BRREPULSE OFRBRRFHIE IS VW F A U HEEORFE &
AREA BB G~D R BR

Development of Reactivity Control Methodology for Cationic Species in

Electrochemical Condition and Application for Organic Synthesis

2022.3
FIRB T KRR
W 2T KSR
BB RN EF - T LAREER

M A — R



FE o

%_

wiE

BiEt

=

=

it

ERBENFF UEORIGEREICEL DY R—RBFTHFRI LAY FEOER

1.1 7RI LAY FEORE LR

1.2 ZrA7LH U -BERER) FOLRICE T 2BHERIEEZFAL-TRY / —IL Fofi C-
H BEREEAL RIS

1.3 BREN-J) Y FERBOREL

1.4 BEFRLEPREIGORERITE & URSHEHIE

1.5 YR—RBF7HIXY LAY FEODEBRER

1.6 #5iR

1.7 EEIE

FEESCHLAFAVEOREFEHBICKSERRTIF R FUF7ILABRAL FED
BRERK

2.1 EOO2xF+YRY RUEDEELHE

2.2 BESFAIARAY T O ITRIEE & US ¥ F—ILEBRBRE KRG

23 49 )y HORILE DA M) —FRA = RICHEERT

24 EQAR7xFVRYRV7ILAAAS FEOEREER

2.5 BREBIEICLE 7R FUBKROERENER

2.6 %5k

2.7 %E1E

AHRICET S HIRY

SEXR

NMR AR kL



F

%ﬁ

AMBBOREZ M5 FEIRCX XV EIX, £ U TOKE/BESCHKMEHREER & 0o
TEHNG I L > THIALE D 2 & T, B BN G VT IVRESNEBEDLWRA
FEAER Ry 8T —27 2L, BERNOEFEZHER LT b, 2 RE{ DNA O &k igE
I REROKZHRERB LI N tn A v X I Lo THEFF SN TRBY, U H U REH
NI BOREEX., ENENOEERITHIET DKBRES R —/T7 78 77— BIED
XL D57 18 )1 DFARITHL 7R B 720,

— 5T, AL Bl EORBISICB W TR I N ZF AN LD VAT ¢ RAH
G =aF T I RTT =YX AT K (NADH) oYk Fur vl UV EgRE C-H S
O L, WHERAOBEEC LV ALZE VT RALXF =00 Y BMThbNTW5, M
R I UG D AW TH 5, VAT 4 REEGIIRF RO K& iR o
FEATh DTG MEEE~T /L% — (Bond dissociation energy: BDE) 723K < (425.3 kJ/mol)
M BT AW - BIERAARS Th 5, Fio, s HIEER O kg% k3
HZEMARETHHTZO LIZ LY AR FT R ERIVEBEEREN L3 X572 % BDE
DIKTFIZEH G5B, ZOBDE DRI ZZER, VALVT 4 AV AT—BIZLDHHZ LY
BDT +—ITF 4 v T BRRICBIT AT AL E— SRR S, X b CERBICHET
LRI T —NT 4 TNE— DA FRRIZLTND & X bitd, NADH 1T,
Fay RUTHNOEBERICBNWTIEX ) NZLD 1 EFRILEZITHZETIUD
NHFF o2 L., BEEERNEG TS~V Rebt Y D UREATF LU AREOR T2 kv
EEXBD 1 BYRLIC K 2EHEEFELE C-HEAYIMOBRE /L LT\ (Figure 1A)
B4 iz, RETHEDOISITBNTE R RRE LTHREET 25 AICH, EFRF T o—
PARTOBEEBIZEIVAKRTHIEY V=T AT AU DEWVEEMEN C-H FEA OYIE A2
LT3,

AT R F—DFE (618.3kI/mol) WRFE-RFFEEEHISIZIBNTE, ~T7 1 i1
WCEDHEHIIRE W, A FA=0 75T 7020 VRO SN2 SUNMZ X » TEARRKREN S
S-TT ) NAFH=r (SAM) 1L, ANK=T LA F DI TF A MO0 §- A F /LK
DELEED @ < | FE A OREH & DG L 5T 0- A F LR N-A F AL % filli 5~ %
(Figure 1IB) B, &Y xx7 4 v 7727 u~F o OREMEIIZ, DNA ATV T AT
=7 —F¥ (DNMT) i R F 2 IRy D 5 MRBEN T I R RFERERIE LT
SAM RO L, S-AFnfbEans Z & THEL DO, Zok iz, 2 MMind 6 ffiE THELV
JF IR HE 2 FE AR FTRE 2R B 72 & TIXORFMED | A RNICB W TR EITEN STV 5,
XHI, TEV2RT 4 v ZITHINENTZ AT NIRRT E = AN RTE TH D T2 DRLIRI
KLU TEWKISHEER L, IARUBE CRIESNTZOBIZT IR F T 7 —BIZL D0
RIEZFEH LITD T F Vo~ E BRI DU, ALFRNS L E 7R IR FR-IRFERE G DOTEAL « DI
IZBWTHAMEMERHA SN TND W) FHT, ESITEMOBE L EDLIHEHR0,



tRNA O 7 LAY R CHH Y 2— R U DU OEAIL, VA—RETLRmE U Y
VERIEIZ L DYy TR RRIC LV Bt E D (Figure 10) Bl AU A I =0 A FH
IR LT oD I D RERE L, 7 ) ~—(LIRB-RBES (C-7) ayv
RER) DI SND, ToE=0 2EONBEAZERE ) & L7 e hvkickh v =n
HAAL R =T LB TFAUDAEL, Hid UR—R ANIKBRIEOKEEIZ L > TT7 T ) —AEN
BHEZEEIND,

53 AL DI FR TUei S V7o B Ry - Db PG L OV ORI, A Rb 7RI R
A HHED THBD THEMTH Y | B F THIUXTZTED 37 CREE L WAER E WS
FOGRICB W TSR PRI Z I SR Z T _XERICH NV AT A TH S LR
band, £, ARSI LI LIRRAZ T B ik, s/NEOWERY V) — AT
& 5 D EREIZE A ATRE R T2 IR D AEmAl D H W REBE RO TH A 9,

HARRMPMED BT O@ERY AT DR - B L720E WS Bk Z 208, A
FALF IO T D LEZ DD, DIHFHIFEDRKZFILD T L Ia A R - T
A REWo T RIREL B DOREEDRBH L7 512040, TOEKE HIE LTImEK
JEBHSS BIEFITAT DN, TIVE CHEBIR A Z -5 L LTHY -0 MIcED B
TEXRAMOBEHE R 2IT, mHICIVRBSNT-T7 a7 ¢ THIEBERIC L > T
HMEE B SN0 6, Woodward, Corey © 12 &LV JEBH S 415 &AM 2 18\ JEUZ 1
D E L TCORBIMERREZREET-2 b0 & LD b7 L—7 Z)—n 5 2B
PLERE - 72 BARICBWTIE, ERNEIRDOD 72 ) OERSEH LN E R0 | Z DRSS
FONWIENRA T IAT 4 v T ERBBEAICHE SN TWD, ik Lz TERS X7 LA0B
fift - i) &S RPNk R BT e d SNBITE, A RILSEITRD 5 5B
HAEEME LI TH A D, TDO—oODfEIL, TEMEBZ -G8 ZEBL 9 D I6ER
AFChorEEZD,

HERESIZBWTEETOE D AT NAVIEOE SO B IZBE L CGREIZ 57 URT)
DB L 72 D08, ZHUT— 72 A A EOSICB W T LR TH 5 (Figure 2), AR D
Y AL BTSSRI 2 EFORY B I B ) SO NADH IZ L Y fillit X35 03,
KR LT AL S 2 A5 23-700-56-0 37 /-14-_20VF% ) (DDQ) oy F
2 T ATV E A RSIZB W TEZH SN - BRI Th 5, [AERIZ SAM IZ XD
KEFHIATFMACEISIE, 7T ATNICBWTUEI P U AF LR F = AL R Y A F )L
Z XY = AL (Meerwein i) (ZXH - CTEIGAIRETH D, [{LFREE OR/NEAL I E T T
bH5HZLERAIRE LI, EENRETORY & E IS L imBi e S Ok et 2
s, EMZRBZ -G8 ZER L 28BS THLEEZXLND,



(A) Redox reactions in biological condition
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Figure 1. Reversible molecular transformations in biological condition.
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Figure 2. Biomimetic chemical reagents.
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Figure 3. Natural product synthesis by electrochemical oxidation.
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Ac: acetyl

AIBN: 2,2'-azobis(isobutyronitrile)

Boc: tert-buthoxycarbonyl

BSA: N,O-bis(trimethylsilyl)acetamide
Bz: benzoyl

DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCA: dichloroacetic acid

DCE: 1,2-dichloroethane

DEAD: diethyl azodicarboxylate

DMAP: 4-dimethylaminopyridine

DMF: N,N-dimethylformamide

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
HOBt: 1-hydroxybenzotriazole

LiTFSI: lithium bis(trifluoromethanesulfonyl)imide
Ms: methanesulfonyl

Moc: methoxycarbonyl

NMO: N-methylmorpholine N-oxide
TFA: trifluoroacetic acid

Tf: trifluoromethanesulfonyl

THF: tetrahydrofuran

TMS: trimethylsilyl
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Figure 1. Biologically active nucleoside analogues.
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Figure 2. Synthetic approach to azanucleoside.
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Figure 3. Electrochemical strategy of N-a modification for carbamates.
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{b%4Tv, DBUIZ K DMBESSIC L > TT V7> 4 2157, 4 (2% LT NMO A7 T4 A
RV EITO ZETUA— S E L, TEFIMEEITO T & T Boc IREIR 6 1572,
TFA # Boc iR L., Y>> R T Moc fRiET H Z & TEMERICODIE L 70D T 215
7=

Boc I."aoc

4 1) SOCI,, MeOH N DEAD, PPhj, Mel N DBU Boc
HOZCU Meoch @, MeOy,C [ MeO,C N
5 2) Boc,0, Et;N, CH,CI, . THF \(—Z toluene, 80 °C Q
OH OH 1
1 2 (quant.) 3 (87%) 4 (85%)
0s0, (4 mol%), NMO
acetone/H,0 (v/v = 10:1)
I\(Ioc ?’oc B‘oc
N 9 N 1) LiAIH,, THF N
Ac 0/\<—7 1) 15% TFAICH,Cl, AcO/\Q Meoch
2) Moc-Cl, Et;N, CH,CI M~ 2) Ac,0, Py, DMAP S
AcO  ©OAc ) s v A0 OAc ) chocl v HO OH
2vi2
7 (88%) 6 (95%) 5 (81%)

Scheme 1. Synthesis of prolinol derivative.

AR LI T Z#HNT, N-XU VA NT T = B REER & LIZEBR 7 U 2o MRS O
&1 To7- (Table 1), FEATHIZEIZEB W THE SN TV D, MeNO/LiClO4 5% TEME L%
1T 9 & 3'-deoxy-azanucleoside 2353 H 415 & ) HIAPHA BN E 2 | [FISMHET 7 2 EMRL L
el A BHOZ Y 2 R8BG0N D DILRIIM D TR > 72 (entry 1), = F =
AH 2 (DIN=27) LV@EWRF—F " —%pRd=rox¥ (D/N=5) HTiXLiClO4
HkD U F 7 LI F I PNEIEF S, ZONA ABEYENMET T 5720 N-T S Lk E~D
BCALOIHNC L 0 KE OBLENMPME T L, N-7 27 el ) — ViFE RO BGER LD %h
KNM ETDZENMBNTNDEEL, LnLand, FEEICE T EE ORI EMIT
KFLZb00, WEROBEERUETIRON2N-o72 (entry2), £ 2T, WMAIE LTH
WA Z TFAICEE L7122 A, IWEN 80%FE TREL M ELT (entry3), 52, &
v PV TR 45°CTIT ) LA L LRV a 7 /) ~—0EENEM LT (entry4), —#i%
BNV X VLAY RO a7 ) ~—I3ES) PRI AR Th 5D 2 L 13 b T 520
D, THYX T LAY REROEGE LSRR TIZZOEKENRE R LD EE X
bb, —HT, By 7V TIE%E 0°COEFEEMLUIZEAICHBNERMET L2 &
5 (entry5). REEAIE OKISITHEIRTITH) 2 ENEE LW EWXRENT, 72, TFA D
BEZ0IMICETF TS EIToT2HAICS o 7/ ~— O EM L7 (entry 6),
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I\Illoc

H N+
N+ NHBz Aco/\Q N NHBz
Moc (ZU — =
(AN AcO  ©OAc dati Moc (* J N
N2 N H* trans-glycosidation N N N
AcO  ©OAc NHBz 2 OAc
N N )
8- (Kinetic product) </ | /) 8-a (Thermodynamic product)
N™ N
H

Figure 4. Bronsted acid-mediated trans-glycosidation.

ZHUE ERYMOT T = B I EEN T L ATy REETH D TFAIC LY 7 u kvl
X} trans-glycosidation 23i51E S5 Z L2 K - T, ERMINB N FNCEE R a0 T )~ —
~NEBRMENLTVWDEEOThD EELZLND (Figured) 7, ZDOBLIL, entry2-3 1B
THEED D TFA ~DLEEDOLTH o 7 /v —DAERRE BTN L TWA Z &b b 3 H
SND, FEATHEIZIV T LiCIOs & [FRR DI R A2~ & D LiITFSIP A S Fr i
B L LTHWESA. Bl « TFA O W TR ORNE Z AV Z85HE81CB 0T HIRWIR 2R
L7z (entry 8-9),

Table 1. Optimization for electrochemical N-glycosidation reaction.

NHBz
Moc 1) 26 Fimol, 0.25 mA/cm?, 0 °C Moc (/N ¢

' 2) AlB?) (5 eq), RT N N—/ N

N
AcO AcO =/
‘ m (+)GC-PY(-) ‘ /\g N

AcO.  OAc MeNO,/LiCIO, (1.0 M) AcO OAc
AcOH (0.05 M)

7 Undivided cell 8
E,, = +2.17 V3 41,97 VIPF]

Entry Deviation from standard condition Yield% (a:p)°
1 none 16 (40:60)
2 EtNO: instead of MeNO» 27 (26:74)
3 TFA instead of AcOH 80 (35:65)
4 Entry 3, coupling reaction was carried out at 45 °C 90 (70:30)
5 Entry 3, coupling reaction was carried out at 0 °C 56 (34:66)
6 Entry 3, 0.1 M TFA 47 (74:26)
7 Entry 3, 0.02 M TFA 9 (33:67)
8 Entry 2, LiTFSI instead of LiCIO4 17 (50:50)
9 Entry 3, LiTFSI instead of LiClO4 20 (14:86)

[a] Oxidation potential in MeNO,/LiClO4 (1.0 M). [b] Oxidation potential in EtNO/LiClO4 (1.0 M). [c] Yield

was determined by 'H-NMR using benzaldehyde as an internal standard.
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1.4 EMREA DREEROBERNT S & U KRG H 1

TFA Z WG E @B 7 ) 2y MeOZh#ER N LT 28B 25 5729, PC-NMR % H
WCRG R & 72D N-o fEDOBFEEZLFEY 7 ME (ppm) ([ZHRSWTERLTHZ &L
Lz, 7T bV EOBEBRARY - ORND 3EOT 0l ) — ViFERICk LT 'L RHE
DALY 7 MEDHK Z1T 9 & EOEFEEIT Y A <3'-deoxy M <2’-deoxy B DJIAIZ I
ML TN Z LR X172 (Table2, substrate F5390N) . U AR D L 5 IS S DO E T
EMENGE. T InbAE LD I =T DT A OREFHIIBO TEWEEZHND,
Trbb, WNAlE UCHER (pKa=4.76) Z#HWT-5EI1ZIE, 78T — b7 =4 0K
PEIZ Ko TRERMIME (THFIVHR—R) ZAELTLEN, RKEF~ORISHEIMET L
TLEY—FH, TFA (pKa= —025) ZHW=HEE RN 7r4d e 727 — oKW T =4
DDA I =T BN T A NA G XT ELTHFIELTED, @WK HERF L
ODORFFUZT =L EINTNDL D EE R T, EEE, BEEEZ HU - entry 2 DA T, B#EK
THIINA ZEH L LT MeCN 2% 5 EFERAIME 9 G LNTZ &b b, 2O
(358 < SFFE D (Scheme 2A), 7238, ARFEFRR TIT@EEML TRITKEZIMNZ 5 & BRI
RO—EBNINAK G % 52T D72, MeCN OIRINZ LD UV F o A D T4 o 2 RERM S 2
BEZAIT o T\ D, £, EREMIE 9 ZIEBMRSEIET . BINOY/LICIOs EIRH ABD L IRE
THEH TV TR 8 BRELILZ (Scheme 2B), & DULER|L AcOH &1 (Table 1, entry
2) £V b E <. TFA 54 (Table 1,entry3) XV HiK->72Z &70v5 ., AcOH STl A
AW ) FOLDF A NEE LTT ) ~—(LOTEHAIZEE L. TFA S TlidA Ao
TIARIZEA G L2 WREIZR TFAN T LU AT v Rigl LT7 &7 — M OB Z et LT
HHDEEBEZ LN,

(A) Moc 1) 2.6 F/mol, 0.25 mA/cm?, 0 °C Voc
N 2) add. MeCN \
AcO/\Q g Aco/\QMOAc
— (+)GC-Pt(-) \_/
AcO  OAc EtNO,/LiCIO4 (1.0 M) AcS’ OAc
AcOH (0.05 M)
! Undivided cell Acetate adduct (9)
(B) NHBz
Moc Moc
| A(B?) (5 eq), RT | S TN\

N N
AcoAQM OAc Aco/\g N="
\__/ EtNO,/LiCIO, (1.0 M) /

AcO  OAc Without electrolysis AcG. OAc
Without AcOH/TFA
8 (52%)

Scheme 2. Control experiments.
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X5 EREELHGL DI BC-NMR JIE THWfEx D7 vl 7 — LViFER L
Bk % 72 pKa Tl & OFAAE O CTEMBISZITV, ZONEZ LG L7 (Table2), 7
%L N-a LT - pKa » WERD 3 SOEBIITR VBB S, A1 =T L 0F
F v DOEFEEMENGAITIIRIEE O (pKa DIRVY) B, W OEAITIZERMEE DK
W (pKa DEIVY) FEDY, EEIRINA L 72D 5 D 2 L BNERIT RS,

Table 2. Relevance between electron density (ppm), pKa, and coupling yield.

Moc 1) 2.6 F/mol, 0.25 mA/cm?, 0 °C Moc
N 2) PhSH (5 eq), RT N
Aco/\( Jf AcO/\( J»s
3\ |2 (+)GC-PH(-) |
OAc MeNO,/LiClO4 (1.0 M) OAc
Additive (0.05 M)
Compounds 7, 10, 11 Undivided cell Compound 12-14
Additive Acetic acid Dichloroacetic acid  Trifluoroacetic acid
(pK»)? (pKa=4.76) (pKa=1.29) (pKa=-0.25)
Substrate
Yield%"
Moc 13C-NMR
N .
o)
AcO\C ',/OAc 24 56 75
Ribo-type (7)
(52.7 ppm)
I\Illoc
N
“OAc 64 81 73
3'-deoxy type (10)
(52.1 ppm)
I\Illoc
N
Ac O\C 94 72 34

2'-deoxy type (11)
(45.3 ppm)

[a] pKa in H20. [b] Yield was determined by '"H-NMR using benzaldehyde as an internal standard.
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WIZ, ZTHIZT = ER T DIEMEF RO EHEBI 21T 5 72012, SR OIKIR
NMR €% 5Ehi L7 (Figure5), E=hu XX 7Ful ) —7 %> &EER, B/ 0
a iR, N VA aEEROZT NI pKe DR DO AT T CEMBILEZITV, 5D
T BOSTRIR 2 B8 TH-NMR Il E (=5 °C) I2fli L7z, 2R, RO pKa D3/ NE <725
IZONTHRIERD N-o KFEO(LFET 7 MEDMERESG Y 7 N5 Z E3 L7, F/-, &
Wil % W25 507 ) <~ —KFZBOLF> 7 ME (6.87-6.51 ppm) (X, RO T H U R —

2 (9) DT ) ~—/KFELIFFEREDOM (EZ kL AH 6.6-6.4ppm) Zm LT Z LD,
FERS 2 WS INAl & L CRHW SR TIRtE AR ORI W T ¥ U R — X$%mb7—w
ENTWDLZENHALMNE 2572 (p=28:72), BV 7 v ufiits HW 25412, 6.94-
6.70 ppm fHLICT /) ~—KFENBIH ST 72D, BERER S & [FIEEL L,\ﬁft/m\i"'é@qu'aﬁﬁiﬁ)
T ENTWNWDHEEZLND, LLaRns, BEERSM: & i L CHMERTHL T
RN—=ADT /) ~—tt (a:p=63:37) [T o-7 /~—Ilw->THY., ¥rua7rvr— MK
DARBEEMND Z BN RER a-7 )~ —PXEMIZ T =L ENTNDHL LD LEEZDL
b, 2B, MEMHFITEBWTIE N-Moc D —F~—ICHRTLHEKET /) ~v~—7T 1 Dy
T F DIy RN S i 7=, TFA S48 TIaEERE<° DCA k b U ChirRed TR Y (9.22 ppm)
IZ N-a KENRARENTZ, £T2. OV T T NI T Ly hTHDHZ LD, 2 ikFE L
D HEAAD 90°0D sp? KA N-o flZH L TWAZ EARIBENT, ZO%y 7 MElX
AT RICE > THE SN TS N-Moc A S =T LD TFALFEOME (B voak/Ladh
9.85ppm. BFi:OMe & DA A7) PILBn—FEZRLTWHZ &b, TFA ST
VAREIT e ) ) — N EEEBLT 2 2 8 TRAEL TWAIEETREIE, 447 oA
REULNTAUHETHD I LR RSN, £0. BERSGMAICK T ARk T

~miﬁm’ﬁofxw\:FD%&V¢M@%#’T??*V&@ﬁyf)yﬁéﬁ
S>72%6 (Table 1, entry 1) @7 /~—EIZIE—H L TWAHZ END, REIGRIZEBWNT

i?%)ﬁ AHRRIC R 2 R EBRZ BB T 5 S K&V b, TH I R—RLDF
%’%54:“7Aﬁ%ﬁy¢W¢«@&d&Wﬁim%mﬁﬁbfmézkﬁ%%én
T AL T 23 E L L2562 7' PR U RRIC L DR SR SN DD,
FEITITIE & A ESTRERY #%Eﬂf%@%CMMUOWK%%%%5K£OTWWV
T AT IVHREARAE T TWD &R, ALeE 2007 e b O ZHmHAHN90° Lo i/ &
<720, MRIENMR (ZBTDHREIED J1oDEN 0 Hz LW KR&EL bz, 7/ ~—7 1
N DV T FNAVDBRPBENDIETTH D, 07D, ARISIZE W TR TICHFE
THNA AT F T LDF A, HDHWIHIVRCBERREO T 0 F N T IV LA
EHTDHZETA I =T LD T AU ~DOBEEEEA2AEL WD EEZBND,
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Moc

[9) o
AcO Moc - AcO 6.94-6.92 ppm
N H) O)kCF NHH O)kcﬁ Y
</—H 3 Aco Moc Aco_ Moc
N NJ N
AcO OAc 922 ppm AcO 0% o:p
o i AcO  OAc 63:37 A0 OAc 6.72:6.70 ppm
Iminium cation Participated by 2'-OAc ! i
(J1.2 = 0 Hz) (Not formed) a-Azaribose B-Azaribose

(Jy2 = 4.81 Hz) (J1.2 = 2.06 Hz)

/ Impurity of CD;NO,

J]

Additives

6.87-6.83 ppm
Up (Green): TFA-d, Aco_Moc { V7 AcO_ Moc oac
NH M a:B nH
Middle (Orange): DCA-d H oAc  28:72 H
(Orange) ? AcO  OAc AG  OAc g5 ppm
Bottom (Blue): AcOH-d, a-Azaribose B-Azaribose
(Jy2= 4.81 Hz) (J1.2= 0 Hz)

Figure 5. Low-temperature NMR analysis for pooled intermediates.

LLEDT —% %% 2 T Table2 OFEREZBLETH L IRO L D REIRNBAEETH D, &
fREN-7U 2> MEOSIZBWT, —BH OEMERG GEMEPREOFRAE) 1213 7 KR
OG22 B3 5720, £RT DA =0 L0 F A HEIRIL 0 CHREFICBWTZ D
M7 — &) b7 T0HEMERTHVLEND D, HlZ1X 2-deoxy BT 1Y /—/L 11 DL

AITIE, N-a MEOETEEN G FFEBEEFEICB W T ISEDO B WA Ao X7 oA I =
T AHFF PR E AR TEDS DD, TEA FECBWTUIZFOREBEFENHEVITH
B EBEMOTDRTIZT =T D ENRRETH O | KA & SOET D LARITINAK S5
D WIEMIRTIC L > THRE~L RS TLE I LD MRNINREZ RTHEOLEEZ HRD,
—HFTURT vl ) — 7 OLEIZIE, Bk om@ Y FrEgSt: CI3Ea a7 U R
—AHRBEZER L TCLED ZENREDETZ 6 LTS, 7725, Table2 DF
IZBR W TER IR Z R T REOLMTIE THRE (T R—R) OIRTEL506M. A
<X THEE (=02 0FF) OFmTELRIGME] PAITBENEREZRLTND &
EZ2bND, UEDX ST, RENIGEOETFEE (NMR IZEVELNDIFY 7 ME)
EM@p&%@ﬂuﬁﬂﬁé_kfﬁﬁﬁ@*@ PRI L, BEx 72 B I3 5 ER
bS5 2 ENFREE 70D (I F 4 VHiliElVE, Figure 6)
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| Electron density of N-o position (ppm in *C-NMR) | I

Moc lYIoc I\(Ioc
N } N ! N
AcO ‘ OAc ‘ AcO  0Ac !
2'-Deoxy type (45.3 ppm) 3'-Deoxy type (52.1 ppm) Ribo type (52.7 ppm) ‘
High | Electron density Low ‘ -2e", -H*
(-)
I Acetate anions
l\(loc
(o} (o} (o] N+
S Y Y a0~
0~ “Me 0~ “CHCL, 07 “CF, |
OAc
Iminium cation
+2e", +H*
! Reactivitiy of pooled azaribose equivalents (e.g. Ribo type)
o Moc 0O ; Moc 0O ; Moc )Ci
s ' 'S N o
woor a0 e | a0 enen | acor~(") 07 ok |
Carboxylic acid w AcO  OAc AcO  OAc AcO  ©OAc ‘
(R = Me, CHCly, CF;) ! 3 3
i AcOH (Low reactive) DCA (Medium) TFA (High)
Covalent Covalent lon pair

Low — High i
(Sy2-like) w (Sy1-like) !

I\(Ioc )
N Nu Nucleophile

Sn1 reaction

AcO  ©OAc

Glycosidated product

Figure 6. Reaction mechanism of electrochemical glycosidation.

B E D58 TR LTV % Armed/Disarmed 1£1Z, Z O 5 F 4 il iIE D 224 M 4 5
5 HEmTHD (Figure7), B0 PEAOKEREICR#ELZ I L= 27 U 2> K RF—I%, &
HEREOBE MG/ REMEICE > TEDORKIGHENRKRE S LD D Z L BRI BT
%o BIZIE O-X 2 D IVARERITVA ABBRITH L TEWERISTEEZ R T OIZR L, O-_2 V' A
NARFERITE O SOSEZ /RS, 2, XY I AR_= T AA AU FRIER E O K -
T END, T—FT N RIRELTH D O-_UDNVHEITH XY A= bA F o PEIE
L CETREGMEE L U THERET 2720 F A v 22 EL L. BRI~ - 2 & &
HZLWARETH D, — T, BFREMNMEDOT UNRIFHEILTHD O-_v A NVHRIT T
TR RBRENT DD, X IR T AL F L OERPEI D S5 780 | fER
Nz 7Y 2y MEBOGA~ORSIE T2 672 59, Bl LREROEE 7 v R IR#ERL O
AT SN2 WGAIZIE, N7 b 27— FNFEERRE~EHBLT /) ~—{7
B DOEERER EIF A TR PRGNS b0, EERETESL 7 ) ay R RFP—iZLiX
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LN BERS B M TN Z D720, ERBMEDEMEE R 256005, ZD X 97
HiEs, FEHAMRICB T 27 a U ALRIS 2 U IZHHT 5 72 012iX, #nEno 7
Uay R F—2Nug)elmrREE b Ko Icix R 227 UV —= 27 L, i
FAMENRD D, — T, SRR Lz T4 A S THE, mINFIOETEOHT
FRHFAET D I T A RO FOGE & U ICHI PR CTh B 728, PRER DTG KL
TRROEMZR 7Y a2y R R FP—OHERENARE L 25,

(o} OEWG
Low reactive

(o} O+ fo}
—————
e ——= N Pt O A
(o) OEWG
Oxocarbenium ion

"Armed" donor "Disarmed" donor
( : silyl, benzyl) (EWG: acetyl, benzoyl)
*LG: Leaving group

Figure 7. Armed/Disarmed methodology in traditional glycochemistry.
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L5 YR—REFHRY LE Y FEOBRAR

Table 1 (23 Tiifb L7 Goftb 2 N T, flix OV R—2BT X 7 LA REO AR
%4T- 72 (Scheme3), KAZA|I & L T N-Isobutyrylguanine 33 J. O N*-benzoylcitidine % FV 7=
Ba. ®tIG7 % azaguanosine (15) 35 K N azacytidine (16) 255 iviz, 7 7 2L % KIZHA|
ELTHWEESA, SR ~ORBIED D TRV 2 O EBMRSLECIXAMAERY 2155 2

CIIREETH o7z, £ T, WERTRIZKEZKISRFIZNA D Z LT/ ~—Kighk%x
MALT VUV R—REH57-0D5IZ, silyl-Hilbert-Johnson §:4:% W T 7 U ay R&{TH v
— FCEHEMEFER LT, 17 7 BFALTE 9 Z MeCN FITRHFREE ST 0,0-
bis(trimethylsilyl)uracil /71E{t TMSOTf Z#{EH &% Z & T, HIID azauridine (18) Z &\
SERBRIRME TS Z LT LT,

(o]
N
NH
¢ Moc(
N N/)\NHIb
R NHIb
AcO OAc
15: Azaguanosine (N?-Isobutyryl)
72% (a.:p = 40:60)
NHBz
)
2 go NHBz
Moc 2.6 F/mol, 0.25 mA/cm4, 0 °C /& l\llloc = |
. (+)GC-Pt(-) N" "0 N
N H N N
™ =Y
1 EtNO,/LiCIO, (1.0 M) 5 % o
AcO  OAc TFA (0.05 M) Ac Ac
7 Undivided cell 16: Azacytidine (N*-Benzoyl)
59% (ou:p = 15:85)
work-up I\Illoc
with brine Aco/\G/OH
AcO  OAc
o 17 (95%)
Indirect alycosidation with uracil /'K'
N~ O
(0]
Moc |\II|OC I\Illoc =
' Ac,0, Py, DMAP N BSA, TMSOTf
N 20, Py, OAc N__N_ _NH
Aco/\Q/OH - A0 N a0 Ny
. CH,Cl, R MeCN, 0 °C ~— o0
AcO  ©OAc AcO OAc AcO OAc
17 9 (74%) 18: Azauridine

94% (a.:p = 3:97)

Scheme 3. Synthesis of each ribose-type azanucleosides
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1. 6 5

= ka7 VB /LICIOs RICE T DEMIRILEZFHT 52 LT, RARICGFETDHIAXY
VAR (TT v, 773y, YFUor, vIvy) OT7FaZilHYd 5 ) R—
2T X7 VA REEAEKT 5 2 ST Lz, B N-o L0 C-H JiEMHAL & #& i
T5EM N-7 VY 2y MEBISITAER EBO TEHTHY ., o TAREENGEITET
fEx DNV as RaBbZ ENaEL IroT-, £, F OB CEMIE LA
REULABITAUHEORE T HEEETEES pKa LWV T EEM /R /NT A —H — (2SN
THIE TR 22 BRAY 22 i iEem (0 F A U HfilfE) 2B L. 1ERETIIRIARRETH -
THEx DT 0 ) —VEFERD N-a (L2 BREFALT 5 Z LITRTI LT-, & 512, IKIE NMR
ZRHT D2 ETCTRIGRFIC T =V S TWAIEEF RN, I =0 L TFF L ThHhDH Z
EEW LML, IFF UHHENE OB 2 YA T 2 &3 T & 72, Fraser-Reid (2 X
BTN a T AISIZ BT 5 Armed/Disarmed 15 DOHEE DL, B0 ERIL AR
HELTEXELOD, 3L AEOHEITRELST ) ~— (B O R 7 ) —=2 7 %&Hi
ETDHHLDOTHoTm, AFTRICEBW TR Lich T4 U HlEEORERIZIESITHIE, fR#E
IR ETICHRMAIOEE O TRPFEAED T A HFRIKROIEES L OFEME 2 e
—NT DI ENAREL 25720, A X ORI LTZEOMD T Y a2 RFER, BIO
PESHA RICB T 2B FiEfm~EBEL TS 2 &MLV,
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1.7 EERIE

General procedure of anodic oxidation

All equipment (flask, electrode, stirrer bar, syringe) were flame-dried. A round-bottom test tube was
used as reaction vessel. MeNO» and EtNO; were dried over MS4A, respectively. LiClO4 was dried
in vacuum oven at 150 °C under reduced pressure. Glassy carbon plate (80 mm x 20 mm) or platinum
plate (40 mm x 20 mm) was used as an electrode. An anode surface area in solution phase is 20 mm
x 20 mm (4 cm?), and current is 1 mA. Thus, current density was estimated as 0.25 mA/cm?. CV was
measured in MeNO; or EtNO>-LiClO4 (1.0 M) by using grassy carbon disk electrode and platinum

wire cathode. Substrate concentration is 10 mM, and scan rate is 100 mV sec .

Coupling with nucleophile

A solution of substrate (0.1 mmol, final 10 mM) and LiClO4 (1.06 g, 10 mmol, final 1.0 M) in EtNO>
(10 mL) or MeNO» (10 mL) was added acid additives (final 50 mM; AcOH for 11, DCA for 10, TFA
for 7), and electrolyzed at current potential (0.25 mA/cm?) at 0 °C under Ar. After 2.6 F/mol (25.1 C)
electricity, nucleophile (0.5 mmol, 5 equiv.) was added to reaction mixture, and stirred at RT for 2 h.
The reaction was quenched with saturated aqueous NaHCO3 and extracted with CH>Cl> (15 mL x 3).
The organic layer was dried over anhydrous Na;SO4 and concentrated in vacuo. The crude product
was purified by silica gel column chromatography. The diastereomer ratio was determined by 'H-

NMR based on anomeric proton.

2-Methyl 1-(2-methyl-2-propanyl) (2S5,4R)-4-hydroxy-1,2-pyrrolidinedicarboxylate (2): A
suspension of trans-4-Hydroxy-L-proline (2.62 g, 20.0 mmol) in MeOH (60 mL) was dropwisely
added SOCI: (4.33 mL, 60 mmol) at 0 °C and stirred for 14 h at room temperature. After the reaction,
solvent was removed by evaporation and toluene co-evaporate. The resulting residue was suspended
to dry CH2Cl, (50 mL). Resulting mixture was added EtsN (8.36 mL, 60 mmol) and Boc>O (5.68 g,
26 mmol) and stirred for 2 h at room temperature. The reaction mixture was washed with saturated
aqueous NH4Cl and extracted with CH>Cl> (15 mL x 3). The organic phase was washed with saturated
aqueous NaHCOs and dried over anhydrous Na>SOj4. After concentrated in vacuo., the crude product
was purified by column chromatography on the silica gel with Hex:EtOAc = 3:2 as eluting solvent to
give a compound 2 as colorless oil (quantitative yield).

"H-NMR (600 MHz, CDCl3) & 4.38-4.47 (m, 2H), 3.74 (d, J = 4.8 Hz, 3H), 3.41-3.63 (m, 2H), 3.26
(s, 0.7H, major), 3.15 (s, 0.3H, minor), 2.25-2.33 (m, 1H), 2.02-2.08 (m, 1H), 1.44 (s, 3H, minor),
1.42 (s, 6H, major); '*C-NMR (151 MHz, CDCls) & 173.68, 173.46, 154.53, 153.99, 80.37, 80.23,
69.89, 69.14, 57.88, 57.43, 54.63, 54.57, 52.21, 52.01, 38.95, 38.32, 28.28, 28.15; HRMS calc. for
[C1iH19NNaOs]": 268.1161, Found: 268.1140.
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2-Methyl 1-(2-methyl-2-propanyl) (2S,4S)-4-iodo-1,2-pyrrolidinedicarboxylate (3): A solution of
compound 2 (5.39 g, 21 mmol) in THF (20 mL) was dropwisely added 2.2 mol/L toluene solution of
DEAD (12 mL, 26.4 mmol), PPh3 (8.66 g, 33 mmol), Mel (3.42 mL, 55 mmol) at 0 °C. The frask was
foiled to avoid from light and stirred at room temperature for 14 h. Resulting reaction mixture was
concentrated in vacuo. The crude product was purified by column chromatography on the silica gel
with Hex:EtOAc = 4:1 as eluting solvent to give a compound 3 as colorless oil (6.77 g, 87%).

"H-NMR (600 MHz, CDCl;3) § 3.95-4.47 (m, 3H), 3.62-3.83 (m, 4H), 2.87 (m, 0.6H, major), 2.54-
2.62 (m, 0.4H, minor), 2.30-2.44 (m, 1H), 1.39-1.53 (m, 9H); 3*C-NMR (151 MHz, CDCls) § 172.06,
152.62, 80.72, 59.10, 58.79, 58.56, 58.42, 57.37, 56.97, 56.57, 52.43, 52.24, 43.10, 42.83, 42.14,
41.87,28.32,28.20, 16.09, 12.75, 11.95; HRMS calc. for [C11H19INO4]": 356.0359, Found: 356.0353.

2-Methyl 1-(2-methyl-2-propanyl) (25)-2,5-dihydro-1H-pyrrole-1,2-dicarboxylate (4): A
solution of compound 3 (920 mg, 2.59 mmol) in toluene (26 mL) was added DBU (434 uL, 2.9 mmol)
and stirred for 2 h at 80 °C. The precipitate was filtrated and washed with toluene (10 mL x 3). The
filtrate was concentrated in vacuo. The crude product was purified by column chromatography on the
silica gel with Hex:EtOAc = 8:1 to 4:1 as eluting solvent give a compound 4 as colorless oil (496 mg,
85% yield).

"H-NMR (600 MHz, CDCls) § 5.94-6.01 (m, 1H), 5.70-5.77 (m, 1H), 4.96-5.07 (m, 1H), 4.15-4.31
(m, 2H), 3.74 (d, J = 6.2 Hz, 3H), 1.46-1.52 (m, 3H, minor), 1.40-1.45 (m, 6H, major); *C-NMR
(151 MHz, CDCl3) 6 171.15, 170.83, 153.89, 153.38, 129.42, 129.30, 124.73, 124.63, 80.22, 80.18 ,
66.55, 66.18, 53.50, 53.25, 52.35, 52.20, 28.41, 28.27; HRMS calc. for [C11H17NNaO4]": 250.1055,
Found: 250.1056.

2-Methyl 1-(2-methyl-2-propanyl) (25,3R,4S5)-3,4-dihydroxy-1,2-pyrrolidinedicarboxylate (5):
A solution of compound 4 (1.32 g, 5.81 mmol) in acetone:H2O mixture (30 mL, v/v=10:1) was added
50% water solution of NMO (3.62 mL, 17.4 mmol). The resulting mixture was added 1 mL of 1%
OsOg4 solution in ~-BuOH (4 mol%) and stirred for 14 h at room temperature. Resulting mixture was
added saturated aqueous Na,S>03 and extracted with EtOAc (15 mL x 3). The organic layer was dried
over anhydrous Na>SO4 and concentrated in vacuo. The crude product was purified by short pad silica
gel and column chromatography on the silica gel with CHCI3:MeOH = 97:3 as eluting solvent give a
compound 5 as colorless oil (1.22 g, 81% yield).

"H-NMR (600 MHz, CDCls) § 4.23-4.32 (m, 2H), 3.44-3.82 (m, 6H), 3.20-3.37 (m, 1H), 2.87-3.02
(m, 1H), 1.35-1.50 (m, 9H); *C-NMR (151 MHz, CDCls) § 172.20, 171.80, 153.85, 80.74, 80.67,
75.85, 74.82, 70.60, 69.90, 64.58, 64.40, 58.50, 52.61, 52.38, 51.07, 50.77, 28.34, 28.21, 18.39;
HRMS calc. for [C11H20NOg]": 262.1291, Found: 262.1294.

(2R,3R,4S)-2-(acetoxymethyl)-1-(zert-butoxycarbonyl)pyrrolidine-3,4-diyl diacetate (6): A
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solution of compound 5 (2 g, 7.6 mmol) in THF (30 mL) was dropwisely added THF suspension of
LiAlH4 (375.7 mg, 9.9 mmol) at 0 °C, and stirred for 2 h at 0 °C. The resulting mixture was dropwisely
added 376 pL of H2O, 376 pL of 15% aqueous NaOH, 376 uL of H>O x 2 and stirred at 0 °C for 5
min. The resulting grey precipitate was filtrated and washed with THF (15 mL x 3). The filtrate was
concentrated in vacuo. Succeeding the residue was dissolved in CH2Cl> and cooled to 0 °C. The
solution was added pyridine (9.2 mL, 114.6 mmol), catalytic amount of DMAP, and Ac20 (10.8 mL,
114.6 mmol). After stirred for 12 h at room temperature, the reaction mixture was added saturated
aqueous NaHCOjs and extracted with CH2Cl, (15 mL x 3). The organic layer was dried over anhydrous
NazSO4 and concentrated in vacuo. The crude product was purified by column chromatography on
the silica gel with Hex:EtOAc = 5:1 to 3:1 as eluting solvent give a compound 6 as colorless oil (2.6
g, 95% yield).

"H-NMR (600 MHz, CDCls) § 5.31-5.40 (m, 2H), 4.30-4.37 (m, 1H), 4.18-4.28 (m, 1H), 3.93-4.10
(m, 1H), 3.43-3.73 (m, 2H), 2.03-2.21 (m, 9H), 1.42-1.59 (m, 9H); *C-NMR (151 MHz, CDCls) &
170.38, 169.93, 169.88, 154.21, 153.95, 80.90, 80.49, 73.48, 72.74, 69.72, 69.23, 62.40, 62.15, 59.80,
59.67, 48.50, 48.30, 28.28, 20.77, 20.65, 20.58; HRMS calc. for [Ci1sH2sNNaOg]": 382.1478, Found:
382.1462.

(2R,3R 4S5)-2-(acetoxymethyl)-1-(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (7):
Compound 6 (1.93 g, 5.36 mmol) was dissolved to 15% TFA solution of CH>Cl, (50 mL) and stirred
for 2 h. The solvent was removed in vacuo and co-evaporated with toluene. The resulting residue was
dissolved to CH2Clz and cooled to 0 °C. The resulting solution was added Et;N (2.1 mL, 15 mmol)
and methyl chloroformate (822 mL, 10.7 mmol, dropwisely). After stirred for 2 h, the reaction mixture
was added saturated aqueous NH4Cl and extracted with CH>Cl, (15 mL x 3). The organic layer was
washed with saturated aqueous NaHCO3 and dried over anhydrous Na>SOs. The crude product was
purified by column chromatography on the silica gel with Hex:EtOAc = 1:1 to 1:2 as eluting solvent
give a compound 7 as yellow solid (1.5 g, 88% yield).

"H-NMR (600 MHz, CDCls) § 5.31-5.43 (m, 2H), 4.00-4.53 (m, 3H), 3.50-3.75 (m, 5H), 2.03-2.20
(m, 9H); 3C-NMR (151 MHz, CDCl3) § 170.34, 169.91, 169.84, 155.28, 155.21, 73.30, 72.51, 69.67,
69.21, 62.42, 61.84, 60.09, 59.64, 52.88, 52.71, 48.73, 48.38, 20.79, 20.63, 20.60; HRMS calc. for
[C13H19NNaOs]": 340.1008, Found: 340.1025; Melting point: 54 °C.

(2R,3R 48,55)-2-(acetoxymethyl)-5-(6-benzamido-9H-purin-9-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (8a, a-anomer): General procedure was used for
compound 7 by using N°-benzoyladenine as nucleophile. The crude glycosidation product was
purified by HPLC (Phenylhexyl, Spm, 20 mm x 250 mm, H>O/MeOH), and title compound was
obtained as colorless oil.

'H-NMR (600 MHz, DMSO-dc) & 11.15 (s, 1H), 8.69 (s, 1H), 8.56 (s, 1H), 7.98 (d, J = 7.6 Hz, 2H),
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7.59 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 6.27-6.32 (m, 2H), 5.55 (s, 1H), 4.57-4.63 (m, 1H),
4.41 (q,J=5.5 Hz, 1H), 4.18-4.21 (m, 1H), 3.36-3.64 (m, 3H), 2.08 (s, 3H), 1.97-2.01 (m, 3H), 1.94
(m, 3H); 3C-NMR (151 MHz, DMSO-ds) & 170.45, 169.95, 169.60, 166.01, 155.33, 151.87, 150.86,
133.68, 132.91, 128.89, 126.40, 79.57, 71.02, 61.57, 53.67, 20.99, 20.94, 20.61; HRMS calc. for
[C25sH26NeNaOo]*: 577.1659, Found: 577.1630.

(2R,3R,4S,5R)-2-(acetoxymethyl)-5-(6-benzamido-9 H-purin-9-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (8b, B-anomer): 'H-NMR (600 MHz, DMSO-
des) 0 11.57 (s, 1H), 8.15 (s, 1H), 6.13 (d, /= 6.9 Hz, 1H), 5.98 (t, J = 5.5 Hz, 1H), 547 (d, J=4.8
Hz, 1H), 4.48 (q,J=5.3 Hz, 2H), 4.21-4.24 (m, 2H), 3.52-3.57 (m, 3H), 2.85-2.70 (1H), 2.13 (s, 3H),
2.06-2.08 (m, 3H), 2.01 (t, J= 3.1 Hz, 3H), 1.13 (q, J = 3.2 Hz, 6H); *C-NMR (151 MHz, DMSO-
de) 8 170.30, 169.91, 169.55, 155.19, 138.38, 69.86, 61.73, 53.65, 21.06, 20.93, 20.58, 19.38, 19.30;
HRMS calc. for [C22H2sNsNaO1o]™: 559.1765, Found: 559.1750; Form: Yellow oil.

(B3R, 4R,5R)-5-(acetoxymethyl)-1-(methoxycarbonyl)pyrrolidine-2,3,4-triyl triacetate (9): A
solution of compound 17 (88.3 mg, 0.27 mmol) in CH>Cl> (5 mL) was added pyridine (1.3 mmol,
107 mL), DMAP, and Ac>O (1.3 mmol, 125 mL) at 0 °C. After stirred for 2 h at room temperature,
the reaction mixture was added saturated aqueous NaHCO3 and extracted with CH2ClL (10 mL x 3).
The organic layer was dried over anhydrous Na;SO4 and concentrated in vacuo. The crude product
was purified by column chromatography on the silica gel with Hex:EtOAc = 3:1 to 1:1 as eluting
solvent give a compound 9 as yellow oil (73.9 mg, 74% yield).

"H-NMR (600 MHz, CDCls) § 6.46 (s, 1H), 5.41-5.48 (m, 1H), 5.31-5.34 (m, 1H), 4.47-4.59 (m, 1H),
4.00-4.20 (m, 2H), 3.65-3.95 (m, 3H), 1.95-2.20 (m, 12H); *C-NMR (151 MHz, CDCls) § 170.30,
169.56, 169.25, 168.95, 154.30, 83.75, 73.56, 71.01, 68.97, 68.91, 61.87, 61.29, 60.03, 59.64, 54.20,
53.31, 20.95, 20.72, 20.59, 20.45, 20.21; HRMS calc. for [CisH2i1NNaOio]" : 398.1063, Found:
398.1013.

methyl (25,4R)-4-acetoxy-2-(acetoxymethyl)pyrrolidine-1-carboxylate (10): This is a known

compound.?*

methyl (2R,35)-3-acetoxy-2-(acetoxymethyl)pyrrolidine-1-carboxylate (11): This is a known

compound.?*

(2R,3R,4R)-2-(acetoxymethyl)-1-(methoxycarbonyl)-5-(phenylthio)pyrrolidine-3,4-diyl
diacetate (12): General procedure was used for compound 7, and crude product was purified by silica
gel column chromatography (Hex:EtOAc = 2:1). and title compound was obtained as brown oil.
Yield: 75% (31.9 mg when used TFA as an additive).
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"H-NMR (400 MHz, CDCl3) § 7.57 (s, 2H), 7.35-7.38 (m, 3H), 5.62-5.64 (m, 1H), 5.42-5.43 (m, 1H),
5.18 (m, 1H), 4.10-4.36 (m, 2H), 3.51-3.81 (m, 3H), 2.03-2.14 (m, 10H); '3C-NMR (101 MHz,
CDCl3) 6 170.55 -169.50, 154.73, 134.37, 131.88, 128.99, 74.85, 69.96, 61.08, 59.33, 53.14, 21.18-
20.20; HRMS calc. for [C19H23NNaOsgS]" : 448.1042, Found: 448.1044.

methyl (3R,55)-3-acetoxy-5-(acetoxymethyl)-2-(phenylthio)pyrrolidine-1-carboxylate (13):
General procedure was used for compound 10, and crude product was purified by silica gel column
chromatography (Hex:EtOAc = 2:1). and title compound was obtained as yellow oil

Yield: 81% (29.7 mg when used DCA as an additive).

"H-NMR (400 MHz, CDCl3) § 7.54 (s, 2H), 7.36-7.26 (m, 3H), 5.35-5.11 (m, 2H), 4.49-4.08 (m, 3H),
3.68 (m, 3H), 2.44 (s, 1H), 2.22-1.92 (m, 7H); '*C-NMR (101 MHz, CDCls) § 170.80-169.99, 154.87,
133.65, 132.70, 129.07, 128.30, 71.79, 63.51, 56.27, 5291, 31.87, 20.96; HRMS calc. for
[C17H21NNaOeS]" : 390.0987, Found: 390.0987.

methyl (2R,35)-3-acetoxy-2-(acetoxymethyl)-5-(phenylthio)pyrrolidine-1-carboxylate (14):
General procedure was used for compound 11, and crude product was purified by silica gel column
chromatography (Hex:EtOAc = 2:1). and title compound was obtained as yellow oil

Yield: 94% (34.5 mg when used AcOH as an additive).

"H-NMR (600 MHz, CDCls) § 7.57 (s, 2H), 7.31-7.38 (m, 3H), 5.62-5.64 (m, 1H), 5.40-5.50 (m, 1H),
5.15-5.18 (m, 1H), 4.09-4.51 (m, 2H), 3.59-3.81 (m, 3H), 2.01-2.18 (m, 8H); *C-NMR (151 MHz,
CDCl3) 6 170.62, 156.59, 154.97, 134.81, 133.51, 132.99, 129.09, 128.34, 71.43, 65.99, 62.74, 55.28,
52.47, 37.86, 20.98; HRMS calc. for [C17H21NNaOS]" : 390.0987, Found: 390.1007.

(2R,3R4S8,55)-2-(acetoxymethyl)-5-(2-isobutyramido-6-oxo-1,6-dihydro-9H-purin-9-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (15a, a-anomer): General procedure was used
for compound 7 by using N?-isobutyrylguanine as nucleophile. The crude glycosidation product was
purified by HPLC (Phenylhexyl, Spm, 20 mm x 250 mm, H>O/MeOH), and title compound was
obtained as yellow oil.

"H-NMR (600 MHz, DMSO-ds) & 11.57 (s, 1H), 8.15 (s, 1H), 6.13 (d, J = 6.9 Hz, 1H), 5.98 (t, J =
5.5Hz, 1H), 5.47 (d,J=4.8 Hz, 1H), 4.48 (q, /= 5.3 Hz, 2H), 4.21-4.24 (m, 2H), 3.52-3.57 (m, 3H),
2.85-2.70 (1H), 2.13 (s, 3H), 2.06-2.08 (m, 3H), 2.01 (t, J= 3.1 Hz, 3H), 1.13 (q, J = 3.2 Hz, 6H);
BBC-NMR (151 MHz, DMSO-de) § 170.30, 169.91, 169.55, 155.19, 138.38, 69.86, 61.73, 53.65, 21.06,
20.93, 20.58, 19.38, 19.30; HRMS calc. for [C22H2sNsNaO1o]": 559.1765, Found: 559.1750; Form:

Yellow oil.

(2R,3R,4S,5R)-2-(acetoxymethyl)-5-(2-isobutyramido-6-oxo-1,6-dihydro-9H-purin-9-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (15b, p-anomer): 'H-NMR (600 MHz, DMSO-
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de) 0 11.59 (s, 1H), 8.44 (s, 1H), 6.39 (d, J= 6.9 Hz, 1H), 5.98 (s, 1H), 5.27-5.39 (m, 2H), 4.56 (q, J
=6.0 Hz, 1H), 4.36 (dd, J=11.7, 4.1 Hz, 1H), 4.17 (s, 1H), 3.56-3.67 (m, 3H), 2.74 (s, 1H), 2.09 (s,
3H), 2.03-2.06 (s, 3H), 1.99 (s, 3H), 1.10 (d, J = 6.2 Hz, 6H); *C-NMR (151 MHz, DMSO-ds) &
180.40, 170.38, 169.90, 158.29, 155.51, 128.62, 111.31, 72.56, 61.65, 53.72, 35.12, 21.07, 20.96,
20.60, 19.34; HRMS calc. for [C22H2sNeNaOio]*: 559.1765, Found: 559.1795; Form: Yellow oil.

(2R,3R4S,55)-2-(acetoxymethyl)-5-(4-benzamido-2-oxopyrimidin-1(2H)-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (16a, a-anomer): General procedure was used
for compound 7 by using N*-benzoylcytosine as nucleophile. The crude glycosidation product was
purified by HPLC (Phenylhexyl, Spm, 20 mm x 250 mm, H>O/MeOH), and title compound was
obtained as yellow oil.

"H-NMR (600 MHz, DMSO-ds) & 10.99 (s, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.44 (m, 3H), 7.30-7.01
(m, 1H), 6.19-6.26 (m, 1H), 5.69 (s, 1H), 5.16 (m, 1H), 4.16-4.39 (m, 3H), 3.44-3.58 (m, 3H), 1.86-
1.97 (m, 7H, major), 1.76 (s, 2H, minor); '*C-NMR (151 MHz, DMSO-ds) § 170.00, 169.43, 133.22,
132.74, 128.44, 95.52, 60.43, 53.34, 20.64, 20.14; HRMS calc. for [C24H26N4sNaOio]": 553.1547,
Found: 553.1516; Form: Yellow oil.

(2R,3R,4S8,5R)-2-(acetoxymethyl)-5-(4-benzamido-2-oxopyrimidin-1(2H)-yl)-1-

(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (16b, p-anomer): 'H-NMR (600 MHz, DMSO-
ds) 0 11.40 (s, 1H), 8.27 (d, /= 7.6 Hz, 1H), 8.06-8.10 (m, 2H), 7.69 (t, /= 7.2 Hz, 1H), 7.58 (t, J =
7.9 Hz, 2H), 7.43 (s, 1H), 6.01 (d, /=4.8 Hz, 1H), 5.82 (s, 1H), 5.50 (t,J=4.5 Hz, 1H), 4.54 (q, J =
6.0 Hz, 1H), 4.42 (dd, J=11.0, 4.1 Hz, 1H), 4.22-4.24 (m, 1H), 3.71 (s, 3H), 2.08-2.17 (m, 9H); '*C-
NMR (151 MHz, DMSO-ds) 6 169.98, 169.38, 169.30, 154.74, 132.81, 128.51, 128.47,96.61, 61.00,
53.42, 20.66, 20.44, 20.32; HRMS calc. for [C24H26N4NaO10]": 553.1547, Found: 553.1567; Form:

Yellow oil.

(2R,3R,4R)-2-(acetoxymethyl)-5-hydroxy-1-(methoxycarbonyl)pyrrolidine-3,4-diyl  diacetate
(17): Compound 7 (31.7 mg, 0.1 mmol) was dissolved in 10 mL of 1.0 M LiClOs- EtNO> solution (2
pots, total 0.2 mmol). This solution was electrolyzed at 0 °C in the presence of 0.05 M trifluoroacetic
acid at a constant current (0.5 mA/cm?) by using undivided cell equipped with glassy carbon plate
(60 mm x 20 mm) anode and Pt cathode (20 mm x 10 mm) under Ar atomosphere. When 2.6 F (25.1
C) of electricity was passed, the reaction mixture was added brine and stirred at room temperature for
12 h. After coupling reaction, the reaction mixture was neutralized with saturated aqueous NaHCO3
and extracted with CH>Cl> (15 mL x 6). The organic layer was dried over anhydrous Na,SO4 and
concentrated in vacuo. The crude product was purified silica gel column chromatography
(Hex:EtOAc = 2:1 to 1:2), and compound 17 was obtained as colorless oil (62.1 mg, 95% yield).

'H-NMR (600 MHz, CDCI3) & 5.36-5.56 (m, 2H), 5.29 (m, 1H), 3.87-4.57 (m, 4H), 3.20-3.84 (m,
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3H), 1.97-2.23 (m, 9H); "*C-NMR (151 MHz, CDCl3) § 169.73, 169.66, 155.69, 84.13, 75.09, 71.92,
61.81, 60.72, 53.10, 20.86, 20.62, 20.51; HRMS calc. for [Ci13H19NNaOo]": 356.0958, Found:
356.0946.

(2R,3R4S8,55)-2-(acetoxymethyl)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2 H)-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (18a, o-anomer) and (2R,3R,4S,5R)-2-
(acetoxymethyl)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-1-
(methoxycarbonyl)pyrrolidine-3,4-diyl diacetate (18b, -anomer): Compound 9 (22.8 mg, 0.06
mmol) was dissolved to MeCN (2 mL) and added uracil (13.5 mg, 0.12 mmol). The solution was
added BSA (72 pL, 0.24 mmol) and stirred at room temperature under Ar atmosphere until the mixture
become clear. After that, the flask was cooled to 0 °C and TMSOTT (11 pL, 0.06 mmol) was added
and stirred for 2 h. After the reaction, saturated aqueous NaHCO3; was added and extracted with
CH>Cl: (10 mL x 3). The organic layer was dried over anhydrous Na>SO4 and concentrated in vacuo.
The crude product was purified by silica gel column chromatography (EtOAc), and title compound
was obtained as diastereomer mixture (24.9 mg, 97% yield, a:p ratio = 3:97). Each diastereomers
were separated by HPLC (Phenylhexyl, Sum, 20 mm x 250 mm, H,O/MeOH).

18a: 'H-NMR (600 MHz, DMSO-ds) § 11.43 (s, 1H), 7.68-7.75 (m, 1H), 6.27-6.32 (m, 1H), 5.71-
5.75 (m, 1H), 5.65 (m, 1H), 5.34 (s, 1H), 4.14-4.52 (m, 3H), 3.51-3.74 (m, 3H), 1.94-2.17 (m, 9H);
BBC-NMR (151 MHz, DMSO-ds) § 169.78, 168.71, 163.60, 151.42, 141.36,70.07, 61.43, 53.42,31.71,
29.43,29.25,29.11,28.61,21.03, 20.43, 14.38; HRMS calc. for [C17H21N3NaO10]": 450.1125, Found:
450.1136; Form: Colorless oil.

18b: 'H-NMR (600 MHz, DMSO-de) § 11.46 (s, 1H), 7.75 (d, J = 8.2 Hz, 1H), 5.98 (d, J = 6.2 Hz,
1H), 5.71-5.76 (m, 2H), 5.44 (q, /= 2.3 Hz, 1H), 4.37-4.45 (m, 2H), 4.18-4.20 (m, 1H), 3.70 (s, 3H),
2.04-2.17 (m, 9H); 3C-NMR (151 MHz, DMSO-ds) & 170.35, 169.87, 169.77, 163.53, 155.19, 150.91,
142.21, 102.44, 73.39, 72.31, 71.21, 62.68, 61.67, 53.78, 21.06, 20.92, 20.70; HRMS calc. for
[C17H21N3NaO10]": 450.1125, Found: 450.1123; Form: Colorless oil.

29



L
BFEEIOANVAFFOEOREFHERMEIKLS
Eo0oZJzF+ R FUo7hoA FEOEREERK

21007z R RUEDEBEE FTDERK

trnr 7SR o7 vhuAs RiE, e AN TRERI Y BEES - —RED 7 v
aAf RTHY, N-XUVANA L RU B A 2 R VB T AL ChHighs LT B #S & FEARME &
ELTAHLTWD, ZOY I D 2 1Tk I SHBMEOET Mbam s LT
BB HREINTWD (Figure 1),

Br/Bpi
° rEpin (A) BuzSnH, AIBN
CJ@ (B) Suzuki-Miyaura

7 X (A) Stoichiometric Pd Z
o = (B) Hypervalent jodine (o) A ! DDQ oxidation
| [
') ’

Pyrrolophenanthridones

o N

Il
\NZ
MeO

SMe

Figure 1. Synthetic strategies for pyrrolophenanthridone skeleton.
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B 0 AT 7 VRS K o T hippadine 15TV ABRL Black Hid, N-X2 YA b
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A2 R U 2%t U CHERE Y PA(OAc, Z1EH &® 5 Z & T, BN Csp)-H 7 vu Al v
VU RsicE» Ty FrEen 7 27 AU RUBBREOND Z & &2 R LEW,
LML, ZORIGRIZBWTH A > R > N-a i THiEER L72RIZER RS 5T 5, Kerr
IR VR EZHNEN-X YA NA Y R DG FNTANIT A7 a R
oYU TYV e Revtoa 7 202 RUBNEERBIRICARKR SN D Z &
EHREL TP, yaxhy Y RGN EIE R DT 7 r—F & LT, Boger HiXT b
T VU HE R DSy N E A EEER Diels-Alder SKSIZ LW —%iIcV e Reton 7 2
AU R ESRT-OL, i< DDQ #E{kiZ & - T hippadine D& k%17 > T 5B

U EDFATIE A B E 2 5 & BRLANC AR T 2 5 EBET ¥ VI F 4 - R 2 e d
LREFHIR C(sp)-H 7 v A A v 7Y TSR, ra 7 xzF AU ROFOERIC
B THODHZ ENEZLND, £, Ve Fr 72 R RUOBILIZE D 7 =) A
U R ~OZEHIZEE L IR TOAMICIE LT DDQ ML BHW LN TE Y, D
FRAL SO % BSOS TR T 5 2 &N TEX XA TROMEIIC SRR D, £ I TARE
TlX, BRI L - TRAET DT P B F A PR O SOGHE % BSOS K - CHil4E
THZET, NIy P U TRIGB IO v R= AV RIERIS B L, R
n7xF LAY KT hof NEOEMESHREIT) Z 2 AME Lz,
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22BMAFRIORDY TY VIREELUVA V F—ILERE

IZUDIT, N-XUY AN, R 2L U CEMRNKSRDOEEEIT->7= (Table 1),
MeCN/BuNCIOs H A % > Z)LR U (MsOH) . & 5\ 2,6-lutidine % WAl & L CEfif
2479 & ML T 2BIMIREB L O o R— LB ERN 1S L7z (entries 1-2) o W DI
IS A REEALTIIE, BRSO ARTErE R 7 2 F v A RUBKERESE T 5 2 L A ARE
RHTY, IbbEeED L L L LT,

BRI N R IIER & U CTHE STV 5 MeNOo/LICIO, #0813 L O 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) J&BEL-19% FWN =356 BT OINROUEN R LNTZOHTH
-7 (entry3-5), L2>L. WEER % RS L7- MeNOo/HFIP/LIClO4 52 % VN 72 & Z A KIE
[ZE#ED M E L7 (entry 6),

TE-EHL, BLO Yoon HIZFEIRFHIZ, UV Ry 7 ARURRIZEBWTRAE LT Vv
NF A DOREAVEN, RPIAEET DT = A 0 A A ST O %
T H L WA LA 4k 5135 Y v F 4 Diels-Alder U &2 E T L E LT,
vruuaAXy (DIN=1) 72 EDOET v b o MEIEMPEREE T Tl Y 3% S0 A3 E =R CHEfT
T 50, MeCN 72 E D)V A ZAHHMESEEF 0, mWT =F o Marmd v o2 —7=F
VBT CIEE L SIRENME T T2 2L 2R LTWS, SEMEZHEET DO KE
ARG DI IA & 70 D BMREONTB N T, Z ORI TRE 2 E e n, THE-
EHHIE, BAPEEEETH D MeCN F1UZ HFIP ZNT 252 & TL Ny 7 2RGSO KSR
FNEET 2FREZH AL, HFIP OEWKRER-GT 7 872 —BIC Lo TRF DT =4
RIS TSI 2MiE Lz, T72bb, KEBEFHARPREEZRL L Ry 7 ARG
IZBWTABER 2% E T2 LTk, WL TEWREFHEEZAT DA X 7 NRT Pk
NHFF R EISELPDNEEE RS, Fo, TE - GEHLIZT v otEE HWE
WIRIHTIC L > T, EIEE (1.0~3.0M) @ MeNOY/LICIO4 IR T b [AEEDIET = F L1
BOSSHERIER S TWD Z & & AL L72Bl MR TiE=hr A X2 U HIENIZ
EAEEEEFNZES 5 L7evy (DIN=2.7) Z &2z, VA ABRMEY F 7 L0 F 4 RNtk
BRT =4 LD T TAZ ) T 5L TEOT =AU HE TS, BRI
T oA U MEDOVRIEREE D HEFF STV D, IO EIFE X TELRT D L. entry 6 DFRMIC
BWTIE HFIP OKFBRERT 77 % —REIC K DEEFRRRT =4 B L O AL A &
ANKRUET =4 O L HEETH D MeNO, DKWV RF—TF o — (2 k5T,
MeNO/LiClO4 %35 X OV HFIP % & bk U CHRD CTIET =4 U 72 OB DB ST D
LoLEZLND,

BREM 2 NS 7T v ——R (GC) ~EEHT D LIRMET L7z (entry 7).,
GC L sp? RENHER S T-REEZAH L TCWDHTDICAS v ZHEMERIC L 0 HEK
{EEWBHERE L, BMREICBIT 2 RAMREEREN LRI Mo Tng, 4
ARIOGE L RS, BEORPFTHREN EFH T2 2 L TR Y ~—{bie & ORI EST
L. WEDETZLTZHLIEbDEEZEZ NS, KIESH (0°C) °. MsOH X V) EefiE
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Table 1. Optimization for electrochemical reaction

MeO 0.25 mA/cm?, RT OMe MeO
OMe (+PLPH(-) oMe | OMe
MeCN-BuyNCIO, (0.01 M) O :
o MsOH (0.05 M) o Lo
{'D 2.6 F/mol (entry 1-10) O ! N
5.2 Fimol (entry 11-20) ' \
Undivided cell
N-benzoylindoline (1) Cyclized product (1a) Indole (1b)
Entry Deviation from standard condition Yield%?
1 none 8 (1a)
2 2,6-Lutidine instead of MsOH 30 (1b)
Cross-coupling reaction
3 entry 1, MeNO2/LiClO4 (1.0 M) as electrolyte 14 (1a)
4 entry 1, HFIP/LiClO4 (0.1 M) as electrolyte 20 (1a)
5 entry 1, HFIP/BusNCIO4 (0.1 M) as electrolyte 7 (1a)
6 entry 1, MeNO2:HFIP (9:1)/LiClO4 (0.1 M) as electrolyte 65 (1a)
7 entry 6, GC anode 46 (1a)
8 entry 6, reaction was carried out at 0 °C 56 (1a)
9 entry 6, TfOH instead of MsOH 44 (1a)
10 entry 6, 0.1 M MsOH instead of 0.05 M 82 (1a)
Indole synthesis
11 entry 2, TFE as solvent N.D.
12 entry 2, DMF as solvent 13 (1b)
13 entry 2, 0.1 M BusNClOy4 instead of 0.01 M 27
14 entry 2, Cs>COs instead of 2,6-lutidine <1 (1b)
15 entry 2, +-BuOK instead of 2,6-lutidine N.D.
16° entry 2, piperidine instead of 2,6-lutidine 2 (1b)
17 entry 2, 2,4,6-collidine instead of 2,6-lutidine 50 (1b)
18 entry 17, MeNO2:HFIP (9:1)/LiClO4 (0.1 M) as solvent 25 (1b)
19 entry 17, NaClO4 (0.01 M) instead of BusNCl1O4 16 (1b)

entry 17, BusNClO4 (0.1 M)
20°¢ o 61 (1b)
2,4,6-collidine/MsOH (200 mM-100 mM)

[a] Yield was determined by 'H-NMR using benzaldehyde as an internal standard. [b] Polymer-supported

piperidine (3-4 mmol/g) was used in a concentration of 1.0 M. [c] Constant potential (+1.6 V vs. Ag) was used.
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DEWRU 7t A% AR (TIOH) 2 HAWEGEI12 b RIERICICGEME T L7

(entries 8-9) , N-X V' A JbA v KU UFHEKRIT, IR W TIBRIESS AR 72 s-
cis-2— A —FEKRTAHAZ ENRREINTWAEZ NG, HET D s-trans-0— X ~—
ZEY O LEEMEORE TRIGEIT) ZENREEFLWVLDOLEEZLNHIL TIOH (pKa.
=—14) 1T MsOH (-2.6) LV HEEMEEENE WD, Mg ric kv 34+ 5 ZE Lot
FEMEDFI, RSB W TIE, BRAEHFRE2 S 2 Ol 7 v b o &R H3 2 33
Holz, 7u bR SR EEOEENE A AT I IRIEEROBENLETHD EE X
bb, 7ok, L L CHEFES TFA Z AW 25A I ICIHEBRE O B HARY L S 7en
Sl Z e, T=FUMEREWIEERRIIN 7 e N BB OB R T TN T
DOFEHFNC B G5 LT LE D 72, IET =4 U MRISE AR T 2 72 9121% MsOH 7 fx i
REIMAITEH D Z ENRBINTc, MsOH DIREZ 0.1 M IZ EIF 5 & /b BWIEZ R L
e, ZORNEBRS TN AR v ) U T RIGORESMEE Lz,

W, A v F—=IULBUS Ot 21T > 7=, HFIP L [AARDO T =4 U Hlifdfe 21 & &
LU ZFdaxi ) —)L (TEE) ME R84, BN AR LA -7 (entry
1), MeCN £V & R —F 2 N—DRZWENHREETH D DMF 2 V23560, XFF
EIFEOREZ BT -HA I IEOUEEIT R 6N -7 (entry 12-13), HEEE L TR
etz > 7 AR -BuOK, RN v~ —fEERY Do PEHWEGEITERWNEEL R L Z &
D6 BRI DB WAREIE OB AN E LW 2 & AR E N7 (entries 14-16) , & Z T, 2,6-
lutidine & ¥ HIEFEMED FE W 2,4,6-collidine & HWM 2 & Z A IR E LT (entry 17), 7
0 AH w7 T ROGSORKETTRE 72 MeNOo/HFIP IR AVREERITIN R 2 0 L7232 )y
ST e, FUINITAUOREFELY QIRINAIOEFMEZERSED 2 N
HETHDLZ DRI (entry 18), HERER FRFEME ThH D NaClOg [T A L <
KT SHL7D, IR L LTI BuNCIOs 3 i T 5 Z & D3R &7z (entry 19), £ 72,
entry 17 O TIXEMIEDOHTH6.0 V (L E TEEN EF L, AP O RIEE b3
A Sz, D=, 2.4,6-collidine/MsOH (2:1) & W=t 7 7 —( R0
CEBILEBM AR LT 2 A, KISRDOBILITH.6 V OIREMIZERTZIL, &b BWILEER
Z~ L72 (entry 20),
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23940 )vIRILE VA M) —F RV RIGEBERET

HHERX AN AL R VRO HEE~DE L=y FEEKR LY A 7Y v
TN AN —RIEEITH) ZET, B/ AL 7 ) U TRIGB IS v F—1k
i D S GHERE 2 T35 2 & & LTz,

0.14 4 MeO

OMe
127 °jf© —3,4-Dimethoxy-Bz-indoline (+1.45 V)
0.10 4 @
o~(

0.08 - {':@ N-Ac indoline  (+1.52'V)

0.06
OMe

Curremt (mA)

OMe
0.04 - /©/ ——Methyl 3,4-dimethoxybenzoate (+1.76 V)
MeO,C

0.02 4

0.00

A A A A S A A S S AR )

O.ﬁu 020 0.30 040 0:50—0:60—0:70— 0.50 WM 130 140 1.50 1.60 1.70 1.80 1.90 2.00

(0.02) .
Potential (V vs. Ag/AgCl)

Figure 2. Cyclic voltammogram for each moiety.

MeCN/BusNCIO4 VAR IZ T peak top DA LLfi 42 &, R A ilr kv A4 K
U ERGy DI MENERILEN 2R LT 2 &0, WUGIEA > KU OB LB S
TWHZ R BMNE 5Tz (Figure 2), KREOMALENZ T a0 A v 7V T RUSDA
B LT B & BALIE DO ERVITIEE A EERR LN D o7 (Figure 3), 2D
ZEnD, HEEERME OB THRARIENBEESND OO, EERIZILEINETHHY
DEFLITWD, EFITBRILICE > THEEMICE O S BRRZALTEBY, 7I RO
sp? CHMNMEA TS, BALET I Rigr—r X7 O-ENGH, @BHOT I NI TE
FI T DN S WE R Z R T e DA DT LU AT v R EMBEERT S Z &0
HMHENTWD, SRIOEALRBRICEAICL > TEROHEIEMENE L TBY . KSR
TAET DA ABIEY F U LBDF A EFEERT S Z & TEBMOBALENMBHE KR L,
WBE LA IHI SN TV D b0 EEZ BN,

VL EDfE R 2 & 2 7o HEE OG- Figure 4 (O d, 70 Ay 7V RO L
Tix, BIBRBILIC I D RELIZA L R IO ANAT Ay a OREFHEZ, FET7 =4
PSS T & D MeNO-HFIP-LiClOs RIZHE W TR L TV H 72D, 5 FRRIKICE > TS
CANHT A b LD, BB EA X LV ANVKR VBT = KA e bk &
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5725 1 BIRILICE>THT A dE2ERLIZOL, HEOB T v F AL BROER
btk e #5225, BILIKOEZRa—L XT R FULITFF L ~EBRNLTH I LT, @R
ferfflsnnsg, 4 R=HEROSBRERIZA » RY TNV F Ay a OGS I
D0, BRI OIS TH D T2 DRI K > TT P IN I F A OREFHERKT
LCERY ., o THNEIERSIZIH ST b, 2,4,6-Collidine (2 LD ~7' 1 b iz kv
CNTIVINEEERLTEOL S50 1 EFBILICE s TR DNVTTFF g bird,
fE< N-a KRB OGI EHRZIZ LD FEFHRIZE > TA > F—vh 24T 5,

0.16 - MeO  oue
0.14 - o
N ——3,4-Dimethoxy-Bz-indoline (1)
OMe
’E“ 0.10 - OMe
- o O ——Oxoassoanine (1a)
+w 0.08 - N
2 [
@
£ 0.06 -
5 O
o OMe
OMe
0.04 1 o O Pratosine (1¢)
N
0.02 - \ O
R ——— ‘ e
O.Trs’w'.'ﬂf 620030040 0.500:60 0.70 O.SOM 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
(0.02)

Potential (V vs. Ag/AgCl)

Figure 3. Oxidation potential of each product.
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Solvent-clustering formation

A 9 High electriphilic
in MeNO,-LiCIO,

Anion-tapping by HFIP
radical cation

//R
Li{\ oo k|
7 N

Cyclized product (e)

Over oxidation was
prevented by Li*

' (A) Cross-coupling reaction

:
B

o
O

Indoline

Radical cation (a)

Cathode (-)
0 3 -H*
HO*?*Me ]
o :
+2e ~ /‘R _ /‘R ~ /‘R
- : NN oM oK
112 H, !
NP < e, -H" N N H-/

Electrogenerated Base i

(Methanesulfonate anion) ! Cation (d) Radical (c) Radical cation (b)

(B) Indole synthesis reaction

/)
/)

Benzyl radical (f)

Anode (+)
|
7 R
o = .
N Indoline
< 7 R
o = -H*
N
Benzylic deprotonation
/@ Radical cation (a)
7 X -H* 4 \\/R
0=
N-o deprotonation N
H
c@ WareS
Indole (h) | =

Benzylic cation (g)

Figure 4. Plausible mechanism.
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24007+ R FU7)LhOA FEOEREER

B SN BRAEZAWT, xobtoo 7o) R Y R hnA REOEGHK
%47-7= (Scheme 1), A > KU &7 /b L THBND 1, 21k L CEMS NI 0
AJ1 w7V TR EAT 9 &, oxoassoanine (1a) 35 & N anhydrolycorinone (2a) 72345 5 41
7o fEVN T 1a, 2a &M A  F— A bG~ & i35 Z & T pratosine (1¢) | hippadine (2¢)
EERT DI LIS LT, B, A2 F=/HERIRIZBWTERE L 25V FrER
07 xR RUBEROEMMEMENTZ0, Yr7rra A X a2 Eg s U THWE,
Fiz. vruu XX H AICK 2 X o T pratosine ONLE IRV 72 il A T AL E4T 5 Z &
T pratorinine (1d) 255541, BBrs ZHWTETO A FF I HAZx LTI A FIALEZIT 5
& hippacine (1f) 7235 5417-, Pratosine 75 pratorimine (le) ~OZEHIUIBEENCH 57
O, WA KE GO § o e 7 2 A RUTbha A ROARKITHKE Lz,
F 7=, pratorinine "8 & hippacine "D &I OHE & 72 D,

KIZ. Kkalbretorine (6¢) DA [KIZFHE T L7-, Kalbretorine |% Haemanthus kalbreyeri .V K.
ftshicvrue72F R RUTATRA RTHY  ~ U APEMAL (S-180 Alifw) (Z%f
THHIEGTEER A O TV LR £3 4 N U 2%t LT 2,3,4-trimethoxybenzoyl
chloride Zifi & L 3 245720 H . BB (Z L DA FALEITH) 2L TA L LIz, 41T LT
A hFER b Y =F VB S 34 MRS ANV Y = 2T NAREEATO, 2 MKBREED
AF b, ANV ZAT DR E AF L U F AT L - TERALETBRE 6 21572, &
FEERNC Y ANEEGT 258 ICbEM s a2 v 7Y T ROMIRAFICET L, &R
IR 6a = 5.2 7, EEA  F—)UALRIEDH%Z, BB (2K DA FALZATWERIE T %
kalbretorine Dk & EERK L 72,

PLED X 51T, BRRICE OB R G HI S W TCHFR T NV FF o FEOKE
FHEZHIET 5 2 & T, —U0BERE RIS A E HNTICE 8 ot en 7 =)
2ZY ReTnaihinAs Regd L,
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OR

jon
CloC

OR

2.6 F/mol,

0\

0.25 mA/cm?

&

MeNO,/HFIP (9:1)

'© o

Indoline LIC|04 (0 1 M)
1: R = Me (98%) MsOH (0.1 M) 1a: °X‘;%i/s°a"'“e 2a: anhydronlycmrinone
2: R = -CH,- (quant.) (90%) (79%)
OMeOH 5.2 Fimol, +1.6 V vs. Ag
Collidine/MsOH
o MeCN/CH,Cl, (6:4)
i AICl3, CH,CI, BuyNCIO, (0.1 M)
‘ O RT
OH 1d: pratorinine OMe ; 0\
OMe (85%) OMe ! o
o O Reported | Regioselective o O o} O
N procedure demethylation N N
ne LoREENS
OH |
1e: pratorimine OH 1c: ?ggsf)sme © 2b: hé%gadme
(Formal synthesis) o) ° (50%)
\ BBr,;, DCE
‘ O 70 °C
1f: hippacine
(32%)
OEt
-~
MeQ  ome HO o4 0" 0"
MeO HO HO 1) Mel, K,CO;, DMF MeO
o BBrs, CH,Cl, o HC(OEt)3, TsOH o 2) 2 M HCl aq./MeOH o
N N N
@ 0°C to RT toluene, reflux 3) BrCH,CI, Cs,CO; @
DMF, 60 °C
3 (99%) 4 (96%) 5 (80%) 6 (66%, 3 steps)
o™ 0 0
HO 0 MeO o MeO o
O O 5.2 F/mol, +1.6 V vs. Ag O 2.6 Eimol. 0.25 mA/cm?
o BBr; o Collidine/MsOH o . e
N N : N MeNO,/HFIP (9:1
\ O CH,Cl,, 0 °C i O MeCN/CH,ClI, (6:4) O eNO, (9:1)
BusNCIO,4 (0.1 M) LiClO,4 (0.1 M)
6¢: kalbretorine (quant.) 6b (60%) 6a (88%) MsOH (0.1 M)

Scheme 1. Synthesis of pyrrolophenanthridone alkaloids by electrochemical oxidation.
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2.5 BRERILIZEDA TR FUOBKROEEMERK

von 7o) R RUBBEOERIFZEIC B Tl L7-4M k. FEoE 2467
572U AY) RUFBKBOARICHLEHAEETH D EE 2T, RUAT =V KR RFE R
FREAENM U THRE L7 =T A RUEEIEL, AT A REKEOT e/ & LTHA
PR AR VR 1V SV T W BRI T T o SOME R L2k LT h &2 9 PI34 3
BIRPIENTEY ., ITFEE MIT D BERBRIC T 72T ARRBR S 7 2 U 4 &5 E R,
J& (FDA) IZX > CEAENTW5,

Tz F A R bttuen oA Ry EFERRICEE AT 0RONT DT
LA W s a2 d o ) I K DA BBINLE R E I NLTWDL DD, ZDIEE
AEFE IR A7 =) REREELTHWTEBY, 2R X7 =0 FOEBER C(sp’)-
H M L Z#8 U728 AL ROG OBl 72y, B4R @, 2k X7 = U RIZEFERN A
UWIZTAE WS D 7R s-trans-1 — X < —Z ZEAIICIER L TV D 2 E NREPTBIINTEB
D, ZOEEMIMEE - EN DTN Al ) U T ROBEREEIC L CTWAERTH S &
Exzoihvbd, =T, 7TIRERET AU LE 3B XT =V Nid s-cis-n— 5 ~—
BT DD, 2 BT I R olEL LTAT D 72T AU FUBROEGRICE L
TIE—HA FHRIAFNE (MOM) 2 EDOT VXV RIEH#EL A ERICEANTDHZ LT, B
fbiZiE L7 BB A TR S/ 5D 2 E DA AR E L THW LT AL DL EoE 5
EHSEZDE, 2 R AT =Y FOBEENRBILKGCZRE T N TR, €5
FORGE - BUREICET 2 TREEZHIBCE 2720, 727 A RUBHOAREIT
ECHERT T —F Lo 55 LBZxoND, £lo, 2 %7 I FO A HIEERFERE S LA
ARDENIZ L » THERB S5 HB9Z Lons | AalFH L 7= MeNO2/LiClIO«/HFIP {E &
WRIER NI A AFRMEROSHE & U THRET NI 7 = 0 R U R B O BRI A AN R 7T
REL7eb EEX, BMMILORKE{LZTT> 72 (Table 3),

Me
N O NH

CONH, HN
F;C” | "OH
¥ CF, \W/\NM%
o
Antagonist for HF144 PJ34
progesterone receptor Treatment for Niemann-Pick disease Treatment for diabates

Figure 5. Pharmaceutically relevant phenanthridone derivatives.

T U, vA AFEHERNEWVE EZ X 5N A EEE O MeNOy/LIClOs ZI2BWT 7 OE
BRI A Tl 2 A, HREEEDOIRTENY Ta 2 5 2, ZXFHEORES 0.IM £ T
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Table 2. Optimization for cyclization of N-piperonyloyl aniline (7).

Vi

o) 2.6 Fimol, 0.25 mA/cm?, RT o
<o: C /”\NH (+)Pt-Pt(-) <o O NH
0 MeNO,-LiCIO, (1.0 M) o O
MsOH (0.1 M)
Undivided cell

N-Piperonyloyl aniline (7) [Standard condition] Cyclized product (7a)

Entry Deviation from standard condition Yield%?
1 none 51
2 MeNO/LiClO4 (0.1 M) as solvent 38
3 CH2Cl1/LiCl0O4 (0.1 M) as solvent 3
4 MeCN/LiClOs4 (0.1 M) as solvent 1
5 DMEF/LiClO4 (0.1 M) as solvent N.D.
6 TFE/LiClO4 (0.1 M) as solvent 12
7 HFIP/LiClO4 (0.1 M) as solvent 25
8 entry 2, using HFIP (0.1 M) additive 46
9 entry 2, using HFIP (0.5 M) additive 49
10 entry 2, using HFIP (1.0 M) additive 60
11 entry 10, 0.3 M of LiClOy instead of 0.1 M 78
12 entry 10, BusNClOy as an electrolyte <1
13 entry 10, reaction was carried out at 0 °C 42
14 entry 10, LiPFs (0.1 M) as an electrolyte 14
15 entry 10, LiTFSI (0.1 M) as an electrolyte 6

[a] Yield was determined by 'H-NMR using benzaldehyde as an internal standard.

5 ENRITIKT L (entry 1-2), WiEZ Y7 vm A% (D/N=1), MeCN (14.1), DMF
(26.6) L#HhrzlZFF—F o =Bl EF T IZONRMNME T L-Z &b, ARG
IZBWT
LTV INAFA L OREFHEERBSER2WISHORFNEETH D &K LT
(entry 3-5) , KEFEET 7 v 74— & LCIHT = o MUssh K+ 5 TFE B X OVHFIP
IXER CIMEWINERZ R L7z (entry 6-7), Entry 2 OS2 512, WRIN$ % HFIP OEE %
BRI L72& 24, 1.0M (MeNO2 & ORFEE THI 10%) OB W THRREDINERZ 5 2
b . vun 7z f U AY RUDEE RS EIRWD v 7Y v Fh3 %R LTz (entry
8-10), ZaUiX., ML BRDNA AFBENRAIE L TWATZDIZT 2 REEE D s-cis/s-trans E:1
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bz +I B ETE TR W ERFRERETH S &2, XFFHEOREZ 03 M £ THIINS
D EHEbEMWIGEELZR LT (entry 11), /LA AFEHEOIRWSCFHE TdH 5 BuuNCIOs 2
D EWNENKIBIZIKT L (entry12) Z &6, v—H~—ORME{IZITT L AT v R
L A ABEOREGOH RN PRI Tz, KE T CRIGEST D EIEENEKT
L. @B OEREIETH 0 KREMEOIERWND 7 2 —T =4 %435 LiPFs. LiTFSI % X
FREE L THWESAIZHIRWIEEZ R LT (entry 13-15),

RIZ., Kﬁm*xwf&—z&Lf%wfv%ymmmmmmp%V£mf7iP@i@
EBEZ D 9 DO EERT 5~ YikiRiH CHE 7 @ 'TH-NMR JIE %17 - 7= (Figure
6), TOFER, BE=ha A Z P LiICIOs (1.0M) ZHRMLIZEAICNH 71 b o MERGS
V7 b, BFERE—IDEKEY T N LAY MRS, s-cis-0— X~ —% X
AIZTER T % N-methylbenzanilide Tid, HEFBRDOETHEIC LV A L DMK ETHNRIZ L -
THEBEREKROY ZFIVREMS Y 7 b5 2 ERHESN TS, BT ARIOHE S R
2. T FEEL VTF UL T A OB L - T H R EEEFEREE DMK T U, s-cis/s-trans D
A NMEESI N TWDTDIZEES Y 7 BB SN0 B2 b D, LiClos F1E
THEGFAETICBIT A EFER v b ObF 7 71X 0.2ppm T Y . N-methylbenzanilide
TS STV 5 benzanilide D s-cis/s-trans B DILFET 7 22 (0.6 ppm) JZ U VAN ]
ThHoT2Z Eb | RIS RIZEBUWNTIL s-cis/s-trans DFE B IS8 FE 12 . TEATL
REICE-STWDHEEZLND, £z, Ao rE 7 2R Y R //\ESZ Bl oHHE
ThHDHN-XANA Y R AL TS, FRAMAE TIERIGRE S LA E DR
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Figure 6. 'H-NMR of 7 in CD3NO in the absence and presence of Lewis acid.
Green: CD3NO2, Brown: CD3NO»-LiClO4 (1.0 M).
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ETIVIE T X BAF 7R BRI A2 7R L, crinasiadine (7a) % 5272, £7-. KIS RITANR
cis-0—H v —%BHTDH N-TAFNLRUXT =) REIZR L TH Bl » 70 v 7L
¥ % H. % . N-methylcrinasiadine (8a). phamine (9a). N-isopentylcrinasiadine (10a) @ 4-FH K
K7 =AY RUVEHOERRIZEE) L=, $F1Z, phamine BID LA BT A B HI O] &
725, ZXFHEE VA AFBYEOTIV BUNCIOJIZEE T 5 & N-TAF AR X7 =) Rk

Table 3. Synthesis of phenanthridone derivatives.

o 2.6 F/mol, 0.25 mA/cm?, RT
N N~ (+)Pt-Pt(-)
|
Z X _
| - MeNO,-LiCIO, (0.3 M)
= MsOH (0.1 M)
compound 7-15 HFIP (1.0 M) Cyclized product

0.1 mmol (10 mM) Undivided cell (7a-15a)

o o) o
<° O NH <° O NMe <° O N~ " co,Me
e TTU e
7a: crinasiadine (72%) 8a: N-methylcrinasiadine 9::)1: phamine

(53%, <1%P, 3.0 F/mol) (67%, 5.0 Fimol)

i /\)\ i /\/@ i
0@ 0@ I
TTO 0 TTU

10a: N-isopentylcrinasiadine 11a: N-phenethylcrinasiadine 11b: Dual cyclized product
(66%, 3.0 F/imol) (N.D., 3.0 F/mol) (20%, 3.0 F/mol)
o) o) (o} o
MeO
SO YRS GRS LI
o | o o Me MeO
OMe
Me
CO,Me
15a (59%)
12a (52%) 13a (43%) 14a (92%)

[a] Isolated yield. [b] BuuNCIO4 (0.1 M) instead of LiCIOs.
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HELTHOWAHEATHIERNKIBIIE T L2 &b, ET =4 RIS EZ KT 5
72 DITIL LiICIOs Z WD BN B D Z LR STz (8a, {FRb), N-7 = xFVE%
HT 5 11 #EMRLT 25 L. LAD N-phenethylcriasiadine 1315 5109, 7 = 7 /VER{LIK
11b D AN L Tz, Koz LT CVRIEETTH &, onset OFRLEAL TN Y A
VA< T =V U< 7 = X FIVERLLONEIZHEEIN 5 Z L 23 L7z (Figure 7)., £ -
T HEIERDIIR Y A NVEALD 1 B RIICEV AT DT AN AT F AR LT
T =) NS D L CAELLFET UANER, T2 X T AN E KR LTk
IZEVECTEEBZOND DM A=A LEIAHTH D (Figure 8), 11b [TEA DA
R TIERWE DD, BRI P EKRIL -1 7 L Z—PREA LY-411575834
RENZEENDGATERTHLHZ D, BRIISIZESTEZRANTEBRT 7 X LD—2%
MENAETH D Z RSN, Flo, WEROBHKIETII TR e R v 7Y 7R
WEECTH T2 2R X7 =) RTh THMnTEfTL, "2 r > (12a), = AT )V
(13a), 7%/ (14a), A FF (15a) LWoTl-flix OEBIEEZET A2 D7 =)
AU RUFERZ G T D Z ITE LT,
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Figure 7. Cyclic voltammogram for each moiety of compound 11.
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Figure 8. Plausible mechanism of the formation of 11b.
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2.6 FEi

HEBRT AN T A PRMERORE M ERRKICT D2IET =4 HERIEEH & LT
MeNOo/LiClIO4/HFIP %% R L. 7EkiETIIEBRE/FEEREORILAIZE L iz
DN a ATy 7Y TR E BRI DA TEI TS Z LIk Lz, £72. Zh
ENIBCHT NG DA AR Z R L, HERT PN F A OREF M2 RS
HHZETHTIARRISEMHIL, A R &AL R~ BT 5 DR LK
IGEBRFE LTz, W DOKISEMAEDED 2 LT, PUEETEE%2 47 5 kalbretorine, )0
ARl & 72 5 pratorinine, hippacine & iRt 8 MO KA r R 7= F A Y K7 v R
A REOBRICEII LT, 612, HERISRDRTIET =4 VEIHEE OB b1 A4 A
etz HIEN L, 2 R AT =) Ror—F~v—%ar ba— 352 L THADT =
TR RUFBEEROBEBMARICO I LT, RRIGIE 3 R X7 =1 KO41N7 m
291y 7Y RIS AR TH Y . FIOERM] L 72 %5 phamine 2 &FTeit 4 O KR T =
TR RUT v haA REOAZER LT,
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2.7 EERIE

General procedure of anodic oxidation

All equipment (test tube, electrode, stirrer bar, syringe) were flame-dried. A round-bottom test tube
was used as reaction vessel. MeNO> and MeCN were dried over MS4A and MS3A, respectively.
HFIP and TFE were dried over anhydrous Na>xSO4. LiClO4 was dried in vacuum oven at 150 °C under
reduced pressure. Glassy carbon plate (80 mm x 20 mm) or platinum plate (40 mm x 20 mm) was
used as an electrode. CV was measured in MeCN-BusNClO4 (0.05 M) by using grassy carbon disk

electrode and platinum wire cathode. Substrate concentration is 2 mM, and scan rate is 10 mV sec™".

Method A: Cross-coupling reaction: A solution of substrate (0.1 mmol) and LiClO4 (106.4 mg, 1
mmol) in MeNO-HFIP (10 mL, v/v = 9:1) was added methanesulfonic acid (66 pL, 1 mmol) and
electrolyzed at constant current (0.25 mA/cm?) under Ar. After 2.6 F/mol electricity, the reaction
mixture was quenched with sat. NaHCOs3 aq., and extracted with EtOAc (10 mL x 3). The organic
layer was washed with brine (30 mL), dried over anhydrous Na,SO4 and concentrated in vacuo. The
crude product was purified by silica gel column chromatography or preparative TLC (silica gel, 20

cm x 20 cm, layer thickness is 0.5 mm or 1 mm).

Method B: Indole synthesis reaction: A solution of substrate (0.1 mmol) and BusNClO4 (342 mg,
1 mmol) in MeCN (10 mL) was added 2,4,6-collidine (234 pL, 2 mmol), MsOH (66 puL, 1 mmol) and
electrolyzed at constant potential (+1.6 V vs. Ag) under Ar. After 5.2 F/mol electricity, the reaction
mixture was quenched with sat. NaHCOj aq., and extracted with EtOAc (10 mL x 3). The organic
layer was dried over anhydrous Na>;SO4 and concentrated in vacuo. The crude product was purified
by silica gel column chromatography. In the case of pyrrolophenanthridone synthesis, MeCN-CH,Cl»

(10 mL, v/v = 6:4) was used as a solvent because of its insolubility for MeCN.

(3,4-dimethoxyphenyl)(indolin-1-yl)methanone (1): A solution of indoline (500 pL, 4.45 mmol) in
CH>Cl, (20 mL) was cooled to 0 °C. The solution was added EtsN (1.87 mL, 13.4 mmol), DMAP (55
mg, 0.45 mmol), 3,4-dimethoxybenzoyl chloride (1.07 g, 5.34 mmol) and stirred at RT. After stirred
for 2 h, reaction mixture was quenched with saturated aqueous NaHCO3 and extracted with CH2Cl
(15 mL x 3). The organic layer was washed with aqueous 1 M HCI (20 mL x 3), dried over anhydrous
NaxSO4 and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (Hex:EtOAc = 3:2 to 2:3), and 1.24 g of title compound was obtained as a white
solid (4.38 mmol, 98% yield).

"H-NMR (CDCls, 600 MHz) & 7.22-7.21 (1H, d, Ph, J = 7.56 Hz), 7.18-7.16 (1H, dd, Ph, J = 2.06
Hz), 7.143-7.139 (1H, br, s, Ph), 7.02-6.99 (1H, br, t, Ph, J=7.56 Hz), 6.91-6.89 (1H, d, Ph, J = 8.25
Hz), 4.15-4.13 (2H, t, H-2, J>.1 = 8.25 Hz, Jeem = 16.5 Hz), 3.94 (3H, s, -OCH3), 3.90 (3H, s, -OCHa),
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3.14-3.11 (2H, t, H-1, Ji2 = 8.25 Hz, Jgem = 16.5 Hz); *C-NMR (CDCl3, 151 MHz) § 168.7, 150.9,
149.0, 142.8, 127.2, 124.9, 123.7, 120.5, 110.9, 110.5, 56.0; HRMS (ESI) m/z: [M+Na]" Calcd for
Ci17H17NNaO;3 306.1106; Found 306.1103; Melting point: 136 °C.

Oxoassoanine (1a): Method A was used for compound 1 and purified by PTLC (CHCI3:MeOH =
97:3), and 25.3 mg (0.09 mmol) of title compound was obtained as white solid.

Yield: 90% (Isolate), 82% (GQNMR); '"H-NMR (CDCls, 600 MHz) & 7.94 (1H, s, Ph), 7.82-7.81 (1H,
d, Ph,J=7.56 Hz), 7.54 (1H, s, Ph), 7.31-7.30 (1H, d, Ph, J=7.56 Hz), 7.23-7.21 (1H, t, Ph, J=7.56
Hz, 15.1 Hz), 4.51-4.48 (2H, t, H-2, J>,1 = 8.25 Hz, Jeem = 16.5 Hz), 4.09 (3H, s, -OCH3), 4.05 (3H,
s, -OCH3), 3.46-3.43 (2H, t, H-1, Ji2 = 8.25 Hz, Jeem = 16.5 Hz); *C-NMR (CDCl3, 150 MHz) §
159.8, 153.0, 149.7, 139.5, 131.1, 128.6, 123.7, 123.3, 121.4, 119.3, 116.8, 108.9, 103.0, 56.4, 56.2,
46.6, 27.5; HRMS (ESI) m/z: [M+Na]" Calcd for C17H;sNNaOs 304.0950, Found 304.0939; Melting
point: 269 °C.

(3,4-dimethoxyphenyl)(1H-indol-1-yl)methanone (1b): Method B was used for compound 1 and
purified by silica gel column chromatography (Hex:EtOAc = 3:1 to 2:1). Title compound was
obtained as brown oil.

Yield: 63% (Isolate), 61% (qNMR); 'H-NMR (CDCls, 600 MHz) § 8.33-8.32 (1H, d, Ph, J = 8.25
Hz), 7.60-7.59 (1H, d, Ph, J = 7.56 Hz), 7.39-7.33 (4H, m, Ph), 7.30-7.28 (1H, t, Ph, J = 7.56 Hz,
15.1 Hz), 6.95-6.94 (1H, d, Ph, J = 7.56 Hz), 6.611-6.605 (1H, d, Ph, J = 3.44 Hz), 3.96 (3H, s, -
OCHs), 3.92 (3H, s, -OCH3); '*C-NMR (CDCl3, 150 MHz) § 168.1, 152.3, 149.0, 136.1, 130.7, 127.7,
126.6, 124.7, 123.7, 123.5, 120.82, 120.6, 116.1, 112.4, 110.3, 108.0, 56.1; HRMS (ESI) m/z:
[M+Na]* Calcd for C17Hi1sNNaO3 304.0950, Found 304.0944.

Pratosine (1c): Method B was used for compound 1a (15.1 mg, 0.054 mmol) and purified by silica
gel column chromatography (Hex:EtOAc = 2:1). 8.4 mg of title compound was obtained as brown
solid (0.03 mmol, 56%).

"H-NMR (CDCls, 600 MHz) § 8.06-8.05 (1H, d, Ph, J = 3.44 Hz), 8.0 (1H, s, Ph), 7.97-7.96 (1H, d,
Ph, J=8.25 Hz), 7.75-7.74 (1H, d, Ph, J=7.56 Hz), 7.65 (1H, s, Ph), 7.49-7.47 (1H, t, Ph, J = 7.56
Hz, 15.1 Hz), 6.902-6.895 (1H, d, Ph, J = 4.12 Hz), 4.12 (3H, s, -OCH3), 4.07 (3H, s, -OCH3); *C-
NMR (CDCl3, 150 MHz) 6 158.6, 153.8, 149.8, 131.2, 129.6, 128.6, 124.1, 123.7,122.5, 120.9, 118.2,
116.8, 110.8, 110.2, 103.9, 56.44, 56.39; HRMS (ESI) m/z: [M+Na]" Calcd for C;7Hi3NNaO3
302.0793, Found 302.0809; Melting point: 230 °C.

Pratorinine (1d): A solution of 1¢ (2.6 mg, 0.0093 mmol) in CH>Cl> (5§ mL) was added AICI3 (8.7
mg, 0.065 mmol), and stirred at RT for 16 h. Reaction mixture was quenched with H,O (20 mL), and

extracted with CH2Cl> (5 mL x 3). The organic layer was washed with brine and dried over anhydrous
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NaySOs. After concentrated in vacuo, resulting residue was purified by silica gel column
chromatography (Hex:EtOAc = 1:1), and 2.1 mg of title compound was obtained as white solid
(0.0079 mmol, 85%).

"H-NMR (CDCl3, 600 MHz) § 8.06-8.05 (1H, d, Ph, J = 3.44 Hz), 8.04 (1H, s, Ph), 7.96-7.94 (1H, d,
Ph, J=17.56 Hz), 7.78 (1H, s, Ph), 7.76-7.74 (1H, d, Ph, J = 7.56 Hz), 7.50-7.47 (1H, t, Ph, J = 7.56
Hz, 15.12 Hz), 6.91-6.90 (1H, d, Ph, J = 3.44 Hz), 6.28 (1H, s, ex, -OH), 4.10 (3H, s, -OCH3); 13C-
NMR (CDCl3, 151 MHz) 6 158.6, 150.9, 147.3, 131.3, 130.4, 128.6, 124.2, 123.6, 122.5, 120.6, 118.6,
116.8, 110.8, 110.1, 107.8, 56.6; HRMS (ESI) m/z: [M+H]" Calcd for Ci1sHi12NO3 266.0817, Found
266.0810; Melting point: 265 °C.

Hippacine (1f): A solution of 1¢ (5.3 mg, 0.019 mmol) in 1,2-dichloroethane (5 mL) was added 1 M
BBr3 solution in CH2Clz (114 pL, 0.114 mmol) and stirred at 70 °C for 20 h on heating mantle. The
reaction was quenched with MeOH (114 pL) and reaction mixture was transfer to separating funnel.
The organic layer was washed with brine (30 mL x 1), and dried over anhydrous Na>SOa. After
concentrated in vacuo, the crude product was purified by silica gel column chromatography
(Hex:EtOAc = 1:2), and 1.5 mg of title compound was obtained as white solid (0.006 mmol, 32%).
"H-NMR (DMSO-ds, 600 MHz) § 8.09-8.06 (2H, m, Ph), 7.82-7.78(3H, m, Ph), 7.53-7.48 (1H, m,
Ph), 7.06-7.04 (1H, m, Ph) *C-NMR (DMSO-ds, 151 MHz) § 157.6, 152.0, 147.0, 130.4, 128.0,
124.2, 123.5, 122.1, 118.9, 118.3, 116.7, 114.2, 110.8, 109.0 HRMS (ESI) m/z: [M+Na]" Calcd For
Ci1sH9oNNaO3 274.0480, Found 274.0491 Melting point: 280 °C (decomposed).

benzo|d][1,3]dioxol-5-yl(indolin-1-yl)methanone (2): A solution of indoline (674 pL, 6 mmol) in
CHxCl, (20 mL) was added piperonylic acid (1.5 g, 9 mmol), EtsN (2.5 mL, 18 mmol), HOBt (973
mg, 7.2 mmol), EDCI-HCI (1.38 g, 7.2 mmol), DMAP (73.3 mg, 0.6 mmol) and stirred for 2 h.
Reaction mixture was quenched with saturated aqueous NaHCOs3 and extracted with CH>Cl, (15 mL
x 3). The organic layer was washed with aqueous 1 M HCI (20 mL x 3), dried over anhydrous Na>SO4
and concentrated in vacuo. The crude product was purified by silica gel column chromatography
(Hex:EtOAc =3:1to 2:1), and title compound was obtained as white solid (quantitative yield).

"H-NMR (CDCls, 600 MHz) § 7.22-7.20 (1H, d, Ph, J = 7.56 Hz), 7.18-6.99 (4H, m, Ph), 6.86-6.85
(1H, d, Ph, J = 7.56 Hz), 6.03 (2H, s, -OCH,0-), 4.12-4.09 (2H, t, H-2, J>.1 = 8.25 Hz, Jeem = 16.5
Hz), 3.13-3.10 (2H, t, H-1, J12 = 8.25 Hz, Jeem = 16.5 Hz); 3*C-NMR (CDCls, 151 MHz) § 168.4,
149.5, 147.8, 142.9, 132.6, 130.7, 127.3, 125.1, 124.0, 122.2, 108.4, 108.3, 101.7, 50.9, 28.3 ;HRMS
(ESI) m/z: [M+Na]" Calcd for Ci1sHi13NNaO3 290.0793; Found 290.0776; Melting point: 118 °C.

Anhydrolycorinone (2a): Method A was used for compound 2 and purified by PTLC (CHCI;:MeOH
=98:2). 21 mg of title compound was obtained as brown solid (0.079 mmol, 79%).
'H-NMR (CDCls, 600 MHz) § 7.94 (1H, s, Ph), 7.77-7.76 (1H, d, Ph, J=7.56 Hz), 7.57 (1H, s, Ph),
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7.31-7.30 (1H, br, d, Ph), 7.22-7.19 (1H, t, Ph, J = 7.56 Hz, 15.1 Hz), 6.14 (2H, s, -OCH20-), 4.50-
4.48 (2H, t, H-2, J>.1 = 7.56 Hz, Jeem = 16.5 Hz), 3.46-3.43 (2H, t, H-1, J12 = 7.56 Hz, Jeem = 16.5
Hz); *C-NMR (CDCls, 150 MHz) § 159.6, 151.9, 148.5, 139.5, 131.0, 130.8, 123.9, 123.4, 119.5,
116.9, 106.9, 102.2, 101.0, 46.6, 27.6; HRMS (ESI) m/z: [M+H]" Caled for CisH2NO3 266.0817,
Found 266.0823; Melting point: 228 °C.

Hippadine (2b): Method B was used for compound 2a (5.76 mg, 0.022 mmol) and purified by silica
gel column chromatography (Hex:EtOAc = 2:1), 3 mg of title compound was obtained as white solid
(0.011 mmol, 50%).

"H-NMR (CDCl3, 600 MHz) § 8.053-8.048 (1H, d, Ph, J = 3.44 Hz), 7.995 (1H, s, Ph), 7.94-7.93 (1H,
d, Ph,J=7.56 Hz), 7.77-7.76 (1H, d, Ph, J=7.56 Hz), 7.67 (1H, s, Ph), 7.50-7.47 (1H, t, Ph, J=7.56
Hz, 15.12 Hz), 6.910-6.905 (1H, d, Ph, J = 3.44 Hz), 6.17 (2H, s, -OCH,0-); 3 C-NMR (CDCls, 150
MHz) 6 158.3, 152.7, 148.7, 131.8, 131.1, 128.6, 124.1, 123.7, 122.8, 122.7, 118.5, 116.8, 111.0,
108.2,102.4, 101.9, 101.7, 29.9; HRMS (ESI) m/z: [M+Na]* Calcd. For [C1sHoNNaOs]" 286.0480,
found 286.0471; Melting point: 212 °C.

indolin-1-yl(2,3,4-trimethoxyphenyl)methanone (3): A suspension of 2,34-trimethoxybenzoic
acid (1.06 g, 5 mmol) in toluene (20 mL) was cooled to 0 °C, and added DMF (3 drops), SOCI (541
uL, 7.5 mmol) and stirred at RT for 4 h. Solvent was removed in vacuo, and resulting residue was
dissolved in CH2Clz and cooled to 0 °C. Resulting solution was added Et:N (2.09 mL, 15 mmol),
indoline (560 pL, 5 mmol) and stirred at RT for 14 h. Reaction mixture was quenched with saturated
aqueous NaHCO3 and extracted with CH>Cl> (15 mL x 3). The organic layer was washed with
aqueous 1 M HCI (30 mL x 3), dried over anhydrous Na,SO4 and concentrated in vacuo. The crude
product was purified by silica gel column chromatography (Hex:EtOAc = 2:1 to 1:2) gave 1.56 g of
title compound as white solid (4.97 mmol, 99%).

"H-NMR (CDCls, 600 MHz) § 8.33-8.32 (1H, d, Ph, J = 8.25 Hz), 7.29-6.73 (5H, m, Ph), 4.34-3.76
(11H, -OCHs x 3, H-2), 3.11-3.08 (2H, t, H-1, Ji2 = 8.25 Hz, Jgem = 16.5 Hz); *C-NMR (CDCl3, 151
MHz) § 166.9, 154.9, 151.2, 143.0, 142.1, 132.3, 127.6, 124.8, 124.2, 122.4, 117.5, 107.8, 62.1, 61.3,
56.3, 49.5, 28.2; HRMS (ESI) m/z: [M+Na]" Calcd for CisH19NNaO4 336.1212, Found 336.1225;
Melting point: 154 °C.

indolin-1-yl(2,3,4-trihydroxyphenyl)methanone (4): A solution of compound 3 (157 mg, 0.5
mmol) in CH2Cl> (20 mL) was cooled to 0 °C and treated with 1 M BBr3 solution in CH>Cl, (3 mL,
3 mmol). Resulting solution was stirred for 30 min (0 °C), and 5 h (RT). The reaction was quenched
with MeOH (3 mL) and reaction mixture was transfer to separating funnel. The organic layer was
washed with brine (30 mL x 1), and dried over anhydrous Na>SO4. After concentrated in vacuo, the

crude product was purified by silica gel column chromatography (Hex:EtOAc = 1:1), and 128.9 mg
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of title compound was obtained as white solid (0.48 mmol, 96%).

'"H-NMR (CDCls;, 600 MHz) & 11.27 (1H, s, ex, -OH), 7.73 (1H, s, Ph), 7.28-7.25 (1H, m, Ph,
overlapped with CHCI3), 7.23-7.20 (1H, t, Ph, J = 7.56 Hz, Jeem = 15.1 Hz), 7.09-7.07 (2H, m, Ph),
6.51-6.49 (1H, d, Ph, J=8.94 Hz), 5.72 (1H, ex, -OH), 5.56 (1H, s, ex, -OH), 4.33-4.30 (2H, t, H-2,
Jo1 = 8.25 Hz, Jeem = 16.5 Hz), 3.16-3.14 (2H, t, H-1, Ji2 = 8.25 Hz, Jeem = 15.8 Hz); *C-NMR
(CDCl3, 151 MHz) 6 170.4, 149.0, 147.6, 142.7, 132.7, 132.0, 127.3, 125.1, 124.8, 120.8, 118.4,
110.1, 106.4, 52.6, 29.2; HRMS (ESI) m/z: [M+Na]" Calcd for CisHi3NNaO4 294.0742, Found
294.0736; Melting point: 147 °C.

(2-ethoxy-4-hydroxybenzo|d][1,3]dioxol-5-yl)(indolin-1-yl)methanone (5): A suspension of 4
(1.03 g, 3.8 mmol) in toluene (300 mL) was added p-toluenesulfonic acid monohydrate (130 mg, 0.76
mmol), triethyl orthoformate (6.32 mL, 38 mmol) and equipped with Dean-Stark trap which loaded
MSS5A. Resulting mixture was refluxed for 19 h on heating mantle. After cooled to RT, resulting
solution was neutralized by saturated aqueous NaHCO3 and solvent was removed in vacuo. Resulting
aqueous residue was extracted with EtOAc (20 mL x 3), and organic layer was washed with brine (50
mL x 1), dried over anhydrous Na>SOs. After concentrated in vacuo, crude product was purified by
silica gel column chromatography (Hex:EtOAc = 5:1), and 991 mg of title compound was obtained
as yellow amorphous (3.03 mmol, 80%).

"H-NMR (CDCls, 600 MHz) § 10.48 (1H, s, ex, -OH), 7.80-7.67 (1H, m, Ph), 7.35-7.25 (1H, m, Ph,
overlapped with solvent peak), 7.21-7.19 (1H, t, Ph, J=7.56 Hz, 15.12 Hz), 7.15-7.14 (1H, d, Ph, J
= 8.25 Hz), 7.09-7.06 (1H, t, Ph, J = 7.56 Hz, 14.4 Hz), 6.97 (1H, s, Ph), 6.49-6.47 (1H, d, Ph, J =
8.25 Hz), 4.29-4.26 (2H, t, H-2, J>.1 = 8.25 Hz, Jgem = 16.5 Hz), 3.84-3.76 (2H, m, -OCH,CH3), 3.15-
3.13 (2H, t, H-1, Ji2 = 8.25 Hz, Jeem = 15.81 Hz), 1.31-1.28 (3H, m, -OCH,CH3); *C-NMR (CDCl;,
151 MHz) 6 170.02, 150.19, 144.48, 142.59, 133.85, 132.78, 129.96, 128.01, 127.32, 125.13, 124.78,
123.20, 120.20, 118.23, 113.63, 99.69, 59.90, 52.60, 29.06, 14.96; HRMS (ESI) m/z: [M+Na]" Calcd
for C1gH17NNaOs 350.1004, Found 350.0988.

indolin-1-yl(4-methoxybenzo|d][1,3]dioxol-5-yl)methanone (6): A solution of 5 (982.4 mg, 2.88
mmol) in DMF (30 mL) was added K>CO3 (995.1 mg, 7.2 mmol), Mel (1.79 mL, 28.8 mmol) and
stirred at RT for 22 h. Resulting solution was added H>O (50 mL), EtOAc (30 mL) and extracted with
EtOAc (15 mL x 3). The organic layer was washed with H>O (50 mL x 2), brine (50 mL x 1), dried
over anhydrous Na>SO4 and concentrated in vacuo. The crude product was treated with 70 mL of 2
M HCI-MeOH (mixture of 12 M HCl aq. : MeOH = 1:5, v/v). After stirred at RT for 3 h, solvent was
removed in vacuo, and co-evaporated with 1,4-dioxane (10 mL x 2), toluene (10 mL x 1). Resulting
residue was dissolved in DMF (30 mL), and added Cs>COs (2.35 g, 7.2 mmol). After stirred at RT for
5 min, reaction mixture was added BrCH>Cl (482.7 pL, 7.2 mmol), and stirred at 60 °C for 20 h on
heating mantle. Reaction mixture was added H,O (30 mL), EtOAc (30 mL) and extracted with EtOAc
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(15 mL x 3). The organic layer was washed with H>O (50 mL x 2), brine (50 mL x 1), dried over
anhydrous Na;SOs. After concentrated in vacuo, resulting residue was purified by silica gel column
chromatography (Hex:EtOAc = 2:1), and 566 mg of title compound was obtained as brown solid (1.9
mmol, 66% over 3 steps).

"H-NMR (CDCl3, 600 MHz) & 8.32-8.30 (1H, d, Ph, J = 8.25 Hz), 7.26-7.24 (1H, m, Ph, overlapped
with solvent peak), 7.21-7.19 (1H, d, Ph, J=7.56 Hz), 7.07-7.05 (1H, t, Ph, J = 7.56 Hz, 14.43 Hz),
6.84-6.83 (1H, d, Ph, J=7.56 Hz), 6.60-6.59 (1H, d, Ph, J = 8.25 Hz), 6.02-5.99 (2H, m, -OCH,0-),
4.33-3.81 (5H, m, H-2, -OCHs3), 3.12-3.09 (2H, t, H-1, J>.1 = 8.25 Hz, Jeem = 16.5 Hz); *C-NMR
(CDCl3, 151 MHz) 6 166.61, 150.36, 142.93, 136.58, 132.25, 127.65, 124.90, 124.78, 124.22, 121.26,
117.57,103.42,101.44, 60.36, 49.38, 28.16; HRMS m/z: [M+Na]" Calcd for C17H;sNNaO4 320.0899,
Found 320.0890; Melting point: 152 °C.

8-methoxy-4,5-dihydro-7H-[1,3]dioxolo[4,5-j]pyrrolo[3,2,1-de]phenanthridin-7-one (6a):
Method A was used for compound 6. The crude product was purified by PTLC (100% EtOAc, 3 times
developed), and 26 mg of title compound was obtained as white solid (0.088 mmol, 88%).

'"H-NMR (CDCls, 400 MHz) § 7.72-7.70 (1H, d, Ph, J = 7.79 Hz), 7.38 (1H, s, Ph), 7.28-7.26 (1H,
m, Ph, overlapped with solvent peak), 7.17-7.13 (1H, t, Ph, J = 8.24 Hz, 15.57 Hz), 6.12 (2H, s, -
OCH20-), 4.45-4.41 (2H, t, H-2’, J>.1 = 7.79 Hz, Jgem = 16.49 Hz), 4.12-4.10 (3H, m, -OCHa), 3.41-
3.37 (2H, t, H-1, J12 = 8.24 Hz, Jgem = 16.49 Hz); 3C-NMR (CDCl3, 101 MHz) § 158.7, 152.5, 144.8,
139.7, 139.3, 132.8, 130.8, 124.2, 123.1, 119.9, 116.4, 116.3, 102.3, 96.8, 77.4, 61.6, 46.7, 27.3;
HRMS (ESI) m/z: [M+Na]" Calcd for C17H13NNaO4 318.0742, Found 318.0753; Melting point: 249
°C.

8-methoxy-7H-[1,3]dioxolo[4,5-j]pyrrolo[3,2,1-de]phenanthridin-7-one (6b): Method B was used
for compound 6a. The crude product was purified by silica gel column chromatography (Hex:EtOAc
=3:1to 2:1), 17.7 mg of title compound was obtained as brown solid (0.06 mmol, 60%).

'"H-NMR (CDCl3, 400 MHz) 6 8.05-8.04 (1H, d, Ph, J=3.66 Hz), 7.89-7.87 (1H, d, Ph, J=7.79 Hz),
7.73-7.71 (1H, d, Ph, J = 7.79 Hz), 7.50 (1H, s, Ph), 7.45-7.41 (1H, t, Ph, J = 7.79 Hz, 15.57 Hz),
6.85-6.84 (1H, d, Ph, J = 3.66 Hz), 6.16 (2H, s, -OCH20-), 4.17 (3H, s, -OCH3); *C-NMR (CDCls,
151 MHz) 6 156.9, 153.4, 146.2, 139.2, 133.6, 131.1, 128.4, 123.9, 123.8, 122.7, 118.6, 116.5, 115.5,
110.2, 102.5, 97.7, 61.4; HRMS (ESI) m/z: [M+Na]* Calcd for C17H;1NNaO4 316.0586, Found
316.0588; Melting point: 233 °C.

Kalbretorine (6¢): A solution of compound 6b (9.1 mg, 0.03 mmol) in CH>Cl> (5 mL) was cooled
to 0 °C. Resulting solution was dropwisely added 1 M solution of BBr3 in CH2Cl2 (90 pL, 0.09 mmol)
and stirred at 0 °C for 1 h. Reaction mixture was quenched with MeOH (90 pL) and reaction mixture

was transfer to separating funnel. The organic layer was washed with brine (30 mL x 1), and dried
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over anhydrous Na;SOs. After concentrated in vacuo, the crude product was filtered through a short
pad of silica gel (Hex:EtOAc = 2:1), and filtrate was concentrated in vacuo. Resulting crude was
recrystallized from Hex:CHCl; = 10:1, and title compound was obtained as yellow needle crystal
(quantitative yield).

"H-NMR (DMSO-de, 600 MHz) § 12.4 (1H, s, ex, -OH), 8.32-8.31 (1H, d, Ph, J = 8.25 Hz), 8.14-
8.13 (1H, d, Ph, J = 3.44 Hz), 7.91-7.90 (1H, d, Ph, J = 7.56 Hz), 7.80 (1H, s, Ph), 7.59-7.56 (1H, t,
Ph, J=7.56 Hz, 15.1 Hz), 6.29 (2H, s, -OCH,0-); *C-NMR (DMSO-ds, 151 MHz) § 162.3, 154.2,
145.5,133.7,131.8, 130.0, 128.2, 125.1, 123.5, 123.2, 120.3, 116.8, 112.4, 107.8, 103.1, 95.6; HRMS
(ESI) m/z: [M+Na]" Calcd for C1sHoNNaO4 302.0429, found 302.0422; Melting point: 238 °C.

N-phenylbenzo|d][1,3]dioxole-5-carboxamide (7): A solution of aniline (913 pL, 10 mmol) and
Et3N (4.18 mL, 30 mmol) in CH>Cl, (50 mL) was added piperonyloyl chloride (2.21 g, 12 mmol) and
stirred at RT for 2 h. Reaction mixture was added saturated aqueous NaHCO3, and extracted with
CH2Cl> (30 mL x 3). The organic layer was dried over anhydrous Na;SOs4, and filtrate was
concentrated in vacuo. Resulting residue was recrystallized from Hex:EtOAc (v/v=1:1),and 2.12 g
of title compound was obtained as colorless needle (8.8 mmol, 88%).

"H-NMR (600 MHz, CDCls) § 7.66 (1H, s, br, NH), 7.62-7.60 (2H, d, J = 7.56 Hz), 7.41-7.35 (4H,
m, Ar), 7.16-7.13 (1H, t, Ar, J=7.56 Hz, 15.1 Hz), 6.89-6.88 (1H, d, Ar, J = 8.25 Hz), 6.06 (2H, s, -
OCH20-).

This is a known compound.?®>!

Crinasiadine (7a): Slightly modified method A (0.3 M LiClO4) was used for compound 7, and
purification by silica gel column chromatography (CHCls:i-PrOH = 95:5) gave 17.2 mg of title
compound as brown solid (0.072 mmol, 72%).

"H-NMR (400 MHz, DMSO-ds) § 11.62 (1H, s, br, NH), 8.30-8.28 (1H, d, Ar, J=7.79 Hz), 8.04 (1H,
s, Ar), 7.64 (1H, s, Ar), 7.45-7.41 (1H, t, Ar, J = 7.33 Hz, 16.5 Hz), 7.34-7.32 (1H, dd, Ar, J=0.92
Hz, 7.33 Hz), 7.23-7.19 (1H, t, Ar, J = 7.33 Hz, 16.5 Hz), 6.23 (2H, s, -OCH,0-); *C-NMR (101
MHz, DMSO-ds) 6 160.16, 152.14, 148.03, 135.90, 131.19, 128.77, 123.18, 122.04, 121.08, 117.71,
115.89, 105.05, 102.23, 101.54; HRMS (ESI) m/z: [M+Na]* Calcd for C14HoNNaO3 262.0475, found
262.0470; Melting point: >300 °C.

N-methyl-N-phenylbenzo|d][1,3]dioxole-5-carboxamide (8): A solution of N-methylaniline (1.08
mL, 10 mmol) in CH2Cl> (50 mL) was added Et;N (4.18 mL, 30 mmol), piperonyloyl chloride (1.85
g, 10 mmol), and stirred at RT for 16 h. Resulting mixture was quenched with saturated aqueous
NaHCOs3 and extracted with CH>Cl> (20 mL x 3). The organic layer was washed with aqueous 1 M
HCI (x 2) and dried over anhydrous Na>SOs4. After concentrated in vacuo, resulting crude was purified

by silica gel column chromatography (Hex:EtOAc = 1:1), and 2.48 g of title compound was obtained
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as yellow oil (9.7 mmol, 97%).
'"H-NMR (600 MHz, CDCl3) § 7.27-7.26 (2H, m, Ar), 7.17-7.15 (1H, t, Ar, J = 7.56, 15.1 Hz),
7.05-7.04 (2H, m, Ar), 6.83—6.81 (2H, m, Ar), 6.58—6.56 (1H, d, Ar, J = 8.25 Hz), 5.90 (2H, s, -
OCH20-), 3.47 (3H, s, -NCHa).

This is a known compound.*®

N-Methylcrinasiadine (8a): Same reaction procedure with compound 7a was used for compound 8,
and purified by silica gel column chromatography (Hex:EtOAc = 3:2). The substrate and desired
product has same Rr value, thus recrystallization was performed for the mixture (CHCI3:Hex = 1:2),
and 13.4 mg of title compound was obtained as yellow needle crystal (0.053 mmol, 53%).

"H-NMR (400 MHz, CDCls) & 8.12-8.09 (1H, dd, Ar, J = 1.37 Hz, 6.87 Hz), 7.92 (1H, s, Ar), 7.63
(1H, s, Ar), 7.54-7.50 (1H, t, J = 7.33 Hz, 16.9 Hz), 7.42-7.40 (1H, dd, Ar, J = 0.92 Hz, 7.79 Hz),
7.33-7.29 (1H, t, Ar, J = 7.33 Hz, 16.5 Hz), 6.13 (2H, s, -OCH,0-), 3.81 (3H, s, NCH3); *C-NMR
(101 MHz, CDCl3) 8 161.16, 152.35, 148.57, 137.62, 130.59, 129.06, 123.08, 122.50, 121.48, 119.40,
115.17, 107.19, 102.10, 100.57, 77.77, 77.37, 30.17, HRMS (ESI) m/z: [M+Na]® Calcd for
CisH11NNaOs 276.0631, found 0632; Melting point: 243 °C.

methyl 4-(N-phenylbenzo|d][1,3]dioxole-5-carboxamido)butanoate (9): A solution of aniline (457
uL, 5 mmol) and DIPEA (1.31 mL, 7.5 mmol) in DMF (5 mL) was added methyl 4-bromobutyrate
(628 uL, 5 mmol). After stirred at 60 °C in oil bath for 3 h, reaction mixture was warm up to 80 °C,
and stirred more 2 h. Reaction mixture was added brine, and extracted with EtOAc (15 mL x 3). The
organic layer was dried over anhydrous Na>SO4 and concentrated in vacuo. Resulting residue was
dissolved in pyridine (50 mL), and added piperonyloyl chloride (1.1 g, 6 mmol). After stirred at RT
for 1 h, reaction mixture was added aqueous 1 M HCI, and extracted with EtOAc (30 mL x 3). The
organic layer was washed with 1 M aqueous HCI (x 2), saturated aqueous NaHCO3, and dried over
anhydrous Na>SO4. After concentrated in vacuo, resulting crude was purified by silica gel column
chromatography (Hex:EtOAc = 2:1), and 954 mg of title compound was obtained as brown oil (2.79
mmol, 56% over 2 steps).

'"H-NMR (400 MHz, CDCls) § 7.27-7.23 (2H, m, Ar, overlapped with residual solvent peak), 7.18-
7.14 (1H, t, Ar, J=7.33 Hz, 14.7 Hz), 7.04-7.02 (2H, m, Ar), 6.80-6.78 (2H, m, Ar), 6.56-6.54 (1H,
d, Ar, J = 8.70 Hz), 5.89 (2H, s, -OCH20-), 3.96-3.92 (2H, t, N-CH2CH>CH>CO,CH3, J = 7.33 Hz,
14.7 Hz), 3.65 (3H, s, COCH3), 2.41-2.37 (2H, t, N-CH2,CH>CH2CO,CH3, J = 7.33 Hz, 15.1 Hz),
1.996-1.92 (2H, quin, N-CH,CH>CH>CO,CH3, J = 7.79 Hz, 15.1 Hz); *C-NMR (101 MHz, CDCls)
0173.6,169.9, 148.8, 147.1, 143.7,129.9, 129.4, 127.6, 126.8, 124.1, 109.6, 107.6, 101.4, 51.8, 50.0,
31.6, 23.2; HRMS (ESI) m/z: [M+Na]" Calcd for C19Hi19NNaOs 364.1161, Found 364.1141.

Phamine (9a): Same reaction procedure with compound 7a was used for compound 9, and
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purification by silica gel column chromatography gave title compound as inseparable mixture with
substrate. HPLC purification (ODS, 10 mm x 250 mm, MeCN/H20 = 20% to 90% in 25 min, flow
rate is 7 mL/min, 9a was appeared at 19.1 min) and lyophilization gave 22.7 mg of pure title
compound as white solid (0.067 mmol, 67%).

"H-NMR (600 MHz, CDCls) & 8.11-8.10 (1H, d, Ar, J= 7.56 Hz), 7.91 (1H, s, Ar), 7.63 (1H, s, Ar),
7.59-7.58 (1H, d, Ar, J = 8.25 Hz), 7.56-7.53 (1H, t, Ar, J = 6.87 Hz, 15.1 Hz), 7.29-7.27 (1H, t, Ar,
J = 6.87 Hz, 14.4 Hz), 6.13 (2H, s, -OCH20-), 4.47 (2H, s, br, -NCH2CH>CH>-), 3.71 (3H, s, -
CO.CHa), 2.55-2.53 (2H, t, -NCH2CH2CHa-, J=6.19 Hz, 12.4 Hz), 2.13 (2H, s, br, -NCH>CH>CH>-);
BC-NMR (151 MHz, CDCls) § 173.8, 152.4, 148.6, 136.6, 130.8, 129.2, 123.2, 122.5, 119.6, 115.4,
107.0, 102.1, 100.6, 51.9, 42.1, 31.3, 22.7, HRMS (ESI) m/z: [M+Na]" Calcd for C19H;7NNaOs
362.0999, found 362.1000; Melting point: 141 °C.

N-isopentyl-N-phenylbenzo|d][1,3]dioxole-5-carboxamide (10): A solution of aniline (913 uL, 10
mmol) and isovaleraldehyde (1.18 mL, 11 mmol) in THF (50 mL) was added 5% Pd/C (100 mg), and
evacuated and back-filling with H> gas (3 times repeated). After vigorously stirred at 50 °C in mantle
heater under H> atmosphere for 16 h, resulting mixture was filtered through celite pad, and filtrate
was concentrated in vacuo. Resulting crude was passed through a short pad silica gel (NH> form),
and crude N-isopentylaniline was obtained. Resulting crude was dissolved in CH>Cl> (100 mL), and
cooled to 0 °C. Resulting solution was added Et:N (4.18 mL, 30 mmol), piperonyl chloride (2.03 g,
11 mmol), and stirred at RT for 3 h. Reaction mixture was quenched with saturated aqueous NaHCO3,
and extracted with CH2Cl, (30 mL x 3). The organic layer was washed with aqueous 1 M HCI (x 3),
and dried over anhydrous Na>SOs. After concentrated in vacuo, resulting crude was purified by silica
gel column chromatography (Hex:EtOAc = 5:1), and 1.84 g of title compound was obtained as
colorless oil (5.91 mmol, 59% over 2 steps).

"H-NMR (600 MHz, CDCls) § 7.24-7.23 (2H, d, Ar, J = 8.25 Hz), 7.17-7.15 (1H, t, Ar, J = 6.19 Hz,
15.1 Hz), 7.03-7.01 (2H, d, Ar, J = 6.87 Hz), 6.81-6.78 (2H, m, Ar), 6.56-6.54 (1H, d, Ar, J = 8.25
Hz), 5.89 (2H, s, -CH20-), 3.91-3.89 (2H, m, -NCH.CH,CH(CH3),), 1.65-1.58 (1H, m, -
NCH>CH>CH(CH3)», overlapped with residual H>0O), 1.53-1.49 (2H, m, -NCH>CH>CH(CH3)>), 0.91-
0.90 (6H, m, -CH(CH3)2 ); '*C-NMR (151 MHz, CDCls) & 169.60, 148.63, 147.06, 144.02, 130.32,
129.30, 127.72, 126.60, 123.97, 109.59, 107.57, 101.34, 49.46, 36.53, 26.36, 22.66; HRMS (ESI)
m/z: [M+Na]" Calcd for C19H2:NNaQO; 334.1419, Found 334.1388.

N-Isopentylcrinasiadine (10a): Same reaction procedure with compound 7a was used for compound
10, and purification by silica gel column chromatography (Hex:EtOAc = 7:1) gave 20.4 mg of title
compound as white amorphous (0.066 mmol, 66%).

"H-NMR (600 MHz, CDCl5) § 8.12-8.10 (1H, d, Ar, J = 7.56 Hz), 7.91 (1H, s, Ar), 7.63 (1H, s, Ar),
7.53-7.50 (1H, m, Ar), 7.40-7.38 (1H, d, Ar, J=8.25 Hz), 7.30-7.27 (1H, t, Ar, J= 6.87 Hz, 15.1 Hz),
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6.12 (2H, s, -OCH,0-), 4.41-438 (IH, t, -NCH,CH.CH(CHs),), 1.86-1.80 (1H, sept, -
NCH.CH,CH(CHs),), 1.70-1.66 (2H, q, -NCH,CH,CH(CHs)), 1.07-1.06 (6H, m, -
NCH,CH,CH(CHs),); 3C-NMR (151 MHz, CDCls) § 173.8, 152.4, 148.6, 136.6, 130.8, 129.2, 123 2,
122.5, 119.6, 115.4, 107.0, 102.1, 100.6, 51.9, 42.1, 31.3, 22.7; HRMS (ESI) m/z: [M+Na]" Calcd for
C19H19NNaO;3 332.1257, found 332.1254.

N-phenethyl-N-phenylbenzo|d][1,3]dioxole-5-carboxamide (11): A solution of aniline (457 uL, 5
mmol) and phenylacetaldehyde (1.44 mL, ca. 6 mmol, 50% i-PrOH solution) in THF (30 mL) was
added 5% Pd/C (50 mg), and evacuated and back-filling with H> gas (3 times repeated). After
vigorously stirred at 50 °C in mantle heater under H> atmosphere for 16 h, resulting mixture was
filtered through celite pad, and filtrate was concentrated in vacuo. Resulting crude was passed through
a short pad silica gel (NH> form), and crude N-phenethylaniline was obtained. Resulting crude was
dissolved in pyridine (50 mL), and cooled to 0 °C. Resulting solution was added piperonyl chloride
(1.01 g, 5.5 mmol), DMAP (61.1 mg, 0.5 mmol), and stirred at RT for 3 h. Reaction mixture was
quenched with saturated aqueous NaHCO3, and extracted with CH2Cl, (15 mL x 3). The organic layer
was washed with aqueous 1 M HCI (x 3) and dried over anhydrous Na>SO4. After concentrated in
vacuo, resulting crude was purified by silica gel column chromatography (Hex:EtOAc = 4:1).
Recrystallization was performed by i-ProO:EtOAc = 3:1, and 330.5 mg of title compound was
obtained as colorless needle crystal (0.96 mmol, 19% over 2 steps).

"H-NMR (600 MHz, DMSO-ds) & 7.31-7.15 (8H, m, Ar), 7.03-7.02 (2H, d, Ar, J = 8.25 Hz), 6.75-
6.71 (3H, m, Ar), 5.67 (2H, s, -OCH20-), 4.00-3.98 (2H, t, -NCH>CH»Ar, J = 8.25 Hz, 15.8 Hz), 2.87-
2.85 (2H, t, -NCH2CH»Ar, J = 8.25 Hz, 15.8 Hz); 3*C-NMR (151 MHz, DMSO-ds) & 168.6, 148.1,
146.5, 143.5,138.9, 130.0, 129.1, 128.7, 128.5, 127.5, 126.5, 126.3, 123.2, 108.7, 107.5, 101.3, 51.8,
33.3; HRMS (ESI) m/z: [M+Na]* Calcd for C22H19NNaO3 368.1263, Found 368.1234; Melting point:
112 °C.

5,6-dihydro-8 H-benzo|[4,5]azepino[3,2,1-de][1,3]dioxolo[4,5-j]phenanthridin-8-one (11b): Same
reaction procedure with compound 7a was used for compound 11, and purification by silica gel
column chromatography (Hex:EtOAc =2:1) gave 6.8 mg of title compound as white amorphous (0.02
mmol, 20%).

"H-NMR (600 MHz, CDCls) 6 8.15-8.14 (1H, dd, Ar, J = 1.37 Hz, 8.25 Hz), 7.85 (1H, s, Ar), 7.66
(1H, s, Ar), 7.47-7.45 (1H, dd, Ar, J = 1.37 Hz, 7.56 Hz), 7.39-7.31 (4H, m, Ar), 7.22-7.21 (1H, m,
Ar), 6.13 (2H, s, -OCH:0-), 4.55 (2H, s, br, -NCH2CH.Ph), 3.19-3.18 (2H, d, -NCH2CH,Ph, J = 6.87
Hz); C-NMR (151 MHz, CDCl3) § 152.5, 148.6, 141.7, 139.7, 135.3, 133.4, 131.1, 131.0, 129.9,
128.2,127.3,126.1,123.2,122.9, 121.4, 106.6, 102.1, 100.9, 54.1, 32.8; HRMS (ESI) m/z: [M+Na]"
Calcd for C22HisNNaO3 364.0944, found 364.0989.
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N-(2-iodophenyl)benzo|d][1,3]dioxole-5-carboxamide (12): A same condensation procedure with
compound 7 was used for 2-iodoaniline (2 mmol scale). Recrystallization was performed in
Hex:EtOAc, and 562 mg of title compound was obtained as colorless crystal (1.53 mmol, 77%).
"H-NMR (600 MHz, DMSO-ds) & 9.85 (1H, s, NH), 7.93-7.92 (1H, d, Ar, J = 7.56 Hz), 7.62-7.60
(1H, dd, Ar, J=1.37 Hz, 8.25 Hz), 7.523-7.50 (1H, d, Ar, J = 2.06 Hz), 7.45-7.42 (2H, m, Ar), 7.07-
7.03 (2H, m, Ar), 6.14 (2H, s, -OCH20-).

This is a known compound.?”’

4-iodo-[1,3]dioxolo[4,5-j]phenanthridin-6(SH)-one (12a): Same reaction procedure with
compound 7a was used for compound 12, and purification by silica gel column chromatography
(CHCIs: i-PrOH = 100:1) gave 19 mg of title compound as brown solid (0.052 mmol, 52%).
"H-NMR (600 MHz, CDCls) § 8.84 (1H, s, NH), 8.03-8.01 (1H, d, Ar, J = 8.24 Hz), 7.90-7.88 (1H,
dd, Ar, J=0.92 Hz, 7.79 Hz), 7.87 (1H, s, Ar), 7.61 (1H, s, Ar), 7.03-6.99 (1H, t, Ar, J = 8.24 Hz,
16.0 Hz), 6.16 (2H, s, -OCH>0-); *C-NMR (101 MHz, CDCl3) & 161.1, 153.0, 149.1, 138.9, 135.3,
131.2, 124.2, 123.3, 121.8, 119.8, 106.7, 102.4, 101.1, 85.4; HRMS (ESI) m/z: [M+Na]" Calcd for
C14HgINNaO;3; 387.9441, found 387.9440; Melting point: 256 °C.

methyl 4-(benzo|d][1,3]dioxole-5-carboxamido)benzoate (13): A same condensation procedure
with compound 7 was used for methyl 4-aminobenzoate (2 mmol scale). Recrystallization was
performed in Hex:EtOAc, and 301.2 mg of title compound was obtained as white solid (1.28 mmol,
64%).

"H-NMR (600 MHz, DMSO-dc) § 10.37 (1H, s, NH), 7.96-7.91 (4H, m, Ar), 7.60-7.58 (1H, dd, Ar,
J=2.06 Hz, 8.25 Hz), 7.524-7.521 (1H, d, Ar, J = 2.06 Hz), 7.08-7.07 (1H, d, Ar, J= 8.25 Hz), 6.14
(2H, s, -OCH20-), 3.83 (3H, s, -CO.CH3)

This is a known compound.*”)

methyl 6-0x0-5,6-dihydro-[1,3]dioxolo[4,5-j]phenanthridine-2-carboxylate (13a): Same reaction
procedure with compound 7a was used for compound 13, and purification by silica gel column
chromatography (CHCI3;:MeOH = 50:1) gave 12.8 mg of title compound as yellow solid (0.043 mmol,
43%).

"H-NMR (600 MHz, DMSO-ds) § 11.97 (1H, s, NH), 8.81 (1H, s, Ar), 8.11-8.09 (1H, m, Ar), 7.99-
7.97 (1H, m, Ar), 7.65-7.64 (1H, m, Ar), 7.42-7.39 (1H, m, Ar), 6.26 (2H, s, -OCH20-), 3.89 (3H, s,
-CO>CHs3); *C-NMR (151 MHz, DMSO-ds) 6 166.0, 160.3, 152.5, 148.6, 139.4, 130.5, 129.3, 124.8,
123.3, 121.2, 117.4, 116.2, 105.1, 102.5, 101.8, 52.1; HRMS (ESI) m/z: [M+Na]" Calcd for
CisH11NNaOs 320.0529, found 320.0532; Melting point: 274 °C.

N-(2,5-dimethylphenyl)benzo[d][1,3]dioxole-5-carboxamide (14): A same condensation
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procedure with compound 7 was used for 2,5-dimethylaniline (2 mmol scale). Recrystallization was
performed in Hex:EtOAc, and 259.4 mg of title compound was obtained as white solid (0.96 mmol,
48%).

"H-NMR (600 MHz, DMSO-ds) 5 9.65 (1H, s, NH), 7.58-7.56 (1H, dd, Ar, J = 1.37 Hz, 7.90 Hz),
7.50 (1H, s, Ar), 7.14-7.12 (2H, m, Ar), 7.05-7.04 (1H, d, Ar, J = 7.56 Hz), 6.98-6.96 (1H, d, Ar, J =
8.25 Hz), 6.12 (2H, s, -OCH>0-), 2.27 (3H, s, -CH3), 2.16 (3H, s, -CH3); *C-NMR (151 MHz,
DMSO-ds) 6 164.3,149.9, 147.4, 136.3, 135.0, 130.5, 130.1, 128.5, 127.2, 126.6, 122.7, 107.9, 107.6,
101.7, 20.5, 17.5; HRMS (ESI) m/z: [M+Na]" Calcd for Ci1sHisNNaO3 292.0950, Found 292.0945;
Melting point: 146 °C.

1,4-dimethyl-[1,3]dioxolo[4,5-j]phenanthridin-6(5H)-one (14a): Same reaction procedure with
compound 7a was used for compound 14, and purification by silica gel column chromatography
(CHCIs: i-PrOH = 100:1) gave 24.7 mg of title compound as white solid (0.092 mmol, 92%)).
"H-NMR (600 MHz, DMSO-de) § 10.37 (1H, s, NH), 7.96 (1H, s, Ar), 7.77 (1H, s, Ar), 7.20-7.19
(1H, d, Ar,J=7.56 Hz), 7.01-7.0 (1H, s, Ar, J=7.56 Hz), 6.24 (2H, s, -OCH,0-), 2.82 (3H, s, -CH3),
2.43 (3H, s, -CH3); *C-NMR (151 MHz, DMSO-ds) 8 160.1, 151.3, 147.1, 135.0, 132.6, 132.1, 129.5,
126.3, 122.0, 121.9, 117.2, 105.8, 105.4, 102.3, 25.7, 17.8; HRMS (ESI) m/z: [M+Na]" Calcd for
Ci6H13NNaO3 290.0788, found 290.0789; Melting point: 252 °C.

3,4,5-trimethoxy-/N-phenylbenzamide (15): A suspension of 3,4,5-trimethoxybenzoic acid (5 mmol,
1.06 g) in toluene (50 mL) was cooled to 0 °C, and added DMF (3 drops) and SOCL (15 mmol, 1.08
mL). After stirred at RT for 16 h, solvent was removed in vacuo, and 460 mg of resulting residue (ca.
2 mmol of acyl chloride) was dissolved in pyridine (10 mL). The solution was added aniline (2.4
mmol, 219 pL), DMAP (0.2 mmol, 24.4 mg) at 0 °C and stirred at RT for 12 h. Reaction mixture was
added aqueous 1 M HCI and extracted with EtOAc (20 mL x 3). The organic layer was washed with
aqueous 1 M HCI (x 2), saturated aqueous NaHCO3, and dried over anhydrous Na>SOs. After
concentrated in vacuo, recrystallization was performed from Hex:EtOAc, and 484.7 mg of title
compound was obtained as white solid (1.69 mmol, 85%).

"H-NMR (600 MHz, DMSO-ds) § 10.12 (1H, s, NH), 7.74-7.72 (2H, m, Ar), 7.38-7.35 (2H, m, Ar),
7.27 (2H, s, Ar), 7.12-7.10 (1H, m, Ar), 3.87 (6H, s, -OCH3 x 2), 3.73 (3H, s, -OCH3); Melting point:
137 °C.

This is a known compound.®!

8,9,10-trimethoxyphenanthridin-6(5H)-one (15a): Same reaction procedure with compound 7a
was used for compound 15, and purification by silica gel column chromatography (CHCls:i-PrOH =
50:1) gave 16.8 mg of title compound as brown solid (0.059 mmol, 59%).

'H-NMR (400 MHz, DMSO-de) 6 11.7 (1H, s, NH), 8.90-8.88 (1H, d, Ar, J = 7.79 Hz), 7.76 (1H, s,
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Ar), 7.45-7.41 (1H, t, Ar, J = 7.56 Hz), 7.36-7.34 (1H, dd, Ar, J = 1.37 Hz, 8.01 Hz), 7.25-7.21 (1H,
m, A1), 3.96 (3H, s, -OCHs), 3.92 (3H, s, -OCHs), 3.90 (3H, s, -OCHs); *C-NMR (101 MHz, DMSO-
ds) 8 159.9, 152.9, 151.3, 146.7, 135.8, 128.3, 126.1, 122.6, 122.4, 121.7, 116.9, 115.9, 105.4, 60.7,

60.3, 55.9; HRMS (ESI) m/z: [M+Na]" Calcd for Ci16HisNNaO4 308.0893, found 308.0897; Melting
point: 223 °C.
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