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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re:  Expediente No. 07-050.827
Solicitud de patente a nombre de JANSSEN PHARMACEUTICA N.V.

Yo, DILIA RODRIGUEZ D’ALEMAN, identificada como aparece al pic de mi
firma, domiciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada
de la socicdad JANSSEN PHARMACEUTICA N.V. domiciliada en Beerse,
Bélgica, solicitante de la patente de la referencia, snterpongo_recurso de reposicion
contra la resolucién No. 37823 del dia 19 de Julio de 2011, y notificada 2
nosotros el dia 11 de Agosto de 2011, expedida por el Superintendente de
Industria y Comercio, por medio de la cual se niega el privilegio de patente para
la solicitud contenida en el expediente de la referencia,

1. FUNDAMENTOS DEL RECURSO

1. Mediante Oficio No. 04006 notificado por fijacién en lista el 4 de marzo de
2011, su Despacho formulé requerimiento con base en ¢l articulo 46 de la
Decision 486/00.

2. En este sentido, y con razén a lo dispuesto por la norma (particularmente
por el articulo 46 de la Decisién 486/00), se concedi6 a mi cliente el término
de 3 meses contados a partir de la fecha de notificacién del Oficio No.
04006. Es decir, mi poderdante tenia hasta el 4 de Junio de 2011 para dar
contestacion al requetiriento mencionado.

3. El dia 6 de Abril de 2011 mi cliente radicé memorial mediante el cual dio
respuesta completa al requerimiento formulado a través de Oficio No. 04006
y con base en el articulo 46 de la Decision 486/00. Es decir, teniendo en
cuenta que el t€rmino para presentar respuesta al requerimiento en cuestion
vencia el 4 de Junio de 2011, mi cliente obré con completa diligencia y
cumpli6 con su deber de dar tespuesta al requetimiento dentro del término

legal.

4. No obstante lo anterior, la solicitud de patente en referencia fue negada
mediante resolucién No. 37823 del dia 19 de Julio de 2011 alegando que
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mi cliente no dio respuesta al requerimiento formulado por su Despacho
con base en el articulo 46 de Ja Decisién 486/00.

Considerando que mi cliente si dio respuesta de manera completa, adecuada
y dentro del término legal al requerimiento formulado por medio de Oficio
No. 04006 y con base en el articulo 46 de la Decisién 486/00, no existe el

més minimo fundamento legal para haber negado la solicitud de patente en
referencia.

2. PETICION .

»

Teniendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente:

a) Que de conformidad con lo previsto pot los articulos 3 (inciso 3); 35 (inciso 2)
y 39 (inciso 2) del Cédigo Contencioso Administrativo se consideren y se

tesuelvan TODOS los argumentos y TODAS las cuestiones planteadas asi como
las que aparezcan con motivo de este recurso.

b) Que se revoque la resolucién No. 37823 del 19 de Julio de 2011 expedida por
el Superintendente de Industria y Comercio, y se proceda a conceder el privilegio
de patente de invencién a la solicitud de mi mandante.

3. ANEXO

Anexo copia simple del memoral mediante el cual mi cliente dio respuesta

completa al requerimiento formulado a través de Oficio No. 04006 y con base en el %y

articulo 46 de la Decision 486,/00.

Sefior Superintendente,

DILIA MARIA RODRIGUEZ D’ALEMAN
C.C. 41.654.882 de Bogota.
T.P. 20824 CS]
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONLES
E. S. - D

Re:  Expediente No. 07.050.827
Solicitud de patente a nombre de JANSSEN PHARMACEUTICA N.
V.

Yo, DILTA MARIA RODRIGUEZ DALEMAN, acuando como apoderada
sustituta de acuerdo con la susntuadn adjunta, identficada como aparece al pie
de mu firma, domiciliada en la carreka 11 A No. 86-53, piso 6, obrando como
apoderada de la sociedad JANSSEN PHARMACEUTICA N. V., domiciliada
en Beerse, Bélgica, solicitante de la patente de la teferencia, en respuesta al oficio
No. 04006 notificado por fjaciéon en lista el 4 de marzo de 2010, relacionado con
¢l concepto téenico de fondo No. 259, me pernuto informar o siguiente:

Acompanamos copia informal de los siguientes documentos:

MOTTETT, Robert B., Rober Andre., SKALETZKY, Lows, “Angulcer agents.
P- Aminobenzamido aromanc compounds™. JOL. MED. CHEM., 1971, vol 14,
no. 10, pp. 963-968: Publication Date  (Web): October, 1971, DOI
10.1021/15m00292a019; v '

NILSSON, Jonas W. ¢ Col. “Solid-Phase Sintesis of ]ibl’llie‘\ Generated from a
4-phenyl-2-carboxy-piperazine scatfold”. J. Comb. Chem., 2001, 3(6), pp. 546-
553. DOI: 10.1021/¢c0100130. Publication Date (Web): ‘\eprembu 6, 2001,

Con la presentaciéon ante ese despacho de estos dos articulos se da cabal
respuesta 2l requerimiento exigido por el sefor Examinador con base en lo

manifestado en el ardeulo 46 de 1a Decision 486.

Senor Supetintendente,

DILIA MARIA RODRIGUE
CC. 41.654.882
TP 20824 CS}
NEA
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SENORES

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E S D ’

REF: '
EXPEDIENTE NR. : 07.050.827
SOLICITUD DE PATENTE A NOMBRE DE JANSSEN
PHARMACEUTICA N.V.

Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de mi
firma, dormahada en la Carrera 11! No. 86-53 Piso 6, atentamente digo a
usted que.‘ susguruyo el poder con que obro a la doctora DILIA RODRIGUEZ
D ALEMAN donncxhada en Bogota, D.C, portadora de la tarjeta
profesmnal No.’ 20 824 con las r}usmas facultades con que me fueron

conferidas para este caso.

) T —

C.C. 39.779.452 de Usaquén
T.P. 68.228

Acepto sustitucién

DILIA RODRIGUEZ D "ALEMAN
C.C. 41.654.882 de Bogota
T.P. 20.824
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Antiulcer Agents. p-Aminobenzamido Aromatic Compounds’

1
RouexT Brucet Movrerr,” AxoRt RoBERT, AND Louis L. BRALETZET PJ
F———-—'—-—-—_H.__ N . . . .

Rezearch Labovetories of The Upjohn Company, Ralamaioe, Mickhipen 900!
Received dpril €5, 1571
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A scries of 2-(paminobentamidopyridice (1} were found W bave s powerful inbibiting cflect on experimental
gastc ulears in rals,  Atachrent of the p-amingbenramido group st other poaitions oo the pyridine ring, or
rubstitution of other njtrogen beterocycles for pyridine,
Toumd 1o be highly ective, but quite taxic. Tho compds wers prepd [rom p-sitrobenzoyl chlaride and tho requirite

 arotoatic smine, folowed by reduction of the NO, poup. A sumber of alermediatsy and analoga sre reported.

Gastrointestinal ulgers are commonly treated by diet,
antacids, anticholinergics, or surgery.  Anticholinergics
reduce the umount of gostric juice and ite acidity and
also the motility of the stomach and intestine. Al
though widely used, they are by no means the foxl
angwer, Cinstric uleers can be produced in mts by
resteaint, forced exertion, pyloris ligatien, or by od-
ministration of certain adrepal cortical hormenes.
Aunticholinergics are active in preveating all these
types of ulcers; however, it has been our goal to find an
antiuleer agent that does nol work by anticholinergic
mechanism.

For screening, compds were selected that were
thought not to be anticholinergic either o the baais of
structure or begause they were inactive in the Magnus
or other antichobinergic test. Any compd found to
prevest exertion ulcers® in rats was retested as an
anticholinergic. Il innctive at doses much higher than
the aptiulcer dose, it wns studied for prevention of all
the above kinds of uleers.  Thus, o series of compda EI)
wis discovered, many of which showed aatiuleer n:r:-

Hvity.}
LT e
A é
[

N,
&R =~ 3CH,
21 R-H

The most sctive was 6, This is related to the weak
antibecterin! “carbopyridin™ (2) which in turn is
related to sulapyridine, Compd 2 was found to be n
much weaker antiulcer agent than 6. Likewise,
changing the positiona of the various groups on the
tings, sdding other groups, or changing their nsture,
reduced ar eliminated activity {Table I). The replace-
ment of the pyridine ring by various other heterocyclic
rings (Table II) also greotly reduced or eliminnted
activity, Surprisingly, substitution of o benzene ring
in place of the pyridine ring gnve n-very active onilide
(70). However, Lhis vas found to be quite toxic.

It is interesting that maay of these compdh werc
found to exhibit mild CNB-depressant activity in intact
mice, However, there was no close corvespondence
between antiuicer and CN3-depressant activities, and

i1} Presspted in part e the Crost Ll-i'u Reginel Ameriano Chemienl
Boclety Mawtiog, DeKadb, Il June 8, 10460, .

(2} A Bobem. 4. ). Nonbaa, . £ Newmis, ssd J. P. Phillips, 4n4:1. N
Diy. Die, 16, 457 (19701, |

(33 A. Poben snd L. L Sksbenaby, U. 8 Palent J418339 (1bedi:
Natherlands i pplicsiion 081 ISB4: Chem. Abar,, H, 30440 (1088).

141 R, Kuhn, E. F, Mailer. G, Wendt, wad H. Deinert Chem. For, TII. Tt
(IRAT). i

METINIA |

greally decrosscd activity. pAmincbcoisnilide waa

the better antiulcer agents were Active at doses much
lower than the depressive doses. Although certain
known CNS depressauts, (or example chlorpromarine,
chlordiazepoxide, phenobarbital, meprobamate, cle.,
were shown to prevent exertion ulcers in rats, the doses
required produced overt depression. Tables T and I
include o rough indication of CNS-depressant activity
in mice of our compd. Severnl well-koown drugs are
ineluded lor comparison.

The aminobenzamido compounds were made by re-
duction of the correspondiog nitrobenzamides (method
B). These were prepared from the appropriate amino
heterocyele or aniline and nitrobenzoyl chioride (method
A). Representstive procedures are gives in the Ex-
perimerita] Section. In several eases the resction of
substituted benzoyl chorides with Z2-aminopyridines
yizlded N N-dibenzoyl compds (Tabie III}, These
were inactive ay antiuleer agents, but could be easily
hydrolyzed o the desired benzamidopyridines (method
D). This dibenzoylation eould be svoided by the use
of the approriate benzoic anhydride (when availnble)
in place of the acid chlonde. :

In the benzoylation reaction of certain of the amino-
heterocyclic compounds, the possibility is recognized
that the bensayl moisty might go on a ring N instead of
the NH, group. However, the atructures {52, 54, 57,
59, &2, 64) are [ormilated in Table II on the basis of
annlogy with the literature.*—*

In one ease (tetramethylbenzdylation of sdenine),
two isomers were isolated, Although definitive struc-
ture proaf is not available, 64 ia formulated, on the basis
of nmr, aa the NEsubstituted derivative, and 65 ns a
ring-substituted compd, possibly & mixture of the 7 and
9 derivatives.

Experimenial Section

2-{ p-Nltrobenmamido}-3-picofine (6) (Methad A)—To & ceold
sobn of 18 g {0.0%08 mole) of p-nitrobecasayl chloride in 20 mf of
pyriding and 23 ml of CHCl, way added N.7 g (0.0R08 mole] of

(8} R. G, Fargher wod F. L Pymea, J. CAem, e, 134, HT (1919

181 P. N, Crolx sod 1. R, Hocver, U. 8. Peunt 3,338,191 {1067); Chem,
Abatr,, 8, 33085 (1003}, 3

7 O. Cipum and V. Grinstelos, Lak, PIR Tinos, Abad. View, Kie.
Ser. 343 (10ad); Chewm, Abar., 8, HI7S0S {1983).

(2) V, P. Schipsanr, B. L. Portnova, ¥V, A. Krssnovs, Yu, N, SBhlivkat,
wed [ Yo Postovishii, Zh, Orp. Khin, L, 7IE {1963 Chrm, Abar, &,
$105ad {1905),

(3 M. W, Bulioek, 1. 1. Hand, sad B. L P Seolotad, J. Ore, Chem., o,
348 (1SN, .

{30} Mahlng palnis wan taken (o sapillary 1obes wikh o paruial 1 mersioo
\heemometsr, Callbrauon of the spparsius sgminsd slasdard compousds
howed a0 swwd (6t curmrotlon, ir apecirs were shitalned on wll pury campods
sad smr {Varlea A-00F &0 reprveebiasive ansmplm.  These = in abtprd-
was with the proposed sciurss, Whem ssslyses sre indicsted oaly b7
eymbaly 0 (ba shemrenin or fUactions, aiaal, rayie ahisieed (o Lbase slomacls
or {uBclicena wetw within 2x:0,4% of theor. .
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No. riog a X of prepo Cryst salvest [T foresula Analyses ok o/ kg EDx, =ty £
1 2 H 4-NO,« A n.BuOH ] CuHWN,0, >1000 300 :
2 2 u 4-NH,* B EIOH %0 CuH, N0 C, H, N 830 1000 50
3 2 H . - 4-NH,-2HQ: c MeOH 93 CullWChiNO 850 - :
4 2 H 4-NHCOCH, s DMF-H,0 A Cull:N,0, C H N > 1000 100
5 2 acn, 4-NO, A AN 75 CulluN,0, C,H,N > 1000 - -
¢ 2 3CH, 4N, B/ a CulN0 C I, N 362 300 3
7 2 3CH, 4-NH,-2HO T MeOH 8 CufluCLN.Q C I, C, N 563 100 3s
A .2 ICH, -NH, runlests ¢ B 7 CaltyN,O, C.H, N 55
[ 2 sCH, 4-NHCOCH, s EWOH-BuOH- g5 CuHuN0, CH N >1000 — -
-2HOe T HO . MO
o2 3CH, +-N(CH,), s i-PrOH bed IR2-185 CulluN,0 C 1, N > 1000 300 73
N 2 3-CH,, (CHINCO*)  4.NO, A FRtOH 68 125.5-127 CalluNO,— C K N >1000 100 -
12 2 3CH,, (CHINCOY) ™ 4.NH, [ EtCOMs It 17041708 G HLN0 G H,N 582 100 -
13 2 3CH, 4-NO, Af CHGCl-hexsne 7.4 i66-188 Culf, N,0, C H, N >1000 ~
1] 2 3cH, INH, A “PeOH 5 177179 CuHuN©O C H N 80
15 H cH, 2-NH, ! CHCl-hexsne © 12 147-149 CuHuN©Q C.H N 562 100 %0
18 2 3CH, H ! PhH-hexane 56 128.5-120.5  C,H,NO C.H N 562 30 50
17 2 3CH, 1 4-CH, o} PhH-haxene 7 145.5-140 CuH,NO C H, N 502 300 80
I 2 3CH, [oe] D EWH-HO 6 151-182 CuH,OIN0 C H,CL N 750 300 ~.
19 2 3CH, 3,4,5(0CH, ), D/ LPOH 92 157.5-160  CuH,N,0, C,H N 562 1000 -
20 ? 1CH, 4.NO, A AcOH 75 191-192 CuH,N,0, C.H,N -
21 2 {-CH, 4+NH, B 939, BOH £ 144-145 CuHuN0 C. H, N 300 300 10 {toxio
n 2 5CH, “NO, A EtOH K0 170-180. CuHuN,0, C H N >1000 .-
23 2 SCH, 4-Nit, B - CHCl-hexsns 79 187-168 . CullyN0 C, H N 562 0w
b1 2 6CH, 4-NO, A E(OH 5 133-138 CuHyNO, C H N 122 -
25 H ecu, NH, B DMF-H,0 80 173-174 Cull, N0 CH,N 178 30 78
28 2 48{CH.} . 1-ND, A ExDAe 62 159:5-181 CLlHuNO, C.H, N >1000 - -
27 2 4,8-(CH,) +NH, B 05% EtOR 82 IM-185.5  CuHWN©O C,H, N 7t 300 30
2 2 58-(CH,h N0, A 95% EOH 28 181.5-182.56  CuHuNG, G, HN -
i 2 36-(CHuh +NH, B EOH /7 149, 5-151 CulluNO C.H, N 50 - 50
30 2 5Ci 4-NO, A FACOMe b} 213-234 CiiH N0, C.H CLN  >1000 -
B3| 2 A0 «NH, ! E1OH 2R 101.5-183  C,H,CIN;O C.H,CLN  >1000 1000 50
32 2 3-COOH 4-NO, A AcN-HO 3 275-25% Call,N;0, C it N 562 =
£ 2 3$-COOH 4-NH, B HO 2 DG dec CuHuN,O C,H N 58 100 -
X 2 &NHCOCH-p-NO,  ¢.NO, A*  AOH 81 A2H LN, CILN —
3 2 &NHCOCH-pNH,  a.NII, B* MeCO-HO 50 25025 CrulaNOy:
0.18H,0 C,H N > 1000 300 :
. 3 2 OCH,CH, 4-NO, D ©.PrOH " 139.5-140.5  C,H.N.0, C.H N - !
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Journal of Medicinal Chemistry, 1971, Vol 14, XNo. 10 965

’ s R gminor Sorponling o pnd L soln wan - atirred 3 byad b 2

55

o i

BHSOOC oXR XET 1A_{»

422

b=

80

193 _5-192
2005211
744.5-245.6
2006-209.5 -
172.3-173.5
178 .5-181
285-312 dec
188~168

205-206 .3

15
i

ELOH-MeOH

MeOH
HO-i.PyOH
MeGH
MeOH
MeOH
MeOH
MeOH

H,0
MeOH-HO -

EtDAc
M2, CO
EtOH

2,3,5,0-(CH,),

4. N1 HCY
4-NO,
+NH, 201
NG,

£NH,.
al melling oot leas Lhan 2* below highet mp vbisined.

41-CH,
J. Med Chem., T, 17% (1084)

{-NH,
4.NN,
4.NQ,
4-NH,

{-NC,

B
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ivity wers detd Ip in mica. For method see L B. Moflatt, Al 'l

* The p-nitrohensoyl chif

f Tha crude product was chromatogd on 810y and eluled with
* Too toxig to teat,

% Contains & Me group an the amide N.
1L waa coned in vacus, dimalved in 3 1. of H:O, fiterod hot Mrom catalyot, fid

‘ L.élha.ﬁl.y and CNB ac ¢
cwing definite CNE depression s given. A {—)indicdies no depression was obrerved,

¢ The proceduse for producing axartion ulcers tn rats han been teported.t EDuw is the oral dosa o

ha uleers.

A (—) indicates tha compd waa gubstantially insctive. A hlenk indicates the compd waaipot

' See ref 10,

, Table [, leutnotes a and . The lowent doas sh
dicates this compd wes nol tested.

taking into acoount both the rumber aa severity of L

¢ Bpecific prepn given in Experimental Saction.
Lo Lhe 2-(methylamino}-3-picoline in CHC, and

t Hydrogenation in n-BuQH.

* Hydrogenalion min in glacis] AcOH with PtQ, In place of PA/C. The eryatd and driod product was foy! d

pyridine below 50° and stirred al rvom temp for 2 hr.

* Prepd in these-laboratnries by Mr. Jemey E. Blafomd.

! The product of hydrogenalion was inad in the resction mlrt.

id

8-diaminapyridine Lnd sn excom of p-nilrobenioyl chloride.

to cuotain 0.84%, HO {equiv 1o ¢.18 HO/mol).

~ Prepd froem 2

* Yislda ers caled on mate
* Boorel 4.
by Karl Fischar anal,

Hanze, and P. H. Seny,

some casey tiild atimulation was obwetrved. A blaak in
to reduce ulcer lormetion by 509,

tested.
tide moln was added

MeOH in T,

conted.

* E Koenings, G. Kinne, and ¥, Wetm, Chem, Ber., 57, 1172 (1921).

ovErnight ﬁéﬁhﬁiﬂ%ﬁ%‘ﬂﬁﬂ'mia.q
g {T5%) ol yeliow cryxl, mp 186-198". A mmpla wes reurystd
from AcOH-H,0, mp 1D6-197%,

2{ p-Aminohenramido }-3-picoline (8) (Metwod B).—A mixt of
13.58 g {0.027 mole) of § snd 150 ml of 709, eq AcOH was
bydrogenated with 1| g of 30%, Pd/C at 3.5 kg/em' and 25°,
After &ltn and evnpn in cacus alt 50°, the product, was dissolved
in CHCL, washed (5% NeHOOu, water), and again evapd,
The amorphous sclid aysid dowly {rom EtOH giving 11 g of
light tan cryat contg ELQH, mp 170-174,5% (after sintering st
50%}). This was sublimed st 0.002 mm in « bath vp W 1T2*
yielding 5.8 g (48.5%) of nearly while solid, mp 177-179", cantg
no soivent. Principsl specura baods were: ir {Nujol mull) 3450,
3400, 3320, 3210 (NH): 1640 ero~! {amide CO) and numercus
wom bands; uv (EWOH) 296 and 218 mu; sod nmr (DMF-d,}
4 277 (e, 3, CH,}, .95 (brosd 4, 1, CONH), 5.7 (brosd », 2, NH,),
and between 6.8 and 8.4 {m's 7, arom H's).

Dibydrochioride (7){Method C).—A soln of 20,0 g {0.088 rmole)
of 6 in 200 m] of MeOH waa strongly acidified with methanolic
HCL The resultling cryat were eollented, washed (-PrOH), and
dried, yiclding 24.4 g (94%) of white solid, mp same dec a1 240-
250°, but not sil melled st 340°,

Malenis (Salt) (B).—A soln of 20.0 g {0.088 mole) of § in 200
ml of MeOH ers trested with o sobn of 11.6 g (0.1 mole) of maleic
acid in 50 m] of MeOH. On diln with 100 ml of -PrOH, 128
g (755} of yellow cryst was ohlined, mp 132-14°, Recrysin
from 129 ml of ELOH guve 17 g of yellow eryst, mp 134—135.5",

4'«(2-Pyridylcarbamoy| nceiantide (4).—A saly of 3.0 g (0.014
racle) of 2in 10 mi of AcyO and 10 @l of AcOH waz hested on a
sleam bath for 15 min, coned in vacuo, and dild with 1g Na,CO,.
The product wan collected, washed (H.0), snd recrysid from
DMF=-H.0, giving 2.9 g (81%,) of solid, mp 203-2H4°.

4'-[(3Methy - 2-pyridyl arbamoy lacetanilide - THAO (93, —A
soin of 3 g (0.013 mole} of § (n 75 mt of AcOH was reflused for &
by, coned v vacus, and dild with water. The product way col-
lected, drind, and recrysid from & mixt of 10 ml of 5%, ELQU and
5mlal BuOH yielding 2.0 g (855} of solid, mp 206°. This was
found by Karl Fischer anal. to be the dihydrate. Caled (CuHu
N0 2HWO): HyO, 11.80; found HWO, 11,74,

Z-| p-{ Dimetby bmino )enzamido) -3-pleofine (10).—A aoln of
Z7.2 g (0.1 male} of € in 200 mi of MeOH, 20 m) of AcOH, and
30 ml (0.37 mole) of 37%, ag CH/Q was hydrogensted with 2 g
of 30% P4/C 1, 3.5 kg/om? and 25°. ‘The theor amt of H, wia
sbsorbed io 5 br.  After fill, the soln was evapd in camus, mized
with ice walar, and adjusted Lo pH 8. The solid wos collecied,
wished (eq NaHCOh, HeQ), and dried, giving 234 g of oeardly
white soiid, rap 176~182.5". Thia was recrynid from 300 ml of
-PrOH yielding 19.6 g (T7%) of Light tan orywt, mp 179-184*. A
second recrysin from ©-PrOH gave oryst, mp 182-185".

2{o-Amicobenzamido-3-plootine (15)L—A aoln of 13 g (0.3
mole} of 2-amino-3-picoline and 105 g (0.1 male} of isstoic
anbydride in 100 ml of DMF was hested wnder refiux for | hr,
poured into ice water contg 10 g of Na,CO,, and extd with E4,0.
The Et0 soln wan extd with dil HCl, and the ext was basified
with NntCOv. The resuliing oil was exid with E4,Q, washed (satd
NeCl), and dried (MgS04}. Evapn left an oil which was chro-
malogd on {0y and ehitod with 55, MeOH in CH.ClL. The
product solldified on Llrilumsiion with ELO-hexane snd was
reerysid from CHCL-hexane, yielding 7.3 g (327} of aryst, mp
T-14E".

Z-Bensamido-3-pleoline (16).—A moln of 21.6 g (0.2 mole) af
Z-amino-J-picoline and 22.6 g (0.1 mole} of Bz QO in 500 ml of
ether was allowed Lo stand at roam vemp for 24 ht and evapd 10
dryness in oeruo. The residue was dissolved in CHCly, washed
{107 NaCOy, Hy0, satd NaCl), and dried (Mg50,). Evapn
Ieft s guio which oysid on brituration with E4O-bexane, and wan
reerysid fint from aq EtOH then Irom PhH-bexane yielding 11,85
¢ (509,) of white ealid, mp 128.5-130", .

33440’ 85 -Hexamaihoxy-N-{3methyl-2-pyridy)d)vensam-
e {T7),~To & soln of 48,2 ¢ {0.2 mole} of 3,4,%trimethoxy-
benzoyl chioride in 100 ml of dry pyridine was sdded 10.8 g
{0.1 mols) of Z-amino~J-picoline. Alter stirring on & stoam bath
lor 2 kr, mont of the pyridine way distd v patue and e residue
won chaken with ice water. The product was collected, wanhed
(H,Q, nq NayCO,, HyO), and dried, giving 43.1 g of solid, mp 151~
156, Recywtn from 320 mi of -PrOH ylelded 38.4 g {TT5%) of
whita cryst, mp 158-160.5%. The dibensoy! - slntcture was
confimmed by ome and mam epec: it {Nujol mull) 1700, 1645
en=! ({Oa=0) and no NH/OH absorption; nmr (CDCL) § 2.33
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Method
an x o o
8 +ND, A
8 oNH, B
0y +NO, A
x
g(\_ NH, B
N e
(:[.)_ 4-NO, A
o
C[N). 4+-NH, B
C!:;_ NH,-2HQ s
G e
Q “nH, B
';'} +NOp A
{:‘)_ 4-NH, B
uﬁ 4-NO, A
N £10, A
"
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Taste 1

ol

Cryeta sotreat
EtOH

EtOH-HO

DMF
MeOEIOH-

MeOEWOR

MeOEtOH ~Ma0H.

MeOH

DMP

DMF-Me«OH

DME

DMF-McOH

MeOEWH.

Thd,
ar
55

Mol sc
193-184

28-229

>380

275.5 dee

308-311

275217

>360.

338-339

303-306 deo

273-273.6

208, 6-299"

235 dee

>380

Eorplirieal
tormale

CubuN,Oy

CulpN O

CuHWNO, -

CuHuNO

CuHiNO,
CuluNQ
CuHuChNO *
CHINO,
C,HNO
CHNO,
GHNO -

CuH/CIND,

CuH,NO,

LDw
Analyd ey

C. H,N >1000 -
C H N >1000
C.H N sa1
LA @
C.H N >100a

C H,N

G HQN. 178"
C KN >1000
C H N 750
C, M, N [
C, H,N 178

C. H, QN >1000

C HN 750
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& "\)j} N H, B 210 R U245 CuHulN© C HN >1000 300 50
: v
o« Py " .
: : 2,3,3,6-(CH. I Xylene 82 1R7-1R9 CuHnlN.0 .C,H,N >1000 1000
] N :
8 . 2,3,3,6-(CHy} ‘MeOEWOH* 6.3 260.3-263.5  CuHaN©O C.H N >1000 100
- MA
\=n
NN
8 uv.—l\{\ 4-NO, - A DMF 57 M8-HRdeo  CuHN.OB C,H, N, B 562
67 m.z:j £NH, - “PrO¥ ® 235-257 CoHuNO3 C,H.N,8 750
8g. m 4.NO, A DMP-EtCOMo B2 294.5-208 CuHWNOB C, R, K8 > 1000
[ m -NH, B E\COMo : 88 _190.5-201.5 G, HuNOS C,H,N,B 318
N
@ n 4+NH, ' 234-241" CuHaN©O 422 100 40
H o-CHC +NO, A EWOK 101-162 CullulN.0, N > 1000 300
-T2 o-aicA, 4-NO, B "CHCh-hmaane 1851567 Culh N O N nod 30 ‘
iz R . INH, t 122-124° CuHuN0 150 100
4 " 2.NH, B Ph 81 118118 CollaN/0 C,H,N 1000 300
81 Atropins sul. CuHuNOS 318 100 1.0
fate
82 Bodium .pbe- CyHuNNaOy 200 100 50
‘nobarbital
83 Chlorproms- CuHiCLNO 150 20 1.5
zina- HC
8 . Chlardiszep- CrHeChLNS -200 8 201
oxids- FICY
8 Maproba- : CiHWN O, 600 200 100
mate
« Beo footoote o, Table 1. % Beoref 10. «8eca footnale ¢, Tablof. ¥ Bes [ootnoted, Tablel. <% b ./ Boo Experi 1 Soction. * Cipens, et ol., report mp 331°,  * Shehl,
nov, o al,! report mp 213-314" dec. ¢ Various feactions from DMP-McOH hsd dec points from 294 o 209° )l had ldentical it spectra. /H d in 2-meth hanal; 3.5 days w

required to completa reactlon. ! Part of the product war insol fn the aq AcOH resct mixt and aftor ftn was extd from the catalyst with warm DM
Rltrate. "Obhmad from K and K Labm. Int., Plsioview, N. Y. = G. Lochemann and T, Lobenstein, Chem. Ber., 75, 1911 (1842}, repart mp 137-)38°.
ing activity but produced splenomegnly as a nide effect. * Il Adama and L. M. Werbel, J. A mer. Chem. Soc., 80, 5789 (1938), repoct mp 180-181.;

B0, 470 {IM7), report mp 152-153°. ¢ Too tixic i tet, * A. Piutti, Chem. Bar., 18, 1319 (1AKA). ¢ Prepd by Dr. R. 8. Hai in these Inboratories by method

The fit. shown & wide discrepancy in reporis of mp. Ree Bhab, J. Indian Inst. Sci., 7, 207 (1920); Beitalrin 11, 14, 210. ¢ Adminintered 3¢ it this tert.
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{F. The rest was obtd by neutralisation of

* This compd showed good ulcer preve
» 0. Lockemann snd 8. Kogler, Chem. B
B in"EtOH with P10, catsly3ty
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L4{ 34 S:Trimpthoxy benramido -3ipicaline (13) [Matkod D,
A 500 iaf 20 g 10.04 'm5le) ol 77" 500 il -of ECOH, 430 m] of
water, and 50 ml of coned FHE1 was refluxed-for 1 hrand-evapd
in edrus a1 50% 16, & mmll ol The résidue was dild with jce
water, sirongly uidl.ﬁed with HCJ, .and extd twice with Et,0.
The 24 sbn:was adjusted 10 pH H yielding 112 g (925,) of white
solid, imip 157-158",, This wax reétyntd from i-PrON gving 10 &
of white cryut, mp 157.5-150." . Tt
{pAminobemaiido }5-chlorogyridine (31},—A mixt of 50 ¢
(0.18 male) of 30 and 300 ml.of MeOH waa hydrogenated with 5 g
_ of 3% T'4/C and milfided" st 41 kg/cm! and 145°. The produst
was disbslyed jo CH,Cl,, filld from extalynt, and evapd in racuo,
The residue 'was eyt from EWOH yielding 12.3 g {28}} of tan
ayst, mp 191.6~103%. .. -
Attempla to earry out ‘this.reduction with Pd/C.(method B)

(P~ o te- HIC) 139).—A soln ‘ol .24.0 g

A1 il 235’ sl ol 4% ag HC) was dild wiib 18,

'PrOE - yiclding 258 g (75%) of Auffy white eryBl of mono-
hydrochle: mp ‘244 5243 5

u}&Tm«&yﬁNdwyddth“uﬂdg- HC) (47).—A sola

the EiperimentakSéct
ed without p Lion ‘a
d..:Orybtn from Z-methoxysthnnat
nd 300 i of coned HCL.. A

of 14,3  {0.04 thale) of 2,3,5,6-Letrmmel bylbenzaic acid and 85 ml |

of BOCH in 100 ml of PhF was roflicced for 3.5 hr and ovapd to
drynem n varup, This cruds aeid chioride in 53 ml of PAH wun
added to & soln (9,45, 0.1 mole) of 4-aminopyridine and 13.8 ml
(0.1 mbie) of ELN In 100 ml of THF. Alter refluxing 1.5 br and
standing overnight, waler, PhH, and a little?AcOH were added,
snd ths mivt 'was coned v vasus, The solid wes collected, dried,
dimatved in 150 mi of MeOH and 75 ml of water af the boiling
point,: neidified with & fow drops of sg HCL, filid, and coned to
125 mlL On cooling 14.8 g (64%) of white solid e obtained,
op 285-311* dec.

2-{ p~dminobensamdo )benzimidezole (55).—This was prepd
from 142 g (0.05 molo) of 83 by method B, but much of the
product sepd a4 s solid In the resction mixt. This was fitd sad
e woln neutralized. The remulting free bnse waa reeryatd from
507 methoxysthanal in MeOH giving 1.6 ¢ (10%) of eryst, mp
I75-277",

(11] From Engelbard ladyriries, Tha. Newnrk, N, J,

BNSDCTIO, XP_____ pOoSTINA_L>

urification ‘as |

ki (38T i i) e
writh DME.andithe soln d i oaé
1O er

chloride) wis T0%. s "

N2.3.8,6-TetramiethyBonroriadenine (84} and 7- and/or §-
(235 6-Tetramedy Ibenzoy Jadunine (65),—A scln of 193 g
{0.08 mdole) of 12Lw1gi?im'el'h}]benxoic naid in 50 ml of ‘BOCN,
and 50" ml of FhH wus'refluxed far 2 br. and evapd ¥n pocia,
The crude acid chlorids wis dusalved In 50 m) of PhH -and added
w a popension of 10.8 g of enine in B0 ral of dry pyridine.
Alter stirring ¢n a steam bath'lor 3 hr, the soln wan evapd in
mcue. The rexidual wslid was pulyarisad nnd stirred on s.steam
bath for 0.5 br wilh 200 ml of 5%, NaHCO,. The ernde solid was

volleted, washzd (H,0), dried, snd crystd from 600 mi of Tylene
Eving 18.9 g of tan'solid. This was boiled_with.1:1. of MeQH
. k of doli + below ¢ 3eOH acln: wras

{:frprn 800 i, of
RO%: 4l {on 50y

541 'mp187-1R0%;
r-CHCl) ahowed only one apot; |r
(Rujol mull) ‘3360, 3310, 2240, 3150 (NH), 1710, 168% CO,
C=N), and 1290 ém~! (CN or 'CxsG); nrnr (CDCL) 3 210 (s,
8, CHy), .27 {a, 8, CHa), 8.33 fexchangeable with DO, broad 1,
2, NH"), 7.12, 7.91, 840 {s's, 1 each, aram H's},

The above solid, insol in MeOH, wad reerynid from 40 mi of 2-
methoxyethenol giving 1.5 g nl €8: mp 200.5-3483.5%; iz (an
Si0, doveloped with 5% MeOH in CHCL,) showed only one spot;
ir 3480, 3430, 3300, 3280, 3230, 3140, 3130 {NH), 1750, 1720
(C=0), 1840 em~' {00, Comul or C=C); ame (NDMF-dy) &
2.1 (d, 8, J - 5 H, CHy), 2.28 (d, % J = 2 Hi, CHL), 7.22,
£.10, sod 841 (d's, § srom '), 74T and 7.70 (broad o'y, 2,
exchangeable with DO, NH,). Mau epet mol wi, ealed 794,35,
found 285,

4
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Solid-Phase Synthesis of Libraries Gen_erated from a
4-Phenyl-2-carboxy-piperazine Scaffold?

Jonas W. Nilsson,* Fredrik Thorstensson,* Ingemar Kvamnstrdm,* Tudor Oprea,
Bertil Samuelsson ¥ and Ingemar Nilsson® 4

Depar(mem of Chemisiry, Linkbping University, §-381 83 LinkBping. Sweden, and Deportment of
Medicinal Chemf.flry AstraZeneca RED Molndal, S-43183 Mblndal, Swedén

Received March 27, 2001

Stratzgies for finding novel Strucrures of therapeutical interest are discussed. The rationale for the selection
of the two scaffolds Nd-(m-aminophenyl)-piperazine-2-carboxylic acid E and Md-{o- -aminophenyl)-piperzine-
2-carboxylic F is described. The synthesis of the eppropriaie precursors to scaffold E and F aad their use
in solid-phase chemistry are described. A 160-member library was produced combining these novel piperazine
scaffolds with eight sulfonyl chlorides/acid chlonides oad [0 amines. The compound library prepared was
analyzed using LC-MS, showing the expected base peak in all weils at an average purity of 82%.

Introduction

The.pharmaccutical industry is under continuous pressure
to prepare and evaluate novel structural motifs 1o meet an'

ever-increasing number of new protein targes being discovs]

cred and cvaluated for therapeutic use. The chemistry goai
is 1o find swuctaral motifs with broad apptications for drug’
largets in different therapewtic areas. 1,4-Benzodiazepines
belong to a well-known class of bicactive compeunds that
are anxiolytics and antihypnotics,' cholecystokinin recepior
& and B sntagonists,’ and opioid receptor ligands, ihat show
several other activities,” and which have been successfully
developed inta marketed drugs. Not surprisingly, the syn-
thesis of 1,4-benzodiazepines libraries was explored very
early using combinatorial chemisuy.’ More recently, biphenyt
structural molifs have been incorporated inlo molecules
showing broad biological activity including amihypenensive
(amagomsls of the angiotensin 11 receptor),’ antinypesgly-
cemic,” endothelin-A (ET,) reccptor antagonisis® and
cyclooxypenase-2 (COX-2) inhibitor® activity,

The advent of combinatorial chemistry has revalutionized
drug discovery making targe, diverse and drug-like com-
pound libraries available for screening against new protein
targets in a rapid and cost efficient manner. Numerous recent
publications have highlighted this development, describing
the synihesis of compound librades based on novel scaf-
folds.' However, the initial ¢fforts in combinatorial chem-
istry mainly focused on large end diverse libraries primarily

T This s the first publicniion in 8 series of scaflolds genemted around
Ih1s theme,

" To whom comespordence should be addressed, Tel: 46- 3761161,

Fax: 46-}1-7763839, E-mail: Ingeenar,Nilsson@astrmzeneca,com,

* Linkbping Universiry,

P AstmnZentea R&ED Méindal,

* Present address: EST Lend Informatics, AstmZencca R&D Molndal,
5-43183 Mdindal, Sweden,

! Present oddress; Medivir AB, Lunastigen 7, §-14¢ 44 Huddinge,
Sweden,

"' Depariment of Organic Chemistry, Archenius Laborulory, Stockholm
University, $-106 97 Stackhalm, Sweden,

F‘lgurc 1. Structural molifs frequenily obscrved in biclogically
aclive compounds,

driven by chemistry has so far had limited suecess. Notably,
the current trend is direcled toward the design and synthesig
of smaller and target. based iterative libraries.

Nat withstanding the current focus based on the lader
approach, there is a need for exploring ideas for general fead
generation libraries, thus discovering hitherio unexplored
strugtural classes with useful biological activities. As pan
of an efTort (0 develop novel drug-like motifs amenabte for
combinatorial diversification, we have searched for bielogi-
cally relevant tempiates in the MDDR! (MACCS Il Drug
Datz Report) database, by defining small sets of struceural
malifs atribuled to broad biclogical activities, Three such
motifs frequently observed in biologically nctive compounds
were annotated (Figure ). Templaie A was found in 673
dibydropynidines, template B in 2271 phenyl-piperazines, and
templaie € in 140 other compounds. Drugs or drug candi-
dates incorporuting these threg templates show a very wide
range of pharmacological activities. These are presented in
Table 1, and summarized as follows: 15 dihydropyridines
are mnrkclcd drugs, while 11 are in phase Il or [1T} covcnng
a total of five therapeutic areas; 16 phenyi- -piperazines are
marketed drugs, while 23 phenyl-piperazines are currently
in phase [ or 71, covering 18 therapeutic indications. in total,
there wre 65 structures in phase 17 (or higher), co; ering 23
Lhu:mpcuuc areas. Ten structures containing the tcmplalc Cc
are in the preclinical” evaluation stage, covering tlree
therapeulic areas, The sbsence of phesc | (or higher) status
for compounds having the template C is indicative of the

10.1021/ce0100130 CCC: $20.00  © 2001 American Chemical Society
Published on Web 09/06/200!
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class example matn therapeutic achiviry ar. sir.b status
wmplate A {dihydropyndines) Felodipine Ca-charnel b]ocl:cr_(gnlihypcnunsivc) té taunched
Nimedipine neuronad injury inhibiter L taunched
Furaldipine Ca-channe! blocker (antihyperiensive) 3 phase 111
Cronidipine Ca-channel blocker (enlihypenensive) 4 phase {1
Modipafant PAF anlagonist 2 phase 11
Y™M-15430-1 f31 adrenergic blocker | phase |1
Wiguldipine amtincoplastic enhancer 1 phase 1
templale 8 (phenyl pipemzines) Norftoxacin antibacierial-quinolone [ launched
Mafopidil a-! adrenergic blocker (prostate) 2 launched
Trazodonc antidepressant . 2 launchied
Nefazodone 5 HT2A antagonist {anlidepressant) I launched
Vesnarinone phoesphodicsterase 13 inhibitar {cardiofonic) I Jaunched
Levodropropizine anlitussive | launched
ltraconazole antifungal | launched
Dapiprazole 0.-2 adrenergic agonist (glaucoma} 1 launched
Oxypertine anxiolytic ) launched
Arpiprazole antipsychotic ! phasc [H
Rifalnzi! ‘antimycobuclenal 1 phase i
Fananscrin anlipsychatic 4 phase 11
Upidosin -1 ndrenergic biacker {prostale) } phase Tl
Flivanserin antidepressant 3 phase 1]
Ensaculin cognition disorders 1 phase []
Saperconazolie antifungal 2 phase il
Ro-23-9424 antibactenal-quinoiong | phase 11
R-68151 lipoexygenase inhibitar (Rniipsonalic) | phase 1
R-61837 antivirdl S phase Jl
UP-5222-04 analgesic 1 phase Tl
AZOY279R80 gplio/lla antagonis! {untiaggropant) | phase 1l
TAK-044 endothelin ansagonist (renel failure) l phase 1]
CGP-3371 hypolipidemic l phase il
“emplate € 5Q-3232 Ca-channel blocker (antihyperiensive) 5 preclinical
SHAP-6145-(+) o.-| adrencryic blocker (prostate) 4 preclinical
MDDR_266261 antiinflammatory | preclinical

# Based on'the 30B4 compounds that contain these scaffolds retricved from the February 2000 version of the MDDR database, Compounds
in phase 11 {or higher) are shown for templates A and B, but only compounds in preclinical testing are disclosed for temgplate C. * *'nr. str.”
is the number of structures in cach category. A represemtalive for cach cless is given in the “example™ column, Sce texl for detsjls,

NH
2y Yy
x |
' 7 NH,
P

U\Ifi—_-;: = Eu)\goH [ﬁ]\g,OH

o F
U= OH, NH, A= CH;. NH, O
V= H CHy, OCHy CF;, Y= NH,O

F, C1, NH,, OH 24 Hy, O

Figure 1. Genene siructure and the two: 4-phenyl-2-carboay-
piperazine scafTolds used.

novelty of this panicular class of struciures for phannaceuti-
cal applications. All three tenaplates have been shown to
block Ca-channels.

On the basis of these findings, we have therefore reasoned
that derivatives of the generic stucture D (Figure 2) would
be of general interest du¢ lo their strucrural similanity to the
bioactive templates shown in Figure 1, The goal is to cxplore
spatially defined structures having ring heteroaloms and
appropriately located functional groups that allow for
diversification in well-defined dircctions. This will ime.
mediately translate into a good understanding of the phar-
macophore, and the interactions with the biological targer
ance activity is obuained. Consequently, we have undertaken

the synthesis of several scaffolds derived from Lhe general
template D, and subsequently developed a synthesis stralegy
for production of libraries around these scaffolds. [n this
paper, we rcpon on the synthesis of two of the selected
scaffolds (E and F) and their exploration using solid-phase
chemistry, The selection of scaffoids E and F was made on
the besis of synthetic feasibility and provides three points
of diversification and furthermore provides appealing pros-
pects for libraries with different dircctional vectors, Grotify-
ingly, this structural matif appears in compounds possessing
antibacterial’? and oxytocin recepior aniagonist' activities
but most importantly remains an unexplored framework for
therapeulic explaration.

Results and Discussion

These novel scaffolds (E and F) provide a fairly ngid
framework, with well-defined directionsl vectors of the
functional groups where diversity can be introduced, thus
providing straightforward information for structure—aclivity
relationships, The stra:'cgy adopied for the test library was
o prepare the regioisomers laflb (Scheme 1) in sofution
and subsequenily altach and denivelize these scaffolds on
solid suppont. The immobilized scaffolds were subsequently
reacied with 8 different clectrophiles (acid chlorides and
sulfonyl chlorides) and 10 different amines (primary and
secondary) to produce the 180 members in this library,




5d§  Journal of Combinatarial Chemtstry, 2001, Vol 3. No, &

Nilsson et al.

e et sl s

oy ——ivw an

YT "‘m;,mwmﬂél

o Rg
nj)k e [N])ko/ v or vi
OH —— —_
C "
N A2
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¢ Reagents and eonditions: (i) BOC-ON, pH 11, diexane/H;0 L:1; {ii)

b} Iy

@,OTO o )
('

galdh

vii

T 2-C1 pH 4.5 (i) CHyl, NaHCOy (aq), adogen 464, DCM; {iv) HCL,

dioxent; (v} 2-Nuoronilrobenzane, TEA, 60 "C 10 give 58 (p-NOy), [vi)
PA(OAc), BINAP, CsCO;, 3-bromoniuobenzene, wlvene, 100 "Cw give
Sb (m- NQ,) (vity) TFM5A, anisole, DCM; {vifi) p-nitrophenyl c.arbonzlc

. Wang rcain,'t DIPEA, DMF, 80 *C.

Synthesis and Immobilizing of the Scaflolds. For the

" synthesis of the scaffold 2, piperazine-2-carboxylic acid 3

(Scheme 1} was sclectively monoprotected with 2-(reri-
butoxycarbonyloxyimino)-2-phenylacetonitnile (BOC-ON) in
dioxanelwater ui pH |1 adjusted with aqucous sodium
hydroxide. The pH was then Jowered with hydrochlonic acid
to 9.5, and benzyl chlotoformate {Z-Cl) was added, The
diprotccied piperazing-2-carboxylic acid was then esterified
using jodomethanc and agueous sodium bicarbonale under
phase ransfer conditions in DCM {dichloromethanc) 1o yield
the onhogonal]y protected pipemzine-2-carboxylic acid 2 in
78% yield."™ The tert-butoxycarbonyl group was cleaved ta
yield 4 by treating 2 with hydrochloric acid in dioxane.

Reacting Z-protected piperazine 4 with o-fluoro-nitrobenzene |

for 5 days gave Sa in 95% yield, However, direct aromatic
substitution using the corresponding m-fluorg-nitrobenzene
failed as expected due to the less activating effect of m-nitro
substituent, Instead 5b was synthesized in 78% yield using
palladium acetate, BINAP ((R)-(+)-2,2"-bis(diphenylphos-
phine}- |, 1 binaphthyl), m-bromo-nitrobenzence, and cesium
carbonate in toluene a1 100 °C.'? Deprotection of 5a/5b using
trifluoromethancsuifonic acid (TFMSA} in DCM gave the
[ree.emines 1a and 1b in 92% and B5% yields correspond-
ingly.

The scaffolds Jaflb were immobilized onto the p-
nitraphenyl carbonate activated Wang resin'® using DIPEA
{diisopropylethylamine) in DMF (dnncthy!f’orrnamndc) The,
loading (81% for 6a and §1% for 6b} was surprising’
considering the poor nuclwph:hhury of the Mi of pipcrazine-
2-carboxylates.'” Longer reaction times did not improve
Iaadlngs :

“"Solld-Phase Reactions. There arc scveral methods re-

“parted for reduction of nilro compourds on solid suppon, -1

und CrCl; {chromium(M)chloride)'? in DMF and SnCly-H,0
(tin{IDchloride monohydrate)'® in DMF were cxamined. Very
slow reaction was pbserved using the former.?! Premature
cleavage of the Wang-linker has been reported using SnCly-

J* J*

N
o .
Rt C—NH
© # x-R?

‘ 6aEb; A's NO; ; % R¥= OMe
L Tar7; R'= NH, A 10: R7e OM
[ j)LNR R* E j/‘LNR RY
xiii
1 —_
—NH C NH
Q K—Rj P X Rr3

12 1

* Rengents and conditions: (ix) SnCly-HQ, DMF; {x) RIXCI, X =8O,
or CQ (8), pyndine, DCM; (2i) TMSOK, THF; (xii) NHR'R (11), PyBOP,

. NMM, DMF; (xiii) TFA, 30% in DCM.

? i i
“ I\Cl - O\/u\cn Cf)k ¢l
(o}
1 2 k]
o] o]
|
O
Q)\CI ©, \/KCI | §=Cl
4 H 3
AY
T "<
Q o]
) &

Figure 3, Diversiry reagents 8{/—§).

H:Q due 1o formation of hydrogen chlorde andfor Sn([V)
Lewis acid cepabilities.?'! However, reduction of 6a/6l
using SnCl;-H,0 in DMF for 1B h al raom lemperature
produced a clean reduction to the anilines 7a/7b (Scheme
2} with no resin cleavage observed.® Subseguently 7a/7b
were coupled in DCM/pyridine with the acid chlorides and
subony! chlorides in chemset 8 (Figure 3). The esters 8 were
hydrolyzed to the corresponding carboxylic acids using
potassium trimethylsitanoaic in THF (tetrahydrofuran). The
lree ocids 10 were then coupled With the amines in chemsel
11 {Figure 4) using pyBOP (benzotriazol- | -yl-oxytmipymo-
fidino-phosphonium hexafluorophosphate) and N-methyl-
morphotine (NMM) in DMF to yield the amides 12, The
resin bound products were cleaved from the resin with 40%
trifluoroacetic acid (TFA) in DCM t0'provide the TFA salrs
13 of the 180-member library.

Quality Assessment and Purification. The library was
anatyzed for every compound using HPLC/UV/ESTMS, All
wells showed a base peak consistent with the expected
product {M§}. The initial analysis showed a purity of above
80% for 126 of the 160 members based on UV light

absorption.’ To further raise the quality of the library, 39
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ENJ — - compd (%) (%P purt compd (%) (%)° purt
o Oz N T2 87 S8 13a(7.10] 85 74
. 2 ; . . 13a{/5} 92 63 13a{8.10} 19 63

50
Figure 4. chrsuy reagents I]{I 10)

Tabte 2. Amount of p-Hydroxy Benzylated Product in
Different Scls/Subscls

set/subsel 13-(Bn-OH),*
130 7.9%
13af/=5,3) 25.0%
13a{/~8,7) 13.1%
13b . 15.6%
13b{/~4,8) 43,6%

“The averuge percenlage of sas/subsets of 13 converted,io the
|mpunty in which electrophitic substitution with p-hydroxy bcnzyl

calign has taken place. |

members were subjected to preparative HPLC puriﬁcalim]
using mass-rigpgered fraction coflection. After punfication!
8 second more thorough analysis?® of the eniire iibrary
showed that enly %6 of 160 members had purirty above 80%.
However, 134 of 160 of the compounds showed purity above
70%, and in ny case the purity was less than 40%. The library
showed an average purity of 82%, Notable is that almast all
ol the impurities could be identified by their mass.

The mosl prominent impurities {10% out of 18%) could
be assigned lo molecules wilh a snass 106 or 212 more than
the expected mass. A plausible explanation for this 15 that
during the cleavage of 12, some ol the Wang-linker is
liberated as p-hydroxy benzyl cation, which could add to
the members of 13, by electrophilic substitution, In ac-

cordance with thal 13b, which is more prone to electrophilic

arpmatic substitalion than 130, also shows a higher amount
of this impurity. Some impurity trends depending on the
reacled amines (chemsel 11} are also evident. The products
resufting from the more activated aromatic amines 11{7},
11{7}, and 11{8) (Figure 4) show impuritics above average
(Table 2}.

The ather identified impuritics (4% out of 15%) consist
of p-hydroxy aniline, acylated by chemset B (Figure 3). These
correspond to the reduced version of p-nitophenyl carbonaie
Wang-resin Ual has been acylated during the conversion of
Ta/7b to 9, and then released from the resin at the cleavage
step (32 to 13). The remaining impurities (4% out of 189 6]
were not characterized. : ;

Treating the resins 6a/6b with a good nucleophile afler
the immobilization and before the reduction sicp (6u/6h to
7a/7b) could eliminate the p-hydroxy aniline impurity by
mHnimizing the unrcacted p-nitrophenyl carbonate Wang.
resin. Furthermore, the cleavage step (12 1o 13) could include
some calion scavenger lo mintmize adduct o the tarpet
molecules. -

13b{/2} 64 45
133{3,1} 91 &7 13p{2.2) 17 49
13a{J 4} gl 70 136{3.2} &9 4]
13a{3,4} 100 38 yes 13b{4.5} 84 62
13a{3,40} & 75 136{3.9) 15 58
13a{4,5} 47 63 13b{6,/} 72 46
13a{s40} 93 T3 130{6,5) 8§ 1l yes
13053} W30 130{7.9} 58 G4
13a{5,7} g4 51 13{8,5) B 60
t3n{6,2} 94 80 13b{8.8} 1) 19 yes
{3n{75} 94 84 13n{§,/0) % 33

4Yicld based on NMR integrals with hzxamethyldisiloxane as
standard. ® Indicates whether the compound was purified on
preparative HPLC or not.

138{2,3} N 18

A selection of the library was subjected 10 yield determi-
nation using NMR. This selection of 20 members was made
on basis of evenly distributed compounds from a PCA
analysis including 60 chemical descnplors.® The results from
the NMR analysis are summarized in Table 3.

Library Profiling. Virtual and/or existing compound
coliections (103~ 0% compounds) are screened for their
content in druglike?® and permeable?® compounds. Two
druglike scoring schemes, onc based on Daylight finger-
prints®® and one based on estimated physicochemical proper-
ties,”" have been implemented in-house.’? Briefly, a druglike
molecule is assigned a value closer to | {i.e., it i5 classified
as belanging to the MDDR'' database), whereas a nondrug-
like compound is assigned a value closer to O (i.e., it ig
classified as belonging to the ACD» dmabase). A vaiuc of
0.5 in the druglike scores denotes an equal probability to be
classified as “drug” and “nondrug'.

Lipinski and co-workers?™ suggested, afier studying a
subsct of 2245 drugs from the World Drug Index, that poor
passive permeability is more likely when a chemical strucrure
exhibits more than 5 hydrogen bond donors (HDO, expressed
as the sum of O—FHs and N—Hs}), when the molccular weight
{(MWY is over 500, when the calculated fogarithm of the
octanol/water pantition coefficient™ (CLOGP) is over 5, and
when there are more than 10 H-bond acceptors (HAC,
expressed as the swn of Ns and Os). Any pairwise combina-
tion of the following conditions: MW > $00, CLOGP > 3,
HDQ > 5, and HAC > 10, may result in compounds with
poor penncability,. We recently suggested® that leadiike
tibraries should include small, polar compounds with MW
below 350 and CLOGP below 3.0.

Within this framewerk, we have analyzed the contents of
the 4-phenyl-2-carboxy-piperazine library 1o evaluate s
contents in terms of druglike and leadlike compounds, as
fotlows: This iibrary was deemed to contain only druglike
campounds, since all of them have DFPS 2 0.7 and PPFS
z 0.7, where DFPS and PPFS are the Daylight-FingerPrint-
Score and the Property-and- Pharmacophore-Feature-Seore,
that evaluate the druglike quality of  compound.’* Al the
compounds in the 4-phenyl-2-carboxy-piperazine library have
a probability higher than 0.7 to be assigned 10 the MDDR
database, as cpposed to the ACD database, Furthcrmore, 152
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cutoff, i.c., they da net violzte mere than onc of the “rute of
5" criteria. Also, 118 compounds (73.75%) do not violate’
any of the “rule of 5" criteria, whereas 34 (21.25%) violate
one of the rules. In conclusion, the 4-phenyl-2-carboxy-
piperazinc library contains at least 95% druglike struciures
that do not violate the “rule of 5", therefore are expected to
yicld 2 good percentage of pood-permenbility compounds.

We note that only 36 compounds (22.5%) satisfied the
leadlike criteria {CLOGP % 4.0, and MW < 400}, in addition
10 being druglike. This is due 1o the inherent nature of this
library, expecied to be drupiike, but not leadlike accerding
to the previous definition,” for the following reason: The
scafTolds depicted in Figure 2 have low MW (205 Da) and
CLOGP {—0.04), allowing for diverse alterations in the
substitulton pattern af the disconnection moieties, i.e., at the
amine angd at the keto groups in Figure 2. Therefore, tarpe
variations in MW and CLOGP are permitied in the final
cempounds. These allerations can furthermore be chosen to
meet the “rule-of-5" and druglike critcria, implying that this
library is both “druglike"” and “leadlike” in the same time.

Conclusions

This paper demonstrates one approach {o enrich a com-
pound coilcction 1o be used in biclogical screening in the
early lead discovery phase. The focus of this test librasy is
not direcled toward a given drug target but rather toward
the discavery of novel fairly rigid frameworks with diversiry
functions that cover a pre-defined structural space. We havé
alse cmphasized the concept of leadlike and druglike
melecules (e.g., within the constraints imposed by the "rule
of 5.7 bul less stongenl with respect 1o “leadlike™™), 1o
provide good starting poims for lead exploration once a
compound is confirmed as a hit in biological screens, A
scregning library composed .of 160 spatially scparmted
compounds® has been generated using rwo regioisomers of
the scaffold diversified ai twa positions with eight ¢lectro-
philes and 10 amines. The methodology is well adapled for
crealing larger libraries as well as for using other sets of
clectrophiles and nucleophiles. The further exploration of
the scaffolds E and F and other modifications of the pencral
scaffold D are ongoing.

Expcrimental Section

“General, Toluenc was distilled over calcium hydride prior
o use. TLC analysis was performed on Merck precoated 60
Fisa plates. Column chromatography was performed using
silica get 60 (0.040~0.063 mm, Merck), Organic phases were
dried aver magnesium sulfate menphydrate, Concentrations
were perforned by rotary evaporation. NMR spectra were
recorded on a Bruker AC-F 250 insumen: using chloroform-
dy a5 solvent and ierramethylsifane as an intemal standerd.
HPLC/MS analyses af all samples were performed on a VG
Fisens EST Platform 2 (Masskynx) eguipped with posilive’
(ES+) and negative (ES~) electrospray detection and with'
a phatodiode array detector, Samples (~! M, 5 uL) were
injected on a reversed-phase colemn (Waters Xterra MS CB
2.5 ym, 4.6 % 50 mmy), with a linear gradient 6f 0,1 M NH,-
OAC/CH,CN going from 95/5 to 0/100 for 4 min with a flow

i 800 au for both ES+ and ES—, and UV spectra were
recorded between 220 and 350 nm. Quantifications were
based on the toial absorption in the range 220~250 nm.
Purification was performed on & semipreparative HPLC
system with mass trace triggered fraction collection (Micro-
mass, model LCZ 2000, Fraction Lynx). Samples were
separaled on a Waters Xterra CB 5 pm, 20 x 100 nun column
with 0.1 M NH,OAc/CHCN through a lincar genene
gradients going from $5/5 to 0/106 for 8 min with a flow
rate of 25 mL/min. High-resolution mass spectrometry
{HRMS) was run on a Finnigan MAT900 equipped with an
electrospruy ion source. Samples were infused at t pL/min.

Synthesis of Scaffolds: Racemlc ¥1(Benxyloxycarbo-
ny [-NVd-{tert-butoxycerbonyl}-piperazine-2-carboxylic Acid,
Methyl Ester' (2). Piperazine-2-carboxylic acid dibydro-
chlonde (20.5 g, 101 mmol) was dissolved in a [:1 mix-
wre of water and ,4-dioxane (660 mL): Using 50%
aqueous sodium hydroxide, the solution was adjusted to pH
J1. BOC-ON (27.4 g, 11! mmol) dissolved in | 4-digxane
{160 mL) was slowly added during a period of | h. The pH
was kepi constant at’ |1 during the addition. The solution
was then stirred for three additional hours, during which the
pH was apain kept constant 21 1§, The resuiting solution was
then cooled with an ice bath, and the pH was Jowered to pH
9.5 using aqueous hydrochlonc acid {6 M). The solution was
kept at pH 9.5 during. a dropwise addition of benzy!
chloroformate (21.4 mL, 152 snmol).over a period of 45 min.
After approximately 4 h, the lemperature was mised lo
ambient, The setution was left stirring ovemight (16 h). The
solulion was washed with dicthyl ether {4 x 200 mL),
acidified lo pH 1—2, and extracted with ethyt acetate (4 x
200 mL). The combined cthyl acelate extracts were dried,
filiered, and concentrated. The resulting yellow ail was
dissolved in saturated aqueous sodiums bicarbonate (200 mL)
and treated with a solurion of 40 g of Adogen 464 and 15
mL of iodomethane in 200 mL of DCM. The mixture was
suirred for 48 h and was then extracted with DCM (2 x 200
mL). The combined organic extracts were washed with water
(200 mL), dried, and evaporated. The resulling oil was
dissolved again in DCM (100 mL) and lefl 10 crysiaitize.
Several recrystallizations from DCM gave 2 as pure crystais
(29.2 g, 78%). Melting point and NMR was in accordance
with lierature.'* A more extensive NMR analysis is given.
'H NMR (250.13 MH2) & 7.42-7.2} (m, §H), 5.24—5.06
{m, 2H), 4.81-4.33 {m, 2H), 4.15=3.81 {m, 2H), [3.74 and
3.691% (s, 3H), 3.38—3.21 (i, 1H), 3.18~3.02 (dd, /= 3.6,
11.4 Hz, 1K), 2.97-2.79 {m, 1H}, 1.55-1.38 (m, 9H). C
NMR (62.90 MHz) 6 170.1, 155.8, 153.8, 136.2, 128,5,
128,2,127.9,80.3, (67.7 and 67.6],277 {54.6 and 54.1],77 52.4,
44,6, 42.4, [41.2 and 40,9}7°

Racemic M(Benzyloxycerbonyl}-pipernzine-2-corbox-

-ylic Acid, Methyl Ester (4). Compound 2 (20 g, 53 mmol}

was dissolved in I,4-dioxane (100 mL}). To this solution was
added dropwise 60 mL of concentrated hydrochloric acid
(12 M). Afer | h the solvents were evaporated, and the
residue was taken up in water and washed with tofuene, The
aqucous phase was extracled once with 500 mL of DCM
with 5% (rethylamine and then thrice with DCM, The

. e
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trated to afford 4 (14.7 g 100%) as an oil. "H NMR (250.13
MHz) & 7.38—7.22 (m, 5H), 5.20—35.05 {m, 2H), 4.80-4.60
{mn, 'H), 3.90—-3.82 (m, YH), [3.77 and 3.727 {3, 3H), 3.5
3.42 (m, 1H), 3.25—3.02 (m, 1H), 3.00--2.81 {m, 2H), 2.79—~
2.62 (m, 1H), 1.82 (bs, IH). "CNMR (62,90 MHz) d {71.2,
[156.3 and 155.8),%7 136.5, 128.9, 128.3, 128.1, 127.9, 127.6,
[67.1 and 66.9],7 [55.2 and 54.7)," 52.0, [47.} and 47.0),"7
45.1, [42.3 and 42,077

Racemic Ni-{Benzyloxycarbonyl)-Nd{o-nitrophenyl)-
plperazlnc-z-c}arboxylic Acid, Methyl Ester (5a). Amine
4 (14.7 g, 53 mmol) was dissolved in triethylamine (14.7
mL, 106 mmol), o-nitro-luorebenzene (11.3 mL, 106 mmol)
was added, and the solution was heared a1 60 °C for 3 days!
Excess reagent was removed under reduced pressure, and
the resuling yellow-red uil was punified with flash chroma:
tography (telucne/ethy) acetate 9:1) to vield Sa (20,1 g, 95%)
as a yellow oil. "H NMR (250,13 MHz) & 7.68—7.65 (m,
IH), 7.49—7.46 {m, 1H), 7.37~7.33 (m, 5H), 7.20-T7.11 (e,

"2H), 5.19-5.17 (m, 2H), 4.89-4.76 (m, [H), 4.08—3.96 (m,

1H), [3.78 and 3.72)%7 (3, 3H), 3.75—3.66 {m, \H), 3.61—
3.42 {m, 1H), 3.19--3.09 (m, 2H), 2.95-2.8] {m, |H). ¥C
NMR (62.90 MHz) & [170.3 and 370.11.%7 {156.4 and
155,71, 1453, 1449, 136.3, 135.!.128.6. 1282, 127.9,
125.1,123.9, 122.5, 67.7, [55.2 and 54.8),°7 53.2, 52.6, 51.8,
[¢1.9 and 41.6}.%7 HRMS m/z 4221339 {(M + Na)* calcd
for CioHz N3 OsNa™ 422.1128).

Racemic N{Benzyloxycarbonyl}-Nd<{m-nitrophenyl)-
piperazine-2-carboxylic Acid, Methyl Ester {Sb). An oven-
dricd (130 °C, 6 b} Schlenkiube was charged with anhydrous
toluene (5 mL}, aminc 4 (104 mg, 374 pmel), 1-bromo-3-
nitrabenzenc (50.0 mg, 249 umol), paltadium(IN-acetate
(0.56 mg. 2.5 umol), and (R)-(+)-2,2'-Bis{diphenylphos-
phino)-1,1°-binaphthyt (BINAP) (2.2) mg, 3.74 umol} under
argon. Afler 30 min of complex formation, oven-dried (130
°C, 6 h) cesium carbonate (122 mg, 374 umol) was added,
and the tube was heated at [00 *C for 20 h. The solution
was allowed ta cool 1o room 1emperature, diluted with diethyl
ether (20 mL), and washed twice with water, The organic
phase was dried and concentrated. The reaction mixture was
purified with flash column-chromalography {tolucnefethyl
acetate 9:1) 10 give {5b) as a yellow oil (71.2 mg, 178 umol,
72% yield). "H NMR (250.13 MHz) & 7.78- 7.6 {m, 2H),
7.46—7.28 (m, 5H), 7.25—7.19 (m, 2H), 5.35—5.10 (m, 2H),
5.03—4.90 (m, IH), 4.30—4.08 (m, 2H), [3.77 and 3.72))7
{s, 3H), 3.62-3.31 {m, 2H), 3.15 (dd, / = 3.93, 12.55 Hz,

" 1H), 2.96—2.82 (m, 1H). "C NMR (62.90 MHz) 170.3,

[155.7 and 155.2),)7 1514, 1492, 136.2, 129.9, 128.6, 128.2,
128.0, 1253, 1226, 115.0, 116.7, [67.8 and 67.7),7" $5.2,
54.8, 52.7,{50.9 and 50.6),3 47.8, [$1.2 and 41.1}.)7 HRMS
mlz 422,1340 [('M + Na)* caled Fof CaoHy NyOgNa™
422,1328).

Racemic Nd-(o-Nitrnphenyl)-plperaz!nL-2-carbnxylic
Acid, Methyl Ester (1a). Anisole (22 mL, 20} mmal} was
added (o a sotution of 5a (20.1 g, 50 mmol) in 500 mL of

DCM. A solution of TFMSA (44.4 mL, 502 mmol), in 200 .

ml of DCM, was added dropwise to the reaction mixture.
After 10 min the reaction mixture was gently poured into a
vigorgusly stired aqueous solution of sodium dihydrogen

mixiure was exiracted thrice with diethyl ether/triethylamine
(2:1,3 x 100 mL), and the combined organic phases were
dried and concentrated. Purification by flash column chro-
matography {ethancl/cthyl acetate 1:1) gave [a as a yellow
oil (12.2 g, 46 mumol, 92% yield). *H NMR (250.13 MHz)
4 7.73 (dd, J = 1.5, 8.1 Hz, [H), 7.54-7.47 (an, tH), 7.22
{dd, / = 0.9, 2.7 Hz, 1H), 7.14=7.07 {m, 1H)}, 4.12 (bs,
1H), 3.73 (dd, J = 3.2, 7.7 Hz, tH), 3.76 (s, 3H}, 3.45 {dd,
J=3.1,11.7Hz, 1H), 3.23~2.87 (m, $KH). "C NMR {62.50
MHz) d 171.8, 145.8, 144.3, 1334, 125.6, 122,7,12¢.9, 57.0,
54.0, 52.5, 52.2, 44.4, The pure free base 1a was dissolved
in methane!, treated with 1.5 equiv of concentrated hydro-
chleric acid, concentraled, and recrystallized from methanol
1e give 1n-HCt as a yellow solid, suitable lor storing: mp
198 °C (dec, darkens at 80 °C). 'H NMR (250,12 MHz, D20,
shifts relative to HDO = 4.75 ppm) 4 7.80 (dd, /= 1.5, §.¢
Hz, 1H}, 7.62--7.56 {(m, 1H), 7.33(d. /= 8.1 Hz, 1H), 7.26—
7.20 (m, |H), 4.44 (dd, J = 3.7; 1.7 Hz, TH), 3.81 (s, 3H),
3.67-35) (m, 2H), 3.44-3.12 (m, 4H). UC NMR (62.90
MHz, DO, shifts reiative 10 acetone = 30.9 ppm) 6 1568.5,
1448, 144.6, 135.4, 126.3, 1259, 123.7, 56,1, 54.5, 51.5,
49.3, 432, HRMS miz 266.1137 [(M + H)™ caled for
ChaM N0+ 266.1 141 1.

Racemic Vd-{m-Nltrophenyl)-plperazine-I-carboxylic
Acid, Methy) Ester (ib). Synthesis was performed using
the same method as for o-nitro compound 1a. Purification

by flash column chromatography (ethanol/ethy! acetate 1:1)

gave 1b as a yellow oil (85% yield). "H NMR 7.62 (s, 1H),
7:55 (0. /= 1,46 Hz, 1H), 738725 (m, 1H), 7.15 (dd, J

= 1.8, 8.4 Hz, 1H), 3.78 (s, 3H), 3.67~3.52 (m, 2H), 3.40—
3.15 {m, 3H), 3.13-2.87 (m, 2H), 2.62 (bs, tH). 'C NMR
(62.90 MHz) 171.1, 1511, 148.4, 129.0, 1209, 1131, 109.1,
561, 51.5, 50.0, 47.8, 43.!. HRMS m/z 266.1139 [(M +
H)* caled for CipHiNyOat 266.1141],

General Remarks for Solid-Phase Reactions. All solid-
phase reactions were checked for completion by taking small
samples af the resin, which was subsequently rinsed and
cleaved with 30% TFA in DCM. The cleavage solution was
cvaporaied and subjected to reversed-phase HPLC analysis.
In those cases where the amount of solvent is not explicitly
stated, the minimal amount o achieve good swelling was
used, Glassware was silylated by treatment with a 10%
solution of dichlorodimethylsilane in DCM followed by
nnsing with DCM.

Racemic M1-(P5-Wang)-V4-{o/m-Nitrophenyl)-pipera-
zine-Z-carboxylic Acld, Methyl Esters (6a/6b). PS-Wang
resin (2.5 g, 0.89 mmol/g, 2.23 mumol) was suspended in
DCM (18 mL). The suspension was cooled on an ice bath,
and p-nitrophenyl chiorofermate (1.35 g, 6.68 mmol) dis-
solved in DCM (5 ml) was added. After mixing, the
suspension was treated with NMM (0.73 mL, 6.68 mmol).
The mixture was shaken in an ice bath for 2 h, and then
overnight at room temperature. The suspension was trans-
ferred to a fritied reservoir. The supernatant was removed
with applied pressure of niopen pas, and the resin was
rinsed three times with DCM. The treatment with p-
nitropheny! chloroformate and NMM was repeated once. The
resin was then rinsed altiemating with DCM and diethy] ether
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was then added untit the resin was swelled, and the
suspension was transfered to o sitylated round-botomed
flask. This was then (reated wilh either a solution of racemic
-N‘#—(c;-nilrophenyl)-pipcmzinc-2-cad)oxylic acid, meihyi ester
hydrochloride sali Ta-HCI (2.02 g, 6.68 mmol} and DIPE4
{1.16 mL, 6.68 mmol) in DMF (5 mL) or a solution of
racemic N4-(m-nitrophenyl)-piperazing-2-carboxylic acid,
methyl ester {Ib) (1.77 g, 6.68 mmod) in DMF (5 mL). To
the scaffold weated resin wag then ndded additional DIPEA
(11.16 mL, 6.68 mmol). The flask was heated a1 80 °C and
shaken for 20 h. The resin was then transferred 10 a fritted
reservoir and the supernatant was removed by applied
nitrogen gas. The resin was rinsed once with DMF. The
supernatant and first rinse were collected, evaporated, and
purified on celumn chromatography 10 isolale excess scaf-
folds tafTh, Then the resin was rinsed with DMF four times,
then sliemating with DCM and diethy! ether (five times),
and finally with dicthyl ether three times. Theé resin was then
dried under vacoum for several days. The loading was 0.57
mmal/g (81%) for o-substituted (6) and .43 mmolig (61%)
for m-substituted (6b)." -

Racenlc VI <{PS-Waung)-Nd{o/m-Aminophenyl}-piper-
azine-I-carboxylic Acid, Methyl Esters (70/7b), Racemic
N1-(PS-Wang)-N4-(o/m-nitrophenyl}-piperazing-2-carboxy-
lic acid, mediyl esters (6a/6h) {10 g, loading 0.43-0.57
mmol/g) were each suspended in DMF in a fritted reservoir
and weated with a solution of SnCly H,0 (26.7 g, 118 mmol,
21=27 equiv) in DMF (15 mL). Afier shaking for 18 b, the
supematants were removed with applicd nirogen pressure,
and the resin was rinsed with DMF (five times), methanol

(two times), DCM {two times), and diethy! ether (two times). -

The resin was then dried under vacuum for several days and
then stored under argon.

Library Synthesis. Raccmic NI-(PS-Wang)-M4-{o-ami-
nophenyl)-pipcrazine-2 -carboxylic acid, methy] ester (7s3 and
racemic NM1-(PS-Wang)-Nd-(m-aminophenyl)-piperazine-2-
carboxylic ocid, methyl ester (70} were each divided onto a
plate with 96 fused Fritted | mL reservoirs, A 1otal of 80
reservoirs were used on cach plate with an average of 56
Mg resin per reservoir for 7a and 65 mg for 7h. This resulted
in a typical loading of about 30 zmol scaffald per reservoir.
The resin was swelled in DCM and sucked dry, then rinsed
with DCM:pyridine (2:1) (2 x 400 L) and sucked dry. Eight
different elecirophiles (diversity reagents 8) in DCM {300
#L, 1.27 M, 380 zzmal, 12 equiv) were added in 10 reservoirs
cach on both plates. More DCM:pyndine (2:1) was added
unttl goed swelling (approximatcly 206 pl.). Mixing was
achicved by rotating the closed plates for 15 h. The
Supcmaltants werc removed by suction, and the resin was
rinsed with DCM (5 x 400 uL), methanol (2 x 400 ui},
DCM (5 x 400 uL), and tetrshydrofuran {THF) (4 = 400
#L). This fumished Lhe amides and sulfony] amides 9, The
resin was sucked dry, and polassium trimethylstlancate in
THF (600 £L, 0.625 M, 380 umol, 12 cquiv) was added.
ARer mixing for 4.h, the resin was sucked dry and rinsed
with THF (5 x 800 uL), THF:acetic acid (3:1) {4 x 800

4L}, and DMF (5 x 400 4L}, This yiclded the methylester -
deprotected 10. The resin was again sucked dry. PyBOP in
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Ten different amines (diversity reugents 11¥ {200 uL, ¢.95
M., 190 umol, 6 equiv) were added Lo eight reservairs cach
on both plaies orthogonal to the elecwophile addition. Finally
NMM in DMF (90 uL, 4.22 M, 380 umol, 12 cquiv) was
added, und the platcs werc rotated for 10 h to give 12, Afer
sucking dry and washing with DMF (5 » 800 uL), methanol
(3 x 800 gL}, and DCM (5 x 800 ul), cleavage was
performed by adding 400 wL of DCM and 300 4L of TFA
and mixing for 10 min. The cleavage solutions were collected
i two $6-well plates. Resicunl producis were rinsed of Lhe
resin with DCM (3 x 200 4L} and also collected. Solvents
were evaporated in a vacuum centrifuge 8t 45 °C and $ mbar
ovemnight, and 13 were collected.
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