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A este mismo respecto, debe tenerse en cuenta que en la primera pédgina de
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Por la autoridad del

Comisionado de Patentes y Marcas

(fdo) L. EDELEN
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Sello oficial de la Oficina de Patentes y Marcas de los
Estados Unidos de América
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REIVINDICACIONES <

Un compuesto que tiene la estructura:
R5

NH

en donde:

a) R1 es hidrégeno o alquilo; y R2 se selecciona del grupo que
consiste de hidrégeno, alquilo, arilo, heterociclilo, carboxi, y
sus ésteres y amidas; o R1 y R2 estan unidas y juntos son
alquileno o heteroalquileno;

b) R4 se selecciona del grupo que consiste de arilo,
heteroarilo, y arilo o heteroarilo conjugado «,B-insaturado;
Y

c) RS se selecciona del grupo que consiste de hidrégeno,
alquilo, arilo, y heterociclilo;

y un isdmero, 6ptico, diasterebmero, o enantibmero de este; una
sal, hidrato, éster, amida, o imida de este.
El compuesto de la Reivindicacién 1 en donde:

a) R1 es hidrégeno o alquilo C1-C12 aproximadamente; y R2

se selecciona del grupo que consiste de hidrégeno, alquilo
C41-Cg aproximadamente, fenilo, naftilo, y heterociclilo qu
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ti ne un anillo con 5 o 6 4tomos en el anillo incluy ndo 1-3 2§
heteroatomos o dos anillos fusionados con 8-10 atomos en
el anillo incluyendo 1-4 heteroatomos; o R1 y R2 estan
unidos y juntos son alquileno o heteroalquileno C4-Cg

aproximadamente que tiene 1-5 atomos de carbono y 1-3
heteroatomos;

b) R4 se selecciona del grupo que consiste de fenilo, naftilo,
estirilo, y heteroarilo que tiene un anillo con 5 0 6 4tomos en
el anillo incluyendo 1-3 heteroatomos o 2 anillos fusionados
con 8-10 &tomos en el anillo incluyendo 1-4 heteroatomos;

c) R5 se selecciona del grupo que consiste de hidrégeno,
alquilo Cq-Cq0 aproximadamente, fenilo, naftilo, y

heterociclilo que tiene un anillo con 5 o 6 4tomos en el anillo
incluyendo 1-3 heteroatomos o 2 anillos fusionados con 8-
10 atomos en el anillo incluyendo 1-4 heteroatomos.
3. El compuesto de la Reivindicaciéon 2 en donde:
a) R1 es hidrdgeno o alquilo C4-Cg aproximadament no

sustituido o sustituido; R2 se selecciona del grupo que
consiste de hidrégeno, alquilo C,-C, aproximadamente no
sustituido o sustituido, fenilo, y heteroarilo no sustituido o
sustituido que tiene un anillo con 5 o 6 atomos en el anillo
incluyendo 1-3 heteroatomos; o R1 y R2 estan unidos y
juntos . son alquileno C4-C, aproximadamente o
heteroalquileno C,-C, aproximadamente no sustituido o
sustituido que también tiene uno o dos heteroatomos;
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b) R4 se s lecciona del grup que consiste de fenilo no 36

sustituido o sustituido, o estirilo no sustituido o sustituido, y
heteroarilo no sustituido o sustituido que tiene un anillo con
5 0 6 atomos en el anillo incluyendo 1-3 heteroatomos; y

RS se selecciona del grupo que consiste de hidrégeno,
alquilo C,-C; aproximadamente no sustituido o sustituido,
fenil6 no sustituido o sustituido, y heterociclilo no sustituido
o sustituido que tiene un anillo con 5 o 6 atomos en el anillo
incluyendo 1-3 heteroatomos.

4. El compuesto de |a Reivindicacion 3 en donde:

a)

b)

d)

e)

SUStituyentes de R1 de alquilo son fenilo 0 heterociclilo que
tiene un anillo con 5 o0 6 a4tomos en el anillo incluyendo 1-3
heteroatomos; '
sustituyentes de R2 de alquilo se seleccionan de! grupo que
consiste de fenilo, heterociclilo que tiene un anillocon 50 6
atomos en el anillo incluyendo 1-3 heteroatomos, hidroxi,
alcoxi C,-Cg aproximadamente, fenoxi, tio, alquiltio C4-Cs
aproximadamente, feniltio, carboxi y sus ésteres y amidas
C4-Ces aproximadamente;

sustituyentes de R2 de arilo son alquilo C4-Cg
aproximadamente,

sustituyentes de R2 de heterociclilo se seleccionan del
grupo que consiste de alquilo C4-Cg aproximadamente,
fenilo, y'heterociclilo que tiene un anillo con 5 o 6 atomos
en el anillo incluyendo 1-3 heteroétomos;

sustituyentes de R1/R2 de slquileno y heteroalquileno se
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1.

seleccionan d | grupo qu consiste de alquilo C4-Cq
aproximadamente, hidroxi, alcoxi C,-Cg aproximadamente,
fenoxi, tio, alquiltio C4-Cs aproximadamente, feniltio, carboxi
y sus ésteres y amidas C,-Cs aproximadamente;

f)  sustituyentes de R4 de fenilo, heteroarilo, y estirilo s
seleccionan del grupo que consiste de alquilo C:-Cg
aprox.imadamente. fenilo, alcoxi C4-Cg¢ aproximadamente, y
halo;

g) sustituyentes de R5 de alquilo son fenilo y heterociclilo que
tiene un anillo con 5 o 6 4tomos en el anillo incluyendo 1-3
heteroatomos;

h) sustituyentes de R5 de arilo y heterociclilo se seleccionan
del grupo que consiste de alquilo C4-Cg aproximadamente,
fenilo, y heterociclilo que tiene un anillo con 5 o 6 atomos
en el anillo incluyendo 1-3 heteroatomos.

El compuesto de la Reivindicacion 3 en donde R1 es hidrégeno.

El compuesto de la Reivindicacién 3 en donde R1 es alquilo.

El compuesto de la Reivindicacién 3 en donde R1 y R2 estan
unidos.

El compuesto de la Reivindicacién 3 en donde R4 es arilo.

El compuesto de la Reivindicacién 3 en donde R4 es heteroarilo.

El compuesto de la Reivindicacion 3 en donde R4 es arilo o
heteroarilo conjugado a,p-insaturado. '

Un proceso para' fabricar un compuesto que tiene la estructura:

ey
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en donde un'éster de acido piperazinico o éster de resina se utiliza
como un reactivo.

El proceso de la Reivindicacién 11 en donde el p-nitrégeno del éster
de acido piperazinico se funcionaliza utilizando una reaccién tip
Mannich (Petasis) de acido boroénico.

El proceso de la Reivindicacion 11 que comprende los siguientes
pasos:

a) Resina hidroximetilpoliestireno se reacciona con éacido
piperazinico N-protegido para fijarlo a la resina para
producir el producto del paso (a);

b) el grupo de proteccién se elimina del B-nitrégeno d |
producto del paso (a) para producir el producto del paso (b);

c) el producto del paso (b) se reacciona con &cido R4-
borénico y acido glioxilico para producir el producto del
paso to (c);

d) el producto del paso (c) se reacciona con amina R5-NH2
para producir el producto del paso (d);

e) el producto del paso (d) se desprotege para producir el
producto del paso (&)
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f) el producto de paso (e) se reacciona con un a-aminoacido
N-protegido para producir el producto del paso (f);

g) el grupo de proteccion del a-aminoacido del producto del
paso (f) se elimina para producir el producto del paso (g);

h) el producto del paso (g) se separa de la resina y se cicla
para producir el compuesto.

14. El proceso d'e la Reivindicacién 13 en donde:

a) el paso (c) comprende hinchar el producto del paso (b) en
DCM, y llevar a cabo la reaccion en disolvente MeOH;

b) el paso (d) comprende hinchar el producto del paso (c) en
DMF, contactario con HOBt que actia como un agente de
activacion, y contactario con DIC que actita como un agente
de acoplamiento;

c) el paso (f) comprende hinchar el producto del paso (e) en
DMF, contactarlo con PyBOP que actia como un agente de
acoplamiento, y una base DIPEA, y luego el aminoacido;

d) el paso (h) comprende el uso de una solucién de 5-20%
aproximadamente de AcOH en iPrOH.

15. Una Dbiblioteca de compuestos de cualquiera de Ilas
Reivindicaciones 1, 3, 4,80 9.
16. Una biblioteca de compuestos que se elabora utilizando
los compuestos de la Reivindicacion 13.

39
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

December 12, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 64/172,823
FILING DATE: December 21, 1999

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

7 Etel

L. EDELEN
Certifying Officer
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P&G Case 7896P
PEPTIDE B-TURN MIMETIC COMPOUNDS AND PROCESSES
FOR MAKING THEM
Adam Golebiowski
Sean R. Kiopfenstein
FIELD OF THE INVENTION

The subject invention relates to novel peptide P-tarm mimetic compounds and
processes for making such compounds.
BACKGROUND
In peptides, the f-tum is  subset of the reverse tum and is  commeon foatare
of biologically active peptides and proteins; it is widely thought to act s a molccular
according to their geometry. :
m&thUmmﬂem-ﬁﬁal&mmbm
intramolecularly H-bonded ring, in which the C,! o C,> distance varics from 4 1o
TA. '

i+4

i3

i+l

Depending on ¢,, 5, §, and y, there ate many types of p-nm structures described in
literature. (See: Gillespie et ul., “Conformational Anatysis of Dipeptide Mimetics”,

Biopolv, Vol. 43, (1997), pp. 191-217; Venkatachalam, Biopolymers, Vol. 6, (1968), .

pp. 1425-36.
The subject invention compounds are mimetics for f-trn peptides. Such
compounds are useful es probes forsithe study of molecular recognition events,

SR
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including enzyme inhibition, cell-cell and cell-matrix interactions. One physical
consequence of such conformational constraint of the subject compounds is a limiting
of the pumber of accessible conformational states of the molecules, leading to a better
definition of the bioactive conformation of corresponding active peptides.

Information regarding p-tum peptides and mimetic compoands can also be
found, for example, in the following references: Ball et al, “f-Tum Topography”,
Tetmhedron, Vol. 49, No. 17 (1993), pp. 3467-3478; Kahn, “Peptide Secondary
Structure Mimetics: Recent Advances and Future Challenges”, SYNLETT, (Nov.
1993), pp. 821-826; Hanesaian et al, “Design and Synthesis of Conformationally
Constrained Amino Acids ss Versstile Scaffolds and Peptide Mimetics”, Tetrahetron,
Vol. 53, No. 38 (1997), pp. 12789-12854.

SUMMARY OF THE INVENTION
The subject mvention includes compounds having the structure:

wherein: . -
(&) Rl in hydrogen or alkyl; and R2 is selected from hydrogen, alkyl, aryl,
heterocyclyl, carboxy aud its esters and amides; or R1 and R2 are atteched and
ero together alkylene or heteroalkylene;
() R4 is selected from aryl, hoteroeryl, and o,f-vnsaturated conjugated
myl or heteroaryl; and
(©) RS issclected from hydrogen, alkyl, ary], and heterocyclyl;
and an optical isomer, diesteriomer, or enantiomer thereof: a salt, hydrate, ester,
amide, or imide thereof.
The subject invention also includes librarics of such compounds, and processcs
for making the subjoct compounds and libraries.

"3
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Asuledhu'unlmleulpeaﬁedoﬂuwua.“nlkyl'mahydmmbon
chain which is branched, linear or cyclic, saturated or unsaturated (but not aromatic),
substituted or unsubstituted. The term "alkyl" may bo used alone or as part of
another word where it may be shortened to "alk™ (e.g, in alkoxy, alkylacyl).
Preferred linear alky! have from one to sbout twenty carbon atoms, more preferably
from one to about ten carbon atoms, more prefersbly still from one to about six
carbon atoms, still more preferably from one to about four carbon atoms; most
preferred are methyl or ethyl Preferred cyclic and branched alkyl have from three
to about twenty carbon atams, more preferably from three to about ten carbon stoms,
more prefrably still from three to about scven carbon atoma, still moro prefersbly
fiom three to about five carbon atoms. Preferred cyclic alkyl have ons hydrocarbon
ring, but may have two, three, or more, fused or spirocycle hydrocarbon rings.
Preftrred alkyl are unsaturated with from one to about three double or triple bonds,
prefcrably double bonds; more prefersbly they are mono-unsaturated with one
double bond. Still more prefiared alkyl are saturated. Saturated alkyl are refared to
herein as “alkanyl”. Alkyl unsatursted only with one or more double bonds (no
triple bonds) are refared to herein as “slkenyl”. Prefored substituents of alkyl
include halo, alkyl, aryl, heterocycla, bydroxy, slkoxy, aryloxy, thio, alkyithio,
ﬁﬁuyLuﬂmeWmdemdwlmwmmﬂ
cyano. Aleo, unsubstituted alky] are prefesred.

As used hegein, "heteroatom” means & nitrogen, oxygen, or sulfur atom.

As used herein, “alkylene™ means an alkyl which connects two ofher
moicties, “heteroslkylene” means an alkylene having one or more heteroatoms in the
commecting chain.

As used hercin unlcas specified otherwise, "sryl® mceans an aromatic
Irydrocarbon ring (or fused rings) which is sobstituted or unsubstituted. The torm
"aryl” may bo used alone or as part of snother word (e.g, in aryloxy, arylacyl).
Preferred aryl have from six to about foustcen, preferably to shout ten, carbon stoms

in the aromatic ring(s), and & total of from about six to about twenty, prefersblyta - - .. . —._.

about twelve, carbon atoms. Preferred aryl is phentyl or naphthyl; most preferred is



66T22T" E282LTO9

10

15

3o

phenyl. Preferred substituents of aryl include halo, alkyl, aryl, heterocycle, hydroxy,
alkoxy, aryloxy, thio, akylthio, arylthio, amino, alkylamino, srylamino, amide,
elkylamide, arylamide, formyl, alkylacyl, arylacyl, carboxy and its alkyl and aryl
esters and amides, nitro, and cyano. Also, unsubstitated aryl are preferred.

As used herein unless specified otherwise, "heterocycle™ or “heterocyclyl”
mcans a saturated, unsaturated or aromatic cyclic hydrocarbon ring (or fused rings)
with one or more heteroatoms in the hydrocarbon ring(s). Preferred heterocycles
have from one to about six heteroatoms in the ring(s), more preferably one or two or
three heteroatoms in the ring(s). Preferred heterocycles have from three to about
fourteen, preferably to about ten, carbon plus heteroetoms in the ringfs), more
preferably from three to about seven, more preferably still five or six, carbon plus
heteroatoms in the rings(s); and a total of from fhree to shout tweaty carbon plus
heteroatoms, more preferably from three to about ten, more preferably still five or
#ix, carbon plus heteroatoms. Prefared heterocycles have one ring, but may have
two, three, or more, fased or spirocycle rings. More preferred heterocycle ringa
include those which are one ring with 5 or 6 carbon plus heteroatoms in the ring
with no more than three ring heteroatoms, no more than two of which are O and S.
Still more preferred are such 5- or 6-ring atom heterocycles with gne or two ring
atoms being O or S and the others being C; or with one, two or three ring atoms
being N end the others being C. Such preferred 5- or 6-ring stam heterocyeles are
preferably saturated, unsaturated with one or two doubls bonds, or eromatic. Such
prefezred 5- or 6-ring atom heterocycles are preferably a single ring; or fused with a
3- to 6-ring atom hydrocarbon ring which is sstursted, vnsatureted with one double
bond, or aromatic (phenyl); or fosed with another such 5- or Ging stom
heterocyclic ring  Heterocycles sre umsubstituted or sobstituted. Proferred
heterocycle substituents are the same as for alkyl.

As used herein uniess specified otherwise, “heterosryl” mesns an aromatic

heterocycle,
Compounds of the Iavention
The subject invention involves compounds having the following structure:

- — v ——-
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In structure 2, R1 is hydrogen or alkyl. Preferred R1 is slkyl beving from 1 to
about 12 carbon atoms, more preferably from 1 to sbout 6 carbon atoms, more
preficrably still 1 er 2 carbon stoms. Prefarred allyl R1 is umsubatituted or substitted;
preferred substituents include aryl, heterocyclyl, amino, alkylamino, arylamino,
hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, carboxy and its esters and amides;
more proferred substituents include phenyl, naphthyl, and heterocyclyl having one ring
with 5 or 6 ring atoms inchuding 1-3 hetaroatoms or two fused rings with 8-10 ring
atoms including 14 heteroatoma, More preferred R1 is hydrogen.

In structure 2, R2 is galected from hydrogen, alkyl, aryl, heterocyclyl, carboxy
and its esters and amides. Alkyl R2 preferably has from 1 to sbout 8 carbon atorms,
more praferably from 1 to about 4 carbon atoms, more proferably still 1 ar 2 carbon
atoms. Alkyl R2 is preferably ansubstituted or substituted;-preferred substitnents
include aryl, hetarocyclyl, amino, alkylamino, arylemino, hydroxy, alkoxy, aryloxy,
thio, alkylthio, aryithio, halo, nitro, cyano, carboxy and its cstors snd smides; more
preforred substituents include phenyf, nephthyl, heterocyclyl having one ring with 5 or
6 ring stoms including 1-3 heterostoms or two fused rings with 8-10 ring atoms
including 1-4 heterostoms, hydroxy, C1-Cg alkoxy, phenoxy, thio, C1-Cg alkyithio,

. phenylthio, carboxy end its Cy-Cg esters and amides. Aryl R2 is prefirsbly phenyl or

naphthyl, more preferably phenyl. Aryl R2 is prefersbly unsubstituted or substituted;
hydroxy, alkoxy, aryloxy, thio, alkyithio, arylthio, halo, nitra, cyano, carboxy and its
esters and amides; more preferred substituents include C;-Cg alkyl. Heterocycle R2

preferably is one ring having-5-or-6 Fing atoms-incinding-1+3-heteroatoms-or two- fimset—

rings having 8-10 ring atoms including 1-4 heterostoms. More prefemed heterocycle
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R2 is heteroaryl. Heterocycle R2 is preferably unsubstituted or substituted; preferred
substituents include alkyl, aryl, heterocyclyl, amino, alkylamino, arylamino, hydroxy,
alkoxy, aryloxy, thio, alkyithio, arylthio, halo, nitro, cyano, carboxy and its esters and
amides; more preferred substituents include C1-Cg alky), phenyl, naphthyl, and
heterocyclyl having one ring with 5 or 6 ring atoms including 1-3 heteroatoms or two
fused rings with 8-10 ring atoms including 1-4 heseroatoms.

R2 is preferably sclected from known a-amino acid side-chaine, especially
ﬂmseofu-amimacidsv'rhichcommonlyoemrinnm

In structure 2, R1 and R2 may be attached, such attached R1/R2 being sikylens
or heteroalkylene. Alkylene R1/R2 prefersbly has from 1 to about 6 carbon stoms,
more preferably from sbout 2 to aboot 4 carbon atoms, more preferably sill 3 or 4
csrbon atoms. Heteroalkylens R1/R2 preferably has from 1 to about § cabon atoms,
more preferubly from 1 to shout 4 carbon stoms, more preferably still 2 or 3 cbon
atoms; and preforably from 1 to about 3 heteroatoms, more preferably 1 or 2
heteroatoms, more preferably still 1 heteroatom.  Alkylene and hetaroalkylens R1/R2

are preferably unsubstitated or substituted; preferred carbon atom substituents include -

alkyl, aryl, heterocyclyl, amino, alkylamino, arylamino, hydroxy, alkoxy, aryloxy,

thio, alkylthio, arylthio, carboxy, and itz esters and amides; mare preferred carbon -

atom substituents include hydroxy, C)-Cg alkoxy, phenoxy, thio, C1-Cg alkylthio;

pheaylthio, carboxy and its Cy-Cg esters and amides; preferred nitrogen atoin -

substituents inclode Cy-Cg alkyl (imsubstituted or substituted).

In structure 2, R4 is selected from aryl, heteroaryl, and a,f-unsaturated-
conjugated aryl or hoteroaryl. Aryl R4 is preferably phenyl or naphthyl, more
preferably phenyl. Aryl R4 is preferahly unsubstituted or substitnted; prefirred
substituents include alky, aryl, alkoxy, aryloxy, alkylthio, arytthio, halo, nitro, cyano,
cerboxy and ita esters end amides; moro preferrod substituents inclode C1-Cg alkyi,
phenyl, C1-Cg alkyoxy, and halo. Heteroaryl R4 prefarably is one ring having S or §
ring atoms including 1-3 beterostoms or two fused rings having 8-10 ring stoms
including 1-4 hetercatoms., Heteroaryl R4 is preferably unsubstituted or substituted;
preferred substituents include alkyl, aryl, alkoxy, aryloxy, alkylthio, eryithio, halo,
nitro, cyano, carboxy and its esters and amides; more preferred substituents include
C1-Cg akkyl, phenyl, C;-Cg alkoxy, and balo. Conjugated aryl and heteroaryl R4
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prefarably incindes styryl. Conjugated aryl and heteroaryl R4 are prefersbly
unsubstituted or substituted; prefared substitoents include alkyl, alkoxy, aryloxy,
alkylthio, arylthio, halo, nitro, cyano, carboxy snd its esters end amides; more
preferred substituents include Cy-Cg alkyl, phentyl, C1-Cg alknxy, and halo,

In strcture 2, RS is selected from hydrogen, alkyl, aryl, and heterocyclyl.
Alkyl RS preferably hes from 1 to about 10 carbon atoms, more proferably from 1 to
about 4 carbon atoms, more preferably still 1 or 2 carbon atoms. Alkyl RS is
preferably unsubstituted or substituted; prefomred substituents inchude alkyl, aryl,
heterocyclyl, amino, alkyiamino, srylamino, hydroxy, alkoxy, arylouxy, thio, alkylthio,
arylthio, formyl, alkylacyl, arylacyl, halo, nitro, cymno, carboxy and its esters end
amides; more preferred substituents inclnde phenyl, naphthyl, and heterocyclyl having
one ring with 5 ar 6 ring stoms including 1-3 heteroatoms or two fused rings with 8-10
fing atoms including 1-4 heterostoms, Aryl RS is prefersbly phenyl or nsphty], more
preferably phenyl.  Aryl RS is preforably unsubstitated or substituted; prefirred
slkoxy, aryloxy, thio, alkylthio, srylthio, formyl, alkylacyl; arylacyl, halo, nitro,
cyano, catboxy snd ita esters and amides; more preferred substituents include C1-Cg
alkyl, phenyl, and heterocyclyl having one ring with 5 or 6 ring atoms including 1-3
hmmmmﬁuedringwimnommmum

~ Heterocycle RS is preferably one ring having 5 or 6 ring atoms inclnding 1-3

heteroatoms or two fosed rings having 8-10 ring atomns including 1-4 heteroatome
Muore profemred hoterocycle RS is heteroaryl.  Heterocycle RS is preferably
betituted or substituted: refered substi include alkyl, aryl, het M
fummryl, alkylacyl, srylacyl, halo, nitro, cysno, carboxy amiid its cators and amides;
more preferred substituents include Cy-Cg alkyl, phanyl, and heterocyclyl having one
ring with 5 or 6 ring stoms including 1-3 heteroatoms or two fiised rings with 8-10
ring atoma including 1-4 heteroatoms.
of the compounds of stracture 2. The subject invention incindes salts, hydratos, estess,
amides, and imides of such compounds, ..
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As used hexein, a “salt” is a cationic salt formed at any acidic group (e.g,
carboxy group), or ap enionic salt formed st any basic group (e.g., amino group) on a
compound of structure 2, Many saltg are Inown. Prefarred cationic salts include the
alkali mstal salts, such an sodium end potassiom, alkaline earth metsl salts, such as
5 magnesium and calcium, and organic salts, such as ammonium. Preferred anionic
saits include halides, sulfonustes, carboxylates, phosphates, and the like. Salts of
addition may provide an optical center where once there was none.
The compounds of the subject invention, and salts thercof, may have one or
more chiral centers. Theo invention includes all optical isomers of the compounds of
10 structuro 2 and salts thereof, including diasteriomers and enatiomers.
The subject invention also includes Hbraries of compounds having stractare 2.
Such libreries can be mixiures of compounds of structure 2 or collections of individual
compounds of stracture 2.

15 Another aspect of the subject invention is processes for making compounds of
structure 2, as generally depicted in Schame 1.

Orthogonally protected, resin bound piparszinic acid is used. . Deprotection reaction is . - —.——.- .
followed by functionalization of the f-nitrogen stom via the Petasis reaction
Subsequent amide bond formation leads to the desired inclusion of R4 and RS
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substituents. Unblocking of the a-nitrogen, followed by Boc-N-protected a-amino

" acid coupling, deprotection and cyclizative cleavage, introduces the R2 and Rl

substituents, and lcads to bicyclic product 2.

In step a, hydroxymethylpolystyrene resin is reacted with N-protected
pipcrazinic acid (3) to bind it to the resin. This reaction is preferably carried out, afier
swelling the resin in DCM, in the presence of PhyP and DEAD which act as
Mitsunobu reagents, in THF solvent. The resin product is prefersbly filtered and
washed several times using ons or more of THF, DCM, and MeOH to pwrify the
prodoct.

In step b, the protecting group is removed from the fi-nitrogen of the resin-
bound piperazinic acid to produce 4, 'l‘hinilpelinblymlilhedbyqﬁnga-
solution of TFA and DCM, preferably about 40% TFA, preferably sfler swelling the
resin reactant in DCM. The resin product is preferably filtered and washed several
times using DCM end/or McOH, neutralized, and filtered and washed maore to purify
" .

In step ¢, piperazimic ester resin 4 is reacted with R4-boronic acid and
glyoxylic acid. This reaction is prefarsbly cermried out in DCM solvent, prefersbly
efter swelling the resin reactant in DCM. The resin product is prafersbly filtered and
washed soveral times using DCM snd MeOH, to purify it This reaction step and
purification aro proferably repested to increase the yield of the desired prodnct.

In step d, the resin product from step ¢ is reacted with amine R5-NH. Prior to
addition of the amine in this step, the resin reactant is preferable swelled using-DMF,
contacted with HOBt which acts as an activating agent, followed by contact with DIC
which sots as a coupling agent, and is filtered and washed with DMF. After reaction
with the amine, the resin product is preferably filtered and washed with DMF.

In step e, the resin product fiom step d is contacted with piperidino which acts
83 2 deprotecting ageot. This step is preferably carried out in a solution of piperidine
in DMF, the solution being from ebout 15 % to about 30 % piperidine. Reyulting resin
product 5 is preferably filtered and washed several times in DMF. This step is
preferably repeated to increase the yield of the desired product.

In step f, zesin product. S.is-reacted with-a N-groteetod-a-gming acid:~Thig~--=-

reaction is prafersbly carried out in the presence of PyBOP which acts as a coupling
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egent, and then a base DIPEA. Prior to adding the amino acid, the resin reactsnt is
preferably swelled using DMF. The resin product is preferably filtered and washed
scveral timos with DMF. This step is preferably repeated.

In step g, the protecting group of the a-amiro acid of step f is removed. This
is preferably done using a solution of TFA in DCM, preferably about 25% TFA. The
resulting resin product is prefersbly filtered and washed several times with DCM and
MeOH.

In step b, the resin product from step g is cleaved from the resin and cyclized
to produce product 2. This step is preferably camried out in a solution of from about
5% to about 20% AcOH in iPrOH, at an eleveted temperature of from about 30 °C to
about 80 *C for a period of from sbout 20 h to shout 80 b. The cleaved regin is filtered
off and washed several times, preferably using MeOH. The filtrate snd washings are
preferably combined, concentrated, and dried to give 2 as a solid. The solid product is
preferebly purified by co-eveporating it several times with chloroform, and then
drying under vacuum.

The following non-limiting examples illustrate, in more detail, processes of the

Example 1

e}  Hydroxymethylpolystyrene resin (1.0 g 1.44 mmol/g, Advanced

Chentech) is ewolled in suhydrous dichloromethane (DCM) (§ mL).

Triphenylphosphine (Ph3P) (1.13 g, 4.32 mmole) is dissolved in this slorry

sud the heterogencous reaction is cooled to 0 °C under nitrogen. To-this

geatly stirring shury is added » tetrahydrofuran (THF) (30 mL) solution of

Ny-Fmoc-Ng-Boc-2-carboxypiperazine 3 (195 g 432 mmol) end

diethylazodicarboxylate (DBAD) (751 mL, 4.32 mmolc) over a period of 30

minutes. The reaction is allowed to stir for 72 b, at which point the resin is

filtered and washed with THF (3X), DCM (3X), MeOH (3X), then nmltiple,
successive and alternating DCM and MeOH washes (standard manner).

b)  Piperazinic resin ester from step a (1.4 g) is swelled in DCM, filtered

and treated with a 40% solution of trifluoroacetic acid (TFA) in DCM for 1

b The resin is fillared and washed with DCM (3X), MeOH (3X), then

alternating DCM/MBEOH as in (2). The resin bound amiue TFA salt is then
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neutralized with a 10% solution of diicopropylethylamina (DiPEA) in DCM
and re-washed in the standard manner.

c) The resin ester 4 from step b is swelled in DCM (10 mL) and to this
is added glyoxylic acid (265g, 2.88 mmol) and a boronic acid (2.88 mmol) ag
a solution in MeOH (15 mL). The resulting slurry is agitated for 5 b, before
filtering the resin and washing with MeOH (3X). The sbove procedure is
repeated again for 16 h, after which the resin is again filtered and washed in
the standard manner.

d)  The resin éster from step ¢ is swelled in DMF (5 ml) and to this is
added hydroxybanzotriazole (HOBt) (1.10 g 7.2 mmol) followed by
diisopropylearbodiimide (DIC) (907 mg, 7.2 mmol). The reaction is agitated
for 3, aftor which the rosin is washed with dimethytformamide (DMF) (4X).
The resin is swelled again in DMF (10 ml), and to this shury is added an
smine (7.2 mmol). The reaction is allowed to agitate for 15 b The resin is
filtered and washed with DMF (3X) followed by the standard mammer wash.

o) ‘The resin ester from step d is trested with 25% piperidine in DMF for
20 min. The resin is filtered and rinsed with DMF (2X) before repeating.
The resin prodnet is filtered and washed in the standard manner.

f) The resin product S from step ¢ is swelled in DMF. To this is added
a boc-a-amino acid (Boc-AA) (72 mmolc), bemzotriazol-1-yl-oxy-tris-
pymolidino-phosphonivin  hexafluorophosphate (PyBOP) (3.74 g, 72
mmole) followed by DiPEA (1.11g, 8.64 mmole). The reaction is agitated
for 5 h, filtered and rinsed with DMF (3X) in the standard manner.

£)  The resin product from step £ is treated with 25% TFA/DCM for 1 h
The resin iz filtered and washed.

h)  Tho resin product from step g is teken up in 10% acetic acid in
isopropanol (AcOHAPrOH) snd hested for 16 h at 50 *C. The resin is
filtered off and washed several times using MeOH. The filirate and
washings are combined and concentrated to give an off white solid. The
solid as co-ovaporated several times using chloroform before being dried
under vacoum for.15.h. . ... ..

Y
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Examples 2-7
The following non-limiting exemplary compounds sre made using the
process of Example 1 by reacting the indicated boronic acids, wmines, and
boc-o-amino acids therein:

(N,

5 m . j.]\l/\ ) NH
Hoy N o N\) l
0

i~ N
g . &0

20 2f
2 phenylboronic acid  isoamylamine Boc-Asp (O-tBu)- 2a
CH

3 2-thiopheneboronic - mono-Boc-butyl- Boc-Lys(Boc)-OH 2b
acid 1,4-dismine
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4  benrothiophene-2- 4-aminomethyl Boc-Tic-OH 2¢
bomonic acid pyridine
4-fluoroboronic acid phencthylamine  Boc-Phe-OH 2d

2-furylboropic acid  benzylamine Boc-Phe-OH
2-naphthylboronic aniline Boc-Hyp(OBn)-OH 2
acid

®

The above processes of the subject invention are carried ont using solid-
final product amenable to antomation. Libreries of compounds of structure 2 aro
readily prepsred usipg the subject imvention proccsscs. Automation of the
preparation of such libraries is achieved using equipment known to the skilled
combinatorial chemist. Such equipment can be used to maks libraries which are

mixtures of campounds of stracture 2 or collections of individual compounds of -

structnre 2 each in am isolated well

While perticular embodiments of the subject invention have been described,
it Will be obvious to those skilled in the arts that various changes and modifications
of the subject invention cen b made without departing from the spirit and scope of
the fnvention. Jtis intended to cover, in tho appended claims, all such modifications
that ere within the scope of this inventiqn.
WHAT IS CLAIMED: )
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A compound having the structure:

¥
':@I

o

wherein:

(a) Rl is hydrogen or alkyl; and R2 is sclected from the group consisting
of hydrogen, alkyl, aryl, heterocyclyl, carboxy and its esters and smides; or R1
and R2 ara attached and are together alkylene or heteroalkylene;

(b) R4 is selected from the group consisting of aryl, heteroaryl, and o p-
unsaturnted conjugated aryl or heteroaryl; and

(€} RS is sclected from the group consisting of hydrogen, alkyl, aryl, and
heterocyclyl; o

and sn optical isomer, diesteriomer, or enantiomer thereof; a salt, hydrate, ester,
amide, or imide thereof.

2

The compound of Claim 1 wherein

(8) Rl is hydrogen or about Ci-Cq alkyl; and R2 is sclected fram the
group consisting of hydrogen, about C1-Cg alkyl, phenyl, nephthyl, and
heterocyelyl having one ring with § or 6 ring atoms including 1-3 heterostoms
or two fused rings with 8-10 ring atoms including 1-4 heteroatoms; or R1 and
R2 arc attached and are together about Cy-Cg alkylene or heteroalkylene
baving about 1-5 carbon atoms and 1-3 heteroatoms;

(®) R4 is selected from the group consisting of phenyl, naphthyl, styryl,
and heteroaryl having one ring with 5 or 6 ring atoms including 1-3
heteroatoms or 2 fused rings with 8-10 ring atoms including 1-4 heteroatoms;
(6 RS is selected from the group consisting of bydrogen, sbout C3-Cig
alkyl, phenyl, naphthyl, end heterocyclyl having one ring with 5 or 6 ring
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stoms including 1-3 heterontums or 2 fused rings with 8-10 ring atoms
including 1-4 heteroatoms.

The compound of Claim 2 wherein:

(8 Rl is hydrogen or unsubstituted or substituted about Cy-Cg alkyl; R2 is
sclected from the group consisting of hydrogen, unsubstituted or substituted
about Cy-C4 alkyl, unsubstituted or substituted phenyl, and unsubstituted or
substituted heteroaryl having one ring with 5 or 6 ring atoms including 1-3
heteroatoms; or R1 and R2 erc attached and together are unsubstituted or
substituted about C1-C4 alkylens or unsubstituted or substituted about C1-C4
heteroalkylans also having one or two heieroatoms;

(®) R4 is selected from the group consisting of unsubstituted or substituted
phenyl, unsobstituted or substituted styryl, and unsubstituted ar substituted
heteroaryl having one ring with 5 or 6 ring stoms including 1-3 heteroatoms;
and

{¢) RS is selected from the group consisting of hydrogen, unsubstitated or
substituted abowt Cy-C4 alkyl, unsubstituted or substitnted phenyl, and
unsubstituted or substituted heterocyclyl having one ring with 5 or 6 ring
«toms including 1-3 heteroatoms.

Tho compound of Claim 3 whexrei:

(®) alkyl Rl substituents are phenyl or-heterocyclyl having one ring with 5
or 6 ring atoms including 1-3 heterostoms;

®) mlmmmmmmommmofm
heterocyclyl having one ring with 5 or 6 ring atoms including 1-3 heteroatoms,
hydroxy, sbout Cy-Cg alkoxy, phenoxy, thio, about C1-Cg alkylthio,
phenylthio, carboxy and its sbout Cy-Cg esters and amides;

(c)  aryl R2 substituents aro sbout Cy-Cg alkyl;

(@® beterocyclyl R2 substituenis are selected from the group consisting of
sbout C4-Cg alkyl, phenyl, and heterocyclyl having one ring with 5 or 6 ring
atoms including 1-3 heteroatoms; - -+ -,
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() alkylenc and heteroalkyicne R1/R2 substituents are selected fom the
group consisting of about Cj-Cg alkyl, hydroxy, sbout C;-Cg slkoxy,
phenoxy, thio, about Cy-Cg alkylthio, phenyithio, carboxy and its about C1-Cg
esters and smides;

()  pheny), heteroaryl, and styryl R4 substituents are sclected from the
group cansisting of about Cy-Cg alkyl, phenyl, ahout C{-Cg alkoxy, and halo;
(2)  alkkyl RS substituents arc phenryl or heterocycly] having onc ring with 5
or 6 ring atoms including 1-3 heteroatoms;

(b) aryl and heterocyclyl RS substituents ure sclected from the group
consisting of sbout Cy-Cg alkyl, phenyl, and heterocyclyl having one ring with
5 or 6 ring atoms including 1-3 beteroatoms.

The compound of Claim 3 wherein R1 is hydrogen.

The compound of Claim 3 wherein R1 is alkyl

The compound of Claim 3 wherein R1 and R2 are attached.
The compound of Claim 3 wherein R4 is aryl.

The compound of Claim 3 wherein R4 is heteroaryl.

The compound of Claim 3 wherein R4 is o,f-unsatursted conjugated aryl ar
heteroaryl, -

A process for msking & compound having the structure:
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wherein a piperazinic acid ester or resin-ester is used as a reactent.

12.

The procesa of Claim 11 whexrein the f-nitrogen of the piperazinic acid ester is

functionalized using a boronic acid Mannich-type (Petasis) reaction.

13.

14,

The process of Claim 11 comprising the following steps:

(8)  hydroxymethylpolystryens resin is reacted with N-protected piparazinic
acid to bind it to the resin to produce step (a) product;

()  the protecting group is removed from the P-nitrogen of the step (1)
product to produce step (b) product; :

(c) the stop (b) product is reacted with R4-boronic acid and glyoxylic acid
to produce (c) product;

(d) the step (c) product is reacted with amine R5-NH7 to produce step (d)
product;

()  thestep (d) product is deprotected to produce stop (¢) product; -
(f) the.step () product is rescted with 3 N-protected a-amino acid to
produce step (f) product;

(g) the protecting group of the a-amino acid of the step (f) product is
removed to produce step (g) prodact;

(h) the step (g) product is cleaved from the resin gnd cyclized to produce
the compound.

The process of Claim 13 wherejn:

53

(®  step (<) compriscs swelling the step (b) product iri DCM; i canrying ™~ -

out the reaction in MeOH solvent;
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(b)  step (d) comprises swelling the step (c) product in DMF, contacting it
with HOBt which acts as an activating agent, and contacting it with DIC which
acts as a coupling agent;

(c)  step (f) comprises swelling the step (e) product in DMF, contacting it
with PyBOP which acts as a coupling agent, and a base DiPEA, and then the
(@) step (h) comprises use of a solution of about 5-20% AcOH in iPrOH.

A library of compounds of any of Claims 1, 3,4, 8 or 9.

A library of compounds made using the process of Claim 13.

P
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ABSTRACT
Adam Golcbiowski
Scan R. Klopfenstein

The subject invention involves compounds having the structure:

o

O

wherein:
(®) Rl is hydrogen or alkyl; and R2 is seleoted from hydrogen, alkyl, aryl,
heterocyclyl, carbaxy and its esters and amides; or Ri and R2 sre attachad and
are together alkylene or heteroalkylene;
() R4 is sclected from aryl, heteroaryl, and o,p-unsatursted conjugated
aryl or heteroaryl; aud '
(¢)  R5is selected from hydrogen, alkyl, aryl, snd heterocyclyi;

and an opticzl isomer, diesteriomer, or ensntiomer thereof: a salt, hydrate, ester,

amide, or imids thereof. .
The subject invention also incledes libraries of such compounds, and processes
for making the subject compounds and libraries.
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