ot

7<) B EA T HIERNA MTHFD2 BH2E 3K o A& b 78

JI 3 % 4



2w

avanllo v =

o35

EBRIE
1
o
3

H &

7=V UEkEAT LY — MEa O

db =
H A2

BEAIMTHFD2BEE Al O 2 45
HTSt v b O & EE RS #0052
Kiig A )V Z NENL O & 1 BE

YT UREBEOER Ak

Y RO A ETE A RS

7=V UEKEART LG WALOFERM

/R

Structure-based drug designiZ X % &G M 72 MTHFD2[H 5 3K 0 # #5
GBS

7~ U V8L~ DE M AR

7= U YT-100LICx T D A F IV AX v o O REt
7100 7 ~ U U iHER DA RR

T IE AL A 956 0> H I B Fif B BE Al

INFE

In vivo CHLIE S 2h 3 2 7R " MTHFD2 FH. 2 3K o> 8 15

EI=H=N
H A

AN B L ERET D EBREEOBRR

ANER T I ROMRICET 554

4-AF T V= VoA

PR ORI EF K OV IR A PR E TR ME O MR B & 2 0 B 52
ANVAKR T I RFERED A K

RFEALAD Din vitroks X Qin vivo P Ehie 7 1 7 7 A L
RFEALAY Din vivobi IE 57 B

/N

Chemistry
Biological evaluation
X-ray crystallography

...24

.34

...48

...49
...96
.97



55 IR ...100

7 3CH & ..104
EL ..105



AL TIEEE L, LT OREEZ i,

Ac
ADME
Admin.
AICAR
AMP
APCI
ag.

Ar
AUC
BID
Boc

Bu

ca.
Crmax

Cop, free
d.r.
DCM
DIPEA
DMF
DMSO
DMT-MM
dppf
ESI

Et

fu
gem-
Glso
GMP

HBA
HBD
HMBC
HOAt
HOBt
HPLC

acetyl

absorption, distribution, metabolism, and excretion
administration
5-aminoimidazole-4-carboxamide-1-B-D-ribofuranoside
adenosine monophosphate

atmospheric-pressure chemical ionization

aqueous

aryl

area under the curve

bis in die (twice a day)

tert-butoxycarbonyl

butyl

circa (about)

maximum concentration

plasma concentration

unbound plasma concentration

diastereomeric ratio

dichloromethane

N,N-diisopropylethylamine
N,N-dimethylformamide

dimethylsulfoxide
4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
1,1'-bis(diphenylphosphino)ferrocene

electrospray ionization

ethyl

unbound fraction

geminal

50% inhibitory concentration of cell growth
guanosine monophosphate

hour(s)

hydrogen bond acceptor

hydrogen bond donor

heteronuclear multiple-bond correlation spectroscopy
3H-1,2,3-triazolo[4,5-b]pyridin-3-ol
1-hydroxybenzotriazole

high performance liquid chromatography

3



HRMS High resolution mass spectrometry

HTS high-throughput screening

ICs0 50% inhibitory concentration

IMP inosine monophosphate

i-Pr isopropyl

IR infrared

LC/MS liquid chromatography/mass spectrometry

LE ligand efficiency

LipE lipophilic efficiency

LogD logarithm of ocatanol-water distribution coefficient
LogP logarithm of ocatanol-water partition coefficient
Me methyl

min minute(s)

MRNA messenger ribonucleic acid

Ms methanesulfonyl

MS mass spectrometry

MTHFD1 Methylenetetrahydrofolate dehydrogenase/cyclohydrolase/synthase 1
MTHFD?2 Methylenetetrahydrofolate dehydrogenase/cyclohydrolase 2
Mw molecular weight

n, n- normal

NAD nicotinamide adenine dinucleotide

NADP nicotinamide adenine dinucleotide phosphate

NBS N-bromosuccinimide

NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

p.o. per os (oral administration)

PAMPA parallel artificial membrane permeability assay
PEG polyethylene glycol

Ph phenyl

Pin pinacolato

PK pharmacokinetics

pKa logarithm of acidity constant

PMB p-methoxybenzyl

PSA polar surface area

quant. quantitative yield

rt room temperature

RuPhos 2-dicyclohexylphosphino-2',6'-diisopropoxybiphenyl
SAR structure—activity relationship

sat. saturated

t, t-, tert- tertiary



t12

Tf

TFA

TGI

THF

TLC

tPSA

uv

v
WSCI-HCI

elimination half-life

trifluoromethanesulfonyl

trifluoroacetic acid

tumor growth inhibition

tetrahydrofolate or tetrahydrofuran

thin-layer chromatography

topological polar surface area

ultraviolet

volume

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
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T HARYBEIZEVMAERLE LTS L EFOESRIZLY o [ =KIaK], T74b
HAVE T BRRIEIE . BMIEENILS AL D X9k oT, o T [RIEDIE |
Thololmb, MEMGERNMEVE VWS EASNMBEIZES OO, BETIIEZL OBRE
DR AEFEZ XD RN LIBRERITOND ETICR -T2 2, LOLAANSBREFEDRBENSR
HLRVWEIZL O REZEZLS OMB KON TE Y, BT 2 H IR, F5 285 TR Al
T 27 Ay b=—XFEFICEVES 2D,

FCxET 2 IR RIT R b <ALFIRIEA DR L TH o712, ZOEWENOKE, Fik
RE MBI L 2EEAOBRENRETH 72, THFEITEIFA D = X LD BRI
X0 EMEOHEECEBE ISR D 5K ICERIRICER T2 [0 FE3E] ORI EA
Th V., ALFEEANCHEXTEFEMBICE T 28EH OV WEAITH D Z L nlifFE i
TW5b, RENRSFENKR OIS ~F =7 (FIU "y 7)) 1F, 2001 FICKETEHRE
AWCUARE, e mEe E~OEREREEZ RE RS TR 3, £ [EUDIR
B LRSI RERIEDL, BT =y VR,V NEEBEEO =R LV~T (7Y —K)
RESND LD, BETETH L LEHOREE L T AL TE TS 45, —FT
INHOENTZIRAS TEETIERL  BEHTLEEHLEE ) CRWEEHRTFET 20,
BEEZZTONEEHITI—MICEE D, BABRICAICREERIZEINOA T =X L%
BT HHANNRBHT HAREMERH Y | T O DBE S 72 70BN oy OERBE S AT
birtT\Ws,

MTHFD2 (Methylenetetrahydrofolate dehydrogenase/cyclohydrolase 2) (%, 2010 42 A -
TOEOEEEICEDLIR T & L TRHESNERE THDH, MTHFD2 O & R BLILE B
DTFHEABREHEAT LI EPAMESINTEY, TOMREHRITHHRITEA & L TORRENE %
OTWL D LI TS, LrLed b MTHFD2 (2RI ZREEAN Z v E T
ML TWeholzZ b, EAMEICRHTHERZEZBIIRTONE >, oI
BEtEh T\ ho T,

Aiwm LTI N E TICHEDE)N -7 MTHFD2 BIRMA2 5257~ U U BEKROIER &
MR EAIC & 2@ IRE MTHFD2 BRE OSB3 X O OHUEEEMEIC DWW TR 2%,
BLETIEHTIS by hERIZLEHH I ~ ) VBB OESRIZONTIRRS, 5 2 BT,
7=V v EoEBREREICEAFEROBIEELICOVWTRRS, HIETIE, IHR
DA R (L AF 28I K % DS18561882 DG & £ O IHLFEAMIZ DWW TR~ %, HMEEY T
BFEDIERICLD2ALER 7~ U VB0 RES L | BEEEDORERERICED
B PE 5 & OV SR CTOMEME O REEM A LAY, Al LSBT D RREM D O I & e o
7=,
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FLI1E I/I~VU/BREZEATDV - FNLaWoER
1-1 ER

MTHFD2 (Methylenetetrahydrofolate dehydrogenase/cyclohydrolase 2) % one carbon (1C)
metabolism & 9 BERRBRKICED IR THY | BBRAEGHRICEEREH 2R L T
WhHEEIND 6 EIZE FMOI Fary RUTICHEL, ERRIICBT DU TO 2 KIGIZ
535, T7bH NADHF FTHD510-AF L7 T b KRR (CH-THF) 1Zxd
HRARFENE, H< 510-A T =7 FT b FuZEEE (CH*=THF) (ZxI9 2% 1K 5 fiE % fil
ML, 10-FVI VT F Tk Re#ERE (CHO-THF) OAKZR T 7, Z O CHO-THF 7 5
3% kW (formate) 2SMIE ~BAT LIRS, 77U RO 2 (IH#EERFIZ 1IC 2= v |
ELTHRHEND Z & TERBOEGE I THOILTWS (Figure 1-1),

H
HZN\'//N N
g) O HNBIN@% CH,-THF
Ser GIy NAD*l
HZN\(/N H
THF “";).IE\;; CHY=THF
MT_HFD_Z 1 >

Mitochondrial

THF cycle
\NI j\ CHO-THF
® ¢ ’
Formate 0|-|

A s
AN AICAR Y ®N IMP  —3 AMP, GMP

2 z

HO ‘Q
<A on

HO HO  Ho'ow ) ) )
De novo purine Synthesis NUC|e|C aCIdS SynthESIS

Figure 1-1. Role of MTHFD2 in mitochondrial 1C metabolism



MTHFD2 (334, JE OEMEE & OREMEN B L HE SN TE Y JUEAlOF 72 7218
SFE LTHER SN TWS 8, 2014 412 Nilsson & (X MTHFD2 ® mRNA B L V% 7 @
HEENZL OFMEICBWTILE L TE Y, FFIZ MTHFD2 O &3 EL L HEIic B 2 T#
REMEETLZZEEZHMEL TS 9 MTHFD2 X B L TPHRAR & OMBIZZ DK, K
MEdes 10, XM RdE . MRS 2 oM S AL, BB CIERIEY X2 & ER S H 5 AR
PERRIE STV D B8, F72 MTHFD2 I3 AEWM 2R EFMETIXIZEAERKIL TE
59, EAIIGBIRICHFET HENTH DL ZERRBENTND, TRHDZ Enb,
MTHFD2 23 O Fi 7= 78 IR AR IIC 72 0 15 5 L HIFF S LT B 614,

MTHFD2 L RO ABIEHE A2 HT 57 A4 VA 5L LTMTHFDL A< BTV D,
WA IEERNICF — D7+ — VT 4 T2/ T5—FHT, W OPOMEADMLAL T
57, bbb, (1) MTHFD2 (3 EI22 h= FY 72, MTHFDL 13 EICHIIRE IS FET
%, (2) MTHFD2 [Zfii##% & L C NAD*Z W25 —J ., MTHFD1 iX NADP*Z V5. (3)
MTHFD2 ®7# 3 % dehydrogenase {%: & cyclohydrolase 154121 2 C MTHFD1 (% synthase
WD AT 5. (4) MTHFD2 (3 1E & MRS I3 BN D 72\ 0 A8 MTHFDL I IE & fii & & 6
TERLSFEHLTND B, Lol Thd, FFIZ4DHOHERIZL Y, MTHFDL %[5
THZEFEFMRICHODEBENICEEEL RITTAREESZS LD, 202 EnDb,
MTHFD1 % [H#E+H 9 MTHFD2 % SERAJICIHE T 2 A NG O v, ERF M~ 2
DL IRWEHHTEA S LTAERTH L &2, B MTHFD2 [HER O G AFFRIZE F
L7z,

1-2  BE4n MTHFD2 FHREX OB IE

INETICEED 7 V—7"16 MTHFD2 HEAIORERH L OD, 74 VA LIZ
®LUTCTRRMZHT 26T STV, 20 4R 2L ERTIC Lilly #2205 MTHFD1 [R5
Al & LT S L BERRRS G (K LY 345899 (Figure 1-2) (X, MTHFD2 OHEIEMH LA T 5
CEMEERE SN TWS (MTHFD1 ICso = 96 nM, MTHFD2 ICso = 663 nM) 7, KB %
BAii L 7=~ 7 X xenograft &7 /L IZH W\ T, Z OB DNEREN 51T X 2 [ I35 15 i 40 i) /5
DR STV 5 M [AERIC carolacton & W 9 KAY b @i 1472 MTHFDI/MTHFD2 7 =
THRERCTHDZ ERHESINTWD (Figure1-2) Y, Zd X 912 MTHFD2 124 L C&
WIEFEEZETH2ILEWITIMONTNDE DD, T A VP A LR O @SR o 72
B2y, MTHFDL fLEREZ Tl L7k AT dE S TR o o, REBWMIUHREIL RV
DO, FEO 7 N—T XD MTHFD2 % [HE 3 2 R A SR O R aF a8 3% 21370,
Raze Therapeutics tLiZ 4 7 = 1 > & 2 W ZHBI OB R R % F 3 5 MTHFD2 BHLE Al 2 577 H
Jig 2020 LT\ B,



H
LY345899 carolacton
MTHFD2 ICs, 663 nM MTHFD2 IC;, 6.5 nM
MTHFD1 IC;, 96 nM MTHFD1 ICy, 38.1 nM
Selectivity 0.14-fold Selectivity 5.9-fold
tPSA 211 A2 tPSA 130 A2

Figure 1-2. Structures and properties of the reported MTHFD1/MTHFD2 dual inhibitors

ML E7R L7z & 912, carolacton & Raze fE D RraFiF s bR < & BE% MTHFD2 FRE Al D 1%
E N ENEMFERTH D, LY345899 (TRAE SN D EMFEMRITIT, 714 Y A LBRE
ICZ2 LW, MtEREE (PSA) BNEWZOSZ B2 MBEBIC AR TH D &V D K
WA D 2, —fRICIREa L FIAT U RACRETDHLEENIRAOETIT, HLELEE»D
DD BAFEER M~ DD BATICHNE TH D720 B, ROEEZ BRETICH 720 Mk
W PEDMERD &0 SRR B ) e BRI A D ATEEE N B & D, £ TRIE, TA VY
A LIRIRMEOES, BIXORROEE A2 2 o2l iErE o2 Bz, B o ER
FER IR ILAWESERETZEIC L, Tabb, kM TIA 7TV —%2 A0
% high-throughput screening (HTS) (2L Y. PSAD X W /hNSWHH B EZH T 5EA %
BRIy L E LT,

1-3 HTSty FOBRLEGHBERBROEZE

B EAT5MERNZEEST L0 AW T A 77 UV —% H /- thermal shift
assay |Z & % high-throughput screening (HTS) #%EfE L7, T2k b, fbE&EW 11T FEX
A1 % tetrahydropyrido[4,3-d]pyrimidin-4-one B EAN A 7 U —= 7 v & L TH LT,
fb&® 113 MTHFD2 (ZxF L THREE O EEME (MTHFD2I1Cs=8.3uM) Zf L>>, #l
BRIEWN 2 &2 MTHFDL 2% L CiE A< BLEE M4 7R S 720y (MTHFD1 ICso > 100 uM) &
WO PFTED#EIRMEEZ A L Tz (Figure 1-3),

HTS hit (1)
HNZS N s MTHFD21Cso=8.3 M

Selectivity > 12-fold
tPSA 112 A2

Figure 1-3. Structure and properties of HTS hit 1
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fb&® 11X MTHFD2 OIERFESG R T v M AT 50, eI ERTFEAR L 4
WD Z LBy otz, Soaking VEIZ LV B B bE Y IMTHFD2 A RO X ##k A%
ERRENT OFE R % Figure 1-4 12, /LA 1 & LY345899 @ MTHFD2 ~D#E &K 0 b %
Figure 1-5 [2Z NErd, LY345899 O 77 U ¥ ¥ iZ MTHFD2 @ Val131l, Leul33,
AsplS5 2 EM B ARy E AL, I b OkE L mERKFE/ERY NT—2 2T
LTWb, —HTIEWLIZZ07T U P DFETHIZEMITEAETIC, K7 ==
BB TZ SRR, LY345899 D /LA I VEBEMEAM R UARYT v hEEDH T
Wb, fbEW 1 & MTHFD2 L OO ERMEERIZROBEY THDH : D4 DOKEMEE

(GIn132/Lys88--v°U X ¥/ > C=0, Asn87-—ZEEFMT I K C=0, I LU Gly310--- A /v
X 5 S=0), @n-n AHAEAER (Tyr84--- BV ¥/ VER), ZhbiZWwdnud LY345899 124
HKBEBLTRONDZLDOTHD, RBAKEMED I H Asn87 15 LW Gly310 o532 2 o
TREAEN 33A LOCELBIM I TV,

Lys88
GIn132, - Asng87
e o [Val55 for MTHFD1]
HN N
s
N . !q H
Tyr84 S;_-o
Gly 310 3 " ":Gly310
1

(B)

Figure 1-4. (A) X-ray structure of the compound 1/MTHFD2 complex refined at 2.5 A resolution
(PDB ID: 6JID). Dashed red lines represent hydrogen bonding. Distances of the interactions are in
angstroms. R-value = 0.2032. (B) Summary of the observed interaction of 1/MTHFD2 (orange:

hydrogen bonding, blue: n—= interaction).
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Figure 1-5. Superposition of the LY345899/NAD*/MTHFD2 complex (PDB ID: 5TC4, magenta)
and the compound 1/MTHFD2 complex (green). Dashed red lines represent hydrogen bonding for
the complex of LY345899.

Figure 1-6. Electron density of the ligand in the 1/MTHFD2 complex. Blue mesh represents Fo-Fc
map contoured at 3.0c which is calculated without model-bias of bound compound.
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a1 O 2 VAL, AEO BV R = VER 2 o0k E R KBZR-ESICED S
EEBIZTYr84 & o HAEEMZLTNDZ NG, MARICEETHD Z &N RE
Sz, —FTILEM L OREEFERT X REMO D NVR= VI T A VA LRRMEICH
HELTWAbLoEHEZ ST, Figure 1-4 B)IZRT X 912, k& 1 & O AR M A EH
WCBDLDEIED I B, Asn87 OBANT A VY F A A THREFESINTE 5T, MTHFDL Tl
Val55 ([Zxti 35 7, Z D72 MTHFDL TIFbEW 1 O VA=V e T I BRAS L O
KEBANER TETHENBE L7720, MTHFD2 ~OERERELCTWDH EEERLT,
BORFHZL Y, BBEICZOINVR=VEEZRE LG S23 TiX MTHFD2 O LETE
PERERT D2 END>TWD (MTHFD2 1Cs > 30 uM), 2 BHAEHA L T2 bds
W 1 BRI IE, Asn87 DI L EE O FERGFERILNFEAET D (Asn78 (Argdé for
MTHFD1), Ala80 (Asp48), Ser83 (Leu51), Glu141 (Thr111), Phel57 (Leul27), Asn204 (11e176) 7
E)oe TNOLOFEIELEY T REOE#NLMAERIIELNZVEOD, 2 b O
BIRVEIC L2 E X TV D AEEL HRICEZ LN D,

Iba¥ 1 oK 7 = = /LT Leul33, Prol34, Val205, 11276 72 & D BiKMET 3 7 BRIZ [
ENFEMAEED TS, (LEWLI D7 ==V EOEFHEITHAME TR L, BiEAoE s
MELNDZENL, ZOZEMOFREEITIIRBNH D Z LRIz (Figure 1-6),

1-4  RUE AV H LB O 15 AR B

ATEI TR OB ® A2 S, BESOHBEIEHEMEEEE T2 it L,

XU DL EY 1 O KA X NN % T2 OFEHIE~EEH L= (Table1-1), *
PTRAFTTA VAL =L LTT b7V —)ViFEK2 &2 BB EIR3 2500 L 722,
T T = VB BRI EEE TN E Lo 2y, ZEFRRTER TIX MTHFD2
PHETEMER 3 M EL7, W TRV BEEDRVWERETHD ALK LT I NFE
K (4,5, 1,23-XY v 7 V= (6), 1,24-FFH TV —)L-5-4 (7) #2Fh
ENAER LT, L LD s WTEhofbEW s MTHFD2 DL FIEEZ RS e o 72,

RITALEW 3 DREFWRE D2 EB Lic, N MI~OBEHBEILENIIHFETHY (8,
9), BICETFRIETHD 7o KE B ALLALAEY 8 TIIMEFEMEN S 51T 3 HFRE
kL, -7 72 VU DNVRUBBA~OEBRLTETH Y, 2 GRBREOIEER LA
bz (10), —HFTEU D UVBOEA (11,12) R0 7 a~FH U8 (13) ~DOZEHT
P EEENE R L, 7AW L OANLZ LD N-AFUE (14) . {LEW3 D
T AT VR (15) BL ORI ANEA VK (16) ZHMLTER, WIS HEEEZ RS
ol

INOORERID . RimEAL OBEEENEEHICEBRETH DL Z &, B X OFRENL
I FE M RIEN D ZROBEBREEZTR LT VW ERH LN E R ol
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Table 1-1. Structure—activity relationship of the sultam transformation.?

0] O
YOS H
oy
MTHFD2 MTHFD2
Compound R Compound R
P ICso (M) pou ICso (M)
o NH,
1 N0 8.3 9 OH 3.1
H o]
Qi -
2 Ny 10 10 UL o 14
N-N’
Q
N
3 A@\rOH 2.7 “
o} 11 N OH 15
0]
4 A©\S-NH2 >30
o 0 “ "N
12 «L_oH 10
o
o]
5 /\Q s >30
H \
13 AO\WOH >30
H 0
6 ’K@[NN 30
N’ 0
14 N0 >30
\
;O 50
O >
e 15 A@(O\ >30
o]
Cl
8 &@TOH 0.94 16 QNHZ >30
o] 0

#Cso values for enzymatic assays. The method is described in the experimental section.
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1-5 LUIY ) UEBBOERR : A/

FEWT, AIEIIC TR ONTLEFTWFER 3 2RI, VIV IV ) VREEOE#E T
%Lko%$%@%L@$ﬁ%@ﬁHLMZT\2%%7%~»F$y€yfmié
BEOE#HELITH> Z L2 L7z (Figurel-7) 25, U Y ) V7 POBRIRT 2 N‘%iﬁ
FRICHBMEZRTHEHLO N-HOGFEICEY, LT LIRMEEY O Y m 2 By 228
%EiéléﬁﬁEhfwé%o%:T:@i5&7)—@NH%ﬁtﬁwiﬂ%ﬁ
T THFA T HI LT, BWENYEEHOBEEMETE D LEE LT,

FEOEBICEE L CiZ, YU IY v 4N OBIVR=VER X OEFREME TR
HZ LI, Zhix, (L&Y UMTHFD2 AR O X TR ., BV IV 2 v
DHNR=ZNVIZE X7 LD 2 OOKFEREEIT, FEBEMEIL Tyrsd & On-nffl A EH
WZZENZENEEG L TWA 720, FREOHAEEREAPEEEEICLELEEEZX D
Thd, i, CVIP ) 3D7 V=D N-HIZOWTIZZ 7 9kEDFHER
HAERITR NN EnD, BHAIEETH D EHEL LTz, S 5T Figurel-6 TR &
NIZE DK 7 = = VEOBFEEITHAR TR, A7y MZEBICREIRL TV
WEHERI SN D Z &b, A REBMPTREINI HEEXTZ, TNHLDEREEE
2, Fx OREOT A . ARkEFE LT,
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OEFRN MBS EEEIDEUS : FREEMCwA

OH

@N-HOBRZ / Scaffold hopping

YIMEmE(C

[EEA 0
AT

HIRZIVE - S ERRIEFHER

O @] O @]
R
N R-N ’ X
IR | | N |
R N R |\|l R
R

Figure 1-7. Summary of compound design in scaffold hopping (R: alkyl/aryl substituent(s); X:
O or NH)
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KRG EAROARK L% Scheme 1-1 12773, B U Y VFEEKICOWTIE, xHnT
LB P AT NAT LT IV 18 EOMEAIC L D B A% 7. Boc DORE, 7
VI ZNVEEN—T AT )V E DR, it AT VT AT IVOIMKGIRIZE > T, b
¥) 25-27, 29 \ TR T EKR A G-, MRILAEW LY 1 TERTHE LD FRE 22 2
HZ LT, KVETRICCHRBEOBEIKR (24,28) 21552 b TE 5, [ L HFHIA 22
e RTVUVHERI0EMAESIEDL LIV . BTV ) UBERBEERRETHD .,
HEIK 32-34 2157228, 4-¥ Y FUBEEKRIBIILLTOBEY AR LI, TFN-UDL
A4-ERY Y ) 3B ET T I AN EERBLTE% S R A AVEBE TV E RS S D
Z & T RN 4- E7//m%{4§3675_’ﬁ=71 s AFILT I 0 *ié%#ﬁ}im’iw 4-t°
U R B ZREE L - # «/y/vﬁ;0)fﬁﬂf£ 7 N, B OWLIR#EIC K > T 38
BDELNT,

Scheme 1-1. Synthesis of compounds with various core scaffolds.?

N

Ry 20 Rs H'R“ R4. 0 %
RWWO/\ 18 R3—<\ )12 7 R3_<\
N )1—2 —a’ 4 N—-Boc —-
Boc Ry
R,
19 25-27, 29

NH

55” @LQK a m*@m“ ﬁj@*q

o 0 0 o
N,Bn N’Bn N’Bn N
o fg o h r\‘J icb T
o
% 36 37 38

#Reagents and conditions: (a) K.CO3, EtOH; (b) HCI, 1,4-dioxane or TFA, CHCly; (c) carboxylic
acid, WSCI-HCI, HOBt, DMF or CHCl;; (d) 1 M NaOH, THF, rt; (e) EtOH, EtsN; (f) morpholine,
toluene, reflux; (g) ethyl benzoylacetate, xylenes, reflux; (h) MeNH,, MeOH, 80°C-100°C; (i)
Pd(OH)2, Hz, 1M HCI, MeOH, rt.

>z T
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Scheme 1-2. Synthesis of tricyclic coumarin derivatives.?

o 0 Route 1

ﬁﬁ)%/\

N HCI
H
21

OH
ref ©/
(10%)
(0] 0]

o] o o o
o) NH HN NH X PN i B
| | —_— o) —_— OH
a \K b
40: 41: X
39 43 44: 45X

0] (o]
o o
NH NH
! !

X
X

| chb
BPin O o 0
g She
D ——
g ref N
QoC B
42 (2 steps) o° 17 Route 2

2Reagents and conditions: (a) 4-(tert-butoxycarbonyl)benzoic acid, WSCI-HCI, HOBt, CH,ClI; or
DMT-MM, MeOH; (b) HCI, 1,4-dioxane or TFA, CH.Cly; (c) Pd(dppf)Cl., o-bromophenol or o-
bromoaniline, NaHCO3;, THF-H;O0.

7~ ) VAR DA L% Scheme 1-212 73, ZERPERZ391%route LIZR T K 9 ITB-~
F=27 1 (21) ZHWZBEE OPechmannfii & BISIZ L V155 Z & T&E %2, Ll
DOFETH D7 = ) —VORISHEMEN T DITRINE (~10%) ITE £ -7z,

Z Z Troute 2IZ R T RIEEBAIR LTz, T BoctfR#EL7ZB-7 h=xT7 v (17) D HEEEO
2LRIC LV An VY a— Lz A7 VFEE (42) &AL 7%, 425 K Qo-7 1 &
T2 )= NVESAD TV TR TIET, Ay TV U IRIGE6ERT 7 R U
FCAME T CHEAT L. BocKkABRET D22 & T =R ~ U U R399 H— A pli ) &
LTHRLNTE, 7~V B39 6 EIEICIEV LA WALE G Rk LTz, [RBRIZERAL IS O 3
HrlLTo-7unx 7=/ — ViR ATo-7uET7 =) 0 2HNWH2LT, 774205887
LB ER (45) AT H I LR TE I,

18



1-6 VUIV) UEBEBEOEHR  #EEEMEE

RERE &L % B4 LT AL B O BEF L E TR 2 Table 1-212 R, AL EW3ID 7 = = V& [
EL7=FHER (24) TIEIMTHFD2OBLEIEMESHLA LI Z LD BUKMEERICFEET D
Tx o VEBNERICEREFELTWD I ERNRBREINTE, BBEOERY DU EREY
NRY D ~EBILR LEZFER (25) 9, ) Vv BICAFLVEAEALZFHER (26),
BILOgem-U A F NV AEA LZFER (27) W TN HEMTHFD2IRETEMEZ R & 720 »
77

WA 2 EZ RIS, BV 22 UMON-HE T v F (b L7 b & % 5l
L7z, IR0 . ZON-HIZFRFEOHAERZ L T2 2 & 3L A L0 Xt &
fENTIC L > TRBEN TS, £ Z TINAT A FEEEZE A LZFHER (28), B L O3,
DAF LA 2L~ ML L7z ZBRIEFF R (29) ZFHl L7z, T ORER., (LEH28TIX
{EEW3 & R TUEIE EMTHFD2BH FTEPER G L7 b O O LA W29 TIX3fE 1T & DTS
WCHED . 50N 5 SGMTHFD2IREIEEZHERE L7z, S 612, FERIC 7 U —ON-HZE Ff iz
720 4-v ) RUFFEAR (38) 1%, (EEW3ERIFEDOEEMEZ R LE, TNUDLDRKERED,
RS oy DK FRES B —IXIE R B IIMLE TRV &I Lz,

FOEDORRLHETH > THEFENED Z NSz, BV IV iciRx
TS5EREZAT53-7 YU /) UiFEk32-34% 5l L=, T O, BEHLOE R I N
M9 2% Z EICMTHFD2BLETEEO | ER RS, kb E @ b A W34 T L &W3 & A% DL
FOMREFEREEZ5 2D Do, BUIY ) V2B IT D7 2=V EBRILOHE

(24vs3) LHULL, (LEVRIDOIRENEERELOBEENRB SN, KEIC, LAWY
37 2= VEEMABZ TR~ ) UEE LEFHER (41) 250 L 7=, (&4l
XA L 72H CThie b VO MTHFD2BRE TR 2 o8 LTz, FRRIC T 7 % L3538 K (45) b FHLFE
EMEEZRO N, HEEEEIZTCOEY IV 7 (3) LW R LR,

Table 1-2{Z CTMTHFD2fHFEE M 2 r L7tk &micxt L ik, 74 YA L Th D
MTHFDLIZ X 4 2 BHEEME LR L7, T OMEER, ML 2T hofb&% H MTHFDLIZ
3 5 BREIE LR O HALT (ICso > 30 uM) , REZEZA#i#% & MTHFD2(Z % 3 5 & WOV g IR
EHFFLTVWDZER Do, 2OZ DL, AR LEFBEERI TN HILEWMITRDS
NleZ o7 LOBEREXZHRL VD b0 LHRIND, BoNEHFEEROFT ML,
PLEIG S T &, ARERORSGE 2R EEREMIZER L, 7~V vFEk41s Y — K
fbEE LBk LT,
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Table 1-2. Scaffold hopping of the core.?

o}

O or

o}

Compound core MTHFD2 ICso (uM)  MTHFD1 ICso (LM)

(o]
HN N/\
3 < 2.7 >30
N
i
24 HNJB)\ >30 -
Sn
o]
25 “”@N% >30 -
(o]
A
26 ""m >30 =30
By
27 ”N\)ﬁ;«” >30 -
N
N N/\\
28 @/LN ‘ 24 30

20 @ N 8.2 >30
N

B
32 ] N 11 >30
/
Y
33 I/\N/ P 6.6 >30
N
SN
34 CN r Y 1.9 >30
[o]
X
38 \N () 2.3 >30
|
o]
5Y
O
41 Y 1.6 30
o]
HN N
45 \ 4.6 =30

#Cso values for enzymatic assays. The method is described in the experimental section.

20



17 7=V UBREAETDILEW 41 OFM

LA YALIMTHFD2M A K O XHHG ft i & % Figure 1-812 7197, L AW4ALOFE ST — Nidib
AWLEFIERETHD, F—0ERELEOKRFE/REBLOn-nBAERZ#RFL TV, A
WK T I ROBEBEIRTORTORBKFEMEETHEL TWDHILEWLE MBI, (LS
WA1D VR CERIT2O DIERFEIR AN E HIZGlYy310EH ON-H 53 ARJEICMNE L TEBY .
NWTRLEAICESE L TS LRSS,

Pro 134

Gly 310

Figure 1-8. (A) X-ray analysis of the compound 41/MTHFD2 complex refined at 2.25 A resolution
(PDB ID: 6JIB). Dashed red lines represent hydrogen bonding. Distances of the interactions are in
angstroms. R-value = 0.2034. (B) Superposition of 41/MTHFD2 (green) and 1/MTHFD2 (yellow).
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vty MEAWLE REE LG WAL E MTHFDLA [HE S T MTHFD2D A fHE 3 2 &R ME 2 FH
LTWi, (LAEPALMTHED2HE &K & 3 E S 41TV % LY345899/MTHFD 1 A 1K @ Lk %
Figure 1-9127~ ¥, {bkEMLITOELEL[E L <, MTHFD2/MTHFDLEIRVE X Ik &Hal e
MTHFD2® Asn87 (MTHFD1 Tl Val55iZ%t)i) & DKFEMHEDFEICER T HH D EE 2
biLd, LnLaedns, AERMEEERTER IS OO, HEAIVTEEO Mo IERT
BRELEBITBREICFS LW b0EEZLND,

Y84 /Y52 ’}/
[ 7 |
L"'/—/ i

Figure 1-9. Superposition of 41/MTHFD2 (PDB ID: 6JIB, green) and LY345899/NADP*/MTHFD1
(PDB ID: 6ECQ, orange). Amino acid residues within 5 A from the ligand are displayed as line.
The four residues described in the manuscript are highlighted with a caption of residue name for
MTHFD2 (blue) / MTHFD1 (yellow).

(LEWALEHTSE v IO AT v 7 7 A L O ik & Table 1-312 77 L 72, (L& ®411TbS
M1E e~ CTREEMEN M E L (MTHFD2 1Cs0= 1.6 vs 8.3 uM) , 3 &K T L T\ 5 (349
vs422), ZHIZE D U B REhER (LE) 130.24725031~EH L T35, —fKICLE>0.32°
BIf72NA U X — DL SND 2 b8 {bEMALI LV AEERAA X —ThD
LHIBrTE D, RRFICAEEWA~DERIZ L > TlRIEFRAE R (PSA) RKFEME FF—K

(#HBD) ., KF®G 7 78 72— (#HBA) KT L TW5, 2O Z L IIbE a1/
BEZEBIZEVFERTHY, RORNENR LV MFFTEH L 2R L TWNWH238, DL kX
D, fbEmaliie v MEEWM LT, I —NMeame L TENTE T 7 7 AV ER
LTkY, REFEOHBERELTHEHTALDEEZ LN,
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Table 1-3. Profiles of compound 1 and 41

o) 0 o) o)
HN N o 0 N
N N
o)

1 41
Compound MTHFD2 ICso  Mw LE tPSA #HBD #HBA
1 8.3 UM 422 0.24 112 2 7
41 1.6 uM 349 0.31 88 1 6

1-8 /g

MTHFD1% [HE W $"MTHFD2 % J@RAYICPHE T 2 ¥ 5+ 0 15 2 B 15 L THF%E 2 £ i
L7 HTSICE VERA Yy "2 HATO2HHAE I IV UFERKIN ey hELTHELR,
MTHFD2(Z %9~ 5 FFLE DB ETEM . B8 L OMTHFDLIZ X9 5 @ VB IRME S R S iz,
AR OXHBRRE G & AT D5 R AL BV UITER TSRO 7T U O U ZBRWIZE 7y & Rk
DOFREEHERXZM] D Z B LT,

HEARSARZEAF L= E 2 A, EEEOMFFICIIRGOMBEBRENEECHL Z LN
R E, BEERFEERNIVEEEEZ 52522 AH L, S OICHEEEDR E
CEBEN MR EL BN, BBEOEREEEL, B I TV IR Tr <) UEK
ERT HIEWALE S LT AL AEWALIZILEWLE RERORE S E— R TMTHFD24 > /X7
IZAEE T2 2 &R S, MTHFDLICK - 2 @IRME B AR5 Z L v o dz, 61T
bty M &R T, & &2 5MTHFD2MLETEMEA A B L, G @rEIcEb 5 &
S Bin siliconN T A — X OWEBLP AN, IO ENG, {EEMALITERND
MTHFD2[HERI & L CHHAZUIMY — RMEaWwTh b EEZBND,
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#% 2 Structure-based drug design IZ & % B iE 72 MTHFD2 fREEK 0 A
2-1 Ex

1T CMTHFD2IE IR R BLER TH LB 7 ~ U V8R4I 2 G Lz, L Len
SALEWALIE, BEHR OMTHFD2FLEANC b X CRLEIEMEN 59 < | FLEAI O HBE/EH %2 MGk
THHRNCTEHELEARAT S THLIEEALND T T . ILR2LMEEEDR L4 HIEL,
fbEwalzim e LcFSRERZE RS2 LI2 LT,

7<) UEKELOSARE TG T 2126720 . FTULEWALMTHFD2ME A 18 O #& fi 1 &
WA+ 5 Z L1295 (Figure2-1), SHITICTHEMLZ L 512, (LAWALIMTHFD2
DIERRr v N2 EAET LN, TO/EET— FEOERD, T/4b0, EBRBEARTIX
K77 V) VLA Vall3l, Leul33, Aspls5c b7 bR v b & 5 L CEE R KER
AFy NU—27 2L TWAHA (Figure 1-5), {bLA&WALTZ Z oFKEOEE 2 5635
e, ERFEROIINVE INEEFBRIEMEERLILIICA Ty bEEALTWD

(Figure 1-8) , {bAWAL1O EHE LM AFERIZHELIE TR LTEADDKFBRH B L O Tyred & o
-t EERACTH Y FFC 7~ U VEMLICB W CHERRE L KBREET 78 72— D h
NRZVBBOFENEERBICEE CHL I LE2HEMLLE, 20X RN G, HE
EMEOm EEZBHETICHZ> T, (bW O ZBRE7 ~ ) UGS ZHEFEF L TR 5 2
L7,

— 5T, 7=V rDRHFELIIEHAETHD EEZT, 7~V rORVE UREDICIE
FEEE Y IS WV ZE [ 35 7E L b (Figure 2-1), Z @ Z2[H 1% Leul33, Prol34, Val205. 11e276
REDBKMET IV BERKXICHENTWA 2O, 7~V LI K PEE I 28 A L T
EMEMHO L Z ENTENL, BHEEERM ET 200 HF L, I HICEROMmITH
VORI HMA S ERIT TN BT, 7~ U U8B D VIRMED T b ERIEAMET S 2
T, EFEOBUKMERIE T T, ERAMOBAKMERLE OMABEERA BN Z N TE
HEEZT,

A GIn132 Lys88

Leul33

Pro134 .= ..........‘

O Gly310 . lle276

L5 JRUL7-106EER
e~ I D5V TR
€276 QIFAEDEUKHAREER b

Figure 2-1. Detailed structure analysis around the benzene ring of the coumarin core in
41/MTHFD2 complex (PDB ID: 6JIB). (A) Summary of the interactions and location of key amino
acid residues. (B) Protein surface composed of the amino acid residues within 12 A around the
ligand. Location of key amino acid residues is also displayed.
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UbkZzgic, 7~y bE~O@BBBRERFE L TUTFO2o08M 2 E KT 52 LI Lz,
Tbb, OCluldlE: OB FEMAERZHAW T vV U8 7 I Ml 2 R
H., @7 =V U EDOBKMERRE A H7297,9, 100 ~A FNVILEEANT H, &) HE
W& <& % (Figure 2-2),

O8NS 7 Az R E @7, 9, 10fZICAFILEE A
+ Glul41to=pR{zE2EREERAZIAS - EOBUKMZEEZIEHD

Figure 2-2. Strategies for modification of 7-10 position of the coumarin core

2-2 7=V v 8L ~DiE #a KB ARG

1>H O E LT, 7~V BHKLICT 2/ e ATH5MEOEAZRBF LI, LA
WALIMTHFD2 D XA S I LV . Z OB EEOT I 2 253252 LT, &
WAL TIEd 5 03GIuldLFEIE E DK E N LB BMAEEANHE T L5 27,

EtAE R & Table 2-1IZ” T, £ 327 ~ U U EMBMLIINN-P A FL-2-7 I /= F ¥ U K%
A LAbAWA6E AR L, FEli L7z, Z OfEER., LA HWA6IT LA WALIC -~ TMTHFD2
WX D EEMEE 2 4.7 m ET 2 2 RSz, 2o, MTHFDLIZ %7 % [HETE
PEBALEALT R TR 72> T LE-72H DD (MTHFDL ICs = 18.7 vs >30 uM) . <L
THE[EE VI EWNT A VA ABIRMEZHERF L Tz, fIBHANN-U A FL-3-7 3 /7
DRFVHEANEHE L EAWATO . S IR Do~ BIL LT LAEWasIlc B Th,
{LEWa6 L RO RZ R LI, RO AT I U ROMEE AT HILAEWA9TIL. MTHFD2
~OMHEEIT AW LA EThoT-b DD, T A VYA LIBIRMENI L 21605~ &K
T Lz, K0HEEEOKNT =V UFHARS0TIR, B A X 2 EEMEm LR
AT, WEHR BICIE— EREICHRVERERNLECH D Z E N RB I NIz, RKkIZ4-
AFNERT V=V EEENLTALEMSLZ 3/ L 7=, = OfER . (L& W5LITL G ¥46-49
RS DOMTHFD2BLEE M 2 /R L, & HICMTHFDLIC A4 2B EFRENME T LZ 2 & T,
TA YA LNEBRER>BGE~EmET L2 A I,
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Table 2-1. SAR of the 8-position of the tricyclic coumarin.®®

O @]
O | N
OH
0
R
Compound R MTHFD2 ICso (uM)  MTHFDI1 ICso (uM)  Selectivity
41 H 1.6 >3() >18
|
46 N oA 0.34 18.7 55
47 \'T'/\/\O/E 0.36 27 75
N
48 0.39 23 59
o

49 I ﬁ 0.34 54 16
/N
50 -« ,@A 3.8 30 >7

By
51 N 0.32 30 593

4ICso values for enzymatic assays. The method is described in the experimental section.
®Selectivity represents the ratio of MTHFD1 ICso/MTHFD2 ICso.
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2-3 7=V VU T-10MIERTHAFNVRAE X ORE
WIZ2OH O E LT, 7~ U OMDOME, T2bbT, i, BLTINIZEBIT S
B RERFT LIz, Bl 72 L B0 (LG WALIMTHFD2 O XHR 45 db i iE AT Iz K v |
=) ORVEVRITBKMEDO R v b &R SICHED T e
T~V 7,9 10T D ATFIAX v &2FEhi L7239,

Table 2-2. Methyl scanning on coumarin and combination with the sultam.®®

EBRHEREND, T2

MTHFD2

MTHFD1

Compound Ri Ro Rs Ra Ar 1Cs0 (M) 1Cs0 (uM) Selectivity
A
41 H H H H (/ ~rOH 1.6 =30 >18
0
H ' H H "1 on 0.34 18.7 55
4 N Ay - -
.J‘J\ N
52 H H H Me 1::,/ ~°" 1.3 >30 >23
0
H | M H ’;I’\/j OH >30 >30 ND
3 N g Me Sy
| e
54 Me /N\/\O}" H H S \g,OH 0.049 5.0 102
| OIS
55 Me /N\/\O)l,‘ H H H ‘0 0.053 84 158
By 0
56 Me N(\ N H H o 0.018 52 289
~ H

4ICso values for enzymatic assays. The method is described in the experimental section.
bSelectivity represents the ratio of MTHFD1 1Cso)/ MTHFD2 ICso.
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FEtis B A Table 2-212779, £ TLAWALOL106L (Ry) 1T A FILHEEZ A L -{b-A W52
EAEMR, ML L 2 A, BEEEZCOMEWALERETH Y, 100 ~D A F L FLEA
WCRERIFITR N ol HTHEEWA6 DI (Rs) ITATFNVIEEEANLIZ{LAEY
53, BLOTNL (Ry) ICATFNVEEZEANLIALEMS4E TN ENAEKR L, HEIEEZ{LEY
46 L I L7, ILIC A F AR ZE AL 72 L EW53TIE TARIZ K L, MTHFD2FH G P 23 VH
FKllc, = HTHLUZAFNVEEZEANLTALEWS4% 5 L7z & 2 A MTHFD2FR E & M1
LA TIEM BT 2 2 ERHA L, CRODORELY, 7~V VT ~DAF
NIEBADOBNLEFEEZRKELSMEESEZ 2R LE, TMMAFALERNZ <~V U
WOBKMEZER 2@ YD 7= 2 & T, EEEOR EICBER 72D EBEL TV D,

W B IEMEM B2, EHREOHM S DY RE(LERE L7z, BLIEICTHTSE v b &
LCHONTEANLE MEBREZT- AT VI~ UHEEIZEAL, 7~ U VUBLIINN-V X
FN-2-T )T hFVEEATHIEWSS, BEXO4-AFAERT V= V2T LG
M56% TN ZENAEK LTIz, (LAEWSSIILEWS4L A% OMTHFD2BEE G, BX LV &
WT A YA NBRMEEZE 272, SHI{EEWS6IE., 2L E TICHRFLLEHOF T
HEWOMTHFD2BH E TG (ICs50=0.018 uM) B X VT A ¥ 1 LRI (2891%) = 52 7=,

ORI L RO EDEICOWTEMT S, Hl1EICTEY 32 VR
IR L TR L72BRICE, REHREL L L CIREFBROARETH Y, ALF ATHAT
3f21F L HRVVMTHFD2 ICsof 2 7= L 7= (3 (2.7 uM) vs 1 (8.3 uM), Table 1-1), — 5 T4 [l 7-
AF NI < U REEICT DR Tk, ZEFBA (54,0.049 pM) & ALK A7 (55,0.053
UM) TRHEEEMZE A EERAL Ty, WHERHEBIIT AR OO, BEOERICZ X
STSARDETEA L TWHAREENEZEZ SN D,

AR CTHOLNTLAEWS6IE. UV — FMeA®4al & b X TMTHFD2RHL E G MEA389f% M £ L,
EVIEIRMEZ RS, BAEMREEEE e 7 s AV ERT LA THDL EEZDND,
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2-4 710N BHY <Y VHEEKDOERK

7~V UBNLICEME AT DRI DA L % Scheme 2-11C R~ T, £FB-7 P AT L
21 L vy ) — VSTDIRE W 64%milE 4 /E ] & &, Pechmanniig & A58 % fii e i & L T
37240, RBHEIEICTT =/ — VL E AW TRERO KIS Z1T - 72 BRI BOPIRIRIEIC &
EFx o, KntEomnLr Yy vy ) — v Z2RAWESAICIEEINETHAY R E LT,
FNTT L7 ZIVERE Jtert-7 F L L OFEAICL Y @b iETH D7 2 NEB9E 157,
{LEWMBID 7 = /) — )V HIKER EEIT R L T, SN2 & 2 WITHIERISIZ X Ty F L i %
AL T60a—ck L, MMM Clert-7 F IV EZBRET L2 LTy~ UBALICIRE — R
BB EHT 546485157, RIBE-—RBMEAEHDIVIIKF -ERMEALZHT HHEKRIC
ONTIE, ALEWBIZRIET S N 7T — hel~E B LIk, 7V =A@l
ARa BT AT NV ERWDIEAT 7V 7 H 5 0iEBuchwald? 2 /AL S &2 4TV, Rk
ERIBEICHR#ET D Z LIC L VABIOFEREHF L Z LN TEX T,

Scheme 2-1. Syntheses of the initial C8-substituted derivatives.?

o 0

ap

0™

o a o o o o
N

o NH
H 21 a I b i cordore o
T . = o\|< . OﬁR
H 0.5 H,50 [o} Re.. o}
+ on o it HO 59 %o
58

60a-c' R =t-Bu
HO@ 4648 R-H o |9

57

62a-b:R={Bu

o]
R
o N i 4950 R-H o |90
| (o]
T ° 7< o o
j o | M
(‘\
N

O
s}
63 R ={Bu —|
51:R=H «— f

2Reagents and conditions: (a) 64% H2SO0u, rt; (b) 4-(tert-butoxycarbonyl)benzoic acid, DMT-MM,
4-methylmorpholine, MeOH, rt; (c) 2-dimethylaminoethyl chloride hydrochloride, K.CO3;, DMF,
120 °C; (d) 3-dimethylamino-1-propanol, diisopropyl azodicarboxylate, PPhs, THF, rt; (e) 4-
hydroxy-1-methylpiperidine, 1,1'-(azodicarbonyl)dipiperidine, nBusP, THF, 50-60 °C; (f) 4N HCI
in 1,4-dioxane, rt; (g) TFA, DCM, rt; (h) Tf,0, pyridine, DCM, 0 °C; (i) boronic acid or boronic
ester, Pd(dppf)Cl.-DCM adduct, NaHCOs, 1,4-dioxane, water, 90-100 °C; (j) 1-methylpiperazine,
RuPhos Pd-G1 tBuOMe adduct, RuPhos, Cs,COs, toluene, 110 °C.
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ML VNI A F VAT 558K (53,54) 1%, (LEWA6 L RERO A RRIEIZ XD
AL L 7= (Scheme 2-2), 972 bbb, LY Ly ) — IR 2 T4-AF LV vy ) —)L (64a) .
HDHNIF2-AF LYY ) — )b (64b) EHNWDLZ LT, 8- FeXxv-9-XAFLr < v
FHER (65a), BLU8-L FuF-7-2AF L7 <V o HiEK (65b) 2thEhnGi-, 73
Kb, SEIEROG ., Bitert-7 F DO FREIC I D | ®IS T 21 E5%563,54% Ak LT, AL
AL HBTLH5FEEEROERTIT., EMRRKICETOERELMZA -, Thbb, £78-E R
DX TTAF T <Y UFEEIKESbD R T R TR LT R ER Vtert-7 F L A EA &1
TBockkZ¥E A L7- (68), Scheme 2-1L [AAkDKIMEAEHANT T = 7 —AMEKBEIEE T L%
ME L7214, BockkZBrEL T70a-b& L7z, p-A FF X 2L (PMB) ETHR#EI N
ANE NERTOHREBEHFBHFEEREME LK, N 70 o liRIC CPMBEZRET S
L THTEO AV E LAFFERES, 56 % 15372,
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Scheme 2-2. Syntheses of C7-, C9-, and C10-substituted derivatives.?

(o] [®] (o] 8] 0
R OH
e 1 o] NH o} N
N Hel + HO _ 1 —_ = 1 \]<
H 0
21 Ry HO 0.5H,50, HO
R3 R
64a:R,=H,R, =Me 65aR, =H.R,= M 66a:R =H R.=M
64b: R, =Me,R,=H a7y =T, Ry = Ve a-R;=H,R,=Me
65b° R, = Me, R, =H 66b° R, = Me, R, = H

[d

0] o] o] o}
(o] N (o] N
R, OH Ry 0
hIJ - I 7<
] o /N\f‘o 0
Rs3 RS

HCI
53:R,=H,R;=Me 67a: R, =H R,=Me
54:R,=Me R,=H 67b:R,=Me,R,=H
e 0 o o
o] | NH ¢ o NJBoc gorh o _Boc e o NH
- | = | - = |
HO 0.5H,50, HO R, Ry 2HCI
65b 68 69a-b 70a-b

o] o
Q | Nk@fsiﬁ 0 o]
N j o] | N 0
. -:'O
Ry CF,CO,H I —
R

§5,56 2 71a-b

2Reagents and conditions: (a) 64% H,SO4, rt; (b) 4-(tert-butoxycarbonyl)benzoic acid, DMT-MM,
4-methylmorpholine or EtsN, MeOH, rt; (c¢) 4-(tert-butoxycarbonyl)benzoic acid, WSCI-HCI,
HOBt, EtsN, DMF, rt; (d) 2-(dimethylamino)ethanol, diisopropyl azodicarboxylate, PPhs, THF, rt—
60 °C; (e) 4N HCI in 1,4-dioxane, rt; (f) Boc;O, 1IN ag. NaOH, aq. NaHCO3s, THF, rt; (g) 2-
dimethylaminoethyl chloride hydrochloride, K,COs, acetone, reflux; (h) i. Tf20, pyridine, DCM,
0 °C; ii. 1-methylpiperazine, RuPhos Pd—G1 tBuOMe adduct, RuPhos, Cs,COg3, toluene, 110 °C; (i)
1-[(4-methoxyphenyl)methyl]-2,2-dioxo-3H-2,1-benzothiazole-5-carboxylic acid, WSCI-HCI,
HOBt, EtsN, DCM, rt; (j) TFA, rt.
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Scheme 2-2 L FIBED H1EICT8-E R ¥ -10-A F Lo <~ U U FEAED AR EZRATZ, L
MLEND, et 55-AF LY L 7 —)L (64c) Z M\ 7-Pechmannffis & Tld, E4H D
B (72a) 134T, BERWVWI0-E ReX-8-2AF L7 < U UiFEAk (72b) 234
B 472 (Scheme2-3), % Z T10-A FAFEDZHRITHOWTIE, 88 IEEHL OFFER 2 A
L CTHREET D Z &2 LTz, 10-AF 7 < U UFEER2O A5 /IZIE, HIFIC TR L
BliEE AW, £ Fa— AL — MNFERQ2LE2-TaEI-ATF N Tz ) —VEEARD
TV TR T I E T SRR AR I NI ALAEMTIE R L L TR,
T CICIBR R A RIE & FEEIC, BockDbrE, 7 I MMe, fetert-7 FALEDOREIC IV P
YO EARS2E ARk LT,

Scheme 2-3. Synthesis of compound 52.2

o (0]

O O

OH _Boc B
fﬁko& a 9@ Gl

+ HO —_—
N ha
HO OH
21 64c

72a 72b
(0%) (76%)
L o 0 o o (¢}
o o N-Bo° 07NN o7 N
> _Boc b c,d c
o ‘ N —_— —_— Oj< _— = OH
PinB o o
42 73 74 52

2Reagents and conditions: (a) i. 70% perchloric acid, rt; ii. 5N ag. NaOH, Boc,0, THF, rt; (b) 2-
bromo-3-methylphenol, Pd(dppf)Cl,-DCM adduct, NaHCOs;, THF, water, 100 °C.; (c) 4N HCI in
1,4-dioxane, rt; (d) 4-(tert-butoxycarbonyl)benzoic acid, DMT-MM, EtsN, MeOH, rt.
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2-5 EIEMEILA Y 56 O fa i FE R = A

BAF7eMTHFD2E, HZ L EFE RS L OEWT A VA 2B IREE2 5 2 266560315 5
T2 e MRtz W lbam o z21T 9 2 & & Lz, Sk MaEk Té 5 MDA-
MB-231#k & F W 7= fl B B FE B E BRI L 7= & 2 A L B IRAYMTHFD2BH 2 A1 56 13 40 A 1 5l
PFLEVEMEZ ST 2 DR OMNE R 572 (Glso=19uM), L2 L7223 & % o 45 fH 15 P 13
BRI EIEME (ICs50=0.018 uM) (R T3HTIE EFH <. MR CTOEIEMERBICITLAEY
O OLFERE, S HICHRFTEETHZ ERREB I N7 (Figure 2-3),

O
SZ
~0

=
o
Iz é

N
MTHFD2 ICs, 0.018 uM
N 56 MDA-MB-231Glg, 19 pM

Figure 2-3. Significant gap was observed between cell-free MTHFD2 ICso and cell-based Glsg
values for the potent inhibitor 56.

2-6 /NE

U— MMeaWwatoEsEibzZ B L, 7~V v FoEBEZBRF Lz, MaEdEizss
2, BACICHEREMEE ML 2, IS ATF VI EZNENE AT DHZ & T, MTHFD2D % 3 B
EVEVENE BT A5 2R LT, S OISR Z ANVE A ET 52 LT, &Gt
MOENT A VWA NIV 2 R T EWS6E G-, LLARNSELNT-LEW56D
e 15 i BHL 0 M 1 B SR P TR MRS B L C1,0004% LA B85 < | AR R T O/ MR IC 1T RESE L
FEIEVEDA DR TG A =2 DWERMLETHDL EBEZ DN,
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FEIE Invivo CHEBEMEZ T MTHFD2 [HEXOERE
31 EFx

F2F I TS LI (LB WS6ITm WEERLEFEISMEIC OO L 37, MR TaWiEtEs
RIS TR0 T, MR TOMEMERES OJREIZ G WS6 D Wl FrlZBEmPEIC & 5 & HEES
L. Wik EZX D Z & & Lz (Figure 3-1),

M DR TH HPAMPAZMIE Lz & 2 A, ALAWS6ITFEE IR WEZRT Z &N
o7 (PAMPAPe (pH7.4):<0.1), G mMEDOK S IX, (LEWS6D AL & AL D FE D
FePERE (pKa5.7) ICEKRT A EEBR LI, 20X ) ReiEkz AT 56w, AHENE
LI TR G T a bbb LT =4 225720, BEHREIK TORKIZARVHED 2
EM—IIZI LN TWNDE2, (LEWS6D G RMEZLESHDLHFKRE LT, ANLZ LD
MUEEZ R TIE52 T, AEHNFMHLICBT LD TIROREEZ LT BRI TH
LEEZXT, £TZ TMTHFD2ILFEMHICE B Z 5220, ANV Z AORBEEZRET D2
iz,

I

o N o MTHFD2 IC;, 0.018 pM
| S5 MTHFD1ICs, 5.2 pM
N o
N Selectivity 289-fold >1000f
N K, 5.7 PAMPA i
/N\) 56 pkK, 5. (pH 7.4) <0.1

Cell-based Gls, 19 pM «——

Figure 3-1. Summary of the profiles of compound 56.

3-2 ANFZLERETIEREOREK

FLIE CORFIC RO . AV Z Ly E UL~ BT D L %< OYAEMTHFD2D
BRI EFREDRKRESEH T2 EN/0->TnD, £ 2 TTable 1-1 TOMRFHE R 2 R
WL<HEBLLELEZA, ANVKYT I REZEALIIALAEHS (MTHFED2 ICs0> 30 uM) 12D\
T, W AHED0 UMIZ THE WAL bILFEEN A ON D Z LICER L, £Z2T—&
FREOIEEN/HEF T 20 TRV EHIFFL T, ®IEERT-AF AT~ ) U EKICR L
TALKRCT I REEALLEFEEREZERT 22 LI LT,

34



Table 3-1. SAR of the sultam and sulfonamide derivatives.®®

PAMPA Pe
MTHFD2  MTHFDI . pKa . MDA-MB-231
Compound Ar selectivity . pH 74 MLogP/LipE
ICso (uM)  ICso (UM) (acid) (106 em/s) Glso (LM)
r'r\‘\ S _O
56 | LS50 0.018 5.2 289 5.7 <0.1 L.6/6.1 19
T H
AN o
75 ‘\,;/LN_S*O 0.2 >30 >150 8.2 54 1.6/5.1 6.3
H AY
AN o .
76 U\1;¢J\N s 0.53 >30 >56 83 23.1 1.8/44 7.7
Me H
#-\‘,«\\ ° o
77 LTl NS 0.4 >30 >75 8.4 44.2 1.6/4.8 10
o M
i )
78 Tl\];‘i\N,S\:O 0.038 8 211 6.9 16.9 1.7/5.7 2.0
¢ H
Ay o
79 LT/;]\N,S\"O 0.048 6.4 133 6.8 31.1 1.8/5.5 0.94
a H
fd\/’?‘\ o
80 L\T,:l-NS.:O 0.033 42 127 6.8 >50 1.9/5.5 1.6
Br H
;"J\ A
11 %~
81 N 0.021 29 138 6.8 43.7 1.9/5.8 0.38
FSCO
A N
82 Hv,, o © 0.089 >30 >337 N.D. 0.6 1.8/5.2 5.5
&
A g 0
83 U\rz:mu o] 0.017 3.1 182 N.D. N.D. 1.9/5.8 >30

4ICso values for enzymatic assays. The method is described in the experimental section.
bSelectivity represents the ratio of MTHFD1 ICso/MTHFD2 ICso. N.D.: no data.
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ZIVAR T 2 Rk B DM EHE S % Table 3-112779, {LEWS6D A% L2 TRV
FUT I REEHEANLALAWTSIE., PAEE Y MTHFD2BE EIEME S 115885 L 7=, — 5 T,
3% 38 D FEHE T & HPAMPADEIZIEFIC KR EL LET H 2 L0 > 7= (Pe(pH7.4):5.4),
ZORER, BREEEENSISEENCHED LT, (LEWT50OMDA-MB-23Lfi a2 x4 %
HFEILETEEIL, AL EWS6IC R T LA ET25 W) BEARAMAEZSE-, (LAWTSD
ANTR T X REALOBEYERE 1XpKa 8.2, {LAMS6D AL & A (pKa5.7) 1T~ TREL
KFLTBY, ZOBREEDCIKTMMEAWTISICE T 2 BEEEMEOm B LTI #m s 5E
PLEE MO BN EELTW5,

FIETHONTMAL LY, BEEOA ) MIL~OBEBRLEANIC LV IEERH BT 250
BERSLDLEEZ, ANVKUT I ROF L MIOBEBREZRG Lz, 3540 MLIZE
HEREAET D ALK T I F (LAEWT6,77) 27 L7, W{tE&¥ OMTHFD2RE E i M
IFMEEHRTS LD S HIC2-3FWBH L b oD, BEEO I 57 518 T (pKa8.3-8.4) B &
OB @M o KIEZ M ERAR Sz, L L7Aad bAba763s K OT700 4 i 5l fH 2 7% v
IFAL AT XTI ELR oz, ZOZENBIEGEGEREDM EORTIZI NI EoE
EHIIHIFCE R VW E B X o i TAHL MIICE R EE2HETL2ALEF T I Kk
am78-81) ZEHMi L7 2 A BHUED LA BELNTZ DD (pKa6.8-6.9), Eivd Hfe
FED O @G M & R L T e, TEMEFEMORE R, WIhokEd b EEHR O 2 LR
Y7 IR (75) EHARTMTHFDZ2RHEIEMEN K& <ML, LD A& K568 FFREE T
FLEISMEREIE T2 2 R ok ole, FlZmmWnW b 7t X v K27 516
Ik b mWEMZ B X DA R &R oTc, mWEERMEEEN L REGEMELZ WYL TEZ &
T, THREY ., LAEWT8-81O M E L EIE IR E <M kL7,

ICEMTIDANK T I REZAZMICBH Lo bEWwe2TIE, (bkaWMm79L kb~ T
MTHFD2FH EIEPE A 265 0855 . GlsolX6f5 I T 25 & 72 0 | W& HA(RT75 & [R5 OIE
M E ST, FT D ANV Z LE6D AV MLlZ 7 v z=8 AL 72L& W83 L ak il L 7=,
{LEW8IILIEF I VMTHFD2BL EIEME A2 R LIz OO ®Iad 25 A/LE 7 I KK80T
RO To R &3 R, MR e FVE IR EE O R L2 A K0 S BT 5
fER & 72 o7 (Glso > 30 uM),
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3-3 wav7iP®%%K@Té%%

I T EMT8-8LDEFE R ME N Em WV HICOWTELET 5, (LEWT8-8LD ALK LT
:F@Mﬁ%ﬂﬁQt\ﬁﬁ@WB(Mﬁ2)_%AT&ﬁfﬁiﬁbfwé Lo L7 R
SEHEE M EERATSE LR TREL<mMELTRY, BTt GEE2HET 2{LEWTS, 77
CHRIBECH-T-, Sl 7uxd, NV 74 o A bF ot olnEmOWERLE2H
THEWN, LRI hEWT LA e BT ML bEZERENRE N -T2, Z
NHOZ EnD, BEHEREIIANLKY T I ROBUEEDOHRR LT, A MLONAKE & &
Xz E‘—“i.“éimé EVRBENT-, MA T, AR T I FEZAZMICB LIZILEW
82 AV MLEMEMR (79) &k L. IRIEMENFZE (MLogP 1.8) &% Bd & 376 18 M 23
REETT L2 &6, FEREMEDO R BITEEEEMZT TERE IRy, Thbb
bt U72BEE @t o m B, B ENFS LV ML THLZ ENVHEATHDH, ZOHELE
LTk, BMEEEFFOANLKT LT I ROKBH-E R —%2 4V MLEHIE N SLIKHIZ~
735 LT, 45%%@@@%@%%?&51’Eﬁﬂ73§zbza@*@cif;u\ﬁxk%?%Lﬂ\éo

ANH BDE6DA N MIIZ T aERE2EANLILAWSITIE, ALK T I NFEEETH
AT BIR AT, MR ETEE A LD AL Z A6 RTHIR T D458 & /e
ST, TaERIFALE AON-HE SNSRI A7 T AEMICMELTHDEE DD, N-HD
et EN DV IcEm WD, AL TIEREDSFR/RE T e hofbsh Ty, 4
I A7 7B 46 5 73 g5 3t 1 s L O R s BB TE RIS B 2 B B BMIIRE CTh o 72 b D L H#E%E
L7z,

LAY TIINADIMTHFD2 =35 8 A 1 O X A fia 1 & Mg AT 12 . EOMEAERER LN
bk 7o 7 (Figure 3-2), L EWT9D B DG A AL, 4%“%4UMHFD2:%@ &
BT DY — FMEAEWALo R &R (Figure1-7) #4#F L T\, (LAWALTIX RO D
VIR CEENGIY310E KEBFREE Z R L TW iy, ALAMTITIZANLK LT 2 ROF FH O
FIF 1 & Gly310 & O] TR OHBAEH BB Sz,

—H T~V EICEALEBHREICONWTIE, ZHEASEROMITIC X v BT A
NESNT, \LAEWTIID 7 <~ U 80T E A L/714—)< FIAERT = LIz onT, Mo
TR UM ITARESE THHNAD O U VR U — L LB AR L TV D 2 E AL
MmElpole, T70bb, Table2-1THE SNz 7 ~ U U8 ~DHEFEMERILE ANIZ X 515
Phra B RIE. YOI L TV sGIluldl s O EBAMEFEMEMEAICL 2 b TiE AL,
NAD* ¢ DEBIHRIC L2 b D TH D Z LN R ST,

NAD*ODFEEEZEZDHZ LT, FEICBITL 7~V EOAF N ALy o OFER G LA
INIH B, 7=V UINA~DAFILHE A (54, Table 2-2) 2N EM &2 H EX® 25 D2x L,
L~ E A (53, Table 2-2) TIIMTHFD2FLETE M E R LTz, AL A F VTR TEM: D %
MZzHb 5 Z & CEMm BIcEEG Lic— 7T, ML EHIE TR 2NADYY + & D SR X
FIZ X o TR R Lo RS RIB S iz,
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Figure 3-2. Superposition of the 79/NAD*/MTHFD2 complex (PDB ID: 6KG2, ligands: green,
protein: blue) and the 41/MTHFD2 complex (PDB ID: 6JIB, yellow). Dashed red lines represent
hydrogen bonding observed for the complex of 79. Distances of the interactions are in angstroms.
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3-4 A-AFNERT Do NVEOREEL
SO HEEREEZHEL, 7~V U8 D4-ATF N ERT V= VOB E T T2
(Table 3-2),

RNy MORBERBOEEELZRET L0, TTIEMTIO T 2 U HALIZcis-3,56-3
AFNIEEBEANLTALEW8AE AR L, FHli L7c, {LAMBAITILEMTIL D & & T &G
TholD, 2200 AFNVHIZ K > TIREMENP KX EF L (LogD 1.7vs 1.3), HiE bt
THWOHLNDIEETH 2 IREMEZ S (LipE) 13K T L7z (5.2vsbh.5) 8, = Z TILAEWTID
ERT UL DA A F I E LD E AN L2558 K(85,86) & Ak L 7o, & Dt R,
(R)-1E D851 BTN L R TIEPENES L 7228, (S)-1K D86 TP EIHMEA %M E L.
MDA-MB-231fl fi IZ % 7§~ 5 Glsods L OLipE S ] ET 5 Z &M mnol-, T OEHZHEEIT,
Table -1 CRH ENT=@mIEHR N 74 A N UEAEAT L Z LT, BEREENE
B X O A L EF A & b iRV LA #87 (DS18561882) % J#45% L 7=, DS185618821%
MTHFD1IZ 5% L CTO0f5 D IR 2 #EE L T Uiz,

Table 3-2. SAR of the piperazine moiety.®?

(0] 0
(o] N 0
| ‘Sco
N7\
R H
Ry s
MTHFD2 MTHFDI . . MDA-MB-231
Compound Ro Rs ICso (uM)  ICs0 (M) selectivity =~ MLogP/LipE ~ LogD Glso (M)
A
79 - Cl 0.048 6.4 133 1.8/5.5 1.3 0.94
N
\l/\N)\
84 /N\() Cl 0.037 49 132 2.2/5.2 1.7 0.78
s
85 /Nj) Cl 0.13 12 92 2.0/4.8 ND 1.7
(R)
a8
86 /N\) Cl 0.0093 1.1 118 2.0/6.0 1.6 0.20
:(S)
N)\r
87 /N\) OCF3 0.0063 0.57 90 2.1/6.1 1.9 0.14
£ (S)

8Cso values for enzymatic assays. The method is described in the experimental section.
®Selectivity represents the ratio of MTHFD1 ICso)/ MTHFD2 ICso. ND: no data.
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35 BEAKOBMEMAEL L CMRBMEEEREOHEE ZDELE

ARk U 7oA B W O W 55 BHLFE TE 1 & A Ao 4 78 BH 5506 MR 21 B AT Ze AH BRI M 23 L & v 7=,

Figure 3-3i%., ##CMTHFD2 ICs0% . it il iC MDA-MB-231 J 12 5%t 9~ % GlsoZZ LY | %5 %
DAL AW ZPAMPAPefEIC L > THASIT LT Ty FLebDTH D, BEOFEH TH AT
BB WD & DI EWEIT VTR S ALK T I RFEKRTHLD., ZHHITHONWTIT
ICsofl MW TG M 2L A WE EGlsoEME < 72 5 &5 | IEMEME O MBI m 28 7 & i,
Z O Z L IXIMDA-MB-231H 0 I kF 9 5 HEAE L E IS HEAMTHFD2IR E IR 325 2 & 2R
LTW5%, — 5 TEZBEEOET TN 2L E A (56) L OHEZKAE (83) 13 Lt DM
NHANT T ey IR TW5D, ZAVUTMIEEE R MRV 212, MRV TRHE
EEZE + IR TCETCWRWEMRIRT S22 N TED, BIEEORKWALKYT I KE
AL THEEEEZE ESEL LW 7 Fa—F0, MR ToFEEn LicEEGE LD &
A3Figure 3-372 6 bR ST,

~ B Pe>10
83
A P ¢ 0.1<Pe<10
S 1 % s O \, A Pe<0.1
"-:’_ /’ -I .
8 R ¢ 7 ND
o i / (10 cm/s, pH 7.4)
0 7 ’
m /’ ; //
= /
7 1 7
< 7 .\79,’
= p >
/ a P
87/ -
N //
\ . ’z/
0.1 ==
0.001 0.01 0.1 1

MTHFD2 ICs, (M)

Figure 3-3. Correlation between cell-free MTHFD2 ICso (uM) and cell-based Glso (UM) against
the MDA-MB-231 cell line. Compounds 56, 75-87 are plotted and each color in the plot indicates
the range of PAMPA Pe (pH 7.4). ND: no data.
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3-6 ANFUT I FFEEKEDERK

Scheme 3-11T1% A /L & LAFEEIR83D A kiEE RT, FED AL & L88I% L TN-7 1 E
Ay A I REERSELZETCTeEEREEALR (89), AT /Lo AT L% MK fiF
L CHNREEEE-th, TObE A SEDH I LT85T,

Scheme 3-1. Syntheses of sultam 83.2

N
H H
Br Br
88 89 20
(6]
(0] ‘ NH (0]
+ HO S (0]
N 2HCI Br
70b 90

2Reagents and conditions: (a) NBS, DMF, 0 °C to rt; (b) 1N NaOH ag., MeOH-THF, 0 °C to rt; (¢)
WSCI-HCI, HOAt, DIPEA, DMF, rt.

Scheme 3-2{T/X A VAR T I RFFBEEROGRIEEZ T, LEWT5-821FF 11 £ 13k H fH]
KTHHIbNLFE L, £T4-HD5WIE3-7 I ) ZEFWRFEAK (9la-h) L OfEH
JGICE D 7 RS EZEAL, T 57 =V Vi k2a-hZ &=, kIZT =V DR
Mz FER Lz, —fo7 =0 2k LT, DEROAZ AR =1r7v ) FBIW
BV DU EIERASEL L THEOBERESKR L, LALARRLARTETIE, 7=V
VERLEICATVNVENR2OBEANINTRBERY OERNHEG LI, £ZTE/ AVIVKE
g e LTHBL7-010, BREDOAZ 2L F=rr70l REERSETIA VL
REER L%, TRy N TMKSET DEBAYTIEEZR-7Z, TRICXVFTLEDE /
AV ARZ BRI AE D Z E N ARE & 2o T,

94a, 94c, MAdITFNENRIET HERT P UiFERLE N 7T — bk (93) & ®Buchwald
7 X ARSI K D R U2, 94biF94ali Rt L TEITHI T X JfRIZ KD A F A E AT
L2 L TERK LT, 94b—dD & FHEKIL, iRk D75-828 HilF & [ D FIEIC TREAERY
84-87~LEL Z LN TE T,
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Scheme 3-2. Syntheses of sulfonamide derivatives.?

0
0 0 o 0
G HO
o N o N 0
o NH NH; | | 50
i Re NH N7
N
R b Rs
N o ¥ or —— or — or
(\ N /N\) /N\) /
s

.

2 H
A ”OJ'L@ " /\Q’NHZ /\Q’No. ‘0
) o2ah | 7582 [

91a-h

a . ) o
Boc
O | N c o ‘ N,Boc g o | _Boc
- = —_— \I/\“)“ \(‘N"'\ (\N)\, I/\N}"
HO o R, R,= HN\K ,N\ﬁ ,Nﬁ) /N\_./(S)
68 93 ;

94a 94b 94c 94d

[ et
o 0 o] o]
fa 88 b 1 NJ\Q %60
o4bd — > NH, T N
” Rs Ry Rs
’ 95b-e 84-87
2Reagents and conditions: (a) benzoic acids, WSCI-HCI, HOAt, DIPEA, DMF, rt; (b) MsCI,
pyridine, DCM, rt or MsClI, EtsN, DCM, rt, then 1N ag. NaOH, THF, rt; (c) Tf.0, pyridine, DCM,

0 °C; (d) piperazines, RuPhos Pd—-G1 tBuOMe adduct, RuPhos, Cs,COg3, toluene, 110 °C; (e) sodium
triacetoxyborohydride, 37% formalin, MeOH-DCM, 0 °C-rt; (f) 4N HCI in 1,4-dioxane, rt.
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3-7 RFALEWDin vitroB X Win vivoEYBIRES 2 7 7 1 L

HLALEMTIR L 8TIZ DWW T, & FEin vitro ADME/ YT A — % % Table 3-312., ~ 7 A#%
O 5-RFICB I DPKT v 7 7 A )L % Figure 3-43 X O'Table 3-412, & 527 U — (K5 L7z
PK7'w 7 7 A )L %&Figure 3-5ICFNZEimnd, WbEWE bICROIESE L THonkKEilE
e KISIRIRfRE . B X O 2 @M 2R Lz (Table3-3), ~ 7 A~O&R 0 # 5 Tiitifk
e bmnnERREENEBN S . I EAWeT TILBEE I mIREE Ch o 7= (Figure 3-
4), — 5 CTIREMEOBEVEA TN L AWET L b XTIl EF 7 U — K% (f) 235FE0
e, v AMBERIZHET D7) —(KEDRE (Cpree) 1EHILEY TIZIERETH > 7,
wi{k& 9 & 110 mg/kgh» 5300 mg/kglZ 7> TR ERAFR 72 BRER OIS B 5 vz,

MTHFD2?D [LEIC £ 0 sRWHUIEGE TGP 2 15 5 72 12k, G oA G a7 I
LD ENEETHD EE X, £ 2 TLa Y O MR EHERE 2 MTHFD2RH 3 12+
FCTHLNEI DT T L7120, EREAICB T DC nez bW DGCIso & ik L=, £ DOk
H. ALEHTID 100 mg/kgds & N300 mg/kgF 5-#E TIL0~7 hiZ B W TCptreed3Glsox LRI D Z
ENG oz, RIS, /A& W8T D30 mg/kgH X 1UN100 mg/kg#e 5-BE TIX0~8hickB W\ T, &
512300 mg/kg#x H5-#E TiX0~24 hD 2 TORER RIZB W T, ZNZEICpireen’Glso % L [E] -
oo bbb EmE LRGN HT-8REH#E £ TIHEGlsoZx B2 2 MAEHIRELRH LB DD,
B H24B % I ATV TR b MER A B E A EHALTE Y, (LAEWSTORKH
BLA T3 5240 #1213+ ICMTHFD2 %2 FLE T & CTW e WRIREME DN RIB X iz,
D ENL, inVivolZIB W THEMTHFD2Z fffi L THET 5729012, 1H2EREO#& 512 X
LPUEERBR A LT 5 Z Ll LT,

Table 3-3. In vitro ADME parameters of compound 79 and 87.

Compound PAMPA Pe Solubility Metabolic stability Unbound fraction
pH 5.0/7.4 (pH 1.2/pH 6.8) (% remaining)® in mouse plasma
(x107% cm/s) (ug/mL)? (fu) (%)

79 7.2/31.1 240/120 91 15.3

87 17.2/>50 1100/630 66 3.1

aSolubility: pg/mL in pH 1.2 and pH 6.8 buffer. "Remaining rate of tested compounds (1.0 uM)
after incubation for 0.5 h in mouse liver microsomes (0.5 mg/mL).
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12
A B 80 79 c 150 87
10 -o-87, 10 mg/kg -8-300 mg/kg -m-300 mg/kg
8 79, 10 mg/kg 60 - —4—100 mg/kg 120 100 mg/kg
- 5 30 mg/ke - ~+-30 mg/kg
- )
:IE_ & % 40 -#-10 mgfkg E 90 -8-10 mg/kg
=) 2 =]
3 = = 60
= ¢ & =
o 20 5
2 30
0 T . 0 — X 0 T
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time after Admin. (h) Time after Admin. (h) Time after Admin. (h)

Figure 3-4. Time profiles of plasma concentration (C,) in mice after oral administration. (A)
Comparison of time profiles of Cp of 79 and 87 at 10 mg/kg p.o. dosing. (B) Dose dependence of
79 at 10, 30, 100, and 300 mg/kg p.o. dosing. (C) Dose dependence of 87 at 10, 30, 100, and 300
mg/kg p.o. dosing.

(@]
o

79 87

0.5 - —o-87, 10 mg/kg 10 —8—300 mg/kg 4 —8—300 mg/kg
—4— 100 mg/kg 100 mg/kg
—_ 79, 10 mg/kg —_ —_
_EI 0.4 _El 8 30 mg/kg —E‘ 3 —+—30 mg/kg
S 03 i S 8 —8—10mg/kg =) —8— 10 mg/kg
3 ~ E =
-~ = -=-=-GI50 - 2 ===-GI50
@ D
o 02 $ 4 @
= I & =
& o4 g 2 g 1
0 : W s = = 0% -
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time after Admin. (h) Time after Admin. (h) Time after Admin. (h)

Figure 3-5. Time profiles of the free plasma concentration (Cy, free) in mice after oral administration,
calculated from Cp and f,. (A) Comparison of time profiles of Cy #ee 0f compounds 79 and 87 at 10
mg/kg p.o. dosing. (B) Dose dependence of compound 79 at 10, 30, 100, and 300 mg/kg p.o. dosing.
Glso value (0.94 uM) is shown in a dashed pink line. (C) Dose dependence of compound 87 at 10,
30, 100, and 300 mg/kg p.o. dosing. Glso value (0.14 puM) is shown in a dashed pink line.

Table 3-4. Pharmacokinetic parameters of 79 and 87 in mice after oral administration (N = 2)2.

79 87

Dose AUC G tue AUC G tuz
(mg/kg) | (Mg-h/mL)  (ng/mL) (h) (ug-h/mL)  (pg/mL) (h)
10 25.3 3.66 2.73 64.4 11.4 2.21
30 79.2 12.7 3.35 264 56.5 2.16
100 306 37.9 3.51 726 90.1 2.32
300 929 82.6 2.32 1630 143 4.00

aAnimal: male BALBc mice.
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3-8 RFAEGWHDin vivoFiEFERER

MDA-MB-231ffi fld fk &2 ~ v A D & FIZBHE L 7=xenograft® 7 /L % AW T, {LAWT9E &
87 D HUME IS M % % 1 #6512 CFFAli L 72 (Figure 3-6), AiHEi COMFHIE S & 1H 2R#
H L, ®5%110 B £ COMER & IREZE(L 2 xR & g L7z,

b ¥790>300 mg/kg, BIDF G-8ECix, HREE O EEHEEMHEIERNBIL Iz (TG
43%), XV &I/ MTHFD2ILEI L CTh 51587 (DS18561882) % 4-#F Cix. 30, 100,
300 mg/kg, BID T M &K 17 H 72 G BEFR AN 6] 23 sl S vz, FRIZ & & T & % 300 mg/kg,
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Figure 3-6. Anti-tumor effect of 79 and 87 (DS18561882) in mouse xenograft model (N = 6, mean
+ SD). (A) Tumor volume of each group. (B) Body weight change during the study. *p < 0.05 and
#p < 0.01 vs. control (t-test). “p < 0.05, "p < 0.01, and ™p < 0.001 vs. control (Dunnett’s test).
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MTHFD2 IC5, = 0.018 uM (DS18561882)
MTHFD1 IC4, = 5.2 uM MTHFD2 IC4, = 0.0063 pM
MDA-MB-231 Glso = 19 uM MTHFD1 IC5o = 0.57 M

MDA-MB-231 Glsq = 0.14 uM
In vivo anti-tumor activity
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ES

1. Chemistry

General

Unless otherwise noted, commercial reagents and solvents were obtained from suppliers and used as pur-
chased. Normal-phase column chromatography was performed on silica gel (SiO2) or amino-silica gel using
prepackaged cartridges. Preparative reverse-phase high performance liquid chromatography (HPLC) was per-
formed with a GILSON prepHPLC system. Conditions [column: Develosil Combi-RP-5 28 mm x 100 mm,
gradient elution: 0.1% HCO,H-H,0 / 0.1% HCO;H-MeCN, flow rate: 25 mL/min, UV detection: 254 nm].
Analytical thin-layer chromatography (TLC) was performed on Merck pre-coated TLC glass sheets with silica
gel 60 Fzss. 'H and 3C NMR spectra were recorded on JEOL JNM-EX400 or Bruker AVANCE I11 500 spec-
trometers, and chemical shifts are given in ppm from tetramethylsilane as an internal standard. Infrared spectra
were recorded on KBr discs with a Jasco FT/IR-6100 type A and are reported in wavenumbers (cm™?). Optical
rotations were recorded on a Rudolph Autopol V plus or a Jasco P-1030 polarimeter. ESI/APCI mass spectra
were recorded on Agilent Infinity 1260 series LC/MS. Purities of > 90% were confirmed by the LC/MS for all
test compounds. Conditions [column: Develosil Combi-RP-5 2.0 mm x 50 mm, gradient elution: 0.1% HCO,H-
H20 / 0.1% HCO;H-MeCN = 98/2 — 0/100 (v/v), flow rate: 1.2 mL/min, UV detection: 254 nm, column tem-
perature: 40 °C, ionization: APCI/ESI]. High resolution mass spectra (HRMS) were obtained on LC/MS system
composed of Waters Xevo Q-Tof MS system and Acuity UPLC system. Elemental analyses are indicated only
by the symbols of the elements; analytical results were within 0.4% of the theoretical values. Ligand efficiency
(LE) was calculated using the reported 1Csq values”!" by the following equation: LE = 1.4 x plCse/heavy atom
count (HAC). MLogP and tPSA were calculated by ADMET Predictor™ version 8.5 (Simulations Plus, Inc.,
Lancaster, CA). LipE was calculated by the following equation: LipE = pICso — MLogP.

H O \S:o
<> :N
\
N—" N
0

6-[(2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-yl)carbonyl]-2-phenyl-5,6,7,8-tetrahydropyrido[4,3-
d]pyrimidin-4(3H)-one (1)

A DMF solution of 1,3-dihydro-2,1-benzothiazole-5-carboxylic acid 2,2-dioxide (21 mg, 0.10 mmol), 2-phe-
nyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one (27 mg, 0.12 mmol), WSCI-HCI (19 mg, 0.10 mmol),
HOBt (14 mg, 0.10 mmol), and N,N-diisopropylethylamine (17 uL, 0.10 mmol) was stirred at rt for 18 h. Con-
centration of the crude mixture and purification by preparative reverse-phase HPLC afforded 1 (3.91 mg, 9%
yield) as a powder. 'H-NMR (DMSO-Dg) &: 12.81 (1H, br s), 10.91 (1H, br s), 8.08 (2H, d, J = 7.3 Hz), 7.62-
7.38 (5H, m), 6.87 (1H, d, J = 7.9 Hz), 4.59 (2H, s), 4.47-4.34 (2H, br m), 3.87-3.68 (2H, br m), 2.83-2.73 (2H,
br m). MS (ESI/APCI) m/z: 423.2 (calcd for C21H19N4O4S (M+H)*: 423.1).

tert-butyl 4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidine-6(4H)-carboxylate (S1)

To a suspension of N-Boc-3-carboethoxy-4-piperidone (2.0 g, 7.37 mmol) and benzamidine hydrochloride
(1.27 g, 8.11 mmol) in ethanol (20 mL) was added potassium carbonate (2.24 g, 16.2 mmol). The mixture was
stirred at rt for 10 h. Insoluble solid was removed by filtration, and the filtrate was concentrated in vacuo.
Purification by column chromatography (SiO,, MeOH/CH,Cl, = 0/100 — 5/95 (v/v)) afforded S1 (2.51 g, quant.)
as a colorless solid. *H-NMR (CDCls) 3: 8.05 (2H, d, J = 6.1 Hz), 7.59-7.50 (3H, m), 4.45 (2H, s), 3.77-3.71
(2H, m), 2.83 (2H, s), 1.51 (9H, s). MS (ESI/APCI) m/z: 328.2 (calcd for C1gH22N303 (M+H)*: 328.2).
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2HCI

2-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one 2HCI (S2)

To a suspension of S1 (2.50 g, 7.6 mmol) in THF (20 mL) and MeOH (10 mL) was added 4N HCI 1,4-
dioxane solution (20 mL). After stirring at 40 °C for 3 h, the solvent was removed in vacuo. The resulting
residue was washed with Et,0, filtrated, and dried to give S2 (2.167 g, 95% yield) as a white solid. *H-NMR
(DMSO-Dg, 80 °C) 4: 9.47 (2H, br s), 8.10 (2H, d, J = 6.7 Hz), 7.50-7.60 (3H, m), 3.96 (2H, s), 3.37-3.43 (2H,
m), 2.90-2.94 (2H, m). MS (ESI/APCI) m/z: 228.2 (calcd for C13H14N3O (M+H)*: 228.1).

0]

methyl 4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoate (15)

To a suspension of S2 (200 mg, 0.67 mmol) and 4-methoxycarbonylbenzoic acid (133 mg, 0.73 mmol) in
DMF were added WSCI-HCI (154 mg, 0.80 mmol), HOBt (91 mg, 0.67 mmol) and triethylamine (0.22 mL,
1.60 mmol) at 0 °C. After stirring for 6 h, the solution was concentrated in vacuo and diluted with CH,Cl,. The
organic layer was washed with water, dried over anhydrous Na,SO4, and filtrated. After evaporating the solvent,
the residue was purified by column chromatography (SiO2, MeOH/CHCl, = 0/100 — 5/95 (v/v)) to give 15 (219
mg, 84% vyield) as a colorless solid. *H-NMR (CDCls) &: 8.14 (2H, d, J = 7.9 Hz), 8.04 (2H, br s), 7.60-7.52
(3H, m), 7.49-7.44 (2H, m), 4.85-4.35 (2H, m), 4.13-3.62 (2H, m), 3.96 (3H, s), 3.00-2.79 (2H, m). MS
(ESI/APCI) m/z: 390.2 (calcd for C2H20N304 (M+H)*: 390.1).

OH

@)

4-[(4-ox0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic acid (3)

To a suspension of 15 (121 mg, 0.31 mmol) in MeOH (5 mL) was added 1M NaOH ag. (5 mL), and the
mixture was stirred overnight at rt. 1M aqg. HCI (5 mL) was added to it, and the resulting precipitate was filtrated
and dried at 60 °C under reduced pressure to afford 3 (101 mg, 87% yield) as a colorless solid. *H-NMR
(DMSO-Dg) &: 13.19 (1H, s), 12.86 (1H, s), 8.14-7.99 (4H, m), 7.63-7.46 (5H, m), 4.55-4.19 (2H, m), 3.98-
3.52 (2H, m), 2.77 (2H, s). MS (ESI/APCI) m/z: 376.2 (calcd for C21H1gN3O4 (M+H)*: 376.1). HRMS (ESI):
m/z calcd for C2;1H1sN30O4 (M+H)* 376.1292. Found 376.1288. IR (KBr) 3435, 3081, 2899, 2498, 1898, 1682,
1644, 1605, 1557, 1509, 1444, 1324, 1239 cm™. Anal. Calcd for C1H17N3sO4: C, 67.19; H, 4.56; N, 11.19.
Found: C, 66.81; H, 4.67; N, 11.16.

50



2-phenyl-6-[4-(1H-tetrazol-5-yl)benzoyl]-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one (2)

To a DMF (2 mL) solution of 4-(1H-tetrazol-5-yl)benzoic acid (77 mg, 0.40 mmol) were added WSCI-HCI
(77 mg, 0.40 mmol), HOBt (46 mg, 0.34 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.092 mL, 0.67
mmol). The mixture was stirred at rt overnight. After concentration in vacuo, MeOH was added to the residue.
The resulting solid was collected by filteration, washed with water, MeOH, and EtOAc to give 2 (90 mg, 68%
yield) as a pale yellow solid. *H-NMR (DMSO-Ds) &: 12.83 (1H, s), 8.17-8.03 (4H, m), 7.72 (2H, d, J = 7.9
Hz), 7.62-7.49 (3H, m), 4.58-4.24 (2H, m), 4.01-3.56 (2H, m), 2.80 (2H, s). MS (ESI/APCI) m/z: 400.2 (calcd
for C21H1gN70, (M+H)*: 400.1).

4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzenesulfonamide
(4)

To a DMF (2 mL) solution of 4-sulfamoylbenzoic acid (74 mg, 0.37 mmol) were added WSCI-HCI (77 mg,
0.40 mmol), HOBt (46 mg, 0.34 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.092 mL, 0.67 mmol).
The mixture was stirred at rt for 3 days. After concentration in vacuo, MeOH/CH,Cl, (1:9) was added to the
residue. The resulting solid was collected by filtration, washed with water and CHCl,, and dried at 60 °C under
reduced pressure to give 4 (95 mg, 69% yield) as a colorless solid. *H-NMR (DMSO-Dg) &: 12.85 (1H, s), 8.08
(2H,s),7.92 (2H, d, J = 7.6 Hz), 7.69 (2H, d, J = 7.6 Hz), 7.61-7.48 (5H, m), 4.57-4.21 (2H, m), 3.98-3.51 (2H,
m), 2.79 (2H, s). MS (ESI/APCI) m/z: 411.3 (calcd for CxH19N4O4S (M+H)*: 411.1).

N-{4-[(4-ox0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]phenyl}me-
thanesulfonamide (5)

To a DMF (2 mL) solution of p-(methanesulfonamido)benzoic acid (86 mg, 0.40 mmol) were added WSCI-
HCI (77 mg, 0.40 mmol), HOBt (46 mg, 0.34 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.092 mL,
0.67 mmol). The mixture was stirred at rt for 2 days. After concentration in vacuo, the residue was purified by
column chromatography (SiO,, MeOH/CH-,CI, = 0/100 — 10/90 (v/v)). The obtained solid was washed with
EtOAc and dried at 60 °C under reduced pressure to give 5 (120 mg, 85% vyield) as a colorless solid. *H-NMR
(DMSO-Dg) 8: 12.84 (1H, s), 10.11 (1H, s), 8.07 (2H, d, J = 6.7 Hz), 7.61-7.47 (5H, m), 7.28 (2H, d, J = 8.5
Hz), 4.52-4.29 (2H, m), 3.98-3.58 (2H, m), 3.09 (3H, s), 2.78 (2H, s). MS (ESI/APCI) m/z: 425.0 (calcd for
C21H21N4O4S (M+H)*: 425.1).

da

6-(1H-benzotriazol-6-ylcarbonyl)-2-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one (6)

To a DMF (2 mL) solution of benzotriazole-5-carboxylic acid (60 mg, 0.37 mmol) were added WSCI-HCI
(77 mg, 0.40 mmol), HOBt (46 mg, 0.34 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.092 mL, 0.67
mmol). The mixture was stirred at rt overnight. After concentration in vacuo, the residue was diluted with
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MeOH/CH,ClI,, washed with water, and dried over anhydrous Na,SOa. Filtration, removal of solvents by evap-
oration, and purification by column chromatography (SiO,, MeOH/CH,CI, = 0/100 — 10/90 (v/v)) afforded a
colorless solid. The obtained solid was washed with CH,Cl and dried at 60 °C under reduced pressure to give
6 (50 mg, 40% yield) as a colorless solid. *H-NMR (DMSO-Dg) 6: 12.82 (1H, s), 8.28-7.84 (4H, m), 7.67-7.42
(4H, m), 4.59-4.25 (2H, m), 4.01-3.54 (2H, m), 2.80 (2H, s). MS (ESI/APCI) m/z: 373.1 (calcd for C2H17NsO:
(M+H)*: 373.1).

Y

4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzonitrile (S3)

To a DMF (5 mL) solution of 4-cyanobenzoic acid (165 mg, 1.12 mmol), S2 (313 mg, 1.04 mmol) and O-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (451 mg, 1.19 mmol) was added
N,N-diisopropylethylamine (0.9 mL, 5 mmol). After stirring at rt for 3 days, the mixture was diluted with
MeOH/CHClI; (1:9). The solution was washed with water (3 times), dried over anhydrous MgSQyg, filtered, and
concentrated in vacuo. Trituration with EtOAc/n-hexane (1:1) gave S3 (318.5 mg, 86% yield) as a white powder.
IH-NMR (DMSO-Dg) &: 12.90-12.81 (1H, m), 8.13-8.03 (2H, m), 7.97 (2H, d, J = 7.9 Hz), 7.69 (2H, d, J = 7.9
Hz), 7.61-7.49 (3H, m), 4.56-4.16 (2H, m), 3.98-3.50 (2H, m), 2.77 (2H, br s). MS (ESI/APCI) m/z: 357.1
(calcd for Co1H17N4O2 (M+H)+Z 357.1).

NH,

N\OH

N’-hydroxy-4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzene-
carboximidamide (S4)

50% aq. hydroxylamine (0.8 mL) was added to the suspension of S3 (80 mg, 0.22 mmol) in dimethylsulfoxide
(1.5 mL) at rt. The mixture was stirred at 90 °C for 13 h. After cooling down to rt, water (5 mL) was added to
the reaction mixture, and the resulting precipitate was collected by filtration. The solid was washed with water
and EtOAc/n-hexane (1:1), and dried at 60 °C to give S4 (68.2 mg, 78% yield) as a white solid. 'H-NMR
(DMSO-Dg) 8: 12.74 (1H, s), 9.80 (1H, br s), 8.08 (2H, br s), 7.77 (2H, d, ] = 7.9 Hz), 7.60-7.48 (5H, m), 5.92
(2H,s), 4.57-4.23 (2H, m), 4.00-3.55 (2H, m), 2.78 (2H, br s). MS (ESI/APCI) m/z: 390.1 (calcd for C21H20Ns03
(M+H)*: 390.1).

N
T =0
N-0

6-[4-(5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)benzoyl]-2-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrim-
idin-4(3H)-one (7)

To a DMF (1.5 mL) suspension of S4 (63.2 mg, 0.162 mmol) was added 1,1'-carbonyldiimidazole (35 mg,
0.22 mmol) and the mixture was stirred at 65 °C for 9 days. During the reaction, the same amount of reagent
(1,1'-carbonyldiimidazole) was added to the mixture for another three times until most of the starting material
was consumed. Preparative reverse-phase HPLC, evaporation of volatile solvents in the obtained fractions, and
following lyophilization afforded 7 (7.2 mg, 11% yield) as a pale brown powder. *H-NMR (DMSO-Dg) §: 12.83
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(1H, brs), 8.12-8.01 (2H, m), 7.91-7.81 (2H, m), 7.69-7.43 (5H, m), 4.58-4.22 (2H, m), 3.98-3.54 (2H, m),
2.77 (2H, s). MS (ESI/APCI) m/z: 416.2 (calcd for CooHisNsO4 (M+H)*: 416.1).

Cl

O

methyl 2-chloro-4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]ben-
zoate (S5)

To a DMF (3 mL) suspension of 3-chloro-4-(methoxycarbonyl)benzoic acid (72 mg, 0.33 mmol) were added
WSCI-HCI (76 mg, 0.40 mmol), HOBt (45 mg, 0.33 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.11
mL, 0.80 mmol) at 0 °C. The mixture was stirred at rt for 2 days. Concentration in vacuo and purification by
column chromatography (SiO2, MeOH/CH,Cl; = 0/100 — 5/95 (v/v)) afforded S5 (119 mg, 84% vyield) as a
colorless solid. tH-NMR (DMSO-Ds) &: 8.08 (2H, d, J = 7.3 Hz), 7.87 (1H, d, J = 7.9 Hz), 7.65 (1H, s), 7.56-
7.47 (4H, m), 4.36 (2H, br s), 3.89 (3H, s), 3.73 (2H, br s), 2.80-2.74 (2H, m). MS (ESI/APCI) m/z: 424.3 (calcd
for C,oH19CIN3O4 (M+H)+Z 424.1).

Cl
OH

@)

2-chloro-4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic acid
8

To a MeOH (10 mL) solution of S5 (117 mg, 0.28 mmol) was added 1M NaOH ag. (5 mL). The mixture was
stirred at rt for 2 h. 1M ag. HCI (5 mL) was added to it, and the resulting precipitate was filtrated and dried at
60 °C under reduced pressure to afford 8 (94 mg, 83% yield) as a colorless solid. *H-NMR (DMSO-Dg) §: 8.08
(2H,d,J =79 Hz),7.84 (1H, d, J = 7.9 Hz), 7.62-7.47 (5H, m), 4.37 (2H, s), 3.74 (2H, brs), 2.77 (2H, t,J =
5.5 Hz). MS (ESI/APCI) m/z: 410.1 (calcd for C1H17CIN3O4 (M+H)*: 410.1).

methyl 2-amino-4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]ben-
zoate (S6)

To a DMF (3 mL) suspension of 2-aminoterephthalic acid 1-methyl ester (66 mg, 0.33 mmol) were added
WSCI-HCI (76 mg, 0.40 mmol), HOBt (45 mg, 0.33 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.11
mL, 0.80 mmol) at 0 °C. The mixture was stirred at rt for 2 days. Concentration in vacuo and purification by
column chromatography (SiO2, MeOH/CH,Cl; = 0/100 — 5/95 (v/v)) afforded S6 (125 mg, 93% vyield) as a
colorless solid. *H-NMR (DMSO-Dg) &: 8.08 (2H, d, ] = 7.3 Hz), 7.77 (1H, d, J = 8.5 Hz), 7.57-7.47 (3H, m),
6.83 (1H, s), 6.70-6.54 (3H, m), 4.36 (2H, s), 3.82 (3H, s), 3.74 (2H, br s), 2.79-2.73 (2H, m). MS (ESI/APCI)
m/z: 405.2 (calcd for Ca2H21N4O4 (M+H)*: 405.1).
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OH
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2-amino-4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic acid
9)

To a MeOH (6 mL) solution of S6 (48 mg, 0.12 mmol) was added 1M NaOH ag. (6 mL). The mixture was
stirred overnight at rt. 1M ag. HCI (6 mL) was added to it, and the resulting precipitate was filtrated, washed
with water and MeOH, and dried at 60 °C under reduced pressure to afford 9 (36 mg, 78% yield) as a colorless
solid. *H-NMR (DMSO-Dg) &: 8.08 (2H, d, I = 7.3 Hz), 7.76 (1H, d, ] = 7.9 Hz), 7.59-7.45 (3H, m), 6.80 (1H,
d, J = 1.8 Hz), 6.54 (1H, dd, J = 7.9, 1.8 Hz), 4.36 (2H, s), 3.74 (2H, br s), 2.75 (2H, t, J = 5.5 Hz). MS
(ESI/APCI) m/z: 391.2 (calcd for C21H19N4O4 (M+H)*: 391.1).
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~
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4-(methoxycarbonyl)naphthalene-1-carboxylic acid (S7)

To a mixture of dimethyl naphthalene-1,4-dicarboxylate (100 mg, 0.41 mmol), MeOH (3 mL) and THF (3
mL) was added 1M NaOH ag. (0.6 mL). The mixture was stirred overnight at rt. 1M aq. HCI (3 mL) was added
to it, and the resulting precipitate was collected by filtration and dried at 60 °C under reduced pressure to afford
crude S7 (78 mg, 83% yield) as a colorless solid, which was used for the next step without further purification.
MS (ESI/APCI) m/z: 229.1 (calcd for C13HgO4 (M—H)™: 229.1).

PN YS
HN N O
\N O\
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methyl 4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]lnaphthalene-
1-carboxylate (S8)

To a DMF (3 mL) solution of crude S7 (67 mg, 0.23 mmol) were added WSCI-HCI (55 mg, 0.28 mmol),
HOBt (32 mg, 0.23 mmol), S2 (70 mg, 0.23 mmol) and triethylamine (0.08 mL, 0.56 mmol). The mixture was
stirred at rt overnight. Concentration in vacuo and purification by column chromatography (SiOs.,
MeOH/CH,Cl, = 0/100 — 5/95 (v/v)) afforded S8 (87 mg, 85% yield) as a colorless solid. *H-NMR (DMSO-
De) &: 8.76 (1H, d, ] = 8.5 Hz), 8.18-8.01 (3H, m), 7.94-7.44 (7H, m), 4.75-3.95 (2H, m), 3.98 (3H, s), 3.45-
2.60 (4H, m). MS (ESI/APCI) m/z: 440.3 (calcd for CosH22N304 (M+H)*: 440.2).

PP e
HN N O
N OH
0

4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]naphthalene-1-car-
boxylic acid (10)
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To a MeOH (10 mL) solution of S8 (85 mg, 0.19 mmol) was added 1M NaOH ag. (3 mL). The mixture was
stirred overnight at rt. 1M ag. HCI (3 mL) was added to it, and the resulting precipitate was collected by filtration,
washed with water and MeOH, and dried at 60 °C under reduced pressure to afford 10 (68 mg, 83% yield) as a
colorless solid. *H-NMR (DMSO-Dg) 6: 12.78 (1H, s), 8.87 (1H, d, J = 8.5 Hz), 8.17-8.03 (3H, m), 7.90-7.78
(1H, m), 7.71-7.45 (6H, m), 4.77-3.86 (2H, m), 3.45-2.46 (4H, m). MS (ESI/APCI) m/z: 426.2 (calcd for
CosH20N304 (M+H)+Z 426.1).

methyl  6-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]pyridine-3-
carboxylate (S9)

To a DMF (5 mL) solution of 5-methoxycarbonylpyridine-2-carboxylic acid (50 mg, 0.28 mmol) were added
WSCI-HCI (107 mg, 0.55 mmol), HOBt (38 mg, 0.28 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.09
mL, 0.61 mmol). The mixture was stirred at rt overnight. Then it was concentrated in vacuo, dissolved with
EtOAc, and washed with 10% aq. citric acid, sat. ag. NaHCOs3, and brine, respectively. Filtration, concentration
in vacuo and tritulation with EtOAc/n-hexane afforded S9 (107 mg, 99% vyield) as a colorless solid. *H-NMR
(CDCls) 6:9.24 (1H, d, J = 8.5 Hz), 8.45-8.42 (1H, m), 8.12-8.03 (2H, m), 7.86-7.78 (1H, m), 7.60-7.49 (3H,
m), 4.83-4.58 (2H, m), 4.14-3.82 (2H, m), 4.01-4.00 (3H, m), 3.02-2.96 (2H, m). MS (ESI) m/z: 391.1 (calcd
for Co1H19N4O4 (M+H)+Z 391.1).

6-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]pyridine-3-carbox-
ylic acid (11)

To a MeOH (4 mL) solution of S9 (105 mg, 0.27 mmol) was added 1M NaOH ag. (2.5 mL). The mixture
was stirred overnight at rt. 10% ag. citric acid was added to it and MeOH was removed under reduced pressure.
The resulting precipitate was collected by filtration, washed with water, and dried under reduced pressure to
afford 11 (82 mg, 81% yield) as a colorless solid. *H-NMR (DMSO-Ds) &: 13.59 (1H, br s), 12.93-12.78 (1H,
br m), 9.10 (1H, brs), 8.43-8.39 (1H, m), 8.08 (2H, t, J = 8.8 Hz), 7.78 (1H, t, J = 7.6 Hz), 7.61-7.49 (3H, m),
4.58-4.26 (2H, m), 4.01-3.60 (2H, m), 2.84-2.73 (2H, m). MS (ESI) m/z: 377.2 (calcd for C20H17N4O4 (M+H)*:
377.1).

methyl  5-[(4-oxo0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]pyridine-2-
carboxylate (S10)

To a DMF (3 mL) solution of 6-methoxycarbonylpyridine-3-carboxylic acid (47 mg, 0.26 mmol) were added
WSCI-HCI (55 mg, 0.28 mmol), HOBt (32 mg, 0.23 mmol), S2 (70 mg, 0.23 mmol) and triethylamine (0.08
mL, 0.56 mmol). The mixture was stirred at rt for 2 days. Concentration in vacuo and purification by column
chromatography (SiO2, MeOH/CH,CI, = 0/100 — 5/95 (v/v)) afforded S10 (21 mg, 23% vyield) as a colorless
solid. *H-NMR (DMSO-Dg) 8: 8.80 (1H, s), 8.13-8.05 (4H, m), 7.57-7.48 (3H, m), 4.49-4.32 (2H, m), 3.92 (3H,
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s), 3.85-3.73 (2H, m), 2.79 (2H, t, J = 6.1 Hz). MS (ESI/APCI) m/z: 391.2 (calcd for Co1H1oN4Os (M+H)*:
391.1).

5-[(4-oxo0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]pyridine-2-carbox-
ylic acid (12)

To a mixture of S10 (21 mg, 0.054 mmol) and MeOH (5 mL) was added 1M NaOH ag. (2 mL). The mixture
was stirred overnight at rt. 1M ag. HCI (2 mL) was added to it, and the resulting precipitate was collected by
filtration, washed with water and MeOH, and dried at 60 °C under reduced pressure to afford 12 (16 mg, 79%
yield) as a colorless solid. *H-NMR (DMSO-Dg) 6: 8.78 (1H, d, J = 1.2 Hz), 8.13-8.04 (4H, m), 7.59-7.47 (3H,

m), 4.41 (2H, br s), 3.77 (2H, br s), 2.80 (2H, t, J = 5.5 Hz). MS (ESI/APCI) m/z: 377.2 (calcd for CooH17N4Ox
(M+H)*: 377.1).

O

methyl 4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]cyclohex-
anecarboxylate (S11)

To a solution of S2 (199 mg, 0.67 mmol) and 4-(methoxycarbonyl)cyclohexane-1-carboxylic acid (136 mg,
0.73 mmol) in CH2Cl; (4 mL) were added WSCI-HCI (153 mg, 0.80 mmol), HOBt-H,0 (103 mg, 0.67 mmol)
and triethylamine (0.28 mL, 2.0 mmol). After stirring for 3 days at rt, the solution was diluted with MeOH-
CHClIs. The organic layer was washed with 10% aq. citric acid, sat. ag. NaHCO3, and brine, dried over anhy-
drous Na2SOs4, and filtrated. After evaporating the solvent, the residue was purified by column chromatography
(SiO2, MeOH/CHCl; = 1/99 — 8/92 (v/Vv)) to give cis/trans mixture of S11 (270 mg, quant.) as a white solid
(d.r. =ca. 3:2). MS (ESI/APCI) m/z: 396.3 (calcd for C2H26N304 (M+H)*: 396.2).

OH

O

4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]cyclohexanecarbox-
ylic acid (13)

To a MeOH (6 mL) suspension of cis/trans mixture of S11 (270 mg, 0.68 mmol) was added 1M NaOH aq.
(6 mL). The mixture was stirred at rt for 4 h. 1M aq. HCI (6 mL) was added to it, and the resulting precipitate
was collected by filtration. The solid was washed with water and dried at 60 °C under reduced pressure to afford
cis/trans mixture of 13 (184 mg, 71% vyield) as a white solid (d.r. = ca. 3:2). *H-NMR (DMSO-Ds) 6: 12.09
(2H, br s), 8.08 (2H, d, J = 7.3 Hz), 7.57-7.46 (3H, m), 4.35 (2H, s), 3.78-3.72 (2H, m), 2.78-2.64 (3H, m),
2.23-1.35 (9H, m). MS (ESI/APCI) m/z: 382.3 (calcd for Cx1H2:N3O4 (M+H)*: 382.2).
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methyl 1-methyl-1,3-dihydro-2,1-benzothiazole-5-carboxylate 2,2-dioxide (S12)

To a DMF (1.5 mL) solution of methyl 1,3-dihydro-2,1-benzothiazole-5-carboxylate 2,2-dioxide (100 mg,
0.44 mmol) and potassium carbonate (60.8 mg, 0.44 mmol) was added iodomethane (0.110 mL, 1.76 mmol)
and the mixture was stirred at rt for 3.5 h. Sat. aq. NH4Cl was added to the reaction mixture and it was extracted
with EtOAc/n-hexane (3:1). The organic layer was washed with water (twice) and brine, dried over anhydrous
Na,SOs, filtered, and concentrated under reduced pressure to afford S12 (100 mg, 94% yield) as a brown solid.
!H-NMR (CDClI3) 3: 8.08-8.05 (1H, m), 7.96-7.94 (1H, m), 6.75 (1H, d, J = 8.5 Hz), 4.39 (2H, s), 3.91 (3H, s),
3.20 (3H, s).

O
HO

1-methyl-1,3-dihydro-2,1-benzothiazole-5-carboxylic acid 2,2-dioxide (S13)

To a mixture of S12 (98 mg, 0.41 mmol), MeOH (5 mL) and THF (5 mL) was added 1M NaOH aqg. (5 mL).
After stirring for 1 h at rt, 1M ag. HCI (6 mL) was added to the mixture, and it was extracted with EtOAc. The
organic layer was washed with water and brine, dried over anhydrous Na,SQg, filtered, and concentrated under
reduced pressure to afford S13 (61 mg, 66% vyield) as a brown solid. *H-NMR (DMSO-Ds) 6: 7.97-7.93 (1H,
m), 7.89-7.88 (1H, m), 7.03 (1H, d, J = 8.5 Hz), 4.77 (2H, s), 3.11 (3H, 3).

6-[(1-methyl-2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-yl)carbonyl]-2-phenyl-5,6,7,8-tetrahydro-
pyrido[4,3-d]pyrimidin-4(3H)-one (14)

To a suspension of S2 (27 mg, 0.090 mmol) and S13 (21 mg, 0.092 mmol) in CH,Cl; (2 mL) were added
WSCI-HCI (22.1 mg, 0.108 mmol), HOBt-H.O (13.7 mg, 0.090 mmol) and triethylamine (0.0374 mL, 0.270
mmol). After stirring overnight at rt, the solution was diluted with CHCIs, washed with 10% ag. citric acid, sat.
agq. NaHCO:s and brine, dried over anhydrous Na,SOs, and filtrated. After evaporating the solvent, the residue
was purified by column chromatography (SiO2, MeOH/CH,Cl, = 1/99 — 8/92 (v/Vv)) to give 14 (24.4 mg, 62%
yield) as a white solid. *H-NMR (DMSO-Ds) &: 12.84 (1H, s), 8.10-8.04 (2H, m), 7.60-7.48 (5H, m), 7.03 (1H,
d, J = 85 Hz), 4.74 (2H, s), 4.46-4.33 (2H, m), 3.94-3.60 (2H, m), 3.10 (3H, s), 2.81-2.75 (2H, m). MS
(ESI/APCI) m/z: 437.2 (calcd for C22H21N4O4S (M+H)*: 437.1).

NH,

O

4-[(4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzamide (16)
To a DMF (3 mL) suspension of terephthalamic acid (61 mg, 0.37 mmol) were added WSCI-HCI (76 mg,
0.40 mmol), HOBLt (45 mg, 0.33 mmol), S2 (100 mg, 0.33 mmol) and triethylamine (0.11 mL, 0.80 mmol). The
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mixture was stirred at rt for 2 days. After concentration in vacuo, the residue was purified by column chroma-
tography (SiO,, MeOH/CH,CI; = 5/95 — 15/85 (v/v)). The obtained solid was washed with EtOAc to afford 16
(52 mg, 42% yield) as a colorless solid. *H-NMR (DMSO-Ds) &: 12.90-12.80 (1H, br m), 8.13-7.93 (5H, m),
7.61-7.48 (6H, m), 4.53-4.22 (2H, m), 3.96-3.56 (2H, m), 2.78 (2H, s). MS (ESI/APCI) m/z: 375.2 (calcd for
Co1H19N4O3 (M+H)+Z 375.1).

Lo g
P,
0]
o) \’<
(0]

ethyl 1-[4-(tert-butoxycarbonyl)benzoyl]-4-oxopiperidine-3-carboxylate (22)

To a DMF (30 mL) solution of ethyl 4-oxo-3-piperidinecarboxylate hydrochloride (3.0 g, 14.4 mmol) and 4-
(tert-butoxycarbonyl)benzoic acid (3.2 g, 14.4 mmol) were added WSCI-HCI (5.4 g, 28.9 mmol), HOBt-H,0O
(2.22 g, 14.4 mmol) and triethylamine (3.0 mL, 21.7 mmol). The mixture was stirred at rt for 2 days. After
concentration in vacuo, water (100 mL) was added to the mixture, and it was extracted with EtOAc. The organic
layer was dried over anhydrous Na,SQy, filtered, concentrated under reduced pressure, and purified by column
chromatography (SiO2, EtOAc/n-hexane = 21/79 — 42/58 (v/v)) to give 22 (3.5 g, 65% yield) as a colorless oil.

IH-NMR (CDCl3) &: 8.07-8.02 (2H, m), 7.53-7.43 (2H, m), 4.43-3.44 (6H, m), 2.58-2.34 (2H, m), 1.61 (9H, s),
1.39-1.15 (4H, m). MS (ESI/APCI) m/z: 376.3 (calcd for CaoHasNOg (M+H)*: 376.2).
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tert-butyl 4-[(4-oxo0-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoate (23a)

To asolution of 22 (58 mg, 0.15 mmol) in ethanol (1.5 mL) were added formamidine hydrochloride (14 mg,
0.17 mmol) and potassium carbonate (47 mg, 0.34 mmol). The mixture was stirred at rt for 3 days. After con-
centration in vacuo, 10% aq. citric acid was added to the mixture. The resulting precipitate was filtered, washed

with water, dissolved with ethanol, and concentrated under reduced pressure to give 23a (19 mg, 35% yield) as
a colorless solid. MS (ESI/APCI) m/z: 356.2 (calcd for C19H22N304 (M+H)*: 356.2).

OH

o

4-[(4-0x0-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic acid (24)

To a CHxCI; (5 mL) solution of 23a (19 mg, 0.053 mmol) was added trifluoroacetic acid (5 mL) at rt. The
mixture was stirred at rt overnight. Concentration in vacuo and tritulation with EtOAc/n-hexane afforded 24
(13 mg, 81% yield) as a colorless solid. *H-NMR (DMSO-Dg) &: 12.54 (1H, br s), 8.11-8.05 (1H, m), 8.03-8.00
(2H, m), 7.61-7.54 (2H, m), 4.45-4.13 (2H, m), 3.91-3.48 (2H, m), 2.71-2.64 (2H, m). MS (ESI/APCI) m/z:
300.2 (calcd for CisH1aN3O4 (M+H)*: 300.1).
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tert-butyl 4-oxo-2-phenyl-3,4,5,6,8,9-hexahydro-7H-pyrimido[4,5-d]azepine-7-carboxylate (19a)

To a suspension of ethyl 1-Boc-5-oxoazepane-4-carboxylate (500 mg, 1.75 mmol) and benzamidine hydro-
chloride (302 mg, 1.93 mmol) in ethanol (10 mL) was added potassium carbonate (533 mg, 3.86 mmol) at rt.
The mixture was stirred at rt overnight. Insoluble materials were removed by filteration, and the filtrate was
concentrated in vacuo. Purification by column chromatography (SiO2, MeOH/CH,CI, = 0/100 — 5/95 (v/Vv))
afforded 19a (433 mg, 72% yield) as a colorless solid. *H-NMR (CDCly) &: 8.06 (2H, d, J = 6.7 Hz), 7.60-7.50
(3H, m), 3.72-3.55 (4H, m), 3.07 (2H, br s), 2.97 (2H, br s), 1.50 (9H, s). MS (ESI/APCI) m/z: 342.3 (calcd for
C19H24N303 (M+H)+Z 342.2).
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2-phenyl-3,5,6,7,8,9-hexahydro-4H-pyrimido[4,5-d]azepin-4-one 2HCI (S14)
To a MeOH (10 mL) suspension of 19a (432 mg, 1.27 mmol) was added 4M HCI in 1,4-dioxane (5 mL) at

rt. The mixture was stirred at rt for 2 h. Concentration in vacuo and trituration with EtOAc afforded S14 (398
mg, quant.) as a colorless solid. MS (ESI/APCI) m/z: 242.2 (calcd for C1aH1sNsO (M+H)*: 242.1).
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methyl  4-[(4-oxo0-2-phenyl-3,4,5,6,8,9-hexahydro-7H-pyrimido[4,5-d]azepin-7-yl)carbonyl]benzoate
(20a)

To a DMF (6 mL) solution of S14 (100 mg, 0.32 mmol) and 4-methoxycarbonylbenzoic acid (64 mg, 0.35
mmol) were added WSCI-HCI (74 mg, 0.38 mmol), HOBt (44 mg, 0.32 mmol) and triethylamine (0.11 mL,
0.77 mmol) at 0 °C. The mixture was stirred at rt for 2 days. After evaporating solvents, the residue was dis-
solved with CH.ClI,, and the organic layer was washed with water and dried over anhydrous Na,SOs. Filtration,
concentration in vacuo, and purification by column chromatography (SiO2, MeOH/CH,CI, = 0/100 — 3/97 (v/v))
afforded 20a (110 mg, 86% vyield) as a colorless solid. *H-NMR (CDCls) 5: 8.15-8.04 (4H, m), 7.61-7.48 (5H,
m), 4.02-3.90 (5H, m), 3.63-3.50 (2H, m), 3.26-3.09 (2H, m), 3.02-2.87 (2H, m). MS (ESI/APCI) m/z: 404.3
(calcd for Co3H2oN304 (M+H)+Z 404.2).
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4-[(4-oxo-2-phenyl-3,4,5,6,8,9-hexahydro-7H-pyrimido[4,5-d]azepin-7-yl)carbonyl]benzoic acid (25)

To a MeOH (10 mL) suspension of 20a (108 mg, 0.27 mmol) was added 1M NaOH ag. (5 mL). The mixture
was stirred at rt for 2 h. 1M aq. HCI (5 mL) was added to it, and the resulting precipitate was collected by
filtration. The solid was washed with water and MeOH, and dried at 60 °C under reduced pressure to afford 25
(85 mg, 82% vyield) as a colorless solid. *H-NMR (DMSO-Dg) &: 13.16 (1H, br s), 12.79 (1H, br s), 8.16-7.98
(4H, m), 7.61-7.44 (5H, m), 3.91-3.73 (2H, m), 3.53-3.39 (2H, m), 3.14-2.76 (4H, m). MS (ESI/APCI) m/z:
390.1 (C&lCd for C2oH20N30;4 (M+H)+Z 390.1).
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1-tert-butyl 3-methyl 5-methyl-4-oxopiperidine-1,3-dicarboxylate (17b)

To a solution of Boc,O (378 mg, 1.73 mmol) in CH2Cl, (5 mL) were added 3-methyl-5-methoxycarbonyl-4-
piperidone hydrochloride (300 mg, 1.44 mmol) and triethylamine (0.208 mL, 2.02 mmol), and the mixture was
stirred at rt until the starting material was consumed. The solution was washed with water, dried over anhydrous
NazSO4, concentrated in vacuo, and purified by column chromatography (SiO., EtOAc/n-hexane = 1/4 (v/v))

to afford 17b (392 mg, quant.) as an oil. MS (ESI/APCI) m/z: 172.3, 216.2 (calcd for CgH14aNO3 (M—-Boc+H)*:
172.1, for CH14NOs (M-tBu+H)*: 216.1).

tert-butyl 8-methyl-4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidine-6(4H)-carboxylate
(19b)

To a suspension of 17b (387 mg, 1.43 mmol) and benzamidine hydrochloride (246 mg, 1.57 mmol) in ethanol
(6 mL) was added potassium carbonate (435 mg, 3.14 mmol) at rt. The mixture was stirred at rt overnight.
Insoluble materials were removed by filteration, and the filtrate was concentrated in vacuo. Purification by
column chromatography (SiOz, EtOAc/CH,Cl; = 1/9 — 1/1 (v/v)) afforded 19b (303 mg, 62% yield) as a white
solid. *H-NMR (DMSO-Dg) &: 12.80 (1H, s), 8.12-8.06 (2H, m), 7.60-7.49 (3H, m), 4.44-4.06 (2H, m), 3.60-
3.49 (2H, m), 2.82-2.73 (1H, m), 1.44 (9H, s), 1.22 (3H, d, J = 6.7 Hz). MS (ESI/APCI) m/z: 342.2 (calcd for
C19H24N303 (M+H)+Z 342.2).
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8-methyl-2-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one HCI (S15)

To a MeOH (1.5 mL) suspension of 19b (157 mg, 0.46 mmol) was added 4M HCI in 1,4-dioxane (1.5 mL)
at rt. The mixture was stirred at rt for 1.5 h. Concentration under reduced pressure gave crude S15 (128 mg,
quant.) as a white solid, which was used for the next step without further purification. MS (ESI/APCI) m/z:
242.1 (calcd for C14H1sN3O (M+H)*: 242.1).

O

methyl 4-[(8-methyl-4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]ben-
zoate (20b)

To a mixture of S15 (128 mg, 0.46 mmol) and 4-methoxycarbonylbenzoic acid (91.4 mg, 0.51 mmol) in
CH2CI; (4 mL) were added WSCI-HCI (107.5 mg, 0.55 mmol), HOBt-H,O (70.6 mg, 0.46 mmol) and triethyl-
amine (0.192 mL, 1.38 mmol). After stirring at rt overnight, the solution was diluted with CH,Cl,. The organic
layer was washed with 10% aq. citric acid, sat. aq. NaHCOg, and brine, dried over anhydrous Na;SOa, and
filtrated. After evaporating solvents, the residue was purified by column chromatography (SiO2, MeOH/CH2Cl;
= 0/100 — 5/95 (v/v)) to give 20b (180 mg, 97% vyield) as a white solid. H-NMR (DMSO-Ds) §: 12.92-12.74
(1H, m), 8.14-8.04 (4H, m), 7.65-7.49 (5H, m), 4.64-4.41 (1H, m), 4.25-4.19 (1H, m), 3.94-3.60 (5H, m), 2.96-
2.81 (1H, m), 1.36-1.10 (3H, m). MS (ESI/APCI) m/z: 404.3 (calcd for Co3H22N3O4 (M+H)*: 404.2).

OH

0]

4-[(8-methyl-4-ox0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic
acid (26)

To a MeOH (5 mL) suspension of 20b (144 mg, 0.36 mmol) was added 1M NaOH aqg. (5 mL). The mixture
was stirred at rt for 2 h. 1M aq. HCI (5 mL) was added to it, and the resulting precipitate was collected by
filtration, washed with water, and dried at 60 °C under reduced pressure to afford 26 (109 mg, 78% yield) as a
white solid. *H-NMR (DMSO-Ds, 80 °C) 8: 12.63 (2H, br s), 8.13-7.99 (4H, m), 7.58-7.47 (5H, m), 4.50-4.28
(2H, m), 3.82-3.51 (2H, m), 2.89 (1H, br s), 1.25 (3H, s). MS (ESI/APCI) m/z: 390.3 (calcd for Ca2H20N304
(M+H)*: 390.1).
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1-tert-butyl 3-ethyl 5,5-dimethyl-4-oxopiperidine-1,3-dicarboxylate (17¢)

To a THF (5 mL) solution of 1-Boc-3,3-dimethyl-4-oxopiperidine (200 mg, 0.88 mmol) at —78 °C was added
lithium bis(trimethylsilyl)amide (1.0 M in THF, 1.06 mL), and the mixture was stirred for 1 h at the same
temperature. Ethyl cyanoformate (0.104 mL, 1.06 mmol) was added to the solution and the mixture was stirred
for 1 h at—78 °C. Water was added to the mixture, and it was extracted with EtOAc (3 times). The organic layer
was dried over anhydrous Na,SO, filtered, and concentrated under reduced pressure to afford crude 17c (263

mg, quant.), which was used for the next step without further purification. MS (ESI/APCI) m/z: 200.3, 244.2
(calcd for C1oH1sNO3 (M—Boc+H)*: 200.1, for C11H1sNOs (M—-tBu+H)*: 244.1).
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tert-butyl 8,8-dimethyl-4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidine-6(4H)-carboxylate
(19¢c)

To a suspension of 17¢ (263 mg, 0.88 mmol) and benzamidine hydrochloride (152 mg, 0.97 mmol) in ethanol
(10 mL) was added potassium carbonate (267 mg, 1.93 mmol) at rt. The mixture was stirred at rt overnight.
Insoluble materials were removed by filteration, and the filtrate was concentrated in vacuo. Purification by
column chromatography (SiO2, MeOH/CH.Cl, = 0/100 — 5/95 (v/v)) afforded 19¢ (233 mg, 75% yield) as a
colorless solid. *H-NMR (DMSO-Dg) 6: 12.79 (1H, s), 8.11 (2H, d, J = 7.3 Hz), 7.58-7.51 (3H, m), 4.27 (2H,
s), 3.42 (2H, s), 1.44 (9H, s), 1.22 (6H, s). MS (ESI/APCI) m/z: 356.3 (calcd for CxoH26N303 (M+H)*: 356.2).

O
HN NH

S

N 2HCI

8,8-dimethyl-2-phenyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one 2HCI (S16)
To a MeOH (10 mL) suspension of 19¢ (232 mg, 0.65 mmol) was added 4M HCI in 1,4-dioxane (5 mL) at

rt. The mixture was stirred at rt for 2 h. Concentration in vacuo and trituration with EtOAc gave S16 (190 mg,
89% yield) as a colorless solid. MS (ESI/APCI) m/z: 256.3 (calcd for CisH1sN3O (M+H)*: 256.1).

O

methyl 4-[(8,8-dimethyl-4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)car-
bonyl]benzoate (20c)

To a DMF (6 mL) solution of S16 (100 mg, 0.30 mmol) and 4-methoxycarbonylbenzoic acid (61 mg, 0.34
mmol) were added WSCI-HCI (71 mg, 0.37 mmol), HOBt (41 mg, 0.30 mmol) and triethylamine (0.11 mL,
0.73 mmol). The mixture was stirred at rt for 2 days. Concentration in vacuo and purification by column chro-
matography (SiOz, MeOH/CH,CI, = 0/100 — 3/97 (v/v)) afforded 20c (95 mg, 75% yield) as a colorless solid.
H-NMR (CDCls) 3: 8.13 (2H, d, J = 8.5 Hz), 8.11-8.05 (2H, m), 7.57-7.51 (3H, m), 7.48-7.43 (2H, m), 4.87-
4.39 (2H, m), 3.96 (3H, s), 3.89-3.41 (2H, m), 1.48-1.18 (6H, m). MS (ESI/APCI) m/z: 418.2 (calcd for
Co4H24N304 (M+H)+Z 418.2).

OH

O

4-[(8,8-dimethyl-4-oxo0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic
acid (27)

To a MeOH (10 mL) suspension of 20c (95 mg, 0.23 mmol) was added 1M NaOH ag. (5 mL). The mixture
was stirred at rt for 2 h. 1M aq. HCI (5 mL) was added to it, and the resulting precipitate was collected by
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filtration. The solid was washed with water and MeOH, and dried at 60 °C under reduced pressure to afford 27
(87 mg, 95% vyield) as a white solid. *H-NMR (DMSO-Dg) 6: 12.63 (1H, br s), 8.11 (2H, d, J = 7.9 Hz), 8.02
(2H, d, J = 7.9 Hz), 7.59-7.48 (5H, m), 4.39 (2H, s), 3.61 (2H, s), 1.25 (6H, s). MS (ESI/APCI) m/z: 404.2
(C&'Cd for Co3H2oN304 (M+H)+Z 404.2).
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tert-butyl 4-[(3-methyl-4-oxo-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)car-
bonyl]benzoate (23b)

To a solution of 22 (201 mg, 0.53 mmol) and N-methylbenzenecarboximidamide hydrochloride (100 mg,
0.59 mmol) in ethanol (3.2 mL) was added potassium carbonate (163 mg, 1.17 mmol). The reaction mixture
was stirred at 70 °C for 6 h. The mixture was diluted with ethanol, and insoluble materials were removed by
filtration. The filtrate was concentrated in vacuo and purified by column chromatography (SiO, EtOAc/CH.Cl,
= 1/9 — 4/6 (v/v)) to afford 23b (82.5mg, 35% yield) as a colorless solid. *H-NMR (DMSO-Dg) §: 8.02-7.97
(2H, m), 7.63-7.58 (4H, m), 7.56-7.51 (3H, m), 4.54-4.22 (2H, m), 3.96-3.51 (2H, m), 3.36-3.23 (3H, m), 2.76-
2.68 (2H, m), 1.57 (9H, s). MS (ESI/APCI) m/z: 446.2 (calcd for CzsH2sN304 (M+H)*: 446.2).

OH

@)

4-[(3-methyl-4-ox0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)carbonyl]benzoic
acid (28)

To a CHCl, (1.5 mL) solution of 23b (38.5 mg, 0.086 mmol) was added trifluoroacetic acid (0.5 mL) at rt.
The mixture was stirred at rt for 6 h. Concentration in vacuo and tritulation with Et,O afforded 28 (19.4 mg,
58% yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) : 8.03-8.00 (2H, m), 7.59-7.50 (7H, m), 4.43-4.37
(2H, m), 3.82-3.66 (2H, m), 3.30 (3H, s), 2.73-2.69 (2H, m). MS (ESI/APCI) m/z: 390.3 (calcd for C22H20N304
(M+H)*: 390.1).

SN

1,2,3,4,6,7,8,9-octahydro-11H-dipyrido[1,2-a:4",3"-d]pyrimidin-11-one (S17)

To a suspension of ethyl 4-oxo-3-piperidinecarboxylate hydrochloride (1.00 g, 4.82 mmol) and 2-iminopi-
peridine hydrochloride (650 mg, 4.82 mmol) in ethanol (9 mL) was added sodium ethoxide solution (6 mL, ca.
20% in ethanol, 15.5 mmol) at rt. Insoluble salt was removed by filtration, and the filtrate was stirred at 85-90
°C for 6 h. The resulting precipitate was collected by filtration, washed with CH,Cl,, dried under reduced pres-
sure, and purified by column chromatography (SiO2, MeOH/CHCl, = 0/100 — 20/80 (v/v)) to afford S17 (384
mg, 39% yield) as a yellow solid. *H-NMR (CDCls) é: 3.95 (2H, t, J = 6.1 Hz), 3.81 (2H, s), 3.14-3.10 (2H, m),
2.91-2.87 (2H, m), 2.63-2.59 (2H, m), 2.00-1.85 (4H, m). MS (ESI/APCI) m/z: 206.2 (calcd for C1:H16N30O
(M+H)*: 206.1).
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methyl 4-[(11-0x0-4,6,7,8,9,11-hexahydro-1H-dipyrido[1,2-a:4",3'-d]pyrimidin-2(3H)-yl)car-
bonyl]benzoate (20d)

To a solution of S17 (78.3 mg, 0.38 mmol) and 4-methoxycarbonylbenzoic acid (76 mg, 0.42 mmol) in
CH_Cl; (4 mL) were added WSCI-HCI (88.2 mg, 0.46 mmol), HOBt-H,O (58.2 mg, 0.38 mmol) and triethyla-
mine (0.159 mL, 1.14 mmol). After stirring overnight at rt, the solution was diluted with CH.Cl,. The organic
layer was washed with 10% ag. citric acid, sat. ag. NaHCO3, and brine, dried over anhydrous Na,SO., and
filtrated. After evaporating solvents, the residue was purified by column chromatography (SiO,, MeOH/CH.Cl,
= 4/96 — 12/88 (v/v)) to give 20d (126 mg, 90% yield) as a white solid. *H-NMR (DMSO-Ds) 5: 8.04 (2H, d, J
= 7.9 Hz), 7.62-7.56 (2H, m), 4.45-4.12 (2H, m), 3.93-3.81 (5H, m), 3.77-3.46 (2H, m), 2.84-2.76 (2H, m),
2.69-2.60 (2H, m), 1.93-1.71 (4H, m). MS (ESI/APCI) m/z: 368.3 (calcd for CxH22N304 (M+H)*: 368.2).

OH

O

4-[(11-0x0-4,6,7,8,9,11-hexahydro-1H-dipyrido[1,2-a:4",3"-d]pyrimidin-2(3H)-yl)carbonyl]benzoic
acid (29)

To a MeOH (5 mL) solution of 20d (107 mg, 0.29 mmol) was added 1M NaOH ag. (5 mL). The mixture was
stirred at rt for 2 h. After 1M aq. HCI (6 mL) was added to it until pH 2, the mixture was extracted with CHCl3
(3 times) and MeOH-CHCls (twice), respectively. The combined organic layers were dried over anhydrous
Na,SOys, filtrated, concentrated in vacuo, and triturated with EtOAc to afford 29 (69 mg, 67% yield) as a white
solid. *H-NMR (DMSO-Dg) &: 13.19 (1H, s), 8.01 (2H, d, J = 8.5 Hz), 7.60-7.52 (2H, m), 4.45-4.13 (2H, m),
3.91-3.81 (2H, m), 3.76-3.47 (2H, m), 2.83-2.77 (2H, m), 2.68-2.59 (2H, m), 1.95-1.72 (4H, m). MS
(ESI/APCI) m/z: 354.2 (calcd for C1gH20N304 (M+H)*: 354.1).

tert-butyl 4-[(1,2-dimethyl-3-ox0-1,2,3,4,6,7-hexahydro-5H-pyrazolo[4,3-c]pyridin-5-yl)carbonyl]ben-
zoate (31a)

A mixture of 22 (91 mg, 0.24 mmol), 1,2-dimethylhydrazine dihydrochloride (39 mg, 0.29 mmol) and tri-
ethylamine (0.17 mL, 1.2 mmol) in ethanol (5 mL) was refluxed overnight. After evaporating solvents, water
was added to the residue and it was extracted with EtOAc. The organic layer was dried over anhydrous Na;SOa,
filtered, concentrated in vacuo, and purified by column chromatography (SiO,, MeOH/CH.CI,) to afford 31a
(55 mg, 61% vyield) as a colorless solid. MS (ESI/APCI) m/z: 372.4 (calcd for CaoH26N304 (M+H)*: 372.2).

o O
N OH
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4-[(1,2-dimethyl-3-0x0-1,2,3,4,6,7-hexahydro-5H-pyrazolo[4,3-c]pyridin-5-yl)carbonyl]benzoic  acid
(32)

To a CH.Cl, (2 mL) solution of 31a (55 mg, 0.15 mmol) was added trifluoroacetic acid (2 mL) at rt. The
mixture was stirred at rt for 6 h. Concentration in vacuo and trituration with Et,O afforded 32 (18 mg, 39%
yield) as a pale brown solid. *H-NMR (DMSO-Ds) &: 8.01 (2H, d, J = 7.9 Hz), 7.61-7.51 (2H, m), 4.34-3.45
(4H, m), 3.29-3.19 (6H, m), 2.71-2.58 (2H, m). MS (ESI/APCI) m/z: 316.3 (calcd for C16H1sN304 (M+H)*:
316.1).

tert-butyl 4-[(10-0x0-4,7,8,10-tetrahydro-1H,6H-pyrazolo[1',2":1,2]pyrazolo[4,3-c]pyridin-2(3H)-
yl)carbonyl]benzoate (31b)

A mixture of 22 (84 mg, 0.22 mmol), pyrazolidine dihydrochloride (39 mg, 0.27 mmol) and triethylamine
(0.155 mL, 1.11 mmol) in ethanol (5 mL) was refluxed overnight. After evaporating solvents, water was added
to the residue and it was extracted with EtOAc. The organic layer was dried over anhydrous Na;SOa, filtered,
concentrated in vacuo, and purified by column chromatography (SiO-, EtOAc/n-hexane) to afford 31b (86 mg,
quant.) as a pale yellow oil, which was used for the next step without further purification. MS (ESI/APCI) m/z:
384.3 (C8.|Cd for C21H26N304 (M+H)+Z 384.2).

4-[(10-0x0-4,7,8,10-tetrahydro-1H,6H-pyrazolo[1’,2":1,2]pyrazolo[4,3-c]pyridin-2(3H)-yl)car-
bonyl]benzoic acid (33)

To a CHCl, (2 mL) solution of 31b (86 mg, 0.22 mmol) was added trifluoroacetic acid (2 mL) at rt. The
mixture was stirred at rt for 6 h. Concentration in vacuo and trituration with Et,O afforded 33 (22 mg, 24%
yield) as a pale brown solid. *H-NMR (DMSO-Dg) §: 8.06-7.95 (2H, m), 7.62-7.47 (2H, m), 4.35-3.45 (10H,
m), 2.69-2.52 (2H, m). MS (ESI/APCI) m/z: 328.3 (calcd for C17H1sN3O4 (M+H)*: 328.1).

0 O
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tert-butyl 4-[(11-0x0-4,6,7,8,9,11-hexahydro-1H-pyrido[3',4':4,5]pyrazolo[1,2-a]pyridazin-2(3H)-
yl)carbonyl]benzoate (31c)
A mixture of 22 (72 mg, 0.19 mmol), hexahydropyridazine dihydrochloride (40 mg, 0.23 mmol) and triethyl-
amine (0.140 mL, 1.01 mmol) in ethanol (5 mL) was refluxed overnight. After evaporating solvents, water was
added to the residue and it was extracted with EtOAc. The organic layer was dried over anhydrous Na,SOs.,

filtered, concentrated in vacuo, and purified by column chromatography (SiO», EtOAc/n-hexane) to afford 31c
(57 mg, 75% yield) as a pale yellow oil. MS (ESI/APCI) m/z: 398.2 (calcd for Cz2H2sN304 (M+H)*: 398.2).
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4-[(11-0x0-4,6,7,8,9,11-hexahydro-1H-pyrido[3',4":4,5]pyrazolo[1,2-a]pyridazin-2(3H)-yl)car-
bonyl]benzoic acid (34)

To a CH.Cl, (2 mL) solution of 31c (57 mg, 0.14 mmol) was added trifluoroacetic acid (2 mL) at rt. The
mixture was stirred at rt for 6 h. Concentration in vacuo and trituration with Et,O afforded 34 (25 mg, 51%
yield) as a pale brown solid. *H-NMR (DMSO-Ds) &: 8.07-8.00 (2H, m), 7.59-7.52 (2H, m), 4.31-3.99 (2H, m),
3.92-3.38 (6H, m), 2.67-2.56 (2H, m), 1.87-1.69 (4H, m). MS (ESI/APCI) m/z: 342.1 (calcd for C1gH20N304
(M+H)*: 342.1).

6-benzyl-2-phenyl-5,6,7,8-tetrahydro-4H-pyrano[3,2-c]pyridin-4-one (36)

A toluene (25 mL) solution of 1-benzyl-4-piperidone (1.89 mL, 10.6 mmol) and morpholine (0.921 mL, 10.6
mmol) was refluxed for 9 h under Dean-Stark apparatus. After the removal of the solvent, the residue and
morpholine (0.46 mL, 5.28 mmol) were dissolved in toluene (35 mL) again and refluxed for 8 h under the same
conditions. After concentrated under reduced pressure, crude 4-(1-benzyl-3,6-dihydro-2H-pyridin-4-yl)mor-
pholine (2.71 g, quant.) was obtained as a yellow oil. This crude material (943.6 mg, 3.65 mmol) and ethyl
benzoylacetate (1.27 mL, 7.31 mmol) were dissolved in xylenes (10 mL) and refluxed for 5 h under Dean-Stark
apparatus. The mixture was poured into 1M ag. HCI, and the resulting precipitate was collected by filtration,
washed with a small portion of water and CH2Cl, dried at 60 °C to afford HCI salt of 37 (215 mg, 17% yield)
as a yellow solid. The aqueous phase was washed with CH,Cl,, and NaOH pellets were added into it until the
aqueous phase became basic indicated by pH test paper. It was extracted with CH,Cl; (three times), and the
combined organic layer was washed with brine, dried over anhydrous Na,SO., filtered, and concentrated in
vacuo. Purification by column chromatography (SiO2, EtOAc/n-hexane = 1/3 — 1/1 (v/v)) afforded a free form
of 36 (104 mg, 9% yield) as a yellow solid. *H-NMR (CDClIs, for free form) 8: 7.78-7.72 (2H, m), 7.51-7.44
(3H, m), 7.39-7.27 (5H, m), 6.72 (1H, s), 3.74 (2H, s), 3.51 (2H, s), 2.79 (4H, s). MS (ESI/APCI) m/z: 318.2
(calcd for Co1H20NO> (M+H)+Z 318.1).

6-benzyl-1-methyl-2-phenyl-5,6,7,8-tetrahydro-1,6-naphthyridin-4(1H)-one (37)

A mixture of 36 (103 mg, 0.32 mmol) and methylamine solution (40% in water, 11 mL) was refluxed for 12
h. After evaporating the solvent, the residue was dissolved in 40% MeOH solution of methylamine (4 mL) and
stirred at 100 °C for 1 h under microwave irradiation. The mixture was concentrated in vacuo, and the residue
was purified by column chromatography (SiOz, MeOH/CH,Cl, = 1/99 — 10/90 (v/v)) to afford 37 (93.4 mg,
87% yield) as a pale yellow solid. *H-NMR (CDCls) &: 7.50-7.25 (10H, m), 6.29 (1H, s), 3.75 (2H, s), 3.65 (2H,
s), 3.32 (3H, s), 2.81-2.72 (4H, m). MS (ESI/APCI) m/z: 331.4 (calcd for Co2H23N20 (M+H)*: 331.2).
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tert-butyl 4-[(1-methyl-4-ox0-2-phenyl-1,5,7,8-tetrahydro-1,6-naphthyridin-6(4H)-yl)carbonyl]benzo-
ate (S18)

To a MeOH (8 mL) solution of 37 (93.4 mg, 0.28 mmol) and 1M ag. HCI (0.311 mL) was added 20%
Pd(OH)./C (44.7 mg) under N, atmosphere. The mixture was vigorously stirred at rt under H, atmosphere
(balloon) for 50 min. Under N2, the mixture was diluted with MeOH, and filtered over a glass-fiber filter (twice).
The filtrate was concentrated at 35 °C until the liquid volume became ca. 5 mL. To this solution were added 4-
(tert-butoxycarbonyl)benzoic acid (114 mg, 0.51 mmol), WSCI-HCI (135 mg, 0.71 mmol), HOBt-H,0 (78.3
mg, 0.51 mmol) and triethylamine (0.157 mL, 1.13 mmol). The mixture was stirred at rt for 2 h. After evapo-
rating solvents, the residue was diluted with CH2Cl,, washed with 10% aqg. citric acid, sat. ag. NaHCO3, and
brine, dried over anhydrous Na,SOs, and filtrated. Concentration under reduced pressure followed by column
chromatography (SiO2, MeOH/CHCl, = 0/100 — 10/90 (v/v)) afforded S18 (113 mg, 90% vyield) as a colorless
solid. 'H-NMR (DMSO-Ds, 80 °C) &: 8.00-7.95 (2H, m), 7.58-7.54 (2H, m), 7.53-7.49 (3H, m), 7.43-7.38 (2H,
m), 5.94-5.91 (1H, m), 4.36-4.28 (2H, m), 3.90-3.64 (2H, m), 3.30 (3H, s), 2.93-2.86 (2H, m), 1.57 (9H, 5). MS
(ESI/APCI) m/z: 445.2 (calcd for Co7H20N204 (M+H)*: 445.2).

OH

4-[(1-methyl-4-ox0-2-phenyl-1,5,7,8-tetrahydro-1,6-naphthyridin-6(4H)-yl)carbonyl]benzoic acid (38)

To a CH2Cl; (3 mL) solution of S18 (92.7 mg, 0.21 mmol) was added trifluoroacetic acid (1 mL) at rt. The
mixture was stirred at rt for 2 h. Concentration in vacuo and trituration with Et,O afforded 38 (81 mg, quant.)
as a white solid. *H-NMR (DMSO-Ds, 80 °C) : 8.05-8.01 (2H, m), 7.60-7.53 (5H, m), 7.47-7.42 (2H, m), 6.34
(1H, s), 4.51-4.44 (2H, m), 3.83-3.76 (2H, m), 3.46 (3H, s), 3.04-2.98 (2H, m). MS (ESI/APCI) m/z: 389.2
(calcd for Co3H21N2O4 (M+H)+Z 389.1).
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1-tert-butyl  3-ethyl 4-{[(trifluoromethyl)sulfonyl]oxy}-5,6-dihydropyridine-1,3(2H)-dicarboxylate
(S19)

To a CHCI; (200 mL) solution of N-Boc-4-oxo-3-piperidinecarboxylic acid ethyl ester (7.22 g, 26.6 mmol)
and N,N-diisopropylethylamine (6.83 mL, 39.9 mmol) was added trifluoromethanesulfonic anhydride (5.37 mL,
31.9 mmol) in CHCl, (25 mL) dropwise for 1 h at 0 °C. After stirring for 3 h at the same temperature, sat. aqg.
NaHCO; solution was added to the reaction mixture and it was extracted with CH,Cl,. The organic layer was
washed with brine, dried over anhydrous Na,SO., filtered and concentrated in vacuo. The residue was purified

by column chromatography (SiO, EtOAc/n-hexane = 3/97 — 20/80 (v/v)) to give S19 (7.80 g, 73% yield) as a
yellow oil. The *H-NMR spectrum was matched with the reported one®3.
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1-tert-butyl 3-ethyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-dihydropyridine-1,3(2H)-di-
carboxylate (42)

A mixture of S19 (4.59 g, 11.4 mmol), bis(pinacolato)diboron (3.47 g, 13.7 mmol), potassium acetate (3.37
g, 34.3 mmol) and Pd(dppf)Cl, CH,Cl, adduct (930 mg, 1.14 mmol) in 1,4-dioxane (50 mL) was stirred at 110
°C for 3 h under N2 atmosphere. After cooling down to rt, the mixture was filtered through Celite and concen-

trated in vacuo. Purification by column chromatography (SiO,, EtOAc/n-hexane = 1/9 — 1/3 (v/v)) afforded 42
(3.43 g, 79% yield) as a pale yellow oil. The *H-NMR spectrum was matched with the reported one®.
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tert-butyl 5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridine-3(4H)-carboxylate (S20)

A mixture of 42 (500 mg, 1.31 mmol), 2-bromophenol (0.145 mL, 1.38 mmol), Pd(dppf)Cl, CH,Cl, adduct
(53.5 mg, 0.066 mmol), NaHCO3 (275 mg, 3.28 mmol), THF (10 mL) and water (2.5 mL) was refluxed for 5.5
h. After cooling down to rt, the mixture was diluted with EtOAc, and filtered over Celite. The filtrate was
concentrated in vacuo, and purified by column chromatography (SiO,, EtOAc/n-hexane = 1/9 — 4/6 (v/v)) to
afford S20 (177 mg, 45% vyield) as a pale yellow solid. *H-NMR (CDCls) 8: 7.54 (1H, d, ] = 7.3 Hz), 7.52-7.47
(1H, m), 7.33 (1H, d, J = 8.3 Hz), 7.32-7.28 (1H, m), 4.40 (2H, s), 3.73 (2H, t, J = 5.9 Hz), 2.90-2.85 (2H, m),
1.47 (9H, s).
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1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one (39)

To a solution of S20 (174 mg, 0.58 mmol) in CH,Cl; (3 mL) was added trifluoroacetic acid (1 mL) at 0 °C.
The mixture was stirred at rt for 3.5 h. After evaporating volatile materials, sat. ag. NaHCO3 was added to the
residue, and it was extracted with CH,Cl, (twice). The combined organic layer was dried over anhydrous
Na,S0s, filtrated, and concentrated under reduced pressure to give 39 (123 mg, quant.) as a pale yellow solid.
The analytical spectra were confirmed to be the same as the product 39 obtained from the 1st generation route.
H-NMR (DMSO0-Dg) 6: 7.69 (1H, d, ] = 7.8 Hz), 7.55 (1H, t, ] = 7.1 Hz), 7.38-7.33 (2H, m), 3.54 (2H, s), 2.96
(2H,t,J=5.6 Hz), 2.72 (2H, t, J = 5.6 Hz). MS (ESI/APCI) m/z: 202.2 (calcd for C12H12NO; (M+H)*: 202.1).
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tert-butyl 4-[(5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl)carbonyl]benzoate (40)

To a suspension of 39 (120 mg, 0.596 mmol), 4-(tert-butoxycarbonyl)benzoic acid (146 mg, 0.656 mmaol),
HOBt-H20 (92 mg, 0.596 mmol) and WSCI-HCI (138 mg, 0.716 mmol) in CH,Cl, (5 mL) was added triethyl-
amine (0.248 mL, 1.79 mmol) at rt. After stirring at rt for 4.5 h, the reaction mixture was diluted with CHCl,,
and washed with 10% ag. citric acid, sat. ag. NaHCOg3, and brine, respectively. The organic layer was dried
over anhydrous Na;SQOy4, and purified by column chromatography (SiO2, EtOAc/CH,Cl, = 4/96 — 20/80 (v/Vv))
to give 40 (227 mg, 94% yield) as a colorless solid. *H-NMR (DMSO-Dg) §: 8.02-7.97 (2H, m), 7.82-7.71 (1H,
m), 7.66-7.58 (3H, m), 7.49-7.39 (2H, m), 4.56-4.24 (2H, m), 3.99-3.56 (2H, m), 3.06-2.97 (2H, m), 1.57 (9H,
s). MS (ESI/APCI) m/z: 350.3, 406.1 (calcd for CoH1sNOs (M—tBu+H)*: 350.1, for C24H24NOs (M+H)*: 406.2).

O O
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4-[(5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl)carbonyl]benzoic acid (41)

To a CHCl, (3 mL) solution of 40 (184 mg, 0.45 mmol) was added trifluoroacetic acid (1 mL) dropwise at
rt. After stirring for 1.5 h at rt, the resulting mixture was concentrated in vacuo, and triturated with EtOAc. The
solid was collected by filtration, and washed with EtOAc to afford 41 (125.7 mg, 79% yield) as a white solid.
IH-NMR (DMSO-Dg) &: 13.21 (1H, br s), 8.06-8.01 (2H, m), 7.83-7.72 (1H, m), 7.67-7.58 (3H, m), 7.49-7.39
(2H, m), 4.56-4.26 (2H, m), 3.99-3.57 (2H, m), 3.05-2.98 (2H, m). **C-NMR (DMSO-Ds, as a mixture of rota-
mers) 8: 168.8, 168.4, 166.7, 158.9, 151.5, 146.6, 146.3, 139.6, 131.8, 131.4, 129.5, 127.3,127.0, 124.6, 124.2,
119.3, 118.8, 116.4, 45.1, 42.6, 40.2, 37.5, 24.9, 23.9. MS (ESI/APCI) m/z: 350.3 (calcd for CyoH1sNOs
(M+H)*: 350.1). HRMS (ESI): m/z calcd for CyH14NOs (M—H)~ 348.0878. Found 348.0895. IR (KBr) 3408,
2895, 2673, 2554, 1709, 1648, 1607, 1573, 1511, 1456, 1433, 1397, 1320, 1299, 1258, 1142, 1089, 1042, 749
cmt. Anal. Caled for C20H1sNOs-0.2H,0: C, 68.06; H, 4.40; N, 3.97. Found: C, 67.94; H, 4.48; N, 3.97.

0] O J<
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tert-butyl 5-oxo0-1,4,5,6-tetrahydrobenzo[c][2,7]naphthyridine-3(2H)-carboxylate (S21)

A mixture of 42 (100 mg, 0.26 mmol), 2-bromoaniline (46.4 mg, 0.27 mmol), Pd(dppf)Cl, CH2Cl, adduct
(10.6 mg, 0.013 mmol), NaHCO3 (56.7 mg, 0.67 mmol), THF (2 mL) and water (0.5 mL) was stirred at 100 °C
for 1.5 h under microwave irradiation. After cooling down to rt, the mixture was diluted with EtOAc, washed
with water (twice) and brine, and dried over anhydrous Na,SOs. Filtration, concentration under reduced pres-
sure, and trituration with ethanol afforded S21 (45 mg, 57% vyield) as a white solid. *H-NMR (DMSO-Dg) §:
11.85 (1H,s), 7.71 (1H, d, J = 7.3 Hz), 7.49 (1H, t, J = 7.3 Hz), 7.33 (1H, d, J = 7.9 Hz), 7.22 (1H, 1, = 7.3
Hz), 4.26 (2H, s), 3.66-3.62 (2H, m), 2.94-2.88 (2H, m), 1.44 (9H, s). MS (ESI/APCI) m/z: 245.1, 301.2 (calcd
for C13H13N203 (M-tBu+H)*: 245.1, for C17H21N203 (M+H)*: 301.1).
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2,3,4,6-tetrahydrobenzo[c][2,7]naphthyridin-5(1H)-one HCI (43)

To a suspension of S21 (42.7 mg, 0.14 mmol) in MeOH (2 mL) was added 4M HCI in 1,4-dioxane (1 mL) at
rt. The mixture was stirred at rt for 1 h. Concentration under reduced pressure gave crude 43 (33.7 mg, quant.)
as a white solid, which was used for the next step without further purification.

tert-butyl 4-[(5-oxo0-1,4,5,6-tetrahydrobenzo[c][2,7]naphthyridin-3(2H)-yl)carbonyl]benzoate (44)

To a solution of 43 (33.7 mg, 0.14 mmol), 4-(tert-butoxycarbonyl)benzoic acid (146 mg, 0.656 mmol) and
triethylamine (0.0197 mL, 0.14 mmol) in MeOH (3 mL) was added DMT-MM hydrate (46.2 mg, 0.16 mmol)
at rt. After stirring at rt for 2 h, the reaction mixture was concentrated in vacuo, and the residue was diluted
with water. It was extracted with CHCIs, and the organic layer was washed with brine, dried over anhydrous
NazSO04, and filtrated. Purification by column chromatography (SiO2, MeOH/CH2Cl; = 0/100 — 10/90 (v/v)) to
give 44 (49.7 mg, 86% yield) as a white solid. *H-NMR (DMSO-Dg, 80 °C) &: 11.58 (1H, s), 7.99-7.96 (2H,
m), 7.70-7.66 (1H, m), 7.57-7.54 (2H, m), 7.49-7.45 (1H, m), 7.35-7.32 (1H, m), 7.23-7.19 (1H, m), 4.45-4.39
(2H, m), 3.84-3.69 (2H, m), 3.01-2.98 (2H, m), 1.57 (9H, s). MS (ESI/APCI) m/z: 405.2 (calcd for C24H2sN204
(M+H)*: 405.2).
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4-[(5-0x0-1,4,5,6-tetrahydrobenzo[c][2,7]naphthyridin-3(2H)-yl)carbonyl]benzoic acid (45)

A mixture of 44 (38.6 mg, 0.095 mmol), MeOH (1 mL), and 4M HCI in 1,4-dioxane (1 mL) was stirred at rt
overnight. Concentration of the reaction mixture under reduced pressure gave methyl ester of 45. The residue
was dissolved in MeOH (1 mL) and 1M NaOH aqg. (1 mL) was added to it. The mixture was stirred at rt for 1.5
h. 1M ag. HCI (1 mL) and MeOH (1 mL) was added to the mixture, and the resulting precipitate was collected
by filtration, washed with water, and dried. Preparative reverse-phase HPLC and following trituration with
ethanol at 50 °C afforded 45 (10.3 mg, 31% yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) &: 11.59 (1H,
s), 8.03-8.00 (2H, m), 7.69 (1H, d, J = 7.9 Hz), 7.56 (2H, d, J = 7.9 Hz), 7.50-7.45 (1H, m), 7.34 (1H,d,J=7.9
Hz), 7.23-7.19 (1H, m), 4.47-4.39 (2H, m), 3.84-3.73 (2H, m), 3.11-2.96 (2H, m). MS (ESI/APCI) m/z: 349.1
(calcd for CooH17N204 (M+H)*: 349.1).

O
methyl 4-[(4-oxo0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)methyl]benzoate (S22)
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Sodium triacetoxyborohydride (159 mg, 0.75 mmol) was added to the mixture of S2 (150 mg, 0.50 mmol),
methyl 4-formylbenzoate (91 mg, 0.55 mmol) and THF (10 mL). After stirring at rt overnight, sat. aq. NaHCO3
was added to the mixture and it was extracted with CH.Cl,. The organic layer was washed with water, dried
over anhydrous Na,SO, filtered, and concentrated in vacuo. Purification by column chromatography (SiO,
EtOAC/CH,Cl, = 1/1 (v/v)) afforded S22 (50 mg, 27% yield) as a colorless solid. *H-NMR (CDCls) &: 11.83
(1H, s), 8.07-8.01 (4H, m), 7.55-7.39 (5H, m), 3.93 (3H, s), 3.80 (2H, ), 3.52 (2H, s), 2.91-2.78 (4H, m). MS
(ESI/APCI) m/z: 376.1 (calcd for C2H22N303 (M+H)*: 376.2).

4-[(4-ox0-2-phenyl-3,5,7,8-tetrahydropyrido[4,3-d]pyrimidin-6(4H)-yl)methyl]benzoic acid (S23)

To a MeOH (10 mL) solution of S22 (50 mg, 0.13 mmol) was added 1M NaOH ag. (3 mL). The mixture was
stirred at rt for 3 days. 1M ag. HCI (3 mL) was added to it, and the resulting precipitate was filtrated and dried
at 60 °C under reduced pressure to afford S23 (42 mg, 87% vyield) as a colorless solid. *H-NMR (DMSO-Dg) &:
12.87 (1H, br s), 12.67 (1H, br s), 8.07 (2H, d, J = 7.3 Hz), 7.94 (2H, d, J = 8.5 Hz), 7.60-7.47 (5H, m), 3.78
(2H, s), 3.27 (2H, s), 2.80-2.70 (4H, m). MS (ESI/APCI) m/z: 362.2 (calcd for Cx1H2oN3O3 (M+H)*: 362.1).
The ICso value for MTHFD2 was found to be > 30 pM.
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8-hydroxy-7-methyl-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one-0.5H2SO04 (65b)

A mixture of ethyl 4-oxopiperidine-3-carboxylate hydrochloride (40.5 g, 195 mmol), 2-methylresorcinol
(24.2 g, 195 mmol) and 64% sulfuric acid (200 mL) was stirred at rt for 6 h and allowed to stand still overnight.
Ice water (300 mL) was added and the solution was stirred for 2 h. Insoluble material was collected by filtration,
washed with a small volume of water and n-hexane, then dried at 50 °C under reduced pressure to give 65b
(45.1 g, 83% yield) as a solid. *H-NMR (DMSO-Ds, 50 °C) &: 7.42 (1H, d, J = 8.5 Hz), 6.89 (1H, d, J = 8.5 Hz),
3.78 (2H, s), 3.23-3.18 (2H, m), 2.88 (2H, t, J = 5.8 Hz), 2.18 (3H, s). MS (ESI/APCI) m/z: 232.2 (M+H)".
HRMS (ESI): m/z calcd for C13H14NO3 (M+H)* 232.0968. Found 232.0975.
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tert-butyl 8-hydroxy-7-methyl-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridine-3(4H)-carboxylate (68)

To a suspension of 65b (5.02 g, 15.2 mmol) in THF (100 mL) was added 1M ag. NaOH (15.2 mL), and the
reaction mixture was stirred at rt for 30 min. After sat. ag. NaHCO3 (30 mL) and Boc,0 (3.5 g, 16 mmol) were
added, the resultant solution was stirred for 3 h and then allowed to stand still overnight. The mixture was
diluted with EtOAc, and the organic layer was washed with water, dried over anhydrous Na,SOs, filtered and
concentrated in vacuo. EtOAc was added to the residue and the resulting solid was collected by filtration, dried
at 60 °C under reduced pressure to give 68 (4.32 g, 86% yield) as a solid. *H-NMR (DMSO-Ds) 6: 10.37 (1H,
s), 7.41 (1H, d, J =8.5 Hz), 6.87 (1H, d, J =8.5 Hz), 4.19 (2H, s), 3.61 (2H, t, J =5.8 Hz), 2.83 (2H, t, J =5.8
Hz), 2.16 (3H,s), 1.44 (9H, s). MS (ESI/APCI) m/z: 276.2 (M-tBu+H)*. HRMS (ESI): m/z calcd for C1gH20NOs
(M—H)~330.1347. Found 330.1342.
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tert-butyl  7-methyl-5-oxo0-8-{[(trifluoromethyl)sulfonyl]oxy}-1,5-dihydro-2H-chromeno[3,4-c]pyri-
dine-3(4H)-carboxylate (93)

To a suspension of 68 (6.43 g, 19.4 mmol) and pyridine (2.82 mL, 34.9 mmol) in DCM (100 mL) was added
Tf,0 (4.24 mL. 25.2 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 30 min. Water was added to
it, and the resultant solution was extracted with chloroform. The organic layer was washed with HCI and brine,
dried over anhydrous Na,SO, and then filtered. After the solvent was evaporated under reduced pressure, the
residue was purified by column chromatography (SiO,, MeOH/DCM = 0/100 — 2/98 (v/v)) to obtain 93 (8.09
g, 90% yield) as a pale-yellow solid. *H-NMR (CDClz) &: 7.49 (1H, d, J = 8.5 Hz), 7.29-7.24 (1H, m), 4.43 (2H,
s), 3.75 (2H, t, J = 5.8 Hz), 2.92-2.84 (2H, m), 2.49 (3H, s), 1.50 (9H, s). MS (ESI/APCI) m/z: 364.2 (M-
Boc+H)*, 408.1 (M-tBu+H)*. Anal. Calcd for C1gH20FsNO7S-H,0: C, 47.40; H, 4.61; N, 2.91; F, 11.84; S, 6.66.
Found: C, 47.58; H, 4.36; N, 2.93; F, 12.15; S, 6.73.
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tert-butyl  8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-5-0xo0-1,5-dihydro-2H-chromeno[3,4-c]pyri-
dine-3(4H)-carboxylate (94d)

In a similar manner to that employed for the synthesis of 69b, the title compound 94d (507 mg, 76% yield)
was obtained us-ing 93 (723 mg, 1.56 mmol) and (2S)-1,2-dimethylpiperazine dihydrochloride (583 mg, 3.12
mmol). *H-NMR (CDCls) é: 7.36 (1H, d, ] = 8.5 Hz), 6.98 (1H, d, ] = 8.5 Hz), 4.40 (2H, s), 3.75-3.70 (2H, m),
3.14-2.82 (6H, m), 2.64-2.47 (2H, m), 2.43-2.32 (7H, m), 1.50 (9H, s), 1.13 (3H, d, J = 6.1 Hz). MS (ESI/APCI)
m/z: 428.4 (M+H)*. HRMS (ESI): m/z calcd for C24H34N304 (M+H)* 428.2544. Found 428.2537.

/N_J -2HC]

8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-
one-2HCI (S24)

In a similar manner to that employed for the synthesis of 70b, the title compound S24 (496 mg, quant.) was
obtained from 94d (505 mg, 1.18 mmol). *H-NMR (DMSO-Dg) §: 10.77 (1H, br s), 9.53 (2H, br s), 7.63 (1H,
d, J=8.5Hz), 7.16 (1H, d, J = 8.5 Hz), 4.01-3.96 (2H, m), 3.57-2.64 (14H, m), 2.32 (3H, s), 1.36 (3H, d, J =
6.1 Hz). MS (ESI/APCI) m/z: 328.2 (M+H)*. HRMS (ESI): m/z calcd for C19H26N30, (M+H)* 328.2020. Found
328.2048.

3-[4-amino-3-(trifluoromethoxy)benzoyl]-8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-1,2,3,4-tetra-
hydro-5H-chromeno[3,4-c]pyridin-5-one (95e)

In a similar manner to that employed for the synthesis of 92e, the title compound 95e (56 mg, 71% yield)
was obtained using S24 (65 mg, 0.15 mmol) and 4-amino-3-(trifluoromethoxy)benzoic acid (37 mg, 0.17 mmol).
!H-NMR (DMSO0-Dg, 80 °C) 8: 7.51 (1H, d,J = 9.1 Hz), 7.26-7.21 (2H, m), 7.05 (1H, d, J = 8.5 Hz), 6.87 (1H,
d, J=8.5Hz), 5.62 (2H, s), 4.40 (2H, s), 3.81-3.74 (2H, m), 3.04-2.79 (6H, m), 2.61-2.47 (3H, m), 2.29 (3H,
s), 2.26 (3H, s), 1.05 (3H, d, J = 6.1 Hz). MS (ESI/APCI) m/z: 531.3 (M+H)*. HRMS (ESI): m/z calcd for
C27H30F3sN4O4 (M+H)* 531.2214. Found 531.2207.
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N-[4-({8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl}carbonyl)-2-(trifluoromethoxy)phenyl]methanesulfonamide (87, DS18561882)

In a similar manner to that employed for the synthesis of 79, the title compound 87 (57 mg, 90% yield) was
obtained using 95e (55 mg, 0.10 mmol) and methanesulfonyl chloride (0.029 mL, 0.37 mmol). *H-NMR
(DMSO-Dg, 80 °C) 6: 7.63 (1H, d, J = 8.5 Hz), 7.53-7.44 (3H, m), 7.06 (1H, d, J = 8.5 Hz), 4.40 (2H, s), 3.80-
3.72 (2H, m), 3.10 (3H, s), 3.04-2.81 (6H, m), 2.59-2.34 (3H, m), 2.31-2.26 (6H, m), 1.06 (3H, d, J = 6.1 Hz).
13C-NMR (DMSO0-Dg) &: 167.6, 159.3, 153.7, 150.8, 146.8, 139.5, 133.3, 131.2, 126.8, 123.0, 121.9, 120.7,
120.1 (g, Yc.r = 258 Hz), 117.9, 116.4, 115.0, 113.4, 57.7, 57.6, 54.9, 51.1, 41.9, 40.7, 24.5, 16.3, 10.8. MS
(ESIVAPCI) m/z: 609.3 (M+H)*. HRMS (ESI): m/z calcd for CzsH32F3sN4OsS (M+H)* 609.1989. Found
609.2015. IR (KBr) 3417, 2935, 2820, 1712, 1640, 1603, 1505, 1445, 1386, 1340, 1257, 1234, 1214, 1160,
1106 cm. Anal. Calcd for CagHs1FsN4OsS-H,0: C, 53.67; H, 5.31; N, 8.94; F, 9.10; S, 5.12. Found: C, 54.05;
H, 5.40; N, 8.68; F, 8.94; S, 5.00. [a]o®® —8.92° (c = 1.01, CHCly).
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8-hydroxy-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one-0.5H2SO4 (58)

In a similar manner to that employed for the synthesis of 65b, the title compound 58 (5.76 g, 45% yield) was
obtained using ethyl 4-oxopiperidine-3-carboxylate hydrochloride (10 g, 48.2 mmol) and resorcinol (5.31 g,
48.2 mmol). 'H-NMR (DMSO-Dg) 8: 7.59 (1H, d, J = 8.5 Hz), 6.84 (1H, dd, ] = 8.5, 2.4 Hz), 6.76 (1H, d, ] =
2.4 Hz), 3.80 (2H, s), 3.24 (2H, t, J = 5.8 Hz), 2.95-2.88 (2H, m). MS (ESI/APCI) m/z; 218.2 (M+H)*.

tert-butyl  4-[(8-hydroxy-5-oxo0-1,5-dihydro-2H-chromenol3,4-c]pyridin-3(4H)-yl)carbonyl]benzoate
(59)

To a suspension of 58 (1.0 g, 3.76 mmol) and 4-(tert-butoxycarbonyl)benzoic acid (835 mg, 3.76 mmol) in
MeOH (30 mL) were added 4-methylmorpholine (1 mL, 9.01 mmol) and DMT-MM hydrate (1.16 g, 3.94
mmol) at rt. The mixture was stirred at rt for 4 h and allowed to stand still overnight. It was diluted with EtOAc
and washed with sat. aqg. NaHCO3 and brine, dried over anhydrous Na,SOa, and filtered. Concentration under
reduced pressure and purification by column chromatography (SiO,, EtOAc/DCM = 0/100 — 50/50 (v/v)) af-
forded 59 (536 mg, 34% yield) as a colorless solid. *H-NMR (DMSO-Ds, 80 °C) &: 10.23 (1H, s), 7.97 (2H, d,
J =8.5 Hz), 7.57-7.52 (3H, m), 6.84-6.80 (1H, m), 6.74-6.71 (1H, m), 4.35 (2H, br s), 3.73 (2H, br s), 2.96-
2.89 (2H, m), 1.57 (9H, s). MS (ESI/APCI) m/z: 422.2 (M+H)".
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tert-butyl 4-({8-[2-(dimethylamino)ethoxy]-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoate (60a)

To a DMF (3 mL) solution of 59 (445 mg, 1.06 mmol) were added potassium carbonate (1.45 g, 10.6 mmol)
and 2-dimethylaminoethyl chloride hydrochloride (760 mg, 5.28 mmol). The mixture was stirred at 120 °C for
7 h. After cooling down to rt, water was added to the mixture and it was extracted with EtOAc. The organic
layer was washed with water, 1M agq. NaOH, water, and brine, and dried over anhydrous Na,SOa. Filtration,
concentration in vacuo, and purification by column chromatography (SiO2, MeOH/DCM = 3/97 — 15/85 (v/v))
afforded 60a (165 mg, 32% yield) as a pale-yellow amorphous. *H-NMR (DMSO-Ds) §: 8.01-7.97 (2H, m),
7.72-7.57 (3H, m), 7.09-6.98 (2H, m), 4.51-4.20 (2H, m), 4.19-4.13 (2H, m), 3.98-3.53 (2H, m), 3.01-2.92 (2H,
m), 2.68-2.63 (2H, m), 2.22 (6H, s), 1.57 (9H, s). MS (ESI/APCI) m/z: 493.3 (M+H)*.

o) 0]
) | N
OH
I
/N\/\O 0

.CF,CO,H

4-({8-[2-(dimethylamino)ethoxy]-5-o0xo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl}car-
bonyl)benzoic acid-CF3CO:zH (46)

To a DCM (0.2 mL) solution of 60a (16.0 mg, 0.033 mmol) was added TFA (0.2 mL, 3 mmol) at rt. The
mixture was stirred at rt for 1.5 h. Concentration under reduced pressure and trituration with EtOAc afforded
46 (3.8 mg, 21% yield) as a white solid. *H-NMR (DMSO-Ds) &: 9.60 (1H, br s), 8.05-8.02 (2H, m), 7.78-7.66
(1H, m), 7.63-7.58 (2H, m), 7.16-7.09 (1H, m), 7.08-7.04 (1H, m), 4.52-4.23 (4H, m), 3.97-3.53 (4H, m), 3.02-
2.96 (2H, m), 2.87 (6H, s). MS (ESI/APCI) m/z: 437.1 (M+H)*. HRMS (ESI): m/z calcd for CasH25N20s
(M+H)* 437.1707. Found 437.1725. IR (KBr) 3434, 3052, 2768, 2629, 2497, 1712, 1613, 1436, 1402, 1282,
1262, 1239, 1200, 1174, 1157, 1133, 1096 cm™.
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tert-butyl  4-({8-[3-(dimethylamino)propoxy]-5-0xo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoate (60b)

To a THF (2 mL) solution of 59 (88 mg, 0.21 mmol) and triphenylphosphine (109.3 mg, 0.42 mmol) were
added 3-dimethylamino-1-propanol (48.9 pL, 0.42 mmol) and diisopropyl azodicarboxylate (82.2 uL, 0.42
mmol) at rt. The mixture was stirred at rt for 1.5 h and then concentrated under reduced pressure. Purification
by column chromatography (SiO,, MeOH/DCM = 6/94 — 15/85 (v/v)) afforded 60b (92.5 mg, 87% yield) as a
colorless solid. *H-NMR (DMSO-Ds, 80 °C) &: 7.98-7.95 (2H, m), 7.63-7.60 (1H, m), 7.58-7.55 (2H, m), 6.99-
6.94 (2H, m), 4.39-4.34 (2H, m), 4.13 (2H, t, J = 6.4 Hz), 3.81-3.68 (2H, m), 2.97-2.93 (2H, m), 2.38 (2H, t, J
=7.0 Hz), 2.17 (6H, s), 1.90-1.84 (2H, m), 1.57 (9H, s). MS (ESI/APCI) m/z: 507.4 (M+H)".
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4-({8-[3-(dimethylamino)propoxy]-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl}car-
bonyl)benzoic acid-HCI (47)

4M HCI in 1,4-dioxane (3 mL) was added to 60b (62.0 mg, 0.12 mmol) and the mixture was stirred at rt
overnight. After concentrated in vacuo, the resulting material was triturated with EtOAc. The obtained solid
was collected by filtration and dried at 60 °C under reduced pressure to give 47 (29.7 mg, 50% yield) as a
yellow solid. *H-NMR (DMSO-Ds, 80 °C) &: 10.43 (1H, br s), 8.04-7.99 (2H, m), 7.67-7.63 (1H, m), 7.58-7.55
(2H, m), 7.02-6.97 (2H, m), 4.42-4.35 (2H, m), 4.20 (2H, t, J = 6.1 Hz), 3.80-3.71 (2H, m), 3.24-3.19 (2H, m),
2.99-2.95 (2H, m), 2.78 (6H, s), 2.22-2.15 (2H, m). MS (ESI/APCI) m/z: 451.2 (M+H)*. HRMS (ESI): m/z
calcd for CasH27N206 (M+H)* 451.1864. Found 451.1874.

tert-butyl  4-({8-[(1-methylpiperidin-4-yl)oxy]-5-0xo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoate (60c)

To a mixture of 59 (92.6 mg, 0.22 mmol) and 4-hydroxy-1-methylpiperidine (51.6 mg, 0.45 mmol) in THF
(3 mL) were added tributylphosphine (0.109 mL, 0.44 mmol) and 1,1'-(azodicarbonyl)dipiperidine (111 mg,
0.44 mmol) at rt. The mixture was stirred at 50 °C for 3 h. Then, 4-hydroxy-1-methylpiperidine (47.6 mg, 0.42
mmol), 1,1'-(azodicarbonyl)dipiperidine (112 mg, 0.44 mmol) and tributylphosphine (0.109 mL, 0.44 mmol)
were added and the mixture was stirred at 60 °C for 6 h. The mixture was concentrated in vacuo and purified
by column chromatography (SiO,, MeOH/DCM = 3/97 — 15/85 (v/v)) to afford 60c (27.1 mg, 24% vyield) as a
pale-yellow solid. *H-NMR (DMSO-Dg, 80 °C) &: 8.01-7.95 (2H, m), 7.64-7.54 (3H, m), 7.03-6.95 (2H, m),
4.55-4.32 (3H, m), 3.89-3.59 (2H, m), 2.98-2.91 (2H, m), 2.69-2.61 (2H, m), 2.31-2.19 (5H, m), 2.00-1.92 (2H,
m), 1.76-1.66 (2H, m), 1.57 (9H, s). MS (ESI/APCI) m/z: 519.2 (M+H)*.
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4-({8-[(1-methylpiperidin-4-yl)oxy]-5-o0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl}car-
bonyl)benzoic acid (48)

To a MeOH (1 mL) solution of 60c (25.3 mg, 0.049 mmol) was added 4M HCI in 1,4-dioxane (1 mL) and
the mixture was stirred at rt overnight. After concentrated in vacuo, MeOH (0.5 mL) and 1M ag. NaOH (0.5
mL) were added to it, and the solution was stirred at rt for 2.5 h. 1M HCI (0.5 mL) was added to the solution,
and the solvent was evaporated under reduced pressure. Preparative reverse-phase HPLC afforded 48 (6.8 mg,
25% yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) 6: 8.01 (2H, d, J = 7.9 Hz), 7.61 (1H, d, ] = 9.2 Hz),
7.56 (2H, d, J = 7.9 Hz), 7.00-6.96 (2H, m), 4.55-4.49 (1H, m), 4.42-4.35 (2H, m), 3.79-3.71 (2H, m), 2.97-
2.93 (2H, m), 2.66-2.60 (2H, m), 2.30-2.23 (2H, m), 2.21 (3H, s), 2.00-1.92 (2H, m), 1.74-1.64 (2H, m). MS
(ESI/APCI) m/z: 463.2 (M+H)*. HRMS (ESI): m/z calcd for CasH27N20s (M+H)* 463.1864. Found 463.1870.
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tert-butyl 4-{[5-ox0-8-{[(trifluoromethyl)sulfonyl]oxy}-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}benzoate (61)

In a similar manner to that employed for the synthesis of 93, the title compound 61 (619 mg, 77% yield) was
obtained from 59 (614 mg, 1.46 mmol). *H-NMR (CDCls) &: 8.07 (2H, d, J = 8.5 Hz), 7.72-7.65 (1H, m), 7.51
(2H, d, J = 8.5 Hz), 7.32-7.28 (2H, m), 4.86-4.35 (2H, m), 4.15-3.69 (2H, m), 3.08-2.85 (2H, m), 1.62 (9H, s).
MS (ESI/APCI) m/z: 498.0 (M-tBu+H)*, 554.1 (M+H)*.

"l

tert-butyl  4-{[8-{4-[(dimethylamino)methyl]phenyl}-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}benzoate (62a)

A mixture of 61 (70 mg, 0.13 mmol), 4-[(N,N-dimethylamino)methyl]phenylboronic acid pinacol ester hy-
drochloride (42 mg, 0.14 mmol), Pd(dppf)Cl.-DCM adduct (5.4 mg, 0.0066 mmol), NaHCO3 (26.6 mg, 0.32
mmol), 1,4-dioxane (1 mL) and water (0.25 mL) was stirred at 90—100 °C for 1.5 h under N atmosphere. After
cooling down to rt, the mixture was diluted with EtOAc and insoluble materials were removed by filtration over
Celite. The filtrate was concentrated in vacuo and purified by column chromatography (SiO2, MeOH/DCM =
0/100 — 10/90 (v/v)) to afford 62a (65.2 mg, 96% yield) as a brown solid. *H-NMR (DMSO-Ds, 80 °C) &: 7.99
(2H, d, J = 7.9 Hz), 7.81-7.69 (5H, m), 7.58 (2H, d, J = 7.9 Hz), 7.45 (2H, d, J = 7.9 Hz), 4.47-4.40 (2H, m),
3.82-3.75 (2H, m), 3.63-3.59 (2H, m), 3.08-2.99 (2H, m), 2.30 (6H, s), 1.58 (9H, s). MS (ESI/APCI) m/z: 539.3
(M+H)*.

OH

4-{[8-{4-[(dimethylamino)methyl]phenyl}-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl]carbonyl}benzoic acid-HCI (49)

In a similar manner to that employed for the synthesis of 47, the title compound 49 (27.0 mg, 57% yield) was
obtained from 62a (49.4 mg, 0.092 mmol). *H-NMR (DMSO-Ds, 80 °C) §: 8.04-8.01 (2H, m), 7.91-7.88 (2H,
m), 7.83-7.81 (1H, m), 7.77-7.74 (2H, m), 7.67-7.64 (2H, m), 7.60-7.57 (2H, m), 4.48-4.43 (2H, m), 4.30 (2H,
s), 3.84-3.76 (2H, m), 3.11-3.02 (2H, m), 2.74 (6H, s). MS (ESI/APCI) m/z: 483.2 (M+H)*. HRMS (ESI): m/z
calcd for CagH27N20s (M+H)* 483.1915. Found 483.1909.
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tert-butyl 4-({8-[4-(dimethylamino)phenyl]-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoate (62b)

In a similar manner to that employed for the synthesis of 62a, the title compound 62b (42.5 mg, 64% yield)
was obtained from 61 (70 mg, 0.13 mmol) and 4-(N,N-dimethylamino)benzeneboronic acid (23 mg, 0.14 mmol).
'H-NMR (DMSO-Dg, 80 °C) 6: 7.99 (2H, d, I = 7.9 Hz), 7.72-7.69 (1H, m), 7.67-7.63 (3H, m), 7.60-7.56 (3H,
m), 6.83-6.81 (2H, m), 4.46-4.38 (2H, m), 3.85-3.72 (2H, m), 3.02-2.99 (2H, m), 2.97 (6H, s), 1.58 (9H, s). MS
(ESI/APCI) m/z: 525.4 (M+H)*.

OH

4-({8-[4-(dimethylamino)phenyl]-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl}car-
bonyl)benzoic acid (50)

To a DCM (1.5 mL) solution of 62b (36 mg, 0.069 mmol) was added TFA (0.5 mL) and the mixture was
stirred at rt for 2 h. After concentrated in vacuo, the residue was purified by column chromatography (SiO,
MeOH/DCM = 5/95 — 15/85 (v/v)) to afford 50 (9.6 mg, 30% yield) as a yellow solid. *H-NMR (DMSO-De,
80 °C) 6: 8.02 (2H, d, J = 8.5 Hz), 7.73-7.56 (7H, m), 6.84-6.80 (2H, m), 4.46-4.38 (2H, m), 3.81-3.74 (2H, m),
3.03-3.00 (2H, m), 2.97 (6H, s). MS (ESI/APCI) m/z: 469.3 (M+H)*. HRMS (ESI): m/z calcd for CasH2sN20s
(M+H)* 469.1758. Found 469.1753.

& O

tert-butyl 4-{[8-(4-methylpiperazin-1-yl)-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl]car-
bonyl}benzoate (63)

In a similar manner to that employed for the synthesis of 69b, the title compound 63 (54 mg, 85% yield) was
obtained from 61 (70 mg, 0.13 mmol) and 1-methylpiperazine (0.0209 mL, 0.19 mmol). *H-NMR (DMSO-Ds,
80 °C) 6: 7.97 (2H, d, I = 8.5 Hz), 7.56 (2H, d, J = 8.5 Hz), 7.50 (1H, d, J = 9.1 Hz), 6.96 (1H, dd, J=9.1, 1.8
Hz), 6.79 (1H, d, J = 1.8 Hz), 4.37-4.31 (2H, m), 3.82-3.66 (2H, m), 3.33 (4H, t, J = 5.2 Hz), 2.93-2.90 (2H,
m), 2.45 (4H, t, J = 5.2 Hz), 2.23 (3H, s), 1.57 (9H, s). MS (ESI/APCI) m/z: 504.3 (M+H)*.
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4-{[8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl]carbonyl}ben-
zoic acid-HCI (51)

In a similar manner to that employed for the synthesis of 47, the title compound 51 (21 mg, 58% yield) was
obtained from 63 (38 mg, 0.076 mmol). *H-NMR (DMSO-Ds, 80 °C) &: 8.03-7.99 (2H, m), 7.59-7.54 (3H, m),
7.06-7.00 (1H, m), 6.95-6.91 (1H, m), 4.43-4.30 (2H, m), 3.83-3.65 (2H, m), 3.38-3.00 (8H, m), 2.96-2.91 (2H,
m), 2.80 (3H, s). MS (ESI/APCI) m/z: 448.2 (M+H)*. HRMS (ESI): m/z calcd for CzsH2sN30s (M+H)*
448.1867. Found 448.1872.
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tert-butyl 10-hydroxy-8-methyl-5-oxo-1,5-dihydro-2H-[1]benzopyrano[3,4-c]pyridine-3(4H)-carbox-
ylate (72b)

To a mixture of 5-methylresorcinol (1.20 g, 9.63 mmol) and 70% perchloric acid (10 mL) was added ethyl
4-oxo0-3-piperidinecarboxylate hydrochloride (2.00 g, 9.63 mmol) at rt. After stirring for 6 h at rt, 5-methylres-
orcinol (1.20 g, 9.63 mmol) was added to the mixture. After stirring overnight at rt, ice water and Et,O was
added to the mixture, and insoluble material was obtained by filtration. Aqueous phase of mother liquid was
separated, and mixed with the obtained solid. To this mixture was added 5N ag. NaOH (23 mL), THF (100 mL),
and Boc,0 (4.20 g, 19.3 mmol) at 0 °C. After stirring for 1 h at rt, 5N ag. NaOH (3 mL) was added, and the
mixture was stirred for another 15 min at rt. 5N HCI (2 mL) was added to the mixture, which was subsequently
extracted with EtOAc. The organic layer was washed with 10% aq. citric acid, water, and brine, respectively,
dried over Na SOy, filtered, and concentrated in vacuo. The residue was suspended in EtOAc (100 mL) at 50 °C,
and the resulting solid was collected by filtration to give 72b (2.43 g, 76%) as a white solid. The structure was
determined by 'H-NMR, NOE, and HMBC. *H-NMR (DMSO-Dg) §: 10.57 (1H, s), 6.65 (1H, br s), 6.59 (1H,
brs), 4.18 (2H, s), 3.55-3.49 (2H, m), 3.19-3.13 (2H, m), 2.28 (3H, s), 1.43 (9H, s). MS (ESI/APCI) m/z: 276.2
(M-tBu+H)*, 232.2 (M-Boc+H)*.
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tert-butyl 10-methyl-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridine-3(4H)-carboxylate (73)

A mixture of 42 (100 mg, 0.26 mmol), 2-bromo-3-methylphenol (49 mg, 0.26 mmol), Pd(dppf)Cl.-DCM
adduct (10.6 mg, 0.013 mmol), NaHCOs3 (55 mg, 0.66 mmol), THF (2 mL) and water (0.5 mL) was stirred at
100 °C for 1.5 h under microwave irradiation. After cooling down to rt, the mixture was diluted with EtOAc
and insoluble materials were removed by filtration over Celite. The filtrate was concentrated in vacuo and
purified by column chromatography (SiO2, EtOAc/n-hexane = 1/9 — 1/3 (v/v)) to afford 73 (43.8 mg, 53% vyield)
as a white solid. *H-NMR (CDCls) 8: 7.37-7.33 (1H, m), 7.22 (1H, d, J = 7.9 Hz), 7.08 (1H, d, J = 7.3 Hz), 4.43
(2H, s), 3.65 (2H, t, J = 5.8 Hz), 3.15-3.11 (2H, m), 2.72 (3H, s), 1.51 (9H, s). MS (ESI/APCI) m/z: 260.2 (M-
tBu+H)*, 216.2 (M-Boc+H)*.
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tert-butyl  4-[(10-methyl-5-0x0-1,5-dihydro-2H-chromenol3,4-c]pyridin-3(4H)-yl)carbonyl]benzoate
(74)

To a suspension of 73 (42.6 mg, 0.14 mmol) in MeOH (1 mL) was added 4M HCI in 1,4-dioxane (1 mL) and
the mixture was stirred at rt. After 1 h, the reaction mixture was concentrated under reduced pressure. The
obtained material was mixed with 4-(tert-butoxycarbonyl)benzoic acid (30.3 mg, 0.14 mmol), MeOH (2 mL),
triethylamine (0.0187 mL, 0.14 mmol) and DMT-MM hydrate (44.5 g, 0.15 mmol) at rt. The mixture was stirred
at rt for 2 h. After concentrated in vacuo, water was added to the residue and it was extracted with chloroform.
The organic layer was washed with brine, dried over anhydrous Na,SOs, filtered, and concentrated. Purification
by column chromatography (SiO,, EtOAc/n-hexane = 1/3 — 1/1 (v/v)) afforded 74 (50.4 mg, 89% yield) as a
white solid. *H-NMR (DMSO-Dg, 80 °C) 6: 7.99 (2H, d, J = 7.9 Hz), 7.60 (2H, d, J = 7.9 Hz), 7.46-7.40 (1H,
m), 7.22 (1H, d, J = 8.5 Hz), 7.17 (1H, d, J = 7.3 Hz), 4.46-4.38 (2H, m), 3.73-3.61 (2H, m), 3.25-3.22 (2H, m),
2.71 (3H, s), 1.57 (9H, s). MS (ESI/APCI) m/z: 420.3 (M+H)*.
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4-[(10-methyl-5-0x0-1,5-dihydro-2H-chromenol[3,4-c]pyridin-3(4H)-yl)carbonyl]benzoic acid (52)

4M HCl in 1,4-dioxane (1 mL) was added to 74 (44 mg, 0.11 mmol) and the mixture was stirred at rt overnight.
Concentration under reduced pressure and following trituration with ethanol at 50 °C gave 52 (28 mg, 74%
yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) &: 8.04-8.01 (2H, m), 7.61-7.58 (2H, m), 7.45-7.40 (1H,
m), 7.23-7.21 (1H, m), 7.18-7.14 (1H, m), 4.46-4.39 (2H, m), 3.73-3.64 (2H, m), 3.27-3.22 (2H, m), 2.71 (3H,
s). ¥*C-NMR (DMSO-Ds, for a mixture of rotamers) 8: 168.6, 168.0, 166.7, 158.5, 152.6, 148.6, 139.5, 136.7,
131.9,130.5, 129.5, 128.7, 127.2, 119.5, 118.6, 115.2, 45.7, 43.2, 40.9, 38.0, 30.0, 29.0, 23.9. MS (ESI/APCI)
m/z: 364.2 (M+H)*. HRMS (ESI): m/z calcd for C2:H1sNOs (M—H)~362.1034. Found 362.1032. IR (KBr) 3407,
2934, 2673, 2556, 1709, 1647, 1513, 1437, 1323, 1252 cm™2. Anal. Calcd for C;H17NOs-0.4H,0: C, 68.06; H,
4.84; N, 3.78. Found: C, 68.06; H, 4.78; N, 4.00.

HO -0.5H,S0O,

8-hydroxy-9-methyl-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one-0.5H2SO4 (65a)

In a similar manner to that employed for the synthesis of 65b, the title compound 65a (1.15 g, 78% yield)
was obtained using ethyl 4-oxopiperidine-3-carboxylate hydrochloride (1.08 g, 5.24 mmol) and 4-methylresor-
cinol (650 mg, 5.24 mmol). 'H-NMR (DMSO-Ds) &: 10.67 (1H, s), 9.03 (2H, br s), 7.52 (1H, s), 6.79 (1H, s),
3.97 (2H, s), 3.46-3.39 (2H, m), 3.09-3.04 (2H, m), 2.20 (3H, s). MS (ESI/APCI) m/z: 232.1 (M+H)".
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tert-butyl 4-[(8-hydroxy-9-methyl-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl)car-
bonyl]benzoate (66a)

In a similar manner to that employed for the synthesis of 59, the title compound 66a (406 mg, 52% yield)
was obtained from 65a (500 mg, 1.78 mmol) and 4-(tert-butoxycarbonyl)benzoic acid (396 mg, 1.78 mmol).
H-NMR (DMSO0-Dg) 8: 10.53 (1H, s), 8.01-7.97 (2H, m), 7.63-7.42 (3H, m), 6.78-6.73 (1H, m), 4.50-4.16
(2H, m), 3.96-3.52 (2H, m), 2.99-2.91 (2H, m), 2.19 (3H, s), 1.57 (9H, s). MS (ESI/APCI) m/z: 380.1 (M-
tBu+H)*.
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tert-butyl  4-({8-[2-(dimethylamino)ethoxy]-9-methyl-5-ox0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl}carbonyl)benzoate (67a)

To a suspension of 66a (56.6 mg, 0.13 mmol), 2-(dimethylamino)ethanol (0.026 mL, 0.26 mmol) and tri-
phenylphosphine (68 mg, 0.26 mmol) in THF (1.5 mL) was added diisopropyl azodicarboxylate (0.0512 mL,
0.26 mmol) at rt under N, atmosphere. The mixture was stirred for 3 h at rt and for 1 h at 60 °C. Then, 2-
(dimethylamino)ethanol (0.013 mL, 0.13 mmol), triphenylphosphine (36.1 mg, 0.13 mmol) and diisopropyl
azodicarboxylate (0.0256 mL, 0.13 mmol) were added and the mixture was stirred for 4 h at 60 °C. Concentra-
tion under reduced pressure and purification by column chromatography (SiO2, MeOH/DCM = 2/98 — 10/90
(v/v)) afforded 67a (4.4 mg, 7% yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) §: 7.97 (2H, d, ] = 8.5
Hz), 7.56 (2H, d, J = 8.5 Hz), 7.47 (1H, s), 7.00 (1H, s), 4.41-4.32 (2H, m), 4.18 (2H, t, J = 5.8 Hz), 3.80-3.68
(2H, m), 2.95(2H,t,J=5.5Hz), 2.71 (2H, t,J =5.5Hz), 2.26 (6H, s), 2.22 (3H, s), 1.57 (9H, s). MS (ESI/APCI)
m/z: 507.2 (M+H)*.

OH

4-({8-[2-(dimethylamino)ethoxy]-9-methyl-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoic acid-HCI (53)

In a similar manner to that employed for the synthesis of 47, the title compound 53 (2.9 mg, 67% yield) was
obtained from 67a (4.4 mg, 0.0087 mmol). *H-NMR (DMSO-Ds, 80 °C) é: 8.02 (2H, d, J = 7.9 Hz), 7.57 (2H,
d, J = 7.9 Hz), 7.53 (1H, s), 7.08 (1H, s), 4.47 (2H, t, J = 5.2 Hz), 4.42-4.36 (2H, m), 3.78-3.72 (2H, m), 3.56
(2H, t, J = 5.2 Hz), 2.98-2.95 (2H, m), 2.88 (6H, s), 2.27 (3H, s). MS (ESI/APCI) m/z: 451.3 (M+H)*. HRMS
(ES|)I m/z calcd for CzsH27N2Og (M+H)+ 451.1864. Found 451.1872.
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tert-butyl 4-[(8-hydroxy-7-methyl-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-yl)car-
bonyl]benzoate (66b)

To asuspension of 65b (1.5 g, 5.4 mmol) and 4-(tert-butoxycarbonyl)benzoic acid (1.2 g, 5.4 mmol) in DMF
(20 mL) were added WSCI-HCI (1.23 g, 6.4 mmol), HOBt (720 mg, 5.4 mmol) and triethylamine (0.75 mL,
5.4 mmol) at 0 °C. The mixture was stirred at rt for 6 h. After concentrated in vacuo, the residue was diluted
with DCM, and washed with water. The organic layer was dried over anhydrous Na,SOs, filtered, and concen-
trated. Purification by column chromatography (SiO2, MeOH/EtOAc/DCM = 0/0/100 — 0/24/76 — 5/0/95 (v/v))
followed by trituration with EtOAc—diisopropyl ether afforded 66b (1.2 g, 53% yield) as a solid. *H-NMR
(DMSO-Dg, 80 °C) &: 10.08 (1H, s), 7.97 (2H, d, J = 7.9 Hz), 7.56 (2H, d, J = 7.9 Hz), 7.39 (1H, d, ] = 8.5 Hz),
6.88 (1H, d, J = 8.5 Hz), 4.36 (2H, br s), 3.74 (2H, br s), 2.94-2.89 (2H, m), 2.18 (3H, s), 1.57 (9H, s). MS
(ESI/APCI) m/z: 436.3 (M+H)*.
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tert-butyl  4-({8-[2-(dimethylamino)ethoxy]-7-methyl-5-o0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl}carbonyl)benzoate (67b)

In a similar manner to that employed for the synthesis of 67a, the title compound 67b (29.1 mg, 36% yield)
was obtained from 66b (70.2 mg, 0.16 mmol). *H-NMR (DMSO-Ds, 80 °C) §: 7.99-7.95 (2H, m), 7.58-7.52
(3H, m), 7.10-7.06 (1H, m), 4.41-4.34 (2H, m), 4.20 (2H, t, J = 5.5 Hz), 3.81-3.68 (2H, m), 2.98-2.93 (2H, m),
2.70 (2H, 1,J = 5.5 Hz), 2.26 (6H, s), 2.21 (3H, s), 1.57 (9H, 5). MS (ESI/APCI) m/z: 507.4 (M+H)".
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4-({8-[2-(dimethylamino)ethoxy]-7-methyl-5-0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl}carbonyl)benzoic acid-HCI (54)

In a similar manner to that employed for the synthesis of 47, the title compound 54 (17.7 mg, 77% yield) was
obtained from 67b (24.0 mg, 0.047 mmol). *H-NMR (DMSO-Ds, 80 °C) &: 10.40 (1H, brs), 8.02 (2H, d, J =
7.9 Hz), 7.60-7.56 (3H, m), 7.12 (1H, d, J = 8.5 Hz), 4.50 (2H, t, J = 4.9 Hz), 4.43-4.38 (2H, m), 3.81-3.73 (2H,
m), 3.57 (2H, t, J = 4.9 Hz), 2.99-2.96 (2H, m), 2.89 (6H, s), 2.27 (3H, s). MS (ESI/APCI) m/z: 451.2 (M+H)*.
HRMS (ESI): m/z calcd for C2sH27N206 (M+H)* 451.1864. Found 451.1891.
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tert-butyl 8-[2-(dimethylamino)ethoxy]-7-methyl-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridine-
3(4H)-carboxylate (69a)

To a suspension of 68 (622 mg, 1.88 mmol) and potassium carbonate (1.3 g, 9.4 mmol) in acetone (20 mL)
was added 2-dimethylaminoethyl chloride hydrochloride (954 mg, 6.62 mmol). The mixture was refluxed for
8 h and allowed to stand still overnight. The resulting residue was diluted with acetone, filtered over Celite, and
concentrated in vacuo. Purification by col-umn chromatography (SiO2, MeOH/DCM = 0/100 — 8/92 (v/v))
afforded 69a as a solid. *H-NMR (CDCls) &: 7.36 (1H, d, J = 8.5 Hz), 6.85 (1H, d, J = 8.5 Hz), 4.39 (2H, s),
4.17 (2H,t,J=5.5Hz), 3.73 (2H, t,J = 5.8 Hz), 2.89-2.76 (4H, m), 2.38 (6H, s), 2.33 (3H, s), 1.50 (9H, s). MS
(ESI/APCI) m/z: 403.3 (M+H)*.
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8-[2-(dimethylamino)ethoxy]-7-methyl-1,2,3,4-tetrahydro-5H-chromenol[3,4-c]pyridin-5-one-2HCI
(70a)

In a similar manner to that employed for the synthesis of 70b, the title compound 70a (596 mg, 90% yield)
was obtained from 69a (714 mg, 1.77 mmol). *H-NMR (DMSO-Ds) &: 10.65 (1H, br s), 9.66 (2H, br s), 7.68
(1H,d,J=8.8 Hz), 7.17 (1H, d, ) = 8.8 Hz), 4.52 (2H, t, J = 4.9 Hz), 3.97 (2H, s), 3.58 (2H, t, ] = 4.9 Hz), 3.42
(2H,t, J = 5.8 Hz), 3.14 (2H, t, J = 5.8 Hz), 2.87 (6H, s), 2.27 (3H, s). MS (ESI/APCI) m/z: 303.3 (M+H)".
Anal. Calcd for C17H22N203-2HCI-H,0: C, 51.91; H, 6.66; N, 7.12; O, 16.27; Cl, 18.03. Found: C, 51.59; H,
6.56; N, 7.10; O, 16.56; ClI, 18.01.
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8-[2-(dimethylamino)ethoxy]-3-{[1-(4-methoxybenzyl)-2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-
yl]carbonyl}-7-methyl-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one (71a)

To a suspension of 70a (250 mg, 0.67 mmol) and 1-[(4-methoxyphenyl)methyl]-2,2-dioxo-3H-2,1-benzothi-
azole-5-carboxylic acid (244 mg, 0.73 mmol) in DCM (7 mL) were added WSCI-HCI (153 mg, 0.80 mmol),
HOBt hydrate (121 mg, 0.80 mmol) and triethylamine (0.203 mL, 1.47 mmol). The mixture was stirred at rt for
3 h and allowed to stand still overnight. The mixture was diluted with DCM, washed with sat. ag. NaHCOs,
water, and brine, respectively. The organic layer was dried over anhydrous Na;SQOs, filtered, and concentrated.
Purification by column chromatography (SiO,, MeOH/DCM = 2/98 — 10/90 (v/v)) afforded 71a (380 mg, 92%
yield) as a white solid. H-NMR (DMSO-Ds, 80 °C) &: 7.52 (1H, d, J = 8.5 Hz), 7.47 (1H, s), 7.41-7.36 (3H,
m), 7.07 (1H, d, J =9.1 Hz), 6.93 (2H, d, J = 8.5 Hz), 6.78 (1H, d, J = 7.9 Hz), 4.74 (4H, s), 4.38 (2H, s), 4.19
(2H, t, J = 5.5 Hz), 3.78-3.73 (5H, m), 2.95-2.92 (2H, m), 2.72 (2H, t, J = 5.5 Hz), 2.27 (6H, s), 2.21 (3H, s).
MS (ESI/APCI) m/z: 618.2 (M+H)*.

o) o)
N je
N O
I H
/N\/\O

.CF,CO,H

8-[2-(dimethylamino)ethoxy]-3-[(2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-yl)carbonyl]-7-methyl-
1,2,3,4-tetrahydro-5H-chromenol[3,4-c]pyridin-5-one-CF3CO:zH (55)
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A mixture of 71a (334 mg, 0.54 mmol) and TFA (6 mL) was stirred at rt for 6 h and allowed to stand still
overnight. Excess TFA was removed by azeotropic distillation with DCM (3 times). The residue was sonicated
with MeOH at 50 °C and insoluble materials were removed by filtration. Evaporation of the solvent followed
by trituration with EtOAc at 50 °C gave 55 (299 mg, 90% yield) as a pale-yellow solid. *H-NMR (DMSO-Ds,
80 °C) &: 7.58 (1H, d, J=9.1 Hz), 7.42 (1H, s), 7.39 (1H, d, ] = 7.9 Hz), 7.11 (1H, d, ] = 9.1 Hz), 6.88 (1H, d,
J=79Hz),453(2H,s), 4.45 (2H,t,J = 4.9 Hz), 4.41 (2H, s), 3.79 (2H, t, J = 5.8 Hz), 3.56 (2H, t, J = 4.9 Hz),
2.99-2.94 (2H, m), 2.90 (6H, s), 2.27 (3H, s). MS (ESI/APCI) m/z: 498.2 (M+H)*. HRMS (ESI): m/z calcd for
CasH28N306S (M+H)* 498.1693. Found 498.1716.

N

N

tert-butyl 7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridine-3(4H)-
carboxylate (69b)

To a suspension of 93 (5.60 g, 12.1 mmol) in toluene (100 mL) were added cesium carbonate (5.91 g, 18.1
mmol), RuPhos Pd-G1 tBuOMe adduct (250 mg, 0.30 mmol), RuPhos (141 mg, 0.30 mmol) and 1-methylpi-
perazine (3.33 mL, 30.2 mmol). The mixture was stirred at 110 °C for 8 h under N, atmosphere. After dilution
with chloroform—MeOH, insoluble materials were removed by filtration over Celite. Water and brine were
added into the filtrate, and it was extracted with chloroform—MeOH. The organic layer was dried over anhy-
drous Na,SOq., filtered, concentrated, and purified by column chromatography (SiO2, MeOH/DCM = 1/99 —
10/90 (v/v)) to afford 69b (4.59 g, 92% yield) as a yellow solid. *H-NMR (CDCls) &: 7.36 (1H, d, ] = 8.5 Hz),
6.99 (1H, d, J=8.5Hz),4.40 (2H, s), 3.72 (2H, t, J = 5.8 Hz), 3.02 (4H, t, J = 4.6 Hz), 2.88-2.82 (2H, m), 2.66-
2.57 (2H, m), 2.38 (6H, s), 1.66-1.59 (2H, m), 1.49 (9H, s). MS (ESI/APCI) m/z: 414.3 (M+H)*.
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7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one-2HCI (70b)

To a MeOH (50 mL) solution of 69b (4.59 g, 11.1 mmol) was added 4M HCI in 1,4-dioxane (50 mL). The
mixture was stirred at rt for 2 h. After concentrated in vacuo, EtOAc, n-hexane and a small volume of MeOH
were added to the residue. The resulting solid was collected by filtration and dried under reduced pressure to
afford 70b (3.92 g, 91% vyield) as a yellow solid. *H-NMR (DMSO-Ds, 80 °C) &: 9.79 (1H, brs), 7.60 (1H, d,
J=8.5Hz),7.14 (1H, d, J = 8.5 Hz), 3.97 (2H, s), 3.41 (2H, t, J = 6.1 HZz), 3.30-3.25 (4H, m), 3.17-3.10 (8H,
m), 2.82 (3H, s), 2.33 (3H, s). MS (ESI/APCI) m/z: 314.2 (M+H)*.
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3-{[1-(4-methoxybenzyl)-2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-yl]carbonyl}-7-methyl-8-(4-
methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one (71b)

To a suspension of 70b (100 mg, 0.26 mmol), 1-[(4-methoxyphenyl)methyl]-2,2-dioxo-3H-2,1-benzothia-
zole-5-carboxylic acid (87 mg, 0.26 mmol), HOAt (44 mg, 0.31 mmol) and WSCI-HCI (60 mg, 0.31 mmol) in
DMF (3 mL) was added N,N-diisopropylethylamine (0.21 mL, 1.21 mmol). The mixture was stirred at rt for 7
h. After concentrated in vacuo, the residue was diluted with MeOH—chloroform, and washed with water. The
organic layer was dried over anhydrous Na»SOs, filtered, and concentrated. Purification by column chromatog-
raphy (SiO2, MeOH/DCM = 3/97 — 12/88 (v/v)) afforded 71b (169 mg, quant.) as a pale yellow amorphous.
!H-NMR (DMSO-Ds, 80 °C) &: 7.49 (1H, d, J = 8.5 Hz), 7.47 (1H, s), 7.41-7.36 (3H, m), 7.06 (1H, d, J=8.5
Hz), 6.93 (2H, d, J = 8.5 Hz), 6.78 (1H, d, J = 8.5 Hz), 4.74 (4H, s), 4.38 (2H, s), 3.78-3.74 (5H, m), 2.97-2.91
(8H, m), 2.53-2.50 (2H, m), 2.28 (3H, s), 2.26 (3H, ). MS (ESI/APCI) m/z: 629.3 (M+H)*.
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3-[(2,2-dioxido-1,3-dihydro-2,1-benzothiazol-5-yl)carbonyl]-7-methyl-8-(4-methylpiperazin-1-yl)-
1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-one-CF3CO:zH (56)

In a similar manner to that employed for the synthesis of 55, the title compound 56 (90 mg, 54% yield) was
obtained from 71b (169 mg, 0.27 mmol). 'H-NMR (DMSO-Ds, 80 °C) &: 7.55 (1H, d, J = 8.5 Hz), 7.44-7.37
(2H, m), 7.12 (1H, d, J = 8.5 Hz), 6.88 (1H, d, J = 7.9 Hz), 4.53 (2H, s), 4.42 (2H, s), 3.81-3.77 (2H, m), 3.38-
3.30 (4H, m), 3.22-3.16 (4H, m), 2.98-2.94 (2H, m), 2.85 (3H, s), 2.32 (3H, s). *C-NMR (DMSO0-Ds) §: 169.1,
159.2, 158.1 (q, 2Jc.r = 31.4 Hz), 152.3, 150.8, 146.7, 141.6, 128.4, 128.2, 125.1, 122.0, 119.9, 118.5, 117.3,
117.0 (g, Yc.r = 299 Hz), 115.3, 114.7, 110.7, 52.8, 51.5, 48.3, 42.2, 24.9, 10.6. MS (ESI/APCI) m/z: 509.2
(M+H)*. HRMS (ESI): m/z calcd for C26H29N4O0sS (M+H)* 509.1853. Found 509.1839.
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methyl 7-bromo-2,2-dioxo-2,3-dihydro-1H-245,1-benzothiazole-5-carboxylate (89)

To a solution of methyl 2,2-dioxo-2,3-dihydro-1H-2A%,1-benzothiazole-5-carboxylate (300 mg, 1.32 mmol)
in DMF (4 mL) was added N-bromosuccinimide (258 mg, 1.45 mmol) at 0 °C. The mixture was stirred for 30
min at 0 °C and for 1 h at rt. After diluted with EtOAc, the organic layer was washed with water and brine,
dried over Na,SQ,, concentrated under reduced pressure, and purified by column chromatography (SiO-,

MeOH/DCM = 2/98 — 15/85 (v/v)) to afford 89 (358 mg, 89% yield) as a white solid. *H-NMR (CDCls) §: 8.18
(1H,s), 7.90 (1H, s), 7.10 (1H, br s), 4.56 (2H, s), 3.92 (3H, s). MS (ESI/APCI) m/z: 304.0, 306.1 (M—-H)".
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7-bromo-2,2-dioxo-2,3-dihydro-1H-28,1-benzothiazole-5-carboxylic acid (90)
To a solution of 89 (170 mg, 0.56 mmol) in THF (2 mL) and MeOH (2 mL) was added 1M NaOH aqg. (0.221

mL) at 0 °C. After stirring for 2 h at rt, 1M NaOH ag. (0.221 mL) was added. After stirring for 2 h at 50 °C,
1M NaOH ag. (0.663 mL) was added. After stirring for 13 h at 75 °C, the mixture was cooled down to rt and a
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half amount of the solvent was evaporated. The mixture was acidified into pH 4 by adding 1M HCI, and the
resulting solid was collected by filtration. Drying under reduced pressure afforded 90 (145 mg, 89% yield) as
a white solid. *tH-NMR (DMSO-Dg) &: 13.11 (1H, br s), 11.30 (1H, br s), 7.98-7.96 (1H, m), 7.82 (1H, s), 4.81
(2H, s). MS (ESI/APCI) m/z: 290.0, 291.9 (M—H)".
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7-bromo-5-[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-[1]benzopyrano[3,4-c]pyri-
dine-3(4H)-carbonyl]-1,3-dihydro-2H-228,1-benzothiazole-2,2-dione (83)

To a suspension of 70b (60 mg, 0.16 mmol), 90 (46 mg, 0.16 mmol), HOAt (23 mg, 0.17 mmol) and
WSCI-HCI (33 mg, 0.17 mmol) in DMF (3 mL) was added N,N-diisopropylethylamine (0.135 mL. 0.78 mmol),
and the mixture was stirred for 16 h at rt. After concentration in vacuo, the mixture was purified by column
chromatography (SiOz, MeOH/DCM = 3/97 — 20/80 (v/v)). The obtained crude material was diluted with
DCM/MeOH and water, and then extracted with DCM/MeOH (4 times). The combined organic layer was dried
over NaySO, filtrated, concentrated, and purified by column chromatography (SiO2, MeOH/DCM = 13/87 —
20/80 (v/v)) to give 83 (20 mg, 22% vyield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) §: 7.53 (1H, d, J =
8.5 Hz), 7.47 (1H, s), 7.29 (1H, s), 7.09 (1H, d, J = 8.5 Hz), 4.42-4.39 (4H, m), 3.78 (2H, t, J = 5.8 Hz), 2.97-
2.92 (2H, m), 2.86-2.81 (4H, m), 2.50-2.47 (7H, m), 2.30 (3H, s). MS (ESI/APCI) m/z: 587.2, 589.2 (M+H)*.
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3-(4-aminobenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyri-
din-5-one (92a)

In a similar manner to that employed for the synthesis of 92e, the title compound 92a (45 mg, 50% yield)
was obtained using 70b (80 mg, 0.21 mmol) and 4-aminobenzoic acid (32 mg, 0.23 mmol). *H-NMR (DMSO-
De) 8: 7.55 (1H, d, ] = 8.5 Hz), 7.22 (2H, d, ] = 8.5 Hz), 7.08 (1H, d, ] = 8.5 Hz), 6.57 (2H, d, ] = 8.5 Hz), 5.61
(2H, s), 4.39 (2H, s), 3.79-3.75 (2H, m), 2.98-2.92 (6H, m), 2.53-2.45 (4H, m), 2.27 (3H, s), 2.25 (3H, ). MS
(ESI/APCI) m/z: 433.2 (M+H)*.
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N-(4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl]carbonyl}phenyl)methanesulfonamide (75)

To a solution of 92a (45 mg, 0.10 mmol) in DCM (3 mL) were added pyridine (0.042 mL. 0.52 mmol) and
methanesulfonyl chloride (0.041 mL. 0.52 mmol). The mixture was stirred at rt for 12 h and then allowed to
stand still overnight. After evaporating the solvent, the residue was purified by column chromatography (SiO»,
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MeOH/DCM = 5/95 — 15/85 (v/v)), subsequently triturated with EtOAc—n-hexane, and dried at 60 °C under
reduced pressure to afford 75 (38 mg, 72% yield). *H-NMR (DMSO-Ds, 80 °C) &: 9.80 (1H, brs), 7.52 (1H, d,
J=8.5Hz), 7.47-7.42 (2H, m), 7.31-7.26 (2H, m), 7.08 (1H, d, J = 8.5 Hz), 4.40 (2H, s), 3.80-3.74 (2H, m),
3.05-2.92 (6H, m), 3.04 (3H, s), 2.67-2.57 (4H, m), 2.33 (3H, s), 2.29 (3H, s). MS (ESI/APCI) m/z: 511.3
(M+H)*. HRMS (ESI): m/z calcd for CsH31N4OsS (M+H)* 511.2010. Found 511.2029. IR (KBr) 3433, 3183,
2936, 1696, 1604, 1428, 1386, 1338, 1287, 1237, 1152, 1105 cm.
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3-(4-amino-3-methylbenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92b)

In a similar manner to that employed for the synthesis of 92e, the title compound 92b (41 mg, 44% yield)
was obtained using 70b (80 mg, 0.21 mmol) and 4-amino-3-methylbenzoic acid (35 mg, 0.23 mmol). *H-NMR
(DMSO-Dg) 8: 7.55 (1H, d, J = 8.5 Hz), 7.13-7.05 (3H, m), 6.61 (1H, d, J = 8.5 Hz), 5.36 (2H, s), 4.39 (2H, s),
3.79-3.74 (2H, m), 2.97-2.92 (6H, m), 2.56-2.46 (4H, m), 2.27 (3H, s), 2.26 (3H, s), 2.07 (3H, s). MS
(ESI/APCI) m/z: 447.3 (M+H)*.
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N-(2-methyl-4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}phenyl)methanesulfonamide (76)

In a similar manner to that employed for the synthesis of 75, the title compound 76 (37 mg, 77% yield) was
obtained using 92b (41 mg, 0.092 mmol) and methanesulfonyl chloride (0.036 mL, 0.46 mmol). *H-NMR
(DMSO-Dg, 80 °C) 8: 8.99 (1H, br s), 7.52 (1H, d, J = 8.5 Hz), 7.39 (1H, d, J = 8.5 Hz), 7.35-7.33 (1H, m),
7.30-7.27 (1H, m), 7.07 (1H, d, J = 8.5 Hz), 4.40 (2H, s), 3.80-3.74 (2H, m), 3.03 (3H, s), 2.99-2.92 (6H, m),
2.60-2.55 (4H, m), 2.35 (3H, s), 2.31 (3H, s), 2.29 (3H, s). MS (ESI/APCI) m/z: 525.3 (M+H)*. HRMS (ESI):
m/z calcd for C27H33N4O0sS (M+H)* 525.2166. Found 525.2161. IR (KBr) 3434, 3121, 2935, 2841, 2794, 1715,
1602, 1450, 1385, 1324, 1289, 1264, 1240, 1157, 1103 cm™,
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3-(4-amino-3-methoxybenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92c)
In a similar manner to that employed for the synthesis of 92e, the title compound 92c (108 mg, quant.) was

obtained using 70b (90 mg, 0.23 mmol) and 4-amino-3-methoxybenzoic acid (43 mg, 0.26 mmol). *H-NMR
(DMSO-Dg, 60 °C) &: 7.54-7.51 (1H, m), 7.07 (1H, d, J = 9.2 Hz), 6.93-6.87 (2H, m), 6.66 (1H, d, J = 7.9 Hz),
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5.07 (2H, s), 4.41 (2H, s), 3.81-3.76 (5H, m), 2.98-2.92 (6H, m), 2.57-2.51 (4H, m), 2.28-2.25 (6H, m). MS
(ESI/APCI) m/z: 463.3 (M+H)".
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N-(2-methoxy-4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyri-
din-3(4H)-yl]carbonyl}phenyl)methanesulfonamide (77)

In a similar manner to that employed for the synthesis of 75, the title compound 77 (95 mg, 80% yield) was
obtained using 92¢ (102 mg, 0.22 mmol) and methanesulfonyl chloride (0.107 mL, 1.37 mmol). *H-NMR
(DMSO-Dg, 80 °C) 3: 8.74 (1H, s), 7.52 (1H, d, J = 8.5 Hz), 7.37 (1H, d, ] = 7.9 Hz), 7.14 (1H, d, ] = 1.8 Hz),
7.07 (1H, d, J = 8.5 Hz), 7.04 (1H, dd, J = 7.9, 1.8 Hz), 4.41 (2H, s), 3.86 (3H, s), 3.81-3.73 (2H, m), 3.03 (3H,
s), 2.98-2.93 (6H, m), 2.55-2.51 (4H, m), 2.29 (3H, s), 2.27 (3H, s). *C-NMR (DMSO-Ds, for a mixture of
rotamers) d: 169.1, 159.3, 154.0, 151.5, 150.8, 146.8, 133.0, 127.7, 123.6, 121.9, 119.1, 117.9, 116.5, 115.0,
113.8, 110.8, 56.0, 54.8, 51.0, 45.7, 45.2, 43.0, 40.4, 40.2, 37.9, 25.0, 23.9, 10.8. MS (ESI/APCI) m/z: 541.2
(M+H)*. HRMS (ESI): m/z calcd for C27H33sN4O6S (M+H)* 541.2115. Found 541.2116. IR (KBr) 3426, 3132,
2941, 2839, 2791, 1716, 1636, 1619, 1599, 1451, 1438, 1385, 1371, 1325, 1279, 1238, 1159, 1121, 1101 cm.

NH,

ﬁN
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3-(4-amino-3-fluorobenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92d)

In a similar manner to that employed for the synthesis of 92e, the title compound 92d (81 mg, 99% yield)
was obtained using 70b (70 mg, 0.18 mmol) and 4-amino-3-fluorobenzoic acid (30 mg, 0.20 mmol). *H-NMR
(DMSO-Dg) &: 7.55 (1H, d, J = 8.5 Hz), 7.19-7.15 (1H, m), 7.11-7.06 (2H, m), 6.78 (1H, t, J = 8.5 Hz), 5.67
(2H, s), 4.39 (2H, s), 3.77 (2H, br s), 2.99-2.91 (6H, m), 2.55-2.47 (4H, m), 2.27 (3H, s), 2.25 (3H, s). MS
(ESI/APCI) m/z: 451.2 (M+H)*.

ﬁN

_N

N-(2-fluoro-4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}phenyl)methanesulfonamide (78)

In a similar manner to that employed for the synthesis of 75, the title compound 78 (26 mg, 27% yield) was
obtained using 92d (81 mg, 0.18 mmol) and methanesulfonyl chloride (0.07 mL, 0.90 mmol). 'H-NMR
(DMSO0-Ds) 8: 9.57 (1H, s), 7.53-7.47 (2H, m), 7.42-7.36 (1H, m), 7.32-7.28 (1H, m), 7.07 (1H, d, J = 8.5 Hz),
4.40 (2H, s), 3.76 (2H, br s), 3.09 (3H, s), 2.99-2.93 (6H, m), 2.56-2.51 (4H, m), 2.28 (3H, s), 2.28 (3H, 5). MS
(ESI/APCI) m/z: 529.3 (M+H)*. HRMS (ESI): m/z calcd for C2H30FN4OsS (M+H)*529.1916. Found 529.1921.
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3-(4-amino-3-chlorobenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92¢)

To a suspension of 70b (600 mg, 1.55 mmol), 4-amino-3-chlorobenzoic acid (294 mg, 1.71 mmol), HOAt
(233 mg, 1.71 mmol) and WSCI-HCI (372 mg, 1.94 mmol) in DMF (10 mL) was added N,N-diisopropylethyl-
amine (1.35 mL, 7.77 mmol). The mixture was stirred at rt for 4 h and then allowed to stand still at rt for 3 days.
Water was added to the solution, and the resulting solid was collected by filtration, washed with water and n-
hexane, and dried at 60 °C under reduced pressure to give 92e (650 mg, 90% yield) as a solid. *H-NMR (DMSO-
Ds, 50 °C) 6: 7.53 (1H, d, J = 8.5 Hz), 7.35 (1H, d, J = 2.1 Hz), 7.22-7.18 (1H, m), 7.07 (1H, d, J = 9.2 Hz),
6.82 (1H, d, J=8.5Hz), 5.73 (2H, s), 4.40-4.38 (2H, m), 3.79-3.75 (2H, m), 2.97-2.93 (6H, m), 2.54-2.50 (4H,
m), 2.28 (3H, s), 2.26 (3H, s). MS (ESI/APCI) m/z: 467.2 (M+H)*.

ﬁN
N

N-(2-chloro-4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}phenyl)methanesulfonamide (79)

To a suspension of 92e (650 mg, 1.39 mmol) in DCM (30 mL) were added triethylamine (0.98 mL, 6.96
mmol) and methanesulfonyl chloride (0.38 mL, 4.87 mmol) dropwise at 0 °C. After stirring at rt for 2 h, the
solvent was evaporated under reduced pressure. The residue was dissolved in THF (15 mL), and 1M agq. NaOH
(14 mL) was added to the solution at 0 °C. The mixture was stirred at rt overnight, and then neutralized to pH
7-8 by the addition of 1M HCI. After evaporating the volatile solvent, the solution was extracted three times
with DCM. The combined organic layers were dried over anhydrous Na,SQ,, filtered, concentrated, and puri-
fied by column chromatography (SiO2, MeOH/DCM = 4/96 — 12/88 (v/v)). The obtained solid was suspended
in EtOAc and heated to reflux for 1 h. After cooling down to rt, insoluble materials were collected by filtration
and dried at 60 °C under reduced pressure to afford 79 (566 mg, 75% yield) as a colorless solid. *H-NMR
(DMSO-Ds, 80 °C) &: 9.33 (1H, ), 7.60 (1H, d, J = 1.8 Hz), 7.57-7.49 (2H, m), 7.43 (1H, dd, J = 8.5, 1.8 Hz),
7.07 (1H, d, J = 8.5 Hz), 4.40 (2H, s), 3.80-3.73 (2H, m), 3.10 (3H, s), 2.99-2.94 (6H, m), 2.58-2.53 (4H, m),
2.29 (6H, s). ®C-NMR (DMSO-Dg) §: 167.6, 159.3, 153.9, 150.8, 146.8, 136.7, 133.0, 128.7, 127.5, 126.6,
125.4,121.9,117.9,116.4,115.1, 113.8,54.7,50.9, 45.5, 41.0, 24.8, 10.8. MS (ESI/APCI) m/z: 545.2 (M+H)*.
HRMS (ESI): m/z calcd for C26H30CIN4OsS (M+H)* 545.1620. Found 545.1627. IR (KBr) 3437, 2841, 1703,
1637, 1624, 1601, 1503, 1434, 1387, 1333, 1261, 1151, 1105 cm™*. Anal. Calcd for CzH29CIN4OsS: C, 57.29;
H, 5.36; N, 10.28; Cl, 6.50; S, 5.88. Found: C, 57.00; H, 5.46; N, 10.17; Cl, 6.70; S, 5.87.

NH,
Br
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3-(4-amino-3-bromobenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92f)

In a similar manner to that employed for the synthesis of 92e, the title compound 92f (80.7 mg, 61% yield)
was obtained using 70b (100 mg, 0.26 mmol) and 4-amino-3-bromobenzoic acid (62 mg, 0.29 mmol). *H-NMR
(DMSO-Dg, 80 °C) 8: 7.54-7.48 (2H, m), 7.25-7.21 (1H, m), 7.09-7.05 (1H, m), 6.86-6.82 (1H, m), 5.56 (2H,
s), 4.39 (2H, s), 3.78 (2H, t, J = 5.2 Hz), 2.97-2.93 (6H, m), 2.56-2.51 (4H, m), 2.30-2.26 (6H, m). MS
(ESI/APCI) m/z: 511.2,513.2 (M+H)*.

ﬁN

_N

N-(2-bromo-4-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-o0x0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}phenyl)methanesulfonamide (80)

In a similar manner to that employed for the synthesis of 81, the title compound 80 (29.6 mg, 42% yield) was
obtained using 92f(61 mg, 0.12 mmol) and methanesulfonyl chloride (0.093 mL, 1.19 mmol). *H-NMR
(DMSO-Dg, 80 °C) 8: 9.20 (1H, brs), 7.75 (1H, s), 7.55-7.45 (3H, m), 7.07 (1H, d, J = 8.5 Hz), 4.40 (2H, s),
3.79-3.74 (2H, m), 3.10 (3H, s), 2.99-2.93 (6H, m), 2.58-2.54 (4H, m), 2.30 (3H, s), 2.29 (3H, s). MS
(ESI/APCI) m/z: 589.1, 591.3 (M+H)*. HRMS (ESI): m/z calcd for C26Hz0BrN4OsS (M+H)* 589.1115. Found
589.1135.

ﬁN

_N

3-[4-amino-3-(trifluoromethoxy)benzoyl]-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (929)

In a similar manner to that employed for the synthesis of 92e, the title compound 92g (126 mg, 94% vyield)
was obtained using 70b (100 mg, 0.26 mmol) and 4-amino-3-(trifluoromethoxy)benzoic acid (63 mg, 0.28
mmol). 'H-NMR (DMSO-Dg, 80 °C) &: 7.51 (1H, d, J = 8.5 Hz), 7.25-7.21 (2H, m), 7.07 (1H, d, J = 8.5 Hz),
6.87 (1H, d, J=8.5 Hz), 5.63 (2H, s), 4.40 (2H, s), 3.78 (2H, t, = 5.8 HZz), 2.99-2.92 (6H, m), 2.57-2.52 (4H,
m), 2.28 (6H, s). MS (ESI/APCI) m/z: 517.3 (M+H)".

o} 0
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N-[4-{[7-methyI-8-(4-methylpiperazin-1-yl)-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-3(4H)-
yl]carbonyl}-2-(trifluoromethoxy)phenyl]methanesulfonamide (81)

To a suspension of 92g (100 mg, 0.19 mmol) in pyridine (2 mL) was added methanesulfonyl chloride (0.151
mL, 1.94 mmol). The mixture was stirred at 60 °C for 3 h, and then allowed to stand still at rt overnight. After
concentrated in vacuo, THF (2 mL), MeOH (1 mL) and 1M ag. NaOH (3.8 mL) were added to the residue and
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the mixture was stirred at rt for 1 h. 1M HCI was added to the solution, and volatile solvents were evaporated.
Purification by column chromatography (amino-silica, MeOH/DCM = 2/98 — 14/86 (v/v)) followed by tritura-
tion with diisopropyl ether afforded 81 (56 mg, 49% yield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) &:
7.65-7.61 (1H, m), 7.53-7.44 (3H, m), 7.09-7.06 (1H, m), 4.40 (2H, s), 3.80-3.74 (2H, m), 3.10 (3H, s), 2.99-
2.93 (6H, m), 2.57-2.54 (4H, m), 2.29 (3H, s), 2.29 (3H, 5). *C-NMR (DMSO0-Dg) 6: 167.7, 159.3, 153.9, 150.8,
146.8, 139.5, 133.4, 131.2, 126.8, 123.0, 121.9, 120.7, 120.1 (q, YJc-r = 258 Hz), 117.9, 116.4, 115.6, 115.1,
113.9, 54.7, 50.8, 45.4, 43.0, 40.7, 40.1, 24.5, 10.8. MS (ESI/APCI) m/z: 595.3 (M+H)*. HRMS (ESI): m/z
caled for Ca7H30F3N4OsS (M+H)* 595.1833. Found 595.1886. IR (KBr) 3434, 2923, 2849, 1708, 1637, 1603,
1504, 1449, 1387, 1338, 1288, 1253, 1239, 1214, 1159 cm~*. Anal. Calcd for Co7H29F3N4O6S-H,0: C, 52.93;
H, 5.10; N, 9.15; F, 9.30; S, 5.23. Found: C, 53.06; H, 5.04; N, 9.06; F, 9.42; S, 5.25.

NH,

Cl

N
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3-(3-amino-5-chlorobenzoyl)-7-methyl-8-(4-methylpiperazin-1-yl)-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (92h)

In a similar manner to that employed for the synthesis of 92e, the title compound 92h (122 mg, quant.) was
obtained using 70b (100 mg, 0.26 mmol) and 3-amino-5-chlorobenzoic acid (50 mg, 0.29 mmol). 'H-NMR
(DMSO-Ds, 80 °C) 8: 7.51 (1H, d, J =8.5 Hz), 7.07 (1H, d,J = 9.1 Hz), 6.69 (1H, s), 6.55 (1H, s), 6.54 (1H, s),
5.44 (2H, s), 4.36 (2H, s), 3.79-3.71 (2H, m), 2.99-2.90 (6H, m), 2.55-2.51 (4H, m), 2.28 (3H, s), 2.27 (3H, 3).
MS (ESI/APCI) m/z: 467.3 (M+H)*.

(\N Cl

_N

N-(3-chloro-5-{[7-methyl-8-(4-methylpiperazin-1-yl)-5-oxo0-1,5-dihydro-2H-chromeno[3,4-c]pyridin-
3(4H)-yl]carbonyl}phenyl)methanesulfonamide (82)

In a similar manner to that employed for the synthesis of 75, the title compound 82 (42 mg, 63% yield) was
obtained using 92h (57 mg, 0.12 mmol) and methanesulfonyl chloride (0.0142 mL, 0.18 mmol). 'H-NMR
(DMSO-Dg, 80 °C) 6: 9.96 (1H, br s), 7.51 (1H, d, J = 8.5 Hz), 7.34 (1H, s), 7.24-7.21 (2H, m), 7.07 (1H, d, J
= 8.5 Hz), 4.38 (2H, s), 3.79-3.70 (2H, m), 3.07 (3H, s), 2.98-2.93 (6H, m), 2.54-2.51 (4H, m), 2.29 (3H, s),
2.27 (3H, s). MS (ESI/APCI) m/z: 545.3 (M+H)*. HRMS (ESI): m/z calcd for CasH30CIN2OsS (M+H)*
545.1620. Found 545.1642.
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tert-butyl 8-[meso-3,5-dimethylpiperazin-1-yl]-7-methyl-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyri-
dine-3(4H)-carboxylate (94a)

In a similar manner to that employed for the synthesis of 69b, the title compound 94a (111 mg, 24% yield)
was obtained using 93 (499 mg, 1.08 mmol) and cis-2,6-dimethylpiperazine (370 mg, 3.24 mmol). 'H-NMR
(DMSO-Dg, 80 °C) 6: 7.49 (1H, d, J = 8.5 Hz), 7.02 (1H, d, J = 8.5 Hz), 4.22 (2H, s), 3.63 (2H, t, ] = 5.8 Hz),
3.04-2.95 (4H, m), 2.87-2.83 (2H, m), 2.31-2.23 (5H, m), 1.44 (9H, s), 1.00 (6H, d, J = 6.1 Hz). MS (ESI/APCI)
m/z: 428.3 (M+H)*.

tert-butyl 7-methyl-5-ox0-8-[meso-3,4,5-trimethylpiperazin-1-yl]-1,5-dihydro-2H-chromeno[3,4-c] pyr-
idine-3(4H)-carboxylate (94b)

To a solution of 94a (99 mg, 0.23 mmol) in DCM (3 mL) and MeOH (0.3 mL) was added 37% formalin
(0.0854 mL) at rt. After stirring at rt for 20 min, the reaction mixture was cooled down to 0 °C, and sodium
triacetoxyborohydride (73 mg, 0.35 mmol) was added. The mixture was stirred at 0 °C for 5 min and at rt for
50 min. After diluted with DCM, the organic layer was washed with sat. aq. NaHCO3 and separated through
Phase Separator (Biotage AB). The obtained organic layer was concentrated in vacuo, and the residue was
purified by column chromatography (SiO2, MeOH/DCM = 2/98 — 10/90 (v/v)) to give 94b (86 mg, 84% vyield)
as a yellow solid. *H-NMR (DMSO-Dg, 80 °C) &: 7.50 (1H, d, J = 8.5 Hz), 7.02 (1H, d, J = 8.5 Hz), 4.22 (2H,
s), 3.63 (2H, t, J = 5.8 Hz), 3.04-2.98 (2H, m), 2.87-2.83 (2H, m), 2.57-2.51 (2H, m), 2.41-2.35 (2H, m), 2.29
(3H,8),2.24 (3H, s), 1.44 (9H, s), 1.05 (6H, d, J = 6.1 Hz). MS (ESI/APCI) m/z: 442.4 (M+H)*.

NH,
Cl

3-(4-amino-3-chlorobenzoyl)-7-methyl-8-[meso-3,4,5-trimethylpiperazin-1-yl]-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (95b)

To a MeOH (1 mL) solution of 94b (84 mg, 0.19 mmol) was added 4M HCI in 1,4-dioxane (1 mL). The
mixture was stirred at rt. After 1 h, the reaction mixture was concentrated under reduced pressure to give a
crude intermediate. The title compound 95b (79 mg, 84% yield) was obtained in a similar manner to that em-
ployed for the synthesis of 92e, using the crude intermediate and 4-amino-3-chlorobenzoic acid (39.7 mg, 0.23
mmol). *H-NMR (DMSO-Ds, 80 °C) &: 7.50 (1H, d, J = 9.1 Hz), 7.34 (1H, d, J = 1.8 Hz), 7.21-7.16 (1H, m),
7.03 (1H, d, J =8.5 Hz), 6.84 (1H, d, J =8.5 Hz), 5.59 (2H, s), 4.39 (2H, s), 3.77 (2H, t, J = 5.5 Hz), 3.07-2.99
(2H, m), 2.96-2.91 (2H, m), 2.54 (2H, t, J = 10.9 Hz), 2.40-2.33 (2H, m), 2.28 (3H, s), 2.23 (3H, s), 1.05 (6H,
d, J=6.1 Hz). MS (ESI/APCI) m/z: 495.3 (M+H)".

92



N-[2-chloro-4-({7-methyl-5-0x0-8-[meso-3,4,5-trimethylpiperazin-1-yl]-1,5-dihydro-2H-
chromeno[3,4-c]pyridin-3(4H)-yl}carbonyl)phenyl]methanesulfonamide (84)

To a solution of 95b (79 mg, 0.16 mmol) in pyridine (1.5 mL) was added methanesulfonyl chloride (0.0373
mL, 0.48 mmol). The mixture was stirred at 50 °C for 100 min. Methanesulfonyl chloride (0.0248 mL, 0.32
mmol) was added and the mixture was stirred for 30 min and then cooled to rt. Pyridine (1 mL) and methanesul-
fonyl chloride (0.0373 mL, 0.48 mmol) were added and the mixture was stirred at 55 °C for 1 h, cooled down
to rt, concentrated under reduced pressure and stored in a refrigerator, overnight. The residue was diluted with
chloroform and purified by column chromatography (SiO2, MeOH/DCM = 2/98 — 15/85 (v/v)). The obtained
material was dissolved in THF (5 mL) and MeOH (0.5 mL), and 1M ag. NaOH (0.318 mL) was added to it.
The mixture was stirred at rt for 50 min. 1M HCI aqg. (0.3 mL) was added, and the solution was concentrated
under reduced pressure. The residue was purified by column chromatography (amino-silica, MeOH/DCM =
10/90 — 50/50 (v/v) and SiO2, MeOH/DCM = 1/99 — 12/88 (v/v)). Trituration of the residue with diisopropyl
ether gave 84 (37 mg, 42% vyield) as a white solid. *H-NMR (DMSO-Ds, 80 °C) &: 9.30 (1H, br s), 7.59 (1H,
s), 7.55 (1H, d, J = 7.9 Hz), 7.51 (1H, d, J = 7.9 Hz), 7.43 (1H, d, J = 7.9 Hz), 7.04 (1H, d, J = 8.5 Hz), 4.40
(2H, s), 3.77 (2H, br s), 3.09 (3H, s), 3.07-3.00 (2H, m), 2.99-2.93 (2H, m), 2.60-2.52 (2H, m), 2.46-2.40 (2H,
m), 2.29 (3H, s), 2.26 (3H, s), 1.07 (6H, d, J = 5.5 Hz). ®C-NMR (DMSO0-Dg) §: 167.7, 159.3, 153.4, 150.8,
146.8, 137.0, 132.7, 128.7, 127.4, 126.6, 125.3, 121.9, 117.8, 116.4, 114.9, 113.8, 58.2, 57.8, 40.9, 37.4, 24.5,
17.5, 10.8. MS (ESI/APCI) m/z: 573.3 (M+H)*. HRMS (ESI): m/z calcd for C2sH34CIN4OsS (M+H)* 573.1933.
Found 573.1957. IR (KBr) 3435, 2987, 2929, 2815, 1712, 1638, 1602, 1502, 1437, 1386, 1335, 1240, 1160,
1103, 1075, 1053 cm™. Anal. Calcd for CzsHs3sCIN4OsS-H20-0.2CH,Cl: C, 55.87; H, 5.84; N, 9.18; Cl, 8.13;
S, 5.25. Found: C, 55.57; H, 5.84; N, 9.03; Cl, 8.38; S, 5.22.

tert-butyl  8-[(3R)-3,4-dimethylpiperazin-1-yl]-7-methyl-5-oxo-1,5-dihydro-2H-chromeno[3,4-c]pyri-
dine-3(4H)-carboxylate (94c)

In a similar manner to that employed for the synthesis of its enantiomer 47d, the title compound 47¢ (29.5
mg, 21% vyield) was obtained using 46 (151 mg, 0.32 mmol) and (2R)-1,2-dimethylpiperazine (159 mg, 1.39
mmol). MS (ESI/APCI) m/z: 428.1 (M+H)".
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8-[(3R)-3,4-dimethylpiperazin-1-yl]-7-methyl-1,2,3,4-tetrahydro-5H-chromeno[3,4-c]pyridin-5-
one-2HCI (S25)

In a similar manner to that employed for the synthesis of its enantiomer S24, the title compound S25 (27.6
mg, quant.) was obtained from 94c (29.5 mg, 0.069 mmol). MS (ESI/APCI) m/z: 328.3 (M+H)".

NH,
Cl

3-(4-amino-3-chlorobenzoyl)-8-[(3R)-3,4-dimethylpiperazin-1-yl]-7-methyl-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (95¢c)

In a similar manner to that employed for the synthesis of 92e, the title compound 95c¢ (24.3 mg, 73% vyield)
was obtained using S25 (27.6 mg, 0.069 mmol) and 4-amino-3-chlorobenzoic acid (13 mg, 0.076 mmol). *H-
NMR spectrum was consistent with that of its enantiomer 95d. MS (ESI/APCI) m/z: 481.3 (M+H)™.

N-[2-chloro-4-({8-[(3R)-3,4-dimethylpiperazin-1-yl]-7-methyl-5-ox0-1,5-dihydro-2H-chromeno[3,4-
c]pyridin-3(4H)-yl}carbonyl)phenyllmethanesulfonamide (85)

In a similar manner to that employed for the synthesis of its enantiomer 86, the title compound 85 (13 mg,
48% yield) was obtained using 95¢ (23 mg, 0.048 mmol) and methanesulfonyl chloride (0.0186 mL, 0.24 mmol).
'H-NMR spectrum was consistent with that of its enantiomer 86. MS (ESI/APCI) m/z: 559.1 (M+H)*. [a]p®
+16.6° (c = 0.371, CHCls).
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NH,
Cl

3-(4-amino-3-chlorobenzoyl)-8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-1,2,3,4-tetrahydro-5H-
chromeno[3,4-c]pyridin-5-one (95)

To a solution of 94d (21 mg, 0.049 mmol) in MeOH (1 mL) was added 4M HCl in 1,4-dioxane (1 mL). After
stirring at rt for 1 h, the solvent was evaporated under reduced pressure. To the residue were added 4-amino-3-
chlorobenzoic acid (10 mg, 0.058 mmol), WSCI-HCI (12 mg, 0.062 mmol), HOAt (9 mg, 0.066 mmol), DCM
(1 mL), and N,N-diisopropylethylamine (0.033 mL, 0.19 mmol) at rt. The mixture was allowed to stand still at
rt overnight, and then diluted with chloroform. The organic layer was washed with sat. ag. NaHCO3 and sepa-
rated through Phase Separator (Biotage AB). The obtained organic layer was concentrated in vacuo, and the
residue was purified by column chromatography (SiO,, MeOH/DCM = 2/98 — 12/88 (v/v)) to give 95d (19.5
mg, 82% yield) as a white solid. 'H-NMR (DMSO-Dg, 80 °C) &: 7.51 (1H, d, J = 8.5 Hz), 7.34 (1H, d,J = 1.8
Hz), 7.21-7.17 (1H, m), 7.05 (1H, d, J = 8.5 Hz), 6.84 (1H, d, J = 7.9 Hz), 5.60 (2H, s), 4.39 (2H, s), 3.77 (2H,
t, J=5.8 Hz), 3.03-2.80 (7H, m), 2.56-2.51 (1H, m), 2.40-2.33 (1H, m), 2.29 (3H, s), 2.25 (3H, s), 1.04 (3H, d,
J=6.1 Hz). MS (ESI/APCI) m/z: 481.3 (M+H)*.

N-[2-chloro-4-({8-[(3S)-3,4-dimethylpiperazin-1-yl]-7-methyl-5-0x0-1,5-dihydro-2H-chromeno[3,4-
c]pyridin-3(4H)-yl}carbonyl)phenyllmethanesulfonamide (86)

In a similar manner to that employed for the synthesis of 79, the title compound 86 (8 mg, 41% yield) was
obtained using 95d (17 mg, 0.035 mmol) and methanesulfonyl chloride (0.014 mL, 0.18 mmol). H-NMR
(DMSO-Dg, 80 °C) &: 7.59 (1H, d, J = 1.8 Hz), 7.57-7.50 (2H, m), 7.45-7.41 (1H, m), 7.06 (1H, d, J = 8.5 Hz),
4.40 (2H, s), 3.79-3.75 (2H, m), 3.09 (3H, s), 3.01-2.82 (7H, m), 2.59-2.51 (1H, m), 2.45-2.32 (1H, m), 2.29
(3H,s),2.28 (3H, s), 1.05 (3H, d, J = 6.1 Hz). 3C-NMR (DMSO-Ds) 8: 167.7, 159.3, 153.7, 150.8, 146.8, 136.7,
132.9, 128.7, 127.5, 126.6, 125.4, 121.9, 117.9, 116.4, 115.0, 113.8, 57.8, 57.5, 54.9, 51.1, 41.9, 41.0, 24.7,
16.3, 10.8. MS (ESI/APCI) m/z: 559.3 (M+H)*. HRMS (ESI): m/z calcd for Co7H32CIN4OsS (M+H)* 559.1777.
Found 559.1806. IR (KBr) 3435, 2932, 2817, 1712, 1634, 1603, 1502, 1442, 1386, 1335, 1285, 1240, 1160,
1105 cm™. [a]p?® —11.8° (c 1.00, CHCls).
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2. Biological evaluation

General

All experimental procedures for animals were performed in accordance with the in-house guideline of the
Institutional Animal Care and Use Committee of Daiichi Sankyo Co., Ltd.

Enzymatic assay

For MTHFD2 NAD-dependent dehydrogenase assay, 0.125 ug/mL MTHFD2 recombinant protein, 100 pM
NAD, 0.2 mg/mL tetrahydrofolate (THF), 2.5 mM formaldehyde, 5 mM MgCl,, and 10% DMSO or compounds
were mixed in 384-well plate (Greiner, 781801, UV transparent). The amount of mixture was 40 pL/well. After
incubation for 30 min at room temperature, the reaction was stopped by adding HCI.

For MTHFD1 NADP-dependent dehydrogenase assay, 0.125 pug/mL MTHFD1 recombinant protein, 82.7
uM NADP, 0.3 mg/mL tetrahydrofolate (THF) , 2.5 mM formaldehyde, 5 mM MgCl,, and 10% DMSO or
compounds were mixed in 384-well plate (Greiner, 781801, UV transparent). The amount of mixture was 40
uL/well. After incubation for 30 min at room temperature, the reaction was stopped by adding HCI.

The product methenyl-THF was detected by the absorbance at 355 nm. ICsp values were calculated from
quadruplicate experiments using GraphPad Prism. The revised structure of LY 374571 was used for the standard
for the assays*.

Cell-based growth inhibition assay

MDA-MB-231 cells (MDA-MB-231-luc-D3H2LN, Caliper Life sciences, Inc) were seeded in a 96-well plate
at 2,000 cells/90 uL/well. On the following day (Day 0), a test compound diluted with medium was added at
10 uL/well. For the medium for a growth test, MEM with 10% dialyzed FBS, 400 uM Serine and 250 uM
Glycine were used. 3 days (Day 3) after the treatment with the compound, 100 uL of a cell-titer Glo (Promega)
solution diluted 2.5 times with PBS was added and the amount of luminescence was measured by EnVision. In
order to evaluate net effect on cell growth, the value on Day 0 was subtracted from the value on Day 3 after
initiation of treatment with the compound. Based on the amount of growth by a sample containing no compound
was regarded as 100, the 50% inhibitory concentration (Glso value) was obtained.

Pharmacokinetics

The tested compounds were suspended in a 0.5 (w/v) % methyl cellulose 400 solution (Wako Pure Chemical
Industries) and administered orally to male BALBc mice (Charles River Laboratories Japan, Inc.) at a dose of
10, 30, 100, or 300 mg/kg. The plasma samples were collected and the concentration at each time point were
measured by LC-MS/MS. The pharmacokinetic parameters were calculated by a non-compartmental analysis.

In vivo anti-tumor test

Five-week old female BALB/cAJcl-nu/nu mice (CLEA Japan, Inc.) were inoculated subcutaneously with
MDA-MB-231luc tumor cells (4 x 10° cells/mouse). From eleven days after implantation (day 0), the mice
were orally administered vehicle (0.5% methylcellulose), compound 79 (300 mg/kg) or compound 87 (30, 100
or 300 mg/kg) twice daily (in morning and evening) until sacrificed at day 11. The long and short tumor diam-
eters and body weight were assessed at 2—-3- and 1-2-day intervals, respectively. Tumor dimensions were meas-
ured with a digital caliper and tumor volumes were calculated as long diameter x short diameter?/2.
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3. X-ray crystallography

Protein production of X-ray crystallography

A DNA fragment encoding human MTHFD2 (residues 36-338) was amplified by PCR and inserted into
PET15b vector (Novagen) to produce an N-terminal 6xHis-tagged MTHFD2. The expression was performed
in E. coli strain ArcticExpress (DE3) RIL (Agilent). After sonication and centrifugation of the cells, the super-
natant was applied to a HisTrap FF crude column (GE Healthcare), and the protein was eluted with a gradient
of from 20 mM to 500 mM imidazole. A subsequent gel filtration was carried out using a HiLoad 16/600
Superdex 200 pg column (GE Healthcare) with buffer consisting of 50 mM Tris-HCI pH 7.5, 150 mM NaCl, 2
mM DTT. The MTHFD2 were collected and concentrated to 16 mg/mL.

Crystal preparation and structure determination for compound 1/MTHFD2 and compound
41/MTHFD2

Co-crystals of 4-[(2,4-diamino-6-hydroxy-pyrimidin-5-yl)carbamoylamino]benzoic acid* (526, a weak
binder, cell-free 1Cso > 30 uM for the in-house MTHFD2 enzymatic assay) and MTHFD2 were prepared using
the sitting-drop vapor diffusion method at 293K in 28% i-PrOH/ 0.1M bis-Tris, pH 6.5/ 3% PEG200/ 10 mM
spermidine. Bound compound was removed from co-crystals by incubation in 10% i-PrOH/ 0.1M bis-Tris HCI,
pH6.5/ 3% PEG200/ 25% glycerol/ 10 mM spermidine/ 10 mM K phosphate buffer, pH 8.5 for 1 day at 293K.
Then, the test compounds were introduced to MTHFD2 crystals by soaking in the same solution containing 1
to 10 mM test compound and 2.5 mM MgCl; at 293K for 1 to 4 days. Obtained crystals were flash-frozen and
stored in liquid nitrogen until use.

Diffraction data were collected at the beam-lines of Tsukuba Photon factory as shown in Table S1. After data
processing, initial phase were determined by PHASER* using human MTHFD1 structure (PDB ID = 1DIA®)
as a search model for molecular replacement. After that, phase refinement and model building were carried out
using REFMAC5% and COOT*'. Statistics of data processing and phase refinement are summarized in Supple-
mentary Table S1. Figures describing crystal structures are drawn by pymol“,

OHH H
N7
)'\):[\n/ OH
HN" NN

Crystal preparation and structure determination for compound 79/NAD*/MTHFD2

Co-crystal composed of compound 79, NAD* and MTHFD2 was prepared as previously described with slight
modification. Briefly, co-crystals of S26/MTHFD2 were prepared by vapor diffusion method. Bound compound
was substituted with compound 79 and NAD* by soaking in solution containing 1 mM compound 79 and 2.5 mM
NAD* for 40 h at 293 K. Diffraction data were collected at BL-17A of Tsukuba Photon factory as shown in Table
S2. Phase refinement and model building were carried out using REFMAC5 and COOT. Statistics of data pro-
cessing and phase refinement are summarized in Table S2. Figures describing crystal structures are drawn by

pymol.
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Table S1. Statistics for data collection and phase refinement.

®Rmerge = XhXj [<I(h)> - I(h)j | / ZhZj <I(h)>, where <I(h)> is the mean intensity of symmetry-related reflections.
PR-value = X | |Fobs| - |[Fcalc| | / £ |Fobs|. Reree for 5.2% of reflections excluded from refinement. Values in

parentheses are for the highest resolution shell.

compound 1/MTHFD2 compound 41/MTHFD2
Data Collection
X-ray source PF BL-17A PF AR NW-12A
Wavelength (A) 0.98 1.00
Space group P6s P6s

Unit cell dimensions

Resolution (A)

a=b=116.5 A, c=113.2 &
a=p=90 °,y=120 °
49.36-2.50

a=b=116.4, c=113.2
a==90 °, y=120 °

46.05-2.25
(2.57-2.50) (2.31-2.25)
Total No. of observations 153418 (11519) 354192 (13351)
Unique reflections 30155 (2214) 41331 (3207)
Redundancy 5.1(5.2) 8.6 (4.2)
Completeness (%) 99.9 (99.9) 99.4 (97.1)
I/o(D) 20.6 (2.9) 13.8 (1.0)
Rmerge? 0.040 (0.470) 0.092 (0.937)
Refinement
Resolution (A) 25-2.5 25-2.25
No. of reflections 30124 41260
RMS Bonds (&) 0.006 0.006
RMS Angles (°) 1.645 1.096
No. of atoms
protein 4280 4395
water and solvent 66 181
ligand 60 104
Average B value (A2)
protein 78.4 515
water and solvent 76.0 54.7
ligand 81.0 53.9
R-valueb 0.2032 0.2034
RirecP 0.2542 0.2434
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Table S2. Statistics for data collection and phase refinement.

®Rmerge = ZhXj [<I(h)> - I(h)j | / hZj <I(h)>, where <I(h)> is the mean intensity of symmetry-related reflections.
PR-value = X | [Fobs| - [Fcalc| | / X [Fobs|. Riree for 5.2% of reflections excluded from refinement. Values in paren-

theses are for the highest resolution shell.

compound 79/NAD*/MTHFD2

Data Collection
X-ray source
Wavelength (A)
Space group

Unit cell dimensions (A)
Resolution (A)
Unique reflections
Redundancy
Completeness (%)
I/o(I)

Rmerge?
Refinement

No. of reflections
RMS Bonds (&)

RMS Angles (°)
Average B value (A2)
R-valueb

R freeb

PF BL-17A
0.98
P6s
a=b=116.5, c=113.2
2.25
41534
3.4
99.9 (99.8)
8.1 (0.6)

0.037 (0.547)

41488
0.007
1.677

59.1

0.1953

0.2497
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