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AFLNE, AR FEIEBORFEA LT T 5, S F 2 ik L LD FREHCO W TR~ b D TH D,

B ¥ O, S FEELICONT, ABENSBRSCZTARICREL THBY, 7S ERN - Pk bo
> Cna Zad~re, 2L T, EEEDTFOEMEORM, TOMEBOREIZLICREISRARD ZLad~, Al
BHIOIEFITIE, RO EWEE L0 FRENIER T2 UERH LI LR Lz, Z0EE, ZRTEDOEVERKDOH
ThH, HEHEEL bOfRD 723, BEEERFHIBOTEWAREZ b I L &2R L. £ LT, X7 F My F%&1E 0
O, EHELFARICRKRDHND LD 7, HEHOBHRED AN T B ATRERFEEHKOMBRR LTINS Z L &2k, AKif5E
DEHFEEZHL NI L.

o T [ BRI OB & T T M F~DISH ) IRV TIE, £7, ZRMEREAVER OGS RTFIEDMELITER
DA, BEIOHIE KL, #EEOT V3 LoBEHILAEFIEILL 325 2 & T, (CEERE 50N RO AEE
1TL, BARIETHZ. BoNf I BB BERIELEAN L =T F MRS 2 RE-ai T2 L, Bl edy
SRR LN, Z0obEamiE, 1ERDESTEHRML LY bEW =k otE%E $ 22 & % principal moment of inertia
(PMI) 7my b TRLE. BRERERERET20FREHILY, FIDVAR=ARERTE DL L L BIZ, H24m
IS OBIRIZ D72 5 2 L 2 FGE LT,

HEE IR MBI B OB IChW T, EERMHBICAMR=ZRUERK L LT, UBRMEFREAIE R OB % ICHY
AT FT, TEIKRE LTOLERIN TV MRERIE R L REKEE LT, RS FE2HE L. ARdRdHzsn
T, FrrropFgge MR E 3252 LT, BEF Lo UBRMERIVER OARNF AR A ER Lz, B L-fE KT, =
ODORRD EMEDOBEALRIZL, TOBAEFERTELILERLE. £, EAT 4770y 7 OENIE

Ea
v

D, RERFBIZEBTDHIMEENRKERT 52 L2 RWE Lz, RS, BHREOHAGDEOEWILY, RipsE
VG HeLa MUABEFENHITEE 2R L. 2L C, RSO PN 21T &, HEROESFEIEGG LD b =kt E
TEPTRENT.

BIE [ BRIEFERE R OB & D28 X7 F RIS T ~DIEH ) IZBW T, BEHRIBEANES R = RouE# & LT,
FRA XY ERT O UFOBRBEONWTIRR T, AF Y ERT O UE, EPIEES FORIMICER TH 50, ZOFEM DS
THEBCONWTE, ERMHFF~OIEHABAR S Thofe. 22T, PIK/CD28 MHEMERZEN & L, A4 x Y BTV
NS L ARTF MGy 2 7% G5 L. B&EHLIe_TF FEU 1%, Zo0RR D EHIL A MALIEATE, LM
HEhEORFEZARICTS. £, WARCBO XD RiGEEREZEAL, EXRMMERICANREER THLZ L2RL
7o BRIC, HEAFY BRI UUR, IEROBSFERB LY S =REEOmNZ & & ML ey P TTORLT.

FITE TRERTAK LAt “DeepCubist” DPHFE ] IZBWTIE, X7 F M Z - & U7 FERVE# ORRFHIMT, #iEERR
FTHD “DeepCubist” DBHFEIZ DOV TIR~ 72, DeepCubist %, FEAEIK & MEMAVRAESHTT — L= L, RFEHK
2T i1 RfafifEA 28 AT 5 ATHE AD) O oOERTHE L. WENICEAE S E-ERERIE, koK
SDFEEHLD b EZWERE L, RO I BN AR—ZARERARE TH D, ~7 7 i1 REFFEGEA AL ORI
Wi o T, FEICHWD AT L D SMILES %, — SO LEHEIC W THESSE S, SCFH ORI KRR —33
HE IR EDLE D Z L TRRNREE R ER L.

FEANT THEETEVEAARE  (SAR) HiRfZ D T X 2 WIS 1 aiifb D 32RE) TUX, SAR I8 3 Wl REZR R EAI DM A G b &2 T
B2z &, dGRICHIBES % Foal 9 2 FZiEMFRICR D MLA TS, 9, BEOMEORERINET IA AL FTH LT,
HAREA 72 SAR DA 4T 9 &, matrix metalloprotease 1 (MMP-1) FHEANC-DWT, kinesin spindle protein (KSP) [H%E
F235 SAREEB A AR TH L & THIL. THALMHEANL, ZOREHEMEED, HZ 7 BOBRLRES A>Tk
D, MEFEADZR SAR DR AAT O AAMEZWAL L. £ LT, HEFEEHOM EEZTFRILZ 3{bEamo 55 1 {bawiE, &
PERFERECH E LTV, BONEREAO/KARREZET ) 795 L, WP-1 OFLEREOR HI2iE, 7%=k
Lo T UEGOBRNBEETHD Z ERRBENT.

FLE S BV TE, RS RAE L.
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This paper discusses the molecular design based on scaffolds with high three-dimensionality, aiming towards the expansion
of therapeutic targets for drug discovery.

In the first chapter, the importance of molecular design based on three-dimensional (3D) scaffolds is explained. The
conventional small molecular drugs are predominantly characterized by flat and linear structures, leading to limitation in
the range of therapeutic targets. To expand the variety of therapeutic targets, molecules with high three-dimensionality are
required. Among 3D scaffolds, it is explained that bridged scaffolds are particularly useful in drug discovery.

Throughout the second to fourth chapters, the establishment of synthetic route for three types of bridged scaffolds is
discussed. The scaffolds were densely functionalized and allowed to install three different substituents. The designed
scaffolds were applied to design peptidomimetics (chapters 2 and 4) and demonstrated to exhibit various types of
bioactivities (chapters 2 and 3). Designed molecules were analyzed to exhibit higher three-dimensionality compared to
approved drugs by principal moment of inertia (PMI) plot.

In the fifth chapter, the development of “DeepCubist”, a molecular generator for designing peptidomimetics based on
bridged scaffold, is described. DeepCubist was constructed from enumerated bridged scaffold database and artificial
intelligence (Al) which install heteroatoms and unsaturated bonds into carbon scaffolds. Augmentation of training dataset
was the key for successful scaffold decoration by Al

In the sixth chapter, strategy to improve potency of enzyme inhibitors via structure-activity relationship (SAR) transfer
was experimentally validated. Potential SAR transfer event from kinesin spindle protein (KSP) inhibitors to matrix
metalloprotease 1 (MMP-1) inhibitors were predicted via systematic comparison of SAR information throughout ChEMBL
database. One of the three compounds predicted to improve MMP-1 inhibitory activity indeed exhibited enhanced activity.

In the seventh chapter, each chapter was summarized to conclude the importance of molecular design based on bridged
scaffolds for future drug discovery.
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