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Ac : acetyl

AF?2 : activation function-2

AUC : area under the blood concentration time curve

BA : bioavailability

b.i.d. bis in die (twice a day)

Bn : benzyl

Boc : tert-butoxycarbonyl

Bu : butyl

CPME : cyclopentyl methyl ether

cPr : cyclopropyl

CL : clearance

DBD : DNA binding domain

DIEA : N,N-diisopropylethylamine

DMF : N,N-dimethylformamide

DMARD:s : disease-modifying antirheumatic drugs

DMSO : dimethyl sulfoxide

EAE : Experimental autoimmune encephalomyelitis

Et : ethyl

Et;N : triethylamine

EtOAc : Ethyl acetate

H : Helix

HATU : O-(7-azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium
hexafluorophosphate

HOBt : 1-hydroxybenzotriazole

HPLC : high performance liquid chromatography

i.v. : intravenous

IPE : diisopropyl ether



JP2 : HAHESR I s R 5 2118

LBD : ligand binding domain

Me : methyl

NSAIDs : non-steroidal anti-inflammatory drugs
NT : not tested

PBS : phosphate Buffered Saline

PD : pharmacodynamic

p.0. : per os

PMA : phorbol 12-myristate 13-acetate

ROR : Retinoic-acid-related orphan receptor
SAR : structure—activity relationship

SUMO : small ubiquitin-related modifier

TFA : trifluoroacetic acid

THEF : tetrahydrofuran

TPSA : topological polar surface area

T3P : propylphosphonic anhydride

WSC : 1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide
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a: Left-hand b:Linker c¢: Right-hand ring
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1 Scaffold A
Binding 1C54:7.5 nM
Reporter 1C53:92 nM

Solubility (JP2) 0.2 ng/mL
Rat AUCpo =46 ng*h/mL

Figure 9. Hitft &L L RNED 70 7 7 A )L
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Scheme 1. Synthesis of compounds Sa—e and 6.

HO OH a O O°
Y —— U
O (0] ITJ

2 3e
o b 0 0 Jij”N
© :: © Hok(spacer))kN
(spacer) H
3a-e 4a-e

spacer

c N O o 0 /@/CN 3a,4a,58 A~
O ” (spacer) ” 3b, 4b, 5b A/y
5a-e
\\ 3¢, 4c, 5¢ w
N CN
L ISR e AN
1 —_—
O N N |
| 6 | 3e, de, Se /&/N\}%

Reagents and conditions: (a) Ac20, reflux, quant.; (b) 4-aminobenzonitrile, THF, 90 °C,
52%-quant.; (c) 9-ethyl-9H-carbazol-3-amine, HATU, DIEA, DMF, rt, 14-71%; (d) Mel, NaH,
DMF, 0 °C to rt, 10%.

iz B U7 1 VR — LB EIRIL . Scheme 2IC R TRRIE TR LT, 7=V v
Ta—gl3-AFI)VITNVEZ VR & ZNET H Z LICH D VAR EE8afE L, 2
LO-=F L I9H- I NN — )L 3-T I D7 I KMBlic L v 9af2 5k L=, a2 %7

NATEhIa~x T T7 4 —THRETDHZEICED ., BREMEAL0a L 10b %157,
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Scheme 2. Synthesis of carbazole derivatives 9a—f, and chiral resolution of 9f.

H
7a-f 8a-f
\\
HO N~ R O N N~ R
H H H
8a-f 9a-f

F CN
7a,8a,9a: R = 7d, 8d,9d: R = 7f, 8f, 9f: R =
CN Cl

7b, 8b, 9b: R = \(©
CN

CN 7e,8e,9e: R =
CF3
7c,8c,9c: R = \(@

\\ CN \\ CN
SO . 08
of

10a (+)-isomer
10b (-)-isomer

Reagents and conditions: (a) 4-methyldihydro-2H-pyran-2,6(3H)-dione, THF, reflux,
76%-quant.; (b) 9-ethyl-9H-carbazol-3-amine, WSC, Et;N, HOBt, DMF, rt, 27-65% for 9a-d;
(¢) 9-ethyl-9H-carbazol-3-amine, HATU, DIEA, DMF, rt, 39-45% for 9e and 9f; (d) chiral
column separation by HPLC.

TRMEEAM OB R

7 =V 13a-eD 5 % Scheme 312”7, 2-7 3 /5-=hua7=/—/)L (11) %2-7
TEEEEE A TV LTS Z L TERILL, RXURLTR U552, 1207 2 R

FEZFFE2ZTF LR, b EA2E T T2 21807 =) 13ax Ak L
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Scheme 3. Synthesis of fused ring anilines 13a-e.

’ N

T I = I

HO NO, (o} NO, 0 NH,
12 13a

1

R2
H |
H2N cord OYN e, for O N
,forg Y
HO 4N 4N
NO, R NO, R NH,
o)
14 15a (R'=H) 13b (R'=Et, R?=Et)
15b (R'=Et) 13¢ (R'=cPrCH,, R?>=cPrCH,)

13d (R'=Et, R?=cPrCH,)

R3 R3
| |
F h O _N [ O N
: o -
NO, NO, R* NH,
o] o) o)
16 17 (R3=Et) 13e (R3=Et, R*=cPrCH,)

Reagents and conditions: (a) methyl 2-bromobutylate, KF, DMF, 60 °C, 83%; (b) (1) EtI,
K2CO3, DMF, rt, 88%. (2) Pd-C, H2, MeOH, rt, 76%; (c) Urea, 160 °C, 53% for 15a; (d) (1)
EtNH,, HATU, DIEA, DMF, rt, 93%. (2) 20% phosgene in toluene, THF, Et3N, 0 °C to reflux,
74% for 15b; (e) (1) Etl, KoCO3, DMF, 70 °C, 70%. (2) Pd-C, H2, MeOH-EtOAc, 1t, 99% for
15a to 13b; () (1) (bromomethyl)cyclopropane, KoCO3, DMF, rt, 79%. (2) Pd-C, Ha2, EtOH, rt,
77% for 15a to 13¢; (g) (1) (bromomethyl)cyclopropane, KoCOs, DMF, 80 °C, 49%. (2) Pd-C,
Ha, EtOAc, 1t, 97% for 15b to 13d; (h) (1) EtNH», K»CO3s, THF, 60 °C, 89%. (2) Urea, 160 °C,
57%; (1) (1) (bromomethyl)cyclopropane, NaH, DMF, rt, 81%. (2) Pd-C, Ha, EtOAc, rt, 78%.

R 2 Z5 A L T2 b 18a—k D A Jik & Scheme 4127~ d, fix OT7 =V & /LR

VRS E oIS LML T H 2 LTk Y, 18a—kE AR LT,
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Scheme 4. Synthesis of fused ring derivatives 18a—k.

CN CN
(@] (@] a (0] (@]
PPt LGS P
HO N N N
H H H

8g 18a-b
o o eN aorb o 0 o
PP — R AL
HO N Cl N N Cl
H H H
8f 18c-k

R= g § i \\N o N( o] N(
OD\/OJ@\/@@\/ o#Ojg\/ Toj©\/ j[oj@v
NS NNy
S0, SO0, a0, S0, AN,

Reagent and conditions: (a) RNH2, HATU, DIEA, DMF, rt, 9-69% for 18a-f; (b) RNH>, T3P,
DIEA, EtOAc, reflux, 45-77% for 18g-k.
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L7z, LB ORORYUI KT 2 BRI ZFOAERR L 72 U T > N ORORytis & [ AR
(TR-FRET) (2 XV HIE L7z, (LA L Din vitro RORytWHEENEMEIX, & b Jurkat
MRz AN LR =2 == T v A 2K VIL-17TOmRNADIR B &2 HET 5 2

CIZXVEHI L7z, {LEWDT > NTBIT DIEMEREIL, #IRL7ALEY 21 mg/kg
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TDOZy Mty b R=XEHWTERE L7z, invitro PDEERIZPMA X L UNlonomycin
I L 27 v bEMFOIL-17TAREZRIET 5 Z L1 XV FEhii L 72, in vivo PDRER
XEER A O ERRER (EAE) 7> NMIBUITA5HEORE Y U HNLEL

72IL-17AOMRNAEWE 21TV, ALEY DR ZRREE LT,

F9°. invitrolZ BT HRORytIZX T 28R L LA —& —#B s Rz BT
SR I A FEINE M 2 R T LA 25 L TR 21T o 72, 1L LIS, U o —Ero
FERETEIEAHRE (SAR) ZHRGE L 72t 5 & Table 1WIoRd, MEEHLD T /L% V8% VLT
a7, U o =R SIZOWTE, TRARO/LEWSallx L, 67K Dk
BWISb S 2 VIR TR OILEWSc TIIFATEES I L, TRFR Y o —R & LT
HFELWZ ERRBINT, 2T U I—RE2TRF L L TER D RE(LRE 21T
ofc, VU —HREOEHTIE, PREICATFAEEET LAWK L, AT
W EFFIZ 72 MEEWSa, D WVEY A TFAEEGT 2LEWSd T, AR
EHEEZRFET20b00, UR—Z =3B CIEMENREES Lc, £/2, Vo —IZE€HK
F BN LTALEWSe R i 2 B A LI ALEWSE T, aTEEITMER T2 b D
D, LAR—=Z —IEEREGE LTz, 7 X FRAENLOEBIZOWTIR, U —H5 D
7 2 REERAXAF AL LTIALE6TIE, RORyt~DFEATEEN K E S WII L=, Zh
O OREEMARE NG U o —ide v MEGWIA L TWIZ3-AF /R X 1,5
T MEEPRECTHDL I R LI, TI2T, MarRE ViR — 2 —HPEORE

19



ETEVERAB CTEMED 2 HITEA . ZHUIMEEDROR Y 37 ITHEE L TH, £

FHIFERE Z BT D12 O MR R/ 2 L TV RN L BEREND,

Table 1. U > & —E OFEETEPEAHBE

Ioe £l
Q (Linker)
L&) Linker Binding ICso (nM)  Reporter ICso (nM)
1 PP 75 92
N N~ '
H H
0 0
5a ° JJ\/\)LH/ 48 200

O
Sb H 410 >30000
~ N
HJ\/\Q/ ~
0]
Sc - )MH\ 140 >30000
H 0]

0] 0]
5d 290 7800
\NWN/
H H
O 0]
I
Se \NJ\/N\)J\N/ 57 1600
H H
O 0O
Sf Ao L 81 4200
H H
O O
6* - WN/ 6700 15000

4Racemic.
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WIZ, ALEYND Y v —% AW AT = = VRO REHE R % Table 21283, £
TT )T 2 = VO EENE A RRGE LT, 7 BEONE A2 L T2k & 9a, 9b
(TG ETEVEDN RS LTz, > 7 2 B2 A S RVMEEWIee, v 7 2 FEoRbviz7 v
FRIRFZBANLTALEWIATII L R —Z —{EMERRFE Lz, ZhonZ &b, 4
T EDBEMTEIEICRESEET L LB LT, T, T BRICHEET S
EHIEDOR B LA LT, BNZBEERT7 7 IV —ThHoHT v a7 U 2K ERIERD
MR NT, Arg7R2 b HAEH L TWad = bhridb o WEI T 2 o F /1 Mz
U ZAda AFNVERT v EBEEO S OEREZE AT 5 2 & T, EESY
BRENLD Z EDNME SN TNE0, Zhudy vy EOMEER #5357 o0
— & LT < i@HEED AV MIIIREMER ZBLiE 325 2 & ¢, IS FET 2 Bk

TR REREEOMBEREZES Lm0 b sz, ZoMmAZFA L, RORyt
DArg367 L HAAFER Z > T D EES NI TV EOF /N MIZ MY 7w
AFNEBIO v OB AT, -7 /7 3-b) 7t a 7 = VEEFT
HALEW9e TIZIEMEIXIES L=, 7 m ez E A LAbL &M Tk &1t L O
LAR—& —{EEOIEBA R o7, ZUOORREEIY ., 3-7nu4-27 ) 7 ==L 5
PO RS L L CRE Sz, bEMInIT R A F AR FTLEH LT
WD, HFEGFEAT o1z, BIREWZ L1, TR TR0 FEMER10ads K T10b
IRIFOIEEEZF LTV, £Z T, SBROMMNE T EIKRTITO 2L L Lk,
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Table 2. 87 = = /LKL FiE#HEL OHEXETE M AE BE2.

\\ 1
O
H H 23
Binding Reporter
=] R! R? R3
ICso (nM) ICso (nM)
1 CN H H 7.5 92
9a H CN H 190 6300
9b H H CN >10000 >30000
9¢ H H H 6300 >30000
9d F H H 840 >30000
9¢ CN CF3 H 15 190
of CN Cl H 2.1 11
10a® CN Cl H 1.3 13
10b¢ CN Cl H 1.6 12

3A1] the compounds are racemic except for 10a and 10b. ®(+)-isomer. °(-)-isomer

S g e

A AN — LB O R

{EEfIE. 58IIRRORYyEEMMER KO VAR — 2 — &2 /R L2y, NMeEaWmiT o

v MBI DR OGO M A ERED | in vivo PDRER THEFT A 121X+ Tliden g

DEEZLNT (v Mty b F—X: Img/kgtt 05K,

22

AUC=8 ngsh/ml), F



7o ALBWINTIER IAR AR 277 L (0.15 pg/mL) . Z OAKIRAREE 3G FE DR\ VB
KD12E LTERZBILD, T DRBEREIT I LAY — VERITH KT D mWBEEIS
EXBbDEHE 2T (clogP: 6.44), NEEMEDEWMEEWIX. ADME-Tox (UL, 43Af.
R, PR, Bl 7r 7 7 A A E LS RN 2 E RO DI L DN 5
TWDH2, 2T, IR —)VEREES L, Zr T ORREMEZ KR S W70 55 HIEMESR
BUZ WM BAE 2 RD5r TaRFH 24T IGVERS L O 2 N LAk &% B S
2L & L7 (Figure 11), £9. R ¥ U BA AR A~EH LI(LEW18a, [
£ LTALA YN8 TITFE BTEMENRFF S 4172 (Table3), —J7, 18aDEH LT L
ZBRE LTALE I8 TIXIEMENR RE I LT, TNHDORR XY | TR AR
L & U CEHR FEBEEAXOMLEMEDN R SN, RisYEIZOWTIE, HFHET
< Th ((bEW18a,18¢c) TEMEARLI-Z LD, KigFEERZ 7 /L XL E~LH

TE Db E R b,

_________________

Figure 11. /L3 — VBRI D OREIEZHL
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Z T, KRB VBRE T AR NIES LB LT CRIECA OB E B X T2,
NN —)VEBR % TBRIMEDBEA~ LB L T 2 LIS Ko TIREMEIRBS HifF S v 7z,
XEhE L OYE O EEH T HEMETFA v - AR LTIZE 2 A, RUAAF
P a AMEAWI8ARC, XU XA XYV AL EW18e TREATEMENRO bz, Zh
SIT AN — VBB AT DI LLlE L CclogP2ME T L IR O S EEH 17 3558 &
Niz, RURXAFHY ) VEO I IVR = VoI ERIE A (595 & LR — 2 —iE
WA ET5Z LMY ((LEWI8E, 18g) . YERDNEE M D EEMEN R S 41
2o 61T, 24-PFXV-1234-FT FT b RaxF YU VEAZEAL-18hTTR 7
FEATEMET N VAR —F —{EEEZ G T 2 L2 RWE Lic, 18hFEMREE N KE S

#L T\ (JP2:42 ug/mL),
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Table 3. —ERMEAMEE DA H#ae

AL

: :CN
R2

R!
N
H
Binding Reporter Solubilit
U=z R! R? clogP oot Z
ICso (M) ICs0 (nM) (g/mL)
(
of ® Cl 2.1 11 6.44 0.15
(
18a OJ@\/ H 5.9 57 5.96 0.06
18b O\;@\/ H 5500 7700 4.75 0.19
(
18¢ @@\/ Cl 170 4000 5.06 0.1
(
18d 04“]@\/ Cl 260 5200 3.34 0.9
(
18e OTN]@\/ Cl 110 1400 3.45 12
(
18f I]@v Cl 13 200 3.96 23
(
18g J]@\/ Cl 75 100 4.50 5.6
\
18h j’mj@y Cl 3.6 47 4.52 42

o

“Racemic. "Kinetic solubility in the 2nd fluid of disintegration test of the Japanese

Pharmacopoeia (pH 6.8).



18hiZ DWW T OFE R bt E % 2, 24-UAFV-1234-7T T FaxiF U

B EOEHILS A et L7z (Tabled4), £9°. RPZEUEIZHETE L TRV &2 2H#: L

7o REBIC 7 7 a e AT VA EA L18Kk CIEiEMENm L Lz, i&MEm Lk

Vi

MERD HITZI8KIZDOWT, RPALEH LT, TOfRR, /e ra bV AF KA E

A LTS8 TRVEMEZ R LTz, AT, 18ilEPK7 8 7 7 A /L DEENFRD b vl
(AUC=106 ngeh/ml, BA:7%), Zi15DOFERNEL, {LAEWI8iIE > Tin vitrod LY

invivo PDiRER 2175 Z & & LTz,

Table 4. VU P UF v Fo@E#ILE#ELE L OSy @) ke

R2
|
OYN o o CN
1N /U\)\/U\ /©:
R N N Cl
I H H

Binding  Reporter Rat PK®

feay R R? ICso ICss  AUC,po.  CL BA
(nM) (nM) (ngeh/mL) (mL/hkg) (%)

18h Et Et 3.6 47 39 1609 6.2
18k A/\ Et 2.5 5.0 10 2639 2.7
18j Et A/\ 3.9 32 33 1702 5.5

18 A A 49 7.2 106.2 672 7.1

“Racemic. "The values are shown as means of three determinations (0.1 mg/kg, i.v., and 1.0

mg/kg, p.o.).
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F5H ALEMI8IDin vitrods I Win vivo PDERERIZ K 5 31
in vitro PDaR% (Whole blood assay)

9ifl H DLewis7 v hEHERAFRAR L 0 BRIML L | ML % 55 H1 (RPMI1640 + 10% FBS + 1%
PS) IZC2EAR LT, & ZIT18iZUSIN L, 1R 255 1 TR L 72PMA10 ng/ ml+
lonomycin 1 pg/ mICHITE L7z, 24KF[# 1T FIE 2 [FIU L, ELISA (2 CIL-17AREE
EUE Uiz, ZOREF, 18UTIL-17ADFEAE Z F B AFHISHNH] L, Z DIC3s51X300 nM

ThoT,

in vivo PDi R

B8t 512 X DIL-17TA mRNADIIHI Z 7~ Hhzatii Lz, $70bb, 7TH
D A X DLewis ratslZxt L, I = U UM 2237 (Myelin basic protein) 3 X O
#EitZSEE  (Mycobacterium tuberculosis) %5487 ¥ =23 | (Freund’s adjuvant) % M
VWV TSR A BB BEZ  (Experimental autoimmune encephalomyelitis: EAE) (2 J&%
ESHE. 20T v b Y 8% W Tzin vivo PDT v & A 123 T18i (30, 100, 300

mg/kg, p.o., b.id.) ZFHMili L7 (Figure 12), £ OF5E, BAESH#%Z DY /N EiTODIL-17A

mRNAFHL &I &SRS HZISED L, 100 mgkg THERZ R L7z, —J7. IFN-y

27



DORBUNTEE Lo 7o, LLEX V| 18i2%in vivo CRORptZHETH Z L2k » T

Th17Md DFENEAL « SHEZIHIT 28R 5 Z EAVRESNI,

A B
IL-17AmRNA IFNg mRNA
0.02 0.008
*®
E 0.015 0.006 .
< T
LR ¥ [ I
| 0.004 +
= E 0 L T
- o
= # =
] . . ) -
T
0 ol ; . . .
Normal 0 an 100 ano 0 L S o o
Marmal 0 30 100 300

Datarepresent means 8. E n=4-7)
*p=0.05vs Normal by Welch’s test
#Zp=0.05vs EAE-0 by Williams” test

Figure 12.18i ® < » | EAE &7 /L COFf; (A) Dose dependent suppression of IL-17A
mRNA; (B) Effect of 18i on IFNy level.

Datarepresent means + S, E n=4-7)
*p<<0.05vs Normal by Welch’s test

FO6HT AL MIShOXHAREERNTIC L 2B 52

XARREVERRATIC L 0 L ALEW18h ERORytZ > /37 L OFAAER 2T L=, (LAWY
18hiT A L AT v — /LB A MTH Y BRI Z LIV A% 0 2 LITRR HUFHE
WEORE G ZEL > Tz (Figure 13A), ¥ 3% ¥ U Ol fE D Arg364X°Arg3673 LY
His479% & L T\ /= Z &5 (Figure 13B) . {LAWIShOFEAE— FONERIR & T
AL T2, 18hIRORYCH/EENIE ML O & 7 D AAEH & % 2 541 HHis479
DHFEFHAERZR > THBY, VIFXFT D77 MR EOINVR=NVIEENTEH LT

W5 Arg367 & DR EAERNT R B o 7o, AMEAW R UTAEE 2 B D JFE) /1 & LT,
28



K 7 = = VR L Or-nfH AAEA I L OV o 1 —E#50 TOBIAFIT X HPhe3 775
FOG379E DAREI LIZHAEARZE 2 BN D, ZO/MEE—RNICEY, ZHET
A3 L72SARDSEIA FIREIC 72 o 72, T 726, Hisd79 EMHAERA L TWEH T 7 o
rE, HDOWITT » RIEF~OEB CTHAEENEEN BT 5, 7 /2 DA/ Mi~
D7 v v FOE AN L HIEHEERE (LA 13, 7 rukklCys3200F 4 — /1
K OHEEN23ATH Y, S 5IZPhe3T8, Phe388%5 DARIATEIGH & it 4 % = & THA
AERZBSG L2 LIk b eEZXONS, Vo —FRICAFNVEZEAT D
ETEME I BT 525, SRR ((BAEW10ats L UM0b) I TIEMEICER N R 67
W2 EnD, ZOAFNVEEITNEEMERBERES O LY & Thorpe-Ingold#h K%
WZEVUFBELZIRD T <252 & TEEM ECHFS LTS BN, U
T —HIEBIZ D A TF NV EEZ BN LTIALEWSA TIEEDIR T3 Tz, ¥ A F /RS
DFHNE ) AFMELE D bUFEEEZ RO TN EBEZ LN OO, KD 2 oD
FERF L@ ) 7 i CRLE TE W ARWAEEMENE SN D, UV —H T
ROERIFTT E~DATF AL ((LEW6) Tix, Phe377& DKZEI LI-H EAEREHK
MRFEIND 2D, EERRE LT &EZRbND, S, FT VI IF o ko
EHEE D Phe388F DIREMER 7 v MIHENTWD Z &G, 7 r 7 rENLATF )L
EOBN K iGN ERFHH SN D, UFHEED 7 7 —~ a7 4+ 7 OfFIZLY

T D DF S RIShO T T R R A FRRIC A o T,
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Figure 13. A: #Wi{F#)ZK18h & CKIiZ Y Y B> 7-RORyt ¥ > /37 L oft i (PDB
code: 6B31) ;B: T ¥ LRORytZ v /87 & Ofk Y (PDB code : 3BOW) .
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BTHE NE

FHRORYGHEBIE DI A HINE LT, 74 77 VLEWN 6 B Lic vy
—VIEER1ZCIZ Y — FRIMAFE 21T o 7o, LB L ESG VS — VB, U T
—H. VT 7 == NVEEE3ODESIT B, B OMETEMEMRE TR L, 55
NEREHRE L TREEEM A~ BEEIE AR LTz, £5. U —#Tis3-
AFNR B 15-V7 I RIEERRECHDL Z &, HiDT 7 ) 7 = = VIR T
X, 3-7mw4-27 ) XY = ) UEE A T 2L G R L AR — Z —iE M A
AT EEBFER L, (WEWMNTEMEICREN b o TTod, WY — VEROIEE
PEAARI S & 70 28 DIGTEFR B LR EAER 2 RO T3 A 1T IR D3 e
SN ZBRMED24-UF4 X V12347 M7 Ruax )Y U VEBEA~EEHL7Z18h~ L
BN, ALEIShD X T U DU A VR REHUL A R L, i PiRER s &
(ZFRVEPEZ R T18ID R AICE o 7=, (LEMI8ITT » FEAEET /LIZFH1 1 T100
mg/kg TV >/ HiIL-17A mRNAD _EH 26 L7=, F£72, RORyt#Z > /37 L 18hDXHR
ARSI ORE R, VT X U RO MEEIE L TR SUFREE = T

A= a Wb ENIMAEET,
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w23 BHERRORYGE/EENIE DT W A o ARk & F DAEWTENE

Yivax

HA1ET MFIEJiE. WA EM DT A

{tEW18i 17 v - EAE 5 /LT 100 mgkg D OG- TEREZRLIEbDOD,
8RO, IEMEERES L OEYBIEUCENEE D (Figure 14), S HIT, &
WOFHI A2~ U A HCRERBET L TITICHIEY, v UATEY b R—=X (1
mg/kg. p.o.) THEYEEZFM L 72 & Z A R ARINIEICIREN & 2 Z L 230 LT,
ZZ T, 18h 0 18i DU I — Tkt L CTAT R f-OEAEITO, ALY ONREME
KT L DB ESGEZ R AT OO TEENRFEF SN2 oTo, ZORERND,
EHAUEAEM DY T —TlEA~T Bl FE A L D IREMERERRETHY . Y oh

— B DEMMP VA TH D L& R T,

R
O%‘/WN o o /@CN
4 H H

18h (R=Me) 18i (R=cPr)

Binding 1C54:3.6 nM Binding 1C53:4.9 nM

Reporter [C53:47 nM Reporter [C5¢:7.2 nM

Rat cassette (1 mg/kg): AUC: 39 ng*h/ml Rat cassette (1 mg/kg): AUC: 106 ng*h/ml

Mouse cassette (1 mg/kg): AUC: 9 ng*h/ml  Mouse cassette (1 mg/kg): AUC: 27 ng*h/ml
Figure 14. U — N{t&# 18h, 18i DiEEEZDO T 7 7 A )L
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— R YA K ET DT T a—F & LT, Table 5 D X 5 ZRERBE N EH ST
WD 06 IRERME DRI DWW TIIBEICE L TR Y . S 52U o —Ha DBRkiC
LD RERA RS G AL, T 07 LX) T4 &2 FF o0 rakatairo 2 & &
Lico (k8D a7 3 A= a U EET 5 2 & TERYBEREN UGS, S bITiE M
NEETHENIMELHY T8 JEMEa T 3 A= 9 0THD U TAREEZ B E
{bTBTHA 2T e LT, Vo —E20 07T I FEERF T EO XTIV
bk (ke e6) TIHMEMETF Lz &b, BALOMEE LR v —#DR%E
JiF b a Z48E L7z (Figure 15), & HI2, AERHALZ R LAENZIVEL A2 7 1

V7T o LI OEYEHEORBELEDLETITI 2L & LT,

Table 5. HWENHE %2 & E T 5 HEHE

HEYBREZRE T DEES

AEBMEDIERE, (clogP<5)

ARIEREEE TIFD (TPSA <140 AR?)
SRICF(CRKDDFDILFEUFrZTIFD (Rotatable bond=10)
ARHEMLE KO RO DBEHEE A (C L DA

R (CSEVWEBREZIRE. £t

BFEENBOBTEEE TS

33



flexible
linker

cyclic
scaffolds

¥y interaction

U-shape orientation made by n—r interaction U-shape orientation
conformationally constrained by
cyclic scaffolds

D
(0] N o o CN
VTY\@LNWN@C'

Figure 15. U511 & 2 (b G O I K OBR{E OBk

DTET Y 7RG R, B0 LY v ADv a2 U7 RN
BROILIEHRERY VU BADZUFREERMY o W —& LTT A o Lo
(Figure 16), ZiL 5 DALAEMIZOWT, 18hOFEiEEZ M L LT Ry X 7T
NWEAERL L, UFRIEE 2 R0 52 0 MGE LTz, fER. T A VAD U A1 2-[EH#
7 a R B HEEKIIUFRECHY . =TT A VBO T ADY T R H
VIRIIHELIEar T A= a VRIS T LA HEL S 47 (Figure 16A3 L TN6B),
U IE O BB 2R T 5720 UPHEENIINZNWEZ X b 7 U A EBL A

Oy TEKRTHZEE L, OTEBRVEBIVIIEHE XY U UBRICOWTIIUF
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WEZID Z ERHRE SN TR Ry XU 7E7 NV ETHUFME LD Z &8

sz (Figurel6C3 L UN6D),

~ A B
0. _N._O CN B J
\/T‘/ o o HNiH/C[CI %j - ; \
S _ )
ogu o ’ o /@ECN Q -
~N i o) HNXH cl r {
8 D

D\\ C
PO e
( ¥

%Ym/\@ X, N @

Figure 16. {LA#A-DORORYtY H o REEGHALE D Ky F o 7TV

5 2H BRIMEEWDEK

AR UFEER2, 22, T T R T T UREEK26, BLON29 OAME
R, Tyt e Boe FEDOBREIZIVALEM 19 HDHWNT 20 2GR L. T 1T 3-
yun 4 JBFMREMESEL T LI vibam21 LU 22 257, 723 %
BIHICT I 2L 3-7 nn AR BEMREMG ST Z LIk vibam2s & L7

HIVIR RO EEDORE LA L VbEWw 20 2 5B7-7, 473/ 3-Z7 oy
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= UL (7)) BB RR 27 224 LS SEDSHZ LIk 28 24537-, TFA

TIRELELZIREL NV AR VIR E LI2%.13d G35 2 LITL VB 29 2157,

Scheme 5. Synthesis of 21, 22, 26 and 29.

\ a, b (for 19) \ e (for 21)
OYN c.d (for 20) Y NH2 f(for22). 0
_ G dffor20)
N
o a6 *6
o) o) H

13b (+)-cis 19 (+)-cis 21
(+)-trans 20 (+)-trans 22

;
it e AT AT 2 @9@ 10

(z)-cis 24 (+) cis 25 )-cis 26

CN

o CcN
N ON cN
K 9 M
— > )L —_— O HN N Y
H
HoN cl 0" N cl )( )% k
H o
g
K4 27 (%)-cis 28 )-cis 29

Reagents and conditions: (a) (£)-cis 2-((tert-butoxycarbonyl)amlno)cyclopentanecarboxyhc
acid, T3P, DIEA, EtOAc, 60 °C, 70%; (b) TFA, t, 97%; (c) ()-trans
2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic acid, T3P, DIEA, EtOAc, 60 °C, 75%;
(d) TFA, rt, quant.; (e) 3-chloro-4-cyanobenzoic acid, T3P, DIEA, EtOAc, 60 °C, 48% (from
19 to 21); () 3-chloro-4-cyanobenzoic acid, T3P, DIEA, EtOAc, 70 °C, 11% (from 20 to 22);
(g) BnNH»2, AcOH, NaBH(OAc)3, NaBH4, THF-DMF, 65%; (h) Pd(OH),-C, H>, MeOH, 42%;
(1) 3-chloro-4-cyanobenzoic acid, T3P, DIEA, EtOAc, 60 °C, 69%:; (j) (1) TFA, 0 °C to rt; (2)
6-amino-3-(cyclopropylmethyl)-1-ethylquinazoline-2,4(1H,3H)-dione (10), T3P, DIEA,
EtOAc, 60 °C, 19%; (k) 4-nitrophenyl chloroformate, pyridine, rt, quant.; (1) 24, DIEA, DMA,
rt, 61%; (m) (1) TFA, rt; (2) 13d (Scheme 3), T3P, DIEA, EtOAc-THF, 22%.

36



Yo DUFEEKR 35 B L UN36 DAL A Scheme 6 (2Rt HIETITo 77, 30 % 3-7

B 42T ) ZREEFRENE LT3 ~E LM, 5l &R MK LY LR ik

REL7, 3207 MMUICEY U7 X FiFEIR33 25 L7-, 33 @ Boc #%&rE

L7, N-AF AR 3507 LUK 36 ~ LN -,

Scheme 6. Synthesis of pyrrolidine compounds 35 and 36.

(0] NH 2 \ i
2 (0] N Cl
Cl O HN
-0 —a, i HNJ\@: — - A/Tj‘;@\
R
N ‘o% CN N CN
HCl  Boc N © A\
Boc
(£)-cis 30 b E (%)-cis 31 (R=Et) (t)-cis 33
(z)-cis 32 (R=H)
\ O Hcl
O _N Cl e (for 35) or
d Aj/ o) HNJ\©: flor3s) Y
—_— N
(6] NH
(%)-cis 34

(z)-cis 35 (R=Me)
(%)-cis 36 (R=Ac)

Reagents and conditions: (a) T3P, DIEA, 3-chloro-4-cyanobenzoic acid, EtOAc, rt, 74%; (b)
LiOH, THF, H>O, EtOH, rt, 99%:; (c) 13d, T3P, DIEA, EtOAc, 60 °C, 65%; (d) 4N HCI in
CPME, MeOH, rt, 69%; (e) aq. HCHO, NaBH(OAc)3, MeOH, 35%; (f) Ac20, pyridine, THF,
68%.

Scheme 7 21X T B, BXT U FRY UEBEGEER 48 B L N50—52

DERREE =T, THIRD 1,4-F T BN 1-TIVR B tert-7 F IV 3T 2 2-7 aa-4-7
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AR = MU VERIESEDZ EI2LY 38 #4372, Boc FDBREIZE D T3
Y39 EEM LT, T2 BRUN43 bREBEICH K AIT 272, N-Boc-E/L7R U 1-2-
TR R 44 & 4T 2 /2- 77X = N VERASET I F45 &£ L7z, Boc
EOBRELZ N ZVAaliig, HOWVTERTIT) 282X, 7I 46 8LV 47
AWM LI, 7=U 13d ICRBEE X (R Z7ua AF)L) 238, gl&kmET
IVERISEEEH LIV 8 EAH LT, o, 3dE 7 unFXE4-= e T o
SHAERIGESEDZEITED, IV A— A9 ~EEHL, ZNEKFET IV EX

JnESEALZ ik LT 50, 51, 2 AL LT,
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Scheme 7. Synthesis of quinazoline derivatives 48 and 50-52.

Cl

%0 a %0 N N
38

37 39

BOC\N/\rR cord N R /@[CN
&X @x 42:X=CHa, RS\ g ol

CN
40:X=CH,, R=CH,0H /@[
41:X=0, R=CH,0OH 43:X=0, R= n{\o cl

HCI salt
CN CN
o /@: f (for 46) 0
COOH e g (for 47)
BocN/Y —_— BocN/\)kN 6 ————> HN N cl
H H
K/O K/O K/O
44 45 46:TFA salt
47:HCl salt

\ ™ o) =N
O N h N /N -

13d

X

CN
50:X=CH,, R= /@:
o cl
CN
51:X=0, R= l.,(\ /@i
’ (0] Cl

cN
R X
2:X=0. R=
52:X=0, R \HLN o
N

Reagents and conditions: (a) 2-chloro-4-fluorobenzonitrile, K,COs, DMF, 60 °C, quant.; (b) 4N HCI in
EtOAc, EtOAc, 77%; (c) (1) 2-chloro-4-fluorobenzonitrile, K,CO3;, DMSO, 50 °C. (2) TFA, rt, 34% (2
steps); (d) (1) 2-chloro-4-fluorobenzonitrile, K,COs3;, DMF, 60 °C, 52%. (2) 4N HCI in CPME, MeOH,
rt, 21% (2 steps); (e) 4-amino-2-chlorobenzonitrile, T3P, DIEA, EtOAc, 66%; (f) TFA, 68%; (g) 4N
HCI in EtOAc, EtOAc, 89%; (h) (1) bis(trichloromethyl)carbonate, DIEA, THF, 0 °C; (2) 39, DIEA,
THF, rt, 11% (2 steps); (i) 4-nitrophenyl carbonochloridate, pyridine, THF, rt, 98%; (j) 42 (for 50), 43
(for 51), or 46 (for 52), DIEA, DMF, 52-80%.

A o o o
| k*%@i@ - kTY\@uiNNR

39



TV VDU I OEBIEDZE % Scheme 8 IZFLH L7 L TIT>7-, 53
ERUET DT AXNNTA REESEF TV U U UFHERSda s LS4 24 L
2o = hEREZRICTDHZETT =0 552 BLN55b 24K L7z, 55a, 55b 5 &
U 13¢c & KBERX (MY 7 muaXF)0) ZRISSEIEEFREE 47 200585

Z &l kv 56a—c BT,

Scheme 8. Conversion of the substituent on quinazoline ring.

@;@ p@ - kﬁ@

54b: R= I 55b: R= I

R R
O N 0N CN
Y ¢ Y o) 0
kNm;@LNHQ kNW;@N*N%H@[a
o)

0 Ho o
55a: R= )l 56a: R= )l
h

55b: R= 56b: R=

13c: R= ] 56¢c: R= ]

Reagents and conditions:(a) 1-bromo-2-methylpropane, KoCO3, DMF, 70 °C, 51% (for 54a);
(b) 2-iodopropane, Cs2CO3, DMF, 50 °C, 39%; (for 54b); (c) Pd/C, H2, MeOH or MeOH-THEF,
rt, 80-87%; (d) (1) 4-nitrophenyl carbonochloridate, pyridine, THF, rt; (2) 47 (Scheme 7),
DIEA, DMF, rt, 37-78%.
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Scheme 9 (2 FHEHMEIR DA RIS X OVE OSARBLE O P EIZ- DOV TRT, 56b & ¥ 7

VT T ATHETHZLICLY 57T LS8 2157, 57 Ok SRR E L. TR

SPIEMEAR (R) -4- (tert-7 FXT BVR =)L) FILFRY 2-HILREE (59) LA

B LT-EES & TV T A HPLC CIREFRFI 2 el 32 Z L2 k0 R K, #DNTIK

BliEZ A9 5 581X SIREHE LT,

Scheme 9. The preparation of the optically pure compound 57 and 58.

. OY\I'\J/ o o CN OY\I’\I/ o o CN
56b ﬁkNj;@\NkNﬁ"\\LNQCI A\/Nj(\@\NJLN/ﬁ)LN/@:m
o H o " 0 oo "
57 58

CN Y
\CL b, c (‘)L /©: d. e OYN 0 i -
Bocs |~ Ny e NN cl — A\/NT(\Q\ A L /©:

K5/90 ~ © "olo "

Reagents and conditions:(a) chiral column separation by HPLC; (b)
4-amino-2-chlorobenzonitrile, HATU, DIEA, DMF, rt, 24%; (c) TFA, rt, quant.; (d)
4-nitrophenyl carbonochloridate, 55b, pyridine, THF, rt; (¢) 60, DIEA, DMF, 62% (2 steps).
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% 3H BRIMEEM ORIETE TR

TEMEZ I L72RE R, UFREDR TSNV AD T 7 m X & ARUTESH O
{bEW18h & A5 DIEMEEA LTz (Table6), —J7, HEMEZTS & THEINAS b
TUADY T a X A ARMUTTEER Do T, ZORER IV . UFHEE S TE MR EL
ICHFE LW ERfEERCE T, BRI LD ar 7 A—va VEEICK D1EMER B
IR L7223, BRABIR2UM LA W18h & R OG- TdH > 7=, 18hiZ-DV T, Macromodel

(Schrédinger, Inc) D mixed torsional/low-mode? > 7" U > 7k % v, OPLS3e /131

&
g
O
iy
He

FCORLEMERREHE LT L 25, KRLEHEIIUTHETHY .
g L7 & O F X —21 1T kl/mol Th 7=, IENiERFEHD T— a7
F A= a NTRETHDH I ERMESIN TP FREETHUFRa 7 4 A
—¥a VINEETH T, BALPENER LIZORB 6 RholcbEZBND,
Flo, VTR UMEEEAT HLEM48IE, FATEEIIRFE LI 0D, LiR—F —
TEVEANME T L7z, st L2 TL2-BH 2D 7 n 0 # UEBRFFEIR21EB L O 3
B RY O UFHERSON RN L AR — X G AR LTc, LIRS 2 b DbEY
D~ 7 ZAEYERERER (v U Al mgkghty b R—X, @O#E) TOAUCIHEZN
ZEEW21T10 ngeh/mL, {LAW50 TiE32 ngeh/mL & R+ Thol=, Zh b1k

S ORBERAILY v —HhRf oL 7 a2 VBB LR D UBTHD &
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SCERTE O P S N2 72 077 {bEa2135 LOLEWS0D & 672 5 7541 K D 3

BN REUE DR 21T - 7,

Table 6. BRIk Y o I — DERE

CN

T X
R_. _N
~ Scaffold Cl

Binding Reporter
ICs0 (nM) ICs0 (nM)

a o) o}
b, R LR\ Me 36 47
H H

21 0
o HN*/ Me 3.9 88
(cis)? Ay

H

=7/ Scaffold R

o

22
o mY M >10000 >30000

(trans)? A~ N

o
48 ,;\N»\N/—\NJ\ cPr 36 630
N

14 87

4Racemic.

KPR 2 UE T 5720, MESHIEREENLTH D U > U —H P RER B2, B

FPRERFFEONT R EHA L, RIEET Ry /T2 L L L, %
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VNV FVRIMERE T FOBEHRLLE LTL LR —EEEED L7
TRENATFVEZRA Lz, F10OIC, &7 aX0 2 UFF8IK 21 OB EITo T,
FER IR A B A L7 bE% 26 TIINEEME LI L (clogP: 3.99, log D=2.69) . I&M:H
MEFFS 7z, ERIEFAEALZE R Y VUFER ((kEW 358K 1U036) TIELAR
— X —IEVEREE LT, EEEY o — oG, i) VI —ER TR THDLH D
EEPIHIOKES (Table 1) THOLMNZILTWS, Vo I—E&2 TR FEICADESLT-
D, T NG EY LT RGICEE LI LG 29 TIHEES R I, FERITOE
BHEDIRIK L7 (logD=2.67), LML 5, LAY 29 1XIEMEENIEFITEL | &

ORI S e oo 7o (IR 0.1 pg/mL &) o

—Ji. EXY P UFER (LAY 50) O FRRRICIT o7z, BBRRFAEAL T
HEVAPEDME T (clogP=4.31, logD=3.41) L7=F/NAKY ViFEIK S TILLAR—F—ik
PEDSRGS LTz b DD, ~ U ZAFYBRBOYER L O, invivo 7 V7 7 A BT L
oo L& S OD=—T VfERZ ., HHEMY 1 —TIEER TR > 727 I MG~ &

L LTALEY 52 TIXUAR—F —IEHEREm I, EYEHEd S oicm kL7,

UELOBETED, BRY A —I12322 LT, BEEMY U —TIIFFRE SR -
o7 u g OEANAREIC2 D Z AL, ~TrEFZ2EATLZLICED
B 7 1 v 7 88 KON TE DR RAZ L0 | (T2 R EF L7203 & R pEhie o

WEAITO T EMARRICAR D & WV ) AL A&,
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Table 7. BRRABED Y > —2

OYN /@CN

Scaffold

Mouse Mouse
cLogP  LogD® AUCp.o.°© CL¢
(ngeh/mL)  (mL/h/kg)

Binding  Reporter
ICso(nM)  1Cso (nM)

k&% R Scaffold

(0]
2° Me o uly 3.9 88 424 276 10.2 3447
Ay
!
o
260 cPr g e 5.6 90 3.9 2.69 <1 5093
N (0]
o]
o HN&
35 cPr 4, 15 280 440 276 <3 11028
H N\
/{ [¢] HNJ&
365 cPr oy 24 6800 373 248 NT NT
e
(0]
[¢] HN)L”)\“
29°  cPr Ay 8.4 26 438 2.67 <1 9079
(¢]
o
50 cPr AH*OAO/\ 14 87 48 372 319 2063
(0]
51 cPr Ao 63 780 431 341 638.6 617
H K/o
o o
52 cPr Ay 19 180 376 335 755.7 515
Hol_o M

“Racemic. "Measured at pH 7.4. “The values are shown as means of three determinations (1.0

mg/kg, p.o.). “The values are shown as means of three determinations (0.1 mg/kg, i.v.). cis.
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U—NMEE®18h 6, BRIRY U — 2B AL, EMENREUGE 21T - 72 BB O E
# Figure 17 12" 7, LLEORKRF LY | FHERKY o — 6, 1,3-F/LR Y VFFER

EEHL, SORLmE(LEIT) ZEE LT

\
0L O
~N N N cl
5 H H
ID 18h
Linker length 7-atom linker
Binding ICs, / Reporter IC5q 3.6nM/47 nM

clogP /logD 4.52 /277
Mouse AUC po (1 mg/kg, ng*h/ml) Mouse AUCpo 9 ng*h/ml

Oxygen

Cyclopentane atom_ into
serles the ring r@\\/Y 7atom linker A/Y O HNTON
g@ ==

CN' Me -> cPr

21 (cis) 26 (cis) 29 (cis)
6-atom linker 6-atom linker 7-atom linker
3.9nM /88 nM 5.6 nM /90 nM 8.4nM/26 nM
4.2412.76 3.99/2.69 4.38/2.67
Mouse AUCpo 10 ng*h/ml Mouse AUCpo < 1 ng*h/ml Mouse AUCpo < 1 ng*h/ml
Piperidine
Oxygen -
series 0 N /@CN og o CN Amldlc_e ﬁond oﬁj\‘ o 5 CN
— the ring /@ as a linkage O
A/ \!g@\ )k o C—— k”\rp\wj\m o o ————> kN NJ\N N cl
5 H 5 H & H
50 51
7-atom linker 7-atom linker 7-atom linker
14 nM /87 nM 63 nM /780 nM 19nM /180 nM
4.82/3.72 4.32/3.41 3.77/3.35
Mouse AUCpo 32 ng*h/ml Mouse AUCpo 639 ng*h/ml Mouse AUCpo 756 ng*h/ml

Figure 17. ‘A& Ha DO EL

AT SBDDIZ L 5 Phe388 & OFH HAF I

EEWS2IT L AR —Z —1HMENR1T0 M TH > 7o 72D | FEBRADO 2012 S B2 1%
PEOR ENRMETH -T2, T 2T, Phe388E O AEMZEST 5 Z & TIEMENM E
T 5 LWV HAEROFEK DG T DN HHETW oD Z oM ELEF]
A UIALEWT A R TE LM E I pEfat Lz, T72bb, 72=17 0 v g
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WAROZ A F NV IHA AN L 7oA 462 TlX, Phe388 & CH-ntHAEA 245 L. fH

TEPEDR10f%, LR — 2 —IHMED SR L T D (Figurel8A), LA 62 & [RIER 72 %S
AHRXEAT D EEZZXONHILAEMID N Y AF N UL (LAYI8hD X T
VO F o VF R EMNWERES EFVERFE LR Ty b2 D TND Z &

5 (Figurel8B), {LEWS2UZ OV TRIERZRIEMER EIEAARE 6N D Z L 2 8fF L. &

R ETT - 7
o~ o~
A
N~ 7 "NH NMOH
I I %
(0] N 0 \Si (0] O\N
R 4
61 (R=H): binding:270 nM, reporter:16000 nM  63: binding:3.7 nM, reporter:44 nM
62 (R=Me): binding:26 nM, reporter:270 nM
B

Figure 18. A: 7 = =)L 7 U I UiFEIR O ETEMEAHES 1% #; B: 18h (green, PDB
code:6B31) 35 J 1163 (magenta, PDB code:6B30) D EiAHHH.
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EFF. v u Tt AFAIOEAZIT o2 (Table8, 56¢) & 25, LAR—X
—IEMEO M EB L OB OWENR A O, 7 a7 UREMERE LA VT
FH (56a) TIHIEMEIXM EL7Zeho7M, o THlE L7cA Y 7 a e (56b)
FHALILEZ A, KiFZevAR—2 —{EEOR ER RO, (LEWSeb% a4 El
L7-RIE (b&957) TixsEpEhiiesns K& < g L7z (AUC: 1289 ngeh/mL), —J57 T,
TS F A~ —OSE (bEaWwS8) TIXEWENENEr-7, BRE LT, w7 2K
BWRZEMENRIRD Z LRI (=7 RinvitroZ V 7 7 > A: 57 uL/min/mg., 58:

193 uL/min/mg), LA EOFER LV | ALAWST% in vivorkBR DRI LA WIZR T LT,
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Table 8. V' U U A U 1N\ EEE L EEBRILEOR)E

R
OIS IS e
N N)J\N/\)LN o
5 H & o H
Binding Reporter MouseAUC?*  Mouse CL
{b&%)  Stereo R
ICs0 (nM) ICs0 (nM) (ngeh/mL) (mL/h/kg)b
52 Racemate l 19 180 755.7 515
S6c¢ Racemate A“L 28 110 1080.1 292
56a Racemate )l 44 250 NT NT
56b Racemate I 16 8.9 NT NT
57 R I 7.5 3.6 1289.3 131
58 S I 370 900 3.5 12446

“The values are shown as means of three determinations (1.0 mg/kg, p. o.). *The values are

shown as means of three determinations (0.1 mg/kg, i.v.).

FSH ~ U AHCOREREET MBI DA RMEDOHER

~ 7 AIL-2375 % H ORISR BT 5 LV & IV 72in vivo PDiRBR 21T - 7= (Figure 19),
~ U AHSNZIL-23% 359 % & RIENER S 41, RORytBEE R 7 OBBLNHIINT 5,
ZZ T, B OIL-17TAOMRNAZ B2 L, LA 512 L DIL-17ADREAEMGIVER

i L7z, R, ALEWS571330 mg/kg Dk A 5-TIL-17AOmRNAFE Bl & 2 51
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ME L7z, LAEX Y AbEWSTHin vivo CRORYtZPLET 2 Z L2 K V. Thl17/IfRD
TP« b2 T 290K 5 Z L3RS hvTz,

140

H#

120 7

=
o
o

[0)
o
]

IL-17a expression
% of control
Iy (o))
o o

l |

N
o
l

N % 57
Figure 19. IL-23 #% 5.~ 7 A HSMZH 1T 5 IL-17a B\ s TR AOILEW 5712 X HFHE (30
mg/kg, bid.) . 7 — &L PBS AL~ 7 A:N=5, [L-23 #Lif~ 7 A : N= 8 DL fEA%E %E

FRZE . ##p<0.01 (Aspin-welch test) compared with PBS-treated group (N). $p<0.05
(Aspin-welch test) compared with vehicle-treated group (V).

WO HEN ALEMSTOXEAREEMRNT I L B

RORytZ > /37 L OXMAEERATIC L 0 . BARY 7 I FFEARSTN Y — FMbd
YIOBESRULEWISh &L FIEEIC 2 L AT o — LEEA SIS L UTR A LA = & n
B o727 (Figure 20A), ¥V Vo UF vl r7uauxXyr Yy = N VEBRIZE

WT, K 7 = = VIR ER-tfl EER 2R L T b ev B2 6D, £,
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His479 & &7 7 B AN T 5 2 & CHffFEiEE 2 R LR sz, YUY
VOSBRI L TV AT X REIIPhe37TTDO VR = LI EFHA/ERA L, EAKR Y
B EOEFEFF1EGIN286 °His323 & K &I LT KB A Z M- TV D, VU &
B I EEF T EOPHEIE B T2 A T OAEWID N Y AF AU UL LT
Ry N E®H TS (Figure 20B) . A L7 A TV RGN V) Phe388 & DRV

MHAERZ%S L (Figure 20c) . 1&MEM BiZ272 R o7c B2 B 5,

Phe388

Figure 20. A: {LA5#)57 (green) HSRORytH L /37 \ZHEA L TV B #k autiid;

B: {LA#57 (green) 35X 063 (yellow) DG C: Phe388JE 4L KX
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BTHE NE

U — FMLEY 18h (TIEARABRICHW D~ U A TOSEYBREN B Th - 7=, [ A HE
FEGED D72 ERR IR BUVMEE M OFIE Dm0 & W O WE P2 BEZI2 g
a7 A—va o UTEESEEZ LD ERMIHBINIBR) VI —%2FT5
ICEWMET AL - B LTZEZ A, PADT 7~ F U FER 2 BEOERY
DV UFHEIR S0 BIRVIEM AR LT, EAEIUTOWTREFM LY = > 7 B LONESR
PEARIR O BRI 2 F O TR = O MFT 21T o 1o R B AR U 7 X Rk 52
THYIENPRESUWESNDLZEPHBA LI, SR VA—F—{EEDm Lo
¥, Phe388 & DM ANERERZINST-F TV VDU VA VR ENS OBEBRLEOEAE
[Toleb TA A YT aENIAEEAN LT FIEHRSTIZ VAR — & —1EERm B L
HEWERED R CThoto, (LEMST 2~V ABCREEBET ML VML L
Z 5, 30 mg/kg DO A#5 T IL-17A RNA O3EHLE 59%4MH] L7, XHkG Sh s T
(XD, BRI T I FIKRST Y — FMEE 18h & [FERIC U FREME = 7 4 A
—TaryERLHZE, XTIV VUV FVERTIE, oLl LA Y e LRI

XD, Phe388 &L DIEAMAHAEHZBEEL TWDHZ EHHLMMNIR T,
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Rl
%
it
&
oh

FEHITE CRERBICAE R R 2 iam LAbEm & LT HilIRORytfi/EE) 2L

BRAITEZ B L. LU T OBFERCR 2157,

1. A AN—=T FAT == 7 TR ULTc vy — L8R OTEMHE TR - 38
e O U EE B E Lc U — RAIBIR 21T - 7o, (LG E Ll VN — VB
U T—E8 2T ) 7 = =)V B E3ODEGIITE A ER oy OREE AR BE A& B L |
BONIAERE G L CTRE LA~ B IS TR L, KL, fR. Vv
A= TIEI3-ATF AN H -15-U7 X MG, AWl Cld3-7 me4-27 ) 7 ==
WIERECTH D ZEEW BT LTn, ANV — VB EHT DA I MR R
BN B T2 1280, T — VB OIS 2 R S 70 28 B IS MERBUC M A M AL
Rz RO TREEH ATV, IR N SE Lz “BRMED2,4- 4% V12347 R T K

a7V VBRANEEBLIZ18hE AL LT,

Introduction of ClI

— \'
S0 AR O, T RO
Q N N [ 7NN N N cl
H H 5 H H

Enhanced potency
Reduced lipophilicity

1 (Hit compound) 18h
Binding / Reporter IC5g 7.5 nM /92 nM 3.6 nM /47 nM
clogP 5.8 clogP 4.5
Solubility (JP2) 0.2 pg/mL Solubility (JP2) 42 pg/mL
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2. ALEVNShD X T U VA VR EEEAIL A ol U, i iREE GE & L Z9R 0
ViR— 2 —1E 2 Rm b EW8ia Al L 7=, (LEW18ilXT v FEAEE T /LIZEBWT

100 mg/kg T U > 7 EiHIL-17A mRNA D FE 8L & il L 7=,

Introduction of

) »
O N CN O N CN
Y 0 o /@: cPrCH, Y o o) /C[
\/N HWH Cl A/N HWH cl
0 o)

Enhanced potency

Improved PK
18h 18i
Binding / Reporter IC5q 3.6 nM /47 nM 49nM/7.2nM
clogP 4.5 clogP 5.4
Rat AUCpo 39 ng*h/ml Rat AUCpo 106 ng*h/ml

3. RORyt# » /X7 L18hDXHRILHE S I MEMT DRGSR, & 3% & U EREFO W {FEH) 3

SRR AUFANEE L T A=V g VEED E W) R AT,

X 553881"’\\

4, HEEMULEMOUTREE a7 4 A—2a VIZEB L, UFRIBRIRY o —%23%
HTHZ LT EBEOF— I AT 4 AT EFEALE, S50, RO T 1
v 7 B X OMREHEREO FEC LY BEhEL2dE LAY v 7 2 N8k

BRI DICE -T2,
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Cyclization

o< N CN Introduction of o \"\l CN
NesRUS T SRR B
:>
N N N cl N N Nﬁ)LN cl
o} H H 0 oo "

Improved PK
o 18i 52
Binding / Reporter IC5 4.9nM/7.2nM 19 nM /180 nM
clogP 4.5 clogP 3.8
Mouse AUCpo 27 ng*h/ml Mouse AUCpo 756 ng*h/ml

5. %V U UA VR EICEBW T, MG X O OEOSARIEHRZFIH L
7-SBDDIZ L B E#EL DR G 21T > 72, BRIEMER 7 v hA~O A FNVIEAIZ LY
Phe388 & DISIAMEF HAEH 254 % 2 & TIEMENAKIEICH F L, O Ty 2

HOmE R BT T WZB W TR Z R~ I EWSsTE2 A3 5 Z LlTksh L7,

—

OYN o) 0 /©:CN Introduction of Me AO/ N o) ? /@:CN
A\/N NXN/\)&N N Chiral separation N N)LN LN N
o] H K/o H

H H
Enhanced potency ° K/O
Improved PK
52 57
Binding / Reporter IC5y 19 nM / 180 nM 7.5nM /3.6 nM
clogP 3.8 clogP 4.1
Mouse AUCpo 756 ng*h/ml Mouse AUCpo 1289 ng*h/mL

in vivo PD model effective@30 mg/kg

AT, RBMREORKR E B b ZREEEEL AT 5 v MEGWITK L,
SAR M XXMM IEARAT 70> B WA EBEMEFE B SOTE PR RIS BB E 2R E L, B

DEZ I L 72703 & M TLAR AR 2 8454 S EHRIEE A 21T > 7o, & bichtiikz
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NS 5 2 & 10 K 0 | ISR ORI 7 R RN T 5 4
TR L LTz,

R, WEMICUTHERRET2IEAME LT, U o) —isI Bl 2 AT
5 EBEMTHS LA M L, RIEEAC L0 (LAWEROBIERY |
I Y ) — IR > =7 B R OBARTFE Sz, ~7 RIRFEAICL S
RAFBALDT 7 7 35 L ORI LY | invivos ) 75V ABET L,

WEh e & ik L7z,

FREOBRIORR, AL TH CREKEBET /LB T &2 7R § BT HIRORyt
WFEN RN EE A AR L, R A = X L TOFBLE i IR SEA o "TREME

o~ Lo,
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FEBR DR
1. Chemistry

Reagents and solvents were obtained from commercial sources and used without further
purification. Reaction progress was determined by thin layer chromatography (TLC) analysis
on Merck Kieselgel 60 F254 plates or Fuji Silysia NH plates. Silica gel column
chromatography was performed on Purif-Pack (SI or NH, SHOKO SCIENTIFIC). Proton
nuclear magnetic resonance (1H NMR) spectra were recorded on Bruker Ultra Shield-300
(300 MHz) instruments. Chemical shifts are given in parts per million (ppm) with
tetramethylsilane as an internal standard. Abbreviations are used as follows: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, dd = doublets of doublet, br = broad. Coupling
constants (J values) are given in hertz (Hz). LC—MS analysis was performed on a Shimadzu
LC-20AD separations module, Agilent 1200 series, or Applied Biosystems API 2000,
operating in ESI (+ or —) ionization mode. Analytes were eluted using a linear gradient of
0.05% TFA containing H>O/CH3CN or 0.01% TFA containing HoO/CH3CN or 5 mM
ammonium acetate containing H>O/CH3CN or 10 mM NH4HCOj containing H>O/CH3CN or
0.01% heptafluorobutyric acid/1.0% isopropyl alcohol containing H>O/CH3CN mobile phase.
Preparative HPLC was performed on a Waters 2525 separations module (L-column2 ODS (20
x 150 mm ID), CERI, Japan) or Waters auto purification instrument (X Terra RP18 OBD Prep
Column (19 x 250 mm ID); MS spectra were recorded using a Waters ZQ2000 with
electrospray ionization or on a GILSON system, equipped with a L-column2 ODS (20 x 150
mm ID, CERI, Japan) or on a Waters Deltaprep 300 system or on a Shimadzu 10A VP system.
Samples were eluted using a linear gradient of 0.1% TFA in H>O/CH3CN or 10 mM
NH4HCO3 in H,O/CH3CN, or HoO/CH3CN. Purity data were collected by a HPLC with
Corona CAD (Charged Aerosol Detector), Nano quantity analyte detector (NQAD), or photo
diode array detector. The column was a Capcell Pak C18AQ (50 mm x 3.0 mm ID, Shiseido,
Japan) or L-column 2 ODS (30 mm x 2.0 mm ID, CERI, Japan) with a temperature of 50 °C
and a flow rate of 0.5 mL/min. Mobile phases A and B under a neutral condition were a
mixture of 50 mM ammonium acetate, H>O, and CH3CN (1:8:1, v/v/v) and a mixture of 50
mM ammonium acetate and CH3CN (1:9, v/v), respectively. The ratio of mobile phase B was
increased linearly from 5% to 95% over 3 min, 95% over the next 1 min. Mobile phases A and
B under an acidic condition were a mixture of 0.2% formic acid in 10 mM ammonium
formate and 0.2% formic acid in CH3CN, respectively. The ratio of mobile phase B was
increased linearly from 14% to 86% over 3 min, 86% over the next 1 min. All final
compounds were purified to >95% purity unless otherwise noted as determined by analytical
HPLC. Elemental analyses (Anal.) was carried out at Takeda Analytical Laboratories, Ltd.

Yields were not optimized.
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5-[(4-cyanophenyl)amino]-5-oxopentanoic acid (4a).

A mixture of dihydro-2H-pyran-2,6(3H)-dione 3a (483 mg, 4.23 mmol) and
4-aminobenzonitrile (500 mg, 4.23 mmol) in THF (15 mL) was refluxed overnight. The
resulting precipitations were filtered and rinsed with EtOAc to give 4a (782 mg, 3.37 mmol,
80 %) as pale yellow powder. MS (ESI) m/z: 233.2 (M+H)*. 'H NMR (300 MHz, DMSO-ds):
0 1.81 (2H, m), 2.17-2.35 (2H, m), 2.41 (2H, t, J = 7.4 Hz), 7.56-7.96 (4H, m), 10.33 (1H, s),
12.08 (1H, br s).

4-[(4-cyanophenyl)amino]-4-oxobutanoic acid (4b).

Compound 4b was prepared from 3b in 52% yield by a procedure similar to that described
for 4a as an off-white powder. 'H NMR (300 MHz, DMSO-ds): § 2.53-2.69 (4H, m), 7.54—
7.92 (4H, m), 10.40 (1H, s), 12.15 (1H, br s).

6-[(4-cyanophenyl)amino]-6-oxohexanoic acid (4¢).

Compound 4¢ was prepared from 3¢ in 90% yield by a procedure similar to that described
for 4a as a colorless powder. MS (ESI) m/z: 247.1 (M+H)*. 'H NMR (300 MHz, DMSO-d):
0 1.42-1.70 (4H, m), 2.13-2.30 (2H, m), 2.36 (2H, t, J = 7.0 Hz), 7.58-7.95 (4H, m), 10.32
(1H, d, J=3.0 Hz), 12.00 (1H, br s).

5-[(4-cyanophenyl)amino]-3,3-dimethyl-5-oxopentanoic acid (4d).

Compound 4d was prepared from 3d in quantitative yield by a procedure similar to that
described for 4a as a pale yellow solid. 'H NMR (300 MHz, DMSO-d): 6 1.00-1.14 (6H, m),
2.25-2.47 (4H, m), 6.10 (1H, br s), 6.51-6.69 (1H, m), 7.29-7.46 (1H, m), 7.76 (2H, d, J =
3.0 Hz), 11.99 (1H, br s).

({2-[(4-cyanophenyl)amino]-2-oxoethyl}(methyl)amino)acetic acid (4e).
Step 1: 4-Methylmorpholine-2,6-dione (3e).

A mixture of 2e (500 mg, 3.40 mmol) and acetic anhydride (5 mL) was stirred at 165 °C
for 30 min. The reaction mixture was cooled to rt and evaporated in vacuo to give 3e as brown

oil. This compound was used for next reaction without further purification.
Step 2: ({2-[(4-Cyanophenyl)amino]-2-oxoethyl}(methyl)amino)acetic acid (4e).

A mixture of 3e (439 mg, 3.40 mmol), p-aminobenzonitrile (401 mg, 3.40 mmol) in THF (10
mL) was refluxed for 22 h. The reaction mixture was evaporated in vacuo, and the precipitates
were washed with MeOH and Et;O to afford 4e (467 mg, 56%, from 2e) as a light brown solid.
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MS (ESI) m/z: 248.1 (M+H)". 'H NMR (300 MHz, DMSO-ds): 6 2.42 (3H, s), 3.41 (4H, s),
7.76-7.85 (4H, m), 10.30 (1H, s).

N-(4-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)pentanediamide (5a).

To a solution of 4a (200 mg, 0.86 mmol), 9-ethyl-9H-carbazol-3-amine (217 mg, 1.03
mmol) and DIEA (0.451 mL, 2.58 mmol) in DMF (6 mL) was added HATU (491 mg, 1.29
mmol), and the mixture was stirred at rt overnight. The mixture was quenched with water at rt
and extracted with EtOAc. The organic layer was separated, washed with water and brine,
dried over MgSO4 and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluted with 5%—75% EtOAc in hexane), followed by
recrystallization from EtOAc to give 5a (229 mg, 0.540 mmol, 63%) as colorless powder. MS
(ESI) m/z: 425.2 (M+H)". '"TH NMR (300 MHz, DMSO-ds): 6 1.30 (3H, t, J = 7.0 Hz), 1.85—
2.11 (2H, m), 2.31-2.44 (1H, m), 2.49-2.63 (3H, m), 4.41 (2H, q, /= 6.8 Hz), 7.17 (1H, t, J =
7.4 Hz), 7.36-7.65 (4H, m), 7.69-7.90 (4H, m), 8.04 (1H, d, J = 7.6 Hz), 8.43 (1H, s), 9.92
(1H, s), 10.37 (1H, s).

N-(4-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)succinamide (5b).

Compound 5b was prepared from 4b in 71% yield by a procedure similar to that described
for 5a as a colorless powder. MS (ESI) m/z: 411.2 (M+H)*. 'H NMR (300 MHz, DMSO-d):
0 1.30 3H, t,J=7.0 Hz), 2.60-2.82 (4H, m), 4.41 (2H, q, /= 6.8 Hz), 7.16 (1H, t, J = 7.4 Hz),
7.43 (1H, t, J=7.4 Hz), 7.50-7.64 (3H, m), 7.69-7.89 (4H, m), 8.04 (1H, d, J = 8.0 Hz), 8.42
(1H, s), 10.02 (1H, s), 10.48 (1H, s).

N-(4-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)hexanediamide (5c).

Compound Sc was prepared from 4¢ in 14% yield by a procedure similar to that described
for 5a as a colorless powder. MS (ESI) m/z: 439.1 (M+H)*. 'H NMR (300 MHz, DMSO-d):
0 1.30 (3H, t, J= 7.0 Hz), 1.68 (4H, br s), 2.27-2.46 (4H, m), 4.41 (2H, q, J = 7.1 Hz), 7.07—
7.25 (1H, m), 7.36-7.63 (4H, m), 7.68-7.85 (4H, m), 8.04 (1H, d, J = 7.6 Hz), 8.40 (1H, s),
9.89 (1H, s), 10.35 (1H, s).

N-(4-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)-3,3-dimethylpentanediamide (5d).

Compound 5d was prepared from 4d in 55% yield by a procedure similar to that described
for 5a as a pale yellow solid. MS (ESI) m/z: 453.4 (M+H)". 'TH NMR (300 MHz, CDCls): 6
1.06-1.33 (6H, m), 1.42 (3H, t, J = 7.2 Hz), 2.45 (2H, s), 2.56 (2H, s), 4.36 2H, q, J=7.2
Hz), 7.12-7.32 (1H, m), 7.32-7.66 (6H, m), 7.76 (2H, d, J = 8.7 Hz), 7.94 (1H, s), 8.08 (1H, d,
J=179 Hz), 8.25 (1H, d, J=1.5 Hz), 10.56 (1H, s).
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2-({2-[(4-Cyanophenyl)amino]-2-oxoethyl}(methyl)amino)-/N-(9-ethyl-9 H-
carbazol-3-yl)acetamide (Se).

Compound Se was prepared from 4e in 57% yield by a procedure similar to that described
for 5a as a colorless powder. MS (ESI) m/z: 440.2 (M+H)*. 'TH NMR (300 MHz, DMSO-ds): 6
1.31 3H, t,J=7.2 Hz), 2.49 (3H, s), 3.43 (2H, s), 3.48 (2H, s), 4.42 (2H, q, J= 7.2 Hz), 7.19
(1H, t,J=17.5Hz), 7.42-7.48 (1H, m), 7.56-7.67 (3H, m), 7.81 (2H, d, /= 8.7 Hz), 7.91 (2H, d,
J=28.7Hz), 8.07 (1H, d, J="7.8 Hz), 8.44 (1H, d, J= 2.1 Hz), 10.07 (1H, s), 10.55 (1H, s).

N-(4-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)-V,/N',3-trimethylpentanediamide (6).

To an ice-cooled solution of 1 (200 mg, 0.46 mmol) and DMF (3 mL) were added NaH
(219 mg, 4.56 mmol) and iodomethane (0.142 mL, 2.28 mmol). After being stirred at rt
overnight, the mixture was quenched with water at rt and extracted with EtOAc. The organic
layer was separated, washed with water and brine, dried over MgSO4 and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, eluted with 50—100%
EtOAc in hexane) to give 6 (21.00 mg, 0.045 mmol, 10.0 %) as a colorless amorphous solid.
MS (ESI) m/z: 467.3 (M+H)*. 'H NMR (600 MHz, DMSO-ds): 6 0.72 (3H, d, J = 6.2 Hz),
1.34 3H, t,J="7.2 Hz), 1.83 (1H, dd, J = 15.0, 7.7 Hz), 1.89 (1H, brs), 2.02 (1H, dd, J = 15.2,
5.7 Hz), 2.12 (1H, d, J = 10.6 Hz), 2.32 (1H, m), 3.13 (3H, s), 3.21 (3H, s), 447 2H, q, J =
7.0 Hz), 7.22 (1H, t, J= 7.3 Hz), 7.29 (1H, dd, J = 8.4, 1.5 Hz), 7.39 (2H, d, J = 8.4 Hz), 7.49
(1H,t,J=7.5Hz), 7.64 (2H, d, J=8.4 Hz), 7.73 (2H, d, J=8.1 Hz), 8.06 (1H, d, /= 1.8 Hz),
8.16 (1H, d, J=7.7 Hz). >*C NMR (151 MHz, DMSO-ds): 6 13.7, 19.8, 27.5, 36.6, 37.0, 37.4,
39.8, 40.0, 109.2, 109.3, 109.8, 118.3, 118.9, 119.2, 120.6, 121.8, 122.6, 124.9, 126.2, 127.7,
133.2, 135.3, 138.2, 140.0, 147.9, 170.7, 171.0.

5-[(3-Cyanophenyl)amino]-3-methyl-5-oxopentanoic acid (8a).

A mixture of 4-methyldihydro-2H-pyran-2,6(3H)-dione (1.28 g, 10.00 mmol) and 7a
(1.181 g, 10 mmol) in THF (20 mL) was stirred at 90 °C for 20 h. After being cooled to rt, the
reaction mixture was concentrated in vacuo. The residue was crystallized from
EtOAc—hexane to give compound to give compound 4a (2.210 g, 8.97 mmol, 90 %) as white
powder. '"H NMR (300 MHz, DMSO-ds): 6 0.96 (3 H, d, J= 6.0 Hz), 2.05-2.45 (5 H, m), 7.43—
7.62(2H,m),7.78 (1 H,dt,J=6.7,2.3 Hz), 8.10 (1 H, s), 10.25 (1 H, s), 12.10 (1 H, br s). Anal.
Calcd for C13H14N203: C, 63.40; H, 5.73; N, 11.38. Found: C, 63.35; H, 5.77; N, 11.28.
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5-[(2-Cyanophenyl)amino]-3-methyl-5-oxopentanoic acid (8b).

Compound 8b was prepared from 7b in 91% yield by a procedure similar to that described
for 8a as a white powder. 'H NMR (300 MHz, DMSO-ds): 6 0.99 (3 H, d, J = 5.7 Hz), 2.08—
2.22 (1 H, m), 2.22-2.46 (4 H, m), 7.30-7.41 (1 H, m), 7.52 (1 H, d, J=7.9 Hz), 7.63-7.73 (1
H, m), 7.80 (1 H, d, J=7.9 Hz), 10.16 (1 H, s), 12.10 (1 H, br s). Anal. Calcd for Ci13H14N205:
C, 63.40; H, 5.73; N, 11.38. Found: C, 63.38; H, 5.77; N, 11.33.

5-Anilino-3-methyl-5-oxopentanoic acid (8c).

Compound 8¢ was prepared from 7¢ in 89% yield by a procedure similar to that described
for 8a as a white powder. 'H NMR (300 MHz, DMSO-ds): 6 0.95 (3 H, d, J = 6.0 Hz), 2.02—
2.43 (5 H, m), 6.96-7.08 (1 H, m), 7.28 (2 H, t, J= 7.9 Hz), 7.58 (2 H, d, J = 7.6 Hz), 9.88 (1
H, s), 12.10 (1 H, br s). Anal. Calcd for C12H1sNOs: C, 65.14; H, 6.83; N, 6.33. Found: C,
65.04; H, 6.91; N, 6.28.

5-[(4-Fluorophenyl)amino]-3-methyl-5-oxopentanoic acid (8d).

Compound 8d was prepared from 7d in 76% yield by a procedure similar to that described
for 8a as a white powder. 'H NMR (300 MHz, DMSO-ds): 6 0.95 (3 H, d, J = 6.1 Hz), 2.00—
2.43 (5 H, m), 7.06-7.20 (2 H, m), 7.53-7.65 (2 H, m), 9.94 (1 H, s), 12.08 (1 H, br s). Anal.
Calcd for C12H14FNOs: C, 60.24; H, 5.90; N, 5.85. Found: C, 60.32; H, 5.93; N, 5.83.

5-{[4-Cyano-3-(trifluoromethyl)phenyljamino}-3-methyl-5-oxopentanoic acid (8e).

Compound 8e was prepared from 7e in quantitative yield by a procedure similar to that
described for 8a as pale brown viscous oil. 'H NMR (300 MHz, DMSO-ds): § 0.80-1.08 (3H,
m), 2.08-2.47 (5H, m), 7.88-8.16 (2H, m), 8.28 (1H, d, /= 1.9 Hz), 10.68 (1H, s), 12.09 (1H,
s).

5-[(3-Chloro-4-cyanophenyl)amino]-3-methyl-5-oxopentanoic acid (8f).

Compound 8f was prepared from 7f in quantitative yield by a procedure similar to that
described for 8a as pale brown oil. "H NMR (300 MHz, DMSO-ds): 6 0.82-1.07 (3H, m),
2.05-2.42 (5H, m), 7.60 (1H, dd, J = 8.7, 1.9 Hz), 7.88 (1H, d, J = 8.7 Hz), 8.06 (1H, d, J =
1.5 Hz), 10.50 (1H, s), 12.08 (1H, s).

5-[(4-Cyanophenyl)amino]-3-methyl-5-oxopentanoic acid (8g).

Compound 8g was prepared from 7g in 87% yield by a procedure similar to that described
for 8a as a pale yellow powder. 'H NMR (300 MHz, DMSO-ds): 6 0.80-1.08 (3H, m), 2.05—

2.45 (5H, m), 7.57-7.97 (4H, m), 10.34 (1H, s), 12.11 (1H, brs).
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N-(3-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)-3-methylpentanediamide (9a).

A mixture of 8a (246 mg, 1 mmol), 9-ethyl-9H-carbazol-3-amine (210 mg, 1.00 mmol),
1H-benzo[d][1,2,3]triazol-1-o0l hydrate (306 mg, 2.00 mmol) and WSC (383 mg, 2.00 mmol) in
DMF (5 mL) was stirred at rt for 20 h. The reaction was poured into aqueous NaHCO3 and
EtOAc. The separated organic layer was washed with water and brine, dried over MgSO4 and
concentrated. The residue was purified by column chromatography (silica gel, eluted with
66—80% (EtOAc in hexane) to give compound 9a (283 mg, 0.645 mmol, 65%) as a white
powder. MS (ESI) m/z: 439.1 (M+H)". mp 164-166 °C. '"H NMR (300 MHz, DMSO-ds): 6
1.03 3H,d,J=6.0Hz), 1.23-1.34 (3 H, m), 2.23-2.50 (5 H, m), 2.72-2.83 (1 H, m), 4.41 (1
H, d, J=7.2 Hz), 7.13-7.23 (1 H, m), 7.52 (7 H, d, J=12.1 Hz), 8.04 (1 H, d, J = 7.5 Hz),
8.13 (1 H, s), 8.41 (1 H, s),9.93 (1 H, s), 10.25-10.34 (1 H, m). Anal. Caled for C27H26N4O>-
H>O: C, 72.46; H, 6.08; N, 12.52. Found: C, 72.58; H, 6.02; N, 12.35.

N-(2-Cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)-3-methylpentanediamide (9b).
Compound 9b was prepared from 8b in 40% yield by a procedure similar to that described for
9a as a white powder. MS (ESI) m/z: 439.2 (M+H)". mp 212-214 °C. 'H NMR (300 MHz,
DMSO-de): 6 1.08 B3 H, d, J= 6.4 Hz), 1.30 3 H, d, /= 7.2 Hz), 2.23-2.47 (5 H, m), 4.41 (2
H,d,J=7.2Hz),7.13-7.22 (1 H, m), 7.32-7.40 (1 H, m), 7.40-7.49 (1 H, m), 7.51-7.62 (4 H,
m), 7.64-7.73 (1 H, m), 7.77-7.87 (1 H, m), 8.05 (1 H, d, J = 7.5 Hz), 8.43 (1 H, s), 9.85—
10.35 (2 H, m). Anal. Calcd for C27H26N4O2- 0.1H20: C, 73.65; H, 6.00; N, 12.72. Found: C,
73.51; H, 6.04; N, 12.58.

N-(9-Ethyl-9H-carbazol-3-yl)-3-methyl-/N'-phenylpentanediamide (9c).

Compound 9¢ was prepared from 8¢ in 39% yield by a procedure similar to that described
for 9a as a white powder. MS (ESI) m/z: 414.1 (M+H)*. mp 236-238 °C. 'H NMR (300 MHz,
DMSO-ds): 6 1.03 3 H, d, J=6.4Hz), 1.30 3 H, t, J=7.2 Hz), 2.19-2.47 (5 H, m), 4.41 (2
H, q,J=7.0 Hz), 6.98-7.07 (1 H, m), 7.17 (1 H, t, J=7.3 Hz), 7.29 2 H, t, J= 7.9 Hz), 7.44
(1H,t,J=72Hz), 7.50-7.67 (§ H, m), 8.05 (1 H,d, J=7.9 Hz), 8.42 (1 H, s), 9.93 (2 H, s).
Anal. Calcd for C26H27N302- 0.1H20: C, 75.19; H, 6.60; N, 10.12. Found: C, 75.17; H, 6.65;
N, 10.16.

N-(9-Ethyl-9H-carbazol-3-yl)-N'-(4-fluorophenyl)-3-methylpentanediamide (9d).

Compound 9d was prepared from 8d in 27% yield by a procedure similar to that described
for 9a as a white powder. MS (ESI) m/z: 432.1 (M+H)". m .p. 250-252 °C. 'H NMR (300
MHz, DMSO-de): 6 1.02 3 H, d, J= 6.4 Hz), 1.30 3 H, t, J = 7.2 Hz), 2.21-2.47 (5 H, m),
441 (2H,d,J=17.2Hz), 7.06-7.23 3 H, m), 7.44 (1 H, t, J = 7.7 Hz), 7.49-7.71 (5 H, m),
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8.05 (1 H, d, J = 7.5 Hz), 8.41 (1 H, s), 9.93 (1 H, s), 10.00 (I H, s). 4nal. Caled for
Ca6H26FN302- H20: C, 70.89; H, 6.18; N, 9.54. Found: C, 71.06; H, 6.08; N, 9.46.

N-[4-Cyano-3-(trifluoromethyl)phenyl]-N'-(9-ethyl-9 H-carbazol-3-yl)-
3-methylpentanediamide (9e).

To a solution of 8e (300 mg, 0.95 mmol), 9-ethyl-9H-carbazol-3-amine (241 mg, 1.15
mmol), and DIEA (0.500 mL, 2.86 mmol) in DMF (6 mL) was added HATU (544 mg, 1.43
mmol), and the mixture was stirred at rt overnight. The mixture was quenched with water at rt
and extracted with EtOAc. The organic layer was separated, washed with water and brine,
dried over MgSO4 and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluted with 5%—75% EtOAc in hexane, then NH-silica gel, eluted
with 5%—-100% EtOAc in hexane) to give 9e (189 mg, 0.372 mmol, 39.0 %) as colorless
amorphous solid. MS (ESI) m/z: 507.1 (M+H)*. 'H NMR (300 MHz, DMSO-ds): 6 1.05 (3H,
d, J=6.0 Hz), 1.30 (3H, t, J = 7.0 Hz), 2.24-2.48 (3H, m), 2.56 (2H, d, J = 10.6 Hz), 4.41
(2H, q, J=6.8 Hz), 7.17 (1H, t, J = 7.4 Hz), 7.33-7.67 (4H, m), 7.89-8.16 (3H, m), 8.30 (1H,
s), 8.41 (1H, s), 9.93 (1H, s), 10.72 (1H, s).

N-(3-Chloro-4-cyanophenyl)-N'-(9-ethyl-9H-carbazol-3-yl)-3-
methylpentanediamide (9f).

9f was synthesized in a manner similar to 9e. 45% yield, colorless powder. MS (ESI) m/z:
473.1 (M+H)*. "H NMR (300 MHz, DMSO-ds):  1.03 (3H, d, J = 6.0 Hz), 1.20-1.40 (4H, m),
2.19-2.48 (3H, m), 2.54 (1H, br s), 4.41 (2H, q, J = 7.1 Hz), 7.07-7.27 (1H, m), 7.36-7.69
(5H, m), 7.87 (1H, d, J= 8.7 Hz), 7.97-8.14 (2H, m), 8.39 (1H, s), 9.91 (1H, s), 10.54 (1H, s).

Chiral resolution of 9f.

500 mg of 9f was separated by chiral resolution using AD column. Column and conditions:
Column: CHIRALPAK AD (Lot No. AF001) 50 mm ID X 500 mm. Mobile phase: n-Hex/
EtOH = 500/500 (v/v), temperature: 40 °C. Flow rate: 80ml/min. Detection: UV 220 nm.
Injection concentration: 1.5 mg/mL (in n-hexane/EtOH = 500/500). Injection volume: 100 mL
load.

(+)-N-(3-Chloro-4-cyanophenyl)-N'-(9-ethyl-9 H-carbazol-3-yl)-3-
methylpentanediamide (10a).

39% vyield, colorless powder. MS (ESI) m/z: 473.2 (M+H)". 'H NMR (300 MHz,

DMSO-de): 6 1.03 (3H, d, J = 6.0 Hz), 1.30 (3H, t, J = 7.0 Hz), 2.22-2.48 (3H, m), 2.52-2.64
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(2H, m), 4.41 2H, q, J = 6.9 Hz), 7.17 (1H, t, J = 7.2 Hz), 7.36-7.66 (SH, m), 7.87 (1H, d, J
= 8.7 Hz), 7.97-8.14 (2H, m), 8.39 (1H, s), 9.92 (1H, s), 10.55 (1H, s). [0]*p +4.3 (c 2.54,
DMSO).

(-)-N-(3-Chloro-4-cyanophenyl)-V'-(9-ethyl-9H-carbazol-3-yl)-3-
methylpentanediamide (10b).

40% yield, colorless powder. MS (ESI) m/z: 473.1 (M+H)". '"H NMR (300 MHz,
DMSO-de): 0 1.03 (3H, d, /= 6.0 Hz), 1.30 (3H, t, J = 7.0 Hz), 2.18-2.48 (3H, m), 2.52-2.64
(2H, m), 4.41 (2H, q, J = 7.2 Hz), 7.08-7.24 (1H, m), 7.37-7.69 (5H, m), 7.87 (1H, d, J = 8.7
Hz), 7.96-8.16 (2H, m), 8.39 (1H, s), 9.92 (1H, s), 10.55 (1H, s). [0]*>p —4.0 (c 2.50, DMSO).

2-Ethyl-7-nitro-2H-1,4-benzoxazin-3(4H)-one (12).

To a stirred suspension of potassium fluoride (2.36 g, 40.55 mmol) in anhydrous DMF
(15.0 mL) was added methyl 2-bromobutylate (2.06 mL, 17.84 mmol) and reaction mixture
was stirred at rt for 15 min. 2-amino-5-nitrophenol (11, 2.5 g, 16.22 mmol) was added to the
mixture and heated at 60 °C for 6 h followed by stirring at rt for additional 14 h. The reaction
mixture was combined with another same quantity batch [potassium fluoride (2.36 g, 40.55
mmol), DMF (15.0 mL), methyl 2-bromobutylate (2.06 mL, 17.84 mmol) and
2-amino-5-nitrophenol (2.5 g, 16.22 mmol)] and crushed ice (175 g) was added to the
combined mixture. White solid formed from the reaction mixture was filtered, washed with
water (25 mL % 3) followed by hexane (25 mL % 3) and dried under reduced pressure to afford
12 (6.0 g, 83%) as white solid. MS (ESI) m/z: 221.0 (M-H)". '"H NMR (400 MHz, DMSO-dj):
0 1.00 (t, 3H, J = 7.40 Hz), 1.75-1.89 (m, 2H), 4.70 (dd, 1H, J = 4.52 Hz, 7.64 Hz), 7.05 (d,
1H, J=28.72 Hz), 7.79 (d, 1H, J=2.44 Hz), 7.91 (dd, 1H, J=2.44 Hz, 8.76 Hz ), 11.28 (br s,
1H).

7-Amino-2,4-diethyl-2H-1,4-benzoxazin-3(4H)-one (13a).
Step A: 2,4-diethyl-7-nitro-2H-1,4-benzoxazin-3(4H)-one.

To a stirred solution of 12 (3.0 g, 13.62 mmol) in anhydrous DMF (45 mL) was added
KoCOs (4.14 g, 29.97 mmol) at 0 °C under nitrogen atmosphere. After stirring at rt for 15
minutes, ethyl iodide (1.63 mL, 20.44 mmol) was added. The resulting reaction mixture was
stirred at rt for 14 h. Reaction mixture was quenched with water (30 mL) and extracted with
ethyl acetate (50 mL x 3). Combined organic layers was washed with water (30 mL) and brine
(30 mL), dried over anhydrous Na>SO4 and concentrated under reduced pressure to afford
2,4-diethyl-7-nitro-2H-1,4-benzoxazin-3(4H)-one (3.0 g, 88%) as white solid. MS (ESI) m/z:
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251.2 (M+H)". 'H NMR (400 MHz, DMSO-ds): 6 0.99 (t, 3H, J = 7.36 Hz), 1.15 (t, 3H, J =
7.04 Hz), 1.73-1.88 (m, 2H), 3.99 (q, 2H, J = 7.08 Hz), 4.74 (dd, 1H, J = 4.64 Hz, 7.92 Hz),
7.43 (d, 1H, J = 9.00 Hz), 7.82 (d, 1H, J = 2.60 Hz), 7.96 (dd, 1H, J = 2.52 Hz, 8.92 Hz).

Step B: 7-Amino-2,4-diethyl-2H-1,4-benzoxazin-3(4H)-one.

To a stirred deoxygenated solution of 2,4-diethyl-7-nitro-2H-1,4-benzoxazin-3(4H)-one
(1.50 g, 6.00 mmol) in dry methanol (30 mL) was added 10% Pd-C (0.225 g) under nitrogen
atmosphere and stirred at rt for 14 h under hydrogen atmosphere (balloon pressure). The
reaction mixture was filtered through celite bed and washed with methanol (10 mL x 2).
Combined organic layers was collected and concentrated under reduced pressure. The residue
was triturated with pentane to afford 13a (1.0 g, 76%) as brown solid. MS (ESI) m/z: 221.0
(M+H)". 'TH NMR (400 MHz, DMSO-ds): 6 0.95 (t, 3H, J = 7.36 Hz), 1.07-1.10 (m, 3H),
1.62-1.76 (m, 2H), 3.81 (q, 2H, J = 7.04 Hz), 4.35 (dd, 1H, J = 4.64 Hz, 8.20 Hz), 4.98 (s,
2H), 6.22-6.26 (m, 2H), 6.83 (d, 1H, J = 8.40 Hz).

6-Nitroquinazoline-2,4(1H,3H)-dione (15a).

A mixture of 14 (10.0 g, 54.91 mmol) and urea (98.93 g, 1647.2 mmol) was heated to
160 °C for 48 h. After complete consumption of starting material, the reaction mixture was
cooled to 100 °C and water (10 mL) was added to the reaction mixture. The reaction mixture
was filtered and washed with water; solid residue was dissolved in 0.5N NaOH solution. Then
the reaction mixture was heated at 100 °C for 40 minutes. The reaction mixture was cooled to
0 °C and 1IN HCI (aq.) was added to adjust pH = 5. Light yellow precipitate was filtered,
washed with water and dried under vacuum to give compound 15a (6.0 g, 53%) as a light
yellow solid. MS (ESI) m/z: 206.1 (M-H)". '"H NMR (400 MHz, DMSO-ds): § 7.31 (d, 1H, J
=9.04 Hz), 8.44 (dd, 1H, J=2.60 Hz, 8.96 Hz), 8.57 (d, 1H, J=2.64 Hz), 11.66 (br s, 2H).

3-Ethyl-6-nitroquinazoline-2,4(1H,3 H)-dione (15b).
Step A: 2-Amino-N-ethyl-5-nitrobenzamide.

To a stirred solution of 14 (5.0 g, 27.45 mmol) in dry DMF (100 mL) at 25 °C were added
EtNH: (2 M sol in THF, 41.18 mL, 82.35 mmol), DIPA (47.81 mL, 274.51 mmol) and HATU
(13.57 g, 35.69 mmol). Reaction mixture was stirred at rt for 24 h. After complete
consumption of 14, DMF was distilled off under reduced pressure to get the crude. Crude
mass was quenched with ice-water and organic part was extracted with ethyl acetate (5 x 100
mL), washed with water (3 x 100 mL), dried over anhydrous Na>SO4 and concentrated under
reduced pressure to give crude which was purified by normal silica gel column
chromatography using 10-20% ethyl acetate in hexane as an eluent to afford
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2-amino-N-ethyl-5-nitrobenzamide (5.0 g, 93.32%) as yellow solid. MS (ESI) m/z: 208.0
(M-H)". '"H NMR (400 MHz, DMSO-dg): 6 1.12 (t, 3H, J = 7.20 Hz), 3.22-3.32 (m, 2H), 6.78
(d, 1H, J =9.24 Hz), 7.77 (br s, 2H), 8.01 (dd, 1H, J = 9.16 Hz, 2.36 Hz), 8.48 (d, 1H, J =
2.36 Hz), 8.69 (br s, 1H).

Step B: 3-Ethyl-6-nitroquinazoline-2,4(1H,3H)-dione.

To a solution of 2-amino-N-ethyl-5-nitrobenzamide (6 g, 28.7 mmol) in THF (60 mL) was
added triethyl amine (8.7 mL) at rt. Phosgene (20% in toluene) (18.6 mL, 37.3 mmol) was
added at rt and refluxed for 16 h. Reaction was monitored by TLC. Starting material was
present and again 20% phosgene (7.1 mL, 14.35 mmol) was added. The reaction mixture was
heated to reflux for 2 h. Starting material was consumed. The reaction mixture was
concentrated, extracted with ethyl acetate (2 x 100 mL), dried (Na2SO4) and purified by 15%
ethyl acetate in hexane as an eluent to afford 15b (5g, 74.13%) as yellow solid. MS (ESI) m/z:
234.0 (M-H). "H NMR (400 MHz, DMSO-ds): 6 1.17 (t, 3H, J = 7.08 Hz), 3.90-3.95 (m, 2H),
7.32 (d, 1H, J = 9.00 Hz), 8.45 (dd, 1H, J = 9.04 Hz, 2.68 Hz), 8.62 (d, 1H, J = 2.60 Hz),
12.03 (brs, 1H).

6-Amino-1,3-diethylquinazoline-2,4(1H,3H)-dione (13b).
Step A: 1,3-Diethyl-6-nitroquinazoline-2,4(1H,3H)-dione.

To a solution of 15a (750 mg, 3.62 mmol) and iodoethane (1.448 mL, 18.10 mmol) in DMF
(15 mL) was added K>COs3 (2.502 g, 18.10 mmol), and the mixture was stirred at 70 °C for 16
h. After being cooled to rt, the mixture was quenched with water at ambient temperature and
extracted with EtOAc. The organic layer was separated, washed with water and brine, dried
over MgSOs and concentrated in vacuo. The residual powder was triturated with
DMF—-EtOAc—hexane, and the insoluble materials were filtered to give
1,3-diethyl-6-nitroquinazoline-2,4(1H,3H)-dione (664 mg, 2.52 mmol, 70%) as a pale yellow
powder. 'H NMR (300 MHz, DMSO-d): 6 1.24 (3H, t,J = 7.2 Hz), 1.18 (3H, t, J = 7.2 Hz),
3.99 (2H, q, J = 6.9 Hz), 4.20 (2H, q, /= 6.9 Hz), 7.72 (1H, d, /= 9.4 Hz), 8.51 (1H, dd, J =
9.3,2.8 Hz), 8.72 (1H, d, /= 3.0 Hz).

Step B: 6-Amino-1,3-diethylquinazoline-2,4(1H,3H)-dione.

A mixture of 1,3-diethyl-6-nitroquinazoline-2,4(1H,3H)-dione (655 mg, 2.49 mmol) and
Pd-C (50 mg, 0.47 mmol) in MeOH (15 mL) and EtOAc (15 mL) was stirred at rt under H»
(balloon, 3L) for 16 h. Pd catalyst was removed by celite filtration. The filtrate was

concentrated in vacuo to give compound 13b (572 mg, 2.452 mmol, 99%) as a gray powder.

66



"H NMR (300 MHz, DMSO-ds): § 1.01-1.32 (6H, m), 3.84-4.16 (4H, m), 5.28 (2H, s), 7.04
(1H, dd, J=8.7,2.6 Hz), 7.15-7.32 (2H, m).

6-Amino-1,3-bis(cyclopropylmethyl)quinazoline-2,4(1H,3H)-dione (13c).
Step A: 1,3-bis(cyclopropylmethyl)-6-nitroquinazoline-2,4(1H,3H)-dione.

A mixture of 15a (333 mg, 1.61 mmol), (bromomethyl)cyclopropane (0.624 mL, 6.43
mmol) and K>COs3 (489 mg, 3.54 mmol) in DMF (10 mL) was stirred at rt for 16 h. The
mixture was quenched with brine at rt and extracted with EtOAc. The organic layer was
separated, washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, eluted with 5-30% EtOAc in hexane) to give
1,3-bis(cyclopropylmethyl)-6-nitroquinazoline-2,4(1H,3H)-dione (402 mg, 1.28 mmol, 79%)
as a colorless solid. '"H NMR (300 MHz, CDCl3): § 0.32-0.76 (8H, m), 1.11-1.44 (2H, m),
4.00 (2H, d, J = 7.2 Hz), 4.12-4.16 (2H, m), 7.45 (1H, d, J = 9.4 Hz), 8.50 (1H, dd, J =9.3,
2.8 Hz), 9.11 (1H, d, J = 2.6 Hz).

Step B: 6-Amino-1,3-bis(cyclopropylmethyl)quinazoline-2,4(1H,3 H)-dione.

A mixture of 1,3-bis(cyclopropylmethyl)-6-nitroquinazoline-2,4(1H,3H)-dione (400 mg,
1.27 mmol) and Pd-C (135 mg, 0.13 mmol) in EtOH (10 mL) was stirred at rt for 2 h under
H> atmosphere. The mixture was filtered through celite pad and the filtrate was concentrated
in vacuo to give compound 13c¢ (280 mg, 77%) as a colorless solid. '"H NMR (300 MHz,
CDCl3): 0 0.30-0.68 (8H, m), 0.97-1.44 (2H, m), 3.40-3.86 (2H, m), 4.01 (4H, dd, J = 14.0,
6.8 Hz), 6.96-7.08 (1H, m), 7.08-7.22 (1H, m), 7.51 (1H, d, J = 3.0 Hz).

6-Amino-1-(cyclopropylmethyl)-3-ethylquinazoline-2,4(1 H,3H)-dione (13d).
Step A: 1-(cyclopropylmethyl)-3-ethyl-6-nitroquinazoline-2,4(1H,3H)-dione.

To a stirred solution of 15b (250 mg, 1.06 mmol) in dry DMF (10 mL) under
No-atmosphere were added KoCOsz (294 mg, 2.13 mmol), and after 5 min,
(bromomethyl)cyclopropane (0.43 mL, 3.19 mmol) was added at rt. Reaction mixture was
heated at 80 °C for 8 h. After complete consumption of 15b, reaction was quenched with
ice-water and organic part was extracted with EtOAc (4 x 100 mL), washed with water (2 x
50 mL), dried over anhydrous Na>SO4 and solvent was distilled off under reduced pressure.
Crude mass was purified by washing with 2% EtOAc in hexane to give
1-(cyclopropylmethyl)-3-ethyl-6-nitroquinazoline-2,4(1H,3 H)-dione (150 mg, 49%) as yellow
sticky solid. MS (ESI) m/z: 290.2 (M+H)". 'H NMR (400 MHz, DMSO-ds): § 0.45-0.53 (m,
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4H), 1.16-1.25 (m, 4H), 3.97-4.02 (m, 2H), 4.11 (d, 2H, J = 6.88 Hz), 7.81 (d, 1H, J = 9.28
Hz), 8.50 (dd, 1H, J = 9.28 Hz, 2.80 Hz), 8.73 (d, 1H, J=2.72 Hz).

Step B: 6-Amino-1-(cyclopropylmethyl)-3-ethylquinazoline-2,4(1H,3H)-dione.
To a stirred solution of 1-(cyclopropylmethyl)-3-ethyl-6-nitroquinazoline-

2,4(1H,3H)-dione (150 mg, 0.52 mmol) in ethyl acetate (15 mL) was added 10%
palladium-carbon (80 mg). Reaction mixture was stirred at rt under hydrogen gas-pressure (30
Psi) for 3 h. After complete consumption of the starting material, reaction mixture was filtered
off through celite pad and washed with ethyl acetate (100 mL). Filtrate was evaporated under
reduced pressure to afford 13d (130 mg, 97%) as a yellow solid. MS (ESI) m/z: 260.2
(M+H)*. '"H NMR (400 MHz, DMSO-ds): § 0.42-0.47 (m, 4H), 0.75-0.85 (m, 1H), 1.12 (t,
3H, J =7.04 Hz), 3.94-3.99 (m, 4H), 5.28 (s, 2H), 7.03 (dd, 1H, J = 8.88 Hz, 2.64 Hz), 7.24
(d, 1H, J=2.64 Hz), 7.29 (d, 1H, J = 8.96 Hz).

1-Ethyl-6-nitroquinazoline-2,4(1H,3H)-dione (17).
Step A: Methyl 2-(ethylamino)-5-nitrobenzoate.

To a stirred solution of 2-fluoro-5-nitrobenzoic acid methyl ester (16, 5.0 g, 25.11 mmol) in
dry THF (50 mL) at 25 °C in a sealed tube were added EtNH> (2 M solution in THF, 2.83 g,
62.77 mmol, 31.5 mL), and K>COs (3.47 g, 25.11 mmol). The reaction mixture was heated at
60 °C for 16 h. After complete consumption of 16, the reaction mixture was evaporated under
reduced pressure to give crude which was purified by washing with 2% EtOAc in hexane to
afford methyl 2-(ethylamino)-5-nitrobenzoate (5.0 g, 89%) as a light yellow solid. "H NMR
(400 MHz, DMSO-dg): 6 1.20 (t,3H,J=7.04 Hz), 4.10-4.16 (q, 2H), 7.66 (d, 1H, J=9.28 Hz),
8.48 (dd, 1H, J=9.22 Hz, 2.76 Hz), 8.66 (d, 1H, J=2.64 Hz), 11.00 (br s, 1H).

Step B: 1-Ethyl-6-nitroquinazoline-2,4(1H,3H)-dione.

A mixture of methyl 2-(ethylamino)-5-nitrobenzoate (5.0 g, 22.32 mmol) and urea (40.58
g, 669.64 mmol) was heated at 160 °C for 48 h. After complete consumption of the starting
methyl ester, the reaction mixture was cooled to rt and diluted with water. Precipitate was
filtered off and crude was purified by washing with dichloromethane to afford compound 17
(3.0 g, 57%) as a light yellow solid. 'TH NMR (400 MHz, DMSO-ds): § 1.20 (t, 3H, J = 7.04
Hz), 4.10-4.16 (q, 2H), 7.66 (d, 1H, J=9.28 Hz), 8.48 (dd, 1H, J=9.22 Hz, 2.76 Hz), 8.66 (d,
1H, J=2.64 Hz), 11.00 (br s, 1H).

6-Amino-3-(cyclopropylmethyl)-1-ethylquinazoline-2,4(1H,3H)-dione (13e).

68



Step A: 3-(cyclopropylmethyl)-1-ethyl-6-nitroquinazoline-2,4(1H,3H)-dione.

To a stirred solution of 17 (350 mg, 1.49 mmol) in dry DMF (10 mL) at 25 °C under
No-atmosphere were added NaH (119.15 mg, 2.98 mmol) and after 5 min
(bromomethyl)cyclopropane (0.239 mL, 2.98 mmol). The reaction mixture was stirred at rt
for 5 h. After complete consumption of 17, the reaction was quenched with ice-water and
organic part was extracted with EtOAc (4 x 50 mL), washed with water (2 x 50 mL), dried
over anhydrous Na>SO4 and solvent was distilled off under reduced pressure. The residue was
purified by washing with 2% EtOAc in hexane to give
3-(cyclopropylmethyl)-1-ethyl-6-nitroquinazoline-2,4(1H,3H)-dione (350 mg, 81%) as a faint
green sticky solid. '"H NMR (400 MHz, DMSO-d): 6 0.37-0.46 (m, 4H), 1.17-1.20 (m, 1H),
1.24 (t,3H,J=7.04 Hz), 3.86 (d, 2H, J=7.16 Hz), 4.19-4.24 (m, 2H), 7.74 (d, 1H, J=9.32 Hz),
8.53 (dd, 1H, J=9.24 Hz, 2.68 Hz), 8.75 (d, 1H, J = 2.64 Hz).

Step B: 6-amino-3-(cyclopropylmethyl)-1-ethylquinazoline-2,4(1H,3H)-dione.
To a stirred solution of 3-(cyclopropylmethyl)-1-ethyl-6-nitroquinazoline-

2,4(1H,3H)-dione (420 mg, 1.45 mmol) in EtOAc (20 mL) was added 10% Pd-C (50 mg).
The reaction mixture was stirred at rt under hydrogen gas-pressure (30 Psi) for 3 h. After
complete consumption of the starting material, the reaction mixture was filtered off through
celite pad and washed with EtOAc (100 mL). Filtrate was evaporated under reduced pressure
to afford 13k (292 mg, 78%) as a yellow solid. MS (ESI) m/z: 260.2 (M+H)". '"H NMR (400
MHz, DMSO-ds): 6 0.32-0.40 (m, 4H), 1.17 (t, 3H, J = 7.00 Hz), 1.22—-1.23 (m, 1H), 3.82 (d,
2H, J=7.04 Hz), 4.06 (q, 2H, J=6.96 Hz), 5.27 (s, 2H), 7.02-7.05 (m, 1H), 7.21-7.25 (m, 2H).

N-(4-Cyanophenyl)-N'-(9-ethyl-2,3,4,9-tetrahydro-1H-carbazol-6-yl)-3-
methylpentanediamide (18a).
To a solution of 8g (172 mg, 0.70 mmol), 9-ethyl-2,3,4,9-tetrahydro-1H-carbazol-

6-amine (150 mg, 0.70 mmol), and DIEA (0.367 mL, 2.10 mmol) in DMF (8 mL) was
added HATU (399 mg, 1.05 mmol), and the mixture was stirred at rt overnight. The mixture
was quenched with water at rt and extracted with EtOAc. The organic layer was separated,
washed with water and brine, dried over MgSO4 and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, eluted with 10—100% EtOAc in hexane)
followed by crystallization from EtOAc to give compound 18a (179 mg, 0.404 mmol, 58%)
as a pale brown powder. MS (ESI) m/z: 443.2 (M+H)". 'H NMR (300 MHz, DMSO-ds): 6
0.99 3H, d, J = 6.1 Hz), 1.19 (3H, t, J = 7.2 Hz), 1.65-1.94 (4H, m), 2.16-2.41 (3H, m),
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2.41-2.48 (2H, m), 2.57 (2H, t, J= 5.3 Hz), 2.63-2.72 (2H, m), 4.04 (2H, q, /= 7.2 Hz), 7.16
(1H, dd, J=8.7, 1.9 Hz), 7.26 (1H, d, J = 8.7 Hz), 7.62-7.87 (5H, m), 9.68 (1H, s), 10.37 (1H,
s).

N-(4-Cyanophenyl)-3-methyl-N'-(2,3,4,9-tetrahydro-1H-carbazol-6-
yl)pentanediamide (18b).

18b was synthesized in a manner similar to 18a. 69% yield, pale brown powder. MS (ESI)
m/z: 415.3 (M+H)". '"H NMR (300 MHz, DMSO-ds): 6 0.99 (3H, d, J = 6.4 Hz), 1.80 (4H, d,
J=4.5Hz),2.16-2.40 (3H, m), 2.41-2.47 (2H, m), 2.56 (2H, br s), 2.67 (2H, br s), 7.00-7.22
(2H, m), 7.64 (1H, s), 7.69-7.86 (4H, m), 9.64 (1H, s), 10.37 (1H, s), 10.51 (1H, s).

N-(3-Chloro-4-cyanophenyl)-/V'-(1-ethyl-1H-indol-5-yl)-3-methylpentanediamide (18c¢).

18¢ was synthesized in a manner similar to 18a. 61% yield, colorless solid. MS (ESI) m/z:
423.2 (M+H)". "H NMR (300 MHz, DMSO-ds): 6 1.00 3H, d, J = 6.0 Hz), 1.34 3H, t, J =
7.2 Hz), 2.15-2.41 (3H, m), 2.43-2.49 (2H, m), 4.16 (2H, q, J = 7.2 Hz), 6.34 (1H, d, J = 2.6
Hz), 7.22 (1H, dd, J = 8.7, 1.9 Hz), 7.29-7.41 (2H, m), 7.61 (1H, dd, J = 8.5, 2.1 Hz),
7.82-7.91 (2H, m), 8.07 (1H, d, J=1.9 Hz), 9.71 (1H, s), 10.53 (1H, s).

N-(3-chloro-4-cyanophenyl)-N'-(3-ethyl-2-0x0-2,3-dihydro-1,3-benzoxazol-6-yl)-3-methyl
pentanediamide (18d). 18d was synthesized in a manner similar to 18a. 9% yield, colorless
amorphous solid. MS (ESI) m/z: 439.2 (M-H)". 'TH NMR (300 MHz, DMSO-ds): § 0.99 (3H,
d,J=5.7Hz), 1.25 (3H, t, J= 7.0 Hz), 2.13-2.48 (5H, m), 3.82 (2H, q, J = 6.8 Hz), 7.08-7.38
(2H, m), 7.59 (1H, d, J = 8.3 Hz), 7.72 (1H, s), 7.86 (1H, d, J = 8.7 Hz), 8.04 (1H, s), 10.02
(1H, brs), 10.55 (1H, br s).

N-(3-Chloro-4-cyanophenyl)-N'-(4-ethyl-3-0x0-3,4-dihydro-2 H-1,4-benzoxazin-
7-y1)-3-methylpentanediamide (18e).

18e was synthesized in a manner similar to 18a. 10% yield, colorless amorphous solid. MS
(ESI) m/z: 453.2 (M-H)". '"H NMR (300 MHz, DMSO-ds): 6 0.98 (3H, d, J = 5.7 Hz), 1.13
(3H, t, J= 6.8 Hz), 2.15-2.47 (5H, m), 3.90 (2H, d, J = 6.8 Hz), 4.59 (2H, s), 7.11 (1H, d, J =
8.7 Hz), 7.21 (1H, d, J = 8.7 Hz), 7.36 (1H, s), 7.60 (1H, d, J = 8.3 Hz), 7.87 (1H, d, J = 8.3
Hz), 8.06 (1H, s), 9.92 (1H, s), 10.53 (1H, s).

N-(3-chloro-4-cyanophenyl)-/V'-(4-ethyl-2-methyl-3-oxo0-3,4-dihydro-2 H-1,4-
benzoxazin-7-yl)-3-methylpentanediamide (18f).
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18f was synthesized in a manner similar to 18a. 10% yield, white solid. MS (ESI) m/z:
467.3 (M-H)". '"H NMR (400 MHz, DMSO-d): 6 0.98 (d, 3H, J = 6.04 Hz), 1.11 (t, 3H, J =
6.96 Hz), 1.39 (d, 3H, J = 6.68 Hz), 2.21-2.44 (m, 5H), 3.88 (q, 2H, J = 8.04 Hz), 4.64 (q, 1H,
J=6.48 Hz), 7.10 (d, 1H, J=8.84 Hz), 7.19 (d, 1H, J=8.76 Hz), 7.37 (br s, 1H), 7.59 (d, 1H,
J=18.76 Hz), 7.86 (d, 1H, J = 8.56 Hz), 8.05 (br s, 1H), 9.89 (brs, 1H), 10.50 (br s, 1H).

N-(3-chloro-4-cyanophenyl)-N'-(2,4-diethyl-3-0x0-3,4-dihydro-2 H-1,4-
benzoxazin-7-yl)-3-methylpentanediamide (18g).

To a stirred solution of 6-amino-3-ethylbenzo[b][1,4]dioxin-2(3H)-one (0.35 g, 1.59 mmol)
and 8f (0.53 g, 1.91 mmol) in ethyl acetate (10 mL) was added DIEA (0.70 mL, 3.98 mmol)
followed by T3P solution (50 wt% in ethyl acetate, 2.4 mL, 3.97 mmol) under an argon
atmosphere. The reaction mixture was heated at reflux for 5 h. Reaction mixture was cooled
to rt, diluted with ethyl acetate (100 mL), washed with cold aqueous NaHCO3 (25 mL), water
(25 mL) and brine (25 mL). Organic layer was dried over anhydrous Na>SO4 and concentrated
under reduced pressure to obtain crude product. The crude product was purified by silica gel
column chromatography using 60—70% ethyl acetate in hexane as an eluent to give 18g
(0.350 g, 46%) as white solid. MS (ESI) m/z: 483.4 (M+H). '"H NMR (400 MHz, DMSO-db):
0 0.97 (t, 6H, J=7.16 Hz), 1.12 (t, 3H, J = 6.88 Hz), 1.67—1.78 (m, 2H), 2.23-2.44 (m, 5H),
3.87 (q, 2H, J=6.96 Hz), 4.49 (dd, 1H, J=4.52 Hz, J = 8.12 Hz), 7.09 (d, 1H, J = 8.68 Hz),
7.17 (d, 1H, J = 8.80 Hz), 7.39 (br s, 1H), 7.59 (d, 1H, J=8.72 Hz), 7.87 (d, 1H, J = 8.60 Hz),
8.05 (brs, 1H), 9.91 (br s, 1H), 10.52 (br s, 1H).

N-(3-Chloro-4-cyanophenyl)-N'-(1,3-diethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl)-3-methylpentanediamide (18h).

18h was synthesized in a manner similar to 18g. 72% yield, colorless powder. MS (ESI)
m/z: 496.4 (M+H)". '"H NMR (300 MHz, DMSO-ds): § 1.00 (3H, d, J = 6.4 Hz), 1.09-1.35
(6H, m), 2.18-2.49 (5H, m), 3.84-4.24 (4H, m), 7.44 (1H, d, J = 9.4 Hz), 7.57 (1H, dd, J =
8.7, 1.9 Hz), 7.78-7.97 (2H, m), 8.02 (1H, d, /= 2.3 Hz), 8.34 (1H, d, J= 2.6 Hz), 10.14 (1H,
s), 10.52 (1H, s). Anal. Calcd for CasH26CINsOs- 0.1EtOAc: C, 60.44; H, 5.35; N, 13.87.
Found: C, 60.71; H, 5.63; N, 13.42.

N-[1,3-Bis(cyclopropylmethyl)-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]-/V'-
(3-chloro-4-cyanophenyl)-3-methylpentanediamide (18i).

18h was synthesized in a manner similar to 18g. 61% yield, colorless solid. MS (ESI) m/z:

546.3 (M-H)". mp 184-187 °C. 'H NMR (300 MHz, DMSO-ds): 6 0.27-0.55 (8H, m), 0.89—
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1.08 (3H, m), 1.11-1.35 (2H, m), 2.19-2.48 (5H, m), 3.85 (2H, d, J= 7.2 Hz), 4.03 (2H, d, J=
6.8 Hz), 7.47-7.65 (2H, m), 7.85 (1H, d, /= 8.7 Hz), 7.92 (1H, dd, /=9.1, 2.6 Hz), 8.03 (1H, d,
J =19 Hz), 836 (1H, d, J = 2.6 Hz), 10.15 (1H, s), 10.53 (1H, s). Anal. Calcd for
C290H30CIN5O4: C, 63.56; H, 5.52; N, 12.78. Found: C, 63.41; H, 5.64; N, 12.49.

N-(3-Chloro-4-cyanophenyl)-N'-[1-(cyclopropylmethyl)-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl]-3-methylpentanediamide (18j).

18j was synthesized in a manner similar to 18g. 45% yield, off-white solid. MS (ESI) m/z:
522.2 (M+H)". '"H NMR (400 MHz, DMSO-d):  0.45-0.48 (m, 4H), 1.00 (d, 3H, J = 6.44
Hz), 1.15 (t, 3H, J = 6.96 Hz), 1.17-1.19 (m, 1H), 2.30-2.54 (m, 5H), 3.96—4.03 (m, 4H),
7.52 (d, 1H, J=9.24 Hz), 7.57(dd, 1H, J = 8.66 Hz, 1.88 Hz), 7.84 (d, 1H, J = 8.60 Hz), 7.91
(d, 1H, J=7.72 Hz), 8.02 (d, 1H, J = 1.84 Hz), 8.34 (d, 1H, J=2.48 Hz), 10.15 (s, 1H), 10.53
(s, 1H). Purity was 89%.

N-(3-Chloro-4-cyanophenyl)-N'-[3-(cyclopropylmethyl)-1-ethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl]-3-methylpentanediamide (18k).

18k was synthesized in a manner similar to 18k. 77%, off-white solid. MS (ESI) m/z: 520.3
(M-H)". "H NMR (400 MHz, DMSO-ds): § 0.35-0.36 (m, 2H), 0.39-0.43 (m, 2H), 0.99 (d, 3H,
J=6.16 Hz), 1.20 (t, 3H, J=6.76 Hz), 1.22 (m, 1H), 2.26-2.50 (m, 5H), 3.83 (d, 2H, J=6.96
Hz), 4.09-4.14 (m, 2H), 7.44 (d, 1H, J=9.12 Hz), 7.56 (d, 1H, J=9.32 Hz), 7.84 (d, 1H, J =
8.64 Hz), 7.90 (dd, 1H, J=9.00 Hz, 1.80 Hz), 8.01 (s, 1H), 8.36 (s, 1H), 10.16 (s, 1H), 10.54 (s,
1H).

(¥)-cis-2-Amino-N-(1,3-diethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-
yDcyclopentanecarboxamide (19)
Step A: tert-Butyl {(£)-cis-2-[(1,3-diethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-
6-yl)carbamoyl]cyclopentyl}carbamate.

A mixture of 6-amino-1,3-diethylquinazoline-2,4(1H,3H)-dione (13e, 45 mg, 0.19 mmol),
(£)-cis-2-[(tert-butoxycarbonyl)amino]cyclopentanecarboxylic acid (48.7 mg, 0.21 mmol) and
T3P (0.125 mL, 0.21 mmol), DIEA (34 pL, 0.19 mmol) in EtOAc (10 mL) was stirred at
50 °C overnight. The mixture was quenched with brine at rt and extracted with EtOAc. The
organic layer was separated, washed with brine, dried over MgSO4 and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, eluted with 10%—50%EtOAc

in hexane) to give tert-butyl {(£)-cis-
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2-[(1,3-diethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl)carbamoyl]cyclopentyl } carbamat
e (60.0 mg, 0.135 mmol, 70%) as colorless oil. 'H NMR (300 MHz, CDCls) § 1.13-1.39 (14H,
m), 1.51-2.03 (6H, m), 2.09-2.23 (1H, m), 2.87-3.24 (1H, m), 3.92-4.39 (5H, m), 4.78-5.18
(1H, m), 7.15 (1H, d, J = 9.1 Hz), 7.88-8.02 (1H, m), 8.03-8.11 (1H, m), 8.12-8.24 (1H, m);
MS (ESI) m/z: 443.3 [M-H]".

Step B: ()-cis-2-Amino-N-(1,3-diethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl)cyclopentanecarboxamide.
A mixture of fert-butyl {()-cis-2-[(1,3-diethyl-2,4-dioxo-1,2,3,4-

tetrahydroquinazolin-6-yl)carbamoyl]cyclopentyl} carbamate (60 mg, 0.13 mmol) and TFA
(3 mL) was stirred at rt for 3 h. The mixture was quenched with sat. NaHCO3 aq. at rt and
extracted with EtOAc. The organic layer was separated, washed with brine, dried over MgSO4
and concentrated in vacuo to give 19 (45 mg, 0.13 mmol, 100%) as a colorless oil. The
residue was used in next reaction without further purifications. '"H NMR (300 MHz, CDCI3) 6
1.15-1.40 (6H, m), 1.51-2.21 (8H, m), 2.60-2.82 (1H, m), 3.64 (1H, d, J = 5.3 Hz), 4.03—
4.31 (4H, m), 7.16 (1H, d, J=9.1 Hz), 7.96 (1H, d, /= 2.6 Hz), 8.37 (1H, dd, J=9.1, 2.6 Hz),
10.80 (1H, brs); MS (ESI) m/z: 345.3 [M+H]".

(¥)-trans-2-Amino-N-(1,3-diethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-
yDcyclopentane-1-carboxamide (20).
20 was synthesized from 13e in a manner similar to 19.
Step A: tert-butyl {(£)-trans-2-[(1,3-Diethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl)carbamoyl]cyclopentyl}carbamate.

75% yield, colorless solid. "H NMR (300 MHz, CDCls) & 1.14-1.40 (6H, m), 1.44—1.54
(9H, m), 1.56-1.93 (3H, m), 1.94-2.14 (1H, m), 2.14-2.44 (1H, m), 2.88 (1H, brs), 3.87—4.37
(5H, m), 4.79 (1H, brs), 7.16 (1H, d, J = 9.1 Hz), 7.24 (1H, brs), 8.02-8.42 (2H, m), 10.36
(1H, brs); MS (ESI) m/z: 445.3 [M+H]".

Step B:(%)-trans-2-Amino-N-(1,3-diethyl-2,4-dioxo-
1,2,3,4-tetrahydroquinazolin-6-yl)cyclopentane-1-carboxamide.

Quant., colorless oil. "H NMR (300 MHz, CDCls) 6 1.18-1.40 (6H, m), 1.56—1.90 (8H, m),
2.56-2.92 (1H, m), 2.95-3.19 (1H, m), 3.26-3.44 (1H, m), 4.03-4.26 (4H, m), 7.17 (1H, d, J
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= 9.1 Hz), 7.97 (1H, d, J = 2.6 Hz), 8.40 (1H, dd, J = 9.1, 2.6 Hz); MS (ESI) m/z: 345.3
[M+H]".

3-Chloro-4-cyano-N-{(¥)-cis-2-[(1,3-diethyl-2,4-dioxo0-1,2,3,4-
tetrahydroquinazolin-6-yl)carbamoyl|cyclopentyl}benzamide (21).

A mixture of 19 (63 mg, 0.18 mmol), 3-chloro-4-cyanobenzoic acid (36.5 mg, 0.20 mmol),
T3P (0.118 mL, 0.20 mmol) and DIEA (0.035 mL, 0.20 mmol) in EtOAc (3 mL) was stirred
at 60 °C for 5 h. The mixture was quenched with brine at rt and extracted with EtOAc. The
organic layer was separated, washed with brine, dried over MgSO4 and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, eluted with 10%-100%
EtOAc in hexane) to give 21 (45.0 mg, 0.089 mmol, 48%) as a colorless solid. 'H NMR (300
MHz, CDCI3) ¢ 1.13-1.39 (6H, m), 1.50-1.69 (1H, m), 1.80-2.31 (5H, m), 3.17 (1H, q, J =
7.9 Hz), 3.99—4.31 (4H, m), 4.67 (1H, t, /= 7.4 Hz), 7.14 (1H, d, J=9.8 Hz), 7.45 (1H, d, J =
7.6 Hz), 7.59-7.76 (2H, m), 7.83 (1H, d, J = 1.1 Hz), 7.98-8.10 (2H, m), 8.39 (1H, s); *C
NMR (101 MHz, CDCl3) ¢ 12.6, 13.1, 23.2, 29.2, 32.9, 37.2, 38.9, 48.6, 53.8, 114.1, 115.2,
115.8, 116.1, 119.6, 125.4, 127.5, 128.8, 132.7, 134.2, 136.4, 137.4, 139.4, 149.9, 161.1,
164.7, 172.8; MS (ESI) m/z: 508.4 [M+H]".

3-Chloro-4-cyano-N-{(*)-trans-2-[(1,3-diethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl)carbamoyl]cyclopentyl}benzamide (22).

A mixture of 20 (180 mg, 0.52 mmol), 3-chloro-4-cyanobenzoic acid (104 mg, 0.57 mmol),
T3P (0.338 mL, 0.57 mmol) and DIEA (0.100 mL, 0.57 mmol) in EtOAc (5 mL) was stirred
at 70 °C overnight. The mixture was quenched with IN HCI aq. at rt and extracted with
EtOAc. The organic layer was separated, washed with 1N NaOH aq. and brine, dried over
MgSO4 and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, eluted with 10%—100%EtOAc in hexane) to give 22 (30.0 mg, 0.059 mmol, 11%)
as a colorless solid. '"H NMR (300 MHz, DMSO-ds) 6 1.17 (6H, m), 1.76 (4H, m), 2.02 (2H,
m), 2.69-2.98 (1H, m), 3.85-4.26 (4H, m), 4.51 (1H, t, J= 7.0 Hz), 7.46 (1H, d, J = 9.4 Hz),
7.94 (2H, d, J = 8.3 Hz), 8.05-8.20 (2H, m), 8.31 (1H, d, /= 1.9 Hz), 8.82 (1H, d, J= 7.6 Hz),
10.14 (1H, s). 3C NMR (101 MHz, DMSO-de) 6 12.5, 12.9, 23.8, 29.5, 32.2, 36.1, 38.1, 51.7,
54.7,113.9, 114.8, 115.1, 115.6, 117.6, 126.7, 126.8, 128.4, 134.4, 134.7, 134.8, 135.4, 140.1,
149.4, 160.6, 163.4, 172.8; MS (ESI) m/z: 508.4 [M+H]".
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tert-Butyl (¥)-cis-4-aminotetrahydrofuran-3-carboxylate (24).
Step A: tert-Butyl 4-(benzylamino)-2,5-dihydrofuran-3-carboxylate.

A solution of 23 (7.43 g, 39.91 mmol), phenylmethanamine (6.54 mL, 59.87 mmol) and
AcOH (3.43 mL, 59.87 mmol) in THF (dry, 89 mL) and DMF (dry, 44.3 mL) was stirred at rt
for 2 h, and then sodium triacetoxyborohydride (12.69 g, 59.87 mmol) was added thereto
portionwise (over a period of 5 min). The mixture was stirred at rt overnight. Sodium
borohydride (1.510 g, 39.91 mmol) was added. The mixture was stirred at rt overnight. The
mixture was neutralized with sat. NaHCOs aq. at 0 °C and extracted with EtOAc. The organic
layer was separated, washed with water and brine, dried over Na;SO4 and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, eluted with EtOAc in hexane)
to give tert-butyl 4-(benzylamino)-2,5-dihydrofuran-3-carboxylate (7.09 g, 25.7 mmol, 65%)
as colorless crystals. '"H NMR (300 MHz, CDCl3) 6 1.47 (9 H, s), 4.26 (2 H, d, J=6.42 Hz),
4.65-4.76 (4 H, m), 7.06-7.41 (m, 5 H).

Step B: tert-Butyl (£)-cis-4-aminotetrahydrofuran-3-carboxylate.

A solution of tert-butyl 4-(benzylamino)-2,5-dihydrofuran-3-carboxylate (7.09 g, 25.75
mmol) in MeOH (86 mL) was hydrogenated in the presence of 20% Pd(OH)-C (50% wet, 6.0
g,42.72 mmol) at rt under high pressure (ca. 5 atm) for 3 days. After removal of the catalyst by
filtration, the filtrate was evaporated to give pale yellow oil. The residue was purified by
column chromatography (silica gel, eluted with MeOH in EtOAc) to give 24 (2.00 g, 10.68
mmol, 42 %) as a colorless oil. 'H NMR (300 MHz, CDCl3) § 1.49 (9 H, s), 3.09 (1 H , m),
3.60 (1 H, dd, J=8.69, 3.78 Hz), 3.78 (1 H, m) 3.92—-4.18 (3 H, m).

tert-Butyl (£)-cis-4-(3-chloro-4-cyanobenzamido)tetrahydrofuran-3-carboxylate (25). A
mixture of 3-chloro-4-cyanobenzoic acid (102 mg, 0.56 mmol), 24 (105 mg, 0.56 mmol), T3P
(0.330 mL, 0.56 mmol) and DIEA (98 uL, 0.56 mmol) in EtOAc (5 mL) was stirred at 60 °C for
5 h. The mixture was neutralized with sat. NaHCOs aq. at rt and extracted with EtOAc. The
organic layer was separated, washed with brine, dried over Na>SO4 and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, eluted with 10%—-50% EtOAc
in hexane) to give 25 (135 mg, 0.385 mmol, 69%) as white solid. "TH NMR (300 MHz, CDCls) 6
1.44 (9H, s), 3.31 (1H, q, J= 7.6 Hz), 3.82 (1H, dd, /=9.1, 3.8 Hz), 4.01 (1H, dd, J=9.3, 5.5
Hz), 4.06-4.19 (2H, m), 4.87-5.02 (1H, m), 7.39 (1H, d, /= 7.9 Hz), 7.65-7.81 (2H, m), 7.93
(1H, d, J= 0.8 Hz).

75



(¥)-cis-4-(3-Chloro-4-cyanobenzamido)-N-[3-(cyclopropylmethyl)-1-ethyl-2,4-
dioxo-1,2,3,4-tetrahydroquinazolin-6-yl|tetrahydrofuran-3-carboxamide (26).

Step A: (£)-cis-4-(3-chloro-4-cyanobenzamido)tetrahydrofuran-3-carboxylic acid. TFA
(1766 uL, 22.92 mmol) was added to 25 (134 mg, 0.38 mmol) at 0 °C. The mixture was stirred
at rt for 2 h. The mixture was evaporated and azeotroped with toluene to give crude
()-cis-4-(3-chloro-4-cyanobenzamido)tetrahydrofuran-3-carboxylic acid as colorless oil (148
mg, quant.). MS (ESI) m/z: 293.1 [M-H]J".

Step B: ()-cis-4-(3-Chloro-4-cyanobenzamido)-/N-[3-(cyclopropylmethyl)-1-
ethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl|tetrahydrofuran-3-
carboxamide.

The mixture of crude (+)-cis4-(3-chloro-4-cyanobenzamido)tetrahydrofuran-3-
carboxylic acid (117 mg, 0.398 mmol), 6-amino-3-(cyclopropylmethyl)-1-

ethylquinazoline-2,4(1H,3H)-dione (13d, 114 mg, 0.44 mmol), T3P (0.258 mL, 0.44 mmol)
and DIEA (0.076 mL, 0.44 mmol) in EtOAc (4 mL) and dry THF (2.00 mL) was stirred at
60 °C for 4 h. The mixture was neutralized with sat. NaHCO; aq. at rt and extracted with
EtOAc. The organic layer was separated, washed with brine, dried over Na>SO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 50%—-100% EtOAc in hexane) to give white solid. The solid was suspended in hexane/IPE
and filtered to give 26 (45.0 mg, 0.084 mmol, 19%) as white solid. '"H NMR (300 MHz,
DMSO-ds) 0 0.27-0.49 (4H, m), 1.18 (4H, t, J = 7.0 Hz), 3.46 (1H, q, J = 7.8 Hz), 3.71-3.89
(3H, m), 3.97-4.21 (5H, m), 4.87-5.05 (1H, m), 7.38 (1H, d, J = 9.1 Hz), 7.65-7.84 (3H, m),
7.95 (1H, d, J= 7.9 Hz), 8.25 (1H, d, J= 2.3 Hz), 8.91 (1H, d, J = 8.3 Hz), 10.25 (1H, s); 1*C
NMR (101 MHz, DMSO-ds) 6 3.5, 9.8, 12.4, 38.2, 45.2, 49.1, 52.5, 68.7, 70.4, 113.8, 114.7,
114.9, 1154, 117.6, 126.6, 126.7, 128.4, 133.9, 134.5, 135.0, 135.1, 139.8, 149.6, 160.9,
164.3, 168.5; MS (ESI) m/z: 536.4 [M+H]".

4-Nitrophenyl (3-chloro-4-cyanophenyl)carbamate (27).

To a solution of 2-chloro-4-aminobenzonitrile (1.0 g, 6.55 mmol) in THF (15 mL) were
added successively 4-nitrophenyl carbonochloridate (1.52 g, 7.54 mmol) and pyridine (0.607
mL, 7.54 mmol) at rt. After being stirred at rt for overnight, the reaction mixture was
quenched with water at ambient temperature. The resulting precipitate was collected and

rinsed with water to give crude 27 (3.08 g, 9.70 mmol, quant.) as off-white powder, which
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was used in the next reaction without further purifications. 'H NMR (300 MHz, DMSO-ds) ¢
6.85-7.05 (1H, m), 7.54-7.69 (2H, m), 7.77-7.90 (1H, m), 7.96 (1H, d, J = 8.7 Hz), 8.07—
8.23 (1H, m), 8.25-8.43 (1H, m), 11.15 (1H, s).

tert-Butyl (£)-cis-4-[3-(3-chloro-4-cyanophenyl)ureido]tetrahydrofuran-3-
carboxylate (28).

27 (161 mg, 0.51 mmol) and DIEA (0.089 mL, 0.51 mmol) were added to a solution of 24
(95 mg, 0.51 mmol) in DMA (5 mL) at rt. The mixture was stirred at rt for 3.5 h. The mixture
was poured into water at rt and extracted with EtOAc. The organic layer was separated,
washed with water and brine, dried over NaxSQO4 and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, eluted with 10%—-60% EtOAc in hexane) to
give 28 (114 mg, 0.312 mmol, 61 %) as a white solid. 'H NMR (300 MHz, CDCl3) 6 1.44 (9H,
s), 3.35 (1H, q, J = 7.4 Hz), 3.79-3.94 (2H, m), 3.99 (1H, t, J = 8.7 Hz), 4.08-4.22 (1H, m),
4.78-4.96 (1H, m), 5.95 (1H, d, J = 8.7 Hz), 7.33 (2H, dd, J= 8.7, 1.5 Hz), 7.53 (1H, d, J =
8.7 Hz), 7.66 (1H, d, J= 1.9 Hz); MS (ESI) m/z: 364.1 [M-H]".

(¥)-cis-4-[3-(3-Chloro-4-cyanophenyl)ureido]-/V-[3-(cyclopropylmethyl)-1-ethyl-

2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]tetrahydrofuran-3-carboxamide (29).
Step A: (£)-cis-4-|3-(3-Chloro-4-cyanophenyl)ureido]tetrahydrofuran-3-
carboxylic acid.

TFA (1.4 mL) was added to 28 (114 mg, 0.31 mmol) at 0 °C. The mixture was stirred at rt
for 2 h. The mixture was evaporated and azeotroped with toluene to give crude
(£)-cis-4-[3-(3-chloro-4-cyanophenyl)ureido|tetrahydrofuran-3-carboxylic acid (122 mg) as a

yellow solid, which was used in the next step without further purification.

Step B: (£)-cis-4-(3-(3-Chloro-4-cyanophenyl)ureido)-N-(3-(cyclopropylmethyl)-
1-ethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl)tetrahydrofuran-
3-carboxamide.

A mixture of crude ()-cis-4-[3-(3-chloro-4-cyanophenyl)ureido|tetrahydrofuran-3-

carboxylic acid (96 mg, 0.31 mmol), 13d (88 mg, 0.34 mmol), T3P (0.201 mL, 0.34 mmol)
and DIEA (0.060 mL, 0.34 mmol) in EtOAc (4 mL) and THF (dry, 2.00 mL) was stirred at
60 °C for 4 h. The mixture was neutralized with sat. NaHCOs aq. at rt and extracted with
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EtOAc. The organic layer was separated, washed with brine, dried over NaSO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 50%-100% EtOAc in hexane) to give white solid. The solid was suspended in
hexane/IPE and filtered to give 29 (42.0 mg, 0.076 mmol, 22 %) as white solid. '"H NMR (300
MHz, DMSO-ds) 6 0.27-0.51 (4H, m), 1.17 (4H, t, J = 6.8 Hz), 3.40-3.50 (1H, m), 3.58 (1H,
dd, J=18.7,4.5 Hz), 3.82 (2H, d, J = 7.2 Hz), 3.90 (1H, dd, J = 8.7, 5.7 Hz), 3.95-4.03 (1H,
m), 4.04-4.16 (3H, m), 4.72 (1H, brs), 6.65 (1H, d, /= 9.1 Hz), 7.09 (1H, d, J = 1.5 Hz), 7.35
(1H, d, J=9.1 Hz), 7.61 (2H, d, J = 6.8 Hz), 7.82 (1H, dd, J = 8.7, 2.3 Hz), 8.36 (1H, d, J =
2.3 Hz), 9.34 (1H, s), 10.33 (1H, s); 3*C NMR (101 MHz, DMSO-ds) ¢ 3.5, 9.8, 12.4, 38.1,
45.2, 48.7, 52.5, 68.6, 72.3, 102.8, 114.7, 114.9, 116.0, 116.4, 117.0, 117.5, 126.5, 133.9,
134.5, 134.9, 135.8, 145.4, 149.7, 153.9, 160.9, 168.8; MS (ESI) m/z: 551.4 [M+H]".

1-(tert-Butyl) 3-ethyl ()-cis-4-(3-chloro-4-cyanobenzamido)pyrrolidine-1,3-
dicarboxylate (31).

T3P (3.93 mL, 6.61 mmol) was added to a mixture of 30 (1.299 g, 4.41 mmol),
3-chloro-4-cyanobenzoic acid (0.800 mg, 4.41 mmol), DIEA(4.60 mL, 26.44 mmol) and
EtOAc (35 mL) at rt. After being stirred at 60 °C for 15 h, the reaction mixture was poured
into NaHCO3 aq. (half-saturated, 100 mL) and extracted with EtOAc (3 times). The organic
layer was washed with water and brine, dried over MgSO4 and concentrated in vacuo. The
residual oil was purified by column chromatography (silica gel, eluted with 8%—45% EtOAc
in hexane) to give 31 (1.38 g, 3.27 mmol, 74 %) as a colorless amorphous solid. 'H NMR
(300 MHz, CDCl3) 0 1.28 (3H, t), 1.46 (9H, s), 3.29 (1H, brs), 3.46 (1H, brs), 3.66-3.88 (3H,
m), 4.21 (2H, q, J = 6.9 Hz), 4.82-4.93 (1H, m), 7.12-7.51 (1H, m), 7.71 (1H, d), 7.77 (1H, d),
7.93 (1H, s); MS (ESI) m/z: 420.2 [M-H]".

(¥)-cis-1-(tert-Butoxycarbonyl)-4-(3-chloro-4-cyanobenzamido)pyrrolidine-3-
carboxylic acid (32).

2 N lithium hydroxide (9.81 mL, 19.63 mmol) was added to a solution of 31 (1.38 g, 3.27
mmol) in THF (11 mL)-EtOH (11 mL) at rt. After being stirred at rt for 1 h, the reaction
mixture was poured into iced water (100 mL), acidified (pH 4) with 1 N HCI and extracted
with EtOAc (3 times). The organic layer was washed with water and brine, dried over MgSQO4
and concentrated in vacuo to give 32 (1.28 g, 3.25 mmol, 99 %) as a colorless amorphous
solid. '"H NMR (300 MHz, CDCI3) § 1.45 (9H, s), 3.14-3.91 (6H, m), 4.69-5.00 (1H, m), 7.44
(1H, brs), 7.71-7.79 (2H, m), 7.89-7.96 (1H, m); MS (ESI) m/z: 392.2 [M-H].
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tert-Butyl (£)-cis-3-(3-chloro-4-cyanobenzamido)-4-{[3-(cyclopropylmethyl)-1
-ethyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]carbamoyl} pyrrolidine-1-
carboxylate (33).

T3P (1.447 mL, 2.43 mmol) was added to a solution of 32 (639 mg, 1.62 mmol), 13d (421
mg, 1.62 mmol) and DIEA (1.413 mL, 8.11 mmol) in EtOAc (10 mL) at rt. After being stirred
at 60 °C for 15 h, the reaction mixture was poured into NaHCO3 aq. (half-saturated, 70 mL)
and extracted with EtOAc (3 times). The organic layer was washed with water and brine,
dried over MgSO4 and concentrated in vacuo. The residual oil was purified by column
chromatography on silica gel (eluted with 20%— 80% EtOAc in hexane) to give 33 (672 mg,
1.058 mmol, 65%) as a colorless solid. '"H NMR (300 MHz, CDCls) 6 0.39-0.50 (4H, m),
1.33 (3H, t, J = 7.0 Hz), 1.46 (9H, s), 3.34-3.99 (8H, m), 4.17 (2H, q), 4.84-4.94 (1H, m),
7.17 (1H, d, J=9.1 Hz), 7.61-7.96 (4H, m), 8.03 (1H, d, J=9.1 Hz), 8.09 (1H, d, /= 2.3 Hz),
8.46-8.66 (1H, m); MS (ESI) m/z: 633.4 [M-H].

(¥)-cis-4-(3-Chloro-4-cyanobenzamido)-/N-[3-(cyclopropylmethyl)-1-ethyl-2,4-dioxo-1,2,3
4-tetrahydroquinazolin-6-yl|pyrrolidine-3-carboxamide hydrochloride (34).

4 N HCI in cyclopentyl methyl ether (7.0 mL, 28.00 mmol) was added to a mixture of 33
(665 mg, 1.05 mmol) and MeOH (2.8 mL) at rt. After being stirred at rt for 1 h, the reaction
mixture was diluted with Et;O (15 mL), and the crystals were collected by filtration and
washed with Et,O to give 34 (412 mg, 0.721 mmol, 69 %) as colorless powder. 'H NMR (300
MHz, DMSO-ds) ¢ 0.32-0.38 (2H, m), 0.39-0.48 (2H, m), 1.19 (3H, t, J = 6.8 Hz), 3.39-3.46
(2H, m), 3.51-3.72 (4H, m), 3.83 (2H, d, J = 7.2 Hz), 4.11 (2H, q), 5.01-5.12 (1H, m), 7.42
(1H, d, J=9.1 Hz), 7.73 (1H, dd, J = 9.1, 2.3 Hz), 7.77-7.83 (2H, m), 8.01 (1H, d, J=17.9
Hz), 8.29 (1H, d, J = 2.6 Hz), 9.08 (1H, d, J = 7.9 Hz), 9.41 (2H, brs), 10.47 (1H, s); MS
(ESI) m/z: 535.4 [M+H-HCI]".

(£)-cis-4-(3-Chloro-4-cyanobenzamido)-N-[3-(cyclopropylmethyl)-1-ethyl-2,4-
dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]-1-methylpyrrolidine-3-carboxamide (35).

Sodium triacetoxyborohydride (527 mg, 2.48 mmol) was added to a mixture of 34 (284
mg, 0.50 mmol), 36% formaldehyde (190 pL, 2.48 mmol) and MeOH (7 mL) at rt. After
being stirred at rt for 1.5 h, the reaction mixture was poured into sat. NaHCOs3 aq. (60 mL)
and extracted with EtOAc-THF (3:1, 3 times). The organic layer was washed with water and
brine, dried over MgSO4 and concentrated in vacuo to give crystals, which were collected by
filtration and washed with Et2O to give 35 (94.7 mg, 0.172 mmol, 35%) as colorless powder.
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'H NMR (300 MHz, DMSO-de) 6 0.32-0.39 (2H, m), 0.40-0.48 (2H, m), 1.13-1.25 (4H, m),
2.34 (3H, s), 2.83 (1H, t), 2.93-3.09 (2H, m), 3.43 (2H, q, J = 8.3 Hz), 3.83 2H, d, J= 7.2
Hz), 4.08 (2H, q, J = 6.5 Hz), 4.90 (1H, quin, J = 8.2 Hz), 7.33 (1H, d, J = 9.1 Hz), 7.59 (1H,
s), 7.65-7.72 (2H, m), 7.89 (1H, d, J = 7.9 Hz), 8.24 (1H, d, J = 2.6 Hz), 8.76 (1H, d, J = 8.3
Hz), 10.13 (1H, s); 3C NMR (101 MHz, DMSO-ds) 6 3.5, 9.8, 12.4, 41.6, 45.2, 48.8, 50.6,
51.4, 57.0, 59.2, 113.6, 114.6, 114.9, 115.3, 117.5, 126.4, 126.7, 128.3, 133.9, 134.3, 134.8,
134.9, 139.8, 149.7, 160.8, 164.1, 169.5; MS (ESI) m/z: 549.4 [M+H]".

(£)-cis-1-Acetyl-4-(3-chloro-4-cyanobenzamido)-N-[3-(cyclopropylmethyl)-1-ethyl-2,4-di
oxo0-1,2,3,4-tetrahydroquinazolin-6-yl|pyrrolidine-3-carboxamide (36).

Ac20 (56 pL, 0.59 mmol) was added to a mixture of 34 (170 mg, 0.30 mmol), pyridine
(72.2 pL, 0.89 mmol) and THF (6 mL) at rt. After being stirred at rt for 3.5 h, the reaction
mixture was poured into 0.1 N HCI (60 mL) and extracted with EtOAc-THF (3:1, 3 times).
The organic layer was washed successively with sat. NaHCO3 aq., water and brine, dried over
MgSO4 and concentrated in vacuo to give crystals, which were collected by filtration and
washed with EtOAC/IPE to give 36 (117.4 mg, 0.203 mmol, 68 %) as colorless powder. 'H
NMR (300 MHz, DMSO-ds) 6 0.32-0.38 (2H, m), 0.39-0.46 (2H, m), 1.14-1.25 (4H, m),
1.95-2.02 (3H, m), 3.37-3.94 (7H, m), 4.11 (2H, q, /= 6.8 Hz), 4.93-5.07 (1H, m), 7.43 (1H,
d, J=9.4 Hz), 7.75-7.82 (2H, m), 7.86 (1H, s), 8.02 (1H, d, /= 7.9 Hz), 8.26 (1H, dd, J = 6.6,
2.5 Hz), 8.97 (1H, t, J= 8.7 Hz), 10.28 (1H, d, J = 7.6 Hz); *C NMR (75 MHz, DMSO-ds) 6
4.0, 10.3, 12.9, 23.3, 45.8, 47.3, 48.9, 50.8, 52.0, 67.8, 114.5, 115.3, 115.5, 116.0, 118.4,
127.4,129.0, 134.4, 135.2, 135.6, 135.7, 140.4, 150.3, 161.4, 164.7, 168.5, 168.7, 169.0; MS
(ESI) m/z: 577.4 [M+H]".

tert-Butyl 4-(3-chloro-4-cyanophenyl)-1,4-diazepane-1-carboxylate (38).

A mixture of tert-butyl 1,4-diazepane-1-carboxylate 37 (0.292 mL, 1.50 mmol),
2-chloro-4-fluorobenzonitrile (350 mg, 2.25 mmol), and K>CO3 (621 mg, 4.49 mmol) in DMF
(6 mL) was stirred at 60 °C for 16 h. The reaction mixture was quenched with water at
ambient temperature and extracted with EtOAc. The organic layer was separated, washed with
water and brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, eluted with 10%—-100% EtOAc in hexane) to give 38 (504
mg, 1.500 mmol, 100 %) as colorless viscous oil. 'H NMR (300 MHz, CDCls) ¢ 1.28-1.52
(9H, m), 1.94 (2H, t, J = 5.9 Hz), 3.19-3.43 (2H, m), 3.49-3.70 (6H, m), 6.57 (1H, dd, /= 8.9,
2.5 Hz), 6.70 (1H, d, J= 2.3 Hz), 7.42 (1H, d, J = 8.7 Hz); MS (ESI) m/z: 236.2 [M-Boc+H]".
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2-Chloro-4-(1,4-diazepan-1-yl)benzonitrile (39).

A mixture of 38 (490 mg, 1.46 mmol) in 4 M HCI in EtOAc (4 mL, 16.00 mmol) and
EtOAc (8 mL) was stirred at rt overnight, and then concentrated in vacuo. The residue was
suspended in EtOAc, and the insoluble materials were collected by filtration and rinsed with
EtOAc. The hydrochloride salt thus obtained was suspended in EtOAc, and the mixture was
washed with 1M aq. NaOH, water, and brine. The organic layer was dried over MgSO4 and
concentrated in vacuo to give 39 (266 mg, 1.128 mmol, 77 %) as colorless amorphous solid.
'"H NMR (300 MHz, DMSO-ds) J 1.72 (2H, quin, J = 5.9 Hz), 2.56-2.68 (2H, m), 2.77-2.90
(2H, m), 3.43-3.55 (2H, m), 3.59 (2H, t, /= 6.0 Hz), 6.76 (1H, dd, /= 9.1, 2.6 Hz), 6.90 (1H,
d,J=2.6 Hz), 7.56 (1H, d, J = 9.1 Hz) *NH was disappeared ; MS (ESI) m/z: 236.2 [M+H]".

2-Chloro-4-(piperidin-3-ylmethoxy)benzonitrile (42).

A mixture of 2-chloro-4-fluorobenzonitrile (636 mg, 4.09 mmol), KoCO3 (565 mg, 4.09
mmol) and 40 (800 mg, 3.72 mmol) in DMSO (5 mL) was stirred at 50 °C overnight. The
mixture was quenched with brine at rt and extracted with EtOAc. The organic layer was
separated, washed with brine, dried over MgSO4 and concentrated in vacuo. To the residue
was added TFA (3 mL), which was stirred at rt overnight. The mixture was concentrated in
vacuo. The mixture was quenched with 1N NaOH aq. at rt and extracted with EtOAc. The
organic layer was separated, washed with brine, dried over MgSO4 and concentrated in vacuo.
The residue was purified by column chromatography (NH silica gel, eluted with 10%—-100%
EtOAc in hexane) to give 42 (320 mg, 1.276 mmol, 34%) as a colorless oil. '"H NMR (300
MHz, CDCl3) ¢ 1.13-1.39 (1H, m), 1.47-1.82 (2H, m), 1.81-1.96 (2H, m), 2.03 (1H,m),
2.39-2.78 (2H, m), 3.04 (1H, dt, J=12.1, 3.8 Hz), 3.21 (1H, dd, J = 11.9, 3.6 Hz), 3.76-3.97
(2H, m), 6.84 (1H, dd, J = 8.9, 2.5 Hz), 7.00 (1H, d, /= 2.3 Hz), 7.56 (1H, d, J = 8.7 Hz); MS
(ESI) m/z: 251.2 [M+H]".

2-Chloro-4-(morpholin-2-ylmethoxy)benzonitrile hydrochloride (43).
Step A: tert-Butyl 2-[(3-chloro-4-cyanophenoxy)methyl|morpholine-4-
carboxylate.

To a mixture of fert-butyl 2-(hydroxymethyl)morpholine-4-carboxylate (41, 931 mg, 4.29
mmol) and K>COs (1184 mg, 8.57 mmol) in dry DMF (20 mL), 2-chloro-4-fluorobenzonitrile
(667 mg, 4.29 mmol) was added at rt. After being stirred overnight, the reaction was allowed to
warm to 60 °C and was stirred for overnight. The reaction mixture was quenched with water at
rt and extracted with EtOAc. The organic layer was separated, washed with water and brine,
dried over MgSOs and concentrated in vacuo. The residue was purified by column
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chromatography (silica gel, eluted with 5%-30% EtOAc in hexane) to give tert-butyl
2-[(3-chloro-4-cyanophenoxy)methyl]morpholine-4-carboxylate as a white solid.

Step B: 2-Chloro-4-(morpholin-2-ylmethoxy)benzonitrile hydrochloride.
To a solution of tert-butyl 2-[(3-chloro-4-cyanophenoxy)methylmorpholine-

4-carboxylate in MeOH (5 mL), 4 N HCI in cyclopentyl methyl ether (1.1 ml, 4.29 mmol)
was added dropwise at rt. After being stirred over weekend, the reaction mixture was
concentrated in vacuo to give 43 (259 mg, 0.896 mmol, 21 % in 2 steps) as a white amorphous
solid. "H NMR (300 MHz, DMSO-ds) 6 2.82-3.10 (2H, m), 3.20 (1H, d, J = 12.5 Hz), 3.30
(1H, s), 3.75-3.92 (1H, m), 3.92-4.34 (4H, m), 7.13 (1H, dd, /= 8.9, 2.5 Hz), 7.39 (1H, d, J =
2.3 Hz), 7.83-8.05 (1H, m), 9.70 (2H, brs); MS (ESI) m/z: 253.1 [M-HCI+H]".

tert-Butyl 2-[(3-chloro-4-cyanophenyl)carbamoyl|morpholine-4-carboxylate (45).

To a solution of 4-(tert-butoxycarbonyl)morpholine-2-carboxylic acid (44, 110 mg, 0.48
mmol), 4-amino-2-chlorobenzonitrile (72.6 mg, 0.48 mmol) and DIEA (0.125 mL, 0.71
mmol) in EtOAc (5 mL), T3P (0.308 mL, 0.52 mmol) was added at rt. After being stirred at
60 °C for 41 h, the reaction mixture was quenched with sat. NH4Cl aq.at rt and extracted with
EtOAc. The organic layer was separated, washed with water and brine, dried over MgSO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 10%—50%EtOAc in hexane) to give 45 (116 mg, 0.316 mmol, 66 %) as a white
amorphous solid. "TH NMR (300 MHz, CDCl3) 6 1.49 (9H, s), 2.72-3.05 (2H, m), 3.66 (1H, td,
J=11.7,2.6 Hz), 3.88-4.10 (3H, m), 4.42 (1H, d, J = 13.2 Hz), 7.48-7.59 (1H, m), 7.59-7.67
(1H, m), 7.93 (1H, d, J = 1.5 Hz), 8.51 (1H, s); MS (ESI) m/z: 364.2 [M-H].

N-(3-Chloro-4-cyanophenyl)morpholine-2-carboxamide 2,2,2-trifluoroacetate (46).

To 45 (115.5 mg, 0.32 mmol), TFA (2 mL) was added at rt. After being stirred at rt for 4 h,
the reaction mixture was concentrated in vacuo to give orange oil. The residual oil was
dissolved in IPE (ca. 5 mL), filtered off and rinsed with IPE to give 46 (81 mg, 0.214 mmol,
68%) as a brown solid. '"H NMR (300 MHz, DMSO-ds)  2.98-3.32 (2H, m), 3.48 2H, d, J =
2.3 Hz), 3.77-3.95 (1H, m), 4.12 (1H, d, J = 12.1 Hz), 4.48 (1H, dd, J = 10.0, 2.5 Hz), 7.74—
7.85 (1H, m), 7.87-8.00 (1H, m), 8.13 (1H, d, J = 1.9 Hz), 9.11 (1H, brs), 10.63 (1H, s); MS
(ESI) m/z: 266.2 [M-TFA+H]".

N-(3-Chloro-4-cyanophenyl)morpholine-2-carboxamide hydrochloride (47).

To a stirred solution of 45 (995 mg, 2.72 mmol) in EtOAc (10 mL) was added 4N HCI in

EtOAc (10 mL, 40.00 mmol). After being stirred at rt overnight, the mixture was concentrated
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in vacuo. The residue was triturated with EtOAc to give 47 (731.0 mg, 2.419 mmol, 89 %) as
an off-white amorphous solid. 'H NMR (300 MHz, DMSO-ds) 6 2.92-3.26 (3H, m), 3.39—
3.54 (1H, m), 3.83-4.00 (1H, m), 4.05-4.17 (1H, m), 4.58 (1H, dd, J = 10.6, 2.6 Hz), 7.75—
7.88 (1H, m), 7.90-7.97 (1H, m), 8.14 (1H, d, J = 1.9 Hz), 9.61 (2H, brs), 10.78 (1H, s); MS
(ESI) m/z: 266.2 [M-HCI+H]".

4-(3-Chloro-4-cyanophenyl)-/N-[3-(cyclopropylmethyl)-1-ethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl]-1,4-diazepane-1-carboxamide (48).

To an ice-cooled solution of 13d (138 mg, 0.53 mmol) and DIEA (0.111 mL, 0.64 mmol)
in THF (4 mL) was added bis(trichloromethyl) carbonate (189 mg, 0.64 mmol). After being
stirred at 0 °C for 1 h, a solution of 39 (100 mg, 0.42 mmol) and DIEA (0.185 mL, 1.06
mmol) in THF (4.00 mL) was added, and the reaction mixture was stirred at rt for 3 days. The
mixture was quenched with water at ambient temperature and extracted with EtOAc. The
organic layer was separated, washed with water and brine, dried over MgSO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 10%—-100% EtOAc in hexane) to give 48 (23.60 mg, 0.045 mmol, 11%) as a colorless
amorphous solid. "H NMR (300 MHz, DMSO-ds) 6 0.23-0.54 (4H, m), 1.07-1.37 (4H, m),
1.79-1.94 (2H, m), 3.37-3.52 (2H, m), 3.52-3.78 (6H, m), 3.78-3.92 (2H, m), 4.08-4.23 (2H,
m), 6.84 (1H, d, J=9.1 Hz), 6.99 (1H, s), 7.39 (1H, d, /= 9.4 Hz), 7.57 (1H, d, J= 9.1 Hz),
7.85 (1H, d, J = 9.1 Hz), 8.08-8.21 (1H, m), 8.57 (1H, s); *C NMR (101 MHz, DMSO-ds) J
3.5,99,12.5,24.3,38.1,45.2,45.2,45.5,47.9, 49.6, 96.3, 110.6, 111.6, 114.3, 114.9, 117.4,
118.0, 127.6, 134.0, 134.9, 135.7, 136.8, 149.8, 151.5, 154.5, 161.1; MS (ESI) m/z: 521.4
[M-+H]".

4-Nitrophenyl (3-(cyclopropylmethyl)-1-ethyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl)carbamate (49).

To a solution of 13d (650 mg, 2.51 mmol) in THF (10 mL) were added successively
4-nitrophenyl carbonochloridate (581 mg, 2.88 mmol) and pyridine (0.232 mL, 2.88 mmol) at
rt overnight. The reaction mixture was quenched with water at ambient temperature. The
resulting precipitate was collected and rinsed with water to give crude 49 (1042 mg, 2.455
mmol, 98 %) as off-white powder. 'H NMR (300 MHz, DMSO-ds) § 0.23-0.55 (4H, m),
1.03-1.33 (4H, m), 3.74-4.01 (2H, m), 4.06-4.27 (2H, m), 7.48-7.69 (3H, m), 7.83—-7.98 (1H,
m), 8.21-8.43 (3H, m), 10.68 (1H, brs).

3-[(3-Chloro-4-cyanophenoxy)methyl]-/N-[3-(cyclopropylmethyl)-1-ethyl-2,4-
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dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]piperidine-1-carboxamide (50).

A mixture of 42 (70 mg, 0.28 mmol), 49 (118 mg, 0.28 mmol) and DIEA (0.049 mL, 0.28
mmol) in DMF (5 mL) was stirred at 60 °C overnight. The mixture was quenched with brine
at rt and extracted with EtOAc. The organic layer was separated, washed with brine, dried
over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography
(NH silica gel, eluted with 10%—-50%EtOAc in hexane) to give 50 (120 mg, 0.224 mmol,
80%) as a colorless amorphous solid. 'TH NMR (300 MHz, CDCls) § 0.33-0.64 (4H, m), 1.13
(1H, d, J = 6.0 Hz), 1.20-1.52 (6H, m), 1.74-2.01 (2H, m), 2.18 (1H, m), 2.99 (1H, dd, J =
13.2, 9.4 Hz), 3.10-3.37 (1H, m), 3.82 (1H, d, J = 13.2 Hz), 3.91-4.03 (3H, m), 4.04-4.36
(3H, m), 6.57 (1H, s), 6.89 (1H, dd, /= 8.7, 2.6 Hz), 7.03 (1H, d, J=2.3 Hz), 7.16 (1H, d, J =
9.1 Hz), 7.58 (1H, d, J= 8.7 Hz), 7.77 (1H, d, J = 2.3 Hz), 8.08 (1H, dd, J = 9.1, 2.3 Hz); 1°C
NMR (101 MHz, CDCl3) ¢ 3.8, 10.0, 12.6, 22.9, 24.1, 26.9, 35.5, 38.8, 45.2, 46.2, 47.1, 70.5,
105.4, 113.9, 114.2, 116.0, 116.2, 118.8, 128.0, 134.5, 135.1, 135.4, 138.4, 150.5, 154.8,
161.7, 162.4; MS (ESI) m/z: 536.5 [M+H]".

2-[(3-Chloro-4-cyanophenoxy)methyl]-N-(3-(cyclopropylmethyl)-1-ethyl-2,4-
dioxo-1,2,3,4-tetrahydroquinazolin-6-yl)morpholine-4-carboxamide (51).

A mixture of 43 (80 mg, 0.28 mmol), 49 (117 mg, 0.28 mmol) and DIEA (0.193 mL, 1.11
mmol) in dry DMF (10 mL) was stirred for 3 h at rt. The mixture was quenched with water at
rt and extracted with EtOAc. The organic layer was separated, washed with water and brine,
dried over MgSOs4 and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluted with 20%—-80% EtOAc in hexane) and concentrated. The
resulting solid was recrystallized from hexane/EtOAc to give 51 (78 mg, 0.145 mmol, 52%)
as a white amorphous solid. 'H NMR (300 MHz, CDCls) § 0.34-0.57 (4H, m), 1.28-1.39 (4H,
m), 2.78-3.10 (2H, m), 3.19 (1H, t, J=10.8 Hz), 3.70 (1H, t, J = 10.6 Hz), 3.92-4.20 (9H, m),
6.81-7.25 (4H, m), 7.58 (1H, d, J = 8.7 Hz), 7.89 (1H, brs), 8.04 (1H, d, J = 9.1 Hz); 1°C
NMR (101 MHz, DMSO-ds) 6 3.5, 9.9, 12.5, 38.2, 43.7, 44.9, 45.2, 65.6, 69.4, 73.1, 103.8,
114.6, 114.9, 115.0, 116.1, 116.3, 117.6, 127.3, 134.1, 135.7, 136.9, 149.8, 155.0, 161.1, 162.2,
162.5; MS (ESI) m/z: 538.4 [M+H]".

N2-(3-Chloro-4-cyanophenyl)-N*-[3-(cyclopropylmethyl)-1-ethyl-2,4-dioxo-
1,2,3,4-tetrahydroquinazolin-6-yljmorpholine-2,4-dicarboxamide (52).

To a solution of 46 (81.3 mg, 0.31 mmol) and DIEA (0.214 mL, 1.22 mmol) in dry DMF

(3 mL) was added 49 (130 mg, 0.31 mmol) at rt. After being stirred at rt overweekend, the

reaction mixture was quenched with sat. NH4Cl aq. at rt and extracted with EtOAc. The
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organic layer was separated, washed with water and brine, dried over MgSO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 30%—-100% EtOAc in hexane) to give 52 (108 mg, 0.196 mmol, 64%) as an off-white
amorphous solid. '"H NMR (300 MHz, CDCl3) ¢ 0.34-0.58 (4H, m), 1.22-1.34 (1H, m), 1.38
(4H, t, J = 7.2 Hz), 3.18-3.40 (2H, m), 3.73-3.90 (1H, m), 3.94-4.08 (3H, m), 4.12 (1H, dt, J
=11.4, 3.0 Hz), 4.18-4.33 (4H, m), 7.20 (1H, d, J = 9.1 Hz), 7.55-7.65 (1H, m), 7.65-7.71
(1H, m), 7.95 (2H, dd, J = 8.7, 2.3 Hz), 8.00-8.08 (1H, m), 8.59 (1H, s); '*C NMR (75 MHz,
DMSO-ds) 6 4.0, 10.5, 12.8, 36.3, 38.7, 43.8, 45.7, 45.8, 66.3, 75.3, 115.1, 115.5, 116.6, 118.2,
119.1, 120.5, 127.8, 134.7, 135.6, 136.1, 136.2, 144.1, 150.3, 155.4, 161.6, 169.1; MS (ESI)
m/z: 551.4 [M+H]".

3-(Cyclopropylmethyl)-1-isobutyl-6-nitroquinazoline-2,4(1H,3H)-dione (54a).

A mixture of 53 (500 mg, 1.91 mmol), K>CO3 (794 mg, 5.74 mmol), and
1-bromo-2-methylpropane (0.624 mL, 5.74 mmol) in DMF (10 mL) was stirred at 70 °C for 5
h. The mixture was quenched with water and extracted with EtOAc. The organic layer was
separated, washed with water and brine, dried over MgSO4 and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, eluted with EtOAc in hexane) to
give 54a (308.1 mg, 0.971 mmol, 51 %) as a yellow powder. 'H NMR (300 MHz, CDCls) ¢
0.38-0.55 (4H, m), 1.03 (6H, d, J = 6.8 Hz), 1.20-1.39 (1H, m), 2.19 (1H, m), 4.01 (2H, d, J
=17.2 Hz), 4.07 (2H, d, J = 7.6 Hz), 7.29 (1H, d, J = 9.1 Hz), 8.44-8.50 (1H, m), 9.10 (1H, d,
J=3.0 Hz).

3-(Cyclopropylmethyl)-1-isopropyl-6-nitroquinazoline-2,4(1H,3H)-dione (54b).
2-lodopropane (1.146 mL, 11.48 mmol) was added to a mixture of 53 (1.00 g, 3.83 mmol),
Cs2CO3 (1.871 g, 5.74 mmol) and DMF (22 mL) at rt. After being stirred at 50 °C for 2 h,
2-iodopropane (1.146 mL, 11.48 mmol) and Cs>COs (1.871 g, 5.74 mmol) were added thereto,
and the whole was stirred at 65 °C for further 18 h. The reaction mixture was poured into
water (180 mL) and extracted with EtOAc (3 times). The organic layer was washed with
water and brine, dried over MgSQO4 and concentrated in vacuo. The residual oil was purified
by column chromatography (silica gel, eluted with 2%-20% EtOAc in hexane) to give
3-(cyclopropylmethyl)-2-isopropoxy-6-nitroquinazolin-4(3H)-one (518 mg, 1.708 mmol,
45 %, less polar) as colorless powder and 54b (447 mg, 1.474 mmol, 39 %, more polar) as
colorless powder. Each crystal was collected by filtration and washed with cold hexane.
3-(cyclopropylmethyl)-2-isopropoxy-6-nitroquinazolin-4(3H)-one: 'H NMR (300 MHz,
CDCl) 0 0.42-0.57 (4H, m), 1.17-1.32 (1H, m), 1.47 (6H, d, J= 6.0 Hz), 3.99 (2H, d, J=7.2
Hz), 5.59 (1H, m), 7.52 (1H, d, J = 8.7 Hz), 8.42 (1H, dd, /= 9.1, 2.6 Hz), 9.06 (1H, d, J =
2.6 Hz); MS (ESI) m/z: 304.2 [M+H]".
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54b: 'H NMR (300 MHz, CDCl3) 6 0.42-0.55 (4H, m), 1.24-1.36 (1H, m), 1.65 (6H, d, J =
6.8 Hz), 3.98 (2H, d, J= 7.2 Hz), 5.12 (1H, brs), 7.48 (1H, d, J = 9.1 Hz), 8.45 (1H, dd, J =
9.3,2.8 Hz), 9.10 (1H, d, J = 2.6 Hz); MS (ESI) m/z: 304.3 [M+H]".

6-Amino-3-(cyclopropylmethyl)-1-isobutylquinazoline-2,4(1H,3H)-dione (55a).

To a solution of 54a (300 mg, 0.95 mmol) in MeOH (6.0 mL) was added Pd-C (30 mg,
0.28 mmol) and the mixture was stirred at rt for 5 h under hydrogen atmosphere (1 atm). The
mixture was filtered through celite pad. The filtrate was concentrated in vacuo to give 54a
(235.2 mg, 0.818 mmol, 87 %) as a gray solid. 'H NMR (400 MHz, DMSO-ds) & 0.23-0.37
(2H, m), 0.36-0.45 (2H, m), 0.89 (6H, d, J = 6.8 Hz), 1.05-1.30 (1H, m), 2.07 (1H, dt, ] = 13.7,
6.8 Hz), 3.83 (2H, d, J = 7.1 Hz), 3.90 (2H, d, ] = 7.6 Hz), 5.12-5.43 (2H, m), 6.94-7.09 (1H,
m), 7.13-7.37 (2H, m); MS (ESI) m/z: 288.3 [M+H]".

6-Amino-3-(cyclopropylmethyl)-1-isopropylquinazoline-2,4(1H,3H)-dione (55b).

A solution of 54b (442 mg, 1.46 mmol) in MeOH (7 mL) - THF (3.5 mL) was
hydrogenated in the presence of 10 % Pd-C (50 % wet, 150 mg, 1.27 mmol) at rt under
ordinary pressure for 2 h. After removal of the catalyst by filtration, the filtrate was
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluted
with 10%—-50% EtOAc in hexane) to give crystals, which were collected by filtration and
washed with IPE/hexane to give 55b (318 mg, 1.163 mmol, 80 %) as pale yellow powder. 'H
NMR (300 MHz, CDCl3) ¢ 0.42-0.48 (4H, m), 1.23-1.36 (1H, m), 1.59 (6H, d, J = 7.2 Hz),
3.73 (2H, brs), 3.96 (2H, d, J = 7.2 Hz), 5.01 (1H, brs), 6.99 (1H, dd, J = 8.9, 2.8 Hz), 7.20
(1H, d, J=9.1 Hz), 7.51 (1H, d, J= 3.0 Hz); MS (ESI) m/z: 274.2 [M+H]".

N?-(3-Chloro-4-cyanophenyl)-N*-[3-(cyclopropylmethyl)-1-isobutyl-2,4-dioxo-
1,2,3,4-tetrahydroquinazolin-6-yljmorpholine-2,4-dicarboxamide (56a).
Step A: 4-Nitrophenyl [3-(cyclopropylmethyl)-1-isobutyl-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl]carbamate.

To a stirred solution of 55a (230 mg, 0.80 mmol) in THF (4.0 mL) were added
successively 4-nitrophenyl carbonochloridate (186 mg, 0.92 mmol) and pyridine (0.074 mL,
0.92 mmol) at rt, and the mixture was stirred at rt for 2 h. The reaction mixture was quenched
with water at ambient temperature. The mixture was quenched with water and extracted with
EtOAc. The organic layer was separated and dried over MgSO4 and concentrated in vacuo.
The residue was triturated with Et,O to give 4-nitrophenyl
[3-(cyclopropylmethyl)-1-isobutyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-
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yl]carbamate (288.3 mg, 0.637 mmol, 80 %) as an off-white solid. This product was subjected

to the next reaction without further purification.
Step B: NV?-(3-Chloro-4-cyanophenyl)-N*-[3-(cyclopropylmethyl)-1-isobutyl-
2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yljmorpholine-2,4-dicarboxamide.
To a stirred solution of 47 (50 mg, 0.17 mmol) and 4-nitrophenyl (3-
(cyclopropylmethyl)-1-isobutyl-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-

yl)carbamate (82 mg, 0.18 mmol) in DMF (2 mL) was added DIEA (0.058 mL, 0.33 mmol),
and the mixture was stirred at rt for 2 h. The mixture was quenched with water and extracted
with EtOAc. The organic layer was separated and dried over MgSO4 and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, eluted with EtOAc)
and crystallized from EtOAc-hexane to give 56a (74.4 mg, 0.128 mmol, 78 %) as colorless
crystals. '"H NMR (300 MHz, DMSO-ds) 6 0.31-0.47 (4H, m), 0.92 (6H, d, J= 6.4 Hz), 1.13—
1.32 (1H, m), 2.02-2.19 (1H, m), 3.09 (2H, dd, J = 12.8, 9.8 Hz), 3.59-3.73 (1H, m), 3.80—
4.10 (6H, m), 4.17-4.37 (2H, m), 7.43 (1H, d, J = 9.1 Hz), 7.81-7.98 (3H, m), 8.19 (2H, dd, J
=12.5,2.3 Hz), 8.96 (1H, s), 10.47 (1H, s); *C NMR (101 MHz, DMSO-ds) J 3.4, 9.7, 19.6,
26.5,43.3,45.2, 45.3, 49.3, 65.8, 74.8, 94.9, 106.1, 114.9, 115.2, 116.2, 117.7, 118.7, 120.1,
127.2, 134.7, 135.1, 135.6, 135.7, 143.6, 150.5, 154.9, 161.3, 168.6; MS (ESI) m/z: 579.5
[M+H]".

N?-(3-Chloro-4-cyanophenyl)-N*-[3-(cyclopropylmethyl)-1-isopropyl-2,4-dioxo-

1,2,3,4-tetrahydroquinazolin-6-yljmorpholine-2,4-dicarboxamide (56b). 4-Nitrophenyl
carbonochloridate (61.4 mg, 0.30 mmol) was added to a solution of 55b (72.4 mg, 0.26
mmol) and pyridine (25 pL, 0.31 mmol) in THF (1 mL) at rt, and the mixture was stirred at rt
for 2 h. The reaction mixture was concentrated in vacuo. The residue was dissolved in DMF
(3 mL), and 47 (80 mg, 0.26 mmol) and DIEA (115 pL, 0.66 mmol) were added thereto at rt
for 1 h. The reaction mixture was poured into water (60 mL), acidified (pH 3) with 2 N HCI
and extracted with EtOAc. The organic layer was washed with water and brine, dried over
MgSO4 and concentrated in vacuo. The residual oil was purified by column chromatography
on silica gel (30%—-100% EtOAc in hexane) to give crystals, which were collected by
filtration and washed with [PE/hexane to give 56b (111.7 mg, 0.198 mmol, 75 %) as colorless
powder. '"H NMR (300 MHz, CDCl3) 6 0.42-0.49 (4H, m), 1.26-1.35 (1H, m), 1.61 (6H, d, J
=7.2 Hz), 3.18-3.33 (2H, m), 3.74-3.84 (1H, m), 3.93-4.03 (3H, m), 4.05-4.12 (1H, m), 4.22
(2H, dd, J=9.8, 3.0 Hz), 5.04 (1H, brs), 6.99 (1H, s), 7.33 (1H, d, J=9.1 Hz), 7.57 (1H, dd),
7.64 (1H, d), 7.89-7.98 (3H, m), 8.55 (1H, s); '*C NMR (101 MHz, DMSO-ds) § 3.5, 9.9,
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19.4, 43.3, 45.0, 45.3, 48.0, 65.8, 74.8, 105.9, 115.1, 115.4, 116.1, 117.8, 118.6, 120.0, 127.0,
134.5,135.1, 135.4, 135.7, 143.6, 149.6, 154.9, 161.2, 168.5; MS (ESI) m/z: 565.5 [M+H]".

N*-[1,3-Bis(cyclopropylmethyl)-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]-N*-
(3-chloro-4-cyanophenyl)morpholine-2,4-dicarboxamide (56¢).
Step A: 4-Nitrophenyl [1,3-bis(cyclopropylmethyl)-2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-6-yl|carbamate.

To a solution of 13¢ (200 mg, 0.70 mmol) in THF (4.0 mL) were added successively
4-nitrophenyl carbonochloridate (162 mg, 0.81 mmol) and pyridine (0.065 mL, 0.81 mmol) at
rt, and the mixture was stirred at rt for 2 h. The mixture was quenched with water and
extracted with EtOAc. The organic layer was separated and dried over MgSOs4 and
concentrated in vacuo. The residue was triturated with Et;O-hexane to give 4-nitrophenyl
[1,3-bis(cyclopropylmethyl)-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-

6-yl]carbamate (282.3 mg, 0.627 mmol, 89 %) as an off-white solid. This product was

subjected to the next reaction without further purification.
Step B:  N*-[1,3-Bis(cyclopropylmethyl)-2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-
yl]-N?-(3-chloro-4-cyanophenyl)morpholine-2,4-dicarboxamide.
To a mixture of 47 (50 mg, 0.17 mmol), 4-nitrophenyl [1,3-bis(cyclopropylmethyl)-

2,4-dioxo-1,2,3,4-tetrahydroquinazolin-6-yl]carbamate (74.5 mg, 0.17 mmol), and DMF (2
mL) was added DIEA (0.058 mL, 0.33 mmol), and the mixture was stirred at rt for 1 h. Water
was added and the mixture was extracted with EtOAc. The organic layer was washed with
water and brine, dried over MgSQy, filtered and concentrated. The residue was purified by
column chromatography (silica gel, eluted with 50%—-100% EtOAc in hexane) and crystallized
from EtOAc-hexane to give 56¢ (34.9 mg, 0.060 mmol, 37%) as colorless crystals. "H NMR
(300 MHz, DMSO-dg) 6 0.31-0.53 (8H, m), 1.19-1.31 (2H, m), 3.02-3.17 (2H, m), 3.59-3.73
(1H, m), 3.86 (2H, d, J= 7.2 Hz), 3.92-4.11 (4H, m), 4.17-4.35 (2H, m), 7.53 (1H, d, /= 9.1
Hz), 7.82-7.98 (3H, m), 8.19 (2H, dd, J = 14.0, 2.3 Hz), 8.96 (1H, s), 10.47 (1H, s); *C NMR
(101 MHz, DMSO-ds) ¢ 3.4, 3.5, 9.6, 9.9, 43.3, 45.3, 46.8, 65.8, 74.8, 106.1, 107.2, 114.9,
115.1, 116.1, 117.6, 118.7, 120.0, 127.3, 134.6, 135.1, 135.6, 135.7, 143.6, 150.5, 154.9,
161.1, 168.5; MS (ESI) m/z: 577.5 [M+H]".
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Optical resolution of 56b by chiral HPLC

100 mg of 56b was was subjected to optical resolution using HPLC (column: CHIRALPAK
IC, sample conc.: 10.0 mg/mL, injection volume: 10 mL (100 mg load), eluent:
methanol/ethanol=50/50, pressure: 0.2 Mpa, flow rate: 80 mL/min, detecter: UV220 nm, 30
°C) to give 57 and 58 (47 mg each).

57: tR1=13.67 min. 'H NMR (300 MHz, CDCl3) & 0.42-0.48 (4H, m), 1.25-1.35 (1H, m),
1.61 (6H, d, J = 6.8 Hz), 3.18-3.33 (2H, m), 3.74-3.84 (1H, m), 3.93-4.02 (3H, m), 4.09 (1H,
dt, J=11.7, 3.0 Hz), 4.19-4.26 (2H, m), 5.04 (1H, br s), 6.99 (1H, br s), 7.33 (1H, d, /= 9.1
Hz), 7.57 (1H, dd, J = 8.6, 1.9 Hz), 7.64 (1H, d, J = 8.6 Hz), 7.89 (1H, d, J = 1.9 Hz), 7.93
(1H, d, J = 2.5 Hz), 7.96 (1H, dd, J = 9.0, 2.5 Hz), 8.55 (1H, s): *C NMR (75 MHz,
DMSO-ds) 0 4.0, 10.4, 19.9, 43.8, 45.5, 45.8, 48.5, 66.3, 75.3, 106.6, 115.6, 115.9, 116.7,
118.3, 119.1, 120.5, 127.3, 135.0, 135.6, 135.9, 136.3, 144.1, 150.1, 155.4, 161.7, 169.1; MS
(ESI) m/z: 565.5 [M+H]"; [a]p® -66.5 (c 0.25, MeOH).

58: tR2=16.47 min. 'H NMR (300 MHz, CDCls) § 0.41-0.48 (4H, m), 1.25-1.34 (1H, m),
1.61 (6H, d, J = 6.8 Hz), 3.18-3.32 (2H, m), 3.74-3.83 (1H, m), 3.93-4.02 (3H, m), 4.08 (1H,
dt, J = 11.4, 3.0 Hz), 4.18-4.27 (2H, m), 5.04 (1H, br s), 7.02 (1H, br s), 7.33 (1H, d, J = 9.1
Hz), 7.57 (1H, dd, J = 8.6, 1.9 Hz), 7.63 (1H, d, J = 8.6 Hz), 7.89 (1H, d, J = 1.9 Hz), 7.93
(1H, d, J = 2.5 Hz), 7.96 (1H, dd, J = 9.0, 2.7 Hz), 8.56 (1H, s); °*C NMR (101 MHz,
DMSO-ds) 0 3.5,9.9, 19.4,43.3, 45.0, 45.3, 48.0, 65.8, 74.8, 106.1, 115.1, 115.4, 116.1, 117.8,
118.6, 120.0, 126.9, 134.6, 135.1, 135.4, 135.7, 143.5, 149.6, 154.9, 161.2, 168.5; MS (ESI)
m/z: 565.5 [M+H]".

Asymmetric synthesis of compound 57
(R)-N-(3-Chloro-4-cyanophenyl)morpholine-2-carboxamide (60).
Step A: (R)-tert-Butyl 2-[(3-chloro-4-cyanophenyl)carbamoyl]morpholine-
4-carboxylate.

HATU (3.86 g, 10.14 mmol) was added to a solution of 4-amino-2-chlorobenzonitrile (1.19
g, 7.80 mmol), 59 (1.984 g, 8.58 mmol) and DIEA (2.72 mL, 15.60 mmol) in DMF (40 mL)
at rt. After being stirred at rt for 16 h, the reaction mixture was poured into NaHCO3 aq.
(half-saturated, 200 mL) and extracted with EtOAc (3 times). The organic layer was washed
with water and brine, dried over MgSO4 and concentrated in vacuo. The residual oil was
purified by column chromatography on silica gel (eluted with 10%—-60% EtOAc in hexane) to
give (R)-tert-butyl 2-[(3-chloro-4-cyanophenyl)carbamoyl|morpholine-4-carboxylate (0.690 g,
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1.886 mmol, 24%) as a colorless amorphous solid. MS (ESI) m/z: 364.1 (M-H). 'H NMR
(300 MHz, CDCl3) ¢ 1.49 (9H, s), 2.78-3.00 (2H, m), 3.66 (1H, td, J = 11.7, 2.6 Hz), 3.95-
4.09 (3H, m), 4.36-4.47 (1H, m), 7.54 (1H, dd), 7.62 (1H, d), 7.93 (1H, d, J = 1.9 Hz), 8.50
(1H, s).

Step B: (R)-N-(3-Chloro-4-cyanophenyl)morpholine-2-carboxamide.

TFA (8.5 mL) was added to (R)-tert-butyl
2-[(3-chloro-4-cyanophenyl)carbamoyl morpholine-4-carboxylate (685 mg, 1.87 mmol) at rt.
After being stirred at rt for 20 min, the reaction mixture was poured into iced sat. NaHCO3 aq.
(80 mL), basified (pH 8) by the careful addition of K>COs3, saturated with NaCl and extracted
with EtOAc-THF (3:1, 5 times). The organic layer was washed with brine, dried over MgSO4
and concentrated in vacuo to give 60 (507 mg, 1.908 mmol, quant.) as a colorless amorphous
solid. MS (ESI) m/z: 266.2 (M+H)". '"H NMR (300 MHz, DMSO-ds) J 2.86-3.08 (3H, m),
3.31 (1H, dd, J = 12.8, 2.6 Hz), 3.73 (1H, td, J = 11.4, 2.8 Hz), 3.98-4.06 (1H, m), 4.30 (1H,
dd, J = 10.0, 2.8 Hz), 7.32 (1H, brs), 7.83 (1H, dd), 7.93 (1H, d), 8.15 (1H, d, J = 1.9 Hz),
10.48 (1H, s).

(R)-N*-(3-chloro-4-cyanophenyl)-/V*-[3-(cyclopropylmethyl)-1-isopropyl-2,4-
dioxo-1,2,3,4-tetrahydroquinazolin-6-yljmorpholine-2,4-dicarboxamide (57).

4-Nitrophenyl carbonochloridate (116 mg, 0.58 mmol) was added to a solution of 55b (137
mg, 0.5 mmol) and pyridine (47 pL, 0.58 mmol) in THF (2 mL) at rt, and the mixture was
stirred at rt for 1.5 h. The reaction mixture was concentrated in vacuo. The residue was
dissolved in DMF (5.8 mL), and 60 (139 mg, 0.53 mmol) and DIEA (174 pL, 1.00 mmol) were
added thereto at rt. After being stirred at rt for 1 h, the reaction mixture was poured into water
(100 mL), acidified (pH 3) with 2 N HCI and extracted with EtOAc (3 times). The organic layer
was washed with water and brine, dried over MgSO4 and concentrated in vacuo. The residual
oil was purified by column chromatography on silica gel (eluted with 30%—-100%EtOAc in
hexane) to give 57 (174.2 mg, 0.308 mmol, 62 %) as a colorless amorphous solid. Chiral HPLC
analysis showed that this compound has the same retention time as 57, which was separated by
chiral HPLC (tR1). MS (ESI) m/z: 565.5 (M+H)*. '"H NMR (300 MHz, CDCls) § 0.42-0.49
(4H, m), 1.27-1.35 (1H, m), 1.61 (6H, d, J= 6.8 Hz), 3.17-3.33 (2H, m), 3.79 (1H, m), 3.93—
4.03 (3H, m), 4.05-4.10 (1H, m), 4.19-4.28 (2H, m), 5.04 (1H, brs), 7.06 (1H, s), 7.33 (1H, d,
J=9.4Hz), 7.57 (1H, dd), 7.64 (1H, d), 7.90 (1H, d, J= 1.9 Hz), 7.92 (1H, d), 7.96 (1H, dd),
8.57 (1H, s).

90



Chiral separation of compound 57 (tR1)
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Chiral separation of compound 58 (tR2)
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HPLC of synthesized compound 57
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2. Biological evaluations
Binding assay

The binding activity of the test compound to RORyt was measured by a time resolved
fluorescence resonance energy transfer method (TR-FRET) utilizing histidine-tagged RORvt,
BODIPY-labeled compound A, and terbium-labeled anti-histidine tag antibody (Invitrogen).
First, a test compound diluted with an assay buffer (20 mM Tris-HCI (pH 7.5), 100 mM NaCl,
and 1 mM DTT, 0.1% BSA) was added to a 384 well plate by 3 puL each. Then, RORyt diluted
with an assay buffer to 240 nM was added by 3 pL each, after which compound A diluted
with the assay buffer to 160 nM was added by 3 pL each, and the mixture was stood at rt for
20 min. Thereafter, a terbium-labeled anti-histidine tag antibody diluted with the assay buffer
to 8 nM was added by 3 pL each. The mixture was stood at rt for 20 min, and fluorescence
intensity (excitation wavelength 320 nm, fluorescence wavelength 520 nm, delay time 100

microseconds) was measured by Envision (PerkinElmer).
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Reporter gene assay

Preparation of a reaction medium and the transfection of the Jurkat cells with the reporter
vector of RORyt response element and the RORyt expression vector were conducted
according to published method’®. The transfected cells were suspended in reaction medium
(40 mL), and plated in a 96 well plate by 90 puL. The test compounds at various concentration
in reaction medium (10 pL) were added, and the cells were incubated overnight. Bright-Glo
(100 pL) was added to the mixture, and the mixture was stirred at room temperature for 10
min. The luminescence level was measured to calculate the transcriptional effect of the test

compounds.

Whole blood assay

Blood was collected from abdominal vein of Lewis rats (9 weeks old, male) and was
diluted into 2-fold by RPMI1640 containing 10% FBS and 1% PS (Life Technologies). 18i
was added to the diluted blood, and 1 hour later, the blood was stimulated with 10 ng/mL of
PMA (Wako) and 1 mg/mL of ionomycin (Wako). Twenty four hours after the stimulation,
culture supernatants were collected and concentrations of IL-17A in the culture supernatants

were measured by ELISA (eBioscience).
in vivo PD assay (rat)
Sensitization of rat

Female Lewis rats (7 weeks old) were immunized subcutaneously at footpad with 100 puL
of emulsion containing 200 pg Myelin basic protein (Sigma) and 100 pg of Mycobacterium

tuberculosis extract H37 Ra (Difco) in incomplete Freund’s adjuvant (Difco).
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Compound treatment and RT-qPCR

Ten, 30 or 100 mg/kg of 18i was orally administrated twice a day to immunized rats from
day 0 to day 5. On day 5, rats were euthanized and the popliteal lymph nodes were obtained.
Total RNA was purified from the popliteal lymph nodes using Isogen (Wako) according to the
manufacturer's method. mRNA levels were analyzed by reverse transcription-quantitative
PCR (RT-gqPCR) by using High-capacity RNA to ¢cDNA kit and Tagman Gene Expression

Master Mix (Life Technologies). Sequence of primers and probes using qPCR are follows.
GAPDH
Forward primer: 5’-GTGTTCCTACCCCCAATGTATCC-3’
Reverse primer: 5’-GATGTCATCATACTTGGCAGGTTT-3’
Probe: 5’-TTGTGGATCTGACATGCCGCCTG-3’
IL-17A
Forward primer: 5’-GCTCCAGAAGGCCCTCAGA-3’
Reverse primer: 5’-GTCCTCATTGCGGCTCAGA-3’
Probe: 5’-TACCTCAACCGTTCCACTTCACCCTGG-3’
IFN-y
Forward primer: 5’-CACGCCGCGTCTTGGT-3’
Reverse primer: 5’-GAGTGTGCCTTGGCAGTAACAG-3’

Probe: 5>-TTGCAGCTCTGCCTCATGGCCC-3’
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in vivo PD Assay (Mice)
IL-23-induced cytokine production in mice

A mouse IL-23 solution (500 ng/10 pL, prepared by Takeda Pharmaceutical Company
Limited) or PBS (10uL, negative control group) was administered intradermally in the ear of
Balb/c mice (Charles River Japan, male, 7 weeks old). 24 h after administration, the ear was
resected under isoflurane anesthesia. Compound 57 was suspended in 0.5% methylcellulose

and administered orally 30 min before and 8 h after IL-23 administration.

RNA extraction from the ear tissue and quantitative PCR were performed as follows.
Specifically, ear tissue was collected by 5-mm biopsy punch and was immersed in RNAlater
(QIAGEN) for at least 18 hr. The RNAlater-treated ear tissue was homogenized in 350 uL of
RLT buffer (RNeasy mini kit, QIAGEN) and treated (55°C, 10 min) with Proteinase K
(QIAGEN). Total RNA was then extracted according to the RNeasy mini kit protocol. The
RNA thus obtained was then reverse transcribed into ¢cDNA using the High-Capacity
RNA-to-cDNA kit (Applied Biosystems), and the amount of each gene expressions was
measured by real-time PCR (Viia7TM, Applied Biosystems). The PCR buffer used was
TagMan Fast Advanced Master Mix (Applied Biosystems), and TagMan Gene Expression
Assays (Applied Biosystems, Mm00439618 m1 (IL-17A) and 4352341E (B-actin)) were used
for each gene detection. The IL-17A gene expression level was normalized to the B-actin gene
expression level, and the percent inhibition of IL-17A gene expression with the test compound
was then calculated. The results (percent inhibition of IL-17A gene expression with oral
administration of compound 57) measured by the above-mentioned method are shown in
Figure 19. Compound 57 inhibited 59% of IL-17A cytokine expression compared with

vehicle-treated group.

3. Crystal structure of a eutomer of 18h and 57 with C-terminal truncated RORyt
A. Cloning, expression and purification of C-terminal truncated RORyt

For structure determination, the RORyt ligand binding domain (residues 261-494) was
amplified from cDNA by PCR and cloned into the pSX70 vector. The human RORyt LBD
was over-expressed in fusion with an N-terminal 6x poly-histidine tag and TEV cleavage site.
Large scale production of recombinant protein was carried out in E. coli BL21 cells utilizing 5
L shake flasks.
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RORyt purification was carried out from cell pellets re-suspended in lysis buffer consisting
of 50 mM Tris-HCI (pH 7.6), 200 mM NaCl, 20mM imidazole, 0.25 mM TCEP, 3 Roche
Complete tablets, and further lysed via polytron for 2-4 minutes. The lysate was centrifuged at
4200xg for 60 minutes and clarified supernatant was batch bound with 5 ml of Probond Ni
resin (Invitrogen). The resin slurry was washed then eluted with buffer containing and
additional 200 mM imidazole. Subsequent cleavage of the 6x poly-histidine tag was
initiated by the addition of 1 mg of TEV followed by dialysed into buffer containing only 20
mM imidazole. TEV cleavage was confirmed by mass spectroscopy and the sample was
incubated with an additional 5 ml of Probond Ni resin. The resin slurry was removed by
centrifugation and the protein sample was further purified by size-exclusion chromatography
utilizing a Superdex 200 column equilibrated in 25 mM Tris-HCI (pH 7.9), 200 mM NacCl,
5% Glycerol, 0.5 mM TCEP. Fractions containing the protein of interest were pooled and
concentrated to 11 mg/ml utilizing YM10 centricon (Millipore) and flash-frozen in liquid

nitrogen for storage at -80 °C.
B. Crystallization, Data Collection and Structure Solution of RORyt

Crystals of RORyt in complex with compounds RORYt were prepared by incubation of 11
mg/ml protein with ImM compound from 50 mM DMSO stock solutions and left on ice for 1
h. Initial crystal trials were conducted utilizing Takeda San Diego’s automated nanovolume
crystallization technology platform. Large crystals suitable for data collection were obtained
from reservoir solution containing 1-1.6M Sodium Formate, 3% MPD, and 100 mM HEPES
(pH 7.5). Crystals selected for data collection were flash frozen in mother liquor with liquid
nitrogen in an ALS compatible crystal mounting cassette. Diffraction data was collected from
cryo-cooled crystals at the Advanced Light Source (ALS) beamline 5.0.3., and data reduction
was performed using the HLK2000 software package’. The structure was determined by
molecular replacement using the programs MOLREP® and PHASER®! from the CCP4
program suite. Subsequent structure refinement and model re-building was conducted
utilizing REFMAC? and XtalView®® software packages. The coordinates and structure factors

have been deposited in Protein Data Bank with accession code 6B31 and 6B33.

4. Solubility measurement

Kinetic solubility was measured based on a published method.®**> The test compounds
were dissolved in DMSO to yield 10 mM DMSO solutions. The solutions (5 plL) were
dispensed into a 96-well multi-filter plate, and JP2 solution (245 pL) was added. After
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incubation at 25 °C for 24 h, precipitates were separated by filtration. The filtrates were

analyzed by HPLC analysis.

5. Pharmacokinetics study in rats / mice

The PK parameters were evaluated by cassette dosing of the test compounds according to
published method®®. Five test compounds were simultaneously administered to a single rat or
mouse. Plasma concentrations were determined after oral (1 mg/kg) and intravenous (0.1
mg/kg) administration. After administration, blood samples were collected in regular intervals

for 8 h. The concentration of the plasma samples was determined by LC-MS/MS.

6. Evaluation of logD

LogD,(a partition coefficient between 1-octanol and aqueous buffer pH 7.4 of the test
compounds) was measured by the retention time of reversed phase chromatographic

procedure based on the published method®.

7. Conformational Search and Docking Study

Conformational search of 18h was conducted with the program Macromodel (Schrodinger,
Inc.), mixed torsional/low-mode sampling method without solvent and OPLS3e as force field.
The docking models of RORyt and compounds were built utilizing crystal structure of RORyt
ligand-binding domain in complex with Digoxin (PDB code: 3BOW) or the RORyt crystal
structure of compound 18h (PDB code: 6B31). Docking was performed with the program

Glide (Schrédinger, Inc.) in standard precision mode with further minimization.

8. Calculation of Chemical properties

The value of cLogP was calaculated by PerkinElmer ChemDraw Professional 18.
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