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ABPM: Allergenic Bronchopulmonary Mycosis

Ac: acetyl

AIBN: azobisisobutyronitrile

ALD: Atomic Layer Deposition

aq: aqueous

Ar: aryl

Bn: bezyl

BPFB: bromopentafluorobenzene

t-Bu: tert-butyl

n-Bu: n-butyl

cat.: catalyst

COSY: correlation spectroscopy

CPME: cyclopentylmethylether

DBU: 1,8-diazabicylo [5.4.0]-7-undecene

DEPT: distorsionless enhancement by polarization
transfer

DFT: density functional theory

DIBAH: diisobutylaluminium hydride

DMAP: 4-dimethylamino pyridine

DMEN: N,N-dimethylethylenediamine

DMF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

dppf: 1,1'-bis(diphenylphosphino)ferrocene

E: entgegen

Et: ethyl

EtsN: triethylamine

EtMgBr: ethylmagnesium bromide

GC: gas chromatography

HMBC: heteronuclear multiple bond coherence

HMQC: heteronuclear multiple quantum coherence

HPLC: high performance liquid chromatography

HRMS: high-resolution mass spectrometry

ICs0: Half maximal (50%) inhibitory concentration

IR: infared spectroscopy

LAH: lithium aluminium hydride

LDA: litium diisopropylamide

LDMAE: lithium dimethylamino ethoxide
LTMP: lithium 2,2,6,6-tetramethylpiperidide
m: meta

MAO: methyl aluminoxane

Me: methyl

MeLi: methyl lithium

MeMgl: methylmagnesium iodide

MOD: Metal Organic Deposition

Mp: melting point

MS: mass spectrometry

MS: molecular sieves

NMR: nuclear magnetic resonance
NOE: nuclear Overhauser effect

0: ortho

p: para

Pd: palladium

PFPMgBr: pentafluorophenylmagnesium bromide
Ph: phenyl

PTC: phase transfer catalyst

py: pyridine

rt: room temperature

SAHA: suberoylanilide hydroxamic acid
Temp.: temperature

TBAF: tetarabutylammonium fluoride
TBS: tert-butyl dimethylsilyl

TBSCI: tert-butyl dimethylsilyl chloride
TBDPS: tert-butyl diphenylsilyl

THF: tetarahydrofuran

TLC: thin-layer chromatography
TMEAZ: tetrakis(N-methylethylamido)zirconium
TMS: trimetylsilyl

Tol.: toluene

Ts: p-toluenesulfonyl

ZrMe,: tetramethylzirconium

Zr(CH,Ph)4: tetrabenzylzirconium

Z: zusam
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LTHIRZEAUTNSG, ZNEHRELTIE. UTOEH-MAZFLNE,
1) BREE

EZEREDZLE 2 DULEDYEZRESETHTON. TDEEIED FIRIZL>TEIY., 2F
PLERICE I HBFRE (I HLANEERED 2 FICHHIT 5, Ko T . YA VOEELTFIAL THLAEEREE H& BRI
BT BHIEITKY, DT IOLGNYF RIGFHRTIEER TEEVWIILEREEG M AIEEE LD,

2) ¥EE im B I

—MRIZ. ARIRIERSD 3 WICLLAITHDITHL T, REFEFIRSD 2 FICLHIT S8, RESHEL
BHEBMAERBALYOREBNEKRT 5, 2FYRAIVATO—RTRHEMTREL-YDHREEIR
DREVEWSIFHEAH D, RISHFANDEBHI[/EEZNLTEILSD T, CORHICKY  RE
HAMELATA D, WO T FELEEHFHELELT HDRICOCEBGMBTEANELELT S
RIETH. 7490 TO3—TREZICHIEHT H5ENTESD,

3) ¥E i B B Pl il 1

RAVARBORSCIEEAM T HEISEY BBV RIGHRAIHFES HERE. DFYHBEFE
ZEHTESTDIENTES, COBFHIRISFERHBEOHHIBO THEMNTH D, AL, FRELE
HREZEDBET DRNCADEFICHESE . ROALLERIGSEHIENTED LT ¥(9a)TY
B—ZRAWBIEIZEY ., ANV TFRISEHRTIIER ERATRERLF R BREITIEMNAIRRICRDE
HfFrhd,

4) BRBRAT—NTVT
RERERETODISAAEENOTEMNEEADRT—ILTYTOEICIE. RIGFFDKESDEK
[CHESIREETREFRALGRBNELIIENEL TORRDEHIZ, RIEEHEOBRIALENS
KEGEREFABDBEESNTE, LOILELL, 7490703 —Z2RANSIEEICIE. RIEFHFD XK
EFSEEZATIC. RIBHERCT LT TEEELHETES, Tz, RIGHROHEHEPOF ILIZLY
EESFERIELITONN T TITIHBRHUBEZ THD, TOOHIC. IR -FARMSTENE
EFTOXIBLZERERES DEIRNTAS LTINS,

ERE D40 BEOMIC. MEEROFE-OHDIAVEF N TZILER. DELGRICLERERSITIE
EETIAVHANFOTIVRERCERBEERICLENTHS, £-v//0) 75— ERIEZE
FIHEC, RISFEBDEVWIELH - T RERIGICKDBRDIGEERZ/MRICEVLEH LI ENTE
B, T HEXDNYFREETHHTAGUVER BERGLSELZFHETICENT,. RENDHEE
[CEMTEDLSITHBIENHFEINTINAS, BICIE, R/Y0R— )LEREZFIAT AL ALLES
MTEHERIART— )LERBTERLIZEDEEST-HREZIF DL DN FoNSATREELHY . T/l
F.F/OVREWIGEEF /R — L HEEE DFLOEEEEM HORIRICKELHFENFELN T
%%, RETTIE. R490UT7 9 3—D BB R ISHIZBNT 5,
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BIE <A o0)T7O8—ERRALE KRGS

1) FEBREHE-FEFEHFEOREOFEEEN LI RIGH

E—H 3)THRAI=&SIZ, 7470 T7I8—TCRRIETEON=LEMET IR D RISHIZFH
St F-GREERESEDIIENAREL LSO FREFHAEZEO REDFIENBZIZTE
SEHfFEND, BHLEITA/OUTI3—DBEZ REGIEERE TR BRI EEVF-EEML.
o-dibromobenzene 1 DE/YFFHEDEREFDRGEEREL TS,

Scheme 1

L, O, e
1 Br Br < 1000C 4 Br

-78 °C l LiBr
batch conditions

©| — » Varjous undesired pdeUCtS

3 benzyne

o-Bromophenyllithium 2 [EIEEICFLE T, -78 ‘CELMERTFIZENTEH. AUHF AU IMNEIEL.
BIRGERITIEMNRESN TV S(Scheme 1) ‘. TR XKD I IOV F YT 75—TlE-
100 °CLAF TBr-Lizxk#i L. KEFHIED RIGEITOREITNIEESME,

FHHGIE Figure 1 ITRLIz&SE< 4907 o42—%&F AL T, 2D o-dibromobenzene 1 @ Br-Li
RM|RISOFBEEHEREL, BICIFELZDOREFHIEDRIGIZKY . BUIEICTILEY 4 Z1§5C
EITRIILT=,

Figure 1. Microflow System for Br-Li Exchange Reaction®
Br

@ -78°C, 0.8 s
1 Br
in THF E=H, Me, TMS
s|Me2H snBu3
n-BULj Pm @

electrophile ﬁ 68 - 81%

. 2@ o-bromophenyllithium 2 DFAEDRESFH L RIGRE-78 °C, HHEEH 0.8 sec TH-
f2o RAOVBYT IO 2—DRZREFHEFZ FERBEOFEHEOFHBEELIL., RED/N\YFRIG
FULBVEET. FRELHEE 2 DAERETDRGERIRTHIENTE -,

2) BERREA DFHEEMNLI-RIGH
W5 &<« 4-01) 72— Tcarbonylative Sonogashira reactionZ{To1=&Z5 ., BE D/ \F R
[CLERTEEEG T CEEIRNICE MYMERDEITHIILI=(Scheme 2, Figure 2)°,



Scheme 2° —
Me/N/\_(N\Bu

Ph,P-Pd-Cl °
al (1 molo) Ph
Ph—I + CO + Ph—=—_H - + X
— Ph
c . [BMIM|PF,, Et;N K S\Ph
120 °C Ph

lodobenzene 5 &phenylacetylene 6 M Pd-catalyzed carbonylative Sonogashira couplinglZ#&1Ly
T HEDN\YFRIGTIE, INE 83%THRI®DA, B-acetylenic ketone 7 MELNT=-H . BEEEH
(CO: 20 atm)h LB TH>T=(Table 1, Run 1), KRIEZEIEET(CO: 5 atm)TIT5&. BRI 7 DUR
R AHVME T (25%)L . non-carbonylation product 8 (60%)A &4 L1=(Run 2)°, AR GEFigure 2 [Z5R
T EIBIAoA)THA—TERELI-EZA, 5 atom®D COFEFE T THnon-carbonylation product 8 [&
2<EIEET. BHD 7 DAEIRE 83% TRDIZEITHEILIZ(RUn 3), ChlET4o/070—FKRTCO
NHERILHL. RBRREOREENEARL120, RIGERESAELI-EZEZ NS,

Table 1. Pd-Catalyzed Carbonylative Three-Component Coupling of 5 and 6

CcO .
Run pressure  System/Product/ Yield b
1 20 atm Batch 7 (83%), 8 )
2 5 atm Batch 7 (25%), 8 (60%)
3 5 atm Microflow 7 (83%), 8 ()

@ Reaction conditions. Microflow: 5 (7 mmoly, 6 (8.4 mmol,
1.2 equiv.), EtzN (25.2 mmol, 3.6 equiv.), CO (5 atmy, Pd-
cat. (1 mol%), [BMIM|PFg (17 mLy; flow rates: mixture of 5, 6
and Et3N (0.04 mL min "1y, Pd/[BMIMPF (0.14 mL min 1)
CO (1.0 mL min -1: 120 °C; residence time: 12 min. Batch: 5
(1.0 mmoly, 6 (1.2 equiv), Et;N (3.6 equiv.), Pd-cat. (1 moi%),
[BMIM|PFg (3.0 MLy, CO (5 or 3 atmy; 120 °C, reaction time:
1 h.P Yields were determined from 1H NMR.

Figure 2. Schematic Diagram of the Microflow System®

mass flow
controller
CcO
residence time unit
T-1
Pd catalyst (@)
[BMIM|PF, 72 [
(0.14 mL/min) i-d- =1000 ym

5+6 |ength =18m
(0.04 mL/miny (14-1mt

3) RIF—IWTYT(Fon\YoTT7vT)
THLIET1o0) 7942 —%F B LI-pentafluorophenylmagnesium bromide (PFPMgBr) 9 s\
A0y EIZRIILTLVS(Scheme 3)',



Scheme 3’
F F F F F F
MeOH
EtMgBr + F Br 000 o EtBr + F MgBr E H
12
9(PFPMgBr) =
13 (BPFB) 14
BCl, 10
F F
F B +MgBr
4
11

PFPMgBr 9 [&#:<BCl; 10 &Rt &t . metallocene catalyzed polymerizationD Bifiiii &L T T3
BIICIE<AL L TLAtetrakis(pentafluorophenyl)borateFFE (K 11 NEEMTESZEANMSNTLY
%8, it E D/ \vF Rt Tlkethylmagnesium bromide 12 1Z&%bromopentafluorobenzene (BPFB)
13 M/\A7 U -Grignard R EIZEY 9 NERMEINEN ., RIGEANIEEICKEL RISEFIHETHE
ENEHBTHY  BEMIIRUFAUNEIEL T BREBBUDLGASEREEZIZA TS, v//0D
A—LRTLEAVT SIEMICRBTENLE, JYRLICHDEBETIREEEER TS L LM SN
%

F9 Figure 312k L1=& 5% Small-Scale Reaction System TEHAR A EIT o=, RIGDEITEIX
A2 )—)LIZ&BRIGELETHESN S pentafluorobenzene 14 MULEIZLYFEELT=,

Figure 3. Schematic Diagram of the Small-Scale Reaction System’

}:E Stainless Steel Tube
9
| | |
EtMgBr Bu,0 sol. )
12
[ J - | o 14 | MeOH
BPFB s Water Bath Quenct

13

FBARMLER. ER. FEEHE 1 WICTEND 9 ZRIFFIREO7%)TERTHILITHTIL
f=o RIZ. Pilot Plant (Figures 4 and 5) TARIEEEMELT=, 60 LORTULRAVIME 1.3 M
EtMgBr 12 solutionZ & 32 mL/min (41.6 mmol/min) T, £7z 10 LORXRTULRZU M5 8.0 M
BPFB 13 % & 5.3 mL/min (42.4 mmol/min) TiE#& L . Hi-mixer TR & S =, EIZShell and Tube
microheat excangeri% & B3 BEfE 5 7, vy NEE 20 °CICTRESE. 60 LORTULRAVYIZ
BEIIDPFPMgBr 9 32+ AT, REHT 24 BEIRESE=-ETA, 14.7 Kg (X 92% GC
yield)? 9 Z&EF B EIZHILT=, Chid Ny FRISICRET 54, 10 MO RGETOHEREIZT
BT D, LEDELSIZ. HEDNYFRIGTRT =TT T EHLIGEHBHARERT . T HA
LT, Pilot ScalelZBBET HIENTE =, £, CORT—ILDEEZEFigure 5 [TRTEIGER
R—XATEBETEDLLFETREATHD,



Figure 4. Schematic Diagram of the Pilot Plant for the Reaction of 12 with 13’

F Sampling
-

Circulating Shell&Tube Microreactor
Water (combined with Hi-mixer)
EtMgBr ¥ @
Bu:0 sol. h_-'\
BPFB ~<-- -
Circulating Heat Circulating
Water Exchangers Water Product

== sol.

4) Multistep Synthesis
S. Ley 5 I (#)-oxomaritidine 15 (Figure 6) M £ & B % flow Figure S(I';g@?ggf#;?:ngggi%
processIZ & Hmultistep synthesisIZ TERLLT=(Figure 7; &4 /)
40%)°. KRG [E AL B - BRTILU TRTOIEICE
WTIO—RIGZEZFIALE-RAYMEERDOAHTOHITHS,

Meo

Meo




Figure 7. Synthesis in Flow of (i)-oxomaritidine 15°

1)

HO
20 equiv., 70° C
CH3CN:THF (1:1) 17 100% conv.
50 pL/min @Q—PhP(n-Bu), “
20 equiv.
o 0 2) 1)1, 2) 55°c  MeO :
Q—NMesRuO, ( 20
MeO MeO OMe
OMe 10 equiv.
18 THF, rt. 19 OMe Flow ]
50 poI’TIIn 100% conv. Hydrogenation 10% Pdl’C, THF
80 °C
CH,CI
MeO o min
Chip /@r
MeO
Fa
23 77‘°F3 22 i j\
FsC” ~0~ “CF3
CHyCly
35 pl/min

MeO

35°C
MeO

MeOH/H,0, 4:1
70 pl/min

IAOLMERIGHEELTHEAT A, EDEESAUTIIERTESIREDEEYMOLERK.
READRERHSIVERYDHE. HAINIERTIRALECLLRBOAENKELRELEL DS,
LHL., B0 7 o3 —DE BT ENORIEEEEL, £EY—ILELTILIERIZHEANTH
BEERD,



b —

B =%1 Tetramethylzirconium [ZDUL\T

EHIX. 40T H—DEBEEN LT, IR R E S tetramethylzirconium (ZrMe,) 24 1
ZIREL. ERLTRIGSEDHIELFTELIZ, LLTIZZrMe, 24 DB O RGHEIZOVNTHRRS,
1) ZrMe,DREMIZDLNT

FRSTIILFIILTILaA=) LDFTE, tetrabenzylzirconium (Zr(CH,Ph).) 25 [ERIZIEFRETH
2500, BICIXHBEHRETHY . TORGAILRESN TS, FIZE, R)T—RED 26 &
Zr(CH,Ph), 25 EEFTh—)L 27 EDRIBIZEY . BIREIZTESN 5 (Scheme 4),

Scheme 4*2
SiPh, SiPh,

(1 o
. 99
Zr(CH,Phy, + “Zr(CH,Ph
(=727 OH toluene S (P22
7 99 : e
20°C. 16 h
27 26
—H.ZtMe, 24 (FEFRRETHY. -15 ‘CTHHRRL, AMUHRERLETEHEMESNTINDY,

XuebEEH &bz &Y bimolecular a-hydrogen abstractionZ#HL T 24 Mo AR H AN EGEET S
AN X LERIBLTLVS(Scheme 5)7,

\

Scheme 5. Bimolecular a—Hydrogen Abstraction of MMe ,*3
MMe,
] : -CH
2MMe, o -H abstraction Me3|\/|———/ H, 4 Me;MCH,MMe,

> _—
. H
HaC”

M: Ti, Zr, Hf

2) N\FRIGBIZHTEZMe,DEREEFDRIGIZDLNT

PEED N F RIGIZELT, 24 [FZrCl,Detherf& &A% %-78 °CITAHIL, 4 BEDMeLiZ#E L.
Bont=Ribik#%E-30 °CT2 BRGSE DI EIZLYBOND (Scheme 6) ™, LML, MEFTDE
25,24 DEEFZKITHRESN T,

Scheme 6
4MeLi
ether 24 (insoluble)
—
-78 -30 0C, 2h

24 [ET/—ILELROT VAILRZILRBEDAFILIERIELTRIBEESN TLRAS, SREFF 34,
D RIEA~DIRAFIELEDN, FOEBRAELTERLIZESIZ 24 DFRLRESE. FOHELEES WL
DI SN TUVGEWZENEZOND, LLTIZ 24 D RISHIZDWNTENT S,



3) ZrMe, Z ALV = IG5l

Zbirals [E7 R 28 DAFIALZEAFILT =T ROAF IV F o LIEETHREILIZA ., 28 A TAMY
fexn, FBHEEURIZER 5Tz, LT AFILTVZFOAF L) F O LIZE R YD LERMLT28 &
RiSE=M, RCKREHERT BEERELHT-, £ T. in situTtetramethylzirconium 24 Z#5A&IL .
28 ERIGSET=EZA, INE 93%IZTAFILILLK, equatorialik 29 & Uaxialfk 30 #1752 &ICHIIL
t=(Scheme 7)'*3,

Scheme 742
e
o) oM Zrme, 24 2 eq) OH OMe ve OMe
R 7107 -
ACHN O7~co,me 78%. 1h ACHNWCOZMG + ACHchone
’ M HJ
28 29 30
68% 25%

F1=. Majetichi> [X(+)-neolemnanyl Acetate 31 D& PREATHS 32 DERIZH VT, 33DAF
JEFIELT 24 ALV (Scheme 8)°, ARISITHLNTH, MEAEH T TOBREEDOMeLiDFET.
BAEEY I LXOILA RBEDRINEERRGEEE T TRELEZA. WThBRHEURICHE o=, LAL
M5, 24 ERAWDIEITKY, INE 91% TH MDD AFILIK 32 #1852 LITHBILT=,

Scheme 8*

Si(CHg)3

Me
Z1Me, 24
o) T Ao” ow AcO™ AcO\

(£) Neolemnanyl Acetate

E(ZReetzbIFEEL 2,4,6-trimethylacetopenone 34 M AF )Lt E# 5T L1=(Scheme 9)“ ¢, 34
EMeMgltOMeLi&®D &G TlE 100% T/ —)LIE DN EFTL . [RH 34 ZEIURT 5D IR LT, 24 LD Rt
TIFUNE 45% TEMIDAF LK 35 2175 EITRHIILT=,

Scheme 9% ¢ [¢) HO
ZiMe, 24 (1 &q)
z206C, 2h
459 (Feeevery 55%
34 b (FEesVety 55%) 35

ZD&E3(ZZrMe, 24 [TFBIEEMEN DB AEAFILEERIELTHONTHEY ., T/—JLIELPTLVAIL
IRZIILEDBEIRMAFIVIERISIZRIAESNTIVS, LOLEDS, ZOHMDREADISAPENE S
NDEEM - FEMLRERMEEBLMNZLY,

ZCT.EEI
1. Tetramethylzirconium NDE=
2. Tetramethylzirconium DA 20 7O 32— LB E BEEDHEL
3. Y490 7H3—%F|RALT= tetramethylzirconium DR R IG D FEL
ZEMEL, EREHEL, (F—F)
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EMET Schizocommunin 22UV T

Schizocommunin (36)I£1999FICFEXRFEREFMA LU Z—ITLY, PUILF—HRE X
E & JE (Allergenic Bronchopulmonary Mycosis; ABPM)D BE DR EXIZHLELTLVEE
Schizophyllum communeDIFERMNLEBESN  EERKZDRELICKYBERESN-7I/ILHOLA
KTHB(Figure 8" ¢ 9'7),

Figure 9. Picture of Suehirotake, Schizophyllum commune
and bronchus of ABPM patientl7

Figure 8. Schizocommunin (36)

EERELTIERRZY /R EITR L TR A E (39 ng/mL = 1.35x10° MIZEI1+55EEIMA
ENW0%LLE)EEDIEAREIN TS, B FE D EEE THDH AT ED R4 (Schizophyllum
commune) [EIEREMELAZIN TN A, 1989FICHIHTINERIZKYSIERISNI-ABPME
ENFERINFCEND ., COMBE M EE>T-schizocommuninAABPM#EEFL-FAIREE N H B &
H|MEIN TS, LHLEAS, IRTE. KAYH S DschizocommuninDEA L, E-FDEEH
DEFIBENIEM B, schizocommuninD EWEEEHEICDULNT, T2 HFAEIGEINTULVEL,
FIT.EBIEMHBEBEREL. schizocommuninD £ &RIZEFLE=,

Schizocommunin D #& (3 X 4 1 Tl £ 4 4L 4-hydroxycinnoline®® & U . oxindole AN T3 AF
LN LTHRALEIERZEEZBLTLSA, CR)-C(O)DAL I L AEBIZ DN TIZBARLE
ROESNAENEE, Figure 8ITRLIZZEDEEARTINTLS' S 2, LALAEAS, SESh =&
BARIEILT—A(NNR, IR, HRMS, UV)D5(E36MDAL 742 DILFILEERTE TERL, Tz,
4-hydroxycinnoline 371&DMSOH T/ MI38DHEEEH T HEMEREIN TLVS(Scheme 10)°h%,
36MEZEEMHEEILRRE THSD, SchizocommuninzZB T BIH1=Y. EHTIRIESNT-Z-3673
SUICZDHRMEMARE-IEEHL. EERMRZEO-BELTHRET S &Ll

Scheme 10%°

OH (@]
X
37 in DMSO 38 |

-11 -



FARE ZhFETO schizocommunin DEEAE
1) Schizocommunin @& & AL AZHT
Figure 10 [Z schizocommunin 36 D ¥ & A EHTZRLT=, 36 [X{REK 39 HNDFETHILLL.

39 (£ /)7 ILTEFR 40 & oxindole 41 D7 ILR—ILIESIZLY B LN A LT =,

Figure 10. Retrosynthetic Analysis of Schizocommunin (36)

Aldol
condensation X
N CHO
_ | + @]
-N N
N H
40 41

36; X=0OH schizocommunin
39; X=0OP, halogen

LTFIZ. SHAERZEOER/ - KRFHIFEIL-D /YT ILTER 40 OEBEE schizocommunin
DEBHAEIZDODVNTHRS,

2) HFANESKTI/ILREEREBELT= 4-chlorocinnoline-3-carboxaldehyde d & R

Scheme 11
1) Ethyl chloroformate OH COt-BU
COOH NEt;, THF, 0°C, 10 min Mno, CHO r(z 45
2) NaBH, CH,Cl, DBU, CH4CN
! MeOH / THF (1/1y ' ns8h ! ,4h
42 0°C, 10 min, 84% (2 steps) 43 44
OH oTBS TBSO  CO,t-Bu

mcozt—su TBSCI, imidazole cop-Bu  LIEGBH <

> N (E)
2 DMF THE \
! |2 0°C, 0.5h | NHp

0°c (L hytort (10 hy

46 88% (3 Steps) 47 48
-Arylation
HO  CO,t-Bu N-ATylan OH
AcCl TBSO COZt-Bu 2 cul (10 mo|%) COzt'BU
pyridine SN TBAF, THF N N DMEN (10 mol%) I
CH,Cl, NHAc 0°C, 20 min NHAc  Cs,CO5, DMSO N~
0°C, 1 min ' 97% ' rt,1h 79% Ac
49 50 51

94% (2 steps)

HERED-I—RFREEE 42 2 E T BT HIETHOLNIZ0TA—RRUXTILTER 44 %27
YIZXTIL 45 EDTILE— LB DRISIZATZEIZEY, a—PF7Y —B—ERAF S IRTIL 46 ~&
BV, 46 DKEEEEDILETRELEDL, R—/S—ERYROIZEYSTYHEERIRMITETL,
ERSYY 48 NEEHLT=, TD 48 7 EFIEPTHIETERSY Y 49 2681, LT KBEED
BiREZIC K YBAIRRIERATH S 50 28D EITHMLE, RIZ, Boht- 50 R FRNHEEKRT/
b RIS LI=ES A, UNE 79% THIIBHK 51 25 % 1=(Scheme 11),

Fonfz 51 #ZERIET AU THRIEL., #ULVT T2/ — /L, REED D LFE T TRIGSE =L
CAH.ZIRRUE 77%T 4-eEFOX T2 /1) 53 %45 1=(Scheme 12),

-12-



Scheme 12
H
° 0 OH
CO,t-Bu CO,t-BU
I MNO,, CH,Cl, h K,CO; (05 €q) \CO:t-BU

N’ ", 48 h N EtOH, reflux, 12 h N

Ac Ac 77% (2 Steps)

51 52 53

RIZ.FIVTER 54 ZERTHRL 4—EFAX ST /1) 53 #DIBAHETTEHIZfHLIzES A,
R IFETE T RERAEUIZEHo=(Scheme 13), FIZ, 53 DITRATILZMEIZKY  AFILIRTIL
55 ~NEZEH* L TDIBAHE TS LI=AY, RISIEEITLEADT=, Ff=. 53 DKEEDL LR
EERETLIAN., [REEURIZR o1,

Scheme 13
OH
DIBAH, toluene o oHO // DIBAH, toluene
‘ -78°C | N -78°C
54
OH OH
cotBu 1) SOCL Tt 2h co,Me
| NN 2) MeOH, 0 °C to reflux, 12 h | )
77% (2 StepS)
53 55

IRTILIAS3, 55 MOEETILTER 54 %1G5AEZMEL. 7ILO— /L 56 ZREHTHERI/IL—+
RSNz, TRATFIL 53 ZFLAHTZILA—)L 56 ITETTL. HidMnO, TERIEL =LA RIVED B
B 54 hhFontz, LHLEAL, 54 (FIEEICFRETHY. F-RICOEYRELEN 2D,
DR ITETZLTLIS(Scheme 14),

Scheme 14
OH OH
LiAIH MNnO,
CO,t-Bu 4
X 2 THF N CH,Cl, CHO
Ne 0°C e rt, 24-36 h
3h
53 56

(~trace) (10%)

ZIT KBEZSMAhOBERREICERT LN RSNz, /U2 D 4 GLIZHEWNT, Kk
EMS/O00EADOER? BIc/O00ENSKBEANDERCAR/ESA TV DT, Do/
55 MKEERZIOOREANELLEIRT HIEELT=, 55 ESOCLEEENEY U FEA T TRILSE=E
ZA, UK 84%TH OO 58 %15 t(Scheme 15), i, 51 Mi> 3 TFET 58 21858 REBHEILILT
W5 (3 I ULE 80%), I LTHEE FCTCDBAHE T 2T WL, BH®
4-chlorocinnoline-3-carboxaldehyde 59 #UXE 67%I|ZTHEDHZEITHIILT=,
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CO,Me pyridine (O -3 €q) CoO,Me to|uene N CHO
N,,N T PhCl 027 M) g0 | N
- reﬂux 10 h 15 min
84% 59 (67%)
OH "
CO,t-Bu COzt BU 1) SOCI, (0.1 My CHO
¢ MNnO,, CH,Cl, reflux, 30 h \N
E’ rt, 48 h 2) MeOH (0.1 M) N”
c 0°C,2h 60 (229%)
51 52
80% (3 Steps)

UL, HSHAEERMIEIRANAHEILL: 4 T7E=DLIEFE PTC ELTRHWS 3 TETVRYE
BRTHELN a—PT7Y —B—ERAFLIRTILDOTRATLARIRNGET. Hi<H FREEK
TIMERIGIZED I/ FEBARDERBEZEIGAL, /)7 ILTER 59 4 13 IT18, £UXE

28% TART BT EITHRINLT=,

3) Schizocommunin D& A%

LHAREAMILEEERETHEONDV /YU TILTER 59 & oxindole 41 D7 ILR—ILiES
17 Ly, 3-((4’-chlorocinnolin-3’-yl)methylene)indolin-2-one 61 # S UINE TH B LI ML
(Scheme 16),

Scheme 16 (E) or (Z) (E)or @)
cl DMSO OH H
- CHo Et3N (20 eq) N (0.01 M) N
| N + O
N* H EtOH (0.1 M) 120°C, 12 h
reflux 24 h uant.
59 41 96% q
smgle diastereomer smgle diastereomer

T 61l O/NOEZKBECEBRI NI DMSOFIZTHRELEZED S,
3-((4'-hydroxycinnolin-3'-yl)methylene)indolin-2-one 62a%E £ MI(ZHB 5 &IZAILT=(Scheme
16), 61 & 62aD FEEE L ZFENMRARZML(H NMR, *C NMR, DEPT, *H-'H COSY, HMBC,
HMQC) R U, HRMSIZ&KYRE LTz, 61 L6aldWVThEE—BERTEON=A, AL T DI
L2 IERRE THot=. BONT=62a& KK Mschizocommunin®*H, *°C NMR ZEEELI=ECA, —
BLAEWIENHIBAL=, COHER. schizocommuninld 62aDiEEER A THDEATREMENTESH
T

ZCT BRIV ERMGEIODEFEDNHEILE ., IRIBENT=36. BOVITEDHEFREMAZEZE K
L. EhoDEENHEEEZBIELRAZFGBLZ. (B=F)

LITF ., ISR T 5,
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g—=
A0 F7HE—EFRALERREL tetramethylzirconium OFHHRESREDRREE
DA

¥—Hi Tetramethylzirconium D& AL

1) Tetramethylzirconium D EEA;EIZDULVT

Tetramethylzirconium 24 ZEREETAAXZERAEFTTOECAMESN TGO,
2,4,6-trimethylacetopenone 34 &M K& &2k Y #F BTz 2-mesityl-2-propanol 35 M URE T 24 DERK
ENFHIET S5 LELT=(Scheme 9), FimsE = HiIZEL ik L=&SIZReetzioIEMeMgl+>MeLi& 34 M
RIS TIE 100%T/—)LEASEITL. 7H 34 ZEURT HDITKL T, 24 LD RIS TIFUNE 45%TH
HID AF LK 35 HN1ELNDERELTL D (Scheme 9)1¢ 9, E& (X34 % 1 UEDMelitRISS 1=
#%ICMeODTRIGZEFIELIZECA, AFILIK 35 (EBONT 34 DT EFILED 92%FKRILSNhD
ZEENMREERICKYEIBAL =, I EDTEM B, 34 DAFILELIEMeLiTIEHEITE T2, 24 TOHE
T95IEMBAHLIELGST,

2) N\yFRIGIZEITS tetramethylzirconium & 2,4,6-trimethylacetopenone 0 & it M &x@E & 4 DR 5T
INF RIGIZE 1T Btetramethylzirconium 24 & 2,4,6-trimethylacetopenone 34 M & it 0 & 54
DREFEITITEELT, TT'. ReetzD D EHITHEL. 24 ZFRBL ., HILVT 34 ERIESE1

Scheme 17
solvent 1.0M 0.2M o H
(0-17\) MeLi/ether (4eq) 34 / solvent ©
Time (X hy Time (Y h
2, | | | Xh) (Y hy + .
-78°C -30°C  conditions -20 °C -20°C 25°C
34 35 63

Table 2. Reaction of ZrCl, with MeLi followed by a reaction with 34 under batch reactions
Reaction of 34 with 24

. . . — ) a
RUN Reaction of ZrCl, with MeLi 34/so[vent Reaction time Yield (%)
ZrCly/solvent  conditions XMy Y 34 35 63
1 ether -30°C, 2h ether 2 0 18 74 1
2 ether -30°C, 2h ether 12 0 12 80 0
3 ether -30°C, 2 h ether 12 2 4 90 2
4 THF/Tol. (11/1) -30°C, 2 h THF 12 2 91 0 0
5 ether/THF -30°C, 2h ether 12 2 93 0 1
6 ether -30°C, 2h THF 12 2 52 42 3
7 ether -30°C, 2h CPME 12 2 25 63 3
8 ether -30°C, 2h DMF 12 2 94 0 0
9 ether -30°C, 2h Tol. 12 2 1 86 7
10 THF/Tol. (11/1) 0 °C, 30 min. THF 12 2 30 52 8

a petermined by GC With phenanthrene as an internal standard.

Scheme 17 IZRLTF=&SIZ. ZrCl,Dether&&#%(IZ-30 °CT 1.0 M MeLi®DetheriBZ&Zx@mTL.
-30 °CT 2 BFRIRIGESE =112, 34 ERIG(-20 °C, 2 h)dE 1A, RIGINE 74% TAF LK 35 A
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Bohi=(Table 2, Run 1)*, RIiGEEEZ 12 hIZIEERLI=ET S, 35 ANURE 80% THONT=(Run 2),
H(Z, 25 CTRIGEMEZE 2 hEERL-EZA, 35 DINEA 90%FE THELT=(Run 3),

LAOLEA DS, REHTIXZICl, PEIET BLICIHEE MetherlTx L THAMETHIZENDRT)—
RIGTHD1=6 . 7O0—REIZIEBELTLVEL, 2T, ZICL, B & ICMeLit RIGSE 5T EELT,
XA BIL—R 2B %2, THF/Toluene;B & A TZrCl, 25 1% . Run3 D&M LRHRIZMeLiZhn
A HEWT 34 ZETLIZESA, AFILEEN 2 GEITLIGEA o F=(Run 4), FT=. ZICl,Dether& A&
THF%-78 °CTHE T L TARRSETHSL, MeLiZzB TLTRIGE. 34 ZH T LAY, Run 4 EEIFRIZA
FILIEDEITLED D=(RuUn 5), RIZ, 24 ZRun 1-3 DEHETHREL, 34 DTHFRK (0.2 MZEET
Li=&Z A, 35 DIREH 42%FE TIE T L1=(Run 6), 34 D CPME(cyclopentylmethylether)i&i& T 24 &
RIGSETH WEETHARZITENIZ(Run 7), 34 ODMFARTIEELRIGHEFTLAED>=(Run
8). LMLAM S, 34 MtolueneiB ik Tld 35 HURE 86% THFEDALT=(RUn 9), CNLDFERMN 5. THF,
CPMEA°DMF#%E DB EED H B BEA D IILAZ I LBDORIGEEEL TSI ENHALIELES
T=

%ZT. zZrCl, MOTHF/TolueneiE& B &ICMeLiZi#ET#.0 °CETHIRELT 30 miniE#L. UL T
-20 °CT 34 LEREESET=ETA, BHID AF LK 35 HAULE 52%THLNDHZEAHIBALT-(Run 10),
THRARPTOY I A=Y LFED RGEE N etherBR P &YEEBAGD0, RIGEEZ EFHE
NHotz. R4V T7O0— AT LATIECDOTHRFE AR ELTHERT S EELT:,

3) 7O0—RISIZ#H1+5 tetramethylzirconium D& &K

AH 2)T/A\YFRISIZH T tetramethylzirconium 24 @ THF BRPICEIT3RERICEHER
HElenn, KETTIHTAIAYTIE—IZHEITSH 24 DERICDOVNTEHRT S,
3-1) 74T IE3—DEEIZDT

70—REEITINL, Figure 11 [TRLIE=RA4903F9—(M0, M1)EXAoO)T7H3—(R-1)DVS
BRINDEBEHEAI T, AE 250 ym O T-shape YA/ 7 O3S —[IHa—FEH#t LY AFL,
A& 500 ym (U-428 SUS-T)& 1000 um (1/16 OTW)®D T-shape YA HAZFH—& microtube
reactor (SUS316 tube, inner diameter 1000 um)I& GL Sciences KYAFLIz, WTHEMEIZRT
VLATHD, BRITI) DR T (Harvard Model 11)I1Z, SGE #t M gas-tight ) O#EFLTiE
‘LTz RISRERYAIO0T0—S R T LEIF—E—NRRITRITHIEIZRYFHIEILT=,

.

(2.4 mL/min.) g\
a R-1 (200 cm)

Ll \J“ @ = 1000 pm
o

1000 pm

1.0 M Meli (ether) @ = 500 wr§'

(0.8 mL/min.) /& k-'
0.1 M ZrCl, (THF/Tol.) %
(2.0 mL/min.)

—

Figure 11. Picture of micro-flow system for the preparation of 24 by reaction of MeLi with ZrCl,
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3-2) %7F MeLi DEE

ZICl,EMeLliD RGIZHE VT, KRR EDMeLit EZFLTLINIL, #i< 34 LD RIGDIEIZ—ERT/—
IWEDETTBEEZDNS, 2T 9 34 DEKFILKRETEIToT=. Scheme 18 ®7O—([ZRL
f=@Y. 34 EMelitD K% . MeODTRIGELELIZECAH. 34 DT EFILEDEKFRIEDOLETE
(NMR&EYE ) EMeLinEREEDREICHEMHEZE SN f=(Table 3), ¥4//AT7A—Y ATLTOR
EDETEZHERT 50 KRRIED 34 DEKRILEERRICKY, BEFEMeLiztERTHIeElT -,

Scheme 18
1.0M (THF)
o 1.0M 1.0M o
MeLi/ether (X eq/34) MeOD/THF (1.0 eq/34) NH,Cl aq D
; 2h ; 5 min ;
-20°C -20°C -20°C -20°C -20°C
34 34-D
Table 3. Reaction of 34 with MeLi followed by quenching with MeOD
D content of 34-D
1000 y=91.19x
D content of = R? = 0.9996
Run  MeLi &q) 34 (%) @ S 800 /
g 60.0
1 0.1 10 s /
2 0.5 45 g 400
3 1.0 92 /
o 200

2 petermined by *H-NMR.

0.0

0.00 0.20 0.40 0.60 0.80 1.00
MeLi (eq)

3-3) 7O0—RIGIZH T3 tetramethylzirconium O &E R G S HHR 5T
T-shaped micromixers (M-0 and M-1) & microtube reactor (R-1)h SR Ihbv/o070—>
AT L%Figure 12 [Z5RLT=,

Figure 12. Micro-flow system for the preparation of 24 followed by a reaction with 34

\é/ ZrMe 4(25) \$/
35 63

T=100 or 200 cm
(¢ = 1000 umy

H M-0 ¢ = 1000 um
2.4 mL/min

1.0M (ether)
MeLi >
0.8 mL/min

0.1 MéTHF/TOI.

e
2.0 mL/min water bath

T=0,15, 20, 25,30 or 35°C
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E—F -E—H-

JREEE(ILT-shaped micromixer&microtube reactorz/K;&(Z21TT{Tof=. ¥/ YA7A— R T
LATHELELESIZ, M-0 (¢ = 1000 um)I=T 1.0 M MeLi®ether;ai& (flow rate: 0.8 mL min™,
0.8 mmol min™)ZTHF (flow rate: 2.4 mL min™) T&HRLI =, FREN 1= 0.25 M MeLidether/THF
BABRKE 0.1 M ZrCl,MTHF/toluene;B & A& (THF/toluene=11/1, flow rate: 2.0 mL min™?, 0.2
mmol min) ZM-1 (¢ = 500 um)I=TEE LTz, BoNIEEKIER-1 (4 = 1000 pm, length = 200
cm, residence time = 18.1 sec)Z@&iBL . 34 (0.2 M THF solution; 1.0 mL, 0.2 mmol)[ZN,FEK T.
-20 °CT 1 2R (5.2 mL, which contains 0.2 mmol of 24)L. RIRE T 12 B R iGSE-#%. &
(225 °CIZRBLT 2 BEIRIES B 1=, RIGiKRZ-20 °CIZAEILI=#I1Z, ZrClLIZ*x LT 1 eqd®dMeOD
ZHTLT 5 DEREEET-. TDE.NH,CIKIBRTREZEZELL. GCRIFINE(NEEEME
phenanthrene)|Z T, BoN=4AFEYDINFEEZEH L=, RIGEMID 34 ZHBEL. NMRICTEKFRIL
REFEHLU -, HAGRIGEELR-1 OFBRE(REZEEL. R-1 ORIZHAH)ETEIRIGER
#Table 4 IZ5RLT=,

Table 4. Reaction of ZrCl, with MeLi followed by a reaction with 34 using a micro-flow system

R-1
Residence  Yield (%)%  p content
Run Temp. °Cy Time(s) 34 35 63 of34 (%P

1 0 18.1 8 1 0 81.8
2 15 18.1 80 11 4 43.9
3 20 18.1 37 49 ©6 10.5
4 25 18.1 35 59 5 04
5 35 18.1 41 44 7 0.8
6 25 9.1 49 40 6 16.0
7 30 9.1 36 53 7 6.9
8 35 9.1 36 55 6 0.5

apetermined by GC with phenanthrene as an internal
standard. ® Determined by *H-NMR.

R-1 MiHEEFAEAS 18.1 #(R-1: 200 cm) D BF(F KGR E 25 °CTixd 35 DINEMNRIF T, 59%T
Ho1=(Run 4), RIGRED 25 CLYVIELMGE . HEMeLiNNEKRIEEBRLYEBRSIN=ZEM D,
ZrClyEMeLiD RIS M+ TN EMNFIBAL = (Runs 1-3), kISR E 35 °CTIE. B I 35 DYRE
ETHEASNI=(Run 5). —77. R-1 OFEEFEA 9.1 #(R-1: 100 cm)DIHE . RILEE 35 °CT
RULREMNRL 55%TH>T=(Run 8), E#kIZ 35 "CRUIKBENIGE . HEMeLinEBISN1=(Run
6-7), RIGBEZ 40 "CTEELIMEICIE. 74070 — R T LAHMNEAZELZE, Run4, 8 DL\THh
DEHETEHEMeLiA 99.9% LU EHBINTWAI LML, TN T7A—FHFFTRD /Ny F &4
(Table 2, Run 10)&EIFRET 24 NERL TS EE R ONS,

INODHEREREZ . RETLUBETIO—RBIZEITS 24 DFRIEERETHIEELT-,
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Pardand

E—F -FE -
FTE <4073 —%F ALT- tetramethylzirconium & N-methylethylamine @ & i

RIZw4H1)7493—%F| LT tetramethylzirconium 24 & N-methylethylamine 64 M #r &It
&Y. tetrakis(N-methylethylamido)zirconium 65 ##§4#5t&1T52&&L1=(Scheme 19),

Scheme 19 ] \g/&\ |\N/
ZiCly———— ZIMgy—— \N—ilf—N\
24 /N
65\|

1) Tetrakis(N-methylethylamido)zirconium [ZDUL\T

ONAZIVLRFEER T HEES S, EXEE. MEEEEORAGREEAELTEY.
FHRBEFBROF /20T —MEBGE, AFBROXLFHSIRELTESAVSI TS,
DOINA=TEBEOEERELTIE, KIGHEEE RNV TR AT TL—T1o T % BhEk
PMEEDYV LT ILEZEDMOD(Metal Organic Deposition)i%. It Z TR EEENZEITONBH,
AR, BREBRIEMICENDSIE, EEILLISETAHIE NATVYRERBMNAIRETHDHZLF 2L
DEMZEALTLSD T, ALD(Atomic Layer Deposition) 5z ST EESMEREENRELEE S
O+EXT#H5, Tetrakis(N-methylethylamido)zirconium 65 (FZDFOERIZEWTHEASINSTLAH
—H—ELTIELFIAEINTINVS, 65 O — I/ \yF & aiEEL TIL. lithium N-methylethylamido

66 MRS —BRIZZICL,ZR AT DA ENRESN TLV D (Scheme 20)%,
Scheme 20 ZfCly I\N/
SN BEBULE Ny —
_— . l—b _zf_

64 -10°C,0.5h ' 66 26°C,8h _/ § \
“e5 |

LAOLEDS REBGEFZICLZREIRAT SEISEEIVNO—LET IRENH D15 EER
EMICHTEMICHIERICEEENBEHTHY DN ORRTHIEEZD. TEHFTICLTH, @A
BEDOTILEILTIFIFILE—ERETH—ICHETTEIEARBTHS LIC. TEMIZIERE
BARIC—DEZA 56, ARMEIZEVWTHEFRLLLGWL, w497 o2—&FALTT7IR)F O L
66 #BHETIC 24 L 64 EFRIESET. 65 ZERTENIL, RENDERR—RXTEETEELIEN
HFTED,

2) A0 TFH3—%F|ALT: tetramethylzirconium & N-methylethylamine @ &It

Figure 13IZRUL-EY ., 9490 7 H5—(ZT 24 DA KERAS R, Bonf=AKE 64 DTHFEER
#M-2 (¢=500 uym)IZTEEL.R-2 (¢=1000 um, length = 200 cm, residence time = 12.4 sec)
ZBBIE, BoNBREZRFEKT T 1 MY T2 J(7.6 mL, which contains 0.2 mmol
of 24)L. BEEB ALz, Bon-BKREBYE I O—TRYI XA TCDIZBAIE . BAEREABLI,
BONT-AEDONMRAZR S H(NEIZEYE  mesitylene)lZ&kY 65 DUIREEZFEH LIz, RICIERZE
Table 5 [ZRLT=. R-1 [2H T 5B EFEIAS 18.1 FDEF, RISREAM 25 CTHRLNENRL, 70%T
H-o1=(Run 1), — A .R-1 DFEZERE 9.1 FOFEIZ(X 35 °CTREIZHUNET 65 N EFoMNT=(Run 6,
76%), IN\YFRIGIZEITS 24 DERERIGIZIEIVIERTHADLENHS(Runs 7 and 8)HY, ZD~T
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A49A70—Y X T LTI BLEETIRERL 65 AFoNfz, CO&SIC. 7490 70—(IZHT5 24
L 64 IZEDFRIGIZEY. 65 ZINE 76% THAHAZEITHYL Iz, CNLDFBERERIERFIZ[EMeLiD
ERFELTULVEL(Table 4, Runs 4 and 8)C &MV, tetramethylzirconium 24 0 RIGIEIE 76% L E
THHIZENREINT-,

Figure 13. Micro-flow system for the reaction of 24 with 64

\N/\ L
~
4 MeLi
ZICly —————————>» ZIMe, 4) \\1 2r N
24
p
- L = 100, 200 cm
THE | M-0 ¢ =1000 um | (4 = 1000 um)
2.4 mL/min l
1.0M (ether) L =200cm
MeLi D ZrMe, [ (¢ = 1000 pmy
0.8 mL/min 24
rR2/

0.1 M (THF/Tol.y LN/

rcl _
20mLimin > M-2 l'@_’ -Zr-N
y o\
= N

_/
NN - j
N
H 64 > 65
water bath T =25, 30 or 35 °C :
0.35M (TOI/THF) Outlet solution
2.4 mL/min

Table 5. Reaction of 24 with 64 using a micro-flow system
Residence Time

Run in R-1 (sec. Temp (°Cy  Yield (%) @
1 18.1 25 70
2 18.1 30 57
3 18.1 35 61
4 9.1 25 53
5 9.1 30 68
6 9.1 35 76
7 batch reaction P -78°¢ 66
8 batch reaction b 25¢ 54

aDetermined by 'H NMR with mesitylene as an internal
standard. P 24 was prepared under the same conditions as
Table 2, Run 3. © Temperature of the reaction of 24 with 64.

-20 -



Padand febe —

E—F -FE=f-

E=E <A/ 0UTFH5—%F|ALT- tetramethylzirconium & cyclopentadiene :5EAD ki

RIZ. tetramethylzirconium 24 OFRMKIGEL T, cyclopentadiene FEAXRLEDRIGIZE Y A4
O+t g s LTE 5 TLYS bis-cyclopentadienylzirconium dimethyl SFEAD & Rt L 1=
(Scheme 21),

Scheme 21 R
2%
aMeLi e J M@\ZF»QR

1) Bis-cyclopentadienylzirconium dimethyl ZF&{&(Z DL\ T

1980 £EIZKaminskybIZ& 2 TIIRIED LA/ BV EAFILT LS/ FH U (MAO)A BT 51— R il
W (AAOE M) NI FLUERICBVTEBH TELVENRERT CEARK SN ChETIZHRLY
— I EMEANSELIEEEN DB MR GAE N AR INI-ELTREWEBZABUTE -, 2D AEO
Ui EFAVSEOXKEREE XBMEEL TRAVONSEMEMAODERENE KX THY . AL~
EFREET/ILLEELT1000~2000 NBHEELEESNDZETH Tz MAOD BB DFRBAAES . fRIEDE
HENEBHFALTHIIEINBRALE AN LILAISN R, BfEMAODRE RDOREN TS
NTEL ZD—DELT. DL/ VDO AFILEREESREL. AR B KU IL A X (MgCl,,
B(CsFs)3% &) . BHLLIFAA U RT7IEEH([PhMe,-NH][B(CsFs)a], [PhsCl[B(CsFs).)) A EHE
HEMEDFERERD LA/ BV EFRILTR EEEEPLH/ONSG U OA R F VIR THE
L DI RREIEAMAOL RSB EICETELEY,

2) Ny FRIEIZH 1T bis-cyclopentadienylzirconium dimethyl S58A D & A%

Scheme 22

" G@ieg <j§.>Zr/CI 2 MeLi <j§.>Zr/Me

Py

zrcl e
\ .
Tol., 25°C, 2 h (é ether, -20 10 0 °C é
580322 5794320

70 67

Scheme 22 [ZHERD /Ny F K23 Z# 1T Bbis-indenylzirconium dimethyl 67 Q& kZERL =, ¥
AFIDIA/ED 67 (FZICLEFHIRBLUI=A T ZILLIHK 69 ZRIESE T, ZIE{EDIILa/£2 70
EERLP BKAF I FILEDREZPICEY BRSNS, COZTEERDIERAETE, 2K
DETEBLIEND BT LERVWEBETHHEFERELY,

Ff-Resconik(dindene 68 & 2 fEEDMeLiz RIGSE . fiiZICl, DRV AV RF ) —BRERIGSE
HBHIEIZ&Y . IRE 87%This-indenylzirconium dimethyl 67 &5 3 &IZBILESE, ARG S
HEBINETOAFIVEREFGIRVWERIETHLM, ZICIL,DORVEAV AT —iF K EMeLikn-1) 77
VROBRITIRET TREIVIA—IILLENSE T LECTIR AN =0 TEMICRENZD.
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3) Tetramethylzirconium & cyclopentadiene FFEAD RIGIZ DUV T

ThITILFIWDINAZDLEDIOAREO I FBRED RIGHIFIEFBICDRL KT 24 L2900
RADIVFERORIGHIEREFETDESA, HESN TLVELY, Bourissouis(d. Zr(CH,Ph), 25 &
BREEAESINII/ORVADIVFEBR 71 EORGICEDoF LI DEERIE 72 DERERE
LTLV3(Scheme 23)%,

Scheme 23

0.0 Ph\ Ph\

Ph-
+ ZI(CHyPhy, > VI L E— Ph’|

Ph,P” H toluene Ph- \*Z<Bn -toluene \j-2rBn,
N 7 25 90°C, 5h Brf PH
Ph~ 73 72
— - 95%

ARISIE 71 DRRAT7EEDEFRMN 25 O Zr [TEGIL., 73 2R THIEITEY . RUDILDIE
EMEONFLODKEDEEEENE LL, ML OBiBEZE £ 579> F A C-H activation A#FTLT=
EEBRINTWLS, LMWLEAS, ARGESI/ORVAS IV GEKICEREZETILENH ST
&, ZORRAMETHIBREND,

Y4 A 2720—YRTFT LT 24 & cyclopentadiene F E K D KR IS IZ & Y
bis-cyclopentadienylzirconium dimethyl (FEAXRZ AR T A ENTENIL, REICIEETESC
LIEMMD &, B4R 7% cyclopentadiene FEARZYYBEZ D LITE-T, A28V IDAF
WEBEOF T FEENAIEEIZGE S LBiIfFESN S, T, MelLi > MeMgBr D & 57 Me 1t
Fl L BIRIGE#E Z I BEREE #$#F D bis-cyclopentadienylzirconium dichrolide :FE&AD ¥ A F)L1k
RISIFHREED /Ny FETIIRETH B M. 24 & cyclopentadiene FEFEDKRIGIZEY . FTD LS
BEREZFDOVAFILANERTE S LEIF SN H(Figure 14),

Figure 14. On-demand Production of Zr Containing Materials using Micro-Flow System
On-demand Production

Me\zrs

— . R
Ve e=>—R
R
Micro Flow System N
I e
zrcl, ————> ZrMe, — Zf-Me

25 R :
Li é A SiMe,
© -

Y

: —— Me @
- MeLi Zr° . . .
Cl\zrg -7 Y y:sensitive to MeLi

- v // . Me Y
Sy =

conventjonal Method
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Scheme 24
IQ) we
indene r’

4 MeLi 68 “Me

zrcl,———— zrtMe, —
24 <;©
Using Micro Flow System (Ind)ZZrMe2 67
FIT. A0 F7H48—I2&% 24 & indene 68 D RIED R ETERIALT-(Scheme 24),

4) =490 79 52—%F|FALT- tetramethylzirconium & cyclopentadiene derivatives @ & i
4-1) =407 H3—%F ALT= tetramethylzirconium & indene M Kt

Tetramethylzirconium 24 &indene 68 (0.91 M in THF solution)® R ZFigure 15 [Z7RLTI= &K 5%
RAYAYTIE— AT LIZTRE L=,

Figure 15. Micro-flow system for the reaction of 24 with 68

24 67

68
~ L =100, 200 cm
THF >— M-0 ¢ = 1000 pm ©= 1000 um)
2.4 mL/min
R-1 /

1.0M (ether) -

MeLi D= ZrMe, L =200, 400 cm
0.8 mL/min 24 (¢ = 1000 um)

0-1 M (THF/Tol. ¢ =500 pm R-2/

ZrCI4 D_

2.0 mL/min M-2 _. (Indy,ZrMe,

¢ =250 0r 500 um 67
‘ D> Outlet solution

68 water bath T =25 or 35 °C
0.91 M (THF)

7EI—‘/Z7_'AI"CEH§%L7‘:ZrMe4 24 tindene 68 (flow rate of 0.91 M indene: 0.44 — 1.10 mL
0.4 -1.0 mmol min")ZM-2 (¢ =250 or 500 pm)IZT;RAL. R-2 (¢ = 1000 pm, length = 200

or 400 cm, residence time = 15.0 — 29.9 sec)Z@iBIE =, BoN-BREEZZFTHLSTT1 29[
HUT1)05(0.2 mmoliBH D 24)L1-i&. BEEBEL-. /Fon-EZEBYWE I/ O—TRYIARNT
CeDglZBFESE . BBAREABLI-, BONT=HRDNMRAZED H (RN EZEYE : mesitylene) &
) 67 DIREEFHHLT-, EER#ER % Table 6 IZ/RLT=, Table 4, Run 8 DEHTRELT- 24 DKRIE
ke 2 L& (flow rate of 0.91 M indene: 0.44 mL min™, 0.4 mmol min™)®M 68 ZM-2 (¢ = 500 um)I<
TEAL.R-2 (¢ =1000 pm, length = 200 cm, residence time = 16.7 sec)ZF@iBIt1-&Z5. IR
K 22%T B BIDbis-indenylzirconium dimethyl 67 #1§5Z&IZFIhLT=(Table 6, Run 1), A&
24 £ 68 12&kY 67 ZBHHRIETHD. 68 [F'H & °C NMR datal=kYREERLT=>, RIZ 68 Di%iK
BE1bE To1=, 68 % 24 23t LT 3 HE(flow rate of 0.91 M indene: 0.66 mL min™, 0.6 mmol
min'l)ié;?&‘L,7‘:if751-€|‘(:(is IR 33% T 67 %, EIZIX5 L E(flow rate of 0.91 M indene: 1.10 mL min™,
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E—F -E=f-
1.0 mmol minY)E&RL=BAIZIE, 67 DUNEA 55%F T ERL=(Runs 2 and 3), BEASDRIGHE

DmELEZEBEL. M-2 DAFEZE 250 um, R-2 DK E% 400 cm (residence time: 29.9 sec)IZEE L=

A REFIHELGEA2T=(Run 4), LMLGN G, RIGRE 25 °CT 24 ZHHE I 5% H(Table 4, Run

4; R-1: ¢ = 1000 pym, length = 200 cm, residence time = 18.1 sec)T 68 ERIGIET=EZ A, YN

61% THMD Y IILa/ 2 67 hifFEbNT=(Run 5), —A.Run 5 LRILEHTHEOMNT-24 %5 HED

68 (0.91 M indene/THF solution)IZETFL. /AWFRIGIZT 25 °CT 1 BFRIRIGSET1-&T A, IXE

18%TEMOYILa/tY 67 BMEdTz(Run 6), BIZ, /\yF & (Table 2, Run 1-3) THRB LT 24

L 68 ERIGSET=ETAH, 1%D 67 £/FHITEEFE>T=(Run 7), CNoDFERM 5, 24 &£ 68 DRIGIE

NYFRIEEYETAIOTA—S AT LDIFEINKYIRMIZETT HIEMNHLMELGST=,

Table 6. Reaction of 24 with 68 using a micro-flow system.

Residence Time (sec.) _
Inner diameter

Run R-1 R-2 indene 68 (eq) Temp. (°Cy  of M-2 (umy  Yield (% ®
1 9.1 16.7 2 35 500 22
2 9.1 16.1 3 35 500 33
3 9.1 15.0 5 35 500 55
4 9.1 29.9 5 35 250 56
5 18.1 29.9 5 25 250 61
6 18.1 batch b 5 25 - 18
7 batch reaction © 5 25° - 1

a pDetermined by 1H NMR with mesitylene as an internal standard. b Reaction time
was 1 h. © 24 was prepared under the same conditions as Table 2, Run 3 and then
an ether solution of 68 was added to 24. The reaction was continued for 1 h at 25 °C.

4-2) =407 2 —%F ALT= tetramethylzirconium & cyclopentadiene O & it

(2. cyclopentadiene 74 (flow rate of 0.91 M of 74: 1.10 mL min%, 1.0 mmol mint)& 24 (Table
4,Run 4 DEH)EIA4O70—Y AT LTRIG(M-2: ¢= 250 uym, R-2: ¢ = 1000 um, length = 400
cm, residence time = 29.9 sec)&€71-&CZ 5., BE#ILER 66%T B HIDbis-cyclopentadienylzirconium
dimethyl 75 21§45 &IZR L =(Figure 16), SR IFEICEE — MRt ERFATEFETHS.

Figure 16. Micro-flow system for the reaction of 24 with 74

2 ) e o

72 25 75
L =200cm

THF M-0 ¢ = 1000 um (¢ = 1000 pmy
2.4mumin P
1.0 M (ether -

MeLi = D— ZrMe, L =400 cm
0.8 mL/min 25 (¢ = 1000 pumy

R-2/

0.1 MéTHF/TOI-)

I v
2.0 mCLI/‘}nin - ) (((‘X'))) Cp,2TMe,
¢ =250 pum 75
O b
0.91 M (THF water bath T = 25 °C Outlet solution
CpH 74
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5) ZtMe, £ VARV AV I U BBIRDORIGIZHEIT S RIGHEEIZ DT

Bassetb(dZrMe, 24 E7ILEFHRE LD KEELDORIGIZHE T, 0-bond metathesisIZkd A%
COBBEEZ-ORE DI RERIBLTING®, MEFTDEIA,  ZiMe, 24 EVJARVADIVEE
X 76 ORGIZEITDRIGHEEIIAT 5T —RE/F LN TLVELA, Figure 17 IZRLIz&KSIZ0
-bond metathesisF#EHLTLDEDEHRL TS, T4hH5, 24 L 76 LD RIGIZEKY 77 ##FHL.
AN FOREERED. oEALI-78MFoN. MW THERIET S LIZKYDAFILD LI/ Y
B0 NEBANDEEZTIVS, §#. FHELFFICKY. oD RIGHKIBERATLFETH D,

Figure 17. Possible Mechanism for the Reaction of 24 with Cyclopentadiene Derivatives 76

c-pond metathesis

R : R R
) . _2/_ @“2/— le/_ aromatizationRQ \Qr<
76 iHy, H¢H3 H———C:Ij /Z/_ R@
24 77 79 80
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E—F -IME-
INE
F—EICERBLEMERRE. U TOZRICEHTESD,
1) =40 74953—%F|FALT= tetramethylzirconium D&M (F— &)
EENHLL tetramethylzirconium 24 D& RKIZHLVT, 2,4,6-trimethylacetopenone 34 ED KR i&
[CLDRBHLGRITEICKY . TORBREEEZRE T EICHYL, BIZFT49/0T70—2 R

TLEFIRALT 24 AW BT EICHRETILI=(Figure 18),

Figure 18. Micro-flow system for the preparation of 24 followed by a reaction with 34

— L =100 or 200 cm
M-0 ¢ = 1000 pm
THF > ¢ MM b = 1000 pmy
2.4 mL/min R-1
1.0M (ether) >
MeLi
0.8 mL/min M-1
01 M (TH|:/To|.%> ¢ =500 pm
ZrCly —
2.0 mL/min water bath
T=0,15, 20, 25,30 or 35°C

2) Y4490 75 —%F|ALT- tetramethylzirconium DEFHRIE (F=. =)
IA49070— AT LTEMLT= 24 £ N-methylethylamine 64 ED#FIRIGIZKY . SBIRFEBEATL
h—H—ELTEREN S tetrakis(N-methylethylamido)zirconium 65 DA MIZAIILT =, F1= 24 &
indene 68 %> cyclopentadiene 74 EDFHRIGICKY .. A2 MEOTLH—H—THS
bis-cyclopentadienylzirconium dimethyl 581K 67, 75 O & IR L f=(Figure 19),

Figure 19. Micro-flow system for the reaction of 24 with 64, 68 or 74

— L =100, 200 cm
2.4 mL/min
Lo (et'her) L =200, 400 cm
MeLi D= 200,
0.8 mL/min (¢ = 1000 pm)
0.1 MéTHF/TOI.) L
Cly  p— \ N~
2.0 mL/min N.ZI’.H/ or
~ _ —/ N \
N or ¢ = 250 Or 500 um - 7
Hgs > 65
@ water bath T = 25 or 35 °C ('nd)ZESZ;Mez or szz;;/lez
or
68 74 Outlet solution

—DIAoA70— AT LEFIHLI- tetramethylzirconium 24 Q&R NZREDHEILIZELY,
4 1(%. on-demand production IZHHAFNTES,
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Schizocommunin NDEERETDIEETIE
F—H HFEMZA 4-chlorocinnoline-3-carboxaldehyde M & A& D BAF

1) 4-Chlorocinnoline-3-carboxaldehyde & & B Z 4T

Cinnoline-3-carboxaldehyde 59 M i# & R f##T#Figure 20 IZRLTz. FEFERHDEY.
4-hydroxycinnoline-3-carboxaldehyde 54 AMEIREMDRKLETHAHACEE, /0D 4 GFLIZHL
T.KBEL/OOEABELBATEE P THDHIEN D, 4-chlorocinnoline 81°M ortho-directed
formylation[=&Y) 59 ZHEEFT S EELT=,

Figure 20. Retrosynthetic Analysis of Cinnoline-3-carboxaldehyde (59)

ortho-directed
formylation

cl l cl o) o)

L .cHo §
| N — | | — L] —

N* N N~ NH,
59 81 82

38

2) 4-Chlorocinnoline-3-carboxaldehyde M & &

o-Aminoacetophenone 82 #H FEFEH L. XBMEBEMOERIL—FPITRWVERLTE
4-chlorocinnoline 81 ®Mortho-directed formylationZ#&&tL1=, &#IZ. 81 DUFAILZERETLI=
(Scheme 25, Table 7),

Scheme 25 i o el
1) Litiatien reagent (X €q) _
N THE, tefip:, 2 h N
| N - LN
81~ N 2 Mmeop gi-o~ N
Table 7. Ortho-Directed Lithiation of 4-Chlorocinnoline 81
RUN Liteagent (XBq)  1oP:  yield ()?
(Y°6)
1 BuLi 1.2 78 0
2 LDMAE 3.6 78 i
3 LDA 1.2 78 6
4 LDA 2:4 =78 4
5 LDA 2.4 0 11
6 LTMP 1.2 78 14
7 LTMP 2.4 78 89
8 LTMP A 0 deesmip:
& Peuterium eentent was determined by 1H-NMR:

BAR)FAIEREE 81 ZRiSSHE . MeOD TRIGEEILEL.NMR (2T 81 M 3 fIDEKFILEE
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B H L7, n-BuLi E£7=IZ lithium dimethylamino ethoxide (LDMAE)Z!)F#A{t&IEL TR =LA,
RIEDHESFTLEMT=(Table 7, Runl-2), RIZ. LDA IZ& AR5 EIT o1& A, UFA LA EITLS
LON. BREGHERIEONAGAD=(Run 3-5; 4~11%), VT, 1.2 ¥ E D lithium
2,2,6,6-tetramethylpiperidide (LTMP)Z R \fz&Z A, 14% D) FAE N E RIS I=(Run 6), EI(Z
LTMP % 2.4 H2ITH#EML=&ZA, 81 D 3 £IHY 89% FAIbEn B EMBAL A ELST=(RUn 7),

Scheme 26
Cl . Cl
1) LTMP (2.4 eq), THF, -78°C, 2 h CHO
AN > X
| N 2DV @6, 76°C, 21 | N
- in ether. -78°
81 2 M HCI in ether, -78 °C 59

81%

Table 7, Run 7 ME&HIZT 81 #)FA1EL . #iLV T DMF & FL. -10 °C IZT 1.0 M EEEKF &
TRIEFEELLLIZECA, IRE 51%T B #ID 4-chlorocinnoline-3-carboxaldehyde 59 #1§4Z &IZRK
Ltz LOLGEA S, COEGTIHFERENFEONGNOF-IERT, BIREMELNIEN D RIGE
1E#I% 2.0 M HCl/ether JA/RICEEL. -78 °C ICTRIEEFLLIZETA, UREK 81%T 59 #1545 &
[ZAZILT=(Scheme 26), RIGFIEFRRFH TITICEIZEY . BIRMERL BUNET 59 2157,
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81 (E)-3-((4’-Chlorocinnolin-3’-yl)methylene)indolin-2-one M & Bk

RIZ, aldol &K 61 DAL T~ 17M|:.%0)/9&i5’é$ﬁu‘f7é_ttl,to LMEEDARFHFFEL
=B RGEIZHEL., 2 BE0 triethylamine FET. F o4z 59 & oxindole 41 ZRIESH .
3-((4’-chlorocinnolin-3’-yl)methylene)indolin-2-one 61 % single diastereomer (96% yield)T#F7=
(Scheme 27),

Scheme 27

©\)\/ Et;N (2.0 eq)
EtOH (0-1 M)

65h 96%

single diastreomer
— BRI FINTUFF AR —ILDFL T4 DL EENOEERIZKYREEN TINE®,
Figure 21 (TR &5IZ, ERDIZE X 2-H or 6-HEFFIAUR—ILD 4-HEDREIZ, F1-ZIED15
BRREZLTOPEFFOAUR—ILD 4-HEDRBIZFNFNNOERBEMNERISh D EBESH TL
B, LMWLAAS, 700K 61 DIGE . BXHENOEMEBENFELONG M= XIRiEREERTIZT
61 DAL IT1VDEAEMBZRET HoLelT=,

Figure 21. Determination of Configuration of E and Z Forms of 3-Arylmethylene indoline-2-ones

N
Cz'\ /
NOE H
N e
(@)
N
H

00k 61 OFERIEEELRA-A. X RIERBERT ARG EZRII/{TONGI o1, £I T,
61EFELTHILELTz, 61 FEKEFEEDICTINERL . 7 EFILIK 83 %15 7=(Scheme 28), 83 M fit
RELHALEIH LD EENICHONSIELHRL -, FFERTFILICT8I DBEfHEREERAATzES
2. BREHE(Mp 206 °C)EBAHZEITHYILTIz, X Rt REEMTOMER. 83 (X E{K(E-83)THD
ZEMFIBALT=(Figure 22),

Scheme 28
Ac,0

_—
100 °C, 12 h
62%
LiOH H,0
<—

THF, rt, 6 h
quant.
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Figure 22. X-ray Crystallographic Analysis of E-83

BIZ. 61 D7O0EFAN D EIZEHLL. 84 % single diastereomer T#71=(Scheme 29), 7zk=
RFIILIZT 84 DFERILERAT-LTAH BBELEREMp >300 °C)EFAHILITHIIL - X RIERIEE
EMTDFER. 84 £ E (K(E-84)THAHEMHIBALI=(Figure 22), L L DFEELERDOFER &Y, BE
DEZH, 61 L ERE-61)THAEHBILTLVS,

Scheme 29

MeONa (1.2 Eq)

THF (25 MM, tt, 24 h
58%
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FE =81 (E)-3-((2’-Oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-one M & &

RIZ 62a DIBERTEETHIR, BLARETTHEEL-, AAREARMNAREFL-RISEHIZHE
L\, Y04k E-61 % DMSO &, 120 °C [ZAEL T 62a ~EZHLT=(Scheme 30),

Scheme 30

OH H 9]

UL
N
N/
- Jooa

in DMSO-d6

DMSO (0-01 M)

120°C, 11 h
99% o)

H O

N,
7.73 ppm 14.23 ppm

NOE single diastereomer

L&Y 62alx DMSO-d6 1 TlEA~ E D& 3-((2-oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-
one 62bZHLTLVAHI LM, ENOEEERICTHER SN =, BIB ., SV /JVIRED 8-H (7.73 ppm)&
1-NH (14.23 ppm) E D E ICNOEHEBEAMNE D o=, AEERHE R (L Holzer o AN ER I L 1=
4-hydroxycinnoline 37 [XDMSOH T 4-cinnolinone 38 [ZE & AMES (Scheme 10)°EVSEEBREE(C
LEHLTLVS, #. K1EAY 62btsingle diastereomerTéHo1=, RIZ. 62b DAL T4 DILIKILE
ERET AL OTEFIMELT. ER7EFILIK 85 %11=(Scheme 31), EX7EFILIK 85 D
NOEEERZITo=fER. E-ILTOM (8 -H)EFFIAUR—ILD 4-HEDREDONOERRE (XFHER TS
B2l —A DU/ VBREDTEFIVEDAFILTACN EFHFIAUR—LIRED 4-HEDRIC
NOEFBIMNRSO DTz, CDIRELY, EXT EF )UK 85 [KEIK(E-85) THHIEMHIBALLEY,

Scheme 31

AC,0
—_——

100°C, 24 h
75%

62b DEZ I TAREFFIAUR—ILERED 4-H EDORIZIE NOE RN RIS h Moz &
O, LREFEERRICKYBONIEREERBICANTZETA, 620 3 EIR(E-62b) THHEHERIL TL
%,

Boh1=E-62b &K Dschizocommunin® ' H-NMRF ¥ —r % Lb# L1=£ 5, Figure 24 (TR
I, —HLIGEV =8 BAIRMAZ-620F B RHL T ARIMLT—4Z BT HEEL =,
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Figure 24. *H NMR Spectrum of Natural Schizocommunin® and E-62b (synthetic)
(*H NMR: 600 MHz, DMSO-d6, 25 °C)

DM$O-dg

o I R S O NS
; ' Bt s Pl ] i |

f ; o8 | !
N = — Pt u.pu.acu' Structuteof J T : ; S _]' I 5 JI __J 1 ] §
[ e R ; : b reaiena] Hhalee i -
L i) hizocommunini T L g b ; i 2
bl EE Bl e TINBG LG § t o
z ; ; ; i 1 t
1 z i i i
I'f_ SR et . ; : i
| | S -
- s N, by b J Sy Vol i o RIS
guseipind i i i) e a3 o e § sl SR XA R i ] AR SR TR0 P LT | [ S0{EHE PEELE S I A | R PRSI S . S EEE
T 27 L8 e B (S R M ot i £ : 2 [ v B e 0 T KT s o - M e S T

Synthetic E-62b O

feH '5H 7 7H

3
Proposed Structure of
Natural Schizocommunin

O H 0
B
X

)
Synthetic E-62b

_ppm

8.5 8.0 7.5 7.0
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Pardand =

BT -HEMHE-
FEME (2)-3-((2-oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-one M & RLHZE
1) 4-lodoxindole ZF|FALTz Z E RN T IILE—ILEEE DR

RIZZ-620 DB MERADHZEELT=, B IFToxindoleD 4 FIIZEEWIAVRFBEATEHILIZELY,
FCTILR—ILIERIZB LT, ZEA B EMIZBLN BT EERELTLVS(Scheme 32)%,

Scheme 32

Co,Me o,Me

H
N
OAC
4LX=H H 88 45% H 89 15%
CHO 87:X=I
co,Me o
H 2 p"\gzgc:_"nz écfé) 0 (K o K n-BU,SNH H
86 : = ) AIBN (cat.)
——
/ Q Toluene, 95 °C Q
1h, 85% MeO,C

MeO,C 91 |

coMe
90 89%

FIT.EHHID 4-iodoxindole 87¥%# AT, RILERFTSHIELz, Y/ T IILTER 59
& 87 ZtriethylamineZZE F CRISSE1=EA, ZILR—ILfHE 93 BEoNnT=-, ChEBEIZHKE
HIZHLEzECA, yOnEAKEREICE SR o1 94ahisingle diastereomerTHELNT=, A, 2D
£ &% . DMSO-d6 HTIEA MEEE 94bEHL TSI ENENOERER KYRER SN (Scheme
33)s

Scheme 33

<j\)\( m Et3N (1 .0 eq)
EtOH 0 1 M)
reflux, 11 5h

74%
PTSA (cat.) \ in DMSO-d6
Toluene (4 mM ,
refIUX,(3 h ) N
75% 94b

smgle diastereomer U
NOE

94b DAL T4 DIRIEREERET AR ERTEFILEK IS ALEELL, BFFBETFILIZTH RIE

Enit}}‘f,tua ﬁ@ﬂ%nEE(Mp 205-207 OC)E %)ut( EEU]LT,(SCheme 34)

"ont=iERD X

SERBERNET KR, 95 (XFB/MET D Z (K(Z-95)ThHAHEMNFIBALT=, Ff=. Z-95 [T &

IR

EICHENTH, TMEEZALTLAI LN X RIERBEETICKYBAL A G T=(Figure 25),
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FE_E -FEME-
Scheme 34

o)
Ac,0 N
—_—
100°C, 20 h ‘ N/L‘

78% Ac

F12.94b & p-ARFLTIZILHRAVE 96 LDBMARE RNV TV T RIGIZEY . AvTIT1K 97
HURE 75% THLMNT=(Scheme 35), ARF IRV EUIRIRD 27-H EEZ)LTOR DR IZ NOE 8BS
DNERISN=2EMND, 97 ZIK(Z-97)THAHZENBLI ELEST=,

Scheme 35
o | PdCly(dppf) CH,Cl, (5mol9s)
H K2C03 (2€q)
\ O MeO BUOH/H,0 (5/1: 0.02M)
/Ll + 0 h
N" 0" N B(OH), 100°C. 4
94b H 96 (1.2 eq) 75%

LLE. 94b DEFEIRZ-95 D) X R FERBERRTA° Z-97 D NOE EERDFER M 5. 94b % Z K (Z-94b)
THAHEHELT=,

2) Z-94b M FIA Y FRILDEET

RIZA—FAZ-94b DIV F AL ERETLT=o n-BusSNHIZEK RSP HILETTE L TIIRIGHAHEITL
Bh o1tz ERT72FILAZ-95 TRMRDEHIFLIzESA AL T BEMICETSINZT/
— LK 98 HYURE 67% TF 5N f=(Scheme 36),
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=% -HmE-

Scheme 36

Bu,SnH (1 eq)

AIBN (cat.)
Tol (4 mMm
7-94b reflux
AC,0
100 °C, 20 h
78%
|
BusSnH
AIBN (cat.)
—_—
N- o Toluene (0.02 M)
Ac Ac reflux, 5 min
Z-95 67%

RIZ. Z-94bZPdCl,(dppf)- CH,Cl, % T . HCO,Hitriethylaminel= & % 3& STHIB I F & 401
FL1zECA BRIAVRIEIEETLIZLOD. BHDZ-62b (FHB5NT . FHEIFRLT, E-62bHURX
K 75%THLNT=(Scheme 37),

Scheme 37

HCO,H (2 €q),

TEA (3 €q) O H o)
PdClydppfy CH,Cl,
(2molos) NH
DMF (0.05 M) N
110°C, 7 h E-62b
75%

REFTODETA, Z-94b ORI FRIERIGTIE, Z-62b BNEFLNTULVELY,
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E_E -FERE-

FARE 3-((2-Oxoindolin-3-ylidene)methyl)cinnolin-4(1H)-one M#E SR {Li&kEt

E-62b DE#EREF/SEMT. 65 °C M E-62b DT =R ILiEHK%E-15 °C [TAHEIL. 3 H
ARRELIZESA, KL EDWMAFRBEFERGBx50x50 pm)hiFontz, AU D VariMax
with RAPID system [CTH{on-HEERD X RERBERTETo-ER. TORMEMETFEL
[FRLT.Z K(Z-62b) THBHZEMNHIBALT=, Z-62b [TIERIREEICENTH. FMEEEBRL TSI E
M X IR REEETICKYBAL M ERoT=(Figure 26),

Figure 26. X-ray crystallographic analysis of Z-62b

BoNT-#ERZ-62b[FZK DB TH o=, BRLENMRFry—hIBohiEmA>1=H, E-62bD'H
NMRFv—hELLBLI-ECH, B RELGDILEMTHDIIEARESNT=(Figure 27),

Figure 27. Partial *H NMR Spectrum of Z-62b and E-62b (*H NMR: 600 MHz, DMSO-d6, 25 °C)

(@] H
L)
X
AP
N o

Z-62b

Z-62b (25 °C)

(e}

5 HEO - ° '
o] (E) E-62b (25 °C) 8
8 H 7
5

E-62b 6
8.0 7.0
NMREBIE CEPEFHERT AL RT—IULT7yILTHERILERA#-ESAH E-62b, Z-62bDRE
(E-62b/Z-62b=1/2) NG 1=, Z-62bD'H-NMR[EO—2T—HED -8 . ERBEH TIXE—oA
JO—R{ELTWWEH., BRBIEGS °C)lckY. ory—THE—UMERISN - (Figure 28), F
f=.'H-'H COSYIz&Y., FObr D 1EEEEEBITE1=(Figure 29),
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E_E -FERE-

Figure 28. Partial "H NMR spectrum of Z-62b and E-62b (*H NMR: 600 MHz, DMSO-d6, 25 and
55 °C)

E and Z-62b (25 °C) )
= z
E/Z=1 /(22) &) ) (E (%) ) 2 2
© ) © ®@ ® G
E-62b (25 °C) g
- 5 7 8 5 6 5 7

2 H(z) O 8.5 8.0 7.5 7.0 ppm
X
LN K
7-62b E and Z-62b (55 OC) %Z)
= Yz
EIZ=1/2 )
5 ® A6 @ @ CANN )
© 5 ® ® ® GO
E-62b (35 OC) 8
e 5 7 8 6 6 57
8.5 8.0 7.5 7.0 ppm

Figure 29. Partial *H-'H COSY Spectrum of Z-62b and E-62b (*H NMR: 600 MHz, DMSO-ds,
Z-8'

o
25°C) 16 Z4Z8 ] - P
75 g E-8 75 pg?® z-5 :
E-4 E5 E7 E-6 B7

s 9 EVH(Z) 4 & . __(Z)6HTH
¢ O N (? AHeH (Z)5H-6H z-T
8 J g

o H_ o (Zj5H'6H (Z) BH-TH 76

5 .| (E
6 g \() ' (Z) TH-8H
LN
7 N 4 E-6
8 H 7‘ 22-84,2-8'
- 5 -
E-8
-7

E-4'

ZDEEYD DMSO-d6 H(ZER) THORBELEILEFHELI-ECAH, Z-62b—E-62b ~DEMILHER
BlEh, #9 2 BRERICIETRTE KIZE{ELT=(Figure 30),
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E_E -FERE-

Figure 30. Time-dependent *H NMR spectrum for the isomerization of Z-62b to E-62b (*H NMR:
600 MHz, DMSO-d6, 25 °C)
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TBHEA I P TILE-620£Z-62b DRAICFEMNFELY . HRITFHBT B8, Z-62bDHILIR= LEERE
DU VDBEZDEEBEEFRHDREDT=-HIZE-62bIZFEAMELEE Z 5N B (Figure 31), IRFE
FTOLIA FHERILOBERMEIFLNA TGN, BRP TIEE-620 A KEREHHEH—AT. K
HEMNHEEL TN =Z-62b N EITFERIELI-EDEEZ NS, i#. DFTET & (spartan; B3LYP 6-31
G*IZ&kY. E-62bl1EZ-62b KLY 3.7 Kcal/molR E TH>1=

Figure 31. Possible Mechanism for Isomerization of Z-62b to E-62b

proton
transfer

RN
z-62b H electrostatic
repulsion

O H
) proton
O h S % e transfer
% &, =
N H N
H

BSNT=Z-62b ER K Dschizocommunin®BDNMRF v —rE LB L= &2 A, —BLALN S EAVEI A
L7=(Figure 32),
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Figure 32. Partial *H NMR Spectrum of Natural Schizocommunin®®, Z-62b and E-62b (*H NMR:
600 MHz, DMSO-d6, 25 °C)

’Natural Schizocommunin] |

0 u s s 1 Pt e e

() (2)
. H (E) (%) (By z 7
o @) E z ) @
2620 ) E) & 5@ @ EXE)
(e} '

8.5 8.0 7.5 7.0 ppm

L EDFER XY, schizocommunin (FIRIBEN - EEF B SN EAHIBALT =,
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ERET KD schizocommunin DEESTELLERK

1) RIBEN 7z schizocommunin DEEDBFETEFEEDIRE

A& TschizocommuninlZIZIBESN-#EiE 36 ZHIHEWNENHIBALI-1-0 . BEDBEBITEITS
ZEELT=, MESNE=ZEENMRARSML(H, °C, DEPT, 'H-'H COSY, HMQC, HMBC, NOE) *°/
SAFVAUR—ILEEZ L ENTEETHIENHLNTH -0 EFEID D/ VREBED B
H&17o1=(Figure 33),

Figure 33. Selected **C NMR Chemical Shifts, HMBC and NOE of Natural Schizocommunin 36

5160.8 ©150.4 H

HRMS (Ely m/z calcd for C;,H,,N;0, 289.0850, found 289.0815
IR: 3150, 3070, 1685, 1675 cm'L

Xk TIE 36 M*C NMRD L TMEIZH LT, 3-ChHY 150.4 ppm., 4-CH' 160.8 ppmIZ&iflah
EHRESN T S(Figure 33)'%, E-62b A B L1=HR84% 4-cinnnolinon 38 M 3-C& 4-CH'*C NMR
LIMEIEXS 2140 ppm. 170 ppmfHEIZEAIEN D=6 Cho DY IMERFBESN-KXAD
schizocommunin® > I MEELE R TEAL S (Figure 34), £1=.36 M 5-H (8.17 ppm)mMi> 4'-C
(160.8 ppm)~DHMBCHBEMNERBSN TS ERESN TIVS, BIZIE. 36 DIRAY 1680cm ™ {3k
[CERAIINTWAIEN L, TMEETIEAS VI LBEZEBL TV DA EERLRESND, LLEDT
—R3EHEICTERBRRLIFER. SUFLEED 2-methyl-4(3H)-quinazolinone 99 M 2-C (154.2
ppm)& 4-C (161.7 ppm)D*°C NMRD L IMENRE SN = HIEITHELIL TLSIEN AL M ER DT
(Figure 34),

Figure 34. Selected *C NMR Chemical Shifts of Compounds 38, E-62b and 99

51703 51402 Hisg7 O 1483 §164.2
o O|H o
4 // \\\ 41 E) NQ#;
k NH NH
. 4
N @\ § 161.7
38 E-62b 80 (150 MHz, DMSO-d6, 25 °C)

F1=. K Dschizocommnunin(isatin 100 4dtryptanthrin 101 & L3 (B BESNL TLVS(Figure
35)16o

Figure 35. Structure of the Indole Derivatives Isolated from Schizophyllum commune™®

O
OH H(Z) O o
CLd o O 8-
N
N/’N 4 H N
36

100 101

Proposed Structure of
Schizocommunin
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LLE®# R . #H L L schizocommunin @ # & &L T, Figure 36 IZRLI=&D5%
2-((2’-Oxoindolin-3'-ylidene)methyl)quinazolin-4(3H)-one 104 12 ZE 1=, 104 (XEE&11L &H*TH
BN, EDEFHI—FEARIPLT—ENBMESNTIVGEN 0, BT S EELT=.

Figure 36. Proposed a New Quinazolinone Structure 104 for Schizocommunin

(E) or(2)

2) Schizocommunin STIEfEE D2 A K

LS YDA FIL—(Scheme 38)*%45E(Z, HERGED 2-methyl-4(3H)-quinazolinone 99 &
isatin 100 ZEfEEh TRIGSE =& 5, single diastereomerCBE DA 104 NESTF=(ULER
93%; Scheme 39),

Scheme 38*

NH
(@]
N\\( i ACOH (1 M) N |
N + o 4 S H
SAr N reflux, 3 h N\Ar
H 68% 8
Ar: s )-coome
Scheme 39
‘/—\ NOE
N H
2 %)
ACOH (1 M) N
o 5
reflux. 3.5 h NHO H

93% 7-104

XIRHEREEMITOFER. 104 (XFigure 37 [TSRULF@Y. 3-NHEXFV Y /U BHEERL. AL IV
DM EMILZIR(Z-104)THAHZENBALMN STz, 2. Z-104 [ZEWNT, FFV /oD 3-NHE
FTEUAVR—ILDAIILRZIEBER DB DD FRAKERZS(1.81 A)DEFEELXIRIE REEETICELY
BAlSNTz, BIZ. Z-104 DEZILTAR(8-H)EAF AU R—ILD 4-HEDFEIZNOEF BN ER RIS
nr=,
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Figure 37. X-ray Crystallographic Analysis of Z-104

hydrogen-ponding
interaction

BENT=Z-104 ERADschizocommunin®®* ONMRFv—hrELLE LT, BAFLIEBYIZELY
—H¥%&RL7= (Figures 38, 39 and Table 8),

Figure 38. 'H NMR Spectrum of Natural Schizocommunin® and Synthetic Z-104 (*H NMR: 600
MHz, DMSO-d6, 25 °C)

Natural Schizocommunin

NOE
4-H; 57.94
8"-H; (_\‘H &

5758 H

5

Synthetic Schizocommunin Z-104

g
sg17 H
6 , 7'
HMBC 5 ro, g o 5

8.0 7.5 7.0 ppMm

Figure 39. *C NMR Spectrum of Natural Schizocommunin® and Synthetic Z-104 (**C NMR:
150 MHz, DMSO-d6, 25 °C)
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Table 8. *H NMR (600 MHz, DMSO-d6, 25 °C), **C NMR Data (150 MHz, DMSO-d6, 25 °C), IR

and Melting Point for Natural Schizocommunin? and Synthetic Z-104

natural schizocommunin

compound Z-104 (synthetic)

position | 5¢ 3H e OH
1-NH - 11.49, br - 11.49, br
2 168.8 - 168.8 -
3 134.3 - 134.3 -
3a 123.3 - 123.2 -
4 121.9 7.94,d (7.7 121.9 7.95,d (7.3)
5 122.6  7.10,dd (7:7,7.7) | 1226  7.09,dd (8:3, 7.3)
6 131.6  7.36,dd (7.7,7.7) | 1316 7.37,dd (8.3, 7.3)
7 110.6 6.93,d (7.7) 1105 6.94,d (7.3
7a 141.6 - 141.6 -
8 130.0 7.58,s 130.0 7.58,s
2 150.4 - 150.4 -
3-NH - 14.40, br - 14.40, br
4 160.8 - 160.7 -
4a 121.5 - 121.5 -
5 126.0 817, d (7.3 126.0 819, d (7.3)
6 128.0 7.60,dd (7.7,7.3) | 127.9 7.6, dd (73, 7.3
7 134.7 7.88,dd (7.7,7.7) | 1347  7.89, ddéss 7.3)
8 128.0 7.79,d (7.7) 128.0 7.80,d (8.3
g8a 148.9 - 148.9
IR (Cm'l)

meIting point
naturalll 271-273°C (from CHCI3/MeOH)

Synthetic 298-300 °C (from acetone,

natural[] 3150, 3070, 1685, 1675 (ifti%: KBy
synthetic! 3187, 3057, 1647, 1636 (ATR%)

L EDFER XY, schizocommunin (FEFLARELI=FFV /U BHRD Z-104 THAHZELFIBALT=,
Schizocommunin [FEIENDOEINERTELONAZEMND, EYEEEHEIZHE (Tt EMDIREMN

BSITHoT=,
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£ &1 Schizocommunin & DEFEEARDILAFBIRMEDREITICDOULNT
Bracheris (& 3-(pyridin-2-ylmethylene)indolin-2-ones 105 [ZHEWVT, AF AU R—ILDAILKR=
IWEBRLEUCUERDEXFEFRDORFENELIOIC ERNBENICHEONLIEREL TS

(Scheme 40)*,

Scheme 40

J elestrestatie
g fepulsien
¢l

SERIEMLIZD /) ZToFFIAUR—)LEEEIK 61, 62D, 83, 84, 85 LREIKICAHILRZILEERE
DU/ UDERODFAFEFROREICLIYEARNBEMIZEONIZ3DEEZLNS, Z-62bDA
— BT —DHFEFFEREEFHORFEICLDEEGEENEL-HEEZ LN, FERELTZ-62bIF
RRFE LY DMSOF TE-62bIZE ML LI-E D LHEEEN S (Figure 40), 61, 62b, 83, 84, 85 M
&R BIAMEMIADDFTE H (spartan; B3LYP 6-31 G*)IZ&Y ., WFMEEARDIFSINRETHof=&L
SHERLEREREREF TS, A—FARZ-94bDEFAVRIERIEIZKYE-62b A FO NI FERIL, B3
RERBIZZ-620 MBHE-620 ~NERMALLI=T= EHEEEN B (Scheme 37), . 'H NMRIZEL
T.E-620DAFLAUR—ILD 46D T O (8.67 ppm)DMERIS S IFLE=DIFS U /) /D DESE
BRFOBRERFIODIEERIRICEDBDEEZ LN S (Figure 40),

Figure 40. Selective Formation of the E Isomer E-62b Due to Electrostatic Repulsion

deshielding electrostatic H
effect . NH repulsion N

(0] H
: Je
W =

N
H electrostatic
rEpU|S|On (Z)'sz

(e

N~
H

deshielding

effect (E)-62b

—7% . Tangis 1 3-((1H-pyrrol-2-yl)methylene)indolin-2-one 106a (R=H)IZHEWLT, ¥/ F—
ILDC-2 WILARZIIVEEREED—ILN-HEDB DB FRKFRHEEICKY. ZHhZ-106ar B XL THEDS
NBDIZH L, N-LIZAFILEDNTFET S 106b (R=Me)IZHE WL TIE, EA—ILN-1' LD AFILE LA F
VAVR— LB EDHILKRZIVEEREDILIARFEIZEY ., EIAE-106b B L TEONSEHREL T
%(Scheme 41)3%®,
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Scheme 41

~ R=Me
REH
H hydf8gBn-beRding
iRter astien
E-106b Z:106a  (R=H)

FFVIUBKRDZ-104£EO—)LERFRIZET TV /D 3-NH EAFUAUR—ILDAHILRZJLES
FLEOBIZHFRKFFEENBE, Z BN EBENICEONEEZ SN S(Figure 41),

Figure 41. Rationale for the Z-isomer in the Case of Compound Z-104 Due to Intramolecular
Hydrogen Bonding Interaction

H hydrogen-ponding
Z-104 interaction
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BT -FE/\E-

FE/\E1 Schizocommunin L VZDFEEER DM EMHEAERICDOULNT

&L= schizocommunin QMRS MEHEEHEREZITo-ECA, Hela(EMNFEFENAMAR) IZXL

T, MRS ERTOENALNELSIEND, SHERD ABPM ORI ER DARBRIZHRFLI=L,
MM RE T oG R % Table 9 [T7RLT=,

Table 9. The Antiproliferative Activity of Compounds E-61, E-62b, E-83, E-84, Z-94b, Z-95 and
Z-104 Against HelLa Cells

H

N %)
SRS
[ :[ NH
o H

Z-104
(Synthetic Schizocommunin)

O H
L)
LN
H N~ (o] \
Z-95 Ac AC
IC M
ompounds 50 (MM
compound against HelLa
Z-104 15.2
(swnhencschaoconwnunm)
E-61 7.8
E-62b >100
E-83 28.8
E-84 19.6
Z-94b 5.2
Z-95 21.3
SAHA" 2.6-17.0
Cisplatin 6.1-28.0

* SAHA: Suberoylanilide Hydroxamic Acid
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INE

EBICHBLE-ERRT. U TO=ZRICEHNTES,
1) Ortho-directed formylation [Zd&% 4-chlorocinnoline-3-carboxaldehyde M &L (5 — &)

Scheme 42 ci ci
1) LTMP (2.4 &q), THE, -78 °C, 2 h cHO
AN > X
|\ 2)oME @26eq),-78%, 2h LN
Ll 2 M HE iR ether, -78°¢ 5 N
81%

BX%11E &% 4-chlorocinnoline 81 ® ortho-directed formylation [Z&Y B #I® 4-chlorocinnoline-
3-carboxaldehyde 59 #5E TREMN DHINFETERT S EITREIILI=(Scheme 42),

2) 3-((Cinnolin-3'-yl)methylene)indolin-2-one FEBADEEREL schizocommunin {ZIBHEED

&/ EBEZ.=. M, 1ZE)
Scheme 43
Cl

(@] H [0)
(E)
O ‘\I ~ NH —=———
. \
N o
H proposed structure of
E-62b Z-62b

schizocommunin

3-((Cinnolin-3'-yl)methylene)indolin-2-one FFE&FZ & L . NOE EERA® X R RIBERFTIZKY.
ENEDAL TV DILFILZERE LT=, Ff-. RIBEN = schizocommunin D#EiE&Z D EMA R
AKEEBLIZLOD. WTFHRDRRIMLT—2ERIAD schizocommunin DF—RE—BLAENIE
H¥[BALT=(Scheme 43),

3) Schizocommunin D& ET E & LIRZEL = schizocommunin D& B (EE 7<)
Scheme 44

2 T (%)
N N @
ACOH (1 M
N : NH H
N reflux, 3.5 h o
99 100 Z-104

0,
93% revised structure of

Schizocommunin
|ESINTZRIAD schizocommunin DARIMLT—2EFBEFTL. FHLLY schizocommunin D&
i &L T, 2-((2-Oxoindolin-3'-ylidene)methyl)quinazolin-4(3H)-one 104 Z12%EL1=, 104 Z& /L.
X iR RBERTICEY . TOBEEEESIE =, RAYD schizocommunin D ANIRLT—REL
BLI-&CH, RLW—8%ERLT=, Schizocommunin [ZEIRENOENRETEONDIEND, £EWE
HICAIF L DR B HITHE>T=(Scheme 44),
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N
1 LT

EEE. w1907 H93—%FFALE=FREL tetramethylzirconium D EFRE BUEZ SHMIRETL.
UTIZRT BRREF/. (B—F)

BICRRELRZIMe,DEEEZHILL, 740U TI3—IZHET5ZMe, DFREBEEDRAFKIC
BUILT=, BIZYA 90T HORA—THRELIZZIMe, EN-AF LI FILT IR HIAR VAT T UFEK
EDFRIGIZEY EEREATLA——ELTHERINSTFSFAN-AFILIFILTIF)D /L=
DLRAL IV EGMEDTLA—Y—ELTELFIASN TS D LI/ 2V DAFIILFERDERL
[TRZALT=,

L =100, 200 cm
THF >—] M-0 ¢ = 1000 um (¢ = 1000 pmy
2.4 mL/min
ro hl\ﬁléeLEher) >— L =200, 400 cm
0.8 mL/min (6 = 1000 um)
0.1 M (THF/TOI.) L
re
2 ozriﬁl/%m ] \ 2’ I
' - > _/N- 4 N\ or
SN or ¢ = 250 Or 500 um _N
64 D 65
O [ vmorrc | e o oz,
or
68 74 Qutlet solution

F1-. schizocommunin D£&BZBHELTHEEITL., ULTISRI BREEZSE. (B2E)
Cl

w _ snp  Ster 3oy T
X (4)
\ + TEA N \() DMSO NrTOWH X O NS
NNH —C 17X NH 7 Nj\, ‘: ! _— ‘N"N l
mo N H O N o 36 o
N E-62b
a1

59
E-61 O 7-62b Proposed Structure of

Schizocommunin
3-((Cinnolin-3'-yl)methylene)indolin-2-one FFEFZ &KL . NOE EERA® X {RFERIBERFITIZKY.
FNODFAL T4 DILIKRIEFEERE L=, £f=. schizocommunin DIZIEEELFDHEMEMAES
BLE=EDD . WTFHDARIMLT—EEEKIRD schizocommunin DF—2E—BLAEWNWZEFBD
MzLt=,

7 i (4)
N N @)
ACOH (1 M
ST, o (L M) SN
NH N reflux. 3.5 h NH H
H ' o
99 100 Z-104

0,
93% revised structure of
schizocommunin

H|ESNFKIAD schizocommunin DARTLT—E2EFHEHTL. FLLY schizocommunin D1
#EEL T, 2-((2’-Oxoindolin-3'-ylidene)methyl)quinazolin-4(3H)-one 104 iR EL 1=, Z104 & RL.
X fRIERBERTICEYZTORBEEEESE . KAYD schizocommunin DARIMLT—RERLY
—HE R LEHELNICL
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General. All reactions involving air or moisture sensitive reagents or intermediates were
performed under an inert atmosphere of argon or nitrogen in glassware. All reagents were
purchased from Aldrich, Wako Chemicals and Kanto Chemical. N-Methylethylamine and
tetrakis(N-methylethylamido)zirconium were kindly offered from Koei Chemical Co., Ltd Japan.
Unless otherwise noted, solvents and reagents were reagent grade and used without purification.
DMF and Et3N were distilled from CaH,. Other anhydrous solvents (THF and toluene) were used
as received from Kanto Chemical. Reactions were monitored by thin-layer chromatography
carried out on 0.25 mm Merck silicagel plates (60F-254). Column chromatography was performed
with silica gel (Fuji Silysia, PSQ-60B) or DIOL-silica (Fuji Silysia, MB100-40/75). Melting points
were determined on a Yanagimoto micro melting point apparatus. GC analyses were carried out
on a Shimadzu GC-2010 gas chromatograph spectrometer equipped with a DB-1 column (L 30 m,
i.d. 0.25 mm, 0.25 pym film thickness), and auto-sampler AOC-20i (Shimadzu, Kyoto, Japan). Data
were collected by the GC Solution software (Shimadzu). The oven temperature was kept at 60 °C
for 5 min, then increased to 250 °C at 10.0 °C/min. The GC-2010 was equipped with a
split/splitless injector (200 °C); injection volume, 1.0 yL, in split mode (100:1); inlet pressure, 100
kPa; carrier gas, He; constant linear velocity, 27.4 cm/s; detector temperature, 280 °C. Infrared
(IR) spectra were recorded on SHIMADZU IRAffinity-1. *H NMR spectra were taken on 400 or
600 MHz instruments (JEOL JNM-ECS 400, JEOL JNM-ECA 600) in the indicated solvent at rt
unless otherwise stated. **C NMR spectra were taken on 100 or 150 MHz in the indicated solvent.
Chemical shifts are reported in parts per million (ppm) downfield from (CH3)4Si (TMS). Coupling
constants are reported in hertz (Hz). Air or moisture sensitive NMR samples were prepared under
nitrogen in a glove box (DBO-1.5KP, Miwa Mfg Co. Ltd.) with less than 1 ppm water and oxygen.
Mass spectra were measured by JEOL, the AccuTOFLC-plus JMS-T100LP for HRMS. X-ray
crystallographic analyses were performed on a BRUKER SMART APEX Il and Rigaku VariMax
with RAPID system. Stainless steel T-shaped micromixers having inner diameter of 250 um were
purchased from Sanko Seiki Co., Inc, Japan. T-shaped micromixers having inner diameter of 500
pm (U-428 SUS-T) and microtube reactors (SUS316 tube, inner diameter 1000 ym) were
purchased from GL Sciences. The micromixers and microtube reactors were connected with
stainless steel fittings (GL Sciences, 1/16 OUW). The micro-flow system was immersed in a water
bath to control the temperature. A syringe pump (Harvard Model 11), equipped with gas-tight

syringes purchased from SGE, was used to introduce the solution to the micro-flow system.
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Experimental Section of Chapter 1
Quantitative determination of 2,4,6-trimethylacetophenone (34), 2-mesityl-2-propanol (35)
and 1,3,5-trimethyl-2-(prop-1-en-2-yl)benzene (63) by gas chromatography (GC)

O HO j
phenanthrene
34 35 63

(internal standard)

1. Calibration

A relative response factors (RRF) between 2,4,6-trimethylacetophenone (34) /
2-mesityl-2-propanol (35) / 1,3,5-trimethyl-2-(prop-1-en-2-yl)benzene (63) and phenanthrene
(internal standard) were determined by the following calibration curve.

Calibration Curve: quantity ratio vs Area ratio

Compound 34
10

E 08 y2=1.3256x
3 R? = 0.9999 /
= 06
g 04
2 00
00 02 04 0.6

area ratio (A34/Ais)

As4; GC area of 34, Ais; GC area of internal standard (phenanthrene), Ms,4; quantity of 34, Mis;
guantity of internal standard (phenanthrene).
RFF (34) = 1.3256

Calibration Curve: quantity ratio vs Area ratio

Compound 35

10 vy = 1.3635x
o R’ = 09994 /
/

02 /

00

quantity ratio (M35/Mis)

00 0.1 02 03 04 05 06 07 08

area ratio (A35/Ais)

Ass; GC area of 35, Ais; GC area of internal standard (phenanthrene), Mss; quantity of 35, Mis;
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guantity of internal standard (phenanthrene).
RFF (35) = 1.3635

Calibration Curve: quantity ratio vs Area ratio

Compound 63

0.8

o
s y = 1.1503x A
g % R? = 1
E = /
o 04
2
g
2> 02
=]
C
©
S 00
00 02 04 06 08

area ratio (A63/Ais)

Asg3; GC area of 63, Ais; GC area of internal standard (phenanthrene), Mg3; quantity of 63, Mis;
guantity of internal standard (phenanthrene).
RFF (63) = 1.1503

2. Determination of Yield

A peak of phenanthrene was not overlapped with other peaks under our GC conditions.
Procedure

29.8 mg of phenanthrene was dissolved with the resulting organic solution (0.2 mmol scale of
ZrCl,) and the mixture was analyzed by GC at 3 times. Quantity of 34 (Qs4), 35 (Q3s) and 63
(Qs3) Were calculated using the following equation;

Q34=1.3256 x Qis(29.8) x Az4 / Ais

Q3s5= 1.3635 x Qis(29.8) x Aszs / Ais

Qe3= 1.1503 x Qis(29.8) x Agz / Ais

Qss, Q35 and Qes; Quantity of 34, 35 and 63 (mg)

Ass, Ass and Agz; GC area of 34, 35 and 63 (uVsec)

Qis; quantity of internal standard (phenanthrene) (29.8 mg)

Ais; GC area of internal standard (phenanthrene) (uVsec).

Results of calculation

Quantity (mg)
" 34 35 63
1 11.31 21.02 1.58
2 11.37 21.04 1.62
3 11.36 21.05 161
average 11.35 21.04 1.60

The calculation showed 11.35 mg (35% yield) of 34, 21.04 mg (59% vyield) of 35 and 1.60 mg (5%
yield) of 63 were contained in the resulting organic solution, respectively. Other GC yields were

determined in same method.
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Reaction of tetramethylzirconium (24) with 2,4,6-trimethylacetophenone (34) (Table 2, Run

1; batch reaction)
) HO

35

A suspension of 117 mg of ZrCl, (0.5 mmol) in 3 mL of ether was treated with 2.0 mL of 1.0 M
MeLi (2 mmol) in ether for 10 min at -78 °C. The suspension was warmed to -30 °C and stirred for
2 h at the same temperature. A solution of 0.2 M of 34 in ether (2.5 mL; 0.5 mmol) was added to
the resulting suspension of LiCl and 24, and the mixture was stirred for 2 h at -20 °C. After the
reaction was quenched with NH4Cl aqg, the mixture was extracted with AcOEt (5 mLx3).
Combined organic layers were washed with brine. The resulting organic solution was analyzed by
GC. The products were identical to authentic material. The yield was determined by GC with
phenanthrene as an internal standard. GC analysis of the reaction mixture indicated that

2-mesityl-2-propanol 35 was formed in 74% yield.

Reaction of 2,4,6-trimethylacetophenone (34) with MeLi followed by quenching with MeOD

(Table 3, Run 1)

. O
1) 1.0 M MeLi/ether (0.1 eq) D

THF, -20°C, 2 h

2) MeOD (1.0 eq)
-20 °C, 5 min
34 34-D

A solution of 2,4,6-trimethylacetophenone 34 (162 mg, 1.0 mmol) in anhydrous THF (1 mL) was
treated with 1.0 M of MeLi (0.1 mL, 0.1 mmol) in ether at -20 °C. The mixture was stirred for 2 h at
-20 °C. After the reaction was quenched with 1.0 M of MeOD in THF (1 mL, 1.0 mmol) for 5 min at
-20 °C, NH,CI aq was added. The mixture was extracted with AcOEt (1 mLx3) and the combined
organic layers were washed with brine and concentrated under reduced pressure. A 'H NMR
study of 34-D showed that the incorporation of deuterium at the acetyl group (5 2.45; 400 MHz,
CDCl3, 25 °C) was 10%.

Reaction of tetramethylzirconium (24) with 2,4,6-trimethylacetophenone (34) (Table 4, Run

4; sequential flow and batch reaction)

L=200cm
(¢ = 1000 pmy

M-0 ¢ = 1000 um

THF
24mumin P

1.0 M (ether) >—
MeLi
0.8 mL/min

0.1 M (THF/Tol.
2.0 mL/min water bath
T=25°C
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Two micromixers (M-0 and M-1) and a microtube reactor (R-1) connected by a stainless steel
tube with stainless steel fittings were immersed in a water bath (25 °C). A solution of 1.0 M of
MeLi in ether (flow rate: 0.8 mL min, 0.8 mmol min™) was diluted with THF (flow rate: 2.4 mL
min™®) by introduction to M-0 (¢ = 1000 pym) at 20 °C using syringe pumps to prevent clogging of
the flow system. The resulting solution of 0.25 M MeLi in ether-THF and a solution of 0.1 M of
ZrCl, in THF-toluene (11:1, flow rate: 2.0 mL min™, 0.2 mmol min™) were introduced to M-1 (¢=
500 um) at 25 °C using syringe pumps. After the resulting solution was passed through R-1 (¢ =
1000 pum, length = 200 cm, residence time = 18.1 sec), the reaction mixture was added to 0.2 M of
34 in THF (1.0 mL; 0.2 mmol) for 1 min (5.2 mL, which contains 0.2 mmol of 24) at -20 °C and
stirred for 12 h at -20 °C and then for 2 h at 25 °C. After the reaction was quenched with NH,Cl aq,
the mixture was extracted with AcOEt (2 mLx3). Combined organic layers were washed with brine.
The resulting organic solution was analyzed by GC. The products were identical to authentic
material. The yield was determined by GC with phenanthrene as an internal standard. GC
analysis of the reaction mixture indicated that 35 was formed in 59% yield with recovered 34
(35%) and dehydrated 63 (5%).

Reaction of tetramethylzirconium (24) with 2,4,6-trimethylacetophenone (34) (scale-up
condition and deuterium incorporation experiment)

Two micromixers (M-0 and M-1) and a microtube reactor (R-1) connected by a stainless steel
tube with stainless steel fittings were immersed in a water bath (25 °C). A solution of 1.0 M MeLi in
ether (flow rate: 0.8 mL min, 0.8 mmol min™) was diluted with THF (flow rate: 2.4 mL min™) by
introduction to M-0 (¢ = 1000 ym) at 25 °C using syringe pumps to prevent clogging of the flow
system. The resulting solution of 0.25 M of MeLi in ether-THF and a solution of 0.1 M of ZrCl, in
THF-toluene (11:1, flow rate: 2.0 mL min™, 0.2 mmol min™®) were introduced to M-1 (¢ = 500 um)
at 25 °C using syringe pumps. After the resulting solution was passed through R-1 (¢ = 1000 pm,
length = 200 cm, residence time = 18.1 sec), the reaction mixture was added to 0.2 M of 34 in
THF (4.5 mL; 0.9 mmol) for 4.5 min (23.4 mL volume, which contains 0.9 mmol of 24) at -20 °C
and stirred for 12 h at -20 °C and then for 2 h at 25 °C. After the reaction was quenched with
MeOD for 5 min at -20 °C, NH4Cl aq was added. The mixture was extracted with AcOEt (10
mLx3) and the combined organic layers were washed with brine and concentrated under reduced
pressure. The residue was chromatographed on silica gel using a mixture of ACOEt and hexane
(1:10) as the solvent to give the desired product 35 as a white solid (87.3 mg, 0.48 mmol, 53%)
with recovered 34 as a colorless oil (45.3 mg, 0.28 mmol, 31%). ‘H NMR data for
2-mesityl-2-propanol 35, but not the *C NMR results, were identical to those reported in the
literature.*® While the second carbon position was observed at 75.83 ppm in our case, the
corresponding carbon was reported to be at 56.09 ppm in ref 46. Further NMR experiments that
included DEPT, HMQC and HMBC methods clearly showed that our product had the structure
shown as compound 35. In addition, in the **C NMR spectrum of 2-phenyl-2-propanol, the second
position has been reported to be at 72.46 ppm.*’

Mp. 110-112 °C. *H NMR (400 MHz, CDCl5) &: 1.65 (s, 1H), 1.71 (s, 6H), 2.22 (s, 3H), 2.50 (s, 6H),
6.82 (s, 2H), *C NMR (100 MHz, CDCl3) &: 20.3, 25.0, 31.8, 75.8, 131.9, 135.4, 135.8, 142.4.
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Quantitative determination of tetrakis(N-methylethylamido)zirconium (65) by NMR

mesitylene
65 (internal standard)

1. Calibration

A relative response factor (RRF) between tetrakis(N-methylethylamido)zirconium (65) and
mesitylene (internal standard) was determined by the following calibration curve.

Calibration Curve: quantity ratio vs Area ratio

TMEAZ 65
5 3.0
g 95 y = 1.8238x A
1o R = 0.9998
215
)
©
g 0.5 e
© 00
0.0 0.5 1.0 15 20
area ratio (A65/Ais)

Ass; NMR area of 65 (6 2.15, N-CH3, 12H), Ais; NMR area of internal standard (mesitylene; & 2.08,
CHj3, 9H), Mgs; quantity of 65, Mis; quantity of internal standard (mesitylene).
RFF (65) = 1.8238

2. Determination of Yield

A peak of mesitylene was not overlapped with other peaks under our NMR conditions.

'H-NMR conditions: 400 MHz, CeDg, 25 °C

65: 6 2.15 (N-CH3, 12H)

Mesitylene: 6 2.08 (CH3, 9H)

Procedure

15.5 mg of mesitylene was dissolved with the filtrate (CsDg solution; 0.2 mmol scale of ZrCl,) and
the mixture was analyzed by NMR at 3 times. Quantity of 65 (Qes) was calculated using the
following equation;

Qes= 1.8238 x Qis(15.5) x Ags / Ais

Qes; Quantity of 65 (mg)

Ass; NMR area of 65 (value of integral)

Qis; quantity of internal standard (mesitylene) (mg)

Ais; NMR area of internal standard (mesitylene) (value of integral).
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Results of calculation

n Quantity of 65 (mQ)

1 49.23

2 49.20

3 49.15
average 49.19

The calculation showed 49.19 mg (76% vyield) of 65 was contained in the filtrate. Other NMR
yields were determined in same method.

Reaction of tetramethylzirconium (24) with N-methylethylamine (64) (Table 5, Run 6; flow

reaction)

SN L
\ N

. H -
4 MeLi 64 (
ZCl,— > ZIMe,— " 5 N-Zr-
V2N
24 P
7 65
L=100cm
THE M-0 ¢ = 1000 pm (¢ = 1000 umy
2.4mimin B T
1.0 M (ether) L =200cm
MeLi 2rMe, 4 = 1000 umy
0.8 mL/min 24
rR2/
0.1 MéTHF/TOI.) LN/
rCl -
20mUmin > M-2 rm—’ N-Zr-N
¢ =500 ym — N D
~ N/\
H ea D T 65
water bath T =35 °C )
0.35 M (TOl/THF) Outlet solution
2.4 mL/min

Three micromixers (M-0, M-1 and M-2) and two microtube reactors (R-1 and R-2) connected by a
stainless steel tube with stainless steel fittings were immersed in a water bath (35 °C). A solution
of 1.0 M MeLi in ether (flow rate: 0.8 mL min™, 0.8 mmol min™) was diluted with THF (flow rate:
2.4 mL min™") by introduction to M-0 (¢ = 1000 um) at 35 °C using syringe pumps to prevent
clogging of the flow system. The resulting solution of 0.25 M of MeLi in ether-THF and a solution
of 0.1 M of ZrCl, in toluene-THF (1:11, flow rate: 2.0 mL min, 0.2 mmol min'l) were introduced to
M-1 (¢ =500 pym) at 35 °C using syringe pumps. The resulting solution was passed through R-1
(¢ = 1000 pm, length = 100 cm, residence time = 9.1 sec) and introduced to M-2 (¢ = 500 pm),
where the solution was mixed with 0.35 M of 64 in THF (flow rate: 2.4 mL min™, 0.84 mmol min™).
The resulting solution was passed through R-2 (¢ = 1000 ym, length = 200 cm, residence time =
12.4 sec). After a steady state flow was reached, the outlet solution was collected in a flask (1
min; 7.6 mL, which contains 0.2 mmol of 24). The solvent was evaporated under reduced
pressure. The residue was treated with 2 mL of C¢Dg and then the suspension was filtered under
nitrogen atmosphere in a glove box (DBO-1.5KP, Miwa Mfg Co. Ltd.). The yield was determined
by 'H NMR with mesitylene as an internal standard. NMR analysis of the reaction mixture
indicated that tetrakis(N-methylethylamido)zirconium 65* was formed in 76% vyield. *H NMR (400
MHz, CeDg) 8: 1.16 (t, J = 6.8 Hz, 12H), 2.15 (s, 12H), 3.24 (q, J = 6.8 Hz, 8H), *C NMR (100
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MHz, C¢Ds) 5: 16.0, 25.5, 68.2.

Reaction of tetramethylzirconium (24) with N-methylethylamine (64) (Table 5, Run 7; batch
reaction)

A suspension of 593 mg of ZrCl, (2.5 mmol) in 15 mL of ether was treated with 10.0 mL of 1.0 M
MeLi (10 mmol) in ether for 10 min at -78 °C. The suspension was warmed to -30 °C and stirred
for 2 h at same temperature. To the resulting suspension cooled to -78 °C was added a solution of
6.3 M of 64 in toluene (1.6 mL, 10 mmol), and the resulting mixture was stirred for 2 h at -78 °C.
The solvent was evaporated under reduced pressure. The residue was treated with 10 mL of
CsDs and then the suspension was filtered under nitrogen atmosphere in a glove box
(DBO-1.5KP, Miwa Mfg Co. Ltd.). The yield was determined by *H NMR with mesitylene as an

internal standard. NMR analysis of the reaction mixture indicated that 65 was formed in 66%
yield.

Quantitative determination of bis-indenylzirconium dimethyl (67) by NMR

@Q Me
r/
<I> mesitylene

. . 67 internal standard
1. Calibration ( )

A relative response factor (RRF) between bis-indenylzirconium dimethyl (67) and mesitylene
(internal standard) was determined by the following calibration curve.

Calibration Curve: quantity ratio vs Area ratio

(Ind)2ZrMe2 67

729‘ 2(5) y = 3.8673x
S R = 0.9991 "
2 2.0 —
o
® 15 //
210
c 0.5 /
100 Lo

0.0

0.0 0.2 04 0.6 0.8
area ratio (A67/Ais)

As7; NMR area of 67 (6 -0.78, Zr-CH3, 6H), Ais; NMR area of internal standard (mesitylene; & 2.08,
CHj3, 9H), Mg7; quantity of 67, Mis; quantity of internal standard (mesitylene).
RFF (67) = 3.8673
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2. Determination of Yield

A peak of mesitylene was not overlapped with other peaks under our NMR conditions.

'H-NMR: 400 MHz, C¢Ds, 25 °C

67:5-0.78 (Zr-CHs, 6H)

Mesitylene: 6 2.08 (CH3, 9H)

Procedure

21.7 mg of mesitylene was dissolved with the filtrate (CsDg solution; 0.2 mmol scale of ZrCl,) and
the mixture was analyzed by NMR at 3 times. Quantity of 67 (Qe7) was calculated using the
following equation;

Qe7= 3.8673 x Qis(21.7) x Ag7 | Ais

Qe7; Quantity of 67 (mg)

As7; NMR area of 67 (value of integral)

Qis; quantity of internal standard (mesitylene) (mg)

Ais; NMR area of internal standard (mesitylene) (value of integral).

Results of calculation

n Quantity of 67 (mg)

1 42.87

2 42.85

3 42.97
average 42.90

The calculation showed 42.90 mg (61% vyield) of 67 was contained in the filtrate. Other NMR

yields were determined in same method.

Reaction of tetramethylzirconium (24) with indene (68) (Table 6, Run 5; flow reaction)

; indene
4 MeLi d68
24 67
- L =200 cm
THE | M-0¢ =1000 um | (4 = 1000 um)
2.4 mL/min
1.0M (ether) -
MeLi D= L =400 cm
0.8 mL/min (¢ = 1000 um)
0.1 MéTHF/TOI.)
Cly  p—
2.0 mL/min (Ind)ZZrMez
67
D> Outlet solution
68 water bath T =25 °C
0.91 M (THF)

Three micromixers (M-0, M-1 and M-2) and two microtube reactors (R-1 and R-2) connected by a
stainless steel tube with stainless steel fittings were immersed in a water bath (25 °C). A solution
of 1.0 M of MeLi in ether (flow rate: 0.8 mL min™*, 0.8 mmol min™) was diluted with THF (flow rate:
2.4 mL min™") by introduction to M-0 (¢ = 1000 um) at 25 °C using syringe pumps to prevent
clogging of the flow system. The resulting solution of 0.25 M of MeLi in ether-THF and a solution
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of 0.1 M ZrCl, in toluene-THF (1:11, flow rate: 2.0 mL min™, 0.2 mmol min™) were introduced to
M-1 (¢ =500 um) at 25 °C using syringe pumps. The resulting solution was passed through R-1 (¢
= 1000 ym, length = 200 cm, residence time = 18.1 sec) and introduced to M-2 (¢ = 250 pm),
where the solution was mixed with 0.91 M of 68 in THF (flow rate: 1.1 mL min%, 1.0 mmol min™).
The resulting solution was passed through R-2 (¢ = 1000 ym, length = 400 cm, residence time =
29.9 sec). After a steady state flow was reached, the outlet solution was collected in a flask (1 min,
6.3 mL, which contains 0.2 mmol of 24). The solvent was evaporated under reduced pressure.
The residue was treated with 2 mL of C¢Dg and then the suspension was filtered under nitrogen
atmosphere in a glove box (DBO-1.5KP, Miwa Mfg Co. Ltd.). The *H and *C NMR data of
bis-indenylzirconium dimethyl 67 were identical to those reported in the literature.®® The yield was
determined by *H NMR with mesitylene as an internal standard. NMR analysis of the reaction
mixture indicated that 67 was formed in 61% yield. *H NMR (400 MHz, C4¢Ds) &: -0.78 (s, 6H),
5.61 (dd, J = 3.4, 3.4 Hz, 2H), 5.79 (d, J = 3.4 Hz, 4H), 6.90 (m, 4H), 7.21 (m, 4H), **C NMR (100
MHz, C¢Dg) 8: 35.6, 99.9, 114.9, 124.1, 124.5, 125.0.

Reaction of tetramethylzirconium (24) with indene (68) (Table 6, Run 6; flow and batch
reaction)

After a solution of 24 was prepared using micro flow system under Table 6 Run 5 conditions, the
resulting solution was added to 0.91 M of 68 in THF (1.1 mL; 1.0 mmol) for 1 min (5.2 mL, which
contains 0.2 mmol of 24) at 25 °C and stirred for 1 h at 25 °C. The solvent was evaporated under
reduced pressure. The residue was treated with 2 mL of C¢Dg and then the suspension was
filtered under nitrogen atmosphere in a glove box (DBO-1.5KP, Miwa Mfg Co. Ltd.). The yield was
determined by *H NMR with mesitylene as an internal standard. NMR analysis of the reaction

mixture indicated that 67 was formed in 18% yield.

Reaction of tetramethylzirconium (24) with indene (68) (Table 6, Run 7; batch reaction)

A suspension of 233 mg of ZrCl, (1.0 mmol) in 6.0 mL of ether was treated with 4.0 mL of 1.0 M
MeLi (4 mmol) in ether for 10 min at -78 °C. The suspension was warmed to -30 °C and stirred for
2 h at the same temperature. 1.0 M of 68 in ether (5.0 mL; 5.0 mmol) was added to the resulting
suspension of LiCl and 24, and the mixture was stirred at 25 °C for 1 h in a glove box. The solvent
was evaporated under reduced pressure. The residue was treated with 10 mL of C¢Dg and then
the suspension was filtered under nitrogen atmosphere in a glove box (DBO-1.5KP, Miwa Mfg Co.
Ltd.). The yield was determined by *H NMR with mesitylene as an internal standard. NMR

analysis of the reaction mixture indicated that 67 was formed in 1% yield.

-58 -



E_RICHYHRBRIA

Experimental Section of Chapter 2

4-Chlorocinnoline-3-carboxaldehyde (24)

cl cl
1)LTMP (2.4 eqy, THF, -78°C, 2 h CHO
AN > A
|\, 2)DMF 26eq), -78°C, 2h | N
N~ n ether, -78°
o 2 M HCl in ether, -78°C o

81%

A solution of 2,2,6,6-tetramethylpiperidine 5.15 g (36 mmol) in anhydrous THF (76 mL) was
treated with 23 mL of 1.6 M n-butyllithium (36 mmol) in n-hexane for 15 min at -78 °C. The mixture
was warmed to 0 °C and stirred for 30 min at same temperature. A solution of 4-chlorocinnoline®
81 (2.50 g, 15 mmol) in anhydrous THF (76 mL) was added to the resulting solution of LTMP for
30 min at -78 °C, and the mixture was stirred for 2 h at -78 °C. DMF (2.8 mL, 36 mmol) was added
to the resulting solution at -78 °C and the mixture was stirred for 30 min at same temperature. The
reaction was then quenched with 2 M of HCI in ether (60 mL, 120 mmol) at -78 °C, and the
solution was gradually warmed to -10 °C. The water was added dropwise to the solution with
keeping the inner temperature between 0 and 5 °C. The resulting mixture was extracted with
AcOEt (100 mLx3) and the combined organic layers were washed with brine, dried and
evaporated under vacuum. The residue was purified by flash column chromatography on silica
gel using a mixture of AcOEt and n-hexane (1:4 to 1:2) as the solvent to give
4-chlorocinnoline-3-carboxaldehyde 59 (2.38 g, 12 mmol, 81%) as a yellow powder; Mp
190-192 °C, 'H NMR (CDCls, 400 MHz) &: 8.01 (dd, J = 8.0, 8.0 Hz, 1H), 8.10 (dd, J = 8.0, 8.0 Hz,
1H), 8.47 (d, J = 8.0 Hz, 1H), 8.70 (d, J = 8.0 Hz, 1H), 10.80 (s,1H); **C NMR (CDCl3, 100
MHz) &: 124.4, 124.9, 130.2, 133.0, 133.7, 136.9, 144.3, 150.7, 190.1; IR (neat) v: 2832, 1719,
1698, 1340, 766 cm™*; HRMS (EI) calcd for CoHsN,Cl [M]* 192.0090, found 192.0082.

(E)-3-((4'-Ch|orocinnoIin-3’-y|)methylene)indolin-2-one (E-61)

EtOH (0.1 M)

65h 96%

single diastreomer
To the mixture of 4-chlorocinnoline-3-carboxaldehyde 59 (19.2 mg, 0.1 mmol) and oxindole 41
(13.3 mg, 0.1 mmol) was added triethylamine (20.2 mg, 0.2 mmol) in ethanol (1.0 mL). The
solution was heated at 80 °C for 6.5 h. After cooling to rt, the precipitate was collected by filtration,
washed with n-hexane and dried to afford (E)-3-((4'-chlorocinnolin-3’-yl)methylene)indolin-2-one
E-61 (29.5 mg, 96%) as a orange powder; Mp 258-261 °C (acetonitrile), 'H NMR (DMSO-d6, 400
MHz) &: 6.93 (d, J = 7.6 Hz, 1H), 7.01 (dd, J = 7.6, 7.6 Hz, 1H), 7.31 (dd, J = 7.6, 7.6 H, 1H), 8.00
(dd, J =8.0, 8.0 Hz, 1H), 8.05 (dd, J = 8.0, 8.0 Hz, 1H), 8.26 (s, 1H), 8.37 (d, J = 8.0 Hz, 1H), 8.50
(d, J = 7.6 Hz, 1H), 8.63 (d, J = 8.0 Hz, 1H), 10.81 (br, 1H); **C NMR (DMSO-d6, 100 MHz) &:
110.5, 121.9, 122.7, 124.2, 125.5, 127.4, 127.9, 130.0, 132.0, 132.9, 133.0, 133.5, 143.9, 148.8,
149.2, 150.3, 170.8; IR (neat) v: 3146, 1718, 1615, 1461, 1325 cm™; HRMS (ESI) m/z calcd for
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C17H11CIN3O [M + H]" 308.0591, found 308.0592.

(E)-1-Acetyl-3-((4-chlorocinnolin-3-yl)methylene)indolin-2-one (E-83)

AC,0

100 °C, 12 h
62%

A mixture of E-61 (18.4 mg, 0.06 mmol) and 2 mL of Ac,O (21 mmol) were heated for 15 h at
100 °C. After cooling to rt, the reaction was quenched with water and extracted with 3 mL of
AcOEt (3 times). Combined organic extracts were washed with saturated aqueous Na,CO3; and
dried over anhydrous magnesium sulfate. The resulting solution was filtered and concentrated
under vacuum. The residue was purified by flash column chromatography on DIOL-silica gel
using a mixture of chloroform and methanol (40:1) as a solvent to give
(E)-1-acetyl-3-((4-chlorocinnolin-3-yl)methylene)indolin-2-one E-83 (13.0 mg, 0.037 mmol, 62%)
as an yellow powder; Mp 206 °C (AcOEt), *H NMR (600 MHz, DMSO-d6) &: 2.71 (s, 3H), 7.24 (dd,
J=7.3,8.3Hz, 1H), 7.49 (dd, J=7.3, 7.3 Hz 1H), 8.13 (dd, J = 8.3, 8.3 Hz, 1H), 8.17 (dd, J = 7.3,
8.3 Hz, 1H), 8.19 (s, 1H), 8.25 (d, J = 8.3 Hz, 1H), 8.37 (d, J = 8.3 Hz, 1H), 8.55 (d, J = 8.3 Hz,
1H), 8.68 (d, J = 8.3 Hz, 1H), **C NMR (150 MHz, DMSO-d6) &: 26.3, 115.5, 121.2, 123.4, 123.8,
1245, 126.2, 128.1, 129.4, 129.6, 131.5, 132.9, 133.6, 135.6, 141.1, 147.0, 149.5, 167.8, 170.2;
IR (neat) v: 1743, 1699, 1366, 1325, 1173 cm®; HRMS (ESI) m/z calcd for C1gH1,CIN3NaO; [M +
Na]" 372.0516, found 372.0517.

(E)-3-((4'-Methoxycinnolin-3'-yl)methylene)indolin-2-one (E-84)

MeONa (1.2 eq)

THF (0.025 M), It, 24 h
58%

A 28% solution of MeONa in MeOH (23.2 mg, 0.12 mmol) was added to a solution of E-61 (30.7
mg, 0.10 mmol) in THF (4 mL) at rt. The mixture was stirred for 24 h at rt. The resulting solution
was diluted with water (2 mL) and extracted with 5 mL of AcOEt (3 times). Combined organic
extracts were washed with brine and dried over anhydrous magnesium sulfate. The resulting
solution was filtered and concentrated under vacuum. The residue was purified by flash column
chromatography on DIOL-silica gel using a mixture of ACOEt and n-hexane (1:2) as a solvent to
give (E)-3-((4'-methoxycinnolin-3'-yl)methylene)indolin-2-one E-84 (17.7 mg, 0.058 mmol, 58%)
as an orange solid; Mp >300 °C (acetonitrile), "H NMR (600 MHz, DMSO-d6) &: 4.23 (s, 3H), 6.91
(d,J=7.3Hz 1H), 6.98 (dd, J = 7.3, 7.3 Hz, 1H), 7.32 (dd, J = 7.3, 7.3, 1H), 7.97 (dd, J = 7.3, 7.3
Hz, 1H), 8.02 (s, 1H), 8.07 (dd, J = 8.3, 7.3 Hz, 1H), 8.35 (d, J = 8.3 Hz, 1H), 8.55 (d, J = 7.3 Hz,
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1H), 8.59 (d, J = 8.3 Hz, 1H), 10.54 (br, 1H), 13.53 (br, 1H), *C NMR (150 MHz, DMSO-d6) &:
64.0, 109.8, 120.2, 121.3, 121.3, 121.9, 125.3, 126.8, 129.4, 129.8, 131.1, 131.5, 132.1, 143.2,
143.7, 151.1, 154.2, 168.9; IR (neat) v: 3065, 1705, 1609, 1462 cm*; HRMS (ESI) m/z calcd for
C1sHuN30, [M + H]* 304.1086, found 304.1076. HRMS (ESI) m/z calcd for C1gH1sN3O, [M +
H]* 304.1086, found 304.1076.

(E)-3-((2'-Oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-one (E-62b)
Cl H_ o O H_ o

DMSO (0-01 M)

120 °C, 11 h N~

99%

E-61 E-62b

A solution of E-61 (30.8 mg, 0.1 mmol) in DMSO (6 mL) was stirred for 11 h at 120 °C. The
reaction mixture was cooled to rt, diluted with AcOEt (200 mL), and then washed with water (60
mLx3). The organic layer was concentrated under vacuum to afford (E)-3-((2'-oxoindolin-3'-
ylidene)methyl)cinnolin-4(1H)-one E-62b (28.7 mg, 99%) as an orange powder; Mp >300 °C
(acetonitrile), '"H NMR (DMSO-d6, 400 MHz) &: 6.89 (d, J = 7.8 Hz, 1H), 7.00 (dd, J = 7.8, 7.8 Hz,
1H), 7.30 (dd, J = 7.8, 7.8 Hz, 1H), 7.54 (dd, J = 8.0, 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.88
(dd, J =8.0, 8.0 Hz, 1H), 8.02 (s, 1H), 8.17 (d, J = 8.0 Hz, 1H), 8.67 (d, J = 7.8 Hz, 1H), 10.64 (br,
1H), 14.27 (br, 1H); *C NMR (DMSO-d6, 100 MHz) &: 110.2, 118.0, 121.6, 122.2, 123.6, 125.2,
126.2, 126.7, 127.1, 127.8, 131.3, 134.8, 143.8, 141.1, 144.0, 169.8, 170.2; IR (neat) v: 3075,
1705, 1612, 1576, 1464 cm™; HRMS (ESI) m/z calcd for C;7H1;NsNaO, [M+Na]" 312.0749,
found 312.0742.

(E)-1-Acetyl-3-((1'-acetyl-2'-oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-one (E-85)

O H O O H_ o
' AC,0 :
—_—
100 °C, 24 h k‘
75% )\Q
o)

A mixture of E-62b (21.5 mg, 0.074 mmol) and 2.5 mL of Ac,O (26 mmol) were heated for 24 h at
100 °C. After cooling to rt, the reaction was quenched with water and extracted with 3 mL of
AcOEt (3 times). Combined organic extracts were washed with saturated aqueous Na,CO3; and
dried over anhydrous magnesium sulfate. The resulting solution was filtered and concentrated
under vacuum. The residue was purified by flash column chromatography on DIOL-silica gel
using a mixture of chloroform and methanol (40:1) as a solvent to give (E)-1-acetyl-3-((1'-acetyl-
2'-oxoindolin-3'-ylidene)methyl)cinnolin-4(1H)-one E-85 (25.7 mg, 0.069 mmol, 93%) as an
orange-brown powder; Mp >290 °C (AcOEt/n-hexane), *H NMR (600 MHz, DMSO-d6) &: 2.67 (s,
3H), 2.68 (s, 3H), 7.23 (dd, J = 7.3, 7.9 Hz, 1H), 7.47 (dd, J = 7.9, 7.9 Hz 1H), 7.68 (dd, J = 7.9,
7.9 Hz, 1H), 7.85 (s, 1H), 7.99 (dd, J = 7.3, 9.2 Hz, 1H), 8.22 (d, J =8.5 Hz, 1H), 8.25 (d,J = 7.9
Hz, 1H), 8.32 (d, J = 7.9 Hz, 1H), 8.89 (d, J = 8.5 Hz, 1H); *C NMR (150 MHz, DMSO-d6) &: 24.6,
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26.5, 115.9, 120.2, 121.0, 123.3, 124.5, 125.0, 125.1, 126.7, 127.4, 128.8, 131.5, 135.1, 139.1,
140.9, 143.0, 167.5, 170.3, 170.4, 174.0. HRMS (ESI) m/z calcd for C,;H1sNsNaO, [M+Na]’
396.0960, found 396.0948.

2-Methyl-3-nitroiodobenzene (S2)*
NH; 1y NaNOy, H,SO,2q I

C( 0°C. 1h
2yKlag, 0790 °C
NO ) q NO,

2
S1 Lh S2

94%

To a solution of 2-methyl-3-nitroaniline S1 (3.04 g, 20.0 mmol) in water (20 ml) was added a
solution of H,SO4 (4 mL) in water (20 mL). The mixture was cooled to 0 °C, and then a solution of
sodium nitrite (1.45 g, 21.0 mmol) in water (20 mL) was added dropwise. The mixture was stirred
for 1 h, and then a solution of potassium iodide (4.98 g, 30.0 mmol) in water (20 mL) was added
dropwise. The reaction was stirred for 1 h at 80 °C and then extracted with CH,Cl, (3 times).
Combined organic extracts were washed with saturated aqueous Na,S,0O3, dried with anhydrous
MgSO,, filtered and concentrated. The residue was purified by flash column chromatography on
silica gel using a mixture of ACOEt and n-hexane (1:8) as a solvent to give 2-methyl-3-nitro-iodo-
benzene S2 as a yellow solid (4.97 g, 18.9 mmol, 94%). *H NMR (400 MHz, CDCl3) §: 2.58 (s,
3H), 7.02 (dd, J = 7.9, 7.9 Hz, 1H), 7.70 (d, J = 7.9 Hz, 1H), 8.03 (d, J = 7.9 Hz, 1H); *C NMR
(100 MHz, CDCl3) &: 24.9, 103.4, 123.8, 127.8, 134.8, 142.9, 150.2.

2-(Bromomethyl)-1-iodo-3-nitrobenzene (S3) *®

I |
NBS, BPO (10m0|%)

-

NO, reflux, 40 h, CCl, NO,
s2 43% S3

Br

To an argon-charged three-necked flask were added 2-methyl-3-nitro-iodobenzene S2 (2.30 g,
8.75 mmol) and 50 mL of anhydrous CCl,. To this solution were added 1.68 g of NBS
(N-bromosuccinimide, 9.45 mmol) and 218 mg of BPO (benzoyl peroxide, 0.875 mmol). The
mixture was refluxed for 40 h and then cooled to rt. The succinimide was removed by filtration and
the filtrate was concentrated under vacuum. The residue was purified by flash column
chromatography on silica gel using a mixture of AcCOEt and n-hexane (1:9) as a solvent to give
2-(bromomethyl)-1-iodo-3-nitrobenzene S3 as a pale yellow solid (1.28 g, 3.74 mmol, 43%) along
with 1.02 g of S2 (3.88 mmol, 44%).; *H NMR (400 MHz, CDCl3) &: 4.88 (s, 2H), 7.18 (dd, J =
8.0, 8.0 Hz, 1H), 7.88 (dd, J = 0.8, 8.0 Hz, 1H), 8.14 (dd, J = 0.8, 8.0 Hz, 1H); *C NMR (100 MHz,
CDCl3) &: 33.2, 103.1, 125.2, 130.5, 134.0, 137.9, 144.66.
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2-(2-lodo-6-nitrophenyl)acetonitrile (S4) *

| |
NaCN (1.05 eq)

Br  DMSO/H,O (0.05 My CN
NO, r, 24 h NO,
s3 83% S4

2-(Bromomethyl)-1-iodo-3-nitrobenzene S3 (1.06 g, 3.09 mmol) was dissolved in DMSO (31 mL).
To this solution was added 0.1 M sodium cyanide solution (water, 31 mL, 3.24 mmol) and the
mixture was stirred at rt for 24 h. The reaction mixture was extracted with 31 mL of AcOEt (3
times). Combined organic extracts were washed with brine, dried with anhydrous MgSQ,, filtered
and concentrated under vacuum. The residue was purified by flash column chromatography on
silica gel using a mixture of AcOEt and n-hexane (1:5) as a solvent to give
2-(2-iodo-6-nitrophenyl)acetonitrile S4 as a white solid (740 mg, 2.57 mmol, 83%) along with 146
mg of S3 (14%); '"H NMR (400 MHz, CDCls) &: 4.26 (s, 2H), 7.19 (dd, J = 8.0, 8.0 Hz, 1H), 7.88
(dd, J = 0.8, 8.0 Hz, 1H), 8.14 (dd, J = 0.8, 8.0 Hz, 1H). HRMS (ESI) m/z calcd for
CisH10l2N4NaO, [2M+Na]" 598.8689, found 598.8663.

2-(2-lodo-6-nitrophenyl)acetic acid (S5) *
| |

6M H,S0,aq
CN - COOH
110 °C, 20 h
NO, <, NO,
s4 4% S5

2-(2-lodo-6-nitrophenyl)acetonitrile S4 (661 mg 2.30 mmol) was dissolved in 6 M H,SO,4 (23 mL).
The solution was heated at 110 °C for 20 h. After cooling to room temperature, the reaction
mixture was extracted with 10 mL of AcOEt (3 times). Combined organic extracts were washed
with brine, dried with anhydrous MgSOQ,, filtered and concentrated under vacuum. The residue
was purified by flash column chromatography on silica gel using a mixture of ACOEt and n-hexane
(1:3) as a solvent to give 2-(2-iodo-6-nitrophenyl)acetic acid S5 (524.5 mg; 1.71 mmol, 74%) as a
white solid along with 80.1 mg of S4 (12%); *H NMR (400 MHz, CDCl3) &: 4.26 (s, 2H), 7.19 (dd, J
= 8.4, 8.4 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H).

4-lodoxindole (38) *®

20% TiCl, aq (6 eq)

COOH > o
ACOH, H,0O N
NO, r, 3h
S5 J 87
86%

2-(2-lodo-6-nitrophenyl)acetic acid S5 (504 mg, 1.6 mmol) was dissolved in AcCOH/H,0 (16 mL,
3/1). To the solution was added 7.98 g of 20% TiCl; aq (10.3 mmol; 6.3 eq) and then the mixture
was stirred at rt for 3 h. The reaction was quenched with water and extracted with 20 mL of AcOEt
(3 times). Combined organic extracts were washed with brine, dried with anhydrous MgSO,,

filtered and concentrated under vacuum to afford a white solid. The solid was recrystallized with a
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mixture of AcOEt and n-hexane (1/1) to obtain pure 4-lodooxindole 87 (358.2 mg; 1.38 mmol,
86%) as a white crystal; "H NMR (400 MHz, CDCl5) 8: 3.43 (s, 2H), 6.86 (d, J = 8.0 Hz, 1H), 6.96
(dd, J = 8.0, 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 8.71 (br, 1H).HRMS (ESI) m/z calcd for
CisH1212N2NaO, [2M+Na]" 540.8886, found 540.8881.

3-((4-Chlorocinnolin-3-yl)(hydroxy)methyl)-4-iodoindolin-2-one (93)

cl |
- CHO TEA (1.0 eq)
| + o] -
NG N EtOH (0.1 M)
H reflux, 11.5 h
59 87 4%

To the mixture of 4-chlorocinnoline-3-carboxaldehyde 59 (38.5 mg, 0.2 mmol) and 4-lodooxindole
87 (51.8 mg, 0.2 mmol) was added triethylamine (20.2 mg, 0.2 mmol) in ethanol (2.0 mL). The
solution was heated at 80 °C for 11.5 h. After cooling to rt, the precipitate was collected by
filtration, washed with n-hexane and dried to afford 3-((4-chlorocinnolin-3-yl)(hydroxy)methyl)-
4-iodoindolin-2-one 93 (66.8 mg, 74%) as a white powder; Mp >300 °C (CH,Cl,), *H NMR (600
MHz, DMSO-d6) &: 4.05 (d, J= 2.8 Hz, 1H), 5.97 (d, J = 5.5 Hz, 1H), 6.44 (dd, J = 2.8, 5.5 Hz 1H),
6.84 (d, J=8.3 Hz, 1H), 7.01 (dd, J = 8.3, 8.3 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 8.09 (m, 2H), 8.33
(dd, J = 6.4, 6.4 Hz, 1H), 8.61 (dd, J = 6.4, 6.4 Hz, 1H), 10.45 (br, 1H), *C NMR(150 MHz,
DMSO-d6) &: 52.9, 68.2, 91.8, 108.9, 122.7, 124.0, 129.4, 130.0, 130.7, 131.0, 131.7, 131.7,
133.0, 145.4, 150.0, 150.9, 173.9, IR (neat) v: 3065, 1717, 1697, 1683, 1558, 1541, 1341 cm™;
HRMS (ESI) m/z calcd for C17H1;CliN3NaO, [M+Na]" 473.9482, found 473.9465.

(2)-3-((4-lodo-2-oxoindolin-3-ylidene)methyl)cinnolin-4(1H)-one (94b)

PTSA (cat,
Toluene (4 mM) .
reflux, 3 h H H
75% A Z-94b

NOE Single diastereomer

3-((4-Chlorocinnolin-3-yl)(hydroxy)methyl)-4-iodoindolin-2-one 93 (9.0 mg, 0.02 mmol) was
dissolved in toluene (5 mL). To this solution was added p-TSA-H,O (1.9 mg, 0.01 mmol) and the
mixture was stirred at 100 °C for 3 h. After cooling to rt, the precipitate was collected by filtration,
washed with n-hexane and dried to afford (Z)-3-((4-lodo-2-oxoindolin-3-ylidene)methyl)cinnolin-
4(1H)-one Z-94b (6.2 mg, 75%) as a red powder; Mp >300 °C (EtOH); 'H NMR (600 MHz,
DMSO-d6) &: 6.88 (d, J= 8.4 Hz, 1H), 7.00 (dd, J = 8.4, 8.4 Hz, 1H), 7.47 (dd, J = 8.4 Hz 1H), 7.50
(d, J=8.4Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.83 (dd, J = 7.8, 7.8 Hz, 1H), 8.09 (d, J = 7.8 Hz 1H),
8.51 (s, 1H), 10.59 (br, 1H), 13.71 (br, 1H), *C NMR(150 MHz, DMSO-d6) &: 89.0, 109.6, 116.6,
122.4,122.8, 124.3, 125.1, 129.6, 131.0, 131.7, 132.8, 133.7, 140.8, 143.7, 143.9, 165.8, 168.7;
IR (neat) v: 3040, 1684, 1543, 1408, 1381, 1340, 1275, 1247 cm™; HRMS (ESI) m/z calcd for
C17H10N3NaO, [M+Na]* 437.9715, found 437.9732.
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(2)-1-Acetyl-3-((1-acetyl-4-iodo-2-oxoindolin-3-ylidene)methyl)cinnolin-4(1H)-one (Z-95)

_(\

~” "“*i/a
) \q/ _\ z,,\

_{"‘*{

AC,0

100°C, 20 h
66%

A mixture of (Z)-3-((4-iodo-2-oxoindolin-3-ylidene)methyl)cinnolin-4(1H)-one Z-94b (14.2 mg,
0.034 mmol) and 1.1 mL of Ac,O (12 mmol) was heated at 100 °C for 18 h. After cooling to rt, the
resulting solution was diluted with water and extracted with 2 mL of AcOEt (3 times). Conbined
extracts were washed with saturated aqueous Na,CO3 and brine. The resulted solution was dried,
filtered and concentrated under vacuum. The residue was purified by flash column
chromatography on DIOL-silica gel using a mixture of ACOEt and n-hexane (1:2) as a solvent to
give (2)-1-acetyl-3-((1-acetyl-4-iodo-2-oxoindolin-3-ylidene)methyl)cinnolin-4(1H)-one Z-95 (11.2
mg, 0.022 mmol, 66%) as a red solid; Mp 205-207 °C (AcOEt); *H NMR (400 MHz, DMSO-d6) &:
2.55 (s, 3H), 2.77 (s, 3H), 7.28 (dd, J = 8.0, 8.8 Hz, 1H), 7.73 (dd, J = 7.6, 8.0 Hz 1H), 7.92 (d, J =
8.0 Hz, 1H), 8.03 (dd, J = 7.2, 7.2 Hz, 1H), 8.27 (d, J = 7.2 Hz, 1H), 8.33 (d, J = 7.2 Hz, 1H), 8.76
(s, 1H) 8.94 (d, J = 8.4 Hz, 1H), IR (neat) v: 3750, 3736, 1740, 1697, 1645, 1458, 1423, 1368,
1277, 1244, 1167, 1153 cm™; HRMS (ESI) m/z calcd for CpH1,NsNaO, [M+Na]" 521.9927,
found 521.9935.

(2)-3-((4’-(4”-methoxyphenyl)-2’-oxoindolin-3’-ylidene)methyl)cinnolin-4(1H)-one (Z-97)

MeO
o | PdClydppf) CH,CI, (5mol%)
H K2CO3 (29q)
N\ O MeO BUOH/H,0O (5/1 :0.02M)
N . ;
H/ o N B(OH), 100°C, 4 h
Z-94b H 96 (1.2 eq) 75%

To a solution of Z-94b (125.0 mg, 0.30 mmol), p-methoxyphenylboronic acid 96 (55.1 mg, 0.36
mmol) and K,CO; (83.0 mg, 0.60 mmol) in BuOH/H,O (18 mL, 5/1) was added
PdClI,(dppf)-CH,CI, (12.2 mg, 0.015 mmol, 5 mol%) and the mixture was stirred for 4 h at 100 °C.
The resulting solution was diluted with water (3 mL) and extracted with 3 mL of AcOEt (3 times).
Combined organic extracts were washed with brine and dried over anhydrous magnesium sulfate.
The resulting solution was filtered and concentrated under vacuum. The residue was purified by
flash column chromatography on DIOL-silica gel using a mixture of MeOH and CHCI; (1:100) as
a solvent to give (2)-3-((4’-(4”-methoxyphenyl)-2’-oxoindolin-3’-ylidene)methyl)cinnolin-4(1H)-one
Z-97 (88.7 mg, 0.22 mmol, 75%) as an orange powder; Mp >300 °C (acetonitrile), *H NMR (600
MHz, DMSO-d6) &: 3.80 (s, 3H), 6.77 (d, J = 7.3 Hz 1H), 6.82 (d, J = 7.3 Hz, 1H), 6.87 (s, 1H),
7.07 (d,J=7.3,2H), 7.28 (dd, J = 7.3, 7.3 Hz, 1H), 7.41 (m, 3H), 7.59 (d, J = 8.3 Hz, 1H), 7.78 (dd,
J=7.3, 7.3 Hz, 1H), 8.00 (d, J = 8.3 Hz, 1H), 10.54 (br, 1H), 13.53 (br, 1H),"*C NMR (150 MHz,
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DMSO-d6) d: 55.05, 108.45, 114.25, 116.40, 119.22, 122.21, 123.60, 124.23, 124.82, 124.85,
129.38, 129.64, 131.29, 131.57, 133.54, 137.97, 140.66, 142.55, 144.36, 158.90, 166.27, 168.53;
IR (neat) v: 3067, 2924, 1684, 1558, 1541, 1339, 1269, 1242, 1026 cm™;HRMS (ESI) m/z calcd
for C24H1gN3O3 [M+H]" 396.1348, found 396.1341.

1-Acetyl-3-((1-acetyl-2-hydroxy-4-iodo-1H-indol-3-yl)methyl)cinnolin-4(1H)-one (98)

BuzSnH
AIBN (cat,
_—
NG Toluene (0.02 M
Ac Ac reflux, 5 min
Z-95 67%

To a solution of Z-95 (9.3 mg, 0.02 mmol) in toluene (1 mL) were added n-BuzSnH (5.5 mg, 0.02
mmol) and AIBN (0.3 mg, 0.002 mmol, 10 mol%) and the mixture was stirred for 5 min at 100 °C.
After cooling to rt, the resulting solution was concentrated under vacuum. The residue was
purified by flash column chromatography on DIOL-silica gel using a mixture of AcOEt and
n-Hexane (1:3) as a solvent to give 1-acetyl-3-((1-acetyl-2-hydroxy-4-iodo-1H-indol-3-yl)methyl)-

cinnolin-4(1H)-one 98 (6.4 mg, 0.013 mmol, 67%) as a white powder; "H NMR (600 MHz,
DMSO0-d6) &: 2.30 (s, 3H), 2.59 (s, 3H), 3.53 (d, J = 15.1 Hz 1H), 4.05 (d, J = 15.1 Hz, 1H), 6.72 (s,
1H), 7.05 (dd, J = 8.3, 8.3 1H), 7.55 (dd, J = 7.3, 7.3 Hz, 1H), 7.61 (d, J = 7.3 Hz, 1H), 7.84 (dd, J
=7.3,9.2 Hz, 1H), 8.03 (m, 2H), 8.67 (d, J = 9.2 Hz, 1H),"*C NMR (150 MHz, DMSO-d6) § 23.77,
26.07, 35.05, 75.90, 91.83, 115.23, 119.26, 121.55, 124.62, 126.71, 130.42, 130.97, 134.82,
135.88, 138.42, 141.04, 144.99, 169.88, 170.02, 173.57, 176.92; LRMS (ESI) m/z: 524 [M+Na]",

Conversion of Z-94b to E-62b

HCO,H (2 €q),
TEA (3 €q)
PdCl,dppf) CH,Cl,
(2Mol%o)

DMF (0.05 My
110°C, 7 h
75%

To a solution of Z-94b (125.0 mg, 0.30 mmol), EtzN (90.9 mg, 0.90 mmol) and
PdClI,(dppf)-CH,CI, (4.9 mg, 0.006 mmol, 2 mol%) in DMF (6 mL) was added 0.1 M HCO,H
solution (DMF solution, 6 mL, 0.60 mmol) and the mixture was stirred for 7 h at 110 °C. The
resulting solution was diluted with water (100 mL) and extracted with 200 mL of AcOEt (3 times).
Combined organic extracts were washed with brine and dried over anhydrous magnesium sulfate.
The resulting solution was filtered and concentrated under vacuum. The residue was purified by
flash column chromatography on DIOL-silica gel using a mixture of MeOH and CHCI; (1:25) as a
solvent to give E-62b (65.0 mg, 0.22 mmol, 75%).
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(2)-2-((2’-Oxoindolin-3’-ylidene)methyl)quinazolin-4(3H)-one (Z-104)

0 " (%)
N N )
ACOH (1 M
N o ) SN
NH N reflux. 3.5 h NH H
H . (0]
99 100 Z-104

93%

A mixture of 2-methyl-4(3H)-quinazolinone 99 (160.2 mg; 1 mmol) and isatin 100 (147.1 mg; 1
mmol) in glacial acetic acid (1 mL) were refluxed for 3.5 h. After cooling to rt, the precipitate was
filtered, washed with methanol and dried to afford (Z)-2-((2’-Oxoindolin-3’-ylidene)methyl)-
quinazolin-4(3H)-one Z-104 (267.7 mg, 93%) as an orange powder; Mp 298-300 °C (acetone) [ref
16 Mp 271-273 °C (CHCIl3/MeOH)], *H NMR (600 MHz, DMSO-d6) &: 6.94 (d, J = 7.3 Hz 1H),
7.09 (dd, J = 8.3, 7.3 Hz, 1H), 7.37 (dd, J = 8.3, 7.3, 1H), 7.58 (s, 1H), 7.61 (dd, J = 7.3, 7.3 Hz,
1H), 7.80 (d, J = 8.3 Hz, 1H), 7.89 (dd, J = 8.3, 7.3 Hz, 1H), 7.95 (d, J = 7.3 Hz 1H), 8.19 (d, J =
7.3 Hz 1H), 11.49 (br, 1H), 14.40 (br, 1H),*C NMR (150 MHz, DMSO-d6) &: 110.5, 121.5, 121.9,
122.6, 123.2, 126.0, 127.9, 128.0, 130.0, 131.6, 134.3, 134.7, 141.6, 148.9, 150.4, 160.8, 168.9,
IR (neat)v: 3187, 3057, 1647, 1636, 1558, 1541, 1457 cm™; HRMS (ESI) m/z calcd for
C17H11N3NaO; [M + Na]® 312.0749, found 312.0759.
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Earlier studies had indicated that protection of terminal nitrogen of 48 was required in order
to prevent the elimination of silanol of 48 during Cu-catalyzed intramolecular cyclization.*#
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