) in DMF (2 nL) was stirred
at 25[err]C for 18 hours. The m xture was dil uted mﬁth_neth%éffﬁ chl ori de,
washed wi th saturated agueous sodi um bi carbggat e sol ution, over MgSO™4
and 5 concentrated. The residue was purified by flash chromatography on
silica gel (60 g), eluting wwth 2:1 hexanes : ethyl acetate, to give
Compound A (165 ngy, 58% . 10 B. [ S-[2-ami no] - 4- net hyl sul f onyl -

phenyl net hyl ] - but anvMM of1,. 12 infL), uqnooacmtnaue; A BEKeHIS Wourkdmaend A (165 nm,
0.46 mol ), nethyl s stirred for 6

hours and concentr:@g{c}-‘q‘{]Il \7’6?% § pge ra&le eleokﬁﬁﬁ‘ﬁd B ﬁz%eﬁﬁé’u%d%s. C.
[S (R, R*)-1, 2, 3, 4-Gicascdlivedt dn2 etyll- acekate- 8158 auju) raid rehecar boxyl i c

red
ot 6, pheny| ety @siRtuon YAeoGRkBCRi 2, 10v sons HIRAAILG I @ €0
Boc- L-val i ne i nda X st r@@édépé $Ced2Pi BRY- fo'?hm% T-(iQalnd D of
Exanple 1. 25 layer was extracted with ethyl acetate (3 x 100
mL). The organic layefs were combined, dried over
sodium sulfate, filtered and concentrated in vacuo
to give Compound D (5.32 g) which was 71% pure by
10 HPLC. This material was combined with material
from similar reactions (6.30 g total) and purified
by silica gel chromatography
(dichloromethane:methanol, 98:2 to 88:12) to give
Compound D (3.83 g, 59% yield).
15
E. (S-(rR*,R*)]-1,2,3,4-Tetrahydro-2-[N- (1H-
imidazol-4-ylacetyl)-L-valyl]-3-
. inoline-carl 1i id 1 ]
To a solution of Compound D (4.19 g, 8.84
20 mmol) in methanol (50 mL) was added 10% palladium
on carbon (1.2 g). The suspension was stirred
under a hydrogen atmosphere for 2 hours, filtered
through Celite® and the filter cake was washed with
methanol (10 mL). The filtrate was concentrated in
25 vacuo, the residue was dissolved in methanol (20
mL), and 1IN sodium hydroxide (9.46 ml, 9.46 mmol)
was added. The methanol was removed in vacuo and
the aqueous slurry was purified by reverse phase
column chromatography on CHP20P (water:acetonitrile
30 gradient, 100:0 to 0:100) to give Compound E (2.48
g, 69%).
MS: (M+H)* 385.

\
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D ° [S-(R*,R")]-1,2,3,4-Tetrahydro-2-[ N- (1H o

i m dazol - 4-yl acetyl)-L-val yl]-3- isoquinoline-carboxylic acid, phenyl met hyl
ester 30 To a suspension of the sodiumsalt of indaz &% acetic
acid (2.26 g, 12.3 mol) in DVF (15 nl) at rr] under nltéFg was added
BOP (5.42 g, 12.3 nmmol). After stirring for “30 m nutes, Conmpound C (4.12,
~10.2 mmmol ) was added fol | owed by - 85 - NW (1.12 nL 10.2 mmol ). After
5 hours, the m xture was concentrated in vacuo. The residue mas di ssol ved

in ethyl acetate (1gQ nil) qu kheRs u1|9n3 &ﬁﬁhﬁQi er3Rdi um
bi carbonate (2 5 x 70 nl) %) h (70 ; ueous le | ayer

was extracted with ethyl a&@ﬁ go 34xyi699ﬁl5) ﬁﬁﬁ?kﬁ%ﬁﬂNWi rayers were
conbi ned, dried over sodi unmeth{akalfbhyl p+pd] gskbmgancentrated in vacuo to

gi ve Conpound D (5.32 g) 7 @6 e HPLC. This materia
was combined with naterlarﬂF?Hﬁ¥¥?WF% E%FKUﬁg €§9§9ﬁ?Q%ﬁWﬂ3 and
purified by silita gel chr eaxboyanpé

88:12) to give Cowpound D a3m83t8d 5? 6 5u dZES 22 , 0 3 1
[S (R R)I-1,2,3, 4 Tetran dro-ooT R % fipdlind ¥ 22 ng 0 mmol),
Compound B (80 mg, 0.27 mmol), BOP (155 mg, 0.35

mmol), triethylamine (50 puL, 0.35 mmol), methylene
chloride (0.5 mL) and DMF (0.5 mL) was stirred at
10 25°C for 18 hours. The mixture was diluted with
ethyl acetate, washed with saturated aqueous sodium
bicarbonate solution and brine, dried over MgSO4,

and concentrated. The residue was purified by

preparative HPLC (YMC S5 ODS column, 30 x 250 mm,
15 eluting with a gradient from 10% to 90% aqueous

methanol, containing 0.1% TFA, over 30 minutes).

Fractions containing the major product were

combined and concentrated. The residue was

lyophilized to give the title compound as a white
20 solid (53 mg, 24%).

MS: M+H = 624. _

Analysis calculated for C32H41Ng06S-1.5 CF3CO3H :

2.5 Hy0:
Calculated: C, 50.06; H, 5.70; N, 8.34; S, 3.82; F,
25 10.18. ‘
Found: C, 49.92; H, 5.33; N, 8.01; s, 3.75; F,
9.92.
Example 21
30
Me Me
niVNE:
: : cl
o Cl
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i m dazol*4-ylacetyl)-L-valyl]-3- isoquinoline-carboxylic acid, sodium salt
To ‘a sol'ution of Conpound D (4 19 g, 8.84 20 mmol) in nethanol (50 nL) was
added 10% pal | adi um on carbon (1.2 g). The suspensi on was SLF RRgd under a
hydr ogen at nosphere for 2 hours, filtered_tigygough Celite[err] and the
filter cake was washed with nethanol (10 nL). The filtrate was concentrated
In 25 vacuo, the residue was dissolved in nethanol (20 niL), and 1IN sodi um
hydroxi de (9.46 m, 9.46 mmol) was added. The net hanol was renpoved in vacuo

and the aqueous sIUNF!(EaS puchiofmbﬁanyxmmﬁenynymmae[90kunmeehypﬂ§ﬁography
on CHP20P (water: aceg og‘ | JolgF=Yo h00:0 .t 100), L0, 9i Ve, Conpound

E (2.48 g, 69%.
[S (R, R)]-1,2,3, 4- Tetrahydro 2- [N—(lH—

i mi dazol - 4-yl acetyl ; L- va' ¥l bl B= 4 L ORL dDdmet hANH sz[l@,)henyl -
o) by el 50 oL eElE e e
trifluoroacetate A nlxture ), Conpound B
(80 ng, 0.27 nmol), BOP (196 mg,mf. &b mmayl tdH1ir\deA Phalae adaldl eihl L. 0. 35
mrol ), methyl ene Ch£8£ 1ong0 ? 813 fgyjmmol) of52nhétﬁai itIFFEd at
hydroxymethylimidazole (prepared according to the
method of Durant et al., J. Med. Chem., 19, 923
10. (1976)). A vigorous reaction was obtained on
addition. The resulting black solution was heated
at 75°C for 0.5 hours and evaporated to dryness,
and the residue was evaporated once from THF to
remove residual thionyl chloride. The resulting
15 brown solid was recrystallized from ethanol-ether.
Sténding under'refrigeration afforded 3.3 g (19.7
mmoles, 73 %) of Compound A as brown crystals.

B. - =4-

20 To an ice cooled solution of 11 g of
potassium cyanide (KCN) in 20 mL of water was
added, dropwise over 0.5 hours a solution of 3.3 g
(19.7 mmol) of Compound A in 60 mL of ethanol. A
voluminous precipitate was obtained on addition.

25 Stirring was continued for an additional 0.5 hours
with cooling. The solids were filtered and the
filter cake washed well with ethanol. To the
filtrate was added 20 mL of saturated NaHCO3, and -
the solution was evaporated to dryness to give a

30 dark solid residue. This material was extracted
twice with hot ethyl acetate. The combined
extracts were dried (MgSO4) and the solvent removed
to yield 1.9 g of dark solid. This material was
triturated with methylene chloride and the
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10 "25[err]C for
washed with saturated aqueous sodi um bi carbonate sol ution and bri ne,

over [err],
(YMC S5 ODS columm, 30 x 250 mm 15 elutinggw.th a gradien
90% aqueous net hanol, containing 0.1% TFA, over 30 m nutes). Fractions

product were conbi ned and concentrated. The residue

contai ning the major
solid (53 ny,

was | yophilized to give the title conmpound as a white 20

24% . MS: MtH = 6243inA8aLpses ﬁﬁi@é&@d%fﬁf&q n].2145 (6@ &} : £ 5 H20:

Cal cul ated: C, 50.0
C, 49.92; H, 5.33;

3 F, 25 10. 18 F d:
&ngbﬁﬁd ga% a7§1 é'it dfaé‘z “Bgz%’r'pl e 21 30 [err]oun

N-[ (2, 3-Di chl orophenyl )methyl]-Nerr]-[2-(2-nethyl-IH
i m dazol -4-yl)ethyl p-L-vali | | o) .
4- chl. orsorret hyl i m dazor e,

2- Met hyl -

10

15

20

25

30

A suspension of 1.2 g (9.9 mmol) of Compound
B and 6.3 g (20 mmol) of Ba(OH)2 « 8H30 in 25 mL of
water was heated at reflux, under argon, for 3
hours. The precipitate which formed on cooling was
removed by filtration and discarded. To the
filtrate was added 1.9 g (20 mmol) of (NH4)2C0O3 and
the resulting white slurry stirred an additional 1
hour. The solids were removed by filtration and
the filter cake washed well with water. . The
filtrate was evaporated to dryness, and the residue
evaporated twice more from water, to afford 1.3 g
(9.3 mmoles, 93 %) of Compound D as an o0il which
crystallized on standing.

D. N2-[2-(2-methyl-1H-imidazol-4-yl)-1-
oxoethvll-L-valine benzvl ester
Compound D was prepared from Compound C and
valine benzyl ester  HCl as described for Compound
A of Example 4. Flash chromatography (silica gel,
5% methanol - chlofoform).afforded Compound D as a
viscous foam.

E. N2-[2-(2-methyl-1H-imidazol-4-y1)-1-
thioxoethvl]-L-valine benzv] ester
Compound E was prepared as a viscous yellow
0oil from Compound D as described for Compound B of
Example 16.

18 hours. The mixture was diluted with ethyl acetate,

dri ed

and concentrated. The residue was purified by pbﬁggrative HPLC
m 10%to

87 -

e

T



To 15 nL of thionyl chloride was added, in portions, 3.0 g (27 mmol) of

2- et hyl - 4- hydroxynet hyl i m dazol e (prepared according to the nethod of
Durant et al., J. Med. Chem , 19, 923 10 (1976)). A vigorqgﬁ_ eaction was
obtai ned on addition. The resulting black_ ution was heated at 75[err]C
for 0.5 hours and evaporated to dryness, and the residue was evaporat ed
once from T THF to renove residual thionyl chloride. The resulting 15 brown
solid was recrystallized from ethanol -ether. Standing under refrigeration

afforded 3.3 g (19.x/ mol §2._ 43 npguingd. __gwﬂ t.al,s. B
2- Met hyl - 4- cyanorretFHyI I m ggquée (%m@f:h??”fﬁ #’gl%\ﬁ]ég‘f oolegé’xé‘c}l l}t ion of 11
e ars—arctelot—ei-opwi-se over 0.5
e

g of potassium cyani de (K : CH-O-B VS
d ?a_@.% Heldioveidianol . A

hours a solution of 3.3 g Gnd"®! wagf pEepReEd
vol um nous precipitate was obtained og addjtion, 25 Stirrjin s conti nued
for an additional ﬁ@"hGEF‘?°W?hECB§I aﬁﬁ‘?nﬁ’i%gsfﬂq Gompound; ﬂgf’\ged and the
filter cake wasbed Baaniple 6.et hanol. To the filtrate was added 20 nL of
saturated [err], and the solution was evaporated to dryness to give a 30
dark solid residue. This terial was extracted twice with hot ethyl
acetate. The conbi fed ext MN¢ctl-U@rmeghyddlietnidagnl 4o ldsthyit] -Ienoved to

yield 1.9 g of dark solidyaliine Material was triturated with nethyl ene
chl oride and the

Compound G was prepared as a pale yellow
10 solid from Compound F as described for Compound E

of Example 16.

H. N-[ (2, 3-Dichlorophenyl)methyl]-N2-[2~ (2-

methyl-~-1H-imidazol-4-yl)ethyl]-~L-valinamide,
15 dihvdrochloride

To a suspension of 100 mg (0.44 mmmol) of

Compound G in 1.5 mL of DMF under argon was added
194 mg (0.44 mmol) of BOP, 77 mg (0.44 mmol) of
2,3-dichlorobenzylamine and 87 UL (0.5 mmol) of

20 DIEA. The suspension was allowed to stir overnight
and the reéulting pale yellow solution was
evaporated to dryness. The residue was diluted
with ethyl acetate and washed with saturated NaHCO3
and brine, dried (MgSO4), and the solvent removed

25 to give a clear yellow oil residue which was
subjected to flash chromatography on a 44 c¢¢ column
of siiica gel. Elution with trichloro-
methane:methanol:ammonium hydroxide (95:5:0.5)
afforded 122 mg of the free base of Example 21 as a

30 white foam. This material was subjected to prep.
HPLC on a YMC S-10 120A ODS column using a gradient
elution of 40-100 ¥ B (A: 10 % methanol-water + 0.1
% TFA, B: 10 % water-methanol + 0.1 % TFA) to
afford an oily residue which was taken into 1 N HC1l

.
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- 88 - insolubles filtered to afford 1.2 g (50 % of Conpound B as a |ight
tan pomder C. (2-Methyl -i m dazol -4-yl) acetic acid 5 A
suspension of 1.2 g (9.9 nmol) of Conpound B and 6.3 g (20 ) of [err]
in 25 m of water was heated at reflux, unggr_argon, for 3 hours. The
precipitate which formed on cooling was renoved by filtration and
di scarded. To the 10 filtrate was added 1.9 g (20 mmol ) of [err] and the
resulting white slurry stirred an additional 1 hour. The solids were
removed by filtratimd aguhir herdpdriatied &loe dvpnbed . Wethe Wéidwé afas The
filtrate was evaporated to(ﬁr ness, .and.the residue 15, %% porated tw ce
t® R

nore from water, oé" (‘”&r‘?rm%'llgs m§§e%-’°0¥l %% as an oil

which crystalli zecbcm‘md;.t arghiisgg ma@erial was triturated with ether and

errl-l2-(2-met hyéhé '?tsiﬂdj%%e‘i-éd ko af%ggd 87 mg (OXEFiNdls gl | ne

benzyl ester ared I ne' benzyl
ester . HO as 5des%:)r |Q)%CF1'#Q)rt1&irﬁ3(ﬂm°ﬂn§f aExén’ﬂhétﬁ PEWeeK. oM AR ogr aphy
(silica gel, 5% nej @ .- chloroform afforded Conpound D as a 25 viscous

foam E N2- [&E%Z ngwgyl-l i m dazol -4-yl)-1- thioxoethyl]-L-valine
benzyl ester o B ared as a viscous yell ow
(alp -3.0° (c 0.87, methanol).
Analysis for C18H26N40C14-0.50 H20:
10 calculated: C, 46.57; H, 5.65; N, 12.07.

Found: C, 46.39; H, 5.48; N, 11.82.
Example 22
Me Mo, _Me .

] v

N N
N cl

H H

15 o] Cl

N-[(2,3-Dichlorophenyl)methyl)-N2-[2- (5-methyl-1H-

20 Aa. = =4-
To a suspension of lithium aluminum hydride

(5.4 g, 142 mmol) in THF (200 mL) at 0°C was added
ethyl 4-methylimidazole-5-carboxylate (15.4 g, 100
mmol) in portions as a slurry in THF (100 mL). The

25 solution was stirred 24 hours at room temperature,
‘concentrated HCl was added and the organic solvent
was evaporated. Absolute ethanol was added, and
the mixture was heated to boiling and filtered hot
through Celite®. The filtrate was evaporated to

30 afford 23 g of Compound 1 (>>100%) as a brown
semisolid.

This Sheg

i ﬁm



30 ‘oi | from Conmpound D as descrlbed for Conpound B of Exanple 16. - 89 -
F.” N2-[ 2- (2-net hyl - 1H i m dazol -4-yl)ethyl]-L- valine benzyl ester
Compound F was prepared as a pale yellow oil fron1C0npoundﬂ51T5ckscr|bed
for Conmpound C of 5 Exanple 16. G 91

[err]-[2-(2-nethyl -1H i m dazol - 4- yI)ethyI] ~ val i ne Compound G was
prepared as a pale yellow 10 solid fron1Cbnpound F as described for
Compound E of Exanple 16. H.

N-[ (2, 3-Di chl or ophaidd )kl ] ohber r3(8a( 2127.92, 130.1
nethyl-lH—inidazol-4-yﬁ$gp ) ] -L-val %nan1ée 15 0. d|h33rochlor|de To

a suspensi on of 100B#y (0. 44 nnnnl) of Conmpound Gin 1.5 nL of DMF under
argon was added 194 ng (0.44 mol) of BOP, 77 nmg (0.44 mol) of
2,3-dich|orobenzylghene and rel Lk, ¢0Q.5 1), 0of .20 . DIEA. The
suspensi on was all dto t+hg pal e yell ow
sol ution was evaporated t@odilymessf Ehionpesi chibombde didsitazified 0h 36t ly|

acetate and washed ¢3.58 Hib1l) bRIchabERRaTR0. HOSedliitd Boily s8R the
sol vent renoved 25 Ive om10|l resi duée I"ch "was
was heated at 65%: for 1 hour, stirred at room
temperature for 3 days, evaporated to dryness and
the residue washed twice with ether to afford 0.37

10 g (94 %) of Compound B as a white solid.

C - _— P Sl Toad
- Compound C was prepared as a tan solid from
Compound B as described for Compound B of Example
15 21.

D. = -imi -4-
ester
A solution of Compound C (2.58 g, 21.3 mmol)
20 in 2 N NaOH (40 mL) was heated at reflux for 3.5
hours. The solution was acidified with
concentrated HC1l and filtered of a small amount of
insoluble material. The filtrate was evaporated,
the residue was dissolved in water and the solution
25 was evaporated. The residue was extracted twice
with boiling absolute ethanol and the combined
extracts were evaporated to afford a mixture of the
free acid and the ethyl ester of the product. The
residue was dissolved in absolute ethanol (50 mL),
30 concentrated HCl was added (2 mL) and the solution
was stirred 16 hours and evaporated. The residue
was suspended in 5% aqueous sodium hydrogen
carbonate and the mixture was extracted 3 times
with 10% isopropanol/methylene chloride. The

—
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subj ecteed to flash chromat ography on a 44 cc colum of silica gel. Elution
wi'th trichloro- nethane: net hanol : anmoni um hydroxi de (95:5:0.5) afforded 122
ng of the free base of Exanple 21 as a 30 white foam Thig,qpterial was
subjected to prep. HPLC on a YMC S-10 12QAg@DS col um using a gradi ent
elution of 40-100 % B (A: 10 % nmet hanol -water + 0.1 % TFA, B: 10 %

wat er-net hanol + 0.1 % TFA) to afford an oily residue which was taken into
1 N HCA - 90 - and again evaporated to dryness. The residue was

evapor at ed from watemblnedCor§arid Cextrldt & witd @irS@d dmaahealﬁnt erial was

triturated with ethe& and thg §O|Id f|| ered to eﬁ{)%?a %% ng 9 mmol e,

43 5 9% of the titPEEBRGunEIEESTEUR §irtozd L B7 € N

(MtH) [ err] 383. [er(Ap%—)Soﬁ[@om}]m\md(D&?s armatmrm]]) whAichl ysyst&mllkedr] 0.50

[err]: 10 Calculangst df 57, H 5.65 N, 12.07. Found: C, 46. 39;
20

H 5.48; N, 11.82 [err]
NC[ (2, 3-Di chl ordphd |;TE€€3MP]1N%$¢]1‘{ AT 5- ety 60493, 133.33,

i m dazol - 4-yl') et hyhlr1l.g9appmam de. di hydrochl oride 20 A
5- Met'hyl - 4- hydroxynethylln1dazole .
E. =M -imj -4-
Compound E was prepared as a crystalline
10 solid from Compound D as described for Compound C -
of Example 21.

F. N2-[2-(5-methyl-1H-imidazol-4-yl)-1-
oxoethyll-L-valine bepnzyvl ester
15 Compound F was prepared from Compound E and
valine benzyl ester « HCl as described for Compound
A of Example 4. Flash chromatography (silica gel,
5% methanol - chloroform) afforded Compound D as a
viscous foam.

G. N2-[2- (5-methyl-1H-imidazol-4-yl)-1-
thioxoethvll-L-valine benzvl ester
Compound G was prepared as a viscous oil
from Compound F as described for Compound B of
25 Example 16.

H. N2-{2-(5-methyl-1H-imidazol-4-yl)ethyl]-L-
valine, benzvl ester

Compound H was prepared as a pale yellow
30 solid from Compound G as described for Compound G
of Example 16.

-\\
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To 'a suspension of |ithium alum num hydride (5.4 g, 142 mmol) in THF (200
m.) at O[err]C was added ethyl 4-nethylini dazol e-5-carboxylate (15.4 g, 100
mmol) in portions as a slurry in THF (100 nlL). The 25 soI ghqh iy Was stirred
24 hours at room tenperature, concentrated was added an e organic
sol vent was evaporated. Absol ute ethanol was added and the m xture was
heated to boiling and filtered hot through Celite[err]. The filtrate was
evaporated to 30 afford 23 g of Conpound 1 (>>100% as a brown sem solid.

- 91 - [err] 9.27, 53.94, sz7[29%,5 ;nggh}thgﬁm@%a%no% %]h)eth

5- Met hyl - 4- chloronethylln1da ion cﬁ1or|de was

added 0.35 g (2.35 mol ) e ' as heat ed
at 65[err]C for 1 hour suoinb@dnat Ir da@ b@éﬁ&fé&bﬁﬁ é%ﬁtéi%\b%ldevaporat ed
to dryness and the ue masa g e Wt ger to afford 0.37 10 g (94
% of Conpound B a CfpoLy escr t}RH R -“&RP&H%W& R i ni dazol e
Conmpound C was ﬁremamm@l&sl& tan SO|Id fron1Cbnpound B as described for
Compound B of Exanple 15 21. D. (5- Met hyl -im dazol -4-vl)acetic acid
et hyl : .

Y J. N-[(2,3-Dichlorophenyl)methyl]-N2-[2- (5-
methyl-1H-imidazol-4-yl)ethyl]-L-valinamide,
dihvdrochloride

10 The title compound was prepared as a white

lyophilate from Compound I as described for
Compound H of Example 21.

MS: (M+H)* 383.
[alp -3.2° (¢ 0.85, methanol).

15 Analysis for C318H2gN40Cl4-2.19 H20:
Calculated: C, 43.62; H, 6.18; N, 11.30.
Found: C, 43.73; H, 5.88; N, 11.19.

Example 23

0,

(35)-1,2,3,4-Tetrahydro-2- [N- [2- (1H-imidazol-4-
yl)ethyl]l-D,L-valyl]-N-([3-(methylsulfonyl)propyl]-
25  3-j inoli i i

20

A. [ (Imidazol-4-yl)ethyl] -D,L-valine, ethyl
ester '

To a solution of histamine dihydrochloride

30 (5.96 g, 32.4 mmol) and ethyl 2-oxo-3-

TMSmm

/ nRTMqﬂ



A sol ution of Conpound C (2.58 g, 21.3 mmol) 20 in 2 N NaCH (40 nl) was
heated 'at reflux for 3.5 hours. The solution was acidified with
concentrated HC1L and filtered of a small anmount of insol ubl erial. The
filtrate was evaporated, the residue was digyal ved in water and the
solution 25 was evaporated. The residue was extracted twice with boiling
absol ute ethanol and the conbi ned extracts were evaporated to afford a

m xture of the free acid and the ethyl ester of the product. The residue

was di ssol ved in ahaehytiguel/ratel ((55@4"%) 3506 fReCENA ater MiChvagyadded
(2 nL) and the sol ut S stlrrﬁg 18 is%gnd evaporated. The residue
was suspended in 5% %ﬁ%ﬁégg wagqpanehytr 94 a F19VeSTi xTHee was
extracted 3 tines wikitutr@/wasoptapaedl foet by miwutodd Or iTe.thike was - 92 -
conbi ned organic exd I f red and
evaporated to afforéi#%!?»%dtye%“ng/aE Eﬁ%é@ﬂ%&ﬁ ?}g cgaﬂ{tgann,o éfné q-‘hen
crystallized on stmmﬁglng miktureg waszstlmaedmn@e_r hydmmeds, 133. 33,

171. 43 ppm E. dtrio¥phiye- '(maméeh; 4faf)ﬁ&%&@<aﬁ%m E a¢gss
prepared as a crystalline 10 solid fyom Conpound D as descri bed for
Conmpound C the solids were washed with 50 mL of 1:1 methanol-

water. The filtrate was concentrated in vacuo.
The residue was chased several times with

10 toluene/methanol to give 9.43 g (93%) of white
solid. The free amine was obtained as follows. A
suspension of 5 g of the dihydrochloride salt in
250 mL of 10% isopropanol/dichloromethane was
washed with 100 mL of saturated agueous NaHCOj.

15 The aqueocus layer was extracted with 100 mL of 10%
isopropanol/dichloromethane. The aqueous layer was
then saturated with sodium chloride and re-
extracted with 10% isopropanol/dichloromethane (2 x
100 mL). The combined organic extracts were dried

20 over sodium sulfate, filtered, and concentrated in
vacuo to afford 3.43 g (85% overall) of Compound A
as a white solid.

B. [ (N-Triphenylmethyl-imidazol-4-yl)ethyl]-
25 D.L-valine, ethvl ester :
Compound B was prepared from Compound A as
described for Compound A of Example 6, using

acetonitrile as solvent and using 25-100% ethyl
acetate/hexanes for chromatography.
30 (M+H)t 482.

C. Nz-[(2.2,2-Trichloroethoxycarbonyl)]-Nz—[z—
- {(1-triphenylmethyl-imidazol-4-yl)ethyl]-D,L-
valine. ethvl ester

. -
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of ‘Exanple 21. F. [err]-(2- (5-nmethyl-1Him dazol-4-yl)-1-

oxbet hyl]-L-val i ne benzyl ester 15 Compound F was prepared from
Compound E and valine benzyl ester . HO as described for qgﬁﬁﬂynd A of
Exanpl e 4. Flash chromatography (silica gelgg 2% net hanol - "chloroform

af f orded Conmpound D as a viscous foam 20 é
[err]-(2-(5-nethyl-1Him dazol -4-yl)-1- thioxoethyl]-L-valine benzyl ester
Compound G was prepared as a viscous oil from Conpound F as descri bed for
Conmpound B of 25 Exanpl e 1i.a dolution of Compound B (1.88 g, 3.90

Hves preparod ab BBl SoAtoRLt THF, 8E1 P RRE QOMBLGBer i bed for
Conpound G of Exanslaturéted aquegus NaHCO3. 2,2,2-Trichloroethyl
b a0 o SRR LOE B by e oy s
Exanpl e 16. J. 3 mi o2 THFDWes sfdgdcdyrpriseoTen 2minytes with
stirring. The resulting mixture was stirred at 0°C
for 30 minutes, warmed to room temperature and
concentrated in vacuo to remove the THF. The
aqueous mixture was extracted with ethyl acetate,
10 and the organic layer was washed with 25 mL each of
saturated aqueous NaHCO3 and brine. The organic
layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue (2.15 g) was
chromatographed (eluting with 20-40% ethyl acetate-
15 hexane) to provide 1.52 g (62%) of Compound C.

D. N2-[(2,2,2-Trichloroethoxycarbonyl)]-N2-[2-
(1-triphenylmethyl-imidazol-4-yl)ethyl]-D,L-
valine
20 To a solution of Compound C (1.00 g, 1.60
mmol) in 10 mL of ethanol was added 5 mL of 1M
lithium hydroxide. The cloudy mixture was heated
at 50°C for 12 hours. An additional 1.6 mL of 1M
LiOH was added to the reaction mixture and the
25 mixture was heated at 50°C for 6 hours, cooled to
room temperature and treated with 6.6 mL of 1M HCl.
The mixture was concentrated in vacuo to remove the

ethanol. The agueous mixture was extracted with
dichloromethane (3 x 50 mL). The combined organic

30 layers were dried over sodium sulfate, filtered,
and concentrated in vacuo to afford 911 mg (95%) of
Compound D.

DR S
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methyl -1H-i m dazol -4-yl )ethyl ] -L-val i nam de, dihydrochloride 10 The
title conpound was prepared as a white |yophilate from Conpound | as

descri bed for Compound H of Exanple 21. Ms: (MtH)[err] 383. ﬁfi%] -3.2[err]
(c 0.85 methanol). 15 Analysis for [err]-2949_[err]: Cal cul C 43.62;
H 6.18; N, 11.30. Found: C, 43.73; H 5.88; N, 11.19. Exanple 23 20
(39)-1, 2, 3,4-Tetrahydro-2-[N-[2- (1H i m dazol - 4-

yI)ethyI] D, L-val yl ] - N-[ 3- (et hyl sul fonyl ) propyl]- 25

3-i soaui nol i necar bogam de, (jgyjlqp@p@pgkﬁ&gh&argle{Nz [(2,2

[ (I mi dazol - 4-yl)ethyi]-D, L-valine. ethyl er ? §o|ut|on of hi st am ne
di hydr ochl ori de 30 (5.96 gt¥riehlpragy gpﬁy# 3-¥%ol3-(1- _ 94 -

met hyl butyrate (5.14 g, 35tﬁhﬁﬁﬁﬂ91mdthym}HM1dE&odFy-pmtbanpi]MBSLadded 8 ¢

of 3A nol ecul ar sieves. S, . r m nut S mas

added 800 ngy of 10% pal | ad‘?u‘m%]n cars\é\%li1 r}d“%%gr§°x¥§hﬁ?ﬁ’g 'm’&?%?%

stirred under hydrogen at @S§Riere (halloon) for 24 houwrs and filtered, and
To a mixture of Compound C (660 mg, 1.10

mmol), methyl L-1,2,3,4-tetrahydroisoquinoline-3-
carboxylate (421 mg, 2.20 mmol), and HOBT (297 mg,
2.20 mmol) in 5 mL of dichloromethane were added
10 0.2 mL of DIEA and EDC (317 mg, 1.65 mmol). The
mixture was stirred for 24 hours, additional EDC
(211 mg, 1.10 mmol) and 1 mL of DMF were added, and
the mixture was stirred for 48 hours. The mixture
was diluted with ethyl acetate (100 mL) and washed
15  with 50 mL each of water, pH 4 phosphate buffer,
saturated aqueous NaHCO3 and brine. The organic
layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue (855 mg) was
chromatographed (20-60% ethyl acetate-hexane) to
20 provide 428 mg (50%) of Compound E. (M+H)+ 771.

F. (3s)-1,2,3,4-Tetrahydro-2-[N2-[ (2,2, 2-
trichloroethoxycarbonyl)]-N2-[2-(1-
triphenylmethyl-imidazol-4-yl)ethyl]-D,L-

25 1vll=3-i inoli ) 1; g
Compound F was prepared from Compound E as
described for Compound D of Example 23, with the
reaction run at 0°C and workup with dilute HC1l.

30 G. (3s)-1,2,3,4-Tetrahydro-2-[N2-[ (2,2, 2-
trichloroethoxycarbonyl)]-N2-[{2-(1-
triphenylmethyl-imidazol-4-yl)ethyl]}-D,L-
valyl]-N-{3-(methylsulfonyl)propyl}-3-

. inol ] g
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t he*sol ifds were washed with 50 nL of 1:1 nethanol- water. The filtrate was
concentrated in vacuo. The resi due was chased several tinmes with 10

t ol uene/ net hanol to give 9.43 g (93% of white solid. The freg gnine was
obtai ned as fol lows. A suspension of 5 g of zhg di hydr ochl oFPdtPsalt in 250
mL of 10% i sopropanol / di chl or onet hane was ma hed with 100 nL of saturated
aqueous [err]. 15 The aqueous |ayer was extracted with 100 nL of 10%

i sopropanol / di chl oronet hane. The aqueous | ayer was then saturated with

sodi.um chl oride and re- exféfﬁnéghdﬂiéh:H¥%Eq§BBh§Ba80kigbcﬂé9r8?5&?3”9 (2 x
100 nmL). The conbi ned organic extracts were dried_ 2 over sodium’sul fate,

filtered, and concdML} etf i% WuQfo 3:d AcespRisrilegDMBwere cadded of
Conpound A as a whimetlsdl iTkarfinopropylsulfone (58 mg, 0.33 mmol), BOP

' i ph | hyl -i.m -A- vl ) ethyl]- 2 . L-valine. ethyl
' Eagl\l_e-rmcgrrggﬁnge }3 a/arsé%%%;?eelc?ﬂof ?‘"(#ﬁeé;'ﬁg]oﬂ'ﬂlﬁilx agddgs%g i’BIé\éo F8npound A
of Exanple 6, udi ndChe dvigttiung wasastdairednfoandsubouns 25edidéntatdtdd
acet at e/ hexanes f or;¢hy Q008 O iaRPEed %TZEEQ& Eré{:ﬁég‘?e G0 mL) and
achpof.

N err]-[(2,2,2-Trichl qroget hoxycarbony rl-12- .
([1-t ri phenyl net hyl Wafhed &ith 35 aing 19£| cherietagidest er

saturated aqueous NaHCO3; and brine. The organic
layer was dried over sodium sulfate, filtered and

10 concentrated in vacuo. The residue (236 mg) was
chromatographed (50-100% ethyl acetate-hexane, then
5% methanol-ethyl acetate) to provide 186 mg (96%)
of Compound G. (M+H)*+ 876.

15 H. {(3s)-1,2,3,4-Tetrahydro-2-[N-[2~- (1H-
imidazol-4-yl)ethyl]-D,L-valyl]-N-[3-
(methylsulfonyl)propyl]-3-isoquino-

13 ] id if] (1:2)
To a solution of Compound G (170 mg, 0.194
20 mmol) in 1.5 mL of dichloromethane were added
triethylsilane (0.19 mL, 1.2 mmol) and 1.5 mL of
TFA. 'The mixture was stirred for 5 hours and
concentrated in vacuo. The residue was triturated
with hexane (2 x 2 mL) and diethyl ether (2 x 2
25 mL). The remaining oil (160 mg) was purified by
preparative HPLC (YMC S-10 ODS 30 x 500 mm, 20
mL/minute, 20—100% aqueous methanol with 0.1% TFa,
60 minutes) and the concentrated fractions were
freeze-dried to provide 113 mg (83%) of the title
30 compound as a white solid.
MS: (M+H)*+ 490
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- 95 2 To a solution of Conpound B (1.88 g, 3.90 mml) in 20 nL of THF at
O[err]C was added 20 nmi of saturated aqueous NaHCO3. 2, 2, 2-Trichl oroet hyl
chloroformate (0.96 g, 81%by w., 4.29 nmol) in 4 5 nlL of; g was added
dropwi se over 5 mnutes with stlrrlng The ggesul ting mixture was stirred at
O[err]C for 30 mnutes, warned to roomtenperature and concentrated in
vacuo to renove the THF. The aqueous m xture was extracted wth ethyl
acetate, 10 and the organic | ayer was washed with 25 nL each of saturated
aqueous [err] and brine. The organic | aggimpyas 2dri ed over sodium sul fate,
filtered, and concentrated in vacuo. The residue (2.15 g) was

chromat ographed (eluting with 20-40% et hyl acetate- 15 hexane) to provide
1.52 g (629% of Conpound C. D.
N[err]-[(2,2,2-TrichIoroethoxycarbonyl%l-N[
(1-tri phenyl met hyl -i m dazol -4 yI)ethyI] D
sol ution of Conpound C (1.00 g/l
mL of 1M Iithium hydroxi de. gRe -Ioudy m . heaped at 50[err]C for
12 hours. An additional 1.6 mMM=® 1M Li@N was : tﬁ the reaction
mxture and the 25 mixture was heatedV8t M8 gfr] of BOMeUrs, cooled to
roomtenperature and treated with 6.6 nL of 1M HCL. The m xture was
concentrated in vacuo to renove the ethanol. The aquedwys m xture was
extracted with dichloronethane (3 x 50 nL). The conbin ﬂéganic

e 20 To a
of et hanol was added 5

5 (38)-N-1[1,2,3,4-Tetrahydro-2-[N-[2- (1H-imidazol-4-
yl)ethyl}-D,L-valyl]-3-isoquinolinyl]carbonyl]}-3-
[ (methylsulfonyl)methyl]-L-alanine, methyl ester,

10 a. (38)-N-[[1,2,3,4-Tetrahydro-2-[N2-[(2,2,2-
trichloroethoxycarbonyl)}-N2-[2-(1-tri-
phenylmethyl-imidazol-4-yl)ethyl]-D,L-
valyl]-3-isoquinolinyl]carbonyl}-3-[ (methyl-
sulfonvlimethvll-L-alanine, methvl ester

15 Compound A was prepared from Compound F of

Example 23 and L-methionine methyl ester
hydrochloride as described for Compound G of
Example 23. (M+H)+ 934.

20 B. {3s)-N-[11,2,3,4-Tetrahydro-2-[N-{2- (1H-
imidazol-4—y1)ethyl]—D,L—valyl]-3—iso—
quinolinyl]carbonyl]-3-[ (methylsulfonyl)
methyl] -L-alanine, methyl ester,
trifluoroacetate (1:2)

25 The title compound was prepared as a white

solid from Compound A as described for Compound H
of Example 23.
MS: (M+H)* 548
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30 ‘layérs were dried over sodiumsulfate, filtered, and concentrated in
vacuo to afford 911 ng (95% of Conpound D. - 96 - E
(39)-1,2,3,4-Tetrahydro-2-[NJerr]-[ (2,2, 2- LD71b
trichl oroethoxycarbonyl)]-Nerr]-[2-(1- _ gg -

tri phenyl net hyl -i m dazol -4-yl)ethyl]-D, L- valyl]-3-isoquinolinecarboxylic
acid, nethyl 5 ester To a m xture of Conpound C (660 ny, 1.10
nol ), nethyl L-1,2, 3, 4-tetrahydroi soqui noline-3- carboxylate (421 ng, 2.20
mmol ), and HOBT (297 ng, 2.20 mmol) in 5 nL of dichl oronmethane were added
10 0.2 nL of DI EA and EDC (317 ng, 1.6% . mvol,) . ,.he m xture was stirred
for 24 hours, additional EDC (211 ng, 13?8”“H5Ffﬁhnd 1 nL of DVF were
added, and the m xture was stirred for 48 hours. The-m xture was dil uted
with ethyl acetate (100 nL) and washed 15 w th 5@l each of water, pH 4
phosphat e buffer, saturated aqueous [err] and br The organic | ayer was
dried over sodiumsulfate, filtered, andgconge 2 ed in vacuo. The residue

(855 ng) was chromat ographed (2Q- 60%e¢et el at e{hexane) to 20 provide
428 ngy (50% of Conpound E. err] 77L. B
(39)-1, 2,3, 4-Tetrahydro- 2- [ N[ %N (2, 2 H\v/ﬂL
N
: OH

trichl oroethoxycarbonyl)]-Nerr]-[2-(1-me® Me o

SOzMe

5 _
(3s)-N-[[1,2,3,4-Tetrahydro-2~[N-[2-(1H-imidazol-4-
yl)ethyl]-D,L-valyl]-3-isoquinolinyl}carbonyl]-3-
[ (methylsulfonyl)methyl]-L-alanine,
Lrifluoroacetate (1:2)

10
A. (3s)-N-[[1,2,3,4-Tetrahydro-2-[N2-[ (2,2, 2-

trichloroethokycarbonyl)]—Nz-[z-(l-
triphenylmethyl-imidazol-4-yl)ethyl]-D,L-
valyll]l-3-isoquinolinyl]lcarbonyl]-3-
15 Jimethvlsulfonvlimethvll-L-alanine
' To a solution of Compound A of Example 24
(100 mg, 0.107 mmol) in 1.0 mL of methanol was
added 0.30 mL of 1M LiOH. The mixture was stirred
for 12 hours, treated with 0.3 mL of 1M HCl and
20 concentrated in vacuo. The mixture was diluted
with 25 mL of dichloromethane and washed with 1:1
1M HCl-brine. The aqueous layer was extracted with
100 mL of dichloromethane. The combined organic
layer was dried over sodium sulfate, filtered and
25 concentrated in vacuo to afford 95 mg (97%) of
Compound A. (M+H)* 920.
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tri‘phenyl met hyl -i mi dazol -4-yl)ethyl]-D, L- 25

val yl ] -3-i sogui nol i necar boxylic aci d Conpound F was prepared from Conpound
E as described for Conpound D of Exanple 23, with the reactiwmgun at
O[err]C and workup with dilute HO. 30 G 100 -
(395)-1,2,3,4-Tetrahydro-2-[NJerr]-[(2, 2, 2-

trichl oroet hoxycarbonyl)]-Nerr]-[2-(1-

tri phenyl met hyl -i m dazol -4-yl)ethyl]-D, L-

val yl ] - N-[ 3- (et hylBul f onyl3%r-apyl 1,2, 3i, deTetrahiydeca2 biRafddelH- - 97 - To

a solution of Conmpound F (%?@d 0, E:'E _hny 2 _3:1
acetonitrile-DVF were addet rre{%yll le-gér?)rieno r%p?l’guymg (%8 ng, 0.33 nmmol),
BOP reagent (150 ng, O0.33 ispuingidnyliz ¥ 1t BAl (megtel i xt ure was

stirred for 18 hours, concqiifshAd Mdthyaque-adhhihed i Edrdcacmiate (50
m.) and washed \évith 25 mL gach of 10%cCitric acid, saturated aqueous NaHCG3
and brine. The organic | a ' ' —ft d and 10

concentrated in vacuo. Therd esishitat(i236 ofgCompountr RN DHonEP e d350- 100%
ethyl acetat e hexang ot iofh TR 81k €Sl oREERBE wde PLHLAIS 186
(39) -1, 2, 3, 4- Tet r alyxiietiYsiYane( (G- 10nimidzend41ly0 ) of ITHA L - BHey/| | - N-[ 3-
mixture was stirred at room temperature for 3.5
10 hours and concentrated in vacuo. The residue was
triturated with 1 mL of hexane. The remaining oil
was purified by preparative HPLC (YMC S$-10 ODS 30 x
500 mm, 20 mL/minute, 20-100% aqueous methanol with
0.1% TFA) and the concentrated fractions were
15 freeze-dried to provide 47 mg (59%) of the title
compound as a white solid.
MS: (M+H)* 534

Example 26

T

N-[(S)-2-[[2-{[2- (1H-imidazol-4-y1l)ethyl]amino] -3-
methylbutyl}lamino] -1-oxo-3-phenylpropyl]-3-

25 [ (methylsulfonyl)methyl]-L-alanine,
trifluorocacetate
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- (methyFsul fonyl ) propyl]-3-isoquino- |inecarboxam de. trifluoroacetate (1:2)
To*a sol ution of Conpound G (170 ny, 0.194 20 mmol) in 1.5 nL of

di chl oronet hane were added triethylsilane (0.19 nL, 1.2 nmlg;ghd 1.5 i of
TFA. The m xture was stirred for 5 hours_agpgiconcentrated in vacuo. The
residue was triturated with hexane (2 x 2 nL) and diethyl ether (2 x 2 25
m.). The remaining oil (160 ng) was purified by preparative HPLC (YMC S-10
ODS 30 x 500 mm 20 nl/m nute, 20-100% aqueous nethanol with 0.1% TFA, 60

(3% of the tit ”“286“r“%qéfzrmi"mﬁ"gi’éﬁﬁ@%"” j “f’igzge = o
% o e title conpqQund .a ol1l , -
- Exanpl e 24 5 (asunt 1??'?% Eﬁ‘ﬁ 3732 S hBrdvol - -
yI)e?HEIf-D,LES;{;I] 3(|SLQQQELH|nvllrarbonsL? -3- i °

met hyl sul f onyl ) met hyl a t t 1:2) 10
Y e TN TN 2. 3, 4 TS PaRgarist RfrpRbfiua £ At kAT AP (12)
trichl or oet hoxy8ar b((StWI )rig-NpeBﬂ.] mpl( 1inr toluene (5 mL) at -78°C was
phenyl met hyl - i ni dazgy ﬁ?%‘%@&ﬁ% ba EE dlhs?butylalumlnum hydride (2.7

val yl']-3- |squ|noI|n car
uene, 4.05 mmol) at such a rate

in to

that the reaction temperature was maintained below
-65°C. The mixture was stirred at -78°C for 4

10 hours, quenched with methanol (2 mL) below -65°C,
warmed to room temperature, and agqueous NaHCO3
solution (2 mL) was added. The mixture was
filtered through a Celite® pad and the pad was
washed with ethyl acetate (20 mL). The filtrate

15 was washed with brine, dried (sodium sulfate) and
concentrated. The residue was purified by flash
‘column chromatography on silica eluting with
hexanes : ethyl acetate (1 : 1) to afford Compound
A (268 mg, 57%) as a gel. MS (M+H)+582.

B. N-[(S)-2-[N-[{2,2,2-Trichloroethoxy-
carbonyl)-[2-(1l-triphenylmethyl-imidazol-4-
vl)ethyllamino] -3-methylbutyl]amino]-3-

i ] . 14 hy] !

25 A mixture of Compound A (260 mg, 0.45 mmol)
and phenylalanine methyl ester HCl salt (116 mg,
0.54 mmol) in methanol (2.5 mL) and acetic acid
(0.2 mL) was stirred for 15 minutes. To this
solution was added sodium cyanoborohydride (30 mg,

30 0.48 mmol) in portions over 10 minutes. After
stirring for 1 hour, the mixture was concentrated
and partitioned between ethyl acetate (20 mL) and
aqueous NaHCO3 solution (20 mL). The organic layer
was washed with brine, dried (Na2804) and
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sul f onyl ) met hvl ] - L- al ani ne, nethyl ester 15 Compound A was prepared
fr6m Conpound F of Exanple 23 and L-nethi oni ne methyl ester hydrochl oride
as described for Conpound G of Exanple 23. (MrH) 934. 20 gp71p
(39-N-[[1,2,3,4-Tetrahydro-2-[N-[ 2- (1H - 302 -

I m dazol - 4- yI)ethyI] DL-val yl]-3-iso-

qui nol i nyl ] carbonyl ]-3-[ (et hyl sul fonyl) nethyl]- L al ani ne, nethyl ester,
trifluoroacetate (1:2) 25 The title conpound was prepared as a
white solid from Cosgroseretrawsi deqtid hedifiae Gagppuﬂﬂfté@fbﬁxﬁmdte 23. Me:

(M:H) [err] 548 %ogftt%%@&a?q 3 f[p%r "s43La; Nekdded 3 'ethyl

4- Tetrahydro-2-[ N- [
yl )ethyl | - DL-val yl |acgetazeyul ndl)i ryd Wieldofpmpognd B (230 mg, 69%) as

[ (et hyl sul fonyl) am - Nipi8y) + | uoroacetate (1:2) 10 A
(3S9)-N-[]1,2,3,4- qg%ré%ydroqg?[$2q?(2ﬁug

tr|chloroethoxyéarbonyl)] Nerr]-[2-(1-
trlphenylnethyl-|n1@azol 4yt istdod i, 2, 2, 2- [Trichloroethoxy-

valyl]-3-i squ|nollnyl]carboqgoéyfa [2-(1- trlphenylmethyl 1m1dazol 4-
yvl)ethyll}amino] 3—methylbutyl]am1no] -3-
phenvlpropanoic acid

10 A mixture of Compound B (230 mg, 0.31 mmol)

in methanol (2 mL) and aqueous lithium hydroxide
solution (0.62 mL of 1 N, 0.62 mmol) was stirred
for 24 hours. Most of the solvent was removed and
the residue was triturated with hexanes twice. The
15 residue was cooled to 0°C and acidified with
aqueous HCl solution (0.62 mL of 1 N). The
resulting mixture was partitioned between ethyl
acetate (20 mL) and brine (20 mL). The organic
layer was dried (Na2S804) and concentrated to afford
20 Compound C (230 mg, 100%) as a foam. MS (M+H)*+

731.
D. N-[(8)-2-[[2-[N-[(2,2,2-Trichloroethoxy~
carbonyl) [2- (1-triphenylmethyl-imidazol-4-
25 vl)ethyllamino]]-3-methylbutyllamino]-1-oxo-
3-phenylpropyl] -3-[ (methylsulfonyl)methyl]-
L-alanine, methvl estex

To a mixture of Compound C (230 mg, 0.31
mmol), methionine sulfone methyl ester HCl salt (86
30 mg, 0.37 mmol) and HOBT (47.4 mg, 0.31 mmol) in DMF
(1 mL) was added NMM (55 mg, 0.55 mmol), followed
by EDC (71.3 mg, 0.372 mmol) at 0°C. The mixture
was stirred overnight at room temperature and
partitioned between ethyl acetate (20 mL) and water

Tl



15 < [ (et hyl sul fonyl ) met hyl ] -L-al anine To a sol ution of Conmpound A
of “Exanpl e 24 (100 ng, 0.107 mmol) in 1.0 nL of nethanol was added 0.30 niL
of IMLi OH The mixture was stirred for 12 hours, treated whjmye. 3 nL of 1M
HCO and 20 concentrated in vacuo. The mxpgre was diluted with 25 nL of

di chl oronet hane and washed with 1:1 1M HC -brine. The aqueous | ayer was
extracted with 100 nL of dichl oronethane. The conbi ned organic | ayer was
dried over sodiumsulfate, filtered and 25 concentrated in vacuo to afford
95 ng (97% of Conp(odald.. ( Nhid) b&'l‘gth.&Zmayer wadéO@ash&d with brine,

(39)-N-[[1,2,3,4-Tejx ﬁa/%&%(‘zdg%- 2a§1& ﬁ %ﬁyh}% s dRd-ad v11-3-

|squ|noI|nyI]carbony - suI ani ne,
trifluoroacetate 5 purified kyl fZ)ashocglgmnuc nnmatoqmmmrnn A;J(-'QB:a'rg 0.103

mmol) in 1.0 nL of &hiahdgy W@mﬂe%eeaésdtbraﬁ@yb%éﬁwm(@ g0 ni) .and
1.0 mL of TFA. The mxture was stirred I oo mtegﬁerature or 3.5 10

hours and concenrt r at®t Mg~ fAH. afnd |f8§f“dueM§/a§M 1Tt ed with 1 nL of
hexane. The remaining oil was purified by preparat|ve HPLC (YMC S-10 ODS 30

X 500 mm 20 ni/mnyte, 2Qq 10 a4qaugNIRLN3NaL e i oro-
ethoxycarbonyl) [2- (1-triphenylmethyl-
imidazol-4-yl)ethyl]lamino] }-3-methyl-

.10 butyljamino] -1-oxo-3-phenylpropyl]-3-
Iimethyvlsulfonvlimethvl]-L-alanine
Compound E was prepared as a foam from
Compound D as described for Compound A of Example
25. MS (M+H)* 894.

15
F. N-[(S}-2-[[2-[[2-(1H-imidazol-4-yl) -
ethyllamino] -3-methylbutyllamino]-1-oxo-3-
phenylpropyl] -3-[ (methylsulfonyl)methyl]-L-
)ani L £
20 The title compound was prepared as a solid

from Compound E as described for Compound B of
Example 25.
M.P. 55-60 °C (softened).
MS (M+H)* 301.

25 Analysis for C24H37N505S5-1.0 H20-3.4 CF3CO2H:
Calculated: C, 40.50; H, 4.68; N, 7.67; F, 21.22.
Found: C, 40.50; H, 4.76; N, 7.64; F, 21.31.
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0:1% TFA) and the concentrated fractions were 15 freeze-dried to provide
47 'mg (59% of the title conpound as a white solid. M5: (MtH)[err] 534
Example 26 20 [err] N-[(S)-2-[[2-112-(1Hi m dazol -4-yl)ethyk}aqino] - 3-

met hyl but yl ] ami no] - | - oxo- 3- phenyl propyl ] -3-1¢4 - .

[ (et hyl sul fonyl ) met hyl ]-L-al anine, trifluoroacetate -101- A

N2-[ (2, 2,2-Trichl oroet hoxycarbonyl)]-Nerr]-[2-
(1-triphenyl net hyl -i m dazol -4-yl)ethyl]-D,L- valinal To a solution of
Compound C of Exanple 23 5 (507 ng, 0.81 mol) in toluene (5 nL) at
-78[err] C was added a sol ution of diisogﬁ%ékﬁ%ﬁghnun1hydride (2.7 mL of 1.5
Min toluene, 4.05 mmol) at such a rate reaction tenperature was
mai nt ai ned bel ow -65[err]C. The m xture was stirred at -78[err]C for 4 10
hours, quenched with nethanol (2 nL) belgw -&Jerr]C, Garned to room
tenperature, and aqueous [err] ,sol ution gz was adged. épe m xture was
filtered through a Celite[errk?i an S W th ethyl
acetate (20 nL). The filtrate

N
H
5
N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-"
= i ide
A, [2- (Imidazol-4-yl)ethyl]laminoacetic acid,
10 methvl ester

To a stirred solution of histamine
dihydrochloride (2.0 g, 10.8 mmol) and glyoxylic
acid (1.10 g, 11.9 mmol) in methanol (40 mL), S5 g
of 3A molecular sieves were added. After stirring

1S for 15 minutes, 10% palladium on carbon (0.2 g) was
‘added and the slurry was stirred under hydrogen
atmosphere (balloon) for 16 hours. The mixture was
filtered through a pad of Celite® and the pad was
washed with methanol several times. HCl gas was

20 bubbled through the filtrate and the solution was
stirred overnight. The solution was concentrated,
the residue was suspended in 10% isopro-
panol/dichloromethane and the solution was washed
with NaHCO3 (35 mL). The aqueous layer was

25 reextracted with 10% isopropanol/dichloromethane (2
x 35 mL) and the combined extracts were dried over
MgSO4., filtered and concentrated to afford Compound

A (0.43 g, 24 %).

30 B. [2- (N-Triphenylmethyl-imidazol-4-
1) ethvllami . g byl

This Sheet Has Been Reilaced

AR




15 was washed with brine, dried (sodiumsulfate) and concentrated. The
redidue” was purified by flash colum chromatography on silica eluting with
hexanes : ethyl acetate (1 : 1) to afford Conpound A (268 mh71y%) as a
gel. M5 (M+H) +582. 20 B. N[(S)-2-[N=[{852+ 2-Tri chl or oet hoxy-
carbonyl)-[2-(1-triphenyl net hyl -i m dazol -
yI)ethyI]anlno] 3-net hyl butyl ] am no] - 3- phenyl propanoi ¢ acid, nethyl ester
A m xture of Conpound A (260 ng, 0.45 mmol) and phenyl al ani ne
rret hyl ester HO salt (116 mg9luBibd offoCompoundtAhat®l5% %5 1) namul)acetic

acid (0.2 nL) was r ed sodi um
cyanobor ohydri de (%H C%QQ%BESlggghnﬂoﬁgéhaﬂ-g l?l on?O\L/%a W%ng}t;%s After
stirring for 1 hourstiziwednint acetanstrohe ckd rhauns andhsamixtugeewaset ween

- ethyl acetate (20 Hohcangrage@9UenboFbtBase! vdd Qﬂ](@éédﬂv&lthThe or gani ¢
- layer was washedg with brine, dri ed ﬂ% éﬂ?dﬂ%}and - concentrated. The

" residue was purPfi &f‘WlFPSSEh&BFEI d%ﬂddrﬁﬂ)e (%qliqtéé’n M&Banes
ethyl acetate 1: 1l)wdshed eli¢hCNapc0sd (B5 (RBD, rorimd %25 mis ,f drbedVS (MHH) +

745. 5 over MgSO4, filtered and concentrated.
Purification on silica gel eluting with a step
gradient of 25 % ethyl acetate/hexane, ethyl

10 acetate, and 1% methanol/trichloromethane afforded
Compound B.

C. N-[[(1,1-Dimethylethoxy)-carbonyl}-[2- (N-
triphenylmethyl-imidazol-4-yl)ethyl]]-
15 aminoacetic acid, methyl esgter
A solution of Compound B (0.5 g, 1.2 mmol),
DMAP (0.05 g), Boc-anhydride (0.33 g, 1.52 mmol)
and triethylamine (0.13 g, 0.17 mL, 1.29 mmol) was
stirred in dichloromethane (6 mL) under argon for
20 14 hours and partitioned between chloroform (30 mL)
and brine (10 mL). The aqueous layer was extracted
(2 x 30 mL) and the combined organic extracts were
washed with 10 % KHSO4 (2 x 10 mL) and brine (2 x
10 mL), dried over MgsS04, filtered and concentrated
25 to afford Compound C (0.578 g, 94%).

D. N-{[(1,1-Dimethylethoxy)-carbonyll-[2-(N-
triphenylmethyl-imidazol-4-yl)ethyl]l]-
amipoacetic acid

30 1IN NaOH (0.28 mL, 0.28 mmol) was added to a
solution of Compound C (0.10 g, 0.19 mmol) in
methanol (imL). After 15 hours, the reaction was
diluted with ethyl acetate (20 mL) and neutralized
with 10 % HC1l (10 mL), the layers were separated
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G *N[(S)-2-[N[(2,2,2-[Trichl oroet hoxy-
carbonyl)-[2-(1-tri phenyl net hyl -i m dazol - 4-

yl) et hyl ] am no] - 3- met hyl butyl | am no] - 3- phenyl propanoi ¢ acild71® A
m xture of Conpound B (230 ng, 0.31 mmol¥ 1®6 nethanol (2 nl) and aqueous
l'ithium hydroxide solution (0.62 nL of 1 N, 0.62 mml) was stirred for 24
hours. Mst of the solvent was renoved and the residue was triturated with
hexanes twi ce. The 15 re5|due was_cooled to Oferr]C and_acidified with

aqueous HO sol ut | 8RY( Sheoamegys 1yer was extHagheq mikhyeshyds
partitioned bet weeacethyk @aRekape 2P, niQhéﬂudeﬂﬂEaL@&@aﬁhb 1apersrgani c

| ayer was dried (thSCRk aﬁg?gﬁggﬁpg£fﬁgd(f ng q Z%rlC%ﬁ%v%gd C (230 ny,

10099 as a foam
N—[(S)-2-[[2-[N—[(393921Tf1&hénedeah@xgoncentrated to afford Compound

carbonyl )[2-(1- heay i 0l g
yl) et hyl ] ani no] 3Bn§?'h§fr§%?§%¥a%%f? i?f)‘!;(%_?gr’. 83 %).
3- phenyl propyl ] - 3-[ (net hyl sul fonyl ) met hyl ] - L-al anine. nethyl ester To a

nlxturF of Conpoung, C (23§- ng ,0- ﬁicﬁmgfaphéﬁyiumgu :uﬂ24yvqyﬂthyl ester
vas added N (55 . 0 SSURRGHY TSFbPIY e thontid < o drkg ey D%me)l ity
O[err]C. The m xture was =gl : R ArparoRaetand e
partitioned beiwﬁe” ethy'A?ES&EE?oSZQf”EEmsﬁﬁh&WBE%o 080 g, 0.156
mmol), HOBT (0.026 g, 0.17 mmol) 3,4
dichlorobenzylamine (0.027 g, 0.15 mmol), EDC
(0.032 g, 0.17 mmol) and DIEA (0.022 g, 0.030 mL,
0.17 mmol) was stirred in THF/DMF (4 mL/1.5 mL)
15 under argon for 13 hours. The mixture was
partitioned between 10% HCl1l (10 mL) and ethyl
acetate (20 mL), the agqueous layer was extracted
with ethyl acetate (2 x 20 mL) and the combined
organic layers were washed with water (20 mL),
20 NaHCO3 (2 x 20mL mL), brine (2 x 20 mL) dried over
MgS0O4, filtered and concentrated. The product was

purified on silica gel, eluting with a step
gradient of trichloromethane and trichloromethane /
methanol (95/5) to afford Compound E (0.078 g,

25 75%).

F. N-[(2,3-Dichlorophenyl)methyl]-2-([[2- (1H-
imid 1-4-v1)ethvllamino] id
A solution of triethylsilane (0.035 mL, 0.22
30 mmol), TFA (0.5 mL) and Compound E (0.075 g, 0.11
mmol) were stirred in dichloromethane (2 mL) under
argon for 16 houfs'and concentrated. The residue
was triturated with hexanes/ethyl acetate and

e
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-+103 ~ (10 nL). The organic |ayer was washed with brine, dried over MgpSO™4
ant coricentrated. The residue was purified by flash col um chromat ography
on silica eluting with ethyl acétate to afford Conmpound D 5LP1BR ny, 64%
as a foam M (MrH)+ 908. E. N-[(S)-2-RP2-FN-(2, 2, 2-Tri chl or o-

et hoxycar bonyl )[ 2- (1-tri phenyl net hyl - inidazol-4-y|)ethy|]anino]]-3-nethy|-
10 but yl ] am no] - 1- oxo- 3- phenyl propyl ] - 3-

[ (et hyl sul fonyl) hyl.]-.L- al ani ne ound E are foam from

Conpound D as descr 3(%%}'1 eé o &f gﬁoggﬁx’éf‘rﬁmﬁﬁ ggm W‘?I\/ﬁ—ﬂ rM9r 894. 15

F. I\L[(S)-Z-[[ZGS{[Q}:(IHrmdazol 4-yl) -

et hyl ] am no] - 3- net bu anrn %-,0%03:33y - - -

phenyl propyl]-3-[ (ne hylg )fony%%gethﬁlrsﬁz araﬁgﬁe. trifluoroacetate 20

The title conmpound was prepared as a SO|Id froanbnpound E as described for

Conpound B of Esanple 25. MP. 55-60 [egkxdfpléspdtened). MS(MrH)[err] 301.

25 Analysis for C24H37N505S-1.0 [err] 3.4 [err] Cal cul ated: C, 40.50; H,
; ; 40.5Q; H, 4. E? N, 7.64; F, 21.31.

4.68; N, 7.67;, F, 21.22. Found
«TV“CF

N-[ (2,3-Dichlorophenyl)methyl]-N2-[2- (1-methyl-1H-
10 imidazol-5-yl)ethyl]l-D,L-valinamide,

dihvdrochloride
A. { (1-Methyl-imidazol-5-yl)ethyl]-D,L-valine,
ethvl ester
15 Compound A was prepared from 3-

methylhistamine dihydrochloride and ethyl 2-oxo-3-
methylbutyrate as described for Compound A of
Example 23.

20 B. - -imi o R - =
Compound B was prepared from Compound A as
described for Compound E of Example 16, using water
as the reaction solvent.

25 c. N-[(2,3-Dichlorophenyl)methyl] -N2-[2- (1-
methyl-1H-imidazol-5-yl)ethyl]-D,L-
Compound C was prepared as a white solid
from Compound B as described for Compound E of
30 Example 19, with the coupling reaction stirred for
24 hours. '
MS (M+H)* = 383*.
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- 7104 -+ Exanple 27 [err] 5

N-f (2, 3-Di chl orophenyl ) nethyl]-2-[[2-(1Hi ni dazol -

4-yl) et hyl]am no] acet am de A. [ 2- (1 midazol -4-yl) et hyl ] abPhbacetic acid,
10 met hyl ester To a stirred sol util®® of histam ne dihydrochloride
(2.0 g, 10.8 mml) and glyoxylic acid (1.10 g, 11.9 mol ) in methanol (40
m), 5 g of 3A nolecular sieves were added. After stirring 15 for 15

m nut es, 10% pal | adi um on carbon (0.2 g) was added and the slurry was
stirred under hydro’gérmm nﬁmm@r)e (baOBob@) J%G 81.6?dﬂursl 12THd.m xture was

f||teredthrough a lit n met hanol

several tines. “82'2 ﬁ?a @0’ tﬁi‘@g eﬂd:%h?l 3},\?5#\??% gﬂ’d 4 € sol ution

was stirred over n| oht 89 The, S3H)ut |30r91wa($1.cdﬁée|1t.raﬂéd 4t hed resinue2ias

suspended in 10% i seps@- (pangiy, d|7chjd)_r7or§tgt tmnemnd ghgos% ut:H@p, ‘?.50 washed
th 10%

with [err] (35 nlL). e aqueous | ayer was réexfracted w
i sopr opanol / di K or fhetHehe (2 x 35 ni) and the conbi ned extracts were
dried over [err], filtered and concentrated to afford Conmpound A (0.43 g,

24 9. camDle 29

;.T”J&ﬂﬁj ]

N-[ (2,3-Dichlorophenyl)methyl] -N2-[2- (1-methyl-
1H-imidazol-4-yl)ethyl}-D,L~valinamide,
trifluoroacetate

The title compound was prepared from 1-

10

15 methylhistamine dihydrochloride using the three
step procedure described in the preparation of
Example 28.

MS (M+H)*+ = 383+,
1y NMR (CD30D) & 1.02 (4, J=6.8, 3H), 1.08 (4,

20 J=7.3, 3H), 2.20-2.30 (m, 1H), 3.1-3.4 (m, ~4H),
3.78 (4, J=5.1, 1H), 3.90 (s, 3H), 4.59 (aBq,
J=15.0, A8=0.05, 2H), 7.29 (m, 1H), 7.40 (m, 2H),

7.50 (d' J=7.7' lH). 8.81 (S' lH)'

25 -Example 30

<]\Aj\‘rf<j |

—_—
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30 B- [2-(N-Tri phenyl nmet hyl -i m dazol -4- vl)ethyl]am noacetic acid,

met hyl “ester - 105 - A solution of Conmpound A (0.55 g, 2.1 mmol) and

chl orotri phenyl methane (0.60 g, 2.1 nmol) was stirred in adRtkbtrile 14
hours. The mixture was concentrated, the-ré8%due was diluted with 5

met hyl ene chloride (75 nL) and the sol ution was washed with [err] (25 m),
brine (25 nL), dried over [err], filtered and concentrated. Purification on
silica gel eluting with a step gradient of 25 % ethyl acetate/hexane, ethyl
10 acetate, and 1% nethanol /trichl oronet hane afforded Conpound B. C

N-[[(1, 1-Di nethylemh@xmylemﬁbQGyKlHEZmldahol 4-y1)ethyl]-N—[(4—

tri phenyl net hyl -i . noacetlc acid, nethyl
ester A solution o 19 : ' \Y:

Boc- anhydride (0.33 g, 1.52 nnDI) and trlethylan1ne (0. 13 g, 0 17 m., 1.29

mmol) was stirrgd iy d'ChB?HQﬁ?hhﬁﬁﬁe@ﬁyﬂLEhHgﬂgfc@f j 1 ;4& 14 hours

and partitioned betmeen chl aor of or rine The aqueous
| ayer was extracted (2 X naﬂEeFHKICbﬁbﬂﬂéﬂ o?d%hlﬁF Ydets were
washed with 10 % [err] (ZyallﬁggL) and brine (2 x 10 nm). dried over [err],

filtered and concentrated, g ;,..v of 10 g (32.2 mmol) of Compound E

of Example 16 in 150 mL of dry methylene chloride

10 was treated with 4.4 mL (40.1 mmol) of NMM, and the
slurry cooled in an ice bath under a blanket of
argon. A 1M solution of trimethylsilyl chloride in
methylene chloride (40mL) was added over 15
minutes, and the ice bath was removed. After

15 stirring for another 2.5 hours, a second portion of
NMM was added (3.85 mL, 35 mmol) followed by 9.75 g
(35 mmol) of triphenylmethyl chloride. The mixture
was stirred overnight at room temperature, treated
with 150 mL of methanol and stirred an additional 3

20 hours. Evaporation in vacuo gave a solid. This
was slurried in 500 mL of methylene chloride and
poured on to a pad of 600 mL of dry K-60 silica.
The pad was washed with 6 X 500 mL of methylene
chloride, then with 4 X 100 mL of 5% methanol in

25 nmethylene chloride. The first 5% wash contained
material which was pure by TLC (Rf = 0.29, 5%
methanol in methylene chloride). Evaporation in
vacuo gave 10.8 g of Compound A as a light yellow
foam. Less pure material was also obtained, which

30 was chromatographed again under identical
conditions to afford a sticky foam. This material
was covered with 200 mL of heptane and 15 mL of
diethyl ether. Standing overnight at room
temperature gave a solid which was pulverized,
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oafford Conpound C (0.578 g, 94%. D

1, 1- Di net hyl et hoxy) - carbonyl ] -[ 2- (N

enyl met hyl -i mi dazol -4-yl)ethyl]]- aminoacetic acid 30 LD71b 1N NaOH
n., 0.28 mml) was added to a sol utidd®f Conpound C (0.10 g, 0.19
mml ) in nmethanol (1nL). After 15 hours, the reaction was diluted with

ethyl acetate (20 nL) and neutralized with 10 %9 HA (10 nL), the | ayers

wer e separ at ed t er wa xtr cted wi th ethyl
acetate (2 x 20 n1_) 1??1 Brﬁgbe‘gqb‘:‘% i‘qp%&e r héa FR¢%°brine (1
x 20 nmL), dried oveto[g1v¢ aﬁladdxmxbnaid4c6ngem&rebmpoundaAfasdaCbnpound 5

N-[(2.3D1 chl or ophab i et FOFT SRR (1, 1.

di met hyl et hoxy) - carbonyl ]-[2-(N-tri phenyl

met hyl -i m dazol s4- Vﬁ)Ethy|ﬁlﬁ€ﬁ' e .€¥h¥¥%1dazol 4-§1§@EHgRZDNQf
Conmpound D (0.080 g, 0.156 D| : Q.
! .,.1 n. 433 ,"A“ iv ) and DI EA

di chl or obenzyl am ne (0. 0279 p
(0.022 g, 0.030 niL, 0.17 rmuhixmsesdf rcrmbdumdrlﬂF/(Dlan(gé} oL0%. fm6l) , 15

0
under argon o7 13 §oUS i e 51 GRS R BR Behegnd0% RO (10

methylene chloride (200 uL of 0.25 M solution, 0.05

10 mmol), a solution of HOAt in DMF (200 uL of 0.3 M
solution, 0.06 mmol), and a solution of
diisopropylcarbodiimide in methylene chloride (200
HL of 0.3 M solution, 0.06 mmol) was allowed to
stand in a sealed vessel for 2 days. TFA (1 mL)

15 and triethylsilane (0.1 mL) were added and the
mixture was allowed to stand for an additignal 2

hours. The mixture was concentrated in vacuo and
the residue was dissolved in 1:1 methylene chloride
: methanol (3 mL). The solution was applied to a
20 solid phase extraction cartridge dontaining 1 g of
SCX resin (Varian). The cartridge was washed
sequentially with the following: 10 mL of 1:1
methylene chloride : methanol, 10 mL of methanol,
10 mL of 0.01N ammonia in methanol, and 10 mL of
25 0.1N ammonia in methanol. The above washes were
discarded. The cartridge was then eluted with 10
mL of 1.0 N ammonia in methanol. The eluant was
collected and concentrated in vacuo to give the
title compound as a colorless oil (20 mg, 100%).
30 wMs: (M+H)* 359.
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with ethyl acetate (2 x 20 nL) and the conbi ned organic | ayers were washed
w*th water (20 nmL), 20 [err] (2 x 20m. L), brine (2 x 20 nL) dried over
[err], filtered and concentrated. The product was purifiedpgnipilica gel,
eluting with a step gradient of trichl orometihane and trichl oronet hane /

met hanol (95/5) to afford Conmpound E (0.078 g, 25 75% . F.

N-[(2, 3-Di chl orophenyl ) nethyl]-2-[[2-(1H

i m dazol - 4-vl)ethyl]am nol acetam de A solution of triethylsilane (0.035 ni,
0.22 30 nmmol ), TFA (0.5 ni) and ConpouBizafiple O8I5 g, 0.11 nml) were
stirred in dichloronethane (2 my underMeargon for 16 hours and
concentrated. The residue was tmN.turat wi th hexangs/ethyl acetate and

- 107 - Iyophlllzed to afford «he tMHea npgynd L nmg, 69 %9: M

(MtH) [err] 327[err], (MHIR{ 25, Exanpl e
28 [err] N—[(2 3-Di chlorophenyl)ne yI NN
i m dazol -5-yl)ethyl]-DL-valinam de, di Hydr e
[ (I -Met hyl -i m dazol -5-yl)ethyl]-D, L-valine, ethyl ester

N-[(2,3-Dichlorophenylimethyl]-2-{{2-(1H-imidazol-
5 4-yl)ethyllamino]-3-methylpentanamide,

- dihvdrochloride
A. [2-{ (1H-imidazol-4-yl)ethyllamino}-3-
hyl . id
10 ' To a stirred solution of histamine

dihydrochloride (2.0 g, 10.8 mmol) and 4-methyl-2
oxopentanoic acid sodium salt (1.81 g, 11.9 mmol)
in methanol (40 mL), 5 g of 3A molecular sieves
were added . After stirring for 30 minutes, 10%

15 palladium on carbon (0.2 g) was added and the
slurry was stirred under hydrogen atmosphere
(balloon) for 14 hours. The mixture was filtered
through a pad of Celite®, the pad was washed with
methanol several times and the combined filtrates

20 were concentrated to afford Compound A as a solid
(3.52 g, >100%).

B. N-{(2,3-Dichlorophenyl)methyl]-2~[{2- (1H-
imidazol-4-yl)ethyllamino]-3-methyl-
25 pentapnamide, dihvdrochloride
The title compound was prepared from Compound
A and 2,3-dichlorobenzylamine as described for
Compound E of Example 27. Purification by
preparative HPLC (YMC, S -10, ODS, 30 x 500 mm,
30 gradient from 10-90 % agueous methanol containing 0.1
% TFA) afforded the title compound (0.11 g, 13%).

—_—
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15 . Compound A was prepared from 3- nethyl hi stam ne di hydrochl ori de
and ethyl 2-oxo-3- methylbutyrate as described for Conmpound A of Exanple
23. 20 B. [ (1- Met hyl -i mi dazol -5-vl)ethvl|-D. L-val i ne TbAbbund B was
prepared from Conpound A as descri bed for- @d2peund E of Exanple 16, using
water as the reaction solvent. 25 C,

N-[(2, 3-Di chl orophenyl)nethyl]-Nerr]-[2-(1-
nethyl-lH—inidazol-5-y|)ethy5]-D,L- val i nam de, di hydrochl ori de Conpound C
was prepared as a Wt &MbI3 #&r-om Conpound B as described for Conpound E
of 30 Exanple 19, vAhdlydies culpulagededoir on gHbiyNgedls <2 . 24dour Sl V6
(MtH)[err] = 383[eg¥ . - 108 - 1HNWR [err] 1.06 (d, J=6.8, 3H), 1.12
(d, J=7.3, 3H), 2. 2% 35 (m 1H), 3.15-3.45 (m 4H), 3.89 (s, 3H), 3.91
(d, J=5.1, 1H), 4.5cdlduXane@HC, A4L290;mH,1H).907. ¥0-¥1563(m 3H), 8.90 (s,

1H), 9.0 5 (mg 1 anmpl e V=l Aq% .
N1 (2,3 Di chl of SohebSHTRat hy ) Ny 1104200 Sl N 1242

N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-
10 4-yl)ethyllamino])-4-phenylbutanamide,

trifuoroacetate
A. [[2-({1H-imidazol~4-yl)ethyl]amino]-4-

15 Compound A was prepared from ethyl 2-oxo-4-
phenylbutyrate as described for Compound A of
Example 31.

B. [[2-(1H~-imidazol-4-yl)ethyl]lamino]-4-

20 phenvlbutancic acid

NaOH (8.28 mL, 8.28 mmol) was added to a

solution of Compound A (1.0 g, 3.48 mmol) in methanol
(15 mL). After stirring for 15 hours, the reaction
was diluted with ethyl acetate (20 mL) and neutralized

25 with 1N HCl (8.3 mL), the layers were separated, and
the aqueous layer was extracted with 10 % isopropyl
alcohol in dichloromethane (3 x 30 mL). The combined
organic layers were concentrated to afford Compound B
as a white solid (1.04 g, 115 %). MS : M+H+ = 274.
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1 i m édazol -4-yl )ethyl]-D, L-valinam de, trifluoroacetate The title conpound
was prepared from 1- 15-net hyl hi stam ne di hydrochl oride using the three
step procedure described in the preparation of Exanple 28. fddyigtH)[err] =
383[err]. [err] NWRR [err] 1.02 (d, J=6.8- 3#p,-1.08 (d, 20 J=7.3, 3H),
2.20-2.30 (m 1H), 3.1-3.4 (m -4H), 3.78 (d, J=5.1, 1H), 3.90 (s, 3H),
4.59 (ABgq, J=15.0, [err]=0.05, 2H),; 7.29 (m 1H), 7.40 (m 2H), 7.50 (d,
J=7.7, 1H), 8.81 (s, 1H). 25 Exanple 30 [err] -
109 - N Ethyl-N2-[ Z. (1H|Nn[d(é-’z.dl-mq11pe‘bphbpywlp¢¢lhyl] -2-[[2- (18-

met hoxyphenyl ) met hyl ] - L- vqﬂbggg

N-[ (1, 1- D net hyl et hoxy) - car,bon
tri phenyl net hyl -i m dazol - #siiash 10 g (32.2 mol)

of OorrgoundhE4of Exarr%e Ithd lrtlk-‘i% @en@%uﬁGYWHEtﬁyéﬁélﬁe&hﬁﬂm de 10 was
treated wit urry co an ice
bat h under a bl gn?& (“lﬁ"“é\d;gﬁ SA%fﬁFg%ﬁ? gﬂro<f?°‘f‘? C%/I‘Rllog %%angmeorl de in
nmet hyl ene chl ori de Y40nlL) was added over

MS: M+H = 431.

Analysis calculated for C22H24N40Cl3-2.2 CF3CO2H :

1.0 H0:
10 cCcalculated: C, 45.24; H, 4.05; N, 7.99.
Found: C, 45.25; H, 3.74; N, 7.95.
Example 33
H
N cl

Cl

N e e
15 E%:

N-[ (2,3-Dichlorophenyl)methyl] -N2-[2-[1- (phenyl-
methyl) - (1H-imidazol-5-yl) Jethyl]-L-valinamide,

dihvdrochloride
20
A. N2-[(1,1-Dimethylethoxy)-carbonyl] -N2-[2-
(1H-imidazol-4-yl)ethyl]-N-(2,3-dichloro-
phenvimethvl) -L-valinamide

DIEA (0.674 ml, 3.87 mmol) was added to a
25 solution of Compound E of Example 16 (1.0 g, 3.23
mmol, ), 2,3-dichlorobenzylamine (0.625 g, 3.87
mmol) and BOP (1.71 g, 3.87 mmol) in 1:1
. dichloromethane/DMF (20 mL). The mixture was
stirred for 16 hours, quenched with 10% NaHCO3 (20

R

il




m.nutes, and the ice bath was renoved. After 15 stirring for another 2.5
hours, ‘a second portion of NMM was added (3.85 ni, 35 mmol) followed by
9.75 g (35 mml ) of triphenylmethyl chloride. The mixture wgsyghirred
overnight at roomtenperature, treated w-tR1350 niL of nethanol and stirred
an additional 3 20 hours. Evaporation in vacuo gave a solid. This was
slurried in 500 nL of nethylene chloride and poured on to a pad of 600 niL
of dry K-60 silica. The pad was washed with 6 X 500 niL of nethyl ene
chloride, then withnk) >artD@Extracte®oithhatbyli ac€ateel{hyX ehe mxhl .ori de.

The 111t 5% vash Gogl Uil I SidgBhiBLRDrUBE PYB B Dl (Fluy” oS %

met hanol in methyl eng aporation In vacuo gave 1

Conpound A as a | i grHCleld dvIoah) L 8Fdiegu(MafRe by i Bilvexed and obt ai ned,

whi ch 30 was chr oty R0 WA JBEulAC N vha! r&oDdhd g to afford a
sticky foam This mater] al ﬁg§ ovg;e wth 200 nL of _heptane and 15 niL of
etk o

di ethyl ether. &t aRHTFiRAk SRAELAHAPRY ufelYEIRI 2120t i d whi ch
was pul veri zed, chlckfbforni |/ eretthancd3hed aftbrdepdmpeunddd dfli.eth i n vacuo
to give an additional g%!% g of Compound A as a powder (86%total). 5 B.
N-Et hyl - N[ err] - [ 2- (OrH-I 5 dazol - 4-yi ) et hyl ] - N-

MS: (M+H)+ 469.

10 B. Nz-[(1,1—Dimethylethoxy)—carbonyl]—NZ—[z—(1—
[(1,1-dimethylethoxy)-carbonyl] imidazol-4-
yl)ethylj-N—(2.3—dichlorophenylmethyl)—L-
valinamide
Triethylamine (0.486 mL, 3.49 mmol) was

15 added to a solution of Compound A (0.47 g, 1.0

mmol) and Boc anhydride (0.39 g, 1.79 mmol) in
dichloromethane (30 mLY. The mixture was stirred
19 hours and quenched with water (50 ml). The
organic layer was separated and the aqueous layer '

20 extracted with dichloromethane (2 X 50 mL). The

organic layer was dried (MgSO4), filtered and

concentrated under vacuum to afford Compound B
(0.466 g, 82%).
MS: (M+H)* 569.

C. N-[(2,3-Dichlorophenyl)methyl]-N2-[2-[1-

(phenylmethyl) - (1H-imidazol-5-yl) Jethyl] -L-

1i i lihvdrochlorid

Benzyl alcohol (0.014 mL, 0.135 mmol) was
30 added to a -78°C solution of triflic anhydride
(0.023 mL, 0.135 mmol) and DIEA (0.024 mL, 0.135
mmol) in dichloromethane (1 mL). The mixture was
stirred for 30 minutes at -78°C. A solution of
Compound B (0.070 g, 0.123 mmol) was added and the
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[ (4- met:hoxyphenyl ) net hyl ) -L-val i nam.de A m xture of Conpound A (29 ng, 0.05
ml ), a solution of N ethyl-p-nethoxybenzyl am ne in nethylene chloride
(200 [err]L of 0.25 Msolution, 0.05 10 nmol), a solution gh7HOAt in DVF
(200 [err]L of 0.3 Msolution, 0.06 nmmol ), 1aksd-a sol ution of

di i sopropyl carbodiimde in nethylene chloride (200 [err]L of 0.3 M
solution, 0.06 mmvl) was allowed to stand in a seal ed vessel for 2 days.
TFA (1 L) 15 and triethylsilane (0.1 nL) were added and the m xture was
all owed to stand fonixtureldas @Etdirred e addfgdomalt ¢r bowrs abncédiGated in

vacuo_and the resi dygq Wash@lirss AV ¢bom témpeFBtlYEeNeTRE! R{xEiere B hanol (3

m.). The solution was_ applied_to .,a 20 solid phase extraction cartridge
" containing 1 g of Xdyrd H”(%tqlﬁ%l.or?ﬁlgtgég‘?r il dgBlhatnGelid s dflent i al | y
~with the fol l owi ng:wd® &dded. 1afveet lytlierenghker rdom: tampdwatire bl of
Th hethanol . Thé b RONER e et ARG sordRBc E8r Y, Maash et ol ot e
~with 10 nL of 1.0 Nunibied byn prepanatliveTHELE (IMC 848 OBS | 3Tt B Nd
: ‘iggg/oe_”t ggt eﬁ/si: n \(/ﬁ/ﬁﬁ?’[ te%?éd;gga?&é%utgéxhlae%hﬁgx@g%@haé.Q%C'Pi“g,r'@@%nﬂidté 20 ng,
gradient, 20 mL/minute) and the appropriate

fractions were concentrated under vacuum. The
10 residue was dissolved in methanol (2 mL) and 1N HCl

(2 mL) was added. The mixture was stirred 5

minutes and concentrated under vacuum. This latter

procedure was repeated two times and the residue

was dissolved in water (2 ml), millipore filtered
15 and lyophilized to afford the title compound (0.037

g, 53%), mp: 140-150°C.

MS: (M+H)* 459.

Analysis for C24H28N40C1l2-1.0 H20-2.0 HCIl:

Calculated: C, 52.59; H, 5.84; N, 10.22.

20 Found: C, 52.59; H, 6.01; N, 9.83.
Example 34
H\\/Jt. Cl
™" .’1/\©’°'
N Mé/;\ﬂh
Me
25

N-1 (2, 3-Dichlorophenyl)methyl] -N2-[2-[1-(3-
methylbutyl)-1H-imidazol-5-yllethyl]-L-valine
amide, dihvdrochloride

—_—
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[err] N-[(2,3-Di chlorophenyl)nmethyl]-2-[[2-(1H i m dazol- 5
4-yl)ethyl ] am no] - 3- met hyl pent anami de, di hydrochl ori de A

[2-](1H i m dazol -4-yl)ethyl]am no] - 3- net hyl pentanoic acid g§871b To a
stirred solution of histam ne di hydrochl orilde 2.0 g, 10.8 mmol) and

4- et hyl -2 oxopentanoic acid sodiumsalt (1.81 g, 11.9 mmol) in nethanol
(40 m), 5 g of 3A nolecular sieves were added . After stirring for 30
m nutes, 10% 15 pall adiumon carbon (0.2 g) was added and the slurry was

?t:rreddunger throgeg a}ﬂwgfhﬁlEi%ﬂxﬁéﬁﬁ?ﬂedhwkyl4cb@bbﬁlehﬂznTZLgle ras
iltered through a pad o i t r t ano
several tines and the conbﬁﬁ %hﬁ$P§§@§ §6P 3%28§a§e¥g?§%%%1 o afford
Compound A as a solid (3.

N-[ (2, 3-Di chl orophenyl ) net [ H

I m dazol - 4- yI)ethyI]an1no]fggéggﬁéﬁégﬂé? (0.019 mL' 0 %Egn¥ﬂ°l) was

di hydr ochl ori de SThea@ded et%(ﬁrp'o-{%ﬁ \ﬁaé-uﬁ@ﬁap@dtﬁ%ﬁm% and

2, 3-di chl or obenzyl agp @3 @smsle /i TE ol GodPoarA 0003 Exmup! @. £76

Pur {1 cat on by Preenel v dRgdieraneldo oS SRSl e
title conpound (0. Idag, stii¥fed for 15 minutes at —78°C A solution of
Compound B of Example 33 (0.10 g, 0.176 mmol) in
10 dichloromethane (0.25 mL) was added and the mixture
was stirred an additional 4 hours at -78°C and 16

hours at room temperature. The reaction was
quenched with pH buffer 7.0 (2 mL) and extracted
with dichloromethane (3 X 30 mL). The combined

15 organic extracts were dried (MgsSO4), filtered and
concentrated under vacuum. The residue was
purified by flash chromatography (19/1 chloroform /
methanol) and the appropriate fractions
concentrated under vacuum to afford Compound A

20 (0.054 g, 57%), MS: (M+H)* 539,

B. N-[ (2,3-Dichlorophenyl)methyl}-N2-[2-[1-(3-
methylbutyl)-~-1H-imidazol-5-yllethyl]-L-
1 ig Jihvdrochlorid
25 Anhydrous HCl (4 M in dioxane, 2 mL, 8.0
mmol) was added to Compound A (0.05 g, .093 mmol)
and the mixture was stirred for 2 hours and
concentrated under vacuum. The residue was
purified by preparative HPLC (YMC S10 ODS 30 X 500
30 mm, 10-90% agqueous methanol with 0.1% TFaA, 60
minute gradient, 20 mL/minute) and the appropriate
fractions were concentrated under vacuum. The
residue was dissolved in methanol (10 mL) and 1N
HCl (2 mL) was added. The mixture was stirred 5
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- 112 « Ms: MrH = 383. Analysis calculated for [err]-2.2 HO : 1.0 H20:
Cal'cul ated: C, 44.90; H 5.90; N, 11.63. 5 Found: C, 44.64; H, 5.78;
N, 11.42. Exanple 32 N-[(2,3-Dichlorophenyl)nethyl]-2-[[2- (k448 dazol - 10
4-yl) et hyl]am no] - 4- phenyl but anam de, trltuFipagetate A

[[2-(1H i m dazol -4-yl)ethyl]am no]-4- phenyl butanoic acid ethyl ester 15
Compound A was prepared fromethyl 2-oxo-4- phenylbutyrate as described for
Compound A of Exanple 31. B. [[2-(1H i m dazol -4-yl)ethyl]am no]-4- 20
phenyl but anoi ¢ aCldmNQQHeé8aﬁa abncgnegaaewrandﬁgsﬁﬁtﬁﬁht<3rhr30haktea of
Compound A (1.0 g, 3.48 mmo n F é é qﬁ% Af t twnngﬁlF
hours, the reactlon9ﬁ8§e&PFﬁtgasmf?ﬁe3 f91 LUR  HieS lﬂE%Qaﬁﬁ Sk rallzed
25 with 1IN MO (8.3wab)dlsbelhademn wnterséiﬁumﬂkximxiﬁipdne dFleered ayer
was extracted with %0 algo 4§y@ % 30 m.) .
The conbi ned organlc &g?gggokgeg?#gfgdgé 1 %%ﬁﬁ as a
white solid (1.0% gm911§2¢@ mB:: L2

MS: M+H = 439.
Analysis calculated for C22H32N40Cl2-2 HCl1l : 1.83

Ha0:
Calculated: C, 48.46; H, 6.96; N, 10.27.
10 Found: C, 48.46; H, 6.74; N, 10.03.

Exanmple 35

A

15 :
N2-[2- (1H-Imidazol-4-yl)ethyl] -N,N-bis (phenyl-
A. i —4- = =

20 Compound A was prepared from Compound A of
Example 23 as described for Compound E of Example
16.
B. N2-[2- (1H-Imidazol-4-yl)ethyl] -N,N-

25 bis (phenylmethyl)-D,L-valinamide,

txifluoroacetate

The title compound was prepared as a white
lyophilate from Compound A as described for
Compound H of Example 21, except that it was

I
Been Re‘laced

"



-.113 + C N-[ (2, 3-Di chl orophenyl )nethyl]-2-[[2-(] H
i ni dazol - 4-yl ) ethyl ] ami no] - 4- phenyl but anami de. trifuoroacetate The title
conpound was prepared from5 Conmpound B as described for Co fgd B of
Exanple 31. Ms: MtH = 431. Anal ysis cal cul gygd_for [err]-2. err]: 1.0
[err]: 10 Calculated: C, 45.24; H 4.05; N, 7.99: Found: C, 45.25; H,
3.74; N, 7.95. Exanple 33 [err] 15 '
N-[ (2, 3-Di chl orophenyl )nmethyl]-Nerr]-[2-[1-(phenyl - _
m[st hyi ) [ E iHELI g datZﬁiséktar«]&éd eidid h:ﬂiﬂabkFaeé]defzd&b&déasbl Qitee BRP A

err]- , 1-Di me et hoxy).-.carhon -N[err]-[2-
(I Hi ni dazol - 4-yl )e#ﬁﬁ’i qi*%pzr?w@%#%k? phenyl net hyl ) - L- val i nani de DI EA
(0.674 m, 3.87 mmu¥s§: wes+HIddS@1tto a 25 sol ution of Conpound E of Exanple
16 (1.0 g, 3.23 mml,), 2,3-dichlorobenzylam ne (0.625 g, 3.87 mol) and
BOP (1.71 g, 3.87 mol) in 1:1 dichloronethane/ DM (20 nL). The m xture was
stirred for 16 Rours, quenched with 109 0

N-1[(2,3-Dichlorophenyl)methyl} -N2-[2-[1-(2-
10 phenylethyl)-1H-imidazol-5-yl]lethyl]-L-valinamide,
dihvdrochloride

The title compound was prepared from
Compound B of Example 33 and 2-phenylethanol using
15 the 2 step procedure reported for Example 34, mp:
83-93°c.
MS: (M+H)* 473. _
Analysis for C25H30QN40Cl2-1.51 H20-2.0 HCl:
Calculated: C, 52.35; H, 6.15; N, 9.77.

20 Found: c, 52.38; H, 6.22; N, 9.74.
Example 37
P PP
Y ol
: H
N A Mo
H3C(CH2)14
25
"R



-+114 = ) and extracted with ethyl acetate (3 X 70 nL). The comnbi ned
organi ¢ extracts were washed with 10%Lid (2 X 50 nl), dried [err],
filtered and concentrated under vacuum The residue was 5 @%ed by flash
chromat ography (eluting 19/1 chlorof orm L ggghanol) to afford npound A
(1.45 g, 96%. Ms: (MFH)+ 469. 10 B.

N err]-[(1, 1- D net hyl et hoxy) - carbonyl]-N[err]-[Z-(l-

[ (1, 1-di met hyl et hoxy) - car bonyl ] i m dazol -

yl)ethyl]-N-(2, 3- dlhﬂit'@rQplﬁ'&ﬂlﬁ%bb}ibh{/hm&éhym?ﬂihﬂ-e[iﬂéle-tdBde?:SP‘l'l‘iH(-o 486
m., 3.49 mmol) was .15 ., added tq.,a,So on_of poung nmol )
and Boc anhydri de @S : ‘ ‘ : =i} :

mxture was stirred 19 hours and quenched W th mater (50 m). The organic

i bl of omet hane. (2 x 50 e LIS cobkBnilual" RESBAFEL IR ) 111 tered
and concentrat el ugepoundBmofo Exaple Eﬁnpodnd @DQ@banhigysiﬂymtheNB
(MH) - 569. 25 C 5 gl phrodellzl! 2epBRERY! FOR BYAdpINE 654) - [2-[1-

mp: 123-133°C.

MS: (M+H)*+ 537. |

Analysis for C20H4gN40C12-1.3 H20-2.0 HCl:

10 cCalculated: C, 54.95; H, 8.04; N, 8.84.
Found: . C, 54.83; H, 7.89; N, 8.96.

Example 38

N-[(2,3-Dichlorophenyl)methyl]-2-{{2-(1H-imidazol-
1-yl)ethyllamino) -4-methylpentanamide,
20 dihvdrochloride

15

A. ~[2- i -1- -
To a solution of imidazole (680 mg, 10 mmol)
and bromoethyl phthalimide (2.54 g, 10 mmol) in dry
25 THF (15 mL) under argon was added sodium hydride
(0.4 g, 10 mmol, 60% in oil). After stirring the
mnixture for 14 hours at room temperature, water (15
mL) and ethyl acetate (10 mL) were added and the
two layers were separated. The organic layer was
30 extracted with 1N HCl1l (2 x 15 mL). The acidic layer
was carefully treated with solid NaHCO3 (until pH
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(phenyl fret hyl ) - (1 Hi m dazol -5-yl))ethyl]-L- valinam de, dihydrochloride
Benzyl al cohol (0.014 nmL, 0.135 mvl) was 30 added to a -78[err]C solution
of triflic anhydride (0.023 m., 0.135 nmol) and DI EA (0.024-#&3 0.135 mml)
in dichloronmethane (1 nl). The m xture was gbprred for 30 m %g at
-78[err]C.- A solution of Conpound B (0.070 g, 0.123 mml) was added and the
m xture was stirred an additional 4 hours at -780C and 4 hours at room
tenperature. The m xture was diluted with dichloronethane (1 nL) and TFA (1

m) was added. After9)stand iexgractedowi tRNBRISESES Of260 md )N YHS 1dRe 4 -

sol uti on was concen nder urified by preparative HPLC (YMC
310" 008 30°X 500 mmP Gy §§e8§§8#§?h§ﬁ<3|‘5§mﬁ’o. e ox9ans ritayies s
gradi ent, 20 nl/m nitexe sembinedapprapdi 4MaSO4 hoand rmoneemn: redede nlr at ed
under vacuum The 1 iedu d} j N 1IN HC
(2 nL) was added Tﬁlgéﬁtt&rgfﬁgdsgaﬁgé‘éﬁg %ﬁ?\%ﬁegﬁgﬁf ((:scz?r%én?r\t t'ed under
vacuum This Iat#er 'oéé&uyée%éé-repeated two tinmes and the residue was
di ssolved in water M& niMsu)m kI ppate filtered 15 and | yophilized to afford
the title conmpound (0.037 g, 53%, np: 140-150[err]C. MsS: (MtH)[err] 459.
Anal ysis for [err]-1.0 [err]-2.0 HC :

B. [2-(Imidazol-1-yl)ethyl]-amine,

dihvdrochloride

10 To a solution of Compound A (600 mg, 2.49
mmol) in methanol (15 mL) was added hydrazine
hydrate. The mixture was stirred for 9 hours, the
white precipitate was filtered through Celite® and
the filtrate was concentrated. The residue was

15 dissolved in chloroform (10 mL) and filtered, and
the filtrate was extracted with 1IN HC1 (10 mL).
The aqueous layer was concentrated to afford
Compound B as a yellow solid (390 mg, 84% yield)
which was used without further purification.

20
c. 2-[[2-(1H-imidazol-1-yl)ethyl]lamino]-4-

methylpentanoic acid
Compound C was prepared from Compound B and
the sodium salt of 4-methyl-2-oxopentanoic acid as

25 described for Compound A of Example 31.
Trituration with dichloromethane afforded Compound

C as a white solid.
MS (M+H)* = 226*,

30 bD. N- [ (2, 3-Dichlorophenyl)methyl]-2-[[2- (1H-
imidazol-1-yl)ethyl)amino]-4-methyl
pentanamide, dihvdrochloride

To a suspension of Compound C (225 mg, 0.9
mmol) in DMF (3 mL) were added sequentially

I

e
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Cal cul ated: C, 52.59; H 5.84; N, 10.22. 20 Found: C, 52.59; H
6.01; N, 9.83. Exanple 34 [err] 25

N-[ (2, 3-Di chl orophenyl ).nmethyl]-Nerr]-[2-]1-(3- -

met hyl butyl ) - | Hi ni dazol - 5-yl ] et hyl ] - L- val.; ani de. di hydrB8AtBri de
-116- A Nerr]-[(1,1-Di nethylethoxy) onyl ] - N[err] [2-(1-
(3-methyl butyl)-1Hi m dazol -5-yl)ethyl]-

(2. 3-di chl or ophenyl et hyl ) - L- val i nam de Isoanylalcohol (0.019 nm, 0.176

mol) vas S added 4 RlerhGanl daisn o6 L) | CoseRyEIAgaL0 920 .

0.176 mmol ) and DI 176 n-di chl or omet hane )
The mixture was stimRel f & Qnﬁﬁﬁhiﬁﬁgpﬁﬂ?Yl?ﬂﬁﬁﬁrft?sAm%olhtm%mﬂbf Cbnpound

B of Exanple 33 (0.H6h®, (136l a4y, MDImmdl) d dnchl(memnmhanemﬁ@l% nm) was
added and the nlxtq#e was stirred a add lonal 4 hou err]C and 16

hours at room tenpe ng d’l"@ctuﬁ?e"f’aé;a nflﬁgngﬁgﬂn ?ﬁ :b?-l lb%‘ﬁ%r 7.0 (2
m.) and extract &d vand chrtdémmmdlana‘t(&r)és:;ﬁuaU):asTdessa»hbednem 15

S;gﬁﬂhf $ﬁér?g;?due was pur|#4%§?%?aqqﬂ|4#a. 95%2?83?9% fqéfgkyﬂgorofornlll
HPLC eluting w1th a linear gradient o 0% -90%
aqueous methanol containing 0.1% TFA. Appropriate
fractions were collected and concentrated. 10 mL

10 of 1N HCl was added to the residue and the solution
was lyophilized.
MS (M+H)* = 383+.
1y NMR : (CD30D, 400 MHz) d 9.10 (1H, s), 7.80 (1H,
s), 7.65 (1H, s), 7.50 (1H, s), 7.42 (1H, s), 7.31
15 (1H, s), 4.80-4.50 (5H, m), 4.0 (1H, s), 3.80-3.50
(2H, m), 1.90-1.50 (3H, m), 0.98 (6H, 4, J= 20 Hz).

Example 39
20
</]/\/ N/LMQ
N2-[2- (1H-Imidazol-5-yl)ethyl]-N- (1-methylethyl) -N-
25 To a solution of Compound D of Example 27

(100 mg, 0.18 mmol) in 360 ML of dry
dichloromethane at 0°C were added N-
isopropyl-N-benzylamine (60 pL, 0.36 mmol), DIEA
(62 pL, 0.36 mmol), and PyBrop (127 mg, 0.27 mmol).
30 The mixture was stirred at room temperature for 20
hours. Triethylsilane (50 pL) and TFA (1 mL) were

* This Sheet Hag
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met hanol ) and the appropriate fractions concentrated under vacuumto afford
Conpound A 20 (0.054 g, 57%, MS: (M+H)+ 539. B.

N-[ (2, 3-Di chl orophenyl )methyl]-Nerr]-[2-[1-(3- nethyl butyl)

-1H i ni dazol -5-yl] ethyl] -L- valine amide.,glhydrochl ori de i¥§1b

Anhydrous HO (4 Min dioxane, 2 nL, 8.0 nnﬁ mas added to Conpound A
(0.05 g, .093 mmol) and the m xture was stirred for 2 hours and
concentrated under vacuum The residue was purified by preparative HPLC

(Y S10 00530 X,508a38, EHY A0x 80N AREUS IO ot Refipbialle ©0

m nut e gradient, n1nute) and ppropriate | ONS
concent r at ed under \f8€u§n¥‘°’¢ﬁ§ ré%@dﬁ@nqmtliﬂ%%l%dfaqv%t Fheol (10 ml)

and 1IN HO (2 ni) wmesaddedwaihﬁuﬁixiemfbVW5réﬁaﬂaE¥$e5HPLc-(%ﬁﬁ -fpnut es
and concentr at ed ungﬁg g cuugb Thi s %&t }~ﬁlOC6d repeated two tines
and the residue was° drs2dl ved P ™hat grIRYte 40 9'ggréqf-‘I"’F’PEred and

| yophilized to aﬁfomethaaoilwehc@n:)%;urmmezs 60 mgnutay), aﬁﬁ the

ST S G S P B U0 Tl e 102 120
hygroscopic lyophllate was chased with 1M HCl (1 x

2 mL, 1 x 0.5 mL) and the residue was dissolved in

water and freeze-dried. The resulting yellow glass
10 was triturated with ether, dissolved in water, and

then freeze-dried to provide 26 mg (35%) of the

title compound as a white solid.

MS: M+H = 343.

1H NMR (CD320D) & 1.05-1.35 (m, 12H), 2.20-2.40 (m,
15 1H), 3.1-3.4 (m, 2H), 3.55-3.70 (m, 2H), 4.03 (d,

J=3.5, 1H) 4.20-4.30 (m, 1H), 4.61 (ABRg, J=15.8,

Ad=0.22, 2H), 7.15-7.50 (m, 6H), 8.90 (s, ~0.3H,

rotamer), 8.92 (s, ~0.7H, rotamer).

20
Exanple 40
e:]/\/n}\)l\n)\m

Cl

25 N-[(2,3-Dichlorophenyl)methyl]-N2-[2-(1H-imidazol-
S5-yl)ethyl]-N-(l-methylethyl)-L-valinamide,

dihvdrochloride
A. N-[(2,3-dichlorophenyl)methyl] -N- (1-
30 methvlethvl)-amine

This Sheet Has Been Re ﬂ
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1@ Found: C, 48.46; H, 6.74; N, 10.03. Exanple 35 [err] 15

N err]-[2-(1H 1 m dazol -4-yl)ethyl]-N, N bis(phenyl- nethyl )-D. L-valinam de,
trifluoroacetate A [ (I m dazol -4-yl)ethvl]-D. L-valine 20

Conmpound A was prepared from Conpound A of npl e 23 as deQBY}Bed for
Conpound E of Exanple 16. B. N err]-[2- | m dazol -4-yl)ethyl]-N, N 25
bi s(phenyl nethyl )-D, L-valinam de, trifluoroacetate The title conpound was
prepared as a white |yophilate from Conpound A as described for Conmpound H

of Exanple 21, except thatTétavﬁﬁiutlon:5¥31sdﬁ¥qaﬁ$?%1ﬁ§ stb'ﬁﬁuoiQacet'C

acid salt dlrectly after preparative HPLC
Exanpl e 36 [err] NTRLB-i3 cH ®osfeRl ARetHA ]aﬂﬂlfléF‘F}'—h?QO{-lW?Qe 10
phenyl et hyl ) - 1H- i i sadéd - 5; 34d mitrobericallideaipade (3d0hyngy 02 hb ombse) The
title conpound was g Ep@rgd fré”?A molecular sieves. The mixture was
5 stirred for 15 minutes, treated with sodium
cyanoborohydride (140 mg, 2.0 mmol) and stirred for
12 hours. The mixture was filtered and the
filtrate was concentrated in vacuo. The residue
was dissolved in 20 mL of 1M HCl and extracted with
10 diethyl ether (2 x 10 mL). The agqueous layer was
made basic by adding 20 mL of 3M NaOH. This
agueous mixture was extracted with dichloromethane
(2 x 20 mL). The dichloromethane extracts were
dried over sodium sulfate, filtered and
15 concentrated in vacuo to provide 346 mg (80%) of

Compound A.
B. N-[ (2, 3-Dichlorophenyl)methyl} -N2-[2- (1H-
imidazol-5-yl)ethyl]-N-(1-methylethyl)-L-
20 yalinamide. dihydrochloride

The title compound was prepared as a white
solid from Compound A as described for Example 39.
MS: M+H = 411. .
1y NMR (CD30D) & 1.10-1.40 (m, 12H), 2.30-2.50 (m,
25 1H), 3.2-3.5 (m, ~2H), 3.99 (d, J=3.5, 1H), 4.20-
4.40 (m, 1H), 4.65-4.75 (m, 2H), 4.7 (ABq, J=17,
Ad=0.2, 2H), 7.0-7.6 (m, 4H), 8.90 (s, 1H).
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Compoung B of Exanple 33 and 2-phenyl ethanol using 15 the 2 step procedure
reported for Exanple 34, np: 83-93[err]C. Ms: (MtH)+ 473. Analysis for
[err] [err]-2.0 HO: Calculated: C, 52.35; H 6.15; N, 9.77._20 Found:

C, 52.38; H, 6.22; N, 9.74. Exanple 37 [erri%é - 119 Kp71b

(2,3-Di chlorophenyl)nethyl] Nerr]- [2- ecyl -

I m dazol -5-yl)ethyl]-L-valinam de. dihydrochlorlde The title conpound was
prepared from5 Conpound B of Exanple 33 and 1-dodecanol using the 2 step
procedure reported for Exanple 34, np: £%§m#§§%gir]C' V5. (MHH) + 537.

Anal ysis for [err] [err]-2.0 HO: 10 Calcu - C, 54.95; H 8.04; N,

8. 84. Found: C, 54.83; H 7.89; N, 8.96. 15 [err]

N-[ (2, 3-Di chl orophenyl )nmethyl]-2-[[2- (] H i m dazol

1-yl) et hyl]am no] - 4-net hyl pent anam de, 20 di hydrori de

/:]/\/"\)L

Ci

®

Cl

5 N-[(2,3-Dichlorophenyl)methyl]-N2-[2- (1H-imidazol-
5-y1l)ethyl]-N- (phenylmethyl)-L-valinamide,
dihvdrochloride

A. N-[(2,3-dichlorophenyl)methyl] -N-
10 {phenvlmethvl)-amine
To a solution of benzylamine (240 mg, 2.2
mmol} in 10 mL of dry dichloromethane were added
acetic acid (0.14 mL, 2.0 mmol), 2,3-
dichlorobenzaldehyde (350 mg, 2.0 mmol) and sodium
15 triacetoxyborohydride (640 mg, 3.0 mmol). The
mixture was stirred for 4 hours, diluted with 50 mL
of dichloromethane and washed with 50 mL of
saturated aqueous NaHCO3. The organic layer was

dried over sodium sulfate, filtered and

20 concentrated in vacuo. The fesidue (750 mg) was
chromatographed (eluting with 50% ethyl acetate-
hexane) to provide 344 mg (65%) of Compound A.

B. N-[(2,3-Dichlorophenyl)methyl]-N2-[2- (1H-
25 imidazol-5-yl)ethyl]-N- (phenylmethyl) -L-
valinamide., dihvdrochloride
- The title compound was prepared as a whlte
Solld from Compound A as described for Example 39.
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A ‘N- [2- (I mdazol-1-vl)ethyl]-phthalimde To a solution of imdazole
(680 ny, 10 mmmol) and bronoet hyl phthalinmide (2.54 g, 10 mmol) in dry 25
THF (15 nlL) under argon was added sodi um hydride (0.4 g, 10 m 60% i n
oil). After stirring the mxture for 14 ho 0255 roomterrpe?" e, water
(15 nL) and ethyl acetate (10 nL) were added and the two |ayers were
separated. The organic |ayer was 30 extracted with INHCO (2 x 15 nl).
The acidic layer was carefully treated with solid NaHCO3 (until pH - 120
- 9) and extracted m.f%h gﬁlorggrm (20 nmL) and 10%i- propanol in

hl or of 20 ni d (NS d
AR AL RS NS LTI i e e H S e L
yield). M5 (MH)[erp]2s- 242$etm] 1B, 3.142-4 1w, daze) 14yl4}:eahsis] {&pi ne,

di hydrochl ori de 10 2H), 4.689¢ ﬁa(golgfuig)r%ol}m%ungﬁ (809 g .49 mmol )

in nethanol (15 nl) “waS adde razi ne The m xture stirred
for 9 hours, the vmﬂfé4pﬁec45 Qa‘%@ veid) ﬂ-llt5e'r7e(§5t Hou8H) ceBi-BLed#} and the
filtrate was conceng ggt ed. The residue was 15 dissolved in chloroform (10
m.) and filtered, and the filtrate was extracted with 1IN HJ (10 nl).

Example 42
COH
"QXAJ%N
H o

10

(8)-3-([[2-[[2- (1H-Imidazol-4-yl)ethyl]amino]-3-
methyl-1-oxobutyl] (phenyl-methyl)amino] -

15 The title compound was prepared from 3-
carboxybenzaldehyde, benzylamine and Compound A of
Example 30 using the 4 step procedure described for

Example 17.
MS: (M+H)+ 435,
20
Example 43
H
N Me, Me me
A L
N M\/"h
}
H O
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The aqueous | ayer was concentrated to afford Conpound B as a yellow solid
(390 ny, 84%yield) which was used wi thout further purification. 20 C

2-[[2-(1Him dazol -1-yl)ethyl ]am no]-4- nethyl pentanoic aC| npound C was
prepared from Conpound B and the sodlun1sq£ of 4-nmet hyl - ent anoi ¢
acid as 25 described for Conmpound A of %%Ie 31. Trlturatlon W th

di chl oronet hane afforded Conpound C as a white solid. MS (MtH)[err] =
226[err]. 30 D. N-[ (2, 3-Di chl orophenyl )nethyl ]-2-[[2-(1H

i m dazol - 1-yl) et hy L t {§¥H md hl oride To a
suspensi on of Cbnp§%ighgg §§5ﬂ§ hﬁ% i; n ng%t?gq%Lﬁ wer e added
Sequent | al | y _ DNEC AL 14 LA} Jg < ' a1l v-\!l-m Afp BENRY Y, 40-_ =\ ! (350

L, 2 1), 2. 3-dich | 7 36 my, 1
En%lr% . 2 ETDné %191 ic h«ar'eOEQaw aaw&nﬁa ﬁaé"ébrépd‘ﬁ&i as aoe,mea gy

The m xtu stirred nder argon for 14
"~ hours 5 and concent"gg%’gdla?ﬁe%?@glﬁ?fép%&%‘{d}gl@?&ﬂ% é 189FA i n net hanol
and purified bysprHpathiylvN-bEhEy Bhmine gasyiddsar ibete ForgCatipenhdos 10% - 90%

aqueous net hanol CSQtﬁ&QhBQeO3§96TFA- Appropri ate
MS: (M+H)+ 329+,
1y NMR (270 MHz, DMSO-dg, As a mixture of
rotamers): & 1.10 (6H, m, 1.23 (3H, m), 2.25 (1H,

10 m), 3.15 (2H, m), 3.33 (1H, m), 3.60 (1H, m), 3.80

(1H, m), 4.50 (2H, m), 5.05 (1H, m), 7.3-7.6 6H,
m), 9.04 (1H, s).

Example 44
15
Me_ _Me

H H
N N cl
vy

N-[(2,3-Dichlorophenyl)methyl]-N2-[3- (1H-imidazol-

A. 3-[Imidazol-2-yl] -propenocic acid, ethyl
.ester
To a cooled (0°C) solution of sodium
hydride (1.86 g, 45.8 mmol, 60% dispersion in
25 mineral oil, prewashed with THF and dried over
nitrogen) in 1,2-dimethoxyethane (DME, 20 nL) was
added triethylphosphonoacetate (12 g, 54.1 mmol)
dissolved in DME (10 mL) dropwise over 15 minutes.
The solution was stirred for 1 hour at room
30 temperature followed by the addition of 2-imidazole
"~ , acetaldehyde (4 g, 41.6 mmol) in 20 mL of DME. The
solution was stirred ahd heated to reflux (85°C)
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fractions were collected and concentrated. 10 nL 10 of 1IN HCl was added to
thé residue and the solution was |yophilized. M5 (MrH)+ = 383+. 1H NMR :
([err], 400 M) d 9.10 (1H, s), 7.80 (1H, s), 7.65 (1H s)y716 50 (1H, s),
7.42 (1H, s), 7.31 15 (1H s), 4.80-4.50 ¢bl-m, 4.0 (1H 's), 3.80-3.50
(2H, m, 1.90-1.50 (3H, m, 0.98 (6H, d, J= 20 Hz). Exanple 39 20
N2-[ 2- (1H I m dazol -5-yl)ethyl] -N-(1- nethylethyl) N-
(phenyl met hyl ) - L-val i nam de. di hydrochl ori de 25 To a sol ution of
gorrﬁlound D (r)]f‘ Exarrmoc& 2175] (iQhces, fBléBw&&Db}' tﬁoBﬁﬂg[tgdS r6¢°coffodr31 0

I chl or onet hane at err wer e, adde i 0 N- enzy n1ne
[err]L, O.36 mml),h‘{’ﬂrEA %&cf’g?ﬁﬁg,' bhe g ’;&/é'ﬁ?% dm?; 0. 27
mml ). 30 The m xt ur/2 waslusel andd falteved t ehpersolad Wasr 20 hours
Triethylsilane (50 cf[é'tfxgét)aﬁ@gey:ﬁréﬂl Hé%héﬁ%f/ etIPil ]gc?e -atd)ifRdardie

m xture was stirre room t enperat ur concentrated I n

vacuo. The resi ue SIiye iS5 |1e§ W%Peﬁﬁr%@#‘M@C?wm@lﬂ ODS 30 x 500

mm 28 nl/mnute, Z~A¥41adWR0Es15d0Et RONQU+N) + M O74% TFA over 60 mi nutes)
and the concentrated fractions were freeze-dried. The

B. 3-1Imidazol~-2-yl] -propanoic acid, ethyl
ester
10 A solution of Compound A (4.01 g, 24.2 mmol)

in absolute ethanol (100 mL, heated to dissolve)
was hydrogenated using palladium on carbon (0.5 g)
at room temperature for 16 hours. Following
removal of hydrogen under vacuum, the catalyst was

15 removed by filtration through a bed of Celite®.
The filtrate was concentrated under vacuﬁm to give
4.0 g (100%) of Compound B as a white crystalline
solid. MS (M+H)* 169*.

20 cC. 3- [N-Triphenylmethyl-imidazol-2-yl]-
propanoic acid, ethvl] ester ===
Compound B was prepared from Compound A as

described for Compound A of Example 6, using
methylene chloride as solvent and triethylamine as

25 base. After aqueous workup, recrystallization from

ethyl acetate/hexanes afforded Compound B as a
white microcrystalline solid. MS (M+H)*+ 411+,

D. 3-[N-Triphenylmethyl-imidazol~-2-yl]-propan-
30 1-0l
' A solution of Compound C (0.80g, 1.95 mmol)

in THF (15 mL) was cooled to 0°C under argon and a
1M solution of lithium aluminum hydride (2 mL, 2
mmol) was added dropwise with stirring. The

-
ecet Has Been Rep‘laced

\\ll\l\\ T



hygr oscopi ¢ | yophilate was chased wth 1IMHO (1 x 2 nL, 1 x 0.5 nL) and

t he residue was dissolved in water and freeze-dried. The resulting yell ow
glass 10 was triturated with ether, dissolved in water, an

freeze-dried to provide 26 ng (35% of thejbigtlLe conpound as a white solid.
MS: MtH = 343. 1H NMR [err] 1.05-1.35 (m 12H), 2.20-2.40 (m 15 1H),
3.1-3.4 (m 2H), 3.55-3.70 (m 2H), 4.03 (d, J=3.5, 1H) 4.20-4.30 (m 1H),
4.61 (ABq, J=15.8, [err]=0.22, 2H), 7.15-7.50 (m 6H), 8.90 (s, -0.3H,

' rOE?gEg), 8h?2 (Sh réhdHioﬂWWHﬁﬂ%thrr%G Etaambﬁeﬂg témpéréﬁhre for 16

N- , 3-Di chl orop 1H5i.m

-yl yethyl]-N-(1- n&%‘ﬁvf &t h F‘]f’f& é a8?ﬁ9d %‘ﬁ’r%r"?’b% the

N-[ (2, 3-dichl oropheswlx)tme:rhydﬂs No@een&@ated WaUerhymatﬂuy)l Jarddrietthyl - 123
To a solution of g n f 5% acetic
ci d- net hanol were a dqu% |)C§Jioro%enzalégﬁngﬁé ﬁ%; mmol ) and
.5 g of 3A nol écu@paﬁ The @they, daygs yagt ¥ ”?b@ﬂsqﬁ ALt es,
reated with SOdll”Eoncentrated. The residue was chromatographed

(flash silica, 10:1 methylene chloride:methanol).

Fractions containing product were pooled and

concentrated to give 680 mg (95%) of Compound D as
10 a white crystalline solid. MS (M+H)*.

5
a
0
t

E. = [N-Tx] —imi -2-y11-~
A solution of oxalyl chloride (0.3 mL, 0.6

mmol) in 2 mL methylene chloride was cooled to

15 -63°C under argon. DMSO (0.056 mL, 0.8 mmol) in
methylene chloride (0.5 mL) was added over 10
minutes followed by addition of Compound D (147 mg,
0.4 mmol) in methylene chloride (6 mL) over 15
minutes keeping the reaction temperature below

20 -50°C. The resulting clear solution was stirred
for 50 minutes at -63°C. A solution of
triethylamine (0.25 mL, 1.8 mmol) in methylene
chloride (1 mL) was added over 15 minutes keeping
the solution below -50°C. The mixture was stirred

25 for 15 minutes followed by addition of 1M potassium
hydrogen sulfate (4.5 mL), water (20 mL) and ethyl
ether (60 mL). The layers were separatgd and the
aqueous layer was made basic using half saturated
aqueous sodium bicarbonate and washed with ethyl

30 acetate (3 x 30 mL). The combined organic layers
were dried (MgSO4) and concentrated to yield 146 mg
(>99%) of Compound E as a yellowish gum. 1p-NMR;
(cpbcl3, 270 MHz) & 9.53 (1H, s), 7.33-7.12 (15H ,

\\\
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cyanoborohydrlde (140 ng, 2.0 mol ) and stirred for 12 hours. The m xture
was' filtered and the filtrate was concentrated in vacuo. The residue was

di ssolved in 20 nL of 1M HO and extracted with 10 di et hyl r (2 x 10
m.). The aqueous |ayer was made basic by_ag ?ng 20 nL of 3 . This
aqueous m xture was extracted with dichloronmethane (2 x 20 nL). The

di chl oromet hane extracts were dried over sodiumsulfate, filtered and 15
concentrated in vacuo to provide 346 ng (80% of Conmpound A B.

N-[ (2, 3-Di chl orophemyl,) reatoayiLir, Negr, 1 b+ ﬁe(iﬁHs), 2.37(2H, m), 2.22

I m dazol - 5-yl)ethyl ]~ (l)nethylethyl) L- val i nam de.

- di hydrochl ori de The 5‘Conpound was prepared as a white solid from
Cowpound A as described for Exanple 39. Ms: MtH = 411. [err] NWR [err]

3350 3 50 0 R Sl il
: [err] 2o 2, 2H), .0-7.6 (mtx. englygt{:gl)imlldazol z_zzﬂ.)-sz;miﬂl-é.--zll [err]
5 N[(23- Di chl or opheny yarahawitieN aikydf@ciiidtide dazol -
Compound F was prepared from Compound E and
L-valine, 2,3-dichlorobenzylamide, hydrochloride
(prepared from Boc-Val-OH and 2,3-dichloro-
10 benzylamide as described for Compounds A and B of
Example 4) as described for Compound C of Example
26 with the'addition of 3A molecular sieves during

the reaction. Chromatography on silica gel with
methylene chloride:methanol/9:1 afforded Compound F
15 as a clear glass. MS (M+H)* 625+.

G. N-[(2,3-Dichlorophenyl)methyl] -N2-[3- (1H-
imidazol-2-yl)propyl] -L-valinamide,
dihvdrochloride

20 The title compound was prepared from

Compound F as described for Compound D of Example

17.

MS (M+H)* 383+,
[a]lp -18.8° (c=0.13, methanol).

25 Analysis for C18H24N40C12-2.21 H20-2 HC1:
Calculated: C, 43.58; H, 6.18; N, 11.29.
Found: C, 43.59; H, 5.88; N, 11.52.

\
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5-yl)ethyl ]-N (phenyl met hyl )-L-valinam de, dihydrochloride A
N-[ (2, 3-di chl or ophenyl ) nethyl ]-N- 10 (phenyl nethyl )-am ne To a
solution of benzylam ne (240 ng, 2.2 mml) in 10 nL of dry ﬂbz?éoronethane
wer e added acetic acid (0.14 ni, 2.0 mmol), 3 di chl or obe dehyde (350
ng, 2.0 mmol ) and sodi um 15 triacetoxyborghydrlde (640 ng, 3.0 mol ). The
m xture was stirred for 4 hours, diluted with 50 nL of dichl oronethane and
washed with 50 nL of saturated aqueous [err]. The organic |ayer was dried
over sodiumsulfate, filtered and 20 cggﬁﬂg%églsd in vacuo. The residue
(750 ng) was chromat ographed (eluting wt oethyl acetate- hexane) to
provide 344 ng (65% of Conpound A B.
N-[(2,3-Di chl orophenyl )nmethyl]-Nerr]-[2-(1H 25
i m dazol -5-yl)ethyl]-N (phenyl nethyl)-L- valinam di hydr ochl ori de The
title conpound was prepared as a white solid figm pound A as descri bed
for Exanple 39. - 125 - ME IVHrH— 459, pe&ﬁN R [err] 1.10 (m 3H),
1.17 (d, J=6.5, 3H), 2.25-2.45 ( -2H), 4.45-4.65 (m
2H), 4.66 (ABg, J=15.9, [err]=0. g% FD :

5, 0-(AB
Me” Mo

5 N2-[2-{1H-imidazol-5-yl)ethyl]-N,N-

A. N2-[ (1,1-Dimethylethoxy)-carbonyl] -N2-[2-
(1H-imidazol-5-yl)ethyl] -N,N- '
10 bis (phenvimethvl)-L-valinamide
A solution of 1.11g (2.0 mmol) of Compound A
of Example 30 and 333 mg (2.45 mmol) of HOAT in 15
mL of DMF was treated with 411 mg (2.09 mmol) of
dibenzylamine followed by 322 mg (2.56 mmol) of
15 diisopropylcarbodiimide. After 30 hours, the
mixture was diluted with 200 mL of ethyl acetate
and washed with 2 x 100 mL of 5% sodium dihydrogen
phosphate, 2 x 100 mL of 5% sodium bicarbonate and
2 x 100 mL of brine. Drying (sodium sulfate) and
20 evaporation gave 2 g of a foam which was
chromatographed on 300 mL of K-60 silica gel in
heptane/ ethyl acetate, 1/1. Fractions pure by TLC
were combined and evaporated to 1.1 g (75%) of

Compound A.
25
| B. N2- [2- (1H-imidazol-5-yl)ethyl] -N,N-
bis (phenylmethyl) -L-valinamide,

- dihydrochloride

—_—
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5 J=14.6, [err]=0.46, 2H) 7.15-7.55 (m 9H), 8.91 (s, 1H) . Exanple 42 10
(S)-3- I[[2 [[2-(] H 1 m dazol -4-yl)ethyl]am no] -

met hyl - 1- oxobut yl ] (phenyl - met hyl ) am no] - met hyl ] benzoi c adq£71b

di hydrochl ori de. 15 The title conpoyyg was prepared from 3-

car boxybenzal dehyde, benzyl am ne and Conpound A of Exanple 30 using the 4
step procedure described for Exanple 17. Ms: (MtrH)+ 435. 20 H [err] -
126 - N-Ethyl-N2-[2-(1H i m dazol -4-yl)ethyl]-

(phenyl get hyl )\-AE_- tL-vaI i nﬁq&@ot u]glai Bl yor pgrel a6 emmdE) twdd ansym5 Qié’djd isas
prepared as a whi phil a rQ ou an

N- et hyl - N- benzyl ani ¥'§'§ 5e§8 b@ﬁg}]ﬁ%n{i\g{m% cﬁn%ﬁﬁl%gd?,ylt%s: ( M-H) +
329+. [err] NWR (225 iz ofDWE® df, 026, a Aftemnamiingttameoom [err] 1.10

(6H m 1.23 (3H PemeratubtHovel 1Mhous; 1ond Fbel)rent Ih1cHTae vas® 60
5

(1H, m, 3.80
removed in vacuo and the TFA solution allowed to

stand at room temperature for 3 hours. The TFA was
removed in vacuo and the residue treated with 10 mL
of 1N HCl. The resulting slurry was evaporated to
near dryness, 20 mL of water was added and the

10 slurry filtered. The filtrate was extracted with
ethyl acetate (2 x 50 mL) and the agqueous layer was
evaporated to dryness in vacuo. Water (50 mL) was
added and evaporated 4 times. Finally the residue
was taken up in 50 mL of water and lyophilized to

15 give a dense granular material. This was taken up
in 150 mL of water and the lyophilization repeated
to give 471 mg (80%) of the title compound as a
less dense but still granular material.
MS (M+H)* 391+,

20 Analysis for C24H30N40-0.4 H20-2 HCl:
Calculated: C, 60.40; H, 6.97; N, 11.74; Cl1l, 16.19.
Found: c, 60.40; H, 7.18; N, 11.86; Cl, 16.25.

Exanple 46

N-{(2,3-Dichlorophenyl)methyl]-2-[[{3-(1H-imidazol-
4-yl)propyl]amino] -4-methylpentanamide,
30 dihvdrochloride

—
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(1H, n) 4.50 (2H, m, 5.05 (1H m, 7.3-7.6 6H, mM, 9.04 (H, s). Exanple
44715 H [err] N-[(2,3-Dichlorophenyl)nethyl]-Nerr]-[3-(1H i m dazol -
2-yl)propyl]-L-valinam de. dihydrochloride 20 A" n7

3-[1 m dazol - 2-yl ] -propenoi ¢ acid, ethyl estf? 2To a cool ed (6[eﬁﬁ(3
solution of sodiumhydride (1.86 g, 45.8 6096d|sper5|on in 25 m neral
oil, prewashed with THF and dried over n|trogen) in 1,2-di nmethoxyet hane
(DVE, 20 nml) was added triethyl phosphonoacetate (12 g, 54.1 nmol) dissolved

in DME (10 nlL) dropw se ovqhelélﬂgubgﬁpo{[ﬁe e Lt;i. 2 |é{r 1
hour at room 30 tengﬁg ture | . owed t he addltlon of 2-1m dazo

f b
acet al dehyde (4 g, nﬁSP} A2 %L¥5?p[ﬁﬁguenﬂﬁa@ﬁﬂﬂnﬁ‘dﬁ'Mas stirred
and heated to reflunmdﬁﬁpeopYID -imidaidTe; 4{metH&MﬁZHﬂxabéhﬂdm@w@d by

ot ot one (R LoB E81EC8H1%, 3 ol i o
met hanol / et hyl aéetgggpﬁékgﬁegor Example 31, except that the reductive
amination mixture was stirred 13 hours before
hydrogenation and HOAT was used in place of HOBT in
the coupling reaction.
MS: [M+H]+ = 397.
10 1H (cp30D, 400 MHz) & 9.04 (s, H), 7.71 (s, H) 7.62
fs, H), 7.52-7.50 (d, H, J = 18 MHz), 7.40-7.38 (d,
H, J = 19 MHz), 7.32-7.28 (t, H), 4.63-4.50 (q,
2H), 4.41 (m, 2H), 3.90-3.89 (m, H), 3.12-2.95 (m,
2H), 2.34 (m, 2H), 1.80-1.64 (m, 3H), 0.99-0.93
15 (dd, eH).

Exanple 47

e

20
[S-(R*,R*)]-1,2,3,4-Tetrahydro-2-[2-[[2- (1H-
imidazol-4-yl)ethyl]amino]-3-methyl-1-

25 The title compound was prepared from the

title compound of Example 5 as described for
Compounds B and C of Example 16. After
chromatography, the resulting viscous oil was
evaporated from a solutlon of methanol containing
30 hydrochloric ac1d to prepare the hydrochloride
salt. The gummy residue was crystallized from
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5 *to give 5.1 g (74% of Conmpound A as a white crystalline solid. M5
(MfH) + 167+. B. 3-[ I m dazol -2-yl ] -propanoi c acid, ethyl ester 10

A sol ution of Compound A (4.01 g, 24.2 nmol) in absolute etE6 l,. (100 ni,
heated to dissolve) was hydrogenated using pggladi umon car q%ﬂ& .5 g) at
roomtenperature for 16 hours. Follow ng renoval of hydrogen under vacuum
the catal yst was 15 renoved by filtration through a bed of Celite[err].
The filtrate was concentrated under vacuumto give 4.0 g (100% of Conpound

B ?s a whihte ?:r ysthalelt:hy& aedete N]S 9&/&1:&[@@,1““.1&69%&_&@ .whlg_Q:h Gras .
3-[ N-Tri phenyl net hyl_-i. o] - 23 - propangl ¢ acid. et ester Conpound B
was prepar ed fron1C%%ﬁghgg%ggaglggssFﬁﬁﬁd gihfgiﬁﬁﬁﬂﬂu? ogded th8l e 6,
usi ng et hyl ene chl sikde gompohmdnasaadpralecyellowi puwder 2Tmp 4B®. After
aqueous workup, recrygtallization fromethyl acetate/hexanes afforded
Conpound B as a white nicrogr stalline solid. M5 (MtH)[err] 41l[err]. D.
- 3-[N-Tri phenyl hyMSi AMaH261 34184 | - propan- 30 . 1-ol A solution of
Compound C (0.80g, 1c9p rBLRY (o THE2( lhetigno)s. cool ed to O[err] C under
argon and a 1M sol ut] £ 1 Ethiym gl un drid 2 nm, 2 mol) was
added dropwi se mﬁthkggﬁygfﬁgké?hézoﬁzgﬁlégiq;B/Hzo:% wer'

Calculated: C, 54.06; H, 7.58; N, 12.61.

Found: C, 54.45; H, 7.62; N, 12.15.
10
Example 48
Me._ _Me
N N cl
H H _
o cl

15 2-[[2-(2-Amino-1H-imidazol-4-yl)ethyl]amino]-N-
[(2,3~dichlorophenyl)methyl]-3-methylbutanamide,

dihvdrochloride
A. [ (2-Phenylazo-1H-imidazol-4-yl)ethyl]-D,L-
20 valine. ethv] ester '

A solution of the diazonium chloride of p-
bromoaniline was prepared by the addition of a cold
solution of 290 mg (4.18 mmol) of sodium nitrite
(NaNO2) in 1 mL of water to an ice cooled solution

25 of 720 mg (4.18 mmol) of p-bromoaniline in 7 mL of
20% HCl. This solution was stirred for 0.5 hour
with cooling and added dropwise to an ice cooled
solution of 1.0 g (4.18 mmol) of Compound A of
Example 23 in 168 mL of 0.25 M sodium carbonate.

30 An immediate red-orange precipitate was obtained on
addition. The reaction was stirred for an
additional 2 hours with ice cooling. The

.\-
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- 128 -+ reaction was stirred at anbient tenperature for 16 hours. Water (2
m.)* was “added slowy and the solution was concentrated. Water (40 nL) and
ethyl ether (60 nL) were added and the |ayers were 5 separatggyighe ether
| ayer was dried [err] and concentrated. Thejpgsidue was chronatographed
(flash silica, 10:1 nethyl ene chloride: nethanol). Fractions containing
product were pool ed and concentrated to give 680 ng (95% of Conpound D as
10 a white crystalline solid. M (MtH)[err]. E
3-[N—Tripheny|nethybﬂeﬁimibateZpr]fpﬂupaedlaﬁdsc&aﬂfi&%ﬁﬁ cnwéxﬂiﬁﬁa¢wigf
0.3 mM, 0.6 mMmol) i ne o] led tg 15 - err
&nder ar gon. ) léSgEnﬁenggg ?L BE ene c?ﬁcﬁ? % 5 nm.) was
added over 10 n1nut sFSﬂV@ﬂe&nbVe&HMﬂFPGncbiotbﬁﬁmnﬂﬁFQ§(GMESOnL. @nd nmol )
in nmethyl ene chlori dee( @oTltieWeEubgeBtRyt €5 KESHh r&ﬁé}gﬁ@f#%
SO e} sstirred

t enperature bel ow 2 50 e.resultjing clear
for 50 minutes 5\1 %Q[ &Fr %e&u}&“SBFuﬁﬁéﬁcﬁfg?}retm%ﬁrhé"’(@ H)%ethylg
mrol ) in methyl ene almleﬂatéehéiaﬁ‘ek adfondd@dioveg (S7¥) e ComfRRRING t he
sol ution bel ow - SO[grr%C?ﬁ;Eﬁ ng yre mai tlrred 25 for 15 m nutes
foll owed by addition o Pa §i ﬁ1hy8 6§En sulfate (4.5 nmL), water (20
m.) and ethyl ether (60 nmL). The layers were separated and the aqueous
layer was made basi g using (halhm3abUAALeHlidazol-4-y1)ethyl]-D,L-
10 valine, ethyl ester
A solution of 1.0 g (2.4 mmol) of Compound A
in 50 mL of ethanol containing 100 mg of platinum
oxide (PtO2) catalyst was hydrogenated at 50 psi,

at room temperature, in a Parr apparatus overnight.
15 After removal of the catalyst by filtration through
Celite®, the clear colorless filtrate was
evaporated to dryness to yield a viscous oily
residue. This material was dissolved in water and
the solution washed twice with ether to remove the
20 aniiine liberated during the hydrogenation. The
remaining aqueous solution was evaporated to
dryness and the oily residue diluted with
chloroform. A small amount of saturated NaHCO; was
added and the mixture was stirred while additional
25 solid NaHCO3 was added in portions. Stirring was
continued for 0.5 hour. Solid MgSO4 was added to
remove any remaining water. The solids were
removed by filtration and the filter cake washed
well with additional chloroform. The filtrate was
30 evaporated to dryness and the brownish oily residue
subjected to flash chromatography on a 45 cc column
of silica gel.  Elution with 25% methanol in
chloroform afforded 590 mg (98%) of Compound B as a
pale yellow foam.

—
—

_\
This Sheet Has B

RN



aqueous. sodi um bi carbonate and washed with ethyl 30 acetate (3 x 30 nl).
Th& conbi ned organic | ayers were dried (MgJSO4) and concentrated to yield
146 ng (>99% of Conmpound E as a yellowi sh gum. [err]H NVR o8&l [err], 270
MHz) 9.53 (1H, s), 7.33-7.12 (15H, - 42,35 4, 6.94(1H, s), 6. 76(1H

s), 2.37(2H, m, 2.22 (2H, M. F. '

N-[ (2, 3-Di chl orophenyl ) net hyl ] - N2-[3-((1- 5

tri phenyl met hyl ) -i m dazol - 2-yl ) propyl]-L- valinam de. dihydrochl oride

- Compound F was prepared from Conpound E and L-vali ne,

2, 3-di chl or obenzyl agi de, higzggﬂigﬁiﬂg;gﬁgg g ”i%%;@@iﬁggaigﬂﬁx
2,3-dichloro- 10 bghzylanl e as describe P%?E%%ﬁgg an anpl e
4) as described for ConpoufEMEOBRAES Was Prepaat ash@ AW £OgM SKOBA

nol ecul ar si eves dubbﬂﬁoﬁﬂa Eeaétdéﬁbrlﬁlﬁ(iBﬁ(ﬁﬂﬁyﬂmth@ ol Exampee W th
anol /9:1 afforded Conmpound F 15 as a clear gl ass.

met hyl ene chlorgg HE
MS (MtH) [err] 625[erPl. G
N-[ (2, 3-Di chl orophenyl ) methyl]-Nerr] - [3 (1H

d | - 2-yl L- 0 The titl
Lghpgﬁgd mag %P;gg¥§£ frgabcgiglgEdAﬂiQXQiescr|4§%¥ijﬁ_y&8§58¥%a DeofI ©

Exanpl e 17. amino]-N-[(2,3 dlchlorophenyl)methyl] -3-

10 Compound D was prepared from Compound C as
described for Compound H of Example 21. Following
evaporation of the reaction solvent, the residue
was subjected to prep HPLC on a YMC S-10 ODS, 50 x
300 mm column. Gradient elution from 0 to 100%

1S solvent B (A: 10% methanol:water + 0.1% TFA, B: 10%
water:methanol + 0.1% TFA) afforded a tan solid
foam. This material was resubjected to prep HPLC on
a YMC S8-5 ODS, 30 x 250 mm column, using the
gradient elution described, to give a clear

20 colorless glass which upon trituration with ether
afforded the title compound as a white powder, mp
215° (d).

MS (M+H)* 384*, .
Analysis for C17H23N50C12-0.88 H20-2 HCl:
25 calculated: C, 43.17; H, 5.70; N, 14.81.

Found: C, 43.28; H, 5.65; N, 14.53.
Example 49
: Me_ Me
<\ ]\/\ . Ct
N N NH Cl
30 _ H 0

\\~
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M8 (M+H) + 383+. [err]D -18.8[err] (c=0.13, nmethanol). 25 Analysis for
[err] - 2.21 Herr]O2 HO: Calculated: C 43.58; H 6.18; N, 11.29. Found:
C, 43.59; H 5.88; N, 11.52. - 130 - Exanple 45 [err] 5

N[err]-[2-(1Himdazol-5-yl)ethyl]-N N his(gghenyl nethyl)-L- vaill nam de,
di hydrochl ori de A. Nl err]-[(1, 1-D net hyl et hoxy)-carbonyl]-Nerr]-[2-
(1Hi m dazol -5-yl)ethyl]-N, N 10 bi s(phenyl net hyl ) -L-val i nam de A

solution of 1.11g (2.0 nmol) of Conpound A of Exanple 30 and 333 ng (2.45
mmol ) of HOAT in 15Nr¢(QfB%H%df}ﬁiﬁ%d@tWﬂlkzmz(-?1991HI@$Q.OPI

di benzyl am ne fol | oyed i
di i sopropyl car bodi i Samhieyu) el et R et ed with 200

m. of ethyl acetate and mashed mnth 2 x 100 niL of 5@6sod|un1d|hydrogen

hosphate, 2 x 100 niL of S rhonate and 2 x
EXylgg (sodi um sul fate) an qu5 é§ SIS FUFRFRSIR of §°P88ﬁPah$ ﬂg
chr omat ogr aphed Son Boample o35 K& ms:.l Kbd gwioli)n ine 0240/ DMF hpMS@cCEI 22 e,
1/1. Fractions purepRy véfe dded Y8jueR i219ye%2R818LEEn 8s 12130 (759 of

dichlorobenzylamine (70 mg, 0.4 mmol) in DMF (0.4
mL), NMM (44 ul, 0.4 mmol) and a solution of BOP
(177 mg, 0.4 mmol) in methylene chloride (1.6 mL).
10 The resulting mixture was allowed to stand at 25°C
 for 18 hours, after which the product was isolated
by solid phase extraction as follows:
1) A solid phase extraction cartridge

containing 1.0 g of SCX resin (Varian) was
15 conditioned with 10 mL of methanol.

2) The reaction mixture was loaded onto the
column.
3) The column was rinsed with 30 mL of
methanol.

20 4) The column was rinsed with 7 mL of 0.1 N
ammonia in methanol.
5) The column was eluted with 7.5 mL of 1.0 N

ammonia in methanol, and the eluant was collected
into a tared tube. The solution containing the

25 product was concentrated in vacuo to give an oily
residue (154 mg). The residue was purified by
preparative HPLC on a YMC S10 ODS column (30 x S00
mm), eluting with a linear gradient over 30 minutes
from 10% to 90% agqueous methanol containing 0.1%

30 TFA at 50 mL/minute. Fractions containing the main
UV absorbing peak (220 nm) were combined and
concentrated, and the residue was lyophilized to
give the title compound as a white solid (110 mg,
46%) .
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Conmpound A 25 B. Nlerr]-[2-(1Himdazol-5-yl)ethyl]-N,N bis
(phenylnethyl) -L-val i nam de, di hydrochl oride - 131 - Conmpound A (1. 1g,
1.5 mol) was dissolved in 25 nL of cold nethyl ene chlori deLaigbt r eat ed
with 25 nL of. TFA at O[err]C. After warmfgl3d +oomtenperature over 1
hour, the nmethylene chloride was 5 renoved in vacuo and the TFA solution
allowed to stand at roomtenperature for 3 hours. The TFA was renoved in
vacuo and the residue treated with 10 nL of 1IN HO . The resulting slurry
was evaporated to ndBplus§destor 201 TH22¥4QRk el \RasHa@d3dCEMPOate 10 sl urry
filtered. The fil t&ﬁ&@u!ﬂ@ée&“é ac‘;@dsgu i ef hl, thetgabg (g X go_?rgt) and
t he aqueous | ayer mas evapor at ed dryness 1 n vacuo.
added and evaporateG 4 Lingd. FlnaIIy t he resi due was taken up in 50 nL of
water and |yophilizegduh@:15 gi@e &1 0e95eHIra/ne aN, g e2i;ak, 18h56;was
taken up in 150‘§L gg M@ 3and the Iyophilization repeated to give 471 ng
fpdund

(809% of the tit as a |l ess dense but still granular material. M
(MtH)[err] 391[err]. 20 Analysis for [err]-0.4 [err]-2 HO:
Example 30
Me Me
N
N N
] H Cl
CH3 0 Cl
10

N-1[ (2,3-Dichlorophenyl)methyl]-N2-[2- (1-methyl-1H-
imj =5-y1 =L- inami j 1

The title compound was prepafed from
15 Compound B of Example 33 and methyltriflate using
the 2 step procedure reported for Example 34.
Analysis for C18H24N402C12-0.7 H20-2.11 HCl:
Calculated: C, 45.73; H, 5.86; N, 11.85; C1, 30.82.
Found: C, 45.93; H, 5.50; N, 11.65; Cl1l, 30.81.

Example 51

NH

o)
OQT/L\\\~
o) S

1
H Me

\

ThESh&x
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Cal*
H
N- [
4

culated: C, 60.40; H 6.97; N, 11.74; O, 16.19. Found: C, 60.40;
'7.18; N, 11.86; O, 16.25. Exanple 46 25 [err]

(2, 3-Di chIorophenyl)nethyl]-2-[[3-(1H—inidazol- _ LD71b

-yl ) propyl ] am no] - 4- met hyl pent anam de, 36 1@8hydrochl ori de - 132 - The

title conpound was prepared as a foany white solid in a 2 step sequence
from1l-(3- am nopropyl)-imdazole, 4-nethyl-2 oxopentanoic acid, sodium
salt and 2, 3-di chl orobenzyl am ne as 5 described for Exanple 31, except that
the reductive an1nal(Sﬁrﬂnb&luﬂe3wésT§@rﬂh¥er32thfb3bé1HﬁxmiQahamgéhat|on

and HOAT was used
397. 10 1H ([err],

7.52-7.50 (d, H,
H), 4.63-4.50 (q,

rim ARyl Jg@h ' ]LbeseaﬁihGElﬁfﬁ?‘Pé]éxggb,P}\ﬁ ﬁ&“““ v =

.28 (t,

2H) 441(m 2H), 3.90.3.89 (m H), 3.12-2.95 (m 2H),

2.34 (m 2H), 1.80-1 64 (Mt 41999, B3rderahfdro O8] (nFr5TP & 47 Lerr]

10

15

20

30

triphenylmethyl-imidazol-4-yl)propyl]-L-

valyl]-3-isoquinolinyl]-carbonyl]-L-

glutamine, methyl ester

Compound A was prepared as a slightly yellow
0il in 67% yield from Compound B of Example 14 and
Compound D of Example 1 as described for Compound G
of Example 6. Following chromatography on silica
with ethyl acetate:hexanes (1:1) followed by
methylene chloride:methanol (9:1), it was used
without additional purification.
MS: (M+H) = 772.

B (S)-N-[[1,2,3,4-Tetrahydro-2-[N-[2-(1-
triphenylmethyl-imidazol-4-yl)propyl]-L-
valyl]-3-isoquinolinyl]-carbonyl]-L~
glutamine

To a solution of Compound A (130 mg, 0.169
mmol) in THF (3 mL) and methanol (1 mL) was added
lithium hydroxide (LiOH) (1 M, 0.2 mL, 0.2 mmol).
The solution was stirred for 2 hours followed by
the addition of 1N aqueous HCl (0.2 mL, 0.2 mmol).
The solution was concentrated to dryness and washed
with a 1:1 mixture of methylene chloride:methanol
(3 x 20 mL), filtered and concentrated to afford
125 mg (98%) of Compound B as an opaque glass.

MS (M+H)*+ 758+,

—_—_—
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20+ S- fR*,R*) 1-1,2,3,4-Tetrahydro-2-[2-[ [2- (1H

i m'dazol -4-yl)ethyl]am no] -3-net hyl - 1- oxonentyl | isoquinoline.

di hydrochl ori de 25 The title conpound was prepared fgpggthe title
conpound..of. Exanple 5 as described for Coupggegds B and C of anpl e 16.
After chromatography, the resulting viscous oil was evaporated from a

sol ution of nethanol containing 30 hydrochloric acid to prepare the
hydrochl ori de salt. The gumry residue was crystallized from - 133 -
ethyl acetate to yi@®.d a gush-N=dl[ild 2yBi, 4hTwﬁahYdi‘(bl¥21-tﬁd-5IQ-t(r1}ﬁ.t her ..

(). 5 N (W [orr] 341] or Rt A TBrBpPF) LBl TN 7 anal v «

for [err]-1.72 [err]-2 HC 1sggu@@bduaullcarbanﬁsl -Ltmétlhilniye,12. 61. Found:

C, 54.45; H, 7.62; N, 12.1 15
2-[[2- CZ“An1no ﬁ€L|n1dazol am NnoJ -
[ (2, 3-dichl orop nyI)nethyFP?39ﬁ§ﬂﬁyFBﬂPﬁHB. i &S prepared in 54% yield

as a white powder from Compound B as described for
Compound F of Example 2.
MS (M-H)~ 514-. ' _
Analysis for C25H37N504S -0.35 H20-2.3 CF3CO2H:

I 10 calculated: C, 46.87; H, 5.14; N, 8.93; S, 4.09; F,
16.72.
Found: C, 46.92; H, 5.05; N, 8.83; s, 4.11; F,
16.65.

15
See the table below for the following Examples 52 -
148.

20 Examples 52 - 72:

A. N-[(1,1-Dimethylethoxy)-carbonyl}-N-{1-
triphenylmethyl-imidazol-4-yl-ethyl]-
L-valine, godium salt
25 Sodium hydroxide (4.7 ml of 1.0 N aqueous
solution, 4.7 mmol) was added to a solution of
Compound A of Example 30 (2.61 g, 4.7 mmol) in
methanol (10 ml). The resulting mixture was

stirred for 5 minutes, then concentrated in vacuo.

30 The residue was dried in vacuo to give Compound A
as a white powder which was used without
purification.

- _—
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dishydrechl ori de A [ (2- Phenyl azo-| Hi m dazol -4-yl)ethyl]-DL- 20

vatine.” ethyl ester A solution of the diazoniumchloride of p- bronoaniline
was prepared by the addition of a cold solution of 290 ng (dpfh,mol) of
sodiumnitrite (NaNO2) in 1 nL of water toj@g Lce cooled solutron 25 of
720 ng (4.18 mol) of p-bromaniline in 7 mL of 20% HO . This sol ution was
stirred for 0.5 hour with cooling and added dropw se to an ice cool ed
solution of 1.0 g (4.18 mmol) of Conpound A of Exanple 23 in 168 nlL of 0.25

M sodi um car bonat e.g 30 An mfamq[e'ﬁ &2 edq7Qr ange precipitate was obtai ned on
addi tion. Thereactlonwa stirre for n_addi t ours.with ice

cooling. The - 134 - § FMR CPf“EP&Baa%dW%ﬁﬁ Y?F124S cake washed
well with water. Trami;beak wacsl daﬁmad oakeumsgdassb&n@airdn met hyl ene

chloride, dried erd %9{:1] t ogr aph
on a :5 50 ccI col Brm o'? ﬁgl%ﬁﬁ ﬁéﬁﬁ‘?figﬁqﬁgﬂ ﬂsyzééés&@% hgxaﬁe)s/
afforded 1.0 g f579%h %fp@ﬁﬁﬁmm%%oaasesighy YeLNG\A s

[ (2- Ami no- 1H-i ni da@én&mée@vhybbo&é wéﬂcscacmn @ ¢drery sthyltteéter A
solution of 1.0 g (2.4 0(1
acid am1 e cou g and the purification of the

resulting amide products. An IBM PC was used to
run the 2Zymark Benchmate™ workstation operating

10 program and to write the Benchmate™ procedures.
The protocol for the preparation of the compounds
of Examples 52 - 72 follows:

A 16 x 100 mm test tube was charged with 0.075 mmol
15 of the amine component and capped with a plastic
cap/column holder. For amines which were used as
free bases, the Benchmate™ then carried out the
following steps sequentially on each tube:

1. Add 0.3 mL of methylene chloride.

20 2. Add 0.3 mL of a 0.25 M solution of Compound
A in DMF (0.075 mmol).
3. Add 0.3 mL of a 0.3 M solution of HOAt in
DMF (0.09 mmol).
4. Vortex for 30 seconds at speed 3.

25 5. Add 0.3 mL of a 0.3 M solution of DIC in
methylene chloride (0.09 mmol).
6. vortex for 30 seconds at speed 3.
7. Wash syringe with 5 mL of methylene
chloride.

30 For amines which were used as hydrochloride salts,
the Benchmate™ then carried out the following
steps sequentially on each tube:
1. Add 0.3 mL of dichloromethane.
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I n. 50 L of ethanol containing 100 ng of platinumoxide (PtQ2) catal yst was
hydr ogénat ed at 50psi, at roomtenperature, in a Parr apparatus overnight.
15 After removal of the catalyst by filtration through Cel ipgherr]. the
clear colorless filtrate was evaporated to gfyness to yield a viscous oily
residue. This material was dissolved in water and the sol ution washed tw ce
with ether to renove the 20 aniline liberated during the hydrogenati on.
The remai ni ng aqueous sol uti on was evaporated to dryness and the oily

residue diluted with, chl ora&armwmﬁm‘vls ang@Hnd . ofs &ﬁtdlf)abida[ﬁfQ]S ¥as
added and the n1xture mes stléva addltlogﬁ hﬁ gb Eerr] was
added in portions. SSEPFFPRCHEETED ¥ 16 8apme PR&-[err] was
added to renpve any3remai nMig taber coffbents|bylsvorrexingmateepeedf Bl trati on
and the filter cakegyashgdsuglhqy th additional chloroform The filtrate
was 30 evaporated to dryness and t he browni sh oi resi due subjected to
flash chromat ogrph¢-on a A44c@-3oMnhd%i8 dng cQane/'il mmoL)t odn anlt- B528%

net hanol in chl orof gbmhgi{,ﬁrélgdc&ﬁgom(ﬁ&?ﬁ mh:- Conpound B as a pale yell ow

Egﬁggund b &gg brepared Agd 1FLI?1€$$O| adagﬂjxﬁéh’ of % %allne

M solution of HOAT in DMF.
6. Mix tube contents by vortexing at speed 3

10 for 30 seconds.
7. Add 0.30 mL (11.3 mg, 0.090 mmol) of a 0.30
M solution of DIC in dichloromethane.
8. Mix tube contents by vortexing at speed 3
for 30 seconds.

15 9. wash syringe with 5 ml. of dichloromethane.

For both coupling protocols, the tubes were allowed
to stand for 24 hours, after which 2.0 mL of TFA
and 0.2 mL of triethylsilane were manually added to
each tube. After 4 hours, the tubes were

20 concentrated in vacuo in a Savant Speed-Vac™. The
tubes were returned to the Benchmate™ and the
contents were purified by ion exchange
chromatography on a solid phase extraction
cartridge mediated by the Benchmate workstation

25 using the following protocol:

1. Add 5 mL of 1:1 methanol : methylene
chloride to the test tube.

2. Vortex for 60 seconds at speed 3.

3. Condition a Varian solid phase extraction

30 cartridge containing 1.0 g SCX resin with 10 mL of
1:1 methanol : methylene chloride at 0.15
mL/second.

4. . Load reaction contents onto column at 0.02
- mL/second. ' '

I
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Cbnpound B as described for Conpound E of Exanple 5 16. D.

22[[2-(2- Ani no- 1H-i mi dazol - 4-yl ) et hyl ] -

am no] - N-[ (2, 3-di chl orophenyl ) nmet hyl ] -3- et hyl but anam de. mh7pir ochl ori de
10 Compound D was prepared from €omppund C as descri bed for
Compound H of Exanple 21. Follow ng evaporation of the reaction solvent,
the resi due was subjected to prep HPLC on a YMC S-10 ODS, 50 x 300 mm
colum. Gadient elution fromO to 100% 15 sol vent B (A: 10% et hanol : wat er
+ 0.1% TFA, B: 10%5aat er : Rémsenciolumd, WENFAS =L fof dbdl anetdrarsyl i:d f oam
This material was mg&al%stee@h&erﬁagpaﬁpb%nmﬂ/gé&r%5 DS, 30 x 250 mm

col umm, wusing the ent elution descri bed I've a clear 20 colorless

gl ass whi ch upon t 8-t ur at RéRSSH tq?léﬂﬂﬁewlﬁhf&ae@lﬂt% nethaneb@othd ks a
whi te powder, np 2b]/e¥ecbn@d) . M5 (MtH)[err] 384[err]. Analysis for

-0. 88 25 _Cal cul at ed 3.17; 70:- N 14.81.  Found:
[c,er]43.- 28; Harr] IjN 14, %47 Sl%i%ﬁ?rﬁ’gmwl?b g]“‘éo‘bf%zéﬁég amionia i

methanol at 0.10 mL/second.

8. Elute column with 7.5 mL of 1.0 N ammonia in
methanol at 0.05 mL/second into a tared receiving
tube.

10 9. Wash syringe with 5 mL of 1:1 methanol :

methylene chloride.

The contents of the receiving tubes were then

concentrated in vacuo in a Savant Speed-Vac™.

Homogeneity of the products was determined by HPLC,
15 and identity was confirmed by electrospray mass

spectroscopy.

Examples 73 - 83

The compounds of Examples 73 - 83 were
prepared from Compound A from Examples 52 - 72 as
described for the compounds of Examples 52 - 72.
All compounds were further purified by preparative

25 HPLC under the following conditions: A 30 x 250 mm
YMC S5 ODS column was eluted with 25 mL/minute of a
gradient from 10% to 90% aqueous methanol
containing 0.1% TFA. Fractions were monitored by
ultraviolet absorbance at 220 nm. Fractions

30 containing the desired product (usually the major
peak) were combined and concentrated in vacuo to
give the compbunds of Examples 73 - 83 as glassy
oils. 'HomOgeneity'was:determined by analytical

—_—
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N-{ (2, 3-D chl orophenyl ) net hyl ] - N2-[ 2- (| H-i m dazol -

4-yl)et'hyl]-D. L-valinanide. trifluoroacetate To a honpgeneous suspension of
Conmpound A of 5 Exanple 35 (85 ng, 0.4 mmol) in 60:40 DVF: DBP1b3. 2 nl)
wer e added sequentially a solution of 2,3 1dixk orobenzylamne (70 ng, 0.4
mmol) in DMV (0.4 nL), NW (44 [err]l, 0.4 mmol) and a sol ution of BCP
(177 nmg, 0.4 mmol) in nethylene chloride (1.6 nL). 10 The resulting m xture
was allowed to stand at 250C for 18 hours, after which the product was

i sol ated by solid phele, eamdakdenninxswaa|qmn£irmpd by alectrdsphage
extraction cartr|dgﬂaggngﬁgégfghébﬁ&.g of SCX resin (Varian) was 15

conditioned with 10 of” met hanol™.” 2) The reaction m xture was | oaded
onto the colum. 3) The columm was rinsed with 30 nL of nethanaol. 20
4) The col um mas rinsed with 7 nL of 0.1 N amonia in nethanol. 5) .

The col um was gd Wi i. % .0 N ammoni a in nmethanol, and the
el uant was col | écte t ﬁed t % The sol ution contalnlng the 25
product was concentrated |n vacuo to give an oily residue (154 ng). The

residue was purified by prgpar gf%éaf) f%ﬁgggéiq% ggsfg Iunn (30 x 500

mm), eluting with a linear_gra |en over n1nutes rom I0% t o 90% aqueous
nmet hanol cont ai ni ngCYNRBIHLS Q¢¥E¥ﬁmniﬁﬁﬂ§4ﬂ nd08. frpmagﬁmﬁﬂgnéoﬁtefnlng t he

mai n ' Example 20 follows:
10

A 16 x 100 mm tube was charged with 0.075
mmol of the amine component and capped loosely with
a plastic cap/column holder. The Benchmate® then
carried out the following steps on the tube:

15 1) Add 0.2 mL of dichloromethane.

2) Add 0.3 mL (0.075 mmol) of a 0.25 M
solution of Compound E of Example 20 in DMF.

3) Mix tube contents by vortexing at speed
3 for 30 seconds.

20 4) Add 0.33 mL (0.082 mmol) of a 0.25 M
solution of BOP in DMF.

5) Mix tube contents by vortexing at speed
3 for 30 seconds.

6) Wash syringe with 5 mL of

25 dichloromethane. _

After 20 hours, the reaction mixture
contents were purified by ion exchange
chromatography on a solid phase extraction
cartridge mediated by the Benchmate® robotic

30 workstation using the following protocol:

1) Condition a Varian solid phase.
extraction column (500 mg, SCX cation exchange)
with 10 mL of methanol at 0.25 mL/second.

"liiie




UV. absor bi ng peak (220 nm were conbi ned and concentrated, and the residue
was | yophilized to give the title conpound as a white solid (110 ng, 46%.
- 137 - Analysis for [err]-1.25 [err]-2 [err]: Calculated: @p7MA® 69; H
4.31; N, 9.04; F, 18.39; d, 11.44. Found+ 144 - C, 41.09; H, 4.18; N
8.62; F, 18.50; 5 d, 11.43. Exanple 50 [err] 10

N-[(2, 3-Di chl orophenyl)nethyl]-Nerr]-[2-(1-nethyl -

i m dazol -5-vl)ethyl]-L-valinam de. dihydrochloride The title conpound was
prepared from 15 Conpound B)of LBa@npeacBionndoneenys tontfd aoduwmi &g t he 2
step procedure repobtg@ h@ysgéaﬁale 34 Anal ysis for [err] H20-2.11 HQO:

Cal cul ated: C, 45.73; ?6 a, 30.82.. Found: C. 45.93;
H 5.50; N, 11.65: O, 30 8 EBSPeFP u‘r}‘%r‘r’}th 2°%'10 WL Of methansl

at 0.1 mL/second.

5 4) wWash column with 2 mL of 0.1 M ammonia
in methanol at 0.1 mL/second.

5) Elute column with 5 mL of 1 M ammonia in
methanol and collect into a tared receiving tube at
0.1 mL/second.

10 All solution/solvent deliveries were
followed by 1.8 mL of air and a 10 second push
delay was used after loading reaction contents onto
the ion exchange column. _

The product solution was concentrated on a

15 savant Speed Vac (approx. 2 mm Hg for 20 hours) to
afford products. '

Examples 101 - 108

20 The compounds of Examples 101 - 108 were
prepared as described for the compounds of Examples
84 - 100 except that the following steps were
introduced between steps 5 and 6 of the coupling
protocol: _

25 5b. Add 0.3 mL (7.5 mg, 0.075 mmol) of 0.25 M
triethylamine; and
5c. Mix tube contents by vortexing at speed 3
for 30 seconds;

30 and the following steps were introduced before step
1 of the purification protocol:
la. Add 0.2 mL of methanol to the reaction; and
1b. Mix tube contents by vortexing at speed 3
for 30 seconds.
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- 138 - (S)-N-[1,2,3,4-Tetrahydro-2-[ N-[3-(1H i m dazol - 2-

yl Ypropyl ] - L- vaIyI] 3-isoqui nolinyl]carbonyl]-L- nethionine,
trifluoroacetate (1:2) 5 A (S)-N[[1, 2,3, 4-Tetrahydrop2ibN-[ 2- (I -

tri phenyl met hyl -i m dazol -4-yl)propyl]-L- - 145 -

val yl'] - 3-i soqui nol i nyl]-carbonyl]-L- glutam ne, nethyl ester Conpound A was
prepared as a slightly yellow 10 oil in 67%yield from Conpound B of
Exanpl e 14 and Conpound D of Exanple 1 as described for Conpound G of
Exanpl e 6. Foll owi ng chromat ography on silica with ethyl acetate: hexanes
(1:1) followed by nethyl ene chlorlde nethanol (9:1), it was used 15

W t hout additional purification. g = 772. B

(S)-N-[[1,2, 3, 4- TetFEpPRL88 - ‘N![z (l

triphenylnethyl-in1dazo| 4- yI)propyI] L- 20

val yl ] -3-isoqui nol i yI] carb 1] - (o] uthon of Conpound A
(130 ng, 0.169 ?iml I n Tmi f)gynﬂt) %h??}e]ta%eang?’-g f%é? K,;; Qdded l'ithium
hydroxide (LiOH) (1 M O. 2[xm;dazqﬂwﬂnyy ethleFmevgdHGEhon was stirred for
2 hours followed by the aqgﬂhgﬂﬂuﬁﬁaﬁﬁé?ﬂﬁﬁ#?hﬂﬂj (0.2 m, 0.2 mol). The
solution was concentrated to dryness, and washed wth a 11 m xture of

net hyl ene chl ori de: met hano¥® (B8 SouiAn off Gampasnd, g ofoFXampiat &6 to
afford (778 mg, 2.5 mmol) in methanol (3.0 mL) was added

10 1.0 M tetrabutyl ammonium hydroxide (2.5 mL, 2.5
mmol, in methanol) and the mixture was concentrated
in vacuo. The residue was dissolved in
dichloromethane (10 mL) and filtered through a 0.5
pm frit. The solution was concentrated and

15 dissolved in 10 mL of dichloromethane to give a
0.25 M solution of Compound A.

B. Example 109 - 131

20 A 16 x 100 mm tube was charged with 8.0 mg
(0.075 mmol) of the amine component and capped
loosely with a plastic cap/column holder. For
amines which were used as free bases, the
Benchmate™ then carried out the following steps

25 sequentially on each tube:

1. Add 0.3 mL of dichloromethane.

2. Mix tube contents by vortexing at speed 3

for 30 seconds. :

3. Add 0.3 mL (59.5 mg, 0.075 mmol) of a 0.25 M
30 solution of Compound A in dichloromethane.

4. Mix tube contents by vortexing at speed 3

for 30 seconds. _

5. Add 0.36 mL (39.8 mg, 0.090 mmol) of a 0.25

M solution of BOP in dichloromethane.
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30+ 125 ng (98% of Conpound B as an opaque glass. M5 (M+H)+ 758+. -139-
C - (S) N[[1, 2,3, 4- Tetrahydro 2-[N-(3-(1H

i m dazol - 2- yI)propyI] L-val yl ]-3- isoquinolinyl]carbonyl]-L-un%ib oni ne,
trifluoroacetate (1:2) 5 The titkeldbnmpound was prepared in 54%
yield as a white powder from Conpound B as described for Conpound F of
Exanple 2. M5 (MH[err] 514[err]. Analysis for C26H37N604S-0.35 [err]-2.3
[err]: 10 Calculated: C,. 46.87; H 5.14; N 8.93; S, 4.09;, F, 16.72.
Found: C, 46.9%- H 5Mix tnbegcgptents by vortexingmt speed 3

- 15 See the tabl e yowof eecbhasf ol | owi ng Exanples 52 - 148. 20 Exanples

52 - 72: A N [(1, 1- D pet hyl et.hoxy) ~carponyl ] =N:[ 1-
triphenylnethyl-ini%ézol-4ﬁ?§5b§wﬂ¥P9eL§95ﬁigem¥s%ﬁi?#§¥%ﬂ¥°@§¥hane'

Sodi um hydroxide (4.7 m offok. @Gmineguehishsebrei vsed ag yndtgchilasriatkded to
a solution of Cogpoylq v, Of noX HUlHmAR ?- e cabridiut 'the

following steps sequentially on each tube:

1. Add 0.3 mL of DMF.
2. Mix tube contents by vortexing at speed 3
for 30 seconds. _
10 3. Add 0.3 mL (7.6 mg, 0.075 mmol) of a 0.25 M
solution of triethylamine.
4. Mix tube contents by vortexing at speed 3
for 30 seconds. _
5. Add 0.3 mL (59.5 mg, 0.075 mmol) of a 0.25 M
15 solution of the Compound A, in dichloromethane.
6. Mix tube contents by vortexing at speed 3
. for 30 seconds.
7. Add 0.33 mL (36.4 mg, 0.082 mmol) of a 0.25
M solution of BOP in DMF. '
20 8. Mix tube contents by vortexing at speed 3
for 30 seconds. |
9. Wash syringe with 5 ml of DMF.

For both coupling protocols, after 20 hours,
25 the reaction vessel was transferred to a fume hood
and TFA (1 mL) was added. After 2 hours the
reaction mixture was concentrated on a Savant Speed
Vac (approx. 2 mm mercury for 20 hours). The
residue was then purified by ion exchange
30 chromatography on a solid phase extraction
cartridge mediated by the Benchmate® robotic
workstation using the following protocol:
1. Add 1.0 mL of methanol to the reaction.

—_—
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met hanol (10 nml). The resulting mxture was stirred for 5 mnutes, then
concentrated in vacuo. 30 The residue was dried in vacuo to give Conpound
A as a white powder which was used wi thout purification. Lp7180 - B
Exanpl es 52 - 72 The coupling of Conpound A4® t#h vari ous am nes was carri ed
out using a standard diisopropyl carbodiimde (DI C) nmediated coupling. 5 The
process was autonmated by using a Zymark Benchmate[err] robotic workstation
to carry out the acid-amne coupling and the purification of the resulting
am de products. An 3.BM PC Mt Quskanli ofr dhichleorzpethanBehchtiee err|

wor kst ati on oper at i Qg 40 opr 0gram and to wite the Benchmate[err]
procedures. The protocol for the preparation of the conpounds of Exanples
52 - 72 follows: A36 x 106-FRukss ConheRtEadYcNarEedingt At oSPeed dol 15  of
t he am ne conponentfandk(cayrehdag.t h a plastic cap/ col um hol der. For ami nes
whi ch were usedcas free bases,. . t.he Bepchmatelerr], then carried out the

foll ow ng steps Sse ent i ala%gf‘%htleo&ﬁ S’%ﬁé’?nlg‘o&lh Rgasﬁ. gx{ﬁa%'f’l%t hyl ene
chloride. 20 2. colagah 0(13 Oig,0fSCX ©af3oi emthange) owiCGorpdudd of i n DVF

(0. 075 nmol). methanol at 0.25 mL/second.
5. Load reaction contents onto column at 0.05
mL/second.
10 6. wash column with 3 x 10 mL of methanol at
0.1 mL/second. '
7. Elute column with S mL of 1 M ammonia in

methanol and collect into a tared receiving tube at
0.1 mL/second.

15 All solution/solvent deliveries were
followed by 1.8 mL of air and a 10 second push
delay was used after loading reaction contents onto
the ion exchange column.

The product solution was concentrated on a

20 savant Speed Vac (approx. 2 mm mercury for 20
hours). The compounds of Examples 109 - 112 and
127 - 131 were further purified by Preparative
HPLC on a YMC ODS-A column (S-5mm, 250 x 30 mm, A =
220, 10-90% ageous methanol, 0.1% TFA, 30 minutes

25 gradient elution) and were produced as TFA salts.

Examples 132 - 140

The coupling of Compound A of Example 30
30 with various amines was carried out using a PyBrop
mediated coupling. The process was automated by
using a Shimdazu SIL10A autosampling workstation
connected to a Shimdazu LC-8 preparative HPLC to
carry out the acid-amine coupling and the
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3.+ *Add 0.3 nL of a 0.3 Msolution of HOAt in DMF (0.09 mmol). 4.
Vottex for 30 seconds at speed 3. 25 5. Add 0.3.nL of a 0.3 Msolution
of DICin nethylene chloride (0.09 muol). 6. Vortex forpp@ipeconds at
speed 3. 7. Wash syringe with 5 nL of- retéy ene chloride. 30 For
am nes which were used as hydrochl oride salts, the Benchmate[err] then
carried out the follow ng steps sequentially on each tube: 1. Add 0.3
nmL of di chl or onet hane. - 141 - 2. Add 0.3 nL (7.6 ng, 0.075 nmol) of
a 0.25 M sol ution opurificayiomiof the dieshildrinie:tamide pgoductsM xThebe
contents by vortexi s &2 defy, 3 (45.8
ng 0.075 mmol ) of ggrﬁ%téﬁ/lfsolvﬁ?él %rc?% oSln%“% Shlmdaég s ]A d 0.30
nL (12.2 ng, 0.090 ﬁiﬁBF?mo‘r’°‘&t’€P133€F1T\/|%%I‘-'tha§@ & HJTG&‘FG?E%WF fgle for)

tub(e contents by voréageng mixsmgeed 'ﬂ1éL|Q>rcft.QJ“co'i0 mcg&épgrzcmn oﬂdﬂ 0. 30
m. (11.3 ng, 0.Q90 30 M sol ut | | C.i.n_di.ch]l or onet hane. 8.
M x tube content’s b?mbg%fegf% (ém%od.gé of.OnE.xamee 30 and E{ue

corresponding amines was as follows:

A 4 nmL glass autosampler vial was charged
with 0.2 mmol of the amine component and capped
with a teflon coated rubber septum. The Shimadzu

10 SIL10A then carried out the following steps
sequentially on each vial:

1. Add 0.20 mL of a 0.5 M solution of Compound
A of Example 30 (0.10 mmol) in methylene chloride.
2. Add 0.40 mL of a solution containing 0.5 M

15 DMAP (0.2 mmol) and 1.0 M triethylamine (0.4 mmol)
in methylene chloride.

3. Add 0.25 mL of a 1.0 M solution of PyBroP in
methylene chloride (0.25 mmol).
4. Mix three times by needle aspiration.

20 5. Wash syringe with 2 mL of acetonitrile.

After all reagents were added, the rack
containing the reaction vials was transferred to an
orbital shaker and the vials were shaken at 200 rpm
for 18 hours. TFA (1.0 mL) and 0.075 mL of

25 triethylsilane were then manually added to each
tube. After 4 hours, the vials were uncapped and
their contents were concentrated in vacuo in a
Savant Speed-Vac™., The residue in the vials was
then dissolved in 1.0 mL of THF and 1.0 mL of

30 methanol, and the solutions were injected
sequentially by autosampler into the Shimadzu
preparative HPLC. Chromatography was carried out
on a YMC S5 ODS column (30 x 250 mm), eluting with
25 mL/minute of a linear gradient from 10% to 90%
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for 30‘'seconds. 15 9. Wash syringe with 5 nL of dichl oronethane. For
both coupling protocols, the tubes were allowed to stand for 24 hours,

after which 2.0 nL of TFA and 0.2 niL of triethylsilane wereLD&bal | y added
to each tube. After 4 hours, the tubes werel4®D - concentrated in vacuo in a
Savant Speed-Vac[err]. The tubes were returned to the Benchmate[err] and
the contents were purified by ion exchange chronat ography on a solid phase
extraction cartridge nediated by the Benchnate workstation 25 wusing the
fol | owi ng protocol : agueous mefehangd egntpining addl TFANeVAY| 8Be chloride to

the test tube. 2. min¥pesex Fedctibrse GRS niiniteeed By diltraviépedition a
Vari an solid phase egtr tion 30 ‘%@rtrldg? contalnlng.l.o 8 §§X resan wth
10 nL of 1:1 net hanBPSOTRRRGS | TnlThIT i a5 CPREALPIBEFRe desired) o5y
reacti on contents oproduotsintasitdérdhiridddnomiss spectid8copP) wereR nse

Lm0, Skl T g o e ©

of Examples 132 - 14
Examples 141 - 148

10 a. (3s)-1, 2,3, 4-Tetrahydro-2-[N2-[ (1,1-
dimethylethoxy)-carbonyl]-Nz-[z-(l-
triphenylmethyl-imidazol-4-yl)ethyl]-L-
valyll-3-isoquinolinecarboxylic acid,
methvl ester

15 HOAT (1.31 g, 9.63 mmol) was added to a

slurry of Compound A of Example 30 (3.55 g, 6.42
mmol), methyl L-1,2,3,4-tetrahydroisoquinoline-3-
carboxylate (4.38 g, 19.2 mmol), EDC (1.84 g, 9.63
mmol) and DIEA (5.59 mL, 32.1 mmol) in DMF (26 mL)
20 under argon. After 16 hours, the reaction was

diluted with NaHCO3 (20 mL), 10% LiCl (10 mL) and
ethyl acetate (75 mL). The aqueous layer was
extracted with ethyl acetate (2 x 75 mL) and the
combined organic extracts were washed with NaHCO3

25 (30 mL) and LiCl (2 x 30 mL), dried over MgSO4,

filtered and concentrated. The residue was

purified on a flash silica gel column eluting with
a step gradient of 9/1, 8/2, 7/3, 6/4, hexane
/ethyl acetate. The isolated product was dissolved

30 in ethyl acetate, the solution was washed with 10%
HCl, and the organic layers were concentrated to
afford Combound A as a light yellow oil (2.75 g,
59%).

—_—
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58 7. Rinse colum with 5 nL of 0.01 N ammonia in nethanol at 0.10

nt/ second. 8. Elute colum with 7.5 nL of 1.0 N ammoni a i n nethanol at
0.05 nm./second into a tared receiving tube. 10 9. Washpggbi nge with 5
mL of 1:1 methanol nethylene chloride. Thel®®m ents of the receiving tubes
were then concentrated in vacuo in a Savant Speed-Vac[err]. Honogeneity of
the products was determ ned by HPLC, 15 and identity was confirmed by

el ectrospray mass spectroscopy. Exanples 73 - 83 20 The conpounds of
Exanples 73 - 83 weLe prepasedltzoﬂlEbmctmahyd¥d4ZHmN§Gmnm ds 52 - 72 as

descri bed for the conpoungim%gﬁgi 5@%¥b4$§ /Vﬁz unds were further

purified by preparative 2 lons: A 30 x
250 nm YMC S5 ODS col um masprnYémethh*EﬂidﬁZQﬁﬁﬂﬁxikﬂthaidr@dlent from
10% t o 90% aqueous et hangk s\ger e noni t ored

by ul traviol et absorbance at. : ract |on§ - contafnln the desired
pr oduct (usualli-the maj ot Heﬁﬂ?Hmé?e c%hbl%éh‘%%HchﬁE% &% & vacuo to
give the conpound8sequxaﬁpbesca:8pouﬁ6 RS(P Y, 3.178 mhedngenei ty was

determ ned by anal ytigah,1 sour (18 / 13 mL). After stirring for 15
hours, the reaction mixture was diluted with ethyl

acetate (30 mL) and neutralized with 1IN HCl (5 mL).

10 The aqueous layer was extracted with ethyl acetate

(2 x 100 mL). The combined organic layers were
dried over MgSO4, filtered and concentrated to
afford Compound B a light yellow oil (2.56 g, 100
%).

15
A 16 x 100 mm tube was charged with 0.075 mmol of
the amine and capped loosely with a plastic
cap/column holder. The Benchmate® then carried out
the following steps on the tube:

20 1. Add 0.3 mL of dichloromethane.
2. Add 0.3 mL (53.4 mg, 0.075 mmol) of a 0.25 M
solution of Compound B in dichloromethane
3. Add 0.30 mL (12.2 mg, 0.090 mmol) of a 0.30
M solution of HOAT in DMF.

25 4. Mix tube contents by vortexing at speed 3
for 30 seconds.
5. Add 0.30 mL (11.3 mg, 0.090 mmol) of a 0.30

M solution of DIC in dichloromethane.
6. Mix tube contents'by vortexing at speed 3
30 for 30 seconds. '
7. Wash syringe with 5 mL of dichloromethane.
After 20 hours, the reaction vessel was
transferred to a fumehood and TFA (1.5 mL) was
added. The mixture was allowed to stand for 20
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- 443 > HPLC, and identity was confirned by el ectrospray mass spectroscopy.
5 Exanples 84 - 100 The prot.ocol for preparation of the conpounds of
Exanpl es 84 - 100 from Conpound E of Exanple 20 follows: 10LB71b x 100 mm

t ube was charged with 0.075 mmol of the aml®d econponent and capped | oosely
with a plastic cap/colum hol der. The Benchmate[err] then carried out the
follow ng steps on the tube: 15 1) Add 0.2 nL of dichloronethane.
2) Add 0.3 nL (0.075 mmol) of a 0.25 Msolution_of Conmpound E_of Exanple 20
in DMF. 3) Mx tubemiRptest oy tgatdwilsd lanesddefl Bl owagoaddednds. 20

4) Add 0.33 nL (0. ARBZeFfMP4 )h&lirs, &heb nitkeolret waB ebnBehktiat&fonod M X
tube contents by vortexing, at i eeddg for 30_seconds. gﬁ-ggs yringe with
er?d® Xt

5 nmL of 25 dichi or oPRY#AHeSP9$ ApRTOX. 2hEm PELEY e contents
were purified by idlowxehangrhe hrepiaiuegwaghpueifdedobydiphasrckamgact i on

cartridge ”EdiaEFd,QHréﬂsf£§¥Egﬁvﬂéﬂ‘%’E51&8b8552e38x%9555385i0” using the

fol |l ow ng protocol
cartridge mediated by the Benchmate® robotic

workstation using the following protocol:

1. . Add 5.0 mI of methanol/dichloromethane
(1:1).
10 2. Mix tube contents by vortexing at speed 3

for 60 seconds.

3. Condition a Varian solid phase extraction
column (1.5 g, SCX cation exchange) with 10 mL of
methanol/dichloromethane at 0.15 mL/second.

15 4. Load reaction contents onto column at 0.02
mL/second. '
5. Wash column with 3 x 7.5 mL of
methanol/dichloromethane (1:1) at 0.1 mL/second.
6. Wash column with 0.01 M ammonia in methanol.
20 7.  Elute column with 7.5 ml of 1 M ammonia in

methanol and collect into a tared receiving tube at
0.05 mL/second.
All soluﬁion/solvent deliveries were

followed by 1.0 mL of air, and a 5 second push

25 delay was used after loading reaction contents onto

' the ion exchange column. The product solution was
concentrated on a Savant Speed Vac (approximately 2
mm mercury for 20 hours) to afford the compounds of
Examples 141 - 148. For the compound of Example

30 148, triethylamine (0.3 mL of a 0.25 M solution,
0.075 mmol) was added to the reaction mixture since
methionine benzyl sulfonamide, hydrochloride salt
was used as the starting amine.
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1) Condition a Varian_s

exchange) wi

reacti on contents
m_. of met harmhiss
0.1 M ammoni a

M anmoni a in

nmL/ second. 10

of met hanol

AII

-phase extraction colum (500 ng, SCX cation

at 0.25 nlL/second. - 144LD7§_)° Load

\amh at 0.05 rrL/seo%mg._-_S) Wash colum wth 2 x 10

cond. 5

Wash columm with 2 nL of

0.1 nmi/second. 5) Elute colum with 5 nL of 1
coIIect into a tared receiving tube at 0.1
sol ution/sol vent deliveries were followed by 1.8
nmL of air and a 10 second push delay was used after |oading reaction
contents onto the ion exchange colum. The product solution was
concentrated on a 15 Savant Speed Vac (approx. 2 mmHg for 20 hours) to

. EXanpr s 10T~

TOS 20

THE COIMpounas. ol Exanpr s

Rl were int roﬂ@.ﬂmmﬂ*m]_ﬁ, and 6 of

T{C“ bed for t;he conpounds of Exanpl es|84 - 100
sfep

iphenyt-L-valinamide. | V2287 (MeH)+

' N<2-[2-(1H-lm|dazol-4—yl)eﬂwﬂ‘N'[(3' m/z 315 (MeH)+

mmylphenyl)-mthyl]-L-valinamide
|

) o)

—r—— - o

IN<2-[2-(1H-Imidazol-4-yl)ethyl}-N-{(4- |
imethylphenyi)-methylH-L-valinamide. "2 o> (MeH)+

‘Ne2-{2-{1 H-Imldazol-4-yl)sthyl]-N-(3- ;
: phenyipropyl)-L-valinamide. i 2323 (MeH)+

N_ )
0

i
b
'N-Ethyl-N<2-[2-(1H-imidazol-4~ !
yl)ethyl]-N{(Z—methyl-phanyl)methyl]—L m/z 343 (M+H)+

N-Ethyl-N<2-{2-( 1H-imidazol-4-

W}N{(mmyt-pnenya)metnyu-L m/z 343 (M+H)+
ivalinamide.

;;N-ElhyI-N-{(z-ﬂuomphenyl)mamyI]-
N<2-{2-(1H-imidazol-4-yl)ethyil-L-  ~ m/z 347 (MeH)+
-valinamide. ;

af ford proaucts.
101 - 108 wer e pf ed a
except the f(@%
t he coupl | prot ofp
53
'i
i
]
i
54
l
|
56 '
N
\
57 i ‘&N]\/\
N
!
58 - N]\/\
N
L6 )
59 ; NB\/‘N

iN-Butyl-N<2-{2-(1H-imidazol-4- .
'yi)ethyi}-N-(phenyl-methyi)-L- . mfz 357 (M+H)+




2 5h. Add 0.3 nmL (7.5 mg, '0.075 mml ) of 0.25 Mtriethylam ne; and 5c.
X tube contents by vortexing at speed 3 for 30 seconds; 3 g the

fol | owi ng stemsgﬁgtqqagggeﬁ &f before step,kq0f. the purification protocol:

| a. Add 0.2 to the reactlon and Ib. -~ Mx tube contents

by vortexing at 0 seconds. - 145 - Exanples 109 - 131 5

A N- (1 1 -carbonyl] -N

[ i m dazol - 4-yl - et hyI ]- L vaI [ ne tetrabutyl ammoniumsalt To a sol ution of

Compound E of Exanple 16 (778 ng, 2.5 nmmol) in nethanol (3.0 nL) was added

10 1.0 Mtetrabutyl ammoni um hydroxide (2.5 nL, 2.5 mol,

I n met hanol ) and

the m xture was concentrated i n vacuo. The residue was dissolved in
di chl or thane (10 o) _and filtered through a 0 5 [errlmfrit _The

sol ution was concentrated and ¥5 di ssol ved in 10 nL of dichl oronethane to
give a[0.25 Mso| ution of Co und A B. B A i3l 20 A
16 x 100 ngo t ube, \Mag\c/rla 8.0 ny Cmﬁéﬁm NSV m/z 359 (MeH)+
conponght and cap L-valinamide.
i
. » 3\/\ j:/ N<2-{2-(1H-imidazold-yljethyi}-N- |
61 l N N N methyl-N-(1-naphth-alenyimethyl)-L- . m/z 365 (M+H)+
i L valinamide.
: o)
:4:'3\/\"\(," N<2{2-(1H-Imidazol-d-yljethyl}-N-(2- -
62 | o b phenylethyi)-N-(phenyimethyl)-L- | m/z 405 (M+H)+
i 2 |
":}\AII(N N-(©-Anthracenyimethyl)-N<2-{2-(1H- -
63 | 0 O imidazol-4-yi)-ethyi)-N-methyl-L- | mfz 415 (MeH)+
! Q valinamide. I
| v |
:«:LNY N\WM iN-Dodecyl-N<2-{2-{1H-imidazol-4- |
Ny 0. yl)ethyil-N-(phenyi-methyl)-L- ' miz 469 (M+HM+
64 [) valinamide. !
! !
I )

‘ /N

|(S)-1,2,3.4-Tetrahydro-1-{2-{[2-(1H-

imidazol-4-yl)-ethyljamino}-3-methyi-1-: m/z 327 (M+H)+

goxobutyl]quinoline.

& ]\/\ j:( FlN-[2-(3-F|uorophenyl)emyl]-N<2-[2-
66 ‘/\©’ (1H-imidazol-4-yl)ethyi}-L-valinamide.

mlz 333 (M+H)+

6.7 < ]\/\ I,N‘\__@

'N-[2-(2-Fiuorophenyi)ethyl])-N<2-{2-
i 1(1H-imidazol-4-yi)ethyl}-L-valinamide.

m/z 333 (M+H)+




Joosely with a plastic cap/colum hol der. For ami nes which were used as
ree.bases, the Berrch‘mit‘"[men carried out the foll ownmzEheps 25
sequentlal I y on each tube Add 0.3 qg40f dichloronethane. 2. M x
tube contents by‘h peed 3 for 30 seconds. 3. Add 0.3 niL
(59.5 ng, 0.075. M 30 solution of Conpound A in

di chl or onet hane. e contents by vortexing at speed 3 for 30

seconds. 5. Add O 36 m_ (39.8 ng, 0.090 mml) of a 0.25 M solution of
BOP in di chl or omet hane. - 146 - 6. M x tube contents by vortexing at
speed 3 for 30 seconds. 7. Wash syri nge with 5 nl of dichloronethane.

For am nes which were used as hydrochloride 5 salts the Benchmate[err]
t hen cgarired oudt the TUI | UWI Mg StepsSscqgaeTt et Y O Tacitaoe.

ya100)

0.3 nmiL{of DMW. 2 be cont s by vortexing at speed 3 fl)r 30
secondi;. 10 3. m (N<ZA2-(tiirhidazdi-4eyl)eth@bNA2-s ol ut i on of
triethyl a8 ne. co t oYt s H@-methaxg-phanyilethyli-beed 3 rmm(Mi-H)*-
Q. valinamide. '

| E NL\ N<2-[2-(1H-imidazol-d-ylethyl-N-2- :
69 ¢ N O~ '(3-methoxy-phenyethyl}-L- miz 345 (M+H)+
a N N valinamide.

~_L ) INe-2-Chiorophenyijethyl-N<2-2-
70 ]\/\ I(N (1H-imidazol-4-yljethylH-L-vaiinamide, ; ™= 340 (MeH)+
c 1

m N-{(2-Hydroxy-3- N, .
.methoxyphenyl)methyl

7 "' n S o ‘imidazol-4-yl)ethyl}-N-(phenyimethy)- | ™2 437 (MsH)H-

‘ o @.o ‘L-valinamide.

!

|

- |

' (\ \,(, , N<2-{2-(1H-Imidazol-4-yi)ethyi}-N-[(4- -

72 ]\/\ N O methoxyphenyl)-methyl}-L-valinarnide. mi2 331 (m+H)

(Nl/\ ™) N{e-Chiorophenymethyll-N<22-
737 N N~ (1H-midazok-t-yethyi}L-vainamide, miz 335 (M+H)+
N o) a trifiuoroacetate.

N \J; - ‘NeEthylN<2-{2-(1H-imidazobe
wo N N_Q wnmw1—~4(&memw-pnmw>memer 2 343 (MeH)

valinamide, trifiuoroacetate.

e S i
‘::}\» T N-(2-Cyanoethyl)-N<2-{2-(1H-imidazok:

75 ' 0 _ 4-yl)ethyi}-N-(phenyimethyl)-L- | m/z 354 (MeH)+
x valinamide, trifluoroacetate.




for 3Q seconds. 5r———Add 0.3 nl (59.5 ngy, 0.075 mol) of a 0.25 M 15

sol uti-on of T4;
vort exi ng at
mmol) of a 0
vortexi ng at
For both coupling protoc

ound

A, in dichloronethane. 6.
eﬁgmseconds :

of BOP in DVF.
Iiﬂo seconds.

-after 20 hours 25

Bepcontents by
d 0.33 nL (36L§ ng, 0.082

8. M x tube contents by
Wash syringe with 5 m of DWF
the reacti on vessel was

transferred to a fune hood and TFA (1 nL) was added. After 2 hours the

reaction m xture was concentrated on a Savant Speed Vac (appr ox.
mercury for 20 hours).

2 mm

The residue was then purified by ion exchange 30

chromat ography on a solid phase extraction cartridge nedi ated by the

Benchmat e[ err] robotic workstation using the foll owi ng protocol: 1. Add
1.0 of methanol to the reactlon 147 - 2. Add 0.2 nL jof
di chl of orret haneg t he CtIO M x tube contents b vorteX|ng at
speed B 7iéor 60 syclj\nd/s\ @:ondl tN'ﬂM’MF‘PM"@WW
extracktion ]N‘Z‘[Z‘(1 H'imldw.'*yoaw l III/Z363 (M+H)+
: ;wmmmmmaumummmnum& |
| H i
| I |
| N _@ |N-[(2-Chbmphenyl)meﬂ1yI]-N-emyt-
77 14 ]\/\ N 4 IN<2{2-(1H-imidazol-4-y)ethyll-L- | m/z 363 (M+H)+
I N N ) ivalinamide, triflucroacetate. '
.l (o] ; (
3 a ’
i NH{(2-Chloro-6-fluorophenylimethyl}-N-
78 | M\» N {ethyl-N<2-[2-(1 H-imidazol-4-yhethyi-Ly m/z 381 (M+H)+
i N N ;/) F wumunmdatﬂmxnomxmne ,
i o)
| ;
a i
.79 WHQAJmemmWNmeMWNQWw
' {:}\/\ N a IN<2-{2-(1H-imidazol-4-yl)ethyl}-L- ' m/z397 (M+H)+
N ~ ) vatinamide, trifluoroacetate.
0
EEB\V/\;]:;s;~1::] i*ﬂa*ﬂMNﬁﬂﬂ;Tz??:ﬁ%?Nﬂ&EbI
wﬁmnmdeﬂﬂMonmmmum
s ’ . |
: Y °‘j iN,N-Bis{(2-ethoxyphenyi)methyi}-N<2- :
81 ! ‘N...l»" N “[2-{1H-imidazol-4-yi)ethyi]-L - | mfz 479 (M+H)+
o :} valinamide, trifiuoroacetate. :
: 2
o i :
- Y ) N,N-Bis[(2,3-dimethoxyphenyl)methyl}-
82 L Y | INe2-{2-(1H-imidazol-d-yhethyi-L-  ° m/z 511 (MsH)+
; o ‘valinamide, trifluoroacetate. i
| v O~ ; !
l a a ' |
f = ‘N-(2.3-Dichlorophenyi)methyi}-N-ethyij
83 : (N 7,\\/\ N"—(\j/ ‘N<2-[2-(1H-imidazol-4-yi)ethyil-L- mvz 398 (M+H)+
- N N ) ‘valinamide, triflucroacetate. :
| o :




col um—-31-6—¢,—SCX cation exchange) with 10 nmL of nethanol

rrL/second 5. Load reaction contents onto col um at 0

6. Wts%mmhumn x 10 nL of meth
El ute coI of 1 Mammonia i
receivin / second. 15

were foll ovved

0. 25
?/second 10

at

_at 0.1 rrL/secon
n net hanol and collect into a tared
Al sol-ution/solvent deliveries

of air and a 10 second push delay was used after

| oadi ng reactlon contents onto the ion exchange colum. The product

solution was concentrated on a 20 Savant Speed Vac (approx.

2 mm nmercury

for 20 hours). The conpounds of Exanples 109 - 112 and 127 - 131 were
further purrfred by Preparatlve HPLC on a YI\/C CDS—A coI umm (S-Snm 250 x 30
el ut] on) and vvere pr od ced as TFA sal ts Exarrpl es 132 - 140 The'coupl i ng of
Conppund A of 230 30 with various amnes was carried out ‘using a
PyBr gp gaedi at e cdhb'?" ng. The process (@Sr-Ad@dtydroxwropyd-Nepher(th-Shimdaz gasr)+
SI L1PDA aut osarrpl i ng o\m kstation connect;BHdazgi-4syletyikls prapar ative -
HPLQ to carry ‘out the a&l d-am ne couplilng and the i
i
&
i o Y r’;) (S)-1,2,3,4-Tetrahydro-2-{N-(1H-
N : imidazol-4-yiacetyl)-L-valyl}-N-{2-(1-
o . N P imen e ayly miz 481 (MeH)+
°o-‘~N y isoqumolmeearboxamrda '
N oY ,O (38)-1,2,3,4-Tetrahydro-N-{1- i
N e (hydroxymethyi)-3-{methyithio)propyil-| - 500 sty
86 : o . 2{N-(1H-imidazol-4-ylacetyi)-L-valyi}- :
o N > 3-isoquinoclinecarboxamide. g
i
i oY /O (38)-N-{2-(6-Fiuoro-1H-indol-3-yi)-1-
87 iﬁ'vw Mo (1H-imidazo:4'~2y'30a'cetyl)-b?alr;-l]§-. - Mz 559 (MeHp
; o '*NJ\’EQF isoquinolinecarboxamide. ‘
i -
| b
| Q0 [1S-{1R°(R"),2R°]}-1,2,3,4-Tetrahydro-
88 A N-{2-hydraxy-1-(hydroxymethyi)-2-}4-
0 L . (methyithio)phenyilethyl}-2{N-(1H-  mvz 580 (M+H)+
: o X ¥ imidazol-4-ylacetyl)-L-valyl}-3- |
- isoquinoline-carboxamide. ,
: Z . ! .
Tl - ~{N-(1H-imi
89 NlﬁN s Ne- J/ ylaeetyl)—t.—valyl]-a-isoqumoilneo 5me26 (M+H)+
o . 'carboxamlde ;
o N ,
" /Q i(8)-1,2,3,4-Tetrahydro-2-{N-(1H- :
90 [ '- imidazol-4-ylacetyl)-L-valyi]-N-(3- i
(o) A~ {isoquinolinecarboxamide. |
ON o) 1 !
o1 \ J;D ‘(S)-1 .2,3.4-Tetranydro-a-[N-(i H- ;
7 O -rnmldazol-tt-ylacetyl)-L-valyll-N-{s- ,
NJ\/"N):,. Ny ' (methyithio)propyl}-3-isoquinoline- miz 472 (M+H)+

‘carboxamide.




-¢ 148 - m' resul ting am de products.
pf ogr amreﬂuslsﬁéeaﬁas% meng

pretreatne
am des fro
foll ows: A

u SCL- 10A sy
ent m Xxi ng.
f Exarrpl e 30 a
tosarrpl er vial

The wor kst
stemcontroller to

The otocol for
nd E‘E c

was charged with 0.2 mmol

ati on was

g@;fnfl on of 5

correspondl ng am nes was as

of the

am ne conponent and capped with a teflon coated rubber septum The Shinadzu
10 SIL10A then carried out the follow ng steps sequentially on each vial:
1. Add 0.20 nL of a 0.5 Msolution of Conpound A of Exanple 30 (0.10

mol )

i n met hyl ene chloride. 2.
0.5 M15 DVAP (0.2 mol) and 1.0 Mtriethylamne (0.4 nmol)

Add 0.40 nmL of a solution containing
I n net hyl ene

chloride. 3. Add_0.25 nL of a 1.0 Msolution of PyBroP in_nethylene
chlofrde (0.25 mmol). 4. M x threeitines by needle aspiratipn. 20 5.
Washj syringe with 2 m_a?cetonitri | e. 1t2:§4.a|43{n guver ey added, the
rack| cogy ai ni ngq hg YyYeactyon vials was -&Yﬁ&iyl)tLOva'Nll Hala g@e d
t he yi afﬁs wer @ M 00 for 18iniGdso uxlgma 636 {M_&@T
25 f{riethylsilane vveom)z ual l'y éddaakamugeach t ube. After 4 hours,
the yials weré uncappe@ Md th8ir contdnts were concentrated inifvacuo in a
'. (S)-1,2.3,4-Tetrahydro-2-{N-(1H-
| M o ):n - imidazol-4-ylacetyl)-L-vaiyl}-N-(2- m/z 488 (MeH
LSS G B e
o-o N soquinolin .
' 1
i /(P Ey1234 Tormmyuo 2t
Ny 0 : imidazol-4-ylacetyl)-L-valyl]-N-{3-(1H-
| | ' 492 (M+H
9% :l"‘nﬁ e . imidazol-1-ylpropyll-34saquinoline- | ™= <02 (1Y
Oqy N/\/‘N_N learboxamnde. :
. /Q (S)}1,2.3,4-Tetrahydro-2-{N-(1H-
o5 M ©Q ! ' imidazok-d-ylacetyl)-L-valyl-N-{2-(2-
; N~y “Y thienyi)ethyi}-3-isoquinoline- | Mz 484 (M+H)+
! o] carboxamide.
| VY |
|
| o p (S)-1,2,3,4-Tetrahydro-2-{N-(1H- l
P ‘ imidazol-4-ylacetyl)-L-valyi}-N-(4-
9% IN NK . hemw‘;,a_ Il}-N-( 2516 (MeH)
. 4 phenylou . |
. 0 N'\’\/O isoquinolinecarboxamide. E
! @
Ny O /Q \[1S-{1R*(R"),25"]}-1,2.3,4-Tetrahydro-
7 ' :N=(2-hydroxy-1 -methyl-2-phenylethyi)-
o7 N “K'NI J\(Q {2{N-(1H-imidazol-4-yiacetyl-L-vatyll- | ™20 0 (P
°o N 5 ahoqunnollneearboxamlde !
l
|
Ny o ! /Q -(38)-1 2,3 4-Tetrahydro-2-{N-(1H- |
1Y, ‘imidazoi-4-ylacetyl)-L-vaiyl}-N-(1-
98 N ONI ,L’ meﬂtyl-z-phenoxyemyl)-a-isoqumolme- miz 518 (M+H)+
O'N o‘@ catboxamide.
N /EP i(S)-N-[Z-(a,4-Dimethoxyphenyl)ethyl]-;
99 : Ny O S o ' 11,2,3,4-tetra-hydro-2-{N-(1H-imidazol- -
NS Ay e /\/@o :4-ylacetyi)-L-valyl}-3- M2 548 (MeH)
- (o] oN %isoquinolineeatboxamide. l




Savant, Speed- Vac[ err].

m_ of 'THF and 1.

sequentlally
Chr omat ogr ap
eluting with 2
aqueous nethan

i

nL of 30 net hanol ,

i

0 1% TFA over

The residue in the vials was then dissolved in 1.0

and the solutions were inj

rh& to the Shimadzu
on a YMC S5

a linear gradient from10%to 90% -

ect ed
reparative HPEE7

colum (30 x 250 mm),

149 -

30 mnutes. Fractions were

nonitored by ultravi oI et absorbance at 220 nm Those contai ning the desired
products (as determ ned by nass spectroscopy) were 5 concentrated in the

Speed-Vac to give the conmpounds of Exanples 132 -
(39)-1,2,3,4-Tetrahydro-2-[Nerr] -
di et hyl et hoxy) - car bonyl ] -

tri phenyT et hyl -1 mdaZOI
acid t hyl ester
of Co

10 A

N[err]-[2-(1-

140. Exanples 141 - 148
[(1, 1-

TEetnylJ-L- valryl]-3-1soqurnorinecar boXyl1c

(SBN43{4mo| ) was added to a slurry

|
TQ(b. 31 0;
owed A of! N 6. 42-(Amisosuttonyliphenyllethyli-1.2.3.4-
L-1, 2, 3, 4-t et r ahyg 3- " car boj NygH-midazgl-4- mp| ) V2EET(M+H)+
(1.84 ¢, 9.63 mw{ol) andd) (5 59 nmL, 32 )valvﬂ-3f>|vF (26 m.) 2=o under
argon. | After 16; hours, t@eN eaction was |isoquinolinecarboxamide
| '/O (S)-1,2.3,4-Tetrahydro-2-{N-(1H-
N imidazol-4-ylacetyl)-L-valyl}-N-{3-
101 ' N "‘/ (methyisuifonyl)propyil-3-soquinotine- , iz 504 Mk
o N’\/‘ carboxamide. _
i dd j
| @ (s 23A-Tekahydro-N-(-hycrony. :
102 f‘wN- Ne ' m‘{mq"imlm'ﬁm ' miz 512 (MeH)+
; 0 ,carboxamide.
: 0 o
i :LR I' Nfl? ;ls-(R' S+ .2.3.4-Tetrahygar?y-:-'{:[-2
e {(1H-imidazol-4-yiacetyl)-L-vaiyi-N-{2-
103 | 5L, J\CLN _ & miropham e , iz 533 (MeH)s
i 00 llsoqmnollneeatboxamm l
L0 % oY RS {(S)1,2,3,4-tetrahydro-2-[N-{1H- (
.. r 'imidezoi-4-ylacetyl)-L-valyl]-N-[2-(6-
NB\)'N N~ S {methoxybenzo[blthiophen-3-yl)ethyi}-3: m/z 574 (M+H)+
: Y \N/\/EQ'O’ iisoquinolinecarboxamide.
o , !
N oY Q & (8)-N-(Methylsuifonyl)-N<2-{[1,2,3.4-
N ' Aetrahydro-2-[N-(1H-imidazol-4-
105 NN N -ylaoetyl)'-?.-va[lyl.](-s-isoquinolinyl]- - Mz 593 (MeH)p+
o N 5 N&; carbonyi}-L-methioninamide.
; (S)-N-[6-{(4-
:3\3 Y N\’/::) _Chlorophenyi)methyljamino}-6- :
106 NS ° oxohexyl}-1,2,3 4-tetrahydro-2-{N-(1H-: miz 622 (M+H)+
o ann .unidazol-at-ylacetyl)-L—valyl] -3-
a risoquinolinecarboxamide.
© ;(S)-N-(Phenylsulfonyl)-N<2-[[1,2.3.4-
107 ,‘:JJEN tetrahydro-2-[N~(1H-imidazoi-4- iz 655 (M+H)+

ylacetyl)-L.-vatyl}-3-isoquinciinyi}-
‘carhonyll-L-methioninamide.




diluted with [err]

équeous ’ﬂh@)Sﬁé’etl\M@%e%e
or gani ¢ e
flash si I

hexane /et hyl acet at e.

acet at e,

(20 nl),
jed with ethyl
shed with [err]
red and concentrate

10% Lidd (10 nL) and et hyl

dlé

(2.75 g,

acetate (75 niL).
acetate (2 x 75 nmL) apdibhe conbi ned
gl n) and Lid (2 x 30 nl),

The residue was purified on a
eluting with a step gradient of 9/1, 8/ 2, 7/3, 6/4,
The isol ated product was di ssol ved 30
the solution was washed with 10% HC1, and the organic |ayers were
concentrated to afford Conpound A as a |ight yellow oil

The

i n ethyl
590%9. . -

1

150 - B. (395)-1,2,3,4-Tetrahydro-2-[NJerr]-[ (1, 1-
di net hyl et hoxy) car bonyl 1-N err] [ 2-(1-
t ri phenylrettyt=1 l.lruaLm A TLAS A e~ -2 o ; ; Oy
acid 5 1N NaOH (¢ n1_ 9 mml) Qedtoasolutlon)lof
Conpound | A dg2. 75 d;us hanol ww
stirringjfor 15 h(blNIS" eacillon m xtureﬂgm- 2. mq,ei MeH
(30 mL) 34nd neutrdlized X -J,Jﬁ 5 L) . lyikébtyl) -g.s.t | ayer wa POGMH)+
extracted with ethyl acet%te (2 x u m.) . w.mmm,amc | ayers were
dried ove ,
_ N '
109 N OBFve Ne2{2-(1H-imidazol-4-yllethyl-N-
‘T N N 7 (phenyimethyl)-L-valinamide, m/z 301 (M+H)+
o) trifluoroacetate (1:2).
(!"3\/\ Ne<2-{2-(1H-imidazol-4-yl)ethyi-N-(2- '
110 NN YN phenylethyl)-L-vaiinamide, iz 315 (MsH)+
0 triflucroacetate (1:2).
| !
N i . ! ‘
6 \ I( N<2-[2-(1 H-imidazol-4-yl)ethyi}-N-{[4- -
11 N]\/‘N N_@_f.,: (tfiuorometh-yi)phenyijmethyl-L- ' mvz 369 (M+H)+
- 0 F valinamide.
Z:P\/\ Ir N = N~(8H-Fivoren-2-yi)-N<2-{2-(1H-
112 N imidazol-4-yi)ethyi]-L-vatinamide, miz 375 (M+H)+
I0 trifluoroacetate (1:2).

113 é:;‘}\/\

iN-{2-(3,4-Dimethoxyphenyl)ethyl]-N<2-

(1 I-l-|m|dazol-4-yl)ethyl]-L-vahnam|de

!
N o]
i [2-(1H-imidazol-4-yl)ethyl}-L- m/z 375 (M+H)+
! o \/U_O valinamide. Y d (
| N Z
114 & I N
'N-{(2-Fiuorophenyl)methyi}-N<2-[2-
| N]\'\/‘N 6N \F (1l-l-imidazol-4-yl)ye'thyll-l!'\];alina.rslide. | Mz 300 (M+H)+
115 ; (\N.‘J\/\.N N\/©\ q :N-{(3-Chiorophenyl)methyil-N<2-2- miz 335 (M+H)+




afford Corrpound B a I|

¢har ged-wi th Tf
cap/ col urm hoI
on the tTH

(53.4 ng,

3.

DVF. 25 4

5.

seconds. 7.

the reaction vessel

Add 0.30 nL (11.3 nmg,
di chl or onet hane.

ht yellow oil (2.56 g, 100 15 A 16 x 100 nmm t ube was
of the am ne and capped | oosely with a plastic
a@@nchmate[err] then carried out theLDBlbowi ng steps
Add 0.3 nL of di€hl&d onet hane. 2. Add 0.3 nL
f a 0.25 Msolution of Conpound B in dichloronethane
»2 nmg, 0.090 mmol) of a 0.30 Msolution of HOAT in
M X tube contents by vortexing at speed 3 for 30 seconds.
0.090 mml) of a 0.30 Msolution of DIC in
6. M x tube contents by vortexing at speed 3 30 for 30
Wash syringe with 5 nL of dichloronethane. After 20 hours,
was transferred to a funmehood and TFA (1.5 nlL) was

added. M XTOT € V\hb J-owet oSt For—20 =I5 - M nutey, and
triet IsHane(]ﬁ added. 24 hours, the m xture wgs
concent rated onl g vant S eed.Vadl (a prdH(Z.z-Dmmmuyl)yndnyﬂ-W Hours). The
resid was pur [2-'(1Hmdml-4-yl)ethy|]-L- m/z 329 (M+H)+
vaina :
N
117 & l\/\ I/N _
{N-{2-(4-Hydroxyphenyi)sthyl]-N<2-{2-
' N N \/\Q :(1H-imidazok4-ylethyl}-L-vaiinamide, | V= 201 (MeH)+
. 0 0
¢ 3\/\ ' iN-{(4-Chlorophenyf)methyl}-N<2-[2-
118 N N YN Z" |(th-imidazol4-yethyl}-L-vaiinamide. | ; M/2335 (M+H)+
() i
! :
1
NS Py
119 & j\/\ = iN-[(2,6-Difiuorophenyl)methyij-N<2-[2-
N N NS {(1H-imidazok4-yhethyil-L-valinamide. | T2 oo/ (M+H)
0] Foo
( |
o i 2.
120 iN-{(2-Ethoxyphenyljmethyi]-N<2-[2-
‘!:P\/\N N\):] | (1H-imidazok4-yhethyll-L-valinamide. | T2 245 (M+H}
|
0 |
i F ;
N | 'NH{(3-Chloro-4-fluorophenyl)methyl}-
121 E & “j\/\ LN\/@ N<2-[2-(1H-1m|dazol-4-yl)eﬂ1yl]-L- : m/z 353 (MeHM+
. N N a lvahnamu!e !
| 0 - |
Fi |
122 [ N-(2-Chioro-4-fiuorophenyi)methyi}-
& 3\/\ I/N\/\/ :N<2-{2-(1H-imidazol-4-yethyi}-L- | m/z 353 (M+H)+
| |valinamide.
1
i i
i o\ ' {
123 N NS :N-{(2,3-Dimethoxyphenyl)methyl]-N<2-
i 0..~0. '[2-(1H-imidazol-4-ylethyi}-L- : mfz 361 (M+H)+
. */5\0 ivalinamide. |




5;chraomat ography on a solid phase extraction cartridge nediated by the
Benchmat e ic workstation using the follow ng protocol: 1. Add

5.0 nmL of net hanoI/d| RePmet hane (1:1). 10 2. M x tubBDeblnt ents by
vort exi ngr[a;‘ss 60 seconds. 3. - MeAndition a Varian solid phase
extractlon \ SCX cation exchange) with 10 nL of

met hanol/d| at 0.15 nl/second. 15 4. Load reaction
contents on coI um at 0.02 ni/second. 5. Wash colum with 3 x 7.5 nL
of net hanol /di chl oronmet hane (1:1) at 0.1 nl/second. 6. Wash colum with
0.01 Mammnia in methanol. 20 7. Elute colum with 7.5 n of 1 M

ammoni a in nethanol and collect into a tared receiving tube at 0.05
m./ second. All sol ut | on/ sol vent deliveries were foI I ovved by 1 0 L of air,
and a 5 7 Prf~t-€ 2 et it

the ion exchange icol utm. The roduc scFutlon was concentrat ed on 3 Savant

Speed Vac pI’OXI NJM nercur g:r ‘24pnbimidagoia-iyethi]-NHB- conmpounds
of
sol uti

of Exanpl - mmnﬁtw%enﬂlﬂﬁmw-u et hyw/2 869 W+H)+
(0.3rrLof a025 amthiedtothe reaction m xture

si nce ngt hi oni ne xbenzyl sul fcﬁam de; ydrolchl oride salt was used ag the

st arti ng—arre-

N a
e | (\NL\N\J;(N‘/Q: {N-{(3,4-Dichlorophenyl)methyll-N<2-{2{ ) 569 )+
0]

i C |(1H-imidazol-4-yl)ethyl}-L-valinamide.

N A
126 (\NB\/\N N~ N<2-{2-(1H-imidazol-4-yljethyl}-N-{(2- :
: + nitrophenyl)-methyl])-L-valinamide.

| miz 348 (MeH)+

' - . |
127 ([\IB\/\ j:/ \D N<2-{2-(1H-imidazol-4-yl)ethyl}-N-{(2- -
Y N N methyiphenyl)-methyl}-L-valinamide, = m/z 315 (M+H)+

trifluoroacetate.

| ‘i:p\»h;(m\‘ N<2-[2-(1H-imidazol-4-yl)ethyi}-N-(1-

128 naphthalenyimeth-yi)-L-valinamide, m/z 351 (M+H)+
0o trifluoroacetate. '
N
: (\NE\/\N\’((-N iN-{2-{4-(Amincsulfonylphenyllethyil-
129 \/\Q 'Ne2-{2-(1H-imidazol-d-yljethyll-L-  mVz 394 (MaH)+
' o ?0 valinamide, trifluoroacetate. .
1
& N-{[4-(Ammosuﬂonyl)phenyl]methyl]- :
130 ]\/\ j:’ O ‘N<2-[2-(1H-imidazol-4-yi)ethyl]-L- * m/z 380 (M+H)+

S N |val|namude trifluoroacetate.

YO0 b f
o\ N<2-{2-(1H-Imidazol-4-yl)ethyi}-N-(2-
131 ' <N1\/\N - N ‘naphthalenyimeth-yi)-L-valinamide, m/z 351 (M+H)+
- ‘trifluoroacetate. :




-§152-‘[erﬁ1 52 ter+t - 153 - [err] -154- Jerr] -155- Jerr]
il S
132 (N‘l\\/\ I, \,© ‘N-Ethyi-N<2-{2-(1H-imidazob4- i |
- ONOSANN yDStWi-N-(2-methy-phenyl-L- | Mz 320 (M+H)+
! 0 Ny valinamide, trifiuoroacetate. .
| .
"N . |
133 ¢ 3\/\ I/N-Q Ne<2-{2-(1H-imidazol-4-ylethyl-N-{2- -
- N N (methyithio)-phenyl}-L-valinamide, vz 333 (M+H)+
! 0 s trifiuoroacetate. 5
i \ i
4 P I{ N-{4-Chlorophenyi)-N<2-[2-(1H- ;
B i Nl\/‘N N S imidazol-4-yi)ethyi]-N-methyi-L- | m/z 335 (MaH)+
: 0 ~~» a valinamide, trifiuoroacetate.
' 1,1'-Biphenyl]-4-yl)-N<2-[2-(1H- :
133 i {‘;:P\/\NI(N mazol-tt-yle)en:\lyl]i-vaﬁnamide. m/z 363 (MeH)+
_ i 0 rifiuoroacetate. i
1 e
l S
« N-([1,1"-Biphenyl}-4-yimethyl)-N-ethyk- -
136 :P'\)\/\ IrN/*/O/Q Ne<2-[2-(1H-imidazol-4-yi)ethyl}-L-  m/z 405 (M+H)+
. N N 4 valinamide, trifluoroacetate.

Y
. |\ |
137 =£;.~:3\/‘N ;

N-({1,1'-Biphenyi}-2-yimethyi)-N-ethyi-

N y
o l N<2-{2-(1H-imidazoi-4-yl)ethyi}-L- m/z 405 (M+H)+
valinamide, trifluoroacetate.
N o 4-IN-[2-(1 H-imidazol-4-yl)ethyl}-L-
138 .8 1\/‘ \(,«N‘@"‘ valytlaminojbenzoicacid, miz 331 (MeHM+
N N
: o) 0o trifluoroacetate. :
: N _
. o) valyljamino)benzoicacid, m/z 331 (M+H)+
o trifluorcacetate.




YV

-157- [eLrJ___;_lBBL_LeLH— -159- Jerr] - 160 - [err] - 161 - [err]
1162 [err]
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140 & '3-{IN-{2-(1H-Imidazol-4-yl)ethyl]-L-
' N N o ,valyllamino}-benzeneacetic acid, Mz 345 (MeH)+
, (o) Z 0 triflucroacetate. :
| i
141 N /Q S+ .2.3.4-Tetrahydm-2—[N-[§&(3ll-ai- ‘
.. \ imidazol-4-yl)-ethyi}-DL-vaiyl
A (methytthio)propyl}-3- Wz 458 (M+H)
: O™ N~g iism;uinoune::mtn:xmmue
| (S)-1,2,3,4-Tetrahydro-2-{N-{2-(1H-
: ::1 ~ \ iﬂlﬁﬂlOMyl)-ethyl]-DL-vaqu.N
142 N\ENI (Dhenylmemyl)-a-isoquinoﬁne- E miz 460 (M+H)+
ON ( ) ' ;
143 /Q '(38)-1,2.3, A Totmydro 2 N{2 11
| \ |Imidazol-4-yi)-ethyll-DL-vaiyl-N-{1-
‘ :B\/\N N1 ‘pl'l&nvlemvl)-s-lsoqumolme- - miz 474 (M+H)+
i %o NJ\O icarboxamide.

ihydroxyphenyljethyl}-2-[N-{2-(1H-
limidazok-d-yhethylFDLvalyll-3- | T2 490 (MeH)

' /@ | i(SH .2.3.4-Tetraﬁydro-N-[2-(4-
144 :l,nf. Y
i Cq

|woqumounecarboxanude

. ‘tetrahydro-2-{N-{2-{1H-imidazol-4-

n /Q (SFN-{(3-Chiorophenymethyi}-1,2.3.4i
145 M -
: NbNEN

1 q yhethyl}-DL-valy}-3- f miz 495 (M+H)+
o N“@' .isoquinolinecarboxamide. )
' O :(S)-N-([1,1"-Biphenyi}-2-yl)-N-ethyi-
146 - ) i1,2,3.4-tetra-hydro-2-{N-[2-(1H- .
i :]\/" ™ limidazol-d-yt)ethyl}-DL-valyi}-3- | Mz 564 (M+H)+
: %o N\ O iisoquinolinecatboxamide. l
147 N (S)-N-(n 1"-Biphenyi}-4-yl)-N-ethyi-
" 1,2,3,4-tetra-hydro-2-{N-{2-(1H-
Ny 0"1 ~ imidazol-4-yl)ethyi}-DL-valyi}-3- ; M/2 564 (MaH)+
o N

p |soqumolmecarboxam|de




- 163- lerr] - 164 - [err] - 165 - What we claimis: 1. A conmpound of
t;he formula [err] or an enantioner, diastereoner, pharnmaceutically

accept abl e SﬁllsIShed?HMeb&gRﬁ,ce‘am vat e thereof wherein: [err]LD71b 166 - J, K

and L are eacI llrm @ N, [err], Ol@m CR[err] with the provisos
the groups J

that only one K and L can be Oor S, and at |east one of
het eroring; the bond between

[err], Oor Sto forma fused five-nenbered

|
; Nl/ /Q e (S)-N-(Phenyisuifonyl)-N<2-{[{ .2“.‘:3.4-
i _ ~ |tetrahydro-2-{N-{2-({1H-imidazo
148 ilN NK(NI /<,N et oot ccainolimy- Mz 641 (MH)+
; Oo™n r carbonyi}-DL-methioninamide.




J ihd K. or K and L nay -al-sa_form one side of a phenyl ring fused to the
fused five- oring; Qis aryl; err], Alerr] and Alerr] are
each, |ndepe ”m , Substitut ed al kyl, phenyl or fﬁftltut ed
phenyl [err] is[err zonI [err] ongecr]; [err]

attached at the 1, 2, or 5 posi tion and optlonally substituted, at any of
the avail abl e p05|t|on or positions on the ring, with halo, aIkyI or
substituted al kyl having 1 to 20 carbon atons, al koxy, aryl, aralkyl,

hydr oxy, al kanoyl, dﬂhanayk@ayn1aﬂino al kyl am no, di al kyl am no,

al kanoyl am no, thiol, al yIth|o | kyd thio al kyl sul fonyl , sul f onam do,
nitro, cyano, carbox cg?b qﬂ- Pdx gSrBﬁﬁ?P aN—alkylcarbarryl
N-di al kyl car banyl , koxycarbonyl phenyl , substituted phenyl, or a

conbi naton of these groups; Y and Z are each Ahndependently, -CH2- or -C

(O -, Rerr] - Rerr] are each, independently, H or al kyl having 1 to 20
car bon atons; 8\\\

R

Oor an enantiomer, diastereomer,~pharma¢eutically
acceptable salt, prodrug or solvate thereof,

wherein: .
R® R’
. 2 l R4 3 I
TN e
: q
o} a2
N

or

4
Gl . G Y—
is "\\(v)/’ or
n

(CHR?) s,
A/
N
7 8
G2 is R s or -NRlO—CH(Ql)—;
This Sheet Has Bee
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- 167 -+ [err], [err] _and [err] may also be aryl or aralkyl, and [err],

[err]; Terr], [err] and [err] may also be aralkyl: m n and p are each,

indeper]mmuwuu“c“l“mul nteger from1l to 2; gqis 0 or an intpgep from1l to
4; and slf epresents an opti-ons@e doubl e bond. 2. A conpound
of daint1,°© wﬁeréins[err] NQ&is [err] [err] is [Jerr] attached at the

1, 2, 4 or 5 position, and optionally substituted at any avail abl e position
or positions on the ring, with alkyl having 1 to 20 carbon atons or
aral kyl; and [err] and [&/ r§ aud leante cauiepdmndependentile; B;,NR?, v, D, L-

cach. 1 ndependent |y TR dFe R ah SR Profiers et ity dhd e e TG
forma 5- to 7-menb@rewks opt irad (L can be O or S, and at least one

of the groups J or L must be N, NR9, O or S to form

a fused five-membered heteroring; the bond between

J and K or K and L may also form one side of a

phenyl ring fused to the fused five-membered

heteroring; '

Q is aryl; _

0l, a! and A? are each, independently, H,
alkyl, substituted alkyl, phenyl or substituted
phenyl;

@3 is R11, -c(o)orll, -c(o)NR11R12, s5-
tetrazolyl, -C(O)N(R!3)orll, -c(o)NHSO2R14 or
-CH0R11;

2

N3 O 1 N
\4 5/
¢! is attached at the 1, 2, 4 or 5

position and optionally substituted, at any of the
available position or positions on the ring, with
halo, alkyl or substituted alkyl having 1 to 20
carbon atoms, alkoxy, aryl, aralkyl, hydroxy,
alkanoyl, alkanoyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro,
cyano, carboxy, carbamyl, N-hydroxycarbamyl,
N-alkylcarbamyl, N-dialkylcarbamyl, alkoxycarbonyl,
phenyl, substituted phenyl, or a combinaton of
these groups:; _

Y and Z are each, independently, -CHz- or
-C(0)-;

Rl - R14 are each, independently, H or alkyl
having 1 to 20 carbon atoms;

_—
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substituted, saturated ring with the NNatomto which they are attached. 3.
A tonmpound of Claiml, wherein G is [err] and [err] is or 4. A conpound

o Gﬁmmmﬂm‘ ﬂllﬂ”l rr] and [err] are each, independent|yrLpibr D-, L- or
D, L- j n[err] [err] [err] {exé] {err] [err] or [err], where
[err] &nd°[érr]" afe &ach, independently, hydrogen or alkyl, or [err] and

[err], taken together, forma 5- to 7-nenbered, optionally - 169 -
substituted, saturated ring with the NNatomto which they are attached. 5.

A conmpound of Caimi1, wRé;erh dmd 14 may dlwo be pewi] of. aralkgbypound of
Caiml, wherein A2 18 L3 [267]g11, R12 and R13 may also be aralkyl;
m, n and p are each, independently, 0 or an
integer from 1 to 2;

g is 0 or an integer from 1 to 4; and
the dotted line represents an optional double
bond.

2. A compound of Claim 1, wherein

3
R3 Ii‘
2 | & 3 N
G is l//G\1T/N§\+/G or -~ \\f%r/o ;
q )
o) A?

/2\
yvoy
N L—/
4 5
G2 is / . ; G4 is attached at the 1,

2, 4 or 5 position, and optionally substituted at
any available position or positions on the ring,
with alkyl having 1 to 20 carbon atoms or aralkyl;
and Al and A2 are each, independently, H or D-, L-
or D,L- -CH3, -CH(CH3)2, -CH2CH(CH3)2,
-CH(CH3)CH2CH3, -C(CH3)3, -CH20H, -CH2CH20H,
*{O

-CH2CH2CH20H, -CH(OH)CH3, ’

CHy—(7 “ N

-GHz-O—OH -CH, CHp CH, CHa NH,,
s [

CHy CH CH NH— = NH,
NH

[
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[err] EQLLlem@w~AfCUﬁﬁaﬁnd of Caiml, wherein [err] is and the fused

five- meénber ed opt. H substituted heteroring is H[err] [err] or -

170 - 8. &“‘\“WM&W*N\G aiml, wherein 4 is [err] attaqligtimt the 1, 2,
5 p oW 0

4 or pts onal | y substituteglggt-any avail abl e position or
positions on the ring, with alkyl having 1 to 20 carbon atons or aral kyl.
9. A conmpound of Claim1l, wherein @ is / N 10. A conmpound of Caim1l,
wherein [err] is [err] ; [err] is -C(OOH, [err] or [err]; [err] is [err]
; [err] is L- [err]-CHec(0)PH;r FCHRCHRC (O)OH, -CH2C(O)NH2, :

~CH2CH2C (O)NH2, -CH2CH20CH3, -CH2CH2CONRLSR16,
-CH2SH, -CH2CHZSH} -CH2CH2S0OCH3, -CH2CH2S02CH3 or
-CH2CH2SCH3, where R15 and R16 are each,
independently, hydrogen or alkyl, or R15 and Rr16,
taken together, form .a 5- to 7-membered, optionally
substituted, saturated fing with the N-atom to
which they are attached.

3. A compound of Claim 1, wherein G2 is

-CHz—O -CHz‘@'—OH
-NR10cu(0l)- and Q1 is , ,

CHy—¢7 “NH

or

4. A compound of Claim 1, wherein Al and A2
are each, independently, H or D-, L- or D,L- -CH3,
-CH(CH3)2., -CH2CH(CH3)2, -CH(CH3)CH2CH3, -C(CH3)3,
-CH20H, -CH2CH20H, -CH2CH2CH20H, -CH(OH)CH3,

2l ol
CHo—¢7 " N4

“CH, CHp CHy NH— &= NH,
-CHy CHa GHp CHp NH,, NH

-CH2C(0O)OH, ~CH2CH2C(O)OH, -CH2C(O)NH2,
-CH2CH2C (O)NH2, -CH2CH20CH3, -CH2CH2CONRISR16,
-CH2SH, -CHCH2SH, -CH2CH2SOCH3, -CH2CH2S02CH3 or
-CH2CH2SCH3, where R12® and R16 are each,
independently, hydrogen or alkyl, or R15 and R1S6,
taken together, form a 5- to 7-membered, optionally

This Sheet Has Been Reﬂlmd ’




[err] are H =17+~ A conpound of daim1, selected fromthe group
consi sti T mad L, 2, 3, 4-Tetrahydro-2-[ N[ 2- (1H-i mi dazol - 4-

yl acetyl “mmgwll@quw nol i nyl ] carbonyl ]-L- nethioni negp71ib
(R*)-N-[[1, % 3,L4-he ro-2-[N-(1Hi m dazeb- 4-

yl carbonyl)-L-val yl ]-3-isoquinolinyl]carbonyl]-L- nethionine;
(R)-N[]1,2,3,4-Tetrahydro-2-[N-(2-(l Hi m dazol - 4-
yl)ethyl]-L-valyl]-3-isoquinolinyl]carbonyl]-L- nethionine;

N-[ (2, 3- D chl or ophesuwkdstriztulteld], - fetupatedHringdwith -the N-atom to

yl acetyl)-L-isol eugj ) de. =No b2 yl-1-[(1, 2, 3, 4-t et rahydr o- 2-
isoquinoIinyl)carb§ﬁ9$?£3%§?§§% F%?gaz% e-4 acet am de;

(R*)-N-2-[[1, 2, 3,4-Tetrahydro-2-[N- (I Hi m dazol - 2-

yl nethyl)-3-nethyl-L-valg/|]- i uHd 01y Icheamban- wibtein CAUt BETi e,
(R*)-Nerr]-[[1,2,3,4-Tetrahydro-2-[ N-[ (1-nethyl -1H

i m dazol - 4-yl) acet yldy.3- MR% ﬂ whoval - I NC
IinyI]carbonyI]-L:gﬂQﬁgénine;&h352' EubeH(ERS Y. " (cn3) 3, -_<::::>

RY-Nerr]-[[1, 2,3, 4-Tetrahydro-2-[N-[3-(1Hi m dazol -
(R)-Nerr]-[{ -CH(CH3)CH)£CH3, -EHzEH gr -CH(OH)CH3.

6. A compound of Claim 1, wherein A2 ig L-
-CH2CH2SCH3, -CH2CH20H, -CH2CH2CH20H, -CH2CH2C (O)NH2,
-CH2CH,0CH3, -CHCHCONRISR16, -CHoCHaSH,
-CH,CH2SOCH3 or -CH2CH2S0,CH3 .

7. A compound of Claim 1, wherein G2 is

and the fused five-membered optionally

H
O
substituted heteroring is —

’
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4-iyl ) - 1- oxopr opyT T=NTmethyl - L-val yl ] - 3-i soqui no-

I imyl ] f Ilm M m ne; - 172 -

(R*) " m#@m!ﬂdro- 2-[ N- (1Hi mi dazol - 4- LD71b

yl me yI -LEvall ylv -3- qui nol i nyl ] car bonyi'jo lL- met hionine; (S)-N-[
1, 2, 3, 4-Tetrahydro-2-[ N-(1Hi m dazol -

yl acetyl)-3-nmet hyl -L-val yl ]-3-isoqui noI i nyl]- carbonyl]-L-glutam ne;
(S)-NJ[1,2,3,4-Tetrahydro-2-[ N- (I Hi m dazol -

yl acetyl )-3-net hyl - L-vaByl ] - &- cempoundl 6fytlaimar bavheddein gdutian ¢ aci d;
N2- [[(S) -2- [N [2- no-2- (1H i m dazol-4-yl)ethyl] -

3-nmethyl -L-valyl] - §et rahydro- 3-

i soqui nolinyl]carb gI ut am ne;

(S, S)-N2-[[2-[[2-A QO% 1H i m dazol -4-yl)-1 -

oxopr opyl ] - 3- met hyl - yl ] attacked.-atttkgykr @.3-4 or 5 position,

i soqui nol i nyl]-car gﬁaybﬂ,tiaﬁéy

%\fr‘%ﬁﬁstltuted at any available
2,3,4-tetrahydro-

(S)-NJ[1, | m dazol -4-

yl ) propyl ] - 3- net hyPogi aPm?rsD?ébﬁwnﬁ)quhme rc‘é’rgboﬁ’y‘[t]h alkylt ani ne;
(S)-N[[1,2,3,4-t ehaehigr 0- 2o[ 26 [FaxXBdh iatidiay Pr 4ralkyl. _

yl )ethyl]-3-nethyl-L-valyl]-3-isoquinolinyl]- car bonyl ] - L- gl ut am ne;
(S-1, 2,3, 4-Tetrahydro- 2- [2 [[2- (] Himdazol -

yl)et hyl | ami no] - 3- met hyB- 1 vobumpbiméoqfumbélmel. wherein G2 is

10. A compound of Claim 1, wherein G2 is

N
/ ; G3 is -C(0)OH, -C(0)OR1l or

2N\

N NH

-C(O)NHSO2R14; Gt is ; Al is L-

-CH3, -CH(CH3)2, -CH2CH(CH3)2, -C(CH3)3. _‘<:>

-CH (CH3)CH2CH3, -CH20H or -CH(OH)CH3; A2 is L-
~CH2CH2SCH3, -CHaCH20H, -CHCHaCHR0H, -CH2CH,C (O)NH3,
-CH,CH20CH3, -CH2CH2CONRISR16, -CH,CH,SH,
-CH2CH2SOCH3 or -CH2CH2SO2CH3; and R, R2, R3 and R4
are H.

-
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3 TTTt2-3-Bi-chlarophenyl ) met hyl ][ 2-[[ 2- (1H

m da ‘hyl 1 am no] - 3- met hyl - 1- oxo- but yl ] anmi no] net hyl | benzoi ¢ aci d;
173f M[ rOphenyl)nethyI] N[eEI] [2 (1H i m dazbb71b

4- yI)et

N[(2,3-D chlorophenyl)nethyl] Nlerr]-[2-(1H i m dazol -

2-y|)eth | ]-L-valinam de;

[S(R,R*)]-1,2,3,4-Tetrahydro-2-[ N-(1H i m dazol -

yl acetyl)-L- vaIyI] N[ 3- }%Eth§|ggm§Q#34)Qﬁ_Cla1m 1, selected from the
[ (phenyl - met hoxy) meg¥kg REyd dtidd Ui nol i ne- car boxam de;

N-[ (2, 3-Di chl orophenyl ) net hyl ] - N2-12- ( 2- net hyl -

i m dazol -4-yl)ethyl]-L-valinam de;
N-[ (2, 3- Di chl or ophetBt) et hid ]2 I\Zi[.dr-t'l]et[rahﬁrﬁrmeﬂhyN-IBI- (LH+ thakddzally4 et hyl

:- val i nam de; (35)3197\%?%)?7 ﬁ}éﬂ}r 12325 [qub?mBIlL'i"n&TJ daz8bad1] -L-

)ethyl]-D, L-val yl onyl ) propy
i soqui nol i necarb %Rﬁlne:
3S)-N-[[1, 2, 3, 4-Tetrahydro-2-[ N-[ 2- (1H—inidazo

oty 1D, Vel oo 1ol S ncsmidason-o-

e

me S

S)-N[(1,2, Tegle&whbmyl}{ﬂ+qékxﬂH+m4ﬁsdqmdho4inyl]carbonyl] -L-
e

y
3-
(
y
[ t n
( 3, 4-

t DL- val yl ' | nol i nyl bonyl ] - 3-
(oot ) Luror bR ARE ) rbory )

[[2-

I

( I

3 [

I hyl a

(et hyl sul f ony

N[(S-2-[[2-[[2- (| Himdazol -4-yl)ethyl]am no]-3-
(R*)-N-[[1,2,3,4-Tetrahydro-2-[N-(2- (1H-imidazol-4-

yl)ethyl]-L-valyl}-3-isoquinolinyl]carbonyl] -L-

methionine;

N-[(2,3-Dichlorophenyl)methyl]-N2- (1H-imidazol-4-
vlacetyl) -L-isoleucinamide;

(S)-N-[2-Methyl-1-[(1,2,3,4-tetrahydro-2-
isoquinolinyl)carbonyl]lbutyl]-1H-imidazole-4
acetamide; '

(R*)-N-2-[[1,2,3,4~-Tetrahydro-2-[N- (1H-imidazol-2-
ylmethyl) -3-methyl-L-valyl]-3~-isoquinolinyl]carbon-
yl] -L-glutamine;

(R*)-N2-[[1,2,3,4-Tetrahydro-2-[N-( (1-methyl-1H-
imidazol-4-vl)acetyl]-3-methyl-L-valyl]-3-isoquino-
linyl]carbonyl]-L-glutamine;

(R*)—Nz-[[1.2.3,4—Tetrahydro—2—[N-[3—(1H-imidazol—
4-yl) ~1-oxopropyl] -N-methyl-L-valyl)]-3-isoquino-
linyl)-carbonyl]-L-glutamine;
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thylbutyl]anino}~%?e*e-3 phenyl propyl ] - 3-
[(neth - L- al ani ne; - 174 -
N ( ‘J !ﬂ}iﬂ&& rret hyI] 2-[[ 2- (1H-| mdazol LD71b
4-vyl )et 172
N[(2, 3- D chlorophenyl)nethyl] Nlerr]-[2-(1-nmethyl-IH
I m dazol -5-yl)ethyl]-D,L-valinam de;
N-[ (2, 3-Di chl orophen neth |1-N i:nr
1H i m dazol - 4- yI)etﬁ%Ti‘@rL rahydro 2 [N—(1H—1m1dazol 4-
N-Ethyl-Nerr]-[2- (ﬂl:heﬁfhﬁﬂ)z-iﬂ. -\ﬂaM])]e-tMs]oqN'lHo‘hnyl]carbonyl]-L—
nethoxyphenyl)nethylé ﬁ vallnan1de N-[ (2, 3-Di chl orophenyl ) net hyl ]
2-[[ 2- (IH—|mdazoIm ﬁ | ] am no] - 3- nethylpentanan1de
N[(2,3-Di chlorophenyl)nethyl] 2- [[2 (I Himdazol -
yl ) et hyl ] am no] - 4- phenykb _
N-T(2, 3-Di Chlorophehgr N rgf?iym rﬁtﬁﬁ§4;§:§2 [N (1H imidazol-4
met hyl ) - (1Hi nmi dazoY %C?PS e3- lSOQUIHOllnyl]-
N-[ (2, 3- Di chl or ophegat oy iyl -Nutanided- [ 1- ( 3-
nethylbutyl)-IH-|n1dazoI 5-yl]ethyl]-L-valinam de;
N2-[ 2- (|1 H-1 m dazol -4-yl)ethyl]-N, N-bi s(phenyl - nethyl)-DL-val i nam de;
Nh[(2i3 E f?lFropheh&l}ﬂ%tf&da-JVMamﬁtﬂahﬁaroGz—éN-(lH -imidazol-4-
phenyl ethyl) -1 Hi il
N-[(2,3-Di chl oropheﬂ%?%‘reﬁy :i %ﬂl)']]] Il[gr%(lbr’lgogeagfaql;#pohnyl]-
i m dazol -5-yl) et hyl gaxbgreyl giptamlc acid;

N2-[[(S)-2-[N-[2-amino-2- (1H-imidazol-4-yl)ethyl]-
3-methyl-L-valyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]carbonyl] -L-glutamine;

(S,8)-N2-[[2-[[2-Amino-3- (1H-imidazol-4-y1)-1-
oxopropyl]-3-methyl-L-valyl]-1,2,3,4-tetrahydro-3-
isoquinolinyl]-carbonyl]-L-glutamine;

(S)-N-[[1,2,3,4-tetrahydro-2-[N-[2- (1H-imidazol-4-
yl)propyll] -3-methyl-L-valyl]-3-isoquinolinyl]-
carbonyl] -L-glutamine;

(S)-N-[11,2,3,4-tetrahydro-2-[N-[2- (1H-imidazol-4-
yl)ethyl]-3-methyl-L-valyl]-3-isoquinolinyl]}-
carbonyl] -L~glutamine;

(8)-1,2,3,4-Tetrahydro-2-[2-[[2-(1H~-imidazol-4-
yl)ethyllamino] -3-methyl-1-oxobutyl]isoquinoline;

(S)-3-[[((2,3-Dichlorophenyl)methyl][2-[[2- (1H-
imidazol-4-yl)ethyl]lamino]-3-methyl-1-oxo-
butyllaminolmethyl]lbenzoic acid;
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- 475 3-Di chl orophenyl )nethyl [ -Nerr]-[2-(i m dazol - 1-

yl9 et -D, L-val imamde; [err]-[2-(]l H1mdazol-5-yl)ethyl]-N
(1- ijw’g, enyl net hyl ) - L-val i nani de; N LD71b
2, 3~ 0 ‘MIM”W;‘H hyl]-Nerr]-[2-(1Hi7pi dazol -
yl)ethyl]-NI-snewnyl et hyl ) -L-val i nam de; '

(2, 3-Di chl orophenyl )nethyl]-Nerr]-[2-(1H i m dazol -
| )et hyl ] - N- (phenyl net hyl ) - L- val i nam de;

gl 3-[[[2-[[2- (I H1midazol -4-yl)ethyl]ani no] -3 -
t
y

m|—|
1~

73507

[
hyl - 1- but yl ), |- \ benzpj 2500 -

R B L S e B

henyl met hyl ) - D, L-4rdl) e&hydeL-valinamide;

[(2,3-Di chIorophenyl)ne?hyl]-N[err]-[3-(|H—inidazol- _

oy e e bR Gk obRebl  hLARE Pl Y1) Al bl o

(2, 3- Di chl or ophe¥yl)rthiyll] FL.2val3Inkhbdem dazol - 4-

propyl ] am no] - 4- net hyl pent anani de;

(RF,R*)]1-1,2,3,4-Tetrahydro-2-[2-[[2- (| H-i m dazol - 4-

e

[

h

)

p

p

ZoNZ

[
I

S-
1)

[
ic

t hyl ] ami no] - 3- f-HR*- R*d opedt 3l pr¥efurhydroe2- [N- (1H-imidazol-4-

2- (2- Ami no- | H iﬂa@%&@lﬂﬂb&?ﬂwh}é%knﬁ@tﬁylsulfonyl) -1-

Iorophenyl)netqngkg%&q§%2¥lbu

o K/

ana ,
hoxy)megkyilpropyl]-3-isoquinoline-

carboxamide;

N-[ (2.3-Dichlorophenyl)methyl]-N2-[2- (2-methyl-1H-
imidazol-4-yl)ethyl]-L-valinamide;

-N-[(2,3—Dichlorophenyl)methy1]—N2—[2-(5-methy1—1H-
imidazol-4-yl)ethyl]-L-valinamide;

(38)~-1,2,3,4-Tetrahydro-2-[{N-[2-{1H-imidazol-4-
yvl)ethyl]l-D,L~valyl]-N-[3-(methylsulfonyl)propyl]-
3-isoquinolinecarboxamide;

(3s)-N-[{1,2,3,4-Tetrahydro-2-[N-{2-(1H-imidazol-4-
yl)ethyl)-D,L~-valyll]l-3-isoquinolinyl]carbonyl]-3-
[ (methylsulfonyl)methyl]-L-alanine, methyl ester:;

(3s)-N-[{1,2,3,4-Tetrahydro-2-[N-[2-(1H-imidazol-4-
yl)ethyl]-D,L-valyl]-3-isoquinolinyl]}carbonyl]-3-
[ (methylsulfonyl)methyl]-L-alanine;

N-[(S)-Z—[[2-[[2—(1H-imidazol-4—yl)ethyl]amino]-3—
methylbutyl]amino]}-1-oxo-3-phenylpropyl]-3-
. [ {methylsulfonyl)methyl]-L-alanine;

T
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1 6—~—%k%§2-3421chL9L0phenyI)nethyl]-N[err]-[Z-(IH-inidazol-
1)
[

- 47
yl9) et hyl D al i :
N[ (2] ﬁ“ u )nethyl] N err]g-[2-(1-nethyl - 1H LD71b
n1d I -val i nam de; - 174 -

T

yl]

]

]

i

(S)-NJ[1, 2,3, 4 r hydro 2-[N-[3-(1H i m dazol -2-

yl ) propyl]-L-val -3-isoqui nolinyl]carbonyl]-L- nmethionine; [err] [err]
[err] [err] [err e [err] [err] [err] [err - 177 - [err] [err]
[err] [err] [err [Mﬂ?JZ{%ﬁD#chlorophenyl)methy 1-2-[[2-(1H-1imidazol-

—y})ethyl]amlno]acetamlde,

N—[(2,3-Dichlorophenyl)methyl]-Nz-[Z-(l-methyl-IH-
imidazol-5-yl)ethyl}-D,L-valinamide;

N-[ (2,3-Dichlorophenyl)methyl] -N2-[2- (1-methyl-
l1H-imidazol-4-yl)ethyl]-D,L-valinamide;

N-Ethyl-N2-[2-(1H-imidazol-4-yl)ethyl]-N-[ (4-
methoxyphenyl)}methyl]-L-valinamide;

N-[(2,3-Dichlorophenyl)methyl]-2-[[2- (1H-imidazol-
4-yl)ethyllamino] -3-methylpentanamide;

N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-4-
yl)ethyl]amino] -4-phenylbutanamide;

N-[ (2,3-Dichlorophenyl)methyl]-N2-[2-[1- (phenyl-
methyl) - (1H-imidazol-5-yl) lethyl]-L-valinamide;

. N-[(2,3-Dichlorophenyl)methyl]-N2-[2-[1-(3-
methylbutyl)-1H-imidazol-5-yllethyl]-L-valinamide;

Nz—[z-(1H-Imidazol-4—yl)ethyl]-N,N-bis(phenyl—
methyl) -D,L-valinamide;

N-[ (2,3-Dichlorophenyl)methyl] -N2-{2-[1-(2-
phenylethyl)-1H-imidazol-5-yllethyl]-L-valinamide;

N-[ (2, 3-Dichlorophenyl)methyl]-N2-[2-(1-dodecyl-1H-
‘imidazol-5-yl)ethyl]-L~valinamide;

\&sﬁ‘“‘f_~\\-h§“‘_“
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[err] [err] r] [err] [err] [err] [err] [err] [err] [err] [err] [err]

.
(4 g e g e

L

'N-{(2,3-Dichlorophenyl)methyl]-N2-[2- (imidazol-1-
yl)ethyl)-D,L-valinamide;

N2-[2-(1H-Imidazol-5-yl)ethyl]-N-(1-methylethyl) -N-
(phenylmethyl) -L-valinamide;

N-[(2,3-Dichlorophenyl)methyl]-N2-[2- (1H-imidazol-
5-yl)ethyl]-N-(l-methylethyl)-L-valinamide;

N-[(2,3-Dichlorophenyl)methyl]-N2-[2-(1H-imidazol-
5-y1l)ethyl]-N-(phenylmethyl)-L-valinamide;

(S)-3-[[[2-[[2-(1H-Imidazol-4-yl)ethyl}jamino] -3~
nethyl-1-oxobutyl] (phenyl-methyl)amino] -
methyllbenzoic acid;

N-Ethyl—Nz-[Z-(1H—imidazol-4-yl)ethyl]—N-
(phenylmethyl)-D,L-valinamide;

N-[ (2,3-Dichlorophenyl)methyl}-N2-~[3-(1H-imidazol-
2-yl)propyl]-L-valinanide;

N2-{2-(1H-imidazol-5-yl)ethyl]-N,N-bis-
{(phenylmethyl)-L-valinamide;

N-[(2,3-Dichlorophenyl)methyl]-2-[[3-(1H-imidazol-4-
yl)propyllamino]-4-methylpentanamide;

[S-{R*,R¥)]-1,2,3,4-Tetrahydro-2-[2-[[2- (1H-imidazol-4-
yl)ethyl]amino]-3—methyl-1—oxopentyl]isoquinoline;

2-[{2-(2-Amino-1H-imidazol-4-yl) Jethyl]-N-{(2,3-
dichlorophenyl)methyl]-3-methylbutanamide;

\
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err] -181- [err] [err] - 182 - 12. A nethod
protein transferase which conprises admnistering to
effective farnesyl protein transferagp7iphibiting

i

armunt of a compound of Caim1l. 13. A net hopgp of

i nhi biting prenyl

transferases which conprises admnistering to a manmal i an subj ect an
transferase inhibiting anount of -a conpound of C aim 1.

ef fective prenyl
14. A nethod of

i nhibiting tunors which conprises admnistering to a

mamral i an subj ect ag- p{3 efihienldtBPhdriyl Jaidthyd Jandunt - eiHainDARPODEY Of

yl)ethyl]-D,L-valinamide;

N-{ (2, 3-Dichlorophenyl)methyl] -N2-[2~(1-methyl-1H-
imidazol-5-yl)ethyl]-L-valinanmide;

(8)~N-[11,2,3,4~-Tetrahydro-2-[N-[3~ (1H-imidazol-2-
yl)propyl] -L-valyl]-3-isoquinolinyl)]carbonyl] -L-

methionine;

.N<2-[2-(1H-Imidazoi-4-yi)ethyl}-N-
iphenyl-L-valinamide. '

|
'N<2-[2-(1 H-Imidazoi-4-yi)ethyi}-N-[(3-
: :methylphenyl)-methyi]-L-valinamide.

i
.N<2-{2-(1H-Imidazol-4-yl)ethyi}-N-{(4-
‘methyiphenyi)-methyi}-L-valinamide.

|
iN<2-[2-(1H-Imidazol-4-yl)ethyi}-N-(3-
§phenylpropyl)-L-valinamide.

|

: N-Ethyl-N<2-[2-(1H-imidazol-4-
:yl)ethyl}-N-{(2-methyl-phenyl)methyi]-L:
vaﬁnamade

! |valinamide.

'N-Ethyl-N<2-[2~(1H-imidazol-4-
yl)ethyl}-N-[(4-methyl-phenyI)methyl]-L
valinarhide.

iN-Ethyl-N-{(2-fluorophenyl)methyi}-
i N<2-{2-(1H-imidazoi-4-yl)ethyl]-L-
‘valinamide.

i

'N-Butyt-N<2-[2-(1 H-imidazoi-4-
'yl)ethyﬂ-N-(phenyl-methyl)-L-
|valinamide.

N-Ethyl-N<2-[2-(1H-imidazol-4-
yhethyl]-N-{(2-methoxy-phenyl)methyl]:
L-valinamide.

N<2-{2-(1H-imidazol-4-yl)ethyi]-N-
methyl-N-(1-naphth-alenyimethyl)-L-
valinamide.

! |N<2-[2-(1H-Imidazol-4-yi)ethyl]-N-{2-

phenyilethyl)-N-(phenyimethyl)-L-

N-(8-Anthracenyimethyl)-N<2-[2-(1 H- :
imidazol-4-yl)-ethyl]-N-methyl-L- ;
valinamide.
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Caimil. 15. A nethod of treating di seases associated with signal

traﬂl H) s operating through Ras which conprises adm ni stering
to a% ct an anmount of a conpound of Claim1 &OXd&ive for
treating said diseases. 16. A nethod of #rE&ling di seases associated with
proteins that are post-translationally nodified by the enzynme farnesyl
protein transferase which conprises admnistering to a nanmal i an subj ect an
anount of a conpound of Claim1l effective for treating said diseases. 17. A
nmet hod of treating di ' d w th prote+nrs—that—are—
post-translationally nodified by the enzynmes geranyl geranyl protein

transferase whi chygpl |,ﬁ@n[§1qm,nhw Ng tR-{@-ChiorophbRyhmethi@iN@lig.an subj ect

an anount of a c methyniLef fectiva Qﬁda&ds;aaﬂwqa_auh igg;Ases.
18. A conpound o%rw a [?rr] or an

pharmaceutically acceptable salt, prodrug
[err] [err]

eimiflidrogvatate. di ast er eoner,
or sol vate thereof, V\,hereg n:

1 ,
(611234 Telrahydro-1{221H | N-EHykN<R{2-(1Himicazord- |
|midazol-4-yl)-ethyllammo]-3-methyl-1-' yhethyi]-N-{(3-methyi-phenyi)methyi}-L:
oxobutyllquinoiine. : vaiinamide, trifiucroacetate. !

T N-(2- -N<2-[2-(1H-i »
N-{2-(3-Fluorophenylethyl-N<2-{2- | *;'z)e‘gyal;';"_::mny;ﬁe%& )_L:mldazol

(1H-imidazol-4-yl)ethyi}-L-valinamide. , i valinamide, trifiuoroacetate.

| |N-f(4-Chiorophenyi)methyl}-N-ethy-
N-{2-(2-Fiuorophenyl)ethyl]-N<2-{2- IN<2-[2-(1H-imidazol-4-yl)ethyi]-L-
(1H-imidazol-4-yl)ethyl]-L-valinamide. | lvalinamide, trifluoroacetate.

-N<2-[2-(1H-imidazol-4-yl)ethyl}-N-[2- N-{(2-Chlorophenyi)methyi]}-N-ethyi-
:(2-methoxy-phenyl)ethyl}-L- N<2-{2-(1H-imidazol-4-yl)ethyi}-L-
valinamide. valinamide, trifluoroacetate.

Ne<2-[2-(1 H-lmldaon-yI)emyI]-N-[z- N-[(2-Chloro-6-fluorophenyi)methyl]-N
‘(3-methoxy-phenyl)ethyl}-L.- ethyl-N<2-[2-(1H-imidazol-4-yl)ethyl}-L
-valinamide. valinamide, trifluoroacetate.

Ng2-2-ChlorophenyletnylN<a(z- | [\i24 Dictorophemymetryll b iry

(1H-imidazol-4-yljethyl}-L-valinamide. . | oynamide, triflucroacetate.

‘N-{(2-Hydroxy-3- . |N-{(2-Hydroxyphenyl)methyl}-N<2-{2-
methoxyphenyl)methyl]-N<2-{2-(tH-  |(1H-imidazol-4-yl)ethyl]-N-(2-
=lmidazol-4-yl)ethyﬂ-N-(phenylmethyl)- phenylethyl)-L-

:L-valinarnide. valinamide,trifluoroacetate.

i

i N N-Bus[(z-éthoxyphenyl)methyl]-N<2-
'[2-(1H-imidazol-4-ylethyl-L - - —
i valinamide, trifluoroacetate.

N<2-[2-(1H-Imidazol-4-yl)ethyi}-N-{(4-
methoxyphenyl)-methyl}-L-valinamide. :
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[er , Kand L are each, independently, N, [err], O S or
w that only one of the groups J, Kand L can be O or
jmm ‘m@m‘ MF the groups J or L nust be N, [err], O{(Br71 to forma

use ere feteroring;, the bond betiwgen J and K or L may

al so formone side of a phenyl ring fused to the fused five-nenbered,

heteroring; Qis aryl; Qerr], Alerr] and Alerr] a.r_e_ea.c.h.,_J_ndapendent
H, al kyl, substituted al kyl, phenyl or substituted phenyl; [err] is [érr]

Y
EftEaESSYt.OLe;L]W%& gﬁzb%f;{g%b, Sl o N zgﬁ ,‘:"é,' E‘E;ﬁ’%?;? shifdnye, ¢
erin 0, or,vaq,H

‘carboxamide. ' ‘carboxamide.

or positions on t al kyl b iR Fbatetkts! awnglto

20 carbon at ons, alkoxy, aryl, aral kyl, hydr0xy, al kanoyl, al kanoyl oxy,

am no, al kyl am O, am ne—f—h-n—el—a-l—ley—l—t—h-l—e—
|(S) 1,2,3,4-Tetrahydro-2-[N-(1H- (S)-1,2,3,4-Tetrahydro-2-[N-(1H-
|midazoM-ylacetyI)-L-valyl]-N-[z-(1 - imidazol-4-ylacetyl)-L-valyl}-N-{2-(1H-
methyl 1H-pyrroi-2-yl)ethyl}-3- imidazol-4-yl)ethyl]-3-isoquinoiine-
gnsoqumolmecarboxamlde carboxamide.
1(38)-1,2,3,4-Tetrahydro-N-{1- (S)-1,2,3,4-Tetrahydro-2-[N-(1H-
| (hydroxymethyl)-3-(methyithio)propyi}- imidazol-4-ylacetyl)-L-valyl]-N-(2-
12-[N-(1H-imidazol-4-ylacetyl)-t.-vaiyl]- phenylethyl)-3- :
§3-isoquinolinecarboxamide. isoquinolinecarboxamide. j
| ]

' |
(38)-N-[2-(6-Fluoro-1 H-indol-3-yl)-1- (S)-1,2,3,4-Tetrahydro-2-[N-(1H- |
|methylethyl] -1,2,3,4-tetrahydro-2-[N- imidazol-4-yiacetyl)-L-vaiyl]-N-[3-(1H- |
(1H-imidazol-4-ylacetyl)-L-valyi]-3- imidazol-1-yi)propyl]-3-isoquinoline-
isoquinolinecarboxamide. | carboxamide. |
' P ?
i

i S-E1 R*(R"),2R"]}-1,2,3,4-Tetrahydro-: (8)-1,2,3,4-Tetrahydro-2-{N-(1H-
N-[2-hydroxy-1-(hydroxymethyl)-2-[4- )

h imidazol-4-ylacetyl)-L-valyl}-N-{2-(2-
(methyithio)phenyt]ethyi]-2-[N-(1H- thienvheth ’ inoli
imidazol-4-ylacetyl)-L-valyl]-3- | I yi) 'ZI]-S- soquinaline-
isoquinocline-carboxamide. | xamide.
'(S)-N-[3-(Dodecyithio)propyi}-1,2,3,4- j .(S)-‘l 2,3,4-Tetrahydro-2-{N-(1H- i
‘tetrahydro-2-[N-(1H-imidazoi-4- : imidazol-4-ylacetyl)-L-valyl]-N-(4- !
-ylacetyi)-L-valyl]-3-isoquinoline- : phenylibutyl)-3-

‘carboxamide. : isoquinolinecarboxamide.

. [

i(S)-1,2,3,4-Tetrahydro-2-[N-(1H- ' [1S-[1R*(R"),25"]}-1,2,3,4-Tetrahydro- |

{imidazol-4-ylacetyl)-L-valyf]-N-(3- \ N-(2-hydroxy-1-methyl-2-phenylethyl)- i

imethoxypropyl)-3- | 2-{N-(1H-imidazol-4-ylacetyl)-L-valyl}-

risoquinolinecarboxamide. 3-isoquinolinecarboxamide.

| | |

(S)1,2,3 4-Tetrahydro-2-[N-(1H- |  1(3S)-1,2,3,4-Tetrahydro-2-[N-(1H- ;

rimidazol-4-ylacetyi)-L-valyl]-N-[3- . imidazol-4-ylacetyl)-L-valyl]-N-(1- |

:(methylthio)propyi}-3-isoquinoline- _ -methyl-z-phenoxyethyl)-s-lsoqulnohne-1
|
T
I

:N,N-Bis[(2,3-dimethoxyphenyl)methyi]- ‘(S)-N-{2-(3,4-Dimethoxyphenyl)ethyl}- ;

-N<2-[2-(1 H-lmldazol-4»yl)ethyl]-L- 1,2,3,4-tetra-hydro-2-[N-(1H-imidazol- |

-valinamide, trifluoroacetate. ; 4-ylacetyl)-L-valyl]-3- i
isoquinolinecarboxamide.

This Sheet Has Been Reilaced




al Kyl t hjono,

are each,
independently,
[err]

al so be aral kyl ;
to 2; and g is 0O or

di ast , pharmaceutically acce alt,
frase &R

enanti oner,
sol vate t hereof

al kyl sul fonyl ,

i*ndépehdéht Iy, *-
H or al kyl
may al so be aryl

sul f onam do,

N- hydr ox car banyl, N-di al kyl car banyl,
-18%- phg M‘mmmmmm“phenyl or a combinaton of these GreMRS;

- or -C(O--;1%erc] - [err] are each,
haV| ng 1 to 20 carbon atons;
and [err], .
i ndependently, 0 or an.integer from1l
1. 19. A conpound of the formula | A lerr] or an

or aral kyl,
m n and p are each,

Fonylhghlehyljethyll-1,2,3,4-
:tetrahydro-2-[N-(1H-imidazol-4-
ylacetyl)-L-valyl]-3-
isoquinolinecarboxamide.

[err],

(8)-1,2,3,4-Tetrahydro-2-[N-(1H-
imidazol-4-yiacetyl)-L-valyl]-N-[3-
(methyisulfonyl)propyi]-3-isoquinoline- :
carboxamide. '

car boxy, carbanyl,
al koxycar bonyl ,
Y and Z

cyano,

[err], [err] and
[err] and [err] may

prodrug or

Bis(phenyimethoxy)phenyl]ethyi}-
1,2,3,4-tetrahydro-2-[N-(1H-imidazol-4
ylacetyl)-L-valyl]-3-

isoquinolinecarboxamide.

|
(S)-1,2,3,4-Tetrahydro-N-(5-hydroxy-
1,5-dimethylhexyl)-2-[N-(1H-imidazol- -
14-ylacetyl)-L-valyl}-3-isoquinoline- :
;carboxamide.

N<2-[2-(1H-Imidazol-4-yl)ethyl]-N-
(phenyimethyi)-L-valinamide,
trifiuoroacetate (1:2).

N<2-[2-(1H-imidazol-4-yl)ethyl]-N-(2- -
phenylethyi)-L-valinamide,
trifluoroacetate (1:2).

[S-(R*,S")]-1,2,3,4-Tetrahydro-2-[N-
(1 H-lmldazol-4‘ylaoetyl)-L-valyI]-N-[2-
(4-nitrophenyi)ethyl]-3-
isoquinolinecarboxamide.

imidazol-4-ylacetyl)-L-vatyl]-N-[2-(6-
methoxybenzo[bjthiophen-3-yi)ethyl]-3:
isoquinolinecarboxamide.

iN<2-[2—(1 H-imidazol-4-yl)ethyl]-N-{{4-
(triflucrometh-yl)phenyijmethyil-L- |
valinamide.

|(S)-1,2,3,4-tetrahydro-2-{N~(1H- :

1(S)-N-(Methyisulfonyl)-N<2-[[1,2,3,4-
‘tetrahydro-2-[N-(1H-imidazol-4-
iylacetyl)-L-valyl]-3-isoquinolinyl}-
_carbonyl]-L-methioninamide.

N-(9H-Fluoren-2-yl)-N<2-[2-(1H-
imidazol-4-yi)ethyl]-L-valinamide,
trifiuoroacetate (1:2).

1(8)-N-[6-{I(4-
:Chlorophenyl)methyljaminoj-6- :
oxohexyl] -1,2,3,4-tetrahydro-2-[N-(1 H-:
imidazol-#ylacetyl)—L—vaIyll-s- :
||soqumolmecarboxam|de

i I
'N-[2-(3,4-Dimethoxyphenyi)ethyl]-N<2
[2-(1H-imidazol-4-yl)ethyl]-L-
valinamide.

!(S)-N-(Phenylsulfonyl)-N<2-[[1 2.3,4-
-tetrahydro-2-[N-(1H-imidazoi-4- :
'ylacetyl)-L-valyi]-3-isoquinolinyi}-
;carbonyl}-L-methioninamide.

'N-[(2-Fluorophenyi)methyl]-N<2-[2- :
'(1 H-imidazoi-4-yl)ethyl]-L-valinamide.
l

; !
i !
!N-{(3-Chlorophenyl)methyl]-N<2-[2-

i(1 H-imidazol-4-yl)ethyl]-L-valinamide. :

\_\
' T
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- 186 - Merr] [err] is [err] or [err]; J, Kand L are

edth, [err], O S or [err] with the provisos that only
one of m li'ﬂ' nd L can be Oor S, and at | east ong 9% t he groups
J or Oor Sto forma fyged five- rrerrberea Eteroring;

t he bond between J and Kor Kand L may al so form one side of a phenyl ring
fused to the fused five-nenbered heteroring;, Qis aryl; [err], [err] and
[err] are each, independently, H, alkyl, substituted al kyl, phenyl or
substituted phenyl; [err] is [err], [err], [err], 5= tetrazotyl, [err],
[err] or [err]; [qq.[(balmmg@ﬂﬁﬂe&?,ﬁé le.d<gat the 1, 2, 4 or 5 position and

optionally subst i t[g.t(ﬂd.mﬁzomy gibe avai| abl e’ l\bﬁs(i‘!-ﬁl'blmudazolﬁad)ﬁth‘!@'hb[[%n
the ring, wth halialinamide/! or subst i tuted al ky!| j(Hifluaroreti-yirbemyimethyldn

IN-{(4-Chlorophenyl)methyi}-N<2-[2-
| (1H-imidazol-4-yl)ethyl}-L-valinamide.

atoms, al koxy, aryl, aral kyI hydr oxy, - 187|valingmidenoy| , al kanoyl oxy,
am no, al kyl am nog
IN-2-(4-Hydroxyphenyljethyll-N<2-{2- : .
1(1H-imidazol-4-yl)ethyl]-L-valinamide. | N-{(3,4-Dichiorophenyl)methyl}-N<2{2
- . (1H-imidazol-4-yl)ethyl]-L-valinamide.

; N-{(2,6-Difluorophenyl)methyl]-N<2-}2-
(1H-imidazoi-4-yl)ethyi}-L-valinamide.

N<2-[2-(1H-Imidazol-4-yl)ethyl]-N-[(2-
nitrophenyl)-methyi]-L-valinamide.

N-[(2-Ethoxyphenyl)methyl]-N<2-[2- |
(1H-imidazol-4-yi)ethyl}-L-valinamide.

N<2-[2-(1H-Imidazol-4-yi)ethyl]}-N-[(2-
methyliphenyl)-methyl]-L-vaiinamide,
trifluoroacetate.

|

: N-{(3-Chloro-4-fluorophenyl)methyl}-
N<2-[2-(1H-imidazol-4-yl)ethyl]-L-
|valinamide.

N<2-[2-(1H-imidazol-4-yl)ethyi]-N-(1-
naphthalenyimeth-yi)-L-valinamide,
trifiuoroacetate.

i
'N-{(2-Chloro-4-fluorophenyl)methyl}-
iN<2-[2-(1H-imidazol-4-yl)ethyl]-L- !
valinamide. '

N-[2-[4-(Aminosuifonyl)phenyijethyi)-
‘N<2-[2-(1H-imidazol-4-yi)ethyl]-L- :
‘valinamide, trifiuoroacetate.

N-[(2,3-Dimethoxyphenyl)methyl]-N<2-
[2-(1H-imidazol-4-yi)ethyi]-L-
'valinamide.

N-[[4-(Aminosulfonyl)phenyljmethyi}-

N<2-{2-(1H-imidazol-4-yl)ethyi]-L- :
!valinamide, trifluoroacetate. ;
i

l N<2-[2-(1H-Imidazol-4-yi)ethyl]-N-(2-
naphthalenyimeth-yl)-L-valinamide,
|trifluoroacetate.
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N al kyl

phenyl, or a combl naton of these groups; Y gpqd Z are each,

[err] or -C (O-; [err] - [err] are each,
1 to 20 carbon atons; [err], [err] and [er
and [err], [err], [err] and [err] may al so
i ndependently, O or, an integer from1l to 2;
line represents an 'em[aqﬂh-lrdaam-&yMML

hi o, al kyl t hi ono, al kyl sul fonyl,

di al kyI no thiol, alkylt , ,
sul f ona}&gﬂ m ““ , carboxy, carbanyl, N hydroxycarbanyl,

M- dt al’kyl carbanyl, al koxycarbonyl, phenyl, $ %i tuted

pende
I ndependently, H or alkyl

ntly,
havi ng -

rl] may al so be aryl or aralkyl,
be aralkyl; m n and p are each,

: h
ai ﬁEOmy?-Né- - imichaol 2 L €

: yl)ethyl]-N-(2-methyi-phenyl)-L.-
wu?;::::t];?:"zemm'c acid, | valinamide, triﬂuo'r’o}"aeetatg.)

i .
(S)-1,2,3,4-Tetrahydro-2-[N-{2-(1H- l N<2-{2-(1H-Imidazol-4-yl)ethyl]-N-{2- : |
imidazol-4-yi)-ethyl]-DL-valyl}-N-[3- (methylthio)-phenyl]-L-vallnamlde
{methyithio)propyi}-3- trifluoroacetate.
isoquinolinecarboxamide.
|
(S)-1,2,3,4-Tetrahydro-2-[N-[2-(1H- N-{4-Chlorophenyl)-N<2-{2-(1H-
imidazol-4-yl)-ethyi]-DL-valyl}-N- imidazol-4-yl)ethyl]-N-methyi-L-
(phenyimethyi)-3-isoquinoline- ! valinamide, trifiuoroacetate.
carboxamide, :
(3S)-1,2,3,4-Tetrahydro-2-[N-[2-(1H- ' ‘N-([1,1-Biphenyi}]-4-yl)-N<2-[2-(1H-
imidazol-4-yi)-ethyl]-DL-valyll-N-(1- imidazol-4-yi)ethyl]-L-valinamide, !
phenylethyl)-3-isoquinoline- trifluoroacetate.
carboxamide. .
(S)-1,2,3,4-Tetrahydro-N-[2-(4- :N-([1.1'-Biphenyl]-4~ylmethyl)-N-ethyl-
hydroxyphenyi)ethyi]-2-[N-[2-(1H- N<2-{2-(1H-imidazol-4-yl)ethyi]-L- \
imidazol-4-yl)ethyl]-DL-valyl}-3- valinamide, trifiuoroacetate. i
isoquinolinecarboxamide. i

tetrahydro-2-{N-[2-(1H-imidazoi-4-

yhethyi}-DL-valyi}-3-
gisoquinolinecarboxamide.

(S)-N-{(3-Chlorophenyl)methyi}-1,2,3,4/

valinamide, trifluoroacetate.

N-([1,1'-Biphenyi]-2-yimethyi)-N-ethyi- :
N<2-{2-(1H-imidazol-4-yl)ethyl]-L-

(S)-N-([1,1"-Biphenyl]-2-yt)-N-ethyl-
1,2,3,4-tetra~-hydro-2-[N-[2-(1H-
imidazol-4-yl)ethyi}-DL-vaiyl]-3-
isoquinolinecarboxamide.

!
1
I
i
!
[

valyllaminojbenzoicacid,
trifluoroacetate.

' 4-f[N-[2-(1H-Imidazol-4-yi)ethyl}-L-

(S)-N-([1,1"-Biphenyi}-4-yl)-N-ethyi-
1,2,3,4-tetra-hydro-2-{N-[2-(1H-
imidazol-4-yl)ethyl]-DL-valyi}-3-
isoquinolinecarboxamide.

valyllaminojbenzoicacid,
trifluoroacetate.

e ——————

e
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(S)-N-(Phenylsulfonyl)-N<2-[[1 2

3-{{N-{2-(1H-imidazol-4-yi)ethy}-L-

V34~

tetrahydro-2-[N-[2-(1H-imidazol-4-

yI)ethyl]-L-vaIyl]-s-lsoqumollnyll-
|carbonyi]-DL-methioninamide.
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_ 12. A method of inhibiting farnesyl protein
transferase which comprises administering to a
mammalian subject an effective farnesyl protein
transferase inhibiting amount of a compound of
Claim 1.

13. A method of inhibiting prenyl
transferases which comprises administering to a
mammalian subject an effective prenyl transferase
inhibiting amount of a compound of Claim 1.

14. A method of inhibiting tumors which
comprises administering to a mammalian subject an
effective tumor inhibitiﬁg amount of a compound of
Claim 1.

15. A method of treating diseases associated
with signal transduction pathways operating through
Ras which comprises administering to a mammalian
subject an amount of a compound of Claim 1
effective for treating said diseases.

16. A method of treating diseases associated
with proteins that are post-translationally
modified by the enzyme farnesyl protein transferase
which comprises administering to a mammalian
subject an amount of a compound of Claim 1
effective for treating said diseases.

17. A method of treating diseases associated
with proteins that are post-translationally
_ modified by the enzymes geranylgeranyl protein
transferase which comprises administering to a

This Sheet 1.

R



e

waww e

mammalian subjéct an amount of a compound of Claim
1 effective for treating said diseases. .

18. A compound of the formula

or an enantiomer, diastereomer, pharmaceutically
acceptable salt, prodrug or solvate thereof,

wherein:
g3 R®
| & |
a
. o) a2

A\O/

/= or .
(cyﬁhm
N N

/ R® J/

-

o

"
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</ \> J/(K)\L
/-;_: \ /
(qu)m

/N =

G2 is R, / or -NR10-cH(Q})-;

J, K and L are each, independently, N, NR®, O,
S or CR? with the provisos that only one of the
groups J, K and L can be 0 or S, and at least one
of the groups J or L must be N, NR?, O or S to form
a fused five-membered heteroring; the bond between
J and K or K and L may also form one side of a
phenyl ring fused to the fused five-membered
heteroring;

Q is aryl;

0l, Al and A2 are each, independently, H,
alkyl, substituted alkyl, phenyl or substituted
phenyl;

@3 is R11, -c(o)orll, -c(o)Nr11R1l2, s5-
tetrazolyl, -C(O)N(R13)0R11l, -c(0)NHSO2R14 or

-CH,0R11;
2N\

2
N, '®) 1N
\4 5’
G4 is attached at the 1, 2, 4 or 5

position and optionally substituted, at any of the
available position or positions on the ring, with
halo, alkyl or substituted alkyl having 1 to 20
carbon atoms, alkoxy, aryl, aralkyl, hydroxy,
alkanoyl, alkanoyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro,
cyano, carboxy, carbamyl, N-hydroxycarbamyl,
N-alkylcarbamyl, N-dialkylcarbamyl, alkoxycarbonyl,
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phenyl, substituted phenyl, or a combinaton of
these groups;

Y and Z are each, independently, -CH>- or
-C(0)-;

Rl - R4 are each, independently, H or alkyl
having 1 to 20 carbon atoms;

R7, R® and R14 may also be aryl or aralkyl,
and R%, R11, R12 and R!? may also be aralkyl;

m, n and p are each, independently, 0 or an
integer from 1 to 2; and

q is 0 or 1.

19. A compound of the formula

or an enantiomer, diastereomer, pharmaceutically
acceptable salt, prodrug or solvate thereof,

wherein:
3 R®

R 4 I
G2 ll\IRG3 N Q
G is /\n/\‘/ LN
q
o} a?

J/JQ\L
8
: , or ;
0 R\?:S
N N
/ R® /

e

asBaquimai
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G ls or ;
n )
R®R®N P
/‘C‘)\L
8
vl
(qgk)mw
e P
G2 is R® or -NR10-cH(0Ql)-;

J, K and L are each, independently, N, NR?, O,
S or CR10 with the provisos that only one of the
groups J, K and L can be O or S, and at least one
of the groups J or L must be N, NR?, O or S to form
a fused five-membered heteroring; the bond between
J and K or K and L may also form one side of a
phenyl ring fused to the fused five-membered
heteroring;

Q is arvyl;

0l, Al and A2 are each, independently, H,
alkyl, substituted alkyl, phenyl or substituted
phenyl;

3 is R11, -c(0)orll, -c(0)NR11R12, 5-
tetrazolyl, -C(O)N(R3)0RrR11l, -c(0)NHSO2R14 or
-CH20R11;

2

\4 5/
Gt is attached at the 1, 2, 4 or 5

'position and optionally substituted, at any of the
available position or positions on the ring, with
halo, alkyl or substituted alkyl having 1 to 20
carbon atoms, alkoxy, aryl, aralkyl, hydroxy,

\\\
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alkanoyl, alkanoyloxy, amino, alkylamino,
‘dialkylamino, alkanoylamino, thiol, alkylthio,

" alkylthiono, alkylsulfonyl, sulfonamido, nitro,
cyano, carboxy, carbamyl, N-hydroxycarbamyl,
N-alkylcarbamyl, N-dialkylcarbamyl, alkoxycarbonyl,
phenyl, substituted phenyl, or a combinaton of
these groups;

Y and Z are each, independently, -CHz- or
-C(0)-;

R! - R are each, independently, H or alkyl
having 1 to 20 carbon atoms;

R7, R® and R14 may also be aryl or aralkyl.
and R?, R11l, R12 and R13 may also be aralkyl;

m, n and p are each, independently, 0 or an
integer from 1 to 2;

g is 0 or 1; and

the dotted line represents an optional double
bond.
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