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Design of non-peptide inhibitors based on structure analyses of the
protease/inhibitor complex
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Evaluation of a novel decahydroisoquinolin scaffold as an inhibitor for severe
acute respiratory syndrome (SARS) chymotrypsin-like protease (3CLpro) was achieved. Focusing on
hydrophobic interactions at the S2 site, the decahzdroisoquinolin scaffold was designed by connecting the
P2 site group to the main-chain nitrogen atom of the P2 position via a methylene linker. All
decahydroisoquinolin inhibitors synthesized showed moderate but clear inhibitory activities for SARS
3CLpro, which confirmed the fused ring structure functions as a novel scaffold for SARS 3CLpro inhibitor.
Hydroxyethylamine (HEA) isostere, as a transition state mimic, was incorporated into macro-cyclic
structures connecting the P2 and P4 site of the substrate sequence of BACEl, a key protease for the onset
of Alzheimer diseases. Synthesized cyclic inhibitor showed moderate but clear inhibitory activity for
BACE1, which confirmed the ring structure functions as a novel scaffold for BACEl inhibitor.



B X Cc—19. F—19,.

1. WHEBHAR SO 5

AR CIE, 1BRIERFE L HIETHREB L L
C HJE MR ws iE B B (SARS; Severe Acute
Respiratory Syndrome) & 7 /LYo NA < —iF
ZHLY 72, SARS (3BT LR YLE DR AR
BO—2ThY | BVELE 2R > TV AIZ
Hbh L FIEEENRWELFHRE ST
&u\géﬁ T IV oNA = — IR b
AHIZEIT L TW D OMNETHR S X RN
FEINDLERTH DI %ﬁﬁb%#%%
ENWELERFRBR SN TWARY, ZOkH, &
WFZE TIX W FE TR EE DB S v Tuvze
IS TODRBIZOWT, TORIEDH L
b7 aT 7 —YOHREICL D IEFEHKEE R
PHETZEE L,

HE SMEFER EEERE  (SARS) 13X, 2002 4
11 AREIEEETHAEL, BHEO 9 6l
8000 % iR 2 D AEM & #1800 NDFEE % HI LTz
M e TH D, FA & RIRFCRIERE O
RIBMNITOI, B E L CTHRED SARS =
a2 F 7 A LA (SARS—CoV) 23[R/ E &7z, Lh

L, BOGREIIRIETIC S TRE b7,

RIRIES T 7 F B STV, Z0
O 7MRPLD T, 2005 FEHET=2 7 E U DT
@@SM&%V%?%»X@W%@T%é_
ERPHLEMMIEINTE, B ThoT
SMS%@?4w1Ki5¢$E@ RE AR
(MERS; Middle East respiratory syndrome)
DGR DA S A, B BLEYYE O 7 72
NRUTF I v REEInTnhb, L, &
WD SARS JEYL W 7 ¥ 7 Mk T PRE
INTW720, KRB TOMEET X —
g UMK TR KBRS I A T 72 RS
nTnd,

— 5. BHBENZRIT D FREAE D KHE 5y % 5
WD DHT NI NA < —FDFIEITIL, 39-43 7%
EOT7InA RXTFFREOEENKEL
Do TS (7 2aA FE#), L.,
ZoOT7IvA REREE ST ETHHIE
RIS STREIRII KRB SN TV A
W, 7 2B A R B, Z ORIBMAIEEE 58 APP
7235 BACE1 (B site APP cleaving enzyme 1,
BEIZLHZ—F) By k7L XZ—Flok
DY CAERLT 523, BACEL (T X B HIWr»3 i
WDAT v 7 TTIaA R B EADERBE
Mel/pn, 20D, < DT IvA FBE
EHIFN DS T VY oA ~—JFIREIR L LT
B &N TN, WTEho/baw b KIS
HENDIZIEES>TWVRY, FOH 5L HK
RPHIE. (LA OEINE L IMNBITIED
WNT U At DONKEERT-DTH D,

INH TODORBORBIERRILR /R D08,
ZOBRBIIIRIEDOHE LD T T —F
OEENRLALREEZ LN TS, LR
ST, ZORIEC»IbDETaT T —8ah
B E T 2 H ik 2 Bl % C & IXTRE I
BHFNC DN B ATREME S R & W, HEEHIT D

Z—19 (dum

)

TS ZOOBRBIIEITMA
Bk A AN H S <Bﬂ

WZHEHL,
&&57n77 Y D3
ERNFE A IT o CTE T,

2. WgED R

AWFFETIET, HEEE O 2 E TONFZER TR
ZREICESH LWIEST F M HE R A
scaffold &5 L. ZOENEEZMFTT5 2
L,

(1) SARS 3CL 717 7 —VPHEXINIZE ; H ik
FXTH S0 F7 I v 7125 LT SARS
%%i%%%?éJ_k%Eﬁtb SARS ™7
A VA DEEGEIZ MDD SARS 3CL FuTF 7 —
ﬁm$m®ﬁn%@mféto%@ﬁ%
SARS 3CL 17— 188 fif Arg % le IT
B LR ER e T 7 — t
(R1881 SARS 3CL ' u 77 —¥) NEp R~
277 —FOK 10° 20 %$E@%r¢ &
SARS 3CL 7' 17 7 —BEAELS C KT v
Tt REFBEALEZXTF KT LT l: R 23
Bt uMBED IC,Z2RTIZ &, ZRHOM
F=H| L R188I SARS 3CL w77 —¥ & Dl
AR X BRSO . FERESNZ X720 Py
His, P, Cha (cyclohexyl alamne)%%’)/\
TFRTATE RN oM L-UrdD 1, fE % 7
Tl REERALMNILE A
Kﬁ%fﬁ\ﬁﬁﬁ%m%%%m\%ﬁ#
RTF R scaffold ZpxElr - L=, E
REIICIE, SARS 3CL 77 7 —F L s fH A
B4 % P, BLON P, VA MEEEREFCE
AR scaffold & LCTT 4V AR S
FHEFL, 2OBLEICTATE RELAHWT
DEMBEREEEZEALE (K1), REFC
P, YA b EFHAEANER T & DA 2 BRAEIE AT
mu. 3 >ORRLY A N TORAEERNFAT
BT B U CHIBHER O A Rk & RFl &
1To7=,

HO. L7 . (]
o .
H H ¢
R
\'X(N\/k,v NS0 p—
o o A H o 2 A
P S
N=/

RITF FRBEH
ICsp = 98 NM

sz@i N-F5 U L RRER
N\)kH
@ s \FD&

1 FETF A SARS-3CLP™ BHAE A F

Siey

O-ThH Y LEEEH

(2) BACE1 PBHEHFINFZE ; WFEHE 1L, FEIEMEAE
WD L T YA ~— IR KB % H
#) & LT, BACEL BHEAWMIZE AT > T 7,
TTIZ, MBOREERNTY 74— N7 1~
7%Kiéﬁ@immnﬁ%%%%jb‘
BACEL ) Wr #8 iz I B & 7 3 / &
[-Thi-Thi-Nva—]Ec%| Z D7 F RN A T
= —F URGUVERS L 0 6 10 fELL R < )



MransdZ ExRELE S &5ic, FEER
FNZHES S FrfliEfie FexooF Ly
UIRIREE D BV LAV D IC R R
PHERE D2 2T O TRHEL, 20k
ERIBH ] & BACEL & OBEA RS &gt 4 e
DTS, BUE, MEEITE TRV DD,
HEEBRE ninic &b KkBEL Fu T T
—PIEMEHL Asp 7R 5L & O BAEH % fEsdd
BHELBIT, S, 25 Sy VA MThTTTRER
BOKMEART > "R FETHIEEZRHLT
W5 (M2),

s RIF FRAEH
\$2 By

4 4 O Rz sy

( RN H)\(O R(_\ 3\

HN W moa:
Val Ob . %
Ss ‘\7 “Asp 2 Xk 1
g Leu  (Etgeily) X N cg\

’&*,7&:7 Sy y
V
=

¥R
REGBAERT v b

Sz

(34 H O /Rz\ R/N"sa
N 3
Ry N)>\ S
%VJQ 4
srsk/ HQ’"As Ry~ O Ry’
GRtERL) © HOu, Asp
BRRTF FRBAEH O-FTh Y VEBEH (EEIL)

B2 7 F FEBACEL FLEHIRE

AL TIL, 2N ETO EREEARE
LT, S ~S, A MTH T DM Y 2 FEA
L2 BRIk~ 7 T R EA] & 3%t - 574 L.
BKYER 7 > b & O EAE R Fei 72 B
A REHEFR LTz, DT, Bk T RAE
EFFHH CTHONTERBELE S &1, b
EEEHEORR(LEZED T 0-TH Y A
PRERI OG- FMAITo72 (K 2),

3. WO ik

(1) SARS 3CL a7 7 — ¥ HEAINZE ; £9°.
BRIRTET Y ERICELNT Y A8
HEROARIETHSL LT (M3), A%EH
JEA1X, MEBRFEEREC P A MY T2
N-BHILOEAEZRZICTHT-DEA LT,

Boc.

2 Diels-Alder reaction H H W
s ¢ JE NG ¢ o
H
- . ~_OH - L_N__pBieh
b : oY
H.__O
" NH
F‘dcatalyticcyclizalionBO:“NH coupling Ac-Thr-GI T /[ />
y\NH N~ N
—_— ~ —— H
—_— 5 N p-BrPh
A Y a N p-BrPh
o e

(o}

3 NTH U RAER DGR

HINE T 570 ) VERIERICVNEL 2D 6
BERABMAZ, 1,3-7a X od— L L0
BB 6 ETH YLD Diels-Alder Mk

WCEVAR LT, DWTT VY UGBS
B, A NT VU A ERREE L T A BRLRIGIC
LTV ERLE, BT h ) R
L& His fIgH & s Iz & 7 2 /{kza i
WV, BRIOLEW~ LB,

N A B 7 2 R RO C oD L A 28
ARE7R 0 7 U URIBRER O AT 4 Of%
WAIZHES TiTo 7=,

2 Diels-Alder reaction H H
[ o —_— OH _ » N-"0H
- A_OH — |
e} H H
~
HTO ’ NH
Sharpless AE and AD R, HN "'://(:N/>
cyclization
—
. (¢]

4 OF WY LRIHERIDE K

BRALATSRAR DB EIC B & 72 % 6 BB
Z iR 3-buten—1-o0l1 7>5 Horner—Emmons
WRKSMZCE VAL, Eohni-ibadho
Diels—Alder it &V BRALRIERAZ ARk L
Tme DWT, LD 0T 0V B & |
BRAK 10 OARF =R F Al & i < BRAVUGRIZ
X0 SRR E R LT, Btkic, 7Y =
vVt ERITT X ALRISIZ LD 0T
71V EROMSEE 2 EA LT,

BonALAEMIZTOWNWT, T E TOFE
THESL U 72 FHEIZHE » T2 O P& TE M LA
Rt LI ED I, B AR LT BREAIIC
DN T DOEARREE AT 21T > 72,

(2) BACEL FHEAINIIE ; ZAVE TO i Ehk
THEEANCER HEA (e Faxi oFL7
V) B AERLIGA AT T KA BACEL [
%z’}@/z+ﬂ /LD Ic5ofﬁ%ﬂi\"§<: k ffﬁﬁ?ﬁ?\ L
TWb, 22T, KFETIIZ DT F R
BH %5 1) o> 4RI 852 BROK PEBR A% 1 % FHL A4 A
BT F R EAZ G LT, BRIk
EOMEIITA L7 4 UEEAN L HFHER
BAD —OOREEER N, AL T o A
BT 5 OfRREEIZHE> TITo 72,

OH o Ry OH g
- - 1 ‘N
ZNHYCOOH+NH2\A/N . Amino ZNH\/KN)YNW
2 2 acid - i H—0—=
v QI
~ ~ T

X5 VL7 g rERBRREEDORE

[E 4 HEA BAR RS S LB L 70 B T L3 LSk
DEANIL, V7 4 U ~OSARE A R %
M T AL E O £ Y SEAR
BRI AT o T, B < BRIRME B ~DEHRIT,
FLT AU AR B AR S EHWA Z &IZ
XoT, B LT 2ERIRMEE ORI L
77

DT, X6 IR TR THFREAICH



S BRIEEREE AT o 72, B # HEA R R
T4 L7 0 VR AW & REED 1L TIT o
T2o ¥NT. 29 FWN Heck RSZFIAT S 2
CIZ Lo THBFREARBRIRMEEZMES
B EITEPI LT,

COOH Asn O

NH; wog 4 g x o
02 Lo R M
HN T N OH |:"> R Ry |:> HN
0 HN\/'\rN /\)\< Ri
e

=

6 FERRGARIREE O

B2, HEE N T IO LTV DR
BACE1 Z W TEONT-{b&¥ D BACEL FHE
IEVEREH 21T - 72,

4. WFFERk R
(1) SARS 3CL 7’17 7 — Y HEAIFIE ; A0
TIZED ZNETELIWMED LR oT=TH
U U RIEER AR IS A TP RS & B B E AR
FHIE ) LTz, AfEBREEIX, ZhE To
FF RRIRERN T 0T 7 —8 L OMAEAE
FICHIAH LT 7 BOK PR AR 2 /8 B
M ESELZENTELHBEHRTHL, S
BT, THY VUBERICEZETH D5V IIEESE
R Z A Te = & T, MRS LIS
EfIE A B AT S 2 ENAJERIZ R o T2,
AWFIECTHR LTS IbAWIL, FRET
1Xd 53 e3FE7 SARS 3CL a7 7 —FHE
TEVEZ R U, BUKMEH DB R O F 20 % i s
THIENTETZ, HIT, SARS3CL a7
T —8 L OEASREERITIC LV | HEEBRK
MAAEEREZMRET LI N TE R, 72,
ARHE BRAE S (AL A A To B AL 0 AN & &
EESEFHT 52 LT, 57272 SARS 3CL
a7 7 —8EOMAERTAEAIH T
5 L EMER L,
(2) BACE1 BHEAIMFZE ; ABFFEICE D, ZH
FTITEAERRRFERB Z Zebiv T
VN o T2 KB BACET BEEEHI 0 1 4 34l /3
AREIC e o T, EBHIT, AL 74 EAT S
J B OSRG-S Z OB AN E E T D
L TEERRRET S LEEE R - 2RIV
AW - BT A Z LR ATRRIC AR | i
FE 72 BOKME & BLEIS & R o T b & ek
MHREIZ e o7z, ZIVE TARMIIE TR LT
SRR EWIZ., VTN HLFRETED D
D3METFE 72 BACEL FLETEME A2 R Lz, BlE, %
o OFEWT — 2 &4 LI il & i
O 5 L RIRFIZEA R E RN 23 ATV D,
5T, AL TERR L BRIRBAERIEX
DFRFDOE & Lo =T F FEEFLEH X
D HBUKENRE L o TEBY, ZhE To
TF RGO L - & b RERMEST
o WBAITHEZUGETE S B LAEW,

< 5| H 3k >
@ Akaji, K. et.al., Bioorg. Med. Chem.,
16, 9400-9408, 2008, and refs therein.

®@ Akaji, K. et.al., J Med Chem. 54,
7962-7937, 2011, and refs therein.

@ Akaji, K. et.al., Bioorg. Med. Chem. 19,
2785-2789, 2011, and refs therein.

5. ERRERLE
(BFFEARGEE . WFSE 0038 M ONEHERF FE 381
X TR

(MeREam ] (BE5 1)

(DKonno, H.; Sato, T.; Saito, Y.; Sakamoto,
I.; Akaji, K. Synthesis and evaluation of
aminopyridine derivatives as potential
BACE1 inhibitors, Bioorg. Med. Chem.
Lett. 2015, 25, 5127-5132. (& #FiA)
DOI
http://dx.doi.org/10.1016/1.bmcl.2015.10.
007

@Hattori, Y.; Kobayashi, K.; Deguchi, A.;
Nohara, Y.; Akiyama, T.; Teruya, K.
Sanjoh, A.; Nakagawa, A.; Yamashita, E.;
Akaji, K. Evaluation of Transition-state
Mimics in a Superior BACE1 Cleavage
Sequence as Peptide-mimetic BACE1
Inhibitors, Bioorg. Med. Chem. 2015, 23,
5626-5640. (#HifT)

DOI
http://dx.doi.org/10.1016/j.bmc.2015.07.0
23

(®Shimamoto, Y.; Hattori, Y.; Kobayashi,
K.; Teruya, K.; Sanjoh, A.; Nakagawa, A.;
Yamashita, E.; Akaji, K. Fused-ring
structure of decahydroisoquinolin as a
novel scaffold for SARS 3CL protease
inhibitors, Bioorg. Med. Chem. 2015, 23,
876-890. (##HiA)

DOI
http://dx.doi.org/10.1016/3.bmc.2014.12.0
28

@ Teruyak; Hattori.,Y; Shimamoto,Y:
Kobayashi,K: Sanjoh,A: Nakagawa,A;
Yamashita,E; Akaji,K @ Structural basis
for the development of SARS 3CL
protease inhibitors from a peptide mimic
to an aza-decaline scaffold, Biopolymers,
DOI: 10.1002/bip 22773 (2015) (&#HA)

®Konno, H.; Endo, H.; Ise, S.; Miyazaki,
K.; Aoki, H.; Sanjoh, A.; Kobayashi, K.;
Hattori, Y.; Akaji, K. Synthesis and
evaluation of curcumin derivatives
toward an inhibitor of beta-site amyloid
precursor protein cleaving enzyme 1,
Bioorg. Med. Chem. Lett. 2014, 24,
685-690. (&HiA)

DOI
http://dx.doi.org/10.1016/;.bmcl.2013.11.
039

(P ER) Grat)
(D Kazuya Kobayashi, Yasunao Hattori,




Ayaka Deguchi, Yukie Nohara, Tomomi
Akiyama, Kenta Teruya, Akira Sanjoh,
Atsushi Nakagawa, Eiki Yamashita,
Kenichi  Akaji ;  Evaluation of
Hydroxymethylcarbonyl and Hydroxy-
ethylamine Isosteres in a Superior
BACE 1Cheavage Sequence for BACE1
Inhibitors. 7th International Peptide
Symposium (Singapre), 2015.12.

QHFime, AAJEBLEE . NIRRT 5 m P
HPEE /AR | AREBAR I, REE A — -
EReXxv7IVABACE L EHA
DOIEMESTRBLIE DFE & 7T A4 5% A B
WEIETEEFEBAAFZE. H ARSI 5 135 £
(LR ER R FIFE - m7) | 2015. 3. 28

@, HIBE AR, D SHE, B,
ARSI, IREBAR . DREREE— 0 A
—7 Y EKERTS SARS 3
CL7u7 7 —EHFAIOGRK., HAKS
RH 1356 Ry (JLJH R R FEFER 40 F) |
2015. 3. 28
EIRE—RR, B, REEZE, &,
HRB R, /ARE . IREBAS 1. ZR K fd
— . AXY—THV RIEKERT D
S ARS 3CL v 7 7 —EMEAID A,
% 65 Bl H ARFEFolr sl S e - K (K
PR RS+ KFR) 2015, 10. 17

(£ D)

R— brl— U8

http://labo. kyoto—phu. ac. jp/yvakuhin/ind
ex. html

6. WFITHHRR

(D) WFgefzs

FREgME— (AKAJT Kenichi)
TSR RS - H - B
WF7ed 25 1 60142296

(2) HHEAFIEE

ARERFE M (HATTORI Yasunao)
TSR R - S - B
W7eE %S 20567028


http://labo.kyoto-phu.ac.jp/yakuhin/index.html
http://labo.kyoto-phu.ac.jp/yakuhin/index.html

