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ADFP: adipocyte differentiation-related protein
ANGPTLA4: angiopoietin-like 4

aP2: adipocyte Protein 2

DPPA: diphenylphosphoryl azide

DTBAD: di-tert-butyl azodicarboxylate

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
FBS: fetal bovine serum

HOBLt: 1-hydroxybenzotriazole

KRT20: keratin 20

PPAR: peroxisome proliferator-activated receptor
PPRE: peroxisome proliferator response element
GAPDH: glyceraldehyde-3-phosphate dehydrogenase
LBD: ligand binding domain

Ms: methansulfonyl

gPCR: quantitative polymerase chain reaction

SCID: severe combined immunodeficiency

TFA: trifluoroacetic acid

TFAA: trifluoroacetic anhydride

TMS: trimethylsilyl

TZD: thiazolidinedione



1 &5

PPAR (peroxisome proliferator-activated receptor) y [INZ R A —/R—T 7 2 J —D—DTh
V. UH Y FREFERIIEREE T OBGIEEEARE T2 2 L2k, KO R Y sk,
HENA RIS 7> D BRI ~D /3 LFB 8 R E 2 HI# L T D, 123 PPARy 1, [F U< BENZAME
ThHhHVF /A FXZEE o b~Tr 2 BIEEFMA L, FIRHIEEE 07 1T — 2 — %I AF
19 %5 DNAJSEBANCHES . BBERF L LTE Z & RmbhTngd, 4

INE TITHEL 72 PPARY TEEIERNBHIE SN CW 5, FT7 YU VP4 (TZD) B8R Th 5
A7 oeu T XY EETeREN T PPARy EEHEE DO E % Figure 1 (27”7,
5678910111218 = 5 PPARy TEENFEIT 2 RUFEIRIFOIERIEL LTHHTH D Z LR ann T D,
PPARy EENIZ T T 4 RV A b FuT A2 2 @P2). 7TA4KR7 4V (adfp). 7T 4 RF7 F
> 72 EDORRWIBAE Sy FREDBIA T DOERG 2 TEMAL L. BRI ATERAIL ) & AEI M ~ D 40k & 75
T 5, WO 21X, v 7 )& e BIC L D~ U ARSI AR RE 3T3-L1 DRI~
DOIHLFER L MHN TN 5D, 171819

EFED &9 72 PPARy TEMEAGIC I < MENRTBRARAL O 2 (LFFEMEH & FERIZ. PPARy 1FEIEEIT
BB A D /3L FEE BT D E B2 HNTW5D, filxiE. PPARy E2/EBHRTH 5
TZD #FHiEfk> 7 7> &/ (CS-7017, Figure 1) 75, ARAMEHMRIRAS A2, I/ Nz A2t 30
g3 Ao 8 702 EFE 2 DD AURIRIZ KT U COERBEEM 2R 9 et s i ST D, ROEHVIR
HRAS AR DRO (2= 7 7> % Y L) 1 nM 2RI % &, DRO Mifakkod = v = — BRI E 1
HNFRO B A7 (63 %PAE), °© ZDORF, DRO Mild COxT 7 7> % > @ PPARy I&EMHALEEIX,
PPRE3-tk-Luc i#&fn 1 (LR —F —@&n T : Vo 7=2F7—8) ZEALLLLFR—F—V—0T vt
AIZBWTHER I TS, T7205, PPARY fEEIE X, A V=X LOMMBAANC D Z L
PRSI D,

—F, =T YEY ORI RMOEREICRE SN DA EERNE 1 KRB TR

ENTW5S, 20 £7-, #tho PPARy 52 /EEIEROIERK B L ORI TEIC B W ClRBED A EES
NHE SN TGS, 228 Z 0k TOZE T, PPARy 1EEIEKD B DEWT X > T Tt n -85

DT Ty ANBRRDZERMENT NS, XZEI T, FHEKEAET D PPARy {EH)FE 2 HL



95 Z L TENIE, FRIEIZED DK ATEEM 2 50k U728 RO FUEISAIC 20 9 5 L& &
PPARy V T > ROLRRMIZE 2 BlsG LT,

IR, = NMEaW OB ET 28t & 32 ) — MG o _ oy I v U FEIROAIH
R ELD 7= O ERm ., FF%A972 PPARy & > /37 BIZ%d 2 k5 A1 L OV in vitro 1

L WVin vivo FUIEEIEMEIZ SOWTEIZIR R B,

PPARYy full agonists PPARY ligands
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Figure 1. Chemical structures of PPARYy full agonists and ligands. The structures of TZD are showed in red.



2 V—NMbEMolgEtEzn a7 7 AL

2.1 by MEAEMOESG L X FVHDEA

FENTHIOAIERIER 2 I > 7= 7 —~ DO T PPARy fEEHEIE 2 H T 5 VX V) 7B B U iFER
1-DM ZABSR AL L 72 (Figure 2), in vitro {EPERHMIIZ, PPARy LAR—4 —Y— 7 vk A2 THE
i U7z, L. PPARy TEBNEMEN A 4372 6 DD (ECso = 4,564 nM) TZD #1d % £ 7= T BEFE D
PPARy {EENIR L [ ZR AR 5 /A HTHZ L5 I-DMIZEH L. KAMeadhae sy — FMbadmeE LT
FEARERT L & LT,

ZIVE COREEMABRIIIEN G, v 7Y &Y T KD PPARy IHMEFRBLUCIE, ERMAEE T
& % TZD#( & PPARy helix 12 @ Tyrd73 & OKFREGTEBIUIATH L Z L3> TnD, #
T720b, 1-DM OREMREE TH DT 7V — Vs OZERIELE A O 83 4u1X, PPARy E
RN B LSS EE X, —RICT TN ATV LRI D A FOVEEE AN X DRSS
Y OBERIBNC X DREATEEOM FIZOWTEL OMANH D, 2 o, EHEOPTEMIIEE TIT,
Y aTuaNCROE D REOVOTHAEIE R AT OBROBENICA T VEEZEAT L L, AT
BONEEEIL Lo T, RBEENDIRVKERFRF B 7 v 7 a8 B < KO IS o B
DI S DR ATV 5 (Figure 3), 27 22T, YUY TRV ERIFEAITHET 5 IRER
FEZATFNEEFEANLTT b7 Y — VOl ZHIET 5 2 & T, PPARy {EENEMEO M L2 -
7=

A F VLMK 1 O JE2EAEE 86%ee D — h~— (Figure 2) ™ PPARy LR — & —J&EMEIL, Hifs
WY 1-DM T~ 20 LA BiEPEA) B U7z (ECso = 197 nM), & OFEFRI1%, —BRE O BRAIC
BANLTEAFNVEAZ L > TEEY 1 OBJEDSTERBICHI S e 2 & 2R 5, 72720, 5%
BEBEACEY LIV R Y T B U ERA IO BET DAEICRSREE AT D720, FH8
REROMERE TREREMET 2LERDH Y | RO LEELIENRETH 2 LAE ST,

Z 2T, AFRAz G LIRS~ ORI RE T o 2L L LT,

AR DR ER 7 CTh 5 GALA @ DNA fES R A A & PPARy U 7 v RESEHEILE DX A TN
LVETH = HNIZ b T AT T 4 R=2a T v Ak, GALA IREMEL Y T =T —E %
LA A TS HEK293 MIIICIWN T, Ve 7 = 5 =85 v RV BIC R B (LR A ERT 5 2 &
(28 V| PPARy {EENC K D HA G 4 3,
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Figure 2. Chemical structure and reporter activity of compound 1.
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Figure 3. Conformational restriction by methyl group in cyclopropane scaffolds.

2.2 ZBRRBEEOBEMRITIZES S REREOT A

MEAERT HICHTE0 ., T, LEW 1 ONARBLEEIZ DOV TEEIZART LTz, BTl <7z &
I LB 1 DT TV —LERE PPARy @ Tyrd73 & OFHEAEM A PPARy EENEMEICHE L F
Mashd, Thbb, ERRTOBEMICEALIZATFVRICEID ZBREKE IV Y TEY
v EBERMEREET T Y v L O R ZERRCE (=Fdm) OflEA, LAY 1 OFEMERBLCK
ELFHLTWBLEEZLND, RIS, AFAERZBRAEES XY TEE L ORJEIZHE
BLTNWDEBZLN,

L&Y 1 D 6-7-6 —BRU N Y TR EKIT, REMRZEGRIL) DA I 7T I L[F
—ThV ., TOREFFRITEEICHRE SN TV D, 87 BROWMORCBURM ETFICTY v
L. ZNUC - TR OBEBIL G N B VR EOERELRET 2 K o l2a vy 7 AN AL E
9% (Figure 4), T 78bb, BALEZAFNIKIZE > TEBRBEROBEZIC S RN TWY

4



LAREMENRDH D, ZHHDOREEZEE L THEREHEETFA T, by MeAG®O 1-DM
BIOMLEY 1 ORLEZ T L, KERBZ T 52 & & Lk,

tE% 1-DM B XY 1 OEEMRZERERR Z Fhid 5 LT, FALEWT M I Y — L e =8
HEUAOE G, TbbA I 4 E Y DU E B LT T VLW ERE LT
(Figure 5), F7-. LAY 1 OMERINRELE IZIRRED D, T o F A~ — OFEJELRR DM
ThoT2e 1-DM ODEFIALEW A 1-DM°, 1 O R IEDET MtEW % ([R)-1°, REEIC S 1AK% (S)-
el

FEFT V7Y 7 b MacroModel (version 10.9) Z VT, £9. 1-DM’ D 2 Rl JE % 8 5%
Lz, TOREFR%Z, Figure 6 (2”7, 7o, REEMEDORT ¥ LT RLF—0 5 013
kcal/mol LAIWNIZ, oD ERMELZERENFE L STz, AR Lz X OIS En~7 ) v 7 Lk
BTN Z, 7 T — /L OIS 2L A F/VHE L anti, syn OFMEEOEIEDIU>THD, =
ZC, BEEE 2 6L A FOVEEDSHRHE T FIA & OFE A down, ERiE b 0% up & L, 1-DMD 45D
B4 % down-syn, up-anti, up-syn, down-anti & E# L7c, &I, RERIZEHE L TROZR)-UB LW
(S)-1’ DI 2 R % Figure 6(B),(CIZRd, 7272 L. FZERCEEDD 0.1 keal/mol LANIZHesR
NI EREIL, ThTh—oT O Tho7, WHE ThE, 1-DM ORR L RMRIZ, RHED
7Yy 7 ET TV AEROMAEDREIZLY, ThEhOTT U FA<—T 1-DMD L H 72
AFEEORERENHERIND EEZ OIS, L, ZERED D 0.1 keal/mol LLINIZE W T,
(R)-1°1%. down-syn & up-anti, (S)-1°1% up-syn & down-anti ® —FEFH 3> DL EEE D HETE XD D
HTHY ., (R)-1"D down-syn & (S)-1°1% up-syn & DR, K ON(R)-1°D up-anti &(S)-1°? down-anti
OBIRIT, EWVICERGRMEKITHYLY T 5, TNt FA~—7T, 7 F7 Y — /L OERIC
BH LT syn, anti O 5 OELAIN A HITZA, EHUTHED 7V v PHE IR EN T —fETH -
Too ZORERIT, SRS BB EEE T D RBIR T LEOAFNVIL T b TV — NV ONAREE
WXV, TR EOBRLMIC E b 725> TR LERRAZOBLEICHIE STV D etk &
ZbND, 21 BT~ AFNVIEDOSEGRITIES ALEWT A L ORUMEEZFHT 5D
DTHD,

WIZ, REFRFEEREL, 2207 N7V —/LEO syn KON anti Blli) & A fafnfs & o E/Z BAPEAE

WL THBTEAZLZHHEL T, IR 7 uany B o AF ) FUE»EZER L, Hib.,



RE BALE T BT Y — ARG T DRFER A KE— KA _EAIC L CHRARREZBEE L, 7
KT — VERS 2 WL A FVINZxE LT syn Bl CTH DHILEW 2 B L2 DOET /LAY 22, B X
O, antifidi&E Th 5D 3B L NZEDET MLEW 3% %5 L7 (Figure 5), MacroModel % FH T 27,
PDOIRLTEREZ FHHE L-FE 5%, Figure 6(D), ENC R TEENESNTZ, WITNLRENR T Y ¥
7L, down, up OMEJENHER S, T b 7Y =L & AF VLI L ONRE ZRET D & 5 Bt
WORENHE S LTV, o 28X PO SOREEEL, POl I 4~—
OISO ERE, down-syn, up-anti, up-syn, down-anti (ZFH%43- %, BiL, ZIKTHD 220D~ >0
ZERE down-Z 3 KX OY up-Z 1Z(R)-1°® down-syn & (S)-1°® up-syn &2, —JF, ERTHD 3D D
DOEERE down-E 33 XY up-E I£(R)-1°D up-anti & (S)-1°? down-anti % Z i1 8h Fa9 It
5, FEIZ, LOKFTF U F A —ORERME L 2, FPORGT 2 LERME L ZNENERA DhE

L WIS ZBREKBIOT T Y — VO RAFRE R AR S vz (Figure 7),

LEDZ Enn, IRy uanTd 2o AF VTR 2, 313, 1 02— b~—OEVERLEZ
Bl C & 2 ATREME DS EV, LA 2, 3 1%, B8V PPARy fEENEMEZ /R L, RAFREZ AL -V
— NMMEEWITe D 25 W LT, £2T, 2,3, BLXO, 7 F 7V — A BROMNEME L LTH

HOHLOF XYV VT L ANEW LT 4,5 AR LT, GREAESRICEI L TIE, 41 ETiRR

o900,

' l ring reversal

down
Me ;E ?
|m|pram|ne | Me

Figure 4. Ring reversal motion of the 6-7-6-tricyclic ring systems.
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Figure 5. Chemical structures of model substrate for conformation studies and compound 2,3.

(A) down-syn up-anti up-syn down-anti
H
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o
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(B) down-syn




(D) down-Z up-Z (E) down-E up-E

Figure 6. Stable conformations of (A) 1-DM” (gray), (B) (R)-1’ (yellow), (C) (S)-1’ (pink), (D) 2’ (red), (E)
3’ (green) as calculated by the MacroModel. The hydrogens, nitrogens, and 2-methyl group are colored
white, blue and magenta respectively.

1-DM’ (up-anti, down-anti): AE = 0.0 kcal/mol (global minimum), 1-DM’ (down-syn, up-syn): AE = 0.13
kcal/mol, (R)-1’ up-anti: AE = 0.0 kcal/mol (global minimum), (R)-1* down-syn: AE = 0.1 kcal/mol, (S)-1’
down-anti: AE = 0.0 kcal/mol (global minimum), (S)-1° up-syn: AE = 0.1 kcal/mol, 2’ down-Z,up-Z: AE =
0.0 kcal/mol (global minimum), 3° down-E,up-E: AE = 0.0 kcal/mol (global minimum),

(A) down-syn ((R)-1°) /down-Z (2°)




(B) up-anti ((R)-1°) /up-E (3°)

(©) up-syn ((S)-1°) /up-Z (2°)

(D) down-anti ((S)-1°) /down-E (3°)

Figure 7. Superimposition of the most stable conformations between compound (R)-1’ (yellow), (S)-1°
(pink), 2° (red) and 3’ (green) as calculated by the MacroModel. The hydrogens, nitrogens and 2-methyl

group are colored white, blue and magenta respectively.
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2.3 BOJEMEHTRE S A M U T2 R 2 A 2358 /K 0 PPARy {EENEME

BRI Ry a2 AF )T UEERD EIZ YK 2-5 @ PPARy {EENEME %
HEK293 L 7RN— & —i&{n+3FAMh-% TRlli L 7= (Table 1), L R—% —&fa RO AMIT. F
#72 PPARY 1EENER CH D A/ U X v | uMALE L7238 O RICkH+ 5 E LTHEHB LT
W5, IR a2 AF T U0 ER 2B 41%, 13E PPARy DEENEM A /R S
Rote, —HT, ZIR3IBIP5IF 1 M IZB W TE A7 U & Y kbbb T 20%LL LD LR—%
—EBERTFRAEORKELZ R L, O — NMua® 1 LIRS EOTEREZRFF LT, 2RO DO/RERNG
TRy AT Z AT YT ZAROZERIEN, LG 1 OTEMERCE 2 #H L TV 2 "THE
PERENEBZ X DB XD,

EEDPREG L CRAFEERIL, OV Z DL D RESFEEHEKE TS5 LT
PPARy TEBNEMED i KAEAMEV Y, ZHE TO PPARy EEHEZEDOBIZED S, BERISUEIER 289
72OIZiE, BT Ld LAR—=F —BEFRHIR TEWVRREZ R THRERRN ERAHATND
B 2 1%, PPARy DERSVEEIIR E L THIHNTWD INT-1310A X 7' ) X id, EEDILEm L
[FIERIC HEK293 L AR — & — 3R DBAR - REBL DI KAEAY 20%LL T AR A, FERRIR & L < 13Eq
IRIFZEIZ BN TR WBERIFUSGEER 2R3 2 L 3 ST g, 30813238 7= - db/db BEIRIA ~
U AIZEUNT, INT-131 (R R L TR 60% IR FEMZ R L, ZOMRITEA T
V&) ERETHD, DAFEBIZBEALTUILAR—X—T7 vEAI2E1F 25 PPARy fEENEM: L in
vivo B DOAHBAIZ BT 2 RIBIA 22N BERSGEE & AR OM R 2R3 ATREERN B A i D,

FIT, BRI anTE XTI T UFERS 2R — MEAMIZERE L.
SORDREIIEZEM T 52 L & L, LB 3 L0 bba 5 2R L TRFE AR 4tk
WL LT LIEDIE, 5 DIE I B FOIREMENMELS . ROFERREICARTH L Z &3 EE

S5 Th D (ClogP of 3 and 5: 6.03 vs. 5.76, calculated by ChemBioDraw Ultra 14.0),

10



Table 1. PPARY reporter activities of E/Z isomers of
dibenzocycloheptanemethylidene?

Me
=
. T S '
: N~
RO
O L.
X Me
1 1 0,
Compd. Geometric X efficacy % ECso
isomer at 1 uM (nM)
1 - Tet 24 197
2 E Tet 0.4 -
4 E Oxa 15 -
3 z Tet 59 251
5 z Oxa 23 177
pioglitazone 100 2053
INT-131 8.3 59
metaglidasen 11 7365

aThe efficacies and ECsg values of compounds 1-5 in human PPARy /GALA4 transfected HEK293EBNA
cells at 24 h after drug treatment. The efficacy of each compound was calculated as the percentage of the

maximum activation obtained with pioglitazone at 1000 nM. ECso values were determined using the XLFit.

2.4 U — MW oOrEEEHEMAE & g a9 O HS
RERFEFFTT, EEREE L > TWDH EEZBND Y — MMEAWSOIEER L& HIEL .

MEBLOA I XY D0z 30E LT (Table 2), EENEMEIL, (bEWAE{LOFREE L L
TEREFERDON YT =T =B & LIR—F —8inf LT HHEK293 L AN — # — 8 a7l % TR
fliL7=, U — NMEGWSIZHEI S W IREMEZ A L TR Y (ClogP 5.76), £7z, RO~ Y v
I aNT R AT YT EREOGHICIES TREE L, RREERRT <, oy
YIanTBUAFVT DOV anT T URICERIR 2B A LTt 596 (ClLogP 5.00) % &%
Rhe B LT, IR a2 AF VT U OEMITHER TRIIB TR TH D DITK L,

{EEMODREZE Y XY X2 BV BROGRIC VLR TRIIS TR TH D, (Scheme 1,2% 2 )

11



{bEmeix, UV — NMEAW5 L 0 b2fEfEEiEMED M E L72 (ECso =84 nM), S HIZ, £ IX VY
VO VBOBRBERFBIOAFARERELENU YA IFY =L LIAb AT E AR LT &
ZA, EBIZVR—Z —{EMHD M L7z (ECso = 17 nM),

WIZ, XA IE = VAL DOERIEE = TF NN ) v LT VI ER LT 2
AL S HIIEENT B LT ((BAE#8, ECso= 2.4 nM), 72, {LEMBDR > A I X — VAT
AFNIEEZEAN LT REOIESZ R LT Z 0D, FRIEAMOEBRIETFRMENME 272, & 2T,
JREEMEDIR T2 HEIZ, Ry A I XY — VALK R A VAR 7 2 N E o sEtatEoi
PR HEAN LT LA MI0-132 G L, FHli L7z, ZR&RN D, 20 OFEEROIEMEITIHE L
T2 &b AL~ ORME D W E UL OB IEMR TR SN2 WZ EBH 6L oz,
Flo, RUVAIFY = NE MLCHEREAT 54 I4 Y — /L TEH L7ALEW14E L T15
HAEMRLTZD, ZTHDOIEEBIRT L7z,

FROXIICLTHELNALEWIIL., BEALEWS5 L i L TIFRITRIRENS LR — 2 —f
PEZ R A PPARYIEENEME D H RMEIZE L CITRVMEEM Th o 72, 33T TR 72 & 5 ITHER
IR ITIZ BV TIX, AR — & —FHlic 81T 2 PPARYEENE MO R KIEOFEEIZ X - T, in
VIVOIZ BT 2B ER OB S ITITHEBE L 20 E VWY HARE LN TS, £ 2T, E&HIX, L
MDD IR I 7RECsofIZE H L. AMLEW DPPARY S o 78 7 ~ Dk AR O fRHT <0 23 A %
WIZRHIZ D 5 2 & & LT,

12



Table 2. in vitro activities of dibenzocycloheptanemethylidene and

dibenzo[b,e]oxepine derivatives in PPARYy reporter gene assay?

Reporter gene assay

Compd. R Y ECso Efficacy
(nM) (%)
Me
N 24
5| Xﬂ“ﬂe CHs 177
|
Me
N 19
6 | *ﬁ“e 0 84
|
4
N
7 Ef/ﬁ,@ o 17 9.7
|
)
8 - 0 2.7 14
|
Me
9 N@ 0 2.4 95
nPr/«N
|
OH
10 Nb (0] 33 9.1
nPr/«N
|
Me_ OH
Me
11 N 0 13 48
nPr/«N
|
/\/H °
12 "o N& o) 57 11
nPr/«

13




o.Q
Me/S‘NH

13 N O 166 7.0
nPr/«

N
I

14 Nﬂ/ O 151 13
nPr/«N\
|
f@
15 N 0 593 7.2
nPr/«N\
|

pioglitazone 2053 100
INT-131 59 8.3
metaglidasen 7365 11
FK-614 163 11

aThe efficacies and ECso values of compounds 5-15, other PPARYy agonists in human PPARy/GAL4
transfected HEK293EBNA cells at 24h after drug treatment. The efficacy of each compound was calculated
as the percentage of the maximum activation obtained with pioglitazone at 1000 nM. ECso values were

determined using the XLFit.

2.5 A& 9 DRI DS AMIREE MKN-45 (Z%8 9 2 43 fbafk B E T

HEFNARIRE DN D VAR —Z —{EEZ =AY 9 OO0 AR 2 0 bikEEH &2 38 L 72
(Figure 8), K53 {b2s AsfRaRE & L CH 2 AUMIREE MKN-45 2 i 7o, 3 MKN-45 (30 i DO 5538 5=
fECHIAR L2357, IRlEia X 5 2B RECHET %, PPARy {FEi%EZ MKN-45 [ZALE
T 5 EMROIENZEN L, MIAEE LX) RIESBIEIND, ZOMOEEREZ IN
Cell Analyzer CE&RILT 5 Z LI LV, DAMIIO LT EIEIEDOREIE & Lz, ® REHR
PPARY fEEh#ETHHEA 7Y # v | INT-131, FK-614 B URA X 7V e ZiHMli L7 & 2 A,
AL T ZY s PSSO FEHRNL SR T O AR EERIEMED RO B AL, A X 7 ) Xk o TEEME
HRE o Tc, — T, ALEW 9 IFIEFITARIREE ) b HIRuEREETE M2 7R L 72 (94% at 30 nM),
ZORERPOALEY 9 OMIREEIEN:, T7b bR AMBOSEFHEIEM X, o> PPARy {EH)
IV BELLIBOITHLZ ERHLNERST,

14



Fo. LAY 9 WEIC XK 5 MKN-45 il jd DA FE B s T A8 2 & &R Y A T — Bl RS
(QPCR) & CHERE L 7= (Figure 9), < DfER, PPARy THIHEND 7 v VAR F U4k Z L0 'E
4 (angptld) BA=FODOFE &N, S AMIOEEIFEMN 2779 RE (10nM) THEIC LA Lz, &6
W2, MOt~ ——O—2 L LTHMONDT T 4R 7 4V (adfp)¥ DR EL &I, MiakEE
PRGNS 100 M TLEFA L, Fo, MERO~Y—I—ThH D E A F U8 IRRE T T LT
W2 EMD | ALEW 91T XKD PPARy OIEMAL L MKN-45 flllatk DMIaEEETE M, b by
LB E AR LT 2 ATREME A RIE Sz,

Wiz, L&Y 9 73 PPARy OEREIEMALZ LT, DAMIO S EEEE R LT D )& TR
T o7, LAR—Z —FHliD ECsofli & MKN-45 EEEETENE D ECsofl % fL#: L7, Figure 10 (X, 1k
B 8-15 DT v EAIZBITD ECoEDEAMMXTH Y, LAR—F—7 vt A LHlflakE T v
A D ECsofEIT L <AHBIL 72 (2 = 0.924), ZORER LY. EFOLEMIT. PPARy (EENEM:IZ AL
SWTHRAMBDOMEFHEEZ R LTV D AREMR S 505, ZDA N =X LEMEAT 57012,
Stk K0 EEM R A T D MR B D, Bl 21X, PPARy BEREFHEIC L D bR ER O % v

R0, oD PPARY fEENEE & O FitHIHEBR A 7' 0 7 7 A VOER ORI ETH 5,
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Figure 8. Aggregation activities of PPARy ligands in MKN-45 cells. The aggregation of MKN-45 cells was
evaluated using an IN Cell Analyzer 1000 (GE Healthcare) after treatment of compounds for 5 days. The

efficacy of 9 was calculated using its ratio of cell-aggregated clusters as the control value. The
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aggregation % values of other PPARYy ligands (pioglitazone, INT-131, metaglidasen, FK-614) are shown as

the values relative to the maximum efficacy of 9.
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Figure 9. The gene expression in MKN-45 cells after the treatment of 9 at 1-100 nM. The gene expression
was determined by quantitative PCR using an ABI PCR system. The fold-inductions are shown as the

values relative to baseline.
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Figure 10. The correlation of the ECso values of tricyclic compounds 8-15 on the aggregation of MKN-45
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cells with those obtained in a reporter gene assay for HEK293 cells. There was a strong correlation between

the two assays.

2.6 LAY 9 D PPARy ¥ LR E L OB A IR
PPARy U Y RAXA 5T 4 v RAA L (LBD) & PPARy U 4 R & OBEA MG, HEH

HINTND, #R0MEY) 9 1, PPARY IZ/EH LS AR A ARIR EED~ B N2 b B S 5
&N D BB A A FRIEME A R 2 L S, PPARy LBD & OFS ARERUTBLIRZEV Y, Figure 11A (2R
FTEOIT, EFIXMELAW 9 & PPARy LBD HEKRD X Bk it &M 2 G925 Z L IThE L7z,
& 9 OAFY TV OET e ik, PPARy fFENEMHERBLUCEZE SO TNnD
Try4a73 (helix 12) OFERIFE 74 LAKRFRA LR L T\, o, XUV A I XY —VEMLE,
helix 3 B X helix 5 T SND T / =h P4 ROFEICHEL W, F2, ZRIERED
NUB VB, helix 11 TS TE /NS RBUKMEDR 7w b EFHEER L Tz, Z OBUKYE
Ry ME, AALEHOFEE IS T helix 3 ¢ Phe282 OELEMNZE(L L= Z & TREE I & A
b, ZOEIIT, LAY 913, PPARy IFENEMEFE B HEEZ AF-2 S Z AT 5 helix 3%
L helix 11 OBEICHELE 52 TRBY, BFEOaT7 77 2 —2 2 RJED AF-2 fHiE~D Y 7
N— M bEBE 5 AT HREN DD, MMeemaeM\ica7 y 7 2 —7n 7 7 A4 LT
BRI 72D,

Wiz, bEe® 9 o itk % . fho PPARy 1EENSK & bl L 7=, Figure 11(B)iZr > 7 U #
Y D, Figure 11(C) 1T LEW 9 LD PPARY fEEN3ECTHH I 7Y X INT-131, AZ 7Y
Z . MRL20% O X #ifs s 2 ERabE X Th b, ZORE, bEMm I DAF 4
TYrAR, ny 7Y ZY ks TN MRL20 OFEVEREE & B KL EH R Y | Tyrd73 (helix 12) & @
KFREGTEEIZIEB L T e, £, XUV A I =D ) =T A ~&EDOHAERS
oV T FERERTHD Z EBRHRINTZ, TDO—F, VX FXRv U BEBERT S

helix 3 3 K O helix 11 & OBUKPEFAIERIE, oo U B> RIZIZALRWE OMAEH TH

bPPARy % L /7D ) B RASAMEIRICTELE L, helix 3, 5 3 X 11 TP EN /-8, PPARy O
KD T REEDRTND 15-T 4 X T uRE 75000 2 BMEETDEHKEOHEE TS S,
helix 3,5 ¥ & UF helix 12 i% activation function-2 (AF-2) fEik & 4R 9 %, Figure 11 ® K 9 I helix 12 23
TEBEMRLICZ B SN T-5E . AF-2 f8IkIC PPARy EENEMERBUC LT a7 7 7 X —H LRy
BNV 7 — S, BEEEEZEBT 5,
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L ENbrote, ZOEW 9 A ORERRAN RIRE TORAMIAOMEFHEEEMELS WD
BEAF D PPARy 1EENEIZ 1370 W RO R TE LIS IR S > TV D FTREMED B D,

X M A E R ORE RO (LG 1 OIEWRUEZER LTz, bEaW 1O RISIEN DI 4FE
HORERENREH SN TS, (R)-1 D down-syn Blids L OYLEY 3 @ down-Z DECEEIL, 1k
AW 9 O X FfE S AEE AT ORCE & B 7e B2 0 2ok L7z (Figure 12), BAVERSE R L O
F<ERSTVD LMD, EFAVEE . 2B X0 3% AW BT O iU X ok awT
WA NIFRYETHHT-EBE LT, bEW 1 BED 9 OLEREDOELY D, (R)-1 Nx—k
~—T®HY . (R)-1® down-syn fi & (aquamarine), {54 3 @ down-Z (bluepurple) 23 AEFRIEME A 7R

THETH D EHER LT,

(A)
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(B)

(©)
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Figure 11. The crystal structures of PPARy agonists in the PPARy LBD. (A) The binding mode of 9
(orange) to the PPARy LBD. The proton of the oxadiazolone ring of 9 interacted with the oxygen atom of
Tyr4d73. (B) The binding mode of rosiglitazone to the PPARy LBD. Rosiglitazone bound to the canonical
site. (C) The overlay of the complex structure of 9, rosiglitazone (purple, PDB:1FM6), INT-131 (deepgreen,
PDB:3FUR), metaglidasen (lightblue, PDB:4PVU), and MRL20 (gold, PDB:2Q59). The acidic group of

the ligands interacted with Tyr473.

Figure 12. The overlay of the stable conformations down-syn of (R)-1 (aquamarine), and down-Z of 3
(bluepurple) as calculated by the MacroModel and the structure of 9 (orange) from the crystal structure

with the PPARy LBD.
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3 ALEW 9 DiGEILATAE
3.1 LB 9 OFRRE & FHEIRIER O 71

A b A% LTI 2 b B EM 2 or L, v DM E @ PPARy & VX7 EIZxT 5
e~ EEY 9 ZBUGCTE2b 0D, 9 ZFHOTNAAA L LTI T 5 L ToOMEN
O L 7ro Tz, Figure 13 (2B 9 O~ U AR AR GREO M PR 27~ 25 L&Y 9 Difh
PR IIEF (T L in vivo ICBWTEG 2T 2 2 LI TERVWERTH - 7o, HE)
EARRTHLRRE LTE, (bEW 9 OIFEEZ V7 7 A CLn)* BAEWVWI ERbHIT b
(Figure 14, >24.9 L/h/kg ), EHIX. ZONFOEWIREMEN > k7 v — 4 P40 12 X HEELAIRE
RT 2 LEMDIREDORFIK TH D LHELE LT, £2T, ARIT oY =7 MW T, I
VAFEE R ONC B URICERFF2EAL, BEONREEMET LIbEY 6a, 7a B
BONTWEZZ LIZER L, b DEAEYOIEM R LU L ENEIZ SV TR L7z,

bW 6a, 7a ZLAR—2—7 vt A TRl LA R, Ao B UBRICERF 28 AL
7oAb5¥) 6al ECs2’ 86 nM TH Y . (LAY 9 XV IXIEME G Lz, —FH T, AU EU B
FICERFFZ2EALIALEY Tald, RIEIIEMDEES LT (ECso = 2194 nM), L22L. {LEW
Tadot MYEAZ VT T o 23MbEH 6abaw 9 L0 6% L <IKF L (7a: 2.06 L/h/kg vs. 6a,9:
>24.9 Lih/kg), ENTRBLENEZRT ZERHALNERST, ZO/RENG, AR E
VBN ERBIE L TH D Z BRI,

c ITEA 27 U 7 7 > A(intrinsic clearance; CLin) : TTHEIZ 31T 2 3 2 I 2R OB A DR 2 £,
(R LS T8 WGTE 2 R 51 H)
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Figure 13. Plasma concentrations of 9 after its oral administration in BALB/c mice (30 mg/kg, n = 2).

Reporter EC5q = 2.4 nmol/L 86 nmol/L 2194 nmol/L
hCLnt = >24.9 L/h/kg >24.9 L/n/kg 2.06 L/n/kg

8a-10a

Figure 14. Improvement of the human metabolic stability of lead compound 9 by modification of the

tricyclic core-structure.
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3.2 HLERE LB O HUS
FFEO XD ISR RA O BRI & 0 EREARBRB A ONB LB TH D 2 L3

ESINTZOT, CYPIZRDMER#AE T m vy 7255 KE LT, ARARCVEVRICTY vy R F%&
BMATDHZEEBEZTZ, TRNETOAT 4V F AT I AN —fFEICBW T, REHNL~D 7 >
FRFEANLY CYPORBERHEZ T oy 7 TELZ ENMESINTND, #

IR FHFRE D AT vy RIFFOBAERRTL 2 A, L7 VA (KLU
DOFFEIR 8a-10a Z# BT 2 2 ENTE 72, LML 7 A e RIZB L Cid, PABRBUGEEON B SR
ORBETEKT DI ENTE ol ¢ 7 yFREAKIINT O IR 12 LR —F —H M
B LY MKN-45 OREEEME 278 L7- (Table 3), ® & 512, & MF 7 v Y —AZ HWHER
DOFER, 3MIZT7 v EIRFZEALTAEY %9 IZBWVWTOAKRBRAHLEEOR E (3.2
L/h/kg) 3HERE S AL, 28 LN AL 7 v A e AR CIERER DL EAL ISR CTE o 72 (>24.9
and 22.6 L/h/kg), ZDZ D, PRV AR LD 3NN ERILHETL TH D 2 L HVRIE
iz,

in vitro TORFBIZEMEN ELTALAY 9a O~ 7 AZBI1T DY EREL FHl L 7=, 3 L7V
Ak 9aid, vV ARAFGIZEBWTEEY 9 L0 iR ER L, Ziulff->T AUC
Mg L7z (Figure 15), 2D X D IZEH T, MR~ U X PK 2 HT 50Xy 4%t
VI AFuRaE R Lz, LinL, 20O~ A PKEBLOFENI 0 EI1XE 2 20-o7,
T, Ak 9a b Lz, 6o RE LA FE Lz, XEES A& AT (Figure
11A) KO AR YT Y SEAIIEERBUCLATH Y . o, ZBEEERITEERE L & 5

d VRV FFEEUEROBETRERIZBWT, BILAIEMAD Friedel-Crafts [ i TOALEBRIRNIEIZ L D |
—(L T v BIRE AT BRDERT HREMER B o T, EF L, ARSI T—28 | {7 2
PEREZEETH OB 0 Thot-2%, FTiOSME TR, ST v BIEOLBE LN,

@
TFAA, BF,-OEt,, TFAA, BF,-OFEt,,

F
@®
Bril o} CH,Cl, CH,CL, qu’ C
O —— " O
o OH\) N 76% J
F o @

— 7y ERKE BACAT AR =f7vRE

S

23



Te DI EIE T 5 To OMIEARUIRNE CTh o7, £ 2T, FEFIIXN VA IF ) —LEO

RIBELATFEIZ A F LT,

Table 3. Effects on PPARYy reporter, MKN-45 aggregation activities and human hepatic intrinsic clearance

of fluoro dibenzooxepine derivatives

Reporter gene assay MKN-45 Aggregation assay hCLint
Compd. R! X
ECso(NM) Efficacy(%) ECso(nM) Efficacy(%) (L/n/kg)
9 Me H 2.4 9.5+0.6 3.3 100 >24.9
8a H 2-F 12 6.9+1.5 7.0 102 >24.9
9a H 3-F 7.4 11.7+£3.6 1.0 104 3.2
10a H 4-F 4.4 8.7+1.6 3.8 101 22.6

The efficacies and ECso values of compounds 9 and 8a—10a in human PPARY/GALA4 transfected
HEK293EBNA cells at 24 h after drug treatment. The efficacy of each compound was calculated as the
percentage of the maximum activation obtained with pioglitazone at 1000 nM. ECsy values were
determined using the XLFit.

The aggregation of MKN-45 cells was evaluated using an IN Cell Analyzer 1000 (GE Healthcare) after
treatment of compounds 9 and 8a—10a for 5 days. The aggregation efficacies were shown as the values
relative to the maximum efficacy of 9. ECso values were determined using the XLFit. The hCLint was

calculated from the elimination rate constant of each compound in human liver microsomes (n = 2).
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Figure 15. Plasma concentrations of 9 and 3-fluoro-dibenzooxepine derivative 9a in BALB/c mice orally

administered (30 mg/kg, n = 2).

3.3 NV A XY= ORI

{b&4 9 & PPARy LBD & OB AARD X Mfk S fENT (Figure 11A) D, XUV A I XY —
IVENLIE T ) =T YA S OBUKMET X BRI E N, TORERT v B bR & 3R
ENdz, Lo T, RV A IFY = VEH~OE @O EHREOBACEMMEZ 5T 25 K57
EHIEOE NIFHRE SN VATEEERR W E B X bz, REEIC, 24 FICEEHOEY . LAY 6
B T SOEMIZBNW TR Y A IFY = VInLBRIFTHRET 5 Z LI ko TEERH EL
TV, 3M7NF R THRBROBEMIRGEST X, XY A IFY =D B U BICE
FIRFEBEANLT LAY llals LW 12a AR LTz, EOFER, XS mEERT N S Sh
% £ DI PPARy LR — & —IEMERES T AR CThH o 72 (F1ZE4. ECs = 32nM I LT 24 nM,
Table 4), Z 2T, NREMEAREF LIMOFEER~RT 5L L Lic, T /[34-d]f ¥V —
L 13a BLOA 2 & V[12-al ) P UiBiElR 14a X, LAY 9 LIRS OHF TR ) Ao g TR
AR LTz (FvEh, ECso =3.0nM, 53 nM), (LG5 13a D~ 7 A PKIFE LS AR TH -T2
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— T, LAWY 14a D~ 2 AUC IHMEEW 9 O 2ERECTH-T-, £ 2T, (LAWY 14a OJET
8K 15a-21a DERK « #Fl 4 FEHE L 72 (Table 4),

7 ma KA B AN LI bAEY 15a, 16a 3 KON 17ald, MKN-45 BESEIG 10D ECso [HAY E 24 2.0,
1.4, 25nM EIFEFITH N TH -T2, THL7 v r{k16a D~ ¥ A PK (AUC = 10200 ng-h/mL) (b5
¥) 14a (AUC = 3750 ng-h/mL) k0 L BIF CH 7=t MNFEAZ V77 v AMeam 17a kv b
EVMEZ /R LTz, 7 (7 /vA vk 18a 1%, 58 70EE1EYE (ECso = 1.7 nM) B L O RAFR~ T A
AUC (5510 ng-h/imL) Z7~ L7223, & MIFEAZ U T 7 > A (hClint = 3.9 Lihkg) \ZFREN TR - 7=,
Flo, A IFV[L2-al ) U 2 fACERFEIR T A EA LIFEIRIE, RO EZ R LT
2% (19a: 1.0 nM, 20a: 4.8 nM), ~ U A PK %3~ 143 Tdh o7 (19a: AUC = 2450, 20a: 1086 ng-h/mL),
XTFRAJIZ, 89-Pk Fu 7 u[32-c]f I &V [12-a]t' ) ¥ ik 21a X, BN/~ 7 X AUC
(8760 ng-h/mL) % 1R L7273, FaEEEETEME (ECso = 19 nM) 23MEE#) 14a (ECso = 5.3 nM) (2 M iE 72
Mol

A HVL2-alE Y DU B ORI LY . LAY 17a AAEMS L O BIE O migLA
THRALTOLERNGE LN, £ T, L& 17a ® PPARy LBD (Zx7 Dk A% il
% Z & & L=, Figure 16(A)I. L&MW 17a & PPARy DA IRD Xk b St — % T 5,
IbEW 17aix, AxH 7 ar ot o b oL Tyrd73 ORFER &, A I ¥V [12-alE' ) ¥
VEMLIZA ) = A R EFEER LTV e, 61T, IRV FRREE O VBRI
helix 3 35 Z O helix 11 TSNV D BAKMER 7 > b & HA LT e, L&Y 17a L{LEH 9 DX
WAEE O ENRA DT L Figure 16(B)IIRT, XUV A I X4V — )L FOEHEFFONEZEH L T
b, LAY 17a OEJEIF LAY 9 & L<ERDLERTH -T2,

UEORERE Y . B 17ald, {bEH 9 ORI 08 MO 3L FFEE R 6 X OVRHERY 2245 &
FRAA S L | K EENYGE LR Ch DL eI LN Lo, 22T, {LEW 17a %

FAWT, invivo IZB1T 23k L O 2 FE i 52 & & Lz,
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Table 4. Effects on PPARy reporter, MKN-45 aggregation activities and pharmacokinetic parameters of

dibenzooxepine derivatives modified at the 8-substituted heterocycles

Reporter gene MKN-45
assay Aggregation assay AUC hCLint
Compd. R?
ECso | Efficacy | ECso | Efficacy | (ng-h/mL) | (L/h/kg)
(nM) (%) (nM) (%)
N
n 4
%9a Pr_<N 7.4 11.74£3.6 1.0 104 1480 3.2
o
Cl
N X
11a >—</ | 38 10.3+1.3 32 101 N.T. 2.3
N N/
)
Cl
N A
12a |>_</ | N 59 13.7+2.4 22 105 N.T. 10
N =
d
N -
> </
13a N];\S 21 13.7+2.6 3.0 105 196 2.5
d
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1l4a [> ;\ N 19 9.8+3.1 53 106 3750 2.4
N\ AN
15a I: /;\ N o 11 15.1+1.5 2.0 102 1710 4.0
N\ X Cl
16a > é\ N> 3.6 12.6+1.7 1.4 101 10200 6.1
Cl
N X
17a 4.2 10.6+0.4 25 103 6890 2.2
N\_N__~
N X F
18a I> é\ N _— 13 13.5+2.2 1.7 112 5510 3.9
N
19a N\ 53 9.0+1.2 1.0 106 2450 2.4
Meo/—§/N _
Cl
N
20a S 7.3 7.4+0.3 4.8 96 1086 1.3
MeO N~
(0]
N AN
21a 23 9.7+0.7 19 110 8760 2.0

28




The efficacies and ECso values of compounds 9a and 1la—2l1a in human PPARY/GAL4 transfected
HEK293EBNA cells at 24 h after drug treatment. The efficacy of each compound was calculated as the
percentage of the maximum activation obtained with pioglitazone at 1000 nM. ECsp values were
determined using the XLFit.

The aggregation of MKN-45 cells was evaluated using an IN Cell Analyzer 1000 (GE Healthcare) after
treatment of compounds 9a and 11a—21a for 5 days. The aggregation efficacies were shown as the values
relative to the maximum efficacy of 9. ECsq values were determined using the XLFit.

The AUC was calculated from plasma drug concentrations in BALB/c mice treated orally at 10 mg/kg (n =
2). The hCLint was calculated from the elimination rate constant of each compound in human liver

microsomes (n = 2). N.T.; not tested.

(A)
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(B)

Figure 16. The X-ray crystal structures of ligands complexed with PPARy(PDB: 6KO0T). (A) The binding
mode of 17a (ball and stick; green) to the PPARy LBD. The proton of the oxadiazolone ring of 17a
interacted with the phenolic oxygen of Tyr473. 2ME: 2-mercaptoethanol, which was used in the protein
purification buffer and found in the ligand binding pocket as a covalent adduct to Cys285. (B) The

superimposition of the complex structures of 17a (green) and 9 (gray, PDB: 6AD9).

3.4 AbEW 17a O IBNFAMR
FTUVERIIRRASPC-1~ 7 A 2 PR~ 7 A % AW T &M 17ad HilEBE/EH 258 L 7=, in

vitrog AT T V72 B 23 ARBBEMKN-45 13X 3 bR 0 28 AURIEaRR CTdo 0 . SCID~ 7 ARz T4
Lo & ZAHNAMIED AL BB b pinoTe, EEHEOLEY & RIS AR O LTSRN
HARTIT 7YX T, ASPC-LHIIBIZ B W T b b EER DR STV e 2 L2 b8,
R KD TR~ 7 22 W CHENEZFTME Lz, av he—AgEl gL, (bawiTaz
12.5, 25, 50, 100 mg/kgD# & TLIH2[F], M4HMKEOZRG Lz ZA, &5EH10H %ICIE
25 mg/kgDOHE T b — UREL bl L, A RICHEEEGE 2 6] L7z, 25 mg/kgf 57 Cridk
BIDNEFN L TNz Tzsh . ARFHIERIZ IS 1T 2 340l #1312.5-25 mg/kg & & 2 & 41 % (Figure 17(A)).
WIZ, {bE17a 100 molkg#e G-EHIZdV T, Wi 514 B B &4 G- O ARE[E 1% O IEIE 4 5 B
L. ASPC-LEBAGRT O T o VAR F RS 37 8 4 (angptl4, PPARyD il &) B
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LY 7520 (s~ —A —. krt20%) OmRNAXH & % gPCRIZ CHIE L7z, Figure 17(B)
IR T L2, (bEWITaD G2 LD, 2> b —/LIZH~_PPARy D¥ I FH)~— I —Th 5
angptl4 & [EEEIZ, RO LI DFRFETH HKrt20 DMRNAF B BN BHE 1 EH LTz, Z ofk
RInb | AbEM1TalLin vivolZ W\ THPPARYEENENEIZIE DWW T, NAMIEZ S EFE L TV D

AREMRH D EEXDBND,

(A)

900
—C—1: vehicle

800 - 4 2:17a(12.5 mg/ke)
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_ 700 e 4:17a(50 mg/ke)
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P
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(B)
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Figure 17. Antitumor effect of 17a on AsPC-1/AG1 xenotransplanted mice. (A) Tumor growth inhibition
after the administration of 17a in the xenotransplanted mice. Each plot represents the mean + SE of the
relative tumor volume (n = 5). #: p<0.05 between the vehicle-treated group and the 17a 25 mg/kg-treated
group. $: p<0.05 between the vehicle-treated group and the 17a 50 mg/kg-treated group. *: p<0.05 between
the vehicle-treated group and the 17a 100 mg/kg-treated group. All of the p values were calculated by the
Steel test.

(B) The mRNA expression of angptl4 and krt20 in the xenotransplanted tumor. Compound 17a was orally
administered at 12.5, 25, 50 and 100 mg/kg twice a daily for 14 days. The gene expression was determined
by quantitative PCR using an ABI PCR system. The fold-inductions are shown as the values relative to

baseline.
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3.5 AbAY 17a OIREETEE ORI
PPARy fEBISE D IERRIR I L OEFIRFBRIZ I T, RIRITRICPE S BIEN A FEEG L L THiE S

NTNW5, B4 ZORIWERIZT 7V )V Vv VA VFEERO T 7 —~ a7 4 TIZHES AN &
WEEBZLNTWD, 89 bbb FFTYV I VA EEE RS THbAY 17a 1X. 2
DEEETREIER 2R SO ATREM S HIFF T X 5, £ 2T, 17a ORIRATEMER 2 RIS L 7=,
(RIEHTEE ORI, % D CD-1 ~ 7 A bEW 17a 25 L. ~~ h7 Uy MEZJET S Z
ETCiToTe, kB 17a% 1A 2[E, 4 AREO#EL L& 2 A, ASPC-1 K P~ 7 2 DI
MED 2 f5ICHY 7 % 50 mo/kg & GHET, BEe~~ F27 U > MEDIK FIZ¥ % - 7= (Figure 18,
17a, 42.9%; vehicle, 44.1%), X 5(2, 40 EOK 8 520 E T 5 200 mg/kg # 5-EEC VT h |
~< h7 U MEDOK FIX vehicle B & il L CHEZEDI N RWERE TH - 72 (42.0%), ERKT
HIRRETRE P RE SN TWAHEA 7Y 2V LR L TH, (bEW 17a OFIE# RO~ b
7 Uy MEDIKRTIZEMTH -7z, 4

DX, HEFT VIV TA MG T MEMNED Y — PRI L > T, HER
RIRHTRE 2 [RRE 9~ % = LT B LT,

(%) hematocrit

40 |

30
vehicle 50 200 (M9/k9)

17a

Figure 18. Hematocrit values in CD-1 mice treated orally with 17a twice a daily at 50 and 200 mg/kg. p =
0.671 between the vehicle-treated group and the 17a 50 mg/kg-treated group. p = 0.176 between the

vehicle-treated group and the 17a 200 mg/kg-treated group.
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4.1 A& 4-15 DAL

2-2-(t FE ¥ AFN)-1011-P FabH-PR Vv 7 a~FF 54U F ) Far=h
VL16ZB LI WNI6E (X 2-7 vET7 L7 Z/LfE S1 KV 8 TR CTARL L7 (Scheme 1), 7. (E)-
2-(8-(&E RE X A F )P Y heldF L Er-11(6H)-A U F )7 ussr =k UL 17E 1% 5-7
OEA YR T T -4 S8 D 5 LRI TR L7- (Schme 2), {bA#) 2-11,14 5 XUV 1514,
16Z, 16E B L ON17E L v #HL L 7= (Scheme 3).,

A IHF[L2-alE ) VU BRI L Y 16Z, 16E O PAANIZEA L, L&Y 20E, 20Z
BLO2IE #1572, 1TE DX VAN OKEBEZ 7 nEbb LTz enfkd 52 L1k y, b
B 18 BL 19 ~& L, HtWTT Y — A EREZEAT DI LICL VLAY 22E-29E ZHUF LT,
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BRANCEWL ALEW 2 BE O3 2B LT, 61T, 22E-24E, 26E-29E D7 / izt + 5
EReX 7 I UOMMKIG, i< =FvrzaarA— R efANnET B L OB Y U A
tert-7 b RICKDHABRMIGICE D . X7V a VEREBELHY 4-11, 14 B X V15 %
AR LTz,

{EEM2BED X A I — VAR EBILZE WX, Scheme 4129E-> CTilED 7=, {LEW25ED =
AFNIER ARSI LT, 227 I )X ) — )L EFES LT X NK31%157-, £7-. RV A3
K — VAL T3 VIR TR % Curtiustinfg 12 L 0 BockE 228 #a L, Bockk A iR L 7= H A LR =1
7maIA Re)SSEHTETANVKR=NT I RERZERK LT, ERLEFEEROFIEIZLD, 31

BLUOROYT ) B AFH U7y u VRICEH L, (LG22 L UBEZ TN E iR LT,
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Scheme 1. Synthesis of dibenzocycloheptane compounds “

(HO)ZB/\/©
HO,C B MeO,C B sz
r e r
COzH COgMe O 9

86% 83%

COzMe
s1 S2 s3
E10,0 EtO,C EtO,C
e, f e]
Y - Mo Mo
- & / /
CO,H 0 NC™ Me Me™ \on
S5 S6 S7
40% 41%
YO NAeE
ax &
N [ M /
€ Ve ¢ cN
97% 67%

“Reagents: a) HC(OMe)s, conc. H,SO,4, MeOH; b) S2', cat. PACL,[P(o-tolyl)s],, Na,CO5, DME/H,0(5:1);
¢) 4 M NaOH, MeOH; d) cat. 10 wt% Pd on activated carbon, H, gas, DMF; e) polyphosphoric acid, sulfolane;
f) HC(OEt)3, conc. H,SO,4, EtOH; g) diethyl chlorophosphate, propionitrile, LDA, THF/DMF; h) LiBH,, THF.

Scheme 2. Synthesis of dibenzooxepine compounds ¢

Br. 0
CQO O : ‘

0, 0,
0 S COzH 90% 4% NC™ e
s8 s1o s
O e @
O T a
33% 100% NC
NC Me
s12Me 17E

“Reagents: a) Phenol, NaOMe/MeOH, NMP; b) TFAA, BF;+ OEt,, "heptane; c) diethyl phosphorochloridate, propiononitrile,
LDA, THF/DMF; d) Pd(OAc),, dppp, EtOH, Cs,CO3, CO gas, DMF; e) LiBH,, THF.
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Scheme 3. Synthesis of dibenzocycloheptane and dibenzooxepine compounds #

0
O aorb O
O O
NC
16E:Y = CH, 18:R = Cl(condition a) 96%
16Z:Y = CH, 19:R = Br(condition b) 38%

17E)Y =0

"\
O

NC

20E:R=A)Y =CH, 69% 2:R = A,E-form  90%
20Z.R =AY = CH, 68% fgh 3:R = A, Zform 74%
21ER=AY=0 63%

22ER=BY=0 77% R

23EER=C)Y=0 100% Y

24EER=D,Y=0 57% O

25EER=E)Y=0 74% O

26EER=FY =0 89% N

27TEER=G,Y=0 100%

28EER=HY=0 91%

29ER=1Y=0 40% )/—NH
4R=AY=CH, 76% 9R=DY=0 22%
5R=AY=CH, 56% 10:R=FY =0 10%
66R=AY=0 36% 11:R=GY=0 37%
7R = B,Y=O 4.8% 14:R=H,Y=O 36%
8R=CY=0 12% 15:R=1Y=0 8.3%

R
Me
Et/4 \ / Me /Q‘QnPr/Q‘QnPr/Q‘Q
A B
MeO,C % Mée ! p KQ
nPr/Q‘Q nPr/k nPr/4 nPr Pr
E F G H I

“Reagents: a) MsCl, LiCl, Et;N, THF; b) Ms,0, LiBr, 2,6-lutidine, THF; c) RH,
DTBAD, ps-PPh,, THF; d) RH, K,CO5, DMF; e¢) TMSNj3, "Bu,SnO, toluene, 90 °C;
) 50% H,NOH aq., EtOH, reflux; g) CICO,Et, pyridine or Et;N, CH,Cl,; h) tert-
BuOK, toluene, THF.
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Scheme 4. Modification of the substituents in 4-position on benzimidazole ring ¢

M602C HOzC
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N
/
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N
0O g,h,i
O 28% 12:R' = CONH(CH,),OH
) O 13:R' = NHSO,Me
NC Me
32

“Reagents: a) 4 M NaOH, EtOH, 60 °C; b) NH,(CH,),OH, EDCI-HCI, HOBt,
DMF; ¢) DPPA, E;N, CHCl;; d) tert-BuOH, reflux; e) TFA, CH,Cly; f)
MeSO,Cl, DMAP, pyridine; g) 50% H,NOH aq., EtOH, reflux; h) CICO,Et,
pyridine or Et;N, CH,Cl,; 1) tert-BuOK, toluene, THF.

4.2 AbE&Y 8a-2la DAL

{b&Y 8a-13a 1% 8-(7 1T A FN)-V RV [beldF v UihElk 22a-24a LV AR LT
(Scheme 5), 22a-24a (%, 5 TRIZT 5-7 0, YRV T T -A-Frnbigl-, £EA XY

—IVERIEH ) T AFE T, 22a-24a LR TGS E, By 7V 7K 25a-30a & HU& L7,

RV T, AR D X 57227 7 BOBRKISITA 4 Z &I X VLG 8a—13a 2 i L7,

BLONNE S4b LV EEHFUSIC XY

A IF VL2tV Yy 1da-18a (FHIEEAATE FIC L D 3 sl & It IZ L ARk L7z

(Scheme 6), SOHRH(I) N U 7 AFA R AL L ANKRX— R NDIFET, 227 /8P TATER
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Scheme 5. Synthesis of benzimidazole analogues ¢
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22a: X=2-F 63% from S5a 25a:R" = A, X=2-F 79% .
2 0,
23a: X=3-F 78% 26aR" = A, X=3-F 84% 8a: R1 _A X=2F 52;"
242: X=4-F 84% 27aR" =A, X=4F 100% aR A X=3F - S4%

10a:R'"=A, X =4-F  44%
11a:R' =B, X =3-F 42%
12aR' =C,X=3-F 37%
13a:R' =D, X=3-F 36%

28a:R' =B, X =3-F 54%
29a:R' =C, X =3-F 62%
30a:R' =D, X=3-F 95%

R1
Cl Cl
= =N
nPr/E,lTQ VET‘QN/> VET‘Q/) VET‘Q/S

“Reagents:a) ArOH, 28%NaOMe in MeOH, DMF; b) TFAA, BF5-OEt,, CH,Cl,; c) diethyl
chlorophosphate, propionitrile, LDA, THF; d) Pd(OAc),, dppp, PrOH, Cs,CO;, CO gas, DMF; e) LiBH,,
THF; f) Ms,0, LiBr, 2,6-lutidine, THF; g) R'H, K,COj3, DMF; h) 50% H,NOH aq., EtOH, reflux; i)
CICO,Et, Et;N, CH,Cl,; j) tert-BuOK, toluene, THF.
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Scheme 6. Introduction of the substituents to benzo[1,2-a]imidazole ring *

T™MS N
N
Br O q a N O 0 b O .
—_—
F
O F 78% P 78% / O
NC
NC™Nye NC™ Ny Me
S4b 13 31a

| SR
HoN
c d,ef

B —
32a:R?=H 32% 14a:R2=H 27%
33a:R2=6-Cl 14% 15a:R2=6-Cl 36%
34a:R?2=7-Cl 13% 16a:R2=7-Cl 46%
35a:R2=8-Cl 15% 17a:R?2=8-Cl 27%
36a:R2=7-F 4.3% 18a:R2=7-F 37%

“Reagents: a) TMSacetylene, PdC1,(PPhs),, Cul, Et;N, DMF; b) K,CO3, MeOH;
¢) ‘PrCHO, CuCl, Cu(OTf),, toluene, 120 °C; d) 50% H,NOH aq., EtOH, reflux;
e) CICO,Et, Et;N, CH,Cl,; f) tert-BuOK, toluene, THF.
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Scheme 7. Synthesis of the side chain structure from 8-formyldibenzooxepine ¢

NC Me 98% NC Me ) O F
S6b 37a
NC™ Nye
38a:R% = MeOCH,, R* = 7-Cl 19%
39a:R® = MeOCH,, R* = 8-CI 44%

40a:R3 = °Pr, R* = 8-CH,CH,0-7 87%

intermediate of oxadiazolone 19a:R% = MeOCH,, R* = 7-CI 18%
20a:R® = MeOCH,, R* = 8-Cl 41%
21a:R3 = °Pr, R* = 8-CH,CH,0-7 21%
“Reagents: a) Dess-Martin periodinane, CH,Cl,; b) 3-iodoimidazo[1,2-a]pyridine, ‘PrMgCl,
THE, -40 °C; c¢) Nal, Me,SiCl,, CH,Cl,, acetone, 0 °C or Nal, Me;SiCl, hexane, acetonitrile, rt
or TFA, Et;SiH, 60 °C; d) 50% H,NOH agq., EtOH or DMSO, reflux; e) CICO,Et, Et;N, CH,Cl,;
f) tert-BuOK, toluene, THF; g) 1,1'-carbonyldiimidazole, DBU, 1,4-dioxane, 110 °C.
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= MEE® I-DMIZXI LT, 7 R I Y — LB IR T B Y RO R 22 ] SRR
EAEBET X AFNVIELZEALTALED 11E, KB LR — & —1EEA A B L7z (ECso = 197
nM), & 512, BEMBITOREL Y., ALEW 1 DT bT Y —/ 0 synfanti B2 PR v 7
BT R UAF YT exo-A LT 4 D EIZBRERTHEMT 22 LN TELEER, 1ORKK
R AT KNG D B2 RMEREZRGEH, G LT, TORMR, 2513t v Meam 1 &IF
0D PPARy (EENEMZ R L (ECso = 177 M), S L2 5 RHZE L A I XY B Y ¥ N O fi bt
ZEZ &0 LB 1 D 100 [FFEER )70 L AR — & — &M (ECso = 2.4 M) 27”3 U — RMEEW 9 &
A L7- (Table 5), 1bA54# 9 @ PPARy LBD & OEAIRD X #fk mEEMENT X, PPARy OREIEZ
bzt S . BEfFD PPARy 1FENHE & B72 2 R0 R Gl T 2 Z L B &7 o7, BlLEE
W L2, (R)-1 (down-syn) DZZERLEIT, fbEH 9 O XBERESAHE T ORE L RAFRER Y %
RLTZZ ED, (R)-1 OEHEMERE L down-syn Bl E TH D Z EAVURBR ST, X5, bh
W9, R EE 2 MR MKN-45 O3 ) 70 50 LB B E 27 r Lc, LasL, fLEWw 91, &
LI LERFEERTH o721, FEWERRT 07 7 A VOBEPLETH T,
ICEMI DR IX ORI B VBRICERE A2 A UBEEEZIR T SE2bd
W 7aTlL, UAR—FZ—IEMHENKRIBIZIE T L7 b OO KIERAHZEDSHER I NI, ZOHM
NP VRPN RS ER SN L Th D B X, 7 e v 7 2 HIICHRIAN B U8R

Y RIFRFEZHANLIZE Z A, M7 AA iR 9a lZ3\ T O HKIE R REL E L3 R =
YUAPKBSEE LT, SORDIALULEDZTUGT L XUV A I XY — VD i bk
HEDT-FER, A I XV [L2-a]E Y VU FFE R 17al230 VT, 87178 MKN-45 OEREIR % 7R~

L. ¥UAPKHBERMEAMERSTDICE o7, 72, XHHERESITO/BEN S bd
W 17a 1 3LE % 9 DFHEA 72 PPARy LBD (X3 B A A R L Tz,
ZOXHITHBEONTEAEEY 17a D ASPC-1 TS~ U ACB T 5N M L& 2 A,
8 ARGV TH B R EG OEIHIER 2RO b, S5, ke 1raid, EF7 VY
VU VF UREEDHRIEK AR L TWDH Z LD, PPARY fEEHIEORRRE T & S IRIR AT EH A 18]
BEL TS Z e iifs Sz, AMEBAWO~ v AR S G (ASPC-1 FAN & D 8%, 200
mg/kg. 1 H 2[E, 4 Af#RE) 281 2 KT IX. vehicle BEIC X LA BEZED IR WERE TH

D EERIRNKITRE 2RI L 2B L TWS,
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UED IS IZ, EHEIHAEREDNB I OLZENT 0 7 7 A Ve /T 5, Bl 2BUEGH oA
LeW 17a Z ARG 5 Z LIS LT,

Table 5. &2 5 LA H OF LA M1Tag| B E TOHEN

et
.N
N,
N-NH
1(R or S-form)
(-)-form 86%ee

Me

HEK293 reporter EC5, (nM) 197 177 2.4 4.2
MKN-45 aggregation EC5o (nM) N.T. N.T. 3.3 2.5
hCL; (L/h/kg) 4.3 >24.9 >24.9 2.2
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Chimeric GAL4-PPARYy transactivation reporter assay.

Test compounds were screened for agonist activity on PPARy-GAL4 chimeric receptors in transiently
transfected HEK293EBNA cells. The cells were maintained in Dulbecco’s Modified Eagle Medium
(DMEM; Thermo Fisher Scientific) containing 10% fetal bovine serum (Thermo Fisher Scientific), 100
U/mL penicillin, and 100 pg/ml streptomycin (Thermo Fisher Scientific) and incubated at 37 °C in 5% CO..
To transfect the reporter constract into HEK293EBNA cells, cells were seeded at 1x 10° cells/ml in tissue
culture dish (lwaki, Chiba, Japan). After 24h incubation, transfections were performed with Superfect
transfection reagent (QIAGEN) according to the instructions of the manufacturer. In brief, pM-human
PPARY/GALA4 expression vector and pZAC19-Luc vector were premixed and transfected into the cells
followed by 2.5 h incubation. After a further 24 h incubation with growth medium, the transfected cells
were seeded into 96-well assay plates, and test compounds were added (1-3000 nM, N = 3 per
concentration). The test compounds were initially dissolved in DMSO, and then diluted in DMEM without
any supplement. Steady-Glo luciferase assay reagent (Promega) was used as a substrate, and the luciferase
activity was measured using the Microplate Scintillation and luminescence counter TopCount NXT
(Packard, Groningen, Netherlands). The luciferase activity was normalized to that of pioglitazone at 1000
nM. The maximum activation (efficacy) of pioglitazone was taken as 100%. The efficacy of each
compound was calculated as the percentage of the maximum activation obtained with pioglitazone. ECsg
values were determined by the concentration that was 50% of its maximum activity using the XLFit.
MKN45 cell aggregation assay.

MKN45 cells were aggregated when cells were incubated with PPARY agonists. The cells were maintained
in RPMI11640 medium (Thermo Fisher Scientific) containing 10% fetal bovine serum (Thermo Fisher
Scientific), 100 U/mL penicillin, and 100 pg/ml streptomycin(Thermo Fisher Scientific) and incubated at
37°C in 5% CO.. Cells were seeded at 2500 cells/well in 96-well assay plates and incubated with test
compounds, (1-1000 nM, N = 3 per concentration), for 5 days. Cell images were captured using an IN Cell
Analyzer 1000 (GE healthcare). Nuclei were stained with the Hoechst 33342 (SIGMA) dyes, and the nuclei

area was calculated. An area exceeding 1,015.58 um? was defined as an aggregated cell cluster. The area
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ratio of aggregated cell clusters to the total cell area was calculated and taken as the formation rate of
aggregation. The cell aggregation-inducing activity was normalized to that of 9, with the maximum activity
of 9 taken as 100%. The maximum activity of each compound was then calculated as the percentage of the
maximum activity of 9. ECsp values was determined as the concentration achieving 50% of its maximum
activity using the XLFit.

MKN-45 cell gene expression analyses.

MKN45 cells were seeded in assay plate and incubated with test compounds, (N = 3 per concentration), for
72 h. Total RNA was isolated from MKN45 cells using a RNeasy Mini Kit (QIAGEN). The cells were
washed with cold PBS and lysed with buffer according to the instructions of the manufacturer. The RNA
was reverse-transcribed using a SuperScript VILO ¢cDNA Synthesis kit (Thermo Fisher Scientific) and
synthesized to cDNA. Quantitative PCR was performed with Tagman fluorescent dye using an ABI PCR
system. For PCR primers and probes, we used the Tagman® Gene Expression Assays system (Thermo
Fisher Scientific) for ANGPTL4 (Hs 01101127 ml), VIM (Hs00958116_ml), and ADFP
(Hs_00765634_m1). The PCR primer/probe sequences for GAPDH were as follows. Forward:
ACAGTCAGCCGCATCTTCTTT, Reverse: CCCAATACGACCAAATCCGT, Probe: 6FAM-
CGAGCCACATCGCTCAGACACCAT-Tamra (Operon). The gene expression value was corrected based
on the value of GAPDH. The fold-induction ratio to the control was calculated.

Molecular modelling methods.

The three-dimensional molecule structures of 1-DM?, 1°-3° were built using Schrédinger MacroModel10.9.
The conformational search of each compound was performed using mixed torsional/low-mode sampling as
implemented in MacroModel 10.9 with OPLS_2005 force field. The conformational analysis was carried
out without solvent. The default values were used for all other settings. The obtained global minimum
energy conformations of the ligands were superimposed.

Animals.

Male BALB/c mice were purchased from Charles River Ltd. (Tokyo, Japan). They were maintained on a
constant 12-h light/dark cycle in a temperature- and humidity-controlled room and were given food and

water. Male severe combined immunodeficient (SCID) mice were purchased from CLEA Japan, Inc., and
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used at eight weeks of age. All animal experiments were performed in compliance with protocols approved
by the Institutional Animal Care and Use Committee of Kyowa Kirin.

Pharmacokinetics Studies.

Each compound was orally administered to mice. Blood samples in mice were collected from the tail vein
at appropriate time-points and centrifuged to obtain plasma. Diluted plasma samples were extracted using
protein precipitation with acetonitrile containing an internal standard. The collected supernatants were
subjected to LC-MS/MS analysis using an atmospheric pressure chemical ionization interface in positive
ion mode. The compound concentrations in the plasma samples were calculated using calibration standards
curve in control plasma. The AUC was obtained from the plasma concentration-time profiles using
noncompartmental analysis.

Metabolic stability assay in human liver microsomes.

An incubation mixture was prepared consisting of human liver microsomes, each compound and a
potassium phosphate buffer containing MgCl, (pH 7.4). The reactions were initiated with the addition of
NADPH and held for 30 min at 37 °C, and then terminated by adding ice-cold acetonitrile containing
internal standards. The supernatant was subjected to LC-MS/MS analysis. The in vitro disappearance rate
constant for each compound was determined by the slope of the linear regression from log percentage
remaining versus incubation time relationships, and the intrinsic clearance was calculated from the
elimination rate constant, the microsomes concentration and liver microsomes amount per body weight.
Xenograft Study.

AsPC-1/AG1 cells (3 x107) suspended in 0.1mL PBS were inoculated subcutaneously into SCID mice. 17a
or control (0.5 % MC400) administration into tumor-bearing SCID mice was started 7 days after the tumor
inoculation. Twenty-five mice were divided into 5 groups of 5 mice per group for 17a (12.5, 25, 50 or 100
mg/kg) or control, such that the average tumor volumes were equivalent among the groups. The tumor
volume was monitored twice weekly and calculated by the following formula: tumor volume (mm3) = 0.5 x
(major diameter) x (minor diameter)?. Mice were treated with oral administration of 17a (12.5, 25, 50 or
100 mg/kg) or control twice a day for 14 days. The relative tumor volume in each mouse was represented

as V/Vo, where Vo was the volume on Day0. The difference in the V/Vq between the control group and each
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treatment group was assessed by the Steel test. Statistical analyses were performed using the SAS software
program (Release 9.1.3, SAS institute Inc.). In our study, P<0.05 was considered significant.

RT-gPCR.

Tumor tissues were collected from AsPC-1/AG1 tumor-bearing mice 4 h after the last dose of bid x14 oral
administration. Total RNA was extracted using RNeasy mini Kit (Catalog no. 74104; Qiagen). RNA was
converted to cDNA using SuperScript VILO cDNA synthesis kit (Cat N0.11754250; Invitrogen) according
to the manufacturer’s protocol. gPCR was performed using Tagman Gene Expression Master Mix (Catalog
no. 4352042; Applied Biosysems) with cDNA and Tagman probes (#KRT20 Hs000300643_m1 and
ANGPTL4 Hs01191127_m1; Applied Biosystems) on 7500 Fast Real-Time PCR system (Applied
Biosystems).

Hematocrit test.

Male Crlj:CD1(ICR) mice (n = 10 per group) 7 to 8 weeks old at the start of dosing were orally
administered derivative 17a twice a day (10 mL/kg/time) at doses of O (vehicle: 0.5%][w/v] methyl
cellulose 400), 50 and 200 mg/kg for 4 days. On the day after the dosing period, blood samples were

collected in hematocrit tubes and the hematocrit values were determined by the micro-hematocrit method.

47



7 SEERIH

General Methods.

All reagents and solvents were procured from commercial sources and used as received. Thin layer
chromatography (TLC) was carried out using Merck GmbH Precoated silica gel 60 F254. Chromatography
on silica gel was carried out using prepacked silica gel cartridges (Yamazen Hi-Flash Column Silicagel or
Wako Presep® Silicagel). Chemical shifts in *H NMR spectra were reported in § values (ppm) relative to
trimethylsilane. HPLC analyses were performed following conditions: Waters Xbrige® C18 column (3.5
pm, 4.6 mm x 50 mm), 30 °C column temperature, 1.0 mL/min flow rate, photodiode array detection (254
nm), and linear mobile phase gradient of 20%—90% B over 5 min, holding for 3.5 min at 20% B (mobile
phase A, 0.05% trifluoroacetic acid in water; mobile phase B, acetonitrile), by which the purities of final
compounds were confirmed as >95%. Mass spectra were recorded on a Waters 2695 (ESI-MS).
(E)-3-((5-(1-(1H-Tetrazol-5-yl)ethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-yl)methyl)-2-
ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine (2). To a solution of 20E (193 mg, 0.447 mmol) and
dibutyltin oxide (44 mg, 0.18 mmol) in toluene (5.5 mL) was added trimethylsilylazide (0.474 mL, 3.57
mmol) and the solution was stirred at 80 °C for 48 h. To the reaction mixture was added methanol and the
solution was concentrated to dryness. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 96:4 CHCls/methanol) to afford 2 (190 mg, 90%) as an amorphous.
IH NMR (300 MHz, CDCls): 6 1.28 (t, J = 7.5 Hz, 3H), 2.31 (s, 3H), 2.53 (s, 3H), 2.58 (s, 3H), 2.66-2.78
(m, 4H), 3.09-3.25 (m, 2H), 5.41 (s, 2H), 6.88-6.91 (m, 2H), 6.99-7.02 (m, 2H), 7.13-7.32 (m, 4H). The
proton of tetrazole was not observed. LC/MS (ESI, [M + H]*, m/z) 476. HPLC: purity 99%, Rt 3.25 min.
(2)-3-((5-(1-(1H-Tetrazol-5-yl)ethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-yl)methyl)-2-
ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine (3). A solution of 20Z (212 mg, 0.49 mmol) in toluene
(6.0 mL) at room temperature was treated with dibutyltin oxide (48 mg, 0.19 mmol) and trimethylsilylazide
(0.516 mL, 3.88 mmol), and then the mixture was stirred at 80 °C for 48 h. To the reaction mixture was
added methanol and the solution was concentrated to dryness. The obtained residue was then purified by
flash column chromatography on silica gel (100:0 to 96:4 CHClIs/methanol) to afford 3 (171 mg, 74%) as

an amorphous. *H NMR (300 MHz, CDCls): 6 1.31 (t, J = 7.6 Hz, 3H), 2.33 (s, 3H), 2.54 (s, 3H), 2.61 (s,

48



3H), 2.68-2.82 (m, 2H), 2.75 (q, J = 7.6 Hz, 2H), 3.15-3.34 (m, 2H), 5.38 (s, 2H), 6.83-6.94 (m, 4H),
7.14-7.24 (m, 4H). The proton of tetrazole was not observed. LC/MS (ESI, [M + H]*, m/z) 476. HPLC:
purity 99%, Rt 3.57 min.
(E)-3-(1-(2-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (4). A solution of 20E (192 mg,
0.44 mmol) in ethanol (4.4 mL) was treated with NH>OH solution 50wt.% in water (0.54 mL, 8.9 mmol),
and the resulting mixture was refluxed for 3 days. After the consumption of the starting material, the
reaction mixture was poured into water and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to dryness and the obtained residue was dissolved in DMF (4.4 mL). To a stirred solution was added
pyridine (44 uL, 0.53 mmol) and ethyl chloroformate (52 uL, 0.53 mmol) and the solution was stirred for
1h at room temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate
solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. To a
solution of the residue in toluene (4.4 mL) was added tert-BuOK (100 mg, 0.888 mmol) and the solution
was stirred for 30 minutes at room temperature. The reaction mixture was poured into 5% aqueous citric
acid solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 98:2
CHCls/methanol) to give 4 (166 mg, 76%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.31 (t, J=7.5
Hz, 3H), 2.09 (s, 3H), 2.57 (s, 3H), 2.62 (s, 3H), 2.72-2.87 (m, 4H), 3.21-3.37 (m, 2H), 5.40 (s, 2H), 6.91-
6.94 (m, 3H), 7.06—-7.11 (m, 2H), 7.19-7.35 (m, 3H). The proton of oxadiazolone was not observed.
LC/MS (ESI, [M + H]*, m/z) 492. HPLC: purity 97%, Rt 3.63 min.
(2)-3-(1-(2-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (5). To a stirred solution of 20Z
(197 mg, 0.456 mmol) in ethanol (4.5 mL) was added NH>OH solution 50wt.% in water (0.56 mL, 9.24
mmol), and the solution was refluxed for 3 days. After the consumption of the starting material, the

reaction mixture was poured into water and extracted twice with ethyl acetate. The combined organic
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layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to dryness and the obtained residue was dissolved in DMF (4.5 mL). To a stirred solution was added
pyridine (0.046 mL, 0.55 mmol) and ethyl chloroformate (0.054 mL, 0.55 mmol) and the solution was
stirred for 1 h at room temperature. The reaction mixture was poured into saturated aqueous sodium
bicarbonate solution and extracted twice with ethyl acetate. The combined organic layers were washed with
brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. To a
solution of the residue in toluene (4.5 mL) was added tert-BuOK (104 mg, 0.924 mmol) and the solution
was stirred for 30 minutes at room temperature. The reaction mixture was poured into 5% aqueous citric
acid solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 98:2
CHCls/methanol) to give 5 (126 mg, 56%) as an amorphous. *H NMR (300 MHz, CDCl3): 6 1.33 (t, J=7.5
Hz, 3H), 2.11 (s, 3H), 2.55 (s, 3H), 2.63 (s, 3H), 2.75-2.83 (m, 2H), 2.79 (g, J = 7.5 Hz, 2H), 3.24-3.34 (m,
2H), 5.42 (s, 2H), 6.89-6.94 (m, 3H), 7.05-7.24 (m, 5H). The proton of oxadiazolone was not observed.
LC/MS (ESI, [M + H]*, m/z) 492. HPLC: purity 95%, Rt 3.85 min.
(E)-3-(1-(8-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (6). To a stirred solution of 21E (145 mg, 0.334 mmol) in
ethanol (1.5 mL) was added NH2OH solution 50wt.% in water (0.41 mL, 6.7 mmol), and the solution was
refluxed for 3 days. After the consumption of the starting material, the reaction mixture was poured into
water and extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue
was dissolved in DMF (1.0 mL). To a stirred solution was added pyridine (0.053 mL, 0.66 mmol) and ethyl
chloroformate (0.090 mL, 0.7 mmol) and the solution was stirred for 1h at room temperature. The reaction
mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl
acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. To a solution of the residue in toluene (3.0 mL) was
added tert-BuOK (70 mg, 0.66 mmol) and the solution was stirred for 30 minutes at room temperature. The

reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate.
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The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic
layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 98:2 CHCls/methanol) to give 6 (60 mg, 36%) as an amorphous. *H-
NMR (300 MHz, CDCls):0 1.23 (t, J = 7.5 Hz, 3H), 2.06 (s, 3H), 2.54 (s, 3H), 2.58 (s, 3H), 2.68 (9, J = 7.5
Hz, 2H), 4.51 (d, J = 12.6 Hz, 1H), 5.28 (d, J = 12.6 Hz, 1H), 5.44 (s, 2H), 6.65 (dd, J = 8.3, 1.1 Hz, 1H),
6.80 (td, J = 7.5, 1.1 Hz, 1H), 6.90 (s, 1H), 7.01 (dd, J = 7.8, 1.7 Hz, 1H), 7.06 (s, 1H), 7.11-7.15 (m, 1H),
7.17 (br s, 2H). The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 494. HPLC:
purity 99%, Rt 3.6 min.
(E)-3-(1-(8-((2-Ethyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]Joxepin-11(6H)-ylidene)ethyl)-
1,2,4-oxadiazol-5(4H)-one (7). To a stirred solution of 22E (157 mg, 0.387 mmol) in ethanol (3.0 mL) was
added NH2OH solution 50wt.% in water (0.712 mL, 11.6 mmol), and the solution was refluxed for 3 days.
After the consumption of the starting material, the reaction mixture was poured into water and extracted
twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate,
and filtered. The organic layer was concentrated to dryness and the obtained residue was dissolved in THF
(2.2 mL). To a stirred solution was added EtsN (81 uL, 0.58 mmol) and ethyl chloroformate (56 uL, 0.58
mmol) and the solution was stirred for 1h at room temperature. The reaction mixture was poured into
saturated aqueous sodium bicarbonate solution and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. To a solution of the residue in toluene (3.9 mL) was added tert-BuOK (65
mg, 0.58 mmol) and the solution was stirred for 30 minutes at room temperature. The reaction mixture was
poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(99:1 to 95:5 CHCls/methanol) to to give 7 (8.7 mg, 4.8%) as an amorphous. 'H-NMR (300 MHz,
CDCly):6 1.30 (t, J = 7.4 Hz, 3H), 2.31 (s, 3H), 2.90 (q, J = 7.4 Hz, 2H), 4.67 (d, J = 12.6 Hz, 1H), 5.29—
5.44 (m, 2H), 5.53 (d, J = 12.6 Hz, 1H), 6.77-6.86 (m, 1H), 6.87-7.07 (m, 3H), 7.11-7.37 (m, 6H), 7.70—
7.84 (m, 1H). The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 465. HPLC:

purity 98%, Rt 3.45 min.
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(E)-3-(1-(8-((2-Propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]Joxepin-11(6H)-ylidene)ethyl)-
1,2,4-oxadiazol-5(4H)-one (8). To a stirred solution of 23E (344 mg, 0.821 mmol) in ethanol (8.2 mL) was
added NH2OH solution 50wt.% in water (0.754 mL, 34.6 mmol), and the solution was refluxed for 3 days.
After the consumption of the starting material, the reaction mixture was poured into water and extracted
twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate,
and filtered. The organic layer was concentrated to dryness and the obtained residue was dissolved in DMF
(4.1 mL). To a stirred solution was added pyridine (80 pL, 0.98 mmol) and ethyl chloroformate (94 pL,
0.98 mmol) and the solution was stirred for 1h at room temperature. The reaction mixture was poured into
saturated aqueous sodium bicarbonate solution and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. To a solution of the residue in toluene (8.2 mL) was added tert-BuOK
(138 mg, 1.23 mmol) and the solution was stirred for 30 minutes at room temperature. The reaction mixture
was poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. The obtained residue was then purified by flash column chromatography
on silica gel (100:0 to 99:1 CHCls/methanol) to give 8 (46 mg, 12%) as an amorphous. *H-NMR (300 MHz,
CDCls):6 0.94-1.06 (m, 3H), 1.80-1.96 (m, 2H), 2.28 (s, 3H), 2.74-2.84 (m, 2H), 4.71 (d, J = 12.6 Hz, 1H),
5.35 (s, 2H), 5.48 (d, J = 12.6 Hz, 1H), 6.74-6.86 (m, 1H), 6.86-6.97 (m, 1H), 6.98-7.04 (m, 1H), 7.04—
7.32 (m, 7H), 7.64-7.78 (m, 1H). The proton of oxadiazolone was not observed. LC/MS (ESI, [M + HJ*,
m/z) 479. HPLC: purity 99%, Rt 3.6 min.
(E)-3-(1-(8-((4-Methyl-2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]Joxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (9). To a stirred solution of 24E (449 mg, 1.04 mmol) in ethanol
(10 mL) was added NH>OH solution 50wt.% in water (1.9 mL, 31 mmol), and the solution was refluxed for
3 days. After the consumption of the starting material, the reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue was dissolved
in DMF (5.2 mL). To a stirred solution was added pyridine (0.10 mL, 1.2 mmol) and ethyl chloroformate

(0.12 mL, 1.2 mmol) the solution was stirred for 1h at room temperature. The reaction mixture was poured
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into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. To a solution of the residue in toluene (10 mL) was added tert-BuOK (190
mg, 1.55 mmol) and the solution was stirred for 30 minutes at room temperature. The reaction mixture was
poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(100:0 to 99:1 CHCls/methanol) to give 9 (109 mg, 22%) as an amorphous. *H-NMR (300 MHz, DMSO-
ds):0 0.80-0.93 (m, 3H), 1.59-1.72 (m, 2H), 2.14 (s, 3H), 2.44-2.54 (m, 3H), 2.70-2.83 (m, 2H), 4.74-4.94
(m, 1H), 5.35-5.52 (m, 3H), 6.74-6.80 (m, 1H), 6.85-7.06 (m, 5H), 7.10-7.32 (m, 4H). The proton of
oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 493. HPLC: purity 99%, Rt 3.7 min.
(E)-3-(1-(8-((4-(Hydroxymethyl)-2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (10). To a stirred solution of 26E (90 mg, 0.20 mmol)
in ethanol (2 mL) was added NH>OH solution 50wt.% in water (0.368 mL, 6.00 mmol), and the solution
was refluxed for 3 days. After the consumption of the starting material, the reaction mixture was poured
into water and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained
residue was dissolved in THF (1 mL). To a stirred solution was added EtsN (0.042 mL, 0.30 mmol) and
ethyl chloroformate (0.029 mL, 0.30 mmol) the solution was stirred for 1h at room temperature. The
reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. To a solution of the residue in toluene (2 mL) was
added tert-BuOK (34 mg, 0.30 mmol) and the solution was stirred for 30 minutes at room temperature. The
reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate.
The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic
layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 10 (10 mg, 10%) as an amorphous.

IH-NMR (300 MHz, DMSO-ds):5 0.85-1.00 (m, 3H), 1.67-1.84 (m, 2H), 2.27 (s, 3H), 2.93-3.04 (m, 2H),
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4.76 (d, J = 12.6 Hz, 1H), 5.06 (s, 2H), 5.41 (s, 2H), 5.56 (d, J = 12.6 Hz, 1H), 6.78-6.87 (m, 1H), 6.86—
7.01 (m, 2H), 7.04-7.24 (m, 7H). The protons of oxadiazolone and OH were not observed. LC/MS (ESI,
[M + H]*, m/z) 509. HPLC: purity 98%, Rt 3.4 min.
(E)-3-(1-(8-((4-(2-Hydroxypropan-2-yl)-2-propyl-1H-benzo[d]imidazol-1-
yl)methyl)dibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one  (11). To a stirred
solution of 27E (147 mg, 0.308 mmol) in ethanol (2 mL) was added NH>OH solution 50wt.% in water
(0.566 mL, 9.24 mmol), and the solution was refluxed for 3 days. After the consumption of the starting
material, the reaction mixture was poured into water and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to dryness and the obtained residue was dissolved in THF (2 mL). To a stirred solution was
added EtsN (0.064 mL, 0.46 mmol) and ethyl chloroformate (0.044 mL, 0.46 mmol) the solution was
stirred for 1 h at room temperature. The reaction mixture was poured into saturated aqueous sodium
bicarbonate solution and extracted twice with ethyl acetate. The combined organic layers were washed with
brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. To a
solution of the residue in toluene (2 mL) was added tert-BuOK (52 mg, 0.46 mmol) and the solution was
stirred for 30 minutes at room temperature. The reaction mixture was poured into 5% aqueous citric acid
solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to
give 11 (61 mg, 37%) as an amorphous. *H-NMR (300 MHz, DMSO-ds):6 0.92-1.06 (m, 3H), 1.71 (s, 6H),
1.78-1.98 (m, 2H), 2.31 (s, 3H), 2.70-2.82 (m, 2H), 4.77 (d, J = 12.6 Hz, 1H), 5.33 (s, 2H), 5.51 (d, J =
12.6 Hz, 1H), 6.70-6.87 (m, 1H), 6.87-6.98 (m, 1H), 6.98-7.24 (m, 8H). The protons of oxadiazolone and
OH were not observed. LC/MS (ESI, [M + H]*, m/z) 537. HPLC: purity 96%, Rt 3.7 min.
(E)-N-(2-Hydroxyethyl)-1-((11-(1-(5-o0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)ethylidene)-6,11-
dihydrodibenzo[b,e]oxepin-8-yl)methyl)-2-propyl-1H-benzo[d]imidazole-4-carboxamide (12). To a
stirred solution of 31 (240 mg, 0.474 mmol) in ethanol (2.4 mL) was added NH,OH solution 50wt.% in
water (0.73 mL, 24 mmol), and the solution was refluxed for 3 days. After the consumption of the starting

material, the reaction mixture was poured into water and extracted twice with ethyl acetate. The combined
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organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to dryness and the obtained residue was dissolved in CH2Cl, (2.4 mL). To a stirred solution
was added EtzN (99 pL, 0.71 mmol) and ethyl chloroformate (68 uL, 0.71 mmol) the solution was stirred
for 1 h at room temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate
solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. To a
solution of the residue in toluene (1.2 mL) was added tert-BuOK (106 mg, 0.948 mmol) and the solution
was stirred for 30 minutes at room temperature. The reaction mixture was poured into 5% aqueous citric
acid solution and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 97:3
CHCls/methanol) to give 12 (70 mg, 26%) as an amorphous. *H-NMR (300 MHz, DMSO-ds):6 0.85-1.01
(m, 3H), 1.72-1.90 (m, 2H), 2.18 (s, 3H), 2.77-3.01 (m, 2H), 3.43-3.65 (m, 4H), 4.72-5.05 (m, 2H), 5.38—
5.52 (m, 1H), 5.59 (s, 2H), 6.73-6.86 (m, 1H), 6.86-6.99 (m, 1H), 7.02-7.13 (m, 2H), 7.13-7.36 (m, 4H),
7.61-7.75 (m, 1H), 7.75-7.93 (m, 1H), 9.93-10.13 (m, 1H), 12.19 (br s, 1H). LC/MS (ESI, [M + H]*, m/z)
566. HPLC: purity 99%, Rt 3.3 min.

(E)-N-(2-((11-(1-(5-Oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl)ethylidene)-6,11-dihydrodibenzo[b,e]oxepin-
8-yl)methyl)-2-propyl-1H-benzo[d]imidazol-4-yl)methanesulfonamide (13). To a stirred solution of 32
(45 mg, 0.088 mmol) in ethanol (1.0 mL) was added NH,OH solution 50wt.% in water (0.27 mL, 4.4
mmol), and the solution was refluxed for 3 days. After the consumption of the starting material, the
reaction mixture was poured into water and extracted twice with ethyl acetate. The combined organic layers
were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to
dryness and the obtained residue was dissolved in CH2Cl, (1.0 mL). To a stirred solution was added EtsN
(18 pL, 0.13 mmol) and ethyl chloroformate (13 pL, 0.13 mmol) the solution was stirred for 1 h at room
temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. To a solution of the residue in

toluene (1.0 mL) was added tert-BuOK (20 mg, 0.18 mmol) and the solution was stirred for 30 minutes at
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room temperature. The reaction mixture was poured into 5% aqueous citric acid solution and extracted
twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate,
and filtered. The organic layer was concentrated to give the residue. The obtained residue was then purified
by flash column chromatography on silica gel (100:0 to 97:3 CHCl3s/methanol) to give 13 (14 mg, 28%) as
an amorphous. *H-NMR (300 MHz, CDCls):6 0.89-1.07 (m, 3H), 1.74-1.90 (m, 2H), 2.32 (s, 3H), 2.78—
2.92 (m, 2H), 3.11 (s, 3H), 4.79 (d, J = 12.6 Hz, 1H), 5.38 (s, 2H), 5.55 (d, J = 12.6 Hz, 1H), 6.80-6.88 (m,
1H), 6.91-7.01 (m, 2H), 7.01-7.09 (m, 2H), 7.09-7.26 (m, 4H), 7.41-7.51 (m, 1H). The protons of
oxadiazolone and sulfonamide were not observed. LC/MS (ESI, [M + H]*, m/z) 572. HPLC: purity 99%,
Rt 3.52 min.
(E)-3-(1-(8-((4-Phenyl-2-propyl-1H-imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-
1,2,4-oxadiazol-5(4H)-one (14). To a stirred solution of 28E (182 mg, 0.409 mmol) in ethanol (2.0 mL)
was added NH,OH solution 50wt.% in water (1.35 mL, 20.5 mmol), and the solution was refluxed for 3
days. After the consumption of the starting material, the reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue was dissolved
in CH2Cl, (2.0 mL). To a stirred solution was added EtsN (86 uL, 0.62 mmol) and ethyl chloroformate (59
pL, 0.62 mmol), and the solution was stirred for 1 h at room temperature. The reaction mixture was poured
into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. To a solution of the residue in toluene (2.0 mL) was added tert-BuOK (91
mg, 0.82 mmol) and the solution was stirred for 30 minutes at room temperature. The reaction mixture was
poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(100:0 to 90:10 CHCls/methanol) to give 14 (75 mg, 36%) as an amorphous. *H-NMR (300 MHz,

CDCl3):6 0.92-1.02 (m, 3H), 1.67-1.87 (m, 2H), 2.26 (s, 3H), 2.58-2.69 (m, 2H), 4.78 (d, J = 12.6 Hz, 1H),

5.11 (s, 2H), 5.52 (d, J = 12.6 Hz, 1H), 6.81-6.87 (m, 1H), 6.87-6.95 (m, 1H), 6.98-7.11 (m, 4H), 7.11—
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7.27 (m, 3H), 7.27-7.39 (m, 2H), 7.68-7.79 (m, 2H). The proton of oxadiazolone was not observed.
LC/MS (ESI, [M + H]*, m/z) 505. HPLC: purity 95%, Rt 3.9 min.
(E)-3-(1-(8-((2-Propyl-4-(pyridin-4-yl)-1H-imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (15). To a stirred solution of 29E (43 mg, 0.097 mmol) in
ethanol (1.0 mL) was added NH2OH solution 50wt.% in water (0.32 mL, 4.8 mmol), and the solution was
refluxed for 3 days. After the consumption of the starting material, the reaction mixture was poured into
water and extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue
was dissolved in CH2Cl, (1.0 mL). To a stirred solution was added EtsN (20 pL, 0.15 mmol) and ethyl
chloroformate (14 pL, 0.15 mmol), and the solution was stirred for 1 h at room temperature. The reaction
mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl
acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. To a solution of the residue in toluene (1.0 mL) was
added tert-BuOK (22 mg, 0.19 mmol) and the solution was stirred for 30 minutes at room temperature.
The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with ethyl acetate.
The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic
layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 90:10 CHCls/methanol) to give 15 (3.6 mg, 8.3%) as an amorphous.
'H-NMR (300 MHz, CDCls):6 0.93-1.04 (m, 3H), 1.67-1.85 (m, 2H), 2.32 (s, 3H), 2.55-2.71 (m, 2H),
4.67 (d, J=12.6 Hz, 1H), 5.12 (s, 2H), 5.45 (d, J = 12.6 Hz, 1H), 6.79-6.89 (m, 2H), 6.89-7.02 (m, 1H),
7.07-7.32 (m, 5H), 7.55-7.68 (m, 2H), 8.32-8.45 (m, 2H). The proton of oxadiazolone was not observed.
LC/MS (ESI, [M + H]*, m/z) 506. HPLC: purity 96%, Rt 3.2 min.
(E)-2-(2-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ylidene)propanenitrile (20E). To a stirred solution of 16E (367 mg, 1.33
mmol), 2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine (367 mg, 2.09 mmol) and PPhs (1.4 g, 2.8 mmol,
polymer-bound, ~approximately 3 mmol/g triphenylphosphine loading, Sigma-Aldrich) in THF (13 mL)
was added di-tert-butyl azodicarboxylate (642 mg, 2.79 mmol), and the solution was stirred for 2 h at room

temperature. The reaction mixture was filtered, and the filtrate was concentrated. The obtained residue was
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then purified by flash column chromatography on silica gel (80:20 to 65:35 hexane/ethyl acetate) to give
20E (399 mg, 69%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.31 (t, J = 7.6 Hz, 3H), 1.99 (s, 3H),
2.58 (s, 3H), 2.63 (s, 3H), 2.73-2.88 (M, 2H), 2.76 (q, J = 7.6 Hz, 2H), 3.18-3.34 (m, 2H), 5.41 (s, 2H),
6.90-7.01 (m, 4H), 7.13 (dd, J = 7.1, 1.6 Hz, 1H), 7.18-7.28 (m, 2H), 7.39 (dd, J = 7.1, 1.6 Hz, 1H).
LC/MS (ESI, [M + HJ*, m/z) 433.
(2)-2-(2-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ylidene)propanenitrile (20Z). To a stirred solution of 16Z (399 mg, 1.45
mmol), 2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine (367 mg, 2.09 mmol) and PPhs (1.4 g, 2.8 mmol,
polymer-bound, ~3 mmol/g triphenylphosphine loading, Sigma-Aldrich) in THF (13 mL) was added di-
tert-butyl azodicarboxylate (642 mg, 2.79 mmol), and the solution was stirred for 2 h at room temperature.
The reaction mixture was filtered, and the filtrate was concentrated. The obtained residue was then purified
by flash column chromatography on silica gel (80:20 to 65:35 hexane/ethyl acetate) to give 20Z (376 mg,
68%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.31 (t, J = 7.4 Hz, 3H), 2.00 (s, 3H), 2.56 (s, 3H),
2.63 (s, 3H), 2.74-2.84 (m, 2H), 2.75 (g, J = 7.6 Hz, 2H), 3.20-3.30 (M, 2H), 5.40 (s, 2H), 6.83 (s, 1H),
6.88 (s, 1H), 6.97 (dd, J = 8.0, 1.6 Hz, 1H), 7.03-7.06 (m, 1H), 7.15-7.26 (m, 3H), 7.36 (d, J = 7.9 Hz,
1H). LC/MS (ESI, [M + H]*, m/z) 433.
(E)-2-(8-((2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (21E). 2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine (218 mg, 1.25 mmol) was
added to a solution of 17E (231 mg, 0.834 mmol), PPhs (1.4 g, 2.8 mmol, polymer-bound, ~approximately
3 mmol/g triphenylphosphine loading) and di-tert-butyl azodicarboxylate (382 mg, 1.66 mmol) in THF (4
mL), and the solution was stirred for 2 h at room temperature. The reaction mixture was filtered, and the
filtrate was concentrated. The obtained residue was then purified by flash column chromatography on silica
gel (70:30 to 20:80 hexane/ethyl acetate) to give 21E (228 mg, 63%) as an amorphous. *H NMR (300 MHz,
CDCls): 6 1.31 (t, J = 7.6 Hz, 3H), 2.24 (s, 3H), 2.58 (s, 3H), 2.65 (s, 3H), 2.77 (q, J = 7.6 Hz, 2H), 4.74 (d,
J = 12.6 Hz, 1H), 5.40 (d, J = 12.6 Hz, 1H), 5.44-5.51 (m, 2H), 6.79-6.86 (m, 1H), 6.86-6.95 (m, 2H),
7.00-7.10 (m, 2H), 7.12-7.25 (m, 2H), 7.37-7.46 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 435.
(E)-2-(8-((2-Ethyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,eJoxepin-11(6H)-

ylidene)propanenitrile (22E). 18 (300 mg, 1.01 mmol) was added to a solution of 2-ethyl-1H-
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benzo[d]imidazole (163 mg, 1.12 mmol) and K>COs (701 mg, 5.07 mmol) in DMF (5 mL), and the
solution was stirred overnight at room temperature. The reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (90:10 to 50:50 hexane/ethyl acetate) to
give 22E (318 mg, 77%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.43 (t, J = 7.6 Hz, 3H), 2.24 (s,
3H), 2.83 (q, J = 7.6 Hz, 2H), 4.72 (d, J = 12.6 Hz, 1H), 5.35 (s, 2H), 5.41 (d, J = 12.6 Hz, 1H), 6.80-6.99
(m, 3H), 7.02-7.15 (m, 2H), 7.16-7.33 (m, 4H), 7.43-7.50 (m, 1H), 7.72-7.83 (m, 1H). LC/MS (ESI, [M +
H]*, m/z) 406.

(E)-2-(8-((2-Propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (23E). 18 (300 mg, 1.01 mmol) was added to a solution of 2-propyl-1H-
benzo[d]imidazole (179 mg, 1.12 mmol) and K>COs (701 mg, 5.07 mmol) in DMF (5 mL), and the
solution was stirred overnight at room temperature. The reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (90:10 to 70:30 hexane/ethyl acetate) to
give 23E (448 mg, 100%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.95-1.12 (m, 3H), 1.82-1.98
(m, 2H), 2.26 (s, 3H), 2.72-2.89 (m, 2H), 4.73 (d, J = 12.6 Hz, 1H), 5.35 (s, 2H), 5.41 (d, J = 12.6 Hz, 1H),
6.81-6.99 (m, 3H), 7.01-7.15 (m, 2H), 7.15-7.30 (m, 4H), 7.40-7.48 (m, 1H), 7.74-7.84 (m, 1H). LC/MS
(ESI, [M + H]*, m/z) 420.
(E)-2-(8-((4-Methyl-2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (24E). 19 (1.15 g, 3.61 mmol) was added to a solution of 4-methyl-2-propyl-1H-
benzo[d]imidazole (691 mg, 3.97 mmol) and K2COs (2.49 g, 18.0 mmol) in DMF (20 mL), and the solution
was stirred overnight at room temperature. The reaction mixture was poured into water and extracted twice
with ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and
filtered. The organic layer was concentrated to give the residue. The obtained residue was then purified by
flash column chromatography on silica gel (90:10 to 70:30 hexane/ethyl acetate) to give 24E (891 mg,

57%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.95-1.05 (m, 3H), 1.74-1.91 (m, 2H), 2.25 (s,

59



3H), 2.69 (s, 3H), 2.78-2.88 (m, 2H), 4.73 (d, J = 12.6 Hz, 1H), 5.34 (s, 2H), 5.41 (d, J = 12.6 Hz, 1H),
6.80-6.98 (m, 3H), 6.98-7.18 (m, 5H), 7.17-7.28 (m, 1H), 7.38-7.48 (m, 1H). LC/MS (ESI, [M + HJ",
m/z) 434.

Methyl  (E)-1-((11-(1-Cyanoethylidene)-6,11-dihydrodibenzo[b,e]Joxepin-8-yl)methyl)-2-propyl-1H-
benzo[d]imidazole-4-carboxylate (25E). 19 (853 mg, 2.89 mmol) was added to a solution of methyl 2-
propyl-1H-benzo[d]imidazole-4-carboxylate (600 mg, 2.75 mmol) and K>COs (1.9 g, 14 mmol) in DMF
(16 mL), and the solution was stirred overnight at room temperature. The reaction mixture was poured into
water and extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (80:20 to 20:80 hexane/ethyl
acetate) to give 25E (970 mg, 74%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.97-1.10 (m, 3H),
1.83-1.97 (m, 2H), 2.24 (s, 3H), 2.84-2.99 (m, 2H), 4.04 (s, 3H), 4.64-4.75 (m, 1H), 5.28-5.49 (m, 3H),
6.82-6.96 (M, 3H), 7.02-7.14 (m, 2H), 7.18-7.30 (m, 2H), 7.31-7.39 (m, 1H), 7.39-7.46 (m, 1H), 7.89—
8.00 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 478.
(E)-2-(8-((4-(Hydroxymethyl)-2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (26E). 19 (137 mg, 0.465 mmol) was added to a solution of (2-propyl-1H-
benzo[d]imidazole-4-yl)methanol (97 mg, 0.51 mmol) and K>CO3 (321 mg, 2.33 mmol) in DMF (2.3 mL),
and the solution was stirred overnight at room temperature. The reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (50:50 to 20:80 hexane/ethyl acetate) to give 26E
(185 mg, 89%) as an amorphous. *H NMR (300 MHz, CDCls): § 0.91-1.06 (m, 3H), 1.77-1.92 (m, 2H),
2.25 (s, 3H), 2.72-2.84 (m, 2H), 4.22-4.33 (m, 1H), 4.73 (d, J = 12.6 Hz, 1H), 5.09-5.19 (M, 2H), 5.35 (s,
2H), 5.41 (d, J = 12.6 Hz, 1H), 6.83-6.99 (m, 3H), 7.02-7.17 (m, 5H), 7.17-7.29 (m, 1H), 7.40-7.50 (m,
1H). LC/MS (ESI, [M + H]*, m/z) 450.
(E)-2-(8-((4-(2-Hydroxypropan-2-yl)-2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-
11(6H)-ylidene)propanenitrile (27E). A solution of K>COs (404 mg, 2.92 mmol) and 2-(2-propyl-1H-

benzo[d]imidazol-4-yl)propan-2-ol (190 mg, 0.642 mmol) in DMF (3 mL) was treated with 19 (173 mg,
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0.584 mmol), and the solution was stirred overnight at room temperature. The reaction mixture was poured
into water and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (90:10 to 60:40
hexane/ethyl acetate) to give 27E (295 mg, 100%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.89-
1.07 (m, 3H), 1.73 (s, 6H), 1.78-1.98 (m, 2H), 2.25 (s, 3H), 2.70-2.85 (m, 2H), 4.75 (d, J = 12.6 Hz, 1H),
5.32 (s, 2H), 5.43 (d, J = 12.6 Hz, 1H), 6.76-7.01 (m, 4H), 7.01-7.34 (m, 5H), 7.39-7.51 (m, 1H). The
proton of OH was not observed. LC/MS (ESI, [M + H]*, m/z) 478.
(E)-2-(8-((4-Phenyl-2-propyl-1H-imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (28E). To a stirred solution of 19 (131 mg, 0.445 mmol) and 4-phenyl-2-propyl-
1H-imidazole (91 mg, 0.49 mmol) in DMF (2 mL) was added K>COs (307 mg, 2.22 mmol), and the
solution was stirred overnight at room temperature. The reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (100:0 to 70:30 hexane/ethyl acetate) to give 28E
(182 mg, 91%) as an amorphous. *H NMR (300 MHz, CDCls): § 0.92-1.04 (m, 3H), 1.65-1.84 (m, 2H),
2.26 (s, 3H), 2.57-2.70 (m, 2H), 4.79 (d, J = 12.6 Hz, 1H), 5.11 (s, 2H), 5.43 (d, J = 12.6 Hz, 1H), 6.80—
6.97 (m, 2H), 7.00-7.12 (m, 3H), 7.13-7.30 (m, 3H), 7.30-7.40 (m, 2H), 7.43-7.52 (m, 1H), 7.72-7.83 (m,
2H). LC/MS (ESI, [M + H]*, m/z) 446.
(E)-2-(8-((2-Propyl-4-(pyridin-4-yl)-1H-imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (29E). To a stirred solution of 19 (69 mg, 0.24 mmol) and 2-propyl-4-(pyridine-4-
yl)-1H-imidazole (44 mg, 0.235 mmol) in DMF (1.5 mL) was added K>COs (160 mg, 1.18 mmol), and the
solution was stirred overnight at room temperature. The reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (100:0 to 90:10 CHCls/methanol) to give 29E (43
mg, 40%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.93-1.06 (m, 3H), 1.68-1.85 (m, 2H), 2.25 (s,

3H), 2.61-2.73 (m, 2H), 4.81 (d, J = 12.6 Hz, 1H), 5.13 (s, 2H), 5.43 (d, J = 12.6 Hz, 1H), 6.79-6.97 (m,
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2H), 7.03-7.32 (m, 4H), 7.35-7.55 (m, 2H), 7.57-7.67 (m, 2H), 8.47-8.60 (m, 2H). LC/MS (ESI, [M + H]*,
m/z) 447.

(E)-1-((11-(1-Cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepin-8-yl)methyl)-2-propyl-1H-
benzo[d]imidazole-4-carboxylic acid (30). To a stirred solution of 25E (100 mg, 0.209 mmol) in ethanol
(1 mL) was added 4M NaOH aqueous solution (1.0 mL, 4.0 mmol) and the solution was stirred for 2 h at
70 °C. The reaction mixture was acidified with 4 M HCI and the resultant solid was filtered, washed with
water, and dried under reduced pressure to give 30 (86 mg, 89%) as a white solid.*H NMR (300 MHz,
DMSO-dg): 6 0.87-1.01 (m, 3H), 1.60-1.82 (m, 2H), 2.18 (s, 3H), 2.96-3.12 (m, 2H), 4.93 (d, J = 12.6 Hz,
1H), 5.44 (d, J = 12.6 Hz, 1H), 5.76 (s, 2H), 6.80-6.87 (m, 1H), 6.90- 7.00 (m, 1H), 7.14-7.35 (m, 3H),
7.35-7.41 (m, 1H), 7.41-7.51 (m, 2H), 7.85-8.01 (m, 2H). The proton of CO.H was not observed. LC/MS
(ESI, [M - H], m/z) 462.
(E)-N-(21-((11-(1-Cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepin-8-yl)methyl)-2-propyl-1H-
benzo[d]imidazol-4-yl)-3-hydroxypropanamide (31). To a stirred solution of 30 (220 mg, 0.475 mmol),
EDCI-HCI (109 mg, 0.571 mmol) and HOBt-H,O (87 mg, 0.57 mmol) in DMF (4 mL) was added 2-
aminoethanol (57 uL, 0.95 mmol) and the solution was stirred overnight at room temparature. The reaction
mixture was poured into saturated sodium hydrogen carbonae solution and the resultant solid was filtered,
washed with water, and dried under reduced pressure. The obtained residue was then purified by flash
column chromatography on silica gel (100:0 to 95:5 hexane/CHCIs) to give 31 (241 mg, 99%) as an
amorphous. *H NMR (300 MHz, CDCls): 6 0.88-1.13 (m, 3H), 1.79-1.97 (m, 2H), 2.26 (s, 3H), 2.72-2.88
(m, 2H), 3.38-3.59 (m, 1H), 3.71-3.86 (m, 2H), 3.86-3.97 (m, 2H), 4.68-4.78 (m, 1H), 5.33-5.49 (m, 3H),
6.81-6.96 (m, 3H), 7.03-7.15 (m, 2H), 7.20-7.37 (m, 3H), 7.41-7.50 (m, 1H), 8.03-8.17 (m, 1H), 10.22—
10.35 (m, 1H). The protons of OH and amide were not observed. LC/MS (ESI, [M + H]*, m/z) 507.
(E)-N-(2-((11-(1-Cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepin-8-yl)methyl)-2-propyl-1H-
benzo[d]imidazol-4-yl)methanesulfonamide (32). To a stirred solution of 30 (810 mg, 1.86 mmol) and
EtsN (1.3 ml, 9.3 mmol) in CHCI3 (9 mL) was added DPPA (2.1 mL, 9.3 mmol) and the solution was
stirred for 5 h at room temparature. tert-BuOH (9 ml) was added and the reaction mixture was stirred
overnight at 100 °C. The reaction mixture was poured into saturated sodium hydrogen carbonate solution

and extracted twice with CHCIz. The combined organic layers were washed with brine, dried over sodium
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sulfate, and filtered. The organic layer was concentrated to give the residue. To a stirred solution of the
obtained residue in CH,Cl, (1 mL) was added TFA (0.31 mL) and the solution was stirred for 2 h at room
temparature. The reaction mixture was poured into saturated sodium hydrogen carbonate solution and
extracted twice with CHCIs. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was
purified by flash column chromatography on silica gel (70:30 to 20:80 hexane/ethyl acetate). The resulting
residue was dissolved in CH2Cl, (2 mL) and DMAP (2 mg, 0.02 mmol) , MeSO.CI (7.8 uL, 0.10 mmol)
were added. The reaction mixture was stirred 5 h at room temparature. After the consumption of starting
material, the mixture was poured into 2 mol/L HCI and extracted twice with CHCls. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(80:20 to 20:80 hexane/ethyl acetate) to afford 32 (47 mg, 49%) as an amorphous. *H NMR (300 MHz,
CDCls): 6 0.93-1.03 (m, 3H), 1.73-1.88 (m, 2H), 2.25 (s, 3H), 2.72-2.84 (m, 2H), 3.09 (s, 3H), 4.76 (d, J =
12.6 Hz, 1H), 5.33 (s, 2H), 5.43 (d, J = 12.6 Hz, 1H), 6.79-6.88 (m, 1H), 6.88-7.01 (m, 3H), 7.03-7.13 (m,
2H), 7.13-7.20 (m, 1H), 7.20-7.25 (m, 1H), 7.36-7.42 (m, 1H), 7.42-7.47 (m, 1H), 7.67-8.26 (m, 1H).
LC/MS (ESI, [M + H]*, m/z) 513.
(E)-3-(1-(2-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (8a). To a stirred solution of 25a (63 mg, 0.13 mmol) in ethanol
(2 mL) was added NH2OH solution 50wt.% in water (0.42 mL, 6.4 mmol), and the solution was refluxed
overnight. After the consumption of the starting material, the reaction mixture was poured into water and
extracted twice with CHCIs. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue was dissolved
in CH2Cl; (2 mL). To a stirred solution was added triethylamine (26 uL, 0.19 mmol) and ethyl
chloroformate (18 pL, 0.19 mmol) the solution was stirred for 1 h at room temperature. The reaction
mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl
acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. To a solution of the residue in toluene (2 mL) was

added tert-BuOK (28 mg, 0.25 mmol) and the solution was stirred for 30 minutes at room temperature. The
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reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with CHCls. The
combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer
was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 8a (16 mg, 25%) as an amorphous.
'H NMR (300 MHz, CDCls): 6 0.96 (t, J = 7.4 Hz, 3H), 1.73-1.91 (m, 2H), 2.31 (s, 3H), 2.72-2.82 (m, 2H),
4.59 (d, J = 12.8 Hz, 1H), 5.28-5.42 (m, 3H), 6.71-6.97 (m, 4H), 6.97-7.06 (m, 1H), 7.08-7.25 (m, 4H),
7.58-7.73 (m, 1H). The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 497.
HPLC: purity 96%, Rt 3.82 min.
(E)-3-(1-(3-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]Joxepin-11(6H)-
ylidene)ethyl)-1,2 4-oxadiazol-5(4H)-one (9a). To a stirred solution of 26a (110 mg, 0.251 mmol) in
ethanol (1.3 mL) was added NH>OH solution 50wt.% in water (0.769 mL, 12.3 mmol), and the solution
was refluxed overnight. After the consumption of the starting material, the reaction mixture was poured
into water and extracted twice with CHCIs;. The combined organic layers were washed with brine, dried
over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue
was dissolved in CH2Cl, (1.3 mL). To a stirred solution was added triethylamine (70 pL, 0.50 mmol) and
ethyl chloroformate (48 pL, 0.50 mmol), and the solution was stirred for 1 h at room temperature. The
reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. To a solution of the residue in toluene (1 mL)/THF
(1 mL) was added tert-BuOK (85 mg, 0.75 mmol) and the solution was stirred for 30 minutes at room
temperature. The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with
CHCls. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 9a (68 mg, 54%) as an amorphous.
IH NMR (300 MHz, CDCl3): § 0.98 (t, J = 7.4 Hz, 3H), 1.74-1.94 (m, 2H), 2.28 (s, 3H), 2.79 (t, J = 7.4 Hz,
2H), 4.65 (d, J = 12.0 Hz, 1H), 5.34 (s, 2H), 5.45 (d, J = 12.0 Hz, 1H), 6.48-6.56 (m, 1H), 6.60-6.70 (m,
1H), 6.95-7.30 (m, 7H), 7.67-7.74 (m, 1H). The proton of oxadiazolone was not observed. LC/MS (ESI,

[M + H]*, m/z) 497. HPLC: purity 99%, Rt 3.90 min.
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(E)-3-(1-(4-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (10a). To a stirred solution of 27a (160 mg, 0.366 mmol) in
ethanol (1.8 mL) was added NH>OH solution 50wt.% in water (1.12 mL, 18.3 mmol), and the solution was
refluxed overnight. After the consumption of the starting material, the reaction mixture was poured into
water and extracted twice with CHCIls. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue was
dissolved in CH2Cl, (1.8 mL). To a stirred solution was added triethylamine (102 uL, 0.732 mmol) and
ethyl chloroformate (70 uL, 0.73 mmol), and the solution was stirred for 1 h at room temperature. The
reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. To a solution of the residue in toluene (1 mL)/THF
(1 mL) was added tert-BuOK (123 mg, 1.09 mmol) and the solution was stirred for 30 minutes at room
temperature. The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with
CHCls. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 92:8 CHCls/methanol) to give 10a (80 mg, 44%) as an amorphous.
IH NMR (300 MHz, DMSO-de): 6 0.88 (t, J = 7.4 Hz, 3H), 1.61-1.83 (m, 2H), 2.18 (s, 3H), 2.77 (t, I = 7.6
Hz, 2H), 5.06 (d, J = 12.4 Hz, 1H), 5.44-5.61 (m, 3H), 6.86-6.98 (m, 1H), 6.98-7.25 (m, 6H), 7.24-7.32 (m,
1H), 7.42-7.52 (m, 1H), 7.53-7.66 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 497. The proton of oxadiazolone
was not observed. HPLC: purity 99%, Rt 3.78 min.
(E)-3-(1-(8-((7-Chloro-2-cyclopropyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (11a). To a stirred solution
of 28a (175 mg, 0.372 mmol) in ethanol (1.9 mL) was added NH,OH solution 50wt.% in water (1.14 mL,
18.6 mmol), and the solution was refluxed overnight. After the consumption of the starting material, the
reaction mixture was poured into water and extracted twice with CHCls. The combined organic layers were
washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness
and the obtained residue was dissolved in CHCl, (1.9 mL). To a stirred solution was added triethylamine

(104 pL, 0.744 mmol) and ethyl chloroformate (71 pL, 0.74 mmol), and the solution was stirred for 1 h at
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room temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate solution
and extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. To a solution of the
residue in toluene (1 mL) /THF (1 mL) was added tert-BuOK (125 mg, 1.12 mmol) and the solution was
stirred for 30 minutes at room temperature. The reaction mixture was poured into 5% aqueous citric acid
solution and extracted twice with CHCls. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (100:0 to 90:10 CHCls/methanol) to give
11a (82 mg, 42%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.05-1.17 (m, 2H), 1.24-1.33 (m, 2H),
1.85-1.97 (m, 1H), 2.28 (s, 3H), 4.78 (d, J = 12.8 Hz, 1H), 5.45-5.68 (m, 3H), 6.47-6.58 (m, 1H), 6.58—
6.71 (m, 1H), 6.98-7.29 (m, 5H), 8.14 (d, J = 5.4 Hz, 1H). The proton of oxadiazolone was not observed.
LC/MS (ESI, [M + H]*, m/z) 530. HPLC: purity 98%, Rt 5.13 min.
(E)-3-(1-(8-((4-Chloro-2-cyclopropyl-1H-imidazo[4,5-c]pyridin-1-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (12a). To a stirred solution
of 29a (91 mg, 0.19 mmol) in ethanol (2.0 mL) was added NH,OH solution 50wt.% in water (0.64 mL, 9.7
mmol), and the solution was refluxed overnight. After the consumption of the starting material, the reaction
mixture was poured into water and extracted twice with CHCls. The combined organic layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the
obtained residue was dissolved in CH,Cl; (2.0 mL). To a stirred solution was added triethylamine (54 uL,
0.39 mmol) and ethyl chloroformate (37 pL, 0.39 mmol), and the solution was stirred for 1 h at room
temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. To a solution of the residue in
toluene (1 mL)/THF (1 mL) was added tert-BuOK (43 mg, 0.39 mmol) and the solution was stirred for 30
minutes at room temperature. The reaction mixture was poured into 5% aqueous citric acid solution and
extracted twice with CHCls. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then

purified by recrystallized from isopropyl alcohol to give 12a (37 mg, 37%) as an amorphous. *H NMR (300
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MHz, CDCls): ¢ 1.02-1.17 (m, 2H), 1.24-1.39 (m, 2H), 1.83-1.97 (m, 1H), 2.29 (s, 3H), 4.70 (d, J = 12.6
Hz, 1H), 5.46-5.59 (m, 3H), 6.46-6.60 (m, 1H), 6.60-6.73 (m, 1H), 6.96-7.25 (m, 5H), 7.99-8.15 (m, 1H),
8.57 (br s, 1H). LC/MS (ESI, [M + H]*, m/z) 530. HPLC: purity 99%, Rt 4.57 min.
(E)-3-(1-(8-((2-Cyclopropyl-1H-thieno[3,4-d]imidazol-1-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (13a). To a stirred solution of 30a (160 mg, 0.360
mmol) in ethanol (1.8 mL) was added NH,OH solution 50wt.% in water (1.11 mL, 18.1 mmol), and the
solution was refluxed overnight. After the consumption of the starting material, the reaction mixture was
poured into water and extracted twice with CHCIs. The combined organic layers were washed with brine,
dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained
residue was dissolved in CH>Cl> (1.8 mL). To a stirred solution was added triethylamine (101 pL, 0.725
mmol) and ethyl chloroformate (69 pL, 0.73 mmol), and the solution was stirred for 1 h at room
temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. To a solution of the residue in
toluene (1 mL)/THF (1 mL) was added tert-BuOK (81 mg, 0.73 mmol) and the solution was stirred for 30
minutes at room temperature. The reaction mixture was poured into 5% aqueous citric acid solution and
extracted twice with CHCIs. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by recrystallized from isopropyl alcohol to give 13a (65 mg, 36%) as an amorphous. *H NMR (300
MHz, DMSO-ds): 6 0.90-1.19 (m, 4H), 2.04-2.20 (m, 1H), 2.17 (s, 3H), 4.96 (d, J = 12.5 Hz, 1H), 5.34 (s,
2H), 5.52 (d, J = 12.5 Hz, 1H), 6.58-6.72 (m, 2H), 6.74-6.86 (m, 1H), 6.95 (d, J = 2.6 Hz, 1H), 7.09 (d, J =
7.9 Hz, 1H), 7.19-7.29 (m, 2H), 7.39-7.44 (m, 1H), 12.16 (br s, 1H). LC/MS (ESI, [M + H]*, m/z) 501.
HPLC: purity 98%, Rt 3.77 min.
(E)-3-(1-(8-((2-Cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]Joxepin-11(6H)-
ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (14a). To a stirred solution of 32a (201 mg, 0.462 mmol) in
ethanol (3 mL) was added NH>OH solution 50wt.% in water (1.5 mL, 23 mmol), and the solution was
refluxed overnight. After the consumption of the starting material, the reaction mixture was poured into

water and extracted twice with CHCls. The combined organic layers were washed with brine, dried over
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sodium sulfate, and filtered. The organic layer was concentrated to dryness and the obtained residue was
dissolved in CH,Cl, (2 mL). To a stirred solution was added triethylamine (129 pL, 0.923 mmol) and ethyl
chloroformate (89 pL, 0.92 mmol), and the solution was stirred for 1 h at room temperature. The reaction
mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with ethyl
acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. To a solution of the residue in toluene (2 mL) was
added tert-BuOK (104 mg, 0.923 mmol) and the solution was stirred for 30 minutes at room temperature.
The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with CHCIs. The
combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer
was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 14a (62 mg, 27%) as an amorphous.
'H-NMR (300 MHz, CDCls3):6 0.93-1.07 (m, 2H), 1.07-1.21 (m, 2H), 1.95-2.09 (m, 1H), 2.29 (s, 3H),
4.29-4.47 (m, 2H), 4.74 (d, J = 12.8 Hz, 1H), 5.50 (d, J = 12.8 Hz, 1H), 6.47-6.58 (m, 1H), 6.59-6.75 (m,
2H), 7.01-7.25 (m, 5H), 7.44-7.54 (m, 1H), 7.54-7.63 (m, 1H). The proton of oxadiazolone was not
observed. LC/MS (ESI, [M + H]*, m/z) 495. HPLC: purity 95%, Rt 3.78 min.
(E)-3-(1-(8-((6-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (15a). To a stirred solution of 33a (88 mg, 0.19 mmol)
in ethanol (2 mL) was added NH,OH solution 50wt.% in water (33 pL, 5.6 mmol), and the solution was
refluxed for 1 day. After the consumption of the starting material, the reaction mixture was poured into
water and extracted twice with CHCIs. The organic layer was concentrated to dryness and the obtained
residue was dissolved in CH2Cl, (2 mL). To a stirred solution was added triethylamine (52 uL, 0.38 mmol)
and ethyl chloroformate (36 uL, 0.38 mmol), and the solution was stirred for 1h at room temperature. The
reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. To a solution of the residue in toluene (2 mL) was
added tert-BuOK (42 mg, 0.38 mmol) and the solution was stirred for 30 minutes at room temperature. The
reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with CHCls. The

combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer
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was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 15a (37 mg, 36%) as an amorphous.
'H-NMR (300 MHz, DMSO-de):5 0.95-1.20 (m, 4H), 1.94-2.07 (m, 1H), 2.28 (s, 3H), 4.34 (s, 2H), 4.80 (d,
J =12.7 Hz, 1H), 5.54 (d, J = 12.7 Hz, 1H), 6.50-6.73 (m, 2H), 7.00-7.30 (m, 5H), 7.45 (d, J = 9.8 Hz, 1H),
7.67 (s, 1H). The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 529. HPLC.:
purity 96%, Rt 3.97 min.
(E)-3-(1-(8-((7-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (16a). To a stirred solution of 34a (83 mg, 0.18 mmol)
in ethanol (2 mL) was added NH2OH solution 50wt.% in water (35 pL, 5.3 mmol), and the solution was
refluxed for 1 day. After the consumption of the starting material, the reaction mixture was poured into
water and extracted twice with CHCIs. The organic layer was concentrated to dryness and the obtained
residue was dissolved in CH>Cl> (2 mL). To a stirred solution was added triethylamine (49 pL, 0.35 mmol)
and ethyl chloroformate (34 pL, 0.35 mmol), and the solution was stirred for 1 h at room temperature. The
reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. To a solution of the residue in toluene (1 mL) /THF
(1 mL) was added tert-BuOK (40 mg, 0.35 mmol) and the solution was stirred for 30 minutes at room
temperature. The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with
CHCls. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 95:5 CHCls/methanol) to give 16a (42 mg, 46%) as an amorphous.
H-NMR (300 MHz, DMSO-ds):6 0.82-0.99 (m, 4H), 2.09-2.20 (m, 1H), 2.15 (s, 3H), 4.38 (d, J = 17.1 Hz,
1H), 4.44 (d, J = 17.1 Hz, 1H), 4.90 (d, J = 12.7 Hz, 1H), 5.49 (d, J = 12.7 Hz, 1H), 6.65 (dd, J = 10.8, 2.0
Hz, 1H), 6.74-6.84 (m, 1H), 6.84 (dd, J = 7.8, 2.0 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 7.16 (d, J = 7.8 Hz,
1H), 7.19-7.20 (m, 1H), 7.26 (s, 1H), 7.57 (d, J = 2.0 Hz, 1H), 8.09 (d, J = 7.8 Hz, 1H).

The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 529. HPLC: purity 95%, Ry

3.88 min.
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(E)-3-(1-(8-((8-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (17a). To a stirred solution of 35a (100 mg, 0.213
mmol) in ethanol (2 mL) was added NH>OH solution 50wt.% in water (0.42 mL, 6.4 mmol), and the
solution was refluxed for 1 day. After the consumption of the starting material, the reaction mixture was
poured into water and extracted twice with CHCls. The organic layer was concentrated to dryness and the
obtained residue was dissolved in CH,Cl, (2 mL). To a stirred solution was added triethylamine (59 pL,
0.43 mmol) and ethyl chloroformate (41 pL, 0.43 mmol), and the solution was stirred for 1 h at room
temperature. The reaction mixture was poured into saturated aqueous sodium bicarbonate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. To a solution of the residue in
toluene (1 mL) /THF (1 mL) was added tert-BuOK (48 mg, 0.43 mmol) and the solution was stirred for 30
minutes at room temperature. The reaction mixture was poured into 5% aqueous citric acid solution and
extracted twice with CHCIs. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (100:0 to 90:10 CHCls/methanol) to give 17a (30
mg, 27%) as an amorphous. *H-NMR (300 MHz, CDCls):6 0.86-1.16 (m, 4H), 1.92-2.10 (m, 1H), 2.27 (s,
3H), 4.27-4.42 (m, 2H), 4.68 (d, J = 12.6 Hz, 1H), 5.48 (d, J = 12.6 Hz, 1H), 6.43-6.57 (m, 1H), 6.57-6.68
(m, 2H), 7.02-7.20 (m, 5H), 7.50-7.58 (m, 1H).The proton of oxadiazolone was not observed. LC/MS (ESI,
[M + H]*, m/z) 529. HPLC: purity 97%, Rt 3.93 min.
(E)-3-(1-(8-((2-Cyclopropyl-7-fluoroimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]Joxepin-
11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (18a). To a stirred solution of 36a (3.9 g, 8.9 mmol) in
DMSO (43 mL) was added NH2OH solution 50wt.% in water (26.0 mL, 430 mmol), and the solution was
refluxed for 1 day. After the consumption of the starting material, the reaction mixture was poured into
water and the resulting suspension was filtered. The obtained residue was dissolved in CH2Cl; (43 mL). To
a stirred solution was added triethylamine (2.3 mL, 17 mmol) and ethyl chloroformate (1.6 mL, 17 mmol),
and the solution was stirred for 1 h at room temperature. The reaction mixture was poured into saturated
aqueous sodium bicarbonate solution and extracted twice with ethyl acetate. The combined organic layers

were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give
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the residue. To a solution of the residue in toluene (15 mL) /THF (15 mL) was added tert-BuOK (1.9 g, 17
mmol) and the solution was stirred for 30 minutes at room temperature. The reaction mixture was poured
into 5% aqueous citric acid solution and the suspension was filtered. The obtained residue was
recrystallized in ethanol (20 mL) to give 18a (1.7 g, 37%) as an amorphous. *H-NMR (300 MHz, CDCls):6
0.91-1.18 (m, 4H), 1.89-2.08 (m, 1H), 2.29 (s, 3H), 4.26-4.50 (m, 2H), 4.78 (d, J = 12.8 Hz, 1H), 5.53 (d,
J=12.8 Hz, 1H), 6.39-6.77 (m, 3H), 7.00-7.30 (m, 5H), 7.44-7.59 (m, 1H). The proton of oxadiazolone
was not observed. LC/MS (ESI, [M + H]*, m/z) 513. HPLC: purity 98%, Rt 3.85 min.
(E)-3-(1-(8-((7-Chloro-2-(methoxymethyl)imidazo[1,2-a]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (19a). To a stirred solution
of 38a (72 mg, 0.15 mmol) in ethanol (10 mL) was added NH,OH solution 50%wt in water (0.467 mL,
7.63 mmol), and the solution was refluxed for 20 h. After the consumption of starting material, the reaction
mixture was poured into water and extracted twice with CHCIs. The combined organic layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the
obtained residue was dissolved in CH.Cl (2 mL). To a stirred solution was added EtsN (43 pL, 0.31 mmol)
and ethyl chloroformate (29 pL, 0.31 mmol) , and the solution was stirred for 1 h at room temperature. The
reaction mixture was poured into water and extracted twice with CHCls. The combined organic layers were
washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the
residue. To a solution of the residue in toluene (1 mL)/THF (1 mL) was added tert-BuOK (34 mg, 0.31
mmol) and the solution was stirred for 5 minutes at room temperature. The reaction mixture was poured
into 5% aqueous citric acid solution and extracted twice with CHCIs. The combined layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by reverse phase chromatography (80:20 to 10:90 0.05%
trifluoroacetic acid in water /acetonitrile) to give 19a (8.2 mg, 18%) as an amorphous. *H-NMR (300 MHz,
DMSO-de):8 2.15 (s, 3H), 3.27 (s, 3H), 4.39 (s, 2H), 4.56 (s, 2H), 4.87 (d, J = 12.5 Hz, 1H), 5.48 (d, J =
12.5 Hz, 1H), 6.65 (dd, J = 2.6, 10.8 Hz, 1H), 6.79 (d t, J = 2.7, 8.3 Hz, 1H), 6.81-6.96 (m, 1H), 7.18 (d, J
= 7.9 Hz, 1H), 7.22 (d, J = 6.9 Hz, 1H), 7.25 (d, J = 6.9 Hz, 1H), 7.27 (s, 1H), 7.70 (s, 1H), 8.16 (d, J = 7.6

Hz, 1H), 12.08 (br s, 1H). LC/MS (ESI, [M + H]*, m/z) 533. HPLC: purity 98%, Ry 3.77 min.
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(E)-3-(1-(8-((8-Chloro-2-(methoxymethyl)imidazo[1,2-a]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (20a). To a stirred solution
of 39a (100 mg, 0.211 mmol) in ethanol (1.0 mL) was added NH>OH solution 50%wt in water (0.388 mL,
6.33 mmol), and the solution was refluxed overnight. After the consumption of starting material, the
reaction mixture was poured into water and extracted twice with CHCls. The combined organic layers were
washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness
and the obtained residue was dissolved in 1,4-dioxane (1.0 mL). To a stirred solution was added DBU (48
uL, 0.32 mmol) and 1,1°-carbonyldiimidazole (38 mg, 0.23 mmol) and the solution was stirred for 1 h at
110 °C. The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with
CHCls. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The
organic layer was concentrated to give the residue. To a solution of the residue in toluene (1 mL)/THF (1
mL) was added tert-BuOK (34 mg, 0.31 mmol) and the solution was stirred for 5 minutes at room
temperature. The reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with
CHCIs. The combined layers were washed with brine, dried over sodium sulfate, and filtered. The organic
layer was concentrated to give the residue. The obtained residue was then purified by reverse phase
chromatography (80:20 to 20:80 0.05% trifluoroacetic acid in water /acetonitrile) to give 20a (47 mg, 41%)
as an amorphous. *H-NMR (300 MHz, DMSO-dg):6 2.52 (s, 3H), 3.28 (s, 3H), 4.38-4.45 (m, 2H), 4.62 (s,
2H), 4.88 (d, J = 12.4 Hz, 1H), 5.48 (d, J = 12.4 Hz, 1H), 6.59-6.68 (m, 1H), 6.75-6.91 (m, 2H), 6.97-7.07
(m, 1H), 7.16-7.27 (m, 2H), 7.27-7.33 (m, 1H), 7.40-7.48 (m, 1H), 8.08-8.17 (m, 1H), 12.11 (br s, 1H).
LC/MS (ESI, [M + H]*, m/z) 533. HPLC: purity 98%, Rt 3.77 min.
(E)-3-(1-(8-((2-Cyclopropyl-8,9-dihydrofuro[3,2-climidazo[1,2-a]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)ethyl)-1,2,4-oxadiazol-5(4H)-one (21a). To a stirred solution
of 40a (377 mg, 0.789 mmol) in DMSO (4 mL) was added NH,OH solution 50%wt in water (1.45 mL,
23.7 mmol), and the solution was refluxed for 6 h. After the consumption of starting material, the reaction
mixture was poured into water and extracted twice with CHCIs. The combined organic layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to dryness and the
obtained residue was dissolved in CH2Cl> (4 mL). To a stirred solution was added EtsN (218 pL, 1.56

mmol) and ethyl chloroformate (150 pL, 1.56 mmol), and the solution was stirred for 1 h at room
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temperature. The reaction mixture was poured into water and extracted twice with CHCls. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. To a solution of the residue in toluene (1.7 mL) / THF (1.7 mL) was added
tert-BuOK (154 mg, 137 mmol) and the solution was stirred for 40 minutes at room temperature. The
reaction mixture was poured into 5% aqueous citric acid solution and extracted twice with CHCls. The
combined layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. The obtained residue was then purified by reverse phase chromatography
(80:20 to 10:90 0.05% trifluoroacetic acid in water /acetonitrile) to give 21a (90 mg, 21%) as an amorphous.
'H-NMR (300 MHz, CDCls):6 0.93-1.02 (m, 2H), 1.03-1.10 (m, 2H), 1.93-2.07 (m, 1H), 2.27 (s, 3H),
3.39 (t, J = 9.2 Hz, 2H), 4.25-4.39 (m, 2H), 4.60-4.72 (m, 3H), 5.46 (d, J = 12.5 Hz, 1H), 6.46 (d, J = 7.3
Hz, 1H), 6.52 (dd, J = 10.3, 2.6 Hz, 1H), 6.59-6.68 (m, 1H), 7.04-7.21 (m, 4H), 7.39 (d, J = 7.3 Hz, 1H).
The proton of oxadiazolone was not observed. LC/MS (ESI, [M + H]*, m/z) 537. HPLC: purity 99%, Ry
4.13 min.

(E)-2-(2-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (25a). To a stirred solution of 22a (65 mg, 0.18 mmol) and 2-
propylbenzo[d]imidazole (32 mg, 0.20 mmol) in DMF (1.5 mL) was added potassium carbonate (125 mg,
0.908 mmol), and the solution was stirred for 4 h at 60 °C. After the consumption of the starting material,
the reaction mixture was poured into water and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(100:0 to 50:50 hexane/ethyl acetate) to give 25a (63 mg, 79%) as an amorphous. *H NMR (300 MHz,
CDCl3): 6 0.98 (t, J = 7.4 Hz, 3H), 1.71-1.93 (m, 2H), 2.23 (s, 3H), 2.74-2.91 (m, 2H), 4.73 (d, J = 12.4 Hz,
1H), 5.23-5.38 (m, 3H), 6.72-6.85 (m, 2H), 6.90-7.18 (m, 7H), 7.39-7.47 (m, 1H). LC/MS (ESI, [M + H]*,
m/z) 438.

(E)-2-(3-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (26a). To a stirred solution of 23a (117 mg, 0.330 mmol) and 2-
propylbenzo[d]imidazole (50 mg, 0.31 mmol) in DMF (1.8 mL) was added potassium carbonate (216 mg,

1.56 mmol), and the solution was stirred over night at room temparature. After the consumption of the
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starting material, the reaction mixture was poured into water and extracted twice with ethyl acetate. The
combined organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer
was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 50:50 hexane/ethyl acetate) to give 26a (115 mg, 84%) as an
amorphous. *H NMR (300 MHz, CDCls): § 1.02 (t, J = 7.4 Hz, 3H), 1.77-1.97 (m, 2H), 2.23 (s, 3H), 2.80
(t, J=7.4Hz, 2H), 4.73 (d, J = 12.6 Hz, 1H), 5.32-5.48 (m, 3H), 6.51-6.58 (m, 1H), 6.59-6.69 (m, 1H),
6.94-7.07 (m, 3H), 7.11-7.29 (m, 3H), 7.43 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.5 Hz, 1H). LC/MS (ESI, [M
+ H]*, m/z) 438.
(E)-2-(4-Fluoro-8-((2-propyl-1H-benzo[d]imidazol-1-yl)methyl)dibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (27a). To a stirred solution of 24a (141 mg, 0.393 mmol) and 2-
propylbenzo[d]imidazole (60 mg, 0.37 mmol) in DMF (2.2 mL) was added potassium carbonate (258 mg,
1.87 mmol), and the solution was stirred for 4 h at 60 °C. After the consumption of the starting material, the
reaction mixture was poured into water and extracted twice with ethyl acetate. The combined organic
layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated
to give the residue. The obtained residue was then purified by flash column chromatography on silica gel
(100:0 to 50:50 hexane/ethyl acetate) to give 27a (164 mg, 100%) as an amorphous. *H NMR (300 MHz,
CDCls): § 0.99 (t, J = 7.4 Hz, 3H), 1.82-1.95 (m, 2H), 2.24 (s, 3H), 2.80 (t, J = 7.4 Hz, 2H), 4.91 (d, J =
12.4 Hz, 1H), 5.30-5.40 (m, 2H), 5.46 (d, J = 12.4 Hz, 1H), 6.79-6.89 (m, 2H), 6.98-7.31 (m, 6H), 7.40-
7.50 (m, 1H), 7.72-7.82 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 438.
(E)-2-(8-((7-Chloro-2-cyclopropyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (28a). To a stirred solution of 23a (250 mg,
0.698 mmol) and 7-chloro-2-cyclopropylimidazo[4,5-b]pyridine (135 mg, 0.698 mmol) in DMF (3.5 mL)
was added potassium carbonate (480 mg, 3.49 mmol), and the solution was stirred overnight at room
temparature. After the consumption of the starting material, the reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (100:0 to 50:50 hexane/ethyl acetate) to

give 28a (177 mg, 54%) as an amorphous. *H NMR (300 MHz, CDCls): § 1.02-1.16 (m, 2H), 1.25-1.38
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(m, 2H), 1.83-1.97 (m, 1H), 2.26 (s, 3H), 4.76 (d, J = 12.8 Hz, 1H), 5.41 (d, J = 12.8 Hz, 1H), 5.59-5.63
(m, 2H), 6.51-6.59 (M, 1H), 6.59-6.70 (M, 1H), 6.97-7.08 (M, 1H), 7.13-7.35 (m, 3H), 7.38-7.48 (m, 1H),
8.11-8.24 (m, 1H).LC/MS (ESI, [M + H]*, m/z) 471.
(E)-2-(8-((4-Chloro-2-cyclopropyl-1H-imidazo[4,5-c]pyridin-1-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (29a). To a stirred solution of 23a (120 mg,
0.335 mmol) and 4-chloro-2-cyclopropylimidazo[4,5-c]pyridine (66 mg, 0.34 mmol) in DMF (2.0 mL) was
added potassium carbonate (231 mg, 1.68 mmol), and the solution was stirred overnight at room
temparature. After the consumption of the starting material, the reaction mixture was poured into water and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (100:0 to 44:66 hexane/ethyl acetate) to
give 29a (98 mg, 62%) as an amorphous. *H NMR (300 MHz, CDCls): § 1.04-1.17 (m, 2H), 1.27-1.38 (m,
2H), 1.83-1.96 (m, 1H), 2.25 (s, 3H), 4.71-4.81 (m, 1H), 5.32-5.53 (m, 3H), 6.53-6.73 (m, 2H), 6.95-7.11
(m, 3H), 7.15-7.22 (m, 1H), 7.42-7.53 (m, 1H), 8.09-8.15 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 471.
(E)-2-(8-((2-Cyclopropyl-1H-thieno[3,4-d]imidazol-1-yl)methyl)-3-fluorodibenzo[b,e]oxepin-11(6H)-
ylidene)propanenitrile (30a). To a stirred solution of 2-cyclopropyl-1H-thieno[3,4-d]imidazole (65 mg,
0.40 mmol) in DMF (2.3 mL) was added potassium carbonate (274 mg, 1.98 mmol) and (E)-2-(8-
(bromomethyl)-3-fluorodibenzo[b,e]oxepin-11(6H)-yliden)propanenitrile 23a (145 mg, 0.404 mmol), and
the solution was stirred overnight at room temperature. The reaction mixture was poured into water and the
resulting suspension was filtered and washed with water twice. The obtained residue was then purified by
flash column chromatography on silica gel (100:0 to 50:50 hexane/ethyl acetate) to obtain 30a (166 mg,
95%) as an amorphous. *H NMR (300 MHz, CDCls): 6 1.00-1.09 (m, 2H), 1.18-1.26 (m, 2H), 1.73-1.84
(m, 1H), 2.25 (s, 3H), 4.80 (d, J = 12.8 Hz, 1H), 5.19-5.35 (m, 2H), 5.43 (d, J = 12.8 Hz, 1H), 6.29 (d, J =
2.6 Hz, 1H), 6.57 (dd, J = 9.9, 2.6 Hz, 1H), 6.61-6.69 (m, 1H), 6.94 (d, J = 2.6 Hz, 1H), 7.04 (d, J = 8.8,
6.6 Hz, 1H), 7.16-7.19 (m, 1H), 7.27-7.32 (m, 1H), 7.47 (d, J = 8.1 Hz, 1H). LC/MS (ESI, [M + H]*, m/z)
442.

(E)-2-(8-((2-Cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-11(6H)-

ylidene)propanenitrile (32a). To a stirred solution of 2-aminopyridine (136 mg, 1.44 mmol) in toluene (5
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mL) was added copper (1) chloride (10 mg, 0.10 mmol), copper (1) trifluoromethanesulfonate (36 mg, 0.10
mmol), cyclopropanecarbaldehyde (0.32 ml, 4.4 mmol) and 2-(8-ethynyl-3-fluorodibenzo[b,e]Joxepin-
11(6H)-yliden)propanenitrile 31a (500 mg, 1.73 mmol), and the solution was stirred for 5 h at 120 °C. The
reaction mixture was filtered with celite pad. The filtrate was poured into water and extracted twice with
ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. The obtained residue was then purified by flash
column chromatography on silica gel (100:0 to 34:66 hexane/ethyl acetate) to obtain 32a (205 mg, 32%) as
an amorphous. 'H NMR (300 MHz, CDCls): 0.92-1.08 (m, 2H), 1.08-1.18 (m, 2H), 1.91-2.09 (m, 1H),
2.23 (s, 3H), 4.24-4.51 (m, 2H), 4.76 (d, J = 12.8 Hz, 1H), 5.41 (d, J = 12.8 Hz, 1H), 6.50-6.70 (M, 3H),
6.94-7.15 (m, 3H), 7.21-7.30 (m, 1H), 7.35-7.46 (m, 1H), 7.49-7.58 (m, 1H), 7.58-7.66 (m, 1H). LC/MS
(ESI, [M + H]*, m/z) 436.
(E)-2-(8-((6-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)propanenitrile (33a). To a stirred solution of 5-chloropyridin-2-amine (178 mg, 1.38
mmol) in toluene (7 mL) was added copper (I) chloride (27 mg, 0.28 mmol), copper (II)
trifluoromethanesulfonate (100 mg, 0.277 mmol), cyclopropanecarbaldehyde (0.156 ml, 2.07 mmol) and 2-
(8-ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-yliden)propanenitrile 31a (400 mg, 1.38 mmol), and the
solution was irradiated for 4 h with the reaction temperature controlled around 120 °C. The reaction
mixture was filtered with a celite pad. The filtrate was poured into saturated ammonium chloride solution
and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over
sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue
was then purified by flash column chromatography on silica gel (90:10 to 40:60 hexane/ethyl acetate) to
obtain 33a (88 mg, 14%) as an amorphous. *H NMR (300 MHz, CDCls): 6 0.99-1.04 (m, 2H), 1.09-1.15
(m, 2H), 1.95-2.02 (m, 1H), 2.24 (s, 3H), 4.30-4.35 (m, 2H), 4.78 (d, J = 12.7 Hz, 1H), 5.43 (d, J = 12.7
Hz, 1H), 6.54-6.58 (m, 1H), 6.62-6.67 (m, 1H), 7.01-7.07 (m, 2H), 7.11 (br s, 1H), 7.23 (d, J = 7.8 Hz,
1H), 7.42 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 9.8 Hz, 1H), 7.67 (d, J = 2.0 Hz, 1H). LC/MS (ESI, [M + HJ",
m/z) 470.
(E)-2-(8-((7-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-

11(6H)-ylidene)propanenitrile (34a). To a stirred solution of 4-chloropyridin-2-amine (156 mg, 1.21
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mmol) in toluene (6 mL) was added copper (I) chloride (24 mg, 0.24 mmol), copper (II)
trifluoromethanesulfonate (88 mg, 0.24 mmol), cyclopropanecarbaldehyde (0.136 ml, 1.82 mmol) and 2-(8-
ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-yliden)propanenitrile 31a (350 mg, 1.21 mmol), and the
solution was stirred overnight at 120 °C. The reaction mixture was filtered with celite pad. The filtrate was
poured into saturated ammonium chloride solution and extracted twice with ethyl acetate. The combined
organic layer was washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. The obtained residue was then purified by flash column chromatography
on silica gel (90:10 to 40:60 hexane/ethyl acetate) to obtain 34a (73 mg, 13%) as an amorphous. *H-NMR
(300 MHz, CDCls):6 0.98-1.05 (m, 2H), 1.08-1.15 (m, 2H), 1.94-2.03 (m, 1H), 2.23 (s, 3H), 4.30 (d, J =
17.2 Hz, 1H), 4.38 (d, J = 17.2 Hz, 1H), 4.76 (d, J = 12.8 Hz, 1H), 5.41 (d, J = 12.8 Hz, 1H), 6.53-6.59 (m,
1H), 6.61-6.68 (m, 2H),6.99-7.06 (m, 1H), 7.08-7.10 (m, 1H), 7.20-7.24 (m, 1H), 7.41 (d, J = 7.7 Hz, 1H),
7.50-7.54 (m, 2H).

LC/MS (ESI, [M + H]*, m/z) 470.
(E)-2-(8-((8-Chloro-2-cyclopropylimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-
11(6H)-ylidene)propanenitrile (35a). To a stirred solution of 3-chloropyridin-2-amine (101 mg, 0.786
mmol) in toluene (4 mL) was added copper (I) chloride (5.4 mg, 0.055 mmol), copper (II)
trifluoromethanesulfonate (20 mg, 0.055 mmol), cyclopropanecarbaldehyde (88 uL, 1.2 mmol) amd 2-(8-
ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-yliden)propanenitrile 31a (250 mg, 0.864 mmol), and the
solution was stirred for 30 h at 120 °C. The reaction mixture was filtered with celite pad. The filtrate was
poured into saturated ammonium chloride solution and extracted twice with ethyl acetate. The combined
organic layer was washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. The obtained residue was then purified by flash column chromatography
on silica gel (100:0 to 40:60 hexane/ethyl acetate) to obtain 35a (61 mg, 15%) as an amorphous. *H-NMR
(300 MHz, CDCls):5 0.92-1.09 (m, 2H), 1.09-1.28 (m, 2H), 1.93-2.10 (m, 1H), 2.23 (s, 3H), 4.24-4.52 (m,
2H), 4.75 (d, J = 12.6 Hz, 1H), 5.40 (d, J = 12.6 Hz, 1H), 6.45-6.73 (m, 3H), 6.95-7.31 (m, 4H), 7.40 (d, J
= 7.8 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H). LC/MS (ESI, [M + H]*, m/z) 470.
(E)-2-(8-((2-Cyclopropyl-7-fluoroimidazo[1,2-a]pyridin-3-yl)methyl)-3-fluorodibenzo[b,e]oxepin-

11(6H)-ylidene)propanenitrile (36a). To a stirred solution of 4-fluoropyridin-2-amine (141 mg, 1.23
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mmol) in toluene (5 mL) was added copper (I) chloride (11 mg, 0.11 mmol), copper (II)
trifluoromethanesulfonate (41 mg, 1.1 mmol), cyclopropanecarbaldehyde (13 uL, 1.7 mmol) and 2-(8-
ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-yliden)propanenitrile 31a (330 mg, 0.864 mmol), and the
solution was stirred for 8 h at 120 °C. The reaction mixture was filtered with celite pad. The filtrate was
poured into water and extracted twice with ethyl acetate. The combined organic layer was washed with
brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 50:50
hexane/ethyl acetate) to obtain 36a (25 mg, 4.3%) as an amorphous. *H-NMR (300 MHz, CDCls):6 0.90-
1.18 (m, 4H), 1.92-2.07 (m, 1H), 2.23 (s, 3H), 4.21-4.44 (m, 2H), 4.75 (d, J = 12.8 Hz, 1H), 5.43 (d, J =
12.8 Hz, 1H), 6.43-6.74 (m, 3H), 6.99-7.31 (m, 4H), 7.33-7.62 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 454.
(E)-2-(8-((7-Chloro-2-(methoxymethyl)imidazo[1,2-a]pyridin-3-yl)methyl)-3-

fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (38a). To a stirred solution of 7-chloro-3-iodo-
2-(methoxymethyl)imidazo[1,2-a]pyridine (700 mg, 2.17 mmol) in THF (45 mL) was added
isopropylmagnesium chloride (2 mol/L solution in THF, 1.1 ml, 2.0 mmol) and the solution was stirred for
1 h at -50 °C. To the reaction mixture was added 37a (318 mg, 1.09 mmol) and stirred for 1 h at -20 °C.
After the consumption of the starting material, the reaction mixture was poured into saturated aqueous
ammonium chloride solution and extracted twice with CHCls. The combined organic layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by flash column chromatography on silica gel (100:0 to 70:30
CHCls/methanol) to give the residue (400 mg). To a stirred solution of chlorotrimethylsilane (1.04 mL,
8.16 mmol) in hexane (0.8 mL) / acetonitrile (0.4 mL) was added sodium iodide (1.2 g, 8.2 mmol) and the
mixture was stirred overnight at room temperature. To the reaction mixture was added the obtained residue
(400 mg) and the mixture was stirred overnight at room temperature. The reaction mixture was poured into
saturated aqueous ammonium chloride solution / saturated aqueous sodium thiosulfate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (100:0 to 70:30 CHCls/methanol) to give 38a (72

mg, 19%) as an amorphous. *H-NMR (300 MHz, CDCls):6 2.23 (s, 3H), 3.47 (s, 3H), 4.35-4.37 (m, 1H),
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4.63-4.76 (m, 4H), 5.38-5.42 (m, 1H), 6.53-6.71 (m, 3H), 7.00-7.10 (m, 2H), 7.20-7.24 (m, 2H), 7.39—
7.42 (m, 1H), 7.58-7.60 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 474.
(E)-2-(8-((8-Chloro-2-(methoxymethyl)imidazo[1,2-a]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (39a). To a stirred solution of 8-chloro-3-iodo-
2-(methoxymethyl)imidazo[1,2-a]pyridine (500 mg, 1.55 mmol) in THF (2.0 mL) was added
isopropylmagnesium chloride (2 mol/L solution in THF, 0.775 ml, 1.55 mmol) and the solution was stirred
for 1 h at -50 °C. To the reaction mixture was added 37a (227 mg, 0.775 mmol) and stirred for 1 h at -
20 °C. After the consumption of the starting material, the reaction mixture was poured into saturated
aqueous ammonium chloride solution and extracted twice with CHCIs. The combined organic layers were
washed with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the
residue. The obtained residue was then purified by flash column chromatography on silica gel (100:0 to
70:30 CHCls/methanol) to give the residue (180 mg). To a stirred solution of chlorotrimethylsilane (0.471
mL, 3.71 mmol) in hexane (0.4 mL) / acetonitrile (0.4 mL) was added sodium iodide (556 mg, 3.71 mmol)
and the mixture was stirred overnight at room temperature. To the reaction mixture was added the residue
(180 mg) and the mixture was stirred overnight at room temperature. The reaction mixture was poured into
saturated aqueous ammonium chloride solution / saturated aqueous sodium thiosulfate solution and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried over sodium
sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained residue was then
purified by flash column chromatography on silica gel (100:0 to 70:30 CHCls/methanol) to give 39a (77
mg, 44%) as an amorphous. *H-NMR (300 MHz, CDCls):6 2.23 (s, 3H), 3.47 (s, 3H), 4.33-4.46 (m, 2H),
4.76 (s, 3H), 5.39 (d, J = 12.7 Hz, 1H), 6.53-6.57 (m, 1H), 6.62-6.68 (m, 2H), 7.00-7.04 (m, 1H), 7.10-
7.11 (m, 1H), 7.23-7.30 (m, 2H), 7.39-7.41 (m, 1H), 7.62-7.64 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 474.
(E)-2-(8-((2-Cyclopropyl-8,9-dihydrofuro[3,2-climidazo[1,2-a]pyridin-3-yl)methyl)-3-
fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (40a). To a stirred solution of 2-cyclopropyl-3-
iodo-8,9-dihydrofuro[3,2-c]imidazo[1,2-a]pyridine (435 mg, 1.33 mmol) in THF (4.5 mL) was added
isopropylmagnesium chloride lithium chloride complex (1.3 mol/L solution in THF, 1.15 ml, 1.50 mmol)
and the solution was stirred for 1 h at -40 °C. To the reaction mixture was added 37a (244 mg, 0.843 mmol)

and stirred for 1 h at -20 °C. After the consumption of the starting material, the reaction mixture was
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poured into saturated aqueous ammonium chloride solution and extracted twice with CHCls. The combined
organic layers were washed with brine, dried over sodium sulfate, and filtered. The organic layer was
concentrated to give the residue. The obtained residue was then recrystallized from isopropyl alcohol (20
mL) to afford a white solid (362 mg). To a stirred solution of the resulting residue (362 mg, 0.729 mmol) in
TFA (3.6 mL) was added triethylsilane (0.583 mL, 3.65 mmol) and the mixture was stirred for 1 h at 60 °C.
The reaction mixture was poured into saturated aqueous sodium bicarbonate solution and extracted twice
with CHCIls. The combined organic layers were washed with brine, dried over sodium sulfate, and filtered.
The organic layer was concentrated to give the residue. The obtained residue was then purified by flash
column chromatography on silica gel (100:0 to 90:10 CHCls/methanol) to give 40a (386 mg, 87%) as an
amorphous.'H-NMR (300 MHz, CDCls): 6 0.91-1.01 (m, 2H), 1.03-1.11 (m, 2H), 1.95-2.03 (m, 1H), 2.23
(s, 3H), 3.48 (t, J = 8.8 Hz, 2H), 4.25-4.38 (m, 2H), 4.69 (t, J = 8.8 Hz, 2H), 4.75 (d, J = 12.7 Hz, 1H), 5.40
(d, J = 12.7 Hz, 1H), 6.41 (d, J = 6.8 Hz, 1H), 6.55 (dd, J = 10.2, 2.4 Hz, 1H), 6.60-6.67 (m, 1H), 6.99—
7.05 (m, 1H), 7.07-7.11 (m, 1H), 7.21-7.25 (m, 1H), 7.37-7.43 (m, 2H). LC/MS (ESI, [M + H]*, m/z)
537.

Dimethyl 2-bromoterephthalate (S2). To a stirred solution of commercially available 1 (7.52 g, 30.7
mmol, Aldrich, 115274, CAS :586-35-6 ) in MeOH (50 mL) was added trimethyl orthoformate (8.7 mL,
80.0 mmol) and conc. H2SO4 (0.65 mL, 12.0 mmol), and the solution was refluxed for 12h. The reaction
mixture was cooled at room temperature, and concentrated ubder reduced pressure. The obtain residue was
pored into saturated aqueous sodium hydrogen carbonate solution at 0°C. The resultant soid was filtered,
washed with water, and dried under reduced pressure to give dimetyl 2-bromoterephthalate (S2) (7.19 g,
86%) as a white solid. 'H NMR (270 MHz, CDCls): 6 3.95 (d, J = 0.7 Hz, 3H), 3.96 (d, J = 0.7 Hz, 3H),
7.81 (d, J=8.3 Hz, 1H), 7.99-8.03 (m, 1H), 8.32 (s, 1H). LC/MS (ESI, [M + H]*, m/z) 273.

Dimethyl (E)-2-styrylterephthalate (S3). To a stirred solution of dimetyl 2-bromoterephthalate (S2) (7.0
g, 25.6 mmol) in 1,2-dimethoxyethane (240 mL) was added (E)-styrylboronic acid (4.9 g, 33.3 mmol),
dichlorobis(tri-o-tolylphosphine)palladium(ll) (1.0 g, 1.28 mmol), sodium carbonate (8.1 g, 76.8 mmol)
and water (60 mL), and the solution was refluxed for 2h. The reaction mixture was cooled at room
temperature, and filtered on celite pad. The filtrate was pored into saturated aqueous sodium bicarbonate

solution and extracted with ethyl acetate (300 mL). The combined organic layers were washed with brine,
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dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by recrystallization from 10% ethyl acetate in n-hexane to afford the
residue. The resultant solid washed with diisopropyl ether, and dried under reduced pressure to give
dimethyl (E)-2-styrylterephthalate (S3) (6.28 g, 83%) as a white solid. 'H NMR (270 MHz, CDCls): 6 3.96
(d, J=0.7 Hz, 3H), 3.98 (d, J = 0.7 Hz, 3H), 7.13 (d, J = 16.2 Hz, 1H), 7.28-7.40 (m, 3H), 7.55-7.59 (m,
2H), 7.88-7.91 (m, 3H), 8.39 (s, 1H). LC/MS (ESI, [M + H]*, m/z) 297.

2-Phenethylterephthalic acid (S4). To a stirred solution of dimethyl (E)-2-styrylterephthalate (S3) (6.2 g,
20.9 mmol) in EtOH (30 mL) was added 4 mol/L NaOH aqueous solution (55 mL, 209 mmol), and the
solution was refluxed for 3h. The reaction mixture was cooled at room temperature, and concentrated ubder
reduced pressure. The obtain residue was pored into 2 mol/L HCI aqueous solution at 0°C. The resultant
soid was filtered, washed with water, and dried under reduced pressure. The obtained residue was solved in
DMF (20 mL). To a stirred solution was added Palladium 10% on carbon (0.1 g), and the solution was
stirred for 3h at room temperature under a hydrogen atmosphere. The reaction mixture was filtered on celite
pad, and the filtrate was concentrated ubder reduced pressure. The obtained residue was then purified by
recrystallization from 50% EtOH aqueous solution to afford the residue. The resultant solid washed with
water, and dried under reduced pressure to give 2-phenetylterephthalic acid (S4) (5.57 g, 96%) as a white
solid. 1H NMR (270 MHz, DMSO-de): 6 2.81-2.87 (m, 2H), 3.18-3.24 (m, 2H), 7.16-7.32 (m, 5H), 7.82—
7.90 (m, 3H). LC/MS (ESI, [M + H]*, m/z) 271.

Ethyl 5-ox0-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S5). To a stirred solution of 2-
phenetylterephthalic acid (S4) (4.5 g, 16.6 mmol) in sulfolane (30 mL) was added polyphosphoric acid (30
mL), and the solution was stirred for 12h at 140°C. The reaction mixture was cooled at room temperature,
and pored into water. The solution was stirred for 1h at room temperature. The resultant soid was filtered,
washed with water, and dried under reduced pressure. The obtained residue was solved in EtOH (20 mL).
To a stirred solution was added triethyl orthoformate (3.6 mL, 21.6 mmol) and conc. H,SO4 (0.35 mL, 6.6
mmol), and the solution was refluxed for 12h. The reaction mixture was cooled at room temperature, and
concentrated ubder reduced pressure. The obtained residue was pored into saturated aqueous sodium
hydrogen carbonate solution at 0 °C and extracted with ethyl acetate (50 mL). The combined organic layers

were washed with brine, dried over magnesium sulfate, and filtered. The organic layer was concentrated to
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give ethyl 5-ox0-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S5) (2.9 g, 62%) as a white
solid. *H NMR (270 MHz, CDCls): § 1.42 (t, J = 7.1 Hz, 3H), 3.25 (s, 4H), 4.40 (g, J = 7.2 Hz, 2H), 7.21-
7.28 (m, 1H), 7.34 (td, J = 1.3, 7.6 Hz, 1H), 7.46 (td, J = 1.3, 7.6 Hz, 1H), 7.92-8.04 (m, 4H). LC/MS (ESI,
[M + H]*, m/z) 281.

Ethyl (2)-5-(1-cyanoethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S6).

Ethyl (E)-5-(1-cyanoethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S7).

To a stirred solution of LDA (2.0 mol/L, 268 mL, 0.54 mol) in THF (90 mL) was added to a solution of
propanenitrile (15 g, 0.27 mol) in THF (90 mL) at 0°C, and the solution was stirred for 0.5h at same
temperature. The reaction mixture was added to a solution of diethyl chlorophosphate (47 g, 0.27 mol) in
THF (90 mL) at 0°C, and the solution was stirred for 1h at room temperature. The reaction mixture was
added to a solution of ethyl 5-0x0-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S5) (30 g,
0.11 mol) in DMF (270 mL) at room temperature, and the solution was stirred for 3h at 80°C. The reaction
mixture was concentrated under reduced pressure. The obtained residue was pored into water (500 mL),
and neutralized by 6 mol/L HCI aqueous solution (pH = 7.1). The solution was extracted with ethyl acetate
(800 mL). The combined organic layers were washed with brine, dried over magnesium sulfate, and filtered.
The organic layer was concentrated to give the residue. The obtain residue was then purified by
recrystallization from IPA (150 mL) at 0°C to afford the residue. The resultant solid washed with IPA, and
dried under reduced pressure to give ethyl (Z)-5-(1-cyanoethylidene)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-2-carboxylate (S6) (12.98 g, 40%, E:Z = 1:99) as a white solid. The obtained
mother liquid was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (95:5 to 90:10 n-hexane/ethyl acetate) to give ethyl (E)-5-(1-
cyanoethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-carboxylate (S7) (13.4 g, 41%, E:Z =
85:15) as a oil.

(S6) : 'H NMR (300 MHz, CDCls): 6 1.38 (t, J = 7.2 Hz, 3H), 2.06 (s, 3H), 2.84-3.01 (m, 2H), 3.28-3.45
(m, 2H), 4.36 (g, J = 7.2 Hz, 2H), 7.06-7.12 (m, 1H), 7.17-7.31 (m, 3H), 7.48 (d, J = 8.1 Hz, 1H), 7.84—

7.93 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 318.
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(S7): *H NMR (300 MHz, CDCls): 6 1.39 (t, J = 7.2 Hz, 3H), 2.01 (s, 3H), 2.88-3.00 (m, 2H), 3.28-3.44
(m, 2H), 4.37 (q, J = 7.2 Hz, 2H), 7.12-7.18 (m, 2H), 7.20-7.31 (m, 2H), 7.41-7.47 (m, 1H), 7.84-7.94 (m,
2H). LC/MS (ESI, [M + H]*, m/z) 318.
(2)-2-{2-(Hydroxymethyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene}propanenitrile (16Z).
To a stirred solution of ethyl (Z2)-5-(1-cyanoethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-
carboxylate (S6) (53 g, 0.17 mol) in THF (530 mL) was added lithium borohydride (7.6 g, 0.34 mol), and
the solution was refluxed for 6h. The reaction mixture was cooled at room temperature, and pored into ice
water (1000 mL). The resultant solution was pored into 6 mol/L HCI aqueous solution to pH 5 and
extracted with ethyl acetate (500 mL). The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (chloroform) to give (2)-2-{2-
(hydroxymethyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene}propanenitrile (16Z) (46.8 g, 97%)
as a white solid. *H NMR (300 MHz, CDCls): & 2.03 (s, 3H), 2.82-2.96 (m, 2H), 3.27-3.40 (m, 2H), 4.65
(d, J = 5.9 Hz, 2H), 7.06-7.08 (m, 1H), 7.18-7.23 (m, 5H), 7.43 (d, J = 7.7 Hz, 1H). LC/MS (ESI, [M +
H]*, m/z) 276.
(E)-2-{2-(Hydroxymethyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene}propanenitrile (16E).
To a stirred solution of ethyl (E)-5-(1-cyanoethylidene)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-2-
carboxylate (S7) (13 g, 0.042 mol, E:Z = 85:15) in THF (134 mL) was added lithium borohydride (1.9 g,
0.088 mol), and the solution was refluxed for 6h. The reaction mixture was cooled at room temperature,

and pored into ice water (1000 mL). The resultant solution was pored into 6 mol/L HCI aqueous solution to
pH 5 and extracted with ethyl acetate (150 mL). The combined organic layers were washed with brine,
dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (chloroform) to give (E)-
2-{2-(hydroxymethyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene}propanenitrile (16E) (7.7 g,
67%) as a white solid. 'H NMR (300 MHz, CDCls): 6 2.04 (s, 3H), 2.83-2.95 (m, 2H), 3.27-3.40 (m, 2H),
4.66 (d, J=5.7 Hz, 2H), 7.08 (d, J = 5.9 Hz, 1H), 7.13-7.24 (m, 5H), 7.40-7.43 (m, 1H). LC/MS (ESI, [M

+ HJ*, m/z) 276.
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4-Bromo-2-(phenoxymethyl)benzoic acid (S9). To a stirred solution of 5-bromophthalide (S8) (350 g,
1.64 mol) and phenol (232 g, 2.46 mol) in NMP (350 mL) was added sodium methoxide 28% solution in
methanol (495 mL, 2.50 mol), and the solution was stirred for 3h at 120°C. The reaction mixture was
cooled at 90°C, and pored into water (350 mL) and MeOH (700 mL). The resultant solution was pored into
4 mol/L HCI agueous solution (570 mL) at 50°C, and the solution was stirred for 30 min at 5°C. The
resultant soid was filtered, washed with water/MeOH = 3/2 (350 mL X 2), and dried under reduced
pressure to give 4-bromo-2-(phenoxymethyl)benzoic acid (S9) (476 g, 80%) as a white solid. *H NMR (300
MHz, DMSO-ds): 6 5.43 (s, 2H), 6.93-7.87 (m, 8H). LC/MS (ESI, [M + H]*, m/z) 307.
8-Bromodibenzo[b,e]Joxepin-11(6H)-one  (S10). To a stirred suspension of  4-bromo-2-
(phenoxymethyl)benzoic acid (S9) (470 g, 1.29 mol) in n-heptane (4.70 L) was added TFAA (324 mL, 2.30
mol) and BFs'OEt; (19.4 mL, 0.153 mol), and the solution was stirred for 30 ‘min at room temperature. The
reaction mixture was added TFAA (108 mL, 0.765 mol) and BFz'OEt; (19.4 mL, 0.153 mol), and the
solution was stirred for 50 min at room temperature. The reaction mixture was added TFAA (108 mL,
0.765 mol) and BFz'OEt; (19.4 mL, 0.153 mol), and the solution was stirred for 1h at room temperature.
The reaction mixture was cooled at 0°C, and pored into water (2.35 L), and extracted with ethyl acetate
(7.99 L). The combined organic layer was pored into saturated aqueous sodium bicarbonate solution
(3.29L) and 4 mol/L NaOH aqueous solution (1.2 L), and stirred. The resultant emulsion was filtered on
celite pad, and washed with ethyl acetate (470 mL). The filtrate was separated, and the organic layers were
washed with brine. The resultant organic layers were stirred for 30 min at room temperature with activated
carbon (23.5 g), and filtered. The filtrate was concentrated to give the residue. The obtained residue was
then purified by recrystallization from EtOH (1.88 L) to afford the residue. The resultant solid washed with
EtOH, and dried under reduced pressure to give 8-bromodibenzo[b,eJoxepin-11(6H)-one (S10) (342 g,
90%) as a white solid. *H NMR (270 MHz, CDCls): 6 5.15 (s, 2H), 7.05-7.17 (m, 2H), 7.47-7.63 (m, 3H),
7.80 (d, J = 8.1 Hz, 1H), 8.24 (dd, J = 8.1, 1.8 Hz, 1H). LC/MS (ESI, [M + H]*, m/z) 289.
2-(8-Bromodibenzol[b,e]oxepin-11(6H)-ylidene)propanenitrile (S11). To a stirred solution of LDA (2.0
mol/L, 12.1 mL, 24.2 mmol) in THF (3 mL) was added to a solution of propanenitrile (0.67 g, 12 mmol) in
THF (3 mL) at 0°C, and the solution was stirred for 0.5h at same temperature. The reaction mixture was

added to a solution of diethyl chlorophosphate (2.1 g, 12 mmol) in THF (3 mL) at 0°C, and the solution
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was stirred for 3h at room temperature. The reaction mixture was added to a solution of 8-
bromodibenzo[b,e]oxepin-11(6H)-one (S10) (1.0 g, 3.5 mmol) in DMF (9 mL) at room temperature, and
the solution was stirred for 3h at 80°C. The reaction mixture was pored into saturated aqueous ammonium
chloride solution and extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (97:3 to 93:7 hexane/ethyl
acetate) to give 2-(8-bromodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S11) (E/Z = 6/4, 840 mg,
74%) as a amorphous. *H NMR (300 MHz, CDCls): § 2.00-2.28 (m, 3H), 4.75-4.87 (m, 1H), 5.43 (d, J =
12.6 Hz, 1H), 6.82-7.08 (m, 3H), 7.21-7.37 (m, 2H), 7.48-7.58 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 326.
Ethyl (E)-11-(1-cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S12). To a stirred
solution of 2-(8-bromodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S11) (E/Z = 6/4, 840 mg, 2.58
mmol) in DMF (4.3 mL) was added palladium (1) acetate (88 mg, 0.39 mmol), 1,3-
bis(diphenylphosphino)propane (dppp; 161 mg, 0.390 mmol), cesium carbonate (1.26 g, 3.86 mmol) and
EtOH (4.3 mL), and the solution was stirred for 5h at 70°C under a carbon monoxide atmosphere. The
reaction mixture was cooled at room temperature, and concentrated ubder reduced pressure. The obtain
residue was pored into water and extracted with ethyl acetate. The combined organic layers were washed
with brine, dried over sodium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by flash column chromatography on silica gel (95:5 to 90:10
hexane/ethyl acetate) to give ethyl (E)-11-(1-cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepine-8-
carboxylate (S12) (274 mg, 33%) as a amorphous. *H NMR (300 MHz, CDCls): § 1.39 (t, J = 7.1 Hz, 3H),
2.28 (s, 3H), 4.35-4.43 (m, 2H), 4.95 (d, J = 12.6 Hz, 1H), 5.50 (d, J = 12.6 Hz, 1H), 6.87-6.96 (M, 2H),
7.08 (dd, J = 1.7, 7.8 Hz, 1H), 7.23-7.28 (m, 1H), 7.56 (d, J = 7.9 Hz, 1H), 8.07-8.12 (m, 2H). LC/MS
(ESI, [M + H]*, m/z) 320.

(E)-2-{8-(Hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (17E). To a stirred
solution of ethyl (E)-11-(1-cyanoethylidene)-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S12) (909
mg, 2.85 mmol) in THF (14.5 mL) was added lithium borohydride (310 mg, 14.3 mmol), and the solution
was stirred for 4h at 50°C. The reaction mixture was cooled at room temperature, and pored into ice water

(1000 mL). The resultant solution was pored into 2 mol/L HCI aqueous solution to pH 5 and extracted with
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ethyl acetate. The combined organic layers were washed with brine, dried over magnesium sulfate, and
filtered. The organic layer was concentrated to give the residue. The obtained residue was then purified by
flash column chromatography on silica gel (80:20 to 60:40 hexane/ethyl acetate) to give (E)-2-{8-
(hydroxymethyl)dibenzo[b,e]Joxepin-11(6H)-ylidene}propanenitrile (17E) (815 mg, 100%) as a white solid.
'H NMR (300 MHz, CDCls): 6 2.27 (s, 3H), 4.72 (d, J = 5.9 Hz, 2H), 4.87 (d, J = 12.5 Hz, 1H), 5.49 (d, J
=12.5 Hz, 1H), 6.86-6.94 (m, 2H), 7.07 (dd, J = 1.6, 7.9 Hz, 1H), 7.21-7.26 (m, 1H), 7.38-7.49 (m, 3H).
LC/MS (ESI, [M + H]*, m/z) 278.

4-Bromo-2-((4-fluorophenoxy)methyl)benzoic acid (S2a). To a stirred solution of 5-
bromoisobenzofuran-1(3H)-one (6.0 g, 28 mmol) in DMF (10 mL) was added 4-fluorophenol (6.1 mL, 67
mmol) and sodium methoxide (28% methanol solution, 5.4 g, 28 mmol), and the solution was stirred for 23
h at 120 °C. The reaction mixture was cooled at room temperature, and was pored into 4 M NaOH. The
mixture was washed with toluene and diethyl ether. The water layer was acidified with 4 M HCI, and
diluted by ethanol. The mixture was stirred overnight and the resultant soid was filtered, washed with
water/EtOH = 1/1, and dried under reduced pressure to give 4-bromo-2-((4-fluorophenoxy)methyl)benzoic
acid (S2a) (3.4 g, 36%) as a white solid. 'H NMR (270 MHz, CDCls): § 5.41 (s, 2H), 6.67-6.78 (m, 1H),
6.89-7.07 (m, 2H), 7.07-7.20 (m, 1H), 7.67 (dd, J = 8.6, 2.0 Hz, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.86 (d, J =
8.6 Hz, 1H). The proton of carboxylic acid was not observed. LC/MS (ESI, [M - H],, m/z) 323.
4-Bromo-2-((3-fluorophenoxy)methyl)benzoic acid (S2b). To a stirred solution of 5-
bromoisobenzofuran-1(3H)-one (9.5 g, 45 mmol) in DMF (10 mL) was added 3-fluorophenol (6.1 mL, 67
mmol) and sodium methoxide (28% methanol solution, 13 g, 67 mmol), and the solution was stirred for 23
h at 120 °C. The reaction mixture was cooled at room temperature, and was pored into 4 M NaOH. The
mixture was washed with toluene and diethyl ether. The water layer was acidified with 4 M HCI, and
diluted by ethanol. The mixture was stirred overnight and the resultant soid was filtered, washed with
water/EtOH = 1/1, and dried under reduced pressure to give 4-bromo-2-((3-fluorophenoxy)methyl)benzoic
acid (S2b) (10 g, 69%) as a white solid. *H NMR (270 MHz, CDCls): 6 5.48 (s, 2H), 6.66-6.86 (m, 3H),
7.21-7.32 (m, 1H), 7.58 (dd, J = 8.5, 2.0 Hz, 1H), 7.99 (d, J = 2.0 Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H). The
proton of carboxylic acid was not observed. LC/MS (ESI, [M - H],, m/z) 323.

4-Bromo-2-((2-fluorophenoxy)methyl)benzoic acid (S2c). To a stirred solution of 5-
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bromoisobenzofuran-1(3H)-one (7.0 g, 26 mmol) in DMF (9 mL) was added 2-fluorophenol (5.3 mL, 60
mmol) and sodium methoxide (28% methanol solution, 12 g, 60 mmol), and the solution was stirred for 23
h at 120 °C. The reaction mixture was cooled at room temperature, and was pored into 4 M NaOH. The
mixture was washed with toluene and diethyl ether. The water layer was acidified with 4 M HCI, and
diluted by ethanol. The mixture was stirred overnight and the resultant soid was filtered, washed with
water/EtOH = 1/1, and dried under reduced pressure to 4-bromo-2-((2-fluorophenoxy)methyl)benzoic acid
(S2c) (3.7 g, 26%) as a white solid. *H NMR (270 MHz, CDCls): 6 5.55 (s, 2H), 6.90-7.19 (m, 4H), 7.58
(dd, J=8.2,1.6 Hz, 1H), 8.02 (d,J = 8.2 Hz, 1H), 8.08 (d, J = 1.6 Hz, 1H). The proton of carboxylic acid
was not observed. LC/MS (ESI, [M - H], m/z) 323.

8-Bromo-2-fluorodibenzo[b,e]oxepin-11(6H)-one (S3a). To a stirred solution of 4-bromo-2-((4-
fluorophenoxy)methyl)benzoic acid (S2a) (3.4 g, 10 mmol) in CH2Cl, (35 mL) was added trifluoroacetic
anhydride (2.2 mL, 16 mmol) and borane trifluoride diethyl ether complex (0.091 mL, 0.73 mmol), and the
mixture was stirred for 7 h at room tempareture. The reaction mixture was pored into 2M NaOH and
extracted with dichloromethane. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was purified by recrystallization from chloroform to afford 8-bromo-3-fluorodibenzo[b,e]oxepin-
11(6H)-one (S3a) (1.1 g, 34%) as a white solid. *H NMR (270 MHz, CDClz): § 5.13 (s, 2H), 6.91-7.00 (m,
1H), 7.09-7.17 (m, 1H), 7.53 (d, J = 2.0 Hz, 1H), 7.57-7.65 (m, 1H), 7.83 (d, J = 8.6 Hz, 1H), 7.90 (dd, J =
9.5, 3.3 Hz, 1H). LC/MS (ESI, [M + H]*, m/z) 307.

8-Bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-one (S3b). To a stirred solution of 4-bromo-2-((2-
fluorophenoxy)methyl)benzoic acid (S2b) (6.0 g, 18 mmol) in CH2Cl, (62 mL) was added trifluoroacetic
anhydride (5.2 mL, 37 mmol) and borane trifluoride diethyl ether complex (2.3 mL, 18 mmol), and the
mixture was stirred for 7 h at room tempareture. The reaction mixture was pored into 2M NaOH and
extracted with dichloromethane. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was purified by recrystallization from chloroform to afford 8-bromo-3-fluorodibenzo[b,e]oxepin-
11(6H)-one (S3b) (4.3 g, 76%) as a white solid. 'H NMR (270 MHz, CDCls): § 5.16 (s, 2H), 6.76 (dd, J =

9.9, 2.6 Hz, 1H), 6.83-6.91 (m, 1H), 7.54 (d,J = 2.0 Hz, 1H), 7.63 (dd, J = 8.2, 2.0 Hz, 1H), 7.80 (d, J = 8.2
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Hz, 1H), 8.28 (dd, J = 9.0, 6.8 Hz, 1H). LC/MS (ESI, [M + H]*, m/z) 307.
8-Bromo-4-fluorodibenzo[b,e]oxepin-11(6H)-one (S3c). To a stirred solution of 4-bromo-2-((2-
fluorophenoxy)methyl)benzoic acid (S2c) (3.4 g, 11 mmol) in CH.CI; (35 mL) was added trifluoroacetic
anhydride (6.1 mL, 67 mmol) and borane trifluoride diethyl ether complex (1.3 mL, 11 mmol), and the
mixture was stirred for 7 h at room tempareture. The reaction mixture was pored into 2M NaOH and
extracted with dichloromethane. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was purified by recrystallization from chloroform to afford 8-bromo-4-fluorodibenzo[b,e]Joxepin-
11(6H)-one (S3c) (2.9 g, 89%) as a white solid. 'H NMR (270 MHz, CDCls): 6 5.24 (s, 2H), 7.02-7.12 (m,
1H), 7.28-7.36 (m, 1H), 7.56 (d, J = 2.0 Hz, 1H), 7.63 (dd, J = 8.2, 2.0 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H),
7.96-8.02 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 307.
2-(8-Bromo-2-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4a). To a stirred solution of
propionitrile (0.19 mL, 2.7 mmol) in THF (2 mL) was added LDA (2 M heptane/THF/ethylbenzene
solution, 2.7 mL, 5.4 mmol) and the mixture was stirred for 1 h at room temparature. A solution of 8-
bromo-3-fluorodibenzo[b,e]Joxepin-11(6H)-one (S3a) (1.1 g, 3.6 mmol) in THF (1 mL)/DMF (1 mL) was
added to the mixture, and the mixture was stirred for 2 h at 80 °C. The reaction mixture was pored into
saturated NH4Cl solution and extracted with ethylacetate. The combined organic layers were washed with
brine, dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by flash column chromatography on silica gel (100:0 to 85:15
hexane/ethyl acetate) to afford 2-(8-bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S4a) (182 mg, 49%, E/Z mixture) as a white amorphous. *H NMR (270 MHz, CDCls): 6 2.03 (s, 1.5H),
2.26 (s, 1.5H), 4.71-4.87 (m, 1H), 5.38 (d, J = 13.2 Hz, 1H), 6.74-6.89 (m, 1.5H), 6.92-7.08 (m, 1.5H),
7.18-7.25 (m, 0.5H), 7.35 (d, J = 7.9 Hz, 0.5H), 7.47-7.59 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 344.
2-(8-Bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4b). To a stirred solution of
propionitrile (36 mL, 2.58 mmol) in THF (30 mL) was added LDA (2 M heptane/THF/ethylbenzene
solution, 36 mL, 72 mmol) and the mixture was stirred for 1 h at room temparature. A solution of 8-
bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-one (S3b) (4.5 g, 14 mmol) in THF (14 mL)/DMF (14 mL) was

added to the mixture, and the mixture was stirred for 2 h at 80 °C. The reaction mixture was pored into
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saturated NH4Cl solution and extracted with ethylacetate. The combined organic layers were washed with
brine, dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by flash column chromatography on silica gel (100:0 to 85:15
hexane/ethyl acetate) to afford 2-(8-bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S4b) (4.1 g, 82%, E/Z mixture) as a white amorphous. *H NMR (270 MHz, CDCls): 6 2.01 (s, 1.5H), 2.24
(s, 1.5H), 4.74-4.88 (m, 1H), 5.42 (d, J = 12.8 Hz, 1H), 6.51-6.62 (m, 1H), 6.62-6.74 (m, 1H), 6.99-7.08
(m, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.48 (dd, J = 8.8, 6.6 Hz, 1H), 7.51-7.60 (m, 1H). LC/MS (ESI, [M +
H]*, m/z) 344.

2-(8-Bromo-4-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4c). To a stirred solution of
propionitrile (3.3 mL, 47 mmol) in THF (40 mL) was added LDA (2 M heptane/THF/ethylbenzene solution,
47 mL, 93 mmol) and the mixture was stirred for 1 h at room temparature. A solution of 8-bromo-4-
fluorodibenzo[b,e]Joxepin-11(6H)-one (S3c) (5.7 g, 19 mmol) in THF (18 mL)/DMF (19 mL) was added to
the mixture, and the mixture was stirred for 2 h at 80 °C. The reaction mixture was pored into saturated
NH4ClI solution and extracted with ethylacetate. The combined organic layers were washed with brine,
dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 85:15
hexane/ethyl acetate) to afford 2-(8-bromo-4-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S4c) (5.5 9, 87%, E/Z mixture) as a white amorphous. *H NMR (270 MHz, CDCls): 6 2.03 (s, 1.5H), 2.25
(s, 1.5H), 4.90-5.01 (m, 1H), 5.48 (d, J = 12.8 Hz, 1H), 6.79-6.96 (m, 1.5H), 7.00-7.14 (m, 1.5H), 7.23—
7.38 (m, 1H), 7.50-7.62 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 344.

Propyl (E)-11-(1-cyanoethylidene)-2-fluoro-6,11-dihydrodibenzo[b,e]Joxepine-8-carboxylate (S5a). To
a stirred solution of 2-(8-bromo-2-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4a) (980 mg,
2.85 mmol, E/Z mixture) in DMF (8 mL) and propanol (4 mL) was added cesium carbonate (1.1 g, 3.4
mmol), palladium acetate (I1) (190 mg, 0.855 mmol) and 1,3-bis(diphenylphosphino)propane (350 mg,
0.855 mmol), and the mixture was stirred for 6 h at 70 °C under a carbon monoxide atmosphere. The
reaction mixture was filtered through a celite pad. The filtrate was pored into water and extracted with ethyl
acetate. The combined organic layers were washed with brine, dried over magnesium sulfate, and filtered.

The organic layer was concentrated to give the residue. The obtained residue was then purified by flash
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column chromatography on silica gel (100:0 to 40:60 hexane/ethyl acetate) to afford propyl (E)-11-(1-
cyanoethylidene)-2-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S5a) (210 mg, 21%) as a
white amorphous. *H NMR (270 MHz, CDCls): 6§ 1.03 (t, J = 7.4 Hz, 3H), 1.71-1.87 (m, 2H), 2.29 (s, 3H),
4.25-4.34 (m, 2H), 4.94 (d, J = 12.9 Hz, 1H), 5.46 (d, J = 12.9 Hz, 1H), 6.77-6.89 (m, 2H), 6.94-7.03 (m,
1H), 7.56 (d,J = 7.9 Hz, 1H), 8.05 (d, J = 1.7 Hz, 1H), 8.11 (dd, J = 7.9, 1.7 Hz, 1H). LC/MS (ESI, [M +
H]*, m/z) 352.

Propyl 11-(1-cyanoethylidene)-3-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S5b). To a
stirred solution of 2-(8-bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4b) (14 g, 41
mmol, E/Z mixture) in DMF (105 mL) and propanol (52 mL) was added cesium carbonate (15.9 g, 48.8
mmol), palladium acetate (I1) (2.74 g, 12.2 mmol) and 1,3-bis(diphenylphosphino)propane (5.04 g, 12.2
mmol), and the mixture was stirred for 6 h at 70°C under a carbon monoxide atmosphere. The reaction
mixture was filtered through a celite pad. The filtrate was pored into water and extracted with ethyl acetate.
The combined organic layers were washed with brine, dried over magnesium sulfate, and filtered. The
organic layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 75:25 hexane/ethyl acetate) to afford propyl 11-(1-
cyanoethylidene)-3-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S5b) (15.5 g, 63%, E/Z
mixture) as a white amorphous. *H NMR (270 MHz, CDCls): 6 0.98-1.08 (m, 3H), 1.73-1.87 (m, 2H), 2.02
(s, 1.5H), 2.27 (s, 1.5H), 4.25-4.35 (m, 2H), 4.89-4.99 (m, 1H), 5.49 (d, J = 12.8 Hz, 1H), 6.50-6.63 (m,
1H), 6.63-6.75 (m, 1H), 7.05 (dd, J = 8.6, 6.4 Hz, 0.5H), 7.23-7.29 (m, 0.5H), 7.50 (dd, J = 8.8, 5.9 Hz,
0.5H), 7.55 (d, J = 7.8 Hz, 0.5H), 8.00-8.16 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 352.

Propyl 11-(1-cyanoethylidene)-4-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S5c). To a
stirred solution of 2-(8-bromo-4-fluorodibenzo[b,e]Joxepin-11(6H)-ylidene)propanenitrile (S4c) (5.5 g, 16
mmol, E/Z mixture) in DMF (41 mL) and propanol (21 mL) was added cesium carbonate (6.3 g, 19 mmol),
palladium acetate (I1) (1.1 g, 4.8 mmol) and 1,3-bis(diphenylphosphino)propane (2.0g, 4.8 mmol), and the
mixture was stirred for 6 h at 70 °C under a carbon monoxide atmosphere. The reaction mixture was
filtered through a celite pad. The filtrate was pored into water and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over magnesium sulfate, and filtered. The organic

layer was concentrated to give the residue. The obtained residue was then purified by flash column
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chromatography on silica gel (100:0 to 70:30 hexane/ethyl acetate) to afford propyl 11-(1-
cyanoethylidene)-4-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate (S5¢) (3.5 g, 62%, E/Z
mixture) as a white amorphous. *H NMR (270 MHz, CDCls): 6 0.99-1.08 (m, 3H), 1.71-1.88 (m, 2H), 2.04
(s, 1.5H), 2.28 (s, 1.5H), 4.25-4.36 (m, 2H), 5.03-5.15 (m, 1H), 5.55 (d, J = 12.9 Hz, 1H), 6.83-6.96 (m,
1.5H), 7.02-7.15 (m, 1H), 7.25-7.33 (m, 1H), 7.56 (d, J = 7.9 Hz, 0.5H), 8.07-8.17 (m, 2H). LC/MS (ESI,
[M + H]*, m/z) 352.
(E)-2-(2-Fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S6a). To a
stirred solution of propyl (E)-11-(1-cyanoethylidene)-2-fluoro-6,11-dihydrodibenzo[b,eJoxepine-8-
carboxylate (S5a) (210 mg, 0.600 mmol) in THF (3 mL) was added lithium borohydride (65 mg, 3.0 mmol)
and the mixture was stirred for 3 h at 60 °C. The reaction mixture was cooled in ice bath and pored into into
4 M HCI and extracted with ethyl acetate. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 40:60 hexane/ethyl
acetate) to afford (E)-2-(3-fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S6a) (230 mg, 130%) as a white amorphous. 'H NMR (270 MHz, CDCls): § 1.20-1.31 (m, 1H), 2.27 (s,
3H), 4.72-5.01 (m, 3H), 5.35-5.50 (m, 1H), 6.74-6.89 (m, 2H), 6.90-7.01 (m, 1H), 7.25-7.51 (m, 3H).
LC/MS (ESI, [M + H]*, m/z) 296.
(E)-2-(3-Fluoro-8-(hydroxymethyl)dibenzo[b,e]Joxepin-11(6H)-ylidene)propanenitrile (Séb). To a
stirred solution of propyl 11-(1-cyanoethylidene)-3-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate
(S5b) (16 g, 44 mmol, E/Z mixture) in THF (220 mL) was added lithium borohydride (4.80 g, 220 mmol)
and the mixture was stirred for 3 h at 60°C. The reaction mixture was cooled in ice bath and pored into into
4 M HCI and extracted with ethyl acetate. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 40:60 hexane/ethyl
acetate) to afford (E)-2-(3-fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S6b) (6.1 g, 47%) as a white amorphous. *H NMR (270 MHz, CDCls): 6 1.70 (t, J = 5.9 Hz, 1H), 2.25 (s,
3H), 4.73 (d, J = 5.9 Hz, 2H), 4.87 (d, J = 12.5 Hz, 1H), 5.48 (d, J = 12.5 Hz, 1H), 6.58 (dd, J = 10.4, 2.5

Hz, 1H), 6.61-6.69 (m, 1H), 7.04 (dd,J = 8.6, 6.6 Hz, 1H), 7.38-7.50 (m, 3H). LC/MS (ESI, [M + H",

91



m/z) 296.

(E)-2-(4-Fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S6c¢). To a
stirred solution of propyl 11-(1-cyanoethylidene)-4-fluoro-6,11-dihydrodibenzo[b,e]oxepine-8-carboxylate
(S5¢) (3.5 g, 10 mmol, E/Z mixture) in THF (50 mL) was added lithium borohydride (2.2 g, 99 mmol) and
the mixture was stirred for 3 h at 60°C. The reaction mixture was cooled in ice bath and pored into into 4 M
HCI and extracted with ethyl acetate. The combined organic layers were washed with brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 40:60 hexane/ethyl
acetate) to afford (E)-2-(4-fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(S6¢) (1.1 g, 39%) as a white amorphous. *H NMR (270 MHz, CDClz): ¢ 1.80 (br s, 1H), 2.26 (s, 3H),
4.67-4.76 (m, 2H), 5.02 (d, J = 12.8 Hz, 1H), 5.54 (d, J = 12.8 Hz, 1H), 6.81-6.88 (m, 2H), 7.00-7.10 (m,
1H), 7.39-7.50 (m, 3H). LC/MS (ESI, [M + H]*, m/z) 296.
(E)-2-(8-(Bromomethyl)-2-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (22a). To a stirred
solution of (E)-2-{3-fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (S6a)
(230 mg, 0.600 mmol) in THF (3 mL) was added 2,6-lutidine (0.42 mL, 3.6 mmol), Ms,O (0.26 g, 1.5
mmol) and lithium bromide (0.31 g, 3.6 mmol), and the solution was stirred for 15 h at room temperature.
The reaction mixture was pored into water, and extracted with ethyl acetate. The combined organic layers
were washed with 1 M HCI aqueous solution, saturated aqueous sodium bicarbonate solution and brine,
dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The
obtained residue was then purified by flash column chromatography on silica gel (100:0 to 70:30
hexane/ethyl acetate) to afford (E)-2-{8-(bromomethyl)dibenzo[b,e]Joxepin-11(6H)-ylidene}propanenitrile
(22a) (135 mg, 63%) as a white solid. 'H NMR (270 MHz, CDCls): § 2.27 (s, 3H), 4.48 (s, 2H), 4.86 (d, J =
13.2 Hz, 1H), 5.42 (d, J = 13.2 Hz, 1H), 6.76-6.88 (m, 2H), 6.93-7.01 (m, 1H), 7.37-7.41 (m, 1H), 7.43—
7.47 (m, 2H). LC/MS (ESI, [M + H]*, m/z) 358.
(E)-2-(8-(Bromomethyl)-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (23a). To a stirred
solution of (E)-2-{3-fluoro-8-(hydroxymethyl)dibenzo[b,eJoxepin-11(6H)-ylidene}propanenitrile (S6b)
(2.1 g, 7.3 mmol) in THF (73 mL) was added 2,6-lutidine (5.1 mL, 44 mmol), Ms,0O (3.2 g, 18 mmol) and

lithium bromide (3.8 g, 44 mmol), and the solution was stirred for 15 h at room temperature. The reaction
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mixture was pored into water, and extracted with ethyl acetate. The combined organic layers were washed
with 1 M HCI aqueous solution, saturated aqueous sodium bicarbonate solution and brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 50:50 hexane/ethyl
acetate) to afford (E)-2-{8-(bromomethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (23a) (2.0 g,
78%) as a white solid. *H NMR (270 MHz, CDCls): & 2.25 (s, 3H), 4.48 (s, 2H), 4.86 (d, J = 12.8 Hz, 1H),
5.45 (d, J = 12.8 Hz, 1H), 6.58 (dd, J = 10.2, 2.6 Hz, 1H), 6.61-6.70 (m, 1H), 7.04 (dd, J = 8.9, 6.6 Hz, 1H),
7.39-7.49 (m,3H). LC/MS (ESI, [M + H]*, m/z) 358.
(E)-2-(8-(Bromomethyl)-4-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (24a). To a stirred
solution of (E)-2-{4-fluoro-8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (S6¢)
(1.1 g, 3.8 mmol) in THF (38 mL) was added 2,6-lutidine (2.7 mL, 23 mmol), Ms,0O (1.7 g, 9.6 mmol) and
lithium bromide (2.0 g, 23 mmol), and the solution was stirred for 15 h at room temperature. The reaction
mixture was pored into water, and extracted with ethyl acetate. The combined organic layers were washed
with 1 M HCI aqueous solution, saturated aqueous sodium bicarbonate solution and brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give the residue. The obtained
residue was then purified by flash column chromatography on silica gel (100:0 to 97:3 CHCIls/MeOH) to
afford (E)-2-{8-(bromomethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (24a) (1.2 g, 84%) as a
white solid. 'H NMR (270 MHz, CDCls): § 2.26 (s, 3H), 4.48 (s, 2H), 5.01 (d, J = 12.5 Hz, 1H), 5.52 (d, J
= 12.5 Hz, 1H), 6.80-6.91 (m, 2H), 7.01-7.11 (m, 1H), 7.40-7.48 (m, 3H). LC/MS (ESI, [M + H]*, m/2)
358.

(E)-2-(3-fluoro-8-formyldibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (37a). To a stirred
solution of (E)-2-{3-fluoro-8-(hydroxymethyl)dibenzo[b,e]Joxepin-11(6H)-ylidene}propanenitrile (S6b)
(800 mg, 2.71 mmol) in CH2Cl (9 mL) was added Dess-Martin periodinane (1.38 g, 3.25 mmol), and the
solution was stirred for 15 h at room temperature. The reaction mixture was pored into saturated aqueous
sodium bicarbonate solution, and extracted with CHCIs. The combined organic layers were washed with
saturated aqueous sodium thiosulfate solution, and brine, dried over magnesium sulfate, and filtered. The
organic layer was concentrated to afford (E)-2-(3-fluoro-8-formyldibenzo[b,e]Joxepin-11(6H)-

ylidene)propanenitrile (37a) (780 mg, 98%) as a white solid. *H NMR (270 MHz, CDCls): 2.04 (s, 3H),
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4.96 (d, J = 12.4 Hz, 1H), 5.50 (d, J = 12.4 Hz, 1H), 6.43-6.62 (m, 1H), 6.66-6.80 (m, 1H), 7.33-7.42
(m, 1H), 7.41-7.59 (m, 1H), 7.89-8.01 (m, 2H), 9.98-10.17 (m, 1H). LC/MS (ESI, [M + H]*, m/z) 294.
2-(3-Fluoro-8-((trimethylsilyl)ethynyl)dibenzo[b,e]Joxepin-11(6H)-ylidene)propanenitrile ~ (S13).
To a stirred solution of 2-(8-bromo-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S4b) (5.0 g,
15 mmol) in DMF (42 mL) was added bis(triphenylphosphine)palladium(ll) chloride (1.0 g, 15 mmol),
copper(l) idodide (0.28 g, 1.5 mmol) , triethylamine (8.1 mL, 58 mmol) and trimethylsilylacetylene (4.1
mL, 29 mmol), and the solution was stirred for 15 h at room temperature. The reaction mixture was pored
into water, and extracted with ethyl acetate. The combined organic layers were washed with saturated
aqueous sodium bicarbonate solution and brine, dried over magnesium sulfate, and filtered. The organic
layer was concentrated to give the residue. The obtained residue was then purified by flash column
chromatography on silica gel (100:0 to 80:20 hexanel/ethyl acetate) to afford 2-(3-fluoro-8-
((trimethylsilyethynyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S13) (4.1 g, 78%) as a
white solid. *H NMR (270 MHz, CDCls): 0.33-0.20 (m, 9H), 2.01 (s, 1.2H), 2.24 (s, 1.8H), 4.89-4.73
(m, 1H), 5.48-5.37 (m, 1H), 6.76-6.49 (m, 2H), 7.17-6.98 (m, 1H), 7.56-7.37 (m, 3H). LC/MS (ESI,
[M + H]*, m/z) 362.

2-(8-Ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (31a). To a stirred solution
of 2-(3-fluoro-8-((trimethylsilyl)ethynyl)dibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile (S13) (4.1
g, 11 mmol) in MeOH (45 mL) was added potassium carbonate (1.56 g, 11.3 mmol), and the solution was
stirred for 5 h at room temperature. The reaction mixture was pored into water, and extracted with ethyl
acetate. The combined organic layers were washed with saturated aqueous sodium bicarbonate solution and
brine, dried over magnesium sulfate, and filtered. The organic layer was concentrated to give the residue.
The obtained residue was then purified by flash column chromatography on silica gel (100:0 to 80:20
hexane/ethyl acetate) to afford 2-(8-ethynyl-3-fluorodibenzo[b,e]oxepin-11(6H)-ylidene)propanenitrile
(31a) (4.1 g, 78%) as a white solid. *H NMR (270 MHz, CDCls): 2.01 (s, 1.2H), 2.27 (s, 1.8H), 3.06—
3.19 (m, 1H), 4.74-4.92 (m, 1H), 5.33-5.52 (m, 1H), 6.47-6.77 (m, 2H), 6.98-7.18 (m, 1H), 7.36—
7.60 (m, 3H). LC/MS (ESI, [M + H]*, m/z) 290.
(E)-2-{8-(Chloromethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (18). To a stirred solution of

(E)-2-{8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (17E) (10 g, 36.1 mmol) in
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THF (100 mL) was added EtsN (7.5 mL, 54 mmol), MsClI (4.2 mL, 54 mmol) and lithium chloride (2.3 g,
54 mmol) at 0°C, and the solution was stirred for 3.5h at 50°C. The reaction mixture was cooled at room
temperature, and pored into ice water (1000 mL). The resultant solution was extracted with ethyl acetate.
The combined organic layers were washed with brine, dried over magnesium sulfate, and filtered. The
organic layer was concentrated to give the residue. The obtained residue was then purified by
recrystallization from diisopropy! ether (50 mL) to afford the residue. The resultant solid washed with
diisopropy!l ether, and dried under reduced pressure to give (E)-2-{8-(chloromethyl)dibenzo[b,e]oxepin-
11(6H)-ylidene}propanenitrile (18) (10.2 g, 96%) as a white solid. *H NMR (270 MHz, CDCls): 6 2.27 (s,
3H), 4.59 (s, 2H), 4.88 (d, J = 12.4 Hz, 1H), 5.48 (d, J = 12.4 Hz, 1H), 6.84-6.95 (m, 2H), 7.03-7.11 (m,
1H), 7.20-7.28 (m, 1H), 7.39-7.52 (m, 3H). LC/MS (ESI, [M + H]*, m/z) 296.
(E)-2-{8-(Bromomethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (19). To a stirred solution of
(E)-2-{8-(hydroxymethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (17E) (10 g, 36 mmol) in
THF (361 mL) was added 2,6-lutidine (25.0 mL, 216 mmol), Ms,0 (15.7 g, 90.2 mmol) and lithium
bromide (18.8 g, 216.4 mmol), and the solution was stirred for 15 h at room temperature. The reaction
mixture was pored into water, and extracted with ethyl acetate. The combined organic layers were washed
with 1 mol/L HCI aqueous solution, saturated aqueous sodium bicarbonate solution and brine, dried over
magnesium sulfate, and filtered. The organic layer was concentrated to give (E)-2-{8-
(bromomethyl)dibenzo[b,e]oxepin-11(6H)-ylidene}propanenitrile (19) (4.7 g, 38%) as a white solid. 'H
NMR (270 MHz, CDCls): 6 2.26 (s, 3H), 4.48 (s, 2H), 4.86 (d, J = 12.7 Hz, 1H), 5.46 (d, J = 12.7 Hz, 1H),
6.84-6.95 (m, 2H), 7.07 (dd, J = 1.6, 7.8 Hz, 1H), 7.20-7.28 (m, 1H), 7.38-7.49 (m, 3H). LC/MS (ESI, [M

+ H]*, m/z) 340.
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