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BE - bERATHEAMR N FAHILEME - I TFlubBE R
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Merrifield & A4 A 1b4-4pi& 342 bt B & A Bl (peptide) #9 %
#ERRERY Aow@Eiy B~ @AM (linker) ~ &
BENTRADGGRERAPBRAERS RS - LERBRERMEL -
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A B C D
A *B C D
A B C D

2 B—ARFE BRERB AB
CDAANATZRIENIEF -

13



3B oA EBRREREAB
CDAaAF|Z R E T T RK
1% > AWM S TR TR
‘a]‘ °

o H R A4 ik & Arpad Furka 7 1988 42 H &9 > A HA-F4746
RIERE AL EERBERNEATAREAER EZRIES)
NBEREFELEEDARENRR  EE N BESIRIE  BEAY
ERAMESH ML BFHEEERFYRE - 646 M5

HERBEREEBATAIL - RS RREEAEHER

14



- BEe® T-E-oe R-EHEe E-sHoHe
m_.._muw jo ~EHE-®, o|~ZT-Ee Bra-Ee B-E-Ee

i v /T EEey \.x E-ZES tHe-He TH-E-E0

/ LR !
L v/
- Bole s/ . EEee BEGe BoHEe
@ G0 ] o BT - §] = ~E BB B-EFEe B D50
Y Iy BEP \:,, E-RrEe EE-Ee E-RHEe
7 ..._. |
L \

\ =ge/ \— BEoe RETe ZoEe

Sl

1 ’
-z J-zEe EDES TEEe B-EEe
e TEe B e E-3-Te TaRe
ma g
e “M

—AibA4
BRESMBEZHF

Bl A48 % T

15

F4T A Bk
i A Bl 48

3%

B %

7

AR A8 69 R AT E R Y 6 AR AT B A8 #p i SRR AR B

%

w0 é

2~ Lot B %

R 2

AW
EHEHRZER
R 2 B & B84

&




-,

RARA YRGS RRTRT ERETHE  Pllotmishseff® - %
MEGE - RMGET . TAMERTE  #ldo B FERL > &A%
WAEMRES -

E A8 5% X B RARB S FAPFHHERK BATERMGBERILEME
HRATHEOGRIRRE AR &AL ERARITH T AR EHRk
4o MigAAGER X TR ESRGES T REZBINER T HEAT
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Bllo SR EHER T NS EEASEE - T EHER
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BEZAHEEA SR ERHENT L AOLERBEERY - EfE
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Ibe-¥ » Eo i B— BRI Mo FIRARE o 5 A5 RiREE MR
RPN R ARBERE T R oW T A EFAMN T A S
w3 EE R (NMR) o 4o sh s 32 (TR) R (MS) » oA B8 At
¥ 5F B Mz 5F &0 20 85 > 5T A HPLC-MS ~ GC-MS 215 #1t
A M MENESs T ENLSHERSY  TRETFESGHE

F 4 3% (ESI-MS) Ao 35 % # 8 % 44 LI 8 F & 35 (MALDI-MS) -
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HARE L 0 B ABIOEABRTRUAKRRA E > HAREAER 101
P2 EREFAMERS ARBRGFH - FREFESE 101 2R
AR A ARBE R ARG %~ BE ~ slmRF et
B RAEETEIHMA R BEE T BRI ARk 09 B R B BT
A e T EAIM2EE > FHEE 10l MRARE SR A —EE
ZHBRLENAN  E—EBRSHAT FA 8450 (eligibility of the
subject matter) » ST EF AR A HE - HS - HadFadth
B RFEETECMAT A Rk - FEERERMTAABRGER  F—
LT BAI AR AP B RFH Bl B A G ROME R
K 1242 1980 & 1990 £ — L p R H) o SR TR RT A
B 2 ARG 0 AR H] R B R BCT 48 B AT AR B F R AR
BB —BANMASBROABETEHNNZORERATAKL  TREAS
TEHNZER - WwRATH T ARG ERERSTIBNABRTET
HELR RABBRAMPEMEAFLERR  dEAKGERLE
Brenner v. Manson 2 #[:A ¥ RIBAGET > FAMAELERBESNE
BERREZHRERFZ— AERHNEABARE IS T ARAR

ZHARBEER BRIEAXERBATCEMZENTHEAAE
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v & E b4 (lead compounds)# B R A B LER M ER
HH— R B LATERENEYM T EEAAEAMAERE

Buy o — AR B ey s R KR F A S 4 M (lead compound) B4
FBEIESMABREREFT SISV GEEFFTERGME ®
BRAAE e Ek 25 (lead identification process) st ¥

ibboh BB E —key4 m(secondarily synthesized), #4%48 B

H,-

fbé-# 2 3% F (structure-related compounds), % 3 & 5 &4 83X

(undergoes extensive pharmacological testing) B4k i 14 &9 5%
% (structurally-activity relationship(SAR) studies) =%,
Bp 2 P iF 69 %o 5121642 & (lead optimization process) ° dbibé
s BEBEARRR  ERCHEKREEMWAE > ARAATE A
BB omANEDZZATRAMER LS HEALEEER
PRAZEAHABORAE  EATAELIRE BRY 125";%%
EMERRARMBERAEOATES —REERREHBLGILER
(mass-screening of combinatorial libraries)s 4 & &5 2
ARG RIRNTF > HAEREMHE AR (receptor) B Ao /1 2 Ko >

RBATA B EAEZRE AP HBERAEAETAME - KA UA TR
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Isensted v. Wstson /%38 A 698 F RALANRGRT » £4
BAREFLAFEBABBEHRREARAEY -

Brenner v. Manson &% R H MALLH A EH S LA R PRAB LR
AEARKEMOTANT A THAMEIRBEATAMY  BFRD
SRR A B ARE— SRR B EATHRLEHRTEAT
At PeEMREAEH AT HoF A (specific and

substantial)m % -

In re Krimmel BA#82 4] L3k re(CCPAYR A » REASMERE
ISR R A BP R A BA T AN B8R R AR BT

FEHEZ AR A FIE -

Nelson v. Bowley B #252 &#) E 3k (CCPA) R & LA R #b R
W EEM A R AR B AR A AR LR ER T T
% T7E#(in vivo) B EER(in vitro) e R - XRBATR

WP R B U5 G ek ien B g ISR > sb ik

MR REBWETRAEZHRAETHYELRFEETRAM
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Cross v. lizuka Bf#fi@ b3k R(CAFC) RACGMARER
BRERA R B R E N AA AT A AR 2B B R
% (USPT0) 2 ¥ 41 % & 15 ¥ F M (MPEP) M 23 E % * where the

disclosed in vitro utility is supplemented by the similar in
vitro and in vivo pharmacological activity of structurally
similar compounds, the invitroutility is sufficient to comply
with the practical utility requirement of 35 U.S.C.§101 ; &
I B EACA T EFZERAM R T IFEREH RIS SR

B A AL A e 5 B R B T e 3% -

In re Brana # ¥ 3 —#HU B L4 7 H ok BB EAR XA
Hum o EH @ rmsRE 8 €(USPTO Board) XHFFEAMER
A AEE YR AR XIFEAEE 101 B RF AL BAKE
E3ir(CAFC) Bk TATH 6k » 5 o4 74 Cross v. lizuka
PRARGEAMEE RAREUAGHHERREZUEAT AL -
e A EERFAHE 0l £ ERAE EREEELRRLAEY
%3 B (FDD AT RGO FAER  REHMARE > REZRZRG -
PRFGRAEN T R E GRS R TR M e M X S a ER

EEMTRIPAEMSTHTARGEZR - ARIBLARFINHRAL
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BRTEMNEEHEFTMMPED A MR TRMR
(wellestablished utility) R 448 B4 hIX 3 A Aok (2

(credible by person of ordinary skill in the art)e9# = o

HEEH AR L BERE Wl TERBREYTRAMNE  EXABA MK
T 898 & o #7 Haty (assay techniques) sy B# H BAa b - E T8
RBDABEREAR DR AN 2B RELAGNEREHREE
BER RERBERADENE T - AR B  RBEER

RBTE B E A FER BT

RoPMERTR>[T  adep—-8%
Isensted v. Watson, 157 F. Supp. 7—1In re Krimmel, 292 F.2d948

—Nelson v. Bowley, 626 F. 2d 853—Cross v. lizuka, 753 F. 2d 1040

BA —ARBERIEA LR ENTEYO I ERAAE LS
(receptor)$14F & £ 6 th 3L L R FI B - HRB L& H 5| H BT K A
MR ET o RTHEAFIHABINESI  BAFHGENST
BMERICEMYERRARIIE ) FEBAFTHANE S HadE

(combinatorial libraries) s & A% # B 2% 3t % 4 (computer-aided
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design) ™ » TAZATAHA AMERILE M TR RAE - MBIEF
AR R M 8935 A

FREHNHEAHEINETA M AN TREHTANEERSE
(final utility examination guidelines) » HE FIB75 A E A AR
mHEIAEE F— RFCH BRI BRABOMEAR - B
o HARRTATEN KRB HEBAZE P UEAERRER
ESTs(Expressed Sequence Tags)#k R4t R ey EH P HEXL S
TEAGE AN B % —18 ESTs £4/4%F Incyte H &3] - 4k
ERI AT RZOWAEFE 0 AL AR ESTs AZA RAFAHRS
945 R 0 AR #E ey ZEEEE 5 R B AR B e BT E R F R
AT BAZATART S - ERSFRT  LEAFHBRAE
200l £ 1 RO BN THMHETRAMRESARE LAY AR =1
HEREJE

- HEEFREASE T AMESpecific Utility) ?

\ |

¥ BARXFEA T EH T AM(Substantial Utility) ?

B= - UHAFMBAYHBEANELTE BT (Credible) ?
ERAE AN PR EAEETAN - L FRXEHANNE >
48 Py JB ARATAR IR AN A a0 L] T ARSI A AR S B

UBARB AN FHAOP TR AR BBEET AL LT
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# ey A (Well established Utility) -

2~ 3 IR BEGR
KF—BHAALTAMRE—HEE RAFEACHEL ARM(ripe)
B A ATEARE - S SRR AL BORA R HA MR B
BHRZEAMGER > flho > $ESTs FHGFHE > TAKRTH
WA N BERE—SARAARRYEHACERHBLEAREZ
RBEHES Y e THEEHZAE -

f+Attseindn o Story R ERATRAMNER ) ARENA BT
A LA B MARAERERHBF  BRRRIFHEET -
#—F sl THEBECHMRI AETARGESEBETA
BRKB o MAGARELRTLEIMEBLEEN  BARNER
BEHNEFEAMRGEARERY ERHNASAMEBRL
AR ZBANT  BAFRFAREHAT LR EZLA A A
Fit— S EARZEARRTHARRAR L EZEA 8 F A KR
AR Rz AT e VR RS —BRFEH > TAEARET A
BB A M RIE SO A BT @ LA FFRAR G THHE
MEROBE  FeBRLRBEAREHEARANE @A RA

K BHRNEMYAET M T AARY EABELARBET I RRZIA
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AR KA ARAR TR FTERAIEHTFHRE AL
THARRAELEAARALE—FTHHRAMN - Bk ofqoyi
FoH AR N A AR (T 3 AR T Z A1) 6y tbfp] > $ 7N BUR A8 B 31 P
R—IAEZN A BURAMITIARTT FA ey R EEE LT
B AN EL S Eh THRHERGERALA > SRAARKSH
(BpoT R A MEE R KR TG ERRRAZHARTER  EEE
NFABBAR S (BT $ A AR BN R ) HRA L LR TRE
BABBAHBHAMEET T BRI HFHMRE -

o B AT » T EAMAZE P T AL ER > TH AN AE AN R
e HT AR o RVT AL RE M FATAS REAMREEL —ET
AHBEEEFHE 8HIHNHEFEEMN  THEIERE
FILF 0 TOMRBEE BB - TEERGRIURFA G EER
i E B R MBS R G FIETES o o e B B R

REGEERRA —EFL K0T

BE-BT AR -HhER TR AR

i

& T F A

TR 7
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BbpRBFEN—FRBANE 7 A EHAAUNBERTERACEIHA
ENREFAEEERAM TRAFHWERTREANBES AL LA

TAM  RBEZRARFE > TUH 44— RO#0E -

—~JkEEm G A

1~ i@3%

1793 Fo SFDEERETEF MY B HLMBERRTAMN » BAH
™G RIEe B K - 4 1836 £ 1952 - EH0k P eyf2 Fikis 0 M4
MEBRTIAHBYEHRTHHEASRRTANSRERALG LN E
4 ¥ - 1952 B & /& Hotchkiss v. Greenwood #|:ke4454% » £l
BT BRI IE  HIEHRER

TSRS BB R ko ARE R 102 R IR B R g ko
REFREAREOE ARG A4E b o #4305 98 91 L AT Bl
Z £ R YRR A M BATAARA — K FRIEABRE 0 RAE
Mh ResE > RIREEAER -

PR R A H e BATEBR T T 0 R H HETIEBA® § R Hlke
EARBRFAGAS BALERBERNERBANRR  fTET

AR A 2R EC— Rk -89 A B (ordinary skill in the
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art) » M B b LA ARB A XZB R4 o 1966 F& HERAE
Graham v. John Deere Co. £ ¥4 B £ ey ¥k » AR E T HR&SE
IRARFE T hofTRBEAESE 103 WM T RFETIEBE™ H RS
B e R AR KRB RN S - B AR HITA T H AR
B $3I e £ B SR A8 B BTAR B A — AR BT A B ey KT o 2
AR T RAEFHBHEMH R RIFEE™H L B4 Clark
EEABLEROTANAR oW E LGRS KA LR
ABAEHER AN EAREF2#HBF € B & (secondary
consideration) s #94& A R LR B A ERF FEAR WA RN G
Mo Mz RETEABERS AMRIEER G RN RERTLHER
Rl &Y o

B EFRIIEAIR E RAREE R R B G EE TR FR
B3R B AL 4B ) MR R A M BT AR T 0 AR R
% B (prima facie obviousness)#y ¥ # - K#BaM 5 RIELA
RBPHFELEM L RORBFEEBLETFA BPARAM H AN
HELEBET  BAFHNELRAABERETE  AAFVFARIRZ
KPR EEE R H R R AR SR A R E R
Bamh R EERG FHEARE YTHARARREHMEAMBD L L

PR BB AR ERER FOEA - REHNFEARERET
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FETHEARARBEMNH AL EETFFERAIFEEAMALY -

2~ B b AT 5 R A F) B

ACEHEH 20 FAIHRES HN-—LERTRRGRE > ©F —
HIGRBRATETATBERAR B EATRENGHE ERE
IR EBBAL TG EMBER » P EEAELHR
S0 BBRAMKRARE —BELZTRAGT > AR ATERA
BT ETHA—BAHRALSHEAMERERBER 94 B
BB EEAE  BRALSYOERARTIRA - FEpILP
REBARARTRAGME » ML E R T A BRI L Y EET4
EBRBEFHHME -

ARG FAERHHRBANRR FABEALERE
AR b o RE A HE SRR E AT 69 RIAR > IR Br 8 A B R D A R AR
#odB > —SAHATHEABRBYERRBILYHERLE E 4o
o BRAFRLBRALELS MO 2 ERFRA BRI RAEL
TR ANE R BAEREABRECS M Z R R R TR LS
WREBAE S MR AL RN Tt b WL > BB EH
BHRAMERFRBABMEHERLEE AMNILEY BEHGERE

RS A - B b A ROY R AR B A B SR A R B A
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FHRFEBILAMARE SR FLEAFRERERER 6
FGABME AR KRG RE M BT EA BT § K, L2 H] 87
TH &R

F A 65 R H AR OT AL RSB RE AR e T ARBARPT B0t odh 21
AERF LB e KD B XA RK Chothibth F
Fo BRI SRR L X M AL RRBRFE 2R84
MEHRR Y ER BAE e E o 7T 3 B3R S A b S i e IR AR R
FHRARMAENILEY o BlIbE SR RREMA Fiuahey it F ot
FAT BT F 691664 T 182 12 3R R B A 40 55 9A 8- Jo 4T 3 3 R AR
Meylb e E o

2B FAHAREBIEIRAIRBRT S A F 8 L Ik — Bt T
SRR ML SRR E AR AR s {2 MR
BAEMBATZAFATE  PEESTR G H R FIR > T LS

My b R ARG o AT F A8 B H R REA

A8 Bl $) R
Hass-Henze % 3%, (The Hass-Henze Doctrine)
oo edlamy RHE —BLEOERBR £ A FHFEH R

B A 2 AL AR AT RMET A BEMEES  SEERYEIR L
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In re Hass #v In re Henze #9¥|% - & REF AR Z F F 0o
#1537 BT AT 18 T 2 b A A KA L 0 B R % 714k (homologous
series ' RA4£ CH2 A H) > BmALANELEMWEAIBR
fote o # b R2 BB BFR  LRBE AR BMERYAT R > MR
B BARMER S A RABMG R - LA RZAT
WEAHBEAMER S A AR ALERINMEEER AR
P8  Z A EE AL S A S B A AR PR T S R R TAR
8o MEPLSHRE R e L LEEHERRLLEFI N 28
ARG LAY BHRIALHME » BRICERIEAHRAR - o FE
In re Hoch FArgiat " 4645 EIF %A ALEM o BETIFK

sbR B A A E

In re Papesh

# In re Hass #= In re Henze #4#)& F » 8K ER_E s bedh
By R A BET 5 Ry FIET o 1248 B4% e F)0R In re Stemniskl 4%
% o f& In re Papesh ¥ /& & % 7% Hass-Henze ¥ #93Em1bb itk
HHaEm e LA  HERRALLSMATHEE RRT o8k
8 B EHIEEMS %ﬁ%?&i@]%’lﬁéﬁﬁ’%ii%a‘%ﬁ'ﬁ’:‘%ﬁﬁy’:

Hrzleby > R TARRBEAMBEMY R - FRTHFEHNES
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AB3 R AMEBEMY ANMBREEE T TUREFFHAZE

W FELZALLEHMGAR  BAATRARINULETRRR °

In re Stemniski

4 In re Stemniski skFcrr @ ¥ ey P14 In re Papesh R F &) »
PR EB I E AR E XS YRR FK
In re Papesh ¥|;ae432hLimH Aoy - 2R A RITLERBEA
ML A3 o7 i B FR b 6y JE Al R B o iR TR B b3 By e S0 AT U
it kI8 FEA MO TR AT LA RTHME AR A RBEL
# 0 By H %32 3k (motivation or suggestion) R -4& sk tb 7 $a L 91L&
Mo HALFHFRA T FAE

H e K2 B R4 In re Dillon & Ao FheyiEA - Lourie 7%
TEOBF EHRRERFEZERRE AT Mg E ety R
P B BRMILS Y BB R IE AT R A R L2 B MRS
s eg it > BRIRRAEZF M H LI - EAEMBIHTHE
IR P B4R SRR IR B B RIF 4 R 0y A S AL SR AT BT T
M Ek A s H R Bp 2 B 78R 85 7T ;A —3X(obvious to try) - AT3E SRR
T —RA AR AT AR XS W R R AR AR N

ko RBHARBEE—TRA BB ARE R - BT U2
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HegR et

In re O'Farrell

REERAHE ARG HERE RES BT H LIEF AR
=3 B ERTRTAHAG R CRAARBRT UK ik
REERAORPFALT ALY RABRE R ETEEENA - S H
AR RAOMTABERA OB G RFRAETRA G Afiks
1% #74% . 3 (reasonable expectation of success) it R & @4y o
FbF Rt BT R HBRE B RS LY BT R4 IF
B 5 RAEE) FIET o FELZ AT DML EARNT > THSHE
ARSI A2 HE LR F L RE B ERR AT R P AE
AR BOBENRLH BT FEABRNH RRRHN AT FELA
BTRETREBEAT  LRARES TE#4IB E (enabling
disclosure) * $b°7 Fse bk ZARYE FA17% 350. 8. C. §112 2 2 » Rk
PObHBEAL  RABERRABETRMATATIENA - LHEZR
G AT R ARG EER  REIHSITMHFRDHHT o b
RIRRIE BT A B H M IER M G R ASRE ey ik - (b
#|MAFAR—3 40 In re Bell B4 Rz #)# In re Deuel) °

B RARG R E] > BT G Ry HI TR AT R R RSB AR D FiE
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ETERENBERR L BAFMRILSE — P9 AR, B AT o
FMEE AP ZEWNBRS FEAANRMZERRA REAN
fe o BR LB A AT RS T RS/ 2R F Hialr E R B i E ey —ARdRoT -
48 E 28 5 R(obviousness)® ¥ A > AT R
(predictability) - fafb 2 &%z B2 4 Wik ey B BAafesies
METERGBEEBMUGOEYE - EATEN PRI RAEREL
RTEARS BARE LR RFEMS LR A —KRIEHREALE
SETARIEYE] c FALUE S M B A AT 0 B ASAEEEFRMNL
LB EXEHFE Rib REHBMEHOTELR  WAEEX
MmEEmH R RAEPELRE D LG &R TR -
M ERZ AT RIS Y ORBERRGBRRET AR IS IR

2.
a¢°
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H e iam 5 B2 H)

oA A ez 3 A o SATHATCIS B EBHRAARLE
EYsa Al |[TEHMSE ]
HRBBTH R
(RpBam 5 R)
1§ 44t % 35U.S.C. §103 1~ BATRILAY (MibbmAERER
BHBMEE | REIGEE
1% RARASLAT BILS

2 Wk pbitd |(HABEMRATER
MEBREN | ARERFBRRER
(Bp A AT R4 | # 48 %48 B B3R,
ZibbMBE |8
HEE)

3~ Ay TEWRNE
e85 E ikt

e K

7

FREH PR B ERAH G —ELEHE T BTRARNT DAM
1 9 3% B B A 8B 4oty 3T RALA AT B4 MY 4%

2 hATHE PR B A ERR G AR Y S

3 AT HAT T RS OB E R B ATH LMY H ok AR A AR
S HF X

W RHRASLRE—EZEHE  RATFCAOHRABEMH A
HATEAMZRE - 2 L@ S S H A0 RIERS B RMH

M5 R PR AR LB AGH Al B EEY
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RRB AR EAHRB Rk R BE ™ 5 R ek f— AR
REB AT 5 BB T OB R E R E A2 E M Z 5 R4 B84

M oM EH XA/ -

3+ &4 X% 99 69 #7 (Recombinant inventions typology)
JEBA T 5 R Ay ) B
BALARFNEGE STRAELSY 2R RABFHRCESHIFBD S
kot Fik  ARDHEBANEAXGER  GAE —FH > TF AT
ElbWBR B SR RERAEART AN FILeWEA iz
AL Z G o
TG EAXT oA =18

(=)~ AL »Fe#H KX z%89H (nolecular modification

invention) °
(=) ~ @3 X 2 %9 (translation invention) °

(=)~ 44 X2 %% (combination invention) °

(=)~ AES FEHXZENA

AN T SR XA B B S RE G T Rl E
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B B E B TR R RS R AT B RN S48 R EH N
HFEERMS - LA HACLERAGARBEIE AR ATE T
e diE > B RS ERAE  REREARENETNE
Yo ARBAGRACERION S FARCSHEE  mALLS TLEE
RZ A RKECE IR L - BAR G IBEBR AR T
Ibe¥  ERZBHENT  HAEEDNMATHIFEARGFHHE &
FEBMEERE BN T OBR - B ER AR IES®RAR
NS TRREAEEREAEY  PEEEE> TR A5 FEA
B2 E > BB kTR EEWATEMSFR P GF L TIEAE -
MmET 2 GRS A AT G ok BTRARANRAES T
HERRXZHER -
BAVRARFHACE H TSR F RARRAE S FEBXZEHR -

B & & AR AT 4ot o F X A S 69 &gt - 4k Hass-Henze 2
Rk A EARAAIE B4 - B4 0 4K Stemninsky-Dillon #| & a9k
Mo ROk RO EEEEMBNAE AN R T AR
AT RS ERBRBEFHHRR T2 E - REYHRERRBK - Ktk
# In re Hoeksema 2 BB » ATRBAAFTEEBFRADG T X > K
REZBMBHRAEMRERENERT L TRRERARFZE

WA
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B RAESFEERZER RSB BLRMER S Ay
AR B IRRAT G R o AR A SATF 38k F] R T EP R AE A8 ) B A

R -

Ex parte Anderson
FHAMBRIEAZLA MA AN G £-3(interleukin-3)%& &
B R ) SRR AR TS &R AR
8 1B F LABH .8k (prol ine) 4% 4 £.8% (serine) - £ R EH HAEH
XA Watson ##E NI AZRIE > TR > EELE -1y
FOHEHROEABREE SR UG EOLAGHERARY
IRIE ey RS Bk - Bk AEMER L& £ —ERA
o AHBEOUIESS I A RF R UBR S Ll - P AL RS
ZORHRYAMIBIHBRE A RHORERRBREABEFHAER
KRBT RBROZBRER B 7TE¥HRuEEE 8 € (P10

Board) 1 2% 445 & ie

Ex parte Thim
ABBREF RS A B R EIREREE G E T LB 22 %

AMERERGF RARSHEARG S CRE— LB AF
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Bil# & CilNit & » Ci &4 L 3R M AR ik - AEHHA
AFM—1EAT A S &1L CHiNE & Arg-Lys~ Lys-Lys #= Lys-Arg 3%
H—ey R B Askrman > maTKe CHGE B ARG A & =18
Rt FHAPSHEASERASREY CIIVESZRATH
A AR - BIHMEREEE ¢ (PTO Board) B & T ¥ 35 AW RAE

 RHERERNENLERERERRE MR -

Ex parte Gray

AEBRGHMN— AL B2 4 KB F(B-nerve growth
factor) 1A AR ¥ Atb-#r @4 kR FLos  HAa% G RAM/F
7| N 33 he T —18 F 51 8.8 (methiony DIRAR K - 2B EAHEAH
BEUBEMEHEEBULEHAMBEN S AR E  FREER
ZEENXBTLAREHNARANR Y RAFAERRA—T S A
H B 5 F 38 Ao —18 F &R RUBR B A 0 3% 39 pb A T oY Bk R B A 7
BRRAMEE

B EFR S T ERBMBA G LEENFEAES FEHBRAER T8
BRATEMBAGLEHEMN  EERXHOUERRTEFEMH A

B o

(=)~ #FX5HA
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PR X B AR AR A AR A £ QIR RAER T

Z B BB 5 ) BAsESA% & (DNA libraries) 28 5% & 44 & (data base)

BERBE G G AR 740 4R R A 7 R A a9 TR R

whRERESCEPOFRAAHBORRFIIX - BAILBHATR

AR —EY A Y E R T AR FF] FRAARR

P iRy BA 2R EF A W AU A E X

Z AR -

LR MEERGFERARG S FXT-ARRIES - RAA

KRR P ARUFBAMIAFLE AR F 7 RELEATA

Mo XEBAZATEAAABR  AAULBEFNBAMN - 22X FEIFR

5 RMR AR AP > B ARBELKIEH T F K

1~ S SRR BT o

2 RBAEC oz HEREFAFZTHRIDRRBEUARS RIS
M R AR EER PR & 2B AR A F R AR SR AR A 5

3~ 324 PA BT A — 3R ¢ AR R B TR — AR Y A AR R B B
Bk R R -

REBIEBA™ G RMEFIBAR O T AERM Cok e Y EH R AR

HRZAIRS I ZERAERBES - RATETR T FRAHRELE

FHRERE A TREAFRAEDILBERATHEIFEN
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LRI FAE G F % -

Ex parte Hudson

ARZRAGM»— & S H ( preprorelaxine) #EAE » d#
AR B P LB EBEOEONIBABRAFF PHABHEEE 6
BHTEHNHRAHGRY RAELIF P BEARFF CRBRERBTE

e Ty ik RAF AR T EERI RS -

Ex parte Deuel

FHAGHREBGRA AN AR CBETEG LS mAmA
PR —RSLEN T ik MHBEE R EBERTYHAMRIZ
S A B AT £ 444 kB F(heparin-binding growth factor,
HBGF) 2 # FE %REIA 5 5 B JERR ™ 5 ALt - sbiR B4 A8 3| E ik

ETREH B R -

Ex parte Movva
PUHEBREBGEY 7 ¥4 Ex parte Hudson & Ex parte Deuel
— B ey Es 0 B A o sey 4 ki E (swine growth hormone, sGH)

BRBFF A oA RABERRS SEAR A A —REA
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Z Xk A% A RSB/ (degeneracy)  MARA|EREHBEAMH
A .

B % B3R 8 E A TR AR R R A A Z R T B — AT
2 H R BAGSH B RS A E o RAE RSB DNA 51

W ERT HEERFG RS MARBFIIAT IR0 Rtk -

Amgen v. Chugi

Amgen A %% b9 A8 4 fn 3k A AR E (erythropoietin) & 3k B & 4] -
WERBE 7 Chugl # Amgen #) 4] & ¥ > & & Angen A
st A E mey & EAnEEA%EL & (genomic DNA library)2 &
B (B AT HATIR A AR T S A% AEAL 88 B (cDNA library) #73 » 4K
1983 e aTHrm s » ERABRT AKX, MEARSEIFRY

B #RIE E SRR TR IR 4548 B B R o

In re Bell

Bell At X E BB LA Mk AEBEMRE T4 KR FGFs)#
DNA B RNA A% » B Se AT #4i7 €48 % 1GFs 2 88 - 7 B A1 A R4t
o8 DNA 7 2 i » A RAZ BB ™m 5 LR @ Bell 2 F3F - #

F AR B R 2T REABF T B Cho o 34X E& G H #E DNA
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Fol2 ik A 5 R Br & 2 B A Fo A A 30k 2R B 3 45 ey AlEEL
FetE a2 ko9 DNA - Bt EARAHERARA 7 £ LATHR
HrAE R F BARNAREIESR AP AE R H R - B
SRR AR AR A HAR AR KRR ABRAANM 2 loE K
BEeE#L TOARBEEREEFAAAHEAR TG EE B
Sb A TARB A AR - 2R G BF%BN A OHE  H—BF L
A mE BATRGGEZINBF A RSB EmRA R
RREHRAEFEOEHRABRT I A Chotf AHBOBRARKERR
BRmf Rey 0 BERRERESHEN LA HM AR REAER
HoERRAEARFMEORE  FFARAEGERET KRS Bt

ABBRAANBTREARGHE  HAHFBDH R -

In re Deuel

B i@k EY T4 Inre Bell £ P ARRE - ARG — &0
B cDNA . DNA 84 ok fa 4 » (B R 8 2 HAb R AT R T3 ¥ 5 &
F B DNA B S — A AT LAB YN - TAF AT AE
5 RS -

N T RS T AN EHELE G E Y DNA F7l e BRAR

BB RE G L2 DN AR BB m G R i ERhHe E4
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M (redundance) » &G E Aol M E R E ke % shBEEE

& B28 DNA 7+ 7] -

BELA B FR e AT T SAE R 6B R AR R A AR A BRI e R A
Bl > 48 240 % 44 & B5 45 16 4% DNA 89 7k 2 5 B A5 T T80 84 A%
oo BAEMFHEAGERY S0 SR TH > FMueAsFrRERL
ABHE S DNA B 2] Hr R R 2R F

dEEGEREE EAN B ERAALREXEA T RAATE
P48 & o B A B P 51 9 3% ) E 48 1% DNA k4t (degenerate DNA
probe) » 4 3 238 & e A7 S B TR A R BATHR ISR ER
R Euy K DNA T 418 F % (enabling method) » &
FLhAMRELEAA R Wb A O NMNE ? HEAE
AmEme S RAOCERRAAN—BEGZHRER A EES
TR XM THERTANF I A REZABMAETTIABE
T8 RBRE— AR LR TR E DNA /7 7] - Bt > Spu A 44
A4 AP BEA LA WA 2RERIAEHRE AR E
HEALHATH  REFOTOCRLHRE -

A AT R A AT A IR R Z B M ke o DVA #R4HZ 559 -

FBRBRZ B ARR AL EILSHEEGERAE - S UHRBIUR

43



B RARAR IR B 5 Rk e I MTR A -

¥ k2 (monoclonal antibodies)

WX - REAY MmEATA—ESTItod RETEHMYE
ERERBICEMYRERFE wRABRAN W ELEF AN ERR
By E  CREATENM - B sbBRRBATE A QB RARY
BHEBLREALA ity b—H RN A - o RHBEL
oot —BBEAAIRZSREBRY S B8 20 hER
AR A TR E A XM TR EIEMEM G fotk o HATT SR 43T 8
FICIREFRATREIBRT G 40 R RAGIET H R HETE &
FERBA - BABRTRMYE - PR TRARYE -

BRIE R THEEMNEWAN IR EBIES M A LR RN E
R EERBOETF T BN EEBEUEHREAS A CRE
AREBHNEY- B Bt ZRRCHELELHMATET » FF
JEBR T 5y R e FI BT S48 AL S AR B A B IM BAE H BT g F K Aa ] o
FoA MBI R B EHTEBRA T S e e R A AN —
WRLH—HERBEnELE RS —EEAREEHOTEL
BRI R oW DL RBETERIR IR T AR EY

R -
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% =18 W &4 AT K448 % (enabling disclosure), # W ¥4k
HUBE AT R 4R BB Kohler-Milstein Ari8 & oy ok 3 > B sb— AR B IL
FiEREBEE RS JFEP Kohler-Milstein #9 ikt 7 632
BB RARF

HEERHYIMTaod ot iRt RBRAFTEFEM SR
PEEG o AB R By RN E/RMBRRK S BRI XX FEIFH
5 Rtk e ERAMEANHZHERBEF S EAVARAR AT F
HEE T RRREF AT LA BIEIFI G ERRMNER
& JEBE M 5 R.69 Kohler-Milstein ¥ i3 X FRERBRAEFTH
FEREMFZRBEEA ERREGME -

A BB AL — AR B 1 o] AR EPE SO o

Ex parte Old ®9 £ FH ¥ H FAH K E A F M EARIUEE R ok b % otk
B AWK i S AR SRR M T BERA LT
Kohler-Milstein Fik ¥k & ik » B ARK &Y AT HHTK-F =2 A A

BT RMAZ R FE AR TAM > ITAARAREFIFBMH Rk -

Ex parte Erlich

AERPILE B H IS e a8 T i T & % (fibroblast
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interferons) &9 E4k4LEE ¥ /R RE B €30 %42 1975 4% Kohler
B Milstein {4 & 7 A MU H o0eh — A kaifih - AEHH
AEBRAGE DEDEEASE MR EF TR EOERRBELA
CEBEYMT R FAE 10359 BM 5 RHERZRBYMTHE

Bl A BEHR TRESAEREFEEM G R -

Ex parte Song

AFRARA W H AR E £ #40 %] B -+ (macrophage migration
inhibition factor)#yE ki - £ BB HERE R 55 Ex
parte Erlich 48 F] » 24 % H b8 B H ABM BRI ATE T -
1235 A Kohler-Milstein 49— A AR TAE MY RAKREE

TELERTEHNBHRLHG LA -

Hybritech v. Monoclonal Antibodies

ARAFREBANERABRAR S HBY L RARETLXTFTE
AIFEAT G R e TRIR R A AT BEPFRIAR L EETR LA L fn
REBRERBRT M TR BB H o8y BALEBEAE N
Hybritech PR 89 ik A BOb BB ALAEZMER - AW HHkE

EURAIRAPRAREREBEMH R RASBEPIEAFERAE
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SR RER  EAFAHELYRAILBTAEED, R

(=)~ &5 X249

Yo ) L4 siAb$ RA A FEE XA AT H G R -~ H Aok
BRI RBM2FXRFRAFEZEY - TERA - Hhodun b 2 AH
SR AT RN T B AR S SRS s L R I
oo BRAAB RS L EE 2L M PTG R SR IHE
W FERBEME R AR Rt R B R A E RSO
HTRARRBEMET G BB R-EREES X ERAREHRIER
WES FEEAZBEAR ARESH s THREARS AR EHIIZH
fERAMIAE S > Fl oL A G 5 7] BREABR AR IR
EREE 0 —#%F R a9 # DNA #42 (DNA vectors) ~ &6 AR R HEE
1545 DNA (DNAs combining heterogeneous functional domains)
F K E 4 &8 % (second generation proteins) ¥ - 25 E R4{E £
M2 B HE 0 REUARE IR A B S LS ERERERAREF
AR A TR CHBEF ALY  REHI LGRS AL T
He MR R Ao kB PERMARZNSELAT  AATLEH
A o SRS AR RS EREE BHALEEMMAE

AZRSTAHCEME  2XE BEANFREEHICETE > AT
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LI G R HBERE  RIERICLEBEDH R H R
RIEBFMEHRRC oM THBRIBRT 22862898 B
AFEBBCELSARRNERRDAELZ R TREZLAE & &
EUAR AR A B 2 A G RS
RFVET - BRI U NS B H A EAZIEB T F L F B4R
BROMETRARBRRGMAEYFLBLESIE  ZATELEARF
RELF LS B RHM > ALEARFER AL - B
o BN FARMAAARCET AP RETELELL T2 MH
RAGF %> RRBRIFBERMHAMMTFESL RTS8 £4K
HAZAMRECABARANEERLEARYE SRAEALBEFER

FEHRERREIEER G AR S AH 8 -

In re O’Farrell

ARBAGHMA—RARAVO IR BN U T T L &
AR E —ERAZERBEIERA-BERE S T HEIER A
FloARETAEHEREAE WAL R EREFE-—FHNTEL
MR AN BN Bt BRESEAREHBRZIE - FRE
PR BRAHBRAEARRT —ROEE BAFABEN Y 2 &

FEERRBERERARARTHEANNELARLHREZE G Y (275 RR )
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A E ARG XEN CHA REATE LW RICBEREL T ERE
FEB o RTAEEZ ERAN AR EFHRARMAELLHEZ
FaY EmBERECEREEN SRS T FTHR LTS
RAARREOE - WMAOER  ERRVAANEE RS G FREIEHR
G EREHERUIHBRF N AAAHEZEGHZTEANT
% CREERRGBL TR - T BEBAR G LR E ZREXR

HADHBHEHTHARL > MAHRSGCENTHR -

In re Vaeck

ANEEBE A —#8 4 8 43 (cyanobacterium) P 4954 X DNA A% © & &
STREBHBHERATOEARNRE —EATERRARRRANEYE
Fo AR R T4 548 L AT Bl T A AR & BLE B
RAEARBGELGRAY Bt PHRAHERLE4F T EHNARAN
Eik RACHEEREZERHBRETOEARBRRELASA
Bam 5 R o ARSI T AT A A % AR /A MR
HORREH > BN LARMAA AR ELEREARLES
FE—AeehE > B RAABM G R0 bH R In re O'Farrell &9 4%
F B o ATA IR A AT AT L AR AR By e o

Rk A bz 3% THESHE ToHIRE !
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AN

31 A %

fBdo F AT H 45 248
FEHEEZH R
HHAEBTGH R
(ktdam 5 B.)

BEARBAAELAE
TEAMGAF

PESTFHEX 2
A

350.S.C. §103

R T 3: P o
4 BR B
#

2~ #gbitb
Z EHB R
(Bp A2 AT R34l
ZAibbHhE R
B E)

3~ Ao TR MM
e FE R

MAbadh ey F

*

MicemBEFEER
FEIHY

#3250

35U. S. C. §103

1~ &AuymE(k
BE 57 &)
2~ MENF L

HAMEL TR T
B TR T A 4
Bsh

o X259

35U. S. C. §103

1~FEELSHT
53

YA @ KA -k
EBRL

R AT 3 ARA 4o skt
2 R R
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F=F bbbz ESE

W E AT > AL R —FIMBENHE FEABLADHLBENTH
EH B RELR? B RETEABNBEEFLXRT R K
FEHEEENER RAREEEARM4 TEAZB - RATHR

HOFAMN - WAMRARESMH > B3R

— Wk

HEEABM T EMERSHE -5 BHEEAR T F LA 5E H
» B A W B A AR AR A P R BT AR S AT

BRAONEEGEEAA G P HEARERBE A FFREBTHEA

HENEBRZE AERBBERFORE - AR TFIAREZ

%o FHEHNAAZT - THRAREBOLEINEELE—HEF

B 2 g 4k 2R 5 BwERmEHOLT  BFBLEATAS

S48 4o BC(aRM B4 538) - 1C0(%3148) > IC(RBFH 4 4) -
UCCER A 5%8) -

MétF > RARF AEABZSGF  ZERERAYAEL o 2H -

£B > ER > BA%-
A o

WA -
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LeW 648 > MR TR HLL o
3R BRALT] 69 2 Rk -

B B AR A B B e IR
EZNB(RERBTHIMLA)

RAR G ) FAE -

1~ %%
N2 R MEZRUTARM T R EHBEREF 25
(IPCO)T g 2 mn > B dNEBEEFHHNFHFEZHH
FRASBEHAELE —BOAAANTHRERRE R R T GHELE
FREG AT > Bt RRBFEA BRI R E > B8
ERARBFRE o ok — R e £ 4] 2 #2(ECLA) 2 B01J19/00C 4
F 2 $CF A HE BRI A [PC 27 ¢

[ £ B01J19/00C 22 & 4 © AR KTFITERRIE » 4 > BAK
S AN AR M A SRR S F MBI ZEE BB (S
My kA5 RCOTB61/00L) Sequential or parallel reactions, e.g.
for the synthesis of polypeptides or polynucleotides:
Apparatus and devices for combinatorial chemistry or for making

molecular arrays (synthesis methods per se C07B61/00L)])
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(N9907] ]

bR T4 AL L BEARH T IRRE 2 — & A BREAH
R AKREE RTRGERN S 25 ASMHEH R K3

BEATERALE FRRETERMHEIHN - RIBREAR
Al o fasia S S F M AN E - G B ATR R E A o a

AL B HH R A REFE > LA 2000 FEAIRB @M Lok =

IR B -

2 ~ MseE (key word)

MRT AR EHA—BEENAGRR BEYMEEFTTUERSE N
AWM EN  BabbR2BMABRETARET » #1t
S A E BRI ERERBERATHEEAESE
Sb I8 S AT T MRR T 3H R AR AMBEATARSER 0 F AEERE Y
B ENEE - TRIE —LasbRTANMET

Library: Collection; array; microarray; multi-component; chip;

biochip; matrix; repertoire; set; subset, plurality e
Combinatorial: combinatorial; combinations; sequential;
successively; ordered; binary °
Split and Pool: Split / Pool; split and mix; divide; couple;
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recombine; portion / mix e
solid support / supported: linker, resin, bead, tag -
High throughput: High speed; massively parallel; en masse;
large scale; rapid; multi-dimensional,
deconvolution, iterative e
Addressable: addressed; positional; positioned:

microlocations °

b4 WS T AR F 6 ARBE R R R R o ik
Combinatorial : sbFTHERIEHZWER - TEWHMHE > MEwE
High throughput : T 4E8Ree=dkiE B B A B -

Parallel & Sequential : @A F 8 EXIEFTHERZ » REBHM

AR ENMSET -
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F— L RBUHERN R EL IPCHHZEH

Rank EP No. 95 wt.
1 BO1J 771 29.3
2 GOIN 956 36.3
3 C12Q 566 21.5
4 BO1L 377 14.3
5 CO7H 362 13.8
6 CI12N 96 3.7
7 C07B 83 3.2
8 C12M 252 9.6
9 C12P 80 3.0
10 CO8F 65 2.5
11 A61K 55 2.1
12 CO7K 239 9.1
13 BO1D 54 2.1
14 CO7D 23 0.9
Total no. of 3979
B01J19/00C 2630
9 wt. Is calculated as no.x100/2630
MEkHA3 A 108 2003 £4%

A MaAAEERIAMEZBHER 08 RIBREREH 28

EC class Aspect ICOindex  |Aspect

B01J19/00C Apparatus, 1.01J219/00C+ |Features relating to
general methods apparatus and general

methods

C07B61/00L Synthesis of chemical MO0761/00L Chemical libraries in
libraries in general general

C07C21/00C4 Oligonucleotides

C07K1/04 Peptide synthesis

CO07K1/04A

C07K1/04B

C07K1/04C

C07K14/00B Polypeptides

C07K14/00B1

C12N15/10C Screening DNA or RNA

C12N15/10C1 libraries

C12N15/10D

C12Q/68B10A Nucleic acid chips or arrays [M12Q220/731A |Immobilised probe arrays

GOIN33/68A10 Identify protein-protein
interactions in libraries

GO6F19/00A3D Pharmacogenomics, lead SOIN35/00C7D |Elements containing
discovery, microarrays. i.e.

“biochips”

GOG6F19/00A3G E.g. DNA microarrays

US Class Relating to

435/DIG.1-435/DIG.51 Combinatorial chemistry and library technology

435/FOR/205 Gene library manipulation
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RZ BBREASBEEANIRE WAL S TaMNE AR

C04B wAIt%E S B plée b HE

1700 )i 3

3/00 BeyHFik o flie  BESERK

5700 R By ik

7/00 HFHARANEREZF R

9/00 HHBRANESILESRIOM B RS RH

9/02 HHNBARANHEE - FEBRERES; T HRE RS
9/04 BRI ERANHERGERZRB G

9/06 BFH AP HEERERES FXHRE%RMB

9/08 R ERANEGERRBRE S TFZIRB%EG

9/10 ARHERE

9/12 AN ER

9/14 AR 5 F

11/00 HEZEG RN 1/00 £ 9/00 282 48512 KA A4 E 48 B 4
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B REMEFAREFROE S HBERY  fldo o F—ERA
combinatorial libraries #4& 2 $21t % & e 347 H B 6938 & A7
[terex Pharmaceuticals Partnerish A7 ¥ 3 &9 W0-A-92/09300 & #
£ % > £ b2 A7 > combinatorial libraries — 3 % #F & 45 & B DNA
BREBEIE G YT 4o W0-A-90/14443 EF|Frv - A LT AR
R - ERE—EBHAER > #4 > binary synthesis”
—#E AR EMASILE LS RIERY Food SPA 2P EWFHEF > o
WO-A-90/15070 Frswed « R T X & BbEREALE
BRE ARELEETH RBRENA MasbBmMamE %
F %Al - 140 chemical libraries —3) » HFAMBILEME
fb% k> AL E TR BbAR%  ARERANEFLAL
B s o FA A — A2 AR T OUERE B 6 FAUR ST Ik
HFRXBEIEE > B E AR WFEE > BB EAHEEFNHE
R RAETUREBEMEFORE LT BT - - B— &
BoRUAABABRBEEETNEZ EHKEIF] ¥ 2L conbinatorial #
HWSEFAFE B asmER > BV &5 18T B &4 o4 26

EE T EHATTEELAEWEFREMME -

3 WFA
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Bl —FFAZEAFFE BERBAF — AT B REZ4TEE
Bt mae| LA B0 AR P FARBRELTEI RS E
EREFRLAET

%0 & A W IR F SRR F 3 R R ey BT ARk

FRZ BILEMATHFALE  HEFRENE
A1 fl4o SA BASF £ £ % 10 § 8 &4 -
WY EEME  EFHARTRL FE > i ¥ H AR A Canbridge
Combinatorial # # Millenium Pharmaceuticals & 3
DELEARATREEA  ZUMEHBEHFLE 103
B o
FRARGK & B W A i 4E R AE 77 384K FF > dw Otter Coast
Automation A R A 4 F A ¥ 3% -

RERAK  FEBRBEAREFETERARIEAFHMBRERARARRLT » £T
RE AL B AR > Bl4o Trori B 1998 £ FHE A %
7.

MESR  BAT@ia R ALERHREA NS HRXABLEERE
RILFBY R > 45]4o ¢ HTE(High-Throughput
Experimentation Company) & #¢ BASF 7 &y /8]

DML B HRES Rk 8 LB’ TR bEmE
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£B 3%, 1540 > Motorola Corning Glass® General Electric

Company % -

4~ FRAA

AR FHEAMBREN RS FF o E@ATRBIGIRG] > FHAY
BORER  HEAABRALETH RMHER LLRHRNEL
BEpredd XFLTHFEIAFOHE - FAWRETIFHFAE

A A B A B Bud E AR ey — BT o

5~ 5] A XM R 5] A X

ERSBHEHN KPP FEORAZTZHMATEENTREH L —%&
ABBMAE » FARETE B MG E 0 BT ST 40 b F 3 R 9 AT AR
oA H-BEMIXFRAEINARTILEHNRXFAETH
BAEREE > HRAEGMI] A > Fomsb BT 7 FETey 30 R 5 48
R 2R 8 AG| IR R R BT R R R ML A B L
B=AFfRAARERBERENEZENTESHEBERH E 5646285

Rz 3| EA A ey A B A G HH
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BHAMSHANBEAMTLCALRENER SFEAAHEL
SRR EB R EN T4 M SIN & Beilstein 474 & 3
FATRLY MR GEFUXFHYETHE AL HEHTHER
FEANBAHMBEHLESTERAY SR UL EEMART T B
BEWES KRAERAEERERG BARLHNBELAARALALSE
FHTI @S FAER B RE 2R A T RiETHRE - AT
FIh — s didn bR 48 B #4835 R EAT] > AR R RF A
HFINE

www. northernlight. com

www. metacrawler. com

www. altavista. com

www. google. com

iR - =R R

http://www. bz. com/

http://www. tdl. com/~adb/
http://www. combinatorial. com/

http://www. orgsyn. riken. go. jp/CombiChem/1ink. html
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http://www. combichem. net/home/1ndex. asp
http://www. ec-combicat. org/

http://www. chemsoc. org/NETWORKS/CCN/1index. htm

#1848 B 28 T

Journal of Combinatorial Chemistry (American Chemistry
Society)

Biotechnology and bioengineering-Combinatorial Chemistry
(Wiley)

Combinatorial Chemistry and High- Throughput Screening
(Bentham Science Publishers)

Molecular Diversity (Kluwer)

Combinatorial Chemistry: An Online Journal (Elsevier)

Solid-Phase Organic Syntheses (John Wiley & Sons)

Focus on Combinatorial Chemistry, March 1996 - January 1998

(Selection of articles from Tetrahedron family)
Tetrahedron (Elsevier)

Angewandte Chemie International Edition (VCH Publishers)
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Science (American Association for Advancement of Science)
Nature (Macmillan Journals)

Drug Discovery Today (Elsevier)

Laboratory Robotics and Automation (VCH Publishers)
Modern Drug Discovery (American Chemical Society)

Today’s Chemist at Work (American Chemical Society)
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28 B

Isis Pharm.

Fodor,
Stephen F

Isis’s Antisense Target Validation(ATV)
Program uses antisese technology to
provide a more streamlined approach to
the identification, functionalisation and
validation of novel gene targets that play
a role in human disease.

Automated Rapid Throughput Screening
(RTS)system streamlines the creation of
optimized, target specific antisense
inhibitors.

Pharmcopeia

Houghten,
Richard

Encoded Combinational Libraries of
Small Molecules, Exclusively licensed
from Columbia University and Cold
Spring Harbor Laboratories.

Encoded Combinatorial Libraries in
Polymeric Support(ECLiPS)

Symyx
Technologies

Nicolaou,
Kyriacos

Proprietary discovery systems that create
And screen materials up to 100,000
times faster than conventional ‘small
batch’ procedures.

Miniaturisation and parallel processing
merged with solid-state chemistry to
generate and evaluate diverse ‘libraries’
Of chemical compounds.
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—RE B EE -- BRI 5 US05646285

[mmmwmuntw | FHART | ex: US05593714
1 ZRChE B RERR USEAT AT
ARSI ESRETS DSBS US", FE A AR, 20: US05595714

[ EEBAEEETER) Hit R BAEE Hfsziimz

%

| Huebner; VerenaD.  US05182366 | US06127191 1
“The Reagentsof the s

. University of US05266684 s ;
| t US05780241  Phamaceuticals,
TR nc.

' Bioligand Inc. US05382513 I - :

=~ oS T F A &Y A BT

1~ =T F A 694784

BAELAARMIEF O EL B T W% a6 A~ Bl

B~ B Ik ARPIER Ty kR B %M AR X F ¥ o4& Diamond

v. Chakrabaty Z #2385 | KIFET  EMARLHTHEAETE
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AR ARARBEAREER T AW BRI ARG TEAH
B4 0 BARKR] ~ B AR i 26982 (laws of nature » natural
phenomena - abstract ideas) - &%t #y » 16640 RALA 42 B & A BA
REBRATEAHGZN 2R EIAE OIS H RS BRI ET
BT R flho BRRAAELGCEMES  ABTHEEGEER
BIETEHNGRYG - ERAAFRTERAAGEESEZOY > Bitsit
SEHEOEEERAT ENNGRY - A bbb HBERRAHILAMA
AFE R R AT EHNGZSY EXEXERTELY Hlho
fa B 3E R St B R T R GRS LS WA E T HIFA
REFRBERREDAME S — KT FRELBHEARFRAR
Tt oA R IANR W R IR T BN -

HAEERENERRE R GEEL R BEEMF RO FBIENEX
¥ ABEYFEABEFREERTSHABIEHMRE (4 State
Street Bank & Trust Co.) - i % sA & 47 (nathematical algorithms)
MBELR  RAGKYEREXERALNEE GBI 2 68H
S EFEAFRAY - ARAMEER(a useful > concrete aﬁd
tangibleresult) » — A& A THEELLERTEBG ZRE > FFBER
BESHAREKE - HOMF MR EME ST X Bk - 545 - 8

EAwIbA o AT BT EA B BAA FFH -
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2~ REA Tk (written description)
(REARPEAHRE  AHEALBUIFF RN  SHMR
S S B MR —EEER HERATHRELA FIHIFSR
N R R B ER X LW o E ey |- /R E e 2|
SRR E ARG 0 Bldo 0 BT RE R R B A8 B & 5 69 RE K,
AAEREEHTCRE - —HTURA—BEHEHBARE T !

’_&—Fﬁj JQ I 224 'fb/\#@

R, OR;

R Ry

R 1
# & Rl & H 48554 » R2 & OH s NO2 » R3 & R4 4% % COOH » COOR
HEHNmEYREZHSMEEL R VAE0RALAMEIERD
AN@EX 1d -
Fe Fub i o Abed B ey sy T 7T A BB B K R AT 3w 0 — 18
etk » BA5FE D RERALEY  HiBETIHalL @K1
by @R 2o ARER ILEY -

BEEEEATIEMBEYFTHFEINRETTRAT EREEY
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(product by process)#t K Rk (2R FER T EMEHF KB
o e 0 4K B AT H IR R £ > 354K Scripps Clinic &
Research Foundation v. Genentech, Inc. Z #|# » ¥ 3 A5 H +
RAEREAEAMAREZRAIFE  FB R ERRLE WAa B ARz
# o {2354 Atlantic Thermoplastics Co. Inc. v. Faytex Corp. =
Hik PHEHNBE T HEAEERFAE > TP EHR KL E DA
Flit B &b ik AR T HERZH -

B A E FRA EERBEE(library) B84 358§ > A28 00K
R RERARRE  LRAREC LS TRBELNILESY BIEEd
(array of compound)3A & 18 %) #91b-4-4(individual compounds) °
SR T EA B E AT QMR KON RRE T AR RAE 2R RA
EVRLIRF A BAERAIRE  BOAFE R R4 W18 E - £ 355 A B
BAHTAART BA B oBE R THRERE  BTHAT®R - FEA
BEREZVNEFUAHN GG EZIFFEARE SR HENLE
Py iR g8 ko R IERBA E P A R S9IE 1B e 8 3%48 M B A eyt
& o

ST AHPATE X 4 A Y B 2 B AbS Hy HOR R R e X 4B S
Mz A5 B BEFKEEZNHE (newnatter) 89K > BRIERA

TPRATHERE R IIFBHHEE -
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T E ) A — ) F R

F-—vHEAHEEL -

1~ 2B 2 d X X-R2Abrrmm - P R Z A 542
B Em X R TRRAR -
EARAET T EMLEXR - EHEARMEEATRERIBESY
W mRATHREE -
Bl FREFSLEREA L2246 E — B2 EHEH 7P HRA
EHRRTEIRBEALTHEH CHAB TR R JofTER -
BERWERFASLEREAE 12456 TENEM4 BHAMERE
Sttt 0 RAAB/ERERGEHA (R LE - a5 2R
R — 1AM & core structure RFL) » R A BRI UL T 3F
FEBRECSHOHIE LR ME Rk - ERATEI AT
FE VT 8 F Ak LA 12 4R R AL -
FHEARED
— B X 1 2 X5z itbdhzmb B HF Rl R2FR3 AL

MEAETHEAE.....
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R
%1
MAERAETPRETAEETX 1 hreibdbpwptt RS E %
RIpH MY -
2 ~ 9 3 B4 46 B 48 2L 0B S B SR AR M 84 B 44
$—F . —EEXX-Awted HEBTEZIEANR...... :
$o—E —EasitbhE  RGaPHFEARES —E2s
YR 4R AR A e
FZIB P HFEAEE B LALESY HGhabibbhE -
BRAE—REUEEEHRXERY X XA BIIEHZ R
FAEH ik BPAAATHRES OB $F=FARETHA—AE
Bih—S468 HHEZEARABMABDBITERE > KRFRMZ -
EHTHZYHEA > RIEMARGMIGRAEREE -
-3 —wmbiebhE Hes @RS ERX-ALb -
%o — KX XAt AGBEFHIHNES — B2

SRR
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3~ FAM(utility)

HEREAEM T —HALARA AL FFENAERRAHN &
HEXBEMBREVIEER—ATR BAR - ALPHABOTH
¥ i EokH — A SIS LB R —AREH AR oM AH
ko HAB RACLLRBE  MAREMAR > LARKHTEEE
AEFETRAMMURE - SFHEEABRUNTFALRA S T EF(TH
Az Rk RUEAHT AN fllo —FHEITHEFNR
B > £ 35— A4 7T B3 4] 4a 6 380E £ (cytokine) 2% 8% (receptor)
BiiA b BEEABREBHMARAZT R R T BHETH
JEER (in vitro) TRBBFRALEFTRAM 2R ARF NS
Wi R W E LG 2 B K A MY AT AR RAR AR
FER(in vivo) ey B E B - A MR RTRRMA &Lt
BEGE: B—AXEbthBESFAETHARRTHTE  Hl3o
H AR ERY STF TR MES LRARE A SbeY
By FRRmibbmEbRnrasning  RAEGISHEEL
Mgt - £ = @A bWBETROSREULYREILEY &
Fhe bR EEt > ATUHELBFFHAEEY -
HHatENTRARELEABREYAETERACH T - THEATE

&9 E A M 24 (specific » substantial » credible) » 122 {3 E &
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BHRAEME  F— L EHXECETRABEG RN - HIMRIFE R H|
HlEREHBRAHNE SRR —EEM A RS R o — @ %
FoER— A E AR E AT B HEE AT ROK
ey GHERIRAFEHZ FTHATEOTAMG =24 B4
¥ P38 89 Reach-Through # ey F 3 F A > A73F
Reach-Through #. & A B ATE HE 898 AR 5k A R &3 A (claims to
future inventions based on currently disclosed inventions) -
BOHETFEANEAE I RE DA GEN AT i ek R o5
FALSW R T HEM A B S SRR FEAHEEGE
RS RRATE TR SRR R R 2R B UR B LY
B H AR AN (LT A MARA T B A AL AR R E
B RBK °

Taf Rk FRRAT AN

¥—FHEHREL

— 4K 1 = feiebdhz s E AP Rl R240R3 & &

R N
HARBE PEAMER | BB AL THAE &Y E e iR
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i L EEAL-E- 4 2 AT 3t 2 F %46 89 (well-established) & A M 4742 0 A
A5 4 35 USC 101 T AMEMRE - RASFHENHTES
BX 1ot THMAE—HEshEeinE RET s
B A mEN TR BB TRE L S A MR AR TG ENE

o QLR G AT A RM -

4 ~ ¥ 7 M (novelty)

AR EFELBREENAN CHARNEHANAF ARG EF KL
E—BH A ERNTRE Bt REVHEMNGEAEATIHETE
B AFE QRN ALABR T RRENBAMR flho —B & wm by
ROAFBEZAGBALBETRFZHE A —FRHEETREREX
B T 4o T B 84t N4 F Ki58E > Fb b AABT RS
(anticipated) » RE#5E M - At B LA ] Er L
SRR E VI B AT E BRI RESE
B Cioegibedh AR RFE b2 B4 RMTREFNBEMR

Bl —FHEFRE L —tEub HOSX [ REVHEM=FE
bty - X 1S RMBEL > AIBALAFNAR -2XX 116
S RE s AT RE MR AR AN 0 B A Rt =4E1E

WT e By R R e Z AL RIERF -
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RS BB FELAREERBE LEALEEFEWNE
B @A X (Markush type) 2 ¥ #FE A KB HmbEx ¥ L4560 E
AEAARE BEEBYX 2 PR EHLERCLEESAMCSHe T
FoEATHLRZOTHAER  SOFARBEY LS H BT
B tA—EPFAFRET Bk AP FEABEGAESL A X
BRCERAEN YIS AX—BREER > FEFERTIES A
Bl CHEZEOHR NESERAG —LERAERBELNF S Y
WA lER Feitdd BR—EESE Bt CHEEH—8
B AR —EEBRE -
FEAMMANT FEEXARMATETHTESY L Bk
W AT PR 3 Bk AR E) W 3 B 50 B B e 46 5 05 B
WHFERBMBN - Bt HNAB BRI BMABRR &
HERATEHNRAETAMBEEER A HES L E on & BRI
S BAERAEELENT XZRRAE  5EER KX Fayibs4h @5
CRABGICER > MEeR TR -RELMENILEY - BE
AR FIE T U T EODE  EERARERRE > AERARENY
B mARENAN flde o FHXHE ARG ABRSER > 12
A2 SO AT Bodi A8 T sbil H A B RISk B AR R B AT o {24 )

Wiin o BREEBLAE 4EEEBNXBELONRALET
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2AEE) AN ARBIE A BB AT EB E @A s AB-Co
MAEFEFHAESA-B-Ciasty abhhE@HmET REARE

FEH M - BRI E HBFELER CHIRE WM ANL -

5~ 3E# M % R+ (Non-obviousness)

TEAMMESRTERARRMBERNS ) HBAREIEEMH RN TFBp o 3
KRB AN RATRMNA LSS REAMAN EXAEXECARLEER
IS U RERESHEAATRN > MIBZARITZIARLE il
#o B REBEHIERRM G AL - a4 IbERmET  BHRE 85
EREABFIEAMY AN BAUEZ AR AR E—a9itbihif
EAWERST MBSILRREEE UGS RBREREN NS R
BB FREAMERS T AENBRAEFTAMR - EAMA A1
P2HRNE B — SRR ET e h B RBNEBET S
R BRBESIPHE R LEFERBEHR KBRS AL
R eyitS > R AR TRAREHIERM S M > ko B AT
WMo P HALBEALEAEAETRRIGONE >l ERSL
BIFRSM T EBEELSMEFSERENHERE HE46EFNHS

T R A IRBAT B R84
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LA ZERAMMBRTRMARMAMBAIR BT 48

P
pas
2
o

A

REFBMAEHGRRI LB - LARNAREZAEHHEAH S
FERE HMMEM AN B BN ENT FEOREF ZRAHNEE
A

B RMUE > MBRABRGRK  RETHEFRUELE -

BB~ BUOBEREANHRLHEHNMEAHBRE FHREEK - RIL

A5 Hy BB A

(—)ikte
M AR R B RS S A MBI B R R
ANREDFR O ALLAEEARIE - ZAE IR - AHE R
Frimbo B A ~ ORI R AR E F ST F A BB RERMR
AN SRR AR 9B R R E TR A RS E
R Bk 3 E AR R AAIEEAR LA R R A 2
o dmtb— R BHAENEEAR LGS A GBS — BN
S MRS R BB B & —EM B RAMTAAR ) ssE T
FANGEBREAMBHEAHTHFOENER LEM MmATE RGBT

WX ERFAB OB TNRL AP FNRNT
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BRyFHRABERRFT] ~ NyFieed ~ RIERB ~ &R T %
THMEERFEN R - RERG BB EE EPFEAE
Bl oy MR b LT BT ERITR B TERE » &
FASHE > BEEHERES LSRR Bhos KA 48
Bl &9t B SRR RN R E mBARLR B s bt R tE - X FH
SEAEHRE? AL BT EENFEELEFIMENEHN 2
BH—BEHGEFREARRE -

(=) 2B XA HAREGHE
L£BREAFEZHHAMEARES MBI BBERLERA
BTHELE EXMRTHmHFERBBLBERARN 14
—ERABGMIE > IR B ¢

1~ EHBEMEI RS T8~ 2
A8 B R M e B A2 RS R RN REF R
Mol RO e B AR P R R A6 — B g K48
BT X AT FTHEHAELETNE  RAHMAENE
FHha A 0 EARBIHAT SR AL BB RERERE
MEFSBLE  HACESRASLEHEZE 2 EHHRBYE
FEEABREHER  HEMNOBRAETERY - aNHL2RS

Bk BIESS(PORARARABEHLAR > £ 5 BH
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RoBAARABENMERLER B8 BNABAEL
BRAZAREBOUHOHAL M THRSHBEELSBEEE LSS
P& AR B ARG A2 » A2 T 8 4938 Ao B sE 69 54
BEH BPAEBRAKMAEZEY ) Bb@d TR FRIFHSHA
S HRASOEHPBEASL FETUELTHELIENTE
3 IR Ko iE R AT e A G
~ BT B4 B4 A TR B
T FAIME R4 H R > RBE AN TN BB
SRR > HRE ARG TSt - AR EEE T e AT
PG G E fo b BT LB RB BRI R B4 HEBEEN S
R — BRI TS A EAN S AN BFHRARA
EHBTEINLFEFREENFTE  EAMKIT I anEE

A B A PTRAE -

~ BEAE E%

2B RAHARLIEF RAD RBA  ART — B R TREAER
FREARETR > BB aiaith 2aNaeRs %
ko3l AT WS EET T RMEL B B BTN EER B AT
W e RIS RS G EEREREM R %

Bhgkey Bty NENBELREI EHEGRA -
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()~ RBRNELEF %
HFEHMEAREGLERAF —PRELEX BAREAARAA
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7 ABSTRACT

The present invention provides an efficient and versatile
method for the synthesis and screening of combinatorial
libraries of benzimidazoles, benzoxazoles, benzothiazoles,
and derivatives thereof. In order to expedite the synthesis of
large arrays of compounds possessing these core structures,
a general methodology for solid phase synthesis of these
derivatives is provided. Arrays of benzimidazoles,
benzoxazoles, benzothiazoles, and derivatives thereof useful
as peptidomimetics and for the identification of agents
having antifungal, antiviral, antimicrobial, anticoagulant,
and antiulcer activity, or use in the treatment of
inflammation, hypertension, cancer, and other conditions
can be prepared by this method.
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METHODS FOR THE SOLID PHASE
SYNTHESIS OF COMBINATORIAL
LIBRARIES OF BENZIMIDAZOLES
BENZOXAZOLES BENZOTHIAZOLES AND
DERIVATIVES THEREOF

This application claims priority to U.S. Provisional
Serial Application No. 60/085,465 filed May 4, 1998, the
contents of which are incorporated herein by reference.

TECHNICAL FIEL.D

The present invention provides a method for the combi-
natorial synthesis and screening of libraries of
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thercof. In order to expedite the synthesis of compound
libraries possessing these core structures, the present inven-
tion also provides a general method for the solid phase
synthesis of benzimidazoles, benzoxazoles, benzothiazoles,
and derivatives thereof. The method involves a cyclization
reaction between a 1,2-arylenediamine, 2-aminophenol, or
2-aminothiophenol and an aldehyde or cyanogen bromide,
respectively. Either the 1,2-arylenediamine, 2-aminophenol,
or 2-aminothiophenol component, or the aldehyde
component, may be covalently attached to the solid support.

BACKGROUND ART

The synthesis and screening of small molecule combina-
torial libraries is an important tool in drug discovery. A

convenient format for the generation of these libraries is the 3

preparation of compounds on a solid support Solid-phase
organic synthesis (SPOS) is especially useful for many
synthetic transformations, since reagents can be used in
large excess to drive reactions to completion, and any
unreacted amount of reagents and soluble byproducts can be
easily removed by filtration (see Thompson and Ellman
1996, Chem. Rev. 96:555.; Herkens et al. 1996, Tetrahedron
52:4527; Fruchtel and Jung 1996, Angew. Chem. Int. Ed.
Engl. 35:17-42; Balkenhold et al. 1996, Angew. Chem. Int
Ed Engl. 35:2288-2337).

Substituted heterocyclic compounds offer a high degree of
molecular diversity and have proven to be broadly useful as
therapeutic agents. The benzimidazole, benzoxazole, and
benzothiazole ring systems, in particular, are preseat in
many known herbicides, fungicides, and drugs uscd in
human as well as veterinary medicine. The generic structure
and numbering system of these compounds are shown
below.

4 3 4 3 4

K H 7 7
Benzimidazole Benzoxazole Benzothiazole

Benzimidazoles, benzoxazoles, and benzothiazoles have
been shown to exhibit antiviral (Salluja et al. 1996, J. Med.
Chem. 39:881--891), antiulcer (Cereda et al. 1987, Eur. J.
Med. Chem. 22:527-537; Kugishima et al. 1994, Heterocy-
clic Chem. 31:1557-1559.), antihistaminic (Jerchee et al.
1952, Liebigs Annalen der Chemie 575:173; Janssens at al.
1981, Chem. Abstr. 94:30579), analgesic (Hunger at al.
1957, Experientia 13:400), antihelmintic (Gyurik et al
1981, U.S. Pat. No. 4,258,198; 1981, Chem Abstr. 95:7284),
antibacterial (Kusumi et al. 1988, J. Am. Chem. Soc.
110:2954; Suto et al. 1995, Tetrahedron Lett. 36:7213;

10

25

§s

2
Chaney et al. 1974,J. Am. Chem. Soc. 96:1932; David et al.
1982, J. Antibiotic. 35:1409; Westly et al. 1983, J. Antibi-
otic. 36:1275), antiparasitic (Haugwitz et al. 1979, J. Med.
Chem. 22:1113; Haugwitz et al. 1982, J. Med. Chem.
25:969), and antiinflammatory propertics (Dunwell ct al.
1975, J. Med. Chem. 18:53; Dunwell et al. 1975, J. Med.
Chem. 18:1158; Evans et al. 1977, J. Med. Chem. 20:169;
Dunwell et al. 1977, J. Med. Chem. 20:797), or other
biologically relevant actions such as inhibition of elastase
(Edwards et al. 1992, J. Am. Chem. Soc. 114:1854; Edwards
etal. 1995,J. Med. Chem. 38:87; Edward et al. 1995,J. Med.
Chem. 38:3972), and H,-antagonist properties (Katsura et al.
1992, Chem. Pharm. Bull. 40:371; Katsura et al. 1992,
Chem. Pharm. Bull. 40:1424).

In spite of their importance as phannacophoric scaffolds,
there has been a lack of mild and efficient techniques for
synthesizing benzimidazoles, benzoxazoles, and benzothia-
zoles on a solid support and, particularly, for producing
libraries of derivatives for biological screening. Thus, the
development of strategies for the solid phase synthesis of
these heterocyclic systems and derivatives thereof is not
only highly desirable, but also cconomically advantageous
(see Nefz et al. 1997, Chem. Rev. 97:449-472).

Benzimidazoles, benzoxazoles, and benzothiazoles are
usually prepared in solution by heating a 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol with
carboxylic acids or their derivatives (chlorides, anhydrides,
esters, amides, imino esters) at elevated temperatures and/or
in the presence of strong acids (see Preston, P. N. Benzimi-
dazoles and Congeneric Tricyclic Compounds. In Hetern-
cyclic Compounds; Preston, P. N., Ed.; John Wiley & Sons,
NY, 1981, Vol. 40, pp 6-60). These conditions, however, are
not always suitable for solid phase organic synthesis, par-
ticularly when thermally sensitive polymeric supports and/
or acid-labile linkers are employed. In spite of this fact, the
current methods for the solid phase synthesis of benzimi-
dazoles and benzoxazoles are for the most part based on the
above general approach and, therefore, subjected to its
limitations. For example, Phillips and Wei (letrahedron
Lett. 37 (1996) pp.4887-4890) disclose a process for the
solid phase synthesis of benzimidazoles that includes heat-
ing an immobilized 1,2-arylenediamine with an imino ester.
Although the use of an imino ester allows one to carry out
the reaction under essentially neutral conditions, a large
excess of the reagent (ca. 30 ¢q.) and prolonged heating (ca.
55-90° C. for 24-40 h) are still needed to induce heterocycle
ring formation. Imino esters, on the other hand, are not
readily available reagents and must be individually
prepared, isolated, and purified by conventional methods
before they can be used in the synthesis of combinatorial
libraries.

Wang and Hauske (Tetrahedron Lett. 38 (1997)
pp.6529-6532) disclose a method for the solid phase syn-
thesis of benzoxazoles that involves a two-step reaction, in
which a carboxylic acid is first amidated with a
2-aminophenol, and the resulting amidophenol is then
cyclized intramolecularly. This method relies on the selec-
tive amidation of the resin-bound carboxylic acid with a
2-aminophenol without concomitant esterification, and in
the intramolecular nature of the process.

Benzimidazoles have also been obtained in solution by
treatment of a 1,2-arylenediamine with aldehydes and an
oxidizing agent (see Chikashita et al. 1987, Bull. Chem. Soc.
Jpn. 60:737-746; Yadagiri and Lown 1990, Synth. Commun.
20:955-963; Patzold et al. 1992, Synth. Commun.
22:281-288; Vanden Eynde et al. 1995, Tetrahedron
51:5813-5818), or by treatment of a 1,2 arylenediamine
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with cyanogen bromide (see Rastogi and Sharma 1983,
Synthesis 861-882). Although not as widely publicized as
the thermal cyclization of 1,2-arylenediamines with car-
boxylic acids or their derivatives, these alternative methods
are known to afford benzimidazoles under very mild con-
ditions.

A few of these methods have been applied to the solid
phase synthesis of benzimidazoles from either immobilized
aldehydes (see Sun et al. 1998, Bioorg. Med. Chem. Lett.
8:361-364) or immobilized 1,2-arylenediamines (see Mayer
ct al. 1998, Tetrahedron Left. 39:6655-6658), but not both.
In the first case, the oxidizing agent used is nitrobenzene and
the reaction is still performed at high tempcerature (ca. 130°
C.); in the second case, the oxidizing agent is DDQ and the
reaction is carried out at or near room temperature.

DESCRIPTION OF THE INVENTION

The description of the invention is provided according to
the following outline.

OUTLINE

1. Terminology

2. Disclosure of the Invention

2.1. Overview

2.2. The 1,2-Arylenediamine, 2-Aminophenol and

2-Aminothiophenol Component

2.3. The Aldehyde Component

3. The Reaction Conditions

3.1. Immobilization of the Arylenediamine,

Aminophenol, Aminothiophenol, or Aldehyde Compo-
nent

3.2. Reaction of Solid-Supported 1,2-Arylenediamines,

2-Aminophenols, or 2-Aminothiophenols with Cyano-
gen bromide

3.3, Reaction of Solid-Supported 1,2-Arylenediamines,

2-Aminophenols, or 2-Aminothiophenol with Alde-
hydes

3.4. Reaction of Solid-Supported Aldehydes with 1,2-

Arylenediamines, 2-Aminophenols, or
2-Aminothiophenols

4. Preparation of Derivatives of Benzimidazoles,
Benzoxazoles, and Benzothiazoles

5. Cleavage and Analysis of Products

6. Preparation of Arrays of Benzimidazoles,
Benzoxazoles, and Benzothiazoles

1. Terminology

Unless otherwise stated, the following terms,
abbreviaiions, and pictorial representations used in the
description, specifications, and claims of the invention have
the meanings given below:

“Alkyl” refers to a straight chain, branched, or cyclic
chemical group containing only carbon and hydrogen, such
as methyl, —(CH,)—, tert-butyl, and cyclopentyl. Alkyl
groups can be either unsubstituted or substituted with one or
more substituents, e.g., halogen, hydroxy, alkoxy, amino,
mercapto, acyloxy, carboxy, aryl, heteroaryl, or other func-
tionality which may be suitably blocked, if necessary for
purposes of the invention, with a protecting group.
Typically, alkyl groups will comprise 1 to 12 carbon atoms,
preferably 1 to 10, and more preferably 1 to 8 carbon atoms.

“Alkoxy” refers to the group alkyl—O—.

“Aryl” or “Ar” refers to an aromatic carbocyclic group
having a single ring (e.g., phenyl) or multiple condensed
rings (¢.g., naphthyl), which can be either unsubstituted or
substituted with alkyl, halogen, hydroxy, alkoxy, mercapto,
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amino, nitro, cyano, carboxy, and carboalkoxy. Preferred
aryl groups include phenyl, 1-naphthyl, 2-naphthyl,
biphenyl, and the like.

“Aryloxy” refers to the group aryl—O—.

“Heteroaryl” or “HetAr” refers to a monovalent unsatur-
ated aromatic carbocyclic group having a single ring (e.g,
furanyl, pyridyl, thiophenyl) or multiple condensed rings
(c.g., benzimidazolyl, indolizinyl) and containing at least
one heteroatom, such as N, O, or S, within the ring, which
can optionally be unsubstituted or substituted with alkyl,
halogen, hydroxy, alkoxy, mercapto, amino, nitro, cyano,
carboxy, and other substituents.

“Arylalkyl” refers to the groups —R'—Ar and —R'—
HetAr, where R' is an alkyl group, Ar is an aryl group, and
HetAr is a beteroaryl group. Examples of arylalkyl groups
include benzyl (Bn) and furfuryl.

“Amino” or “amine” refers to the group —NR'R", where
R' and R" are independently selected from the group con-
sisting of hydrogen, alkyl, aryl, arylalkyl, and heteroaryl. In
a primary amino group, both R' and R" are hydrogen,
whereas in a secondary amino group, either, but not both, R'
and R" is hydrogen.

“Carboxy” or “carboxyl” refers to the group —COOH.

“Carboalkoxy” refers to the group —COOR', where R' is
an alkyl group.

“Carboaryloxy” refers to the groups —COOAr and
—CO-—HetAr, where Ar is an aryl group and HetAr is a
heteroaryl group.

“Carboalkyl” refers to the group —CO—R', where R' is
an alkyl group.

“Carboaryl” refers to the groups —CO—Ar and —CO—
HetAr, where Ar is an aryl group and HetAr is a heteroaryl
group.

“Chemical library” or “combinatorial library” or “com-
pound library” or “array” is an intentionally created collec-
tion of different compounds, usually prepared in parallel,
and screened for biological activity in a variety of different
formats (e.g., in solution or tethered to resin beads, silica
chips, or other solid supports).

“Building block” refers to any molecule that can be
covalently attached to other molecules to generate structur-
ally different compounds.

“Combinatorial chemistry” or “combinatorial synthesis”
refers to an ordered strategy for the parallel synthesis of
diverse molecular entities which leads to the generation of
chemical libraries. The strategy consists of the systematic
and repetitive covalent connection of structurally different
building blocks to each other to yield large arrays of
compounds.

“Linker” refers to a molecule or group of molecules
covalently attached to the solid support on one end and to the
first building block on the other end. Linkers have different
molecular structures and, therefore, different lengths,
shapes, sizes, degree of hydrophobicity and hydrophilicity,
steric bulk, and chemical reactivity. The selection of a linker
in solid phase synthesis is dependent on both the synthetic
scheme and the biological screening format.

“Solid support” refers to a material or group of materials
having a rigid or semi-rigid surface, appropriate size, shape,
and porosity, and high chemical resistance. Examples of
solid supports are glass, silica, cellulose, polystyrene cross-
linked with divinylbenzene, polystyrene-polyethyleneglycol
copolymer, and other support materials commonly used in
peptide, polymer, and small-molecule solid phase synthesis.

“Resin” refers to a solid support material which has been
grafted with a linker for attachment of the first building
block. Examples of preferred resins are Wang resin (a
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polystyrene-based resin with a 4-alkoxybenzyl alcohol
linker), Rink amide resin (a polystyrene-based resin with a
4-(2',4'-dimethoxyphenylaminomethyl)phenoxymethyl
linker), and Sasrin resin (a polystyrene-based resin with a
2-methoxy4-alkoxybenzyl alcohol linker). Other preferred 5
resins are described in the Combinatorial Chemistry & Solid
Phase Organic Chemistry Handbook published by
NovaBiochem, La Jolla, Calif.; the Solid Phase Sciences
catalog published by Solid Phase Sciences, San Rafael,
Calif., or the Rapp Polymere catalog published by Rapp
Polymere GmbH, Tubingen, Germany.

Resins are usually depicted as follows:

Anchoring
Group 15
(part of the
linker) or
Anchoring 20
Group
f‘ (rest of the
X linker not
shown)
25

Immobilization of a building block onto a resin is usually
depicted as follows:

Ry 30

wherein the type of functional group used for attachment
will depend on the nature of both the compound to be
synthesized and the resin employed.

“Protecting group” or “PG” refers to a chemical group
that exhibits the following characteristics: (a) reacts selec-
tively with the desired functionality to give a derivative that
is stable to the ensuing reactions to which it will be sub-
jected; (b) can be selectively removed from the derivative to
afford the desired functionality in good yield, and (c) the
conditions for its removal do not compromise the integrity
of other functional groups.

Examples of protecting groups can be found in Greene et
al. 1991, Protective Groups in Organic Synthesis, 2nd. Ed.,
John Wiley & Sons, Inc., New York.

Abbreviations: The following abbreviations are intended
to have the following meaning:

API=Atmospheric Pressure Ionization
DCC=Dicyclohexylcarbodide

DCM-=Dichloromethane

DIC=Diisopropylcarbodiimide
DIEA=Diisopropylethylamine
DMA=Dimethylacetamide
DMAP=4-Dimethylaminopyridine
DMF=Dimethylformamide

DMSO=Dimethylsulfoxide
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ES=Electrospray

EtOH=Ethanol

Fmoc=Fluorenylmethoxycarbonyl

HBTU=0-Benzotriazol-1-yl-N,N,N',N"'-

tetramethyluronium hexafluorophosphate

HOBt=1-Hydroxybenzotriazole

HPLC=High-Performance Liquid Chromatography

MeCN=Acetonitrile

MeOH=Methanol

MS=Mass Spectrum

MSNT=1-(Mesitylene-2-sulfonyl)3-nitro-1,2,4-triazole

NMI=1-Methylimidazole

NMR=Nuclear Magnetic Resonance

PG=Protecting group

SPOS=Solid Phase Organic Synthesis

TBTU=0-Benzotriazol-1-yl)-N,N,N',N"'-

tetramethyluronium tetrafluoroborate

TCNE~=Tetracyanoethylene

TEA=Triethylamine

TFA=Trifluoroacetic acid

THF=Tetrahydrofuran

2. Disclosure of the Invention

2.1. Overview

The present invention discloses an efficient and versatile
approach for the combinatorial synthesis and screening of
libraries of benzimidazoles, benzoxazoles, benzothiazoles,
and derivatives thereof. In order to expediently synthesize a
combinatorial library of benzimidazoles, benzoxazoles,
benzothiazoles, and derivatives thereof, a generalized meth-
odology for the solid phase synthesis of these compounds is
also provided. This methodology overcomes the limitations
of previous approaches for the solid phase synthesis of
benzimidazoles and benzoxazoles, and provides the first
example of a solid phase synthesis of benzothiazoles.

In one aspect of the invention, the method of synthesizing
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thereof, comprises the steps of first immobilizing a
1,2-arylenediamine, 2-aminophenol, 2-aminothiophenol, or
a synthetic precursor thereof, onto a solid support; removing
any protecting groups or performing other operations upon
said synthetic precursor to unmask the amino, hydroxy, and
mercapto functionalities, and fretting the resulting 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol with
cyanogen bromide to form the corresponding heterocycles,
which is depicted below:

Reaction 1

NH;
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-continued
NH;

\ N

’._: e s\>—NHz

In another aspect of the invention, the method of synthe-
sizing benzimidazoles, benzoxazoles, benzothiazoles, and
derivatives thereof, comprises the steps of first immobilizing
a 1,2-arylenediamine, 2-aminophenol, 2-aminothiophenol,
or a synthetic precursor thereof, onto a solid support; remov-
ing any protecting groups or performing other operations
upon said synthetic precursor to unmask the amino, hydroxy,
and mercapto functional groups, and treating the resulting
1,2-arylenediamine, 2-aminophenol, or 2-aminothiophenol,
either sequentially or simultaneously, with an aldehyde and
an oxidizing agent to form the corresponding heterocycles,
which is depicted as follows:

Reaction 2
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-continued

I

N,
r—: \>_R3
s

In “Reaction 2”, the resin-bound 1,2-arylene diamine can
be attached to the solid support through a linker off the
aromatic ring as shown in the scheme (first reaction), or
through a substituent off one of the nitrogens as shown

below:
NEL (o]
~ 2 )I\ | N N
Ry | Ry H Ry Ry
x NH ~ Oxidamt e N\
Ry

In yet another aspect, the method of synthesizing
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thercof, compriscs the steps of first immobilizing an
aldehyde, or a synthetic precursor thereof, onto a solid
support, removing any protecting groups or performing
other operations upon said synthetic precursor to unmask the
aldehyde functional group, and treating the resulting
aldehyde, either sequentially or simultaneocusly, with an
1,2-arylenediamine, 2-aminophenol, or 2-aminothiophenol
and an oxidizing agent to form the corresponding
heterocycles, which is depicted as follows:

Reaction3




US 6,251,689 B1

9

-continued
HzN

2.2. The 1,2-Arylenediamine, 2-Aminophenol, and
2-Aminothiophenol Component

According to the above embodiments, the 1,2-
arylenediamine, 2-aminophenol, and 2-aminothiophenol
component preferably comprises compounds of formula I,
11, and I1I, respectively:

Formula
NIL NI, NI
N Y oY
Ry 1 Ry ] Ry 1
& TH A OH A SH
Rz

i

wherein R, is selected from the group consisting of
hydrogen, alkyl, halogen, hydroxy, alkoxy, aryloxy, amino,
carboxy, carboalkoxy, cyano, and nitro, and R, is selected
from the group consisting of alkyl, aryl, heteroaryl,
arylalkyl, or substituted arylalkyl.

Depending on the combinatorial or synthetic scheme, the
1,2-arylenediamine, 2-aminophenol, and 2-aminothiophenol
component may contain additional substituents on the phe-
nyl ring. If necessary, these substituents can be protected
with an appropriate protecting group.

In a more preferred embodiment, the 1,2-arylenediamine,
2-aminopherol, and 2-aminothiophenol component is
selected from the group consisting of, but not limited to,
1,2-phenylenediamine; N-methyl-1,2-phenylenediamine;
2,3-diaminonitrobenzene; 3,4-diaminobenzoic acid;
3-amino4N-benzylamino)benzoic acid; 2,3-diaminophenol;
3,4-diaminophenol; 2-aminophenol;
3-amino4hydroxybenzoic acid; 4-amino-3-hydroxy-benzoic
acid; 2-aminothiophenol; 3-amino mercaptobenzoic acid;
4-amino-3-mercapto-benzoic acid. The 1,2-arylenediamine,
2-aminophenol, and 2-aminothiophenol component, if not
commercially available, can be prepared by standard chemi-
cal procedures.

2.3. The Aldehyde Component

According to the above embodiments, the aldehyde com-
ponent preferably comprises a compound of formula IV, V,
or VI:

Foramwla
(o} [¢]
R3/ILH AIJ\H
v \'

wherein R, is an alkyl or arylalkyl group, Ar is an aryl group,
and HetAr is a heteroaryl group, either unsubstituted or
preferably substituted with one or more substituents selected

HetAr

0
/“\H
VI
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from the group consisting of alkyl, halogen, hydroxy,
alkoxy, mercapto, amino, nitro, cyano, carboxy, and car-
boalkoxy. If necessary, these substituents can be protected
with an appropriate protecting group.

In a more preferred embodiment, the aldehyde component
is selected from the group consisting of, but not limited to,
benzaldehyde; 2-formylbenzenesulfonic acid; 5-formyl-2-
furansulfonic acid; 4-fluorobenzaldehyde;
2-hydroxybenzaldehyde; 3-hydroxybenzaldehyde;
4-hydroxybenzaldehyde; 3,4dihydroxybenzaldehyde; 3,5-
dihydroxybenzaldehyde; 2-nitrobenzaldehyde;
4-nitrobenzaldehyde; 4-dimethyl-aminobenzaldehyde;
4-hydroxy-3-nitrobenzaldehyde; 5-nitro-2-furaldehyde;
5-nitro-2-thiophenecarboxaldehyde;
2-carboxybenzaldehyde; 3-carboxybenzaldehyde;
4-carboxy-benzaldehyde; 4-formylcinnamic acid. The alde-
hyde component, if not commercially available, can be
prepared by standard chemical procedures.

3. The Reaction Conditions

3.1. Immobilization of the Arylenediamine,
Aminophenol, Aminothiophenol, or Aldehyde Component

According to the present invention, a 1,2-arylenediamine,
2-aminophenol, or 2-aminothiophenol component is reacted
with either cyanogen bromide or an aldehyde component
and an oxidant component, to yield a benzimidazole,
benzoxazole, benzothiazole, or a derivative thereol. The
1,2-arylenediamine, 2-aminophenol, or 2-aminothiophenol
component, or the aldehyde component, can be utilized in a
soluble format or can be attached to a solid support.

According to the latter embodiment, the 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol
component, or the aldehyde component, will include a
functionality which can covalently bind the molecule to the
solid support. This functionality will be present in the
molecule in addition to the 1,2-diamino, 2-amino-1-
hydroxy, or 2-amino-1-mercapto groups, or to the aldehyde
group, or protected derivatives or synthetic precursors
thereof.

The choice of functionality used for attaching the 1,2-
arylenediamine, 2-amino-phenol, or 2-aminothiophenol
component, or the aldehyde component, to the solid support
will depend on the nature of the compound to be synthesized
and the type of resin employed. Preferred functionalities
include, but are not limited to, halogen, hydroxy, amino, and
carboxy. Conditions for coupling monomers and polymers
to solid supports through these functional groups are known
in the art; illustrative examples are given in reaction scheme
4.

Reaction 4

[
NH-PG
HO (i) Wang Resin
v e
(i) PG removal
NH-PG
(o}
NH,
NH
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o]
O-PG o .
(i) Rink Amide
HO Resin
(i) PG removal
NH-PG
o
OH
NHz
H CHO Wang
Resin
CHO

3.2, Reaction of Solid-Supported 1,2-Arylenediamines,
2-Aminophcnols, or 2-Aminothiophenols with Cyanogen
bromide

In a preferred embodiment, an immobilized 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol
component is treated with a solution of cyanogen bromide,
usually at ambient temperature, and for a period of 2 to 24
h. However, depending on the nature of the components,
those skilled in the art will recognize that it may be neces-
sary to perform the reaction at temperatures other than
ambient and for periods of time longer than 24 h.

The reaction is typicaily performed in an organic solvent,
such as acetonitrile, dichloromethane, tetrahydrofuran,
methanol, aqueous methanol, dimethylformamide, or dim-
ethylacetamide. Most preferably, acetonitrile and dichlo-
romethane are used. The ratio of 1,2-arylenediamine,
2-aminophenol, or 2-aminothiophenol component to cyano-
gen bromide component will typically range from about
1:1.1 to about 1:100, preferably from about 1:1.1 to about
1:25.

Hydrogen bromide is formed as a secondary product of
the reaction. In some instances, it may be necessary to
neutralize the hydrogen bromide formed by addition of an
exogenous base. In a preferred embodiment, the exogenous
base will be soluble in the reaction solvent. Particularly
preferred exogenous bases include triflower alkyl)amines,
such as diisopropylethylamine (DIEA) or triethylamine

A

3.3. Reaction of Solid-Supported 1,2-Arylenediamines,
2-Aminophenols, or 2-Aminothiophenols with Aldehydes

In a preferred embodiment, an immobilized,
2-arylenediamine, 2-aminophenol, or 2-aminothiophenol
component is treated, either sequentially or simultaneously,
with an aldehyde component and an oxidant component,
usually at ambient temperature, and for a period of 2 to 24
h. However, depending on the nature of the components,
those skilled in the art will recognize that it may be neces-
sary to perform the reaction at temperatures other than
ambient and for periods of time longer than 24 h.

The oxidant employed in the reaction is selected from a
group consisting of p-chloranil (CA); 7,7,8,8-
tetracyanoquinodimethane (TCNQ); benzylidenemalononi-
trile (BMCN); tetracyanoethylene (TCNE); 2,3-dicyano-1,
4-benzoquinone (DCBQ), or 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ). Most preferably, TCNE is used.
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The ratio of 1,2-arylenediamine, 2-aminophenol, or
2-aminothiophenol component to aldehyde component and
to oxidant component will typically range from about
1:1.1:1.1 to about 1:100:100, preferably from about
1:1.1:1.1 to about 1:25:25, and most preferably from about
1:1.1:1.1 to about 1:10:10.

The reaction is typically performed in an organic solvent,
such as tetrahydrofuran, dichloromethane, methanol, ,
acetonitrile, dimethylformamide, dimethylacetamide, or
combinations thereof Most preferably, dichloromethane and
dimethylacetamide are used.

In some instances, the reaction is performed in the pres-
ence of a dehydrating agent which is some embodiments
may serve to catalyze the condensation reaction. Preferred
dehydrating -agents include molecular sieves, magnesium
sulfate, trimethyl orthoformate, and the like.

3.4. Reaction of Solid-Supported Aldehydes with 1,2-
Arylenediamines, 2-Aminophenols, or 2-Aminothiophenols

In a preferred embodiment, an immobilized aldehyde is
treated, either sequentially or simultaneously, with a 1,2
arylenediamine, 2-aminophenol, or 2-aminothiophenol
component and an oxidant component, usually at ambient
temperature, and for a period of 2 to 24 h. However,
depending on the nature of the components, those skilled in
the art will recognize that it may be necessary to perform the
reaction at temperatures other than ambient and for periods
of time longer than 24 h.

The oxidant employed in the reaction is selected from a
group consisting of p-chloranil (CA); 7,7,8,8-
tetracyanoquinodimethane (TCNQ); benzylidenemalononi-
trile (BMCN); tetracyancethylene (TCNE); 2,3-dicyano-1,
4-benzoquinone (DCBQ), or 2,3-dichloro-5,6dicyano-1,4-
benzoquinone (DDQ). Most preferably, TCNE is used.

The ratio of aldehyde component to 1,2-arylenediamine,
2-aminophenol, or 2-aminothiophenol component and to
oxidant component will typically range from about 1:1.1:1.1
to about 1:100:100, preferably from about 1:1.1:1.1 to about
1:25:25, and most preferably from about 1:1.1:1.1 to about
1:10:10.

The reaction is typically performed in an organic solvent,
such as tetrahydrofuran, dichloromethane, methanol,
ethanol, acetonitrile, dimethylformamide,
dimethylacetamide, or combinations thereof. Most
preferably, dichloromethane and dimethylacetamide are
used.

In some instances, the reaction is performed in the pres-
ence of a dehydrating agent which is some embodiments
may serve to catalyze the condensation reaction. Preferred
debydrating agents include molecular sicves, magnesium
sulfate, trimethyl orthoformate, and the like.

4. Preparation of Derivatives of Benzimidazoles,
Benzoxazoles, and Benzothiazoles

The benzimidazoles, benzoxazoles, or benzothiazoles
prepared according to the method described in the present
invention can be further manipulated using any one or more
of a variety of transformations to increase the molecular
diversity of the final products.

For example, the 2-amino group of the benzimidazoles,
benzoxazoles, or benzothiazoles formed in the reaction of
1,2-arylenediamines, 2-aminophenols, or
2-aminothiophenols with cyanogen bromide, respectively,
can be acylated with carboxylic acids or their acyl deriva-
tives (e.g., chlorides or anhydrides) to form amides; sulfo-
nylated with sulfonyl chlorides to form sulfonamides;
reacted with isocyanates or isothiocyanates to form ureas or
thioureas; condensed with o,B-unsaturated carboxylic acid
chlorides or esters to yield fused 2-oxo-pyrimidyl
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derivatives, or alkylated with aldehydes in the presence of a
reducing agent (e.g., NaBH,, NaCN(BH,), Na(OAc),BH),
to give secondary amines. ‘These examples are illustrated in
FIG. 1. Other preferred transformations of
2-aminobenzimidazoles, which may be applied to their
congeneric heterocyclic compounds, are described in Ras-
togi and Sharma 1983, Synthesis 861-882.

The above examples are illustrative; other
transformations, such as oxidation of the sulfur atom of
benzothiazoles, alkylation of the heterocyclic nitrogens of
benzimidazoles, and the like, will be apparent to those
skilled in the art.

For purposes of simplicity, FIG. 1 shows benzimidazoles,
benzoxazoles, and benzothiazoles obtained from resin-
bound 1,2-arylenediamines, 2-aminophenols, or
2-aminothiophenols and cyanogen bromide; however, the
corresponding benzimidazoles, benzoxazoles, or benzothia-
zoles obtained from resin-bound 1,2-arylenediamines,
2-aminophenols, or 2-aminothiophenols and aldehydes, or
from resin-bound aldehydes and 1,2-arylenediamines,
2-aminophenols, or 2-aminothiophenols can also be further
derivatized.

5. Cleavage and Analysis of Products

For some applications, it may desirable to have a
“support-free” or “soluble” library of molecules. Soluble
molecules can be useful for a variety of purposes, including
structural analysis and screening for activity in a particular
assay. The generation of support-free molecular libraries and
the solubilization of compounds synthesized on a solid
support can be accomplished by techniques known in the art.

Typically, the linkers employed to immobilize a molecule
to a solid support can be cleaved under a variety of
conditions, including treatment with acid, base, nucleophiles
(ie., groups capable of donating electrons), oxidants, reduc-
ing agents, and light. Examples of resins with cleavable
linkers are described in the Combinatorial Chemistry &
Solid Phase Organic Chemistry Handbook published by
NovaBiochem, La Jolla, Calif.

In a preferred embodiment, acid-sensitive linkers such as
those present in Wang resin, Sasrin resin, and Rink amide
resin can be employed in the solid phase synthesis of
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thereof, described in the present invention. Thus, if
desired, the immobilized products can be cleaved from the
solid support by treatment with an acid, and the support-free
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thereof, released into solution.

The nature and amount of acid used in the cleavage step
will depend on the specific resin employed in the solid phase
synthesis, and on the chemical stability of the products.
Preferably, the acid will be selected from the group consist-
ing of acetic acid (AcOH), trifluoroacetic acid (TFA), hydro-
chloric acid (HCl), and hydrofluoric acid (HF). Most
preferably, trifluoroacetic acid is used.

The acid is vsvally employed in solution, with water and
dichloromethane being the preferred solvents. The amount
of acid in the solution will typically range from about 1%
(v/v) to about 95% (v/v), preferably from about 1% (v/v) to
about 50% (v/v), and most preferably from about 1% (v/v)
to about 25% (v/v).

The support-free benzimidazoles, benzoxazoles, and
benzothiazoles, or derivatives thereof, can be analyzed by
standard analytical methods, such as thin-layer chromatog-
raphy (TLC), high-performance liquid chromatography
(HPLC), nuclear magnetic resonance spectroscopy (NMR),
infrared spectroscopy (IR), and mass spectrometry (MS).
Combinatorial libraries are preferably analyzed by a com-

3

=]

35

40

60

14

bination of HPLC and MS, herein referred to as “LC/MS,”
which provides information on the identity as well as the
purity of the cleaved products.

6. Preparation of Arrays of Benzimidazoles,
Benzoxazoles, and Benzothiazoles

The method for the solid phase synthesis of
benzimidazoles, benzoxazoles, benzothiazoles, and deriva-
tives thereof, disclosed in the present invention can be used
to prepare and screen large numbers of compounds, in the
hundreds, the thousands, and even in the ten thousands in a
reasonable period of time. Synthesis may be coordinated
with screening in various different ways to assay compounds
from unusually large libraries in a timely manner.

Accordingly, the method of synthesis described above is
preferably used to prepare more than 2, preferably more than
10, preferably more than 40, and more preferably more than
90 different compounds simultaneously. Moreover, the
method described herein can be utilized in a stepwise
fashion as well as in a one step condensation reaction,
thereby decreasing significantly the number of reactions
required for the preparation of a combinatorial library. For
example, a 288-component library can be readily prepared in
one step by condensing a solid supported 1,2-
arylenediamine, a 2-aminophenol, and a 2-aminothiophenol
each with a set of 96 different aldehydes under the condi-
tions described in this invention. Alternatively, a 288-
component combinatorial library can be prepared in two
steps by condensing a solid supported 1,2-arylencdiamiae, a
2-aminophenol, and a 2-aminothiophenol each with cyano-
gen bromide under the conditions described in this
invention, and then reacting the 2-aminobenzimidazole,
2-aminobenzoxazole, or 2-aminobenzothiazole with 96 dif-
ferent carboxylic acids or their acyl derivatives. The
2-aminobenzimidazole, 2-amino-benzoxazole, or
2-aminobenzo- thiazole prepared in the first step can also be
reacted with different sulfonyl chlorides, isocyanates,
thioisocyanates, or aldehydes and a reducing agent, to
increase the total number of library components.

Those skilled in the art will recognize the above format as
one that can be performed on any array, e.g. 96-well
filtration plate, preferably with but also without the aid of
automated liquid dispensing equipment.

The method of synthesis of benzimidazoles,
benzoxazoles, benzothiazoles, and derivatives thereof,
described in the present invention is particularly suitable for
the generation of combinatorial libraries because of the
following attributes: (a) the synthesis of benzimidazoles,
benzoxazoles, benzothiazoles, and derivatives thereof, takes
place at room temperature and under neutral conditions; (b)
reaction times are usually 1 day or less; (c) most reagents are
commercially available; (d) chemical yield and purity of the
products are very high, thereby requiring small amounts of
solid supported starting material; (e) the oxidative cycliza-
tion reaction between 1,2-arylenediamines, 2-amino-
phenols, or 2-aminothiophenols and aldehydes is highly
chemoselective and tolerates a wide range of substituents on
either component, which enhances the structural diversity of
the compounds that can be prepared by this method; (f) in
the oxidative cyclization process, either the 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol
component, or the aldehyde component, can be immobilized
onto the solid support, which also contributes to increase the
structural diversity of the compounds that can be prepared
by this approach; (g) the method provides a general and
uniform protocol for the synthesis of all three classes of
heterocycles, ie., benzimidazoles, benzoxazoles, and ben-
zothiazoles. Furthermore, compound libraries possessing
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these core structures can be prepared from a common
resin-bound aldehyde, thereby maximizing the value and
efficiency of the synthetic process

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the versatility of our approach towards
benzimidazoles, in particular, the preparation from either
resin-bound diamines or resin-bound aldehydes. This
enhances molecular diversity of the combinatorial libraries
that may be prepared.

FIG. 2 illustrates the possible reactions associated with a
multi-step process for creating diverse libraries.

EXAMPLES
The following examples are included for the purpose of

illustrating the invention and are not intended to limit its
scope in any matter.

Example 1

Preparation of Resin-Bound 4-
Carboxybenzaldehyde

4-Carboxybenzaldehyde (2.61 g, 17.4 mmol), DCC (2.19
g, 17.4 mmol), HOBt (1.17 g, 8.7 mmol), and DMAP (1.06
g, 8.7 mmol) were dissolved in dry DMA (8.1 mL). The
solution was added to Wang resin (15.0 g, subn. 0.58
mmol/g, 8.7 mmol), and the resulting suspension was
shaken at room temperature for 24 h. The resin was filtered,
washed successively with DMA, DCM, and dried under
high vacuum. The loading of the resin was determined by
direct cleavage of an aliquot with 20% (v/v) TFA in DCM,
and subsequent analysis of the product by HPLC.

Example 2
Preparation of Resin-Bound N,N'-Fmoc-3,4-
Diaminobenzoic Acid
NHFmoc

HO

NHFmoc
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-continued
0

NHFmoc

NHFmoc

A solution of N,N'-Fmoc-3,4-diaminobenzoic acid (3.76
g, 6.3 mmol), MSNT (1.40 g, 4.7 mmol), and NMI (1.03 g,
12.6 mmol) in 6:1 DMA-DCM (35 mL) was added to Wang
resin (5.00 g, subn. 0.63 mmol/g, 3.2 mmol), and the
suspension was shaken at room temperature for 24 h. The
resin was filtered, washed successively with DMA and
DCM, and dried under high vacuum. The substitution of the
resin was determined by direct cleavage of an aliquot with
20% (v/v) TFA in DCM, and subsequent analysis of the
product by HPLC. ‘

Example 3

244-Carboxyphenyl)benzimidazole

(o]

HO'

Resin-bound 4-carboxybenzaldehyde (subn. 0.65 mmol/
g, 400 mg, 0.26 mmol) was suspended in DMA (3 mL) and
treated with 1,2-phenylenediamine (2.6 mmol) and TCNE
(2.6. mmotl). The suspension was sonicated for 1 h and
shaken at 25° C. for an additional 22 h. The resin was
filtered, washed with DMA, DCM, and dried under high
vacuum. The benzimidazole was cleaved from the solid
support with 20% (v/v) TFA in DCM (2x5 mL, 15 min) and
the combined filtrates were evaporated to give the title
compound. 'H NMR (dg-DMSO) & 7.35-7.43 (m, 2H),
7.69-7.78 (m, 2H), 8.19 (d, 2H, J=8.3 Hz), 8.26-8.34 (m,
2H), 12.50-14.20 (br s, CO,H). MS (API-ES*) m/z 239
(M+H). :
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Example 4 Example 6
2-(4-Carboxyphenyl) methylbenzimidazole 5 2-(4-Carboxyphcnyl)4-nitrobcnzimidazole
o o]
10
H — H —
o [0}
o]
Q 15
HO HO
N, N, NO.
20
BN H
25

This compound was prepared according to the procedure 4 Thl; cc(;l'npound was pfepared according to the procedure
described in Example 3. *H NMR (d,-DMSO) 3 2.64 (s, 3H, escribed in Example 3. ‘H NMR (d4,-DMSO) & 7.47 (, 1H,
CH3), 7.15-7.37 (m, 2H), 7.50-7.62 (m, 1H), 8.12-8.25 (m, 30 1=8-1 H2), 8.10-8.15 (m, 3H), 8.16 (d, 1H, J=8.1 Hz), 8.48
2H), 8.30-8.43 (m, 2H), 12.30-14.10 (br s, 1H, CO,H). MS (4, 2H, J=8.4 Hz), 12.40-14.00 (br s, 1H, COH). MS
(API-ES*) m/z 253 (M+H). (API-ES*) mz 284 (M+H).

35
Example 5 Example 7

2-(4-Carboxyphenyl)-5-benzimidazolylcarboxylic
2-(4-Carboxyphenyl)-4-hydroxybenzimidazole 40 acid

45

o o
(o] 50 (o]
HO HO
N OH
= AN,
55 )
HN HN COH
60
This compound was prepared according to the procedure This compound was prepared according to the procedure

described in Example 3. *H NMR (ds-DMS0) 8 6.81 (d, 1H,  described in Example 3. ‘H NMR (ds-DMSO0) 8 7.72 (d, 1H,
J=7.7 Hz), 7.10-7.30 (m, 2H), 8.17 (d, 2H, J=8.3 Hz), 8.34 ¢s J=8.4 Hz), 7.89 (dd, 1H, J=8.5, 1.6 Hz), 8.14 (d, 2H, J=8.4
(d, 2H, J=7.8 Hz), 10.2-10.9 (brs, 1H, OH), 12.40-13.80 (br  Hz), 8.23 (br. s, 1H), 8.32 (d, 2H, J=8A Hz), 12.20-13.80 (br.
s, 1H, CO,H). MS (APL-ES*) m/z 255 (M+H) s, 2H, C0,”). MS (API-ES*) m/z 283 (M+H).
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Example 8

2-Phenyl-4-benzimidazolylcarboxylic acid

NHFmoc

NHFmoc

HO N\>_Ph

N

Resin-bound N,N'-Fmoc-3,4-diaminobenzoic acid
(subn.0.23 mmol/g, 350 mg, 0.081 mmol) was treated with
20% (v/v) piperidine in DMA (3x2 mLx5 min.) to remove
the Fmoc protecting groups. After.the third treatment, the
resin was washed with DMA and DCM, and then treated
with a suspension of benzaldehyde (17.4 mg, 0.164 mmol)
and TCNE (21.0 mg, 0.164 mmol) in DMA (3 mL). The
mixture was sonicated for 1 h, and shaken at room tempera-
ture for an additional 23 h. The resin was filtered, washed
with DMA, DCM, and dried under high vacuum. The
benzimidazole was cleaved from the solid support with 20%
(v/v) TEA in DCM (2x5 mL, 15 min) and the combined
filtrates were evaporated to give the title compound. H
NMR (CD,0D) 6 7.50-7.80 (m, 3H), 7.64 (d, 2H, J=8.4 Hz),
7.97 (d, 2H, J=8.4 Hz), 8.05-8.20 (m, 2H), 8.38 (s, 1H). MS
(API-ES") m/z 237 (M-H).

Example 9
2-(4-Carboxyphenyl)benzoxazole

HO'

Resin-bound 4-carboxybenzaldehyde (subn. 0.60 mmol/
g, 400 mg, 0.24 mmol) was treated with a solution of
2-aminophenol (262 mg, 2.4 mmol) in DMA (3 mL). The
suspension was shaken at room temperature for 24 h.
Tetracyanoethylene (307 mg, 2.4 mmol) was added, and the
mixture stirred at room temperature for an additional 24 h.
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The resin was filtered, washed with DMA and DCM, and
dried under high vacuum. The benzoxazole was cleaved
from the solid support with 20% (vAv) TFA in DCM (2x5
mL, 15 min) and the combined filtrates were evaporated to
give the title compound. *H NMR (CD,0D) 8 7.36-7.45 (m,
2H), 7.62-7,67 (m, 111), 7.72-7.77 (m, 1H), 8.17 (d, 2H,
J=8.3 Hz), 8.29 (d, 2H, J=8.3 Hz). MS (API-ES*) m/z 240
(M+H).

Example 10

2-(4-Carboxyphenyl)benzothiazole

HO

A solution of 2-aminothiophenol (300 mg, 2.4 mmol) in
DMA (3 mL) was added to resin-bound
4-carboxybenzaldehyde (subn. 0.60 mmol/g, 400 mg, 0.24
mmol), followed by TCNE (307 mg, 2.4 mmol). The sus-
pension was shaken at 25° C. for 24h. ‘Ihe resin was filtered,
washed with DMA and DCM, and dried under high vacuum.
The resin-bound benzothiazole was cleaved from the solid
support with 20% (v/v) TFA in DCM (2x5 mL, 15 min) and
the combined filtrates were evaporated to give the title
compound. *H NMR (d,-DMS0) 8 7.52 (1, 1H, ]=7.6 Hz),
7.60 (t, 1H, J=7.0 Hz), 8.12 (d, 2H, J=8.4 Hz), 8.23 (d, 2H,
J-8.4 Hz), 8.00-840 (m, 2H). MS (API-ES*) m/z 256
(M+H).

Representative structures, yields, and purities of cleaved
products obtained from the condensation of resin-bound
1,2-arylenediamines, 2-aminophenols, or 2-aminothio-
phenols with aldehydes or cyanogen bromide, or from the
condensation of resin-bound aldehydes with 1,2-
arylenediamines, 2-aminophenols, or 2-aminothiophenols,
are given in Table 1.
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TABLE 1

t o Tee B, 1

Structure, Yield, and Purity of Benzil ; les
and Benzothiazoles Prepared on Solid phase™®

Structure Yield Purity
N 99 81
\ CO,H
N
H
HO,C 95 93

NH;

N,
N\
H>——
N .
B

99 8
HO,C N 85 91
\>+NH2
d
oH 81 60
N
\ COH
N
H
47 84
[e]
mey
N Sy
H H
N
H
NO, . % 91
N
\ COH
N
H
63 T
Hoe N /ﬁ\ /@\
Ny N CF3
b H
N
H
94 79
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TABLE 1-continued

R,

Structure, Yield, and Purity of Benzimidazoles, B oles,
and Benzothiazoles Prepared on Solid phase®®

Structure Yield Purity
71 81
o]
ey L
\>— N
H

HO,C. 88 74

N
N CO,H
N
H

61 80

o
HO, N >

(o]
HO,C N 99 65
\CEN: :: :
H
79 78
o]
HO,C. N
-
H
N
\
Bn
N 66 91
\ -COH
O
0 85 88
N, o]
HO \
S
N 99 74
\>-_@_c°2H
S
) 88 8s

[o]
BuHN N\
COH
O

*Purity refers to percent of product in the cleaved maicrial, determined by HPLC.
*Yicld refers to percent amount of product relative to the substitution level of the resin, cor-
rected for purity.

24
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The above description is illustrative and not restrictive.
Many variations of the invention will become apparent to
those skilled in the art upon review of this disclosure.
Merely by way of example a range of suitable process times,
reaction temperatures, and other reaction conditions may be
utilized, as well as additional reaction types for creating a
diverse array of compounds. The scope of the invention
should therefore be determined not merely with reference to
the above description, but instead with reference to the
appended claims along with a full scope of equivalents.

Synthesis of Combinatorial Libraries

A number of techniques for the creation of combinatorial
libraries having desired degrees of molecular diversity exist,
one of which involves the use of combinatorial techniques.
Suitable combinatorial techniques include those described in
U.S. Pat. Nos. 5,840,500, 5,847,150, 5,852,028, 5,856,107,
5,856,496, 5,859,027 and 5,861,532. These techniques can
be performed on solid or in solution phase.

The preferred process of the present invention is a solid
phase synthesis (SPS) based approach. The reaction is
carried out on macroscopic particles made of material
insoluble in the reaction medium. The scaffold is generally
linked to the surface of the support to form the scaffold-
support reagent. This link is selected so that it places the
compound in the reaction medium. The chemistry of the link
is selected so that it can be selectively cleaved in a subse-
quent step, thereby releasing the synthesized product. Suit-
able SPS supports can be selected form commercially avail-
able resins. The scaffold-support reagent can be prepared
batch wise prior to placement in the array, if desired. Each
synthetic modification of the scaffold compound is prepared
in sufficient quantity to permit its screening and analysis
using conventional methodology, e.g., HPLC, mass spectral
analysis and the assays described in the references cited in
the background section.

The array of synthesized compounds is screened using
conventional methodology and scored. The compounds can
be chemically characterized using conventional techniques,
e.g. mass spec and HPLC, before or after the screening
process. The assay and individual synthetic steps can be
automated. Adjustments in the synthetic approach are pos-
sible on a real-time basis.

Typically, synthesis in a 96-well plate (an 8 by 12 array)
permits eight or twelve distinct scaffold resins to be distrib-
uted across the rows or down the columns, respectfully.
These resins can then be reacted sequentially with any
desired series of reactants. The diversity of the molecular
array can be controlled to achieve any desired degree of
diversity.

Typically, synthesis in a 96-well plate (an 8 by 12 array)
permits eight or twelve distinct scaffold resins to be distrib-
uted across the rows or down the columns, respectfully (see
Meyers et al. 1995, Molecular Diversity 1:13-20). These
resins can then be reacted sequentially with any desired
series of reactants. The diversity of the molecular array can
be controlled to achieve any desired degree of diversity.

The reactions can be monitored and products character-
ized at each synthetic step, if desired. Reaction conditions
can also be varied. Appropriate blocking groups can be
added and removed to direct a desired synthesis route. These
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methods are capable of constructing, tens of thousands of
molecules in a relatively short time span.

Incorporation by reference

To the extent necessary to understand or complete the
disclosure of the present invention, all publications, patents,
and patent applications mentioned herein are expressly
incorporated by reference thercin to the same extent as
though each were individually so incorporated.

What is claimed is:

1. A process for the solid phase organic synthesis (SPOS)
of substituted heterocycles selected from the group consist-
ing of 2-substitutcd benzimidazolcs, 2-substituted
benzoxazoles, and 2-substituted benzothiazoles comprising,

contacting a resin-bound aldehyde with a 1,2-

arylenediamine, 2-aminophenol, 2-aminothiophenol,
or substituted derivatives thereof in the preseace of an
oxidant in a solvent at a temperature and for a time
sufficicnt to form a resin-bound substituted heterocycle
selected from the group consisting of 2-substituted
benzimidazole, 2-substituted benzoxazole, and
2-substituted benzothiazole and

optionally contacting the formed resin-bound substituted

heterocycle selected from the group consisting of
2-substituted benzimidazole, 2-substituted
benzoxazole, or 2-substituted heterocycle selected
from the group consisting of 2-substituted
benzimidazole, 2-substituted benzoxazole, or
2-substituted benzothiazole from the resin, wherein 1)
either the aldehyde or the precursor is covalently bound
to a resin, forming the solid phase, 2) the oxidant is
selected from the group consisting of p-chloranil (CA),
7,7,8,8-tetracyanoquinodimethane (TCNQ),
benzylidene-malononitrile (BMCN), tetracyanoethyl-
ene (TCNE), 2,3-dicyano-1,4-benzoquinone (DCBQ),
or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
and 3) the mild conditions include a reaction tempera-
ture of room temperature or a temperature of about
40-60° C. and a reaction time of 48 hours or less.

2. The method of claim 1 wherein the reaction tempera-
ture is room temperature. )

3. The method of claim 1 wherein the reaction tempera-
ture is about 40-60° C.

4. The method of claim 1 wherein the solvent is selected
from the group consisting of methanol (MeOH), ethanol
(EtOH), acetonitrile (MeCN), dimethylformamide (DMF),
dimethylacetamide (DMA) and mixtures thereof.

5.

6. The method of claim 1 wherein the reaction tempera-
ture is room temperature, the solvent is dimethylacetamide
(DMA), and the oxidant is tetracyanoethylene (TCNE).

7. The method of claim 1, wherein the acid is trifluoro-
acetic acid (TFA) in dichloromethane (DCM).

8. The method of claim 1 wherein the resin-bound alde-
hyde is 4-carboxybenzaldehyde.

9. The method of claim 1 wherein the resin-bound pre-
cursor is N,N'-Fmoc-3,4-diaminobenzoic acid.

10. The method of claim 1 wherein the benzimidazole is
selected from the group consisting of 2-(4-Carboxyphenyl)
benzimidazole; 2-(4-Carboxyphenyl)-4-methyl-
benzimidazole; 2-(4-Carboxyphenyl)-4-
hydroxybenzimidazole; 2-(4-Carboxyphenyl)-4-
nitrobenzimidazole; 2-(4-Carboxyphenyl)-5-
methylbenzimidazole; 2-(4-Carboxyphenyl)-5-
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benzimidazolylcarboxylic acid; 2-Phenyl-4-
benzimidazolylcarboxylic acid; and 2-(4-Carboxyphenyl)
benzoxazole; 2-(4-Carboxyphenyl)benzothiazole.

11. The method of claim 1 wherein the precursor is
present relative to the aldehyde and the oxidant in a ratio
from about 1:1.1:1.1 to about 1:100:100.

12. The method of claim 1, wherein the ratio is from about
1:1.1 to about 1:25.

28
13. The method of claim 1, wherein the ratio is from about
1:1.1:1.1 to about 1:25:25.
14. The method of claim 13, wherein the ratio is from
about 1:1.1:1.1 to about 1:10:10.
15. The method of claim 7, wherein the acid is trifluoro-
acetic acid (TFA) in dichloromethane (DCM).

® ok ok kX
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1. A process for the SPOS preparation of 2-substituted
benzimidazoles, benzoxazoles, or benzothiazoles compris-
ing

reacting a resin-bound 1,2-arylenediamine, 2-aminophe-

nol, 2-aminothiophenol, or substituted derivative
thereof with cyanogen bromide, or

reacting a resin-bound 1,2-arylenediamine, 2-aminophe-
nol, 2-aminothiophenol, or substituted derivative
thereof with an aldehyde in the presence of an oxidant,
or

reacting a support-bound aldehyde with a 1,2-arylenedi-
amine, 2-aminophenol, 2-aminothiophenol, or substi-
tuted derivative thereof in the presence of an oxidant

to form a support-bound substituted benzimidazole, ben-

zoxazole, or benzothiazole, respectively.

2. The method of claim 1 wherein the reaction is carried
out at room temperature or slightly above room temperature.

3. The method of claim 1 wherein the reaction is carried
out at about 40°-60° C.

4. The method of claim 1 wherein the reaction is carried
out in a solvent selected from the group consisting of
methanol (MeOH), ethanol (EtOH), acetonitrile (MeCN),
dimethylformsamide (DMF), dimethylacetamide (DMA), or
combinations thereof.

5. The method of claim 1 wherein the reaction is carried
out for a period of 2 to 48 h.

6. The method of claim 1 wherein the oxidant is selected
from a group consisting of p-chloranil (CA), 7,7,8,8-tetra-
cyanoquinodimethane (TCNQ), benzylidene-malononitrile
(BMCN), tetracyanoethylene (TCNE), 2,3-dicyano-1,4-ben-
zoquinone (DCBQ), or 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ).

7. The method of claim 1 wherein the reaction is carried
out at room temperature, with DMA as the solvent, and
TCNE as the oxidant.

8. The method of claim 1 further comprising cleaving the
solid support with a suitable acid, preferably trifluoroacetic
acid (TFA) in dichloromethane (DCM), to form substituted
benzimidazoles, benzoxazoles, or benzothiazoles.

9. The method of claim 1 wherein the support-bound
aldehyde is resin-bound 4-carboxybenzaldehyde.

10. The method of claim 1 wherein the support-bound
1,2-arylenediamine is resin-bound N,N'-Fmoc-3,4-diami-
nobenzoic acid.

11. The method of claim 1 wherein the benzimidazole is
selected from the group consisting of 2-(4-Carboxyphenyl-
)Ybenzimidazole; 2-(4-Carboxyphenyl)-4-methyi-benzimida-
zole; 2-(4-Carboxyphenyl)-4-hydroxybenzimidazole; 2-(4-
Carboxyphenyl)-4-nitrobenzimidazole; 2-(4-
Carboxyphenyl)-5-ethylbenzimidazole; 2-(4-
Carboxyphenyl)-5-benzimidazolylcarboxylic acid;
2-Phenyl-4-benzimidazolylcarboxylic acid; and 2-(4-Car-
boxyphenyl) benzoxazole; 2-(4-Carboxyphenyl) benzothia-
zole.

12. The method of claim 1 wherein the ratio of 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol
component to cyanogen bromide component will typically
range from about 1:1.1 to about 1:100, preferably from
about 1:1.1 to about 1:25.

13. The method of claim 1 wherein the ratio of 1,2-
arylenediamine, 2-aminophenol, or 2-aminothiophenol
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component to aldehyde component and to oxidant compo-
nent will typically range from about 1:1.1:1.1 to about
1:100:100, preferably from about 1:1.1:1.1 to about 1:25:25,
and most preferably from about 1:1.1:1.1 to about 1:10:10.

14. In a process for the preparation of benzimidazole,
benzoxazole, or benzothiazole libraries wherein the
improvement comprises a step selected from the group
consisting of

reacting a support-bound 1,2-arylenediamine, 2-ami-
nophenol, 2-aminothiophenol, or substituted derivative
thereof with cyanogen bromide under mild conditions,

reacting a support-bound 1,2-arylenediamine, 2-ami-
nophenol, 2-aminothiophenol, or substituted derivative
thereof with an aldehyde in the presence of an oxidant,

reacting a resin-bound aldehyde with a 1,2-arylenedi-
amine, 2-aminophenol, 2-aminothiophenol, or substi-
tuted derivative thereof in the presence of an oxidant,

to form a support bound substituted benzimidazole, ben-
zoxazole, or benzothiazole, respectively.

15. The process for the preparation of benzimidazole,
benzoxazole, or benzothiazole libraries of claim 14 wherein
the improvement further comprises one or more subsequent
reactions manipulated to increase the molecular diversity of
the final products selected from the group consisting of
acylation with carboxylic acids or their acyl derivatives,
sulfonylation with sulfonyl chlorides, reaction with isocy-
anates or thiocyanates, condensations with o,f-unsaturated
caboxylic acid chlorides or esters, and alklations with alde-
hydes in the presence of a reducing agent.

16. The process for the preparation of benzimidazole,
benzoxazole, or benzothiazole libraries of claim 14 or 15
wherein the improvement further comprises cleaving the
solid support with triflouric acid (TFA) in dichloromethane
(DCM) to form the final product.

17. A library of benzimidazoles, benzoxazoles, or ben-
zothiazoles or derivatives thereof comprising a plurality of
different compounds prepared in accordance with the meth-
ods of any one of claims 14, 15 and 16.

18. A library of benzimidazoles, benzoxazoles, or ben-
zothiazoles or derivatives thereof comprising a plurality of
different compounds, each compound covalently linked to a
solid support, wherein each of said compounds comprises at
least one substituted benzimidazole group, benzoxazole
group, or benzothiazole group, or a group derived from a
substituted benzimidazole, benzoxazole, or benzothiazole
group which group is prepared by

reacting a support-bound 1,2-arylenediamine, 2-ami-
nophenol, 2-aminothiophenol, or substituted derivative
thereof with cyanogen bromide under mild conditions,

reacting a support-bound 1,2-arylenediamine, 2-ami-
nophenol, 2-aminothiophenol, or substituted derivative
thereof with an aldehyde in the presence of an oxidant,

reacting a resin-bound aldehyde with a 1,2-arylenedi-
amine, 2-aminophenol, 2-aminothiophenol, or substi-
tuted derivative thereof in the presence of an oxidant,

to form a support bound substituted benzimidazole, ben-
zoxazole, or benzothiazole, respectively.
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19. A library of benzimidazoles, benzoxazoles, or ben- reacting a resin-bound aldehyde with a 1,2-arylenedi-
zothiazoles or derivatives thereof comprising a plurality of amine, 2-aminophenol, 2-aminothiophenol, or substi-
different compounds, each compound covalently linked to a tuted derivative thereof in the presence of an oxidant,
solid support, wherein each of said compounds comprises at
least one substituted benzimidazole group, benzoxazole to form a support bound substituted benzimidazole, ben-
group, or benzothiazole group, or a group derived from a zoxazole, or benzothiazole, respectively, and

substituted benzimidazole, benzoxazole, or benzothiazole

group which group is prepared by cleaving the support bound substituted benzimidazole,

benzoxazole, or benzothiazole, respectively, with a

reacting a_support-bound 1,2-arylenediamine, 2-ami- suitable acid, preferably trifluoroacetic acid (TFA) in
nophenol, 2-aminothiophenol, or substituted derivative dichloromethane (DCM), to form the library of benz-
thereof with cyanogen bromide under mitd conditions, imidazoles, benzoxazoles, or benzothiazoles or substi-

reacting a support-bound 1,2-arylenediamine, 2-ami- tuted derivatives thereof.

nophenol, 2-aminothiophenol, or substituted derivative
thereof with an aldehyde in the presence of an oxidant, EIRE T T



