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Re:  Ixpediente No. 07.050.827

Sohcitud de parente a nombre de JANSSEN PHARMACEUTICA N.
V.

Yo, DILLA MARLA RODRIGUEZ D'ALENMAN, acruando como apoderada
sustirura de acuerdo con Ta sustitucion adjunra, identificada como aparece al pic
de mi firma, domicihada en la carrera 11 N No. 86-53, piso 6, obrando como
apoderada de la sociedad JANSSEN PHARMACEUTICA N. V., domiciliada
en Beerse, Bélgiea, solicirante de la patente de la referencia, en respuesta al oficio
No. 04006 notificado por fijacion en hista ¢l 4 de marzo de 2010, relacionado con
cl concepto téenico de fondo No. 259, me permito informar lo siguiente:

Acompanamos copia mformal de los stguientes documentos:

MO, Robert B, Rober Andre., SKALITZKY, Louis, “Antulcer agents.
P-Aminobenzamido atomane compounds™ JOL MED. CHIAL, 1971, vol 14,
no. 10, pp. 963-968:  Publicanon  Dare  (Web): Ocober, 1971, DOI
10.1021/ym00292a019; v

NILSSON, Jonas W. v Col. “Solid-Phase Sintests of libraries Generated from a
4-phenyl-2-carboxy-piperazine scaffold”. J. Comb. Chem,, 2001, 3(6), pp. 546-
353, DOT: 10.1021/cc0100130. Publication Date (Web): Scprambu 6, 2001.

Con la presentacidon ante esce despacho de estos dos articulos se da cabal
respuesta al requenimiento exigido por ¢l sefior Examunador con base en lo

manifestado en el articulo 46 de la Decision 486.

Sefior Superintendente,

A

DILIA MARLY RODRIGUIZ B ALENMAN
(. 41.654.882 /
TP 20824 8]
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REF:
EXPEDIENTE NR. : 07.050.827
SOLICITUD DE PATENTE A NOMBRE DE JANSSEN
PHARMACEUTICA N.V.

Yo, JIMENA ESCOBAR URIBE, 1dent1f1cada como aparece al pie de mi
firma, domlcmada en la Carrera 11' No. 86-53 Piso 6, atentamente digo a
usted que SuStItUYO el poder con que obro a la doctora DILIA RODRIGUEZ
D’ ALEMAN d0m1c111ada en Bogotd, D.C.,, portadora de la tarjeta
profesional No. '20. 824 con las mismas facultades con que me fueron
conferidas para este caso.
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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-Aminobenzamide Aromatic Compounds’

Rosesr Beoce Morrerr,* Anoat Ronger, axy Lo L. 8gaverexy

*

Ruceived April €5, 1971

Research Laboraterica of The Upjohn Company, Kalamasse, Mickigen 45001 Pd. o-r53/

P. cj::: ﬁéd’_—@

A serien of 2-(p-aminobenzamida fpyridines (1) were found to have s powerlul inhibiting eflect on experimental
gastric uloers in mis.  Attachment of the p-aminabenzsmido group at other positions on the pyridine ring, or
substitution of other altrogen beterocycles for pyridine, grestly decremsed activity. p-Aminobentanilide was
found to be highly sctive, but quits taxic.  The compxds wers prepd rom p-nitrobenzoyt chlaride and the requisite

. aroraatic amine, followed by reduction of the NO, group. A aumber of intermediates and analogs sre reparted.

Gastrointestinal uleers are commonly treated by diet,
antacids, anticholinergics, or surgery. Anticholinergics
reduce the smount of gastrie juice and its acidity and
also the motility of the stomach and intestine. Al-
though widely used, they are by ao means the final
pnswer, (astric ulcers ¢an be produced in rats by
restraint, foreed exertion, pylorus ligation, or by od-
ministration of certain edrenal cortical hormones.
Anticholinergics are active in preventing all these
typea of ulcers; however, it has been our goal to find an
antiulcer agent that does not work by anticholinergic
mechanism,

For screening, tompda were selected that were
thought not to be anticholinergic either on the besis of
structurs of because they were inactive o the Magnus
or other anticholinergic test. Any compd found to
prevent exertion ulcers’ in mats wne retested as an
anticholinergic. Il innctive at doses much higher than
the antiulcer dose, it wan studied for prevention of all
the above kinds of ulcers. Thus, = senes of compda {I)
was discovered, many of which showed antiulcer ac-

tivity.t
£ 3
SOy
I

&R = 3-CH,
2, R=H

The most active was 6, This is related to the weak
antibacterinl *‘carbopyridin’t (2) which i turmn is
refated to sulfopyridine. Compd 2 was found to be
much weaker antiulcer agent than 6. Likewise,
changing the positiona of the verious groups on the
tinga, adding other groups, or changing their nature,
redueed or eliminated activity {Table I}. The replace-
ment of the pyridine ring by various other heterocyclic
rings (Table II) olso greatly reduced or climinated
sctivity. Surpnsingly, substitution of & benzene ring
in place of the pyridine ring gave a very active ontlide
{79). However, this was found to be quite toxic.

It is interesting that many of these compds were
found to exhibit mild CNB-depressant activity in intagt
mice, However, there was no close correspondence
between antiuleer and CNS-depressant activities, and

{1} Pressstad ic pass o4 the Great Lakes Regindd Atnedana Chemizsl
Boclety Meetlog, DeKalb, 11, Juna & 1969,

(T} A. Robert. J. 1. Nombham, J. E. Neramis, end J. P. Fhillips, Awer. /.
Dy, e, 14, 407 (1930),

31 A, Rolmrt and L L Skakeighy, U. 8. Patent 14330 (1048}
Nethariamde Apphicatloa 641 1B8E: Chem. Abair., &8, AT (1064).

{4) R, Kuhs, E. F. Moller, G, Wendy, snd H. Deiners. Chem Ser, T0, T
113 %39

AT VA >

the better antiulcer agents were active st doses much
lower than the depressive doses. Although certain
known CNS depressants, for exsmple chlorpromasineg,
chlordinzepoxide, phenobarbital, meprobamate, etc.,
were shown o prevent exertion ulcers in rats, the doses
required produced overt depression. Tubles T aod II
include o rough indieation of CNS-depremant activity
in mice of our compd. Severa] well-known drugs are
included for corapariscn.

The aminobenzamide compounds were made by re-
duction of the corresponding nitrobenzamides (method
B). These were prepsred from the appropriate amino
heterocycle or aniline and nitrobenzoyl chloride (method
A). Representative procedures ate given in the Ex-
perimetitnl Section. In seversl cases the resction of
substituted benzoyl chorides with 2-amivopyridines
yielded N N-dibenzoyl compds (Table [IT), These
were inactive as antiulcer agents, but could be esaily
hydrolyzed to the desired benzamidopyridines (method
D). This dibenzoylation could be avoided by the use
of the approriate benzoic anbydride (when svailnhle)
in place of the ncid chloride.

1n the benroylation reaction of certain of the amino-
heterocyclic compounds, the possibility i recognized
that the benzoy! meiety might go on a ring N instead of
the NH, group. However, the structures (52, 54, 57,
59, 62, 64) are formuinted in Table I ou the basis of
anplogy with the Literature.*—*

In ope case (tetramethylbenzoylution of sdenine),
two jsomers were isolated. Although definitive struc-
ture proof is not available, 64 ia formulsted, oo the basis
of nmr, a3 the NHmbatituted derivative, and 65 na n
ring-substituted compd, possibly a mixture of the 7 and
S derivatives.

Experimenial Section'®

2.{ p-Niirobenmmido )3 pieollne (5} (Method A)—To & cold
anln of 15 g {0.0R06 mole) of p-nitrobensny| chloride in 20 ml o
pyridine and 25 mi of CHCL was added 4.7 g (D.0R08 mole) of

[8) R. G. Fargber and F. L Pyrosa, /. Chom. Sec., 138, 317 (1010,

18] P. N. Cruia and 7. R, Hoovar, U 8. Fauos 13380 (1567): Chve.
Abastr, &M, 30583 [1048),

7y Q. Cipene end V, Griosvelins, Labr, PR Zinot, Almd, Vi, Kim.
Ser.. 263 (1R01); Chem, Abdr, #0, 1T790S (1083,

{8) V. P. Beblpapar, B. L. Porvnova, ¥. A, Kraoows, Yu. N. Sblivist.
ad 1. Ym Posovishil, Zh, Orp Khim., 3, 2230 (10831: Chem. Abuir, 84,
110304 (1060},

18 M. W, Bslioch, 4. J. Hamd, sod €. L. R. Scokatad, /. Orp. Chem.. .,
58 (1837, -

{101 Mahing poiots wars 1aken in eaplllary tobes with a parval I marvins
\hermornetar. Celibratioe o (hs appareiis sgeingy stasdard componnds
ahomed 6o aesd [or corroction,  Lr spectre wert choalined o ofl purs pd
sad menr {Variam A.00% oo represepistive exsmpim, These wers in Secord-
anee with the proposed structurss,  Whan anaiyses ere indigsied valy By
rymbels &f tha shetaanta gr functions, knak Teuila obiained for tbaw slymanLs
ot Tunetione wets withla 04% of (baor,
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) pyridioe Metbod Yield, Ecaprickel LDw®  depremioat vty
Ne. riog R x of prepo Cryn watvent a* taresuta Avsiyres o/ me/kg EDm, aefigs
1 2 H 4-NO,* A n-BuOH 60 CuftaN,0, > 1000 300 :
2 2 H 4-NH, B £0H 50 CuHyN,0 C,HN 850 1000 50
3 2 H . - 4-NHy-2HCI» [+] MsOH 93 Cull, CLN,O 0 -
1{ 2 H 4-NIICOCH, ! DMF-H,0 81 Cil1sN.O, C H, N > 1000
3 2 3CH, 4.NO, A AOD-NIO 7 CultiuN,0y C. H, N >1000
] 2 3CH, 4.NH, B/ I Cult N C H, N 362
7 2 3-CH, 4-NH,-3HOI C/ MsOH [N CulluCLNO C,H CLN 562
El 2 3CH, 4-NH,-roaloats son 7 CaHuN.O, C, U, N
9 2 3CH, 4-NHCOCH, s EWH-BuOH- 83 CuHuNO,- C,H,N >1000
-2H,00 ' HO 2H0
[} L2 3CH, 4-N(CH\) I i-PrOH 7 182-185 CuHuN.0 CH N > 1000
1 2 3CH,, (CHINCOY)  4.NO, A EOH 8 125.5-127  CH.NO, C H N >1000
] 2 3CH,, (CHNCOY)  4.NTE, B EtCOMe 46 1701715 C.NLNO C.H N 562
13 2 acH, +-NO, Af CHCli-hexsne 7.4 166188 Coll, N0, C H, N >1000
" 2 3cn, 3NH, B i-PrOH 53 177-179 CutiulN,0 C, H, N
15 2 3CH, 2.NH, ! CHCl,-hoxane 32 147-149 CuHuNO CH N 562
16 2 3CH, i s Phil-hexane 56 128.5-129.5  CuHuN©O C, H,N 562
17 2 3CH, | 4-CH, D PhH-hexans n 145.5-146 CiHyN,O C H N 582
18 2 3.CH, (%ol o] EtOH-H,0 7% 141-182 CuHyCOINO C,H,CLN 750
19 2 3.CH, 3,4,5-(0CHsh D/ POl 92 157.5-150 G, Hu,NJO, C W, N 362
20 2 +-CH, 4-NO, A AcOH 7 191-192 CuHyN,O, C H,N
2 2 1-CH, +NH, B 93% EiOH 33 14-145 CuluN,0 C.HN 300
Pl 2 sCit, 4NO, A £ Ko 179-180 CuHuN:0, C,H N >1000
2 2 5CH, 4-NH, B CHClr-hexane 9 187-168 C.HuNO C, H, N 562
kZ} 2 6.CH, 4-NO, A EWOH 5 133-136 CuHy N, C H N 422
25 2 6CH, 4-NH, B DMF-HO 80 173-114 CuHuNO C,H,N 178
28 2 4.6-(CH,), 4-NO, A Et0Ae 82 159.5-16) CuiluNO, C.H, N >1000
27 2 4,6-(CH,), +NH, B 05% EtOH 82 184-185.5 CyHuN/O C,H N 71
Ed 2 5,8-(CH,) 4-NO, A 95% EOR 28 161.5-182.5  C,H,N,0, C,H N
2 2 3,6-(CH,), 4-NH, B EWQH RY 149. 5151 CuliuNO CH N 750
30 2 aCl +.NO, A FtCOMe 70 223234 CyH,aNO, C H,CLN  >1000
3 2 &Cl 4NH, ! EtOH 28 191.5-193 CnhiCINO C i CLN > 1000
» 2 3.CO0H +-NO, A AQOH-HO 31 275-25% Cul C, LN 562
k] 2 $-COOH 4-NH, B HO 2 240-241 dec  CyyHuN,0: C H N 8
34 2 8-NHCOGH-p-NO,  4.NO, A= AcOH E 203-214 CtlaN,Oy C N
33 2 &NHCOCHep-NH,  4.NH, B MeCO-HO 40 250-23° CnlinN,Oy-
0.10H,0 C H N >1000
3 2 OCH.CH, 4-NO, D -PrOH ¢ 139.5-140.5  C.H.N.0, C HN
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Amifwwnt,_wd e soln =an stimed on.a steam bath
overnight. - Tire oizvt-woas dild witte 30-mt-of EtOH-yletdirgs:4-
£ (T5%) of yellow crymt, mp 196-188°, A mmple way recryatd
from AcOH-H,0, mp 106-1907*,

2-{p-Aminobearamido )-3-picatine (§) (Method B).—A mixs of
13.58 g (0.027 mole) of & and 150 m! of 709, g AcQOH s
bydrogenated with t g of 30%, P4/C at 3.5 kg/em! and 25°.
After filtn and evapn in sacus at 507, the produtt, was dizselved
in CHCL, weshed (59, NaHCO,, witer), and sgain avapd.
The smorphous solid erystd alowty from EvOH giving Il g of
light tan cry»t contg E\OH, mp 1704174.5° (alter sintering st
B0®). This wws sublimed st 0.002 mm in a bath up o 172"
yitlding 5.8 g (48.5%) of nearly white solid, mp 177-179", tootg
6o soivent.  Principnl spectrn bands were: i (Nujol mull} 3450,
3400, 3320, 3210 (NH). 1040 em~* (amide CO) wnd sumercus
arum bends; ur (EtDOH) 206 and 214 mu; wod nmr (DMP-d,)
$2.27 (6, 3, CH,), 9.95 (broad s, 1, CONH), 5.7 (broad s, 2, NH,),
and between 6.0 wnd B4 (m's 7, arom H'a),

Dihydrochloride (7)(Methed C).— A soln of 20.0 g{0.088 mole)
of & in 200 m] of MeOH wan strongly scidified with methanolic
HCL  The resulting crysy were collected, washed {-PrOH), and
dried, yiclding 24.4 ¢ (84%) of white solid, mp some dec a1 240 .
250", but not all melted at 340°,

Maleate (Salt) (B).—A aaln of 20,0 g (0.088 mole) of @ in 200
ml of MoDH was treated with e soln of 11.6 g (0. | mole) of maleic
acid in 50 ml of McOH., On diln with 100 mi of -PrQH, 228
g (T3%) of yellow cryst was oblained, mp 132-13H°, Recrystn
from 125 ml of ELOH gave 17 g of yellow erysl, mp 134—135.5°,

4"+ 2.Pyridyiearbamoy| mcetanitide {4)—A saln of 3.0 g {0.D14
toele) of 2in 10 ml of AeyO and 10 tml of AcOH was hested oo a
steam bath for 15 min, coned in vacuo, and dild with aq NaLOy.
The product whs collected, weashed (H.0), and recrysid fmom
DMF-H,0, giving 2.9 g {81%) of solid, mp 203-204°,

£+ [{3-Methy 2 pyridy| )carbamsy | acetanilide - TH,O (8)—A
soln of 3 g (4.013 mole) of 6 in 75 ml of AcON way refluzed for 6
hr, concd in mcuo, and dild with water, The product was col-
lected, dried, and recryatd from o mixt of 10 m! of B5%, EtOH and
Sl of BuOH yielding 2.6 g (85%) of solid, mp 206°. This was
found by Karl Fischer anal. 10 be the dihydrate. Caled (C,H,,-
ROy -2H0): 7,0, 11.80; Tound H,\0, 11.74.

2-|p{ Dirnethslamine lbenaamidol-S-pleobine {10).—4 soln of
21.2 g (0.1 male) of & in 200 mi of MeOH, 20 m) of AeQOH, and
0 ml (0.37 mole) of 7%, ag CHO wan hydrogenated with 2 4
of 30% PA/C at 3.5 kg/em® and 25°. The theor amt of H, was
absarbed in 5 hr,  After filt, the soln was evapd in varus, mixed
with ice water, and sdjusted to pH 8. The solid was colleqted,
washed {sq NaHCO,, H/Q), and dried, giviog 234 g of oearly
white rolid, rap 178-182.5", This waa recrystd {rom 300 ml of
+=PrOH yieMing 19.8 g (77%) of Light ten oryit, mp 179-184%. A
zeoond recrystn frum -PrOH gave cryst, mp 182-185%.

Z{o-Aminobenzamido)3-piroline (15).~~A soin of 33 g (0.3
mote} of 2-amine-J-picoline and 16.5 g (0.1 mole) of isateic
sihydride in 100 ml of DMF was hested under refux for 1 hr,
peured into ice waler contg 10 g of NayCO4, and extd with ELO.
The E40 poln was extd with dil HCY, and the ext was banified
*ith Na/COv.  The resulting il was extid with E1;0, washed {satd
NaCl), and dried {Mg50Q,). Evapu left an 0il which was chro-
matogd on 3i0, and elired with 5%, MeOH in CiL,Ch, The
preduct solidified an tritumtion with E4O-hexane ssd was
recrystd from CHCl-hexane, yielding 7.3 g {22%) of cryst, mp
147-140"%,

2-Benaamido-3-pleoline (18).—A moin of 21.6 g (0.2 mole) of
Z2-emino-3-picaline and 22.6 g (0.1 mole) of B0 in 500 ml of
cther was Allowed Lo sland ai room temp for 24 ht and evapd to
dryhess m mcue. The residue was dissolved in CHCly, washed
(10% NeCChy, H,0, natd NaCl), and dried (MgSQ,). Evspn
eft & gum which erystd on tdturation with Et,O-=hexane, and waa
recrysid fint from aq EtOH then from Phl-bexans yielding 11.45
£ (55%) of white solid, mp 12H.5-130", ,

3,3' 44" 55 -Herameiboxy-N {3 meihyl-2-prridyldibencam.
e (77).—To a soln of 46.2 g (0.2 mole} ol 3,4, 5trimethoxy-
bensoyl ehiorida in 100 mi of dry pyridion ons added 10.8 g
(9.4 mple) of Z-amine-Jd-picoline. Afier stirming on & steam bath
for 2 hr, most of the pyridine was distd n vaquo and the residuc
was shaken with ice water. The product was eollected, wanhed
(1,0, sg NaeCO;y, Hy0), and dried, giviog 4.1 g of solid, mp 151~
156*. Recystn from 320 mi of i-PrOH yiclded 38.4 g (T7%) of
white cryat, mp 158-160.5"%. The dibenzayl siniciure was
confirmed by omr end mas spec: ir {Nujol mull) 1700, 1685

\ om ! (Ce=0) and no NH/OH absorption; nmr (CDCL) # 2.33

and
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obrerved.

Pobrgr vty

i The p-nitrobensoy] chis-

dicatas the compd
1 Tha crude product was chromatoxd on EiQy and eluted with 5%

Ely iz the oral dose 0

g 3

32 go=gpge

HO, filtersd hot Mrom catalyat,

> 1000
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wabzzzzld 20=z
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* Too toric to teat.

t Cantaing & Mo group on tha amide N.

CuHiNOy
CuHuy NGO
CnH,:CINO
CLHuNO,
CuHuWN.O
CuH .0,
CuR,NLO
Ciutl CHN O
CuH.NO
CuHuNO
CH,CtHO
CuH,N0,

CuHuNO :
* Lethality and CNB activity were detd ip in mica. For method see R B. Moffatt, Ay L.

g definile CNS depremsion ts given. A (—)indicates no depresaion was
IL was coned fa acuo, dissolved in 3 L. of

172. %1735

2§4-245

2568-257
>150

1905192
2005211
244 5256
200-206.5
22205
178 5181
285-312 dee
165-168

205-208.5

]
49
18
5
53
LL]
a3
87
78
36
o4
79
RS

4 Tha pryvedure for producing exartion uloers in rats has been reported.!

o taking inlo account both the number as severity of the ulcers. A (—) indicates tha compd wea substantistly innctive. A blank in

I Bpecific prepn given in Experimental Baction.

' Bew ref §0.

W T, 1TK (1964), Table I, footnoles a and b, The lowenl doas showin
* Hydrogenation rin in glacist AcQH with P10y in plecnof PA/C.  The crystd and dried product was [

ELOH-MeOH

MeOH
H,0-i-PrOH
MeOH
MeOH
MeCQH
MeOH
MeOH-HLO
Me,CO

EWOH

* Yields wra calod on material melting not lems than 2° below highest mp ublsined.

Hanze, and P. H. Beay, J, Med, Chem

MeOH
H,O
EAQAc
* E. Koeninge, G. Kinng, and W. Waime, Chem, Ber., 57, 1172 (1924},

* Prepd in these laborstaries by Mr. James E. Staflord.

picaling in CHCly snd pyridine beluw 50° and stitred at ruom temp for 2 hr.

' Hydrogenation in n-BuOH.

pd was 10l Lested.

A
B
!
A
B
A
B
[
A
A
/
A
;]
! The product of hydrogenation was inant in the reaction mixt,

* Prepd from 2,6-diaminopyridine and an excea of p-nilrobenioy) chloride.

2,3,5,6-(CH, ),
by Kar Fischer ansl, to copinin 0.84% L0 {equiv Lo 0.18 HyO/mol).

4.Nily- HCl
N,

4-NO,
4.NH,
4-NO,
4.NN,
4-NO,
4N,
4+-NH,-2HO
H

4-CH,
4NH,

2,8:(CHik
2,8-(CHux

H
M
H
H
#
H
3-Me
Me

H
H
H

3
3
3
3
3
L]
4
4
i
4
4
4
4
* Bew rof 4.

40
41
42
43
4
45
48
a7
L1}
48

soime cases mild atimulation was obrserved. A biank indicales this com

to reduce ulcsr formstion by

tested.
ride soln was adtied to the 2-(methylamine}-3-

MeOH in CH,Cl,.
cooled.

o
37
3
&)
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51

55

37

Tanue 11
X
Metbod Yield,

Ar. x o prapa Cryen solvest L Mt
8 4+NO, A EWOH 55 103104
8 +NH, B EtOH-H,0 8 29220
Q +NO, A DMF “ >3m0

N
C‘(\_ NH, B MeOE{OH- T 2735 dee

N
O:.)' 4.NO, A M-OEWR- “ 308-311
i
(I)- +NH, B/ MeOEWOH-MeOH. 104 21527
(l)}; FRUTRPIY 7/ Meon & >0
.IW}. 4+NOp A DMF 82° 338339
,(;’;)_ «NH, B DMP-MeOH 63 303-306 deo
! wNop A DMF & amans
,E:)_ 4NH, R DMF-MeOH R2: 208.5-209¢
Q\C’(_ 4-NO, A MeOEtOH- 80- 235 dee
£No, A DMF 8 - >380

.3

otST AVAILABLE COPY

Borplrieal
formala

Cill N0y

CuHpNO

CulNO, -
CuluNO
CiHiWN Oy
CuHGNO
CuHLChNO
CLR 0,
C.HNO
CHNO,
GyHNO

CuH/CINO,

CyHNO,

LDw.*
Asalywad og/ky
CHN >1000 -
C H, N >1000
C.H,N 883
CH N @
C.H, >1000
C H,N
C.H,CL,N. 178
C H N >1000
CHN 780
CoH N 503
C N 178

C B O,N >1000

C.H N 750
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] b
[ NH, B BtOH L3 243-244.3 CuthuNO C,H,N | >1000 300 s Y E
: N it ow
N £
o 23A6(CH) Xylena ‘s 1872180 CuHoN.O .C,A,N >1000 1000 ¢z
Q Pt
! ]
Nt b g
a5 2,3,5,6-(CHy) “MeOEWOH- 6.3 280.5263.5  CuHaN.O C,H N >1000 100 yi8
.)—}'_m' ¥ B
- ;
L f
66 N—Z? +No, A DMF a7 483 des  CuHNOS C,H,N,B sa2 N
il
it
87 “‘-@ +NH, B -PrOH 4 235257 CuHuWNOS C.H, N8 750 i:
i,
. @ 4-NO, A DMF-ELCOMe 8 294.5-296 CuHWN08 CH,N,8  >1000 .
o O:} +NH, B BWCOMe ; 6 189.5-201.5  GuH.N/08 C H N8 318 .
@ n 4NH, ' 234-24i% CuHuNQ 22 100 40*
n o -CRCH +NO, A EWOH 105-162° Gl )N, N -> 1000 300 i
. o-cveA, +NO, B*  CHCl-brxans 1851567 CuHN0 N 104 50 L.
7 ) . INH, ! 1221240 CuHuNO 50 100 ;;
7 " 2.NH, B Ph [ 18118 CalluNO G, H,N 1000 300 . 3
8t Atropios sul- CoHuNOS a1 100 1.0 2
fate HE-
8 Bodium pbe- Gl NNy 200 100 s 112
nobarbital 3
83 Chlorprama- CuHiCUNO 150 20 1e R
zine. HC ; 2
(N . Chlordinsep- CrRuCliNS - 200 50 2t §
o1ide- HCY 3
8s Meproba. CiHWNO, 600 200 100 3F S
mate { 3
hancl. f Bea ! Soction. #Cipens, t al.? report mp 337°. *8hchigs: =

1

* Bee footnote o, Table 1. *Bse ref 10.  Bea footnotec, Table). ¢Bes lootnoted, Tablel. 2.
nov, d ol report mp 273-274° dec. ¢ Various fractions from DMF-MeOH had dec points from 204 Lo 299° all had ldmucsl it apects.
required to complete reaction. ¢ Part of the product wax insul In the aq AcOH react mixt and alter fltn waa extd from the catalyst with warm DMF.  The rest was obtd by neutralisation of ty
fltrate. * Obtained from K and K Labs. lnc., Plainview, N. Y. = G. Lachemann and T. Lebenstein, Chem, Ber., 75, 1911 (1942}, report mp 137-)34°. = Thin compd showed good ulcer pnveib
ing activity but produced splenomegaly a8 # ide effect. ~ IL. Adama and L. M. Werbel, J. Amer. Chem. Soc., 80, 5799 (1938), report mp 160-181.5%. » 0. Lockemann and H. Kigler, Chern. Berg
80, 479 (1947), report mp 152-153°. ¢ Too taxic to test. * A Piutli, Chem. Ber,, 16, 1319 (1RG3). 'Plcpd by Dr. RS, Hsi in these laboratories by methed B inEtOH wilh PtOy uulywl
The lit. shows a wide discrepaacy in reports of mp. Ree Bhab, J. Indian Inst. Soi., 1 207 (1920); Beilstein T, 14, 210, * Administered wc in this test.

1 Hydrogenated in 2-metboxysthanol; 3.5 days wire
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Morrzrr, Ropes S .
e e D SO TR, -

T N

. T Cryitn
HNo, R X " bt
75 CH, - 4-CH, ABuOH
78 CH, +C1 n-BuOH
T CH;,. " 34,5(0CH, ) +PrOH
78 CHy. +N{CH,) T™Y.
™ - OCHLCH, 4=NG; POH
B0 HOw . - 4NO, MeOEIOH

* Boo footnote o, Table 1, All compds in Tabls I1T were prepd emsentially by mathod A-exeept ay noted,

ct wae dissdived in CHOCL, washed {aq Ns,CO, HO and dried (MgSO). " Aftef Blumtion-and svap
< in. ths Exparimental Section,
ing asid and 50C) and sras usad without mur

trom the sdlvent itdiented. -4 Prepn specifically described in
triade from the correnpandi ' ‘nod ras aney

Ko,

Vil

. -.Empirioa)
®* MptC Tormals Asshyms
3 225-227 CnHuN0, C, H N
F14 218-220 CuH,(CLN O, C HC,N
e 188-100.5 CuHuNO, C. HN
17 213235 - CwHuN0, C,H N
48 172-173.8 CuHWNO, C, H N
18 213,5-214.5 CuBuN0, C, HN
! See ref 10, + The erude

.. b—DimétH};hmlpoben_ldyl'chlnﬁdn{HCl was

i and 50 R : purification sy in"method A. The Product was axid with CHC,
washed (NaOH, H;0), dried AN&B0,), .and evapd. Cristn from 2«methoxyethanal er v

{n,-Gl!_.'m,'_pyridin.e_:ring] .78, 18T (two a's, 18, OCH,}, and
between 7.05 and B.50 {m*s'7, aromatic H); ‘mass spee, mol wy
caled 496.3, found 498, ;. - - 5 L s ‘

3-{34 5 Trimethorybeaiarmido)-3.piroliie (19) {Method D),—
A saln of 20°g {0.04 ‘mole) & T7°in 500 mi of EtOH, 50 'ml of
water, snd 50 m) of coned :HC) was refluned for 1 ‘bt'and evapd
in paris 8050* to.n dmall-vol: . The residus wns dild with ice
watet, strongly acidified with HC, .and extd brice with Et,O.
The ag s6ln was adjusted to pH Hyielding 11.2 £{9255) of whita
obd, mp 157-158°,. ‘This wws recrystd from -PrOH Eving 10 g
of white cayai, mp 187.5-159° -

2-{p-Aminobe nzamido 5-t hiocopyridine {31).—A mixtof 50 ¢
(0.18 mola) of 30 and 300 ml of MeOH was hydrogenuted with 5 g

. o ST PL/C and milfided's a1 47 kg/em® and 145°, The product

was digsolved in CH,Cl,, filld from eatalyst, and evapd in sacuo.
The residue was erymt from FOH yieldiag 12.3 g (2853} of tan
ayst, mp 191.5.103

Allempla 0 carry out this reduction with Pd/C (methed B)

Yiclded only the Gifrer product 2. L

(p-A atamidolpyridine HC) (39).-A soln of 24.0 ¢
(0.113 mols) of ¥ in 228 mi‘of 495 aq HO) waa dild wilh 1.8 1.
nf'i-Pl{)H_‘yie!ﬂjn.g'_?.‘i.ﬂ"E (TR%) of Aufly white eryst of mono-
bydrochloride, myp 244 5-245.5°.

MJJ-TWLNA-MqunuﬁdevHCI (471 —A roln
of 14,3 g (0.0 male) of 2,3,56-totramethylbenzoic ngid and 85 ml

BOCl in 100 ml of PhF was refluxod for 3.5 hr and evapd to
drynoe in bacuo. Thin cruds neid ehloride in 50 mi of PhH wan
addad 10  soln (0.4 g, 0.1 mole) of 4-aminopyridine and 13.0 m]
(0.1 mols) of Et,N In 100 m) of THF. Alter refluxing 5 hr end
standing overnight, walor, PhH, and a Lttl AcOH were ndded,
and the mixt was coned in vesve. The solid was collected, dried,
dissalved in 150 m] of MeOH and 75 m) of water st the boiling
polnt, scidified with & few drops of aq HCI, fild, and coned to
125 mL On cooling 14.9 g (8455} of white solid was oblained,
mp 285-312" dex,

2-{ pvdminobenzamido Jben mldascle (55).—Thi» was prepd
from 14.2 g (0.05 malo) of B3 by method B, but much of the
product sepd a2 8 solid in the resction mixt, This was filtd and
the win teutralized, The resulting free hase waa std from
50%; metboxyethansg! in MeOH Kiving 1.6 g (10%) of cryst, mp
TIS-2TT.

——
(11} Froes Engelbard {nduririe. Ioa, Newark, N, J,

ONGDOCID O . 206TINA L v

_ Recrystn from tetramethylures (TMU) gave salventfrre material. -7 The erude product J4

t DMT gave product eantg ‘solvent, dificult 10
o & 0.30-mols run wea refluxed
jn-thr. fn.ixl was recryntd from Z-motho

Dihrdroctikiride “{86).~The solid (65) was extd from the
catalys! with DMF.and the soln was evapd in eacus. ‘The reault-
ing sofid free base in MeOH way converted o the hydrochloride
with an exgesnof ethiancliz HC) yielding .75 ¢ (80%5) of tan aolid
which did not meit up to J60*,  Tha Lotal Yield (base and hydro.
chlorids) waa 7097, ST :

N-{Z.J.S.S-quvbrhnujlhdcnhe {64} and 7. and/or 9-
(u##TmékalbcmﬂMmjhn (63).—A noln of 14.3 g
(9.08 mole) of 2,3, 5,6-letramethylbensoic acid in 50 m) of BOCY,

The crude acid chiorido waa dimolved In 50 m) of PhH and sdded
o & suspension of 10.8 g of adening in B0 ml of dry pyridine.
Afier stirting on a steam bath for 3 bir, the soln was avapd in
vacus. The rexidual 85)id wes pulvarized and atirred o & steam

&iving 16.9 g of tan sobid. This was boiled with 1 1, of MeOH
and §ltd from'2.1 g of solid (st below). The ATeOH aoln. wag
svand (o diynem, and the residue W recrynid (mm 800 ‘. of
rylene yielding 12,7g (529 of 4 - “mp 187-1R8%; e {on Si0,
develuped with'S9. MeOH in ‘CHCY) shawed only ane spat; ir
(Nujol muil) 3380, 330, 3240, 2150 (NH), 1710, 1685 (CO,
CemN), and 1290 em -* (CN ot CouC}; nmr (CDOY) & 2.10 (s,
6, CH,), 2.27 {s, 8, CH,), 8.33 (exehangeabls with DO, brond »,
T, NH"), 712, 7.91, 840 {2's, | ench, srom H'y),

The sbove solid, insol in MeOH,; was recryntd from 40 mi of -
methoxycthanol giving 1.5 g of &5: mp 200.5-363.5"; Uc (on
5i0, develaped with /% MeOH in CHCL) showed only one apot;
ir 80, 3430, 3300, 3280, 3230, 3140, 3130 (NH), 1750, 1720
(Coc0), 1840 em=' {CD, ComN of Cam(C); nmr {(DMFh} 5
Z11(4, 6, J = 5 e, CH), 220 (4, 8, / ~ 2 Ry, CH.), 1,22,
810, and B4l {d's, 3 arom 19}, 747 and 7.70 (broad o's, 2,
exchangeable with D, NH,).
tound 205,
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Solid-Phase Synthesis of Libraries Geu_erat.ed from a
4-Phenyl-2-carboxy-piperazine Scaffold!

Jonas W. Nilsson,* Fredrik Thorstensson,* Ingemar Kvarnstrém,L Tudor Oprea, i
Bertil Samuelsson, ¥ and fngemar Nilsson*

Depariment of Chemisiry, Linkdping University, $-381 83 Linképing, Sweden, and Department of
. Medicinal Chemisiry, AstraZeneca R&D Mbindal, §-43183 Mbindal, Sweden

Received March 27, 2001

Strategies for finding novel structures of therapeutical interest are discussed. The rationale for the selection
ol the two scaffolds M4-(m-aminophenyl)-piperazine- 2 -carboxylic acid E and Nd-(p-aminophenyl)-piperazine-
2-carboxylic F is described, The synthesis of the appropriate precursers to scaffold £ and F and their use
in solid-phase chemislry are described. A F60-member library was produced combining these novel piperazine
scaffolds with eight sulfony| ehlorides/acid chlorides and 10 amines. The compound library prepared was
analyzed using 1.C-MS5, showing the expected base peak in ali wells at an averape purity of B2%.

Intreduction

The pharmaceutical industry is under comtinuous pressure
to prepare and evaluate novel structural motifs to meet an
ever-increasing number of new protein targets being discov-
cred and cvaluated for therapewtic use. The chemistry goat
is 10 find structural motifs with broad applications for drug
targets in different therapeutic areas. 1,4-Benzodiazepines
belong to a well-known class of bigactive compounds that
are anxiolytics and antihypnotics,' chotecystokinin receptor
A and B antagonists,’ and opioid receptor ligands,? that show
several other activitics,” and which have been successfully
developed into marketed drugs. Not surprisingly. the LY
thesis of 1,4-benzediazepines fibrarics was cxplored very
carty using combinatorial chemistry.* More recently, biphenyl
struciural motifs have been incorporated into molecules
showing bread biclogical activity including antihypencnsive
(antagonisis of the angiotensin 1 receptor),® antihypergty-
cemic,’ endothelin-A (ET,) reccpior amagonisis.? ang
cyclooxygenase-2 (COX-2) inhibitor® activiry,

The advent of combinatorial chemistry has revolutionized
drug discovery making large, 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 highliphted this developinent, describing
the synthesis of compound librarics based on novel seaf-
folds.'® However, the initial efTorts in combinatorial chem-
istry mairly focused on large and diverse libraries primarily

. " This Is the firs1 publication in n sercs of scafMolds genemed eround
this theme.

* To whom correspondence should be sddrossed. Tel: 46-31-7761161.
Faz: 46.31-7761819, E-mail: Ingemar Nilsson(@astrarenceacom,

 Linkdping University,

¥ AstaZeneca R&D Malndal,

“ Present address: EST Lead Infonnanics, AsimZenecs RED Milnaas,
5431813 MdIndal, Sweden,

1 Present uddress: Medivie AB, Lumastigen 2, §-14} 44 Huddinge,
Sweden,

¥ Departmest of Organic Chemistry, Arthenius Laboralory, Siockhglm
University, $-106 91 Stockholin, Sweden.
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Figure 1. Siructural motifs frequendy observed in biolagically
aclive compounds.

driven by chemistry has so far had limited success. Notably,
the current trend is directed toward the design and synthesig
of smaller and target based iteralive librarics.

Not withstanding the current focus based en the later
approach, there is a nced for exploring ideas for general lead
generation libraries, thus discovering hitherto unexplored
structural classes with uscful biological activities. As pan
of an effort to develop novel drug-like molifs amenable for
combinaterial diversification, we have searched for biologi-
catly relevant templates in the MDDRY (MACCS-TI Drug
Data Report) database, by defining small sets of structural
motifs atiributed to broad biological activities. Three such
motifs frequently observed in biclogically active compounds
were annotated (Figure 1), Template A was found in 673
dihydropyridines, template B in 2271 phenyl-piperazines, and
template C in 40 other compounds. Drugs or drug candi-
dales incorporating these three templates show a very wide
range of pharmacological activitics. These are presented in
Table |, and summarized as follows: 15 dihydropyridines
arc marketed drugs, while 11 are in phase II or {11, covering
a total of five therapeutic arcas; 16 phenyi-piperazines are
marketed drugs, while 23 phenyl-piperazines are currently
in phase [t o7 IT1, covering 18 therapeutic indications. In total,
there arc 63 structures in phase IT (or higher), covering 23
therapeutic areas. Ten structures containing the template €
are in the prechinical evaluation stage, covering three
therapeutic areas. The absence of phase 1 (or higher) status
for compounds having the template C is indicative of the

10.1021/c¢D1001 Jo CCC: 52000 @ 2001 American Chemical Society
Published an Web 09/06/200]
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< Tate-i:-$irickire Trorapetic-Activiey-Drofic for the Three-Temptates- Diveussed i Figore jo——- - oo o T2 e
class cxample ' maein therapeulic ectivity nr. s status
lempinie A {dihydropyridines) Felodipine Ca-channel blocker (antihypertensive) t4 launched
Nimodipine neuronal injury inhibitor | launghed
Furnldiping Co-chennel blocker {antihypenensive) 3 phase {1i
Cronidipine Ca-channe| blocker (antihypenensive) 4 phese 11
Modipafant PAF antagonist 2 phase 11
YM-15430-1 B-1 edrenergic blecker | phase I}
Niguldipine antincoplastic ¢nhancer 1 phase i1
template B (phenyl piperazines) Morfloxacin antibacterial-guinolone 6 launched
Naftopidil a-i adrengrgic blocker (prastate) 2 launched
Trazodone antidepressant . 2 launched
Nefazodone 5 HT2A antagonist (antidepressant) | launched
Vesnurinone phosphodiesterase 111 inhibitor {cardiotonic) I lnunched
Levodropropizine antitussive i lnunched
Itraconazole antifungal 1 launched
Dapiprazole o-2 adrenergic agonist (glaucoma) ! launched
Oxypertine anxiolylic 1 launched
Arpiprazole antipsychetic ! phase [1]
Rifalazi) “anlimycabacterial ! phase [l
Fananserin antipsychotic 4 phase 11
Upidosin o-F ndrenergic blocker {prostale) 3 phase N
Flivanscrin antidepressant 3 phase 17
Ensacutin cognition disorders 2 phase [
Saperconazole antifungal bd phase 11
HRo-23-9424 wniibacterial-quinotone t phase 11
R-68151 lipooxygenase inhibitor (antipsonialtic) i phase It
R-61837 anliviral H phase 11
UP-5222-04 analgesic t phase T1
AZDI1279880 gpllb/iTia antagonist (nntiaggregant) | phase I
TAK-044 endotheiin antagonist (renel failure) 1 phase 1]
CGOP-43371 hypolipidemic 1 phase 1}
template C S0.32321 Ca-channel blacker (antihyperensive) 5 preclinical
SNAP-6145-(+) 0-1 sdrencrgic blocker (prostate) 4 preclinical
MDDR_266261 antiin{lammatory l preclinical

" Based on the 3084 compounds that contain these seaffulds retrieved from the February 2000 version of the MDDR database. Compoutds
in phase 1l (or higher) are shown for templates A and B, but only campounds in prechinical testing are disclosed for templaie €, * “nr. ste.”
is the pumber of strueturcs in cach category. A representative for each class is given in the “cxemple” column, See text for details.

v NH;
;o
| HH,

ufi_:(" = E uj\gou (;%on
' E

F
D F
Uz QH, NH, X=CM; NH, O
V= H, CHy, OCHy, CFy, Y=HH, O
F, CI, NH;, OH Z=H,;, O

Figure 2. Genenc stacture and the two- d-phenyl-2-carbony-
piperazine scaffolds used.

novelty of this particular ciass of structures for pharmaceuti-
cal applications, All three templates have been shown Lo
block Ca-channels.

On the basis of these findings, we have iherefore reasoned
that derivatives of the generic structure D (Figure 2) would
be of general interest duc to their structural similanity ta the
bioactive templatcs shown in Figure |. The goal is to explore
spatially defined siructures having ring heteroatoms and
appropristely located functional groups that allow for
diversification in well-defined directions. This will im-
medietely translate into a good understanding of the phar-
macophore, and the interactions with the biological target
ance activity is obtained. Consequenily, we have undertaken

the synthesis of several scaffolds derived from the general
template I, snd subsequently developed a synthesis strategy
for production of libraries around these scaffolds. In this
paper, we report on the synthesis of wa of the selecied
scaffolds (E and F) and their explomtion using solid-phase
chemistry. The selection of scaffolds E and F was made on
the basis of synthetic feasibility and provides three points
of diversification and furthermore provides appealing pros.
pects for Libraries with different directional veetors, Gratify-
ingly, this structural motif sppears in compounds possessing

antibacterial'? and oxytocin receptor antegonist' activities

but most importantly remains an unexplored framework for
therapeulic exploration.

Results and Discussion

These novel scaflolds (E and F) provide a fairly rigid
frmework, with well-defined direstional vectors of the
functional groups where diversity can be introduced, thus
providing straightforward information for structure—activity
relationships. The strategy adopted for the test library was
to prepare the regioisomers 1a/1b (Scheme 1) in solution
and subscquently attach and derivatize these scaffolds on
solid support. The immobilized scaffolds were subsequently
reacted with § differem electrophiles {acid chlorides and
sulfonyl chlorides) and 10 different amines (primary and
secondary) to produse the 160 members in this librury.
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¢ Reagents and conditions: (3) BOC-ON, pH (1, dioxane/H,Q |:1; i (i)

Vkll

’ 2L, pM 9.5; (i) CHyl, NaHCO; {3g), adoprn 464 DCM,; (iv) HCI

dioxene; (v) 2-Nuoronilrobenzene, TEA, 60 °C 10 give 5a {0-NOQy), (\'I]
Pd{OAch, BINAP, CsCO;y, 3-beomonitrobenzene, toluene, 100 °C to give
Sb (m-NQa); {vii) TFMSA, anisole, DCM; (viii) p-nitropheny! carbonale

. Wang resin,'s DIPEA, DMF, 80 °C,

Synthesis and [mmobitizing of the Scaffalds. Tar the
synthesis of the scaffold 2, piperazine-2-carboxylic acid 3
(Scheme 1) wes selcctively monoprotected with 2-(rerr-
butoxycarbonyloxyiminc}-2-phenylacetonitile (ROC-ON) in
dioxane/water 8t oH 11 adjusted with aqueous sodium
hydroxide. The pH was then lowered with hydrochloric acid
to 9.5, and benzyl chloroformate (Z-CH was added. The
diprotected piperazing- 2-corboxylic acid was then esterified
using todomethane and aqueous sodium bicarbonate under
phase transfer tonditions in DCM (dichloromethane) to yieid
the orthogenally protected piperzine-2-carboxylic acid 2 in
78% yield."* The rert-butoxycarbonyl group was cleaved to
yield 4 by weating 2 with hydrochloric acid in dioxane,
Reacting Z-protected piperazine 4 with o-fluoro-nitrobenzenc
for 5 days pave Sa in 95% yield, However, dircel aromatic
substitution using the corresponding m-fluoro-nitrobenzene
failed as expected due 1o the less activating effect of m-nitro
substituen. Instead §b was synthesized in 78% yield using
palladium ncetate, BINAP ((R)-(4)-2,2"-bis(diphenylphos-
phine)-1,1%binaphthyl}, m-bromo-nitrobenzenc, and cesium
carbonate in toluene at 100 °C." Deprotection of 5a/5b using
trifluoromethanesutfonic acid (FFMSA) in DCM gave the
frec.amines 1a and 1b in 92% and B5% yields correspond-
ingly.

The scaffolds la/lb were immobilized onto the p-
nitrophenyl carbonate activated Wang resin' using DIPEA
{diisopropylethylamine) in DMF (dimethyiformamide). The
toading (81% for 62 ond 61% for 6b) was surprising
considering the poor nucleophililicity of the M1 of piperazine-
2-carboxylates.'” Longer reaciion times did nol improve
Ioadmgs

- Solid-Phase Reactions. Thcre arc several methods re-

“ported for reduction of nitro compounds on sotid support, 181

and Crll; (chromium(Michloride)'® in DMF and SoCly-H,0
{tin(ITchloride monohydrate}* in DMF were examined, Very
slow reaction was observed using the former.?' Prematurc
cleavage of the Wang-linker has been reported using SnCl;-

e BT b SRS AR ke
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@,ofoo ’ o 5
E j/KNR‘R’ | ( j)‘NR‘R

ix

N i N
= 2
@-N}t | —nH
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“ Reagems and conditions: {ix) SnCly-H;0, DMF; {x) RIXCI, X = S0,
vt GO (8), pyriting, DCM; (xi) TMSOK, THF; [MIJNHR‘R’(II) PyBOP,

. NMM, DMF; (aiii}) TFA, 10% in DCM,

B JL i
o] = CI
1 3
0
oy @MCI b
/
0
]
-G
e 9
SI"CI §"CI
6 o
T

Figure ). Diversity reagents 8{1—8}.

H:( duc to formation of hydrogen chloride and/or Sn(lV)
Lewis acid capabilities. ¥ However, reduction of 6a/6b
using SnCh-H,0 in DMF for 18 b ai reom temperature
produced & clean seduction to the anilines Ta/?h (Scheme
2) with no resin cleavage observed.? Subscquently 7n/7b
were coupled in DCM/pyridine with the acid chlorides and
sulfony] chlorides in chemset 8 (Figure 3). The esters § were
hydrolyzed to the corresponding carboxylic acids using
potassium trimethylsilanoate in THF (tetrahydrofuran). The
free acids 10 were then coupled With the amines in chemse
11 {Figure 4) using pyBOP (benzotrizzol- |-yl-oxytripyrmo-
lidino-phasphonium hexafluorophosphate) and N-methyl-
morpheline (NMM} in DMF (o yicld the amides 12, The
resin bound products were cleaved from the resin with 40%
trifluoroacetic acid (TFA) in DCM to provide the TFA salts
-13 of the 160-member library.

Quality Assessment and Purification. The Yibrary was
analyzed for every compound using HPLC/UV/ESIMS. All
wells showed a base peak consistent with the expected
product (MS). 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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Table 2. Amount of p-Hydroxy Benzylated Product in
Different Sels/Subscis

set/subset 13-(Bn-OH),*
13a 7.9%
13a{/~4,3} 25.0%
13a{/—~8,7} 13.1%
13b i9.6%
13b{/—8,8} 43.6%

® The averape percentage of seis/subsels of 13 convened 16 the
impurity in which electrophitic substitution with p-hydroxy benzyl
cation has waken place,
members were subjected 10 preparative HPLC purification
using mass-triggered fraction colection. After purification,
a second morc thorough analysis?™ of the entire library
showed that only 96 of 160 members had puriry above 80%.
However, 134 of 160 ol the compounds showed purity above
70%, and in ne case the purity was less than 40%. The library
showed an average purity of 82%. Notable is that almost afl
of the impurities could be identificd by their mass.

The most prominent impurities {(§0% out of 18%) could
be assigned 10 molecules with 2 mass 106 or 212 more than
the expected mass, A plavsible explanation for this is that
during the cleavage of 12, some of the Wang-linker is
liberated as p-hydroxy benzy! cation, which could add to
the members of 13, by elecirophilic substitution. In ac-
cordance with that 13b, which is morg prone 1o electrophilic
aromalic substitution than 13n, also shows a higher amount
af this impurity. Some impurity wrends depending on the
reacted amines (chemsel 1) are also evident. The products
resulting from the more activated aromatic amines 11{3},
11{7}, and 11{8} (Figure 4) show impuritics above nverage
(Table 2).

The other identified iinpuritics {4% out of 18%) consist
of p-hydroxy anitine, acylated by chemset & (Figure 3). These
correspond to the reduced version of p-nitrophenyl carbonate
Wang-resin thal has been acylated during the conversion of
Ta/7b to 9, and then releascd from the resin at the cleavage
step {12 1o 13). The remaining inpurities (4% out of 18%)
were not characterized.

Treating the resins 68/6b with 2 good nucleophite afier
the immobilization and before the reduction sicp (61/6b to
7a/7b) could eliminate the p-hydroxy aniline impusity by
minimizing the unreacted p-nitrophenyl carbonate Wang.
resin. Furthermore, the cleavage step (12 to 13) could include
some cation scavenger to minimize adduct to the tarpet
molecules.
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T Fabie-3. Pttty e Vields for 1-Selvction of the-Librarg

purity yield
compd (%) (%P pur
13a{7. 10} 85 74
13a{8.00} 79 6
130042Y 64 45
13a{3,/} 41 87 13b{2,2} 77 49
13a{d 4} 91 0 13b{3.,2} 59 4]
i3a{3,6} 00 38 yes 13b{4.5) 84 62
13a{3,/0} 87 73 13b(5.9) 75 b}
13a{4 5} ¥ 83 13b{6,4} 12 45
13a{4,10} 93 73 13h{ 6,8} 835 13 yes
Da{53} 10 30 13b{79) 58 &4
P3a{s,7} 84 5t 13b{&,5} 18 60
13a(6,2} 94- 80 13b{ 8.8} 88 19 yes
13a{7,5} 94 B4 130{8,10} 16 13

¢ Yield based on NMR integrals with hexamethyldisiloxane as
standard. * Indicates whether the compound was purified on
preparative HPLC or not.

purity yield
compd (%3 (%P pur?

13a{1.2) 87 5B

13a{1.5} 92 63
130{2,3} 71 18

A selection of the Nibrary was subjected to yield determi-
nation using NMR. This sclection of 20 members was made
on basis of evenly distributed compounds from n PCA
analysis including 60 chernical descriptors.® The results from
the NMR analysis are summanzed in Table 3.

Library Profiling. Virual and/or existing compound
colleetions (102~ 10% compounds) are screened for their
content in druglike?? and permeable? compounds. Two
druglike scoring schemes, one based on Daylipht finger-
prints* and ane based on estimated physicochemical proper-
ties," have been implemented in-house.”? Briefly, a druglike
molecule is assigned a valuc closer o § (i.c., it is classified
as belonging to the MDDRY database), whereas a nondrug-
like compound is assigned a value closer ta O {ie., it is
classified us belonging to the ACDY database), A value of
0.5 in the druglike scores denotes an equal probability to be
classificd as “drug” and “nondrug”.

Lipinski and co-workers? suggested, after studying a
subsct of 2245 drugs from the World Drug Index, that poor
passive permeability is more likely when 2 chemical structure
¢xhibits more than 3 hydrogen bond donors (HDO, cxpressed
as the sum of O—Hs and N—Hs), when the molecular weight
{MW) is over 500, when the caltculated logarithm of the
octanol/water pastition coefficient™ (CLOGP) is over 5, and
when there are more than 10 H-bond acceptors (HAC,
cxpressed as the sum of Ns and Os). Any pairwise combina-
tion of the following conditions: MW > 500, CLOGP > 5,
HDO. > 5, and HAC > 10, may result in compounds with
poor permeability, We recently suggested® that leadlike
tibraries should include small, polar compounds with MW
below 350 and CLOGP below 3.0.

Within this framework, we have analyzed the contents of
the 4-phenyl-2-carboxy-piperazine library to evaluate its
contents in terms of druglike and leadlike compounds, as
follows: This library was decmed to contain only druglike
compounds, since all of them have DFPS = 0.7 and PPFS
2 0.7, where DFPS and PPFS are the Daylight-FingerPrint-
Score and the Property-and-Pharmacophore-Feature-Score,
thot evaluate the druplike quality of a compound.? Al the
compounds in the 4-phenyl-2-carboxy-piperazine library have
a probability higher than 0.7 to be assigned 1o the MDDR
database, as opposed to the ACD database. Furthermore, 152
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cutofT, i.c., they do not violate more than one of the “rule of
5" criteria. Also, 118 compounds {73.75%) do not viclaie
any of the “rule of 5 criteria, whereas 34 (21,25%) violate
one of the rules. In conclusion, the d-phenyl-2- ca:boxy-
piperazine library contains at least 95% druglike structures
that do not violate the “rule of 57, therefore are expected 1o
yield a good perceniage of good-permeability compounds.

We note that only 36 compounds (22.5%) satisfied the
leadlike criteria (CLOGP < 4.0, and MW < 400), in addition
1o being druglike. This is due to the inherent nature of this
library, cxpected to be druglike, but not leadlike according
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 altcmations in the
substitution pattern ai the disconnection moieties, i.e., at the
amine and at the keto groups in Figure 2. Therefore, large
variations in MW and CLOGP are permitted in the final
compounds. These altcrations can furthermore be chosen to
meet the “rule-of-3" and druglike critenia, implying that shis
library is both “druglike™ and "leadiike” in the same time.

Conclusions

This paper demonistrates one approach to enrich a con-
pound collection to be used in biological screening in the
carly lead discovery phase. The focus of this test library is
not directed toward a given drug target but rather 1oward
the discovery of novel fairly rigid framewaorks with diversity
functions that cover a pre-defined structural space. We have
also emphasized .the concept of leadlike and druglike
molecules (e.g., within the consireints imposed by the “rule
of 53 bul tess stringent with respeet 10 “leadlike™s), to
provide good starting poims for lead cxploratien once 2
compound is confinned as a hit in biological screens. A
screening library composed of 160 spatially separuted
compounds’® has been gencrated using two regioisomers of
the scaffold diversified a1 two positions with cight electro-
philes and |0 amincs. The methodology is well adapted for
creating larger libraries as well as for using other sets of
clectrophiles and nucleophiles. The further exploration of
the scaffolds E and ¥ and other modifications of the pencral
scaffold D arc ongomg

Experimental Section

* General. Toluene was distilied over calcium hydride prior
to use. TLC analysis was performed on Merck precoated 60
Fisa plates, Column chromatogeaphy was performed using
silica gel 60 {0.040-0.063 mm, Merck), Organic phascs were
dried over magnesium sulfate monohydrate. Concentrations
were performed by rotary evaporation. NMR spectra were
recorded on o Bruker AC-F 250 instrument using chloroform-
d) as solvent and tetramethylsilane as an intemal standard.
HPLC/MS analyses of all samples were performed on a VG
Fisons ESI Platform 2 (MassLynx) cquipped wilh pasitive
(ES+) and negative (ES—) electrospray detection and with
& photodiode artay detector, Samples (~1 mM, 5 uL) were
injected on a reversed-phase column (Waters Xterra MS C8
2.5 gm, 4.6 x 50 mm), with n lincar gradiem of 0.1 M NH,-
OAC/CH,CN going from 95/5 to 07100 for 4 min with 2 flow
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to 800 au for both ES+ and ES—, and UV spectra were
recorded between 220 and 350 nm. Quantifications were
based on the total absorption in the range 220-250 nm.
Purification was performed on a semipreparative HPLC
system with mass trace triggered fraction collection (Micro-
mass, model LCZ 2000, Fragtion Lynx). Samples were
scpurated on a Waters Xterra C8 5 pm, 20 x 100 mun column
with 0.1 M NH,OAc/CH,CN through a linear generic
gradients going from 95/5 to ©/100 for § min with a flow
rate of 25 mL/min. High-resolution mass spectrometry
{HRMS) was run on a Finnigan MATS00 equipped with an
electrospray ion source. Samples were infused at | 2U/min.

Synthesis of Scaffolds: Racemic Mi-{Benzyloxycarbo-
nyly-N4-(terr-butoxycarbonyl)}-plperazine-2-carboxylic Acid,
Methyl Ester'” (2). Piperazine-2-carboxytic acid dibydro-
chlonde (20.5 g, 101 mmol) was dissolved in a }:[ mix-
ture of water and 1 d4-dioxane (660 mL). Using 50%
equeous sodium hydroxide, the solution was adjusted to pH
11. BOC-CN (274 g, 111 mmol) dissolved in | 4-dioxane
(160 mL} was slowly added during a period of § h. The pH
was kept constant al 1] during the addition. The solutian
was then stirred for three additional hours, during which the
pH was again kept constant at 1 1. The resulting solution was
then cooled with an ice bath, and the pH was lowered 0 pH
9.5 using squeous hydrochloric ucid (6 M), The solution was
kept at pH 9.5 during a dropwise addition of benzyl
chloreformate (21.4 mL, 152 mmol} over a period of 45 min.
After approximately 4 b, the temperuture was raised (o
ambient, The solution was left stiming overnight (16 h). The
solution was washed with dicthyl ether (3 = 200 mLl),
acidifred to pH 12, and extracted with cthyl acctate (4 x
200 mL). The combined ethyl acetate extracts were dried,
filtered, and concenwated. The resulling yellow oil was
dissolved in samrated agueous sodium bicarbonate (200 mL)
and treated with a solution of 40 g of Adogen 464 and 15
mL of icdomethane in 200 mL of DCM. The mixture was
stirred 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 resulting oil was
dissolved again in DCM (100 mL) and teft to crystallize,
Seveml recrystallizations from DCM gave 2 as pure crystals
(28.2 g, 78%). Melting point and NMR was in accordance
with litterature.'* A more extensive NMR analysis is given.
'H NMR (250.13 MH2)'$ 7.42=7.21 {m, $H), §.24~5.06
(m, 2H), 4.81—4.33 {m, 2H), 4.15-3.81 (m, 2H), [3.74 and
3.69P7 (s, 3H), 3.38=3.21 (i, IH), 3.18=3.02 (dd, J = 3.6,
11.4 Hz, 1H), 2.97~2.75 (m, 1H), 1.55-1.38 (m, IH). ’C
NMR (62.90 MHz) & 170.1, 155.8, 153.8, 136.2, 128,5,
128,2, 127.9, 80.3, [67.7 and 67.6] "™ {54.6 and 54.1),% 52.4,
44.6, 42.4, (41.2 end 40.9).7

Rocemic M-{Benzyloxycarbonyl)-piperazine-2-carbox-

-ylie Acid, Methyl Ester (4). Compound 2 (20 g, 53 mmal)

was dissolved in 1,4-dioxanc (100 mL). To this solution was
added dropwise 60 mL of concentrated hydrochloric acid
{12 M). Afler | h the solvents were evaporated, and the
residue was taken up in water and washed with toluene. The
agucous phase was extracled once with 500 mL of DCM
with 3% tricthylamine and then thrice with DCM. The
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trated to afford 4 (14.7 g 100%) a5 an oil. '"H NMR (250.13
MHz) 6 7.38—7.22 (m, 5H)}, 5.20—5.05 {m, 2H), 4.80—4.60
(m, tH), 3.90—-3.82 (m, TH), {3.77 and 3.72) (s, 3H), 3.59—
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, 1H). *C NMR (62.90 MHz) é 17).2,
{156.3 and 155.8},77 136.5, 128.9, 128,3, 128.1, 127.9, 127.6,
{(67.1 and 66.9),% [55.2 and 54.7],"7 52.0, [47.1 and 47.0],"
45.1, [42.3 and 42,0).9
Racemic N1«{Benzyloxycarbonyl)-N4-(o-nitrophenyl)-
piperazine-2—carhoxylic Acid, Methyl Ester (5a). Amine
4 (14.7 g, 53 mmol} was dissolved in tricthylamine (14.7
mL, 106 mmol}), o-nitro-fluorobenzene {11.3 mL., t06 mmal)
was added, and the solution was heated at 60 °C for S days.
Excess reagent was removed under reduced pressure, and
the resulting yellow-red oi! was purified with Nash chroma-
lography (toluenc/ethyl acetate 9:1) to yield 5a (20.} g, 95%)
as a ycllow oik. '"H NMR (250.13 MHz) & 7.68~7.65 (m,
1M}, 7.45-7.46 (m, 1H), 7.37—7.33 (m, 5H}, 7.20-7.1 1 (i,
" 2H), 5.19-5.17 {m, 2H), 4.89—4.76 {m, 1H}, 4.08=3.96 (m,
TH), (3.78 and 3.72)*7 {5, IH), 3.75-3.66 (m, IH), 3.61—
.42 (m, THY, 3.19-3.09 (m, 2H), 2.95-2.81 (n, 1H). »C
NMR (62.90 MHz) & [170.3 and 170.1],"7 [156.4 ond
155.7),77 1453, 1449, 136.3, 133.1, 128.6, 128.2, 127.9;
125.1, 123.9, 122.5, 67.7, [55.2 and 54.8}7" 53.2, 52.6, 51.8,
[41.9 and 41.6]. HRMS m/z 422,1339 [(M + Na}* caled
for CmHyN)OﬁNﬂ* 422[328].
Racemic N{Benzyloxycarbonyl)-Né-{menitrophenyl)-
. piperazine-2-carboxylic Acid, Methyi Ester (5b). An oven-
dried (130 °C, 6 h} Schienkiube was charged with anhydrous
toluenc (5 mL), aminc 4 (104 mg, 374 mmol), 1-bromo-3-
nitrobenzene (50.0 mg, 249 umol), palladium(li)-acetate
(0.56 mg, 2.5 umel), and (R)-{+}-2,2"-Bis(diphenylphos-
phino}-1,1"-binaphthyl (BINAP) (2.2t mg, 3.74 umol} under
argon. Afier 30 min of complex formation, oven-dried (130
°C. 6 h) cesitm carbonate (122 mg, 374 gmol) was added,
and the tube was heated at 100 °C for 20 h. The solution
was allowed to cool to room temperature, diluted with dicthyt
ether (20 mL}, end washed twice with water, The organic
phase was dried and concentrated. The reaction mixture was
purified with flash column chromalography (toluencrethyl
acetate 9:1) to give (5b) as o yellow oil (71.2 mg, 178 umol,
72% yield}. 'H NMR (250.13 MHz) & 7.78—7,61 (m, 2H},
1.46—-7.28 (m, 5H), 7.25~7.19 (m, 2H), 5.35~5.10 (m, 2H),
5.03-4.90 (m, JH), 4.30~4.08 (m, 2H), [3.77 and 3.72)
{s, 3H), 3.62—3.31 (m, 2M), 3.1 (dd, ./ = 3.93, 12.55 Hz,
IH), 2.96-2.82 (m, IH). "C NMR (62.90 MHz) 170.3.
[155.7 and 155.2],77 151.4,149.2, 136.2, 1299, 128.6, 1282,
128.0, 125.3, 122.6, 115.0, 110.7, (678 and 67.7)," 55.2,
54.8, 52.7,(50.9 and 50.6],) 47.8, [41.3 and 41.1}.37 MRMS
miz 4221340 [(M + Na)* caled For CypliyNyOuNa*
432.1328). -
Racemic Nd-{o-Nitrophenyl)-plperazine-2-carboxylic
Acid, Methyl Ester (1a). Anisole (22 mL, 201 mmol) was
added to a solution of Sa (20.1 g, 50 mmol) in 500 mL of

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

mL of DCM, was added dropwise to the reaction mixture.
After 10 min the reaction mixture was gently poured into a
vigorously stimmed aqueous solution of sodium dihydrogen
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= phosphate-ronohydite-(137 g 4 G4 mol) Fhe resutting

mixiure was extracted thrice with diethy! etherftriethylamine
(2:1, 3 x 100 mL), and the combined organic phases were
dried and concentrated. Purification by Rash column chro-
matography (ethanol/ethyl ecetate 1:1) gave 1a as a yellow
oil {[2.2 g, 46 mmol, 92% yield). 'H NMR (250.13 MHz)
8 773 (dd, J = 1.5, B.1 Hz, 1H), 7.54—7.47 {m, 1H), 7.22
(dd, 7 = 0.9, 7.7 Hz, 1H), 7.14=7.07 {m, IH), 4.12 (bs,
1H), 3.73 (dd, J = 3.2, 7.7 Hz, }H), 3.76 (s, 3H), 3.45 (dd,
J=3.1,11.7 He, 1H), 3.23~2.87 (m, SH). "*C NMR (62.50
MHz) & 171.8, 145.8, 1443, 133.4, 125.6, 122.7,121.9, 57.0,
54.0, 525,522, 44.4, The pure free base 1a was dissolved
in methanel, treated with 1.5 equiv of concentrated hydro-
chloric acid, concentrated, and recrystallized from methanol
to give 1a-HCl as a yellow solid, suitable for storing: mp
198 *C (dec, darkens 2t 80 °C), 'H NMR (230,13 MHg, D20,
shifis relative to HDO = 4.75 ppm) 4 7.80(dd, / = 1.5, 8.4
Hz, LH), 7.62=7.56 (m, 1H), 7.33(d,/ = §.] Hz, I1H), 7.26—
7.20 {m, [H), 444 (dd, J = 3,7, 7.7 Hz, 1H), 3.81 (s, 3H),
367358 {m, ZH), 3.44-3.12 (m, 4H). BC NMR (62.90
MHz, ;0, shifts relative o acclone = 30.9 ppm) & 168.5,
144.8, 144.6, 1354, 126.3, 125.9, 1237, 56.1, 54.5, §1.5,
49.3, 43.2, HRMS mfz 266.1137 [(M + HY calcd for
CnHmN]Og’F 266.1141 ]

~ Racemlc Nd-(m-Nltrophenyl)-piperazine-2-carboxylic
Acid, Methyl Ester (ib). Synthesis was performed using
the same method as for o-nitro compound 1a. Purification

by flash column chromatography (ethanol/ethyl acetate 1:1) |

gave 1b as a ycllow oil (85% yield). '"H NMR 7.62 (s, | H),
1.55(d, /= 1.46 Hz, 1H), 7.38-7.25 (m, 1H), 7.15 (dd, /
= 1.3, 8.4 Hz, 1H), 3.78 (s, IH), 3.67--3.52 (m, 2H), 3.40—
3.15 (m, 3H), 3.13—2.87 (m, 2H), 2.62 (bs, IH). C NMR
(62.90 MHz) 171.1, 1511, 148.4,129.0, 1209, 113.1, 109.1,
56.1, 51.5, 50.0, 47.8, 43.1, HRMS m/z 266.1139 [(M +
H)+ caled for C|?H|¢,NJO‘+ 266.114 l]

Ceneral Remerks for Solid-Phase Reactions. All solid-
phase reactions were checked for completion by taking small
sarnples of the resin, which was subsequently rinsed and
cleaved with 30% TFA in DCM. The cleavage solution was
cvaperated and subjected Lo reversed-phase HPLC analysis,
In these cases where the amount of solvent is not explicitly
stated, the minimal amount to nchieve good swelling was
used. Glassware was siiylated by treatment with a 10%
solution of dichtorodimethyisilane in DCM followed by
ringing with DCM.,

Racemic N-{PS-Wang)-Nd-(o/m-Nitropheny!)-pipera-
rine-2-carboxylic Acid, Methyl Esters (6a/6b). PS-Wang
resin (2.5 g, 0.89 mmol/g, 2.23 mmol) was suspended in
DCM (18 mL). The suspension was cooled on an ice bath,
and p-nitrophenyl chioroformate (1.35 g, 6.68 mmol) dis-
solved in DCM (5 mLl) was added. Afer mixing, the
suspension was treted with NMM (0,73 mL, 6.68 mmol).
The mixture was shaken in on ice bath for 2 h, and then
overnight at room temperature. The suspension was trans-
ferred to a frited reservois. The supematant was remaved
with applied pressure of nitrogen gas, 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 aliernating with DCM and diethy] ether
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- Trepeated three times) dnd ther with DME.(five times). DMF
was then added until the resin wes swelled, and the
suspension was transferred to a silylated round-bottomed
flask. This was then treated with either a solution of racemic
N4—(é—nitmphenyl)-pipcrazine-z-cadmxylic acid, methyl cster
hydrechloride sali Ta-HCI (2.02 p, 6.68 mmo!) and DIPEA
{1.16 mL, 6,68 mmol) in DMF {5 ml) or a solution of
racemic  ¥4-(m-nitrophenyl}-piperazine-2-carboxylic acid,
methyl ester {Ib) (1.77 g, 6.68 mmal) in DMF (5 mL). To
the scaffold tremed resin was then added additional DIPEA
(1.16 mL, 6.68 mmof}. The flask was heated a1 80 °C and
shaken for 20 h. The resin was then transferred to a fritted
reservoir and the supernatant was removed by applied
nitrogen gas. The resin was rinsed once with DME. The
supernatant and first rinse were collected, evaporated, and
purificd on column chromalography to isolale excess scaf-
folds 1a/1b. Then the resin was rinsed with DMT four times,
then altemmating with DCM and dicthyl cther (five times).
and finally with diethyi ether three times. The resin was then
dred under vacuum for several days, The loading was 0.57
mmal/g (81%) for o-substituted (6a) and 043 mmel/g {(61%)
for m-substituied {6b)."

Racemic NI-{P5-Wang)-Nd-{o/m-Aminophenyl}-piper-
azine-2-carboxylic Acid, Methyl Esters (7a/7h}. Racemic
Nl-(PS-WangJ-Nd-(ofm-nitmphcnyl}~pipcrazinc-l-ca.rboxy-
lic acid, methyl esters (6a/6b) (10 g, loading 0.43—0.57
mmol/g) were ench suspended in DME in a fritted reservoir
and treated with a solution of SnClye H,0 (26.7 g, 118 mmol,
21=27 equiv) in DMF (15 mL). After shaking for 18 h, the
supematants were removed with applied nitrogen pressure,
and the resin was rinsed with DMF (five times), methang|

{two times), DCM (two times), and diethyl ether (two times), -

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

Library Synthesis, Racemic N1-(PS-Wang)-N4-{o-amni-
nophenyl}-piperazine-2-casboxylic acid, methyl ester (78) and
racemic N1 -(PS-Wang)-Md-(m-aminophenyl}-piperazine-2-
carboxylic acid, methyl ester {7h) were each divided onto a
plate with 96 fused fritted | mL reservoirs. A total of 80
TESErvoirs were used on cach plate with an avcrage of 56
mg resin per reservoir for Ta and 65 mg for 7b. This resulted
in a typical loeding of about 30 umol scaffold 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 electrophiles (diversity reagents 8) in DCM (300
L, 1.27 M, 380 umol, 12 equiv) were added in 10 reservoirs
cach on both plates. More DCM:pyndine (2:1} was added
until good swelling (approximatcly 200 L), Mixing was
achicved by rotaling the closed plates for 15 h. The
Supcrnatants were removed by suction, and the resin was
rinsed with DCM (5 x 400 pL), methanol (2 x 400 uLy,
DCM (5 x 400 pL), and tetrmhydrofuran {THF} {4 x 400
#iL). This fumished the amides and sulfony! amides 9. The
resin was sucked dry, and poiassium trimethylsilangate in
THF (600 pL, 0.625 M, 3R0 umol, 12 equiv) was addcd,
Afler mixing for 4 b, the resio was sucked dry and rinscd
with THF (5 x 800 uL), THF:.acetic acid {3:1) {4 x 800
4L}, and DMF (5 x 400 uL.). This yielded the methylester
deprotetted 10. The resin was again sucked dry. PyBOP in
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- DMF. {562 #L-0.333 M, 187 zmol, 6 equiv) was added:

Ten different amines (diversity reagents 11) (200 uL, 0.95
M. 190 umol, 6 equiv) were added to eight reservoirs cach
on both plates orthogonal 1o the electrophile addition. Finally
NMM in DMF (90 i, 4.22 M, 380 gmol, 12 cquiv) was
added. und the plates were rotated for 10 h to give 12, Afer
sucking dry and washing with DMF (5 » 800 uL), methano)
{3 x BOD xL), and DCM (5 x 8OO ulL), cleavage was
performed by adding 400 4L of DCM and 300 ul of TFA
and mixing for [0 min. The cleavage solutions were collected
in two 96-well plates. Residunt products were rinsed of the
resin with DCM (3 x 200 £L) and also collected. Solvens
were evaporated in a vacuum centrifuge at 45 °C and 5 mbar
overnight, and 13 were collected.
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