& w3

XA ks RN I E S < BIEM OB IR 72
FEH NS EMMP-13JHEEK O S FRE & AR

=B ¥



A SCHB R RAL K0 DAL S~ O FHFIH OFFREICE LT

Reprinted with permission from [Nara, H.; Sato, K.; Naito, T.; Mototani, H.; Oki, H.; Yamamoto, Y.; Kuno,
H.; Santou, T.; Kanzaki, N.; Terauchi, J.; Uchikawa, O.; Kori, M. Discovery of novel, highly potent, and
selective quinazoline-2-carboxamide-based matrix metalloproteinase (MMP)-13 inhibitors without a zinc
binding group using a structure-based design approach. J Med Chem 2014, 57, 8886-8902]. Copyright 2014

American Chemical Society.

Reprinted from Bioorg. Med. Chem., 22, Nara, H.; Sato, K.; Naito, T.; Mototani, H.; Oki, H.; Yamamoto,
Y.; Kuno, H.; Santou, T.; Kanzaki, N.; Terauchi, J.; Uchikawa, O.; Kori, M., Thieno[2,3-d]pyrimidine-2-
carboxamides bearing a carboxybenzene group at 5-position: Highly potent, selective, and orally available
MMP-13 inhibitors interacting with the S1" binding site, 5487-5505, Copyright 2014, with permission from

Elsevier.



&

&

1-1

1-2

2-1

2-3

2-4

2-5

3-2

3-3

H &

B B oottt ettt ettt ettt et ettt et et et et et et et eee et e e 1
TETEPEBIEIIE & 1 oot e et e e e et e e e e e e e et ee e et en e et en e es e et e s e et en e enenens 1
L=V 2 TP 3
IMIMIP DFEZEL oottt et e et ee et e e e e ee e e e e et et et ee et et ee e et ee e et eseeeeeneeeeseneseeneneenaes 4
MIMP=13 & OA DB oo et e ettt e et et e s s e et et et et et eeeeeeeeseeeeeseeeeeeeeseesasesenes 5
MMP DFETE & FIIEE A F7 2 K I\ oottt s et e s s e en e et s s e eneeeans 6
MMP DA & AR BB IEEIR BB EIR D BE S oot 7
DT T T =B FHEIEL D EEIE oottt ettt et et ee s eeeeneees 10
FHLE TV U B MMP-13 FHZEZED B oo s e eee e e e 11
FEHENFE AT MMP-13 3ZBIRFIBHEILD T A 1 e 11
T U L BT R DD B coeeee ettt ettt ettt e et 13
R A I G 1 NP 3t o 1 o= 1 RO 27
XF U UFHEMR 38Kk D MMP-13 & OIHFESE X BRAEIEMRIT oo 33
B oo e et e e et et e et e et e e et e et et et e e e e et ee et ee et e et et e et en e e et et en et en e et eneeans 34
T /[2,3-d]EV 2 P25 MMP-13 BLEFED AT e 35
MEE Y I UUVRETLVER E LIZIEHSNEAT MMP-13 &8 IRIHESRKO T 1 > .35

e ) I NI i~ = 2 ¥ N T ;TSN 36
FEAE U XU BRI EAR OB ETETEFART oottt 44

II



R - TSP RTOTRTRTTRN 48

WA L MMP-13 FREESE D A ZIIEFPE oottt ettt 49
4-1 MMP 7 A Y H A LB X TACE IZH T 2IBIME oo 49
4-2  eXVIVO 7 3 BB A I ERIR oottt 50
4-3 MIAIZ XD OAREIERTFEI T » FETILTOBWIEIM oo, 51
-8 T BB R oottt ettt ettt ettt eaeas 52
Ao B oottt ettt ettt ettt ettt e et ettt ettt e s ettt ettt en et eneens 53

BB B oo oot e et e ettt ettt ettt et et e et et e et e et e e et e et et et et e et e e r et en et eneeas 54

R T oottt et ettt ettt ettt ettt et et et et et et et Attt et et et et ettt et et et et atans 55

LI STIIR ettt et e et e e e e et ee s e et ee e e e et e e e et e et et e et e et e e e et e e e et e e et et e et et e et ee et en e et et en e 103

2 AT 109

111



A LHPICRB N T RO 2 L.

AIBN
Bn
Boc

Boc,O

DABCO
Dba
DIEA
DMA
DMF
DMAP
DMSO
EDC
LDA
Mp
MsCl
NBS
NMO
NMR
MS4A
PTFE
RMS
SD
SEM

TFA

2,2'-azobis(isobutyronitrile)
benzyl

tert-butoxycarbonyl
di-tert-butyl dicarbonate
butyl
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
N,N-diisopropylethylamine
dimethylacetamide
N,N-dimethylformamide
4-dimethylaminopyridine
dimethylsulfoxide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
lithium diisopropylamide
melting point

methylsulfonyl chloride
N-bromosuccinimide
N-methylmorpholine N-oxide
nuclear magnetic resonance
molecular sieves 4A
polytetrafluoroethylene

root mean square

standard deviation
2-(trimethylsilyl)ethoxymethyl

trifluoroacetic acid

v



THF
TPAP
Tris
mCPBA
WSCD

tetrahydrofuran
tetrapropylammonium perruthenate
tris(hydroxymethyl)aminomethane
m-chloroperoxybenzoic acid

water soluble carbodiimide
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1-1 ZREREIE &1

EFMEBIIAE (osteoarthritis: OA) 1%, FERIEMOBIFZEMEB CTH V| BIFIHCE O BEFE L ik
LML 45, HARIZEIT DResearch on Osteoarthritis/osteoporosis Against Disability (ROAD) study
EREIEAL D KB A O R ., 40U EOHEE BFHEN 2,530 0 AL Ebi Ty, BHERAHY ¥
~ FOMBEEE (K70~805 N) LHETHMD TREBNPZVIRB L S 2., 405 I,
BIZZ < Ao 2 enmEIN TS (Figure 1-1) 1,

BHOARRE (XiR)

35.4%0)
19404
| |
m0OA FOA |

BOATRE (XiR)

38:5%0)

58.0%

Figure 1-1. Epidemiology of Osteoarthritis (OA).



BB i O ALK % Figure 1-212779, OAOBAFIXIRE NEFE L, A4 O 72O IiE /s
BN+ 2, £z, EMRORAN RS, BERLZIEME» W Ens 7 e 77 —8Ick
S THEEEOEMEN S BICHEITT 5, F OBEBENET & 2 PO XNC 722 0 BN AR L
WA EAEL, ATENEREIR S, BOBITICREREREL G2 5, S6ICEITT 2 LRE
NEEH L, BZOLDOLERLIILD, ETOXIICRARIHLEHK (Z2%2 1<) EEbhd
BEMNEZEL, RERBAZME I, BIEOIREIEZ, EAT 1A RYEHIRIES (Non-Steroidal Anti-
Inflammatory Drugs: NSAID) £ 72 I3BINE T 7 0 4 x 2 7 F—F 2/ EH (COXIB) 1L B AEIRD
R, b7 vn RO, 3RO BIETE BN ISR E STV, 1T HCOXIBIL
DR AECIZE T 72 E O A X POBEAMZ LY . ZOFEHICHIRN & 572923, RO
TEEZDLENTE, BREMEDNE S A7, HEEBHMELEEREEESR (disease modifying drugs
for osteoarthritis: DMOAD) DBIREMNEHK & 72> T\ b4,

iEHE DB | ZRZEBIGAE
i REEE
paEERE | g “J mELE
¥AE L § AR
e L | B (ZDF&<)
| wETEEL
" ; RIEDRIE

Lo
MMP13

REMaDERE
HEMBEDOTRN—>2Z

" REHBOEX(t

Figure 1-2. Comparison of normal knee joint and osteoarthritis. *



1-2  RE O E

MEIXFOREZED LOICFELTBY . WICEENRAET I TH LoD, KRENS 2
BEEEZ L OTSNENFREEZRE LD, £, FIIMES Y 8wk o By FEgk
T, BEOTEREZ 5D 2 KERWTE, EMIRE, a7 =507 70 I ohb i ofiast
FE'E (extracellular matrix: ECM) IZ X V& C\b, ECMO ERKyIZFa 7 —7 T, 20%
KOWMBPFLATNaT =7 ThbH, TOMDE LU RIEELTKEYIIT 7Y A ESEbh
LT ATV e o T % (Figure 1-3) 5, OARFZ ORI CTix, BIETHCE OB AT IS
Lo THEDOERE D BB EN & 720  ECMOL % & 723, & OICHE KIBEZH# 5 72912,
BWMLUIERL7ZEE e s b0 Ihsd~ ) vy 7 22 2r7a7 7 —+€ (matrix
metalloproteinases: MMPs) X°7 7' U B —FBIZ XV ad—r o7 7V nnfandg Z Lz
Lo THE B OLEMENEITT 5E,

REDBIE REDOHS

aA5—4'>m>5590-95%
WIATIIAS—5>

FOVh
10%

el
Bk
HETH =i
«&

e e FOUH>

’A\ ide mar
TSR oo
@

Figure 1-3. Cartilage structure and component distribution. ’



1-3 MMP O FE3H

MMP OREE L7205, 2T =0 03, O TUTE MR SRE MRS £ 20 ECM oy & &
BITIERIIIRB SN RN EZZ N TR, MMP 77 X U —%2® 5 % MMP-1 (collagenase
D IE, AE-T % 7O NA~OERBIZEBNT, RBONBERT L2 L2707
VUL TS Z 0D 1962 412, Jerome Gross & Charles Lapiere (2 L 0 e AJICF R S
2 Fle, e b ToOaZ s —RoRRIE HEREENLDOLDOBRRMN TH-12 1, £D&K,
MMP [FBUEE TIZ 2 LIEFICEL L OFEAFRE SN TEY . B T 20 U EAFHTH
5o MMP ORE L7025 a7 =7 AXEEHERO TERKIEZ X7 BETHY . K 30 FRi1D
MMP 2354 L OECEERICE W T TEEREEZ R T 2 LARINTEBY AT
3. ERMEREEE (0A) . MY Uv~F . . RIEMGRE, HER, AEREREOIEIE
RBEBIZBNTMMP OGP RIRENTND 2, MMP 7 7 U —i&, @D RA A U Exf
T2 20 DL EOFSMKAFEIERER NS 250, 2o OBRFEL BRAICEEICES <M LU
HHONEFIZESLS F oY I OmANRREN TS (Figure1-4), 723, MMP-4,5,6 (%
BEFID MMP LRICH D ThHo7cloh, KELR->TWD % MMP (ZIEE R RN & HIFEMEIZFED
WT, agrr—8 E7FF—8, At ATA L v MU TAT 0 ERIMMP O 550
TN—TIHEESND,

MMPs
asH+—E MMP-1 (d>%4+—11), MMP-8 (d=>4+—12),
MMP-13 (O54'F—£3),

MMP-18 (OS54 —4)
E3FF— MMP-2 (SF+—1A), MMP-9 (PS5 —B)

ZRORASASY MMP-3 (X ROATAS 1), MMP-10 (A FOXAS A3 22),
MMP-11 (R FORSA>3)

U

\
\I

Y hUSA2 MMP-7, MMP-26

FEFMMPs MMP-14 (MT1-MMP), MMP-15 (MT2-MMP),
MMP-16 (MT3-MMP), MMP-17 (MT4-MMP),

MMP-24 (MT5-MMP), MMP-25 (MT6-MMP)
MMP: matrix metalloproteinase; MT: membrane type

Figure 1-4. Types of MMPs and their classification.



1-4 MMP-13 & OAD B4R
MMP7 7 S U —OHFTH, b FEDBAHMBENSRINZY 2 —=2 7 SN T-MMP-131%,
1) OABRFE OB IZEIEEL L T 51310

MMPEEZRED R TH A T2 T — 7 AT &S W s M % 3717 18, 18

)
)
3) MMP-13E%8l~ 7 2 XOAROHREDOEITICE L L T s
4) MMP-13/ v 77 7 b~ 7 ZTOAET V& B L THHCE AN « R EE I iz n?

2

FORENS, OAIZL » THERKH ZH I Z LRI TN D,

MMPOIRE L 72D, aT7 =737 ) XY WD 7 2 BRESI O™ K L O3E S A
ENBR-TEBY, A 72T —4 U IZMMP-1312 X Y Gly975-Leud76 25 fx M2 GIHr & v (Figure
1-5) | TOBEERLTEIF RV MMEEBRT D 2 ERHERR< D2, £, B DK
DDEATNAT =7 VIIMMP-13IZ L D e b R K< U S 2 2 &3S h T 51822,

Gly975-Leu?d76

Primary collagenase cleavage site CTX-Il
| 6 66
% fragment l 4 fragment T1S1EKGPDP!

00 ASSSSSE SNBSS ANEEAEE

S

| I | |
| | I I

MN-propeptide N-telopeptide Triple helix C-telopeptide C-propeptide

Figure 1-5. Collagen structure and its cleavage site.?



1-5 MMPO#E & il X2 7 = X &

Figure 1-6 [Z/R L72 K 912, MMP (ZHiSh A A AT H 3 2O 2AF VU5 (H) & A F
F = — 2 "HEXXHXXGXXH.. Met-turn” & F — 7 2 #E L OB L LT 5 2425

ST LI

Figure 1-6. A structural feature of the active center of MMP.2

TEMER MMP (3, fEMEFOO#E KON Y, 7 v I U RIEE 2812 X 0 #iEh DR K 3 TEMEE
ENTEY (FH) (D), <FF FEE L I ) ZEH AR (Michaelis complex) Z L L7=#% (1),
KGFNBRT I REEGOINVR=VIECT %y 7 U, MEEKSFREE (D) 28T, ~7F R
ANk sz, ERMEAIR v, V) 24+ 5 (Figure 1-7)

Figure 1-7. Catalytic mechanism of MMP.?



1-6  MMPO##EE & HFN TS 5 LI B RAY B JE O I 52

MMP (AR ETE M R o i gh 2 H0 & LT, JEf#IC unprimed pocket X° left-handed 1 R & I
X5 83, S2, BEWS1I A4 w k& primed pocket X° right-handed - F & FE{X41 %5 S3°, S2°,
BIOSURT Yy BRI, ZHUOHDORT Yy FOHRT, SUART v ME, &bEWVWART Y FThH
V. e, TREMRT LT I VBERICO RO ZRENL A OND, MMPIZLITLIZZ O SUR
v NOBES THEI L, Yy (MMP-3, 11, 12, 13, 14) . F1[# (MMP-2, 8,9), 7#&\» (MMP-1, 7)
Ry b3 6N TEY (Figurel1-8) . 2D SI'KR”7 v F DR AR L T, flix DOFEINA) MMP
PHE DGR R A BT & 7z 3031

Zn2+
primed pockets

"right-handed ¥4 K"
S1' | sz | s3 |
E:ZEWV : MMP
-3,-11, -12,-13, -14
ER . MMP
-2,-8,-9
L . MMP
-1, -7

unprimed pockets
"left-handed ¥4 K"

| s3 | s2 | s1

WX\ @ MMPs£Aig WX\ @ MMPs£Aig

Figure 1-8. Structural features of the pocket of the catalytically active center of the MMP.



MMP-2, 972 £ R E OMMPEEII N AN G L TWA Z ERMmbnTEB Y BNAZFRH L7-MMP
PR SR DB I IR B A TAT DA T2 A2 320 FIHIOMMPILEFEIRD 7 A 3, R OEMEF LI
FAETLHMEZMET D700 Fu X4 AR/ EOfnE G (zinc binding group: ZBG) DT
EC, 27— U EROEOWEIWRA IO 7 2 BRIIH 2 Bl L7z @ Ik (P1) A L
BEEEAERTHEVI T o —F 10 EHAKRL LTEY (Figure 1-9) . Zh 5 0% < IXEHEH
O AR &K &I DB SRIEWERE (musculoskeletal syndrome: MSS) & i & 41 % —3H o @ /E
IRV ERRBFEN Z & T & < Il S hu 723335,

Catalytic

s3 S2 SI  gite  SU s2 s3
R | MMP Subsites
— P3 — P2 — P1 ~CONH— PI' +— P2 — P3' — MMP Substrates

V

SEER D HE DR /
BEoBEcESy | =  Zofme-Lri )
fePRZESRaREt N —

S1' recognition motif

Figure 1-9. Traditional MMP inhibitor design.



BARAYIZIZ, Figure 1-10127% L 72 41 O MMP L S8 31 45 8 A2 BRLE R, B4l & L ¢, T
MAREBMLIZLOMELE AL T, 2 TMMPOEMEFOICIEET 5 HEh 2 e 5 dsnis & 5k
EATLLOTHY ., a3 L TS0MELL EOMMPE A O BRKRER 2T T & 7228,
% < IIMSSIZRE S LD RIEAC. ORI L0 BRI R CTRIICKD 7236, Zhb o
RUERITEIEZ R 2 EHET 250 ThHo7e, ZORIWEHOBHE & LTiE, thosBEEE
R, MMP7 7 2 U —~DRWRIPEICER T2 LB b,

o
/
Batimastat (BB-94) - 5 H u Marimastat
Ph 1/ Ph il
: o

MSS

RS-130,830 ; Tanomastat (BAY-129566)
Phll g~ © Ph Il

MSS @
o/
: : ¥ N
(- H o AN H Rebimastat (BMS-275291) °‘°=§w CGS-27023A
Ph 117111 HO\N&N X Phl
AN

N
s O MSS MSS

J : zinc binding group (ZBG) MSS: musculoskeletal syndrome

Figure 1-10. Clinically tested non-selective inhibitors with zinc binding groups.

ZZT.MBEDOERDTHDLZA TN T 7 2 OO fRIEEDEVMMP-13125 B L, BIRED
M LA T 272 DICMMPY 7 7 7 U — [ C @ BT DR AE S VT D IEMEH L b
SyREE 2RI L 72 BAIRAEMMP- 13 ML E S 2 Al H 9~ 2 87 e ikig 2 SR L7, BARRIC
MMRB&@%%%%W@K%dﬁ\%ﬁ@&mmmB%meyk@n@Mm)%ﬁ5ikﬁ\
TEPET DO & OMEERANPES TH, ZREMTE LSO RMAEENEZER L, 71 -

BT AL E LT,



1-7 fho7aesF 7 —PHEKE O

BIEBRK THOWOR TS Y 7 7 —BEHK L | Fexr BN EHT MMP-13 JHEHK (—F L) o
THA L DENEE LD (Figure 1-11) . 77 7 —EHEK BEAEEFLOEBEST I/
feas—70 v e L, BERBRY A FEZIRAES ookt L, ABENIEM T L & oM E/EHZ2 v
FLSI'E . MMP-13 IR RV SI'R 7 v FETEN T 2 =—r 7 Fu—F L2,

p— P - HEFRAISYI
S4 S3 S2 S1 |i&iEdly| S1' S2' S3'
MMP-13 - (Z=S I BAERSE) IS

MMPs - = Zn
POSATIIOEREER | hITIIOUN =M Zn

HIVD'OF7—¥ UKFEN HIV- 1/ Asp

L= FURFLY S AN Asp
NS3/4ATO77—¥ | SATVEN CRUFF 3% o Ser
IRTFINRTFHI—-E | ENFIIVTFY 2EERRA Ser

J077Y-h RVFYST | SRIEEHE Thr

HO,
MeO.
o

I -y
Me, [} ST\
= D HN]\/'\N"E H\)ku N YN NH,
ve ve T/E\H T (:)H/E\HMeMe
. . . Me’ Me . .
captopril MeT Me ritonavir aliskiren
MeOQ Me
NS,
e :
N N%\)LN N Me
NH [o] K/‘N " o m
HO” “OH
vildagliptin bortezomib

Figure 1-11. Comparison with other protease inhibitors.
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HoE BT U U RMMP-13FEEEK DA

2-1  FEEEAFE S TMMP-13B IR IHEI D F ¥ 1

BN TERKXBOEW T A 7 T ) =0 bMMP-13AETE M FBIE L Lo A AV—T
v hAZ V== 72k, YV UFBERINEALS N, ooy Nred (7L
R XYY UHERIOMBIEICIL, B X A@e, T4, DR O
M2 fgnfi G RN R o hololod, 7Y U UFFERLEMMP-13DfilE K X A 2 & o Hi
P ERRT 24T 272 & 2 A MMP-13D 7 X/ [BF%F245~2537% 6 72 5 R TR & 70 UK PES TR
Ty BNZHEEGLTEY . MMPIEMTR OO & ITHE L TWARWZ LA L, £/, #idh
EIFBEN T OS1 AT > NOMAIEIZZIVE TR e do Tz, FlmRBEEAR 7 > b (S1”
RNy 138) BER® LAz (Figure 2-1)

(A) (B)

Galalylic site

Y Lys 140
HaN

Thr 245H FI> Thr 247
o] N

N .
) G s1"
g 0 H

W
"hu‘i

o N
5
295
\ NH N 6
NH Ho”
Leu 185 ( ] Q .
=0 / / N 07/ Met 253

51" pocket: aiatas " X
0=\ N7 s 222

S1"'packe

Figure 2-1. Crystal structure of the complex of hit quinazoline compound 1 and MMP-13 (PDB code:
3WV2). (A) Surface representation of MMP-13 illustrating the binding cavity. The inhibitor is buried
deeply into the S1' pocket. (B) Schematic representation of the binding mode of compound 1 and MMP-
13.
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W T, AT & TG 2 N T, LT (L& T A > (structure-based drug design:
SBDD) #1795 Z & & L7341, Alh |

1. AU SV VE LRI P UBAEESY v —5 O
2.8y MZINE S, PINCHYTEIF TV U L OESIEE TH DARDER
3. Bl O LI IZIREMESIVR 7 v M 2R\ L BEMEPI"OE AL IO, SI"K7 v OB

(B & LTz Lysik 5L & ok FEifb G o 115

e 5 Z iz L7z (Figure 2-2)
3. P1" modification

]

1. linker modification

2. ring substitution

Figure 2-2. Structural Modification of Fused Pyrimidine MMP Inhibitors

U—NbEW 1 OLEANCALET DX PV T I RE & BN REb T 572012, A AL
=7y NERIZEY, BREEEAENS RN TA T 7 ) — 2L PR EIT 72, MR Y
— NMEEW 1 OEMERy DEBAN S DAFEERD T = = VED 3 A LA EHRIEOEANICHLETH
HIERLLoT, ENHOHT, 3-A MR UL, Ris7 UV — LV EOFREOEBRED 1 5 Th
D et o T, METHEMEAB AL T 572012, 3- A2 M7 = = LB EEEZ A,
REEFETT L L E LT,
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22 XF VU UHEEERDOLERK

UN—=AT7 I RFEEER 4T, NV ZFATIVOFAETFTTHRO 3% 2-3-A hF 7 x=)1)
TEFrrsal) F2EEL, 7T1%DNEKTHE T~ (Scheme 2-1),

Scheme 2-1. Synthesis of Reverse Amide Derivative 4¢

o o
G N SN 6 ¢ QEECENNN G § 0 ¢
MeO o HNTN T meo H)\N
2 3 4

“Reagents and conditions: (a) EtsN, THF, DMA, 90 °C, 71%.
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Scheme 2-2 (2R T L H1Z, AX /—/LH 80°C THMIUDUARX XY RFEETF, AF LT K
FJ=AEs Ersua T b= M) AORIGIZEY, 2- (Zaa XA FA) FFVY J UFEER 6 N
67% DR THH AL, 6 DRI % DMF 1, RIED U U LFET, 3-A FF RN UAT 3
CCEBL, T I A —REEE T & 41% DI TR,

Scheme 2-2. Synthesis of Amine Derivative 7¢

(o] [o) (o]

HoN oy MeO Ny

2
5 6 7

“Reagents and conditions: (a) chloroacetonitrile, MeONa, MeOH, rt to 80 °C, 67%; (b) 3-
methoxybenzylamine, K,COs, THF, 40 °C, 41%.

14



ANR=NY h—%HT 25 17T OFKREK%Z Scheme 2-3 (TR L7z, B, _RUXT I RifE
K8 LANNFEE RN ATFANE, BILKTHD 6-AF/N-34-VE RuFxF YU 44 UiFEEK
9 Z1R7t%. LG 9 D3RR 7% Boc FTHR#E L7z 10 2 LDA TRI%L, VARV BHY
K11 252 TRTAKRLAET AT E FHER 13 2058 LTE Ra X LafEk 14 21572, 14
? Boc Fhafifri L7ct. 15 O 2fkigihz, kAT VL P AF N A NVEF T FEMET
Swern BE{LICAF L., [RIRFICF TV U VERO 4-T VAR =)V % A F)LF 4 A F )L (methylthiomethyl :
MTM) =—7 /L& L THRi# LT O- MTM B8k 16 #157-% . MTM KOS T DMK fF
ko, EREw 1T 2157,

Scheme 2-3. Synthesis of Ketone Derivative 17¢

(o} [o} [0}
HzN)UMG a HN Me b Boc\NJ\l : Me
HN KN KN Boc. i Me
8 9 10 *’e QWHN:K/@/
MeO N
MeOOWOH MeO OH Me0/©\Any - 14
1 o 12 13 o

OMTM

o o
f HN)Ume g N)\/Q/Me h HN)UMe
MeO%N Meo% N Meo%N
OH o o
15 16 17

“Reagents and conditions: (a) CH(OMe);, conc. HCI, 0 °C to rt, 81%; (b) Boc,O, NaH, THF, 0 °C to rt,
91%; (c) (1) oxalyl chloride, DMF, THF, rt; (2) NaBH4, THF, reflux, 92%; (d) TPAP, NMO, MS4A, CH»Cl,,
rt, 63%; (e) (1) 10, LDA, THF, —78 °C; (2) 13, —78 °C to rt, 44%; (f) TFA, CH2Cl,, 1t, 45%; (g) DMSO,
oxalyl chloride, Et;N, =78 °C to rt, 41%; (h) TFA, H,O, CH>Cl,, rt, 64%.
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BPEAETHD 4-4F V34TV FaxF VY 2D VR VBT F LT AT VEEEK 25 11,
Ty NTENEET R RE 230D T UL D 2 BEBE O G & #EH LT (method A, Scheme 2-
4), FLBEZT7 T =BT ATV 32 OR(EKE (method B, Scheme 2-5) (2 XV &Rk L7z,
At BHT7 > T BHER 18a-d & P U RAL U LRE LAY UFEKET VT
=7TTI/UVVALT BNOT 7 =/VERT I FRFE(K 23d, 23h, 23j, B LT 231 2157,
A s = b e BREBFLEER 19a ZEA TV VAL THEAT VAFERICERL, TUoE=T L
FOGLTANRRY I RFEEERELGLFZE, = brXU X7 I Ro=btekkoEcicky, 7 b
T =VERT X R 23b 4572, 2310, 19b KV FEROFERICEIVGEDL LN TERL, = hrX
VY= MU VEEER 22a—c 1X, =X Y = MUV 20ab &, KETHFT NI T AT LI
FUREMASEDLZLICEVDAMKLT, Raney = v 7 VHFEHETFTO= by = Y LiFHE
K 22a—c L RTVUVORKISIZEY, = brEKE2T7 I, 7 2 EE VR FH I NICHEIC
BHL T, TNENT > b7 =/VEET I RiBiEk 23a, 23m, BL U 23c 2B L7 7 T
ZVERT X RFER 23g i3, 2-= ha-5-R Y 7 A v AF L7 2=L7 I (21) 75 Sandmeyer
VT MBI Lo TR L= e Y = U VEEER 22d 2 L CRERICER Lz, T~
N7 =BT 2 RHEK 23a-m 27 0u /U AF VLT F LT N-7 U b Lcth, 72 24a-
m %, BREFIIEE T LT, 44F V34V FrX YU V2 VARV LT RT )L
R 25a-m #1572, 25a-m & DMF £ 721X BtOH F1C 3-AX X U R_RUUALT I UIFEIE T, INEL
L. 737U AT 52 IR0 IET 27 I RFFEMA 26a-m 2155 2 &N T& 72, 25a-m D 2
DO AT NI, B—MENET I o U TRIGHER & <, BEEFTE T T LD H#EIT L
oo ZO2MLT AT NOEWKISTEZ, BEET 28U I 20 347 NH EIC K20 FHKE”/EIC
LoMEERBAG L bOTHDLIEE X LD,
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Scheme 2-4. Synthesis of 4-Ox0-3,4-dihydroquinazoline-2-carboxamide Derivatives 26a-m (method A)“

(e} R!

R,  Ho R® NC RT R
19a:OMe 20a: NO, H
19b: OH O.N O,N R3 20b: H NO,

2

borcl dorel

O Ry 0 Ry R
HO)K/Q Rz a H N)‘\/@Rz g NC i R, f HoN :©/CF3
> 2 P — P A—
H,N H,N Rs O,N Rs O2N
R Re 21

Ri Ry Ry 23a-m R4 R, R
18a: H H OMe 22a: OMe H H
18b:H OCF3 H 22b: OCH,CH,Ph  H H
18c:H | H h 22¢: H H OMe
18dMe H H 22d: H CF; H

0 Ry 0 R 0 R

HoN Ra iorj HN R k b HN Ry
HN R EtO\“)\\N R g M Ji l N\“)\\

3 5 e} N Ry
Etom/&o R4 0 R4 o] R4
o]

24a-m 25a-m 26a-m
compound

23 24 25 26 Ry R Rs R
23a 24a 25a 26a OMe H H H
23b 24b 25b 26b H OMe H H
23c 24c 25¢ 26¢ H H OMe H
23d 24d 25d 26d H H H OMe
23e 24e 25¢ 26e H F H H
23f 24f  25f 26f H Me H H
23g 24g 259 26g H CF, H H
23h 24h 25h 26h H OCF;3 H H
23i 24i 25§ 26i H OBn H H
23) 24 257 26 H I H H
23k 24k 25k 26k F H H H
231 241 25| 261 Me H H H
23m 24m 25m 26m OCH,CH,Ph H H H

“Reagents and conditions: (a) (1) triphosgene, THF, 50 °C; (2) NH3, H20, 50 °C, 13-75% over 2 steps; (b) (1) (COCl)a,
DMF, THF, 0 °C to rt; NH3, H20, rt, 56%; (2) H2, Pd on carbon, MeOH, rt, 99% (for 23b); (c) (1) BnBr, K2COs, rt,
98%; (2) KOH, MeOH, H:0, reflux, 84%; (3) (COCl)2, DMF, THF, 0 °C to rt; NHs, H20, rt, 93%; (4) Fe powder,
NH4Cl, EtOH, H20, reflux, 100% (for 23i); (d) MeONa, MeOH, reflux, 38—99% (for 22a,c); (e) 2-phenylethanol, NaH,
DMF, 90 °C, 32% (for 22b); (f) NaNO2, HCI, H20, 0 °C to rt; CuCN, NaCN, toluene, H20, 0 °C to reflux; (g)
NH2NH2¢H20, Raney Ni, EtOH, 40 °C to reflux, 40—88% (for 23a, 23c, and 23m), 16% over 2 steps (for 23g); (h)
ethyl chloroglyoxylate, EtsN, THF, 0 °C to rt, 79-100%; (i) NaOEt, EtOH, 0 °C to rt, 38—87% (for 25b and 25d-m);

(j) p-TsOH, toluene, reflux, 22-27% (for 25a and 25¢); (k) 3-methoxybenzylamine, DMF or EtOH, 80-90 °C, 28-92%.
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SEPRMA 28n,0 (X, 7/ ¥ F L L 1 M HCI/AcOH £ F > 1 T# (method B, Scheme 2-
5) CRBIZARTEDT7 M7 =)V AT LV 32ab MO AR L7TZ ¥, 32ab OEITLL T O
LAt o7, BlL. P AT IVRRIEAR 27 DKL Y F U LK X 2K GRICE D £/
TV BT EAR 28 15721 . Amdt-Eistert JSIC X D ARER TS —2 3 U E2ITWV, ATF LT AT
JVERIER 29 MG Mk, NI VU LRBHFIET, 29 O= oA gEMETC L, T N T = Vg
TATIVHER32a 252, —H. 29RO -7 F NI F U LEHNE 3002 LORRGY F
LA, BN T B o REET F )L ~ORBEAMAINBOSIZ LY, 6-T7 X /-23-Y 7 VA& BEBTTF IV
TATIVIHER 31 21572 Y%, 31 ® Boc HAEFRE L, 32b B EF O,

PEPA 2500 2 3- A FXFIR_RUPALTITT I U AL, 26n,0 BT,

Scheme 2-5. Synthesis of 4-Ox0-3,4-dihydroquinazoline-2-carboxamide Derivatives 26n—o (method B)*

o O OMe O, OH o % OMe
Meo)‘jgj 2 MeO/ujgj b, Mo .
O,N O,N O,N N o R
27 28 29 R;0 Rz

HoN
F (0] e 2
t/F d EtO P 32ab
—_—
BocHN BocHN
30

f
31
0 Ry 0 Ry
N - X
0 N\H)\N EtO%N
o} o}

26n,0 25n,0
compound
32 25 26 R1 Rz R3 (fOI‘ 32)
32a 25n 26n CH,CO,Me H Me
32b 250 260 F F Et

“Reagents and conditions: (a) LiOH, H20, THF, rt, 96%; (b) (1) (COCl)2, DMF, THF, rt; (trimethylsilyl)diazomethane,
TEA, Et20, THF, CH3CN, 0 °C; (2) MeOH, AgOBz, TEA, THF, rt, 67% over 2 steps; (c) Hz, Pd on carbon, THF, MeOH,
rt, 99%; (d) n-BuLi, CICO:2Et, THF, —78 °C; (e) HCIl, AcOEt, rt, 70% over 2 steps; (f) NCCOzEt, HCI1, AcOH, 80 °C,

76-82%; (g) 3-methoxybenzylamine, EtOH, 80 °C, 78-84%.
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Scheme 2-6 (Z/R T XK 91T, 6- X DA T UFFEIK 261 £NT VU LRBIFAE T KFLS
RPN DAL TT = ) —ARBER 33 24572, 3 Vb= TF L2 T F b a4t
6-T hXTRHERI4AICEW LT, B, ZOTIAFAED 21% E WV HERINERT, BV I VRO
MOTHT7AFMMUICE Db D TH -T2,

FROT =) = VFHEIR 33 & O-T ) — LT A D ANA— NIE#H L, ZiE Newman-Kwart
RN SS IS, STV — AT A AN A— N EeGle, T ORI RBRIEE S IR g S
NTTFA—VFEER IS BEL, HVWTITMAFALTTAFAEL, 6-A F /LT A FHEIK 36a
BT, 36a DANLT 4 ROFELIZ LY . ALK U FEMK 36b 21537,

Scheme 2-6. Modification of Substituents at C-6 Position*

o] o]
eO Nm)\\N MeO N])\\N MeO Nm)QN
o] o]
33

26i
|
0

SH d R
T - QD

H H

MeOQ\’Nm)\\N MeO Ny
o)

35 36a: SMe
e Q36b: SO,Me

“Reagents and conditions: (a) Hz, Pd on carbon, THF, MeOH, rt, 100%; (b) Etl, Cs2CO3, DMF, THF, rt, 21%; (c) (1)

N,N-dimethylthiocarbamoyl chloride, DABCO, DMF, rt, 96%; (2) N,N-diethylaniline, 210 °C, 82%; (3) KOH, MeOH,

reflux, 95%; (d) Mel, EtsN, rt, 85%; (¢) mCPBA, CHCIs, rt, 95%.

19



37a BL3Tb ODERKIE. NIy Y U IRIETIT o7 {bEH 37a 3 X 37b 13,
Scheme 2-7 |27 & 912, Ll O HHIAE 26f 2B AR LT,

Scheme 2-7. Modification of Substituents at C-6 Position®

O (6]
O\/H HN ! aorb O\/H HN)‘ji:(R
MeO N AN MeO N AN
(0] (0] R
% 37a: Ph
37b: CN

“Reagents and conditions: (a) PhB(OH)2, Pd(PPh3)s, Na2COs, EtOH, toluene, H20, reflux, 64% (for 37a); (b)

Zn(CN)2, Pd(PPhs)s, DMF, 80 °C, 68% (for 37b).
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Scheme 2-8 [Z/”R T L 912, 26k @D 5-7 /A m i X F I F e R%HAIK (RONa, RSNa, RNH»)
& DFFBRRBEIASIR &0 B L 5-EHRF T 38a—g 2 G LY, —T7, 5,6-7 7 /A uih
BAK 260 ~DOALEIRINA L S ALA~DISIE, KVERHREFETTITH>ZENTE, Z7=2F
Toa— VBRI K 2ERIT, BET AT L UBEERA~ORBNKSEZES bOD, =—F LFE
K 38h—k =z PFEEDIRTHD Z LN TET,

Scheme 2-8. Nucleophilic Substitution Reaction of 5-Fluoro Derivatives 26k and 260

o F o0 Ry
Qo™ == Qs s”
MeO N g)‘ N MeO N
26k,260 38a-k
compound R, R, yield (%) compound R4 R, yield (%)
38a 0" Ph H 81 B o~ ,\O H 35

b o™""pn H “ 38h O«D F 35
38¢ 0~OLPh H 76 «/© F

B g E 32
B/~ Ph H 51 : NH,
38e s~Ph H 55 B o coH F 4

“Reagents and conditions: (a) ROH or RSH, NaH, DMA, rt—80 °C (for 38a—c and 38e-k); (b) RNH2, DMA, 80—

100 °C (for 38d).
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b4 43a—d 1X, Scheme 2-9 (2R X 912, 7 v (LWFHE K 26k 7 &5 TR TR S 2 b
R4 oA L, BB, 26k D 5SAL7 v B2 7 =X FAAXRHETEBRL, &k 7
T XA T NVEED B-MBESISIC X DRELZ T ARy MTW, 39 21570, 390 IV URE, IS
2 RIZRIAERD OERICORRLRISICEGT D EBbhotzicd, MU 7 b—va VI
HR#E T o7, BB, FHIC R Lz, S BERIRDMF-7 2 F— a2 RiER L LTRIH LT, A
REVVUURERRT LI EICED XU A 2- B VR X I RFER 39 230 RMIC
TR L7c, T OMRGESIL, Vilsmeier £F F THEGICHEATE | BESCRKEAEICH L TRZETH
V. =7, e, 60°C T 2~3 RFERE TS 5 Z LICL Y DIRMICRETE L Z L by
27,

REINTZ 7 = ) —VFEEEK 40 1L, FY 77— FEEER 4 ICEBR L, Fix ORERIEL DX
TV LT 7Y TR0 1y Y TR 42a-d DE OIS, RIS, FTBLIRGERE
R, HERE CRLRGEL T, HIE L7z 43a-d 21572,

Scheme 2-9. Synthesis of 5-Substituted Derivatives 43a—d*

o F O OH Me NMe O OH
N S e N S —_— N S —_—
0 m)*N MeO 11)\N MeO j|)\N
0 o}

26k 39 40
Me NMe o OTf Me NMe O R ) O R
QN e SR UL s o
€0 Ny N MeO NN MeO N An
(0] o R (e]

41 . .
42a:CN 43a: CN
42b: Ph 43b: Ph
42c: OPh 43c: OPh
42d: CH,CH,CH,Ph 43d: CH,CH,CH,Ph

“Reagents and conditions: (a) 2-phenylethanol, NaH, THF, 90 °C, 97%; (b) (1) (COCIl)2, DMF, THF, 0 °C to rt; (2)
NaOH, H20, THF, MeOH, rt, 90% over 2 steps; (c) T£20, pyridine, CH2Clz, 0 °C to rt, 97%; (d) Zn(CN)2, Pd(PPh3)a,
DMF, 150 °C under microwave, 82% (for 42a); (e) PhB(OH)2, Pd(PPh3)4, Na2COs, EtOH, toluene, H2O, reflux, 91%
(for 42b); (f) PhOH, Pda(dba)s, 2-(di-¢-butylphosphino)biphenyl, DIEA, toluene, 80 °C, 19% (for 42¢); (g) (1) 3-
phenyl-1-propyne, Pd(PPhs)4, Cul, DIEA, DMF, rt; (2) Hz2, Pd on carbon, THF, MeOH, rt, 21% over 2 steps (for 42d);

(h) HCI, H20, AcOH, 60 °C, 53-80%.
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3IFRFEDOY U —8AEET S S-EH 4-FF V34 FaXxF Y U2 (46, 51, 53) DAL
1. xS d % 5-7 1 A FLFFEK 44 (Scheme 2-10) . 48 (Scheme 2-11), F /21X 5-H LR F

A F LR 52 (Scheme 2-12) ZHIERA L L THR LT,
Scheme 2-10 (2R T L DT, 5-A T N4-FFH V340 FuxF U 25 ORI AN DORE

Ik NT, T I THA NAFARCDALT IV ERIGNLTAS 25, T —Hk 7T I v
ThHH, 3-AFFIRUDLTIVERIGL, {BEW 46 2157~

Scheme 2-10. Synthesis of Amino Linker Analogue 46

N

0 Me o (P o
HN)‘I> a HN b ¢
B0 Ay B0, Ay ~ oL > Q“ HN
g ) }I)\N MeO ‘H)\N
o

25f 44 45

“Reagents and conditions: (a) NBS, AIBN, CHCIs, reflux, 79%; (b) N-methylbenzylamine, pyridine, DMF, THF, 0 °C

to rt, 59%:; (c) 3-methoxybenzylamine, EtOH, 80 °C, 8%.
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FAED FIET, =—T U U —FUER 51 DGR AR T2 03, FEIE RO E O GBI 5 A4
R L7272%, Scheme 2-11 IZ/R L7 K HIC, 25f OV Y 2 DU AZEUI R RH#ELIC L > THR#ET D
L AL, SEM-CLICEDE Y IVUVERO ZMOEROREL . i< NBSIZXLDH
IO RFAIT K Y | BALW 48 25T, N UAT N a— )L E RS L, 49 5T, BRMESAt:
TC SEM {Ri# LA FRE L7-t%. Scheme 2-10 (2718 L7- 46 DGRk & [AEED 75T, EtOH 1, 3- 2
IR T IVTRETHZEICEDERE=ZXT L (50) 27X/ VAL, bEW S %
=7,

Scheme 2-11. Synthesis of Ether Linker Analogue 51¢

o Br o O\D
Py W e ey
EtO 11)\ Eto\n/\)b EtO\n)\ - EtO\n)\\N -
25f 48 49

0 L 0 L

o) o
HN e O\/H HN
3 —_— >
EtO\r(LN MeO N N
0

6}
50 51

“Reagents and conditions: (a) SEMCI, NaH, DMF, rt, 77%; (b) NBS, AIBN, CHCIs, reflux, 40%; (c) benzyl alcohol,

NaH, THF, 0 °C to rt; (d) TFA, CH2Clz, 0 °C to rt, 30% over 2 steps; (¢) 3-methoxybenzylamine, EtOH, 80 °C, 51%.
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F£7-. Scheme2-12 (77T X 912, 26n DA F LT AT LD MKSIIZ L O . B2 VR BT
WIRS2 2T =V VMG LT, PI"HANCT R R v h—%26T HFEK 53 2157,

Scheme 2-12. Synthesis of Amide Linker Analogue 53¢

o o} o) @
o OMe 0 OH o N
oW L: — LI — L
H H H
MeO N MeO Ny AN MeO Ny Sn
0

26n 52 53

“Reagents and conditions: (a) NaOH, H.O, THF, MeOH, 80 °C, 87%; (b) WSCD*HCI, HOBt, DMAP, DMF, 50 °C,

81%.
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b&¥ 38k OF b U w7 A4 541X, Scheme 2-13 12/ 9 X 912, BKEBEF, 1 £72132 4 &0
REEAKFETFT FY U AT ZUHET L LICLoTHRE L, MAF—LDF Y oA OFR
Tl&., THF/MeOH/H,0 DIRGVEBR Z 8 L= 0y, BEEMED 7V ARV EahEK 38k 2R3 5 7=
DIZKEORBEN LI 2720, 54 38k D—F MU T L) OFF v/ T AAr—VOREEIT S
eI, W EZHE LA, LBREEL LTHED DMSO i1 2 & 38k 24 & DEEIC
WIET 2 DIZHHRITH > 7o, FAxBRETORF, THF/MeOH/DMSO/H,0 (8 :2:1:2v/v) b 7g
DIRBWIERZR O, 54 DX 0 /T DA — )L TORHMELITH Z ENAlfEL feo T,

Scheme 2-13. Preparation of Salts of Compound 38k*

(e} O'\ _
0 o a 0 O Na*
F —_— F
Dk, <L
MeO N 11)\\N MeO N 11)\\N
o] o]
38k 54

“Reagents and condition: (a) NaHCOs3 (1 equiv.), DMSO, THF, MeOH, H:0, 80 °C; MeOH, reflux, 89%
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2-3 XV UREEROMETE AR

XF YV UBRE ARSI IUARUBVERBOBOY U —OEENNEZMRT -0, Vrh—0
MEt & £ 947572, Table 2-112, 3 7V v —FEROMEEEMEMBEZ R Lz, V— NMeEw
1DOT7 I RANVKR=NVEEZATF L () ICEHRT DL EERRIEIETL, 7 I N o —
FHER 4 THRBRICTEENBE T2 2 B8 b oTz, MBS, 7 FEHEZAF L UETESR
T5EHHBEOIEENPRFEFIANAT) .Y — MEAEW 1 O X BES S ENT 20 5 Tyr244 3 X O Thr245
EHEMEMT D EMESND DNVAR=VIEOBEEMEIN/RS L2 (Table2-1), £72. 17 DA VR =
NEEEE Rrx ool (15) &7 2L, EHEAKIBIZKT L, chbofiRly, £V
FNEALTOTIRY A — (1, 261, BLO26f) M50 IeBERLETE 2 RIET 572 0ICEHE
ThoZEePHbMNERoT, —F, XS LV RSz, SR v b & &m L7z E
HEoBNX, ¥FY VO SMELIZ 6 (261 B L TN26f) 12 A F/VIEEEALIALED B EWD
PHEEEZRFF LD, ¥ TV D SMELIZ 6 Mi~D SR DIBEHLEANTEIND Z
EMREE LT,

Table 2-1. Effect of Linker Variation within 3,4-Dihydroquinazolin-4-one Series

0O Ry
5
4 HN Re
6
N
compound linker R4 R,  ICs (M) ?

1 ™~ H H 12+1.5

26f AN H Me 26%3.1

T
O
261 ~_N Me H 2934
T
b
o

152 W H Me >10000

y OH
7 ~_N_~ H Me >10000
17 \Aﬂ/ H Me 22025
o
o
4 Q&N, H Me >10000
H

“ICsp (nM) represents the average ICso value in nanomolars for the inhibition assay of the compound using
the human MMP-13 catalytic domain enzyme. Data are expressed as mean ICsp £ SD, n = 3. *Tested as a

racemic mixture.
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NAAN—=Ty A7 V==V 72X D HHE MMP-13 JLERK L L CRIES LY — MMEaw 1
& MMP-13 O X SEtfEdfiEtric kv . 7Y U VEBAIELS SI'R 7 v A LTS Z ERNH L
MW7 oTe, Flo, SURT y PO X VIRWEBUSMEST 54 A7 v b (S1") %, MMP-13
ORI AR ENERZ BT 20 OREPNOL —7 v b LTRR L, SLIEEY1OF
TV RO SLEIT 6T, BBMELZEATLIOICE LIMETHD & THILTZ,

FERT, FFV VRO TAELITSMMIT/NIBRA PR ELZEANT L&, WG OTEMET
ZLLSIETFLE 26c BXN26d) 729 (Table 2-2), X7+ U VBD 7L E721% 8 ML &L D2
FRREITENE B 2 BEEERBEORTHT, 7YV VBRO SR IV 6 (L OERFEEERT
fTozZ &L,

Table 2-2 (2" T X 512, 6 (LD 7 v HREHAFHIE(K 26e 13, 6 MLEEH DY — FMLaW 1 & L
LT MMP-13 FREVEME A HERF L7z, — 7, 6 LA TV 26f £721X b U 741 X F )L 26g #FE1K
L TEMESNME T Lz, RIS, 6% A h¥ ik (26b) Foid= ¥ (34) TEMHLTH
& MMP-13 FREISMEN 3~5fFm EL, MU ZAdm A h¥y (26h) 0, XTI AF v
(26i) FETEMTDHE, 6L A MFFHEMR 26b & bl U CTIEMEITIRIS Lz, A R EOT A
VAL —=ToDHAFNFAFHER 36207 /FHEMR 3T 1F 6 A b F T FHIEMR 26b & [ DME
PEZ R LT2A . ATV ALIR = VEF 8K 36b ITIEMESME T L7z, L EDO X DIZ 6 fii~DEHED
AT, Met253 & OKFERHENATREL BX b D, MR/ S @it (7
Fr, ARFXY, T hXU AFATFA BIOVT ) BiFELnZ ERnbiroiz (ICs =
1.8-11nM), ML EDOMEZEE 2, MMP-13 & ORI EIER N TR 7 B IL A2 5 (0I2E A
L., S6RLMFEITH 2L & L,

28



Table 2-2. Inhibitory Activities against MMP-13 of 6-, 7-, 8-Substitued Derivatives

0} 5 .
QLY
MeO N ﬁiﬁg;[ R,
o} Rs
compound Ry R, R3 IC50 (NM)?
1 H H H 1215
26e F H H 1116
26f Me H H 26+ 3.1
26g CF, H H 97 + 13
26b OMe H H 4.0+0.53
34 OEt H H 24+0.16
26h OCF, H H 27137
26i OBn H H 110 £ 17
36a SMe H H 1.8+0.19
36b SO,Me H H 23+0.77
37a Ph H H 9.8 £0.56
37b CN H H 6.3 +0.53
26¢ H OMe H 2200 + 960
26d H H OMe >10000

“ICso against MMP-13. Each value is the mean + SD from triplicate assay in a single experiment.
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Table 2-3 (Z/R T X 512, 6 (LEHFEEIL (Table2-2) L IXRAD | 5AL~DONVARIT/N SV E H

EDEA (26k, 26a, B3L U 43a) Tld, KERQREHOM LIZR oA RxoTz, ZOMEITEY
ST Fr, A RFY, BIOUT JEN SI'EO, S1"KR7 v b 3 ZE8ET L0 +4 74
A XA TITENZ EBRRBE N, 6o T, &5 MMP-13 BLEA Z %34 2720, @Y
RV H—%NTHIEIWLESTSI"KR Yy NMIFHEEGTH 777 A~ (P1Y) %)Y U B
SPICEANT DM A D2 L L7z, Table2-3 S5 ~PI"7 T 7 A hEEALALEYE
AL, ¥ TV VUV UEKEPI"7 == VOO Y v —%MET D L MMP-13 [REFME2 A E
L7z (43b, 43¢, 38a, 26m, 38b, 5L U38c), T TH, FFEHDOY — MeAW1 LV b 17 (554
NIREEE R LT 7 = 2 F A F VFHER 26m 1BV T, {LEWOHES, GRORS S %58
L. SbRHREEITHIZEE LT, —FH, 7=23FAAFVFHEER20m OV v —DOBFER T
MO (FFR, BE, KFE) TEEHZ -, 38d, 38e, LUV 43d 1. MMP-13 FHETEMED 4
~14 KT L7, [FERIZ, 3IRF 067200 v I—NO~T el FORENLRD —HEHOILEY
(51, 46, BLV53) 1&, 7=V 7 I FFEARS3 2R\ T, 7= X F A F UiFEK 26m &
e UCIEMEAME T L7z, PIMICAHYE T2 HFERY == VRE Y 7 u~F UV TERT L &
PLEISMERN DT IR T L (38 xF 26m), &7 mA~F VI A IO B O = L BT AT
% EIEMENRE P9 L7z (38g Xt 26m),

Table 2-3. Inhibitory Activities against MMP-13 of 5-Substitued Derivatives

o R
Q0
MeO N ‘n)\\ N
o)
compound R ICs50 (NM)“ compound R IC50 (NM)?

1 H 12£1.5 38¢c 0™~O<Ph 16 + 0.14
26k F 5.0+0.79 384 LN~ Ph 43 + 068
26l Me 29+ 3.4

38e g™~Ph 9.7 + 12
26a OMe 25+4.6

43d H,e PN 29 £ 049
43a CN 8.6+ 0.67

51 H,c O~ Ph 1.7 + 02

2

43b Ph 2.2+0.074 Me

46 e N Ph 16 + 1.4
43c OPh 0.53 + 0.079 2“5

A Ph

38a 0" Ph 0.31 £ 0.0091 53 HC TN 016 = 0017
26m o~ Ph 0.69 + 0.058 38f o 0.99 * 0.1
38b O0"™"Ph  0.52+0.052 38g 0~ O 34 =7

“ICso against MMP-13. Each value is the mean + SD from triplicate assay in a single experiment.
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Table2-4 (/R T X D2, 7 =X F A F FHEEK26m ODFF > U 640 (Ry) IC7 /A mfhz
AT DL, MMP-13 FLEIEHEN A L L7z (38h) 728, FEERARORSGEEHEL T, 617
» FIRT, PI"Kii 7 = = VR DM OB 21T o 72, RN B VRO T LI % %
FRT WRREBRRIN S D Z &, £, SI"K7 v FORKIIIALET D Lysl40 O e-7 2 J H~DOFHAE
ERICIT R0 T D 2 B AKRR AU G/ LR EREEOEANZIT o7, MR, WEHHE
£38h (Ri=H) LItEL T, 74 w@EFHEAR 38i (Ri=F) (T, O0EENRES L, 7 /@&
AR 38) (R) = NHo) (TIEMEAMERF L7, — . WV CBRH SR 38k 13 10 fEoiEMED ) Lk
MBI, FEFIZHRII 2 MMP-13 BRETE %47~ L72 (ICs = 0.0039 nM) .

Table 2-4. Inhibitory Activities of 5-Phenethyloxy Derivatives against MMP-13

)
compound R4 R, ICs0 (NM) ¢
26m H H 069 + 0.058
38h F 0040 = 0.013
38i F F 015 = 0.013
38j NH, F  0.030 = 0.0018
38k CO,H F  0.0039 = 0.0011

“ICso against MMP-13. Each value is the mean + SD from triplicate assay in a single experiment.
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—J. bW 38k 1. RBRL7ZT_XToORM (T~ FEALEY b, UHF E—=Z LR V=
7 A YL, Table 2-5) IZBWTRHANA T T XA TEY T AR+ LIEFARNWI ERbIhoT

(F% =1.5-11), fF X7 v Y =L TOmWEZEN (Table 2-5) & Caco-2 ETOmWZEiEME (L
T OFEIERE (Papp) =47.7nm/s) 75 ZORWASAL FT XA TV T 4 TGRSO VE
fRENIRK E B, NAFTT XA TV T 4 2dGET L7202 38k DHOF-OMF 21T > 7=,
FER. —FT MY U LS4 NEECHREBMETHDLEWVWOIHFELWREELZAL, Ty b, ELEY
M, UHX, E—=S LR, BEXOD = A FLTROBNEZFFMLZE 25, T CTORBRM
T7U—RKEHB L TRHFRRAONA AT RATEV T 0 Z2mT 2 ENbhoiz (ERTh, F%
=23, 74, 35, 58, BL4S),

Table 2-5. Pharmacokinetic Parameters of Sodium Salt 54¢

(e}
54
Intravenous? Oral®
Species Dose Vd,ss ClLtotal Dose Tmax Cmax AUC F Meta_b_olic
(mg/kg) (mL/kg) (mL/h/kg) (mg/kg) (h) (ng/mL)  (ng-h/mL) (%) stability®
Rat 1.0 995 2077 10 0.25 439 1597 23 (4.90 70
Guinea pig 1.0 5387 1615 3.0 0.50 439 1413 74 (6.3 1.0
Rabbit 0.1 1142 222 10 1.8 2293 15677 35 (119) 3.0
Dog 1.0 731 185 10 1.7 3873 31810 58 (3.0 ND"
Monkey 1.0 7025 1256 1.0 2.8 45 456 45 (1.5 2.0
Human NT NT NT NT NT NT NT NT 3.0

?All experiments were performed using three male animals. NT = not tested. ?“Compounds were dosed in
DMA/PEG400 or DMSO. ‘Compounds were dosed in 0.5% methyl cellulose. “Bioavailabilities of 38k (free
form) are given in parentheses. “Hepatic microsomal metabolic stability (uL/min/mg) of free acid of 54.
/Bioavailability at a dose of 3 mg/kg, po. ¢Bioavailability at a dose of 1 mg/kg, po. “No elimination of 54

was observed. ND = not determined.
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2-4  XF VY UFFEEARI8K OMMP-13 & 0 Hekk o XGRS & g HT

ARk L7238k O MMP-13 & O 355235 540, Figure 2-3 127 K 912, 38k-MMP-13 A 1K
D X BN S ALY 38k 1TV — RILAEW 1 L F UHESE— KT MMP-13 IZf5A L. TEMEF
DO EIFHE LT RWnWZ RSNz, baW 38k DX T Y VERHSIE. MMP-13 O
FRMERT Y THOHEROVSIA Ty hE2FELTEY, B — M A TOLUTO 3 FEHETOKER
BILE o TEENINTWVD Z RSNz () F TV U BB 4N D VR =)VEEFE & Thr247
DEKET IR (b) ¥F Y VRO IAMAT I FAKFEL Thr2d5 DU NVER = VER, BEIO (¢) ¥
VU VERO 2N OB D INVER = VERFE & Thi2ds O LT I R, £/ LAWKk D7 = 2 F L4
¥ VAT MMP-13 FrE 7 S1"AR 7 v MRS HELDIAENTEBY . KD 7 = = /VERO LR ¥
DOVIEIT, Lysl40 D -7 X I EDHEBEN L TCH U NRNIBE~DT U H—L7poTNDH I ERD
Mmolo, ALEW 38k D 6 (LD 7 VA v HE RRXRWRIGIERE (3.3A) T Met253 DEHT I &
BHHMAERALTWD Z BRI ST,

(A) (B)

Thr?-jg/< /§ i Thr247

/NH S1" pocket Lys140

S1" pocket

ﬁ o}

IS

Leu239

Figure 2-3. Crystal Structure of the Complex of Carboxylate 38k and MMP-13. (A) Surface representation
of MMP-13 illustrating the binding cavity. The inhibitor is buried deeply into the S1' pocket and extends
into an additional S1’ side pocket (S17), which is unique to MMP-13. The figure was made with program
PyMOL.* (B) The distances of hydrogen bonds and ionic interactions between 38k and MMP-13 are

depicted as dashed lines.
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X7V 2-HNARFY I FFEEREZREOICERT D HELRHIE L, fix OB MMP-13 3
R EREZ AR L, UV —FMEAW 1 & MMP-13 OEAKRO X B S EfET I £ S0 T,
MMP-13 ([ZHF )72 SI'AR 7 > b D &0 RO (S1"AR 7 > b) | Met253 O 1 NH, F L O S1"
RNy P OKIHICALET D Lys140 D e-7 X /L L OMAENZES T 272012, —#H D MMP-13
BN EREZ TV, AL, BAOLREEEEEZ AT 2EMERH Lz, P TH, IR
VIEETA SR 38k 1, FEFITH S22 MMP-13 FLETEE (ICs = 0.0039 nM) % 7R L7z,

BR L7z, 38k & MMP-13 DB EERD X SEIEITICE D L SR v MCELNLBEHRD FH L
ORINC B v — MEOKZE-EEEZEKT 52 L1k 0. 38k 25 MMP-13 IZEA D SI'EZ v hB k&
O, SI'V A FaRZ7 v b (SI'A7» b)) IZHE L. £/, Met253 O EH#H NH, BLOSI"K7 v k
DREIFITNLET D Lysl40 D -7 X I EOMEEMRIZL Y, 8 MMP-13 FLETEMEN I HE I
TWb Z EnmRIT,

T VIR TR 38K T ARSI HEIRIE CH o270, — T MU DA sS4 2 L2 A, #ixa 7z
MFET, ELWERANA T T XA TV T ¢ CHEYEBENRT XA —F2ZR LT,
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H3E BT T/ [2,3-dEY 2 Y FAMMP-13[ERK O A

3-1 HMEAEBEVIVURETLDERE LIZIEHESNESTIMMP-138RMELEKO T 1
AIEE CIR 7=, -V U B EZA T 5IEHINFEAT MMP-13 [HER TH O E2 H v,

XTIV DRV PUBREHDICHY TS () ABRBOZENARENE D2, £/, (i) AREZAT
L7236 0 PI"OEELZITV, B2 7254 TORIRK) MMP-13 BLEHK O Sk B L 7=,

(ii) P1" modification

N

o | P1"

o (i) ring substitution

Figure 3-1. Structural Modification of Fused Pyrimidine MMP Inhibitors

35



MAE Y IV 2- DR VEERHER 6la-m X, 2-7 2/ ~T 0T U —/Lh LR R ER
55a-d. 57a—c., B LUV 58a—c 2 HFEIE L, H@EPRHEIAL LT 2T /L 60a-m 725, 1 7203
2AT w7 DOIRETER L (Scheme 3-1), 60a—m D2\, = F )V AT )VIE, TV 77T 47
—RT IV ERGITIE L, ST HA~AT e T =T I MK 6la—m 157,
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Scheme 3-1. Synthesis of Fused Pyrimidine-2-carboxamide Derivatives 61a—m*

o o o
HzN)@ MeO, EtO HO
H2N H,N H,N
55a-d 57a-c 58a-c
g

aorb e f

o 3 o o
H&N c HN [ horiorj (o] |
N EtO. EtowA\N
EtO%H o’ o)

(o}

56a,b 60a-m 59a,b
korl
(o]
N N
MeO %N
(o]
61a-m
compound compound
55 56 57 60 61 57 58 59 60 61
\ Me
55a 56a - 60a 61a \S

57a - - 60h 61h -
_ s
M
60b 61b I% 57b - - 60i 61i
s

N\
M
60c 61c I} © 57c - - 60j 61

Me
Me Me
AN
60d 61d \ S Me - 58a 59a 60k 61k s
W
Me
55b 56b - 60e 61e [ H-Me - 58b 59b 601 611 ‘ \
o] P
N
Me
\
55¢ - - 60f 61f N - 58 - 60m 61m \
| _N
o
Me
55d - - 60g 61g {
| N
N
Me

4 Reagents and conditions: (a) ethyl chloroglyoxylate, Et;N, THF, 0 °C to rt; (b) (1) diethyl oxalate, EtONa,

EtOH, reflux; (2) oxalyl chloride, DMF, THF, rt; (3) EtOH, pyridine, THF, rt; (c) p-TsOH, toluene or xylene,

reflux; (d) diethyl oxalate, EtONa, EtOH, reflux; (e¢) CNCO:Et, HCI, AcOH, 80 °C; (f) ethyl

chloroglyoxylate, pyridine, rt to 50 °C [for 58a,b]; (g) (1) ethyl chloroglyoxylate, pyridine, rt; (2) oxalyl

chloride, DMF, THF, 0 °C to rt [for 58¢]; (h) NH4OAc, EtOH, reflux [for 59a]; (i) NH4OAc, AcOH, EtOH,

reflux [for 59b]; (j) (1) NHs, EtOH, THF, 0 °C; (2) EtONa, EtOH, 0 °C to rt [for 59c]; (k) 3-

methoxybenzylamine, DMF or EtOH, 80-90 °C [for 60a—h, j—m]; (I) 3-methoxybenzylamine, N-

ethyldiisopropylamine, DMA, 80-90 °C [for 60i].
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FL/)23-dEY IV D5MIZ 3 FHFEDORAR—Y—%2 N L, BT == VIEEHT5HHE
KDOE %, Scheme 3-2 (/R L7z, RO AT L 60b D 5L AFNIEE /7 ma XU f N-
TREAT A IR (NBS) XD VHNVEFITEY, £/ 70 E(K 62 4572, THF 1,
NPT Na—bE NaH TT—7 /Wb T 282, = 27 VO EGHIMAK R HELIT LT T2 0,
HELTZHINVRBOFEAT M EToT, 29LTC, /B IV 2- AR BT LT
ATV 63a-d HfFTth, AT A E Z-A MK RUUALIVTT IV VAT HIEIZEDY
T—7 VY U —FEK 6dab,de Z B LTc, N-AFNEEITF AT —T VY 1 —iFEIK 64f
BLO 6d4g DA S RED HIETIT -T2,

5-[ (7 == )V VR A )V) A FV]HEEIR 67a—c (X, 5-7 2 F XA F LHRK 62 B AR LT,
Wi, RERFEZT AT P DLATEMBEL, 56077 Y FFEHR 65a k7T I U ITETLL
(65b) . FEVWTT N LT H T LIZLD 66a,b #1572, =&/ —/VH 3-A FFI_XUUNLT I
Y& D 66a,b D AT DT I Y AIZED 67a,b BT, KIT, 6Tb DA F VT AT L%
T VIKGIEST 22 LTk IR EEFHEMR 67c ICEH L,

Flo T aEATFAREER2EZ LT LT MY U AICE S TY T / AF/VFHEIK 68 1T A L,
KNWCTZF VT AT DT I ) VT AETV, 7T/ FHER 69a #157-, 69a % Kifgfk+ ~U
DK TIARDIR LT, HIVR BT EK 69b 2157215, BRI ER L, 7=V > e
L. 70ab Z4:7-, = AT /VFHER T0b 1TKER(LT N Y 7 LTRSS L, BIVAR BT EIR 70¢
s .

60b % AIBN OfEfE F T 2.3 M & NBS Z HHWVRFE L, gem-¥ 7 0 EFHEIK T1a 2157-%.
Tla ONKSIRIZE D . TAT b RFEER 71b 247-, 7% b= kU VKRS, WmEHEBRT b
U T L& R VR CERFEIR Tle ~E bt VR R BRI AR L T2k, N
VUNTIvER TV T L, ENT3-ARFURVUATIVTT IV TVRATHI LK
V. 73ab 4372, 173b DTF N AT VARG L T, & $ D B VAR BEFEEAR T3¢ & 94%
DI TR T,

S-EHL 4-F X YV 3HAH-T =/ [23-d|EY) IV UFFEER TS B LUV 76 OERKIL. = AT VIFEL
Tle & 3- A RFIARUUAT IV EDRMCE VR I FFER T4a 2 P I TY T ==
WARABFY AT YR (DPPA) BIOR NI ZFAT I EMEGT AL, RPTRELZA
VT =& tert-7 X ) —NT ATy T LT, M tert-T7 FN TNV~ — MEEGIZ#, HCI-
EtOAc THLEE L T Boc PREEHKZFRE L, ft\ CKEET MY U LKEIK CUBEFTHZ L 0T Y
—DT I UHER T4b T2, 74b & 4- -7 mr2-A XY TFV) RRFMTF L TT VL
DL, TF AT AT IVFEEE TS LMK IRAERY 76 2 FRFIHD Z LB TE I,
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Scheme 3-2. Synthesis of Thieno[2,3-d|pyrimidines 64a—g, 67a—c, 70a—c, 73a—c, 75, and 76

=
]
oi
ZI
I
y =z
o
N
=

-4

0 Me a o Br o X ¢
Bo. L\ ~s Et0. A\ -~s Eto%N s
0 o o o

|
o X R
62 X R
O H 64a
O H 63a
| O COOEt 63b O  COOEt 64b>
O COOH 64c
o ¢ o [o] 64d
h d O CN 63d F
O CN  64e
NMe H 63e
S H 63f NMe H 64f
S H 64g

o ()" o Lr*
o R
f o NH o NH
HNT . ° .
o, Sy s " Ty IS LA
IS E‘OWA\N s MeO j‘)\N S
0 (o]
R=H

R=N,; 65a e R=H 66a 67a
NH, HCI 65b COOMe 66b gggxe g;'ca
T
o CN o R, o HN
c
s HN - o
EtO HN\% QH \)ﬁ:g H “N)H:g&
N S MeO N S N W\%\ s
J 3 MeO N
0
68 R=CN 69 7 g4 R=H 70a
COOH  69b COOEt 70b

COOH 70c

KO/R KO/R
o R o O NH o O NH
] c
HN% HN QH HNT
EtO. L\ -~g EtO. L\ -~g MeO NW)\N s
o 0 ., O
R=H R=H

R=CHBr, 71a - i = 72a 73a
CHO  71b <, COOEt 72b COOEt 73b g
COOH 71c COOH 73c

0\ /(@cooa (@cow
o o )
HNJj\/@ f HN% ° HN H: °
UL [SELR ML,
MeO Nm)\N s MeO NWA\ s * meo NWA\ s

N N
0 0 )
R = COOH 74a 75 76
NH, 2™ 74p

“ Reagents and conditions: (a) 1.2 eq. NBS, AIBN, chlorobenzene, 80 °C, 54% [for 62]; 2.3 eq. NBS, AIBN,
carbon tetrachloride, 80 °C, 85% [for 71a]; (b) (1) benzyl alcohol, NaH, THF; (2) oxalyl chloride, DMF,
THF; (3) EtOH, THF, 16% [for 63a]; (1) 4-hydroxymethylbenzoic acid ethyl ester, NaH, THF; (2) oxalyl
chloride, DMF, THF; (3) EtOH, pyridine, THF, 75% [for 63b]; (1) (4-fluorophenyl)methanol, THF, NaH;
(2) EtOH, EDC HCI, DMAP, THF, 8% [for 63c¢]; (1) 4-(hydroxymethyl)benzonitrile, THF, NaH; (2) EtOH,
EDC HCI, DMAP, THF, 52% [for 63d]; N-methyl-1-phenylmethanamine, Et;N, THF, 52% [for 63e];
phenylmethanethiol, Ets;N, DMA, 30% [for 63f]; (c) 1-[3-(methyloxy)phenyl]methanamine, EtOH, 80—
90 °C, 60% [for 64a]; 90% [for 64b]; 81% [for 64d]; 79% [for 64e]; 58% [for 64f]; 67% [for 64d]; 82%
[for 67a]; 89% [for 67b]; 76% [for 69a]; 85% [for 73a]; 91% [for 73b]; 1-[3-
(methyloxy)phenyl]lmethanamine, ethyldiisopropylamine, EtOH, 90 °C, 67% [for 74a]; (d) NaNs;, DMF,
76%; (e) H,, HCl, Pd/C, EtOH-THF, 94%; (f) benzoyl chloride, EtsN, THF, 72% [for 66a]; 4-
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chlorocarbonylbenzoicacidmethyl ester (prepared from monomethyl terephthalate, oxalyl chloride, DMF,
THF), EtsN, THF, 82% [for 66b]; (1) ethyl 4-(2-chloro-2-oxoethyl)benzoate (prepared from 2-[4-
(ethoxycarbonyl)phenyl]acetic acid, oxalyl chloride, DMF, THF), pyridine, THF; (2) aqueous NaOH
solution, EtOH/THF, 6% [for 75]; 17% [for 76]; (g) aqueous NaOH solution, EtOH or THF, MeOH, 80—
100 °C, quant. [for 64c]; 98% [for 67¢]; 62% [for 69b]; 86% [for 70c]; 62% [for 69b]; 86% [for 70c]; 94%
[for 73c¢]; (h) NaCN, DMF/H,0, 0 °C—rt, 69%; (i) (1) oxalyl chloride, THF; (2) aniline, pyridine, THF, 64%
[for 70a]; (1) oxalyl chloride, THF; (2) ethyl 4-aminobenzoate, pyridine, THF, 76% [for 70b]; (j) (1) oxalyl
chloride, DMF, THF (2) benzylamine, THF, 70% [for 72a]; (1) oxalyl chloride, DMF, THF (2) ethyl 4-
(aminomethyl)benzoate hydrochloride, THF, 80% [for 72b]; (k) 1 N HCI, THF, MeOH, 60 °C, 69%; (1)
NaClO,, MeCN, H,0, 57%; (m) (1) DPPA, Et;N, toluene, 100 °C; (2) tert-butyl alcohol, 100 °C; (3) HCI,
AcOEt; (4) aqueous NaOH, THF, MeOH, 80 °C, 26%.
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Scheme 3-3 (27" XK 91T, 60a O RFA, < T OMER L Vv LEMnTo=hafkic kv,
6-7 0 F-5-= h1-4-F %V 3HAH-F T ) [23-d|E°Y IV 2- IR BT FOLHEE 17T A5
e, NI VY AMBEOFET TOKFIZEY, = b EoiEi s 7 v T HKOKFEG D
BRICHEEIT L, 7Te 28572, TTle e 7 2= L7 FAral) RTT UL L, HWT3-A hF
AT IVTT IV TVATHI LT, U7 RFERTBELRZ,

Scheme 3-3. Synthesis of 5-(2-Phenylacetamido)thieno[2,3-d]pyrimidine 79¢

/< Oy
)
MeO Nm)\N s

(o}
9

T

o

=z

.

o o R, O HN
HN%; HNMR 4 HN%
EtO \N S EtO \N S 2 EtO \N S
o o o
78

60a Ry, Ry =H,Br 77a
NO,, Br 77b Jb De
NH,, H 77c

7

“Reagents and conditions:(a) Br,, AcOH, 93%; (b) conc. H>SO4, NaNOs, 0 °C, 80%; (c) H,, Pd/C,
EtOH/THF, 36%; (d) phenylacetyl chloride, Et;N, THF, 77%; (e) 3-methoxybenzylamine, EtOH, 90 °C,
93%.
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Scheme 3-4 (Z/”" 3 K 512, AR FH I NFFEK 80a (T VLRV EFHENR 64c 226, LA F
PV FNTT CE=T AKEIRE ORISIZE Y B LTz, N-AF AT I RFFER 80b IX, DMAP
DIFETFTTHy TV ZHELTI-2FN3-[3- (VAFAT ) FTrEAALVERIA I Nl
gt (EDC) @M LT, DARVEBRFER 64c 2 AT AT I VEBELHGT 22 LICE0 G
R L7 703 — LERIEAR 80c 1, 64c 2O L7z /LIZ. DMA i, KFE(ATHEF Y
VATELTDZ LISV, T/a— L8R 80c & THF ft, AX A k=27 nl [
KitL, oz AT b— &2 F M) UAA MY RTEBRTHIELEICED, AF V=T L

EA 80d AL L 7=,

Scheme 3-4. Synthesis of Compounds 80a, 80b, 80c, and 80d

o
f/<:j7/4°H
o o
MeO NW/KN S
o
64c

R = CONH,
CONHMe
CH,OH
CH,0Me

80a
80b

80c
80d ) b

“Reagents and conditions: (a) (1) oxalyl chloride, DMF, THF; (2) 28% aqueous ammonia solution, THF,

87% [for 80a]; methylamine hydrochloride, EDC, DMAP, THF, 67% [for 80b]; (1) oxalyl chloride, DMF,

THF; (2) NaBH4, DMA, 65% [for 80c]; (b) (1) MsCl, EtsN, THF; (2) sodium methoxide, MeOH/THF, 80 °C,

66% [for 80d].
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6dc O " F NU v A OFHE %A Scheme 3-5 125 L7, KEEKFET MU & AKIEK 2.0 4 &% 64c
? THF-EtOH ¥ IRICIN 2 57 tE B & | IS L 0 i 6 0B L 7=, %t T 90°C @ EtOH T
HILB ATV, 2 b U U oK 81 21572,

Scheme 3-5. Synthesis of Disodium Salt 81¢

“ Reagents and conditions: (a) (1) THF, EtOH, aqueous NaHCOs; (2) EtOH, 90 °C, 91%.
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3-3 0 MY Y XY BRTE B O &S MEAH B

FFVVFEROR B URE, AWMTFNEMETH LT A7 = VRS, MO~ T 1B TE
AR & D D ORRFH 21T o 72 (Table3-1), 47 = VERO A FILEHFHEIR 61b— 1L, U — K%
TV EHEL T 4~10 i ESNTIEMZ R Lz (Table 2-1 25 8R), 7=, *HET 5 5-
AFLFXF U LA 261 & H#E LT (Table 2-1 5| 5-AFLF =/ EU IV UFHEK
61b X 20 (5LL EO@IEIEE /R L, FA T = VRO SN FH~OBBRNFRTH D Z ENRBE SN
oo —FH. FAZ7zVBEArBn. Ju- V- A VX Vu- BIOEUDUVRRED

MoO~NT O EFHRECEBRT LI, IEENMET L, I, FA 7208277 VERICEHRT D
ELIEMEIZ V/I0 LA FIZEEE L (61d %t 6le), TA 7 2 v BREY UV UVRARED6BE~T T Y
— VBB 5 L 1/100 LLFICHEEY L= (61a xF 611, LLEDHEENS | 4-F % Y 3HAH-F =

JR3-dEYV IVUBRETLERE LTERIRL, SORLEMEITO L E LT,

Table 3-1. In Vitro Data for Ring A Substituted N-[(3-Methoxyphenyl)methyl]-6-oxo-1,6-

dihydropyrimidine-2-carboxamide Derivatives

compound IC50 (nNM) 2  compound A IC50 (nM) @

\ s
61b 110043 61k | ) 29£52
Me Me
\ AN
61d | Me 120069 61g | N 65%10
N
\ 7
61c | Me 314029 61m \N 20038
s e N
—
61h s 12+1.6 61f \
= /
o
61j m'Me 14£22 61i [ V—me 11002220
N N
Me, H
6le wMe 16+ 2.1 61l = | 3200£300
SN
\

61a |

N 760 £ 95

“ICsp (nM) represents the average ICso value in nanomolars for the inhibition assay of the compound using

the human MMP-13 catalytic domain enzyme. Data are expressed as mean ICso £ SD, n = 3.
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Figure 3-21Z77 3 X 912, XGRS MAEEMATIC LY . 747 = ViFEKR61ab U — FME&M1 &
FERDFEAEE— RE &> TWND I ERMERINL, o, SI"RT vy MIHET 2PI"E#HEDOTA
1. EEEMERE O RS S (Table3-1) | 4-4 % V-3HAH-F T ) [2,3-d|E Y 2 2 Bk DS)L
DY) T & 2 ATREMED RIR S L7z, XfILRE i E gt 2n o0 S1"R 7 v A EIZHUKETH Y |
3RF DV A —% N L TCPINCHS T D EMR T = = VEEAZINET 500 ZEMBH L2 L, SI"K
7y N ORKERICALE T HLys1405% 5 EPIESEL L O AR ZE U T, BMOKEES 72134
FUMBAERZERT S EBRARETHDL EE X DL,

Lys140

—— *H2N~)

\
|
|

/

51” pocket ,

Figure 3-2. X-ray Co-crystal Structure of Prototype Compound 61a in Complex with MMP-13 Catalytic
Domain (PDB code: 3WV3) in a Schematic Representation. The ligand interacts in a similar fashion as 1
with MMP-13 residues of the specific S1' pocket (dotted curved line). Molecular modeling suggested that
attachment of the P1” substituent via a linker to the thiophene 5-position of the 4-ox0-3H,4H-thieno[2,3-
d]pyrimidine scaffold would afford a target molecule. An additional possible interaction of P1” with Lys140

residue at the bottom of the S1” pocket is present in the protein.
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PI"ZHMET 5, SMOKNG 7 = VEOBERERBIVO, F= /234 IV a7 oMo
3EF U A — O MMP-13 FRETEMEIC G 2 2 %82 R L7z (Table3-2), N VA F v AF VMK
ZSALICEALTZE 25 (64a), 5-A F/LFKELK 61b (Table3-1) & Fbi L THI 6 fif OIEME M) 73
Roiv, 7 aM A — ¥ —DiEHEZ R LT (ICs0=0.19nM), 64a DK 7 = = /L FD /ST (LIZK
FREONARERFE 2 OEHILAZ B A L2 & 25 (64e) , IIVAF 2 VI TIHIEEN BRI E L
ICso 573 0.0069nM %27~k L7z, —Ji, 7/A4n (64d), B REFv A F )L (80¢), A ¥ A F )b
(80d). 7/ (64e), /AARFH IR (80a), BLON-AF A ANARXH IR (80b) O, fhd
EHE, EERAY (64a) LR L THAREBRISNIZ OO, HIVRF T FER 6d4c LV
AR EEZ R TICIEE SR T,

Table 3-2. Inhibition of MMP-13 by Derivatives with Different Linkers

Nos

cpd linker R IC5o (nM) # cpd linker R IC50 (nM) #
64a H 0.19 £0.021 70a H\ H 0.028 +0.0033
64d F 0.13 +0.016 70c /\g COOH  0.005 % 0.0006
80c CH,0OH 0.032 0.0031 N
80d o CH,OMe 0.080  0.0063 67a . J\ H 0.018 £0.0038
64e CN  0.018 +0.0032 67c H COOH  0.0022 +0.00073
80a CONH, 0.015#0.0013  ~- = === oo
80b CONHMe 0.029 + 0.0012 73a ‘ji o H 0.026 % 0.0022
64c COOH  0.0069 % 0.00078 73¢ N COOH  0.0077 0.00095
64g < s~ H 0.66 £ 0.075 79 H H 0.053 £ 0.0075
64f ‘A'T‘/\ H 39:83 76 r COOH 0.021£0.0018

Me

4 ICso (nM) represents the average 1Cso value in nanomolars for the inhibition assay of the compound

using the human MMP-13 catalytic domain enzyme. Data are expressed as mean ICso = SE, n = 3.

PI"Ki®D R WAKETHHFERTHIERLIZEZA, =2—T VY v — (64a) T F=—T )L
(64g) EITHE =7 I (64f) VW —TEMT L L EEMNRTLERS, 7I R U —
(70a, 67a, 73a, BLUT79) ZHTHFHFIKIL, VAW —~D7 I FHEDOEAMES, X2
BRIES 2 M1 D pM A —F—D ICso fiZ /R L, ZNHDILEMITHNRX L IVIEEBEANTD &
EEN S B EL MO pM A —# — D ICso AR Z & A Dr 272 (T0c, 67¢. 38 LT 73¢),
EVEMEZ R Lo, VAR CEERREIR 64c, T0c, 67c, T3¢, BLUNT6 D5 6 EEME, (LEW
DAY RV TOLRTE (W) IZESN T 4DV RF TRV F U AT ILFHENR 6de %
BIRL ., SROF Ml 21T > Z &IiC LT,
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Table 3-3 [Z/R"T K912, EATY MIT7 Y —D B VAR EEFEEK 64c (10 mgkg) O —F VU
7 LM 81 (109 mg/kg : 7 U — (K% T 10 mg/kg) ZEAOBEET D L. 64c LKL T, AUC B
X0 Cmax fERA K& <\ ELZ (ZnFh, 8357ngsh/mL B X 1,445ng/mL), F£7=. ~F U
v LM 81 1%, 10~20mg/kg DR ARG ETRES RIS, 7 v b (11 mgkg) . 1 X (10.9 mg/kg)
&Y (20mg/kg) D 81 OFEH AUC fHIL, £HZ 74 3,414 ngeh/mL, 2,7136 ngeh/mL 3 X T, 82,360

ngsh/mL THDH Z Lol

Table 3-3. Pharmacokinetics of 64¢ and Its Disodium Salt 81 in Guinea Pig, Dog, and Monkey

species compound  Cp Trax AUC vd,ss’ cL9 % F
ng/mL (po) h (po) ng-h/mL (po) mL/kg (iv) mL/h/kg (iv)

Rat? 81 335 2.8 3414 799 606 20

Guinea pig? 64c 911 0.83 6478 923 431 28

Guinea pig® 81 1445 0.67 8357

Dogd 81 2438 2.0 27136 395 111 29

Monkey® 81 6607 3.0 82360

“i.v. 1.1 mg/kg, p.o. 11 mg/kg male (n = 3). * i.v. 1 mg/kg, p.o. 10 mg/kg male (n = 3). ¢ p.o. 10.9 mg/kg

male (n = 3). 1i.v. 1.09 mg/kg, p.o. 10.9 mg/kg male (n = 3). ¢ p.o. 20 mg/kg male (n = 2) and female (n =

2)./ Volume of distribution at steady state. ¢Total body clearance.
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VU LSO, FROFHEOBRREITN, FTY V=N 1 BRLO, 47 =
FHER 61a & D MMP-13 O X #Abif & it 4 b L1, fROFK L LT, F= /[2,3-dY
UIVraEAV, MMP-13 ([ZRE 72 SIMAR 7 v b & DM BEAER A ATRg 2@ # L (P1M) B XN
SI"RZ7 v b OFKIHITALE T D Lys140 I L OKBAEAMHEMEREZFRT D 2 & T, G & 8IR
PEZLEARETH D EVIREICEK ST Flirx DY b —%J Lz PIMEHILZE A L7 MMP-
13 IR FREZ TV A 0 B LIERER. FERICEIA T, MMP-13 (25 7) 22 [LE 2 =" 9L &
Y64 xHERTDHITEST,

BY IO 3, 40L& Thr245, 247 FFEIE, SUB L OSI"R T v MCE TN LHBEHEOFEHE D
EICE e B v — MEROHAAEMZRET 5, P1"E SI"KS v h OKIRICALE T 5 Lys140 &3k
EDOKRFEREGMEEREZRERT D EH2BME LY v —% N Lz PIMEBEORAIZLY
ICso = 0.0069 nM D I 1258 /1 72 MMP13 FHLEHE 64¢ % FfLH L 72,

7V =D IR CEHER 64c & T MU U LK 81 IZFFET 5 LT, EAE Y FTHE AUC
BELOCmax A RE<MEL, 72, ZF FIUAESIIZT Yy b, A X, BXY, 1T, &
Wik H AUCTEZ R T Z &b hoiz,
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HAE FHEMMP-13[EEIE O AW r Ee ik

4-1 MMPT A VWA 55 X OTACEIZ %3 5 2R

XY U UREEMA 38k, T/ [2,3-d]E ) XV UREEIK 64c O MMP-1, 2, 3, 7, 8, 9, 10, 14,
$ & O tumor necrosis factor-alpha converting enzyme (TACE) # &%, fhd~ hVJ v 7 A X Z 7 n
TAFT—EBRERZIIRTLRIRMET 0 7 7 A VA2 KR LT (Tabled-1), FERIFHFHFIK L LT
HOENTWD, By anNS I AT 24O NV —TnEHE L7t Fe X AR MMP R
3K 82 (RS-130,830%") (XMLD& REEE %D MMP-13 OFRPUEA, 35K & o0 7k
ERSIRODIIK L, 7Y U RFEA 38k 13, oRE Lo & i LT, MMP-13 (124 L
T>41,000 5 O@IRMEZ R LIz, £72, 38k (X, MMP-1, 7, 9, 14, B XU TACE (24 L THENT-
MMP-13 R (>1,000,000 £5) bR L7z, —FH, FT /[23-d]E Y IV U FFEEK 6de 1%, D
ELToBESR LI LT, >2,600 fEOBIRIEZ R L, 7Y U UEFEK L FERIC, MMP-1, 7. 9,
14, B IO TACE IZ%f L TEIL7Z MMP-13 8 (>1,000,000 %) %R L7,

U—REWw 1 Ll LT, 5 U UFFEK 38k O MMP-13 BRFETEMEI3K 3,000 £51m) E L,
R IEA 1,600 50 EE/R LT, £, T/ [2,3-dEY ¥ UFHER 64c D MMP-13 [LETS
PEIE 1,700 £ B L. BIRPEITR 100 5o m EER LT,

Table 4-1. ICso Values for Inhibition of MMPs and TACE

HO. /
MeO "Yﬁ °T>M£j
o o o
82

o

1 [o]
ﬂ‘m RS-130,830 //@J(
OH
o o o) o
HN F HN
MeO jH\N MeO jH\N S
o] o

38k 64c

ICso (nM)*

Compound MMP-13 MMP-1 MMP-2 MMP-3 MMP-7 MMP-8 MMP-9 MMP-10 MMP-14 TACE

1 12 >10000 300 >10000 >10000 1100 >10000 3400 >10000 >10000
38k 0.0039 >10000 5300 4000 >10000 720 >10000 160 >10000 >10000
64c 0.0069 >10000 18 600 >10000 780 >10000 160 >10000 >10000
82 0.01 34 0.029 0.3 210 0.097 0.11 0.54 1.1 14

“ Values are shown as the mean ICso = SD of triplicates.
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4-2  ex vivo 7 I S HRE S MR AN EUER

WCE AR IC BT 2% U UFEAR ISk B LW, =/ U IV UFFEK 64¢ O invitro TOH
M 57212, v aPREEE 2 W72 o mENE O E 21T - 72 253, fih, v
BOPEHRE R 2 2OV A b A Thb, IL-1p & 4> a2 A X F > M (oncostatin M: OSM) LLER
R KEMIENASHE A DO MMP BOEAZHE L, MBS RE TR SnRE T o I
Mo =7 ORMREMOREZIToTz (27 =7 RN e FrXx v 7e ) v e LTHIE),
MR, BEBRALAE Y 1 pM I T OWCE o 31T, R MMP FHE 2L 82 (RS-130,830) 73
100%, 7>V VEFEA 38k 2 73%, T/ B U IV UFHERK 64e 23 100%E 725 2 L Rbno
7=, WIRIBETE 641X, a7 —F O EaAEICHEL (0.1 pM T 87%FH%E) . FEZER
i) MMP FH5EZK 82 (RS-130,830) O fEBAEIENE (0.1 pM T 76% OFRE) (TH D1 MEE /R LTz

(Figured-1) , —JF . &7 U U FFE K 38k 23, £ D\ MMP-13 BTG M Lk L T4y fig

MHNEVEZ R S o e DIF, W EBREHR TG LT, o Rtz RS ko 2 v
H7Z LRSS,
o

[o)

o o
"L s ”iér L Loy

82 38k 64c
RS-130,830
120 -'-
"o 100 1
=
g 1
Q 80 l
5]
(v}
9 %o .
E ok
EJ, 40 *k
*kk *kk
KL 20
8 ]
0 , , , , . | . . | |
‘0_01 | 01 | 1 ‘0_01 | 0.1 ‘ 1 |0_01 | 01 ‘ 1 |
normal IL-1p 82 38k 64c
+ (uM) (HM) (HM)

OSM

Figure 4-1. Inhibition Activity in Bovine Nasal Cartilage Assay. Data are represented as means = SEM (n

=06). T indicates P < 0.05 by t-test compared to untreated group. *, **, and *** denote P < 0.05, P < 0.01,

and P < 0.001, respectively by one-tailed Williams' test.
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4-3  MIA IZ LD OABRIEIRFEH 7 v ET L TOLE YR

£/ 39— FEE (monoiodoacetate: MIA) 12X % OA KRIERFEHK 7 v NET LV AEMA L T, KE
SYFRIC KT 2B IRE) MMP-13 BLEROR O 512 X 2 o fmbil s R 25 L7z, 7 v b ORI
FEWIC MIA Z1ER T 5 & | BIETHCE N O i 235 L | Fl 4 O MMP iEMEDS E5- L 3¢ MMP
BIZELD2WMEBa7—FonfficioC I Mag—SFro~v—h—Thd C-TrXTF K (C-
terminal telopeptides of type II collagen: CTX-11) 2349 % 5758, BAMIEANIZ MIA #1E4#%. 7 H
HIZ 10mg/kg DHETRBILADEZROEL L TH 5 4 K%, BE» D OWIKRY v 7 2 8 E
L. CTX-I A WE LIzt 2 A, MIA EH%, vehicle £ 58 TR CTX-I1 & E O H L~ L
D 18.6 [FOEIMMABER I N2 (Figured-2) . -V U UFEEKRO—F N v A 5413 CTX-1I
BORERMEIZR LI (69%) o —J7. FERIATIRIKA <7 hLo MMP BLEREZ RS, B
R & AT MMP 53K 82 (RS-130,830) (X 87% DMl & ~ L7=, —J7. invitro U >/ &Kk
B RANERER CIX B RIEEEZ /R L, =/ B U IV UFEK 64 O ) MY U A 81 1T,
REHM A T, sl 31%) ZRTice EE o, ZO@PYET VIT MMP-13 LS OFE % D
MMP 2JLH#E L TV D LB Z HILDH T2, MMP-13 BR AP E S O S FEM 247 5 1T+ L b &
WA TITEENATREME 2N D 525, 7V U URFEIK 54 T MMP-13 BRI E RS A& 5T
7y P MIAFHEH OAETNVICKIT a7 =7 U nfamfil+2 2 & &R LT,

0 0

O'Na* N
O'Na
o) o o o o o
F
HO. |
N
ST LT wo o Meo N s
o (o) o) o)

54 81
RS-130,830
140
120
] -
g 00 I
< 80
(=)}
(=} 60
Nr
B0 -
|>£ P
@) 20 I_Y_l
0  — . . .
Vehicle 82 54 81
10 mg/kg, p.o. | 10 mg/kg, p.o. | 10 mg/kg, p.o.
Saline MIA

Figure 4-2. Protective Effect of MMPs Inhibitors on Cartilage Degradation in the Rat Model of
monoiodoacetate (MIA)-induced OA. Synovial C-terminal telopeptide of type II collagen (CTX-II) levels
kok

were measured at 4 h after intraarticular injection of MIA. Data are expressed as means £ SEM (n = 6).

denotes P < 0.01 versus vehicle group by two-way analysis of variance with Dunnett’s test.
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4-4 7 v b EMERBR

FFVUHEEERIBRDO—F P U AH 54T, Ty FEAW R ARG To 2 B O w3
TlX, 200mg/kg/ B O A& E T, BT RIFBE SN R o7, £/, T/ BV IV UFHEE 6de
OZF PV TAESLICEHLTYH, 7y N To 2 B OKERG#& O EERBRZITV . 60 mg/kg/H
O MRV 2 R LT,

UbEoZ &6, 54 38 KO8 81 13 MMP-13 BEELIK O TEREIZ [0 72 & & 72 2 Rl B PR AR O A %
TRABEAR & T o 7,
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4-5  filwm

¥ U R 38k 1 MMP-13 1Z%F L ICso = 0.0039 nM D IEF 5 ) 7e BRFTE A /R L, il
D MMP 7 7 U —IZk L., 41,000 5L EOfO T WERELZ R LT, £/, F= /B IV
VAR 64c B MMP-13 1Zx] L, ICso = 0.0069 nM DIEYE KL T 2,600 i LL LD @V @R Z 78 L
7o

UVBEREREMNN 2T = o ImHRBIC SN T LM I T X F Y U CFEE K 38k
X 73%., F—/ BV Y UFFER 64e 1T 100% OMBITEMEZ R L,

Z v MeHWZE 7 33— REHE (MIA) #F7RBEE%ZET L (10mgkg) ITROFELG L, #1471
27— ONRMEIRETRE ZAH, FF VY FEEK 38k O—F ~ U T A 54 13 69%D

BafEE, /) I P UFBEER 64e D ) N U m A 81 1F 31% ORE oy R4 e 6] &
~ LT,

Z v b 2BEMORAFERBRTIIF TV Y UFFEMAK 541X 200mg/kg/H, =/ B U IV UFH
BAK 811X 60 mg/kg/H £ T, mMUFTRITIA LR o T,
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=iy
OF

AT, BIERA O BNEFREBEEIE (OA) JBEEOAIRZ B L, 1€k kA8 IE SN
PSR X E 2 0 &ML OIS & A LA WMMP-132BIRLER DO 45 FHEICET 250
ThD,

TERDOMMPELEZED, MMP 7 7 X U — N T FE ISR AF S A7 Al REVE 4 v O 5 3l D i 38 2 |
MLebDTHY, AL A L, BRI TH o722 LTkt L, XIS ST 412
o EETO 6= S HENIZMMP-13ICR A OS1"AR 7 > b & OB ZIEH LT, fil
gL O HEN & T E/EM & L2 MMP-13IR IR 2 LESRZAIH T2 & ) kg 2 &
27,

structure-based drug design (SBDD)IZ K ¥ . SR A AT o 7ofE R, 581 72 MMP- 13 FE 4 & i
HDTEWVERREZETLHHF TV ) UFEERB IO, Fx /2348 VU FEEOA
HUZE P L, SR LT A VIO Z Y 4R LT,

AN U7z @fE e« S R A MMP- 13 % 28 0 @ R EEATE O 5 F . in vitrodUE #LARRE B R B L
in vivo OAE 7 /L CHRF 73 i B il 16 1 & feR8 L 72,

in vitrod B LK BT 2% RIEMER X Wlin vivo OAE T /L DIEM: & | BER AL ETGEME & O 31T
KREL, ZOEMEE FDICFEET DITITE SR> 7203, 215 @IRFHER Tid, MMP-
13RRAIPALFEOOATRTE ~OE M PTG HBHIINHETH D L B2 b, K VIREBE KL
7= Y gin vitro, in vivorFfili R OB FEITLHA L B X BV, 2O OHFFEDOHERDFFTZND,
BT IEME - BPWE - WP - RO . Ty Po2BRERGEERBR LRI
MW Z eV 2R TMMP-13 &R ER T/ vV I V8113 BL{E, The Structural
Genomics Consortium (SGC) # U, A3 X OO Y —1 & LT, 2R oifEE
DT LIEH GBI ZEICTE RS & 5 ICAR - BfishTnD
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General. Melting points were determined in open capillary tubes on a Biichi melting point apparatus
B545 and are uncorrected. '"H NMR spectra were recorded on a Varian Gemini-200 (200 MHz) or Varian
Gemini-300 (300 MHz) or Bruker DPX-300 (300 MHz) spectrometer and are reported in parts per million
(0) relative to tetramethylsilane (TMS: ¢ 0.0 ppm). Data are reported as follows: chemical shift, integration,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet, ddd =
doublet of doublet of doublet, bs = broad singlet), and coupling constants (J, Hz). Unless otherwise specified,
all solvents and reagents were obtained from commercial suppliers and used without further purification.
Column chromatography was performed using Merck silica gel 60 (70-230 mesh). Thin-layer
chromatography (TLC) was performed on Merck silica gel plates 60F,s4. LC-MS analysis was performed
on a Shiseido CAPCELL PACK C-18 UG120 S-3 column (1.5 mm@® x 35 mm) in a Waters Alliance 2795
or an Agilent 1100 LC system equipped with a Waters 2487 absorbance detector and a Micromass ZQ2000
mass spectrometer. Analytes were eluted using a linear gradient of water (0.05% TFA)/acetonitrile (0.04%
TFA) from 90:10 to 0:100 over 4 min at a flow rate of 0.5 mL/min. UV detection was at 220 nm. Preparative
HPLC was performed on a Shiseido CAPCELL PACK C-18 UG120 S-5 column (20 mm@ x 50 mm), eluting
at 25 mL/min with a gradient of water (0.1% TFA)/acetonitrile (0.1% TFA). UV detection was at 220 nm.
Compound purity for all tested compounds was determined by elemental analysis or HPLC analysis.
Experimentally determined hydrogen, carbon, and nitrogen composition by elemental analysis was within
+ 0.4% of the expected value, implying a purity of > 95%. Analytical HPLC was performed with Corona
charged aerosol detector (CAD) on an L-column 2 ODS (30 mm x 2.0 mm [.D., CERI, Japan) operated at
50 °C, eluting at 0.5 mL/min using a linear gradient. Mobile phase was A, 50 mmol/L ammonium acetate,
water, and acetonitrile (1:8:1, v/v/v); and B, 50 mmol/L ammonium acetate and acetonitrile (1:9, v/v). The
ratio of mobile phase B was increased linearly from 5% to 95% over 3 min, 95% over the next 1 min. All
experiments using animals were reviewed and approved by the Internal Animal Care and Use Committee of
Takeda Pharmaceutical Research Division.

2-(3-Methoxyphenyl)-N-(6-methyl-4-0x0-3,4-dihydroquinazolin-2-yl)acetamide (4). A mixture of
commercially available 2-amino-6-methyl-3,4-dihydroquinazolin-4-one (3, 150 mg, 0.856 mmol),
compound 2 (380 mg, 2.06 mmol), triethylamine (260 mg, 2.56 mmol), THF (6 mL), and DMF (4 mL) was
stirred at 90 °C for 4 h. The insoluble materials were filtered off and the filtrate was concentrated under
reduced pressure. The residue was suspended with ethanol and the resulting precipitate was collected by
filtration. The solid was washed with ethanol and dried to give 4 as a white powder (198 mg, 72%). mp
208-210 °C. 'H NMR (200 MHz, DMSO-de) J 2.41 (3H, s), 3.70-7.80 (5H, m), 6.82-6.94 (3H, m), 7.26
(1H, t, J= 8.0 Hz), 7.40 (1H, d, J = 8.4 Hz), 7.57-7.62 (1H, m), 7.85 (1H, s), 11.8 (1H, bs), 11.9 (1H, bs).
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Anal. Calcd for C;sH17N3030.1H,0: C, 66.49; H, 5.33; N, 12.92. Found: C, 66.26; H, 5.43; N, 13.14.
2-(Chloromethyl)-6-methylquinazolin-4(3H)-one (6)*°. Sodium methylate (357 mg, 6.62 mmol) was
added to a solution of chloroacetonitrile (2.75 g, 36.4 mmol) in methanol (75 mL) at 0 °C and the mixture
was stirred at room temperature for 1 h. In another flask, commercially available 2-amino-5-methylbenzoic
acid 5 (5.00 g, 33.1 mmol) was added to a solution of sodium methylate (179 mg, 3.31 mmol) in methanol
(75 mL) and this solution was added to the above solution of chloroacetoimidate at room temperature. The
reaction mixture was stirred at room temperature for 1 h and then heated at 80 °C for 2 h. After the mixture
was cooled to room temperature, the precipitated solid was collected and washed with methanol to give 6
as a pale gray powder (4.60 g, 67%). '"H NMR (300 MHz, DMSO-ds) 6 2.45 (3H, s), 4.54 (2H, s), 7.58 (1H,
d, J=8.1Hz), 7.66 (1H, dd, J= 8.1, 1.8 Hz), 7.92 (1H, d, J = 0.6 Hz), 12.5 (1H, bs).
2-({[(3-Methoxyphenyl)methyl]amino}methyl)-6-methyl-3,4-dihydroquinazolin-4-one (7).
A mixture of compound 6 (200 mg, 0.959 mmol), 3-methoxybenzylamine (263 mg, 1.92 mmol), and K,COs3
(132 mg, 0.959 mmol) in THF (6 mL) was stirred at 40 °C for 15 h. The reaction mixture was concentrated
under reduced pressure. The residue was diluted with ethyl acetate, washed with brine, dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The crude product was purified by preparative HPLC and
crystallized from diethyl ether to give 7 as a white powder (120 mg, 41%). mp 172-174 °C. '"H NMR (300
MHz, DMSO-ds) 6 2.43 (3H, s), 3.64 (2H, s), 3.71 (2H, s), 3.73 (3H, s), 6.76—6.80 (1H, m), 6.89-6.93 (2H,
m), 7.21 (1H, t, J = 7.8 Hz), 7.53 (1H, d, J = 8.1 Hz), 7.61 (1H, dd, J= 8.4, 2.1 Hz), 7.89 (1H, d, /= 0.6
Hz). Anal. Calcd for C;sH9N30,°0.4H,0: C, 68.29; H, 6.30; N, 13.27. Found: C, 68.23; H, 6.07; N, 13.23.
6-Methylquinazolin-4(3H)-one (9). Concentrated hydrochloric acid (4.16 mL, 49.9 mmol) was added to
a mixture of commercially available 2-amino-5-methylbenzamide 8 (5.00 g, 33.3 mmol) and trimethyl
orthoformate (51.0 mL, 466 mmol) at 0 °C and the mixture was stirred at room temperature for 2 h. After
the mixture was concentrated under reduced pressure, the residue was diluted with water and neutralized
with 2 M aqueous sodium hydroxide solution. The precipitated solid was collected and washed with H,O,
methanol and diethyl ether to give 9 as a white powder (4.33 g, 81%). 'H NMR (300 MHz, DMSO-ds)
2.44 (3H, s), 7.57 (1H, d, J = 8.4 Hz), 7.62-7.66 (1H, m), 7.91-7.93 (1H, m), 8.03 (1H, s), 12.2 (1H, bs).
tert-Butyl 6-methyl-4-ox0-3,4-dihydroquinazoline-3-carboxylate (10). To a solution of compound 9
(3.00 g, 18.7 mmol) in THF (250 mL) was added sodium hydride (60% oil dispersion, 0.824 g, 20.6 mmol)
at 0 °C and the mixture was stirred at room temperature for 3 h. A solution of di-fert-butyl dicarbonate (6.13
g, 28.1 mmol) in THF (50 mL) was added and the resulting mixture was stirred at room temperature for 3
h. The reaction mixture was partitioned between ethyl acetate and water. The organic layer was washed with
brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography (25% ethyl acetate/hexane) to give 10 as a pale yellow oil
(4.45 g, 91%). '"H NMR (300 MHz, DMSO-ds) 6 1.59 (9H, s), 2.46 (3H, s), 7.60 (1H, d, J = 8.4 Hz), 7.69—
7.72 (1H, m), 7.97 (1H, bs), 8.45 (1H, s).
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3-[3-(Methyloxy)phenyl]propan-1-01 (12). To a solution of commercially available 3-[3-
(methyloxy)phenyl]propanoic acid (11, 3.00 g, 16.6 mmol) and DMF (0.10 mL) in THF (100 mL) was added
dropwise oxalyl chloride (2.32 g, 18.3 mmol) at 0 °C, and the mixture was stirred at room temperature for
3 h. The reaction mixture was concentrated under reduced pressure and dissolved in THF (100 mL). Sodium
borohydride (1.26 g, 33.2 mmol) was added to the solution at 0 °C and the resulting mixture was stirred at
reflux for 2 h. The mixture was partitioned between ethyl acetate and H>O. The organic layer was washed
with brine and dried over anhydrous Na,SOj4. The filtrate was concentrated under reduced pressure to give
12 as a pale yellow oil (2.53 g, 92%). '"H NMR (300 MHz, CDCl3) 6 1.87-1.92 (2H, m), 2.69 (2H, t, J=17.5
Hz), 3.68 (2H, t, J = 6.3 Hz), 3.80 (3H, s), 6.73-6.81 (3H, m), 7.20-7.26 (1H, m).

3-[3-(Methyloxy)phenyl]propanal (13). To a mixture of compound 12 (2.45 g, 14.7 mmol), N-
methylmorpholine-N-oxide (2.58 g, 22.1 mmol) and molecular sieves 4A (500 mg) in CH»Cl, (50 mL) was
added tetrapropylammonium perruthenate (259 mg, 0.737 mmol), and the mixture was stirred at room
temperature for 2 h. The reaction mixture was purified by silica gel column chromatography (60% ethyl
acetate/hexane) to give 13 as a pale yellow oil (1.52 g, 63%). 'H NMR (300 MHz, CDCl;) 6 2.75-2.81 (2H,
m), 2.94 (2H, t, J= 7.5 Hz), 3.80 (3H, s), 6.74—6.80 (3H, m), 7.18-7.26 (1H, m), 9.83 (1H, t, J = 1.5 Hz).

tert-Butyl 2-[1-hydroxy-3-(3-methoxyphenyl)propyl]-6-methyl-4-0x0-3,4-dihydroquinazoline-3-
carboxylate (14). To a solution of compound 10 (500 mg, 1.92 mmol) in THF (20 mL) was added dropwise
lithium diisopropylamide (1.8 M in a mixed solvent of heptane, THF and ethylbenzene, 1.28 mL, 2.30
mmol) at —78 °C, and the mixture was stirred at —78 °C for 10 min. A solution of compound 13 (631 mg,
3.84 mmol) in THF (5 mL) was added at —78 °C and the reaction mixture was allowed to warm to room
temperature followed by stirring at room temperature for 1 h. The reaction was quenched 1 M hydrochloric
acid and the resulting mixture was partitioned between ethyl acetate and H»O. The organic layer was washed
with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography (25-33% ethyl acetate/hexane) to give 14 as a yellow oil (815
mg, 44%). 'H NMR (300 MHz, DMSO-ds) J 1.40 (9H, s), 2.14-2.27 (2H, m), 2.44 (3H, s), 2.64-2.76 (2H,
s), 3.71 (3H, s), 5.17-5.22 (1H, m), 6.65-6.81 (3H, m), 7.14-7.21 (1H, m), 7.52-7.55 (1H, m), 7.61-7.65
(1H, m), 7.89 (1H, s).

2-[1-Hydroxy-3-(3-methoxyphenyl)propyl]-6-methyl-3,4-dihydroquinazolin-4-one (15). A mixture
of compound 14 (360 mg, 0.848 mmol), trifluoroacetic acid (3 mL), and CH,Cl, (6 mL) was stirred at room
temperature for 1 h. The reaction mixture was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (60% ethyl acetate/hexane) and crystallized from diethyl ether to give
15 as a white powder (125 mg, 0.385 mmol, 45%). mp 149-151 °C. 'H NMR (300 MHz, DMSO-d) J 2.00—
2.09 (2H, m), 2.43 (3H, s), 2.57-2.72 (2H, m), 3.72 (3H, s), 4.38-4.44 (1H, m), 5.76 (1H, t, J = 4.8 Hz),
6.72-6.81 (3H, m), 7.18 (1H, t, /= 7.8 Hz), 7.54 (1H, d, J = 8.4 Hz), 7.62 (1H, d, J= 7.8 Hz), 7.90 (1H, s),
11.7 (1H, bs). Anal. Calcd for C;9H20N2030.1H,0: C, 69.96; H, 6.24; N, 8.59. Found: C, 69.67; H, 6.18,;
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N, 8.51.

2-[3-(3-Methoxyphenyl)propanoyl]-6-methyl-3,4-dihydroquinazolin-4-one (17). Dimethylsufoxide
(0.011 mL, 0.154 mmol) was added to a solution of oxalyl chloride (0.013 mL, 0.154 mmol) in CH,Cl, (4
mL) at —78 °C under nitrogen atmosphere and the mixture was stirred at —78 °C for 2 min. A solution of
compound 15 (25 mg, 0.077 mmol) and dimethylsulfoxide (0.020 mL) in CH,Cl, (2 mL) was added and the
mixture was stirred at —78 °C for 1 h. After triethylamine (0.107 mL, 0.771 mmol) was added, the resulting
mixture was allowed to warm to room temperature and stirred at room temperature for 2 h. The reaction
mixture was partitioned between ethyl acetate and water. The organic layer was washed with brine, dried
over anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was purified by silica
gel column chromatography (25% ethyl acetate/hexane) to give compound 16 (1-(6-methyl-4-
{[(methylthio)methyl]oxy}quinazolin-2-yl)-3-[3-(methyloxy)phenyl]propan-1-one) as a pale yellow oil (12
mg). To a solution of the pale yellow oil obtained above in CH,Cl, (1 mL) was added 90% aqueous
trifluoroacetic acid (0.5 mL), and the mixture was stirred at room temperature for 10 min. The reaction
mixture was concentrated under reduced pressure and the residue was purified by preparative HPLC to give
17 as a white powder (6.5 mg, 26%). '"H NMR (300 MHz, CDCI3) 6 2.53 (3H, s), 3.03-3.08 (2H, m), 3.54—
3.59 (2H, m), 3.80 (3H, s), 6.73-6.86 (3H, m), 7.22 (1H, t, J= 8.1 Hz), 7.65 (1H, dd, J = 8.4, 2.1 Hz), 7.75
(1H, d, J= 8.4 Hz), 8.13-8.14 (1H, m), 10.1 (1H, bs).

Representative Procedure for the Synthesis of Compounds 22a and 22c¢: 2-(Methyloxy)-6-nitro-
benzonitrile (22a). To a solution of 2,6-dinitrobenzonitrile (6.00 g, 31.1 mmol) in methanol (120 mL) was
added dropwise a solution of sodium methoxide (1.68 g, 31.1 mmol) in methanol (30 mL) at room
temperature and the mixture was refluxed for 3 h. The mixture was concentrated under reduced pressure
and the residue was partitioned between ethyl acetate and H,O. The organic layer was washed with brine,
dried over Na,SO4 and concentrated under reduced pressure to give the title compound as a brown powder
(5.50 g, 30.9 mmol, 99%). 'H NMR (200 MHz, DMSO-ds) J 4.04 (3H, s), 7.70-7.78 (1H, m), 7.90-7.95
(2H, m).

4-(Methyloxy)-2-nitrobenzonitrile (22¢). Compound 22¢ was prepared from 2,4-dinitrobenzonitrile
(pale yellow powder, 38%). '"H NMR (200 MHz, CDCls) 6 3.98 (3H, s), 7.23-7.30 (1H, m), 7.73-7.83 (2H,
m).

2-Nitro-6-[(2-phenylethyl)oxy]benzonitrile (22b). To a mixture of 2-phenylethanol (1.27 g, 10.4 mmol),
DMF (20 mL) and THF (5 mL) was added sodium hydride (60% oil dispersion, 460 mg, 11.4 mmol) at 0 °C
and the mixture was stirred at room temperature for 30 min. A solution of 2,6-dinitrobenzonitrile (2.00 g,
10.4 mmol) in THF (5§ mL) was added to the mixture and the resultant mixture was heated at 90 °C for 3 h.
The mixture was concentrated under reduced pressure and the residue was partitioned between ethyl acetate
and H,O. The organic layer was washed with brine and dried over Na,SO4. After removal of the solvent, the

residue was triturated with ethanol to give the title compound as a brown powder (894 mg, 3.33 mmol,
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32%). "H NMR (200 MHz, DMSO-ds) 6 3.12 (2H, t, J = 6.6 Hz), 4.46 (2H, t, J = 6.8 Hz), 7.19-7.41 (5H,
m), 7.74 (1H, dd, J = 6.6, 3.0 Hz), 7.79-7.93 (2H, m).

Representative Procedure for the Synthesis of Compounds 23a, 23¢, and 23m: 2-Amino-6-
(methyloxy) benzamide (23a). To a mixture of 2-(methyloxy)-6-nitrobenzonitrile (2.60 g, 14.6 mmol) and
hydrazine monohydrate (1.53 g, 30.7 mmol) in ethanol (60 mL) was added portionwise Raney Ni (600 mg)
and the mixture was stirred at 60 °C for 2 h. Additional Raney Ni (300 mg) was added to the reaction mixture
and the resultant mixture was refluxed for 2 h. The insoluble materials were filtered off through a PTFE
membrane filter and concentrated under reduced pressure. The residue was partitioned between ethyl acetate
and 1 N hydrochloric acid. The aqueous layer was basified with 1 N aqueous sodium hydroxide solution
and extracted with ethyl acetate. The organic layer was washed with brine, dried over Na,SO4; and
concentrated under reduced pressure to give the title compound as a brown powder (980 mg, 5.90 mmol,
40%). '"H NMR (200 MHz, DMSO-ds) J 3.76 (3H, s), 6.15-6.19 (1H, m), 6.28-6.35 (3H, m), 7.01 (1H, t, J
= 8.0 Hz), 7.25 (1H, bs), 7.53 (1H, bs).

2-Amino-4-(methyloxy)benzamide (23¢). Compound 23c¢c was prepared from compound 22c¢ (pale
yellow powder, 88%). '"H NMR (200 MHz, DMSO-ds) 6 3.69 (3H, s), 6.06 (1H, dd, J = 8.8, 2.6 Hz), 6.19
(1H, d, J= 2.6 Hz), 6.73 (2H, bs), 7.48 (1H, d, J = 8.8 Hz).

2-Amino-6-[(2-phenylethyl)oxy]benzamide (23m). Compound 23m was prepared from compound 22b
(brown powder, 44%). '"H NMR (200 MHz, DMSO-d¢) J 3.07 (2H, t, J = 6.6 Hz), 4.20 (2H, t, J = 6.6 Hz),
6.19 (1H, d, J = 8.2 Hz), 6.30 (1H, d, J = 7.6 Hz), 6.40 (2H, bs), 6.99 (1H, t, J = 8.2 Hz), 7.22-7.33 (7H,
m).

2-Amino-5-(methyloxy)benzamide (23b). To a solution of 5-methoxy-2-nitrobenzoic acid (18.0 g, 91.3
mmol) and DMF (0.1 mL) in THF (150 mL) was added dropwise oxalyl chloride (12.7 g, 100 mmol) at 0 °C.
After being stirred at room temperature for 3 h, the mixture was added to 7% aqueous ammonia solution
(200 mL) at 0 °C. The mixture was concentrated under reduced pressure and the residue was suspended in
H,O. The precipitated solid was collected and washed with H,O to give 5-methoxy- 2-nitrobenzamide as a
pale yellow powder (10.0 g, 50.9 mmol, 56%). A mixture of 5-methoxy- 2-nitrobenzamide (9.70 g, 49.4
mmol) and 10% palladium on carbon (2.00 g) in methanol (250 mL) was stirred at room temperature for 6
h under hydrogen atmosphere (1 atm). After the insoluble materials were filtered off through a PTFE
membrane filter, the filtrate was concentrated under reduced pressure to give the title compound as a pale
yellow powder (8.20 g, 49.3 mmol, 99%). 'H NMR (200 MHz, DMSO-ds) 6 3.67 (3H, s), 6.11 (2H, bs),
6.63 (1H, d, J = 8.8 Hz), 6.83 (1H, dd, J = 8.8, 2.8 Hz), 7.09 (1H, bs), 7.10 (1H, d, J = 2.8 Hz), 7.75 (1H,
bs).

Representative Procedure for the Synthesis of Compounds 23d, 23h, 23j, and 231: 2-Amino-3-
(methyloxy)benzamide (23d). To a solution of 3-methoxyanthranilic acid (4.90 g, 29.3 mmol) in THF (40

mL) was added triphosgene (2.90 g, 9.77 mmol) and the mixture was stirred at 60 °C for 15 h. The mixture
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was concentrated under reduced pressure and 1 N aqueous ammonia solution (150 mL) was added to the
residue. After being stirred at 60 °C for 2 h, the mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried over Na,SOj4 and filtered. The filtrate was concentrated under reduced pressure
to give the title compound as a pale yellow powder (3.65 g, 22.0 mmol, 75%). '"H NMR (300 MHz, DMSO-
ds) 0 3.79 (3H, s), 6.27 (2H, bs), 6.48 (1H, t, J = 8.1 Hz), 6.88 (1H, dd, J= 8.1, 1.2 Hz), 7.09 (1H, bs), 7.18
(1H, dd, J=8.1, 1.2 Hz), 7.71 (1H, bs).
2-Amino-5-[(trifluoromethyl)oxy]benzamide (23h). Compound 23h was prepared from 5-[(trifluoro-
methyl)oxy]anthranilic acid (yellow powder, 43%). 'H NMR (200 MHz, DMSO-dg) J 6.74 (1H, d, J=9.2
Hz), 6.78 (2H, bs), 7.12-7.25 (2H, m), 7.55 (1H, d, J = 2.8 Hz), 7.85 (1H, bs).
2-Amino-5-iodobenzamide (23j). Compound 23j was prepared from 5-iodoanthranilic acid (white powder,

64%). '"H NMR (200 MHz, DMSO-d¢) 6 6.54 (1H, d, J = 8.8 Hz), 6.69 (2H, bs), 7.14 (1H, bs), 7.37 (1H,
dd, J=18.8,2.2 Hz), 7.81 (1H, d, J= 2.2 Hz), 7.80-7.83 (1H, m).

2-Amino-6-methylbenzamide (231). Compound 231 was prepared from 6-methylanthranilic acid (pale
yellow powder, 13%). '"H NMR (200 MHz, DMSO-de) 6 2.21 (3H, s), 4.89 (2H, bs), 6.38 (1H, d, J = 7.6
Hz), 6.50 (1H, d, J = 8.0 Hz), 6.91 (1H, t, J = 7.8 Hz), 7.4 (1H, bs), 7.61 (1H, bs).

2-Amino-5-(trifluoromethyl)benzamide (23g). To a solution of 2-nitro-5-(trifluoromethyl)aniline (5.00
g, 24.3 mmol) in concentrated hydrochloric acid (50 mL) was added dropwise a solution of sodium nitrite
(1.84 g, 26.7 mmol) in H,O (15 mL) at 0 °C and the mixture was stirred at room temperature for 1 h. After
the insoluble materials were filtered off, to the filtrate was added dropwise a mixture of copper(I) cyanide
(2.91 g, 29.2 mmol) and sodium cyanide (600 mg, 12.2 mmol) in H,O (20 mL) followed by the addition of
toluene (9 mL). After being stirred at room temperature for 15 h, the mixture was diluted with chloroform,
washed with H,O and brine, dried over Na,SO4 and concentrated under reduced pressure to give crude 2-
nitro-5-(trifluoromethyl)benzonitrile (22d) as a brown oil. Compound 23g was prepared from compound
22d obtained above with the same procedure as described for 23a (brown powder, 16% over 2 steps). 'H
NMR (200 MHz, DMSO-de) ¢ 6.81 (1H, d, J = 8.4 Hz), 7.20 (3H, m), 7.41 (1H, dd, J = 8.6, 2.0 Hz), 7.89
(1H, bs), 7.99 (1H, bs).

2-Amino-5-[(phenylmethyl)oxy]benzamide (23i). To a solution of 5-hydroxy-2-nitrobenzoic acid (10.0
g, 54.6 mmol) in DMF (200 mL) were added benzyl bromide (20.5 g, 120 mmol) and potassium carbonate
(18.9 g, 137 mmol) and the mixture was stirred at room temperature for 15 h. The mixture was concentrated
under reduced pressure and the residue was suspended in H,O. The precipitated solid was collected and
washed with H,O to give benzyl 5-benzyloxy-2-nitrobenzoate as a yellow powder (19.4 g, 53.5 mmol, 98%).
To a solution of benzyl 5-benzyloxy-2-nitrobenzoate (19.0 g, 52.2 mmol) in methanol (100 mL) was added
a solution of potassium hydroxide (8.79 g, 157 mmol) in H,O (50 mL) and the mixture was refluxed for 1
h. After acidification with 4 N hydrochloric acid, the mixture was concentrated under reduced pressure and

the residue was partitioned between ethyl acetate and H>O. Eighty mL of 1 N aqueous sodium hydroxide
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solution was added to the organic layer and the precipitated solid was collected. The solid was dissolved
with methanol and 1 N hydrochloric acid (60 mL) was added. The product was extracted with ethyl acetate,
washed with brine, dried over Na,SO4 and concentrated under reduced pressure to give 5-benzyloxy-2-
nitrobenzoic acid as a pale yellow powder (12.0 g, 44.1 mmol, 84%). To a solution of 5-benzyloxy-2-
nitrobenzoic acid (11.9 g, 43.6 mmol) and DMF (0.12 mL) in THF (120 mL) was added dropwise oxalyl
chloride (6.08 g, 47.9 mmol) at 0 °C. After being stirred at room temperature for 3 h, the mixture was added
to 3% aqueous ammonia solution (270 mL) at 0 °C and stirred at room temperature for 1 h. The precipitated
solid was collected and washed with H>O and diethyl ether to give 5-benzyloxy-2-nitrobenzamide as a pale
yellow powder (11.0 g, 40.6 mmol, 93%). A mixture of 5-benzyloxy-2-nitrobenzamide (10.5 g, 38.8 mmol),
ammonium chloride (10.0 g), Fe powder (10.0 g), ethanol (100 mL) and H,O (100 mL) was refluxed for 1.5
h. The insoluble materials were filtered off and concentrated under reduced pressure. The residue was
partitioned between ethyl acetate and 1 N aqueous sodium hydroxide solution. The organic layer was washed
with brine, dried over Na,SO4 and concentrated under reduced pressure to give the title compound as a
yellow powder (9.42 g, 38.8 mmol, 100%). '"H NMR (200 MHz, DMSO-d;) 6 4.99 (2H, s), 6.15 (2H, bs),
6.63 (1H, d, J = 8.8 Hz), 6.91 (1H, dd, J= 8.8, 2.8 Hz), 7.07 (1H, bs), 7.24 (1H, d, J = 2.8 Hz), 7.28-7.45
(5H, m), 7.74 (1H, bs).

Representative Procedure for the Synthesis of Compounds 24a—m: Ethyl {[2-(Aminocarbonyl)-3-
(methyloxy)phenyl]amino}(oxo)acetate (24a). To a solution of compound 23a (960 mg, 5.78 mmol) and
triethylamine (701 mg, 6.93 mmol) in THF (20 mL) was added dropwise ethyl chloroglyoxylate (868 mg,
6.36 mmol) at 0 °C and the mixture was stirred at room temperature for 2 h. The mixture was diluted with
ethyl acetate, washed with H,O and brine, dried over Na,SOj4. After removal of the solvent, the residue was
triturated with ethanol to give the title compound as a yellow powder (1.56 g, 5.85 mmol, 100%). '"H NMR
(200 MHz, DMSO-des) 0 1.31 (3H, t, J= 7.2 Hz), 3.86 (3H, s), 4.30 (2H, q, J= 7.2 Hz), 6.97 (1H, d, /= 8.4
Hz), 7.46 (1H, d, J = 8.4 Hz), 7.91-8.06 (2H, m), 8.02 (1H, d, J = 8.0 Hz), 12.27 (1H, bs).

Ethyl {[2-(Aminocarbonyl)-4-(methyloxy)phenyl]amino}(oxo)acetate (24b). Compound 24b was
prepared from compound 23b (pale yellow powder, 100%). '"H NMR (200 MHz, DMSO-d¢) § 1.31 (3H, t,
J=17.2Hz),3.81 (3H, s), 4.30 (2H, q, J = 7.2 Hz), 7.18 (1H, dd, J = 9.0, 3.0 Hz), 7.43 (1H, d, J = 3.0 Hz),
7.86 (1H, bs), 8.39 (1H, bs), 8.47 (1H, d, J = 8.8 Hz).

Ethyl {[2-(Aminocarbonyl)-5-(methyloxy)phenyl]amino}(oxo)acetate (24c). Compound 24c was
prepared from compound 23¢ (pale yellow powder, 100%). '"H NMR (200 MHz, DMSO-ds) J 1.32 (3H, t,
J="1.2 Hz), 3.82 (3H, s), 4.30 (2H, q, /= 7.2 Hz), 6.80 (1H, dd, J = 8.8, 2.6 Hz), 7.64 (1H, bs), 7.88 (1H,
d, J=8.8 Hz), 8.18-8.21 (1H, m), 8.20 (1H, d, J = 2.6 Hz).

Ethyl {[2-(Aminocarbonyl)-6-(methyloxy)phenyl]Jamino}(oxo)acetate (24d). Compound 24d was
prepared from compound 23d (white powder, 81%). 'H NMR (200 MHz, DMSO-d;) 6 1.30 3H, t,J = 7.2
Hz), 3.79 (3H, s), 4.29 (2H, q, J= 7.2 Hz), 7.15 (1H, dd, J = 7.6, 1.4 Hz), 7.20 (1H, dd, J = 8.4, 1.4 Hz),
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7.34 (1H, dd, J = 8.4, 7.6 Hz), 7.45 (1H, bs), 7.68 (1H, bs), 10.15 (1H, bs).

Ethyl {[2-(Aminocarbonyl)-4-fluorophenyl]amino}(oxo)acetate (24e). Compound 24e was prepared
from compound 23e (white powder, 87%). 'H NMR (200 MHz, DMSO-ds) 6 1.36 (3H, t, J= 7.2 Hz), 4.31
(2H, q, J = 7.2 Hz), 7.42-7.53 (1H, m), 7.76 (1H, dd, J = 9.8, 2.8 Hz), 7.99 (1H, bs), 8.41 (1H, bs), 8.57
(1H, dd, J=9.2, 5.2 Hz).

Ethyl {[2-(Aminocarbonyl)-4-methylphenyl]amino}(oxo)acetate (24f). Compound 24f was prepared
from compound 23f (white powder, 100%). 'H NMR (200 MHz, DMSO-d¢) § 1.31 (3H, t, J= 7.2 Hz), 2.32
(3H,s),4.29 2H, q,J=7.2 Hz), 7.38 (1H, dd, J=8.4,1.4 Hz), 7.71 (1H, d, J= 1.4 Hz), 7.79 (1H, bs), 8.29
(1H, bs), 8.42 (1H, d, J = 8.4 Hz).

Ethyl {[2-(Aminocarbonyl)-4-(trifluoromethyl)phenyl]amino}(oxo)acetate (24g). Compound 24g was
prepared from compound 23g (brown powder, 99%). '"H NMR (200 MHz, DMSO-ds) 6 1.33 (3H, t, J=7.2
Hz), 4.32 (2H, q, J = 7.2 Hz), 7.93-8.04 (2H, m), 8.23-8.28 (1H, m), 8.63 (1H, bs), 8.74 (1H, d, J = 8.8
Hz).

Ethyl ({2-(Aminocarbonyl)-4-[(trifluoromethyl)oxy]phenyl}amino)(oxo)acetate (24h). Compound
24i was prepared from compound 23h (yellow powder, 100%). '"H NMR (200 MHz, DMSO-ds) 5 1.32 (3H,
t,J=7.0 Hz), 4.31 (2H, q, J = 7.0 Hz), 7.62-7.67 (1H, m), 7.90 (1H, d, J = 3.2 Hz), 8.02 (1H, bs), 8.48
(1H, bs), 8.64 (1H, d, J=9.6 Hz).

Ethyl ({2-(Aminocarbonyl)-4-[(phenylmethyl)oxy]phenyl}amino)(oxo)acetate (24i). Compound 24i
was prepared from compound 23i (yellow powder, 100%). '"H NMR (200 MHz, DMSO-de) 6 1.31 (3H, t, J
=7.2 Hz), 4.30 (2H, q, J = 7.2 Hz), 5.15 (2H, s), 7.26 (1H, dd, J = 9.2, 3.0 Hz), 7.30-7.50 (5H, m), 7.55
(1H, d, J=2.6 Hz), 7.85 (1H, bs), 8.37 (1H, bs), 8.47 (1H, d, J = 9.0 Hz).

Ethyl {[2-(Aminocarbonyl)-4-iodophenyl]amino}(oxo)acetate (24j). Compound 24j was prepared
from compound 23j (white powder, 96%). '"H NMR (200 MHz, DMSO-d¢) § 1.31 (3H, t, J= 7.0 Hz), 4.30
(2H, q, J=7.0 Hz), 7.91 (1H, dd, J = 8.8, 2.2 Hz), 7.92 (1H, bs), 8.20 (1H, d, J=2.2 Hz), 8.34 (1H, d, J =
8.8 Hz), 8.43 (1H, bs).

Ethyl {[2-(Aminocarbonyl)-3-fluorophenyl]amino}(oxo)acetate (24k). Compound 24k was prepared
from compound 23k (white powder, 79%). '"H NMR (200 MHz, DMSO-ds) 6 1.31 (3H, t, J= 7.2 Hz), 4.3
(2H, q, J = 7.2 Hz), 7.14 (1H, dd, J = 10.4, 8.2 Hz), 7.55 (1H, dd, J = 14.8, 8.2 Hz), 8.12-8.19 (3H, m),
11.64 (1H, bs).

Ethyl {[2-(Aminocarbonyl)-3-methylphenyljamino}(oxo)acetate (241). Compound 241 was prepared
from compound 231 (white powder, 87%). 'H NMR (200 MHz, DMSO-ds) 6 1.31 (3H, t, J = 7.0 Hz), 2.37
(3H,s),4.30 (2H, q,J=7.0 Hz), 7.10 (1H, d, J= 7.2 Hz), 7.34 (1H, t, J= 7.8 Hz), 7.88 (1H, d, /= 8.6 Hz),
7.94-7.98 (2H, m), 10.24 (1H, bs).

Ethyl ({2-(Aminocarbonyl)-3-[(2-phenylethyl)oxy]phenyl}amino)(oxo)acetate (24m). Compound
24m was prepared from compound 23m (white powder, 100%). '"H NMR (200 MHz, DMSO-ds) 6 1.31 (3H,
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t,J=7.2Hz),3.11 (2H, t,J = 6.6 Hz), 4.24-4.38 (4H, m), 6.98 (1H, d, /= 8.0 Hz), 7.20-7.34 (5H, m), 7.44
(1H,t,J=8.4 Hz), 7.72 (1H, bs), 8.02 (1H, d, J = 8.4 Hz), 8.04 (1H, bs), 12.28 (1H, bs).

Representative Procedure for the Synthesis of Compounds 25a and 25c¢: Ethyl 5-(Methyloxy)-4-oxo-
3,4-dihydroquinazoline-2-carboxylate (25a). A mixture of compound 24a (1.50 g, 5.63 mmol) and p-
toluenesulfonic acid monohydrate (535 mg, 2.81 mmol) in toluene (60 mL) was refluxed for 15 h. Additional
p-toluenesulfonic acid monohydrate (535 mg, 2.81 mmol) was added and the mixture was refluxed for
further 24 h. The mixture was diluted with ethyl acetate, washed with H,O and brine, dried over Na,SOj,.
After removal of the solvent, the residue was triturated with ethanol to give the title compound as a pale
yellow powder (304 mg, 1.22 mmol, 22%). 'H NMR (200 MHz, DMSO-ds) 6 1.34 (3H, t, J = 7.2 Hz), 3.89
(3H,s),4.36 (2H, q,J=7.2 Hz), 7.15 (1H, d, J= 8.0 Hz), 7.32 (1H, d, /= 7.6 Hz), 7.76 (1H, t, /= 8.2 Hz).

Ethyl 7-(Methyloxy)-4-o0x0-3,4-dihydroquinazoline-2-carboxylate (25¢). Compound 25¢ was prepared
from compound 24¢ (brown powder, 27%). '"H NMR (200 MHz, DMSO-d¢) § 1.36 (3H, t, J = 7.2 Hz), 3.92
(3H, s), 4.38 (2H, q, J = 7.2 Hz), 7.21 (1H, dd, J = 8.8, 2.6 Hz), 7.30 (1H, d, J = 2.6 Hz), 8.07 (1H, d, J =
8.8 Hz).

Representative Procedure for the Synthesis of Compounds 25b and 25d-m: Ethyl 6-(Methyloxy)-4-
0x0-3,4-dihydroquinazoline-2-carboxylate (25b). To a suspension of compound 24b (1.50 g, 5.63 mmol)
in ethanol (30 mL) was added dropwise sodium ethoxide (20% in ethanol, 2.30 g, 6.76 mmol) at 0 °C and
the mixture was stirred at the same temperature for 2 h. The mixture was acidified with 1 N hydrochloric
acid to pH 3—4. The resulting precipitate was collected, washed with H,O and ethanol, and dried to give the
title compound as a white powder (1.04 g, 4.19 mmol, 74%). 'H NMR (200 MHz, DMSO-d) J 1.35 (3H, t,
J=72Hz),3.91 (3H,s), 438 (2H, q, /= 7.2 Hz), 7.49 (1H, dd, J= 8.8, 3.0 Hz), 7.57 (1H, d, J = 3.0 Hz),
7.79 (1H, d, J = 8.8 Hz).

Ethyl 8-(Methyloxy)-4-0x0-3,4-dihydroquinazoline-2-carboxylate (25d). Compound 25d was prepared
from compound 24d (yellow powder, 38%). '"H NMR (200 MHz, DMSO-ds) 6 1.36 (3H, t, J = 7.2 Hz), 3.94
(3H,s),4.39 2H, q, J=7.2 Hz), 7.44 (1H, dd, J=7.8, 1.4 Hz), 7.58 (1H, t, J= 7.8 Hz), 7.72 (1H, dd, J =
7.8, 1.4 Hz).

Ethyl 6-Fluoro-4-0x0-3,4-dihydroquinazoline-2-carboxylate (25¢). Compound 25e was prepared from
compound 24e (white powder, 75%). "H NMR (200 MHz, DMSO-d¢) § 1.32 (3H, t, J = 7.2 Hz), 4.39 (2H,
q,J=7.2Hz), 7.77-7.97 (3H, m).

Ethyl 6-Methyl-4-0x0-3,4-dihydroquinazoline-2-carboxylate (25f). Compound 25f was prepared from
compound 24f (pale orange powder, 64%). '"H NMR (200 MHz, DMSO-d¢) § 1.36 (3H, t, J= 7.2 Hz), 2.48
(3H,s), 4.39 (2H, q, J = 7.2 Hz), 7.69-7.79 (2H, m), 7.98 (1H, s).

Ethyl 4-Oxo0-6-(trifluoromethyl)-3,4-dihydroquinazoline-2-carboxylate (25g). Compound 25g was
prepared from compound 24g (brown powder, 53%). '"H NMR (200 MHz, DMSO-ds) 6 1.37 (3H, t, J=17.0
Hz), 4.41 (2H, q, J = 7.0 Hz), 8.03 (1H, d, J = 8.8 Hz), 8.20 (1H, dd, /= 8.8, 2.2 Hz), 8.38-8.42 (1H, m).
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Ethyl 4-Oxo0-6-[(trifluoromethyl)oxy]-3,4-dihydroquinazoline-2-carboxylate (25h). Compound 25h
was prepared from compound 24h (beige powder, 70%). 'H NMR (200 MHz, DMSO-de) § 1.36 (3H, t, J =
7.2 Hz), 4.40 (2H, q, J= 7.2 Hz), 7.85-7.91 (1H, m), 7.96-8.02 (2H, m).

Ethyl 4-Oxo0-6-[(phenylmethyl)oxy|-3,4-dihydroquinazoline-2-carboxylate (25i). Compound 25i was
prepared from compound 24i (pale yellow powder, 87%). 'H NMR (200 MHz, DMSO-de) 6 1.35 3H, t, J
=7.0 Hz), 4.38 (2H, q, J = 7.0 Hz), 5.28 (2H, s), 7.34-7.59 (6H, m), 7.66 (1H, d, J = 3.0 Hz), 7.80 (1H, d,
J=28.8 Hz).

Ethyl 6-lodo-4-0x0-3,4-dihydroquinazoline-2-carboxylate (25j). Compound 25j was prepared from
compound 24j (pale pink powder, 86%). '"H NMR (200 MHz, DMSO-ds) 6 1.35 (3H, t, J = 7.0 Hz), 4.38
(2H, q,J=7.0 Hz), 7.61 (1H, d, J= 8.5 Hz), 8.18 (1H, dd, J = 8.5, 2.0 Hz), 8.44 (1H, d, J = 2.0 Hz).

Ethyl 5-Fluoro-4-o0x0-3,4-dihydroquinazoline-2-carboxylate (25k). Compound 25k was prepared from
compound 24k (pale yellow powder, 57%). '"H NMR (200 MHz, DMSO-ds) § 1.35 (3H, t, J= 7.2 Hz), 4.37
(2H, q, J= 7.2 Hz), 7.34-7.41 (1H, m), 7.62 (1H, d, J = 8.1 Hz), 7.81-7.89 (1H, m), 12.64 (1H, bs).

Ethyl 5-Methyl-4-0x0-3,4-dihydroquinazoline-2-carboxylate (251). Compound 251 was prepared from
compound 241 (white powder, 64%). '"H NMR (200 MHz, DMSO-ds) 6 1.36 (3H, t, J = 7.2 Hz), 2.79 (3H,
s), 437 (2H, q, J = 7.2 Hz), 7.37 (1H, d, J = 7.5 Hz), 7.61 (1H, d, J = 7.5 Hz), 7.70 (1H, t, J = 7.5 Hz),
12.35 (1H, bs).

Ethyl 4-Oxo-5-[(2-phenylethyl)oxy]-3,4-dihydroquinazoline-2-carboxylate (25m). Compound 25m was
prepared from compound 24m (pale yellow powder, 47%). "H NMR (200 MHz, DMSO-d¢) 6 1.35 (3H, t, J
=7.2 Hz), 3.10 (2H, t, J = 6.6 Hz), 4.23-4.32 (2H, m), 4.37 (2H, q, J = 7.2 Hz), 6.94-8.04 (8H, m), 12.20
(1H, bs).

Representative Procedure for the Synthesis of Compounds 25n and 250: Ethyl 5,6-Difluoro-4-oxo-3,4-
dihydroquinazoline-2-carboxylate (250). A mixture of compound 32b (2.50 g, 10.5 mmol), ethyl
cyanoformate (1.14 g, 11.6 mmol) and 1 N HCI in acetic acid (50 mL) was stirred at 80 °C for 3 h. After
removal of the solvent, the residue was suspended in ethanol. The resulting precipitate was collected and
washed with ethanol and diethyl ether to give the title compound as a white powder (2.18 g, 8.58 mmol,
82%). '"H NMR (300 MHz, DMSO-de) § 1.35 (3H, t, J = 7.2 Hz), 4.38 (2H, q, J = 7.2 Hz), 7.70 (1H, ddd, J
=9.0, 7.5 Hz, 2.1 Hz), 7.92-8.02 (1H, m), 12.78 (1H, bs).

Ethyl 5-[2-(Methyloxy)-2-oxoethyl]-4-0x0-3,4-dihydroquinazoline-2-carboxylate (25n). Compound
25n was prepared from compound 32a (white powder, 76%). "H NMR (300 MHz, DMSO-ds) 6 1.35 (3H, t,
J=17.2Hz), 3.58 (3H, s), 4.22 (2H, s), 4.39 (2H, q, J = 7.2 Hz), 7.46 (1H, dd, J = 7.0, 1.7 Hz), 7.72-7.84
(2H, m), 12.52 (1H, s).

Representative Procedure for the Synthesis of Compounds 26a—o: 5-(Methyloxy)-N-{[3-(methyloxy)
phenyljmethyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (26a). A mixture of compound 25a (150

mg, 0.604 mmol) and 3-methoxybenzylamine (166 mg, 1.21 mmol) in DMF (4 mL) was stirred at 80 °C for
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15 h. The mixture was concentrated under reduced pressure and the residue was triturated with
diisopropylether to give crude 26a. The crude product was recrystallized from ethanol—diisopropylether to
give the title compound as a pale yellow powder (117 mg, 0.345 mmol, 57%). mp 188-190 °C. 'H NMR
(300 MHz, DMSO-ds) 6 3.73 (3H, s), 3.87 (3H, s), 4.42 (2H, d, J = 6.6 Hz), 6.79-6.83 (1H, m), 6.88-6.93
(2H, m), 7.10 (1H, d, J=8.1 Hz), 7.23 (1H, t, J= 8.1 Hz), 7.28 (1H, d, J= 8.1 Hz), 7.74 (1H, t, /= 8.1 Hz),
9.45 (1H, t, J= 6.6 Hz), 11.75 (1H, bs). Anal. Calcd for CisH7N3040.1H,0: C, 63.37; H, 5.08; N, 12.32.
Found: C, 63.38; H, 4.90; N, 12.21.
6-(Methyloxy)-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide
(26b). Compound 26b was prepared from compound 25b (white powder, 28%). mp 174—176 °C. '"H NMR
(200 MHz, DMSO-ds) 6 3.74 (3H, s), 3.91 (3H, s), 4.45 (2H, d, J = 6.6 Hz), 6.81-6.94 (3H, m), 7.25 (1H,
t,J=8.0 Hz), 7.49 (1H, dd, J = 8.8, 3.0 Hz), 7.56 (1H, d, J= 3.0 Hz), 7.74 (1H, d, J = 8.6 Hz), 9.42-9.52
(1H, m). Anal. Calcd for C;sH7N304°0.2H,0: C, 63.04; H, 5.11; N, 12.25. Found: C, 62.93; H, 5.11; N,
12.08.
7-(Methyloxy)-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide
(26¢). Compound 26¢ was prepared from compound 25¢ (white powder, 47%). mp 228-230 °C. 'H NMR
(300 MHz, DMSO-ds) 6 3.74 (3H, s), 3.91 (3H, s), 4.45 (2H, d, J = 6.2 Hz), 6.81-6.94 (3H, m), 7.16-7.29
(3H, m), 8.05-8.10 (1H, m), 9.50 (1H, t, J = 6.2 Hz), 12.12 (1H, bs). Anal. Calcd for CisH7N304: C, 63.71;
H, 5.05; N, 12.38. Found: C, 63.41; H, 5.02; N, 12.42.
8-(Methyloxy)-N-{[3-(methyloxy)phenyl]|methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide
(26d). Compound 26d was prepared from compound 25d (white powder, 71%). mp 238-239 °C. 'H NMR
(200 MHz, DMSO-ds) 6 3.74 (3H, s), 3.94 (3H, s), 4.47 (2H, d, J = 6.4 Hz), 6.81-6.99 (3H, m), 7.21-7.29
(1H, m), 7.41-7.58 (2H, m), 7.70-7.74 (1H, m), 9.21 (1H, t, J = 6.4 Hz), 12.26 (1H, bs). Anal. Calcd for
Ci3H17N304: C, 63.71; H, 5.05; N, 12.38. Found: C, 63.50; H, 5.14; N, 12.29.
6-Fluoro-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (26e).
Compound 26e was prepared from compound 25e (pale yellow powder, 69%). mp 177-179 °C. 'H NMR
(200 MHz, DMSO-ds) 6 3.74 (3H, s), 4.45 (2H, d, J = 6.4 Hz), 7.25 (1H, t, J = 8.0 Hz), 6.80—6.94 (3H, m),
7.74-7.89 (3H, m), 9.50-9.57 (1H, m). Anal. Calcd for C;7H14FN303°0.2H,0: C, 61.70; H, 4.39; N, 12.70.
Found: C, 61.44; H, 4.27; N, 2.71.
6-Methyl-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide  (26f).
Compound 26f was prepared from compound 25f (white powder, 68%). mp 175-177 °C. '"H NMR (200
MHz, DMSO-ds) 6 2.48 (3H, s), 3.74 (3H, s), 4.45 (2H, d, J = 6.6 Hz), 6.80-6.94 (3H, m), 7.25 (1H, t,J =
8.0 Hz), 7.65-7.75 (2H, m), 7.98 (1H, s), 9.50 (1H, t, J = 6.4 Hz), 12.16 (1H, bs). Anal. Calcd for
Ci3H17N304¢0.2H,0: C, 63.04; H, 5.11; N, 12.25. Found: C, 62.93; H, 5.11; N, 12.08.
N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-6-(trifluoromethyl)-3,4-dihydroquinazoline-2-
carboxamide (26g). Compound 26g was prepared from compound 25g (pale yellow powder, 61%). mp
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186-187 °C. 'H NMR (300 MHz, DMSO-ds) § 3.73 (3H, s), 4.46 (2H, d, J = 6.3 Hz), 6.80-6.84 (1H, m),
6.90-6.93 (2H, m), 7.24 (1H, t, J = 8.1 Hz), 7.95 (1H, dd, J = 8.1, 0.6 Hz), 8.18 (1H, dd, J = 8.4, 2.1 Hz),
8.38 (1H, d, J=0.9 Hz), 9.63 (1H, t, /= 6.3 Hz), 12.71 (1H, bs). Anal. Calcd for Ci13H14F3N303: C, 57.30;
H, 3.74; N, 11.14. Found: C, 57.22; H, 3.78; N, 11.22.
N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-6-[(trifluoromethyl)oxy]-3,4-dihydroquinazoline-2-car-
boxamide (26h). Compound 26h was prepared from compound 25h (white powder, 62%). mp 156—159 °C.
'"H NMR (300 MHz, DMSO-d¢) 6 3.74 (3H, s), 4.46 (2H, d, J = 6.3 Hz), 6.83 (1H, dd, J = 8.1, 2.4 Hz),
6.90-6.94 (2H, m), 7.25 (1H, t, J = 8.1 Hz), 7.86-7.93 (2H, m), 8.00 (1H, s), 9.58 (1H, t, J = 6.3 Hz), 12.59
(1H, bs). Anal. Calcd for C;3H14F3N304: C, 54.97; H, 3.59; N, 10.68. Found: C, 54.80; H, 3.53; N, 10.73.
N-{[3-(Methyloxy)phenyl]methyl}-4-0x0-6-[(phenylmethyl)oxy]-3,4-dihydroquinazoline-2-carbox-
amide (26i). Compound 26i was prepared from compound 25i (white powder, 86%). mp 179-182 °C.'H
NMR (300 MHz, DMSO-ds) 6 3.73 (3H, s), 4.44 (2H, d, J= 6.6 Hz), 5.27 (2H, s), 6.82 (1H, dd, /= 8.1, 2.4
Hz), 6.90-6.94 (2H, m), 7.24 (1H, t, J=7.6 Hz), 7.32-7.42 (3H, m), 7.43-7.51 (1H, m), 7.54-7.58 (1H, m),
7.66 (1H,d, J=2.4 Hz), 7.75 (1H, d, J= 8.7 Hz), 9.48 (1H, t, J= 6.4 Hz), 11.80-11.90 (1H, m). Anal. Calcd
for C24H21N304: C, 69.39; H, 5.10; N, 10.11. Found :C, 69.09; H, 5.07; N, 10.21. 6-Iodo-N-{[3-
(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (26j). Compound 26j was
prepared from compound 25j (white powder, 92%). mp 219-220 °C. '"H NMR (200 MHz, DMSO-ds) J 3.74
(3H,s),4.45 (2H, d, J=6.2 Hz), 6.81-6.93 (3H, m), 7.25 (1H, d, J= 8.0 Hz), 7.55 (1H, d, /= 8.8 Hz), 8.17
(1H, dd, J=8.8, 1.8 Hz), 8.43 (1H, d, /= 1.8 Hz), 9.54 (1H, t, J = 6.2 Hz), 12.22 (1H, bs). Anal. Calcd for
C17H14IN303: C, 46.92; H, 3.24; N, 9.66. Found: C, 46.83; H, 3.18; N, 9.82.
5-Fluoro-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide  (26k).
Compound 26k was prepared from compound 25k (pale yellow powder, 89%). mp 159-161 °C. '"H NMR
(300 MHz, DMSO-ds) 6 3.74 (3H, s), 4.44 (2H, d, J= 6.3 Hz), 6.80-6.84 (1H, m), 6.89-6.92 (2H, m), 7.21-
7.27 (1H, m), 7.31-7.38 (1H, m), 7.58 (1H, d, J = 8.1 Hz), 7.81-7.88 (1H, m), 9.54 (1H, t, J = 6.3 Hz),
12.28 (1H, bs). Anal. Calcd for Ci7H14FN3Os: C, 62.38; H, 4.31; N, 12.84. Found: C, 62.43; H, 4.38; N,
12.88.
5-Methyl-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (261).
Compound 261 was prepared from compound 251 (white powder, 78%). mp 150-152 °C. '"H NMR (300
MHz, DMSO-ds) 6 2.79 (3H, s), 3.74 (3H, s), 4.44 (2H, d, J = 6.3 Hz), 6.82 (1H, dd, J= 8.1, 2.4 Hz), 6.89—
6.93 (2H, m), 7.24 (1H, t,J= 8.1 Hz), 7.35 (1H, d, J= 7.5 Hz), 7.58 (1H, d, J=7.8 Hz), 7.7 (1H, t, J= 7.8
Hz), 9.48 (1H, t, J = 6.3 Hz), 11.94 (1H, bs). Anal. Calcd for C;sH7N30;: C, 66.86; H, 5.30; N, 13.00.
Found: C, 66.86; H, 5.37; N, 13.08.
N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-5-[(2-phenylethyl)oxy]-3,4-dihydroquinazoline-2-
carboxamide (26m). Compound 26m was prepared from compound 25m (pale yellow powder, 61%). mp

150-151 °C. 'H NMR (300 MHz, DMSO-de) J 3.10 (2H, d, J = 6.6 Hz), 3.73 (3H, s), 4.25 (2H, t, J = 6.6
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Hz), 4.43 (2H, d, J = 6.6 Hz), 6.82 (1H, dd, J = 8.1, 1.8 Hz), 6.89-6.92 (2H, m), 7.09 (1H, d, J = 8.1 Hz),
7.17-7.30 (5H, m), 7.46-7.49 (2H, m), 7.71 (1H, t, J = 8.1 Hz), 9.47 (1H, t, J = 6.6 Hz), 11.77 (1H, bs).
Anal. Caled for CpsH3N30420.1H,0: C, 69.62; H, 5.42; N, 9.68. Found: C, 69.44; H, 5.40; N, 9.68.

Methyl {2-[({[3-(Methyloxy)phenyl]methyl}amino)carbonyl]-4-0x0-3,4-dihydroquinazolin-5-yl}
acetate (26n). Compound 26n was prepared from compound 25n (white powder, 84%). mp 180-182 °C.
'"H NMR (300 MHz, DMSO-de) ¢ 3.58 (3H, s), 3.74 (3H, s), 4.21 (2H, s), 4.45 (2H, d, J = 6.4 Hz), 6.79-
6.87 (1H, m), 6.88-6.96 (2H, m), 7.25 (1H, t, J = 8.1 Hz), 7.42 (1H, dd, J = 7.3, 1.2 Hz), 7.68-7.74 (1H,
m), 7.75-7.83 (1H, m), 9.53 (1H, t, J = 6.3 Hz), 12.08 (1H, s). Anal. Calcd for C;0H9N3050.1H,0: C,
62.69; H, 5.05; N, 10.97. Found: C, 62.65; H, 5.03; N, 11.08.

5,6-Difluoro-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (260).
Compound 260 was prepared from compound 250 (pale yellow powder, 78%). mp 189-191 °C. 'H NMR
(300 MHz, DMSO-ds) 0 3.73 (3H, s), 4.44 (2H, d, J = 6.3 Hz), 6.80-6.84 (1H, m), 6.88-6.91 (2H, m), 7.24
(1H,t,J=8.1 Hz), 7.59-7.63 (1H, m), 7.90-7.99 (1H, m), 8.05 (1H, d, J=7.8 Hz), 9.53 (1H, t, J= 6.3 Hz),
12.44 (1H, bs). Anal. Calcd for Ci7H3F2N303: C, 59.13; H, 3.79; N, 12.17. Found: C, 58.97; H, 3.77; N,
12.25.

2-[(Methyloxy)carbonyl]-3-nitrobenzoic acid (28). A mixture of dimethyl 3-nitrobenzene-1,2-
dicarboxylate (27, 25.7 g, 107 mmol) and 1 N aqueous lithium hydroxide solution (107 mL, 107 mmol) in
THF (250 mL) was stirred at room temperature for 15 h. The mixture was acidified with 1 N hydrochloric
acid (115 mL). The solvent was removed by evaporation under reduced pressure and the residue was
suspended in H>O. The resulting precipitate was collected, washed with H,O and dried in a stream of air to
give the title compound as a white powder (23.1 g, 103 mmol, 96%). 'H NMR (200 MHz, DMSO-ds) J 3.85
(3H,s), 7.87 (1H, t, J= 8.2 Hz), 8.32 (1H, d, /= 8.0 Hz), 8.42 (1H, d, J = 8.4 Hz).

Methyl 2-[2-(Methyloxy)-2-oxoethyl]-6-nitrobenzoate (29). To a solution of compound 28 (5.00 g, 22.2
mmol) and DMF (0.0516 mL) in THF (50 mL) was added dropwise oxalyl chloride (2.32 mL, 26.6 mmol)
at 0 °C and the mixture was stirred at room temperature for 3 h. After removal of the solvent, the residue
was coevaporated with toluene and dissolved in THF (50 mL). The solution was added dropwise to a solution
of (trimethylsilyl)diazomethane (2 M in diethyl ether, 12.2 mL, 24.4 mmol) and triethylamine (2.47 g, 24.4
mmol) in acetonitrile (50 mL) at 0 °C and the reaction mixture was stirred at 0 °C for 2 h. The mixture was
concentrated under reduced pressure and the residue was suspended in diethyl ether. The precipitated solids
were collected and washed with diethyl ether to give a brown powder (3.90 g). To a suspension of the brown
powder (3.80 g) in methanol (70 mL) and THF (35 mL) was added dropwise a solution of silver benzoate
(349 mg, 1.53 mmol) in triethylamine (7.4 mL) and the mixture was stirred at room temperature for 1 h.
The reaction mixture was concentrated under reduced pressure, diluted with ethyl acetate, and washed with
saturated aqueous NaHCOs; solution, H>O, 10% aqueous KHSO4 solution and brine. The organic layer was

dried over Na,SOy4 and the solvent was removed by evaporation. The crude materials were purified by silica
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gel column chromatography (50% ethyl acetate/hexane) to give the title compound as a brown oil (3.69 g,
14.6 mmol, 67% over 2 steps). '"H NMR (300 MHz, DMSO-d¢) 6 3.62 (3H, s), 3.81 (3H, s), 3.88 (2H, s),
7.76 (1H, t, J=17.9 Hz), 7.81-7.86 (1H, m), 8.10 (1H, dd, J = 8.0, 1.2 Hz).

Methyl 2-Amino-6-[2-(methyloxy)-2-oxoethyl]benzoate (32a). A mixture of compound 29 (3.50 g, 13.8
mmol), 10% palladium on carbon (1.17 g), THF (35 mL) and methanol (35 mL) was stirred at room
temperature for 3 h under hydrogen atmosphere (1 atm). After the insoluble materials were filtered off
through a PTFE membrane filter, the filtrate was concentrated under reduced pressure to give the title
compound as a brown powder (3.06 g, 13.8 mmol, 99%). 'H NMR (300 MHz, DMSO-ds) § 3.58 (3H, s),
3.70 (3H, s), 3.74 (2H, s), 6.17 (2H, s), 6.43 (1H, dd, J = 7.2, 1.1 Hz), 6.71 (1H, dd, J = 8.4, 1.2 Hz), 7.11
(1H, dd, J = 8.3, 7.3 Hz).

Ethyl 6-Amino-2,3-difluorobenzoate Hydrochloride (32b). To a solution of compound 30 (5.00 g, 21.8
mmol, synthesized by the method of Carretero et al.**) in THF (50 mL) was added dropwise n-butyl lithium
(1.6 M in hexane, 30.0 mL, 48.0 mmol) at —78 °C and the mixture was stirred at the same temperature for 3
h. A solution of ethyl chlorocarbonate (2.60 g, 24.0 mmol) in THF (15 mL) was added followed by stirring
at —78 °C for further 1 h. The reaction was quenched with saturated aqueous NH4Cl solution (50 mL) and
the resulting mixture was partitioned between ethyl acetate and H>O. The organic layer was washed with
brine, dried over Na,SO,4 and concentrated under reduced pressure to give compound 31 as a yellow oil. To
a solution of the yellow oil in ethyl acetate (10 mL) was added 4 N HCI in ethyl acetate (40 mL) at room
temperature. The mixture was stirred at room temperature for 3 h and then diethyl ether (20 mL) was added.
The resulting precipitate was collected and washed with diethyl ether to give the title compound as a white
powder (2.91 g, 12.2 mmol, 70% over 2 steps). '"H NMR (300 MHz, DMSO-ds) 6 1.29 (3H, t, J = 7.2 Hz),
4.30 (2H, q,J=7.2 Hz), 6.57 (1H, ddd, J=9.3,4.2, 2.1 Hz), 7.27-7.37 (1H, m).

6-Hydroxy-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (33). A
mixture of compound 26i (2.00 g, 4.81 mmol), 10% palladium on carbon (500 mg), THF (50 mL) and
methanol (20 mL) was stirred at room temperature for 3 h under hydrogen atmosphere (1 atm). After the
insoluble materials were filtered off through a PTFE membrane filter, the filtrate was concentrated under
reduced pressure to give the title compound as a pale yellow powder (1.60 g, 4.91 mmol, 100%). An
analytical sample was obtained by recrystallization from ethanol. mp 268-271 °C. 'H NMR (300 MHz,
DMSO-ds) 6 3.73 (3H, s), 4.44 (2H, d, J = 6.3 Hz), 6.82 (1H, dd, J = 8.4, 2.7 Hz), 6.89-6.92 (2H, m), 7.24
(1H, t,J=8.1 Hz), 7.33 (1H, dd, J = 8.7, 3.0 Hz), 7.46 (1H, d, J= 3.0 Hz), 7.66 (1H, d, J = 8.7 Hz), 9.42
(1H, t,J=6.4 Hz), 10.33 (1H, bs), 11.99 (1H, bs). Anal. Calcd for C;7H;sN304: C, 62.76; H, 4.65; N, 12.92.
Found: C, 62.60; H, 4.82; N, 12.72.

6-(Ethyloxy)-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (34).
A mixture of compound 33 (120 mg, 0.368 mmol), cesium carbonate (240 mg, 0.736 mmol), iodoethane

(0.087 mL, 1.10 mmol), THF (3 mL) and DMF (1 mL) was stirred at room temperature for 4 h. The mixture
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was partitioned between ethyl acetate and H,O. The organic layer was washed with brine, dried over Na;SO4
and concentrated under reduced pressure. The crude materials were purified by preparative HPLC and
recrystallization from ethanol to give the title compound as a white powder (27.0 mg, 0.0764 mmol, 21%).
mp 163-165 °C. 'H NMR (300 MHz, DMSO-de) d 1.38 (3H, t, J = 6.9 Hz), 3.74 (3H, s), 4.17 2H, q, J =
6.9 Hz), 4.44 (2H, d, J = 6.3 Hz), 6.83 (1H, dd, J = 8.4, 2.4 Hz), 6.90-6.93 (2H, m), 7.24 (1H, t, J = 8.1
Hz), 7.47 (1H, dd, J=9.0, 3.0 Hz), 7.54 (1H, d, J= 3.0 Hz), 7.73 (1H, d, J=9.3 Hz), 9.47 (1H, t,J=6.3
Hz), 12.18 (1H, bs). Anal. Calcd for Ci9H9N304: C, 64.58; H, 5.42; N, 11.89. Found: C, 64.55; H, 5.52; N,
11.89.

6-Mercapto-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (35).
To a solution of compound 33 (500 mg, 1.54 mmol) and N,N-dimethylthiocarbamoylchloride (380 mg, 3.08
mmol) in DMF (5 mL) was added 1,4-diazabicyclo[2.2.2]octane (345 mg, 3.08 mmol). The mixture was
stirred at room temperature for 2h and poured into ice cold water. The precipitated solid was collected and
washed with H»O, ethanol and diethyl ether to give O-{2-[({[3-(methyloxy)phenyl]methyl}amino)
carbonyl]-4-0x0-3,4-dihydroquinazolin-6-yl} dimethylthiocarbamate as a white powder (608 mg, 1.47
mmol, 96%). A mixture of the white powder obtained above (540 mg, 1.31 mmol) and N,N-diethylaniline
(5 mL) was stirred at 210 °C for 7 h and then poured into 3 N hydrochloric acid (30 mL). The precipitated
solid was collected and washed with H»O, ethanol and diethyl ether to give S-{2-[({[3-(methyloxy)phenyl]-
methyl}amino)carbonyl]-4-0x0-3,4-dihydroquinazolin-6-yl} dimethylthiocarbamate as a pale gray powder
(440 mg, 1.07 mmol, 82%). A mixture of the pale gray powder obtained above (380 mg, 0.921 mmol) and
potassium hydroxide (259 mg, 4.61 mmol) in methanol (10 mL) was refluxed for 2h. The mixture was
acidified with 1 N hydrochloric acid to pH 2-3 and extracted with a mixed solvent of ethyl acetate and THF.
The organic layer was washed with brine, dried over Na,SO4 and concentrated under reduced pressure to
give crude 35. The crude product was recrystallized from ethanol to give the title compound as a pale yellow
powder (300 mg, 0.879 mmol, 95%). mp 170-172 °C. '"H NMR (300 MHz, DMSO-ds) 6 3.73 (3H, s), 4.44
(2H, d, J = 6.6 Hz), 6.17 (1H, bs), 6.81 (1H, dd, J = 8.1, 2.4 Hz), 6.88-6.91 (2H, m), 7.23 (1H, t, J = 8.1
Hz), 7.64 (1H, d, J = 8.4 Hz), 7.75 (1H, dd, J = 8.4, 2.1 Hz), 8.07 (1H, d, J=2.1 Hz), 9.48 (1H, t, J=6.3
Hz), 12.25 (1H, bs). Anal. Calcd for C;7H5N303S+0.1H,O: C, 59.50; H, 4.46; N, 12.24. Found: C, 59.44;
H, 4.58; N, 12.24.

N-{[3-(Methyloxy)phenyl|methyl}-6-(methylthio)-4-0x0-3,4-dihydroquinazoline-2-carboxamide
(36a). A mixture of compound 35 (270 mg, 0.791 mmol), iodomethane (0.049 mL, 0.791 mmol), and
triethylamine (0.110 mL, 0.791 mmol) in THF (5§ mL) was stirred at room temperature for 1 h. The mixture
was partitioned between ethyl acetate and H,O. The organic layer was washed with brine, dried over Na,SO4
and concentrated under reduced pressure. The crude product was purified by recrystallization from ethanol
to give the title compound as a pale yellow powder (240 mg, 0.675 mmol, 85%). mp 168-170 °C. 'H NMR
(200 MHz, DMSO-ds) 0 2.60 (3H, s), 3.74 (3H, s), 4.45 (2H, d, J = 6.2 Hz), 6.81-6.94 (3H, m), 7.25 (1H,

69



t,J=8.0 Hz), 7.70 (1H, d, J= 8.8 Hz), 7.77 (1H, dd, J= 8.8, 2.2 Hz), 7.89 (1H, d, /= 1.8 Hz), 9.50 (1H, t,
J=6.2 Hz), 12.28 (1H, bs). Anal. Calcd for C;sH,;7N30sS: C, 60.83; H, 4.82; N, 11.82. Found: C, 60.65; H,
4.76; N, 11.98.

N-{[3-(Methyloxy)phenyl|methyl}-6-(methylsulfonyl)-4-0x0-3,4-dihydroquinazoline-2-
carboxamide (36b). To a solution of compound 36a (60.0 mg, 0.169 mmol) in chloroform (2 mL) was
added 3-chloroperoxybenzoic acid (84.0 mg, 338 mmol) at 0 °C and the mixture was stirred at room
temperature for 2 h. The mixture was partitioned between ethyl acetate and H,O. The organic layer was
washed with brine, dried over Na,SO4 and concentrated under reduced pressure. The crude product was
purified by recrystallization from ethanol to give the title compound as a pale yellow powder (62.0 mg,
0.161 mmol, 95%). mp 186—188 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.33 (3H, s), 3.74 (3H, s), 4.46 (2H,
d, J= 6.6 Hz), 6.80-6.84 (1H, m), 6.90-6.93 (2H, m), 7.24 (1H, t, J = 8.1 Hz), 7.96 (1H, d, J = 8.4 Hz),
8.31 (1H, dd, J = 8.4, 2.1 Hz), 8.60 (1H, s), 9.63 (1H, t, J = 6.3 Hz), 12.77 (1H, bs). Anal. Calcd for
Ci3H17N305S+0.4H,0: C, 54.79; H, 4.55; N, 10.65. Found: C, 54.83; H, 4.36; N, 10.66.

N-{[3-(Methyloxy)phenyl]methyl}-4-ox0-6-phenyl-3,4-dihydroquinazoline-2-carboxamide (37a). A
mixture of compound 26j (300 mg, 0.689 mmol), phenylboronic acid (167 mg, 1.37 mmol),
tetrakis(triphenylphosphine)palladium(0) (32.0 mg, 0.0277 mmol) and 2 N aqueous Na,COj; solution (1.03
mL, 2.06 mmol) in a mixed solvent of ethanol (2 mL) and toluene (6 mL) was refluxed for 18 h under
nitrogen atmosphere. The reaction mixture was diluted with ethyl acetate, washed with H,O and brine, dried
over Na,SOy4 and concentrated under reduced pressure. The crude product was purified by recrystallization
from ethanol to give the title compound as a white powder (170 mg, 0.441 mmol, 64%). mp 202-204 °C.
'"H NMR (300 MHz, DMSO-d¢) § 3.74 (3H, s), 4.46 (2H, d, J= 6.6 Hz), 6.81-6.85 (1H, m), 6.90-6.94 (2H,
m), 7.25 (1H, t, J = 8.1 Hz), 7.40-7.45 (1H, m), 7.49-7.55 (2H, m), 7.78-7.88 (3H, m), 8.20 (1H, dd, J =
8.4, 2.4 Hz), 8.37 (1H, d, J = 2.1 Hz), 9.56 (1H, t, J = 6.3 Hz), 12.34 (1H, bs). Anal. Calcd for
C23H19N3030.2H,0: C, 71.01; H, 5.03; N, 10.80. Found: C, 71.12; H, 5.00; N, 10.51.

6-Cyano-N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (37b). A
mixture of compound 26j (1.00 g, 2.30 mmol), zinc cyanide (148 mg, 1.26 mmol) and
tetrakis(triphenylphosphine)palladium(0) (132 mg, 0.115 mmol) in DMF (10 mL) was stirred at 80 °C for 3
h under nitrogen atmosphere. The reaction mixture was concentrated under reduced pressure and the residue
was suspended in ethyl acetate. The resulting precipitate was collected to give crude 37b as a white powder
(537 mg). Two hundred milligrams of the crude product was recrystallized from ethanol to give the title
compound as a white powder (193 mg, 0.577 mmol, 68%). mp 206208 °C. '"H NMR (200 MHz, DMSO-
ds) 03.74 (3H, s5), 4.46 (2H, d, J = 6.6 Hz), 6.81-6.95 (3H, m), 7.25 (1H, t,J= 8.0 Hz), 7.89 (1H, d, /= 8.4
Hz), 8.23 (1H, dd, J = 8.6, 2.0 Hz), 8.55 (1H, d, J = 2.0 Hz), 9.63 (1H, t, J = 6.6 Hz). Anal. Calcd for
CisH14N403¢0.1H,0: C, 64.32; H, 4.26; N, 16.67. Found: C, 64.17; H, 4.23; N, 16.74.

Representative Procedure for the Synthesis of Compounds 38a—c, 38e-g, and 38k: N-{[3-
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(Methyloxy)-phenyl]methyl}-4-0x0-5-[(phenylmethyl)oxy]-3,4-dihydroquinazoline-2-carboxamide
(38a). To a solution of benzyl alcohol (99.0 mg, 0.917 mmol) in DMA (6 mL) was added sodium hydride
(60% oil dispersion, 122 mg, 3.06 mmol) and the mixture was stirred at room temperature for 30 min.
Compound 26k (200 mg, 0.611 mmol) was added to the mixture and the resulting mixture was stirred at
80 °C for 1 h. The reaction mixture was acidified with 0.5 N hydrochloric acid to pH 3—4 and extracted with
a mixed solvent of ethyl acetate and THF. The organic layer was washed with H,O and brine, dried over
Na,SO4 and concentrated under reduced pressure to give crude 38a. The crude product was crystallized
from ethanol to give the title compound as a pale yellow powder (207 mg, 0.498 mmol, 81%). mp 188—
190 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.74 (3H, s), 4.44 (2H, d, J = 6.6 Hz), 5.28 (2H, s), 6.80-6.84
(1H, m), 6.90-6.93 (2H, m), 7.18-7.33 (4H, m), 7.37-7.43 (2H, m), 7.75 (1H, t, J= 8.4 Hz), 7.61-7.63 (2H,
m), 9.50 (1H, t,J= 6.3 Hz), 11.81 (1H, bs). Anal. Calcd for C24H»1N304: C, 69.39; H, 5.10; N, 10.11. Found:
C, 69.11; H, 4.97; N, 10.40.

N-{[3-(Methyloxy)phenyl]methyl}-4-ox0-5-[(3-phenylpropyl)oxy]-3,4-dihydroquinazoline-2-
carboxamide (38b). Compound 38b was prepared from compound 26k and 3-phenylpropan-1-ol (pale
yellow powder, 44%). mp 165-167 °C. '"H NMR (300 MHz, DMSO-d) 6 2.01-2.11 (2H, m), 2.89 (2H, t, J
=7.5Hz),3.74 (3H, s), 4.05 (2H, t, /= 6 Hz), 4.44 (2H, d, J = 6.3 Hz), 6.80-6.84 (1H, m), 6.90-6.92 (2H,
m), 7.06 (1H, d, J = 8.4 Hz), 7.13-7.29 (7H, m), 7.71 (1H, t, J = 8.1 Hz), 9.48 (1H, t, J = 6.3 Hz), 11.76
(1H, bs). Anal. Caled for C26H35N304¢0.1H,0: C, 70.13; H, 5.70; N, 9.44. Found: C, 69.91; H, 5.62; N, 9.69.

N-{[3-(Methyloxy)phenyl|methyl}-4-ox0-5-({2-[(phenylmethyl)oxy]ethyl}oxy)-3,4-
dihydroquinazoline-2-carboxamide (38c). Compound 38c¢ was prepared from compound 26k and 2-
[(phenylmethyl)oxy] ethanol (pale yellow powder, 76%). mp 136-138 °C. '"H NMR (300 MHz, DMSO-ds)
03.73 (3H, s), 3.84 (2H, t, J=4.5 Hz), 4.26 (2H, t,J=4.5 Hz), 4.43 (2H, d, J= 6.6 Hz), 4.69 (2H, s), 6.80—
6.84 (1H, m), 6.89-6.92 (2H, m), 7.12 (1H, d, J = 8.4 Hz), 7.21-7.38 (7H, m), 7.72 (1H, t, /= 8.1 Hz), 9.47
(1H,t,J=6.3 Hz), 11.76 (1H, bs). Anal. Calcd for C26H25N30s: C, 67.96; H, 5.48; N, 9.14. Found: C, 67.76;
H, 5.52; N, 9.22.

N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-5-[(2-phenylethyl)amino]-3,4-dihydroquinazoline-2-
carboxamide (38d). A mixture of compound 26k (100 mg, 0.309 mmol) and 2-phenylethanamine (280 mg,
2.32 mmol) in DMA (2 mL) was stirred at 80 °C for 72 h. The reaction mixture was concentrated under
reduced pressure. The residue was diluted with ethyl acetate, washed with 0.1 N hydrochloric acid and brine,
dried over Na,SO4 and concentrated under reduced pressure to give crude 38d. The crude product was
crystallized from ethanol to give the title compound as a yellow powder (68.0 mg, 159 mmol, 51%). mp
164-166 °C. '"H NMR (300 MHz, DMSO-d¢) 6 2.94 (2H, t, J = 7.2 Hz), 3.39-3.47 (2H, m), 3.73 (3H, s),
4.42 (2H, d, J = 6.3 Hz), 6.67 (1H, d, J = 8.4 Hz), 6.81-6.92 (4H, m), 7.21-7.32 (6H, m), 7.55 (1H, t, J =
8.1 Hz), 8.66-8.70 (1H, m), 9.40-9.45 (1H, m), 11.89 (1H, bs). Anal. Calcd for C5H24N403°0.1H,0: C,
69.78; H, 5.67; N, 13.02. Found: C, 69.55; H, 5.56; N, 13.19.
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N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-5-[(2-phenylethyl)thio]-3,4-dihydroquinazoline-2-
carboxamide (38e). Compound 38e was prepared from compound 26k and 2-phenylethanethiol (pale
yellow powder, 55%). mp 178-180 °C. "H NMR (300 MHz, DMSO-d¢) 6 2.98 (2H, t,J = 7.5 Hz), 3.20 (2H,
t,J=7.5Hz), 3.74 (3H, s), 4.44 (2H, d, J= 6.3 Hz), 6.81-6.84 (1H, m), 6.90-6.92 (2H, m), 7.22-7.34 (6H,
m), 7.41-7.59 (2H, m), 7.75 (1H, t, J = 7.8 Hz), 9.50 (1H, t, J = 6.6 Hz), 12.17 (1H, bs). Anal. Calcd for
C25H23N303S+0.4H,0: C, 66.32; H, 5.30; N, 9.28. Found: C, 66.16; H, 5.10; N, 9.52.

5-[(2-Cyclohexylethyl)oxy]-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-dihydroquinazoline-2-
carboxamide (38f). Compound 38f was prepared from compound 26k and 2-cyclohexylethanol (white
powder, 55%). mp 130-132 °C. 'H NMR (300 MHz, DMSO-ds) J 0.90-1.05 (2H, m), 1.13-1.30 (3H, m),
1.60-1.78 (8H, m), 3.73 (3H, s), 4.10 (2H, t, J = 6.3 Hz), 4.43 (2H, d, /= 6.3 Hz), 6.80-6.83 (1H, m), 6.89—
6.92 (2H, m), 7.10 (1H, d, J= 8.1 Hz), 7.21-7.27 (2H, m), 7.71 (1H, t, J= 8.1 Hz), 9.46 (1H, t, /= 6.3 Hz),
11.69 (1H, bs). Anal. Calcd for C2sH29N304: C, 68.95; H, 6.71; N, 9.65. Found: C, 68.71; H, 6.71; N, 9.77.

N-{[3-(Methyloxy)phenyl]methyl}-4-ox0-5-[(2-piperidin-1-ylethyl)oxy]-3,4-dihydroquinazoline-2-
carboxamide (38g). Compound 38g was prepared from compound 26k and 2-piperidin-1-ylethanol (pale
yellow powder, 35%). mp 225-227 °C. 'H NMR (300 MHz, DMSO-de) § 1.45-1.79 (2H, m), 1.76-1.83
(4H, m), 3.05-3.39 (2H, m), 3.48-3.75 (4H, m), 3.73 (3H, s), 4.43 (2H, d, J = 6.3 Hz), 4.49-4.55 (2H, m),
6.81-6.85 (1H, m), 6.88-6.92 (2H, m), 7.18-7.27 (2H, m), 7.39 (1H, d, J = 8.4 Hz), 7.81 (1H, t, J= 8.1 Hz),
9.52 (1H, t, J = 6.3 Hz), 11.90-12.10 (1H, m). Anal. Calcd for C24H»3N404°1.5H,0: C, 62.19; H, 6.74; N,
12.09. Found: C, 61.92; H, 6.45; N, 11.85.

Representative Procedure for the Synthesis of Compounds 38h-j: 6-Fluoro-N-{[3-(methyloxy)
phenyljmethyl}-4-o0xo0-5-[(2-phenylethyl)oxy]-3,4-dihydroquinazoline-2-carboxamide (38h). To a
solution of compound 260 (100 mg, 0.290 mmol) in DMA (2 mL) was added sodium hydride (60% oil
dispersion, 46.0 mg, 1.16 mmol). After the mixture was stirred at room temperature for 30 min, 2-
phenylethanol (53.0 mg, 0.434 mmol) was added and the resulting mixture was stirred at room temperature
for 3 h. The reaction mixture was acidified with 0.5 N hydrochloric acid to pH 3—4 and extracted with ethyl
acetate. The organic layer was washed with H,O and brine, dried over Na>,SO4 and concentrated under
reduced pressure. The crude product was purified by preparative HPLC and crystallization from
ethanol/diethyl ether to give the title compound as a pale yellow powder (45.0 mg, 0.101 mmol, 35%). mp
134-135 °C. '"H NMR (300 MHz, DMSO-ds) 6 3.10 (2H, t, J = 7.2 Hz), 3.74 (3H, s), 4.28 2H, t, J = 7.2
Hz), 4.44 (2H, d, J = 6.3 Hz), 6.81-6.84 (1H, m), 6.89-6.92 (2H, m), 7.20-7.33 (6H, m), 7.52 (1H, dd, J =
9.0, 4.5 Hz), 7.79 (1H, t, J = 9.6 Hz), 9.50 (1H, t, J = 5.7 Hz), 12.14 (1H, bs). Anal. Calcd for
C25H22FN304¢0.7H,0: C, 65.27; H, 5.13; N, 9.13. Found: C, 65.04; H, 5.09; N, 8.84.

6-Fluoro-5-{[2-(4-fluorophenyl)ethyl]oxy}-/N-{[3-(methyloxy)phenyl]methyl}-4-0x0-3,4-
dihydroquinazoline-2-carboxamide (38i). Compound 38i was prepared from compound 260 and 2-(4-

fluorophenyl)ethanol (pale yellow powder, 32%). mp 146-148 °C. 'H NMR (300 MHz, DMSO-d;) § 3.09
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(2H,t,J=17.2 Hz),3.73 3H, s), 4.27 (2H, t,J= 7.2 Hz), 4.44 (2H, d, /= 6.3 Hz), 6.80-6.84 (1H, m), 6.88—
6.92 (2H, m), 7.11 (2H, t,J=8.7 Hz), 7.25 (1H, t, J= 8.1 Hz), 7.37 (2H, dd, J = 8.4, 5.7 Hz), 7.53 (1H, dd,
J=09.0,4.8 Hz), 7.78 (1H, dd, J = 10.2, 9.0 Hz), 9.50 (1H, t, J = 6.3 Hz), 12.15 (1H, bs). Anal. Calcd for
C25H21FaN304¢0.6H,0: C, 63.05; H, 4.70; N, 8.82. Found: C, 62.85; H, 4.57; N, 8.96.
5-{[2-(4-Aminophenyl)ethyl]oxy}-6-fluoro-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-
dihydroquinazoline-2-carboxamide (38j). Compound 38j was prepared from compound 260 and 2-(4-
aminophenyl)ethanol (beige powder, 54%). mp 129-131 °C. '"H NMR (300 MHz, DMSO-d) 6 2.91 (2H, t,
J=17.5Hz),3.73 (3H, s), 4.14 (2H, t, J= 7.8 Hz), 4.44 (2H, d, J = 6.3 Hz), 4.90 (2H, bs), 6.48 (2H, d, J =
8.4 Hz), 6.80-6.84 (1H, m), 6.90-6.94 (4H, m), 7.24 (1H, t, J = 7.8 Hz), 7.53 (1H, dd, J = 9.0, 4.8 Hz),
7.76-7.83 (1H, m), 9.51 (1H, t,J=6.6 Hz), 12.12 (1H, bs). Anal. Calcd for C»sH23:FN404+0.1H,0: C, 64.67;
H, 5.04; N, 12.07. Found: C, 64.61; H, 5.05; N, 12.20.
4-[2-({6-Fluoro-2-[({[3-(methyloxy)phenyl]methyl}amino)carbonyl]-4-o0x0-3,4-dihydroquinazolin-
5-yl}oxy)ethyl]benzoic Acid (38k). Compound 38k was prepared from compound 260 and 4-(2-
hydroxyethyl)benzoic acid synthesized by the method of Gilman et al.®° (pale yellow powder, 29%). mp
227-229 °C. 'H NMR (300 MHz, DMSO-ds) § 3.18 (2H, t, J = 6.9 Hz), 3.73 (3H, s), 4.32 (2H, t, J = 6.9
Hz), 4.44 (2H, d, J = 6.0 Hz), 6.81-6.84 (1H, m), 6.89-6.92 (2H, m), 7.24 (1H, t,J = 8.1 Hz), 7.46 (2H, d,
J=28.4Hz),7.53 (1H, dd, J=6.3,4.8 Hz), 7.79 (1H, t, J=9.6 Hz), 7.87 (2H, d, J= 8.1 Hz), 9.50 (1H, t, J
=6.3 Hz), 12.20 (1H, bs), 12.87 (1H, bs). Anal. Calcd for C2sH22FN304°0.1H,0: C, 63.31; H, 4.54; N, 8.52.
Found: C, 63.21; H, 4.52; N, 8.36.
5-Hydroxy-N-{[3-(methyloxy)phenyl|methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (39). To
a solution of compound 26k (4.00 g, 12.2 mmol) and 2-phenylethanol (1.64 g, 13.4 mmol) in DMA (100
mL) was added sodium hydride (60% oil dispersion, 2.44 g, 61.1 mmol) and the mixture was stirred at
90 °C for 6 h. After the mixture was allowed to cool to room temperature, H,O (100 mL) and 1 N
hydrochloric acid (60 mL) was added. The resulting precipitate was collected and washed with H,O and
ethanol, and dried under reduced pressure to give the title compound as a pale yellow powder (3.84 g, 11.8
mmol, 97%). 'H NMR (300 MHz, DMSO-d¢) 6 3.74 (3H, s), 4.45 (2H, d, J = 6.4 Hz), 6.79-6.86 (1H, m),
6.89—6.98 (3H, m), 7.20-7.30 (2H, m), 7.73 (1H, t, J = 8.2 Hz), 9.59 (1H, t, J = 5.7 Hz), 12.05 (1H, s),
12.89 (1H, s).
1-(Dimethylamino)-8-hydroxy-2-{[3-(methyloxy)phenyl]methyl}-1,2-dihydroimidazo|5,1-
b]quinazoline-3,9-dione (40). To a mixture of compound 39 (1.00 g, 3.07 mmol), DMF (4.8 mL) and THF
(10 mL) was added dropwise oxalyl chloride (1.17 g, 9.22 mmol) at 0 °C and the reaction mixture was
stirred at room temperature for 2 h. The mixture was concentrated under reduced pressure and partitioned
between ethyl acetate and aqueous NaHCOj; solution. The organic layer was washed with brine, dried over
Na,SO4 and concentrated under reduced pressure to give a yellow solid. The yellow solid obtained above

was dissolved in a mixed solvent of THF (8 mL) and methanol (8 mL), and then 1 N aqueous sodium
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hydroxide solution (3.07 mL, 3.07 mmol) was added. The mixture was stirred at room temperature for 4 h
followed by neutralization with 1 N hydrochloric acid. The resulting mixture was concentrated under
reduced pressure and the residue was suspended in H>O. The precipitated solid was collected, washed with
H»0 and dried to give the title compound as a white powder (1.05 g, 2.76 mmol, 90%). 'H NMR (300 MHz,
DMSO-ds) 6 2.36 (6H, s), 3.75 (3H, s), 4.35 (1H, d, J = 15.1 Hz), 4.89 (1H, d, J = 14.8 Hz), 6.16 (1H, s),
6.84-6.98 (3H, m), 7.02 (1H, d, J= 8.3 Hz), 7.29 (1H, t, J = 8.0 Hz), 7.34 (1H, d, J= 7.2 Hz), 7.79 (1H, t,
J=28.1Hz), 11.40 (1H, s).
1-(Dimethylamino)-2-{[3-(methyloxy)phenyl]methyl}-3,9-dioxo-1,2,3,9-tetrahydroimidazo|5,1-b]
quinazolin-8-yl Trifluoromethanesulfonate (41). To a solution of compound 40 (3.53 g, 9.28 mmol) in
dichloromethane (32 mL) were added pyridine (1.95 mL, 24.2 mmol) and trifluoromethanesulfonic
anhydride (2.03 mL, 12.1 mmol) at 0 °C and the mixture was stirred at room temperature for 2 h. After the
mixture was concentrated under reduced pressure, the residue was diluted with ethyl acetate and H,O, and
neutralized with 1 N hydrochloric acid (5 mL). The organic layer was separated, washed with brine and
dried over Na;SOj4. After removal of the solvent, the residue was triturated with diethyl ether to give the
title compound as a pale yellow powder (4.63 g, 9.04 mmol, 97%). '"H NMR (300 MHz, DMSO-ds) J 2.34
(6H, s), 3.75 (3H, s), 4.35 (1H, d, J=15.1 Hz), 4.88 (1H, d, J=15.1 Hz), 6.19 (1H, s), 6.84-7.00 (3H, m),
7.29 (1H, t, J="7.8 Hz), 7.66 (1H, d, /= 7.6 Hz), 7.97-8.11 (2H, m).
1-(Dimethylamino)-2-{[3-(methyloxy)phenyl]methyl}-3,9-dioxo-1,2,3,9-tetrahydroimidazo|[5,1-5]
quinazoline-8-carbonitrile (42a). Compound 42a was prepared from compound 41 with a similar
procedure as described for 37b (white powder, 82%). 'H NMR (300 MHz, DMSO-ds) J 2.38 (6H, s), 3.75
(3H, s), 4.35 (1H, d, J = 14.8 Hz), 4.91 (1H, d, J = 15.1 Hz), 6.17 (1H, s), 6.85-6.98 (3H, m), 7.29 (1H, t,
J=7.8 Hz), 8.02-8.10 (1H, m), 8.14-8.21 (2H, m).
1-(Dimethylamino)-2-{[3-(methyloxy)phenyl|methyl}-8-phenyl-1,2-dihydroimidazo|5,1-
b]quinazoline-3,9-dione (42b). Compound 42b was prepared from compound 41 with a similar procedure
as described for 37a (pale yellow powder, 91%). '"H NMR (300 MHz, DMSO-ds) 6 2.24 (6H, s), 3.74 (3H,
s),4.31 (1H, d, J=14.9 Hz), 4.87 (1H, d, J=15.1 Hz), 6.05 (1H, s), 6.84-6.96 (3H, m), 7.23-7.42 (7TH, m),
7.86—7.94 (2H, m).
1-(Dimethylamino)-2-{[3-(methyloxy)phenyl|methyl}-8-(phenyloxy)-1,2-dihydroimidazo|[5,1-b]
quinazoline-3,9-dione (42¢). A mixture of compound 41 (300 mg, 0.585 mmol), phenol (66 mg, 0.700
mmol), tris(dibenzylideneacetone)dipalladium(0) (27 mg, 0.029 mmol), 2-(di-z-butylphosphine)biphenyl
(17 mg, 0.059 mmol), and K3;PO4 (0.352 mL, 1.23 mmol) in toluene (2 mL) was stirred at 80 °C for 72 h
under nitrogen atmosphere. The reaction mixture was diluted with ethyl acetate, and washed with H>O and
brine. The organic layer was dried over Na,SO4 and concentrated under reduced pressure. The crude product
was purified by silica gel column chromatography (30—50% ethyl acetate/hexane) to give the title compound

as a pale yellow oil (50.1 mg, 0.110 mmol, 19%). 'H NMR (300 MHz, DMSO-ds) § 2.27 (6H, bs), 3.74 (3H,
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s),4.31 (1H, d, J=14.8 Hz), 4.87 (1H, d, J= 14.8 Hz), 6.08 (1H, s), 6.84-6.97 (5H, m), 7.05-7.15 (2H, m),
7.27 (1H, t, J= 8.0 Hz), 7.33-7.40 (2H, m), 7.66 (1H, dd, J=8.3, 1.1 Hz), 7.85 (1H, t, /= 8.1 Hz).
1-(Dimethylamino)-2-{[3-(methyloxy)phenyl|methyl}-8-(3-phenylpropyl)-1,2-dihydroimidazo|5,1-

b]quinazoline-3,9-dione (42d). To a mixture of compound 41 (200 mg, 0.390 mmol), N,N-diisopropyl-
ethylamine (0.102 mL, 0.585 mmol), copper(I) iodide (22 mg, 0.120 mmol) and
tetrakis(triphenylphosphine)palladium(0) (45 mg, 0.039 mmol) in DMF (4 mL) was added 3-phenyl-1-
propyne (68 mg, 0.590 mmol) and the mixture was stirred at room temperature for 24 h. The reaction mixture
was diluted with ethyl acetate and washed with aqueous NH4Cl solution (twice) and brine. The organic layer
was dried over Na,SO4 and concentrated under reduced pressure. The crude product was purified by silica
gel column chromatography (40% ethyl acetate/hexane) and crystallized from diethyl ether to give 1-
(dimethylamino)- 2-{[3-(methyloxy)phenyl]methyl}-8-(3-phenylprop-1-yn-1-yl)-1,2-dihydroimidazol[5,1-
b]quinazoline-3,9- dione as a pale yellow power (85.0 mg). A mixture of the pale yellow powder obtained
above (80 mg, 0.170 mmol) and 10% palladium on carbon (160 mg) in a mixed solvent of THF (10 mL) and
methanol (1 mL) was stirred at room temperature for 2 h under hydrogen atmosphere (1 atm). After the
insoluble materials were filtered off through a PTFE membrane filter, the filtrate was concentrated under
reduced pressure to give the title compound as a colorless oil (36 mg, 0.075 mmol, 21% over 2 steps). 'H
NMR (300 MHz, DMSO-ds) 6 1.80-1.97 (2H, m), 2.24-2.40 (6H, m), 2.65 (2H, t, J = 7.8 Hz), 3.25-3.39
(2H, m), 3.75 (3H, s), 4.33 (1H, d, J=14.8 Hz), 4.88 (1H, d, J=15.1 Hz), 6.15 (1H, s), 6.84-6.99 (3H, m),
7.10-7.32 (6H, m), 7.41 (1H, d, J= 6.1 Hz), 7.67-7.84 (2H, m).

Representative Procedure for the Synthesis of Compounds 43a-d: 5-Cyano-N-{[3-(methyloxy)
phenyl]-methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxamide (43a). A mixture of compound 42a (29
mg, 0.074 mmol), 6 N hydrochloric acid (0.496 mL), and acetic acid (1 mL) was heated at 80 °C for 2 h.
After completeness of reaction was checked by LC-MS, the reaction mixture was concentrated under
reduced pressure and the residue was crystallized from ethanol to give the title compound as a white powder
(20 mg, 0.060 mmol, 80%). mp 185-187 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.74 (3H, s), 4.46 (2H, d, J
= 6.4 Hz), 6.79-6.87 (1H, m), 6.88-6.97 (2H, m), 7.20-7.30 (1H, m), 7.92-8.13 (3H, m), 9.61 (1H, t, J =
6.1 Hz), 12.74 (1H, s). Anal. Calcd for C;sH14N4O3: C, 64.66; H, 4.22; N, 16.76. Found: C, 64.39; H, 4.25;
N, 17.04.

N-{[3-(Methyloxy)phenyl]methyl}-4-0x0-5-phenyl-3,4-dihydroquinazoline-2-carboxamide  (43b).
Compound 43b was prepared from compound 42b (white powder, 53%). mp 196-198 °C. 'H NMR (300
MHz, DMSO-ds) 6 3.74 (3H, s), 4.46 (2H, d, J = 6.1 Hz), 6.80-6.87 (1H, m), 6.90-6.97 (2H, m), 7.21-7.40
(7H, m), 7.75-7.89 (2H, m), 9.55 (1H, t, J= 6.2 Hz), 12.00 (1H, bs). Anal. Calcd for C23H9N303: C, 71.67;
H, 4.97; N, 10.90. Found: C, 71.38; H, 5.07; N, 10.72.

N-{[3-(Methyloxy)phenyl|methyl}-4-0xo0-5-(phenyloxy)-3,4-dihydroquinazoline-2-carboxamide
(43¢). Compound 43¢ was prepared from compound 42¢ (white powder, 55%). Chromatographic purity
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(HPLC) 95.7%. mp 148-150 °C. 'H NMR (300 MHz, DMSO-ds) J 3.74 (3H, s), 4.45 (2H, d, J = 6.4 Hz),
6.80—6.86 (1H, m), 6.89-6.96 (4H, m), 7.00-7.14 (2H, m), 7.25 (1H, t, /= 8.1 Hz), 7.31-7.40 (2H, m), 7.57
(1H, d, J = 8.0 Hz), 7.81 (1H, t, J = 8.1 Hz), 9.54 (1H, t, J = 6.2 Hz), 12.03 (1H, bs). Anal. Calcd for
C23H19N30420.25H,0: C, 68.05; H, 4.84; N, 10.35. Found: C, 67.77; H, 4.70; N, 10.51.

N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-5-(3-phenylpropyl)-3,4-dihydroquinazoline-2-
carboxamide (43d). Compound 43d was prepared from compound 42d (white powder, 56%). mp 132—
134 °C. '"H NMR (300 MHz, DMSO-d;) J 1.80-1.94 (2H, m), 2.63-2.71 (2H, m), 3.22-3.33 (2H, m), 3.73
(3H, s), 4.45 (2H, d, J = 6.4 Hz), 6.78-6.87 (1H, m), 6.88-6.95 (2H, m), 7.10-7.31 (6H, m), 7.34 (1H, d, J
=17.2 Hz), 7.57-7.66 (1H, m), 7.73 (1H, t, J= 7.8 Hz), 9.50 (1H, t, /= 6.1 Hz), 12.00 (1H, bs). Anal. Calcd
for Cy6H25N303°0.1H,0: C, 72.74; H, 5.92; N, 9.79. Found: C, 72.70; H, 5.85; N, 9.87.

Ethyl 5-(Bromomethyl)-4-0x0-3,4-dihydroquinazoline-2-carboxylate (44). A mixture of compound 25f
(3.00 g, 12.9 mmol), N-bromosuccinimide (2.53 g, 14.2 mmol) and 2,2'-azobis(isobutyronitrile) (106 mg,
0.645 mmol) in chloroform (60 mL) was refluxed for 1 h. The mixture was concentrated under reduced
pressure and the residue was triturated with ethyl acetate to give the title compound as a white powder (3.17
g, 10.2 mmol, 79%). 'H NMR (300 MHz, DMSO-ds) § 1.36 (3H, t, J = 6.9 Hz), 4.39 (2H, q, J = 6.9 Hz),
5.38 (2H, s), 7.67-7.69 (1H, m), 7.77-7.87 (2H, m), 12.66 (1H, bs).

Ethyl 5-{[Methyl(phenylmethyl)amino]methyl}-4-0x0-3,4-dihydroquinazoline-2-carboxylate (45). To
a suspension of compound 44 (300 mg, 0.964 mmol) in a mixed solvent of THF (6 mL) and DMF (2 mL)
were added pyridine (0.078 mL, 0.964 mmol) and N-methyl-1-phenylmethan- amine (117 mg, 0.964 mmol)
at 0 °C and the mixture was stirred at room temperature for 2 h. Water and 1 N hydrochloric acid (2 mL)
were added to the reaction mixture and washed with ethyl acetate. The aqueous layer was basified with 1 N
aqueous sodium hydroxide solution and the product was extracted with ethyl acetate. The organic layer was
washed with brine, dried over Na,SO4 and concentrated under reduced pressure. The residue was triturated
with diethyl ether to give the title compound as a pale yellow powder (200 mg, 0.569 mmol, 59%). '"H NMR
(300 MHz, DMSO-ds) 6 1.67 (3H, t, J=7.2 Hz), 2.50 (3H, s), 3.99 (2H, bs), 4.58 (2H, s), 4.69 (2H, q, J =
6.9 Hz), 7.56-7.71 (5H, m), 8.02 (1H, d, J = 9.0 Hz), 8.13-8.22 (2H, m), 12.69 (1H, bs).

N-{[3-(Methyloxy)phenyl|methyl}-5-{[methyl(phenylmethyl)amino]|methyl}-4-0x0-3,4-dihydro-
quinazoline-2-carboxamide (46). Compound 46 was prepared from compound 45 with the same procedure
as described for 26a (white powder, 8%). Chromatographic purity (HPLC) 93.4%. mp 127-128 °C. 'H NMR
(300 MHz, DMSO-ds) 6 2.17 (3H, s), 3.64 (2H, s), 3.73 (3H, s), 4.24 (2H, s), 4.45 (2H, d, J=5.7 Hz), 6.81—
6.93 (3H, m), 7.21-7.38 (6H, m), 7.64-7.67 (1H, m), 7.82-7.90 (2H, m), 9.52 (1H, t, J = 5.7 Hz), 11.42
(1H, bs).

Ethyl 5-Methyl-4-0x0-3-({[2-(trimethylsilyl)ethyl]oxy}methyl)-3,4-dihydroquinazoline-2-carboxy-
late (47). To a mixture of compound 25f (1.50 g, 6.46 mmol) in DMF (30 mL) was added sodium hydride

(60% oil dispersion, 284 mg, 7.10 mmol) at 0 °C and the mixture was stirred at room temperature for 30
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min. The mixture was cooled to 0 °C again and {2-[(chloromethyl)oxy]ethyl}(trimethyl)silane (1.25 mL,
7.10 mmol) was added. After being stirred at room temperature for 12 h, the reaction mixture was diluted
with ethyl acetate, washed with H,O (twice) and brine, and dried over Na,SO4. After removal of the solvent,
the residue was purified by silica gel column chromatography (17-50% ethyl acetate/hexane) to give the
title compound as a pale yellow oil (1.80 g, 4.97 mmol, 77%). 'H NMR (300 MHz, DMSO-ds) 6 —0.05 (9H,
s), 0.83 (2H, t,J=8.1 Hz), 1.34 (3H, t,J= 6.9 Hz), 2.79 (3H, s), 3.51 (2H, t, J = 8.1 Hz), 4.39 (2H, q, J =
6.9 Hz), 5.54 (2H, s), 7.42 (1H, d, J=7.5 Hz), 7.56 (1H, d, J= 8.1 Hz), 7.74 (1H, t, J = 8.1 Hz).

Ethyl 5-(Bromomethyl)-4-0x0-3-({[2-(trimethylsilyl)ethyl]oxy}methyl)-3,4-dihydroquinazoline-2-
carboxylate (48). Compound 48 was prepared from compound 47 with a similar procedure as described for
44 (pale yellow oil, 40%). 'H NMR (300 MHz, DMSO-ds) § —0.06-0.00 (9H, m), 0.84 (2H, t, J = 8.1 Hz),
1.32-1.37 (3H, m), 3.48-3.56 (2H, m), 4.36-4.45 (2H, m), 5.34-5.59 (4H, m), 7.70-7.87 (3H, m).

Ethyl 4-Oxo-5-{[(phenylmethyl)oxy]methyl}-3,4-dihydroquinazoline-2-carboxylate (50). To a
mixture of benzyl alcohol (108 mg, 0.996 mmol) in THF (2 mL) was added sodium hydride (60% oil
dispersion, 36.0 mg, 0.906 mmol) at 0 °C and the mixture was stirred at room temperature for 30 min. The
mixture was cooled to 0 °C again and a solution of compound 48 (200 mg, 0.453 mmol) in THF (3 mL) was
added. After being stirred at room temperature for 3 h, the reaction mixture was quenched with saturated
aqueous NH4Cl solution and extracted with ethyl acetate. The organic layer was washed with H,O and brine,
dried over Na,SO; and concentrated under reduced pressure to give ethyl 4-oxo0-5-
{[(phenylmethyl)oxy]methyl}-3-({[2-(trimethylsilyl)ethyl]oxy} methyl)-3,4-dihydroquinazoline-2-
carboxylate (49) as a yellow oil (220 mg). To a solution of the yellow oil (200 mg) obtained above in
dichloromethane (8 mL) was added trifluoroacetic acid (2 mL) and the mixture was stirred at room
temperature for 2 h. After removal of the solvent, the residue was purified by silica gel column
chromatography (25-100% ethyl acetate/hexane) to give the title compound as a brown powder (42 mg, 120
mmol, 30% over 2 steps). 'H NMR (300 MHz, DMSO-d¢) 6 1.49 (3H, t, J = 7.2 Hz), 4.57 2H, q, J = 7.2
Hz), 4.76 (2H, s), 5.32 (2H, s), 7.30-7.46 (5H, m), 7.78-7.86 (2H, m), 7.97-8.01 (1H, m), 9.92 (1H, bs).

N-{[3-(Methyloxy)phenyl|methyl}-4-0xo0-5-{[(phenylmethyl)oxy|methyl}-3,4-dihydroquinazoline-
2-carboxamide (51). Compound 51 was prepared from compound 50 with the same procedure as described
for 26a (white powder, 51%). mp 160-161 °C. 'H NMR (300 MHz, DMSO-ds) J 3.73 (3H, s), 4.44 (2H, d,
J=6.3 Hz), 4.71 (2H, s), 5.19 (2H, s), 6.81-6.93 (3H, m), 7.21-7.44 (6H, m), 7.68 (1H, d, J = 7.8 Hz),
7.79-7.89 (2H, m), 9.53 (1H, t, J= 6.3 Hz), 12.10 (1H, bs). Anal. Calcd for C>5H23N304°0.1H,0: C, 69.62;
H, 5.42; N, 9.74. Found: C, 69.47; H, 5.39; N, 9.91.

{2-[({[3-(Methyloxy)phenyl]methyl}amino)carbonyl]-4-0x0-3,4-dihydroquinazolin-5-yl}acetic Acid
(52). A mixture of compound 26n (230 mg, 0.603 mmol), 4 N aqueous sodium hydroxide solution (0.528
mL, 2.11 mmol), THF (4 mL), methanol (4 mL) and H,O (4 mL) was stirred at 80 °C for 10 h. After being

allowed to cool to room temperature, the mixture was diluted with H>O and acidified with 1 N hydrochloric
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acid (3 mL). The resulting mixture was partitioned between ethyl acetate and H,O, and the organic layer
was washed with brine and dried over Na;SO4. After removal of the solvent, the residue was crystallized
from ethyl acetate—diethyl ether to give the title compound as a white powder (192 mg, 0.523 mmol, 87%).
mp 227-228 °C. '"H NMR (300 MHz, DMSO-ds) § 3.74 (3H, s), 4.16 (2H, s), 4.45 (2H, d, J = 6.4 Hz), 6.79—
6.87 (1H, m), 6.88-6.96 (2H, m), 7.20-7.30 (1H, m), 7.40 (1H, d, J = 6.8 Hz), 7.66-7.73 (1H, m), 7.77 (1H,
t,J=7.8 Hz),9.53 (1H, t, J= 6.2 Hz), 12.05-12.20 (2H, m). Anal. Calcd for Ci9H7N305°0.1H,0: C, 61.82;
H, 4.70; N, 11.38. Found: C, 61.59; H, 4.69; N, 11.30.
N-{[3-(Methyloxy)phenyl|methyl}-4-0x0-5-[2-0x0-2-(phenylamino)ethyl]-3,4-dihydroquinazoline-

2-carboxamide (53). A mixture of compound 52 (120 mg, 0.327 mmol), aniline (0.0600 mL, 0.653 mmol),
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (125 mg, 0.653 mmol), 1-hydroxybenzo-
triazole (88.0 mg, 0.653 mmol) and 4-dimethylaminopyridine (40.0 mg, 0.327 mmol) in DMF (3 mL) was
stirred at 50 °C for 12 h. The reaction mixture was diluted with ethyl acetate, and washed with H,O, 0.1 N
hydrochloric acid, H>O and brine. The organic layer was dried over Na,SO4 and concentrated under reduced
pressure. The residue was triturated with ethanol to give the title compound as a pale yellow powder (117
mg, 0.264 mmol, 81%). mp 206-208 °C. 'H NMR (300 MHz, DMSO-d¢) § 3.74 (3H, s), 4.33 (2H, s), 4.45
(2H, d, J = 6.4 Hz), 6.79-6.86 (1H, m), 6.89-6.95 (2H, m), 6.99 (1H, t, J = 7.4 Hz), 7.20-7.31 (3H, m),
7.43 (1H, d, J=7.2 Hz), 7.57 (2H, d, J = 7.6 Hz), 7.67-7.73 (1H, m), 7.79 (1H, t, J = 7.8 Hz), 9.53 (1H, t,
J = 6.2 Hz), 10.08 (1H, bs), 12.10 (1H, bs). Anal. Calcd for C5H2:N404°0.1H,0: C, 67.59; H, 5.04; N,
12.61. Found: C, 67.54; H, 4.91; N, 12.82.

Sodium 4-[2-({6-Fluoro-2-[({[3-(methyloxy)phenyl|methyl}amino)carbonyl]-4-0x0-3,4-dihydro-
quinazolin-5-yl}oxy)ethyl]|benzoate (54). To a solution of compound 38k (1.50 g, 3.05 mmol) in a mixed
solvent of THF (30 mL), methanol (7.5 mL), and DMSO (3.75 mL) was added a solution of sodium hydrogen
carbonate (256 mg, 3.05 mmol) in H,O (7.5 mL) at 80 °C, and the mixture was stirred at 80 °C for 30 min.
After THF and methanol were removed by evaporation, methanol (30 mL) was added to the residual
suspension. The resulting suspension was stirred at 80 °C for 30 min and allowed to cool to room
temperature. The precipitated solid was collected and washed with methanol to give the title compound as
a pale yellow powder (1.40 g, 2.73 mmol, 89%). mp 319-321 °C. '"H NMR (300 MHz, DMSO-ds) J 3.10
(2H,t,J="7.3 Hz), 3.73 (3H, s), 4.26 (2H, t, J= 7.3 Hz), 4.43 (2H, d, J= 6.2 Hz), 6.79-6.85 (1H, m), 6.88—
6.93 (2H, m), 7.20-7.30 (3H, m), 7.45 (1H, dd, J=9.0, 4.7 Hz), 7.63 (1H, t, J=9.7 Hz), 7.79 (2H, d, J =
8.1 Hz), 9.33 (1H, t, J= 6.5 Hz), 12.51 (1H, s). Anal. Calcd for C26H21N3OsFNa: C, 60.82; H, 4.12; N, 8.18.
Found: C, 60.62; H, 4.11; N, 8.38.

2-Amino-4,5-dimethylfuran-3-carboxamide (55b). A mixture of 2-amino-4,5-dimethylfuran-3-
carbonitrile®! (4.50 g, 33.1 mmol, synthesized by a method of Hayashi et al.) and concentrated sulfuric acid
(20 mL) was stirred with heating at 60 °C for 30 min. After the reaction mixture was cooled to 0 °C, crushed

ice (40 g) was added carefully, and 28% aqueous ammonia solution (45 mL) was added dropwise to adjust
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pH to 9. The precipitated solid was collected by filtration, washed with water and ethanol and dried under
reduced pressure to give 55b as a brown powder (3.71 g, 73%). 'H NMR (200 MHz, DMSO-d;) 6 1.98 (3H,
s), 2.03 (3H, s), 6.30 (2H, bs), 6.51 (2H, bs).

Ethyl [(3-carbamoylthiophen-2-yl)carbamoyl|formate (56a). To a solution of 2-amino-3-
thiophenecarboxylic amide® (55a) (5.00 g, 35.2 mmol, synthesized by the method of Dumaitre and Dodic)
and triethylamine (5.39 mL, 38.7 mmol) in THF (200 mL) was added dropwise ethyl chloroglyoxylate (4.81
g, 35.2 mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h. The mixture was partitioned
between ethyl acetate and water. The organic layer was washed with brine, dried over anhydrous Na,;SO4
and concentrated under reduced pressure. The residue was triturated with ethanol to give 56a as a pale
yellow powder (8.32 g, 97%). 'H NMR (200 MHz, DMSO-de)  1.32 (3H, t, J= 7.0 Hz), 4.33 2H, q, J =
7.0 Hz), 7.15 (1H, d, J= 6.0 Hz), 7.50 (1H, d, J = 6.0 Hz), 7.67 (1H, bs), 8.03 (1H, bs).

Ethyl [(3-carbamoyl-4,5-dimethylfuran-2-yl)carbamoyl]formate (56b). Step 1. To a suspension of

compound 55b (1.50 g, 10.7 mmol) and diethyl oxalate (6.26 g, 42.8 mmol) in ethanol (70 mL) was added
sodium ethylate (27.3 g, 80.2 mmol) at 0 °C, and the mixture was heated under reflux for 20 h. The reaction
mixture was allowed to cool to room temperature, and poured into 1 M hydrochloric acid cooled to 0 °C.
The mixture was concentrated under reduced pressure and the residue was suspended with water. The
precipitated solid was collected by filtration, washed with water and dried to give 5,6-dimethyl-4-oxo-
3H,4H-furo[2,3-d]pyrimidine-2-carboxylic acid as a brown powder (1.67 g, 75%). '"H NMR (300 MHz,
DMSO-ds) 6 2.07 (3H, s), 2.15 (3H, s), 11.2 (1H, bs), 12.7 (1H, bs).
Step 2. To a suspension of 5,6-dimethyl-4-oxo0-3H,4H-furo[2,3-d]|pyrimidine-2-carboxylic acid (500 mg,
2.40 mmol) obtained above and DMF (0.1 mL) in THF (10 mL) was added dropwise oxalyl chloride (457
mg, 3.60 mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure and ethanol (5 mL) and THF (5 mL) were added to the concentrated
residue. Pyridine (0.291 mL, 3.60 mmol) was further added dropwise to the mixture. The resulting mixture
was stirred at room temperature for 2 h and then with heating at 50 °C for 15 h. The reaction mixture was
concentrated under reduced pressure and the residue was partitioned between ethyl acetate and water. The
organic layer was washed with brine and dried over anhydrous Na>SO4. After removal of the solvent, the
residue was triturated with diethyl ether—ethanol to give 56b as a yellow powder (297 mg, 49%). 'H NMR
(300 MHz, DMSO-ds) 0 1.29 (3H, t, J = 6.9 Hz), 2.02 (3H, s), 2.16 (3H, s), 4.28 (2H, q, J = 6.9 Hz), 6.85—
7.38 (2H, m), 11.2 (1H, bs).

3-Aminothiophene-2-carboxylic Acid (58a). A mixture of commercially available methyl 3-
aminothiophene-2-carboxylate (10.0 g, 63.6 mmol) and 1 M aqueous sodium hydroxide solution (70 mL,
70 mmol) was stirred at reflux for 1.5 h. The mixture was acidified with 2 M hydrochloric acid to pH 3—4
and extracted with a mixed solvent of ethyl acetate and THF. The organic layer was dried over anhydrous

Na,SO,4 and concentrated under reduced pressure to give 58a as a beige powder (6.40 g, 70%). 'H NMR
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(200 MHz, DMSO-ds) ¢ 6.58 (1H, d, J = 5.2 Hz), 7.44 (1H, d, J = 5.2 Hz).

Ethyl 4-oxo0-4H-thieno[3,2-d][1,3]oxazine-2-carboxylate (59a). To a suspension of compound 58a
(3.84 g, 26.5 mmol) in pyridine (100 mL) was added dropwise ethyl chloroglyoxylate (7.69 g, 56.3 mmol)
at 0 °C, and the mixture was stirred at room temperature for 2 h. The reaction mixture was concentrated
under reduced pressure and the residue was suspended with water. The resulting precipitate was collected
by filtration to give 59a as a brown powder (4.86 g, 81%). 'H NMR (200 MHz, DMSO-d) 6 1.35 3H, t, J
=7.2Hz),4.39 2H, q, J= 7.2 Hz), 7.64 (1H, d, J = 5.6 Hz), 8.49 (1H, d, J = 5.6 Hz).

Ethyl 4-oxo0-4H-pyrido[2,3-d][1,3]oxazine-2-carboxylate (59b). To a suspension of commercially
available 2-aminopyridine-3-carboxylic acid 58b (2.50 g, 18.1 mmol) in pyridine (30 mL) was added
dropwise ethyl chloroglyoxylate (4.94 g, 36.2 mmol) at 0 °C. The mixture was stirred at room temperature
for 2 h and then at 50 °C for further 1 h. The reaction mixture was concentrated under reduced pressure and
the residue was suspended with water. The resulting precipitate was collected by filtration to give 59b as a
pale yellow powder (2.21 g, 56%). 'H NMR (200 MHz, CDCl3) § 1.47 3H, t, J = 7.2 Hz), 4.52 2H, q, J =
7.2 Hz), 7.64 (1H, dd, J = 8.0, 4.8 Hz), 8.61 (1H, dd, J = 8.0, 1.8 Hz), 9.11 (1H, dd, /=4.8, 1.8 Hz).

Ethyl 4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (60a). A mixture of compound 56a (2.00 g,
8.26 mmol) and p-toluenesulfonic acid monohydrate (514 mg, 2.70 mmol) in xylene (50 mL) was heated
under reflux for 11 h. The reaction mixture was diluted with ethyl acetate, washed with water and brine,
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (67% ethyl acetate/hexane) to give 60a as a pale yellow powder (531 mg, 29%).
"H NMR (200 MHz, DMSO-ds) § 1.35 (3H, t, J = 7.2 Hz), 4.38 (2H, q, J = 7.2 Hz), 7.49 (1H, d, J = 5.6
Hz), 7.81 (1H, d, J = 5.6 Hz).

Ethyl 5,6-dimethyl-4-o0x0-3H,4 H-furo[2,3-d|pyrimidine-2-carboxylate (60e). A mixture of compound
56b (280 mg, 1.10 mmol) and p-toluenesulfonic acid monohydrate (105 mg, 0.550 mmol) in toluene (20
mL) was heated under reflux for 4 h. The reaction mixture was partitioned between ethyl acetate and water.
The organic layer was washed with brine, dried over anhydrous Na,SO4, and concentrated under reduced
pressure. The residue was crystallized from ethanol to give 60e as a pale yellow powder (150 mg, 0.635
mmol, 58%). '"H NMR (300 MHz, DMSO-de) 6 1.33 (3H, t,J= 7.2 Hz), 2.19 (3H, s), 2.34 (3H, s), 4.35 (2H,
q,J=17.2 Hz), 12.8 (1H, bs).

Ethyl 1,3-dimethyl-4-ox0-1H,4H,5SH-pyrazolo[3,4-d]pyrimidine-6-carboxylate (60g). To a solution of
5-amino-1,3-dimethyl-1H-pyrazole-4-carboxamide® (55d) (3.00 g, 19.5 mmol, synthesized by the method
of Cheng et al.) and diethyl oxalate (11.4 g, 77.8 mmol) in ethanol (500 mL) was added sodium ethylate
(33.1 g, 97.3 mmol) at 0 °C, and the mixture was heated under reflux for 18 h. The reaction mixture was
allowed to cool to room temperature and poured into 1 M hydrochloric acid (100 mL). The mixture was
concentrated under reduced pressure and the residue was suspended with water. The precipitated solid was

collected by filtration and washed with water and ethanol to give 60g as a pale yellow powder (2.52 g, 55%).
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'"H NMR (300 MHz, DMSO-d¢) 6 1.35 (3H, t, J = 7.2 Hz), 2.44 (3H, s), 3.86 (3H, s), 438 (2H, q, /= 7.2
Hz), 12.4 (1H, bs).

Ethyl 5-methyl-4-ox0-3H,4H-thieno|3,4-d]pyrimidine-2-carboxylate (60h). A mixture of methyl 4-
amino-2-methylthiophene-3-carboxylate hydrochloride®® (57a) (1.90 g, 9.15 mmol, synthesized by the
method of Barker et al.), ethyl cyanoformate (1.36 g, 13.7 mmol) and 1 M hydrochloric acid in acetic acid
(40 mL) was stirred at 80 °C for 2 h. After removal of the solvent, the residue was suspended with water.
The resulting precipitate was collected and washed with water and diethyl ether to give 60h as a brown
powder (1.48 g, 68%). 'H NMR (300 MHz, DMSO-ds) 6 1.33 (3H, d, J= 7.2 Hz), 2.88 (3H, s), 4.34 (2H, q,
J=7.2Hz),7.79 (1H, s), 11.7 (1H, bs).

Ethyl 6-methyl-4-o0x0-3H,4H,7H-pyrrolo[2,3-d]pyrimidine-2-carboxylate (60i). Compound 60i was
prepared from ethyl 2-amino-5-methyl-1H-pyrrole-3-carboxylate®® (57b) (synthesized by a method of Toja
et al.) with a similar procedure as described for 60h (white powder, 50%). '"H NMR (300 MHz, DMSO-ds)
0133 (3H,t,J="7.2Hz),2.31 (3H, s), 4.33 (2H, q, J = 7.2 Hz), 6.26 (1H, s), 12.0 (1H, bs), 12.1 (1H, bs).

Ethyl 6,7-dimethyl-4-0x0-4,7-dihydro-3 H-pyrrolo[2,3-d]|pyrimidine-2-carboxylate (60j). Compound
60j was prepared from ethyl 2-amino-1,5-dimethyl-1H-pyrrole-3-carboxylate®> (57¢, synthesized by a
method of Toja et al.) with a similar procedure as described for 60h (white powder, 26%). 'H NMR (300
MHz, DMSO-ds) 6 1.34 (3H, t, J= 6.9 Hz), 2.36 (3H, s), 3.66 (3H, s), 4.36 (2H, q, J = 7.2 Hz), 6.37 (1H,
s), 12.1 (1H, bs).

Ethyl 4-0x0-3H,4H-thieno|[3,2-d]pyrimidine-2-carboxylate (60k). A mixture of compound 59a (2.50 g,
11.1 mmol) and ammonium acetate (941 mg, 12.2 mmol) in ethanol (30 mL) was heated under reflux for 1
h. The reaction mixture was concentrated under reduced pressure. The residue was diluted with ethyl acetate,
washed with water and brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
crude product was purified by silica gel column chromatography (67-80% ethyl acetate/hexane) to give 60k
as a brown powder (478 mg, 19%). '"H NMR (200 MHz, DMSO-ds) J 1.35 (3H, t, J = 7.2 Hz), 4.38 (2H, q,
J=17.2Hz),7.56 (1H, d, J= 5.6 Hz), 8.28 (1H, d, /= 5.6 Hz).

Ethyl 4-0x0-3H,4H-pyrido|[2,3-d]pyrimidine-2-carboxylate (601). A mixture of compound 59b (2.20 g,
9.99 mmol), ammonium acetate (770 mg, 9.99 mmol) and acetic acid (240 mg, 4.00 mmol) in ethanol (30
mL) was heated under reflux for 1 h. After the reaction mixture was cooled to room temperature, the
precipitated solid was collected by filtration and washed with ethanol to give 601 as a pale yellow powder
(1.11 g, 51%). '"H NMR (200 MHz, DMSO-ds) 6 1.38 (3H, t, J= 7.0 Hz), 4.41 (2H, q, J= 7.0 Hz), 7.65 (1H,
dd, J=7.8,4.4 Hz), 8.56 (1H, dd, /= 7.8, 1.8 Hz), 9.04 (1H, dd, J = 4.4, 1.8 Hz).

Ethyl 4-ox0-3H,4H-pyrido[3,4-d|pyrimidine-2-carboxylate (60m).

Step 1. To a suspension of commercially available 3-aminopyridine-4-carboxylic acid (4.84 g, 35.1 mmol)
in pyridine (60 mL) was added dropwise ethyl chloroglyoxylate (9.58 g, 70.2 mmol) at 0 °C, and the mixture

was stirred at room temperature for 15 h. The reaction mixture was concentrated under reduced pressure
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and the residue was suspended with water. The resulting precipitate was collected by filtration to give 3-(2-
ethoxy-2-oxoacetamido)pyridine-4-carboxylic acid as a pale yellow powder (3.74 g, 45%). 'H NMR (200
MHz, DMSO-des) 0 1.33 (3H, t, J= 7.0 Hz), 4.33 (2H, q, J= 7.0 Hz), 7.88 (1H, d, /= 5.0 Hz), 8.53 (1H, d,
J=5.0Hz),9.71 (1H, s), 12.10 (1H, s).
Step 2. To a solution of 3-(2-ethoxy-2-oxoacetamido)pyridine-4-carboxylic acid (100 mg, 0.420 mmol) and
DMF (0.030 mL) in THF (3 mL) was added dropwise oxalyl chloride (0.040 mL, 0.460 mmol) at 0 °C, and
the mixture was stirred at room temperature for 2 h. The reaction mixture was cooled to 0 °C followed by
the addition of 2 M ammonia in ethanol (0.693 mL, 1.39 mmol). The mixture was stirred at 0 °C for 1 h and
then partitioned between ethyl acetate and water. The organic layer was washed with brine and dried over
anhydrous Na;SO4. The filtrate was concentrated under reduced pressure to give ethyl [(4-
carbamoylpyridin-3-yl)carbamoyl]formate as a white powder (76 mg, 0.320 mmol, 76%). 'H NMR (200
MHz, DMSO-ds) 6 1.32 (3H, t, J= 7.0 Hz), 4.31 (2H, q, J = 7.4 Hz), 7.78 (1H, d, J = 5.2 Hz), 8.17 (1H,
bs), 8.50 (1H, d, J = 5.2 Hz), 8.60 (1H, bs), 9.68 (1H, s).
Step 3. To a suspension of ethyl [(4-carbamoylpyridin-3-yl)carbamoyl]formate (76 mg, 0.320 mmol) in
ethanol (4 mL) was added dropwise sodium ethylate (20% ethanol solution, 120 mg, 0.350 mmol) at 0 °C,
and the mixture was stirred at room temperature for 1 h. The reaction was quenched with 1 M hydrochloric
acid (0.5 mL) and the resulting mixture was neutralized with aqueous NaHCOj solution. The mixture was
extracted with ethyl acetate, washed with brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure to give 60m as a white amorphous form (22 mg, 31%). The crude 60m was used for the
next reaction without purification.
N-[(3-Methoxyphenyl)methyl]-4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxamide (61a).
A mixture of compound 60a (240 mg, 4.00 mmol) and 3-methoxybenzylamine (138 mg, 1.00 mmol) in DMF
(3 mL) was heated at 90 °C for 5 h. The reaction mixture was concentrated under reduced pressure. The
residue was diluted with ethyl acetate, washed with brine, dried over anhydrous Na,SO4 and concentrated
under reduced pressure. The crude product was purified by preparative HPLC and crystallized from ethanol-
diethyl ether to give 61a as a beige powder (88.5 mg, 42%). mp 179-182 °C.'H NMR (200 MHz, DMSO-
ds) 03.73 3H, s), 4.42 (2H, d, J = 6.6 Hz), 6.80-6.92 (3H, m), 7.24 (1H, t, /= 8.0 Hz), 7.43 (1H, d, J=5.6
Hz), 7.66 (1H, d, J= 5.6 Hz), 9.56 (1H, m), 1H hidden. Anal. Calcd for C;5H3N303S+0.2CF3CO,H-0.6H,0:
C, 53.00; H, 4.16; N, 12.04. Found: C, 53.05; H, 4.13; N, 11.85.
N-[(3-Methoxyphenyl)methyl]-5-methyl-4-ox0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxamide
(61b). Compound 61b was prepared from ethyl 5-methyl-4-oxo-3H,4H-thieno[2,3-d]pyrimidine-2-
carboxylate® with a similar procedure as described for 61a (white powder, 86%). mp 148-151 °C. '"H NMR
(300 MHz, CDCl3) 6 2.60 (3H, s), 3.81 (3H, s), 4.60 (2H, d, J= 6.0 Hz), 6.83-6.92 (4H, m), 7.25-7.32 (1H,
m), 7.91 (1H, br). Anal. Calcd for C;¢HsN303S<0.60H,0: C, 56.49; H, 4.80; N, 12.35. Found: C, 56.47; H,
4.62; N 12.44.
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N-[(3-Methoxyphenyl)methyl]-6-methyl-4-0x0-3H,4 H-thieno[2,3-d|pyrimidine-2-carboxamide
(61c). Compound 61c was prepared from ethyl 6-methyl-4-oxo-3H,4H-thieno[2,3-d|pyrimidine-2-
carboxylate (60¢)®” with a similar procedure as described for 61a (white powder, 84%). mp 187 °C. 'H NMR
(300 MHz, DMSO-ds) 6 2.55 (3H, d, J=1.1 Hz), 3.73 (3H, s), 4.41 (2H, d, /= 6.4 Hz), 6.78-6.94 (3H, m),
7.13-7.30 (2H, m), 9.63 (1H, t, J = 6.3 Hz), 12.4 (1H, s). Anal. Calcd for CisH;sN30s3S: C, 58.34; H, 4.59;
N, 12.76. Found: C, 58.14; H, 4.61; N, 12.73.

N-[(3-Methoxyphenyl)methyl]-5,6-dimethyl-4-o0x0-3H,4H-thieno|[2,3-d]pyrimidine-2-carboxamide
(61d). Compound 61d was prepared from ethyl 5,6-dimethyl-4-ox0-3H,4H-thieno[2,3-d]pyrimidine-2-
carboxylate (60d)%” with a similar procedure as described for 61a (white powder, 84%). mp 194 °C.'"H NMR
(300 MHz, DMSO-ds) 6 2.40 (3H, s), 2.42 (3H, s), 3.73 (3H, s), 4.40 (2H, d, J = 6.4 Hz), 6.78-6.93 (3H,
m), 7.18-7.29 (1H, m), 9.60 (1H, t, J = 6.3 Hz), 12.2 (1H, s). Anal. Calcd for Ci7H7N303S+0.25H,0: C,
58.69; H, 5.07; N, 12.08. Found: C, 58.77; H, 4.93; N, 11.94.

N-[(3-Methoxyphenyl)methyl]-5,6-dimethyl-4-0x0-3H,4 H-furo[2,3-d]pyrimidine-2-carboxamide
(61e). Compound 61e was prepared from compound 60e with a similar procedure as described for 61a (white
powder, 26%). mp 178-180 °C. '"H NMR (300 MHz, DMSO-ds) J 2.18 (3H, s), 2.32 (3H, s), 3.73 (3H, s),
4.41 (2H, d, J = 6.3 Hz), 6.80-6.84 (1H, m), 6.88-6.92 (2H, m), 7.24 (1H, t, J = 8.1 Hz), 9.55 (1H, t, J =
6.0 Hz), 12.3 (1H, bs). Anal. Calcd for C;7H7N304: C, 62.38; H, 5.23; N, 12.84. Found: C, 62.16; H, 5.29;
N, 12.77.

N-[(3-Methoxyphenyl)methyl]-3-methyl-4-oxo0-4H,5H-[1,2]oxazolo[5,4-d]pyrimidine-6-
carboxamide (61f). Compound 61f was prepared from compound 60f*® with a similar procedure as
described for 61a (pale pink powder, 71%). mp 236-237 °C. 'H NMR (300 MHz, DMSO-ds) § 2.49 (3H,
m), 3.73 (3H, s), 4.42 (2H, d, J = 6.3 Hz), 6.80-6.84 (1H, m), 6.89-6.92 (2H, m), 7.24 (1H, t, J = 8.1 Hz),
9.80 (1H, t, J= 6.3 Hz), 13.0 (1H, bs). Anal. Calcd for C;sH4N4O4: C, 57.32; H, 4.49; N, 17.83. Found: C,
57.35; H, 4.47; N, 17.81.

N-[(3-Methoxyphenyl)methyl]-1,3-dimethyl-4-oxo0-1H,4H,5H-pyrazolo|3,4-d|pyrimidine-6-
carboxamide (61g). Compound 61g was prepared from compound 60g with a similar procedure as described
for 61a (white powder, 90%). mp 186—188 °C. '"H NMR (300 MHz, DMSO-dc) J 2.43 (3H, s), 3.73 (3H, s),
3.90 (3H, s), 4.45 (2H, d, J = 6.6 Hz), 6.80-6.84 (1H, m), 6.88—6.92 (2H, m), 7.24 (1H, t, J= 8.1 Hz), 9.56
(IH, t,J=6.6 Hz), 11.9 (1H, bs). Anal. Calcd for C;¢H7Ns03: C, 58.71; H, 5.23; N, 21.39. Found: C, 58.41;
H, 5.20; N, 21.23.

N-[(3-Methoxyphenyl)methyl]-5-methyl-4-0x0-3H,4H-thieno[3,4-d|pyrimidine-2-carboxamide
(61h). Compound 61h was prepared from compound 60h with a similar procedure as described for 61a
(beige powder, 76%). mp 168-170 °C. '"H NMR (300 MHz, DMSO-ds) 6 2.88 (3H, s), 3.73 (3H, s), 4.41
(2H, d, J = 6.0 Hz), 6.81-6.91 (3H, m), 7.24 (1H, t, J= 8.1 Hz), 7.64 (1H, s), 9.43 (1H, t, J= 6.0 Hz), 11.3
(1H, bs). Anal. Calcd for CisHisN303S: C, 58.34; H, 4.59; N, 12.76. Found: C, 58.24; H, 4.69; N, 12.49.
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N-[(3-Methoxyphenyl)methyl]-6-methyl-4-o0x0-3H,4H,7H-pyrrolo[2,3-d]pyrimidine-2-carboxamide
(61i). Compound 61i was prepared from compound 60i with a similar procedure as described for 61a (white
powder, 86%). mp 255-256 °C. 'H NMR (300 MHz, DMSO-ds) 6 2.32 (3H, s), 3.73 (3H, s), 4.44 (2H, d, J
=6.3 Hz), 6.25 (1H, s), 6.81-6.91 (3H, m), 7.24 (1H, t, J = 8.1 Hz), 9.14 (1H, t, J = 6.6 Hz), 11.5 (1H, bs),
11.8 (1H, bs). Anal. Calcd for C16H1sN4O3: C, 61.53; H, 5.16; N, 17.94. Found: C, 61.44; H, 5.16; N, 17.89.

N-[(3-Methoxyphenyl)methyl]-6,7-dimethyl-4-ox0-3H,4H,7H-pyrrolo[2,3-d]pyrimidine-2-
carboxamide (61j). Compound 61j was prepared from compound 60j with a similar procedure as described
for 61a (white powder, 31%). mp 205-207 °C. 'H NMR (300 MHz, DMSO-d;) J 2.35 (3H, s), 3.72 (3H, s),
3.73 (3H, s), 4.46 (2H, d, J = 6.3 Hz), 6.33 (1H, s), 6.80-6.85 (1H, m), 6.88-6.92 (2H, m), 7.25 (1H, t, J =
8.1 Hz), 9.47 (1H, t, J = 6.3 Hz), 11.6 (1H, bs). Anal. Calcd for C;7H;3sN4+O3-H,0: C, 59.45; H, 5.50; N,
16.30. Found: C, 59.29; H, 5.85; N, 16.27.

N-[(3-Methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[3,2-d|pyrimidine-2-carboxamide (61Kk).
Compound 61k was prepared from compound 60k with a similar procedure as described for 61a (pale yellow
powder, 36%). mp 201-202 °C. '"H NMR (200 MHz, DMSO-ds) 6 3.73 (3H, s), 4.44 (2H, d, J = 6.6 Hz),
6.80—6.93 (3H, m), 7.24 (1H, t, J=8.0 Hz), 7.48 (1H, d, J = 5.4 Hz), 8.27 (1H, d, J = 5.4 Hz), 9.57 (1H, t,
J = 6.6 Hz), 1H hidden. Anal. Calcd for C;sH3N303S: C, 57.13; H, 4.16; N, 13.33. Found: C, 56.95; H,
4.14; N, 13.08.

N-[(3-Methoxyphenyl)methyl]-4-0x0-3H,4H-pyrido[2,3-d]|pyrimidine-2-carboxamide (611).
Compound 611 was prepared from compound 601 with a similar procedure as described for 61a (white
powder, 76%). mp 181-183 °C. 'H NMR (200 MHz, DMSO-d¢) 6 3.74 (3H, s), 4.46 (2H, d, J = 6.2 Hz),
6.80—6.95 (3H, m), 7.25 (1H, t, J = 8.0 Hz), 7.62 (1H, dd, J = 8.0, 4.6 Hz), 8.55 (1H, dd, J = 8.2, 2.2 Hz),
9.02 (1H, dd, J = 4.6, 2.0 Hz), 9.71 (1H, m), 1H hidden. Anal. Calcd for CisHi4N4O30.1AcOEt: C, 61.72;
H, 4.67; N, 17.56. Found: C, 61.64; H, 4.56; N, 17.52.

N-[(3-Methoxyphenyl)methyl]-4-ox0-3H,4H-pyrido[3,4-d|pyrimidine-2-carboxamide (61m).
Compound 61m was prepared from compound 60m with a similar procedure as described for 61a (white
powder, 65%). mp 231-233 °C. 'H NMR (300 MHz, DMSO-d¢) ¢ 3.73 (3H, s), 4.45 (2H, d, J = 6.3 Hz),
6.80-6.84 (1H, m), 6.90-6.93 (2H, m), 7.24 (1H, t, J = 8.1 Hz), 7.99 (1H, d, J= 5.1 Hz), 8.72 (1H, d, J =
5.4 Hz),9.12 (1H, s), 9.63 (1H, t, J = 6.3 Hz), 12.7 (1H, bs). Anal. Calcd for C;sH14N4+03°0.2H,0: C, 61.22;
H, 4.62; N, 17.85. Found: C, 61.04; H, 4.42; N, 17.88.

Ethyl 5-(bromomethyl)-4-ox0-3H,4H-thieno[2,3-d|pyrimidine-2-carboxylate (62). A mixture of
commercially available 60b (50.0 g, 210 mmol), NBS (44.8 g, 252 mmol), and AIBN (3.45 g, 21.0 mmol)
in chlorobenzene (1000 mL) was stirred at 80 °C for 1.5 h. The reaction mixture was concentrated in vacuo.
The resulting semi-solid was suspended in diethyl ether (250 mL), filtered, and washed with diethyl ether
(2x75 mL), H,O (5%250 mL), diethyl ether (2x200 mL) and dried to provide 62 as a white powder (35.7 g,
54%). mp 176 °C.'"H NMR (300 MHz, CDCIs) § 1.49 (3H, t,J = 7.0 Hz), 4.57 (2H, q, J = 6.9 Hz), 4.92 (2H,
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d,J=0.8 Hz), 7.52 (1H, s), 10.1 (1H, s). Anal. Calcd for C10HoBrN,OsS: C, 37.87; H, 2.86; N, 8.83. Found:
C, 37.78; H, 2.90; N, 8.99.

Ethyl 5-[(benzyloxy)methyl]-4-0x0-3H,4H-thieno[2,3-d|pyrimidine-2-carboxylate (63a). To a
solution of benzyl alcohol (0.157 mL) in THF (10 mL) was gradually added 60% sodium hydride (116 mg,
3.03 mmol), and the mixture was stirred at room temperature for 10 min. Compound 62 (400 mg, 1.26
mmol) was added at once, and the mixture was stirred at room temperature for 1 h. The solvent was
evaporated under reduced pressure and the residue was extracted with ethyl acetate. The mixture was washed
with 1 M hydrochloric acid and a 1:1 mixture of 1 M hydrochloric acid-saturated brine, and after drying
over anhydrous Na,SOs, the solvent was evaporated. The residue was suspended in diethyl ether, filtrated,
dried and suspended in THF (5 mL). Oxalyl chloride (0.550 mL, 6.31 mmol) and DMF (one drop) were
added, and the mixture was stirred at room temperature for 2.5 h. The solvent was evaporated under reduced
pressure. The obtained residue was dissolved in EtOH-THF (1:1) solution, and the mixture was stirred at
room temperature for 12 h. The solvent was evaporated under reduced pressure and the residue was extracted
with ethyl acetate, washed with water and saturated brine, and dried over anhydrous Na,SQO,. The solvent
was evaporated under reduced pressure. The obtained residue was purified by silica gel column
chromatography (20-40% ethyl acetate/hexane) to give 63a (68.7 mg, 16%) as a colorless powder. mp 155—
156 °C. '"H NMR (300 MHz, DMSO-ds) J 1.34 (3H, t, J = 7.1 Hz), 4.36 (2H, q, J = 7.0 Hz), 4.66 (2H, s),
486 (2H, d, J = 0.9 Hz), 7.13-7.51 (5H, m), 7.66 (1H, s), 12.9 (1H, s). Anal. Calcd for
C17H16N204S+0.25H,0: C, 58.52; H, 4.77; N, 8.03. Found: C, 58.30; H, 4.53; N, 8.30.

Ethyl  5-({[4-(ethoxycarbonyl)phenyl|methoxy}methyl)-4-ox0-3H,4H-thieno[2,3-d]pyrimidine-2-
carboxylate (63b). Compound 63b was prepared from compound 62 and ethyl 4-(hydroxymethyl)benzoate
with a similar procedure as described for 63a (pale yellow powder, 75%). mp 181 °C. 'H NMR (300 MHz,
DMSO-ds) 0 1.33 (6H, q, J= 7.0 Hz), 4.27-4.41 (4H, m), 4.75 (2H, s), 4.89 (2H, d, /= 1.1 Hz), 7.54 (2H,
d, J = 8.5 Hz), 7.70 (1H, s), 7.91-7.99 (2H, m), 12.9 (1H, s). Anal. Calcd for C30H20N,04S+0.05H,0: C,
57.56; H, 4.85; N, 6.71. Found: C, 57.55; H, 4.82; N, 6.70.

Ethyl 5-{[(4-fluorophenyl)methoxy|methyl}-4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate
(63¢). Compound 63c was prepared from compound 62 and ethyl (4-fluorophenyl)methanol with a similar
procedure as described for 63a (pale yellow powder, 8%). mp 195-196 °C. 'H NMR (300 MHz, DMSO-ds)
01.34 (3H,t,J="7.1 Hz), 437 (2H, q, /= 7.0 Hz), 4.64 (2H, s), 4.85 (2H, d, J= 1.3 Hz), 7.18 2H, t, J =
9.0 Hz), 7.44 (2H, dd, J = 8.7, 5.7 Hz), 7.66 (1H, t, J = 1.2 Hz), 12.9 (1H, s). Anal. Calcd for
C17H15FN204S+0.25H,0: C, 55.65; H, 4.26; N, 7.64. Found: C, 55.51; H, 4.13; N, 7.84.

Ethyl 5-{[(4-cyanophenyl)methoxy]methyl}-4-0x0-3H,4H-thieno[2,3-d]|pyrimidine-2-carboxylate
(63d). Compound 63d was prepared from compound 62 and 4-(hydroxymethyl)benzonitrile with a similar
procedure as described for 63a (pale yellow powder, 52%). mp 236-237 °C. 'H NMR (300 MHz, DMSO-
ds) 0 1.34 3H, t,J="7.1 Hz), 4.37 (2H, q, J = 7.1 Hz), 4.76 (2H, s), 4.90 (2H, d, J = 1.1 Hz), 7.59 (2H, d,
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J=8.5Hz),7.71 (1H,t,J=1.1 Hz), 7.77-7.89 (2H, m), 12.9 (1H, s). Anal. Calcd for C1sH5N304S+0.25H,0:
C, 57.82; H, 4.18; N, 11.24. Found: C, 57.68; H, 4.09; N, 11.44.

Ethyl 5-{[benzyl(methyl)amino]methyl}-4-ox0-3H,4 H-thieno[2,3-d]pyrimidine-2-carboxylate (63e).
To a mixture of compound 62 (600 mg, 1.89 mmol) obtained and THF (12 mL) were added N-methyl-1-
phenylmethanamine (0.269 mL, 2.08 mmol) and triethylamine (0.527 mL, 3.78 mmol) at room temperature
and the mixture was stirred for 1 h. The reaction mixture was concentrated under reduced pressure and ethyl
acetate was added to the residue. The mixture was washed with saturated brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The concentrated residue was purified by silica gel
column chromatography (1-8% methanol/ethyl acetate). The obtained crude crystals were recrystallized
from ethyl acetate—hexane to give 63e as a white powder (351 mg, 52%). mp 129 °C. 'H NMR (300 MHz,
DMSO-ds) 0 1.33 (3H, t, J = 7.2 Hz), 2.32 (3H, s), 4.15 (4H, s), 4.32 (2H, q, J = 7.0 Hz), 7.28-7.51 (5H,
m), 7.64 (1H, s). Anal. Calcd for Ci3H;9N303S+0.05H,0: C, 60.33; H, 5.37; N, 11.73. Found: C, 60.37; H,
5.28; N, 11.74.

Ethyl 5-[(benzylsulfanyl)methyl]-4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (63f). To a
mixture of compound 62 (600 mg, 1.89 mmol) and DMA (12 mL) were added phenylmethanethiol (0.244
mL, 2.08 mmol) and triethylamine (0.527 mL, 3.78 mmol) at room temperature and the mixture was stirred
for 1 h. The reaction mixture was concentrated under reduced pressure, and ethyl acetate was added to the
obtained residue. The mixture was washed with 1 M hydrochloric acid and saturated brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure. The concentrated residue was purified by silica
gel column chromatography (5-50% ethyl acetate/hexane). The obtained crude crystals were recrystallized
from ethyl acetate—hexane to give 63f as a white powder (207 mg, 30%). mp 171 °C. '"H NMR (300 MHz,
DMSO-ds) 0 1.35 (3H, t, J = 7.2 Hz), 3.73 (2H, s), 3.99 (2H, s), 4.37 (2H, q, J = 7.1 Hz), 7.15-7.34 (5H,
m), 7.57 (1H, s), 12.8 (1H, s). Anal. Calcd for C17H;¢N203S,20.20H,0: C, 56.09; H, 4.54; N, 7.69. Found:
C, 55.93; H, 4.41; N, 7.96.

5-[(Benzyloxy)methyl]-N-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[2,3-d]|pyrimidine-2-
carboxamide (64a). Compound 64a was prepared from compound 63a with a similar procedure as described
for 61a (white powder, 60%). mp 145 °C. '"H NMR (300 MHz, DMSO-d¢) § 3.73 (3H, s), 4.41 (2H, d, J =
6.4 Hz), 4.66 (2H, s), 4.85 (2H, d, J = 0.8 Hz), 6.82 (1H, dd, J = 8.3, 2.3 Hz), 6.87-6.95 (2H, m), 7.18-7.45
(6H, m), 7.60 (1H, s), 9.66 (1H, t, J = 6.5 Hz), 12.4 (1H, s). Anal. Calcd for C23H2N304S+0.25H,0: C,
62.78; H, 4.93; N, 9.55. Found: C, 62.54; H, 4.90; N, 9.88.

Ethyl 4-{[(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-0x0-3H,4 H-thieno[2,3-d]pyrimidin-5-
yl)methoxy|methyl}benzoate (64b). Compound 64b was prepared from compound 63b with a similar
procedure as described for 61a (white powder, 90%). mp 173 °C. '"H NMR (300 MHz, DMSO-ds) 6 1.32
(3H,t,J=7.1 Hz), 3.73 (3H, s), 4.31 (2H, q, J = 7.2 Hz), 4.42 (2H, d, J = 6.2 Hz), 4.75 (2H, s), 4.89 (2H,
d, J=0.9 Hz), 6.79-6.85 (1H, m), 6.87-6.93 (2H, m), 7.24 (1H, t, J = 8.1 Hz), 7.54 (2H, d, J = 8.5 Hz),
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7.63 (1H, s), 7.88-8.03 (2H, m), 9.65 (1H, t, J = 6.5 Hz), 12.4 (1H, s). Anal. Calcd for
C26H25N306S0.10H,0: C, 61.31; H, 4.99; N, 8.25. Found: C, 61.17; H, 4.94; N, 8.42.
4-{[(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-ox0-3H,4 H-thieno[2,3-d|pyrimidin-5-
yl)methoxy]methyl}benzoic acid (64c). A mixture of 64b (126 g, 249 mmol) and 8 M NaOH (77.7 mL,
622 mmol) in a mixture of MeOH (600 mL), THF (600 mL) and water (600 mL) was stirred at 90 °C for 1
h. The mixture was concentrated in vacuo. After acidification with 1 M hydrochloric acid (933 mL, 933
mmol), the crude materials were collected by filtration, washed with water (7x500 mL) and MeOH (6x500
mL) to give a white powder. The crude product was suspended in MeOH (2500 mL) at refluxed temperature
for 1.5 h, cooled to room temperature, and collected by filtration, washed with MeOH and air dried to give
64c as a white powder (122 g, quant.). mp 229 °C. '"H NMR (300 MHz, DMSO-ds) 6 3.73 (3H, s), 4.41 (2H,
d, J=6.0 Hz), 4.74 (2H, s), 4.89 (2H, s), 6.82 (1H, dd, J = 8.5, 1.9 Hz), 6.86-6.97 (2H, m), 7.24 (1H, t, J
=8.1Hz), 7.51 (2H, d, J=8.1 Hz), 7.63 (1H, s), 7.93 (2H, d, /= 8.3 Hz), 9.66 (1H, t, J= 6.4 Hz), 12.5 (1H,
s), 12.9 (1H, s). Anal. Calcd for C24H21N306S: C, 60.12; H, 4.41; N, 8.76. Found: C, 60.30; H, 4.53; N, 8.61.
5-{[(4-Fluorophenyl)methoxy|methyl}-N-[(3-methoxyphenyl)methyl]-4-ox0-3H,4 H-thieno|[2,3-
d|pyrimidine-2-carboxamide (64d). Compound 64d was prepared from compound 63c¢ with a similar
procedure as described for 61a (white powder, 81%). mp 166 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.73
(3H, s), 4.41 (2H, d, J = 6.0 Hz), 4.64 (2H, s), 4.85 (2H, d, J = 0.8 Hz), 6.74-6.94 (3H, m), 7.11-7.30 (3H,
m), 7.38-7.49 (2H, m), 7.59 (1H, s), 9.64 (1H, s), 12.4 (1H, s). Anal. Calcd for C23H20FN304S+0.15H,0: C,
60.56; H, 4.49; N, 9.21. Found: C, 60.48; H, 4.44; N, 9.27.
5-{[(4-Cyanophenyl)methoxy]|methyl}-/V-[(3-methoxyphenyl)methyl]-4-0x0-3 H,4 H-thieno|[2,3-
dlpyrimidine-2-carboxamide (64e). Compound 64e was prepared from compound 63d with a similar
procedure as described for 61a (white powder, 79%). mp 205 °C. '"H NMR (300 MHz, DMSO-ds) 6 3.73
(3H, s), 4.42 (2H, d, J= 6.4 Hz), 4.76 (2H, s), 4.89 (2H, d, /= 1.1 Hz), 6.79-6.93 (3H, m), 7.24 (1H, t, J =
8.1 Hz), 7.55-7.66 (3H, m), 7.77-7.90 (2H, m), 9.65 (1H, t, J = 6.4 Hz), 12.4 (1H, s). Anal. Calcd for
C24H20N404S+0.25H,0: C, 61.99; H, 4.44; N, 12.05. Found: C, 62.02; H, 4.36; N, 12.13.
5-{[Benzyl(methyl)amino|methyl}-/V-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[2,3-
dlpyrimidine-2-carboxamide (64f). Compound 64f was prepared from compound 63e with a similar
procedure as described for 61a (white powder, 58%). mp 127 °C. '"H NMR (300 MHz, DMSO-d;) 6 2.18
(3H,s), 3.60 (2H, s), 3.73 (3H, s), 3.94 (2H, s), 4.42 (2H, d, J = 6.4 Hz), 6.78-6.86 (1H, m), 6.87-6.93 (2H,
m), 7.17-7.44 (6H, m), 7.59 (1H, s), 9.63 (1H, s), 12.3 (1H, s). Anal. Calcd for C24H24N405S: C, 64.27; H,
5.39; N, 12.49. Found: C, 64.02; H, 5.21; N, 12.39.
5-[(Benzylsulfanyl)methyl]-/V-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[2,3-d]|pyrimidine-2-
carboxamide (64g). Compound 64g was prepared from compound 63f with a similar procedure as described
for 61a (white powder, 67%). mp 126 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.73 (2H, s), 3.74 (3H, s), 3.99
(2H, s), 4.42 (2H, d, J = 6.4 Hz), 6.79-6.93 (3H, m), 7.19-7.32 (6H, m), 7.51 (1H, s), 9.64 (1H, t, J = 6.1
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Hz), 12.4 (1H, s). Anal. Calcd for C23H2;N303S,20.45H,0: C, 60.10; H, 4.80; N, 9.14. Found: C, 59.95; H,
4.57; N, 9.38.

Ethyl 5-(azidomethyl)-4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (65a). To a mixture of
ethyl compound 62 (2.00 g, 6.31 mmol) and DMF (20 mL) was added sodium azide (861 mg, 13.2 mmol),
and the mixture was stirred at room temperature for 12 h. Hydrochloric acid (1 M) was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The organic layer was washed 5 times with water
and once with saturated brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
concentrated residue was crystallized from ethyl acetate to give 65a as a white powder (1.33 g, 76%). mp
192 °C.'H NMR (300 MHz, DMSO-ds) § 1.35 (3H, t, J = 7.2 Hz), 4.37 (2H, q, J = 7.2 Hz), 4.76 (2H, s),
7.81 (1H, s), 13.0 (1H, s). Anal. Calcd for C;oH9Ns03S<0.05H,0: C, 42.87; H, 3.27; N, 25.00. Found: C,
43.30; H, 3.26; N, 24.57.

Ethyl 5-(aminomethyl)-4-o0x0-3H,4 H-thieno[2,3-d]pyrimidine-2-carboxylate hydrochloride (65b). A
mixture of compound 65a (100 mg, 0.358 mmol), 2 M hydrochloric acid/EtOH (0.268 mL, 1.07 mmol), and
10% Pd/C (50% wet) (25.0 mg) in EtOH-THF (1.0 mL—1.0 mL) was vigorously stirred under H, atmosphere
for 1 h at room temperature. After removal of the catalyst by filtration (washed with MeOH and H,O)
(Celite), the filtrate was concentrated in vacuo. The residue was crystallized from ethyl acetate to give 65b
(104 mg, 94%) as a white powder. mp 262-263 °C. 'H NMR (300 MHz, DMSO-de) d 1.35 (3H, t, J = 7.1
Hz), 4.05-4.64 (4H, m), 7.87 (1H, s), 8.34 (3H, s), 13.2 (1H, s). Anal. Calcd for C;oH;2CIN303S+0.30H,0:
C, 40.69; H, 4.30; N, 14.24. Found: C, 40.51; H, 4.12; N, 14.35.

Ethyl 5-[(benzoylamino)methyl]-4-0x0-3,4-dihydrothieno[2,3-d]pyrimidine-2-carboxylate (66a). To
a mixture of compound 65b (250 mg, 0.863 mmol) in THF (3.0 mL) were added benzoyl chloride (0.110
mL, 0.949 mmol) and triethylamine (0.253 mL, 1.81 mmol). After being stirred for 1 h at room temperature,
the mixture was concentrated in vacuo. The residue was taken up in ethyl acetate, washed with saturated
sodium hydrogen carbonate solution (twice), brine, 1 M hydrochloric acid, brine, dried over Na,SO4 and
concentrated in vacuo. The residue was crystallized from ethyl acetate to give 66a (223 mg, 72%) as a white
powder. mp 204 °C. 'H NMR (300 MHz, DMSO-d¢) 6 1.35 (3H, t, J = 7.1 Hz), 4.38 (2H, q, J = 7.0 Hz),
4.80 2H, d, J=4.9 Hz), 7.43-7.60 (4H, m), 7.86—7.94 (2H, m), 9.03 (1H, t, /= 5.8 Hz), 12.9 (1H, s). Anal.
Calcd for C17H5N304S: C, 57.13; H, 4.23; N, 11.76. Found: C, 57.28; H, 4.27; N, 11.56.

Ethyl 5-({[4-(methoxycarbonyl)benzoyl]amino}methyl)-4-0x0-3,4-dihydrothieno[2,3-d|pyrimidine-
2-carboxylate (66b). To a mixture of monomethyl terephthalate (373 mg, 2.07 mmol) in THF (5.0 mL)
were added oxalyl chloride (0.450 mL, 5.18 mmol) and N,N-dimethylformamide (1 drop). After being stirred
for 1 h at room temperature, the mixture was concentrated in vacuo. The residue was resusupended in THF
(5.0 mL), and to the mixture were added 65b (500 mg, 1.73 mmol) and triethylamine (0.960 mL, 6.90 mmol).
After being stirred for 1 h at room temperature, the mixture was concentrated in vacuo. The residue was

taken up in ethyl acetate, washed with saturated sodium hydrogen carbonate solution (twice), brine, 1| M
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hydrochloric acid, brine, dried over Na,SO4 and concentrated in vacuo. The residue was crystallized from
ethyl acetate to give 66b (588 mg, 82%) as a white powder. mp 236 °C. 'H NMR (300 MHz, DMSO-ds) ¢
1.35 (3H,t,J=7.2 Hz), 3.89 (3H, s), 4.37 (2H, q, /= 7.2 Hz), 4.82 (2H, d, /= 5.5 Hz), 7.52 (1H, s), 7.77—
8.22 (4H, m), 9.23 (1H, s), 12.9 (1H, s). Anal. Calcd for C;9H7N30¢S: C, 54.93; H, 4.12; N, 10.12. Found:
C, 54.65; H, 4.24; N, 9.86.
5-[(Benzoylamino)methyl]-/V-(3-methoxybenzyl)-4-0x0-3,4-dihydrothieno[2,3-d]pyrimidine-2-

carboxamide (67a). Compound 67a was prepared from compound 66a with a similar procedure as described
for 61a (white powder, 82%). mp 195-196 °C. 'H NMR (300 MHz, DMSO-d;) J 3.73 (3H, s), 4.42 (2H, d,
J=6.2 Hz), 4.80 (2H, d, /= 5.1 Hz), 6.74-6.98 (3H, m), 7.24 (1H, t, /= 8.1 Hz), 7.38-7.62 (4H, m), 7.82—
7.98 (2H, m), 9.02 (1H, s), 9.64 (1H, t, J = 6.3 Hz), 12.5 (1H, s). Anal. Calcd for C23H20N404S+0.15H,0:
C, 61.23; H, 4.53; N, 12.42. Found: C, 61.28; H, 4.47; N, 12.33.

Methyl 4-{[(2-{[(3-methoxyphenyl)methyl]carbamoyl}-4-o0x0-3 H,4H-thieno[2,3-d]pyrimidin-5-
yDmethyl]carbamoyl}benzoate (67b). Compound 67b was prepared from compound 66b with a similar
procedure as described for 61a (white powder, 89%). mp 237 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.73
(3H, s), 3.89 (3H, s), 4.42 (2H, d, J= 6.4 Hz), 4.80 (2H, d, J = 5.7 Hz), 6.80-6.93 (3H, m), 7.24 (1H, t, J =
8.1 Hz), 7.41-7.46 (1H, m), 8.00-8.08 (4H, m), 9.26 (1H, s), 9.59 (1H, s), 12.5 (1H, s). Anal. Calcd for
C2sH22N406S: C, 59.28; H, 4.38; N, 11.06. Found: C, 59.20; H, 4.41; N, 11.05.

4-{[(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-ox0-3H,4 H-thieno[2,3-d|pyrimidin-5-
yl)methyl]carbamoyl}benzoic acid (67c). A mixture of compound 67b (275 mg, 0.543 mmol) and 12 M
NaOH (0.113 mL, 1.36 mmol) in THF-MeOH-H,O (1:1:1) (6.0 mL) was stirred at 90 °C for 1 h. After
evaporation in vacuo, the residue was dissolved in ethyl acetate—THF (1:1) (700 mL) and the organic layer
was washed with 1 M hydrochloric acid, brine, dried over Na,SOj4, and concentrated in vacuo. The residue
was crystallized from ethyl acetate to give 67¢ as a white powder (263 mg, 98%). mp 285-286 °C.'H NMR
(300 MHz, DMSO-ds) 6 3.74 (3H, s), 4.42 (2H, d, J= 6.2 Hz), 4.81 (2H, d, /= 5.3 Hz), 6.80-6.93 (3H, m),
7.21-7.27 (1H, m), 7.46 (1H, s), 7.98-8.06 (4H, m), 9.15 (1H, t, J = 5.8 Hz), 9.66 (1H, t, J = 6.3 Hz), 12.5
(1H, s), 13.1 (1H, s). Anal. Calcd for C24H20N406S0.35H,0: C, 57.79; H, 4.18; N, 11.23. Found: C, 57.86;
H, 4.12; N, 11.14.

Ethyl 5-(cyanomethyl)-4-oxo0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (68). Compound 62
(4.20 g, 13.2 mmol) in DMF (80 mL) was added dropwise to an ice-cooled solution of NaCN (162 mg, 33.1
mmol) in H,O (20 mL)-DMF (20 mL). After being stirred for 2 h, to the mixture was added 0.1 M
hydrochloric acid (pH 6). The mixture was extracted with ethyl acetate, washed with 0.1 M hydrochloric
acid, water, dried over Na;SQOy4, and concentrated in vacuo. The residue was crystallized from ethyl acetate
to give 68 (2.41 g, 69%) as a pale yellow powder. mp 183 °C. 'H NMR (300 MHz, DMSO-ds) J 1.35 (3H,
t,J=7.2Hz),4.28 (2H, d, J=1.1 Hz), 4.37 (2H, q,J=7.2 Hz), 7.75 (1H, t,J= 1.0 Hz), 13.0 (1H, s). Anal.
Calcd for C11H9N303S+0.10H,0: C, 49.84; H, 3.50; N, 15.85. Found: C, 49.55; H, 3.41; N, 16.19.
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5-(Cyanomethyl)-N-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[2,3-d]pyrimidine-2-
carboxamide (69a). Compound 69a was prepared from compound 68 with a similar procedure as described
for 61a (brown powder, 76%). mp 217 °C. '"H NMR (300 MHz, DMSO-de) § 3.73 (3H, s), 4.27 (2H, d, J =
0.9 Hz), 4.42 (2H, d, /= 6.4 Hz), 6.78-6.94 (3H, m), 7.24 (1H, t, J = 8.1 Hz), 7.69 (1H, t, J= 0.9 Hz), 9.66
(1H,t,J=6.4 Hz), 12.6 (1H, s). Anal. Calcd for C;7H14N403S+0.20H,0: C, 57.04; H, 4.05; N, 15.65. Found:
C, 57.23; H, 4.08; N, 15.44.

2-(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-oxo0-3H,4H-thieno[2,3-d|pyrimidin-5-yl)acetic acid
(69b). A mixture of compound 68 (200 mg, 0.564 mmol), 2 M aqueous sodium hydroxide solution (4 mL,
8 mmol) and ethanol (2 mL) was stirred at 100 °C for 1 h. The reaction mixture was concentrated under
reduced pressure, and ethyl acetate was added to the obtained residue. The organic layer was washed with
1 M hydrochloric acid and saturated brine, dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The concentrated residue was crystallized from ethyl acetate to give 69b as a brown powder (131
mg, 62%). mp 228-229 °C. 'H NMR (300 MHz, DMSO-ds) § 3.73 (3H, s), 3.91 (2H, s), 4.42 (2H, d, J =
6.2 Hz), 6.77-6.93 (3H, m), 7.24 (1H, t, J = 8.1 Hz), 7.49 (1H, s), 9.64 (1H, t, J = 6.3 Hz), 12.3 (1H, s),
12.4 (1H, s). Anal. Calcd for C;7H;5N305S+0.35H,0: C, 53.78; H, 4.17; N, 11.07. Found: C, 53.62; H, 4.15;
N, 11.32.

N-[(3-Methoxyphenyl)methyl]-4-0xo0-5-[(phenylcarbamoyl)methyl]-3H,4 H-thieno[2,3-
d]pyrimidine-2-carboxamide (70a). To a mixture of compound 69b (200 mg, 0.536 mmol) in THF (3.0
mL) was added oxalyl chloride (0.140 mL, 1.61 mmol). After being stirred at room temperature for 15 h,
the mixture was concentrated in vacuo, and the resulting residue was dissolved in THF (3.0 mL). To this
solution was added aniline (0.146 mL, 1.61 mmol) and pyridine (0.217 mL, 2.68 mmol). After being stirred
for 1 h at room temperature, the mixture was concentrated in vacuo, and the residue was taken up in ethyl
acetate. The organic layer was washed with saturated NaHCOs3 (%3), 1 M hydrochloric acid (x2), and brine
and dried over Na,SOs. The solvent was removed, and the residue was crystallized from ethyl acetate to
give 70a as a pale yellow powder (154 mg, 64%). mp 194-195 °C. '"H NMR (300 MHz, DMSO-ds)  3.73
(3H, s), 4.04 (2H, s), 4.42 (2H, d, J = 6.2 Hz), 6.78-6.93 (3H, m), 7.02 (1H, t, J = 7.3 Hz), 7.20-7.33 (3H,
m), 7.52 (1H, s), 7.58 (2H, d, J = 7.5 Hz), 9.66 (1H, t, J = 6.5 Hz), 10.1 (1H, s), 12.4 (1H, s). Anal. Calcd
for C23H20N404S: C, 61.59; H, 4.49; N, 12.49. Found: C, 61.29; H, 4.47; N, 12.47.

Ethyl 4-[2-(2-{[(3-methoxyphenyl)methyl]carbamoyl}-4-0x0-3H,4 H-thieno[2,3-d]|pyrimidin-5-
yl)acetamido|benzoate (70b). To a mixture of compound 69b (350 mg, 0.937 mmol) in THF (3.0 mL) was
added oxalyl chloride (0.245 mL, 2.81 mmol). After being stirred at room temperature for 15 h, the mixture
was concentrated in vacuo, and the resulting residue was dissolved in THF (3.0 mL). To this solution was
added ethyl 4-aminobenzoate (465 mg, 2.81 mmol) and pyridine (0.379 mL, 4.69 mmol). After being stirred
for 1 h at room temperature, the mixture was concentrated in vacuo, and the residue was taken up in ethyl

acetate. The organic layer was washed with saturated NaHCOs3 (%3), 1 M hydrochloric acid (x4), and brine
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and dried over Na,SQOs. The solvent was removed, and the residue was crystallized from ethyl acetate to
give 70b as a pale yellow powder (370 mg, 76%). mp 222-223 °C. '"H NMR (300 MHz, DMSO-ds) 6 1.3
(3H,t,J=7.2 Hz), 3.73 (3H, s), 4.07 (2H, s), 4.28 (2H, q, /= 7.1 Hz), 4.42 (2H, d, J = 6.2 Hz), 6.77-6.95
(3H, m), 7.24 (1H, t, J= 8.1 Hz), 7.52 (1H, s), 7.71 (2H, d, J = 8.9 Hz), 7.9 (2H, d, J = 8.7 Hz), 9.64 (1H,
s), 10.5 (1H, s), 12.4 (1H, s). Anal. Calecd for C26H24N406S0.15H,0: C, 59.68; H, 4.68; N, 10.71. Found:
C, 59.90; H, 4.69; N, 10.43.

4-[2-(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-o0x0-3H,4 H-thieno[2,3-d|pyrimidin-5-
ylacetamido]benzoic acid (70¢). A mixture of 70b (230 mg, 0.442 mmol) and 12 M NaOH (0.092 mL, 1.1
mmol) in THF-MeOH-H,O (1:1:1) (3.0 mL) was stirred at 80 °C for 1 h. After evaporation in vacuo, the
residue was dissolved in ethyl acetate and the organic layer was washed with 1 M hydrochloric acid (x2),
brine, dried over Na,SOj, and concentrated in vacuo. The residue was crystallized from ethyl acetate to give
70c as a pale yellow powder (188 mg, 86%). mp 279 °C. 'H NMR (300 MHz, DMSO-ds) J 3.73 (3H, s),
4.07 (2H, s), 4.42 (2H, d, J = 6.4 Hz), 6.73-6.96 (3H, m), 7.24 (1H, t, J = 8.1 Hz), 7.52 (1H, s), 7.69 (2H,
d, J =89 Hz), 7.87 (2H, d, J = 8.9 Hz), 9.61 (1H, s), 10.5 (1H, s), 12.5 (2H, s). Anal. Calcd for
C24H20N406S0.50H,0: C, 57.48; H, 4.22; N, 11.17. Found: C, 57.57; H, 4.11; N, 10.96.

Ethyl 5-(dibromomethyl)-4-o0x0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (71a). A mixture of
compound 60b (10.0 g, 42.0 mmol), NBS (17.2 g, 96.5 mmol), and AIBN (0.689 g, 4.20 mmol) in carbon
tetrachloride (300 mL) was stirred at 80 °C for 1.5 h. The reaction mixture was concentrated in vacuo. The
resulting solid was suspended in diethyl ether (100 mL), filtered, and washed with H>O (5x100 mL), diethyl
ether (4x10 mL) and dried to provide 71a as an off-white powder (14.2 g, 85%). mp 214-215 °C.'H NMR
(300 MHz, DMSO-d¢) 0 1.35 (3H, t, J = 7.1 Hz), 4.38 (2H, q, J = 7.0 Hz), 7.57 (1H, s), 8.26 (1H, s), 13.2
(1H, s). Anal. Calcd for C;oH3Br:N»OsS: C, 30.33; H, 2.04; N, 7.07. Found: C, 30.63; H, 2.12; N, 7.28.

Ethyl 5-formyl-4-o0x0-3 H,4H-thieno|[2,3-d]pyrimidine-2-carboxylate (71b). A mixture of 71a (13.5 g,
34.1 mmol) and 1 M hydrochloric acid (170 mL) in THF-MeOH (1:1) (280 mL) was stirred at 60 °C for 1.5
h. After removal of the solvent, the residue was taken up in ethyl acetate, washed with H,O and brine, dried
over Na,;SOy, and concentrated in vacuo. The residue was crystallized from ethyl acetate to give 71b as a
white powder (5.93 g, 69). mp 213-214 °C. '"H NMR (300 MHz, DMSO-ds) § 1.36 (3H, t, J = 7.1 Hz), 4.39
(2H, q, J = 7.0 Hz), 8.61 (1H, s), 10.51 (1H, s), 13.30 (1H, s). Anal. Caled for CioHgN»04S+0.25H,0: C,
46.78; H, 3.34; N, 10.91. Found: C, 46.82; H, 3.18; N, 10.86.

2-(Ethoxycarbonyl)-4-ox0-3H,4H-thieno[2,3-d|pyrimidine-5-carboxylic acid (71c¢). To a mixture of
71b (3.00 g, 11.9 mmol) in a mixture of MeCN (50 mL) and H,O (50 mL) was added NaClO, (4.30 g, 45.6
mmol). The resulting mixture was stirred at room temperature for 12 h, and concentrated in vacuo. The
residue was acidified with 1 M hydrochloric acid, and taken up in a mixture of ethyl acetate—THF, and
washed with brine, dried over Na,SOj4, and concentrated in vacuo. The residue was crystallized from ethyl

acetate to give 71c as a white powder (1.81 g, 57%). mp 258 °C. 'H NMR (300 MHz, DMSO-ds) 6 1.36 (3H,
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t,J=7.2 Hz), 441 (2H, q, J = 7.2 Hz), 8.69 (1H, s). Anal. Calcd for C;0HsN205S<0.20H,0: C, 44.18; H,
3.11; N, 10.30. Found: C, 44.11; H, 3.02; N, 10.49.

Ethyl 5-(benzylcarbamoyl)-4-oxo-3H,4 H-thieno[2,3-d]pyrimidine-2-carboxylate (72a).

To a mixture of 71¢ (400 mg, 1.49 mmol) in THF (10 mL) were added oxalyl chloride (0.390 mL, 4.47
mmol) and N,N-dimethylformamide (1 drop). After being stirred for 1h at room temperature, the mixture
was concentrated in vacuo. The residue was resuspended in THF (10 mL), and to the mixture was added
benzylamine (0.326 mL, 2.98 mmol). After being stirred for 12h at room temperature, the mixture was
concentrated in vacuo. The residue was taken up in ethyl acetate, washed with 1 M hydrochloric acid (x2),
saturated sodium hydrogen carbonate solution, 1 M hydrochloric acid, brine, dried over Na,SO,; and
concentrated in vacuo. The residue was crystallized from ethyl acetate to give 72a (373 mg, 70%) as a white
powder. mp 215-216 °C. 'H NMR (300 MHz, DMSO-ds) 6 1.35 (3H, t, J = 7.2 Hz), 4.39 (2H, q, J = 7.1
Hz), 4.56 (2H, d, J = 5.5 Hz), 7.13-7.53 (5H, m), 8.56 (1H, s), 11.2 (1H, s), 13.5 (1H, s). Anal. Calcd for
Ci17H15N304S: C, 57.13; H, 4.23; N, 11.76. Found: C, 57.08; H, 4.19; N, 11.83.

Ethyl 5-({[4-(ethoxycarbonyl)phenyl]methyl}carbamoyl)-4-o0x0-3H,4H-thieno|[2,3-d|pyrimidine-2-
carboxylate (72b). To a mixture of compound 71¢ (600 mg, 2.24 mmol) in THF (6.0 mL) were added oxalyl
chloride (0.590 mL, 6.72 mmol) and N,N-dimethylformamide (1 drop). After being stirred for 1 h at room
temperature, the mixture was concentrated in vacuo. The residue was resuspended in THF (6.0 mL), and to
the mixture were added ethyl 4-(aminomethyl)benzoate hydrochloride (965 mg, 4.48 mmol) and
triethylamine (1.20 mL, 8.96 mmol). After being stirred for 12 h at room temperature, the mixture was
concentrated in vacuo. The residue was taken up in ethyl acetate, washed with 1 M hydrochloric acid (x2),
saturated sodium hydrogen carbonate solution, 1 M hydrochloric acid, brine, dried over Na,SO4 and
concentrated in vacuo. The residue was crystallized from ethyl acetate to give 72b (771 mg, 80%) as a white
powder. mp 227-228 °C.'"H NMR (300 MHz, DMSO-de) § 1.31 (3H, t,J = 6.2 Hz), 1.36 (3H, t, J = 6.2 Hz),
431 (2H, q, J=7.1 Hz), 4.40 (2H, q, J = 7.1 Hz), 4.65 (2H, d, J = 5.5 Hz), 7.50 (2H, d, J = 8.5 Hz), 7.93
(2H, d, J = 8.5 Hz), 8.57 (1H, s), 11.3 (1H, s), 13.5 (1H, s). Anal. Calcd for CH;9N306S+0.20H,0: C,
55.47; H, 4.52; N, 9.70. Found: C, 55.50; H, 4.39; N, 9.73.

N5-Benzyl-N2-[(3-methoxyphenyl)methyl]-4-0x0-3H,4H-thieno[2,3-d]pyrimidine-2,5-
dicarboxamide (73a). Compound 73a was prepared from compound 72a with a similar procedure as
described for 61a (white powder, 85%). mp 217 °C.'H NMR (300 MHz, DMSO-ds) ¢ 3.73 (3H, s), 4.43
(2H, d, J= 6. 2 Hz), 4.56 (2H, d, J = 5.5 Hz), 6.80-6.85 (1H, m), 6.89-6.93 (2H, m), 7.21-7.29 (2H, m),
7.30-7.38 (4H, m), 8.52 (1H, s), 9.74 (1H, s), 11.3 (1H, s), 13.2 (1H, s). Anal. Calcd for C23H»N404S: C,
61.59; H, 4.49; N, 12.49. Found: C, 61.48; H, 4.48; N, 12.41.

Ethyl 4-{[({2-[(3-Methoxybenzyl)carbamoyl]-4-0x0-3,4-dihydrothieno[2,3-d]pyrimidin-5-
yl}carbonyl)amino|methyl}benzoate (73b). Compound 73b was prepared from compound 72b with a
similar procedure as described for 61a (white powder, 91%). mp 229-230 °C. 'H NMR (300 MHz, DMSO-
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ds) 0 1.31 3H, t, J=17.1 Hz), 3.73 (3H, s), 4.31 (2H, q, J=7.1 Hz), 4.44 (2H, d, J = 6.2 Hz), 4.64 (2H, d,
J=5.3Hz), 6.78-6.96 (3H, m), 7.24 (1H, t, J= 8.1 Hz), 7.49 (2H, d, J = 8.3 Hz), 7.88-7.97 (2H, m), 8.51
(1H,s),9.73 (1H, t,J=6.0 Hz), 11.4 (1H, s), 13.2 (1H, s). Anal. Calcd for C;6H24N404S+0.20H,0: C, 59.58;
H, 4.69; N, 10.69. Found: C, 59.41; H, 4.46; N, 10.61.

4-{[({2-[(3-Methoxybenzyl)carbamoyl]-4-0x0-3,4-dihydrothieno[2,3-d]pyrimidin-5-
yl}carbonyl)amino]methyl}benzoic acid (73c). A mixture of 73b (330 mg, 0.634 mmol) and 12 M NaOH
(0.132 mL, 1.59 mmol) in a mixture of THF-MeOH-H,0 (2.0 mL-2.0 mL-2.0 mL) was refluxed at 90 °C
for 1 h. The mixture was concentrated in vacuo to give a residue, which was taken up in ethyl acetate-THF
(1:1, ca 1L), washed with 1 M hydrochloric acid and brine, and dried over Na,SO4. The organic extract was
concentrated in vacuo, and the residue was crystallized from ethyl acetate to give 73¢ (294 mg, 94%) as a
white powder. mp 254-255 °C. '"H NMR (300 MHz, DMSO-d¢) J 3.73 (3H, s), 4.44 (2H, d, J = 6.4 Hz),
4.64 (2H, d, J= 5.5 Hz), 6.74-6.97 (3H, m), 7.24 (1H, t, J= 8.1 Hz), 7.47 (2H, d, J= 8.3 Hz), 7.91 (2H, d,
J=28.3 Hz), 8.52 (1H, s), 9.76 (1H, t, J = 6.4 Hz), 11.3 (1H, t, J = 5.6 Hz), 13.2 (1H, s). Anal. Calcd for
C24H20N406S+2.0H,0: C, 54.54; H, 4.58; N, 10.60. Found: C, 54.19; H, 4.31; N, 10.45.

2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-ox0-3H,4H-thieno[2,3-d]pyrimidine-5-carboxylic acid
(74a). Compound 74a was prepared from compound 71c¢ with a similar procedure as described for 61a
(white powder, 81%). mp 236-237 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.74 (3H, s), 4.45 (2H, d, J = 6.4
Hz), 6.76-6.96 (3H, m), 7.25 (1H, t, J = 8.1 Hz), 8.65 (1H, s), 9.82 (1H, t, J = 6.3 Hz), 13.9 (1H, s), 15.4
(1H, s). Anal. Calcd for C16H;3N305S+0.30AcOEt: C, 53.55; H, 4.02; N, 10.89. Found: C, 53.86; H, 3.85;
N, 11.07.

Ethyl 4-{[(2-{[(3-methoxyphenyl)methyl]carbamoyl}-4-o0xo0-3H,4H-thieno[2,3-d]pyrimidin-5-
yD)carbamoyl]methyl}benzoate (75) and 4-{[(2-{[(3-Methoxyphenyl)methyl]carbamoyl}-4-ox0-3H,4H-
thieno[2,3-d|pyrimidin-5-yl)carbamoyl]methyl}benzoic acid (76). To a suspension of 74a (4.45 g, 12.4
mmol) in toluene (45 mL) were added triethylamine (10.0 mL, 74.3 mmol) and DPPA (6.90 mL, 32.2 mmol).
The mixture was stirred for 2 min at 100 °C, followed by addition of tert-butyl alcohol (12.0 mL, 124 mmol),
and heated at 100 °C for 12 h. After the removal of solvent, the residue was taken up in ethyl acetate. The
organic layer was extracted with saturated NaHCOj3 (%2), and brine and dried over Na,SO4. The solvent was
removed, and the residue was dried in vacuo to give a residue, which was used in the next step without
further purification. A mixture of the above residue in 4 M hydrochloric acid/ethyl acetate (45 mL) was
stirred overnight at room temperature. The resulting solid was filtered and washed with ethyl acetate and
dried to provide a brown powder (3.14 g). A mixture of above powder and 12 M NaOH (4.10 mL, 49.5
mmol) in THF—-MeOH-H,0 (1:1:1, 45 mL) was stirred at 80 °C for 2h. After neutralization with 1 M
hydrochloric acid, the mixture was concentrated in vacuo. The residue was taken up in ethyl acetate, washed
with water and brine and concentrated in vacuo to give a brown foam (1.18 g, 26%). The crude product 74b

was used without purification.
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To a mixture of {4-[(ethyloxy)carbonyl]phenyl}acetic acid (215 mg, 1.033 mmol) and THF (3 mL) were
added oxalyl chloride (0.183 mL, 2.10 mmol) and DMF (1 drop), and the mixture was stirred at room
temperature for 2 h. The reaction mixture was concentrated under reduced pressure, THF (3 mL), 74b (276
mg, 0.837 mmol) and pyridine (0.418 mL, 5.17 mmol) were added to the obtained residue, and the mixture
was stirred at room temperature for 2 h. The reaction mixture was concentrated under reduced pressure and
ethyl acetate was added to the obtained residue. The organic layer was washed with 1 M hydrochloric acid
and saturated brine, dried over anhydrous Na,SO4; and concentrated under reduced pressure. Aqueous
sodium hydroxide solution (1 M, 2 mL), ethanol (1 mL) and THF (1 mL) were added to the concentrated
residue and the reaction mixture was stirred at room temperature for 12 h. The reaction mixture was
concentrated under reduced pressure, and ethyl acetate was added to the obtained residue. The organic layer
was washed with water and saturated brine, dried over anhydrous Na>SO4 and concentrated under reduced
pressure. The concentrated residue was crystallized from ethyl acetate to give 75 as a brown powder (29.6
mg, 5.5%). mp 218-219 °C. 'H NMR (300 MHz, DMSO-d¢) 6 1.32 (3H, t, J = 7.1 Hz), 3.73 (3H, s), 3.93
(2H, s), 4.31 (2H, q, J= 7.0 Hz), 4.41 (2H, d, J = 6.2 Hz), 6.77-6.95 (3H, m), 7.23 (1H, t, J = 8.1 Hz), 7.52
(2H, d, J=8.3 Hz), 7.86 (1H, s), 7.95 (2H, d, J = 8.3 Hz), 9.67 (1H, t, J = 6.1 Hz), 9.95 (1H, s), 12.8 (1H,
s).

The aqueous layer was acidified with 1 M hydrochloric acid. The mixture was extracted with ethyl acetate,
and the organic layer was washed with 1 M hydrochloric acid and saturated brine, dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The concentrated residue was crystallized from ethyl
acetate to give 76 as a brown powder (83.9 mg, 17%). mp 218-219 °C. 'H NMR (300 MHz, DMSO-d¢) &
3.73 (3H, s), 3.92 (2H, s), 4.40 (2H, d, J = 6.4 Hz), 6.73-6.96 (3H, m), 7.23 (1H, t, J = 8.1 Hz), 7.49 (2H,
d, J=8.3 Hz), 7.87 (1H, s), 7.93 (2H, d, J = 8.3 Hz), 9.67 (1H, t, J = 6.5 Hz), 9.94 (1H, s), 12.8 (1H, s),
12.9 (1H, s). Anal. Calcd for C24H20N4O6S*0.30H,0: C, 57.89; H, 4.17; N, 11.25. Found: C, 57.81; H, 4.23;
N, 11.52.

Ethyl 6-bromo-4-oxo0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (77a). A mixture of 60a (1000
mg, 4.46 mmol), bromine (1.37 mL, 26.8 mmol) and acetic acid (20 mL) was stirred at room temperature
for 6 h. The reaction mixture was concentrated under reduced pressure, and ethyl acetate was added to the
obtained residue. The organic layer was washed with water and saturated brine, dried over anhydrous
Na;SO4 and concentrated under reduced pressure. The concentrated residue was crystallized from ethyl
acetate to give 77a as a pale gray powder (1.25 g, 93%). mp 252-253 °C. 'H NMR (300 MHz, DMSO-ds)
01.34 (3H,t,J=7.2Hz),4.36 (2H, q, J= 7.0 Hz), 7.67 (1H, s), 13.1 (1H, s). Anal. Calcd for CoH;BrN,O3S:
C, 35.66; H, 2.33; N, 9.24. Found: C, 35.75; H, 2.27; N, 9.09.

Ethyl 6-bromo-5-nitro-4-oxo-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (77b). To a mixture of
77a (800 mg, 2.64 mmol) and concentrated sulfuric acid (13 mL) was added sodium nitrate (269 mg, 3.17

mmol) at 0 °C. After stirring for 30 min, the reaction mixture was added to a mixed solution of ice water
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(200 mL) and diethyl ether (100 mL) to remove the aqueous layer. The insoluble material in the upper layer
was collected by filtration, washed 4 times with water and twice with diethyl ether, and dried to give 77b
as pale yellow crystal (734 mg, 80%). mp 284 °C. 'H NMR (300 MHz, DMSO-d¢) 6 1.34 (3H, t,J= 7.1 Hz),
4.38 (2H, q, J=7.0 Hz), 13.6 (1H, s).

Ethyl 5-amino-4-ox0-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate hydrobromide (77¢c). A mixture
of 77b (600 mg, 1.72 mmol), 10% palladium carbon (50% wet, 240 mg), ethanol (15 mL) and THF (15 mL)
was stirred under a hydrogen atmosphere (1 atm) at room temperature for 12 h. The catalyst was filtered
off, and the filtrate was concentrated under reduced pressure. The obtained concentrated residue was
crystallized from ethanol. The obtained crude crystals were dissolved in methanol and an insoluble material
was filtered off and the filtrate was concentrated under reduced pressure. The obtained concentrated residue
was crystallized from ethanol to give 77¢ as a brown powder (198 mg, 36%). mp 201 °C. '"H NMR (300
MHz, DMSO-ds) 6 1.34 (3H,t,J= 7.2 Hz), 4.36 (2H, q, J = 7.2 Hz), 6.67 (1H, s), 12.9 (1H, s). Anal. Calcd
for CoH10BrN303S+1.0H,0: C, 31.96; H, 3.58; N, 12.43. Found: C, 32.23; H, 3.52; N, 12.30.

Ethyl 4-0x0-5-(2-phenylacetamido)-3H,4H-thieno[2,3-d]pyrimidine-2-carboxylate (78). To a mixture
of 77¢ (160 mg, 0.500 mmol) and THF (2 mL) were added phenylacetyl chloride (0.0727 mL, 0.550 mmol)
and triethylamine (0.146 mL, 1.05 mmol) at room temperature. The mixture was stirred for 1 h at room
temperature and concentrated under reduced pressure. Ethyl acetate was added to the obtained residue, and
the organic layer was washed with 1 M hydrochloric acid, water and saturated brine, dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The concentrated residue was crystallized from ethyl
acetate to give 78 as a pale purple powder (138 mg, 77%). mp 237 °C. 'H NMR (300 MHz, DMSO-d;) &
1.33 (3H, t,J=17.1 Hz), 3.81 (2H, s), 4.36 (2H, q, J = 7.2 Hz), 7.22-7.41 (5H, m), 7.92 (1H, s), 9.89 (1H,
s), 13.1 (1H, s). Anal. Calcd for Ci7HsN304S+0.25H,0: C, 56.42; H, 4.32; N, 11.61. Found: C, 56.58; H,
4.30; N, 11.72.

N-[(3-Methoxyphenyl)methyl]-4-0x0-5-(2-phenylacetamido)-3H,4 H-thieno[2,3-d|pyrimidine-2-
carboxamide (79). Compound 79 was prepared from compound 78 with a similar procedure as described
for 61a (white powder, 93%). mp 201 °C. 'H NMR (300 MHz, DMSO-ds) 6 3.73 (3H, s), 3.80 (2H, s), 4.41
(2H, d, J = 6.2 Hz), 6.77-6.94 (3H, m), 7.18-7.42 (6H, m), 7.86 (1H, s), 9.67 (1H, t, J= 6.4 Hz), 9.93 (1H,
s), 12.8 (1H, s). Anal. Calcd for C23H20N404S+0.10AcOEt*0.25H,0: C, 60.86; H, 4.65; N, 12.13. Found: C,
60.99; H, 4.62; N, 12.21.

5-{[(4-Carbamoylphenyl)methoxy]methyl}-N-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-thieno[2,3-
d|pyrimidine-2-carboxamide (80a). To a mixture of 64c (200 mg, 0.417 mmol) and THF (2 mL) were
added oxalyl chloride (0.0500 mL, 0.573 mmol) and DMF (1 drop) and the mixture was stirred at room
temperature for 1 h. The reaction mixture was concentrated under reduced pressure. To a suspension of the
concentrated residue in THF (3 mL) was added 28% aqueous ammonia (2 mL), and the mixture was stirred

at room temperature for 10 min. The reaction mixture was concentrated under reduced pressure, and ethyl
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acetate and THF were added to the obtained residue. The organic layer was washed with 1 M hydrochloric
acid and saturated brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
concentrated residue was crystallized from ethyl acetate—THF to give 80a as a white powder (173 mg, 87%).
mp 224 °C. '"H NMR (300 MHz, DMSO-de) § 3.73 (3H, s), 4.42 (2H, d, J = 6.2 Hz), 4.71 (2H, s), 4.87 (2H,
d, J= 1.1 Hz), 6.76-6.95 (3H, m), 7.18-7.28 (1H, m), 7.34 (1H, s), 7.47 (2H, t, J = 7.6 Hz), 7.62 (1H, s),
7.86 (2H, d, J = 83 Hz), 7.95 (1H, s), 9.64 (1H, t, J = 6.4 Hz), 12.4 (1H, s). Anal. Calcd for
C24H22N405S+0.50H-0: C, 59.13; H, 4.76; N, 11.49. Found: C, 59.06; H, 4.72; N, 11.22.

N-[(3-Methoxyphenyl)methyl]-5-({[4-(methylcarbamoyl)phenyl]methoxy} methyl)-4-ox0-3H,4 H-
thieno[2,3-d]pyrimidine-2-carboxamide (80b). To a mixture of 64¢ (110 mg, 0.229 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (65.9 mg, 0.344 mol), 4-dimethylaminopyridine (283 mg,
2.31 mol) and THF (5 mL) was added methylamine hydrochloride (155 mg, 2.29 mmol). The mixture was
stirred at room temperature for 12 h. The reaction mixture was concentrated under reduced pressure, and
ethyl acetate was added to the obtained residue. The organic layer was washed with 1 M hydrochloric acid
and saturated brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
concentrated residue was crystallized from ethyl acetate to give 80b as a white powder (75.9 mg, 67%). mp
190-191 °C. '"H NMR (300 MHz, DMSO-ds) 6 2.78 (3H, d, J = 4.5 Hz), 3.73 (3H, s), 4.42 (2H, d, J = 6.4
Hz), 4.71 (2H, s), 4.87 (2H, d, /= 0.8 Hz), 6.82 (1H, dd, J=9.0, 1.8 Hz), 6.86—6.97 (2H, m), 7.24 (1H, t, J
= 8.1 Hz), 7.46 (2H, d, J = 8.1 Hz), 7.62 (1H, s), 7.82 (2H, d, J = 8.1 Hz), 8.42 (1H, d, J = 4.5 Hz), 9.65
(1H,t,J=6.4 Hz), 12.4 (1H, s). Anal. Calecd for C25H24N405S+0.80H,0: C, 59.23; H, 5.09; N, 11.05. Found:
C, 59.33; H, 5.04; N, 11.00.

5-({[4-(Hydroxymethyl)phenyl]methoxy} methyl)-NV-[(3-methoxyphenyl)methyl]-4-0x0-3H,4 H-
thieno[2,3-d]pyrimidine-2-carboxamide (80c). To a mixture of 64¢ (1200 mg, 2.50 mmol) and THF (12
mL) were added oxalyl chloride (0.419 mL, 4.80 mmol) and DMF (1 drop), and the mixture was stirred at
room temperature for 1.5 h. The reaction mixture was concentrated under reduced pressure. A Mixture of
the concentrated residue and sodium borohydride (189 mg, 5.01 mmol) was stirred in DMA (15 mL) at room
temperature for 5 min. The reaction mixture was stirred until generation of gas ceased and concentrated
under reduced pressure. Ethyl acetate was added to the obtained residue. The organic layer was washed with
water, 1 M hydrochloric acid, water and saturated brine, dried over anhydrous Na,SO4 and concentrated
under reduced pressure. The concentrated residue was crystallized from ethyl acetate to give 80c as a white
powder (753 mg, 65%). mp 156-157 °C.'H NMR (300 MHz, DMSO-d¢) ¢ 3.73 (3H, s), 4.42 (2H, d, J =
6.4 Hz), 4.49 (2H, d, J=5.7 Hz), 4.64 (2H, s), 4.83 (2H, d, J= 1.1 Hz), 5.16 (1H, t, J = 5.8 Hz), 6.75-6.95
(3H, m), 7.19-7.28 (1H, m), 7.28-7.39 (4H, m), 7.58 (1H, s), 9.64 (1H, t, J = 6.5 Hz), 12.4 (1H, s). Anal.
Calcd for Cy4H»3N305S0.50H,0: C, 60.75; H, 5.10; N, 8.86. Found: C, 60.72; H, 4.98; N, 8.89.

5-({[4-(Methoxymethyl)phenyl]methoxy} methyl)-V-[(3-methoxyphenyl)methyl]-4-o0x0-3H,4 H-
thieno[2,3-d]pyrimidine-2-carboxamide (80d). To a mixture of 64c (100 mg, 0.215 mmol) and THF (2
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mL) were added methanesulfonyl chloride (0.0266 mL, 0.344 mmol) and triethylamine (0.0929 mL, 0.667
mmol), and the mixture was stirred at room temperature for 1 h. The reaction mixture was concentrated
under reduced pressure, and ethyl acetate was added to the obtained residue. The organic layer was washed
with water and saturated brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. To
a mixture of the concentrated residue and sodium methylate (58.1 mg, 1.08 mmol) were added methanol (2
mL) and THF (2 mL) and the mixture was stirred at 80 °C for 1 h. The reaction mixture was concentrated
under reduced pressure, and ethyl acetate was added to the obtained residue. The organic layer was washed
with 1 M hydrochloric acid and saturated brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The concentrated residue was crystallized from ethyl acetate to give 80d as a white powder
(68.5 mg, 66%). mp 156-157 °C. '"H NMR (300 MHz, DMSO-ds) J 3.28 (3H, s), 3.73 (3H, s), 4.34-4.48
(4H, m), 4.65 (2H, s), 4.85 (2H, d, J = 0.9 Hz), 6.77-6.95 (3H, m), 7.18-7.40 (5H, m), 7.59 (1H, s), 9.64
(IH, t,J=6.0 Hz), 12.4 (1H, s). Anal. Calcd for C,5H»5N305S0.25H,0: C, 62.03; H, 5.31; N, 8.68. Found:
C, 61.98; H, 5.32; N, 8.63.

Disodium 4-[({2-](3-Methoxybenzyl)carbamoyl]-4-o0xo0-4 H-thieno[2,3-d|pyrimidin-3-id-5-
yl}methoxy)methyl]benzoate (81). To a mixed solution of 64¢ (150 mg, 0.313 mmol) in THF (24 mL) and
ethanol (6 mL) was added an aqueous solution (3 mL) of sodium hydrogen carbonate (52.6 mg, 0.626 mmol)
and the mixture was stirred for 30 min. The reaction mixture was concentrated under reduced pressure,
ethanol (18 mL) was added to the obtained residue, and the ethanol suspension was stirred at 90 °C for 30
min. The mixture was allowed to cool to room temperature, and the precipitated solid was collected by
filtration, washed with ethanol and dried to give 81 as a white powder (149 mg, 91%). mp >300 °C. 'H NMR
(300 MHz, DMSO-ds) 0 3.73 (3H, s), 4.40 (2H, d, J = 6.4 Hz), 4.63 (2H, s), 4.88 (2H, d, /= 1.3 Hz), 6.74—
6.94 (3H, m), 6.98 (1H,t,J= 1.3 Hz), 7.14-7.33 (3H, m), 7.84 (2H, d, /= 8.1 Hz), 9.03 (1H, t, /= 6.4 Hz).
Anal. Calcd for C4H9N3Na,O6S¢1.0H,O: C, 53.23; H, 3.91; N, 7.76. Found: C, 53.51; H, 4.09; N, 7.83.

MMPs and TACE enzyme inhibition assay. Human recombinant MMP precursors were purchased from
Genzyme-Techne (MMP-1, 2,7, 8,9, 10, 13, and TACE) or Biogenesis (MMP-3). Human recombinant GST-
MMP-14 was prepared as described by Sato et al.* The MMP assay buffer consisted of 50 mM Tris—HCl
(pH 7.5), 10 mM CaCl,, 150 mM NacCl, and 0.05% Brij-35. The pro-MMPs were activated by preincubation
with 1 mM aminophenylmercuric acetate (APMA) in assay buffer at 37 °C for 2 h (MMP-1, 2, 7, 8, 10, and
13) or 18 h (MMP-3 and 9). The TACE assay buffer consisted of 25 mM Tris—HCI (pH 9.0), 2.5 uM ZnCl,,
and 0.005% Brij-35. The pro-MMPs were activated by preincubation with 1 mM aminophenylmercuric
acetate (APMA) in assay buffer at 37 °C for 2 h (MMP-1, 2, 7, 8, 10, and 13) or 18 h (MMP-3 and 9).
Enzyme inhibition assays were performed in an assay buffer containing enzymes and fluorescence peptide
(Cy3-PLGLK(Cy5Q)AR-NH, for MMPs, Cy3-PLAQAV(Cy5Q-L-2,3-diaminopropionic acid)-RSSSR-NH,

for TACE, Amersham Biosciences) in the presence of the various concentrations of inhibitors. Following
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incubation at 37 °C for 40 min, the reaction was terminated by addition of EDTA (pH 8.0). The increase in
fluorescence was measured by Farcyte spectrofluorimeter (Amersham Bioscience, Aem 535 nm, Aex 595
nm). Enzyme activity (%) was determined as following equation: Enzyme activity (%) = (X — C)/(T — C)
x100, where X = the fluorescence count with inhibitor, T = the fluorescence count without inhibitor and C
= the fluorescence count with EDTA. ICsy values of inhibitors were obtained with iterative fitting package
(GraphPad Prism software).

Crystallization and structure determination. The human MMP-13 catalytic domain was prepared as
described previously. Crystals were grown in the hanging drop vapor diffusion method at 20 °C (the
temperature was modified). Prior to crystallization, a solution containing 6—14 mg/mL MMP-13 catalytic
domain, 5 uM Zn(OAc),, 5 mM CaCl,, 50 mM NaCl, 20 mM Tris HCI buffer (pH 8.0), and 0.5 mM
compound were prepared. Equal volumes (0.5 pL) of the protein solution and reservoir solution containing
8-16% w/v PEG8000, 1.0-1.5 M ammonium formate and 0.1 M Tris HCI (pH 8.5) buffer were mixed and
equilibrated in the hanging drop against a reservoir solution. Crystals were dipped into a 1:1:1 mixture of
protein solution, reservoir solution and glycerol, soaked for a few minutes and then treated by flash-cooling
method. X-ray diffraction data were collected at SPring-8 BL32B2, and processed with the program
CrystalClear™ (Rigaku/MSC, Inc.). Phase determination was solved by the molecular replacement method
with the program MOLREP? using the structure with PDB accession number 830C.3” This initial model
was excluded solvents and inhibitors. The refinement program REFMAC”! was used, and some rebuilding
of parts of the molecule was performed with WinCoot. 72 X-ray coordinates have been deposited with the
RCSB Protein Data Bank (PDB) for 1 in complex with MMP-13 (3WV2), 38k in complex with MMP-13

(3WV1). The statistic data and the refinement statistics are shown in Table E1.
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Table E1. X-ray Crystallographic Data Collection and Refinement Statistics for Complex of 1 and 38k with
MMP-13

1 (3WYV2) 38k (3WV1)
Data Collection
X-ray source SPring-8 BL32B2 SPring-8 BL32B2
Wavelength (A) 1.0 1.0
Space group 2 C2

a=1435A,b=357A,c=948A,a a=1344A,b=36.1A,c=953A,
Unit cell dimensions

=90.0°, f=135.3°,y=90.0° a=90.0° 5=130.9°,y=90.0°
Resolution (A) 2.30 1.98
Unique reflections 14744 24131
Redundancy 4.0 3.69
Completeness (%) 95.4 (97.2) 98.0 (80.5)
1I/o(]) 9.0 (3.6) 9.3(3.3)
Rsym? 0.077 (0.201) 0.085 (0.321)
Refinement
Reflections used 14007 22911
RMS Bonds (A) 0.009 0.009
RMS Angles (°) 1.212 1.318
Average B value (A?) 13.0 26.1
R-value® 0.174 0.177
R frec 0.241 0.220

“Rsym = XhZj [<I(h)> - I(h)j | / ZhZj <I(h)>, where <I(h)> is the mean intensity of symmetry-related
reflections. “R-value = X | [Fobs| - |[Fcalc| | / £ |Fobs|. Rfree for 5% of reflections excluded from refinement.

Values in parentheses are for the highest resolution shell.
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The protein solution was incubated with 0.5 mM of the compounds for 1 h on ice, and then centrifuged to
remove the precipitation. Equal volumes (0.5 pL) of the protein solution and reservoir solution containing
8-16% w/v PEG8000, 1.0-1.5 M ammonium formate and 0.1 M Tris HCI (pH 8.5) buffer were mixed and
equilibrated in the hanging drop against a reservoir solution. Crystals were dipped into a 1:1:1 mixture of
protein solution, reservoir solution and glycerol, soaked for a few minutes and then treated by flash-cooling
method. The crystals were stored in liquid nitrogen until use. X-ray diffraction data were collected at the
Advanced Light Source (ALS) beamline 5.0.3 (Berkeley, CA), and processed using the program HK1.2000.73
The crystal was diffracted to 1.60 A, providing an unambiguous electron density for 61a. The structure was
determined by molecular replacement using MOLREP,”® using the only protein structure of MMP-13
previously reported (PDB code: 830C).3” Subsequently, structure refinement and model building were
performed utilizing REFMAC.”! The solved structure was modeled with WinCoot (version 0.3.3) .7
Coordinates have been deposited in the PDB as entry 3WV3. The statistic data and the refinement statistics

are shown in Table E2.
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Table E2. X-ray Crystallographic Data Collection and Refinement Statistics for Complex of 61a with MMP-
13

Data Collection

X-ray source ALS BL5.0.3
Wavelength (A) 0.976
Space group 2

a=1356A,b=364A,c=959A, a=90.0°, f=130.6°y=
Unit cell dimensions

90.0°
Resolution (A) 1.60
Unique reflections 46984
Redundancy 3.9
Completeness (%) 99.1 (87.2)
lo(l) 15.1 (1.6)
Ryym” 0.078 (0.667)
Refinement
Reflections used 44606
RMS Bonds (A) 0.010
RMS Angles (°) 1.248
Average B value (A?) 21.1
R-value? 0.166
R free” 0.212

“Rsym = ZhEj |<I(h)> - I(h)j | / £hXj <I(h)>, where <I(h)> is the mean intensity of symmetry-related
reflections. ’R-value = X | |[Fobs| - [Fcalc| | /  |[Fobs|. Rfree for 5% of reflections excluded from refinement.

Values in parentheses are for the highest resolution shell.

Assay for inhibitory activity against collagen degradation. Bovine nasal septum cartilage was sliced,
and the slices were maintained in the medium of a 1 : 1 (v/v) mixture of Dulbecco’s modified Eagle’s MEM
and Ham’s F-12 medium (DMEM/F-12) containing 10 % fetal calf serum overnight. After confirming that
the slices were not contaminated, they were cultured in DMEM/F-12 medium containing 20 pg/mL
gentamycin, 50 pg/mL streptomycin, and 50 U/mL penicillin (culture medium) for 2 days at 37 °C. The
cartilage slices were cut into small cubes (ca. Imm?®) and transferred individually into wells of a 96 well
plate with 100 puL of culture medium. For the collagen degradation assay, the medium was supplemented

with 10 ng/mL IL-1B and 50 ng/mL oncostatin M in the presence or absence of compounds. The cartilage
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was incubated for 2 weeks. The supernatants were harvested and replaced with fresh medium containing
identical test compounds every 7 days. Supernatants of day 7 and day 14 were collected and stored at —20 °C
until assay. At the end of the culture, the remaining cartilage was completely digested with papain.
Hydroxyproline release in the media from each explant was determined as a measure of collagen degradation
by use of chloramine T and p-dimethylaminobenzaldehyde. The percentage of inhibitory activity against
collagen degradation was calculated as follows: % of inhibition = [(% of collagen degradation with IL-1§
and OSM) — (% of collagen degradation with IL-1B, OSM, and test sample)]/[(% of collagen degradation
with IL-1p and OSM) — (% of collagen degradation without additives)] x 100.
Chemically induced OA.

Mono-iodoacetate (MIA, Wako Pure Chemical Industries LTD, Japan) was dissolved in saline at 20 mg/mL.
Diethylether-anesthetized female Sprague—Dawley rats (12 weeks old, Charles River Japan) were injected
with 25 pL of 20 mg/mL MIA in the right knee using a sterile syringe and 27-gauge needle. Control animals
were injected with equivalent amounts of saline as the treatment group. On day 7, rats were administered
10 mg/kg 82 (RS-130,830) or 54 orally. Four hours after oral administration of MMP inhibitors, the rats
were euthanized by CO,, and the joints were lavaged with saline (50 pL) and analyzed for CTX-II in
synovial fluid by the Serum Pre-Clinical CartiLaps ELISA (3CAL4000, Nordic Bioscience Diagnostics,

Denmark).
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