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

Como resuitado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisién 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: ~ Folios 192333 - 05/abril/2010
Reivindicaciones: Folios 334 a 366 - 05/abril/2010

N | ~ Folios 3732405 03/junio/2010
o w ... Folios 4288458 22/septiembre/2011
Prioridad: US 60977416 04/octubre/2007

2. Analisis de la Prioridad

Se acepta la reivindicacién de prioridad porque: esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con elde la
prioridad reivindicada.

3. Objeto de la invencién

Titulo de! la solicitud: “Compuesto de [3,2-Clpirazol 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 contienen,

i,
o "
Rt Compuesto |
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El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP). CO7J 71/00, AB1K 31/58 y AB1P 5/44.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14 y 21 D 486)
El uso de las reivindicaciones 17-18 no es patentable, de acuerdo con el Art 14.

5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicaciébn 15 no es clara ni concisa porque un procedimiento para la
fabricacion 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
l6gica 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 reivindicacién 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. Determinacién del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

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

' ' - ' , Fecha de
item Dagumento Titulo Publicacion*
| Journal of Medicinal . ' N
, 1 Al Substituted Pyrazolo Corticoids as
b1 Chem'fgyhggzs' Vol | “Topical Antiinflammatory Agents 1976
’ [ Us2003/ Novel anti-inflammatory androstane '
b2 0092690 derivatives 18/mayo/2003
lodinated and fluorinated steroid 2*- ‘
b3 Steroids 63 - aryl-[3,2-¢] pyrazoles as potential 1098
595-602.1998 glucocorticoid 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
estéan fusionados con el niicleo corticoide en la posiciones 2,3. Adicionalmente, indica
que los pirazolo corticoides 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
enfocé en la busqueda de un optimo esteroide antiinflamatorio tépico pirazolo
corticoide.

Finalmente, da a conocer (Pag. 3. tab lll.) los resultados de su estudio
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D2: http://iwww.google. com/patents/US20030092690 divulga una serie de
glucocorticoides derivados de Ia androstano de férmula |.

Compuesto |,

Ad|c|onalmente a traves de sus realizaciones preferidas da a conocer los
compuestos 1 (Pag,1, Par.[0291]) correspondiente al compuesto 8a,9a-difluoro-17a-
[(2-funanilcarbonil)oxi]-11B-hidroxi-16a-metil-3-oxo-androsta-1,dieno-173- ester S-
fluorometil del 4cido carboxitioco y 6 (Pag,1, Par.[0299]) definido el compuesto 9a-
fluoro-17a-[(2-funanilcarbonil)oxi]-11B-hidroxi-16a-metil-3-oxo-androsta-1,dieno-17p-
ester S-fluorometil del acido carboxitioco.

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

la siguiente secuencia 1.) S#0%_ 2y  weew  y  3) e para obtener un
derivado 2-aril pirazolo corticoides.

1

0,

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

0, o B

O"L\fl’& "

i Wl « Compuesto |

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

Técnica:
Caracteristicas esenciales D1 D2
Un compuesto de férmula | Un compuesto de | Un compuesto
férmula de férmula |
WO g gt
) M o 1 (1 H 11
B TN [
(M&x‘; ;gim’). :
:- w Compuesto | Compuesto |
(R'hom {"'ﬁ(._‘:‘ )
A,
" donde X', X2 X3, X*y X° R
représentan cada. uno independientemente CH o un atomo de
nitrégeno, siempre que no mas de dos de X', X, X% X* y X°
pueden representar simultdneamente un 4tomo de nitrégeno;
nyp
representan cada uno independientemente 0 o 1 CeHs
o ot 7 2-piridil No refiere
R 3-piridil
- 4-piridil
representa un atomo de halégenc o un grupo metilo o un 4-piperidil

grupo metoxi;

Rz

representa un atomo de hatégene,-C(O)OCH;,-C(O)-

$CH,CN.-C(O)-heteracicio, SC.CH; un grupo alquenilo C~Cs

@ yn grupo metilo opeionalmante sustituido con halégeno,
hidroxiio, metoxi,-OCH , CH = CH ; o-NR'R?

opcionaimente sustituido por
Fltor, Cloro, hidroxilo y metilo

| 3a
R

hidrégeno

representa uri atomo de hidrégeno o un grupo metilo

R

hidrégeno o halégeno

R3b

representé un hidrégeno o un dtomo de flior

hidrégeno

R%

hidrégeno o haldégeno

R1'y R®

representan cada uno independientemente un atomo de-
hidrégeno.o un grupo alguijle C,-C; ¢ un grupe hidroxialguile
1"W3

-3 v RTY R®

junto con el 4tomo de nitrégeno al que estan unidos forman
un anilio heterociclico 3 a 8 miembros saturado o
parciaimente saturado que opcionalmente contiane un
heterogrupo adicional en el anille seleccionade de nitrégeno,
S(Q)m y oxigeno, estando el anille heteroclclico
opcionalmente sustituido por al menos un sustituyente
seleccionado de hidroxilo, alquilo C4-C; y hidroxialquilo C4-C,

No refiere

No refiere

1 R4

C(=O)CHOH

representa -C{O)-Y-CH(R™)-R® 6 -C(O)-CH(R")-Y-R?

|
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Caracteristicas esenciales D1 D2
R5
: — - - - OH L 2
1 represanta ~O-C(0)-R"
| R® | | B R
— : " metilo L
representa un atomo hidrégene o halégene o un grupo metilo Hidrégeno, matilo o un
o0 un grupe hidroxilo grupo metilene
T : S - o
- oxigeno
oxlgeno o azufre o un grupo NH azufre
R9 - . ) R1

hidrégeno, haldgeno, ciang,-8-CN,-C(O)N(R'3),

alcoxicarbanilo C4-Ce, alquil C4-Cs carbonilo, (epcignalments
sustituido con -QC(O)CH,), alquilearbonilo C1-Ce, alooxi Cy- )
Cs. alquil C1-Cq tio, C(0)-S-alquilo,-C(=CH,)-0-CH;0CH;, C:- hidrégeno C.e dlaullo o
Csalquilo, C,-Cq alguenilo, C2-Cs alguinilo cicloalquilo Ca-C; o thlqul o i
estando los Gitimos cuatro grupos opcionalmente por uno o ‘ 1 haloaiquilo

mas sustituyentes ssleccionados independientemente de
hatégeno, hidroxilo, ciano, hidroximetilo, alcoxi C1-C4y C 1-

C4-carboniloxi;

R ’ - Rz

C1-Cs alguilo (opcionaimente sustituido por halégeno, C4-Cy
alcoxi, C4-Cacarboniloxi o cicloalquilo Cs-Cy) 0 un sistema de
anillo heterociclico o carbociclico saturade 6 insaturado de 3

a 10 miambros, pudiendo dicho sistema de anillo estar

opcionaimente sustituido con al menos un sustituyente No refiere
seleccionado de halégeno, oxo, carboxilo, hidroxilo, nitro, Aril o hetsroarl
ciane, mercapto, C4-Cs alquilo, C»-Cq alquentio, haloalquilo

C1-Cg, ,hidroxialquilo C-Cs, alcaxi, Ci-C 4 haloalcoxi, Ci-C g
alguiltio, atequil C1-Cy sulfinile, alquil C4-Ce sulfonilo, aiquil Cq-

Ce carbonilo alguil C+-Ce carbonilexi, alcoxi C4-Cs carbonilo,

amino (-NM2), carbexamido (-CONH,), (mono) alquil Cy-Ce

amino, dialquil C4-Ce amino y fenilo.

R‘H

- hidrégeno : hidrégeno
un atomo de hidrogeno o un grupo metilo

R12

hidrégeno o un grupo metilo; condiclén de que cuande R* .
representa -C(O)CH,OH, -C(O)CH; OC(0)CaHs, X1, X2, X3, X* No refiere No refiere
y X® reprasentan cada une CH y R® representa-0-C(0)-R'" en

el que R rapresenta alquilo C4-Ce, entances ai menos uno
de R'y R? estd presente ;

El documento D1 se considera el estado mas cercano de la técnica porque divulga el
una serie de derivados de la aril o heteroaril pirazolo corticoides sustituidos derivados
del 17a,21-dihidroxi-20-oxopregn-4-eno-[3,2-¢]-2°~(4-fluorofenil)-pirazol como agentes
antiinflamatorios tépicos.

La diferencia entre la invencién, definida en la reivindicacién 1 ejemplificada por el
compuesto 122 de la invencién y el compuesto 6 divulgado en el documento D1
consiste en que 1.) La invenci6n define en la posicién 17 un sustituyente aciloxi y el
documento D1 refiere un sustituyente hidroxilo.

Las diferencias entre la invencién, definida en la reivindicacién 1 ejemplificada por el
compuesto 8 de la invencién y el compuesto 6 divulgado en el documento D2
consiste en que 1.) La invencién define como nlcleo central aril o heteroaril
pirazolocorticoide y el documento D2 refiere derivados del cortisol , es decir no refiere
un anillo fusionado aril o heteroaril (pirazolo) al nticleo central del 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 realizaciones preferidas
sustituyentes fliior en las posiciones 6a y 9a aunque este indica la posibilldad de ser
un atomo de hidrégeno.

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

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: ‘como medificar los sustituyentes de los compuestos
antagonistas de receptor de glucocorticoides descritos en D1 en Ia posicién 17 del
anillo corticoide para asi obtener nuevos compuestos alternativos antagonistas 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 anillo corticoide, donde son seleccionados
varios de los sustituyentes referidos y ejemplificados por la invencién 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 modificar los sustituyentes en
las posiciones 16 y 17 del anillo corticoide de los compuestos divuigados en D1 por
los sustituyentes indicados para esas posiciones en el documento D2 o cualquier otro
sustituyente que se pueda considerar una serie bioisostéra de los mismos. Para asi
obtener compuestos alternativos antagonistas de receptor de glucocorticoides. Por lo
tanto la reivindicaciéon 1 se considera obvia.

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

La reivindicacion 15 consiste en un proceso para producir el compuesto | que
comprende hacer reaccionar un compuesto de férmula Il y un compuesto de férmula
i, |

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

Técnica;
“Solicitud | b3 _ D2
Un proceso para producirel | ) s rocedimiento para producir el
compuesto | compuesto
”Y\B‘,’._- -
} ! :j‘\» ' ", o4
e - ﬁ‘fﬁ: '
I~ -3 - <“ ' ' Un proceso para producir el
! - compuesto Il
- compuesto | i - :
El reactlvo 1es compuesto il El reactivo 1 es compuesto 2
‘ o "
O &
’m’i\r”‘f : -
' Gompuasto I T compuyesto 2 con;:puesto il
E:I reactivo 2 B ivo -
a tivo - es El reactivo 2 es
‘ 'Ir:l; M\x* ’ , p-BrCeH4NHNH2
compuesto 1]

1
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El documento D3 se consideran el estado de la técnica cercano a la invencion
definida en la reivindicacién 15 porque divulgan un método para producir un derivado
2-aril 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
posicién 3 del anillo corticoide con una fenilhidrazina, Luego hace reaccionar con los
siguientes reactlvcs y en la secuencia definida a continuacién: 1.) . 2)

mew ' 3) 5@ para obtener el derivado 2-aril pirazolo corticoides.

La diferencia entre la invencién, definida en la reivindicacién 15 y el procedimiento de
D1 consuste en el reactivo 1 ya que la invencién define como reactlvo 1 el compuesto

Il T y D3 refiere como reactivo 1 el compuesto 2 * .

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “cémo sustituir el reactivo 1 en el procedimiento divuigado 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 bioisostéras del
compuesto | de la invencién y dado que la reivindicacién 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 alternatives en las posiciones 16 y 17 del anillo como los
divulgados 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 ast:

' Reivindicaciones
item pocumento afectadas Requnsito que afecta
| Journal of Medicinal Chemistry, o '
D1 e 1975, Vol. 18, No. 2 _ | 1-14 | | Nivel Invent:vo
D2 US2003/0092680 1-15 _Nivel Inventivo
D3 _Steroids 63, 595-602.1998 . » 15 _ ____Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision 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 notificacion 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 concesidn, se denegard la patente.

Se |nV|ta al solicitante se sirva indicar, si as! lo considera, su renuncia al térmano
faltante (60 dias) y presentaria 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 Cireular Unica No. 10 de 2001.

JOSE LUIS sm,.% AR LOPEZ

Director de Nuevas Creaciones (C)

(88 SET. 2010

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

Elaborado por: Lenin Roberto Guerrero..ﬂ_
Revisado Pq‘r: Cansuelo Leguizamon Leguizamén
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80% acetone in CHCl; as solvent. The product recrystallized from
aqueous MeOH to nfford 11 in a yield of 46%: mp 93~80% nmr §
081 (s, C-18 H'®), 1.21 (5, C-19 H's), and &.76 (s, C-4 H). Anal.
(C2sH3400 C H,

175(3'-Rydroxypropyl}androst-d-en-3-one (12). Conditions
similar to those used to prepare 7 were used to convert 18 to 12 in
a vield of $1%, The product wae recrystallized from aqueous ace-
tone: mp 85-86°, Anal. (CapHas05) C, H.

173-(3'-Hydroxyproposy)androst-rene3,2'~(1/,3’ «dioxolane)
(13). To a flask which contained 9. bonbicyclola 3.1jnonane (0.210
& 1.78 mmol) and which was cooled in an ico bath was added,
under Nj, a solution of 3 (0.5 g, 1.34 mmol) in 10 m! of THF. The
mixture was stirred st rovm temperature for 3 hy and under ro.
flux for 1 hr. The solution was cooled 1o room temperature and a
solution of 2 mi of Hy0, 2 ml of 3 N aquegus NaOH, and 2 m] of
30% Hz0p was added. The mixture wae stirred until gas evolytion
cepsed. The product was chromatographed over 17 g of neutral
AlaQ3 using benzene as solvent. Crystallization from aqueous
EtOH or acetone gave 13 in 5 yield of 49%: mp 168-169"; nmr &
0.80 {s. C-18 H's), 1,06 (s, C.10 H's), and 5.40 {;m, C-6 H}. Anal.
{Ca¢HseO) C, H.
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Substituted Pyrazolo Corticoids as Topical Antiinflammatory Agents

John Hannah,* Kenneth Kelly, Arthur A. Patchett.

‘ .
Merck Sherp & Dohme Research Labaratories, Divigion of Merck & Co.. Inc.. Rahway, New: Jorsey 07065

Sanford L. Steelman, arid Evan R, Morgan

Merck Institute for Therapeutic Research, Rohway, New Jersey 07065, Received August 8, 1974

The synthesis of a series of substituted pyrazolo corticoids is described. Of these 113,17a,21-trihydroxy-6,16a-di-
' methyH 6-pregnadieno|3,2-¢).2'-(4- pyndyhpyrnzo]e (21) showa an excellmt separation of systomio to locsl activity

in the model animal test. Compound 21 exhibits high v

icton activity in human volunteers and is clinical-

ly effective in the treatment of psoriasis.

The discovery that certain heterocycles, especially pyra-
zoles containing 2’-aryl substituents, imparted enhanced
antiinflammatory activity when fused to the corticoid nu-
cleus at the 2,3 positions was reported some years ago by
Hirschmann, ¢t al.,'* and has been further explored by
the Merck groupi? and by others.? The Merck findings
have been reviewed . 1¢

To date, there have been no reports that such derivati-
2ation raises steroidal androgenic, progestational, or aldo-
sterone antagonist potency. This implies potentially in-
creased selectivity with respect to the antiinflammatory
pracess, Furthermore, preliminary studies indicated that
pyrazolo corticoids could be active antiipflammatory

1
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agents without requiring all of the typical corticoid func-
tionality and that they could show a high local to systemic
ratio relative to hydrocortisone. An early exampls was
17x,21-dihydroxy-20-oxopregn-4.eno(3,2.¢c|-2’'-(4-fluoro-
phenyl)pyrazole (1) which was 30 times as potent in the
locgl granulome test as hydeocortisone and which unex-
pectedly displayed 12 times greater logal than systemic
inhibition of granuloma formation in the same test sys-
tem.

With this encouraging data, we initiated a search for an
optimal topical antiinflammatory steroid amang the pyra-
zolo corticeids using as oritesia high lecal activity, low
systemic activity, and good skin penetration.
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Fable I
R, Ry X Ryy Mathad Mp, °C Formula®

4-FCeH,! H H H A 221-225 CaoHyFN,O,

| CeHCH, H OH «-CH, B 103196 CoHiNy0Q,
4-FC:H, H OH a~CH, f 1584,5-146,8 C“H”FNQD;
4=CICH, H OH a-CHy & 165-167 CorHaCIN;Oy
4-HOGH, H oH a~CH; B 326-329 dec CoHinsleOg
4-CH3C0NHCQH" H oN a—Ciﬁ B 100302 des C,“HQ(NQOQ
4=CHySCeH, H OH a-CHy B 225-241 dec CasHipN 08
4'0“350(?0“4‘ H OH &“Cﬂs 208-397 CHH“NIQ@S
CH,CH,;CH, H OH ¢-CHy B 183~186 CaHNe0s
Cyclopropy} H OH a-CH; B Amorphous CayHayNaOs
Cyelopentyl H OH a~CH, B Amorphpus CooHgNeQs
Cyclohexyl H OH a~CHy B Amorphous CoyHiuNyQs
CH;00CCH, H OH a~CHy B 188104 CayHygNyOg
HOCH,CH, H OH a-CHy g 184166 CyrHyNi Qg
2-Pyridyl H OH @~CHy A 270-278 dec CroHaNyOy
3-Pyridyl H OH a~CH, A 230--235 CoHypN;0,
4-Pyridyl H OR a~CHy A 278284 CaHaNiO;
4~Plperidyl H OH a-CH, B Amogphous Ca HysNa0s
4—1"}')‘1(‘}’1 CH.-A‘ OH a~CHy B 279-280 C,‘H,_'N;m
4-CHyCONHC4H, CHg~s" OoH o-CHy B 109-202 CyHyNsOe
4Pyrigyl* CHy-at OH 8-CHy e 201-286 CagHyyN05.

i SAnalytical resylts were within 0.4% of the theoretical values. *2' isomer: 68% yield; mp 221-223%; Ames 262 nm (s 16,530); [« +17.8°.
Anal. (CaoHapNaO4) C, H, N. 1" inomer: 11% yield; mp 282-286°; Amex 284 nim (¢ 28,470) {a]3%p ~b3.4*. Anal. (CaoHasN3Q4) C, H, N, *Made
from 17a,30:20,21-bis(msthylonedioxy)-2-hydrozymethyleng-16a-methylpregn-4-one-3,11-diene?® vio pyrezole formation (methed B) to
yield the product, mp 221-225° [Anal. (CasHaeNaO) C, H, N), further reduced by NaBH,~{-PrOH to visld the indicated compound. ?Rre.
pared from the 4-CHySCsH, precursoer by peracetic acid oxidation, *The requited 174,20:90,21.bis{methylenedioxy)-2-hydroxymethylene-
8,168-dimethy]-4,6-pregnadiene.3,11-dione was made in theas laboratories by Dv. D. W. Graham and characterized hy mp 235-247*; Amex
292 nm (¢ 15,300). Anal. (C2sH3305) C, H from 170,20:26,21.bis(methylenedioxy)-118-hydroxy-6a,163-dimethylpregn-4.an.3-one (to be
published).  174,20:20,21-Bis(methylenedioxy) -6, 168-dimethyl-11-axopregna-4,8-diena(3,2.c]-2'- (4-pyridylipyrazole  was propared by
method A and melted at 315-325* dec. Anal. (CasHgaNiOp) C, H, N, It was further reduced by NaBH~i-PrQH to yield the compound in-

digated in this table, 'Soe ref 1. #Sce ref 1e,

Chemistry. Methoda for the eynthesis of substituted
pyrazolo corticoids were developed by Hirschmann, et
al.*a.b In this investigation we used two procedures for pyra-
zole formation from the 2-hydroxymethylene-3-keto inter.
mediates, Both are quite broadly applicable although the
glacial acetic acid method was not satisfactory in the case
of the pyridylpyrazoles, Characterization data for the in.
termediate, BMD-protected pyrazolo corticoids appear in
Table I, Assignments as the desired 2/ isomers were based
on characteriatic uv differences hetwaen the 2 and 1’ isg-
mers. Only in the case of the 11-desoxy compound 1 was &
substantial proportion (11%) of the inactive }’ isomer
formed.

Results

! Summary data on several of the pyrazolo corticoids

made initially in this project appsar in Table 1. The in.
tent was to investigete the applicability of the 16,17-ace-
tonide function and the possible usefulness of the 11.des-
oxy function in reducing systemic effects. Although high
.potencies and encouraging local/systemic ratios were ob-
tained in the modsl system, the potengy of thess steroids

did not extrapolate to the vasoconmstriction test using
[
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humsn subjects. Perhaps poor dermal penctration wos a
limiting factor. In any avent, it was svident that vasocon.
striction activity would have to ba.an important early cri-
terion in addition to potency and ratlo as determined in
the rat granuloma systems.

Table 11l summarizes variations of the 2’ substituent on
the pyrazole of 18a-methylhydrocortisone, expanding the
work of Hirschmann, et al,, in which high systemic activi-
ty with 2.phenyl and 2'.(4-flucrophenyl) substituents was
found, Despite its mediocre potency In the granuloma as-
says, surprisingly high vasoconstriction activity was ob-
served with the 4.acetamidophenyl analog. Good loeal to
systemic activity ratios were apparent for the benzyl, cy-
clohexyl, and 4.pyridyl derivatives, with the latter ap-
pearing to be the most promising in respect to the three
preclinical criterla mentioned above. The 2'-(d.pyridyl)-
and 2'-(4-acetamido).[8,2-clpyrarole functions were ac-
cordingly combined with other potency enhancing groups
in the cortical steroid serles. Some of the data which were
obtained are summarized in Table IV, It was concluded
that compound 21 held spocial promise for further studies
based on both the granuloma and vasoconstriction data.
Confirmation wss obtained in recent multiclinic studies in
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Tablell

Rat granuloma Vasocon-

F assay’ (potency x striction, ®
hydracortisone) rel
- o potency
No. X Y R’ R" Formula Mp, °C Local Svstemic st EDy
v H H OH H CoaHss FN,O, 226-238 dev 30 Y
==-0
2 H H X CaHy FN,O, 215-221 110 7 <1
-y
o mf)
¥ ] F )( CyiHysFpN,0, 244-258 dec 2000-3000 300 40
-} -
Fluocinolone acetonide 100~150 150 100

“Inhibition of gzanuloma was measured in the rat cotton pollet assay.¢ For o local test the steroid was absorbed onto the pellet from a 95%
ethanol solution, dried in vacuo, and implented. Systemically, the steroid was administered in the diet. *Vasoconstrigtion was sstimated
under occlusion on human volunteers using flyocinolone scctonide as the standard (100).8 The steroids were appliod using diiutions of a 85%
ethano! solution to groups of ten subjects. Effective dose 50% response wae measured graphically from a plot of numbor of pationts re-
sponding against —log dilution over 8 renge of %o.ge0 t0 %.250.000. Allcompounds were submittedifor assay under acode numberraiher than
identified by structure. We are gratoful to Dr. R, B. Stoughton, Scripps Clinic and Research Foundation, La Jolla, Cailif., for these deter-
minations conducted under a grant-in-aid from the Merck Sharp & Dohme Research Lahoratories, ©2' isomer: mp 228-238° dec; Arnax 260
nm (¢ 16,640); [a}*?p +115.2°. Anal. (C2sH3sFNyOs) C, H, N. 1" isomer; mp 224-236° dec; Awax 298 nm (e 20,260} [a}3%0 +46.8°. Anal.
(CaaHsaFN3504) C, H, N.98ep ref 3¢.

Table 111
Ctes=Q}CHAOH
Rat granuloma
, aasay? (potency Vasoecan~
' hydrocortisonc) striction, *
e r¢! polency
No. Ry Formula® Mp, °C Loeal Systemic at ED;,
4 Cylts? CasHy N0, 143-145 dec 100 60
5 CH;CH, C3HyN,0 180-185 50170 2-3 2
8 4~FC:H, CapHy FN,O 240~248 100-200 . 110 15
7 4-CICH, CrHasCINGO, 243-252 dec 40 15
8 4-HOC M, CasHy,N;0; 259-263 10~20 3 1
B - 4-CHCONHCH, CyHyN;0; 221-222 5-10 4-5 49
10 4-CHS0CH, CypHyN; 058 245-248 14 1
! 11 CH;CH,CH, CaeHyaN,0y 198-204 20 4
12 Cyelepropyl CasHgyN,Oy 207~208 3-10 6
19 Cyclohexyl CaoHaN; 0, 179-183 50 B 17
14 Cyclopentyl CrgHeN20, 1177-180 200-250 50-70 21
15 CH,00CCH, CoHyN:0p 118-120 <4 3 <1
16 HOCH,CH, CysHys N0y 195-198 20 or > <1
17 4-Pyridyl CasHysNi Oy 223-232 75-100 . 4 36
18 2-Pyridyl CoyHgsNyQ,y 228-237 dec 5-10 2
19 3-Pyridyl CyeHy N0, 259-265 75-100 80 "
- 20 4-Piperidy! CoaHy N;O, - Amorphous §-7 <2 <1

4.5Sge Table1l. ¢ Analytic.el resuits for C, H, andﬁ wete within 0.4% of the theoretical value. ?See ref lc.
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Table IV ’
(w0 )CHOH
. ¥
o 'R'!“
&b Vago-
B s Rat granyloma  constrig-
‘L asgay* (poteney X tian,’ rel
s hydrogortisone)  poteney
’ 7 = at
No, Ry Re b4 Ryg Ry Formula® Mp, °C Loeal Systemic EDy
20 4-Pyridyl 8-CHp-a' H  f-CHy OH CyHyNpO,  214-218 2030 -3 2
21 4-Pyridylt 6-QHp=a' H  o-CHy, OH CpHuN/O,  200-213  1000-1600  40-50 74
()
22 4-Pyridyl H, F X CyHyeFN,O;  286-200  300-350 20 p)
_—...o .
23 4-CHCONHCH, H F ___80>< CosHFNO;  200-208 <10 <1
s.See Table 11, *See Table 111, 4C d 21 showed 1 jonal activity st 0.2 and 1.0 mg/kg in tho Clanberg-McDhail aseay.

M nop
(We are indebted to Dr. 4. R. Brooks of the Merck Institute, Rahway, N.d,, for these determinations.) The topicsl sntiinflammatory cortl-
coids fluocinol 16,17-acetonide and beth th

gesterone, reapectively,

which a 0.1% concentration of compound 21 in an alcohol-
ic gel vehicle was shown to be active in the treatment of
peoriasis.

Experimental Section

Except where otherwise stated, uv spectra were measured in
methanol, and fotations as approximately 1% eolutions in chiore-
form. Where analysee are indicated only by symbols of the ele-
ments, repults were within #0.4% of the theoretical values,

Pyrazolo Formation, Two sets of standard conditions ware

ed,
) 174,20:20,21-Bis(methylenedioxy)-118-hydroxy-6, 16a-di~
methylpregna-4,6-dieno{3,2-¢]-2'-(4-pyridyl)pyrazolo (Method
A). A solution of 4.pyridylhydrazine hydrochlaride (0,880 g, 2,62
mmo)) and KOAc (2,87 g, 2.62 mmol) in EtOH (10 mb-Ha0 (5
ml) waz added to a solution of 17,20:20,21-bis( methy}enedioxy)-
2-hydroxymethylene-118-hydrosy-6, 16a-dimethylpregng-4,6-dien-
J-onedd (1.00 g, 2,18 mmol) in EtOH (26 ml) and the solution
boiled undor reflux for 4 he, Distillation of part of the selvent (10
mi) induced erystallization which was completed by slow additicn
of water (20 m]) to the hot slurry, The crude product was filtered
off and crystallized from EtOH to give 700 mg, mp 279-286°
Chromatography of the mether liquors on silica gel yielded an ad-
ditional 176 mg. The analytical eample melted at 278-285%: Amyy
498, 282.5, 331 nm (¢ 8,800, 24,300, 15,800); Amas (MeQH + H*)
223, 310, 376 nm (¢ 10,200, 44,800, 6,300); []38D ~114.2°, Anal.
(C3:HarNy02) C, H, N.

17¢,20:20,21-Bis(methylenedioxy)-118-hydroxy-16a-methyl-
pregn-4-eno(3,2-c)-2'-(n-propyl)pyrazole (Method B). A sus-
pension of 17a,20:2,21-bis(methylonedioxy)-2-hydroxymethylene-
118-hydroxy-18a-methylpregn-4-en-3-one’¢ (448 mg, 1.0 mmol),
n-propylhydrazine oxalate (328 mg, 2.0 mmol), and KOAc (196
mg, 2.0 mmol) in HOAc (15 ml) was stirred at room temperature
for 3 hr. The addition of HaO (50 ml) precipitated an oil which
was extracted by CHCly, purified by preparative tlc on silica
(CHCla~4% MeOH), and crystallized from EtOH to give 188 mg:
mp 183-186° Amax 214, 220, 248, 258, 277 nm (¢ 11,830, 12,300,
6,900, 7,700, 11,600); {}%°p +34.8%, Anal. (C2aMN30p) C, H, N,

118,17a,21-Trihydroxy-6, 16x-dimethyl-20-o0xopregna-4,6-di-
eno(3,2-c]-2'-(d-pyridyl)pyrazale (21) (BMD Reversal Condi-
tions). A solution of 0,365 g of 17¢,20:20,21.bis( methylensdioxy)-
114-hydroxy-6,16e-dimethylpregna-4,6-dieno(3, 2-c|-2'+(4-pyridyl)-
pyrazole in 7 ml of aqueous 60% formic acid was heated on the
steam bath for 25 min. The mixture was then cooled in ice and
made alkaline with dium hydroxide. Th )

diiet

. The suep
g p t was d with othyl acetate. The crude
product (0.375 g) after eryetallization from methylene chloride
displayed mp 208-213" [a]?D ~27.6% Anias 232.8, 282.5, 380 nm (¢
8,300, 24,400, 15,765). Anal. (C2gHysN3O,) C, H, N.
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17.valerate are raported® to be progestagana 50.3 and 7.2 times as active as pro-

16a,170,21-Trihydroxy-20-0xoprogn-4-eno{3,2-¢}-2'-(4-fluoro-
phenyl)pyrazole 16,17-Acetonide (2), To = stirrod suspension of
1.289 g of 16a,170,21-trihydroxyprégn-4-une-3,20«dione 16,17.200-
tonide in .08 g of dihydropyrun at room temporature was added
64 mg of p-tol Ifonic acid monohydrate in 1 ml of ether,
After 16 min 0.2 ml of pyridine and 50 ml of ether was added and
the combined solvents were washad with water, dried, and re-
maoved to leave 1.25 g of crade tetrapyranyl ether. This was dis-
solved in 20 m) of dry benzene, and 1,18 g of 52.7% NaH all dis-
persion and 0.1 ml of MeOH were added to the stirred mixture.
‘Two additiona of ethyl formste (1,08 ml) were made at 15 and 46
min. Work-up sfter 18 br was by agueous extraction and then
back extraction into ethyl te from saturated NaHaPO4. The
yield of 2.hydroxymethylone ketone was 985 mg of yellow fnam:
Amas 250 nm {Ey on?% 208), 307 pm (Ey cm®® 90) in mothanol
shifted with base to Amax 242 B (Ej oin?® 259), 388 pm (Ey o™
183

).

Pyrazoln formation was according to method A and the dihy-
dropyran removel with concontrated HCl in MeOH under seflux
for 16 min, The product displayed mp 215-221° (EtOAc): {a]ttn
+135% Amax 263 nm (¢ 16,860}, Anal, (Cs;HarFN20) C, H, ¥,

The following pounds were prep
starting with 118,160,17e,21-tetrohvdroxy-9a-flusropregn-4-ene-
3,20-dione 16,17-acetonide,

{R)  114,16e,17a,21-Totrahydroxy-fa-fluoro-20-0x0progn.ds
eno[8,2-¢)-2'«(4-fluorophenyl)pyrazole 16,17-rcetonide (3): mp
244-238" dgo (MeOH-CHyClz); [0} +100.2 « 262 nm (¢ 16,350),
Angl, (Ca1HaeFaN203) C, H, F\ N,

(b)  114,)60,174,21-Tetrahydroxy-9c-fluoro-20-oxopregn-4-
©n0(3,2-0)-2'~(4-pyridyl)pyrazole 16,17-acetonide (22): mp 285-
200° (MeOH-CHuCly)i Amaa 212, 269 nm (¢ 15,180, 22,160): Amax
(MeOH + H+*) 223, 268, 301 nin (¢ 10,800, 12,380, 82,400). Anal.
(CaoHpsFNy05) C, H, N, .

{c) llﬁ,lﬁn.i‘la.!l-Tetrnhydroxy-%-ﬂuoro-zﬂ-axoprngn-4-
ono[3,3-0]-3'~(4-acetamidophenyl)pyrazole 16,17-acetonide
(23 mp 200-205° (MeOH-H:0); [o]s"n +86.4°. Anal
(CaaHeoFNsQy) C, M, N.

Acknowledgment. The authors wish to thank Mr. R. N.

Boos for the analytical data.
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Preparation, Hydrolysis, and Oral Absorption of a-Carboxy Esters of Carbenicillin

, J. Peter Clayton,” Martin Cole, Stephen W. Elson, Kenneth D. Hardy, Linda W. Mizen, and Robert Sutherland

‘ Brecham Pharmgceuticals, Research Division, Brockham Park, Retchworth, Surrey RH3 7AJ. Englend. Reccived Auguat 6. 1974

Twelve a-carboxy esters of carbenicillin, 4 parenteral broad spectrum semisynthetic penicillin, wero synthesized
and examined as potential oral carbenicillin derivetives. The rates at which the esters were hydrelyzed in vitro to
carbeniclilin by animal and human tiseues were compared and the carbenicillin serum levals arising after oral ad-
ministration of the esters were measurcd in squirrel monkeys and human volunteer subjects. The o-carbogypheny!
ester of carbenicillin |carfecillin (British Pharmacopoeia appraved name). BRY, 3475) was selectad for further study

and is presently undergoing clinical trial,

Carbenicillin (a-carboxybenzylpenicillinj has a hroad
apectrum of antibacterial activity and has heen shown to
‘be effective in the treatment of serious infections caused
by Pseudomonas aeruginasa nnd other gram-nogative bac-
" teria, However, the compound ig poorly absorbed from the
gastrointestinal tract after administration by the oral
route and its use is limited to parenteral administration.
1t has been found that certain «-carboxy esters of carbeni-
‘¢illin are absorbed by the oral route and undergo hydroly-
sis in the body to liberate carbenicillin.! One such ester
(carbenicillin indany! scdium) has been described in de-
‘ail.?

Carbenfcillin a-carboxy esters (that is, the ester group
ia in the side chain) possess a free thinzolidine carboxyl
group and, hence, can be expected to demonstrate anti-
bacterial activity per se. In general, we and others have
found that the unhydrolyzed ester is more active than car.
‘benicillin againgt gram.positive bacteria but shows a jess.
er degree of activity against most gram-negative bacilli
However, the antibacterial spectrum shown by this class
of compound will depend upon the extent of hydrolysis to
carbenleillin that nccurs in the course of the antibpeterial
test, Esters that are hydrolyzed rapidly to earbenicillin
show an antibacterial spectrum similar to that of carbeni-
citlin while esters with a slow rate of hydrolysis demon-
strate activity primarily against gram-positive bacteria, In
ipractice carbenicillin esters are of clinical interest only as
a means of providing carbenicillin activity in the body
‘after oral administration and in this context their intrin-
sic activity may be disregarded.

. This report describes the preparation, in vitro hydroly:

si rates, and oral absorption charagteristics of a group of
12 a-carboxy esters of carbenicillin.

Chemistry. Scheme [ illustrates the general route used
te preparg a-carboxy esters of carbenicillin.4 Phenylmalo.

nic agid (1) was converted to its monoacid chloride by -

treatment with 1 eguiv of thionyl chioride. The crude
product was allowed to renct with } equiv of slcohol ur
phenol (ROH)} to afford the half-esters 2 described in
Table 1. The crystailine half-esters 2 were converted to
their acid chlorides with excess thionyl chloride at 70°
{higher temperatures cansad degradation) and coupled
directly to @-aminopenicillanic acid (8.APA) in aqueous
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Rl

acetone. The penicillins 3 were isolated as their sodium
salts and are deacribed in Table I, A variation of this pro-
cedyre has also been used to prepare penicilling of this
type®

Scheme |
CgHECHCOOM 1 $0CHK, CoHgEHEQOM
COOM 2 AOm COR
N 2
toBQg,
2 BARA

cﬁwﬁacqw .
COOR N
0% COONA
K]

The a-carhoxy esters, listed in Table 1T, as in tha case of
carbenicillin, contain an asymmatric céntor in their side
chains and in solution their nmr spectra (Table 111) sug-
gested an approximately 1:1 mixture of epimers. However,
in g number of instances (Table I1) it was possible to ob-
tain the penicillin sodium salts crystalline and these com-
pounds were considered on nmr evidence to be single ap-
imers in the solid state. Thus the nmr spectrumn for the
crystalline phenyl ester showed Initially a singlet for the
thiazolidine C-3 proton which rapidly changed to two ain-
glets of equel intensity, conaistent with racemization at
the side-chain chiral canter.t

Biological Properties. The 12 a-carboxy esters of car-
benicillin, described in Table II, were examined for rates
of hydrolyais to carbenicillin in aqueous solution and in
the presence of isolated tissue homegenates. The 12 saters
were also orally administered to both squirrel monkeys
end human velunteere and levels of carbenicillin in bleod
and urine were measured, Detgils of these procedures are
described in the Experimental Section. The results are
discussed below,

+ Wethank Mr. N. Ward and Mr. A, E. Bird for these observations,
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Absirset

Conticosteroids rcgulate a vuriety of cssential physiological functions, such as mineral balance and stress. The great interest in these
steroids, especially the glucocorticoids. sterns from roles they are thought to play in neurepsychiatric digorders, sych ag severe depression

and anxiety,

. Thedevelopment of glucocorticoid receptor (GR) ligands which are appropriately labeled with short-lived positron-emitting radioisotopes
would atlow the non-invasive in-viva imaging and mapping of brain GRs by means of positron emission temography (PET). In this contoxt
ivg have synthesized a series of novel arylpyrazolo steroids exhibiting different substitution patterns ut the Dering of tho steroid skeleton,
us ligands for brain GRs, Special attention was given to 4-fluorophenyl pyrazolo steroids, which are known to display high binding
affinity toward the GR. The compounds were evaluated in a competitive radiometric receptor binding assay to deterimine their relotive
binding affinities (RBA) to the GR, Some compounds show good binding affinities of up to $6% in comparison to dexamethasone

Al lat

(100%). In initial experiments, selected
indine-131.
© 2002 Elsevier Seience Inc. All vights reserved.

were labeled with the positron emitter fluorine-18 and in one case with the y-emitter

Keywards: Avylpyrazole conticosteroids; Glug icoid receptor bi

di Radialaball
8. !

g: Positron tomography (PET)

|
1. Introduction

. Endogenous corticosteroids exert a wide range of phys-
inlogic, biochemical, and behavioral cffects in the central
nervous system where the hormonal response is orga-
nized [1-3]. Corticosteroid hormones are produced in the
adrenal gland, and their production is contrelled via the
. hypothalamo-pituitary-adrenocortical (HPA) axis, a classi-
1 cal closed-loop endocrine system. They are released into
the cireulation particularly in high amounts after periods
of stress. Due to their lipophilic nature, corticosteraids not
only act on peripheral organs but also readily enter the
brain. In neurons, they bind to two different intracelular
receptors, the mineralacorticoid reeeptor (MR) and the glu-
cocorticoid receptor (GR). MRs and GRs nre co-located

. in brain regions that are invelved in the regulation of fear

and anxicty, such as hippacampus, septum, and amygdsla,

fax: $42.351.260-2915.
Femil address: wugst@iz-n

ndorf.de (F. Wiist).

CGRs are also distributed in other parts of the brain, and
the highest concentrations are found in regions involved in
the foedback regulation of the hormonal stress response,
such ws the paraventricular hypothalamus, hippocampus
and pitoitary {4,5]. There is accumulating evidence that
corticosteroids, in addition to noradrenaline, corticotropin
releasing factor and serotonin, play an important role in
stress and the pathophysiology of anxiety disorders and
depression. It has been suggested that a disturbed HPA axis
regniation may be a primary causal factor in depression.
Since feedback inhibition of glucacorticoids is dogrcased
in many depressive putients, it has been liypothesized that
disturbances in the MR/GR balance may have dolsterious
congequences for regulation of the stress response, and it
may increase vulnerability to depression.

The development of GR ligands which are appropriately
Iabeled with short-lived positron-emitting radioisotopes
would allow the non-invasive in vivo imaging and mapping
of brain GRs by mweans of positron eniission tomography
(PET), In this context, PET studies of brain GRs would
provide important information on the neurobiological

0039-128X/02/% ~ see front mauer € 2002 Elsevier Scienco Ine. All rights reserved.

doi10.1016/80036-128X(02)00171-X
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\,
Deacyicortivazo! F WIN 44577 F Nivazol
RBA ¢ 175%3 RBA « O7%" RBA  89%°
Fig. 1. High«affinity arylpyrazolo glucocotticoids (s) K.E. Carlson ond J.A. Katzenellenbogen, unpublished resulte: cb) Rat diver eviosol, [14].

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

Several attempts have becn made to synthesize glu-
cocorticoids labeled with the short-lived positron emitter
fluorine-18 (1,2 = 109.6 min) to image brain GRs [8-13}.
Some of the compounds exhibited excellent in vitro GR
binding, in some cases cven significantly higher than the
high-affinity glucocarticoid dexamethasone. However, none
of the investigated compounds were suitable for in vive
visuglization of brain GRs with PET. Rapid in vivo deflu-
orination and the inability to cross the blood-brain<barrier
are possible reasons for the lack of any accumulation of
these compounds in the brain.

A unique set of synthetic arylpyrazolo steroids, exeimpli-
fied by deacylcortivazol, nivazol and WIN 44577 (Fig, 1),
have been shown to be very high-affinity ligands for the GR
{14.15]. The strong GR binding affinity of compounds like
WIN 44577, as well as their stable aryl-bound fluorine and
their higher lipophilicity (for an anticipated enhanced brain
uptake), make this clags of compounds attractive for the
develapment of novel fluorine-18 labeled ligands for PET
studics of brain GR.

Intrigued by the high GR binding affinity of several
arylpyrazolo steroids, we have synthesized a series of novel
pyrazolo steroids exhibiting different substitution patterns
at the D-ring of the steroid skelcton. The binding affin-
ity of these compounds for the GR was determined in
a competitive radiometric receptor binding assay, and in
initial gxperiments potential candidates were labeled with
the positron emitter fluorine-18 and in one case with the
1 y~gmitter, iodine<t31.

2. Experimental
2.1, General

Melting points were determined on a BOETIUS melt-
ing point apparatus and arc uncorrected. Anplytical
thin-layer chromatography (TLC) was performed on Merck
silica-gel F-254 plastic plates, with visualization un-
der UV (254um), Flash chromatography was performed
as described by Still ot al. [16] using Merck silica~gel
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(0.040-0.063 mun). 'H-NMR, PC-NMR and 'YF-NMR
spectra were recorded on a Varign Inove-400 at 400, 100
and 376 MHz, respectively, with CDCl3 and DMSOgys. Low
resolution wmass spectra were recorded on s Micromass
tandem quadrupole mass spectrometer system (1100 se-
rigs Hewlett-Packard) and on Mariner mass spectromster
system (Applied Biosystems), Analytical HPLC was con-
ducted using LaChrom systems from Merck-Hitachi. The
chemigal purity was determined with a PHENOMENEX
LUNA CI8 column (250mm x 4.6 mm, 5 pim). The mo-
bile phase was MeOH/water (90/10) (A) and acctonitrile/
water (70/30) (B). The system was run with o flow rate of
1.0 mi/sin,

Solvents and reagents were purchased from Sigma, Fluka,
or Aldrich. THF way distilled from sedium/benzophenone
ketyl prior to use. Other reagents were used ss regsived.
lodophenylhydrazing {17) and 4-hydroxy(tosyloxy)iade-
toluene {I18)] were prepared according to literatyre
procedures.

2.2, Organic chemistry

2.2.1. 11 B-Hydroxy-17¢,20:20,21-bis-(methylenedioxy)-
pregn-4-ene-3-one (2)

To a suspension of hydrocortisone 1 (2.54g, 7 mmol)
in CH2Clz (100 m]) was added formalin (40 mi. 40%) and
congentrated HCl (40mi). The bi-layer system was vigor-
oug stitred at room temperature for 3h. The arganic fayer
was separated, washed with satuvated NaHCQ: solution
and fushed through a silica-gel plug. After evaporation
of the solveat under reduced pressure, 2.9g (102%) of
2. contaminated with the 118-MOM-cther (20%). was
obtained as a wax. HH-NMR (400 MHz, CDChy): & 1.11
(s, 3H; 18-CHj), 1.43 (s, 3H; 19-CH3), 3.98 (m, 2H;
2]-CHyp), 4.47 (m, 1H; 1la-H), 498 (m, 4H; O-CH-O
from bis(methylenedioxy)), 5.66 (s, 113; 4-H), LRMS (ESI
positive) 405 (M + H).

2.2.2. 11 p-Hydroxy-2-hydroxymethylene- 17,20:20,2]-
his-(mathvlenedioxy)-pregn-d-ene-3-one (3)

Steroid 2 (2.8 g, contaminated with 1) B-MOM-cther) was
dissolved in dry toluenc (15 mi) and methyl formate (2 ml).
Then, NaH (600 mg, 15 mmol, 60% dispersion in mineral
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vil) was added. After stirring at room temperature for 4h
IN HCI (100 ml) was added and the mixture was extiracted
several times with mothylene chloride. The methylene chlo-
ride was extracted several times with 1N NaOH. Aftor acid-
ification of the NaOH extract with HCl and subsequent
re~xtraction with methylone chioride the solvent was re-
moved to give 1.8g (60%) of 3 as yellow foam. LH-NMR
(400 MHz. CDCi3): 8 1.12 (s, 3H; 18-CH3), 1.33 (s, 3H;
19.CH3), 4,00 (m, 2H; 21-CHy), 4.40 (m, 1H; l1a-H), 5.03
{m, 4H; O~CH»~Q from bis(methylenedioxy)), 5.73(d, J/ =
1.8 Hz, tH, 4-H), 7.35 (s, 1H=CHOH). LRMS (ES} posi-
tive) 433 [M + H].

2.2.3. 2'-(4-Fluorophenyl)-11B-hydroxy-2-
hydvoxymethylene-17,20:20,21-bis- (imethylenedioxy)-
pregn-4-enof3,2-cjpyrazole (4)

Compound 3 (1,04g, 24mmol} in HOAc (20ml) was
added to a solution of NaOAc (197 mg, 2.4mmol) and
4-fluorophenylhydraziniumehloride (390 mg, 2.4 mmol) in
HOAc (10 ml) and water (5 ml). The reaction mixture was
stirred at room temperature overnight. IN HCl (100 ml)
was added followed by extraction with methylene chloride.
The organic layer was washed with NaHCO;-solution fol-
lowed by water. Drying (Na3804) and evaporation of the
solvent gave 1,068 (84%) of steroid 4 as n brown foam,
'H-NMR (400MHz, CDCly): & 1.14 (s, 3H; 18-CHy),
1131 (s, 3H; 19-CH3), 2.83 (AB quartet, Ay = 128.7Hz,
4 = 15.46Hz, 2H; ta/B-H), 4.00 (m, 2H; 21-CHy),
4.47 (m, 1H; 11a-H), 3.03 (m, 4H; O-CH,-0}, 6.06 (d,
J = 22Hz 1H, 4-H), T.12-7.17 (m, 2H: As-H), 741 (s,
1H; H-pyrazole), 7.43-7.47 (m, 2H; Ar-H). LRMS (ESI
positive) 524 [M 4 H].

2.2.4. 2-(4-Fluoraphenyl)-i 18,172 -trikydoxy-
20-oxt-pregn=4-enof 3, 2-cJpyrazale (5)

I Steroid 4 (1.06 g. 2.02 mmol) was refluxed in 0% formic
aeid (100ml) for 45 min, The formic acid was evaporated
and the residue was re-dissolved in MeOH (75 mi) and IN
NaOH (15 ml). After stirring for 1h at room temperature
the solution was acidified with IN HCI (150 ml). Exivap-
tion with methylene chloride, evaporation of the solvent
and subsequent purification by flash chromatography (80%
EtOAc-hexane) gave 780 mg (80%) of the desired product 5.
HPLC-nnalysis mobile phase B: 1g = 5.61 min, 98% chemi-
cal purity, m.p. 187-189 ¥C. LH-NMR (400 MHz, CDCl): §
0.96 (5, 3H; 18-CHs), 1.30 (s, 3H; 19-CHy), 2.82 (AB quar-
tet, Av = 123.8Hz, J = 15.2Hz, 2H; 1a/B-H), 448 (AB
quartel, Av = 137.1, J = 19.9Hz, 2H; CH,~0OH). 4.5!
(m, 1H; 11a-H), 6.05 (d. J = 2.2 Hz, IH, 4-H), 7.13-7.17
(m, 2H: Ar-H), 7.40 (s, 1H; H-pyrazole), 7.43~7.46 (m, 21,
'Ar-H). LRMS (ESI positive) 481 [M + H].

2.2.5. 2'-(4-Fluoraphenyl):11B-hydroxy-androst-
4eene-17-0nef3.2-cJpyrazole (6)

© To a solution of steroid § (220mg, 0.457 wmol) in
“EIOH-CH3Cla (10mi, 1:1) was added NaBHs (9mg,
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0.23mmol). After 1h, acetone (Iml) and water (3mi)
was added followed by NalO4 (244 mg. 1.14 mmol) and
the mixture was stitred al room lemperature ovemight,
Water (50mi) was added and the mixiure was extracted
with EtOAc. The EtQAg¢ layer was flushed through a
silica~gel plug and the solvent was evaporated 1o give
177 mg (92%) of 6 o4 a solid. HPLC-analysis mobile phase
B: tr = 10.15min, 97% chemical purity, m.p. 223226 %C,
TH-NMR (400MHz, CDCly): 8 117 (s, 3H: 18-CH3),
1.33 (5, 3H; 19-Cli3), 2.82 (AR quarict, Av = 123.8 He,
J = 15.2Hz, 2H; 1a/B-40), 4.50 (m, 1H; 1a-H), 6.07 (d,
J = 2.2Hz, 'H, 4-H), 1.13-7.17 (m, 2H: Ar<l), 7.4 (s,
11 Hepyrazole), 7.43-747 (m, 2H; Ar-H). LRMS (ESI
positive) 421,

2.2.6. 2'~(4-Fluoraphenyl)=1 Toefl<propyns1-yl)«118,
178-dikygroxy-androst-4-enof3,2-c]-piyrazole (7}

To a solution of ketone 6 (193 mg, 0.46 mmol) in dry THF
(10 ml) was added 1-prapynylmagnesium bromide (9.14 m,
4.57mmol, 0.5M in THF). The solution was slirred at
room temperature under an nitrogen atmosphore overnight.
Then, saturated NH4Cl-solution (100 ml) was added and the
mixture was thoroughly exteacted with EtQA¢, The solvent
was removed under seduced prossure and subsequent purifi-
cntion by flash chromatography (50% EtOActhexane) of-
forded 212 mg (57%) of steroid 7 as a solid, HRLC-analysis
mobile phase A: rp = 5.56min, 95% chemical purity,
m.p. 95-98 °C. V{-NMR (400 MHz, CDCla): & 1.13 (s, 3H;
18-CH3), 1.32 (s, 3H; 19-Cl3), 1.85 (s, 1H; C=CCH3),
2.85 (AB quartet, Av = 115,5Hz, J = 15.2Hz, 2H;
la/f3-H), 4.49 (bs, 1H; lla-H), 6,05 (d, J = 2.2Hz, IH,
4=H), 7.13-7.17 (m, 2H: Ar-H), 7.41 (5, 1H; H-pyrazole),
7.43-7.47 (m, 2H; Ar-H), LRMS (ESI positive) 461,

2.2.7. 2~(4-Fluorophenyl)-1 T [(3-hydroxy)-1-
propyn-1-yl]-118,17B-dihydroxy-androst-d-ene
[3.2-¢]-pyrazole (8)

Tetrahydro-2-(2-propynyloxy)-2H-pyran  (1.08g, 7.5
mmel) in THF (18 mi) was troated with #-Bul.i (4.68 ml,
7.5mmol, 1.6M in hexnne) at 0°C. After 1 h at 0°C, ke-
tong 6 (315mg, 0.75mmel) in THF (8 ml) was added and
the mixture was stirred al room (emperature overnight.
IN HCl (1mi) was added and stizring was continued for
10min at 60 °C. After the addition of water (50ml) the so-
iwtion wos extracted with EIOA¢, The BtOAc was washed
with NaHCO;-solution, dricd (NazS04) and evaporated,
The residuc was purified by flash chromatography (10%
MeOH~CH,Cl,) to afford steroid 8 (222 mg, 62%) as a
solid, HPLC-analysis mobile phase B: fr = 5.21 min, 98.5%
chemical purity, mp. 147-150°C. 'H-NMR (400 MHz,
CDCly): § 1.14 (5, 3H; 18-CHj), 1.32 (5, 3H; 19-CHy), 2.88
(AD quartet, Ay = 1153z, J = 15.4 Hz, 2H; lo/B-H),
4.32 (s, 2H; CHy-OH), 4.49 (m, 1H; 1la-H), 6.05 (d,
J = 2.1 Hz, 1H, 4-H), 7.13-7.17 (m, 211 Ar-H), 7.42 (s,
1H; H-pyrazole), 7.44-7.47 {m, 2H; Ar-H). LRMS (IS1
positivey 477. .
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2.2.8. 2-(4-Fluorophenyl)-17a f(3-
methansulfanyloxy-t-propyn-1-v(]-1 1 8,
17B-dihydroxy-androstd-gno[3,2-c]-pyrazole (9)

To 2 solution of alcoho! 8 (47.8 mg, 0.1 mmel) in THF
Gmb ond BN (30.4ul, 0.22mmol) was added MsCl
(15.7 pl, 0.2 mmol) at 0°C. After stirring overnigiat the sol-
vent wag partially removed and the residue was purified by
flash chromatography (80% FtOAc~hexane) to give 48 mg
(86.5%) of mesylate 9. ' H-NMR (400 MHz, €DCla): 4 1,16
(s, 3H; 18-CHj), 1.32 {5, 3H; 19-CHa), 2.86 (AB guartet,
Av = 112.4Hz, J = 15.3Hze, 2H; lo/B-H), 3.08 (s, 3H;
0803CH;5), 4.51 (m, 1H; 1a-H), 4.89 (s, 2H; CH;-OMs;),
6.06 (d, J = 1,8Hg, 1H, 4-H), 7.13-7.18 (m, 2H: Ar-H),
7.42 (s, 1H; H-pyrazole), 7.44-7.47 (m, 2H; Ar-H). L.LRMS
(ESI positive) 555.

2.2.9. 2-(4-Fluoraphenyl)«17e [ (3fluan)- 1<
propyn-1-yi]-118,17B-dihvdroxyv-androst-d-enp
[3.2-¢]-pyrazole (1Q)

" To a solution of mesylate 9 in THF (1.5 mi) was added
TBAF (150 wl, 150 umol, 1M in THF) and the resulting
mixture was heated to 60°C for 30 min. The solvent was
evaporated and the residue was purified by flash chromatog-
raphy (60% EtOAg--hexana) to give 7.5 mg (38%) of fluoride
10. HPLC-analysis mobile phase A: 1g = 4,85 min, 95.5%
chemical purity, mp. 125-127°C, 'H-NMR (400 MHz,
CDCl3): 8 1.16 (s, 3H; 18-CHz), 1.32 (s, 3H; 19-CHa),
2.86 (AB quartct, Av = 113, J = 15.4Hz, 2H; 1a/B-H),
4.50 (bs. 1H; 11a-H), 5,00 (d, Jur = 45.9 Hz, 2H; CH;3-F),
6.06 (bs, 1H, 4-H), 7.13~7.17 (m, 2H; Ar-H), 741 (s,
1H; H-pyrazole), 7.44~747 (m, 2H; Ar-H). F.NMR
(376 MHz, CDIClz): § ~214.24 (4, Jyp = 4THz), ~115.33
(m). LRMS (ESI positive) 479 [M + H],

2.2.10, General procedure for the preparation of
amine-containing sternids 11, 12 and 13

+ To a solution of Na;CO; (50mg, 0.47mmol) in wa-
tor (250 w1} was added the amine (1.0 mmol) follewed by
masylate 9 (45mg, 81 wmol) in acetone (1.5ml), The so-
fution was stirred for 2h af room temperature. Sagurated
NaHCO;-solution (20 ml) was added ang EtOA¢ was used

for extraction. After drying (N82804) and evaporation of

the solvent the residue was purified by flash chromatog-
raphy (10% McOH-CHaClz) to yield the corresponding
amine.

2.2.11. 2'-(4-Fluarophenyv)-17a{(3-N-pyrrolidinn)- -
propyns1-ylf-1 18,1 7B-dihydroxy-androst-4-eno
[3.2-c]-pyrazole (11)

Yield: 47%. HPLC-analysis mobile phase A: @ =
5.85min, 98.5% chemical purity, mp. 196-198°C.
TH-NMR (400 MHz, CDCl3): 8 1.15 (5, 3H; 18-CH3), 1.32
(s, 3H: 19-CH3), 1.82 (m, 4H; pyrroliding), 2.67 (in, 4H;
pyrrolidine), 2.84 (AB quartet, Av = 1279, J = 15.2}z,
"BH; 1a/B-H), 2.48 (s, 2H; C=CCHa-pyrrolidine), 4,50 (bs,
IH; Tia-H), 6.05 (d, J = 1.8 Hz, 1H; 4-H), 7.13~7.17 (m,
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2H: Ar-H), 741 (s, 1H; H-pyrazole), 7.43~7.47 (m, 2H;
Ar-11). LRMS (B8] positive) 5§30 [M 4 H},

3.2.12. ¥-(4-Finorophenyl)-1 Tu[(3-N-piperidina)-
Iprapyn-1-yi}-11. i 7f-dihydroxy-andrpst-¢-ena
[3,2-c)-pyrazals (12)

Yield: 77%. HPFLC-analysis mobile phase A: g =
6.24min, 96.5% chemical purity, m.p. 200-203°C.
'H-NMR (400 MMz, GDCly): 6 1,15 (s, 3H; 18-CHy), 1.32
(s, 3H: 19-CHy), 1.61 {(quint., J = 5.4 Hz, 2H; piperidine),
1.94 (m, 4H: piperidine). 249 (m, 4H; piperiding), 2.84
(AB quartet, Av = 1298, J = 15.2Hz 2H; lo/f-H),
3.31 (s, 2H; CsCCHz-piperiding), 4.50 (bs, 1H; 11a-H),
6406 (bs, 1H; 4-H), 7.13-7.47 (m, 2H: Ar-H), 748 (s,
1H; H-pyrazole), 7.43-7.47 (m, 3H; Ar-H). LRM8§ (ES]
positive) 544 [M + H}.

2.2.13. Z+(4-Fivoraphenyl): 17 [(3-N-marpholing)-1-
propyael-yij-115,17 8 -dihydroxy-andrast-4-cao
[3.2-c]-pyrazole (13)

Yigld: 70%. HPLC-analysis mobile phase B: m =
6.29 min, 96.5% chemieal purity, m.p, 96-99<C, 'H-NMR
(400 MHz, CDCl3); & 118 (5, 3H; 18-CHy), 1,32 (s, 3H;
19.CH3), 2.58 (m, 4H; marpholing), 2.82 (AB quartet,
Av = 1264, J = 152Hz 2H; la/B-H), 3.34 (5, 2H;
CeCCH,-morpholine), 3.74 (1, 4H; morpholine), 4.50 (bs,
1H; He-H), 6.05 (d, J = 1.9Hz, 1H; 4-H), 7.13-7.17 (m,
2H; Ar-H), 740 (s, 1H; Hepyrazole), 7.43-7.47 (m, 2H;
Ar-H). LRMS (ES8I positive) 546 [M + H].

2.2.14. 2'-(4-Fluoraphenyl)-21-(methansulfonyljosy-20-
oxa-118,17a-dikydroxy-pregn-d-enof3,2-c]pyrazole (14)

A solution of stercid § (200mg, 0.416mmol) in dry
pyridine (4ml) was cooled to 0°C and MsCl (65.4 ul,
0.832 mmol) was slowly added. After stirring at 0°C for 3 h,
the solution was poured into 1N HCl (100 mi) followed by
extraction with E1QAc, After drying (Naz804) the solvent
was evaporated and the residue was purified by flash chro-
matography (80% EtOAc/hexane) to yield 182mg (7R%)
of mesylate 14 as a pale yellow foam, 'H-NMR (400 MHz,
CDCls): § 097 (s, 3H; 18:CHa). 1.30 (s, 3H; 19-CH3),
2.82 (AB quartet, Av = 128, J = 15.3Hz, 2H; la/B-H),
3.24 (s, 3H; QSOLCH;3), 4.52 (m, 1H; 1le-H), 5.16 (AB
quartet, Av = 108.6, / = 17.8 Hz, 2H: CH2.0Mg), 6.08
(4, J = 1.7Hz, 1H, 4.H), 7.13-7.18 (m, 2H: Ar~-H), 7.41
(s, 1H; H-pyrazolc), 7.43-7.46 (m, 2H; Ar-H). LRMS (ESI
pusitive) 559 [M -+ H].

2.2.15. Oxetan-3'-one (1)

Mesylate 14 (31 mg, 55.5 umol) was digsolved in dry THF
(730 1) and poatagsivm ferr-butexide (9.34 mg, 83.2 umol)
in THF (400 pl) was added at room temperature, A clear
yellaw solution occurs. After 5 min, IN HCI (100 wl) was
added to quench the reaction: follawed by water (10ml).
Extraction with CHCl3, drying {(Na280Q4), evaporation of
the solvent and subsequent flash chromatography (30%
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EtQAs/hexane) gave 4 mg (1690) of oxetanone 18 s a white
foam, HPLcsanalysls mobiie phase B: tp = 15.13min, 96%
chamical purity, m.p. 219-220°C. 'H-NMR (400 MHez,
CDCLY: 6 1,13 (8, 3H; 18-CHy), 131 (8, AH; 19-CHy),
283 (AB quariet, Av = 1393, / » 15,1 Hz, ZH) 16/p-H),
4,58 (m, 1H; [lp-H), 498 (AD quariet, &v = 514,
J = 14.5 Hyg, 2H; oxetanpns), 6.08 (d, J = 2.1 Hz, IH,
4-HY, 7.13-T.18 (m, 2H: Ar<H), 7.41 (3, 1H; H-pyrazole),
743746 (m, 2H; Ar-H), LBMS (ES! positiva) 463
[M-i-l-»l],

2216, ¥ (4-Fluoraphenyl)»21-inda-20050:
118, 1 Pu-gihydraxypregi-d-enaf 3 ¢ Javasale (16)

To a splutlon of mesyiste 14 (120mg, Baumol) in
neetone (1 mi) was added Nal (129 mg, 860 pmol) in ace-
tone (5 mi). Afier being stirred overnight while protected
from light the solution was poured into water (20mi) and
0.1N Nay$S20s-solution (20ml). Extraction with EtOAc,
dl;yinl, (Nu2804), evaporation of the solvent and subse-
quent flash chromatography (40% EtOAc/hexane) aiforded
43 mg (85%) of iodide 16 az a pale yollow foam. 'H-NMR
(400 MHz, CDCly): 6 1.00 (s, JH; 18-CHy), 1.3} (s, 3H;
IQ-C”'\), 2.83 (AB quartet, Av = 121.8, J = 15.3Hg, 2H;
la/B H), 4.10 (AB quartet, Av = 754, J = 11,3 Hz, 2H;
CHa<1). 4,52 (m, 1H; 1la-H), 6.05 (4 J = 2.iHz, 1H,
4:H), 7.13-717 (m, 2H: Ar=H), 7.41 (5, 1H; Hepyragole),
7.43~747 (m, 2H; Ar-M). LRMS (ESI positive) 591
(M +H].

2.2,17. 2-(4-Fluaraphenyl)-21-fluare~-20-0x0-111,

1 7endibydroxy-pregn-d-ennf3,2-cJmrazole (17)

. To a solution of mesylate 14 (182mg, 0.325 mmol) in
acetonitrile (10ml) was added TBAF (450 pl, 450 mmol,
1 M in THF). After stiring for 15 min, at room temperature
the solwion was heated to 60°C and an additional 450l
of TBAF was added after 40min. Addition of saturated
NeHCO;-solution, extraction (EtOAc), drying (NapS0s),
gvaporation of the solvent and subsequent preparative TLC
(60% EtOAc-hexang) gave 9mg (5.8%) of fluoride 17
as g white solid. HRLC-analysis mohile phase B: /p o
9.04 min, 93% chemical purity, m.p, 165-168°C. TH.NMR
(400 MHz, CRCLY: & 0.99 (5 3H; 18-CH3), 1.31 (5, 3H;
19-CH3), 2.82 (AB quartet, Av = 125, J = 13.9Hz, 2H;
To/BoED), 4.53 (m, L1 Heel1), 5.20 (AR quanet, Av o= 77,
Jun = 16.5Hz, with additienal doublst spliging due te
Jup = 47.5Hz, 214; CHa-F), 6.06 (6, 1H, 4-H), 7.13-7.17
{m, 2H: Ar-H), 7.40 (s, 1H; H-pyrazole), 7.43-7.46 (m,
21 Ar-H), 9E-NMR (376 MHz, CDCly): & ~231.13 (1,
Jup = 48Hz), —115.28 (m). LRMS (ESI positive) 483
[M +H],

2.2.18. 1] B-Hydroxp-andmst-d-¢ne-3,17-dione (18)

A solution of cortisel 1 (1.06g, 2.92mmol) in EOH~
CHaCly (20eml, 1:1) was trented with MaBHs (44.2mg,
1.17 mmol). Afier 2h acotone (Sml) was added (allowed

‘ by water (Smi) and NalO4 (1.56g, 7.3 mmal). The solu-
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tion was stirred a5 reom tompogature avernight Pollawed
by the additlon of waigr (100 mb), extragtion with CHEly
and flushing through u silica-ye! plug. After gvaperation
of the solvent R77mg (100%) of ketone 18 was {sg-
lated n white solid. 'H-NMR (400MHz, CDCL); & 1,11
(s, M; 18-CHy), 142 (5, 34 18-CHy), 449 (bs, 1H;
HoeH), 8.64 (s, 1H, 4.H), PONMR (100 MHz, CDCl3 )
8 21971, 199.82, 192,20, 122.26, 67.36, 56.38, 52.10,
46.57, 4046, 39.08, 35,04, 34.37, 33.49, 31,58, 3121,
30,67, 2135, 20,68, 15.40. LRMS (BBL positive) 103
M+ M),

.2,18. I+(N-Pypwolidinylj-3, S-androstadiena! | B0l
17010 (1)

Ketona 18 (877 mg, 2.9mmal) in taluane {(F0ml) was
refluxed with pyrrelidine (2.5 ml) and TsOH H2Q (45 mg)
while removing the formed water. Afler 4 h the solvent was
evaporated and sther was added, Further evaporstion of the
solvent gave 13 (97%) of 19 as a yollowish-brown foam
which was efficlently purs, TH.NMR (400MHz, CDCls):
§ 115 (s, 3H; I8.CHy), 1.28 (s, 3H; 19-CHy), 3.14 (m,
4H; CHy), 447 (m, 1H; Va-H), 4.74 (s, 1H; 4-H), 4,96
(m, 1H; 6-H). PC-NMR (100MHz. CDCly): § 230,15,
144.03, 142,82, 111.01, 95.32, 68.185. 53.63, §2.37, 4698,
46.86, 40.52, 31525, 34.92, 33.47, 30.47, 27.75, 24.79,
24.25, 21.94, 21,52, 15.60. LRMS (S} positive) 186
[M «H].

2.2.20. 17a(l-Propyn-1-yl)-androst-d-cre-11 4,
17 f=djel-3-0n¢ (20)

To a solution of enamine 19 (184mg, 0.54 mmel) in
dry THF (2ml) wes added l-propynylmegnesium bro-
mide (5.7 ml, 2.86 mmol, 0.5M in THF). The solution was
stirred at room temperature under an nitrogen atmasphere

overnight. Suturated NHgCl-solution (150m1) was added |

and he mixturc was thoroughly extracted with EtOAe.
The EtOAe was removed under reduced pressure and the
residue was redisgolved In a solution of NaOAc¢ (3g) in
water (3ml), HOA¢ (2ml) and MeOH (20mD). The re-
sulting mixture was refluxed for |h, Afterwards, water
(200ml) wos added followsd hy extraction with EtOAc.
Evaporation of the solvent and subsequent purification by
flash chromatography (75% EtQAc/hexane) gave 96mg
(52%) of steroid 20 s 8 pale vellow foam. 'H-NMR
(400MHz, CDCLy): & 112 (5, 3H; 18-CH2). 145 (5, 3H;
19-Clis). 1.84 (5, 3H; CHa), 4.44 (m, 1H; Ma-H), 5.68
{5, IH, 4H). PC.NMR (100MHz, CDCl3): & 200,05,
172.84, 122.24, 82.46, 82,24, 80.08, 68,09, 55.48, §1.20,
4583, 42.31, 30,15, 38.70, 34.72, 33,67, 32.03, 31.92,
31.82, 22,99, 20.77, 15.22, 3.83, LRMS (ES] positive) 343
M= H).

2221, General procedure for the synthesis of
sterelds 21 and 22

To a solution of sterold 20 (103 myg, 0.3 mmal) in toluene
(5 ml), pyridine (1.5m]) and methyl formaie (300 1) wos
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added 60% NaH (72mg, |.8 mmol) followed by methanol
(150 ul). The solution was stired ovemight while the
color changed to dark red. Addition of 1IN HCL (50m))
and "extraction with methylene chioride gave a yellow
solution, The methylene chloride was extracted several
times with IN NaOH. After acidification of the NaOH
extract with HCI and subsequent re-cxiraction with methy-
lene chioride the solvent was removed to give the cor-
responding  2-hydroxymethylene compound of 20 as a
yellow foam. The foam was dissolved in HOAc (10ml)
and” a solution of 4-bromophenylhydreziniumchloride
or 4-iodophenythydrazine (0.3 mmol) [17] and NaQAc
(0.3 mmol) in HOA¢ (Sml) and water (2ml) was added.
The dark red colored solution was stirred at room tem-
perature overnight. Addition of water, extraction with
CHCl;z and subsequent purification by flash chromatog-
raphy (60% EtOAc/hexane) gave compounds 21 or 22,
respectively.

2.2.22. 2-(4-Bromophenyi)-170(1-propyn-
1-vh)-11B, 17 8-dilvdroxy-endrost-4-enof3,2-¢/-
pyrazole (21)

Yield: 48%. HWPLC-analysis mobile phase A: =
8.12 min, 97% chemical purity, mp. 130-132°C., 'H-NMR
(400MHz, CDCL): & 113 (5, 3H; 18-CHs), 132 (s,
3H;.19-CHs), 1.88 (s, 3H; C C=CCH3), 2.85 (AB quar-
tet, Av = 114.9, J = 153 Hz 2H; la/B-H), 4.49 (bs,
1H; 1la-H), 6.08 (d. J = 2.2Hz IH, 4-H), 743 (5
1H;  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. 2-(4-ladophenyl)-17u(1-propyn-1-yl)- 118,
17 fscihydroxy-androst-d-enof 3, 2-c]-pyrasole (23)

Vield: 50%. HPRLC-analysis mobile phase A: i =
8.79min, 96,5% chemical purity, mp. (04-106°C.
'H-NMR {400MHz, CDCl3): 8 143 (s, 3H; 18-CH3),
1.32 (s, 3H; 19-CHs), 1.85 (5, 3H: C C=CCHg), 285
(AB quartet, Av = 115, / = 15,2Hz 2H; 1a/B-H), 4.49
(bs, IH; 11a-H), 6.08 (4, / = 1.8Hz, 1H, 4-H), 743 (5,
1H; Hepyrazole), 7.28 and 7.78 (2d of AA'BB’ system,
J =87 Hz, 4H; Ar-H). LRMS (18] positive) 562 [M + H),

2.2.24. 2'~(4-Trimethylstannylphenyl)-
17a(l-propya-t-ypd)- 118,17 B<difiydrosy-
andrast-4-enol3,2-c]-pyrazole (23)

A solution of steroid 22 (160 mg, 0,28 mmol) in toluene
(3 ml) was refluxed with 8nyMeg (250 mg, 0.76 mimal) and
PA[PPh;]4 (4.8 mg, 4.15 winol) 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,
'H-NMR (400MHz, CDCly): 6 032 (s, OH; Sn(CHa),
1.13 (s, 3H; 18-CHa), 1.32 (5, 3H; 19-CHa3), 1.85 (5, 3H; C
C=CCHj), 2,86 (AB quartet, Av = 108.8, J = 15,2 Hz,
2H; ta/B-H), 4.50 (bs, 1H; 11a-H), 6.14 (d, J = 1.9Hg,
1H. d-H), 7.43 (s, 1H; H-pyrazole), 746 (AA'BB, Jap =
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8.2Hz, 2H, Ar-H), 7.57 (AA'RB', Jap =
Ar-11). LRMS (ESI nositive) 607 (M + H],

2.2.23. General procedure for the synthesis of lodonbnn
salts 24 and 25

A solution of steroid 23 (118 mg, 0.19 mmol) and [hy-
droxy(tasyloxy)iodo]benzene or [hydroxy(tosyloxy)iada)
tolugne (0.19mmal) [18] in methylens chioride (1 ml) was
stirred at roorn tempsrature for 2h. The solvent was evape-
rated by means of a nitrogen stream, The residue was treated
with cther resulting in the formdtion of 8 white salid. The
solid was filtered off, washed with other and dried under
vacuo to yield the iodonium galt 24 and 25.

2.2.26. Diarvltiodonium tosylate ¢24)

Yield: 28%. 'H-NMR (400 MHz, DMSOqs): 6 0.29 (s,
3H; CHa), 0.50 (s, 3H; CHs), 1.04 (5, 3H: CHs), 1.53 (s,
3H; CHy), 2.05 (AB quartet, Av == 180, J = 18.5Hz, 2H;
1e/B-H), 3.60 (bs, 1H; 11a-H), $35(d, J = 1.8z, IH,
4-H), 6.42 and 6.89 (2d of AA'BR' system, Jap = 8.3 Hz,
4H; Ar-H), 6,75 (m, 3H; Ar-H), 6.68 (s, 1H; H-pyrazole),
7.64 and 7.13 (2d of AA'BB’ system, Jap = 9Hz, 4H,
Ar-H), 7.4-1.5 (m, 2H; Ar-H). LRMS (EST positive) 645
{M-OTs).

2.2.27. Diaryliodonium tosylate (285)

Yield: §7%. 'H-NMR (400 MHz, DM&0qq): § 0.29 (s,
3H; CHa3), 0.5Q (5, 3H; CH3), 1.00 (5, 3H; CH3), 1,55 (5, 3H;
CHa). 1.60 (s, 3H; CH3), 204 (AB quartet, Av = 150.4,
J = 15.5Hz, 2H; la/B-H), 3.59 (bs, 1H; 11a-H), §.34 (d,
J = 1.8Hz, 1H, 4-H), 6.41 and 6.56 (2d of AA'BB’ system,
Jap = 7.9Hz, 4H, Ar-H), 6.67 (s, 1H; H-pyrazole), 6.82
and 7.45 (2d of AA’BB' system, Jap = 9.0 Hz, 4H, Ar-H),
6.88 and 7.4 (2d of AA'BB’ system, Jan = 8.3Hz, 4H,
Ar-H). LRMS (ESI pasitive) 659 [M-OTs),

2.3. Radiochemlsiry

2.3.14, General :

8¢ was produced by the '*Op, m'¥F reaction on an
enriched water target using an IBA CYCLONE 18/9 cy-
clatren, The ['80] water containing ['*Fifluoride (ca. $ mCi,
185 MBq) was transferred to a- Sm! Vacutainer® contain-
ing a solution of Kryptofix [2.2.2] (6.0 mg, 16.2 pmel)
and K2COz (1.5 mg, 10.9 wmol). Water was azeotropigally
evaporated using HPLC grade agetonitrile (3x 0.5ml)
in a 100°C oil bath under & stream of nitrogen. Potas-
stum [P Fifiuoride was resolubilized into S00-1000pl of
anhydrous solvent (acetonitrile or DMF) and transferred
1o a glass vial pre-charged with the lobeling precursor
(2-10mg). Progress of the reaction was monitored by
means of radie-TLC. A pro-purification was performed by
passing the diluted reaction mixture through a silica-gel
plug (a Pasteur pipet with ca, 150 mg silica-gel). Radioiod-
ination with iodine-131 was performed using a solution of
["3'[INal (Nycomed-Amershem) in NaOH,
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2.3.2. 2" F}-d-Flyorophenyl) =1 7ee(l<propyn-
Iyhi-118, /7ﬁ»dﬂu'd)my»undmsb-f-ano[i 2-gf-
pyrazale ((*F].7)

The reaction was employed using 10mg of iodanium
salts 24 or 28, Afler resolubilization the radioactivity (es,
3-4mCi, 110-150MBq) was wansferred to the labeling
precursor 24 or 28 in DMF (500 wl). The vial was sealed
and heated for 40 min at 120°C. Radio-TLC (Rr = 0.38;
80% EtOAc/hexane) showed the formation of 0.2% (with
iodonium salt 24) and 2% (with iodenium salt 28) of the
dcs;red compound ['"F}-7 together with large amounts
of non-reacted ['*F]fluoride and ['¥F)Rusrohenzene and
['8Ffiuorotoluenc, respectively.

2.3.3. 2-(4-Fluorophenyl)-17a-(3-['* F Jfluare)- |-
propgyn-1-yi)]-118,17B-dikydroxy-androst-4-ero
[3.2-¢]-pyrazale (['*F]-10)

The repction was employed using 2-3 mg of mesylate 9,
Aftar reselubilization the radioactivity (4.0mCi, 150 MBq)
was transferred to mesylate 9 in acgtonitvile (500 wl), The
vigl was sealed and heated for 20 min at 65 °C. After cool-
ing and addition of ethyl acctate (2ml) the solution was
passed through a silica-gel plug, The eluate (11 MBq, 9%,
deeay-corrected) was anulyzed by radio-TLC (R = 0.43;
80% E10Ac/hexane) indicating a radiochemical purity of
>03%,

2,34, 2-(4-Fluorophenyl)-2)-{** F }fioro-
20-0x0-11 8.1 7ee-chiliydroxy-pregn-é-crio
[3.2-cJpyrazele ([} F]-17)

The reaction wag employed using 2-4 mg of mesylate 14
or jodo precursor 16, After resolubilization the radicactivily
(3-5.4mCi, 110-200 MBq) was transferred to the labeling
precursor 14 ar 16 in acetonitrit (500 wl). The vial was sealed
and heated for 20 min a1 65 “C. After cooling and addition
of ethyl acetate (2ml) the solution was passed through a
silica:gel plug. The cluate (3.1 MBq, 4%, decay-corrected
for precursor 14 and 21.8 MBq, 14%, decay-corrected for
precursor 16} was analyzed by radio-TLC (Ry = 0.35; 80%
EtQAc/hexance) indicuting & radiachemical purity of >95%.

i .

2.3.5, 2-([* 1]-4-lodophenyl)-17a(l-propyn-
L-yl)<118.17 8- dibydroxy-androst-d-eno{3,2-c]-pyrazele
/131 1]-22)

The reaciion was employed using 1.5 mg of organostan-
nane-28. ['*1)Nal {2 uCi, 74 kBq) was added to a solution
wnsxstmg of 50 pl buffer solution (5% NaQA¢ in 110AC)
and 50 ul oxidizing solution (30% I1202/HOAc 2:1). Tin
precursor 23 in 200 pl MeOHM was added and the sofution
was stirred at room temperature for 30 min. Then, 70 uf of
a (.1 M Nap$;0;-solution was added to stop the reaction.
Radio-TLC (Rr = 0.47: 80% EtOAc/hexane) revealed the
formation of 78% of the desired product ['*'1]-22 besides
non-reacted [ M1jiodide. After the addition of ethy! acetate
(2ml) and silicn-gel purification the radiochemical purity of
the cluate was »95%.
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2.4, Biological methodls

2.4.1. Determination of the receptor binding affinit:

Compounds tested i the QR-binding assay wore apalyzed
by HPLC indicating s chemical purity of 93% for cem:
pound 17 and a ghemieal purity 2 95% for compounds 5-8,
10-13, 15 and 21-22. The binding affinity of the arylpyra.
zolp stgroids for the GR was determined by a modification
of the method rcporlcd for the estrogen recoptor [8,19]. The
radiotracer was [*Hldexamethasong and adrenalectomized
male rat fiver eytosol was used as the protein, The cytosol
was incubated with buffer or several concontrations of unla-
beled competitor togethor with [*H]dexamethasone at 0°C
for 18-24 h. The unlabeled arylpyrazolo steroid competitor
was prepared in 1:1 dimethylformamide-buffer to ensure
solubility. The froc steroid was adgorbed on dextran-coated
charcoal wy described by Ka;z,encllenbogen et ul. [20],
[*H]Dexamethasone was [1,2,4,- H]dexamethasone (Amer-
sham Biosciences, Pisoataway, NI,

3. Results

3.1, Synthesis of $-fluerophenylpyragols steroids
coniaining 1 To-glkynyl sids chains

Natural corticosteroids possess the characteristic 170,21~
dihydroxy-20-keto substitution pattern of the pregnane side
chuin, as exemplificd by cotisol 1. However, several ro-
porte en glucocorticoids have shown that the D-ring is
tolerant toward different substitution patierns at position
C17 of the steraid skeleton while retaining high binding
affinity to the GR {2]]. Moreover, D-ring modified deriva-
tives often possess greatly reduced binding affinities for
the mineralocorticoid roeeptor, thus constituting steroids
called “pure glucocarticoids” [21,22). Since 17w-alkynyl
substituted steroids are casily accessible by 1,2 addition
of lithium or magnesium based organometallic acetylides
to 17-keto steroids [23,24], we undertook the synthesis of
a series of novel 4-fluorophenylpyrazole steroids in which
the characteristic corticosterold 1,3-dihydroxyacetane side
chain was replaced by a 1 7-alkynyl-1 78-hydroxy moisty.
The resulting steroids (7, 8, 10-13) combine the beneficial
effecta of the 1 7a-alkynyl-17B-hydroxy and 4-fluorophenyl
pyrazole moieties for high and selective binding to the GR.
Furthermore, the modification of the 1 7e-alkynyl side chain
by cithor neutral (Mc, OH, F) or basic (cyelic aliphatic
amings) substituents results in interesting effacts on bio-
logically imporiant paramoters like receptor binding and
lipephilicity (vide infra).

The synthesis of 17-keto steroid 6 as prerequisite
starting waterial for 17a-alkynyl substituted steroids via
organometallic 1,2 addition is shown in Fig. 2.

Starting from commcreinlly available cortisol 1, the
synthesis eommenced by protecting the 1,3-dihydroxyace-
tone side ehain of 1 by treatment with fernaldehyde and

478




184 K Blist ot ob /Stemolds 65 (2003) 172=194

84%

N

(I

F

Fig. 2. Synthesis of 2 (-0

2
S
o

. concentrated HCl in chloroform to afford cortisol bis(methy-
lenadioxy)ether 2. It was observed that o portion of the
product was also converted to the 118-MOM ether of 2
undor these reaction canditions,

" The amount of the [IB-MOM ether contamination

. wis determingd 1o be 20% by means of 'H-NMR us-
ing the lla-M signals at 4.47ppm (OH) and 4,25 ppm
(MOM). However, the following steps are not affected
by the 113-MOM ether group, and 2 could be used as a
mixture of the 118-OH and 118-MOM compound. The
introduction of the 2-hydroxymethylene functionality in
3 was achieved by reacting the sodium enolate of 2 with
methyl formate in toluenc. Subscquent condensation of 3
with 4-fluorophenylhydrazine bydrochloride in the pres-

. ence of NaOAc in acetic acid gave 4-fluorophenyl pyrazole
4 in 84% yield. By using thesc reaction conditions, the
desired 2’-fluorophenylpyrazole steroid 4 was formed ex-

" clusively, and the corresponding 1'-uorophenylpyrazole

" igomer was not observed. The bis(methylenedioxy) ether

‘ protecting group and the partielly present 118-MOM cther

" were removed in boiling 50% formic acid. The resulting
1,3-dihydroxyacetone side chain in § was transformed into

" the 17-keto steroid 6 by reduction of the 20-kete group in
§ with NaBH4 and subsequent oxidative cleavage of the in-
termediate 17,20,21-trikydroxy side chain with NalQq4. The
total yield of 6 was 379, based on cortisol 1. The reaction
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CHa0, HCI, CHGla

Xy NHRHz
E Q % HCI

re
HO o
Mah, HEQ Mo
80%
o 2

80% HCOH
80%

riphonyl) | | B-hydroxy-aindrost-d-guc-1 7-ong[3. 2-spyrizole 6.

pathway for the introduction of 1 7a-alkyny! side chains and
their further functionalization is depicted in Fig, 3.

Treatment of ketone 6 with 1-propynylmagnesium bro-
mide in THF at room temperature gave steroid 7 in
57% yield. The 1,2 addition of the lithium derivative of
tetrahydro-2-(2-propynylory)-2H-pyran to ketone 6 af-
forded alcohol 8 in 62% yield after removal of the THP-cther
protecting group. Alcohol 8 was used as a suitable starting
matgrial for further modifications of the 17a-plkynyl side
chain. For this purpose the primary hydroxy! group in 8 was
first converigd inte the corresponding mesylate to obtain a
good leaving group. This approach allows (he convenient
and flexible terminal functionalization of the utkynyl side
chain with a varicty of substituents by displacement of the
mesylate with several nucleophiles, Thus, treatment of me-
sylate 8 with TBAF in THF atforded the Auoride-substituted
steroid 10 in 38% yield. In another set of reactions, mesy-
late @ was treated with several aliphatic evelic amines in
the system acotone-NaaCOy to provide steroids 11-13 in
47, 77 and 70% vield, respedtively.

The steroids obtained according to the reaction scheme in
Fig. 3 can b subdivided into two classes: ong set of gom-
pounds (7. 8, and 10) possess neutral substituents (Me in 7,
OH in 8, F in 10) in the 1Te-alkynyl side chain, wherens
compounds 11~13 contain pymolidine, piperidine or mow
pholing as basic amine substituents,
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Fig. 3. Bynthesis of 1 7g.ulkynyle] 18-hudroxy storoids.

3.2. Synthesis of 4fluorophenyimrazelo sterolds
contalning an oxetan-3'-one moiety and modified
1,3-dihydroxyacetone side chains

As another set of compounds, we have synthesized sev-
eral d-fluorgphenyl pyrazelo steroids contaiping an intaet
and'modified 1,3-dihydroxyacetany side chain, as well as
a spiro-oxptanone. Steroid 8 possessing the 1,3-dihydroxy-
acctone side chain was obtained as an intermediate in
the reaction sequence for the synthesis of ketone 6
(vide supra, Fig. 2). Steroid & was used to convert the
1,3-dihydroxyacetone side chain into the oxetan-3'-one 18
and 1o form lodide 16 and fluoride 17 (Fig. 4).

Although soversl methods arc known for proparing
oxetan-3-ongs (e.g. by oxidation [25], by acid-catalyzed
decomposition of diazo ketones [26], by [2 + 2] cycload-
dition [27]), enly intramolacular displacement reactions
[28] have been used to prepare steroidal oxetane.3'-ones,
In the case of C17 spiro-oxetan-3'-ones, the reaction scoms
e».pcglally challenging, since foreing reaction conditions
are required, and the reaction only proceeds in poor yields.
However, Pons and Simons [29] have described a general
method to overcome these problems and to provide the
desired C17 spivo-oxetan-3'~anes in good yields. Fallowing
this procedure, first mesy!atc 14 was prepared from triol
5 using MsCl in pyridine in 78% vield, An intramolec-
ular oxetan-3'-one ring closure reaction of mesylate 14
using potassium feri-butoxide in THF at room tempera-
ture pnovnded the desired spiro-oxetan-3'~one 18 in 16%
yield, It is notewcrthy that this intramolecular displace-

Expediente 10-37849 Arlculo 45

ment reaction was also ebgsived gs 8 compatitive reastion
in the synthesls of several flyorine-18 contnining certico-
storoids starting from the corresponding a-ketp mosylates
{8,111

The formation of 21-fluore steroid 17 proved to be chal-
lenging, and a-keto mesylate 14 could be converted into
21-fluoro steroid 17 using TBAF in acetonitrile only in very
a low yield (5.8%). Oxotanone 15 was always inovitably
formed ps a side product, beeause of the strong basic charac-
ter of the fluoride anion under these conditions. Adaptation
of this procedurs for the formation of (he corrosponding
F-18 labeled compound also gave disappointing results.
Better sesults in the F-18 fluotination could be achigved
using the 21-indo compound 16 rather than the a-keto me-
sylate 14, The required 21-iodo steroid 16 was easily pre-
pared by the reaction of mesylate 14 with Nal in acetone in
85% yield,

1.3, Syathesis of 4-bromophenyipyrazole sterold
21 and 4-lodophenyipyrazolo steroid 22

Within the series of 17a-alkynyl-17B-hydroxy steroids,
we glsa wanted to study the influence of 4-bromopheny!
and 4-ipdophenyl derivatives in terms of thelr GR bind-
ing, since bromine and iodine also have radioisotopes
(Br-76, 1-123 or 1-124, respoetively) suitable for in vivo
imaging. Thercfore, we set up the synthesis of two addi-
tional 17a-(I-propyn-1.y)-178-hydroxy steroids 21 and
22, containing bromine or iodine in the arylpyrazole moiety

(Fig. 5).
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Fig. 4. Synthesls of steroids containing an oxctan-3'-one moiety and modified 1 3-dihydroxyacetone side chains.

Employing the same oxidative cleavage reaction as exem-
plified by the trangformation of steroid 5 to 17-keto steroid 6,
cortisol T was converted into steroid 18 in quantitative yield.
Further reaction of compound 18 requires the selective proe
tection of the C3 keto group in the presence of the C17 keto
group. Such a selective protection of the 3-keto group in 18
could conveniently be achieved thraugh formation of the cor-
responding 3-enamine by refluxing 3,1 7-dienone 18 in ben-
zene with pyrrolidine and a trace of TsOH, while removing
thie water generated by this reaction. Subsequent 1,2-addition
of 1-propynylmagnesium bromide to the 17-keto group in
19, followed by restoration of the 3-enone structure by de-
protection with NaOAc/HOAc, gave compound 20 in a to-
tal yield of 50% bascd on cortisol 1. Pyrazole formation
was performed according to the deseribed procedure (vide

1

H
CH;
1. HyC~a=2—MgBr ?\5}/ 3
2. N_aOAc, HOAc
52%

Fig. 5. Synthests of 4-bromao- and d-jode
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supra, Fig, 2), using the condensation of the correspond-
ing 1,3-dicurbonyl compound (derived from 20 by treatment
with NaH and methyl formate in toluene) with 4-bromo. and
4-indophenylhydrazine {17] in seetic acid. This prosedure
ifferded the desired arylpyrazolo sierpids 21 and 22 in 46%
and 50% yield, respegtively.

3.4. Synthesis of diaryliodonium salts 24 and 25

The use of ['BF]fuoride in nuclcophilic aromatic sub-
stitution reactions represents a very important and widely
applied reaction in fluorine-18 chemisiry 30,311 Nugle-
ophilic aromatic substitutions with ['8FJfluoride proceed
efficiently when a suitable good leaving group (nitro, tri-
atkylammonium, etc.) is attached ortho- or para to an

0 HO 2
J pyrroliding I:t)
NS

" 87% <\J “

1. NaH, HCOMs

2 NHNH,
2 XO xHcl

X=Br 21 (48%)

K ) >
\\‘ z'\

¥l 22 (50%)

phenylpyrazole ids 21 and 22,

\
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Fig. 6. Synthesis of dinryliogdonium ealis 24 and 28,

!

electron-withdrawing group (nitro, CHO, CN, etc.) essen-
tial to aslivote the aromatic ring, In the case of arylpyrazolo
steroids, the pyrazole moicty is not well suited to activate
the aromatic ring cfficiently for a nucleophilic aromatic
substitution with [**F]fiuoride, However, several diaryliodo-
nium salts have been shown to react with ['*F]fiuoride
to generate the corresponding aryl fluorides in reasonable
yield, even from non-activated aromatic rings [32]. There-
fore, we have synthesized diaryliodionjum tosylates 24 and
25 as precursors for the introduction of ['*F)fluoride into
the aromatic ring, The synthesis of sryliodonium salts 24
and 25 is given in Fig. 6,

Several methods have been roported for the preparation
of diaryliodonium salts that comprise the reaction of either
arylialkylsilanes (33], aryltialkylstannanes [34] or aryl-
iboronic acids [35] with hydroxy(tosyloxy)iodobenzenes, as
well as electrochemical methods [36]). We choose the re-
action employing aryltrialkylstannanes, For this purpose,
the required trimethylstannyl-containing steroid 23 was pre-
pared via a Pd-cetalyzed cross-coupling reaction between
iodoary! steroid 22 and hexamcthyldistannanc. Tregtment
of steroid 23 with hydroxy(tosyloxy)iodobenzene (Koset's
‘reagent) or hydroxy(tesyloxy)-iodotoluene [18] resulted in
an ¢lectrophilic aromatic substitution (ipso-destannylation)
reaction that provided the desired diaryiiodonium tosylates
124 and 25 in 28 and 57% yield, respectively.

3.5, Radiochemistry J—'®F -labeling on aliphatic
" slde chains

The synthesis of '8F-labeled steroids [¥F)-17 and [!8F]-
10 is depicted in Fig. 7. The incorporation of fluoring-18 pro-
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cceded by {'¥Flfluoride ion displscement of mesylate pro-
cursors 14 and 9 or iode precursor 16, For the synthesis of
{1¥F1.17, resolubilized ['F)fuoride (Kryptofix®/potassium
carbonate, {37]) in acetonitrile was transforred to a glass vial
containing tho appropriate preeursor 14 or 16, and the re-
action mixture was heated at 658 °C for 20 min. To remove
non-reacted ['*Ffluoride, the reaction was diluted with ethyl
acetate (2000 wl) and applied to a silica “plug" (a Pasteur
pipet with ca. 150mg silica-gel) and eluted into a flask.
Analysis of the product by radio-TLC (Br = 0.55; 80%
EtOAc/hexane) indicated a radiochemical purity >95%. The
average radiochemical yield (decay-corrected) was 4% start-
ing from mesylate precursor 14, However, the radiochemical
yield could be increased up to 14% (decay-corrected) when
iodo precursor 16 was used.

Employing the same protocol, steroid ['¥F]-10 was ob-
tained in 9% decay-carrected radiochernical yield afler the
reaction of miesylate 9 with resolubilized ['8F)fluoride.
Radio-TLC (Ry = 0.43; 80% EtOAc/hexane) indicated a
radiochemical purity of >93% after purification by silica-gel
filtration,

3.6. Radiochemistry H—'8 F-labeting using
diaryliodanium sales 24 and 28

In order to incorporate the F-18 label into the metabol-
ically stable position of the aromatic ring, we made use
of diaryliodonium salts 24 and 25 as suitable labeling pre-
cursers (Fig. 8). Diaryllodonium salts 24 and 28 differ in
the functionalization of the aryl ring, being phenyl and
tolyl, respectively. Radiochemistry was performed using
the powerful nucleophilic radiofluorinating agent K['*F]F
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Fig. 7. Radiosynthesis of '*F-labeled steroids ['*F]-17 and ["‘F]-IO,

{génerated by treatment of cyclotron-produced [ '*F}fluoride
with Kryptofix/potassium carbonate) in DMF as the solvent
at 120°C for 40 min. The use of phenyl-functionalized iodo-
nitm salt 24 gave the desired product ['3F]-7 in only 0.2%
yield, Radio-TLC analysis after silica-gel purification (vide
supra) showed the desired product ['#F}-7 (Re = 0.38; 80%
EtOAc/hexane) together with {'¥F}fluorobenzens. Because
of its volatility, the amount of [ **F}fluorobenzene could not
be quantitated.

The observation of ['*F}fluorobenzene formation is
consistent wiih the findings in the literature when non-
.symmetric phenyl-functionalized iodonium salts were used
for fluorinations with ['8F)Auoride {32]. Since the attack of
the fluoride fon preferentially occurs on the more electron-
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deficient aromatic ring, the use of the more electron-donating
tolyl-fuctionalized iodonium salt 25 should faver the farma-
tion of 118 Igbeled steroid [*"F}.7. This assumption was
confirmed, bocause using this precursor, the radiochemical
yield of ['8F]-7 could be increased up to 2%. However,
radio-TLC anal!sis also indicated the formation of large
amounts of 4-['8F]fuora-toluene as s bysproduct,

3.7. Radinchemistry 111—V3\1-laheling with
trimethylstannyl sterotd 23

Several indine isotopes such as iodine-120, <123, -124
possess decny properties sutable far in vivo imaging by
positron or single-photon emission tomography (PET or

Fig. 8. Radipsynthesis of " Felubeled steroid ["F}-7 vin diurvliodaninm salis 24 and 2.
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Comparisan of the RBA values within o third series of
compounds reveal a strong influence of the halogen attachod

" to the phenyl ring on the GR binding affinity, By far the best
 binding affinity is observed with 4-fluoropheny! pyrazole 7,
* being 56%. With brominc in compound 21 or ioding in com-
" pound 22, the RBA drops to 6.5 and 1.5%, respactively, The

low RBA values for bromine- and iodine-containing steroids
21 and 22 in comparison to flucrine-contajning steraid 7
confirm the beneficial effect of the 4-flucrophenyl moiety in
terms of high binding affinity to the GR.

4. Discussion

In our effort to develop imaging agents for brain GRs, we

- have prepared several novel arylpyrazolo steroids. The com-

pounds that we have synthesized can be divided into threg
classcs: 4-fluoropheny! pyrazoles possessing a 17a-atkynyl

. side chain, 4-fluorophenyl pyrazoles containing a selection

of different substitution patterns in the D-ring, and com-
pounds which differ with respect to the halogen attached to
the arylpyrazole moicty. All steroids were tested for bind-
ing to the GR, and their lipophilicity (log Pow valucs) was

, calculated.

We found that ail steroids containing a 4-fluorophenyl
pyrazole moiety possess at least the same binding capabil-
ity to the GR as the natural stress-induged hormone cortisol
1. Relatively high binding of 50 and 56%, relative to dex-
amethasone, was observed for compounds 5 and 7, which
contain the intact 1,3-dihydroxyacetane side chain ar the rel-
atively small and neutral 17a-propynyl side chain, respec-
tively. These binding affinities are 6-7 times better than ths
GR binding of cortisol 1. This finding also shows thag the
L3-dihydroxyacetone side chain is not necessary for high
GR binding and can be replaced by neutral !7a-alkynyl

_side chains, By comparing the measured RBA values, it

also became evident that basic substitaents like morpholine

i and to a greater extent pyrrolidine and piperidine diminish
' (iR binding significantly. The GR secms to tolerate neutral

17a-alkynyl side chains rather than basic side chains. Ap-
parently, the basic character of the cyclic amines scems to
have more inflyence on the GR binding than the steric bulk
when the RBA wvalues of the strong basic pyrrolidine 11
(RBA = 7.5%) and piperidine 12 (RBA = 8.5%) are com-
pared with the less basic morpholine 13 (RBA = 17.5%).
Further evidence for the GR tolerance toward madifi-
cations of the steroidul D-ring was revealed by the rela-

“tively good binding affinities of ketone 6 (RBA = 18%

and oxetanone 18 (RBA = 22%). However, only mod-

“erate binding affinity of 11% was found for 21-fluoro
_steroid 17, which represents a compound with a modified

1,3-dihydroxyacctone side chain, The beneficial effect of

" 4-flyoraphenyl pyrazoles on the GR was confirmed by com-

parison of the RBA values of fluorine 7 (RBA = 56%),
bromine 21 (RBA = 6.5%), and iodine 22 (RBA = 1.5%).
By introduction of the halogens bromine and iodine into

‘
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the aromatic ring the electronic and stcric charagteristics
apparently prevent any sufficignt binding to the GR. This
offect is especially distinet when iodine is used.

Selected candidatos were chosen to investigate the label-
ing of arylpyrazolo steroids with the shon.lived positron
emitter fluorine-18. The fluorine-18 lube) could be ensily
introduced into aliphatic side chains to afford radiolabeled
steroids ['*F}-17 and ["¥F1-10 in radiochemical yields of 14
and 9%, respectively. It is noteworthy that the incorpora-
tion of fluorine- 18 proceeds well despite the free OH-groups
present in precursors 9, 14 or 16.

In an effort to label arylpyrazolo sterojds in & metabol-
ically stable position, we attempted the synthesis of
fivorine-18 labeled steroid ['F).7. Since the aromatic ring
is not sufficiently activated by a strang electron-withdrawing
group, we uscd diaryliodonium salts 24 and 25 as precursors
for the. incorporution of fluorine-18. The experiments show
the influence of the structure of the iodonium salt used on
the yield and produet distribution, Todonium salt 25 contains
4 more clectron releasing tolyl substituent compared fo the
phenyl ring in 24. This chdnge causes an improved yield
in the attack of the ['*F]flupride to the steroidal part of the
iodonium salt, Despite the low degay-correeted radiochem-
ical yields (0.2 and 2.0%, respectively), the mctabolically
stable fluorine-18 labeled glucocorticoid [!8F)-7 represents
an interesting agent 1o investigate furthier for the study of
brain GR by means of PET.
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Fig. 9. Radiosynthesis of '*'I.tabeled steroig ['*F]-22.

SPECT), The convenient half-life of iodine-131 (n,2 =
8.04 days) makes this isotepe ideal for the elaboration of la-
beling protocols using iodine isotopes. Several radioiodina-
tion regctions using organomctallic intermediatos have been
shown to be very effective, rapid and sitc-specific methods
for the incorporation of iodine isotopes into small molecules
like steroids [38]. In this context, the use of prganostannanes
has provided especially good results for the radiciodination
of aromatic rings via iodo-destannylation reactions. Thus,
we nsed organostannane 23 as a precursor for radiolabeling
with jodine-131 (Fig. 9). For this purpose, [**'[]Nal (ca.
2uCi, 75kBq) in a bufier solution (5% NaOAc in HOAc)
was oxidized with HaO2 in HOAc. The progress of the re-
action with tin precursor 23 was monitored by radie-TLE.
The rcaction was completed after 30 min, at which point a
solution of Na3S;0; was added to stop the reaction, After
silica-gel purification (vide supra), the eluate was analyzed
by radio-TLC (Ry = 0.47; 80% EtQAc/hexang), which
indicated a radiochemical purity of >95% for {!}']}-22.
Radio-TLC analysis revealed the formation of 78% of
[2'1}-22 besides non-reacted ['3' Iliodide,
1

3.8. Glucocorticoid receptor binding affinities and log
Posw values of arvlpyrazolo corticostereids

The GR binding affinitics of all arylpyrazolo steroids
and reference compounnds dexamethasone and cortisol 1 are
listed, along with calculated log Po/w, values in Table §.

The GR binding affinities were nssayed using liver cytosol
from adrenalectomized rats, with [YH]dexamethasone as ra-
diotracer and unlabeled dexamethasone as standard (RBA =
100%), All steroids tested in this work show lower GR bind-
ing it comparison to the synthetic and high-affinity ligand
dexamethasone. However, some compounds still exhibit ap-
preciable binding, up to 56% that of dexamethasone, which
is considerably better than the binding affinity of the natural
hormone cortisol 1 (RBA = 8.4%), Moreover, all synthe-
sized’ arylpyrazolo steroids show an increased lipophilicity
(expressed as calculated log Posw values) by at least one or-
der of magnitude compared to dexamethasone or cortisol 1.
The ¢nhanced lipophilicity might be a benefit for improved
blood-brain-barrier penetration when appropriately radiola-
beled compounds are used for brain imaging studies.

Within the series of 17a-alkynyl substituted sterpids, the
charcter of the terminal substitutent shows an interesting
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Table 1

Relative hinding affinities (RBAs) of arylpyraralo steraids for tie GR
Compound RBA (0C) (%) Log Poyy®
Desamethasone 100 206
Cortisol 1 g4P 1.43, (1.61%)
s 50 346

6 18 130

7 s6 4,50

8 3 3.34

10 37 4.

11 1.5 4.82

12 85 ) 5,38

13 17.5 391

| 22 1.08

1?7 il 387

21 6.5 522

22 1.5 54K

Hach value repregents the mesn of two determinations, with 5 coefficient
of variancg of 0.3,
" Log Py values have boen catculated based on ACDLabs predictions.
b Literature value [8].
¢ Literature value [39).

cffect on the RBA value. In the case of the neutral ter-
minal substituents F (10), OH (8) and Me (7), the RBA
values vary between 37, 31 and $6%, respectively. These
values represent relatively good binding to the GR, and the
binding is significantly higher compared to steroids 1113
containing basic groups. Thus, the morpholine-containing
steroid 13 reaches an RBA of about 17.5%, whereas the
RBA drops markedly when more basic eyclic amines are
used, being 7.5% for pyrrolidine 11 and R.5% for piperi-
dine 12. These findings indicate that neutal side chains
support GR binding better than basic side chains. Nev-
ertheless, all measured RBA values within the serics of
17a-alkynyl substituted steroids display at least the same
{compounds 11 and 12) or better GR binding (compounds
7. 8, 10 and 13) compared to the natural occurring steroid
cortisol 1.

In the second set of compounds, the 1,3-dihydroxyacetone
side chain containing steroid § shows tho highest RBA value,
50% relntive t dexamethasone. In contrast, the correspond-
ing 21-fluoro compound 17 displays a reduced binding affin-
ity of 11%, which is comparable to that of cortisol 1. On
the other hand, structurally very different ketone 6 and oxe-
tanone 15 exhibit moderate to good hinding of 18 and 22%,
regpectively.,
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