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No. Solicitud Internacional PCT/GB2008/050890
Fecha de Presentacién Internacional ‘02/octubre/2008.

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

1. Documentos estudiados

Descripeion: _ . Folios 192333 Q5/abril/2010
Reivindicaciones: Folios 334 a 366 05/abril/2010
' Folios 373 a 405 . 03/junio/2010
_ Folios 426 a 458 . 22/septiembre/2011
Prioridad: . uUss0977416 04/octubre/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: “Compuesto de [3,2-C]pirazol esteroides con actividad
glucocorticoide”

El problema planteado en esta solicitud consiste en proporcionar compuestos Gtiles
como antagonistas de receptor de glucocorticoides.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la férmula (I) y composiciones que lo contlenen.
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LW Compuesto |
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E! objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP). CO7J 71/00, A61K 31/58 y AB1P 5/44.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 488)
El uso de las reivindicaciones 17-18 no es patentable, de acuerdo con el Art 14.
5. Da la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacién 15 no es clara ni concisa porque un procedimiento para Ia
fabricacidon de un compuesto se refiere a una serie de etapas ordenadas que indican
la totalidad de condiciones necesarias para llevar a cabo la actividad de una manera
logica y secuencial permitiendo a una persona del oficio normalmente versada en la
materia a derivar directamente y sin ambigliedad a partir de la divulgacién el
procedimiento y de esta manera el producto a obtener. Se sugiere al peticionario
incluir en la reivindicacion 1 las caracteristicas técnicas esenciales para lievar a cabo
el procedimiento que se encuentran soportadas en la descripcién y que permiten
realizar la preparacién del compuesto |

6. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de la

solicitud de prioridad: octubre 04 de 2007 y se encontraron los sigulentes
documentos que anticipan el objeto de esta solicitud:

' Fecha de
item Documento Titulo Publicacidn®
Journal of Medicinal N N o '
e Substituted Pyrazolo Corticoids as
D1 ChemlférleS?z‘s, vel. Topical Antlinflammatory Agents 1975
US2003/ | Novel anti-inflammatory androstane |
b2 0082690 derivatives 15/mayo/2003
lodinated and fluorinated steroid 2*- '
D3 Steroids 63 aryl-[3,2-c] pyrazoles as potential 1098
595-602.1998 glucocorticold receptor imaging -
_ agents

D1: refiere (Pag 1. Col. 1) el descubrimiento de cierto heterociclos, especialmente
pirazoles que contiene sustituyentes 2'aril, con actividad antiinflamatoria cuando
estan fusionados con el niicleo corticoide en la posiciones 2,3. Adicionalmente, indica
que los pirazolo certicoides pueden tener actividad antiinflamatoria sin requerir todas
las tipicas funcionalidades de los corticoides.

De igual forma, divulga que algunos pirazolo corticoides son 30 veces mas potentes
en el tratamiento del granuloma local que la hidrocortisona. Por lo que el estudio se
enfoco en la busqueda de un dptimo esteroide antiinflamatorio tépico pirazolo
corticoide.

Finalmente, da a conocer (Pag. 3. tab I1l.} los resultados de su estudio
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D2: http://www.google.com/patents/US20030092690 divulga una serie de
glucocorticoides derivados de la androstano de formula |
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* Compuesto |.

Adicionalmente, a través de sus realizaciones preferidas da a conocer los
compuestos 1 (Pag,1, Par.[0291]) correspondiente al compuesto 8a,9a-difiuoro-17a-
[(2-funanilcarbonil)oxi]-118-hidroxi-16a-metil-3-oxo-androsta-1 dienoc-17p- ester S-
fluorometil del &cido carboxitioco y 6 (P4g,1, Par.[0299]) definido el compuesto Sa-
fluoro-17a-[(2-funaniicarbonii)oxi]-1 18-hidroxi-16a-metil-3-oxo-androsta-1,dieno-17-
ester S-fluorometil def acido carboxitioco.

D3. Ensefia (Pag. 4, Esqg. 1) un esquema para la sintesis de derivados de 2-arll
pirazolo corticoide que comprende ia reaccién de un derivado del pregnano que
posea simuitaneamente un grupo hidroxialil en la posicién 2 y un grupo oxo en la
posicién 3 con una fenilhidrazina. Luego reaccionan con los siguientes reactivos y en

la siguiente secuencia 1) S0%:_ 2)  wmew. y 3 —5%— para obtener un
derivado 2-aril pirazolo corticoides. '

7. Examen de Patentabilidad (Art 14 D4886)
Nivel Inventivo (Art18 D486)
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La reivindicacion consiste para la reivindicaciéon 1 en un compuesto de férmula I.
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« Compuasto |

Comparacién de las caracteristicas técnicas esenciales, con las de! Estado de la

Técnica:
Caracteristicas esenciales D1 D2
Un compuesto de férmula | Un compuesto de | Un compuesto
férmula de férmuia |
HE, o R o
" & € Gy
f,} . —-j;{:l
m'x:i' Ty M “{:}:)-..) Y
e, I i
0 Qommsto ! L Compugsio |
m‘L-.,E""'I\,-.
R, 2
"™ donde X', X%, X*, Xy X° R
reprasentan cada uno Independientemente CH o un atomo de
nitrbgeno, siampre que no mAs de dos da X', X2, X3, Xty X
pueden representar simulténeamente un dtomo de nitrégeno;
nyp
representan cada uno independientemente 0 o 1 CeHs
p T 2-piridil No refiere
R 3-piridil
. 4-plridit
representa un alomo de haldgeno o un grupo metllo o un 4-piperdil ,
@rupo metoxi; opcionalmente sustituide por
: Flgor, Clore, hidraxile y metilo
Rz
representa un atomo de haldgeno,-C(O)YOCH,,-C{Q)-
SCH2CN,-C{0)-heterocicle, SO;CH; un grupe alquanilo C~Cy
© un grupo metilo opcionalmeante sustituldo oon halégeno,
hidroxila, metoxi,-OCH ; CH = CH  o-NR'R?
Raa R4
- hidrégeno -
representa un atomo de hidrégeno o un grupe metilo hidrégenc o halégeno
R® R®
) i hidrégeno )
representa un hidrégeno o un atomo de fltor - hidrégano o halégeno
R’ y R®
rspresentan cada uno independientementa un adtomae de
hldrégenc.o un grupe alqulle €,-Cy © un giupo hidroxialguilp
Ci-Cs
R'yR® i
Y ‘ ] . No refiere No refiere
junte con ol dtomo de nitrégeno al que estan unidos forman
un anille heterociclico 3 a 8 miembros saturado o
parcialmente saturade que opcionalmenie contiene un
heterogrupo adicional en el anilio seleccionado de nitrégeno,
S(0)m y oxigeno, astando el anille heterocislico
opcionalmente sustituido por al menos un sustiiuyente
seloccionada de hidroxilo, alquilo C4-C, y hidroxlalqulle €,-Cy
R4 ot
117 3
- : C{=0)CH;OH I
representa -C(0)-Y-CH(R"}-R® 6 -G(0)-CH(R")-Y-R®
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Caracteristicas esenclales D1 ' D2

&
R OH

: .Qﬂ;
represanta =0-C(0})-R'°

R® | R
] i malile ) 7
represanta un atomo hidrogeno o haldgene o un grupo metile Hidrégano, matile o un
o un grupo hidroxilo grupo matltenc

: - >

Y ™
oxigena \<

oxigeno o azufre o un grupo Nk arufre

R - R’

hidrégeno, halégeno, clang,-S-CN,-C{OIN(R'S, ,
alcoxicarbonile C4-Cs, alquil C4-Cy carbonilo, (opcionalmenis
sustituido con -OC(O)CH,), alqulicarbonlto C41-Cs, aloox! Ci-
Ca, alquil C1-Cg tio, C(0)-5-alquilo,-C{=CHy)-0-CH0CH,,C:- hidrégeno
Caalquile, C:-Cs alguenilo, C»-Cy alquinilo ciclostquilo C;-Cr
astando los tllimos cuatre grupos opcionalimente poruno o

més sustituyentes selaccionados independiantsmenta de
halégeno, hidroxile, ciane, hidroximetlio, alcoxl C1-C4y C 1-
Cd-carboniloxi;

Cis alquilo o
Ciq haloslquile

R10 Rz

C4-Ce alquilo {opclonatmente sustituida por haldgeno, Cy-C,
alcexi, C4-Cicarboniloxi o cicloalquilo C3-Cy) 0 un sistema da
anlilo heterociclice o carbociclico saturado & Insstusado de 3

a 10 miembros, pudiendo dicho sistema de anlillo astar

opcionaimente sustituido con 8l menos un sustituysnte No refiere
seleccionado de halégeno, oxo, carboxilo, hidroxilo, nitro,
ciano, mercaplo, C-Cealquile, CzCq alquenite, haloalquilo
C1-Co, hidroxlalguile C,-Co, alcoxi, Ci-C » haloalcoxi, CHC 4

alguiltio, alquit Cy-Cy aulfinilo, alquil C+-Ca sulfoniio, aiquil C-

Cacarbonllo algull Cy-Co carboniloxi, alcoxl C-Cy carboniio,

amino (-NH2}, carboxamido {-CONH;), (mono) alquil +-Cs

aming, dialquit C,-Cp amino y faniio.

Arll o hetaroaril

R
hidrégenc hidrégene

un atome de hidrégeno ¢ un grupo metilo

R12

hidrégenc o un grupo metilo, condicion de que cuando R*
represanta -C{O)CH;0HM, -C(O)CH, OC{O}CHs, X', X2, X3, X¢ Ne refiere No reflere
y X% rapresentan cada uno CHy RF representa-0-C(0)-R" en

el gue R reprasenta alquilo Cy-Ca, entonces al manos uno
de R'y R ast4 presente ;

Eldocumento D1 se considera ef estado més cercano de ia técnica porque divulga el
una serie de derivados de la aril 0 heteroaril pirazolo corticoides sustituidos derivados
del 17a,21-dihidroxi-20-oxopregn-4-eno-[3,2-c]-2 - (4-flucrofenil)-pirazol como agentes
antiinflamatorios tdpicos.

La diferencia entre la invencién, definida en la reivindicacién 1 ejemplificada por el
compuesto 122 de ia invencién y el compuesto 6 divulgado en el documento D1
consiste en que 1.) La invencién define en la posicidn 17 un sustituyente aciloxi y el
documento D1 refiere un sustituyente hidroxiio.

Las diferencias entre la invencion, definida en la reivindicacién 1 ejemplificada por el
compuesto 8 de la invencidén y el compuesto 6 divulgade en el documento D2
consiste en que 1.) La invencién define como nlcieo central aril o heteroaril
pirazolocorticoide y el documento D2 refiere derivados del cortisol , es decir no refiere
un anillo fusionado aril 0 heteroaril (pirazolo) al niicleo central de! corticoide y 2.) El
compuesto 8 refiere un sustituyente atomo de hidrégeno en la posicién 9 del anillo
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corticoide y el documento D2 ejemplifica en todas sus realizacionss preferidas
sustituyentes fldor en las posiciones 8a y 9a aunque este indica la posibilidad de ser
un atomo de hidrégeno.

El efecto que logra al modificar los sustituyentes en el radical R® ubicade en la
posicion 17 del anillo certicoide de los compuestos del documento D1 es obtener
compuestos Gtiles como antagonistas de receptor de glucocorticoides.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi. “como modificar los sustituyentes de les compuestos
antagonistas de receptor de glucocorticoides descritos en D1 en |a posicién 17 del
anillo corticoide para asi obtener nuevos compuestos alternativos antagenistas de
receptor de glucocorticoides”

Sin embargo, dado que el documento D2 refiere y ejemplifica una serie de
sustituyentes en las posiciones 16 y 17 del anilio corticoide, donde son seleccionados
varios de los sustituyentes referidos y ejemplificados por la invenclén y que el
documento D1 divulga que algunos 2-arilpirazolocorticoides poseen hasta 30 veces
mas potencia que la hidrocortisona (cortisol).

En consecuencia, la persona del oficio normalmente versada en la materia estaria
motivada o tendria suficiente expectativa de éxito para modlficar los sustituyentes en
las posiciones 16 y 17 del anillo corticoide de los compuestos divulgados en D1 por
los sustituyentes indicados para esas posiciones en el documento D2 o cualquier ofro
sustituyente que se pueda considerar una serie bioisostéra de los mismos. Para asi
obtener compuestos alternativos antagonistas de receptor de giucocorticoides. Por o
tanto la reivindicacion 1 se considera obvia.

Dado que las reivindicaciones 2-14 no mencionan caracteristicas técnicas esenciales
a la reivindicacién 1, estas tampoco se puede considerar inventivas.

La reivindicaciébn 15 consiste en un proceso para producir el compuesto | que
comprende hacer reaccionar un compuesto de férmula Ity un compuesto de férmula
i,

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de Ia

Técnica;
_Solicitud . , D3 - D2
Un proceso para producir ef Un procedimiento para producir el
compuesto | compuesto
"t ' J _ Un proceso para producir el
qj compuesto I,
compuesto | .
El reactivo 1 es ComPUESfO It El reactivo 1 es compuesto 2
w. ':I' . . i{ %
L », * T “Cry
S € :
compuasto il ‘ compuesto 2 con':puasto M
El reactivo 2 es El reactivo 2 es '
'w 1,;\“ pP-BrCsHNHNH,
compues:o 1}
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El documento D3 se consideran el estado de la técnica cercano a la invencién
definida en ia reivindicacion 15 porque divulgan un método para producir un derivado
2-arll pirazolo corticoide a través de la reaccion de un derivado del Pregnano que
posea simultaneamente un grupo hidroxialil en la posicién 2 y un grupo oxo en la
posicion 3 del anillo corticoide con una fenilhidrazina, Luego hace reaccionar con los
siguientes reactivos y en la secuencia definida a continuacién: 1.) 2, 2)

mwss y  3) —hw para obtener el derivado 2-arll pirazolo corticoides.

La diferencia entre la invencidn, definida en la reivindicacidn 15 y el procedimiento de
D1 consiste en el reactivo 1 ya que la invencion define como reactive 1 el compuesto

J;:'
\IF y D3 refiere como reactivo 1 el compuesto 2 So

Por lo tanto, el Problema Técnico Objetivo que pretende resclver esta invencién se
puede formular asi: “cémo sustituir el reactivo 1 en el procedimiento divulgado en D3
por otro derivado del Pregnano que posea sustituyentes alternativos en las
posiciones 16 y 17 del anillo”

Sin embargo, dado que el documento D2 refiere multiples series bicisostéras del
compuesto | de la invencion y dado que la reivindicacion no refiere condiciones
especificas diferentes a las divulgadas en los documentos D2 y D3.

En consecuencia, la persona del oficio normalmente versada en la materia, sustituiria
el reactivo 1 en el procedimiento divulgado en D3 por otro derivado del Pregnano que
posea sustituyentes alternativos en las posiciones 16 y 17 del anillo como los
divuigados en el documento D2 para llegar asi al objeto de la reivindicacién 15 de la
solicitud. Por lo cual se considera obvia.

8. Conclusién

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

Raivindicaciones

item Documento afectadas Requisito que afecta
Journal of Medlcinal Chemistry, ' o ) .

D1 | 1976, Vol 18, No.2 _ | ._1 -14 Nl}:el Inv.enllvo

D2 1JS2003/0092680 _ 1-15 |- Nivel inventivo

D3 _ Steroids 63, $95-602.1996 _ 15 Nivel Invenlivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asl lo considera, su renuncia al térmrno
faltante (60 dias) y presentarla por escrito.

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

JOSE LUIS SA_L%AR LOPEZ

Director de Nuevas Creaciones (C)

118 SET 2010

El anterior requerimiento fue notificado por fijacién en lista, de fecha

Elaborado par: Lenin Roberto Guermro..ﬂ'
Ravlsada Por. Consuelo Legulzamon Leguizamén
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188 Jouraal of Medigingl Chaminiry, 1075, Vel, 18, No. 2

B0% acetone in CHCly as solvent. The product recrystallized from
agueous Me(H 10 afford 11 in a yiedd of L6%: mp §3-99*; ame §
0.81 (r, C-18 H's), 1.21 {n, C.18 1{'s), and 576 (s, C-4 Hi. Anul.
CxHag0u) €. H.

173-(3'- Hydroxypropylandeost-dran-3-one  (12). LConditions
slmilar to those used to prepare T wore uled o convert 1820 12 [
& vidld of 81%. The product wos tecrystallized from aguecus aee-
tono: mp E5-86*. Anal. (CagHaOy) C, H.

118-13*-Hydrexyproposy)androut -5-#ne.3.2 (1,5 -diaxclanst
(18), To a Mk which contnined B-borabicyclo|3.3.1)nonane (0,219
g, 1.7 mmol) and whith was pooled in an jte bath was addel,
under Ny, o aolytion of ¥ (0.0 g, §.3¢ mmel} in 10 mlof THF. The
mixsute wab tlirred a1 room temporaturt fot 3 hr and under ro.
Nux for | hr. The rolutian was cooled 10 T6om tempersture snd &
solution of 2 mi of HyO, 2 ml of 3 N agueous NaQH, and 2 m] of
0% HyOy was added, Tho mixturs was stirred until gaa evolytion
ceased. The product was cheome phed over 17 g of neunsal
Alsrs using benzene as splvent, Crystalliratinn from aquopus
EtQH ar acotone gave 13 in p yiedd of 40%: mp 108-180" nmt &
0.80 ts. C-18 H'n), 1,66 (s, C.19 H's), and 5.40 {m, C-8 H]. Anal
1C3¢H3a O G, H.
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Substituted Pyrazolo Corticoids as Topical Antilnflammatory Agents

John Hapnah.” Kenneth Kelly, Arthur A. Patchett,

Merck Sharp & Defime Research Labargtorien. (Huizion of Merch & Co.. Inc., Rehway, New: Jurney 07185

Sanford 1. Steelman. aid Evan R, Margen
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The synthesis of 8 teries of substituted pyrazols corticaids e doscribed. OF Lhewe 113,170, 20-ixihydroxy 6,16a.di-
methyl-4.6.pregnadiann(3,2.¢)-2'-(4-pyridyl 1 pyrazels (1) shows an axcellent separstion of systomlc ta local activiy
in the model anfmal test. Compound 21 exhibits high vasgennatrletion activity in human valunteors and is clinicals

iy affectlve in the treatmant of prorinis.

The discovery thet certain heterocycles, especiatly pyra-
roles containing 2'.aryl subatitusnds, imparied snhapced
antiinflammatory activity whon fused to the eorticald nu-
tloun at the 2,3 positions wns reported some years oge by
Hirachmann, et al.,’* and has been further explored by
the Merck group’* and by othors.? The Merck findinge
have boon reviewed 1*

To date, thers have bosn no reports that such derfvati.
zation raises steroidal androgenic, progestational, or aldo-
sterone antogenist potoncy. This implies potentially in.
vraaced pelectivity with rospoct to the antilnflammatory
procees. Furtheemore, proliminory studies indicoted thet
pyrazolo corticcids could be active antiipflammatory
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nRents without requiring all of the typleal cortienid func.
tionality and that they could ehow o hlgh lacal to systemic
ratio relative 10 hydrocortisone. An early example was
17e,21-dihydroxy -20-oxapregn-4-onc(d, 2-¢]-2’-(4-Nuoro-
phonyl)pyrazole (1) which was 30 times as potont [n the
local granulome test as hydrocortisone and which unex.
pectedly diaplayed 12 times groater local then systemic
inhibltion of granulome formation in tho same tost sys-
tam.

With this oncouraging data, we initlated » search for ap
optimal topleal antlinflamrantory steroid smaong the pyra-
zolo corticeids using aé criterls high local activity, lew
systemic activity, and good skin penetratlon.
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Table!

By Re X Methad Mp, °C Formuln®
{-FC M, H H H A 221278 CaHyFN0,
CH.CH, H OH a=0H, B 199190 CplaN0
4-FCH, H OH a+{Hy ! 184.5-188,5 C“H"m‘b|
4-CIC,1, H OH a-Cily Fi 188-167 Co Hy 1N,
4-HOG M, H oK a+CHy B 326-280 dec oy M0
4-CH,CONHCH,’ H oH a~CHy B 109-302 dec Cubly Ny
4=CH;SC,H, H OH a-CHj B 336-131 dee CuHpMy8
4-CH,50C,H* H OH a-CH, 200-297 CuHyp0E
CHCHyCH, H CR o-CHy B 1g3-188 160N 04
Cyclopropyl H O a-CH, B Amorphous CygHypataO;
Cyclopentyl H oH o~CHy B Amarphpag Ciyit MOy
Cycloheyl H on n=CH; B Amorphevs N0y
CH,O0CCH, H OH Pt“c}ta B 188-=104 3|H“H;°|
HOCH,CH; H OH w-CH, g 194-186 CyiHuy0,
2-Pyridyl " ox o-CH; A 270278 doe CraHyNy0,
3-Pyrigyl H OH o-CHy A 220-285 CoHytyDy
4-Pyridyl H oH a-CH, A 278-284 CaoHythy
4=Plpuridy] il OH a-CHy 2 Amorphous Coull gl
4-Pyridyl CH.-A‘ OH avCH, B 27p-26% C“H’_(PHO;
4-CHyCONHC,H, CHy-a! on o-CH, B 198-202 CyHyNe0,y
4-Pyridyl* CHy-a" on 5-CH, ¢ 20 1-306 CorHuka0s.

sAnslivtical resulis were within C.4% of the theoretical valums. ¥2' lsomar: 88% yleld; rap 920-225" Ames 202 nm (« 16,590): [aF' +17.8".
Anal, {CagHagNa0y) C, H, N, 1 iscmer: 1% vlald; mp 202-256"; hmas 2M nm (¢ 25,470); [n]7°D ~B3.4% Anal. (CrgHasNaUu) C, H, N, *Made
from 17a,30:20,28-bis(methylanediony;-2-hydraaymathylans- 18z methylpregn 4-enu-3,11-gione® via pyracola formation (meihod B) W
yisld the product, mp 221-225° |Anal. (CasHyeNaO4) C, H, N, furthar reducad by NaBH~i-PrOH to yirld the indiested compound. 4Pre.
pared from the 4-CHWSCeH. procursor by peracetic acld aaidgtrion, “The required 17a,20:20,21.bis(mathylensdicay)-2-hydmsymathylene-
8,108-dimsthyl-4,6-pregnadione-3,11-dicne was made in thess laboratories by De. B. W. Graham and cheractarized by mp 236-247" Amas
Wi nm ¢ 15,3000, Anal. (CaaHay0p) G H from 176,20:20,21. bis{mathylonedinay)- 1 18- hydrony -Ba, 168-dimethylpregm-4-am-3-0na (10 ke
pablishod}.  172,20:20,21-Bis(methylensdiony)-8, 104 -dimothyl-11.omoprogna 4,8-dlena [3,2.5]-2- (-pyridyl)pyrazole was prepared by
rasthed A and melted at 315-325 dec, Anal, (Ca1HisNsOw) C, H, N. It was furthor reduced by NaBH,-I-PrOH to yield the compound in-

dicated in this tabls. /See ref 1n. 5ee rof lc,

Chemistry, Metheda for the synthesis of substituted
pyrazolo corticoids ware developed by Hirschmann, et
al192 In this investigation we used two procedures for pyra.
zole formation from the 2-hydroxymethylone-3-koto intor.
mediates, Both are quite brosdly applicable although the
glocial acetic acid method was not satlsfactary io the case
of the pyridylpyraroles, Charactarization data fer the in.
termodiate, BMD.protected pyrazrolo eorticoids appear in
Table 1, Assigmments an the desired 2’ lsomors wers basad
on characteristic uy differonces betwean the 2* and 14 .
mere, Only in the eass of the 11.desoxy compound | was &
subatantial proportion (11%) of the lnaclive )}’ lsomer
formed,

Resulta

Summary daw en soveral of tho pyrarola cortieoids
made initielly in thie projact appenr in Table II. The in-
tont was to investigate the applicability of the 18,17-ace-
tonide function ond the possible usafulnesa of the 11.des-
oxy funetion In reducing systomio effects. Although high
potengios and enceuraging local /eystemic ratios wers ob.
tained in the modal system, the potency of these steroids
did not eoxtropolate io the vesoconstriction test using
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human subjects. Ferhaps poar dermal penctration wos &
limIting factor. In any svent. it was svident that vapocon.
striction eellvity would have to bo an important early et-
terion in addition to potency and retlo as determined in
the rat granuloma systema.

Table 1T summarizes verlations of the 2° substituent on
the pyrazole of 16or-methythydracortisono, sxpanding the
work of Hischmann, et al., in which high systamic aetivi-
ty with 2-phenyl and '-{4-flucrophenyl) substituents was
found, Dewpite its medioere potency In the granuloma as.
aays, surpriningly high vasoconstriction actlvity woz ob-
sarved with tho 4.ocotamldopheny! analog. Good loeal to
systemic activity ratios were apparent for the bensyl, ey-
clohexyl, and 4.pyridyl derlvatives, with the iatter esp-
pearing to bo the most promising in respoct 1o the thres
preclinics] eriterla mentioned abave. The 2'-(4.pyridyl).
and 2'-(d.pcetamido).[3,2-¢)pyracole (unctions wers oc-
cordingly combined with other potency onhancing groups
in the cortical staroid series, Some of the data which were
obtalned are summariegd in Table IV, It was concluded
that compound 21 hald special promise for further studies
based on both the granyloms and vasoconsiriction date,
Confirmation wee obtained in recent multiclinic studies in
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Trble 11
Ral granuloma Vasoeon-
F ngsay” (potency x striction,®
hydracartisons} rel
ptency
Xo, X ¥ R R Formuln Mp, "C Local Syatemle at EDyy
1 H i oH i Cabing FN:0, 226238 dve N 2.5
-
2 H H hid CayHy FN.0, 215-221 1o 1 <1
===
.-—-‘:.
3 H F X CyHy FiK0, 244-262 dac 2000-3000 200 40
et |
Fluccinotone acotonide 100150 1% 100

“[nhibltion of granuloma wae measured In the ral cotton pellat arany.* For o locn) test the eterold wap abeorbad onto the peilet from s 05%
ethancl solution, drisd in vacuo, snd implanted. Systemically, the sterold was adrministered In the dlot. *Vaspconsiriction was estimated
under occluslon on human volunteers using fluccinolone ecetonide a3 the standard (100).3 The steralds were applied using dilutlon of a 25%
ethanol solutlon 1o groups of ten subjects. Fifective dose 80% responee wan mensured grephically fram a plot of number of patlents re.

aponding against ~log ditution over n range of Wo oo to Y, 230,000 Allcompounds wars au

Ltteddar asany undar acode numbarrather than

identifisd by structure. We nre grateful to Dr. R, B, Stoughton, Scripps Clinic and Resexrch Foundation, La Jolla, Coif., for these deter-
minastiens condueted undor a grant-in-aid from the Merek Sharp & Dohme Research Laboratozles, ©2° liomaz: mp 226238 doc; Amax 200
nm (¢ 16,840); la)VD +L15.2*. Anal. (CsaHygaFNa0;) C, H, N. 1 fsomort mp 224-236" dee; Aque 285 nm (v 20.260) [4]%20 +48 8% 4nal.

{CasHaaFNsOa} C, H. N.dBeu ref 3e.

Table IIT
Cres i HOH
Rat gratuloma
onsny* (potency Vasocnn=-
hydrecovtinone) atriction,*
rel petency
Na. Ry Formula® Mp, °C Lacal Systemic at Eb,,
4 CaHyf €y Na0, 143-145 doe 100 60
§ C H,CH, CaaHai0, 180-185 §0-70 2-3 2
§ 4-FGH, CoyHy FN,0, 2q0-248 100-200 ., 11D 15
7 4-CIC,H, CrHuCINGD, 243-282 dec 4 15
8 4-HOCH, CyyHyyN10,y 259-283 1020 3 1
¢ 4-CHCONHC,H, Cy HyyN30, 221-222 5-10 4=5 49
10 4-CHLSQCH, CuHuNsO8 245248 ) 1
13 CH,CH,CH, CrgHpM 0y 108204 W0 4
12 Cyciopropyl Cy:HyN:0, 07-200 3-10 [
13 Cyclohexyl CyaH N0, 176-183 50 8 17
14 Cyclopenty] CygHypN10; 177-180 200250 50~70 21
15 CH00CCH; CaeHy M0 118-1%0 <4 <3 <1
16 HOCH,CH, CyyHy Ny O, 195109 2 or > <1
17 4-Pyridvi Caatly 0, 1a3-282 15-100 .4 36
18 2-Pyridyl CopHyNsO, 228-237 doe §-10 2
18 3-Pyridyl CoHyy N0, 260~265 16-100 80 T
- 20 4-Plperidyl Copbli:NyO, Amorphous 5-1 <3 <1

a.%Geg Tabie 11, *Analytical results for C, H, nnd N ware within 0.4% of the thearetical value, ¢See ref 1o
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Subatituled Pyrazals Cortieaids

Table IV

Jaumal of Medieinal Chemistry, 1975, Vol. 18, No. ¥ 17}

‘}L

Varp-
Rat granulgmu  constrlo-
aseny? (patenoy * tian,’ rod

hydrocoriiqone)  potency

at

No. Ry R X Ry Ry Formula® Mp,'C Loea! Systemic  ED,,

20 duPyridyl B-CHy-a® N deCH; OH CyuHgNO, 214318  20-30 2 2
21 4-Pyridyl 0-Cliy-8® M o-CHy OH CyuHyN0,  200-213  1000-1800 40-50 74
W 4-Pyridyl H Fo X CufyPNO, 285-200 300-3% 20 2

-0
2 4-CHCONUCH, Iy Fooo X CuBgPNQ,  200-205 <10 ey

o.28es Table II. ¢Soe Taklo 111, YCompound 31 shewed no progestational activity at 0.2 end 1.0 mg/kg In the Ciauberg-McPhail narsy.
{We are indobtad to Dr. 4. R. Brooks of the Merck Instituta, Rahway, N.J., for these determinations.) The topleal antlinflammatary cqntl.
colda fuocinolone 18,17 ide and bethamethasone 17-valerate are reported? to be progestagens 30.3 and 7.2 times an active G pro.

fosterone, reapectively.

which a 0.1% concentration of compound 21 in an alcohol-
lc gel vobicle was shown to be actlye in the treatment of
paariasia.

Experimental Section

Eacopt where otherwine stated, uv spactrs were messured in
mathenol, and rotations as approximately 1% solutions in chioro-
form. Where anaiyass ar indicated only by sypabols of the ale.
maorts, repults wedn within &:0.4% of the theorotical values,

Pyrearole Formation, Two sets of standerd conditions were
vsed,
. 17a,20:20,21-Bis{methylencdloxy)-118-hydroxy-6, 16a-dl-
mothylprogna-d,6-dlenold,2-¢j-2'-(d-pyridyl)pyrazgle  {Methed
Ad A solutlon of #.pyridylhydrazing hydrochloride (0.580 g, 2,62
mmel) snd KDAe (267 g, 2.62 mmal} in EEOH (10 ml}-Hy0 (3
;nig u;u added ul) [ mlutlnndof l?u.iﬁ:!ﬁ.’.’l-blﬂrlnc\hyhnndio:yl-

-hydrozymethylene-118-hydroxy6,16x-dim: Tegha-4,B-dien-
Bonel® (1.00 g, 1.15 mmol) in EtOH (20 :ﬂy&d the solytion
bofled under reflux for 4 hr, Distlllation of part of the selvens (10
ml) induced cryatallization which was completed by slow oddition
of water {20 mi) to the hot slurry, The crude product wen Miterad
off und crysiallised f(rom ELOH to give 700 mg, mp 279-286°.
Chromatography of the mother liquoms on silica ge! yislded an ad.
ditional 176 mg. The analytical enmple malted at 278-2858% ) mex
204, 282.5, 331 nm {s 8,800, 24,300, 18,800); Apus {MeQH + H*)
22}, 810, 378 nm (v 10,200, 44,800, 6,300): {eP40 = 114.2". Anal.
{C HaeN3OW) C, H, N

17a,20120,21-Bis(mothylenedloxy)- 1 13-hydroxy-16a-methyl.
pregn-4-0n0(3,2-0)-2"-(n-propylipyrazelo (Mothod B), A sus-
penslon of 170,20:2,21.bis(methylenedioxy)-2-hydroaymethyiene.
118-hydroay-16a.mathylpregn 4.on-3-0nei¢ {448 mg. 1.0 mmol),
A-propylhydrasine oxalate (328 mg, 2.0 mmol), and KOAe (158
mg, 2.0 mmol) in HOAe {13 ml) was stirred st room temparature
for 3 hr. The sadditlon of HyO (50 ml} precipitated an oll which
way ostracted by CHCly, purifiod by preparstive tle on silica
(CHCly=4% MoOH), and erystallized from EAOH to give 188 mg:
mp 183-186% Amszx 214, 220, 248, 256. 2717 nm (¢ 11,830, 13,300,
6,900, 7,700, 11,600); [a]?%n +84.5", Anal. (CraM4gNaOy) €, H, N.

114,170, 21-Trihydroa y-8,16-dImothyl-20-oxoprogna-4,6-di-
003, Ioc)-2r-{4-pyridyDpyrazole (31} (BMD Hoveras! Condi
tenn). A solution of 0,369 g of 17a,20:20,21-bis{ rasthylensdivxy)-
114-hydeoay-b, 16er-dimethylpragnu-4,8-dinno[J,2.c 2" dspyridyl)-
pyrazote In 7 ml of agueous 60% fermic weld waa haated on tha
steam bath for 98 min. The mixture was then cooted in ice and
made elkollpe with agueous sodlum hydrexide. Tha suspension
coniaining product was oxtracted with othyl ncetmte. Tho grude
product {0.375 g) after crystallization from methylens chiords
displayod mp 209-233*% {a]%D —27.5% Amas 252.5, 262.8, 330 nm (1
9,000, 24,400, 15,765). Anal. {CeoHaaNsGu) C, H, N.
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1én,17a,21-Trihydrozy - 20-oxopragn-d-gno[8,2-c{-2’-(4-Nuoro-
phenyl)pyrasole 16,17-Acotonlde (2. To a stirred suspension of
1.289 g of 164,17e,21-trihydromypregns4-sna-3,30-dione 16,)7.ace-
tonide in 3,88 ¢ of dihydropyran et room tempernture was addod
&4 my of p-tot Honle acid hydrate in | mb of ether.
After 16 min 0.2 ml of pyridine and 50 ml of ethor wae added and
the combined solvests wern washid with water, dried, and po-
moved to leave 1.25 g of crude tetrapyranyl ether. This was dls-
swived [n 20 ml of dry bsneene, und 1,18 g of 52.7% NaH ol dis-
persion and 0.1 m] of MoOH were sdded to thy atlrred mlxture,
Two additions of ethyl formate {1,056 ml) were made ut 15 and 45
min. Work-up after 18 hr wan by squecus extraction snd then
tack oxtraction Into sthyl acetate from saturntod NoH;PO4. The
yield of 2-hydroxymathylene ketone wes 935 myg of yellow fgpm:
Aoy 250 nim (Fy co?® 206}, 307 nan (Ey em!™ RO} In methapol
shiftad with bom 60 Amen 242 nun (Ey el 280), 388 nm (By oind®
163).

Pyrazols formation wes according to method A and the dihy.
dropyran remova) with concentrated HCI In MaOH under cofiux
for 16 min, The product displayed mp 218-271" {EtQAah [a]iim
+188% Amap 363 nm f¢ 16,660), Anal. (CuyHipnF¥i04 € H, N,

The {ollowing compounds wero prepared by the same procens
starting with 118,10e,172, 2t totrabydroxy-9a-fluoropregn-4-ene-
3.20-dlene 18, 17-acetonido,

() 113,180,172,31. Tetrghydroxy-o-fluoro-20-oxopregn-4-
eno[¥,2-0]-2"-{4fluorophenylipyrazole 16,i7-acetonlde (3% mp
244-358° dyg {MeOH-CHaCleh [o}¥0 +109.2% 1 202 pm {4 16,350},
Angl, {CagHaeFaNaOs)} C HLF, N,

by 116,10a,17a,21-Tetrahydrony-Sa-Nuaro-20-axapregn-i-
wna[$,2-0]-2'-(4-pyridy))pyraxeln 16,17-acotonide (22): mp 285~
200° (MeQOH-CH5Cla): Amaa 212, 268 nim (e 15,180, 22,160); Amer
{MeOH + H+) 823, 288, 301 nm (« 10,500, 12,880, 32,400), Anal.
{CaoHsaFNa0s) C, H K. .

{c}  118,180,17a,31-Tetrahydroxy-Sq-flugro-20-oxoprogn.d-
ona[$,d-¢|- 2 -{d-acetamidophenyl)pyrazcle 18,17-aentonlde
(B30 mp  200-208° (MeQH-H30): |af*'m  +BO.4%. Ansl
{CraHwFN1Qe) C, H, N.

Acknowledgment. The authors with to thank M:. R. N.

Boos for the analytice! data.
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Preparation, Hydrolysis, and Oral Absorption of @-Carboxy Esters of Carbenlcillin

J. Peter Clnyton,* Martin Cole, Siephen W. Elson, Kennoth D, Hardy, Linda W, Mizen, and Robent. Sutherland

Hoocham Phermacautivald. Research ivision, Brockham Park, Retehuworeh, Surrey RH3 7AJ. England. Reeeived Augua! 6, 1974

Twelvg a.carhaxy emoers of carbenleitiin, ¢ parentarof drood spectrum semisynthetic penielllin, wers synthosized
and examined as poiential oral carbenicillin desivatives. The rates at which the esters weeo hydrolyzed {a vitrw 10
cathoniclliin by animsl and human tisaues were compared and the carheniclilin nerum bevals arising after aral gd-
ministration of the esters wete measyred in squirtel munkeys and human volunteer subjects, The n-¢arboyyphenyl
estar of carbenlelllin jonrfectlin (Rritish Pharmacopocia appraved name). BRL 2475 was pulectod (or further study

and is presently undergolng clinieal triat,

Carbunicitlin | a-carboxyhensylpenicilliny hos o bread
spectrum of antibacterial activity and has heen shown to
be effective Ip the treatment of sericus infections caused
by Pseudomangs aeryginose and ather gram-nogative bac-
teriz. Hawover. the compound ie poarly absarbed fram the
gostrointestinal tract ofter administration by the oral
route mnd its upe is limited to parcnteral rdministration.
1t har been found that certain a-carboxy estors of carbeni-
cillin arc absorbed by the oral route and undergo hydraly.
sin in the bedy te liberate rarbenicillin.! One auch #stor
[carbenicillin indany] sodium) has hesn described in des
Lail.?

Curbenicillin cvcorboxy esters (that I3, the escor group
is in the side chainl posscav a free thinzolidlne carboxyl
group and, hence, can be expected 1o demonsirate anti-
bacterial activity per s, In general, wo and others have
found that the unhydrolyzed ester is more sctive than car.
benicillin agninat gram-positive bacterin but shows a lesa.
et degree of activily ngainst most gram.negative baciili?
Howsver, the antibacteric] spectrum shown Uy this cleas
of compuung will depend upon the exient of hydrolysis to
carbenicillin that occurs in the course of the antibacterial
test. Fstess that are hydralyred rapidiy to eorhenlelllin
show an untibacterial spectrum similar Lo thay of carbeni-
cillin while uvsters with » slow rate of hydrelysis deman-
sirate netiviiy primarily agninst gram-positive bacteria, In
practice carbenlelllin estera are of clinieal intureat only as
a means of providing carbenicillin activity in ths bady
afier oral administration and in this contest their intrin.
sic activity may he disrogorded,

This report describes the prepacation, in vitro hydroly-
ais rates, and orel absorption characieristics of o group of
12 ar-carboxy esters of carbenleillin.

Chemistey, Schome 1-illustrates the general reute used
o prepars n-carbory esters of carbeniclliin.® Phenylmalo-
nic agid (1) wes converted lo ite mancacid chloride by
treatment with 1 aguiv of thlonyl chloride. The crude
produrt was allowed ta reaet with 1 equly of aleochol ur
phenol (ROH) to efford the half-esters 2 deseribed in
Table 1. The crvatnlling half-csters 3 were converted to
their acid chiorldes wich excess thionyl chiorlde at 70*
(higher temperatures caused dogradation) end coupled
directly to 8.amincpenicillanic acid (6.APA} in squeous
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acetone. The penicllling 3 were lsolated as their sodium
solts and ere described In Table I1. A variation of this pro-
codure Tuos nlso been uped to prepara penicilling of this
typed

Sehame |
c:er-tscl.ncoow L1+ 1+ CaHpErCOaH
[y Ielo] i AQw QUR
1 2

v osacy -~
2 AAPA
8 \
CGHsﬁ,—tcoMH -
cooRr "
[+ COUNR

Tha re.carboxy esters, listod in Table UL, a6 in the cake aof
enrbenicillin, contain an asymmestric centor in their sido
chaing and in solutlon their nmr spoctrs (Teble 11} sug-
gested By gpproximately 111 mixturo of epimers. However.
in 8 number of instances {Table N} it was podatble to ob.
tnin the penicillin sodium salts crystalline and theso comn-
pounds were considared on nrr gvidenoe to be single ep:
Imers in tho eolid sinte. Thus the nmr spectrem for the
crystatline phony! ester showed initially a singlet for the
thiszoHdine C-3 proten which rapidly changod to two sin-
glets of egual intansity, consistent with vacemization al
the side-chain chira) conter.t

Blalogicnt Proncrties. The 12 a.carbony eaters of cor-
biwnicillin, desceibad in Table I, wore exomined lor rates
of hydrolyals to carbeniciilin in agquegus solution and in
the presence of isolated tissue homogenates. The 12 catery
wern also orally administored te bath squirrel monkeys
and human voluntgers and levols of carbenicillin in blood
gnd urine were measured. Datalls of these procedures am
described in the Exporimontal Section, The resuits are
discussed belaw,

r Wethunk Mr. N, Ward aad Mr. A, £, Blrd for these obaarvaiions.
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Abstract

Conicosteroids regulnte a vuricty of esseatiul physlologien! functions, such us mincrul balange and stross. The great intureat [n thess
steraids, espacinlly the glucocorticoids. stems trom roles they are thawghe to ploy in nenrapsyehiatric digorders, sucl ny severg depression
ond anxjcty.

The development of glucocorticaid receplor((iR) lignnds which ure approprintety labeled with shori-lived posltron-e mining radioisotopes
would allow the non-invasive in-viva imaging and mapping of brain GRs by menns of positron emission temagraphy (PETY. In this context
we huve synthesized o series of novel arylpyrazola steroide oxhibiting different substitution pattems ef the D-ring of the steraid skeloton,
us Hyands for brain GRe. Specind attention war given to &-Mluorapheny! pyrazolo steroids, which are known 1o display high binding
affinity townrd the GR. The compounds were gvaluated in 8 competitive mdiometric receptor binding assay to delermine their relotive
hinding uffinities (RBA) 1o tho GR, Seme compounds show yood binding affnities of up to 56% in comparison 1o dexamethasane
(100%). In Initial experiments, selocied candidutes were lubcled with the positron emitter fluorine- 18 and in one cpse with the y-emigier

tedine-131,
= 2002 Elsevier Science Inc. All righta reserved,

Keywnorde: Arylpyrarolo conleosteraids; Gl lcold recepior binding; R

g Posltran cinissl graphy (PET)

1. Introduciion

Endogenous corticosteroids exert a wide range of phys-
inlogic, biochemical, and behavioral effects in the contrat
nervous systemn where the hormonal response is orgs-
nized [1~-3]. Conticosteroid hormones are produced in the
adrenat gland, and their production is controlled via the
nypothalamo-pituitary-adrenacortical (HPA) nxis, o clnssi-
cal closed-loop endocrine sysiem, They are released into
the eirculution particulurly in high amounts after periods
of stress. Due to their lipophilic nature, cortivosteralds not
only aet on periphoral organs but also veadily enter the
brain. In newrons, they bind to two different intraccliulor
receplors, the mineralocorticoid receplor (MR) and the glu-
cocorticoid reeeptor (GRY. MRs and GRs are co-locpted
in brain regions that are involved in the regulation of fonr
and anxicty, such us hippecampus, septum, and amypdaln,

® Corresponding suthor, Tel.: +49.351-260-3604;
tan: $%381-260.2915,
Fonall ackdrass: wugst@dfz-russendorfde (F, Wagn,

GRu agro alko distributed in other parts of the brain, and
the highest coneentrations are found in rogions Involved in
the focdback regulation of thu hormonnl stress response,
duch us the paravenpriculor hypothalumus, hippocampus
and pituitary [4,5). There is accumulating evideace that
corticosteroids, in addition to noradrenoline, corticotropin
relensing foctor and scrptonhn, play an imponant role in
stress and the pothophysiology of anxlety disorders and
depression., It hys been suggested that a disturbed HPA axis
regulation may be a primory cuusal factoy in depression,
Sinee fecdback inhibition of glucocosticoids is decrensed
in muny deprensive patients, it has been hypothesized that
disturbances in the MR/GR halance may have daleterious
conscquances for regulation of the stress response, and it
may increase vulnerability to depression.

The development of GR ligonds which are eppropriniely
labeled with short-lHved positron-emitting radioisotopes
would allow the non-invaslve in vive imaging and mapping
of brain GRs by meuns of positron emission tomography
(PET). In this context, PET studics of bruin GRs would
provide important information on the neurchiologieal

003%-138X/02/8 — aee Trony malier £ 2002 Cliovier Sciexe Tne. All righta rexerved.

doiz10.10L6/50039- 1 28X62Y90171-X
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OH
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CH3
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Oencylcorlivazal F WIN 44577 F Nivazel
ROA = 175%" RBA = 07%* ABA = 59%°

Fig. L. Highwaflinity nrylpyrevolo ylucocarticoids u) K.E. Crrlson and JA. Katzenollenbogen, unpublished results: (b) Rat liver eviossl, [14).

basis of GR-mediated functional abnormnlitics of HPA oxis
function in depression [6,7].

Severnl ofiempts have been mnde to synthesize glu-
cocortivolds labeled with the short-lived positron emitter
fluorine-18 (1,2 = 109.6min) 1o image brain GRs [8-13].
Some of the compounds exhibited excellent in vigre GR
binding, in some cases evon significanily higher than the
high-affinity glucocorticaid dexamethusone. Howaver, none
of the investignted compounds were suitable for in vivg
visuplization of brain GRs with PEY. Rapid in vivo deflu-
orination and ihe inability 10 cross the blood-bratn-barrier
are possible reasons for the lack of nny mecumulation of
these compounds in the brain,

A unique szt of synthelic arylpyrnzolo steroids, excnpli-
fied by deacylcortivazel, nivazel and WIN 44577 (Fig. 1),
have been shown to be very high-aflinily ligands for the GR
[14,15). The strong GR blading aMnity of compounds like
WIN 44577, as well as their stable aryl-bound Auorine and
their higher lipophilicity (for an anticipated enhanced brain
uptake), muke this clags of compounds anractive for the
development of novet fluoring-18 Inbeled ligands for TET
studics of beain GR,

Intrigued by the high GR binding affinity of several
arvipyruzolo slereids, we have synthesized a series of novol
pyrazolo steroids exhibiting different substitution parlerns
nt the Dering ol the steroid skeleton. The binding affin-
ity of these compounds for the GR was determined in
a competilive radiometrle recopror hinding assny, and in
initinl experiments potential candidates were labeled with
the positron emitier fuoring-18 and in one casc with the
y-emitter, ioding-t31.

2. Experimental
2.1, General

Melting points were determined on o BOETIUS melt-
ing point apparalus and wre uncorected.  Analyticnl
thin-layer chromatography (TLC) was performed on Merck
silica-get F-254 plastic ploies, with visusllzoiion un-
der UV (254 um). Flash chromatogaphy was performed
ns described by Still ei al. [16] using Merck silion-gel
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(0.040-0.063mm). '"H-NMR, PC.NMR and 'YF-NMR
spectrn were recorded on p Vorian Inove-d00 m 400, 100
und 376 MHz, respectively, with CDCiy snd DMSOygq. Low
tgsolutipn wmass gpectrn wore recorded on o Micromuss
tandem quadrupole mass spectromeder systers (1100 se-
tlgs Hewlett-Packard) and on Mariner mass spectromater
sysiem {Applied Diosystems). Analytical HPLC was con-
ducted using LaChrom systems [rem Merck~Hitnehi. The
chemicnl purity was determined with 8 PHENOMENEX
LUNA CI8 column (250 mm x 4.6mm, 5 pum). The mo-
bile phase was MeOH/water (90/10) (A) and accionitrile/
water {70/30) (B). The system was run with o flow ryie of
1.0 mlfinin.

Solvents nnd reagants were purchased from Sigma, Fluka,
ar Aldrich. THF wag distilled from sedium/benzophenone
kelyl prior to use, Other reagents wera uscd ns received.
lodophenylhydmzine [17] nnd 4-hydroxy(toryloxy)ivdo-
toluene [18] were prepared according o ltersture
procedures.

2.2, Ovgamle chemisiry

2,21 H B-Hvdroxy-1Te, 20:20,2 - bis-fmethvlenedinoxy)-
pregn-4-cne-3-onr (2)

To o suspension of hydrocortisone 1 (2.54g, 7mmol)
in CHaCly (100 ml1) wos added formalin (40 mb, 40%) and
concentrated HCI {40mi}. The bi-layer system was vigor-
ous siicred at room temperature for 31y, The argonic layer
wag separated, washed with spturntod NaHCOa solution
and flushed through a slliga-gel plug. Afer evaporation
of the solvent under reduced pressure, 2.9g (102%) of
1, contaminpied with the 113-MOM-sther {20%4), was
obtained as o wax, 1H-NMR (400 MHz, CDCiz): & 1.1
{5, 3H; 18-CHy), 1.43 (s, 3H; 19-CH3), 1.98 (m, 2H;
2|-CHy), 447 (m. 1H; ila-H), 4.98 {(m, 4H;, O-CH,-0
from bis{methylenedioxy)), 5.66 (s, iH; 4-H), LRMS (ES|
positive) 405 {M + HJ.

2.2.2. 11 f-Hydroxy-2-hydrosymettviene-17,20: 20,21+
his-(merhylanedioxy)spregn-d-ene-3-one {3)

Steroid 2 (2.8 g, contumineted with | 18-MOM-ether) was
dissolved in diy toluene (15 ml} and methyl formato {2 mb).
Then, Nak (600 mg, 15 mmol, 60% dispersion in mineral
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oll) wes added. After stiering ot room lemperature for 4 h
IN HCI (100 ml) was added and the mixture was exiracted
sgvern) times with mothylene ehloride, The methylenc chlo-
ride was exiraciad severnl timos with 1N NaOH. After acid-
ification of the NaOH extract with HCl ond subsequent
re-gxiraction with methyleno chtoride the solvent was rg-
moved to give |8y (60%) of 3 s yellow fonm, 'H-NMR
(400MHz. CDCis): § 112 (s, 3H; I8-CH,), 1.33 (5, 3H:
168.CHy), 4,00 (mm, 2H; 21-CH3), 4.40 (m, 1H; 11a-H), 5.03
(m, 4H; O~CH2—0 from bis(mathylenedioxy)), 5.73{d, J =
1.8 He, 1H, d-H), 7.35 (s, {H=CHCH). LRMS ([S! posi-
tive) 433 [M + H).

2.2.3. 2-(¢-Fluorophenyl)-118hydmxy-2-
hydroxymethyleia-17,20:20,2 1-bis-(mothylenediogy)-
rogn-4-enof3,2-¢lpyrazole (4)

Compound 3 (1.04 g, 2.4mmol} in HOAe (20ml) was
added 10 o solution of NaOAc (197mg, 2.4mmel) and
4-ftuorophenylhydrazininmehloside (3%0my, 2.4 mmol) in
HOAc (10mi} and wuter (S ml}. The roaction mixture was
stirred ot room temperature oveenight, IN HCI {100ml)
was added followed by exiraction with methylene chleride.
The organic layer was washed with NoaHCOj3-sotution fol-
lowed by water. Drying (Na8Q4) snd evaporation of the
salvant gave 1.06g (B4%) of steroid 4 as a brown fonm,
"H.NMR (400MHz, CDClyk & 1.14 (s, 3H; 18-CHy),
1,31 (s, 3H; 19-CHa), 2.33 (AD quartiet, &y = $28.7THz,
J = 546Hz, 2H; 1a/p-H), 4.00 (m, 25 21-CHa),
447 (m, |H: 1ea-H), 5.03 (m, 4H: O-CH;-0). 6,06 (d,
J 2= 2,2Hz. 1M, 4-H), 7.12-2,17 (m, 2H: Ar-H), 741 (s,
|H; H-pyrazolc), 7.43-7.47 (m, 2H; Ar-H), LRMS (ESI
pusitive) 524 [M 4 H].

2.2.4. 2-f4-Finorophenpl)-1 18, 1T, 2 1-trihydrosy-
20-nxo-pregn-d-enof 3,2-cjpyrazale (3)

Steroid 4 (1.06 g, 2.02 mmol) was refluxed in 50% formic
ueid (100ml) for 45 min, The fermic acid was cvaporatud
and the residue was re-dissolved in MeQH (75 mi) ang IN
NeOHR (15ml). After stirring for 1h ot room temperatate
the solution was acldified with 1N HCI (150 m1). Extrue-
tion with mothytenc chloride, evaporntion of the solvent
and subsequent purification by lash chromatography (80%
EtOAc-hennne) gave 780 mg (80%) of the desired praduct 5.
HPLC-anelysis mobile phase B: 1y = 5.61 min, 98% chemi-
cal purity, m.p. L8T-1895C. 'H-NMR (400 MHz, CDCly): 8
0.96 (5. 3L |8-CH3), 1,30 (s, 3H; 19-CHy}, 2,82 (AB quar-
tet, Av = {238 Hz, J = |5.2Hz, 2H; ta/B-H), 4.48 (AB
quartel, Av = 137.1, J = 19.9He, 2H; CH3:-OH). 4.51
(m, 1H; Ha-H), 6.05 (d, } = 2.2Hz, 1H, 4.H), 7.13-7.17
(m, 2H: Ar=i), 7.40 (s, 111; H-pyrazole), 7.43-1.46 (m, 2H;
Ar-H). LRMS (ES1 positive) 481 [M -+ H].

2.2.5. X-(4-Fluoraphenvl)- 1 B-hydroxy-androsi-
decne-17-anefd 2-clpyrazole (6)

Te o solution of steroid § {220mg, 0.457 gmal) in
EOH=-CHaCla (J0mi, 11} was added NaBHs (Ymg,
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0.23mmol). Afler 1h, ueetone (Iml) and water (Imi)
was added followed by NalQq (24dng, 1.14mmol) and
the mixlure wus stirred 8l room lempemtyrs ovemight,
Water (50ml)} war added snd tho mixture was exeracied
with EtOAc. The EtOAc layer was flushed through o
silicu-gel plug und the solvent was ovppornted to give
177 mg (92%) of 6 us 0 solid. HPLC-analysis mobile phosc
B: g = 10,15 min, 97% chemical purity, m.p. 223-2265C,
TH-NMR. (400 MHz, CDCLY 8 117 (5 IH; 1B-CHy),
1.33 {5, 3H: 19-CH), 2.82 (AT quariet, &v = 125.8 Hz,
J = 1521, 2H; 1a/Badd), 4,50 (m, (H; Vea-H), 6.07 (d,
Jom 2.2 Mz, P, 4ID, T13-T0T (o, 2 AR, TAT (g,
'H; Hepyrazole), 7.43-7.47 (m, 2H; Ar-H). LRMS (ESI
pogitive} 421,

2.2.6, 2'-(4-Fluorophanyi}-1 Tofi-propw-t-pl)- L1,
1?B-dihydroxy-androsr-d-gnaf3, 2-cl-pyrazale (7)

Te a solution of ketone 6 (193 mg, 0.46 mmol) in dry THF
{10mi) was added |-propynylmngnesium bromide (.14 mi,
4.5Tmmol. 0.5M in THF). The solution wus stirred ot
room {empernture under an nitrogen atmosphaorc overnight.
Then, saturated NHCl-selution {100 ml) was ndded and the
mixture was thoroughly exteneted with Ee€dAc, The solvent
was removed under reduced prossure and aubsequent purifi-
cation by flagh chromntography (50% BiDAc/hexany) af-
farded 212 mg (57%]) uf sterafd 7 05 o solid. HRLC-nralysis
tobile phase A: 1y = 5.56min, 95% chemical purity,
m.p. 95-98°C. Y1-NMR (400 ML(z, CRCR): § 113 (s 3H:
1B-CHa), 1.32 (5, 3H; 19-CHy), 1.85 (s, 1H; CaCCHy),
2.85 (AB quarot, Av = 115.5Hz, J = 15.2Hz, 2H;
la/f-H), 449 (bs, IH; Jla-H), 605 (d, J == 2.2Hz, 1H,
4-H), 113=707 (im, 214: Ar=H), 7.41 (5. 111y H-pyrazole),
7.43-747 (m, 2H; Ar-H). LRMS (EST positive) 461,

2.2.7. 2-(4-Fluoraphenyl)-1Ta [(3-hydraxy)-1-
propyn-1-vi]-118, 1 T8-dilpdrosy-audrosi-d-one
[3.2«a}-pyrazole (8)
Tetrahydro-2-(2-propynyloxy)-2H-pyran  (1.08g4, 7.8
mmol) in THF (1$ml) was frented with a-Buli (4.68ml,
7.5mmol, 1.6M in hexane) pt 0°C. Afier |h mt 0°C, ke-
tane 6 (315 mg. 0.75 munol} In THE (8 ml) was added ond
the mixiure was stirred at room temperaiure overnight.
IN HC! {1mnl) was added and sticring was continued for
10min at 60°C, Afler the addition of water ($0m)} the so-
lution wis extragted with EiOAc, Tho ELOA¢ was washed
with NaHCO;-solution, dricd (Nu2SQ4) and cvaporated,
The residue was purificd by flash chromatography (10%
MeQH-CHzCly) to atford steroid 8 (222 mp, 62%) a5 o
solid. HPLC-analysis mobite phose B: rg = 5.21 min, 98.5%
chemlenl purity. m.p. 147-130°C, THNMR (400 MH7,
CDCla): & 1,14 (5, 3H; 1R-CMy), 1.32 (8, 3H; 19-CH3), 2.85
(ADB quartet, Av = 1531z, J = 154 Hz, 2H; 1a/B-H),
4.32 (5, 2H; CHy-OH), 4.49 (m. 1H; tla-H), 6.05 {d,
J = L1Hz, 1M, 44), 7.13-T.17 (m, 21: Ar~H), 7.42 (s,

TH: H-pyrazole), 7.44-7.47 (m, 2H; Ar-H). LRMS (EST

positive) 477,
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2.2.8. 2-(4-Fluoraphenvi)-17e (1
methansulfinylloxy- L-propyn-flj-1 1 3,
178-dikydroxy-androsisd-snof 3, 2c]-pyrazole (9)

To & Holution of sleoho! 8 (47.8mp, ¢.1 mmaol} in THF
(Smil} and EtaN (304 ul, 0.22mmol) wos odded MsCl
(15.7 wl, 0.2 mmol) at 0 "C. Aftor stisring overnight the sol-
vent wes partinlly removed and the residuc was purified by
figsh chromatagenphy (R0% FtOAc-hexane) to give 48 mg
(66.5%) of mosylue 9. ‘H-NMR {300 MH=, CDC13): 4 106
(s, 3H; 18-CHa). 1.32 (5, 3H; 19-CH3). 2.86 (AD quurtet,
Av = 1124 H2, J = (8.3 He, 2H! Jo/p-HY, 3.08 (s, 3H:
080:CHa), 4.51 (m, 1H; Vo-H), 4.8¢ {5, 21; Ciip.0Ms),
6.06 (d. / = L.8Hz \H, 4-H), 7.§3-7.18 {m, 2H: Ar-H),
7.42 (s, 1H: H-pyrozole). 7.44-7.47 (m, 2H; Ar~H). LRMS
{ES] positive) 355.

2.2.9. Z-(d-Fluoraphenylj-1Ta {(3-fluomd- I«
propyi-1<yl]- 11 B, 17 f-dilydroxy-androsi-4-enp
{3.2-¢]-pyrozole (16}

To n solution of mesylate 9 in THF (1.5 mi) wos edded
TBAF (1501, 150 wmot, I M in THF} and the resulting
mixture wes heated 10 60°C for 30 min. The selvent was
evaporated and the residuc was purifiod by flash chromitog-
rphy (60% EtOAc~hexane) 1o give 7.8 mp (3R%%) of fluoride
10. HPLC-analysis mobile phose A: g = 4.85 min, 95.5%
chemienl purity, m,p. 125-127°C. '"H-NMR (400 MHz,
COCly): & 1.16 (5, 3M; IR-CHys), 1,32 (5, 311: 19-CH3),
2.86 (AB quartct, Av = 113, J = 154 Hz, 21 la/f-H),
4,50 (bs, TH; 11a-1), 5,00 (4, Jyr = 45.9 4z, 2H; CH;-F),
6,06 {bs, 1H, 4-H), 7.13-7.17 {(m, 2H: Ar-H), 7.4l (s,
IH; H-pyrazole), 7.44-747 (m, 2H; Ar-H). Wr.NMR
(376 MHz, CDCK): & ~214.24 (1, Jyp = 47 Hz), ~115.33
(m), LRMS (ESI positive) 479 [M + H],

2.2.10. General procodure for the preparation of
amine-containing stervids 11, 12 and 13

To # selution of NayCO; (50mg. 047 mmol) in wa-
ter (280 i) was added the amine ([.0mmol) followed by
mesylate 8 (45 my, Kl wmol) in ocetone {13 ml). Th so-
lusion wag stirced for 2h ac room iemperature, Sefurated
NaHCOs-solutlon (20 ml) was ndded ond FtOA¢ was used
for extraction. After drying (NaaS0y) and evaporation off
the salvent the regsidue was purilied by flash chromatog-
raphy (10% MeOH~CH3Cla} to vield fhe correspunding
aming.

2.2.11. 2-(4-Flunrophenvi)- 1 7a f{3-Nopyprraliding). 1-
propyns-i-yif-1 18,17 8-dihydroxy-andmsi-4-ena
{3,2«c}-pyrazole (11}

Yield: 47%. HDPLC-analysis mobile phase A g =
5.B5min, 98.5% chemical purity, mp. 196-198°C.
TH-NMR (400 MHz, CDCl3): 6 1.15 (8. 311; |8-CHy), 132
(s, 3H; 19-CH3), 1.82 (m, 4H: pywroliding), 2.67 (n, 414;
pyrroliding), 2.84 (AB quantet, Av = 1279, J = 15.2Hz,
2H: la/B-I1), 3,48 (s, 2H; CECCHa-pyrrolidine), 4,50 {bs,
TH Ha-M), 6.05 (d, J = 1.6 Hz, 1H; 4-H), 7.13-7.17 (m,
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2H: Ar-H), 741 (5, 1i1; H-pyrazole), 7.43~7.47 (m, ZH;
Ar-H). LRMS (ESI pasitive) 530 [M + 1],

3.2.12. 2-(4-Finorophenl-1 Ta [(3<N-piperidine)-
I-proppn-1-yl}-11 8,17 A-dihydimxy-andiost-deens
[3,2-e)-pyrazale (13)

Yield: 77%. HPLC-anslysis mobile phase A: ;g =
G 24min, 96.5% chemical purity, mp.  200.203vC.
MR (400 MHp, GDCl3): § 1,15 (8, 3H: 18-CHg), 1.32
{5, 3H. 19-CHy), 161 (quint,, J = 5.4 Hz, 2H; piperidine),
1,94 (m, 4H; piperidine), 2.49 {m, 4H: piperiding}, 2.84
(A quenet, Av = 1298, / = 18.2Hz IH; la/B.dd),
3.3 (5, 2H; CmCCHa-piperidine), 4.50 (bs, 1H: 11a-H),
606 (bs, 1H: 4-H), 7.13-7.17 (m, 2H: Ar-H), 748 (s,
IH; H-pyrmzolo), 7.43-7.47 (m. IH; Ar-H), LRMS (ESi
pasitive) 544 {M -+ H).

2.2.13. Z-(4-Fiuorophenvi)s o f(3-N-qtarphofing)-1-
propynal-yi]-118, 1 TR dilipdvoxy-auidrusi-d-eno
{3,2-¢]-pyrozole (13)

Yield: 70%. HPLC-annlysis mobfle phare B: m =
6.29 min, 96.5% chemical purity, m.p. 96-99%C, "H-NMR
(400 MHz, CDChY: 4 1,15 (s, 3H; 18-CHyY, 132 (5, 3H;
19-CHa}, 2.85 {m, 4H; mormpholing), 2.82 (AB quarat,
Av = 1264, J = 1§2Hz 2H; la/B-H), 3.34 (s, 2H;
CsCCH>-mompholing), 3.74 {tn, 4H; morpholing), 4.50 (bs.
T Ha-H), 6.05 (d, J = 1.9z, [H; 444), T13-717 (m,
2H: Ar-H), 740 (s, IH; H-pyrazole}, 7.43-7.47 (m, 2H;
Ar-H). LRMS (ESI positive) 546 M + H].

2.2.14. Z-t4-Fluoraphenvii-2{-(nrethansu{fnylox-20-
wxa-f 1 .1 Ta~difiydraxy-pregn-d-cnofd, 2-clpyrazole (14)

A solution of sterofd 8 (200 mg, D.416mmol) in dry
pyridine (4mil) war cooled to 0°C and MeCl (65.4 pl,
(1832 mmol) wus slowly added, Aftor stirring m 0°C for 3 b,
the solution was poured imo IN HCI (100 ml) followed by
extraction with E\OAc, After drying (Na2504) the solvent
wag evaporated and the residue was purified by Nash chro-
matography (80% EtQAchexana) 1o Yie!d IR2 mg (TR%4}
of mesylate 14 a5 & pale yellow fopm, | H-NMR (400 MHz,
CDCh): & 097 (5, 311, 18-CHa). 1.30 (5, IH; 19.CH3),
2.82 (AB quartol, Av w128, J = [5.3Hz, 2H; lo/B-H),
3.24 (5. IH; OS0O,CH3), 4.52 (m, 1H; 1la-H), 5.6 (AB
quarict, Av = [0R.6, J = IT.RHz, 2R: CH;-OMs), 6.05
{d, = 1,7Hz, 1H, 4-H), 713-T.18 {m, 2H: Ar-H), 7.41
{5, 1H; H-pyrazole), 7.43-7.46 (m, 28; Ar~H). LRMS (ESI
positive) 559 [M + H].

2.2.15. Oxergn-3-one (15)

Mesylpte 14 (31 ng, 55.5 wmol) was dissolved in dry THF
{750 1) and potnssium terr-butoxide (9.3¢ mg, 3.2 wmol)
in THF {400 i} was added at room temperature. A clesr
yollow solution eccurs. Aftor Smin, 1N HCE (100 ul) was
pdded to quench the reaction followed by water {10 ml).
Extraction with CHCly, drying (Np2804). evaporution of
the golvent and subsequent flash chromatogrophy (30%
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RiOAgAiesang) gave 4 my (16%) of oxatanone 18 eq a white
fonm,. HPLC-onglysls mobile phase B: ry == 15,13 mia, 96%
chemicnl purity, m.p. 217-220°C. |H-NMR (400 MHe,
CICla): 8 113 (g, IH: [B-CH3), L3 (s, 3H; 18:CHy),
2,83 ¢AD quaciat, Av e 1293, / e 15,1 Hy, 2H; |0/R-H),
4.55 (m. 1Hy |la=H), 4,98 (AB gquodst. Av = 514,
4w A5 He, 3H; onatnnne), 605 () J = 2.1Ha, tH,
4-H), 7,15-7.08 (m, IH: Ar=H), 741 (5, tH: Heyrarole),
743746 (m, IH Accll) LRME (ES! poshive) 463
M+ ]

22,48, Z-(a-Fluotophenypl)ed Isiodmithesor
H . Fu-dlilyedrony-pregn-d-eaaf 3, clpvrasala (16)

T n selutlon of mosylaie 14 (12¢mg. K6 pumol) in
acatone {1 ml) was addad Nal (129 my, 860 wmol) in ace-
tane (5 ml). After being stitred overnight while protected
from Hgln the salution was poyred into wator (20 ml) ond
0.1IN Nax8203-solution {20ml). Extraction with EiQAc,
drying (Nuy804), evaporation of the solvent and subsc-
quont flush chromatography (40% EtOAc/hexane) afforded
43 my (85%) of iodide 16 ns a pale yellow foam. 'H-NMR
(400 MHz, COCls): & 1.0 (5, 314 1R-CH), 1,31 (s, N,
19-CHy), 2.43 (AD quartet, Av = 121LR, J = 153 Hz, 21;
la/A-H), 4.10 (ABB quartet, Av = 75.4, J = 11,3 Hz, 2H;
CHz-1). 4.52 (m, 1H; Nu-H), 6.05 (d, J = 2.1 Hx, I},
4-H), T.13-7.17 (m, 2M: Ar-H), 7.41 (5, |H; H-pyrizole),
T.43-747 (m, 2H; Ar-H). LRMS (ESI pogitive) 591
[M <+ H).

2,2.17. 2-{4-Flugrephenvi)-2i-fluora:20:0xe- 11 3,
17asdibydroxy-pregn-d-onaf3, 2~ jpyrazele (17)

To a solition of mosylate 14 (IR2 mg, 0.328 mmol) in
neetpnitrile (10ml} was odded TRAF (450 pl, 450 numal,
I M in THFY After guirring for 15 min, a1 reom iempernturo
the solution way heated 1o G0°C and an additionnl 450l
of TBAF was added after 40 min. Additien of saturated
NaldCO;z-solution, cxtraction (E(QAc), drylug (NuaS04),
evaporation of the solvent nnd subsequent preparative TLC
(60% EtOAc-hexane) gave Smg (5.8%) of Auoride 17
15 # white solld. HPLC-analysis mobile phage B! ip =
9.04 min, $3% chemical pusity, o1,p, 165-168°C. 1H-NMR
(400 MHz, CDClyY: § 0.99 (5, 3H; I1BCHy), 131 (s, 3H:
19.CHy). 2.82 {AB quanel, Av = 125, J = |3.9Hy, 2H;
1a/@3-11), 4.35 (m, |H; 11a-H), 5.20 (AD quariet, Av = 77,
Jup = 16,5 Bz, with ndditens] doublst spliting due to
Jur = 47.5 Hz, 2H: CHz-F). 6.06 (s, 1H, 4-H), 7.13-7.17
(m, ZH; Ar=H), 740 {5, !H; H-pymzole), 7.43=7.46 (m,
214 AreH) FF.NMR (376 MHz, CDCl): § 23113 @,
Jur = 4BHz), —~115.28 {m). LRMS (ESI positive) 483
M 4+ H].

2.2.18. 1 BeHydroxy-andvust-d-gne- 3. 1 2-dione (18)

A wolution of cortisol 1 (1.06g, 2,92 mmol) in GIGH-
CHsCly (20ml, 1:1) was trented with MoBHs (44.2 mg,
117 mmol). Afler 2h acotone ($ml) was added lollowed
by water {Sml) and NotOy4 (1.56g, 7.3 mmol). The solu-
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tion was @irred af Tooin WwmpeRive avamight ollpwed
by the addidon of water (100 ml), exirastian with CHGly
and fluwhing through u silion-ge! plug. Afler evaporation
of the solvont 877mg (ID0%) of kelons 18 was iso-
lated o white solid. *H-NMR (400 MKz CDCHL): & 511
(s, AKG IRCHy), 142 (s, AL 18-CH3) 4.49 (hs, 1H:
ThoeH), 5,64 (5, 11, doH), CNMR (100 Midz, CRE)):
& 21971, 19082, 192,20, 132.26, 67.06. 5430, 5230,
46.57, A0.46, 19.08, 3505, 34,37, 3340, 31,48, 3121,
10,47, 21.35, 20.68, 15.40. LRMS (ESL npositive) M2
{M = h].

2218 2fN-Pryroliditn) -3 S-anclrivitadion- 1 ol
17=ana (19)

Ketana 18 (8?7 mg, 2.0 mmol) ln wiuene (T0mi) was
refluxed with pyrrolidine (2.5 ml) and TsOH:H30 (45 mg)
while removing the formead waier. Afler 44 the solvent was
evaporated ynd sther way added. Further evaperstion of this
solvont yave 1 {07%) of 19 as o yeitowish-brown foam
which was efficiemly pure, 'H-NMR (400 MHz, CDCly):
§ LIS (s, 3H; 18-Cly), 1.28 (5, 3H: 19-CHs) 3.14 (m,
4H; CHy), 447 (mu 1105 1a-H), 4.74 (5, 1H; 4-H), 496
{m, 1H; 6-H). "*C-NMR (100MHz, CDCI5): § 23018,
144.03, 142,82, 111.01, 9832, 68.14, §3.63, 5237, 46.08,
46,86, 40,52, 33.25, 34.92, 3347, 3047, 2074, 24.79,
24,25, 21.94, 21.52, 15.60. LRMS (S| positive) 356
M + H).

2.2.20. 13a(]-Propyn-yli-androstd-ena-11 4,
12 f1-dini=Y-ona (20)

To a selution of enomine 10 (134 mg. 0.84 mmol) In
dry THF (2mi) was added [-propynyimagnesium bro-
mide (5.7 ml. 2.86 mmel, 0.5 M in THF). The solution was
stirred ot room temperature under an nitrogen atmospliora
overnight. Saturated NH4Cl-solutfon {150ml) woy wdded
and the mixture was thoroughly extracted with B10Ac.
The FtOAc was removed under reduced pressurc and the
residue was redissolved in 2 solution of NaOAc (3g) in
water (3mi), HOAc (2ml) and MeOH (20ml). The re-
sulting mixture wag sefluxed for | h. AfRervards, water
(200mI) wos added fellowed by oxtraction with EiQAe.
Evaporation of the solvent and subsaquent purlfication by
flash chromatography (75% EiOAc/hexans) gave S6mg
(82%) of steroid 30 os p pale yellow foam. 'H-NMR
(40D MHz, CDCly); 8 1.2 (5, 3H: 18-CH3), 1.45 (s, 3H:
19-Ctls), 1.B4 (s, 3H; CHy), 4,44 (m, [H; lla-H), 5.68
(s, 1H, 4-H). C.NMR (100MHz, CDCly): 4 200,08,
172,84, 122.24, R2.46, H1.24, RO.04, 6R.00, 55.88, 31.20,
4583, 42.31, 3015, 38.70, 34,72, 33.67, 32.03, 3192,
11,82, 22,99, 20.77, 15.22, 3.53, LRMS (ESI positive) 343
[M +H),

2.2.21, General procodure far the synthesix of
sterolds 21 and 32

To a solution of sterold 30 (103 my, 0.3 mmaol) in toluene
(Smi). pyrldine (1.5ml) end mothyl formate (300 W) was
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added 60% NaH (72mg, §.Rmmol} followed by methanol
(150 pl). The eplutlon was wivred overnight while the
color changed to dark red. Addition of IN HCI {50mi)
ond extraction with methylenc chloride gave a yellow
solutlon, The methylene chloride won extescted several
times with IN NaOH. Afier acidification of the NaOH
extraet with HCI and subsequent re-cxiroction with methy-
tene chloride the solvent was removed to give the cor-
responding  2-hydroxymethylene contpound of 20 as a
yellow foam. The fonm wns dissolved in HOAc (10mi)
ond & solution of 4-bromophenylhydraziniumehlorido
of 4-iodophenylhydazine (0.3 mmoh [17] ond NaOQAe
@3 mmol) in HOA¢ (Sml) and water (2 ml) was odded.
The dnrk red colored solution was rtirred o1 room tem-
perature ovenight. Addition of water, extraction with
CHCly ond subsequent purification by flash chromatog-
raphy (60% EiOAc/herpne) gove compounds 21 or 22,
rospectively,

2222, 2-(4-Rromuphenvi}-1Fall-propyn-
1-vi)-118,17B-dilwdroxy-androst-dwenaf3,2-¢]-
pyrazole (21)

Yield: 48%. HPLC-nnalysis mobile phase A: =
R.12min, 97% chemical purity, m.p. 130-132°C. 'H-NMR
(400 MHz, CDCh): & 1.13 (5, IH: 18-CHy), L.32 (s
JH; 19-CHa), 1.85 (5, 3H; C C&CCHj), 2,85 {AB quar-
e, av = 1149, J = 15.3Hy, 2H; Lo/B-H), 4.49 (bs,
TH; [o-M), 6.08 (d, J = 22H» 1H, 4-H), 743 {5,
IH; H-pyrazole), 7.38 and 7.58 (2d of AA'BB' sys-
tem, J = 8.8Hz, 4H; Ar-H). LRMS (ESI positive) 522
[M + H).

2.2.23. X-(4-lodophenvi)-17ad Lpropyn-1-vij- 118,
17 f-dthydroxy-undrmsi-d-gnof 3,2-¢]-pyracole (22)

Yield: 50%. HPLC-nnulysis mobile phase A: g =
B 70 min, 96.5% chemical purity, m.p.  104=106°C.
YH-NMR (400MHz, CDCh) & 1.13 (s, 3H; 18-CH3),
1.32 (s. 3H: 19-CH4), 1.85 (s, 3H; C C=CCM;), 2.85
(AB quartet, Av = 115, J = 152 Hz, 2H; la/B-H), 449
(bs, 1H; [1x-H), G.OB (d, J = {.8Hz, IH, 4-H), 7.43 (s,
1H: H-pyrazoie), 7.25 and 7.78 (2d of AA'BD’ system,
J = R.THz, 411; Ar-H). LRMS (1351 posltive) 568 [M + [1],

2.2.24. 2'i4-Trimathvisiannyiphenvl)-
17a(l-propya-1-yi)-11 8,17 8-diljydrozy-
androsi-4-enof3,2-c]-pyrazole {23)

A solution of steroid 22 (160 mg, (.28 mmel) In toluene
(3 ml) wes refluked with SnaMeg (250 mg. 6. 76 mmol} and
Pd[PPh3 )4 (4.8mg, 4.15 uimol) for 3 h, After removal of the
solvent the residue was purified by flash chromatography
(60% EtOAc/hexane) to afford 100 mg (59%) of steroid 23.
TH-NMR (400 MHz, CDCL3): 8 0.32 (5, 9H; Sn(CHa)),
1.13 {8, 3H; 18-CHa). 1.32 (5, 3H; |9.CH3), 1.5 (5, 3H; C
C=CCHi), 2.86 (AD quartel, Av = 10R.8, J = 15.2Hz.
2H; la/Be), 4.50 (hs, 1H; Ne-H), 6.14 (d, f = |.9Hz,
TH. 4-H). 7.43 (5, |H; H-pyrazole), 7.46 (AA'BB', Jay =
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B.2Hz, 2H, As-H), 757 (AA'BB', Jap = R2Hy, 2M,
Ar=i). LRMS (81 positive) 607 [M « H).

2.2.25. Genergl procedure for the symihesis of lodonium
salts 34 and 2§

A solution of storeid 23 (115 mg, 0.19 mmo]) and [hy-
droxy(tosyloxy)iodalienzens or [hydrony(tosyloxy)indo}
tplusne (0,19 mmol} [ 18] in methylens chlorida {1 mi) was
stirredt at room temperature for 2h, The volvent wig evipo-
rated by nseans of p nitrogen stream, The restdug was trosted
with cther resulting in the formation of & white solid. The
solid was filicrad off, washod with ather and dried under
vacuo to yield the jodanium ealt 24 and 28,

2.2.26. Digrvliodonlunt tosplare (24)

Yield: 28%. 'H-NMR (400 MHz, DMSOys): § 0.29 (s,
3H: CH3), 0.5¢ {5, 3H; CHy), 1.04 (s, 31T, Cla), 1.53 (s,
3H; CH3), 2.05 (AB quaret, Av = |50, J = 15.8 Hz, 2H;
10/-H), 3.60 (bs, IH; 1a-HY, §35(d, 7 = 1,8Hz, IH,
4-H), 6.42 and 6.8% (2d of AA'BB’ system, Jan = B3 Hz,
4H; Ar-H), 6.75 (m, IH; Ar-H), 6.68 (s, 1H; H.pyrazole),
764 and 7.13 (2d of AA'BD’ system, Jan = 9Hz, 4H,
Ar-H), 7.4-7.5 (m, 2H: Ar-H), LRMS (ESI positive) 645
[M-OTs).

2,2.27. Diarvitodonivm rosylate (23)

Yicld: $7%. 'H-NMR (400 MHz, DMS04s): & 0.29 {5,
3H; CHy), 0.50 (s, 3H; CH3), 1.00 (5. 3H; CHal, 1,58 (s, 3H;
CH3), 1.60 (s, 3Ms CH3), 2.04 (AR quartet, Av = [50.4,
7 = 155z, 2H; 1a/p-H), 3.59 (bs, IH; 11a-H}, 5.34 (d,
J = 1.8Hz, TH, 4-H), 6.41 und 6,56 (2d of AA'BE’ system,
Jap = 7.9Hz, 4, Ar-H), .67 (5. |H; H-pyrozole), 6.82
nnd 7.45 {2d of AA'BB' system, Jap = 9.0 Hz, 4H, Ar-H),
A58 and 7.4 (2d of AA'BB’ syslemn, Jap = B.3Hz, 4H,
Ar-H). LRMS (ES] positive} 659 [M-0OTx).

2.3, Radigchemistry

2.3.1, General

¢ was produced by the *Oip. m'*F reaction on &n
enriched water wrgel ugsing on [BA CYCLONE 18/ cy-
clotron, The ['80] water containing [HF)luoride {ca, § mCi,
185 MBq) was transferved to o Sml Vicutniner®™ conin-
ing a solution of Kryptofix 12.2.2] (6.0mg, 16.2 umol)
and K2CO0y (1.5 mg, 10.9 wmol). Water was azeotropically
evaporated using HPLC grade acetonitelle (3x 0.5ml)
in o 100°C oil bath under g streum of nitregen. Potas-
sium ['*F]flvoride was resolubilized into S00-1000 ] of
anhydrous solvent (acetonitrile or DMF) and transferred
o o glass viol pre-charged with the lubeling precursor
(2-t0mg). Pragress of the reaction was monitored by
mgans of radio-TLC. A pre-purification wos performed by
passing the diluted reaction mixture through a silica-gel
plug {n Pasteur pipet with an. 150 mg silico-gel). Radioiod-
inntion with lodine-131 was performed wsing o solution of
['¥1]Nal {Nycomed-Amersham) in NaOH.
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23.2. X[ E)d-Finorephenyl)-1 Ta(l-propyn-
{xydi= 11,0 7 Becthiyyidroxy-andross-d-enof 3, 2-0]-
pyrazole (f8F 17

The reoction wor anplayed using 10mg of iodonjum
salts 24 or 26, Afler resoluhillzation the radicactivity (eq,
34 mCi, 110-150MBq) wes transferred 1o the Inholing
precursor 24 aor 25 in DMF (500 w), The vin! was sealed
and healed for 40min at 120%C. Radio-TLC (Re = 0.38;
80% LCtOAc/hexane) showed the formastion of 0.2% (wlth
lodonlum salt 24) and 2% (with iodonium salt 28) of the
desired compound ['*F)-7 together with large amounts
of non-reacted ['SFAvaride and [¥F)Nugrohenzone nnd
["F)fluorotoluene, respectively.

2.3.3. 2'-f4-Fluorophenyl)- J-¢3-f 'V F }flyoro)- 1
propyn-F-yl)}-H B, 17 B-difyiroxy-androst-4-eno
[3.2c]pyrazale (' F]-10)

The reaction was employed using 2-3 my of mesylate 0.
After resolubilization the rodioactivity (4.0m€i, 150 MDq)
wak fransferred Lo mesylate 9 in neetonitrile {500 i), Thy
vial was sealed and heated for 20 min o1 65 °C. After coul-
ing and nddition of ethyl ncctate (2ml) the solution was
passed through a sifice-gel plug. The efuate (L} MBq, 9%,
decay-cormected) wus unalyzed by radio-TLC (Rr w 0.43;
80% EtQAchexune} indicating 3 rediochemical purity of
»93%,

2.3.4. 2-fd-Fhioraphenvl)-21-F'8 F ffior-
M-axa-11 8.1 7o-dilydroxy-pregn-d-cno
[3.2-clpveazole (PP E]-17)

The reaction wag employed using 2-4 mg of mesylnie 14
ar indo precurser 16, After resolubilizallon the radioactivity
(3-5.4mCi, 110-200 MBq} wos transferred i \he lobeling
precursor 14 or 1A inacetonilrl (500 ), The vinl was sealed
and heated for 20 min m 65 °C. After cooling nnd addition
of cthyl acetote (2ml} the salutfon was parsed through »
sificu-gel plug. The oluate (3.1 MBg, 4%, decay-cormected
for precursor 14 and 21.8 MBq, 14%, decay-correcied for
precursar | &) was onalyzed by radio-TLC {Rr = 0.55; 80%
EtQAu/hexane} indicoting o radiochemicul purity of >95%.

2.3.5 2P\ j-d-dodaphenyll- 1 7e (1-propyns
{0l 11 8. 17 A-ditprtnxy-androssd-cnof3, 2-c f-pyraznle
(2

The reaction was employed using 1.3 mg of organostan-
nune 23, ["*Y1jNal (2 wCi, 74 kBq)} was added ta n solution
consisting of 50 ikt buffer solution {$% NaQAc in HOAC)
and 50 pl oxidizing solution (30% Ha0x/HOAc 2:1). Tin
precursor 23 in 200l MeOM was added and the sotutian
was stired ot room emperature (or 3¢ min, Then, 70 pi of
a 0.1 M Naz8§;0;:-solutiob was added to siap the reaction,
Radlo-TLC (Ry = 0.47; 80% EtQA/hexane) revenled the
formation of 78% of the desired product ['11).22 besides
nen-reacted ['M1iodide. Alter the addition of efhyl aceiate
{2 mly and silica-gel purifionion the radivchemical purity of
the elunte waa »95%,
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24, Biglogical methods

24,1 Deiermination of the recoptor binding affiniy

Compuounds tasted in the QR-binding nssay wers annlyzed
by HRLC indicating » ehemionl purity of 93% for com-
pound 17 and a chemical purity = 95% for compounds 8-8,
10~13, 15 and 21-22. The binding affinity of the arvipyra.
zolo steroids for the GR was determined by 8 modification
of the methed repprtod for tho estrogen receptar {8,19], Tho
melolracer was [lH]dcxnmetlmmne and edrenatectomized
male rat liver eytosol wis usced as the protein, The eytosol
was incubatad with buffer or soveral copcentrations of unla-
beled competitor together with [YH Jdexamethasone at 0°C
for 18~24 h. The unlaheled arylpyrazatn sleraid competitor
was prepared in [ dimethylformamide-buffer to cnsure
solubility. The free steroid was adagrbed on dextran-copted
charcopl s described by Koizenclienbogen et 8l {20],
{*H)Dexumathagone was {1,2.4,-7Hdexamethesone {Amer-
sham Biosclences, Piscatawny, N

3, Results

3.1, Synthexis af 4-fleormplienyimrazola srerolidy
eontaining I Ta-afkymdl side chalng

Naturnl corticasicrolds poesess the charmeieristie 17¢,21-
dihydroxy-20-keto gubstitution pattern of the progranc side
chain, as exemplified by gontiso! ). Howover, several re-
ports on glucoconicoids have shown that the Dering is
tolerant loward different substitution patlemys st position
C17 of the steraid skeleton whila retuining high binding
affinity to the GR {211, Moreover, D-ring modified deriva-
tives often possess greatly reduced binding affinities for
the niincrolecorticoid ropeptor, thus constituting steroids
ealled “pure glucocorticoids™ [21,22], Since | To-alkynyl
substituted ateroids are casily nccessible by 1,2 addition
of tithium or magneslym based organometallic acetylides
to 17-keto steroids (23.24], we undertook the synthesia of
a neries of novel d-lusrophenylpyrzole sieroids in which
the characteristic conticosteroid |.3-dihydroxyacetone side
chnin was replaced by a 1 7a-alkynyl-17R-hydroxy moiety.
The reaulting steroids (7, 8, 10-13) combine the heneficinl
affecta of the | Te-lkynyl- 1 78-hydroxy and d-fluorophenyl
pyrazole maicties for high and selective binding (o the GR.
Funthermere, the modification of the 1 7a-alkyny side cliain
by cithor neutrsl {(Me, OH, F) or busic {cyelic aliphatic
amings) substituents results in interesting cffects on bio-
logically importont poramoters like receptor binding end
lipophilicity (vide infra).

The syuthesis of 17-keto steroid 6 s prerequisite
starling material for 1 7-olkynyl substituted sterolds via
arganametallic §,2 addition is shown in Fig. 2.

Swriing from commcreially available cortispl 1, the
synthesis eommaneed by proteeting the 1,3-dihydroxyace-
tone side chnin of | by' reatmeant with fornmoldehyde and
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wGH

: NHNH,
HO } . Q’ x Q|

HO

CHz0, HCY, CHCly

Na, HOQO Mo
80%

0% HCOM
' o%

HO,

Fig. 2. Synthesis o7 2' {d-fAuorpphonyl)-1 1 f-hydtos paiidrosideenc- 1 7-ang| 3.2-¢)purozoke 6.

concentrated HC in chlorolomm 1o afford contisol bis(methy-
lenedioxy)ethar 2. It was observed thul a portion of the
product was also converted to the 1 13-MOM cther of 2
under these reaction canditions,

The amount of the 1IB-MOM ether contaminntion
wias determingd 10 be 20% by mcans of 'H-NMR us-
ing the 1la-H signals ot 4.47ppm (OH) and 4,25 ppm
(MOM). However, the [ollewing steps are not affested
by the 11B-MOM ciher group, and 2 could be used as a
mixture of the TIR-OH and 113-MOM compound. The
introduction of the 2Z-hydroxymethylene functionality in
3 was achieved by reacting the sodium enolate of 2 with
methyl fornuie in doluene. Subsequent condensation of 3
with 4-fluorophanylhydrazine hydrochloride in the pres-
enge of NaOAc in acetic acid gave 4-flucrophenvl pymzole
4 in R4% yield. By using thesc reaction conditions, the
desired 2'-Nuoraphenylpyrazole sterold 4 was formed ex-
clusively, and the cerresponding I'-fluprophenylpyrazole
igomer wis not ohsorved, The bis(methylenedioxy) other
pratecting group ond the partielly present § LR-MOM cther
were removed in boiling 50% formic acid. The resulting
L3dihydroxyacetane sida chuin in 8 was tinsfonned into
the 17-keto steroid 6 by reduction of the 20-kete group in
$§ with NoBH, snd subsequent oxidmive cleavage of the in-
tormedinto 17,202 | trthydroxy side chain with NalQq. The
totnl yicld of & was 37%, baged on cortisol 1. The reaction
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pathway for the introduction of | 7e-allkyny] side chains and
their further functionulization {s depicted in Fig, 3.

Treatment of ketone 6 wiih |-propynylmagnesivm bro-
mide iy THF ot rom temperature gave sicroid 7 in
§7% yield. The 1,2 addition of the lithlum derivative of
totrahydro-2-{2-propynyloxy)-2H-pyfan 1o ketone 6 af-
torded aleohiol B in 62% yicld afler removal of' the THP-cther
pretecting group. Alcohol 8 was used as o suitable starting
matorinl for further modifications of the 17x-pikynyl side
chain, For this purpose the primary hydroxy! group in 8 was
first converied into the corresponding mesylale to abtain a
good leaving group. This approach allows the conveniont
and flesible werminal functionnliziation of the ulkynyl side
chain with o varlsty of substituents by displacement of the
meuylnte with several nucleephiles, Thus, trentment of me-
sylate 9 with TBAF in THF afforded the fluoride-substituted
steraid 10 in 38% yield, tn another 521 of reactions, mesy-
late @ wes troated with esveral aliphatic eyelic amines in
the gystem acolone-NasCOy 1o provide sicrolds 11-13 in
47, 77 and 70% yleld, respectively.

The steroids obtained seeording to the reaction schemo in
Fig. 3 can bue subdivided into two clogses: ang set of com-
pounds (T, 8, and §0) posseas neutral substituents (Me In 7,
OH in B, F in 10) in the 17a-nlkyny] side chain, whereos
compounds 15~13 goniain pyrrolidine, piperidine or mor
pheling ns basic amine substituens,
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32, Symthesis af 4fuoraphenyimprazolo sterolds
comtalning an axetap-3'-ana molety and modificd
1, 3-dihydroxyvacetane side chains

Ap another st of compounds, we have synthesized sev-
wral 4-fluoropheny! pymzolo sterolds containing mn intact
and modified 1,3-dihydroxynestang side chnin, as well a5
a spiro-oxetahong. Steraid 8 possessing the 1,3-dihydroxy-
ecetone sido chain was obtained as an intermediate in
the reaction sequence for the synthesis of ketone 6
(vide supra, Fig. 2). Steroid 8 was used to convert the
1,3.dihydroxyacctone side chains {nto the oxetan-3-one 15
and to form fodide 16 ond fluoride 17 (Fig. 4).

Although soversl methods gre known for proparing
osctan-3-ongs {e.g. by oxidation (28], by acid-catalyzed
decompositlon of diazo ketones [26], by (2 + 2] pyclond-
dition £27]), only immmelesuler digplucomant reactions
{28] hove been used to preparo steroidal oxetane-3 -ones,
In the casc of C17 spiro-oxetan-3'-anes. the reaction seems
espegially challenging, since foreing reaction conditions
are required, und the reaction only proceeds in poar yields.
However, Pons ond Simons [20]} hove described o general
method (o ovatcome these probloms and to provido the
desired C17 spivo-oxetan.3"-ones in good vields. Falluwing
this procedure, first mesylate 14 was propored from triol
§ using MsCl in pyridine in 78% yield. An intromolee-
wlar oxetan-3-one ring closuwre reaction of mesylnte 14
uging potassium fere-butoxide in ‘THF at room tempera-
ture provided the desired spirg-oxetun-Y.one 15 in 16%
yield, It is noteworthy that this insramolecular disploce-
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ment roaction war ulse observed as & compethive reaction
in tho synthesis of several fiyorine-1B contnining contfes-
storeids starting from the comesponding n-keto maosylnies
{8,111

The formation of 21-fluatu steroid 17 proved to be chal-
lenging, and a-keto mesylate 14 could be converted into
28-fluoro steroid 17 using TBAF In aceloniteile gnly in vory
o low yiold (5.8%). Oxetanone 13 was always ineviiably
formed as a side product, beeouse of the strong basic charne-
ter of the flueride anion under these conditions. Adaptation
of this proceduro for the formation of the comesponding
F-18 labeled compound also gave disappointing rosults,
Better results in the F-18 fluorination could be achioved
using the 2§-indo eampound 16 rather than tho a-kets me-
sylnte 14. The roquired 21-iodo sieroid 16 was onsily pre-
pored by the resction of mesylate id with Nal in neetone in
45% yicld,

1.3, Symthesls of 4-bramopheny{pyrazalo stemid
21 and 4-lodophenyipyrazole stevoid 22

Within the scries of | 7a-nlkynyl-17R-hydroxy steroids,
we also wented to sludy the influenge of 4-bromeopheny!
and 4-iodophenyl derivatives in terms of their GR bind-
ing, since bromine and iodine also have radioisotopes
(Br-76, 1-123 or I-124, respectively) suitnblo for in vivo
Imaging. Thereforo, we set up the synthasis of twa addi-
tianal | Tee=(}-propyn-1-yl)-1 73 -hydroxy siorclds 21 ond
22, contalning bromine or lodine in the arylpyrazole moisty
(Fig. 5).
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Fig. 4. Synthesis of sieraids containing on axelan-3'-pne moicty and modificd 1 3-dibydroxyneetone side chains,

Employing the same oxidative cleavage reaction as exem-
plified by the teans forrnation of sleroid 5 10 17-keto sieroid 6,
cortisol 1 was converted into steroid 18 in quantitative yicld.
Further renetion of compound 1R requires the selective proe
tection of the €3 keto group in the presence of the C17 keto
group. Such & sclective pratection af the 3-keto group in 18
eould convenicntly be nchicved through formation ofthe cor-
responding 3-cnamine by refiuxing 3.17-dienone 18 in ben-
zene with pyrrolidine and a trace of TsOH, while romoving
the water genernted by this renction. Subsequent 1,2-addition
of b-propynylmugnesium bromide to the 17-keto group in
19, followed by restoration of the 3-cnone siructure by de-
protection with NaOAc/HOAc, gave compound 20 in a to-
tal yield of 50% bascd on cortisol 1. Pyrazele formation
was performed according to the deseribed procedure (vide

H
o)

HOLA~JAOH 4 NapH,

2, Nal04

supra, Fig. 2), using (he condensation of the correspond-
ing 1,3-dicarbony] compoynd (derived from 20 by treptment
with NaH and mothyl farmate in toluene) with 4-bromo- anel
4-indophonyfhydeazing [17] in ocotic ueid, Thin progedure
aflorded the desired arylpyrazoio sterpids 21 and 22 in 48%
and 30% yicld, respectively.

3.4, Synthesis of diaryliodantim safts 34 and 28

The use of [!BF]flcoride in nucleophilic aromatic sub-
slitution reactions represents a very imponant and widely
applied reaction in fluorine-18 chemistry [30,31]. Nucle-
ophilic aromatic substitutions with ['*F]fuoride proceed
efficiently when a suitable good leaving group (nitro, tri-
alkylimmonium, etc.) is attached ortho- or paru to an

pyrrnlm‘lna
100%
o 1

1, NaH, HGO,Ms

K
CH NHNH,
1. HyGsmt-Mgr =T ,Ej |
_2. NaDAc, HOAS HOAG ﬁ X x HC

® XmBr 21 [48%]
}

X Xal 22 (50%)

Fig, 5. Synthesis af d-bromos mnd &-iednphenylpymzola steroids 31 and 32,
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Tig, 6. Synthesis of diarytiogionium salis 24 and 28,

¢lectron-withdrawing group (nitro, CHO, CN, etc.) essen-
tinl to activate the aromatic ring. In the case of arylpyrovolo
stergids, the pymzole maicty is not well syited to activate
the aromatie ring efficiently for a nucicophilic argmaric
substitution with ['*Flfluoride. However, several disryliodo-
nium salts have been shown 1o react with [¥F}Auoride
1o generale the corrcsponding aryl fluorides in reasonable
yicld, even from non-activated eromutic rings [32). There-
fore, we hove synthesived dinryliodionium tosylates 24 and
25 us precurgors for the introduction of ['*F]flucride into
the aromatio ring. The synthesis of aryliodonium salts 24
and 28 Is given in Fig. 6.

Several methods have beon roporied for the preparation
of diaryliodonium salts that comprise the reagtion of cither
aryltrinlkylsilanes [33], aryltrialkylstanoanes [34] or aryl-
boronie acids {35) with hydroxy(tosyloxy)iedobenzencs, as
well as clectrochemical methods [36). We choose the re-
action employing aryltrioikylstannanes, For this purpose,
the required trimethylstannyl-containing steroid 23 was pre-
pared via a Pd-catalyzed cross-coupling reuction between
iodoaryl steroid 22 and hoxamethyldistannane. Treptment
of steroid 23 with hydroxy{tosyloxyliodobenzena {Koser's
rengent) ur hydroxy(losylexy)-indotolugne [18] resulted in
an electrophilic argmaie substitulion (ipso-destannylation)
raaction that provided the desired diaryliodoniwm tosylates
24 and 25 in 28 and 57% yield, respectively.

3.5, Radiochemisty f=~'8 F-fubeling on aliphatic
slde chaing

The synthesis of '#F-labeled steroids ['8F]-17 ond ['8F]-
183 is depicted in Fig, 7. The incorporation of Auorine-18 pro-
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ceeded by ['*F)fluoride jon displucemant of mesylale pre-
cursors L4 und 9 or ledo procurser 16, For the synthesis of
{'8F1-17, resolubitized ["F)fluoride (Kryptofix®/potagshum
carbenate, [37]) in acctonitrile was transferred to o glosy vial
contnining the appropriate preeursor 14 or 16, und the re.
action mixture was heoted at 65°C for 20 min. To iemove
non-reacted ['¥F]fuoride, the renction wan dituted with ethy!
acetate {2000 ul) snd opplied Lo & silica “plug” (a Pusteyr
pipet with ca. 150myg sllica-gel} and eluted into a flask.
Analysis of the preduct by radlo-TLC (Kr = 0.55; 80%
E10Ac/hexrno) indlcated s tadiochemienl purity >95%. The
average radiochemical yicld (decay-comreeted) was 4% stan-
ing from mesylate precursor 14, However, the radiochemicat
yield ¢ould be increased up to 14% (decay-correcied) when
iedo precursor J6 was used.

Employing the seme pratocol, steroid ['PF]-10 was ob-
tained in 9% decay-carrccted rdiochemical yield afier the
reaction of mesylate % with resolubilized ['8F]Nuoride.
Radic-TLC (Rr = 0.43; B0% EDAw/hoxone) indicated a
radiochemical purity of >93% after purification by silicn-gel
filiration,

3.6. Radiochemistry H— £-laheling using
dlaryitodanium salrs 24 and 25

In order to incorporate the Fr18 lsbel into the metabol-
ically stable position of tha nromatic ring, we made use
of diaryliodonium salts 34 und 25 as suitable labeling pre-
cursors (Fig. 8). Dioryllodonium oalts 24 and 28 differ in
the functiopalization of the aryl ring, being phenyl and
talyl, respeatively. Radiochemlsiry was performed using
the powerful nucleaphilic radiofivorinating agent K{'®FIF
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Fig. 7. Radicsynthesis of Y Felubuled stereids ["PF[17 and {"F)-10.

(generated by treatment of eyclotron-produced [ #F)fluoride
with Kryptofix/potassium carbonate) in DMF us the solvent
ul 120°C for 40 min. The use of phenyl-functionalized lodo-
njum salt 24 gave the desired product [*F]-7 in only 0.2%
yield, Radio-TLC analysis after silica-gel purfication (vide
suprn) showed the desired product {'SF1-7 (Ry = 0.38; 80%
EtOAc/hexene) topether with [“F]ﬁuoruhenzcne. Becauge
of its volatility, the amount of {'8F]Auorobenzene could not
be quantitated.

The observation of ['®Flfluorobenzene formation is
consigtent witl the findings in the licrature whon non-
symmetric phenyl-functionalized iodanium salts were used
for Nuorinations with ['*F)flugride [32). Since the artack of
the flupride ion preferentially oceurs on the more electron-

GH

H = CHa
-+ OTe
O "
H
H [ opt= 0ty

deficient aromatic ring, the use of the more electron-donating
tolyl-fyctionatized iodonivin salt 25 shoutd faver the forma-
tion of F-I§ labaled steroid ['BF}7, This assumption was
confirmed, because using this precursor, the radlochemical
yield of ['¥F]-7 could be incrensed up to 2%, Howover,
radio-TLC anal;uin also indiented the formation of Targe
amounts of 4-[FF]fuoro-toluene as o hy-product.

3.7. Rediochemistry [1i="31{.labeling with
trimetfypdstonyl sterafed 23

Several iodine isotopes such os iodine-120, -123, .124
possess decay propertics sulfsble for in vivo finoging by
positron or single-photan crission womography (PET ar

WekE
LU %

Fig. 8. Radiosysthesis of M"F-lubelod sternid ()7 vin disrylindonium salis 24 g 28,
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Comparisan of the RBA values wilhin # third series of
compounds reven! a strong influence of the halogen sttached
to the phenyl ring on the GR binding affinily. By far the heat
hinding affinily is observed with 4-fluoropheny] pyrazole 7,
being 56%. With broming in compound 21 oriodine in com-
pound 22, the RBA drops to 6.5 and §.5%, reapectively. The
low RBA velees lor bromine- and iodine-contoining steroids
21 and 22 in compnarison to fluorine-<containing stereid 7
eanfirm the beneficial effect of the 4-flucrophenyl moiety in
terma of high binding nffinity 10 the GR.

4. Discussion

In our effort 1o develop imaging agents for brain Glis, we
have prepared severnl novel arylpyrozolo steroids. The com-
pounds that we have synthesized can be divided inlo three
classes: 4-fluorophenyl pyrazoles possessing a 1 7e-alkynyl
side chioin. 4-fluorapheny] pyrozales containing 2 selection
of different substitulion paticms in the Thring, wnd com-
pounds which differ with respect to the halogen attached 10
the arylpymzole maiety. All steroids were tested for bind-
ing fo the GR, and their lipophiticity (log Poso values) was
calculated.

We found that all steroids containing o 4-fluorophenyl
pyrazole moiety possess at least the same hipding eapabit-
ity to the GR oa the natural stress-ingluced hormaone cortivol
1. Relatively high binding of 50 and 56%, relptive 1o dex-
nmethasone, was observed for compounds 5 and 7, which
contain the intact t,3-dihydroxyncetong side chain or the rel-
alively small ond neurral | 7a-propyny] side chain, respec-
tively. These binding affinitics pre 6-7 tites better than the
CGR binding of cortisal 1. This finding also shaws thal the
1,3-gihvydroxyaceione side chain is not necessary for high
GR binding and can be repluced by neutral | Ta-atkynyl
side chains. By comparing the mossured RBA values, il
also became evident thal basic substiuents like marpholine
and lo o greater extent pyrrolidine and piperidine diminish
R binding significantly, The GR s¢ems to talerate neoutral
1 7o-alkynyl sida chaing rather than basic side cheins, Ap-
parently, the basic character of the eyclic amines scems 1o
have mare influenco on the GR binding than the steric bulk
when tho RBA values of the strong bnsic pyrrolidine 11
(RBA = 7.5%) ond piperidine 12 (RBA = 8.5%) arc com-
pared with the fess basic morpholine 13 (RBA = |7.5%).

Furiher evidence for the GR tolerance toward madifi-
cations of the steroidal D-ring was pevealed by the rela-
tively good binding offinities of ketone & (RBA = [8%)
and oxetanone 15 (RBA = 22%), However, only mod-
erate binding aflinity of 1% was found far 21-flunre
steroid 17, which represents a compound with & modified
1,3-dihydroxyacctone side chain, The beneficial eifect of
4-luoraphenyl pyrazoles on the GR was confirmed by com-
parison of the RBA values of fluerine 7 (RBA = 56%),
bromine 21 (RBA = 6.5%), and iedine 22 (RBA = 1.5%).
By introduction of the halogens bromine and iodine into
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tho aromatic ring the electronic and steric choracteristics
apparently prevent any sufficient hinding to the GR. This
effect is especially dlstingt when ioding ja used,

Soleeted candidates were chasen to investigma the label-
Ing of arylpyrnzolo storoids with the shon-lived positron
enittor fluorine-18. The fluorine-18 lobel could be easily
Introduced into aliphatle side chaing 1o offord radiolubeled
steroids ['¥F)-17 ond ['*F)-10 in radiochemical yields of 14
and 9%, respectively. It Is noteworthy thamt the incerpora-
tion of fluorine- 1 § procecds woll degpito the froe OH-groups
present in procursors 9, 14 or 16,

[o an ¢ffort 1o label arylpyrazolo steraids in n metabol-
ically swabte position, wo atompted the synthesis of
fluorine-18 labaled steroid ['"F1+7. Since the aromatic ring
is not sufficiemly activated by n strang electron-withdmwing
group, we used diaryliodonium salts 24 and 25 as precursors
for the incorporution of fluarine-18. The experiments show
the influence of the structure of the iodonium salt used on
lhe yiald and product distribution. [odonium salt 28 containg
4 more electron roleasing tolyl substituent compared to the
phenyl ring in 24. This change causes an fmproved yiold
in the attack of the ["*F)fluoride to the stcroidnl part of the
iodoniwn salt. Despite the low deeay-conected rodiochem-
ical yields (0.2 and 2.0%, respeetively), the metaholioally
stable Nuorine-18 Wbeled glucocorticoid {8F)-7 represents
an interesting ngent to investiguie further for the study of
train GR by means of PET,
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SPECT). The convenient half-life of iodine-131 {n; =
B.0% days) mokes this isotope idenl for the elaboration of la-
beling protegols using iodine isotoprs. Severat radioioding-
lion reselions using orgunometallic intermedintes huvo been
shown to be very cffective, rapid and site-specific methods
tor the incosporation of iodine isotopes into small molecules
like steroids {38]. In this context, the use of organostnnnances
has provided especially good results for the radioiodination
of aromalic rings vin iodo-destannylotion reactions. Thus,
we used organostannane 23 as a precursor [or eadiolabeling
with iodine-13+ (Fig. 9). For this purpose, ("' 1Mol (co.
2 uCi, 75kBq) In a buffer solution (5% NaOAc in HOAc)
wag guidized with Ha0z in HOAc. The progress of the re-
action with tin precursor 23 wos moenitored by radie-TLE.
The reaction was completed nfter 30 min, at which poini a
solution of NaaS20; waos added 1o stap the reaction, After
silica-gel purification (vide supra), the clualy was analyzed
by radio-TLC (R; = 0.47; 80% EiQAc/hexane). which
indicated & radiochemical purity of >95% for [13].22,
Radio-TLC analysis revealed the formation of 78% of
['3113-22 besides non-reacted [ ]iodide,

3.8, Glucocurticold receptor binding affinities and log
Poju vaiues qf arvipvrazolo corticosteroids

The GR binding affinitics of all arylpyrazolo steroids
and reference compounds dexamethasone and cortiso! 1 are
listed, nlong with ealeulated log Pysw, values in Table 1.

The GR binding affinitics were assayed using liver cytosol
from adrenaleetomized rats, with [YH]dexamethasone a5 ra-
diotracer and unlabeled dexamethasone os standard (RBA =
100%). All steroids tested in this work show lower GR bind-
ing in comparison to the synthetic and high-affinjty lignnd
dexameihasene. However, some compounds still exhibit ap-
precinble binding, up to 56% that of dexamethasone, which
is considerably better than the binding affinity of the notural
honnone cortisal | (RBA = 8.4%). Morcover, all synthe-
sized arylpyrozolo steroids show an increused lipophilicity
(expressed as caleulated lag Popw volues) by at least one ar-
der of magnitude cempured o dexamethysone or cortisol 1.
The enhanced lpophilicity might be a benefir for improved
blood-brain-burrier pengtration when epproprintely radiola-
baled compounds are used for brain imeging studies,

Within the series of 1 7a-ulkynyl substituted storaids, the
churacter of the terminal substitutent shows an imeresting
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™22

3|
Table |
Relative binding sfinlties {RBA) of arytpyrazoto steraids far he GR
Compound RUA (0"C) (%] Log Py
Doxamethusong 100 206
Cortlent 1 fah 1.43, (1.61%)
8 0 346
& 18 1.3
7 16 4,50
8 M 1M
1 i 4.1
1" 1.5 482
12 &8 5)R
13 t7.5 191
15 2 10k
1y il g7
H| 6.5 i
H I8 548

Haeh vatue represents the meun of two detenninations. with 8 eoefficiont
of variencg of 0.3.
* Loog Pogw vilues trave bren ¢alculated bnsed on ACELabs predicriops.
b Literature volue [8].
¥ Literniure value [39].

cifect on the RBA value. In the case of the nevtral 1er-
minal substituents F (10), OH (8) and Me (7), the RBA
values vary between 37, 31 and 569, respectively. These
velues represent relatively good binding to the GR, and the
binding is significantly higher compared to sleroids 11-13
comtaining basic groups. Thus, the merpholinc-containing
sieraid 13 reaches an RBA of about 17.5%, wherens the
RBA drops markedly when more basic cyclic amines are
used, being 7.5% for pyrrolidine 11 and R.5% for piperi-
dine 12. These findings indicate thut ncutrel side chaing
support OR binding better than besic side chains. Nev-
ertheless, all meusured RBA values within the series of
| Ta-alkynyl substituted sterolds display at least the some
{compounds 11 ond 12} or better GR binding (compounds
7, 8, 10 und 13} compared to the notural occurring sterold
cortisol |.

In the sccond set of compounds, the 1,3-dihydroxyacetone
slde chain containing sterold § shows tho highest RBA valug,
S0% relative to dexamethasone. In conrast, the correspond-
ing 2 -fluara compound 17 displays a redueed binding affin-
ity of 11%, which is comparable to that of cortisol 1. On
the other hand, structurally very diffsrent ketone 6 and oxe-
tonon 15 exhibit modernte to good hinding of 18 nnd 22%,
respeclively.
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