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SUMMARY

[. Title
Research for New RAS Inhibitors

II. Justification and Purpose of the Project

One of the promissing strategies for i1deal anticancer
drug development is belived to be the inhibition of cell
signal pathways. With the above purpose in mind,
worldwide efforts are now In competiton and some of the
visible compounds appear as results. In this research the
purpose for the R&D of ideal anticancer drugs were
initiated by the synthesis of Benzodiazepine derivatives

targeted for the inhibition of FPTase.

III. Scope and Contents of the Research

- Synthesis of BZA Analogues
- Enzyme Assay for the Synthesized Compounds
- SAR Study

IV. Result of the Research

- Synthetic method for the target compounds was
established

- Compounds with Zn  binding groups in the BZA were
synthesized.

—- Inhibitory activity against FPTase are now under tests.

V. Future Plan Based on the Result

Through the SAR study, new anticancer leading
compounds based on FPTase followed by the optimization
process are to be carried out for the establishment of the
result.
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Aujele] oF 20% 7} toz Q¥ AREA © Aol F
A A8 Fao] olUw (19949 % A Alwhzbe] 22%7F oto] ¢
), & wek AFAS AT Aol o7 ALFFe| oo %
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BoAF A= o]t FokFelAk 1990d Y 7 W2
Aat A Ao " e AXEY AsAge] g dd
Lo AaA AYgnt dd, FAdWNE 9 farnesylation#t A o] H Q.8
farnesyl-protein transferase(FPTase)?] A al|Alo] #3 d+& A
A, B8 A F AT AAE #gAstE /&9 ded Adxesky
B3 njlu 1) Aol F43AHY 2) pharmacokinetically B+
pharmacodynamically % Z4E& ZtAY 3) SAAHAAA AT
AxsgtEe] rE 93 A& st U4

A 2F FUe sEAT 4%

Rast A9 A%y #E3tE 93 ddo AsHdERA F
extracellular signal& nucleus®l] #A4¥3dl+= GTP-bound active form
% GDP-bound inactive form cycle®] w3 molecular switch® &
S 33l Y protein(p2l™) . & A mutated p2l proteine U7 ¢
9] 20 % AXoA WAHY NALGL 50 % oA, pancreatic
carcinomacl|i= 90 % °|¥, SeolHo= EXHO Aol dHIL
oA oA e o't ®E oshve iV Hal Y. Ras
= GTPE GDP¢ phosphate® 7}-#3]38t9 inactive formE&
z1 sy o] & gk GDPe GTP®= W22 guanine nucleotide releasing
protein(GNRP)ell 2]3] GTP¢ GDP W& GTPase activating
protein(GAP)el| 2}&|] o] Fof Aa 4.

A7) Rasv ©] $ 449 posttranslational modification©ll
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]3] membraned] association®l® ©|#]{$ posttranslational
modification® M2 A ALE 9T T8 SH2A #AH
AxHlo] we A7t APHo <31 v, posttranslational
modification®¥d % AAHY #AULE 2 F A DAY farnesyl-
protein transferase(FPTase)dl= &4 <¢l3l farnesyl pyro-
phosphate®] farnesyl groupg @t2d¥z o] CAAX motifel U=
cystein®] A E3d= wbgolr) ol WHEBLE Ras? biological
functiong 34 RE=A AXok 3t= WA HAHo|w FPTase
T heterodimer24] 32 @ -subunit(49 kDa) ¢ 3si}e] 8B
-subunit(46 kDa)o.2 o|Fojzom, FA S HsA F
subunit7} X% "R3r} Ras C-terminal¥e] Ad7| 52
_subunite] L] chemical cross-linking studiesol] 2|3 Y3 A
a2, a-subunit & 7]%& farnesyl pyrophosphate(FPP)2] 72 3%}l
TastEe AZEH gl o] a4 #Aole= Zn, Mg # ZL
27} o]l25& "8 = 3§, Zn + FPTaseW ol peptide substrate?
Agtel] A ololn FA A A I} FujR Lo FHo gt
Hiaxol ot B 7R e d+ 2 HA¥AY AHEE T &
o) FPTase A& A 8 T Ag9HQ prodrug W74 L v
T ®=< Holgt & g U olF AFAH FAY dES Eojnd
ched #ZY. AA: Alxd a@mEel A As  ESUA
geranyl-geranylation farnesylation®.t} 5-10v] A X © wlH 3]
dojtr}, EA: 2 2 heterodimeric G protein® ¢} 20kDa¥]
GTPase proteing! G25k¢} K-rev p2l1& geranylgeranylationel] ¢t
gt substratee]t}. AlA: geranylgeranylated protein® CAAX
sequencel 4] X& leul ¥HH, farnesylated protein® X¥= o 7
M gE oinxeitEe]l E £ Utk WA Cell cultureol A
FPTase inhibitor A 8]l A|, ras-transformed cellsel] thallA] A AMA] ¥




o} wlaste] Mg FAAAE YetWY. OAA: FHId = &5
2 3l o A transgenic miceoll FPTase inhibitor(prodrug)E <
o tumor® AFe] A=A 122 = FPTased] F&E3A A
e AFAEd & FSA%0] FHAALE AT Yo Ha
o, ¢tAl e Aoz FAHY o] Hi Y. A=
ol =to] Aeks|Ale}l digte) AT HEC YA FAEAEAR} WA
& o83 SEAH] AP oL Y.

H oA FA8t2A 3= FTPaseAldA] 2@ RAS ##
AAA ] FAAQA AFAAEES T3 o B YEFHAUL

3 1. FPTase A& A)

Chemical | Inhibitors | ICs for ICso for Effect on
source FTPase(uM)|GGPTase(uM)| mammalian
| | | | cells
Natural | Patulin 290 ND ND
Products Fusidienol 0.3 ND ND
| RPR 113228 | 0.83 69 ND
Cyclindrol 2.2 ND | ND
| SCH 58,450 29 | 740 | ND
Barcelonetc acid A 40 ND ND |
| Actinoplanic acid A/B| 0.23/0.05 | 1/0.5 | ND
CAAX | Tetrapeptide CVFM 0.025 | ND | ND
A 1.-731,734 0.028 ND Cell line
] transgenic mice|
BZA-2B | 0.85 '
CVIM | 0.09 35 "
B581 0.21 790 | "

SCH 44,342 2.8 >12 "
Cys-4-ABA-Met 0.05 ND ’
Cys-3-ABA-Met 6.4 l ND " |

[.-739,749/50 0.24/0.0018 >100/3 Cell line
transgenic mice
| BMS-185878 0.005 ND "
CVWM 0.5 ND ND |
| L-739,787 | 0.3 l ND ND
Farnesyl HFP 0.03 35.8 | ND
T EA FCP 0.083 26 ND
@ ~Hydroxy farnesyl 0.03 67 | Block Ras
phosphonic acid | | processing
Farnesyl diphosphate—-| 0.075-0.22 ND ND
based inhibitors
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FA9E w3 AFHA

Agos2 A" HAIAE fdll AdAE AEAZEFEH £
gk limonene, perillic, dihydroperillic acids°l® °l& EA&SZ
Ras-transformed NIH3T3 cellel A &Alo] HRIvtE Aol ARSI
o}, 28z AR Fd AaAe 19929 HAHATFFEHE T
Streptonigrin® S % #¢1 10‘-desmethoxy streptonigrine] F =9
FPTaseAsiAlolw] nlwd oFaAl AA(ICs=21 uM)AIF| L ET,
o] cell lineo]l M¥%EAo] vl vrdE Z ). FPTase@¥Ad A&
Holx= ©& IJAAREE manumycinAlg€e FE=A7F Ao
UCF1-C* manumycing X 4o]1L, o] A4 5 Asad7 713 &
A8 Aol (ICs=5 4 M). o] EAo] g WMIEHE=EXU EX 4
FPTaseo| W& A3 Ao, etradydo] disir= v ZA
A AdAYde]l M. FBo|2R¥E #dE FPTaesA sl A
(ICs=1.1 # M)Q] gliotoxink e} Aol i3] B]|74AYA o] ¥
1t

F M9 A2 dicarboxylic acid %A chaetomellic acid
A¢} chaetomellic acid B Chaetomella acutiseta®] W& F&5&
25y EHAL IC50%°] 44 55 nM# 185 nME FPTasedl
A3 AEA ol WA o F3ES MESEEAY B4, 1
dar JAFERe AR AAZIAHQU 1HF 2] computer modeling©l
o}l A FPPY ZE 42 mimic® X531 v}, Zaragozic acid A
o} B+ squallene synthase?] 749 ¢t inhibitor2 XK.l o] oM
Y-k, FPTaseol| thal 42 A&l A(ICs=216 nM)EA ¥+ At}
A E A= F7HE FPTaseA 8 A (ICs=12 nM)& RAF1L
ATt o] 3gtE2 FPPo| thsll BAA AsjAlgola, gt2chwdod
el A= vl AAA A Alsolt). Zaragozic acid A9t B Ras ¥
A cell linedl A Rasd AsxGHA | dsko] gl=H|, cellF34 ¥
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o] RZEJUA 1 o] A= Aot} o]lELdk pepticinnamin
20] FPTase AdA= 23EE U} pepticinnamins™ <2 714 9
ik g 9] screeningol 94 EEHo A Y. Antibiotic patulin
mouse cellol A @9 A 9] prenylationd A3ty FPTasegl < Al
Hqe o ofstAl FAEddE Aol W AHAYGIC0=290uxM). Il
Schering Plough Res. Inst.< HhM o 0. 5 HLE]
diepoxybenzlalanthracene®d #3 M=2E FT7F9 FPTaseA sl A
°1 SCH 58,450 33ttt

Peptidic FPTase Inhibitors

19903 A goz FHEHRY ¢ #dd FPTase’l &9
C-4tete] gleloj =59 fAS F32E ZadE Cys-AAXF9 3
FEEO 9dElA AAHer Addrte AMdol EHAEA olE
TERE EWd A&l g Y7 AlEFsew, CVIM, CIM,
CVVM, CVLS%e°] Zzleltt. o] Fo] Aol 4" AHAQ
tetrapeptide CVFM-& A2¢| aromatic 7|5 Ztil Qo™ in vitro
ol A protein AFE] Km value®t ¥l oA Al A
(IC5=25 nM)3}A| %t in vivool A FE2UA3E AR K=
o] Bt At} o]Qox AHXQto gz o]Fo] ofFa, wEA sl
BalEoiAng o o]49 prodrugl & 7ol oYk wdo] o
FH 7| = ATt

Peptidomimetic FPTaes Inhibitors
Natural substrate protein® Cys-AAX thAl metabolically stable,

nonhydrolyzable incorporation isosteric replacement for the amide
bondsel] Wig FFHA A7 Y3 B 2 Ag3AE FTHLE
Cys-AAX motifE 2AZ § %3 peptidomimetic H= X E 0]
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MAE i o) AaAE] in vivoAFAME FAHAY AFHE B
of FHA o] Fope] A= v #VIE W] AFste] A F7HA
T4 71219 #3Eo] AU Fol IFHelME AIALE T4
oz o] ¥ofel s} walth oS peptidomimetics 2ol A
Merck Co. gt 4colA 71&% [L-731,735= F+ N-terminal amide
bonds?} Z9E CIMSEA=A o5 oA 3, methionine
homoserine 2.2 v}, o2 ¥ L FPTase®| A% in vitro
inhibitor (IC5=282, 18 nM)ZM® Z8&3}3 U3 in vivo A= A3
A& RoFEy, oA AF T tetrapeptide CVFME] A A A Q1 ¥
¥ Bo8le fFAE wESIHCH in vitrodlA Aol R
sl Full Z71stg el o] XA ras-transformed cell line
o 41 geranylgeranylated proteins®.t} farnesylated proteins®] A
= SolAowz gAsto]l ¥ra A oh(1,0008] -10,000u) A= *}ol7}
2 ).

CAAX  motifol ¥ 4 aliphatic 27| tj Al o)
benzodiazepines E=¢YT BZAFY #EAEL Genentech Inc.9t
Goldstein group®l Qa4 HxRHPoW olE AHAELE FPTase
E in vitro® 9 olYE in vivodlAE AEEA MdHoz A
gt} o] 33EES E5EAL N-dde] A2AH QA peptide binding
site]l = Zn' ol &3 F3HE o] FF C-%H9 methionined =
E a¢tsidite Aot of #3E S Ras, nuclear lamins 18 4L
ThE 9ol M Xo)A 9 famesylation® 9=t} o] CAAX
motif 2 AHMAE FTAX Merck Co. G2 3
[-744,822= oAl oHZ AFLE =YAZ ANAEMN nude
mouse®] H-Ras-transformed cell& ©]4)3to] FaA71 29L& %

HotAl AAAZIYk= Ao] A d v )
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IFarnesyl pyrophospate analogues
gtAl A EAle =& XA+ farnesyl pyrophosphated)t &
= Y. agla olF XAESY YA FAME HA| FPTases
AatAl HAgY s Alde]l wRHAUT. FAAEH FPPREAZ+=
hydroxyfarnesyl phosphonic acid®} ©+& 1¥ oA & 33
BEo] Y. ada HAEZRE  FE¥E manumycin,
Chaetomellic acids % c°l¥F3tgtEolgt & v ol <+
compound I, II&+ v|-¢+ Z¥3dAl FPTaesE A &3t (ICx=83, 75
nM) AXF5 o] &3 A HFAAE £L& AH}E Ho FH4H
w2 X2 cell line A A AlEFAE BoFr}. Farnesyl amine
M = Y E long chain aliphatic amine€ *-& micromolar %= ol A
Ras-transformed cell®] #24|A3l¢ MEAG S A S BAF
Lt

A2k ER

71Ete] A A S Al 2= Scherring Plough Res. Inst.o]A]
3¢ nonpeptide A9 9 tricyclic 3359 SCH 44,3427F d©o.H
ol AdA+= in vitroICs=250 nM) % in vivo(Cos cell)ell A
FPTaes A&l &4 & Ho531l r},

Skl A 273k ue} Zo] @A) A9 Ras A& A A0
A BHE o 5 CAAX motifet ##, o] 49 substrate
mimeticS. 2 7% F<) peptide mimetic FE=HE) 713 &31A
AP gl Aol

= A9 A= Genentech Inc. 2 Goldstein  group®l 4]
CVEM®E] B -turn mimetics®] <243l 71 %< Benzodiazepine
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& £33 BZASFE 248 ¢ NEE 3FEY AAHS AH
8} 9 T}, o] 3FEL CaaX °] dipeptide (aa) portion<
3-amino-1-carboxymethyl-5-phenyl-benzodiazepine-2-one (BZA)
£ nonpeptidic scaffoldsZA] ¥3§ 33E o] N-terminal amide
bondE methylationdted U BZA-2B (ICx=085 nM)+
non-methylated analogue®.t} 400u] ©]42 potencyE eI
vk, olgd  olfEA  N-methylationd — SFFEEY
conformational rigidity 2 hydrophobicity7} 718 Aol 7|14
i FAHR dv). BZA-2BE FPTase AdlsEEHRT (IC5=35
nM) 40¥)] ¥ FX94 GGPTaseE HAst o, 12y
COOH-terminal methionone& X &3}l 9+ BZA-2B9} &2 ¢
Aol leucined ¥331 1E BZA-4BE FPTased Adj#tAdo] 2
207 93] benzodiazepine-containing peptides 7] 714 &
2o tis] AgAdol gle Aoz Ugyth EJ 49k AE
HA = F7HA] 8.4+ cystein®t benzodiazepine substituents$!

oz dHA L UG dF2HOE GGPTaser leucine-terminated
inhibitor(BZA-4B)[ICs=7 nM]ell tjsl] BZA-2BEt} 5¥] Hxe] 5
7}E sensitivity S Y ENW I ¢t

2 A3 IE, Sy 2 2 A YA oA x FPTased ‘:—’1
AA el HRXE T Yol A& Fo] oy g
peptidomemetic &okoll HFHo| A= Aol A A lﬂzf]...?.iE
Ras inhibitor 7*&okol Al FPTase] A4 | o= 7[1&A & @
At FA7E Aol glom Ao A djAjg uiel o] o A
7F 7PN o2 YER AL gl Aol
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A 3F 7Ly W8 R AR

Modification
Cl‘h
‘N Modification

AN

BZA® = A &9 54 N-&& 9] JE=: e
benzodiazepine moiety & peptide binding sitedll U+ Zn°" o] &}
Z318 o|FH o] AldY 3IFEEo ¥AS = UM FTLW
pharmacophore©] A%t A A 2 thiol group® ¥%3st3 & 33HE
°] 79 pharmacokinetically ¥+ Pharmacologically A4 43}
E Jeh= AErE 9o 970 A A RasEa o) b
B A= cystein® thiol group WA, Zn 249 binding & %
34 HFES= AZE ligandsE benzodiazepine moiety®l] A<
st 1 A& el F7FHE oS3V E IEdHE odH, i
332 Al did dA+E Al FeAT. ey, Zhzhe) 9bAd ket
9 &2 2 FA S 2 d79 2d 9 vdERFe o|fgE
A& = HIAN M= AEF7|E 8 FF *1E§}§}%94 e 3
£3de] gy & AT AW 7= v dANA FAE g
o8- enzyme inhibition®4 Alg Fo| om 1 Ayl & A
T oUE FR-EA4E BAE 2A AFste 39 dAFze W
dS WY e 4 & A ol
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A 44 dTASERE @4 2 d9rlee
E AT s dade dyoly 2 d4HE 5 wdAE o
A, ER3gE] dAE AU vie} ol FAHANLMY, #
Adubiel Y& ERsEe] FHAY T FIHA DA NA
olglfol &Y. A HMA dAe UF ¥ FEE & =¥
549 gr A ozl Ho] weken FHA oy WA= i
$o] YojutA] ot odaA XA o del AW, ol
& A de] FAA AAE fE B A3o]l 8o A
2& Wiel o Zx3E FAAYNUY A== A& dA7A
GFd FEAY FRrE o]FAA 4y EY, dA A F
A 8AAY FAHE GA B B DA @2 FE&E& HEWAL
lom FF Jdel aA7 wel dol = AACG. o7 o
fr2 Q3 2H30d Uy FxAe Fr7; ofen oY
gk o] E U HIZ Aol gud 3RS ZLEMH AHO
g Eo] HAHA dxpAxe FRQ g EEY 3-8
A A BAe dAEA 238 GHE 5 U B & A
= 3% B3NS AT AgdTe F2o] d#sE|AoF HA|TE
FsEFA AYPHS} Alad

Al 5 % AFMEdae] &8§A3.

AAAA ) ATE AR wAA AR AR LA =
gz 245 dg dTALY Edz vl & Aoy #A A
ot HN HARAD P Eo] B Ade} x| ghizvi
A9 A%H AW BT 2B Ho|th
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