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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: : Folios 26 a 1061 24/Septiembre/2009

Reivindicaciones: Folios 1062 a 1079 24/Septiembre/2009
Folios 1092 a 1109 27/Noviembre/2009

Prioridad: US 11711 845 27/Febrera/2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro del
plazo establecido (Art. 8 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “INHIBIDORES DE SERINA PROTEASAS PARA EL
TRATAMIENTO DE INFECCIONES DE VHC"

Expediente 09-104558 ler Art 45



[

1132

El problema planteado en esta sohmtud consiste en la necesidad de proporcuonar
compuestos utiles como inhibidores de Serma proteasa en el tratamiento del virus de ia
hepatitis C

Para resolver este problema técnico |a solicitud en estudio proporciona un compuesto
de la formula (I} y composiciones que Io contienen,

1 - (Ver folios 38 a 40)

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP). C 07 D 498/10

4. Excepcion a la Patentabilidad (Art i‘ZO D 486 literal (d))

El objeto de las reivindicaciones 41 — 46 no es patentable de acuerdo con el Art citado.
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no es conciso porque presenta una excesiva complejidad,
lo cual dificulta determinar la extensién del objeto gque se busca proteger por las
mltiples definiciones que se dan para los sustituyentes Ry, Rz, y Ra. Al revisar |a
descripcidn en los ejemplos se muestral que R, corresponde a un sustituyente
(alquil{carbonil)amino) (alquil) carbonilo, siendo el sustituyente alquilo terminal
insustituido o sustituido por radicales alqhemlo o carboxi,

(cicloalquil(alquilycarbonil) )ammo)(alqurl)carbomlo (cicloalcoxi(alquilycarbonil))amino)
(alquil)carbonilo; (aril(alquil)carbonil)amiho) (alquil) carbonilo;
(heterociclil{alguil)carbonil))amino) (alquil) carbonilo; (alcoxi(alquil)carbonil))amino)
(alquil) carbonilo; (fenil(sulfonil))amino) (alqull) carbonilo en donde el alquilo que
sustituye el grupo amino es sustituido por el radical tertbutilo, el radical heterociclil
es sustituido por fenilo o heteroarilo y el I‘adlcal cicloalquilo es sustituido por
heterociclilo; alcoxi, R, corresponde a (CICIoanullamlno(carbon|l))(carbonll)alquﬂ)
amino © (alqwIammo(carbomI))(carbon||)a|qu1|)am|no o] R1 y Rz forman junto con los
atomos a los que estan unidos un anillo heterocmllco y R® corresponde a fenilo
sustituido por 1 a 3 sustituyentes seleccionados de cicloalquilo, cicloalcoxi, cloro
flaor, metilo y trifluorometilo o corresponde un compuesto benzofusionado como
quinolina, benzodioxol o dlhndrobenzofurano Por lo tanto se sugiere restringir la
solicitud a una razonable generalizacién de tales ejemplos.
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La reivindicacion 38 no es clara cuando reclama una composiciéon de acuerdo con la
reivindicacién 37, que ademas comprende un agente adicional seleccionado de un
agente inmunomodulador; un agente antiviral, un segundo inhibidor de proteasa
HCV; un inhibidor de otro objetivo en el ciclo de vida de HCV; y un inhibidor de
citocromo P-450. Esta manera de reclamar dichos componentes no es valida puesto
que no define un componente como tal. Se sugiere restringirse a fas composiciones
farmacéuticas sustentadas en la descripcion.

Los compuestos reclamados en las reivindicaciones 32 a 35 caen dentro de la
definicién del compuesto reclamado en la reivindicacion 1. Por lo tanto estas
reivindicaciones deben definirse como reivindicaciones dependientes de la
reivindicacion 1.

l.a reivindicacion 36 no es clara cuando reclama un compuesto seleccionado del
grupo que consiste en los compuestos numero 595 a 1044. Esta manera de
reclamar estos compuestos no es valida pues no define [as caracteristicas técnicas
esenciales del compuesto. Por lo tanto se sugiere definir correctamente el nombre y
la estructura de los compuestos que se deseen reclamar.

6. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en la fecha de Presentacion de la

Solicitud de Prioridad: Febrero 27 de 2007, y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

ltem Documento Titulo Fecha de
Publicacién
D1 WO2007016589A Inhibitors of Serine Proteases 08/Febrero/2007
Dixon S .M, Milinkevich
K.A, Fujii J, Liu R, Yao
N, Kit 8. Lam K.S Kurth
M.J "A “A Spircisoxazolinoproline-Based
Spiroisoxazolinoproline- Amino Acid Scaffold for Solid
Dz Based Amino Acid Phase 15/Noviembre/2006
Scaffold for Solid Phase and One-Bead-One-Compound
and One-Bead-One- Library Synthesis”
Compound Library
Synthesis” J. Comb.
Chem. 2007, 8, 143-157

D1

http://worldwide. espacenet. com/publicationDetails/originalDocument?CC=WO&NR=2007016589A2&K
C=A2&FT=D&ND=38&date=200702088DB=worldwide.espacenet.comé&locale=en_EP divulga
(pagina 3 paragrafo 0014, pagina 62 a 65 reivindicaciones 1y 2) un compuesto de la
féormula | atil como inhibidor de serina proteasa.

D2 hitp:/mwww.sinab.unal.edu.co:2139/dei/pdfplus/10.1021/cc060090p divulga (paginas 146 a 148
esquema 3 tabla 2) (Ver folios 1145 a 1159) un compuesto consistente en una
espircisoxazolinprolina
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7. Examen de Patentabilidad (Art 14 !TD486)

Novedad (Art 16 D486)

La reivindicacion 1 consiste en un compuesto de la formula (1)

-« L]
o~ B
\N
R.,/ R

i
0 una de sus sales farmacéuticamente aceptables (Ver folios 1092 y 1093)

Comparacion de las caracteristicas técmoas esenciales, con las del Estado de la Técnica
Caracteristicas esenciales D1

R'l H i H
| S ‘t‘f*
R

(pagina 3 paragrafo 0014, pagina 62 reivindicacitn
1)

2

Ja ¥ J;' forman juntos un heterociclo de 5 a 10
miembros (Pagina 64 reivindicacién 1)

TN

S

N/ s

Ay B son ~CH,-
(pagina 65 reivindicacion 2 )
Y 3
Hidrdgeno
Hidrégeno
Y!
Hidrdgeno !
Hidrégeno ‘ !
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R4
Z'R*

Z%es C(0)
R* es alquilo sustituido

C(Q)-R,
R,es RwW-
R es alifatico opcionalmente sustituido

W es un enlace simple, -NRy-, -0- 6 —5-
62 reivindicacién 1)

{pagina

C(0O)-R;
R, es 2°R®

2% es enlace o alifatico opcionalmente
sustituido en donde hasta cuatro
unidades de carbono de Z° son
opcional e independientemente
reemplazadas por  -C(Q)-, -
C(O)NRE- -C(O)C(O)NRE- & -NR®-,
siendo R® hidrogeno, alifatico
opcionalmente sustituido o
cicloalifatico opcionalmente sustituido.

R® es independientemente R,
halégeno, OH, CN, NOy NH,, alcoxi o
haloalcoxi.

R, es alifatico opcionalmente sustituido,
cicloalifatico opcionalmente sustituido,
heterocicloalifatico opcionalmente sustituido,
heteroarilo opcionalmente sustituide, fenilo
opcionalmente sustituido

L. es un enlace, -CF,-, -C{O)-, 6
_802.

R; es Hidrdgeno, alifatico opcionalmente sustituido,
cicloalifatico opcionalmente sustituido,
heterocicloalifatico opcionaimente sustituido, arilo
opcionalmente sustituido, heteroarilo opcionalmente
sustituido.

{paginas B2 y 63 reivindicacién 1)

Rs

R4y es amino opcionalmente sustituido,
heterocicloalifatico opcionalmente
sustituido, arilo opcionalmente
sustituido, heteroarilo opcionalmente
sustituido 0 -OR34- en donde Ra, es
arilo opcionalmente sustituido o
heteroarilo opcionalmente sustituido.

B

<>
-—_,__,__{—.N

e

é’—

{pagina 65 reivindicacion 2)

R es alifatico opcionalmente sustituido, cicloalifatico
opcionalmente sustituide, heterocicloalifatico
opcionalmente sustituido, arilo opcionalmente
sustituido, hetercarilo opcionalmente sustituido.
(pagina 82 reivindicacion 1)

Las caracteristicas esenciales del compuesto de la reivindicacion 1 habian sido
divulgadas previamente en D1, el cual da a conocer un compuesto de la formula | Gtil
como inhibidor de serina proteasa (pagina 3 paragrafo 0014, pagina 62 a 65
reivindicaciones 1y 2)

En consecuencia, la reivindicaciéon 1 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D1.
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Comparacion de las caracteristicas tecnicas esenciales, con !as del Estado de la Técnica

Caracteristicas esenciales . D2
HN /N\O
R;’J%o w9
| =3 Rz | R O
[ ] ! 0
D (paginas 146 a 148 esquema 3 tabla
2) (Ver folios 1148 a 1150)
N\
<> .-—"’N‘-uc}
{ ., e
Ay B son —-CH,- Lo
—
Y
Hidrégeno
Hidrégeno
Yl
Hidrégeno
Hidrégeno
R1 C{O)'Rz
*rR* R; es alquilo sustituido (Ver Pagina
147 tabla 2 compuestos 10m, 10n,
2" es C(Q) 100, 10r, 10s, 10t
R* es alquilo sustituido
C{O)-R;
R, es Z°R®
5 L . oy O
Z" es enlace o alifatico opcionalmente sust:tundo en H
donde hasta cuatro unidades de carbono de Z% son N
opcional e independientemente reemplazadas por T"’ N H2
-C(O)-, -C{OINR®-, -C{O)C(O)NR®- 6 -NR®-, signdo - 2
R® hidrégeno, alifatico opcionalmente sustituido o &
cicloalifatico opcionalmente sustituido.
R® es independientemente R®, halégeno, OH, CN, R es ciclopropilo
NG, NH,, alcoxi 0 haloalcoxi. [
Rs
R3 es amino opcionalmente sustituido, |
heterocicloalifatico opcionalmente sustituido, arilo
opcionalmente sustituido, heteroarilo opcionalmente _
sustituido o -ORaa- en donde Ra, €5 arilo HN
opcicnalmente sustituido o heteroarilo opcionalmente /g
sustituido. = ')
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Las caracteristicas esenciales del compuesto de la reivindicacién 1 habian sido
divulgadas previamente en D2, el cual da a conocer un compuesto consistente en una
espiroisoxazolinprolina (paginas 146 a 148 esquema 3 tabla 2)

En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D2.

La formula Markush reclamada en la reivindicacién 1 es divulgada en los documentos
D1y D2. Por este motivo la novedad de los compuestos que presentan dicha formula
Markush es anulada por estos documentos.

En consecuencia las reivindicaciones 1 — 31 carecen de novedad segun lo divulgado en
los documentos D1y D2

La reivindicacidén 32 consiste en un compuesto de férmula ||

(1D

en donde cada R, es (cicloalquil{alquil)carbonil))amino)(alquil)carbonilo;

cada R; es (cicloalguilamino(carbonil))(carbonil)alquil)amino o
(alquilamino(carbonil))(carbonil)alquil)amino; y

Cada R3 es un arilo opcionalmente sustituido.
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Comparacién de las caracteristicas técnitas esenciales, con las del Estado de la Técnica

Caracteristicas esenciales

D1

1)

Ra

J .
Ja Sz
o
—d
>—N b
R1 i
[} H
o H\i* N~
2

pagina 3 paragrafo 0014, pagina 62 '
relvindicacion 1)

o~

{p&gina 65 reivindicacion 2)

R4

{cicloalquil{alguil)carbonil))amino){aiquil)
carbonilo

C(O)-R,

R1 es P4-L2-P3

Siendo p4-L2-p3

R R7' RIG
™N -
RT—II 7{1’—«-
¢ ¢
+ Rg O R; RS

Donde R; y Ry pueden corresponder a un

, cicloalifatico opcionalmente sustituide (paginas

62 ’y 63 reivindicacion 1)

C(O)-R;
R;es

: (cicloalguilamino{carbonil)){carbonil)
algquilamino

o

i {alguilamino{carbonil))(carbonil)alquil)
amino

O

R3 es alifatico opcionalmente sustituido,
cicloalifatico opcionalmente sustituido,

Les -C(O)-

R, és alifatico opciohatmente sustituido,
ciclpanfa'tico opcionalmente sustituido,
hetgrocicloalifético opcionalmente sustituido,
heteroarilo opcionalmente sustituido, fenilo
opoionaimente sustituido

(pagina 21 paragrafos 00107 y 00108, paginas 62
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- INT
R3 l}!"-

Rz es arilo opcionalmente sustituido

(pagina 65 reivindicacién 2 )

R es arilo opcionalmente sustituido
{pé&gina 862 reivindicacion 1)

Las caracteristicas esenciales del compuesto de la reivindicacién 32 habian sido
divulgadas previamente en D1, el cual da a conocer un compuesto de la férmula | Otil
como inhibidor de serina proteasa (pagina 3 paragrafo 0014, paginas 20 a 23, pagina
62 a 65 reivindicaciones 1y 2)

En consecuencia, la reivindicacion 32 no es nueva ¢ carece de novedad, segun lo
divulgado en el documento D1.

Puesto que la reivindicacién 33 no menciona caracteristicas nuevas adicionales
tampoco se puede considerar nueva.

La reivindicaciéon 34 consiste en un compuesto de férmula |l

1D

en donde cada R es (cicloalquil(alquil)carbonil))amino)(alquil)carbonilo:

cada R es (cicloalquilamino(carbonil))(carbonil)alquil}amino o
(alguilamino{carbonil}){carbonil)alquiljamino; y

Cada Rj es un heteroarilo opcionalmente sustituido con 1 a 3 sustituyentes cada uno

independientemente seleccionado del grupo que consiste en alcoxi C1.4, alquilo Cq4 y
halo.
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica

Caracteristicas esenciales

D1

R

. J ,
J3 J'2
Q
>N 1
T Ry T 4
o \3]:* L
R

2

(pagina 3 paragrafo 0014, pagina 62 reivindicacién
1)

e

I

T~T-

(pagifa 65 reivindicacién 2 )

R4

{cicloalguil{alquil)carbonil)}amino)
{alquil)carbonilo

ClO)R,
R1 es 1P4-L2-P3
Siendo P4-L2-P3
R7 R7' 36
N -
R S
Rg O ER; RS

Donde R; y R;' pueden corresponder a un
cicloalifatico opcionalmente sustituido (paginas 62 y
63 reivindicacién 1)

C(O)-R; f
' Ryes

{cicloalquilamino{carbomi))(carbonil}
alquil)amino

o)

(alguilamino(carbonib)}{carbonibalquil)
amino

S ’ 3

!
)@H\%/?\L/E\R

‘ 2
4

R, es alifatico opcionaimente sustituido, cicloalifatico
opcionalmente sustituido,

| Les -C(O)-

R:es Jlifético opcionalmente sustituido, cicloalifatico
opcionalmente sustituido, heterocicloalifatico
opcionalmente sustituido, heteroarilo opcionalmente
sustituido, fenilo opcionalmente sustituido

|
{pagina 21 paragrafos 00107 y 00108, paginas 62 v
63 reivindicacién 1)
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=
R Pt
Rz es un heteroarilo opcionalmente | “2ag T
sustituido con 1 a 3 sustituyentes ) g,.
cada uno independientemente <>

seleccionado del grupo que consiste

en alcoxi Cy., alquilo C halo S
e 89 ¥ (pagina 65 reivindicacion 2 )

R es hetercarilo opcionalmente sustituido
(pagina 62 reivindicacion 1)

Las caracteristicas esenciales del compuesto de la reivindicaciéon 34 habian sido
divulgadas previamente en D1, el cual da a conocer un compuesto de la férmula [ Otil
como inhibidor de serina proteasa (pagina 3 paragrafo 0014, paginas 20 a 23, pagina
62 a 65 reivindicaciones 1y 2)

En consecuencia, la reivindicacion 34 no es nueva & carece de novedad, segln lo
divulgado en e! documento D1.

La reivindicacién 35 consiste en un compuesto de formuia Il

(I11)

en donde cada R es (cicloalquil(alquil)carbonil))amino)(alquil)carbonilo;

cada R; es (cicloalquilamino(carbonil))(carbonil)alquil)amino o
(alquilamino(carbonil)}(carbonil)alquil}amino; y

Cada R; es un amino opcionalmente sustituido, heterocicloalifatico opcionalmente
sustituido o ariloxi opcionalmente sustituido
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Comparacion de las caracteristicas técnitas esenciales, con las del Estado de la Técnica
Caracteristicas esenciales ! D1

Ja v,
0 J, ;
-
T % v T R
g “\?* L/ \RB '
R

2

(pag|na 3 paragrafo 0014, pagina 62 reivindicacion
1)

TN

N

(paginLa 65 reijvindicacion 2 )

C(O)-R,

Ries Py-Ls-Ps

Siendq P4'L2-P3

R7 R7' R6
R, |
N '71{“
(cicloalquil(alquilycarbonilyamino) RTF"'N
(alquil)carbonilo i
Rg O Rs R4

{
Donde R; y R;' pueden corresponder a un
, cicloalifatico opcionalmente sustituide (paginas 62 y
| 63 reivindicacién 1)
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C(O)-R;
R.es

(cicloalguilamina{carbonil)){carbonil)
alquilyamino

o]

(alquilamina{carbonil)){carbanil)alquil)
amino

A
s T T R,
2

H
(]f
R
Rjes alifatico opcionalmente sustituido, cicloalifatico
opcionalmente sustituido,

Les -C(O)-

R; es alifatico opcionalmente sustituido, cicloalifatico
opcionalmente sustituido, heterocicloalifatico
opcionalmente sustituido, heteroarilo opcionalmente
sustituido, fenilo opcionalmente sustitvido

{pagina 21 paragrafos 00107 y 00108, paginas 62 y
83 reivindicacién 1)

Rs

R3 es un amino opcionalmente
sustituido, heterocicloalifatico
opcionalmente sustituido o ariloxi
opcionalmente sustituido

R

= INF
2t
O

{pagina 85 reivindicacion 2 )

R es heterocicloalifatico opcionalmente sustituido
(pagina 62 reivindicacion 1)

Las caracteristicas esenciales del compuesto de la reivindicacién 35 habian sido
divulgadas previamente en D1, el cual da a conocer un compuesto de la formula | Gtil
como inhibidor de serina proteasa (pagina 3 paragrafo 0014, paginas 20 a 23, pagina

62 a 65 reivindicaciones 1y 2)

En consecuencia, la reivindicacion 35 no es nueva 6 carece de novedad, segln lo

divulgado en el documento D1,

Puesto que las reivindicaciones 36 - 40 no mencionan caracteristicas nuevas
adicionales tampoco se pueden considerar nuevas.

En consecuencia las reivindicaciones 1 — 40 carecen de novedad.
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8. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Req:fi:g; que |
D1 WQ2007016589A 1-40 Novedad
A Spiroisoxazolinoproline-Based
Amino Acid Scaffold for Solid Phase
b2 and One-Bead-One-Compound 1-31 Novedad
Library Synthesis”

En cumplimiento del articulo 45 de la Decisién 486 de ia Comisién de la Comunidad
Andina, se le indica que debe dar respdesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notlflcaclén de la presente comunicacion. En caso de
no dar respuesta al presente requenmaento 0 si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numerat 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

———————,
\ T

JOSE LUIS SALAZAR L.LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimientg,.fue not|f|cado por fijacibn en lista, de fecha
(i

R

i
Elaborado por: Rodolfo Cadena Amaya. /DM,"'
Revisado por: Gloria Jacqueline Alfonse.

Expediente 09-104558 1er Art 45




J. Comb. Chem. 2007, 9. 143—157

A Spiroisoxazolinoproline-Based Amino Acid Scaffold for Solid Phase
and One-Bead—One-Compound Library Synthesis

Seth M. Dixon,! Kristin A. Milinkevich,' Jeffrey Fujii," Ruiwu Liu,* Nianhuan Yao,?
Kit S. Lam,* and Mark J. Kurth*-!

Depariment of Chemisiry. University of California, One Shields Avenue, Davis, California 95616,
Division of Hematology and Oncology, Depariment of Internal Medicine, University of California Davis
Cancer Center, 43501 X Streer, Sacramento, California 95817

Received June 30, 2006

An efficient, multigram synthesis of a spiroisoxazolinoproline-based amino acid, 7, requiring minimal puri-
fication, delivering goad cis:trans diastereoselectivity (~1:4), and providing good yields is reported. Surface-
bound studies of the reduction of an arylnitro group in the presence of an isoxazoline ring with tin(Il)
dichloride dihydrate were undertaken to confirm the stability of the isoxazoline ring. Full derivitization of
this spiroisoxazelinoprofine-based amino acid scaffold was performed during the synthesis of a sample
library with high yields and high purity that validated the efficiency of the chemistry that was employed in
resin-bound library synthesis. A 129 600 member one-bead—one-compound (OBOC) library based on the
scaffold 7 was synthesized utilizing a dual amine acid encoding method and bifunctionalization of TentaGel

143

resin,

Introduction

Unnatural amine acid derivatives are aftractive building
blocks for medicinal chemistry due 1o their intrinsic bioac-
tivity and biostability. In the case of proline and proline
analogues, which have a well-documented history of biologi-
cal activity,’™* the utility is augmented by a versatile
heterocyclic structure. Isoxazoline rings also have a rich
history in drug discovery.’™7 Additionally, amino acid
scaffolds readily allow for the introduction of diversity
elements containing other structures known to invoke
biological responses and are fast becoming a staple in drug
discovery 3~1? The goal of our work here is to combine all
of these facets to provide a biologically relevant scaffold
that allows for the incorporation of diversity elements that
increase biological activity in targeted enzymatic or protein
systems. To this end, we have expanded our previous work
in this area'? and report here a spiroisoxazolinoproline-based
amino acid derivative (7, Scheme 1) that has three diversity
points that are spatially arranged by the spirecyclic nature
of the scaffolding such that the diversity elements arc
precisely disptayed. Trifunctional amino acid 7 presents each
diversification point in such a way that construction procecds
easily and cfficiently,

Peptide-based combinatorial chemistry combined with one-
bead—one-compound methods for solid-phase organic syn-
thesis is an important tool in the drug discovery process.
However, peptide inhtbitors or activators of enzymes and
proteins are limited in their use because they are subject to
proteolysis, they are not orally active, and they are not able
to cross cell membranes. Nonnatural amino acid-based
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peptide inhibitors or activators compensate for this, but still
suffer from the fact that peptides make poor drug candidates
for these and other reasons.'* Because of this, we sought to
develop a small-molecule, proline-based library rather than
a traditional peptide library, Although one-bead—one-
compound, small-motecule library synthesis accommodates
diverse methodology,'*~'7 we needed an encoding method
that would allow for structural isomers and amino acids with
similar or identical masses. Hence. mass-tag encoding
strategies were not an option. Edman degradation encoding
methods are reliable but encounter difficulties in that only a
limited number of retention times are resolvable in a
sequencing trace. However, a binary encoding strategy allows
any diversity element to be encoded by two amino acids with
easily distinguishable retention times.'®

Any new library synthesis requires validating studies to
establish that the chemistry performs reliably during library
synthesis, Our goal was to develop an efficient synthesis of
a highly functionalized, rigid, spiroisoxazolinoproline deriva-
tive that could be prepared in multigram quantities and that
facilitates library synthesis by employing reliable chemical
transformations. We report herein the development of these
methods in a sample library synthesis and subsequent
application in the preparation of a 129 600-member, on-bead,
encoded library that has shown promising preliminary results
in several biological systems.

Results and Discussion

Our synthetic cfforts to deliver the desired scaffolding
molecule began with a reworking of our previous synthetic
efforts' to increase the overall efficiency of each synthetic
step. Specifically, during the 1,3-dipolar cycloaddition step,
it has been our cxperience that the presence of a free

-carboxylic acid causes lower yields. To circumvent this

€ 2007 American Chemical Society
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Scheme 1. Synthesis of Scaffold Material
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problem, frans-4-hydroxy-L-proline was methyl-ester-pro-
tected. as depicted in Scheme 1, by treatmemt with acetyl
chloride in methanol.'® Without the need for purification,
the secondary amine of 1 was Bog¢-protected by treatment
with Boc anhydride in the presence of triethylamine.®® Again,
without purification, ruthenium tetroxide oxidation of the
secondary alcohol in crude 2 was carried out in the presence
of sodium periodate.®! The biphasic reaction was yellow
before 2 was added; with the addition of 2, the reaction
solution eventually turned to green/black, at which time TLC
indicated that the reaction had gone to completion. Standard
workup delivered 3, which also required no further purifica-
tion. 1t should also be noted that our protoco! for this
oxidation replaced carbon tetrachloride and ethanol with ethyl
acetate to form the biphasic reaction mixture. Wittig olefi-
nation of crude 3 was undertaken according to literature
procedures? to deliver 4 in good yield. Column chromato-
graphic purification was required at this point and gave 4 in
a 58% overall yield from trans-4-hydroxy-L-proline.
Oxime 5 was synthesized and subsequently converted to
6 by N-chiorosuccinimide treatnient. In situ nitrile oxide
formation from & with triethylamine and subsequent 1.3-
dipolar cycloaddition to the C=C double bond of 4 delivered
a l:4:cis:trans diastereomcric mixture of cycloadducts. b

ar

Although it is possible to perform the 1.3-dipelar cycload-
dition straight from the oxime in the presence of sodium
hypochlorite. the large-scale use of a bleach sotution (the
common delivery means for soedium hypochlorite) would
require volumes that were unreasonable for standard lab
work. The use of the chlorooxime with triethylamine allowed
for a more concentrated reaction mixture and an improved
yield. as well as shorter reaction times.

As outlined in the Experimental Section, this crude
reaction mixture was taken through a series of steps without
isolating any intermediates because it proved possible to
achieve moderate purification by simply extracting into
aqueous base and then aqueous acid once the methyl ester
had been hydrolyzed to the free carboxylic acid. Boc
deprotection followed by Fmoc protection proceeded smoothly
to deliver 7 as a mixture of diastereomers (1 :4::cis:trans) after
column purification.!?

Although it was possible to separate the diasterecmers by
reversed-phase HPLC, as illustrated by the LC trace in
Scheme |, separation was not possible by standard column
chromatography. Consequently. this diastereomeric mixture
was employed in the ensuing library syntheses. It should be
noted that these spirocyclic diastercomers arc casicst to
separatc in the Boc-protected form. Therefore, once a lead
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Scheme 2. Synthetic Route for the Study of Arylnitro Reduction in the Presence of an Isoxazoline Ring
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compound is identified via on-bead screening, each diaste-
reonter will be considered individually in follow-up assays,
and flash chromatography will be utilized to separate the
Boc-protected diastereomer; these will then be carried
through to the final Fmoc-protected form.

Before derivative and library syntheses were undertaken,
there remained a question regarding the stability of the
isoxazoline ring under the conditions required to reduce the
arylnitro group. Indeed, literature protocols for isoxazoline
N—Q bond cleavage upon treatment with metal-based
reducing agents™~** raised a concern that exposure of 7 to
tin(I1) dichloride dihydrate would effect an unwanted isox-
azoline ring cleavage. To address this issue, two model
compounds, 8 and 9, were prepared according 1o Scheme 2
by performing t.3-dipolar cycloaddition reactions between
4-pentencic acid and two oximes: benzaldehyde oxime and
5, respectively. The resulting cycloadducts differ only in that
the aryl group of 9 is 3-nitro-substituted. As a result, these
two systems afforded an effective means by which to study
the reduction of the arylnitro group in the presence of an
isoxazoline ring, since compound 8 contains only an isox-
azoline ring (and no aryloitre group), and compound 9
containg both an isoxazoline ring and an arylnitro gronp. To
conduct these experiments under librarylike conditions,
cycloadducts 8 and % were individually coupled to Rink resin
and subjected to varying equivalents of tin(ll) dichloride
dihydrate. Other than varying the equivalents of the reducing
agent, all reaction conditions were held constant (2 h at room
temperature in DMF). Workup consisted of removing the
tin{II) dichloride dihydrate from the resin by washing. The
resulting resin was subjected to cleavage conditions (TFA/
H:O/TIS) to liberate potential products A—T, and the crude
cleavage mixture was analyzed by LC/MS. We were pleased
to discover that under no conditions were isoxazoline ring
cleavage products detected, products B, E, and F were not
observed. Indeed, very specific conditions for the solid-phase
reduction of an arylnitro moiety could be arrived at using

Table 1. Reduction Studies of Isoxazoline with SnCl;2H,0
on Solid Phasc

amt C remaining amt D formed

equiv SnCly2H,0 (%) (%Y
1 99.9 0.1
5 93.8 1.2
10 70.2 29.8
15 28.4 7.6
20 13.9 86.2
21 7.8 922
22 6.6 93.4
23 4.5 95.5
24 3.6 96.4
25 l.d4 98.6
26 0.6 05.4
27 0 100
28 0 100
29 0 100
30 0 100
50 0 100
100 0 100

@ Percentages of C and D based on LC/MS integrations of the
peaks of interest,

the data gathered from this LC/MS study as presented in
Table 1. Namely, 30 ecquiv of tin(ll) dichloride dihydrate in
DMF for 2 h at room temperature completely reduced the
nitro group of resin-bound 9 but had no effect on resin-bound
8. Application of these conditions delivered the desired
product in all subsequent library syntheses.

With this inportant question answered, we turned our atten-
tion to the synthesis of several example conmpounds in a small
smnple library that would be representative of the resin-bound
molecules to be found in our one-bead—one-compound
library 26~ We thus sct out 1o preparc a sample library of 20
compounds according to Scheme 3. Standard procedures amen-
ablc to solid-phase work (i.¢., amino acid coupling, N-acyla-
tion, ete.} were emploved to construct these compounds. With
the exception of 10h, all compounds were obtained in high
vield and crude purity as seen in Table 2. To fully
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Scheme 3. Synshetic Route for the Derivatization of
Scaffolding Molecule?
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¢ Reagents and conditions: (i) 2094 piperidine in DMF, 2 x 10 min: (ii)
Fmoc-R—OH., HOBt, DIC, DMF; (iii) mixture of 7a and b {4:1), HOBL.
DIC, DMF; (iv) $aCly»2H:0 (30 equiv), DMF, 2h; (v) R,—CO-H. HOBt,
DIC, DMF; (vi} R:—CO:H. HOBt, DIC, DMF: (vii) TFA/H2O/T1S (95:
2.5:2.5) or TFA/phenol/TIS/HO/EDT (90/5/27271. viwlviviv).

characterize each of the compounds, they were subjected to
HPLC purification to deliver each compound in 95% purity.
Analyses performed on each compound showed. as was
expected, that there were great similarities in the spectral
data obtained. '"H NMR and '*C NMR interpretations of these
compounds were complicated, because they were mixtures
of diastercomers with added rotational isomerism.? It was
possible to separate some of these diastercomers by HPLC
methods, and 10e was subjected to this separation for
itlustrative purposes in accordance with literature prece-
dence. ¥ The major and minor diastereomers of 10e were
isolated, as seen in Figurc 1, and the NMR data (see
Supperting Infonmation) illustrated the different character-
istics of each isomer. Regardliess of whether separated into
individual diastercomers. scaffold similaritics were casily
detected in these compounds in the NMR, and in most cases,
it was possible to identify appropriate functional group peaks
when they stood apart from the scaffolding background peaks
{see the Supporting Infonmation for NMR spectra). Most
importantly, when dealing with compounds with this level
of complexity. the HRMS data reliably verified each
structure. As mentioned before, compound 10h was obtained
in lower yield than the other compounds and was difficult
to purify by HPLC because its solubility was low in all
solvents tested. After attempts at HPLC purification, insuf-
ficient material was available to obtain a clean 'H NMR,
and C NMR data was wholly unattainable. This compound
was, however, characterized by LC/MS, HRMS, and TR.
With this success in synthesizing a sample library contain-
ing compounds that mimicked our desired library molecules,

we set out to prepare a peptide-encoded, one-bead—one-
compound, small-molecule library. The overall synthesis is)
presented in Scheine 4 and was initiated by the swelling of]
TentaGel resin in water for 48 h, followed by Fmoc-OSu’
treatment to cause bifunctionalization of the resin beads.
Bifunctionalization was induced by a literature procedure;
developed in the Lam lab."”

First, surface amines were Finoc-protected, and in a secon
step, the inner core amines were orthogonally Boc-protecte
to finalize bifunctionalization. Next, we introduced a solu
bilizing piperazine-based linker on the outer layer of the beaq
that was intended to solve the solubility problems encouny

NE
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tered with compounds such as 10h.3°"3* This linker was
Fmoc-protected, whereas the interior of the bead would be
orthogonally protected by a Boc group te accommodate the
eventual construction of the encoding tag. The piperazine
moiety was added to help the solubility of the surface
molecules in biological studies by making these molecules
more water-soiuble. To accomplish this. 2-bromoacetic acid
was coupled to the outer layer amines, and piperazine was
subsequently employed in bromide displacement.

With the solubilizing linker in place, we turned to the
encoding tag synthesis. A solid-phasc peptide coupling was
used to introduce a semiorthogonally protected lysine. Boc-
Lys(Dde)-OH. that would encode for Ra. Next, Boe-Phe(4-
NO;)—0H was coupled to the encoding tag so that reduction
of the arylnitro group on the scaffolding molecule and
subsequent N-acylation (R, introduction) could be encoded
by the arylnitro group on this phenylalanine derivative.
Retention times for these analogs had been previously
determined by Edman degradation sequencing.” The encod-
ing tag synthesis was then completed by coupling a
combination of two commercially available Boc-protected
amino acids. Since their relative reactivities had been
determined,'® defined quantities of their respective stock
solutions could be coupled such that Edman degradation
sequencing would produce two easily distinguishable signals.
These two signals would subsequently reveal the amino acid
diversity element of the outer layer target molecule. By this
method, it is possible to couple any amino acid diversity
glement to the outer layer target molecule without prior
knowledge of its specific retention time, which allows for
far greater amino acid diversity in library synthesis. At the
completion of encoding tag svnthesis. the resin remained
separated into different vesseis, and Fmoc deprotection was
performed. The testing amino acid diversity element (X in
Scheme 4) was then coupled to the secondary amine of the
piperazine-containing solubilizing linker. Library synthesis
was continued by pooling the resin and subsequent coupling
of scaffold 7 to the amino acid diversity element, followed
by reduction of the aryl nitro group. The rtesin was then
divided into 30 plastic colunns, and R;—CO,:H was coupled
to the target molecule’s aniline moiety as well as to the
encoding tag. Pooling and Fmoc (proline secondary anvine)
as well as Dde (e-Lys amine) groups were simultancously
removed with 2% hydrazine in DMF. The resin was split
into 45 plastic colunins, and the final diversity element, Ra—
CO;H, was coupled to the target molecule and the encoding
tag. Finally. a global deprotection was performed to retove
all of the remaining acid-sensitive protecting groups to
deliver the target library, which was readily sequencable by
Edman degradation (an example is presented in the Sup-
porting Information). The library containing 129 600 unique
compounds was thoroughly washed, placed in 0.1% sodium
azide in PBS buffer, and stored in a refrigerator for future
assaying experiments. This OBOC library will be subject to
biological assay on-bead, and subsequent Edman degradation
techniques will be employed to reveal the identity of hit
motlecules, Ouce identified, hits will be resynthesized on resin
via a cleavable linker strategy or in solution phasc.
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Table 2. Scaffold Diversity Elements, Purity, and Yields
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Entry R R, R, Crude Yield (%)" Crudc Purity (%)’
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Table 2 (Continued}

M1
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Entry R R, R, Crude Yield (%)" Crude Purity (%)’

O,N
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10s A Qé ZE =N \e 82 93
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10t A Ql o~ H—~ y 84 96
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Conclusions

In summary, we have described the multigram synthesis
of a trifunctional spiroisoxazolinoproline-based scaffold 7
that requires minimal purification to deliver the desired
product in high overall yield (31% from frans-4-hydroxy-
L-proline). We also performed solid-phase arylnitro reduction
studies to confirm the stability of an isoxazole ring as well
as to provide optimized conditions for this tin chloride
reduction. Because the goal of this work was to create a one-
bead—one-compound discovery library based on scaffold 7,

we synthesized a small sample library of small-molecule
derivatives (10a—t) to validate the chemical methods to be
employed during library construction. These example com-
pounds were purified and obtained in high yield and good
crude purity; they were fully characterized. With these data
in hand, a dual amino acid encoding system was employed
in the synthesis of a 129 600-member. one-bcad—one-
compound library that is readily sequencable by Edman
degradation. Applications of this library in biclogical assays
will be reported in due course.
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Scheme 4. Encoded Small Molecule Library Synthesis.”
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20% piperidine in DMF, 2 x 10 min: (v} 2-bromoacetic acid, HOBt, DIC. DMF: (vi) piperazine. DIEA. DMF. 16 h: (viii) Fmoe-OSu, DIEA, DMF: (ix)
TFAMA0/TIS (95:2.5:2.5) (x) Boc-Lys(Dde)—OH. HOBt, DIC, DMF: (xi) Boc-Phe(d-NOx)~OH. HOBt DIC, [DMF; (xii} split resin into 96 columns: (xiii}
Boc-AA(P}—-0OH, HOBt, DIC. DMF: (xiv) Fmoc-X(P)—OH. HOBL DIC, DMF: {xv) mix resin: (xvi} mixtore of 7a and b {4:1), HOBt DIC, DMF: (xvii)
SnCl2H;0 (30 equiv), DMF. 2 he (xviii) split resin into 30 columns; (xix} R,—CQ:H. HOBL DIC, DMF; (xx) 2% hydrazine in DMF. 2 3 10 min; (xxi)
sphit resin into 45 columns; (xxii) R:—COzH, HOBt, DIC, DMF; (xxii) TFA/phenal/TISHO/EDT (90/5/2/2/1, viwielviv),

Experimental Section

Reagents and Instrumentation. All reagents and solvents
were purchased from commercial suppliers and nused without
further purification. Fmoc-Rink amide MHBA resin {capac-
ity: 0.50 mmol/g) was purchased from EMD Biosciences
{San Diego, CA). TentaGel S NH, resin (90 um, 0.26 mmol/
g) was purchased from Rapp Polymere GmbH (Tibingen,
Germany}). and all the calculations for synthesis were based
on a substitution of 0.26 mmol/g. HOBt, Fmoc-OSu, and
DIC were purchased from GL Biochem {Shanghai, China).
All infrared spectra were determined on a Genesis 11 Mattson
FT—IR. 'H and '"C NMR were measured in either DMSQO-
ds or CDCl; at 600 (or 400) and 150 (or 100) MHz, respec-
tively. Elemental analyses were determined at MidWest Micro-
lab, Indianapolis, IN. MALDI-TOF-MS analyses were per-
formed with a Bruker Biflex 11l MALDI-TOF mass spectrom-
eter (Bruker-Franzen Analytik, Bremen, Germany) equipped
with a pulsed N; laser {337 nm), a delayed extraction ion
source, and a reflestron. For HPLC analyses, the following
werc used: a Warers Alliance LC/MS. a Waters 2695 HPLC,
and a Waters PDA 996 equipped with a 2.1 x 50 mm Water
Xterra MS Cig 3.5-um column employing a gradient clution
of 0—=5 min, 100% A; 5—25 min, 0—100% B; 25-30 min,
100—-0% B; 3035 min, 100% A {solvent A, H,0/0.1%
TFA; B, acetonitrile/0.1% TFA) monitored from 200 to 400
nm using & 0.2 mL/min flow rate. A Waters Micromass ZQ
Mass detector was used for the identification of MS (ESI)

for various products, with product concentration of ~1 g/
mL. Autopurification preparative HPLC was performed on
a Waters 2487 Dual A Absorbance Deteclor, 3 Waters 600
Controller, a Waters 2767 Sample Manager equipped with
a 19 x 100 mm Waters Xterra Prep MS (5 3.0-um OBD
column employing a gradient elution of §—30 min, 0—60%
B; 30—40 min. 60—80% B: 40—45 min, 80—100% B: 45~
50 min, 100% B: 50—353 min, 100—0% B; 53—60 min. [00%
A (solvent A, Hy0/0.1% TFA: B. acetonitrile/0.1% TFA)
monitored at 254 nm at a flow rate of 7.0 mL/min. Further
preparative HPL.C was performed on a System Gold 126NMP
Solvent Module (Beckman) with a Cig column (Vydac, 5
#M, 2.3-cim i.d. % 25 em). A gradient elution of 0—60% B
over 25 min followed by 60—100% B over 25 min followed
by 100% B for 5 min was used at a flow rate of 7 mL/min
{solvent A, H,0/0.1% TFA; B. acetonitrile/0.1% TFA).
Edman degradation sequencing was performed on an ABI
494 protein sequencer (Applied Biosystems).

Synthesis of Methyl (25.4R)-4-Hydroxypyrrolidine-2-
carboxylate Hydrochloride (1). rrans-4-Hydroxy-L-proline
(100 g, 762.6 mmol} was added to a stiring solution of
MeOH {150 mL) in a 500-ml. flask at 0 °C under N.. To
this solution was added acetyl chloride (71.8 g, 915.1 mmol,
65.1 L) dropwise via syringe. The solution was stirred at
0 °C for 15 min then refluxed for § h, after which the solution
was cooled to 0 °C in an ice bath and then was poured into
a stirring solution of ice-cold Et;O. The precipitate was



150 Jowrnal of Combinatorial Chemistry, 2007, T'ol. 9, No, |

collected by filtration and dried under vacuum. The product
was used without further purification as the HCI salt (117
g, ~100% yield). IR (neat. selected peaks): 3321, 1739,
1591. 1438 em™". MS (ESD) m/z: 146.23 [M + H™]. 'H NMR
{400 MHz, DMSO-dg): 4 5.63 (s. br, 1H). ~4.45 to 4,39
(m., 2H). 3.73 (s, 3H). 3.35 (dd, |H, /= 12.0, 4.4 Hz), 3.04
(d. IH, /= 124 Hz), ~2.20 10 2.02 (m, 2H). ’C NMR
{100 Hz, DMSO-d;): 8 169.0, 68.4, 574, 53.1, 53.0, 37.0.

Svnthesis of 1-fers-Butyl-2-methyl (25,4R)-4-Hydroxy-
pyrrolidine-1,2-dicarboxylate (2). In a 1-L round-bottom
flask was placed 1 (117 g, 762.6 nunol} and DCM (150 mL.).
To this solution was added triethylamine {2704 g. 2.67 mol,
372.5 mL), and the system was coofed to 0 °C in an icc
bath and place under Ny, Di-serr-butyl dicarbonate (183.1 g,
838.9 mumol} was dissolved in DCM (100 mL) and added
via syringe to the solution, which effervesced vigorously.
The solution was allowed to stir overnight, during which
time the ice bath expired. The reaction mixture was then
washed with 1 M phosphoric acid (100 mL, 3 times) and
saturated sodium carbonate (100 mL. 3 times). dried with
magnesium sulfate. filtered, and concentrated under rotary
evaporation until an off-white solid was formed. which was
used without further purification (183 g. 98%% yield). IR (neat.
selected peaks): 3436, 1737, 1659, 1419 ¢m”'. HPLC

analysis: fp = 10.70 min, purity = 99.0%. MS (ESI) m/z: |

246.14 [M + H*]. 'H NMR (400 MHz. CDCl:, mixture of
conformers): 4 ~4.46 to 4.37 (m, 2H), 3.73 (s. 3H), ~3.62

to 3.43 (in, 3H), ~2.33 to 2.28 (m, 1H}, ~2.07 t0 2.02 (m, '

1H), 1.43 (2 5, 9H). 13C NMR (100 Hz, CDCly, mixture of
conformers): & 173.9, 154.2, 80.5, 80.4, 70.0, 69.2, 58.1
57.7,54.7,32.2,39.1, 38.5, 28.5, 23.3.

Synthesis of 1-terf-Butyl-2-methyl (§)-4-Oxopyrrolidine-
1,2-dicarboxylate (3), Sodium periodate (354 g, 1.66 mol)
was placed in a 1-L round-bottom flask containing water
(300 ml). To this suspension was added EtOAc (100 mL)

and rutheniunt1V) oxide hydrate (99.4 mg. 0.75 nunol). With !

vigorous stirring. the biphasic reaction mixture changed color
from black to yellow and was then placed in an ice bath. A
solution of 2 (183 g, 753 mmol) dissolved in EtOAc (100
mL) was added dropwise to the above solution. The ice bath

was removed. and vigorous stirring was maintained until the {
solution had gone to green-black, after which time the TLC

had shown the reaction had gone to completion. EtOAc was
added, the solution was thoroughly mixed, and the organic
and aqueous layers were then allowed to separate, The or-
ganic layer was decanted off, and the remaining water layer
was extracted with EtOAc (150 mL, 3 times). The organic
sclutions were combined, isopropyl alcohol was added (30
mL}, and the solution was filtered through a pad of Celite.
The filtered organic layers were dried with magnesium sul-
fate, filtered, and concentrated by rotary evaporation to deliv-
er the product as a pale yellow oil that was used without fur-
ther purification (172 g, 94% yield). IR (neat, selected peaks):‘
1764, 1747, 1700 cm~'. HPLC analysis: f = 11.42 min,

purity = 97.8%. MS (ESI) m/z: 244.25 [M + H*). '"H NMR
{400 MHz, CDCi,, mixture of conformers): & ~4.82104.71;
(m, 1H), 3.89 {(m, 2H), 3.77 (5, 3H), ~3.02 to 2.91 (m, 1H),

~2.61 to 2.56 (m, 1H), 1.47 (2 5. 9H). C NMR (100 Hz!

Mz
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CDCls, mixture of conformers): & 2084, 207.6, 172.3, 154.3,
153.5, 81.2, 60.3, 56.3. 55.6, 52.8. 52.5. 41.2, 40.7. 28.2.

Synthesis of 1-fert-Butyl 2-Methyl (5)-4-Methylenepyr-
rolidine-1,2-dicarboxylate (4). Methyliriphenylphospho-
nium bromide (505.7 g. 1.42 mol) was placed in a 3-L round-
bottom flask, and the flask was put into an ice bath.
Potassium rerz-butoxide (1.49 L of 2 1.0 M solution in THF.
1.49 mol) was added to the reaction mixture, which was then
atlowed 1o stir at 0 °C for 30 min. The reaction mixture was
warmed to room temperature and allowed to stir for 30 min.
followed by refluxing for 1 h, after which the reaction
mixture was cooled in an ice bath, and 3 (172 g, 707.8 mmol)
was added via pipet. The reaction mixture was removed from
the ice bath and brought to reflux until TLC showed the
reaction to be complete. The reaction mixture was diluted
with water, concentrated by rotary evaporation, and extracted
with EtOAc (300 mL, 3 times). The organic layers were
combined. dried with magnesium sulfate, filtered. and
concentrated by rotary evaporation. Purification by flash
chromatography {EtOAc/hexane, 1:5) gave the pure final
product as a pale yellow oil {107.5 g, 63% yield). IR (neat.
selected peaks): 2976, 1748, 1699 cm™!. HPLC analysis:
fp = 12.30 min. purity = 99.9%. MS (ESI} m/z: 24212 [M
+ H7]. 'H NMR (400 MHz. DMSO-d,, mixture of conform-
crs): & 5.01 (d. 2H, J = 10.8 Hz), 4.36 (¢, t1H. J = 11.2
Hz), 3.95 (2 s, 2H), 2.64 (25, 3H). 3.01 (q. IH. /= 14.6
Hz), ~2.57 to 2.50 (m. 1H), 1.38 (2 5. 9H}. '*C NMR (100
Hz, DMSO-ds;, mixture of conformers): & 172.7. 1724,
153.5,152.9, 143.4, 142.5, 107.8, 79.3, 79.2, 58.5. 58.1, 51.9,
50.5, 504, 36.0, 35.3, 28.0, 27.8. Anal. Caled for C;He-
NOs: C,59.73; H, 7.94; N, 5.81; 0, 26.52. Found: C, 59.67;
H, 7.91; N, 5.82; O, 26.60,

Synthesis of 3-Nitrobenzaldehyde Oxime (5). 3-Ni-
trobenzaldehye (10.0 g, 66.2 mmol) was added to a stirring
solution of hydroxylamine hydrochioride (9.2 g, 132.3 minol)
in a solution of water, THF, and ethanol (100 mL, 1:5:2) in
a 250 mL round-bottem flask. To this solution was added
NaDAc (16.3 g, 198.5 mmwol), and the reaction mixture was
stirred for 1 h. at which time the TLC showed the reaction
to be complete. The THF and ethancl were removed by
rotary evaporation. and the remaining aqueous layer was
extracted with DCM (50 mL. 3 times). The combined organic
fayers were dried with magnesium sulfate, filtered, and
concentrated by rotary evaporation to give the final product
{£ and Z isomers) as a yellow powder (10.98 g, 99.8% vield),
which was used without further purification. IR (neat,
selected peaks): 3323, 1531, 1347 em™'. HPLC analysis:
ix = 4.47 min, purity = 98.2%. MS (ESDH) m/z: 167.08 [M
+ H7]. 'H NMR (400 MHz. DMSO-dy): 8 11.69 (s, 1H),
~843 to 8.42 (m, IH), 8.34 (s, 1H), 8.22 (ddd, 1H., J =
8.4.24. 08 Hz), 8.06(dt, |H./=8.0,1.2Hz). 7.7} (t. |H.
J=R.0Hz). C NMR (100 Hz, DMSO-d;): & 148.1, 146.6.
134.9, 132.3, 1303, 123.7, 120.8.

Synthesis of N-Hydroxy-3-nitrobenzimidoyl Chloride
(6). In a [-L round-bottom flask, 5 (10.0 g, 60.2 mmol) was
dissolved in CHCI; (350 mL), and the reaction mixture was
placed in an ice bath. Pyridine {0.476 g, 6.02 mmol, 486.8
4#Ly was added to this system via pipet, and the mixture was
allowed to stir for 15 min. After this time, M-chlorosuccin-
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tmide (8.84 g, 66.2 mumol) was dissclved in CHCI; (100 mL),
and the resulting suspension was added to the reaction
mixture at ¢ °C. The reaction was allowed to stir overnight,
after which time the TLC showed the reaction to be complete.
The reaction mixmre was concentrated, and water and DCM
were added. The layers were separated, and the aqueous layer
was cxtracted twice more with DCM. The combined organic
layers were dried with magnesium sulfate, filtered, and
concentrated by rotary evaporation to produce a yellow oil,
which seolidified into a yellow solid over time in the
refrigerator and was used without further purification (£ and
Z isomeric mixture; 11,53 g, 95,5% yield). IR (neat, selected
peaks): 3308, 1527, 1352 em™'. MS (ESD m/=: 201,14 [M
+ H~]. '"H NMR (400 MHz, DMSOQ-d5): 6 9.49 (2 s. H).
8.63 (t, 1H. J = 2.0 Hz), 8.24 (ddd, 1H, J = 8.0, 2.0, 0.8
Hz), 8.13 (dt. IH,J= 8.0, 1.2 Hz), 7.57 (t, H, J = 8.0 Hz).
13C NMR (100 Hz, DMSO-d;); § 148.4, 137.5, 134.5.132.8,
129.8, 1252, 1223,

Synthesis of (5R,85)-3-(3-Nitrophenyl)-1-0xa-2,7-dia-
zaspiro[4,d]-non-2-cne-7-N-Fmoc-8-carboxylic Acid and
(58,85)-3-(3-Nitrophenyl)-1-oxa-2,7-diazaspiro[4,4]-non-
2-ene-7-N-Fmoc-8-carboxylic Acid (7). Compounds 4
{107.5 g, 446.1 mmol) and 6 (178.9 g, 892.1 mmol) were
dissolved in DCM (350 mL) in a 1-L round-bottom flask,
and the reaction mixture was cooled to 0 °C and placed under
nifrogen. Triethylamine (112.8 g, 1.12 mol, 155.4 mL) was
added to the reaction mixture via syringe. The reaction
mixture was vigorously stirred until LC/MS showed the
reqaction to be complete (~4 h). The reaction mixture was
concentrated by rotary evaporation, and water and DCM were
added. The aqueous layer was extracted with DCM (130 mE,
2 times), and the organic layers were combined, dried with
magnesium sulfate, filtered, and concentrated. The crude
mixture was then dissolved in THF (150 mL) and water (150
mL), lithium hydroxide (74.9 g, 1.78 mol) was added to this
solution, and the reaction was stirred until TLC showed the
reaction to be complete {~6 h), after which the THF was
removed by rotary cvaporation, and the remaining aqueous
layer was extracted with ether (100 mL, 2 times). The
reaction mixture was then adjusted to a pH of 2—3 with I N
HCt, and the aqueous layer was extracted with EtQAc (150
mL, 3 times), The combined organic layers were dried with
magnesium sulfate, filtered, and concentrated. This crude
mixture was dissolved in trifluoroacetic acid (250 mL), and
the solution immediately effervesced vigorously, When TLC
showed the reaction’s completion, the trifluoreacetic acid
was removed by rotary evaporation. Ether (200 mL) was
added, and precipitation cccurred. The ether and any remain-
ing trifluoroacetic acid were removed by rotary evaporation.
This process was rcpeated 3 more times. The final erude
mixture was then dissolved in dioxane (250 mL) and water
(100 mL} in a 1-L round-botiom flask, and sodium carbonate
was added until the pH reached 7—8. Once this pH was
attained, a solution of Fmoc-Osu (180.5 g, 535.3 mmol)
disselved in dioxane (150 mL) was added dropwise over 90
min, The pH was maintained by adding additional sedium
carbonate, When the TLC showed the reaction to be
complete, the dioxane was removed, and the aqueous tayer
was exiracted with ether (250 mL. 2 times). The aqueous
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layer was then adjusted to a pH of 2—3 with 1 N HC!| and
extracted with EtOAc (200 mL, 3 times), and the organic
layers were combined, dried with magnesium sulfate, filtered,
and concentrated. The resulting crude mixture was subjected
to flash chromatography (EtQAc/hexane, 2:1, with 2% acetic
acid), and the combined fractions were concentrated and
diluted with enough EtOAc such that the addition of this
solution to ice-cold hexane resulted in a pale yeltow powder
that was filtered and dried under vacuum (7a and 7b, 123.6
g. 54% yield). 7a (major diastereomer). IR (neat): 3066,
3018, 2958, 2936, 2366, 2326, 1782, 1739, 1702, 1681, 1619,
1600, 1531, 1471, 1426, 1348 cm™'. HPLC analysis: f =
22.10 min, purity = 99.9%. MS (ESD) m/= 514.16 [M +
H-]. 'H NMR (400 MHz, DMSQ-d;, mixture of conform-
ers): O 839 (s, 1H), 8.33 (d. 2H, /= 7.6 Hz), 8.10 (1, 1H,
J =68 Hz). 7.90 {dd, IH,J = 6.8, 3.2 Hz), ~7.81 t0 7.76
(m. tH). ~7.71 to 7.67 (m, 2H), 7.43 (q, 2H, J = 7.2 Hz),
7.35(q, 2H. J = 7.2 Hz), 4.53 {t, 1H, J = 8.4 Hz), ~4.40
tw4.19 (m, 3H), 3.88 (d, 1H, J = 11.6 Hz), ~3.78 to 3.55
{m, [H), ~2.83 10 2.67 {(m, 2H), ~2.41 t0 2.26 (m, 2H). '*C
NMR (100 Hz, DMSO-d;, mixture of conformers): § 173.3,
172.8,156.2, 156.1, 153.9, 153.8, 148.0, 143.8, 143.7, 143.7.
143.6.140.8,140.7, 140.6, 132.7, 130.9, 130.6, 127.8, 127 2,
1253, 1253, 1251, 1247, 1241, 121.0, 120.2, 91.5. 90.7,
67.4. 67.0, 58.3, 57.9. 56,7, 56.2, 46.6, 46.5. 41.1. HRMS
(MALDI-TOF, [M + Na~]): caled, 536.1434; found.
336.1433, Anal. Caled for CosHa3N:O5: C, 65.49; H, 4.51;
N, 8.18; O, 21.81. Found: C, 65.54; H, 4.39; N, 7.96, O,
2191,

7b. Minor diastereomer. IR {neat): 3066, 3018, 2958,
2936, 2366, 2326, 1782, 1739, 1702, 1681, 1619, 1600, 1531,
1471, 1426, 1348 cm™!, HPLC analysis: 7 = 21.70 min,
purity = 99.9%. MS (EST) m/z: 514.16 {M + H*]. '"H NMR
(400 MHz, DMSO-ds, mixture of conformers): J 8.40 (s,
IH), 8.33 (d, 2H, / = 7.6 Hz), 8.10 (t, IH, J = 6.8 Hz),
7.90 (dd, 1H, J = 6.8, 3.2 Hz), ~7.82 to 7.76 (m, 1H), ~7.71
to 7.66 {m, 2H)}, 7.42 (g, 2H, S = 7.2 Hz), 7.34 (q, 2H,J =
7.2 Hz). 4.55 (d. tH, J = 84 Hz), ~4.44 10 4,19 (m, 3H),
~3.77 to 3.60 (m, 2H), ~2.67 to 2,55 (m, 2H), ~2.45 10
2,33 (m, 2H). *C NMR (100 Hz, DMSO-d;, mixture of
conformers): & 172.4, 172.0, 157.9, 155.8, 153.7. 147.9,
143.7, 143.6, 140.6, 132.6, 130.8, 130.5, 127.6, 127.1, 125.2,
125.1, 1245, 1239, 120.9, 120.1, 91 4, 90.5, 66.9. 66.8, 58.1,
57.9, 56.5, 55.9, 46.6, 46.5, 41.2, 41.0. HRMS (MALDI-
TOF, [M + Na*]): calcd, 536.1434; found, 536.1436. Anal.
Caled for CygHz3N307: C, 65.49; H,4.51; N, 8.18; O, 21 .81.
Found: C, 65.45; H, 4.61; N, 821, 0, 21.73.

Synthesis of 3-(3-Phenyl-4,5-dihydroisoxazol-5-yl)pro-
panoic Acid (8). 4-Pentenoic acid (10.0 g, 99.9 mmol) and
benzaldehyde oxime (24.2 g, 299.8 mmol) were dissolved
in THF (50 mL) in a 1-L round-bottom flask, and the reaction
mixture was cooled in an ice bath to 0 °C, Aqueous sodium
hypochlorite {29.7 g, 475.8 mL of a 6.253% bleach solution,
399.5 mmol) was added dropwise via a dropping funnel over
120 min, and the resulting solution was stirred vigorously
overnighl, during which time the ice bath expired. After this
time, TLC showed the reaction to be complete, and the THF
was removed by rotary evaporation. The remaining aqueous
layer was extracted with EtOAc (100 mL, 3 rimes). The

53
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organic layers were combined, dried with magnesium sulfate,
filtered, and concentrated. The crude mixture was purified
by flash chromatography (EtOAc/hexane, 1:2, with 1% acetic
acid) to deliver the final product as an off-white powder (18,8
g, B6% yield). TR (neat): 3025, 2969, 2920. 2779, 2694,
2656,2578, 1702, 1598. 1568, 1497, 1434, 1412, 1352 et
HPLC analysis: #g = 15.73 min. purity = 98,7%. MS (ESD)
miz: 219.06 [M*]. 'H NMR (400 MHz, DMSO-d;): 4 12.19
(s. 1H), ~7.68 to 7.65 (m, 2H), ~7.47 to 7.45 (m, 3H). ~4.75
to 4.67 (m, 1H), ~3.52 to 3.45 (m, L), ~3.15 to 3.09 (m.
1H), 2.36 (t, 2H. J = 7.6 Hz), 1.84 (q, 2H, ./ = 7.2 Hz). ¥C
NMR (100 Hz, DMSO-d,): & 174.0. 156.7, 130.0, 129.6,
128.8, 126.6, 79.9, 29.9, 29.7. Anal. Caled for C;H:sNO.:
C, 65.74; H, 598. N, 6.39; 0. 21.89, Found:. C, 65.70; H,
5.99; N, 6.36; O, 21.65.

Synthesis of 3-(3-(3-Nitrophenyl)-4,5-dihvdroisoxazol-
5-yl)propancic Acid (9). The preparation of 8 was modified
as follows to deliver 9: 3-Nitrobenzaldehyde oxime (332
g, 199.8 mmol), aqueous sodiwn hypochlorite (29.7 g, 475.8
mL of a 6.25% bleach solution. 399.5 mmol). and flash
chromatography (EtQAc/hexane, 1:2, with 1% acetic acid)
delivered 9 as a yellow powder (24.3 g. 92% vield). IR
(neat): 3107, 3077, 2943, 2928, 2869, 1725. 1691, 1598,
1531, 1486, 1438, 1415, 1348 ¢cim™'. HPLC analysis: & =
16.28 min, purity = 99.2%. MS (ESI) mfz: 264.08 [M™].
'H NMR (400 MHz, DMSO-dg): & 12.21 (s, 1H}), 8.39 (s,
1H), 8.29 (d, |H. J = 8.0 Hz), 8.10 (d. 1H, /= 7.2 Hz).

7.76 (t, 1H, J = 8.0 Hz), ~4.86 10 4.78 (m, 1H), ~3.61 to !

3.54 (m, 1H), ~3.27 to 3.21 (m, TH), 2.38 (t, 2H, J = 8.0
Hz), 1.88 (q, 2H, J = 7.2 Hz). *C NMR (100 Hz, DMSO-
dg): 6174.6,156.3.148.6,133.3. 131.8, 131.1, 125.0, 121.5,
81.5. 39.4. 30.5. 30.2. Anal. Calcd for CoH;;N;Os C, 54.55;
H. 4.58; N, 10.60; O, 30.28. Found: C. 54.43: H. 4.56; N,
10.51, O, 30.50.

General Procedures for Solid-Phase Arylnitro Redue-|
tion Studies. Fmoc-Rink MHBA amide resin (50.0 mg, 0.5
mmol/g loading capacity) was placed in a disposable plastic
column and swollen in DMF for 2 h, after which a solution

T — —

of 20% piperidine in DMF was added to the resin, and the
cofumn was rotated for 3 min. At the end of this time. the
column was drained and washed two times with DMF. then
20% piperidine in DMF was added, and the column was;
rotated for 15 min. After this deprotection, compounds 8 andi'
9 (3.0 equiv) were individually added to columns containing,
Rink resin along with HOBt and DIC (3.5 equiv each) inj
DMF. The reaction was allowed to proceed until the Kaiserx)
test indicated completion. The resin was washed with DMi
(3 times); water (3 times); MeOH (3 times): DCM (5 times)

and finally. DMF (2 times). Tin(1I) chloride dihydrate waj
dissolved in DMF and added in varying amounts to th

colunms. The reaction was allowed to proceed for 2 h ai
room temperature, at which time the soiution was drained,
and the resin was washed with water (5 times), McOH (

times), and DCM (7 times). Once the resin was thoroughly
washced, a solution of TFA. water, and TIS (95:2.5:2.5, w’v:;f
v) was added, and the cleavage reaction was allowed to react
with the resin for 2 h, after which time the cleavage solutiof
was collected. and the resin was washed with TFA and thep
DCM. The volaiile solvents were removed under a constaijt

MYy
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stream of air. and the crude imixture was taken without further
purification and analyzed by LC/MS.

General Procedure for the Synthesis of Compounds
10a—10t. Fmoc-Rink MHBA amide resin (500 mg, 0.5
mmol/g) was placed in a disposable plastic column and
swollen in DMF for 2 h, after which a solution of 20%
piperidine in DMF was added to the resin, and the column
was rotated for 5 min. At the end of this time, the column
was drained and washed with DMF (2 times), then 20%
piperidine in DMF was added. and the column was rotated
for 15 min, Once the deprotection was complete. the
appropriate Fmoc-L-amino acid (3.0 equiv) was dissolved
in DMF along with HOBt (3.5 equiv) and DIC (3.5 cquiv)
and was added to this rcaction mixture. When the Kaiser
test indicated reaction completion, the solution was drained,
and the resin was washed with DMF (2 times); water (3
times); MeOH (3 times): DCM (5 times); and finally, DMF
(2 times). The Fmoc deprotection procedure outlined above
was repeated, and compounds 7a and 7b (4:1) were coupled
to the N terminus according te the procedure outlined above
for the amino acid. The reaction was monitored by the Kaiser
test. Once complete, the resin was drained and washed as
outlined above. Tin(Il} dichloride dihydrate (30.0 equiv)
dissolved in DMF was added to the resin, and the reaction
was allowed to proceed for 2 h. The resin was then drained
and washed, and the appropnate carboxylic acid (Ry) was
coupled to the amino group of the aniline with HOBt and
DIC. When a madified chloranil test®® showed the reaction
to be complete, the resin was drained and washed and
subjected to Fmoc deprotection. The resin was washed, and
the appropriate carboxylic acid (R;) was coupled to the
secondary amine with HOBt and DIC in DMF as outlined
above. When the standard chloranil test indicated the reaction
had gone to complete, the resin was thoroughly washed with
water (5 times). MeOH {5 times), and DCM (7 times), and
a solution of TFA, water, and TIS (95:2.5:2.5, v/v/v) was
added if the target compound did not contain sulfur. If the
target compound did contain a sulfur, then a solution of TFA,
phenel, TIS, water, and EDT (90:5:2:2:1, v/iw/v/v/v) was
added to the resin. Once the cleavage reaction had run for 2
h, the solution was drained and collected. The resin was
washed with TFA and DCM, which was also collected. The
volatile liquids were removed under a constant stream of
air. and when dry, ether was added. Precipitation occurred
inunediately. The precipitation was allowed to develop in
the refrigerator overnight, and then the solution was centri-
fuged. The ether was decanted, the crude material was
brought into solution with DCM, and the whole process was
repcated three times. When the final decantation was
complete, the crude solid was dried under vacuum for 24 h.
The crude solid was dissolved and purified by HPLC, and
upon drying, each compound was analyzed.

10a. Crude yield, 116 mg, 83%; crude purity, 91%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 99.18%;
r = 18.44 min; LRMS (ESI, [M + H*]) = 679.15. IR
(necat): 3318, 3276, 2364, 2316, 1671, 1614, 1576, 1574,
1500, 1424 con . TH NMR (600 MHz, DMSQ-d,, mixture
of diastercomers): 6 10.24 and 10.24 (s, 0.2H and 0.8H),
8.35 and 8.27 (d, 1H, J = 8.4 Hz), ~7.91 to 8.0 (m, 2H),
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7.84 (d, 1H. /= 8.4 Hz), 7.75 and 7.71 (d. 0.4H and 1.6 H,
J =84 Hz). ~7.59 to 7.05 (m, 12H), 4.67 (t. IH. J= 8.7
Hz). 4.61 and 4.36 (q, 0.2H and 0.8H, J = 8.7 Hz), ~4.22
to 4.18 {m, 1H), 403 (d, IH, /=132 Hz), 3.91 (d, IH, J
=12 Hz), 3.77 and 3.73 (d, 0.2H and 0.8H, J = 11.7 Hz),
~3.12 10 3.63 (m, 4H), 2.88 (g, IH, J = 7.2 Hz), ~2.58 to
2.61 (m, 2H), ~1.96 t0 2.48 (m, 2H). *C NMR (150 MHz,
DMSO-ds, mixture of diastercomers): § 177.3, 172.6, 171.6,
170.6, 169.1, 157.1,139.5, 139.2 (2 carbons), 139.0, 135.5,
132.4, 130.6, 129.9 (2 carbons), 129.7, 129.5, 128.4, 127.6,
124.1, 123.7,121.9, 121.0. 116.9, 116.5, 90.6, 59.6. 36.5,
54.8, 52.5, 321, 30.5, 303, 30.0, 29.2, 253, HRMS
{(MALDI-TOF, [M + Na™]): caled, 701.2158; found,
701.2154.

10b, Crude yield, 139 mg, 92%; crude purity, 93%. HPLC-
purified ~4:1 mixtre of diastereomers: purity = 99.29%,
e = 19.18 min; LRMS (ESI, [M + H ] 737.21. IR
(neat): 3318, 3276, 2359, 2212, 1671, 1619, 1566, 1552,
1486, 1429 cm™'. '"H NMR (600 MHz, DMSO-ds, mixture
of diastercomers): d 10.19 (s, 1H), ~8.69 to 8.75 (m, |H),
8.62 and 8.54 (d, 0.8H and 0.2 H, J = 84 Hz), 8.40 and
8.36 (d. 0.8H and 0.2H,.J = 8.4 Hz), 8.28 and 8.12 (d, 1.6H
and G.4H, J = 8.4 Hz), ~8.00 to 7.87 (m. 2H), ~7.74 to
7.71 (m, 2H), ~7.63 10 7.18 (m, 9H), 6.70 (4, 0.2H. J = 9.6
Hz), 6.33 (d, 0.8H, J = 15 Hz), 5.53 and 5.46 (d. 0.2H and
0.8H, 9.6 Hz), ~4.66 10 4.35 {m, 2H), 4.20 (dd, 1H,/ = 4.2
Hz}, ~3.99 to 3.68 (m, 1H), ~3.60 to 2.73 (m. 4H). ~2.64
to 1.78 (m, 6H), 1.20 (d, 1H, J = 6.0 Hz). '*C NMR {100
MHz, DMSO-d, mixture of diastereomers): ¢ 177.5, 172.7,
171.6, 170.6, 163.1, 156.9, 139.5, 139.2 (2 carbons), 138.9,
138.7,132.6, 132.0,131.5,131.4, 131.3, 131.2, 130.5, 129.9
(2 carbons). 129.8. 129.6, 129.5, 129.4, 128.7, 124.2, 124.1,
123.6,122.9.1219,121.0,116,9,90.3, 59.6, 56.4, 52.4, 29.2,
25.3. HRMS (MALDI-TOF, [M + Na*]}: caled, 759.2035;
found, 759.2038.

10¢. Crude yield. 143 mg, 85%:; crude purity, 84%, HPLC-
purified ~4:1 mixture of diastereomers: purity = 99.44%,
fp = 20.58 min; LRMS (ESI, [M + H™]): 813.19. IR
(neat): 3456, 3342, 3285, 2339, 2321, 1676, 1609, 1576,
1552, 1528, 1467, 1424 cm™. *H NMR (600 MHz, DMSO-
ds, mixture of diastereomers). & 10.24 and 10.22 (s, 0.2H
and 0.8H), 8.76 (d, 1H, J = 5.6 Hz), 8.67 (d, 1H, J = 5.6
Hz), 8.43 (d, 1H, J= 8.4 Hz), ~8.03 to 7.7} (m, 8H), ~7.6!
to 7.50 (m, 4H}, ~7.44 10 7.26 {m, 6H), 5.26 (1. I1H, /= 7.8
Hz), ~4.67 10 4.50 (m, 2H), ~4.37 w0 1.84 (m, 8H), ~1.23
to 1.17 (m, 1H), "*C NMR (150 MHz, DMSO-ds. mixture
of diastereomers): 4 177.5,172.6,171.6,170.3, 159.3, 159.1,
157.6,157.3, 157.0, 156.6. 155.6, 139.5, 139.2, 138.9, 134.8,
1339, 133.8,132.4, 131.9. 130.8, 130.7, 130.3, 130.1, 129.7,
128.2,127.8,127.7. 126.6, 126.5, 126.0, 124.1, 122.8, 121.9,
120.6,119.8, 116.9, 90.8, 56.5, 29.2, 253, HRMS (MALDI-
TOF. [M + Na*]): caled, 835.1484, found. 835.1486.

10d. Crude yield, 141 mg, 91%; crude purity, 88%. HPLC-
purified ~4:1 mixture of diastercomers: purity = 96.07%,
ik = 19.29 min; LRMS (ESI, [M + H*])} 757.31. IR
(neat): 3279, 3085, 2928, 2366, 2325, 1669, 1650, 1605,
1557, 1449, 1415 cm™!, '"H NMR (600 MHz, DMSQ-d;,
mixture of diastereomers): & 10.23 (s, 1H), 8.75 (d, 1H, J
= 9.0 Hz), 8.39 (d, |H, J = 8.4 Hz), ~8.01 t0 6.97 (m,
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15H), 6.79 (d, 1H, 15.6 Hz), 4.83 {t, IH, /= 7.8 Hz), ~4.58
to 4.50 (m, 1H), 4.20 (dd, 1H, J = 4.4 Hz), ~4.10 0 3.73
(m, 2H), 3.65 to 3.00 (m, 4H), ~2.46 t0 2.12 (m, 2H), ~2.08
to 1.76 (m. 3H), 1.19 (d, 1H, J = 6.0 Hz). *C NMR (100
MHz, DMSO-dg, mixturc of diastereomers): 6 1773, 172.9,
172.7,171.6,170.5, 164.1, 162.3, 159.8, 157.0, 139.5, 139.2.
138.9,138.7,132.6,132.5,132.4, 1256.8, 129.7, 129.4, 126.2,
124.2,124.1,124.0,123.7, 1229, 121.9,121.0, 116.9, 115.6.
1154,90.4, 89.2, 59,8, 58.7, 56.4, 52.5, 292, 253 HRMS
(MALDETOF, [M + Na™)): caled, 779.1831; found,
779.1834.

10e. Crude yield, 135 mg, 89%: crude purity, 91%. HPLC-
purified ~4:1 mixture of diastercomers: purity = 99.60%,
g = 19,12 min; LRMS (ESI, [M + H™]): 739.31. IR
(neat): 3318, 3276, 3209, 2359, 2321, 1671, 1604, 1600,
1547, 1500. 1424 e¢m . "H NMR (600 MHz, DMSO-d;,
mixture of diastercomers): § 10.24 and 10.22 (s, 0.2H and
0.8H), 8.78 (d, 0.2H, J = 84 Hz), 8.36 (d, 0.8H, / = §.4
Hz), ~7.98 to 7.93 {m, 4H), ~7.56 to 7.07 (m, 12H), ~4.75
to 4.45 (m, 2H), ~4.22 to 4.20 (dd, 1H, J = 3.6 Hz), ~4.05
to 3.32 (m, 6H), ~3.23 to 2.87 (m, 4H), ~2.61 to 1.95 (m,
4H), 1.26 and 1.15 (t, 2.4H and 0.6H, /= 7.8 Hz). *C NMR
(150 MHz, DMSO-d;, mixture of diastereomers); & 177.6,
172.7.171.6,170.6, 168.7. 158.6, 158.3, 157.1, 140.3, 139.6,
139.5, 139.2 (2 carbens), 139.0, 138.7, 132.4 (2 carbons),
131.8,129.7.126.4. 128.6, 126.3, 124.1, 123.8, 123.7, 122.9,
122.0,121.1,117.0, 90.7, 90.6, 59.9, 56.5, 56.4, 52.5, 29.3,
253, 142, HRMS (MALDI-TOF, [M + Na*]): calcd,
761.2192; found. 761.2194,

10e(maj). Pure diastereomer. LC/MS analysis: purity,
99.89%; fr = 19.46 min, LRMS (ESI, [M + H*]):: 739.21.
IR {neat): 3320, 3263, 3207, 2362, 2325, 1668, 1612, 1597,
1549, 1426 cm™', '"H NMR (600 MHz, DMSO-d;, mixture
of conformers): & 10.18 (s. 1H), 831 (d, IH, J = 6.8 H2),
~7.98 to 7.89 {m, 4H). ~7.54 to 7.20 {m. 12H), ~4.66 to
4.59 (m. 2H), ~4.19 to 4.17 {m, 1H). ~4.03 10 3.34 (m,
6H), ~3.22 t0 3.02 (m, 4H), ~2.34 to 2.00 (m, 4H), ~1.40
to 1.15 (m, 3H), 3C NMR (150 MHz, DMSQ-d;. mixture
of conformers): o 177.3, 172.4, 171.5, 1704, 169.9, 160.6,
158.2, 156.9, 140.0, 139.3 (2 carbons), 139.0, 138.6, 132.3
(2 carbons), 131.7, 129.4, 129.2, 128.3, 126.2, 124.1, 123.9,
123.6,122.7,121.9, 121.7, 116.8,90.5, 59.6, 56.3, 56.2, 52.3,
29.1,25.2, 13.9. HRMS (MALDI-TOF, [M + Na*]): caled,
761.2192; found, 761.2199.

10e(min). Pure diastereomer. LC/MS analysis, purity =
99.92%; tr = 19.18 min; LRMS (ES}, [M + H*]): 739.28.
IR (neaty: 3319, 32735, 3202, 2361, 2325, 1669, 1598, 1549,
F426 cm™'. 'H NMR (600 MHz, DMSO-d;, mixture of
conformers): & 10.18 (s, 1H). 8.72 (d, IH, J = 8.4 Hz),
~7.95 to 7.88 (m, 4H). ~7.50 to 7.19 {m, 12H}, ~4.62 to
451 (m, 2H), ~4.20 w0 417 (m, tH), ~3.96 to 3.03 (m,
10H), ~2.4 to 1.92 (m, 4H), ~1.40 to 1.24 (m, 3H). "*C
NMR {150 MHz, DMSO-ds, mixture of conformers): &
178.1,173.5, 171 4, 169.4, 168.8, 157.7, 156.2, 139.8, 139.3
(2 carbons), 138.8, 138.6, 133.1 (2 carbons), 130.3, 129.1,
129.0,128.8, 127.1, 126.2, 124.9, 123.7, 123.5, 1224, 117.6,
115.8, 91.3, 60.1, 57.1, 52.9, 30.8, 29.9, 14.6. HRMS
(MALDI-TOF, [M + Na']: caled, 761.2192; found,-
761.2196.

s
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10f. Crude yield, 134 mg, 86%:; crude purity, 94%. HPLC-
purified ~4:]1 mixture of diastereomers: purity = 97.7%,
= 21.45 min; LRMS (ESL [M + H™]): 762.19. IR (neat):
3456,13333, 3100, 2355, 2321. 1671, 1623, 1614, 1576, 1543,
1448, 1429, 1348 cm~!. 'H NMR (600 MHz, DMSO-d;,
mixture of diastereomers): ¢ 11.00 and 10.96 (s. 0.2H and
0.8H), ~9.21 to 9.17 (m, 2H), ~9.00 to 8.99 (m. 1H}. 8.35
and 8.27 (d, 1H..J = 8.4 Hz), ~8.15 to 8.06 (m, 2H), ~7.98
to 7.83 (m, 5H), ~7.64 to 7.02 (m, 9H), ~4.69 10 4.49 (m,
2H), 447 (1, IH, J = 7.2 Hz), ~4.06 to 3.04 (m. 3H). 2.89
(s. 1H). 2.73 (s, [H}, ~2.37 to 1.76 (an, 2H). V*C NMR (150
MHz, DMSO-d5, mixture of diastereomers): & 172.5, 170.5.
169.0. 168.6. 162.2, 161.9, 161.4, i160.2, 158.6, 158.4, 158.3,
158.2. 158.1. 157.4, 157.0. 148.]1 (2 carbons), 1354, 138.9.
138.6. 137.1, 135.4, [32.3, 129.7. 129.3 (2 carbons), 128.0
(4 carbons). 127.5. 122.8, 121.2. 118.1.60.6, 59.5.52.3,29.0,
HRMS (MALDI-TOF, [M + Na™]): caled, 784.1802;
found.784.1803.

10g. Crude yield, 138 mg, 82%: crude purity, §4%. HPL.C-
purified ~4:1 mixture of diastereomers; putity = 95.25%,
tg = 21.49 min; LRMS (ESL [M + H*]):
(neat): 3328, 3280, 3100, 2929, 2321, 1666. 1628, 1376,
1543, 1429, 1348 em™'. 'H NMR (400 MHz, DMSO-4;,
mixture of diastereomers); 6 10.99 (s, 1H), 9.19 (s, 2H),

820.28. IR |

9.01 (s, 1H), 8.65 (dd. 1H, J= 8.8), ~8.24 t0 7.86 (m, 8H),
~7.71 to 6.97 (m. 9H), 6.35 (d. iH,J = 14.4 Hz), ~4.71 to
4.35 (m, 2H), ~3.99 to 3.13 (m, 4H), ~3.04 to 2.73 (m, '
2H), ~2.45 to 1.76 (m. 2H). '*C NMR (100 MHz, DMSO-
ds, mixture of diastereomers): & 172.6, 170.5, 169.3, 162.2,
161.4, 156.8, 148.0 (2 carbons), 139.5, 139.4, 138.8, 138.6 ;
{2 carbons), 137.1 (2 carbons). 132.4, 129.6. 129.3, 128.0
(2 carbons), 124.1, 124.0. 123.5, 123.0. 122.8,122.2,121.7,
121.5,125.2, 118.2, 118.0.90.6. 90.4, 89.1, 59.3, 56.5, 52.3,
47.6.37.7.29.7. HRMS (MALDI-TOF, [M + Na*]): caled,:
842.1679; found. 842.1675. l
10h. Crude yield, 103 mg, 56%; crude purity, 84%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 96.21%,
fp = 23.84 min; LRMS (ESL, [M + H*™}): 896.59. IR
{neat): 3428, 3356. 3261. 3209, 3090, 2929, 2359, 2326,
2165.1671. 1614, 1581. 1543, 1495, 1467, 1424. 1391. 1348
ent” ! 'H NMR (400 MHz. DMSO-ds. mixture of diastere-
omers): Very rough interpretation. Please see main text forl
details, & 11.00 (m, 1H), 9.20 (m, 2H), 9.02 (s, 1H), ~8.7%
to 7.08 (m, 13H), ~4.67 t0 4.05 (m, 2H), ~3.78 to 1.24 (m}
8H). C NMR (100 MHz, DMSO-ds, mixture of diastere]
omers): No data available. Please see main text for details)
HRMS (MALDI-TOF, [M +Na™]): calcd, 918.1128; foundj
918.1123. '
10i. Crude yield, 150 mg, 87%; crude purity, 90%. HPLC:
purified ~4:1 mixture of diastereomers: purity = 95.98%!
i = 22,43 min; LRMS (ESI, [M + H7]): 840.35. IR
(neat): 3432 3337, 3209, 3095, 2359, 2207, 2169, l657{.
1600, 1543, 1410. 1348 em™. 'H NMR (600 MHz. DMSOI-
dg. mixture of diastereomers): & 10.98 (s, 1H). 9.19 (s, br,
1H), 5.00 (s. 1H), 8.77 {d, IH, / = 5.6 Hz). ~8.60 to 8.2¢
(o, 2H), 8.15 (t, IH, /= 12.6 Hz), ~7.99 t0 6.99 {m, 12H},
~6.81 to 6.64 (m, 2H), ~4.87 to 4.49 (m. 2H), ~4.128 1
3.90 (m, 1H), ~3.69 to 3.33 (m, 2H), ~3.21 to 3.01 {m,
1H), 2.89 (s, 1H), 2.73 (s, |H), ~2.57 to 2.47 (m, 1H), ~1.9l8

|
|
|
|
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to 1.89 {m, 1H). *C NMR (150 MHz, DMSO-ds. mixture
of diastercomers): 6 173.4, 171.2, 164.8, 162.1, 157.7, 148.8
(2 carbons), 140.2, 139.6, 139.4, 137.8, 133.0, 130.5, 130.4,
128.7 (2 carbons), 126.9, 124.9, 124.4, 124.3, 123.6, 122.9.
1225, 1223, 122.0, 119.0, 118.8 (2 carbons). 117.5, 116.1,
91.2, 60.5, 57.6, 574, 57.3, 53.2, 53.0, 42.9, 364, 30.5,
HRMS (MALDI-TOF, [M + Na™1): caled, 862, 1474; found,
862.1475.

10j. Crude yield, 140 mg, 83%; crude purity, 84%. HPLC-
puritied ~4:1 mixture of diastereomers: purity = 97.65%,
i = 22.46 min; LRMS (ESIL, [M + H*]): 82246. IR
(peat): 3409, 3352. 3314, 3100. 2972, 2929, 2359, 232].
2169, 1671, 1614, 1600, 1538, 1495, 1424, 1348 ecm™!. 'H
NMR (400 MHz. DMSO-ds. mixture of diastereomers): &
11.0 and 10.96 (s, 0.2H and 0.8H), 9.18 {s. 2H), 9.00, (s.
1H), 8.76 (d, |H, /= 8.8 Hz), 8.35 (d, I1H../= 8 Hz), ~8.15
to 7.84 (m, 4H}, ~7.56 to 7.18 (. 8H), ~4.75 to 4.44 (m,
2H), ~4.07 to 3.35 (in, 4H). ~3.07 to 3.00 (m, 2H). 2.22 (s.
1H), 2.73 (s, 1H). 2.51 (s, 1HY. 2.38 to 1.77 (m. 3H). 1.26
(t,3H../ = 6.6 Hz). '*C NMR (100 MHz, DMSO-d,. mixture
of diastereommers): ¢ 172.6, 170.5. 168.7. 168.2. 162.3, 161 4.
158.5. 158.1. 157.3. 148.i (2 carbons). 140.2, 139.5. 139.0.
138.7, 137.1, 132.4. 131.8. 129.7. 1294, 1285, 128.] (2
carbons), 126.3 (2 carbons), 124.2, 124.1, 122.9, 122.3,
121.9,121.2, 118.1, 90.7, 59.8, 52.4,42.7, 35.8, 30.0, 25.3,
14.0. HRMS (MALDI-TOF, [M + Na*]): calcd, 844.1833;
found, 844.1815.

10k. Crude yicld, 99 mg, 85%; crude purity, 98%. HPLC-
purified ~4:1 mixture of diastcreomers: purity = 96.56%,
te = 15.32 min; LRMS (ESL, [M + H™]): 559.14. IR
(ncat): 3420, 3301, 3271. 3096, 3059, 2336, 2217, 2198,
2168, 1665, 1613, 1579, 1542, 1497, 1427, 1415, 1367, 1345,
1304 ¢m . '"H NMR (400 MHz, DMSO-dk, mixturc of
diastercomers): & 10.25 and 10.21 (s, 0.2H and 0.8H), 9.05
(s. LH), 7.93 (d, 2H, J = 14 Hz), ~7.72 t0 7.13 {m, 9H),
~4.54 10 4.50 (m, 1H), ~4.20 to 4.17 (m, 1H), 4.05 (d, 1H.
J =12 Hz), 3.64 (d, IH, J = 11.6 Hz). 3.51 (q. 1H, J =
17.8 Hz), 2.90 (s, 1H). 2.74 (s. TH), ~2.39 10 1.97 (in. 6H).
~1.34 to 1.21 (m, 2H), 0.88 (s, 2H). "C NMR (100 MHz,
DMSQ-ds, mixture of diastercomers). 6 1774, 173.5.171.7,
171.5.168.9, 157.0, 139.0. 135.1, 130.5, 129.5, 129.2, 128.3
(2 carbons), 128.0, 127.6. 127.3 (2 carbons), 121.8, 120.9,
t16.8, 90.6, 60.4, 59.3, 56.3, 33.5, 29.1, 25.2, 15.9, 15.3.
HRMS (MALDI-TOF, [M + Na*]): caled, 581,2125; found,
581.2121.

101 Crude yield, 107 mg, 84%; crude purity, 96%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 95.64%,
e = 1670 min; LRMS (ESI, (M + H*}): 617.34. IR
(neat); 3472, 3349, 3271, 3197, 2966, 2940, 2876, 2354,
2340, 2321, 1691,1672, 1602, 1572, 1520, 1430, 1412, 1389,
1359, 1311, 1255, 1195, 1177 em™! 'H NMR (400 MHz,
DMSO-ds. mixture of diastercomers): ¢ 10.29 and 10.22
{s. 0.8H and 0.2H), 9.01 (s, 1H), 7.91 (s, 2H)., 7.71 (d. 2H,
J = 8.4 Hz), 7.58 (d. 2H, / = 8.8 Hz), ~7.42 to 7.37 (m,
1K), 7.21 (d, 2H, J = 9.6 Hz). 7.00 (d, 2H. J = 8.4 Hz).
~4.52 to 448 (m, 1H), ~4.22 to 4.19 (m. 1H). ~4.09 to
3.95 (m, 2H), ~3.69 t0 3.44 (m. 2H), ~2.46 o 1.96 (m,
8H), ~1.78 to 1.69 (in, 2H), ~1.33 to 1.20 (m, 2H), 0.97 (1,
31,7 =72 Hz), 0.87 (s. 2H). *C NMR (100 MHz, DMSO-
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ds, mixture of diastereomers): § 177.5,173.7, 172.0, 1 71.7,
168.8, 160.5, 156.8, 140.5, 129.7 (2 carbons), 127.3 (2
carbons), 127.0, 124.2, 119.2 (2 carbons), 114.0 (2 carbons),
90.5, 692, 60.8, 59.7, 56.5,41.8,39.8,33.6,29.2,25.3, 21.9,
15.9,15.5, 10.4. HRMS (MALDI-TOF, [M + Na*]): caled,
639.2543; found, 639.2548.

10m. Crude yield, 125 mg, 91%; crude purity, 95%.
HPLC-purified ~4:1 mixture of diastereomers: purity =
89.77%, tx = 16.79 min; LRMS (EST, [M + H™]): 667.15,
669.02. IR (ncat): 3413, 3361, 3275, 3256, 2366, 2340, 2284,
1672, 1638, 1605, 1583, 1331, 1490, 1436, 1430, 1412, 1367,
1300, 1237, 1207, 1188 cm "', "H NMR (400 MHz. DMSO-
o, mixture of diastereomers): o 10.28 and 10.23 (s, 0.8H
and 0.2H), 8.89 (s, 1H), 7.91 (s, 2H), 7.73 (d, 2H, /= 8.4
Hz), 7.63 (d, 2H, J = 8.4 Hz), 744 {d, 2H, J = 7.8 Hz),
712 {d, 1H, J = 304 Hz), 6.92 (d, 2H, J = 8.4 Hz), 4.81
{q, 2H. J = 15.6, 50 Hz), 4.31 (t, 1H, J = 8.8 Hz), ~4.22
t0 4.19 (m, 1H). ~4.00 to 3.79 (m. 2H), 3.54 (q, ZH, /=16
Hz), ~2.44 t0 2.01 (m, 6H), ~1.29 to 1.19 (m, 2H), 0.82 (s,
2H). BC NMR (100 MHz, DMSO-ds;, mixture of diastere-
omers): § 177.3, 1734, 171.6, 171.3, 166.8, 157.2, 156.5,
140.4, 131.9 (2 carbons), 127.2 (2 carbons), 124.0, 119.1 (2
carbons), 117.0 (2 carbons), 112.4, 90.5, 66.2, 60.0, 56.3,
556, 41.8, 39.8, 334, 29.4, 252, 159, 15.3. HRMS
{MALDI-TOF, [M + Na*]): caled, 689.1335, 691.1315;
found, 689.1337, 691.1318.

10n. Crude yield, 109 mg, 82%; crude purity, 95%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 96.95%,
fr = 1699 min; LRMS (ES], (M + H*]): 641.19. IR
(neat): 3420, 3376, 3316, 3059, 2362, 2328, 2041, 1919,
1669, 1635, 1605, 1527, 1434, 1415, 1371, 1326, 1255, 1162,
1113, 1069 cm™'. 'TH NMR (400 MHz, DMSO-d;, mixture
of diastercomers): & 10.29 and 106.23 (s, 0.8H and 0.2H),
$.93 (s, 1H), 7.91 (5, 2H), ~7.74 10 7.61 (m, 4H), 7.48 (d.
2H,J=8.0Hz), 7.24 (s, |H), 716 (s, 1H), 432 (t, 1H, J =
7.6 Hz), 4.22 (g, I1H, J = 48 Hz), 4.01 {(d, 1H, /= }1.6
Hz). 3.86 (s, 2H), 3.75 (d, 1H, /= 11.6 Hz). 3.52 (q. 2H, J
= 18.6 Hz), ~2.42 t0 1,99 (m, 6H), ~1.30 10 1.18 (m, 2H),
0.83 (s, 2H). *C NMR {100 MHz. DMSO-d,. mixture of
diastereomers): ¢ 177.4, 173.5, 171.7, 171.6, 169.2. 156.5,
140.4 (2 carbons), 139.8, 139.1, 130.5, 129,9 (3 carbons),
127.3,127.2, 125.6, 125.1, 125.0, 124.0, 119.2, 90.4, 59.9,
563, 41.8, 39.8, 33.5, 29.1, 25.2, 16.0, 15.2. HRMS
(MALDI-TOF, [M + Na*]): calcd, 663.2155; found,
663.2150.

10v. Crude yield, 109 n1g, 87%; crude purity, 96%. HPLC-
purified ~4:1 mixwre of diastereomers: purity = 99.37%,
t = 1646 min; LRMS {ESI, [M + H™]): 607.14. IR
(neat): 3472, 3420, 3271, 3066, 2366, 2332, 2198, 2183,
2161, 2030, 2015, 1986, 1680, 1669, 1635, 1609, 1523, 1494,
1438, 1415, 1371, 1307, 1255, 1199, 1181, 1158.1091 em™".
'H NMR (400 MHz, DMSQ-ds, mixture of diastercomers):
& 10.29 and 10.23 (s, 0.8H and 0.2H), 8.92 (s, 1H), 7.91 (s,
2H), 7.73 (d, 2H, J = 8.4 Hz), 7.61 (d, 2H, J = 8.0 Hz),
7.37(d, 2H.J= 7.2 Hz), 7.27 (. 2H, S = 7.6 Hz}), 7.16 (s,
1H). 4.30 {t, IH, J = 8.4 Hz), 421 (q, 1H, J = 4.4 Hz),
397(d. 2H. J=11.6 Hz), 3.73 (5, 2H), 3.50 (. 2H. J =
18.4 Hz). ~2.41 to 2.01 (m, 6H). ~1.30 to 1,19 (m. 2H),
0.82 (m. 2H). C NMR (100 MHz, DMSQ-ds, mixmure of

M ?
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diastercomers); & 177.4, 173.5, 171.8, 171.5, 169.5, 156.5,
140.4, 139.1, 133.8, 131.4, 131.1, 130.9 {2 carbons), 128.2
(2 carbons), 127.9,127.2,124.0, 119.2,90.4, 59.9, 57.1, 56.3,
41.8, 39.8, 33.4, 29.1, 25.2, 16.0, 15.2. HRMS (MALDI-
TOF, (M + Na™]): calcd, 629.1891; found, 629.1889.

10p. Crude vield, 114 mg, 86%; crude purity, 98%, HPLC-
putified ~4:1 mixture of diastereomers: purity = 37.10%,
i = 1936 min; LRMS (ESI, (M + H*]): 64225 IR
(neat): 34635, 3352, 3304, 3095, 2359, 2321, 1666, 1614,
1381, 1543, 1495, 1429, 1348, 1315 em '. 'H NMR (400
MHz, DMSO-d;, mixture of diastereomers); ¢ 11.02 and
10.98 (s, 0.2H and 0.8H), 9.19 (s, 2H), 9.03 (s, 2H), 8.11 (s,
IH), 7.94 (s 2H), ~8.14 to 7.12 (m, 8H), ~4.57 to 4.53 {m,
1H), ~4.09 to 4.06 (m, 1H), 3.97 (d, 2H, J = 12.0 Hz),
3.57(q.2H.J = 17.6 Hz), 2.91 (s. 1H), 2.75 (s, 1H), ~1.33
to 1.25 {m, 2H), 0.89 (s, 1H). *C NMR (100 MHz, DMSO-
g, mixture of diastcreomers): & 178.9,173.5.171.7, 168.9,
161.4,157.0, 148.0 (2 carbons), 138.6, 137.1, 135.1, 130.5,
129.6, 129.3, 128.3, 128.0 (3 carbons). 127.3, 122.8, 122.2.
121.2, 118.1, 90.7, 65.8, 60.4, 41.8, 39.8, 33.5, 15.8, 15.3.
HRMS (MALDI-TOF, [M + Na*]): caled, 664.1768; found,
664,1766,

10q, Crude yield, 129 mg, 89%; crude purity, 97%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 98.12%,
iR = 20.62 min; LRMS (ESIL, [M + H™]): 700.34. IR
(neat): 3463, 3312, 3260, 3212, 3104, 2973, 2932, 2880,
2362, 2340, 2276, 1672, 1605, 1542, 1486, 1430, 1412, 1345,
1311 em™'. ‘H NMR (400 MHz, DMSQ-d, mixture of
diastereormers): 8 10.98 (s, 1H), 9.20 (s, 2H), 9.02 (s, 1H),
8.11 (s, 1H), 7.94 (s, 2H), ~7.66 to 7.01 (m, 8H), ~4.54 to
4.50 (m, 0.5H), ~4.14 t0 4.11 (m, 0.5H), 3.99 (s, 2H), 3.76
{s, 1H), 3.57 (g, 1H, J = 17.6 Hz), 2.91 (s, 1H), 2.75 (5.
1H), 231 (s, 1H), ~1.78 to 1.72 (m, 1H), 1.32 (m, ZH),
1.24 (m, 2H), 0.99 (t. 3H, / = 7.2 Hz), 0.89 (s, 2H). °C
NMR (100 MHz. DMSO-ds, mixture of diastereomers): &
173.5,171.8, 168.6, 161.3, 160.3, 157.0, 148.0 (2 carbons),
138.6, 137.0. 129.7, 129.6 (2 carbons), 129.3, 1279 (2
carbons), 126.8, 122.8, 1222, 121.2, 1181, 1139 (2
carbons), 90.8, 69.0, 60.6, 59.4, 41 8, 39.8, 33.5,21.8, 15,8,
15.3, 10.2. HRMS (MALDI-TOF, [M + Na*]): caled.
722.2187, found, 722.2183.

10r. Crude yield, 133 mg, 86%: crude purity, 98%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 96,03%,
g = 20.58 min; LRMS (ESI, [M + H™]): 750.18, 752.29,
IR (neat): 3424, 3301, 3100, 3059, 2958, 2928, 2880, 2362,
2340, 2325, 1669, 1609, 1542, 1486, 1434, 1412, 1345, 1307
em™! 'H NMR (400 MHz, DMSO-d;, mixture of diastere-
omers): & 11.02 (s, IH), 9.21 (s, 2H), 9.03 (5, 1H). 8.19 (s.
2H), 7.96 (s, 2H), ~7.57 to 7.44 {m, 3H), 7.18 (s, 1H). 7.11
(s, |H), ~7.01 to 6.90 (m, 2H), ~4.94 to 4.74 (m, 2H), ~4.38
to 4.34 (m, 1H), ~3.93 to 3.87 (m, 1H), 3.61 (q, I1H. J =
17.8 Hz), 2.91 (s, 1H), 2.75 (s, 1H), ~2.23 to 2.18 (i, 2H},
~1.29 10 1.24 (m, 2H), 0.85 (m, 2H). '*C NMR (100 MHz,
DMSO-ds, mixture of diastereomers); d 173.4,171.3, 166.8,
161.4, 1614, 157.2, 156.9, 148.0 (2 carbons), 138.7, 137.0,
131.9 (2 carbons), 129.6, 129.3, 128.0 (2 carbons), 122.3,
121.2, 1181, 117.0 (2 carbons), 112.4, 90.8, 66.3, 60.0, 55.6,
41.8, 39.8, 33.5, 15.9, 15.3. HRMS (MALDI-TOF, {M +
Na*])y: caled, 772.0979, 774.0938, found, 772.0974, 774.0973,
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10s, Crude yield, 122 mg, 82%; crude purity, 93%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 96.71%,
i = 20.74 min; LRMS (ESI, [M + H*]): 724.30. IR
{neat): 3461, 3301, 3100, 3059, 2958, 2928, 2880, 2362,
2340, 2325, 1665, 1613, 1542, 1497, 1434, 1415, 1345, 1326
cm™', '"H NMR (400 MHz, DMSQ-4;. mixture of diastere-
omers): ¢ [1.00 (s. 1H), 9.20 (s. 2H), 9.02 (s. 1H). 8.16 (s.
2H). 795 (d. 2H, J = 6.8 Hz). 7.69 (d, 2H. J = &0 Hz).
~7.55 0 741 (tn, 3H), 7.23 (s. 1H), 7.16 {s. [H). 4.33 (1,
1H. ./ = 8.8 Hz), ~4.05 to 3.78 (m. 1H), 3.87 (5. 2H), 3.57
(g. 1H,J = 17.6 Hz}, 2.89 (5. 1H), 2.73 (s, 1H). ~2.46 to
2,40 (m, 1H), ~2.21 to 2.12 {m, 1H), ~1.30 to 1.18 (m.
2H), 0.83 (s, 2H). *C NMR (100 MHz, DMSOQ-d, mixture
of diastercomers): 6 172.7, 169.7, 168.2. 160.8, 156.3, 147.3
(2 carbons), 1384, 1369, 1355, 130.0, 129.5, 128.8 (3
carbons), 128.5, 125.9 (2 carbons), 124.0, 123.9, 122.1.
120.6. 119.1, 117.7. 117.6, 90.8, 59.5, 56.6, 41 .8, 39.8, 32,7,
16.4, 14.9. HRMS (MALDI-TOF. [M + Na~7]): caled,
746.1798; found, 746.1797,

10t. Crude yield, 120 mg, 84%; crude purity, 96%. HPLC-
purified ~4:1 mixture of diastereomers: purity = 97.22%,

e = 20.30 min; LRMS (ESL, [M + H*]): 690.24. IR |

(neat): 3480, 3301, 3096, 2940, 2321, 2265, 1665, 1623,
1613, 1542, 1494, 1434, 1408, 1345 cm~'. '"H NMR (400
MHz, DMSO-ds. mixture of diastereomers): & 11.04 and
11.00 (s, 0.2H and 0.8H), 9.19 (s, 2H), 9.02 (s, 1H), 8.92 (s,
1H), 8.16 (s. 2H), 7.95 {d, 2H, J = 6.8 Hz), ~7.55 t0 7.35

{m. 3H), ~7.28 to 7.22 (m, 2H), 7.15 (s, 1H), 4.31 (1, IH.J

= 8.0 Hz), ~4.01 to 3.7¢ (m, 1H), 3.74 (s, 2H), 3.5 (q.
{H, J = 18.0 Hz), 2.89 (s, 1H). 2.73 (s. tH), ~2.44 t0 2.39

{m. 1H), ~2.20 to 2.14 (m, IH), ~1.30 to (.18 (m. 2F). °

0.83 (m, 2H). *C NMR (100 MHz, DMSO-d;. mixture of
diastereomers): & 173.5, 171.7, 169.5. 161.4, 156.9, 148.1

{2 carbons), 138.6. 137.1. 133.8. 1314, 131.1, 130% (2~

carbons). 129.6, 129.3, 128.1 (2 carbons), 128.0 (2 carbons).
122.8.122.2.121.2, 118.1.90.8. 59.8. 57.0,41 .8, 39.8, 33.4,
16.0, 15.2. HRMS (MALDI-TOF. [M + Na*]): calcd, !
712.1535; found, 712.1536.

Synthesis of Encoded Small Molecule Library. Library
synthesis was initiated by swelling TentaGel S NH; resin
{3.0 g, 0.26 mmol/g loading capacity) in water with shaking
for 48 h. Fmoc-OSu (0.1 equiv), dissolved in DCM/Et,O
(55:45, v/v) was added to a sealable vessel containing the
resin, followed by the addition of DIEA (2.0 equiv). This
vessel was vigorously shaken for 30 min, after which the
solution was drained, and the resin was transferred to a|
disposable plastic column. The resin was washed with the
following standard washing procedure: DMF (3 times), water
(3 times), MeOH (3 times), DCM (5 times), and DMF (2
times). The resin was then treated with di-rerr-butyl dicar-
bonate (1.1 equiv) dissolved in DMF containing DIEA (2
equiv). The Finoc group found on the surface of the resin
was removed by treatment with 20% piperidine in DMF two
times for 10 min. 2-Bromoacetic acid {10 equiv) was then

dissolved in DMF containing HOBt (15 equiv), and DIC (15
equiv) was added to this mixture to preactivate the carboxylic!
acid. After the reaction solution had mixed for 30 min, the;
solution was added to the resin, and the reaction was allowed;
to procced for 30 min. at which time the Kaiscr test indicated
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the disappearance of the primary antine. The solutions were
drained, the resin was washed, and a solution of piperazine
(10 equiv) in DMF containing DIEA (15 equiv) was added.
The displacement reaction was allowed to proceed for 16 h.
A solution of Fmoc-QSu (0.25 equiv) in DMF containing
DIEA (0.5 equiv) was then added to the resin to protect the
secondary amine. Boc deprotection was then undertaken
using a solution of TFA/water/TIS (95:2.5:2.5, viviv) for 30
min, after which the resin was washed, and Boc¢-Lys(Dde)—
OH (3 equiv) and HOBt (3.5 equiv) dissolved in DMF was
added to the resin, followed by DIC (3.3 equiv). The mixture
was allowed to react until the Kaiser test indicated comple-
tion. at which time the resin was drained and washed, and
the Boc group was removed with the cleavage solution
described above. The process was repeated with Boc-Phe-
(4-NO,}—OH. HOBt. and DIC until the Kaiser test indicated
reaction completion and another Boc deprotection was
performed. The resin was then distributed into 96 colwmnns.
and a solution of two Boc protected amino acid coding blocks
were coupled using the methods described above drawing
from a standard solution of 0.4 M Boc-AA(P)—OH in DMF
according to the ratios of relative reactivity, which can be
found in the Supporting Information.

When all Kaiscr tests were negative, the resin remained
distributed, and an Fmoc deprotection was performed as
described above. Once complete, the testing amino acids,
Fmoc-X—0H (3 equiv), were coupled to the growing target
molecule using HOBt and DIC (3.5 equiv each). Onec this
coupling was completc, the resin was mixed and washed,
and compounds 7a and b {4:1, 0.25 equiv) were coupled to
the surface molecule using HOBt and DIC (0.5 equiv cach).
The arylnitro group was reduced with SnCly+2H:0 (30 eguiv)
in DMF, which was added to the resin, and the reduction
was allowed to proceed for 2 h, after which the resin was
drained, washed, and distributed to 30 different plastic
columns in which the coupling of the first carboxylic acid
diversity element was undertaken under the following
conditions: Ri—CO-H (10.0 equiv). HOBt (13.0 equiv), and
DIC (13.0 equiv) in DMF. This acylation was allowed to
proceed until the meodified chloranil test®™® showed the
reaction to be complete. An Fmoc and Dde deprotection was
performed with 2% hydrazine in DMF (2 times. 10 min each)
that delivered the free amines that were acylated with the
second carboxylic acid diversity element according to the
following procedure: Ry—CO;H (10.0 equiv). HOBt (13.0
equiv), DIC (13.0 equiv) in DMF. This acylation was allowed
to proceed until a standard chloranil test showed the reaction
to be complete.

The final deprotection of all acid-sensitive protecting
groups was performed with TF A/phenol/TIS/water/EDT (90:
5:2:2:1. viwiv/viv), which was incubated with the resin for
2 h. After the cleavage was complete, the TFA mixture was
drained. and the resin was washed thoroughly with water (5
times). MeOH (7 times), DCM (10 times). MeOH (10 times),
and water (10 times). Upon the final wash, the resin was
placed in a PBS buffer {1 x) with 0.1% NaN; and stored
under refrigeration untii needed.

Edman Degradation Sequencing. The sequencing of the
encoding peptide tags was performed on an ABI 494 Protein
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Sequencer using a modified program and gradients described
in the litcrature 3
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EtOAc, cthyl acetate; MeOH, methanol; DCM, dichlo-
romethane; THF, tetrahydrofuran; NaOAc, sodium acetate;
Fmoc-08Su, N-(5-fluorenylmethoxycarbonyloxy) succinim-
ide; DMF, N N-dimethylformamide; HOBt, N-hydroxyben-
zotriazale; DIC, diisopropylcarbodiimide; DMSO, dimeth-
ylsulfoxide; TIS, triisopropylsilane; TFA, triflucroacetic acid:
TEA, triethylamine; LC/MS, liquid chromatography/mass
spectrometty; EDT, ethanedithiol, Et;O, diethyl ether; DIEA,
diisopropylethylamine; PBS, phosphate-buffered saline; Dde,
1-(4.4-dimethyl-2,6-dioxocyclohexylidene)ethyl.
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