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7=y ALY iRRIEOR

W 75 = ALY HRNEO B

N

1 &

i

77 B = MEHESERRYE 2 Al & U CTHW D BEEOUGIE, @R LR A ST
L, BIERBINTEEORVKRLERDOATHL Z b, BREAMODZRNIRHR E LTHE
HEhTWo. 80 MR FICMBERREN R S TLEE, IhETIHEZS D7 T =Y
LSRR 2 M L T A UGS P AR SN TE 2. TO—HT, 77 =0 MR HERE
Zate NS AL FAbA Y 7 v 42 OFREHEICBIT 2 W FIT 70 <, 20 R UL BB
T TR T, UMD NSAL=F /WA Y T rdF P ofl & LT, 197340
ghisla 5DOWMERFONTND. HH1E, N5 (EEHR A YT a2 ie LT, O
BILSME FTONSALT A F UL, @EMEHI D FA LB LY, @7 =4 L Shoimfe 4 %
THIET D NSALTF U bA VT a4 D= 0 MBHRRMESAHR TE 5 Z L Wi Lz 2
Z D%, 1994 12 Mager HIZ K-> THlRESNTTE T AT RET VXA E LTH
WD LY BT P 2B, BAETHE, RAEEDEOWES LT B,
3-methyllumiflavin (1) *, 3-methyl-2’, 4:3°, 5°-di-O-methyleneriboflavin (2) °,
3-methyl-10-phenylisoalloxazine (3) °, 10- (2-hydroxyethyl) -7, 8-dimethylisoalloxazine (4)
T7p EOFEIN S, IET B NS =T b V7 a Y= A AT L T\ % (Scheme
1). Mager DFEUEIL, HEERMEAETHD T oXHo =y A 4 MR TH VS
A, BRIEWNS L= F /LT T =0 MZFHRTE 2 FEL LTHLA TN D, EILRf
& U CIIRERFRPAS T COEMIETTA — AN SN TWD 0, o7 J KFEAR T FET b
VU LEMMTH5RUMONTEY, URT T EFER2 Z 5k E 557 T =0 LK

BBV THWSNTND °.
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H
- _N. o l:l 1) celite filtration under N, =<« _N.
J// ", CH3CHO, reductant I 2) HCIO4, NaNO,, NaClo, ¢ r N
: Y’ /" ) ; > R "
SN - EtOH, aq. HCI SN - SNT e
| cios 1,
Fl Et FIHEt FIEt*CIO,

I\I/Ie
Me N N 0]
:@[ j;(\f Me N__N__O
A M
Me N Me :@[
7 N.
(0] Me N Me
1 o]
3

0 OH

o

o g
Me N N O Me N N O
- -
Me N Me Me N Me
(e} (6]
2 4

Scheme 1. 75 E=" L BIEHRERIEDHR

-20 -



7=y ALY iRRIEOR

LZLARNS, #EkD 7 F €=y AEHEEICIE, BRIEOMGRARIEE, Bz 5 E5R
BUEDRMHATHDL LWV TR H 5. — RIS, Bl st T il U7z e N5
ME=F AT T BV FIHEL 2 ETIRIEN D, Y a by 7T 7 =y 7 & T g e A5

FHK T TOSSIZEY PAIC ZFREL, AHEZENL THLND 7 — RICEORRLA
T HHfHEET b U 7 A (NaNOp) &4 6 Y&, JERIEOIEERRET R Y 72 (NaClO,)
R YEMHEHTS 2L T T e =y Al EREE 2% (Scheme 2, 7). ,

T =4 > O D ITIEREIED R VIR DX 7 = A 2 F> 7 7 v =7 LM
EDNRE SN, BEHERET b Y Y ACHAEMZR Y Tuda A X ALK R R
U0 N DTV 80, BILR D T4 AW THEEE T R Y 7 ABRMETH D 10D,
FRBBEORMDD L. DI, FENFDLIRY T, ZIMTESHIZAFTELIARTIE
v (8% B2) (5) ZIFELE LIz NS LT kA V7 a4 = AEOFREGITH
HEodigu. Bk L7 iR oA IC 51 2 BRI, NS fL=F b7 T B U RNAHE
FICBWTREEMEENTOARWERRO—IC2-> TR Y, KV 72s, 2l
SHEDBRENLEENLTND.

INSTZHFEDOL &, EHITRTA FIHEL (S35 EMEAl & L TR 0oigdEz i
L7, RVRFMAREETCTCO7 I =0 A hF 4y FIEtAEREZ T Lz, ZOFIETIHE
RIEWFHEK T CTO AL, BIOHEEET Y v AZLEEET, L REN M
T LANFAYFIECERMT 22 ENARETH L. S HIT, KFERPICTHE L7
TS LA T AL FIEC &, ALK CERIIRG A A AR A AN oA A U BRI &
VRIS E~E R 5 2 & T, BHIEHE 7 S v = A (7 7 =7 L L YY) FIEt resin®
ELTHELZ IR L. 77 =7 ALY FIEt resin (X, 1830 ERRHE 2 v
THHEL T\ 7 7 B = ABEFRERE FIEU'CIO, & B2 0, Zffie iz L h 24
POEICRETE, VAR 7 Z B VFEEST XY U EOMREEN L b TE S

Z LR ST o7~ (Scheme 2, £).
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traditional method

inert atmosphere
hazardous reagents

NaNO, (toxic)

NaClO, (explosive)

recrystallization

X = Clo,
Flavinium salts

R 1,
R? N /NYO
e

N5-Alkylation

. NS_Cationization cesssisansasanns

.. Anion exchange ...

R3

R? N /NYO
AT

X" RS O

new method

safe, easy, inexpensive

> O, (air)

> polystyrene sulfonic acid

> washing

Flavinium resins

v
x
I

Scheme 2. 7S EZDLBRMICEITHEFRE () LFHBPANE () DL
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7=y ALY iRRIEOR

22 fEREERE

221 ESBIEICE D IS EZYDLAF A VERKRG

3-methyllumiflavin (1) ZE7 L&MW E L, 2N bHE SN 5E TR NS L= F L b~
7B IHEt 2 KM ORI LY “ETFMIEL, B THL 7 I =0 L F4 v 1EY
NELWT DD DS RE 1T 72, 7T 1 (0.3mmol), 5% Pd/IC (20 mol%), 7 &
F7 A7 e R (12mmol), B L7cliA A7k 6mL, =% /—/L6mL &2 0.5 mL DR
Bk A, KFEFRPAKE, IR T 48 REEER L, BIUR NS (L= F /4L 7 7 v IHEt 2 51

RAEwREZH- L L.

CH3CHO (40 eq.)
Pd/C (20 mol%), H, (1 atm

Me Me
Me N_ _N__O ) Me N_. _N__O
2 EtOH, aq. HCI, r.t., 48 h | hd
— N\ ’ N\ (1)
Me N Me Me l}l Me
o) Et O

1 1HEt

FOSTERE D> 6 PAIC ZHL D BR< BRI, 2B FCTE T4 RAREITY, BiA A 7K TRl 2 1k
BLRND, A% 40 gIZHB L. REAERTARO A ERZEKTO UV 2L
7Y 7L, PR LTEBA A0 K TR 110 FRIS AR L 72 KBS D UV-Vis A~
FMAEZRB Z720, AT O7 7 OB T T FONT AT MG, B
BT Z e IHEt S —EBb Lee 2%/ UK 1IEC ICHRT 5 E—7 (492, 358 nm) &,
B Cd 2 B Bug IECICHmK T 5 —2 (545, 430, 282 nm) 2ELHISh, v—
7 B0 L BERI O OEARER 2 DN D, TNEIEL  1Et =751 25 DR THEEL TN D
ZERbhol. ZOEND, ERATTOETM T T eV IHEt b &/ UK 1EL

~O—E L, BT A R AEOBRIZHE O CRE2DIZITEEIICHEI T L TND Z &0
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ot BEIC, KERFOBETE Y 7 B IHEt PEFEICL > TEEMICE I X/ VK
1Bt ~ & —BFRLEND Z ERMEEN TS . —FH T, EI4 Sk OKRKIZIT
TR IECOFEDRHR SN2 E D, BEIF ) VIKIEU L7 T E =T AB T
F U IEC~DOELKBL B ARETH D Z EARIB SN, L L7en s, 409 O A% 110
BICHIN LI B R R T O 27 b — FAKRE (2.0X10°wt%) T, 3% S A7 b
IV EDERRFEE RSN hoT-. 2T, 77— FAEK (20x10°wt%) % 1452245
TANT Y TF5HZ L TCRICEEZRAE S, UV-Vis A7 MVIIEIZ X > CTHreriZ @l
BLIZE A, 7= LT A IECOLRNPEHMERE S & bicm L, 60 452X

FIEEEMITER L TWD Z Do 7= (Figure 1). ZWILENBIS N2 &b, &
IXURIEU D 7 T =0 AT A IEC~ORGIT TR EZRTIC, ERTPOmEER

R Al L L THEITL TV D 2 & vbholz.
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77 E=0 LY REEDR%E

1.6 -
1.4 -

1.2 -

0.8 -

Abs

0.6 -

0.4 -
0.2 -

200 300 400 500 600 700

wavelength (nm)

Figure 1. X%/ UK 1Et" DEKEILIZEITH UV-Vis AR MLOEFREL
0% (IR, 64y (38), 174y (kk), 384y (), 6074 (%)
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COREREZZT, BT 7 LR (225%10° wi%) (1EtT :1Et'=75:25) AZ2% F T
BRIEL7 I =0 A b F 42 IEC~Of{b &2 7- (Tablel, enrty1). LxL7e23 5, 360
SHbEIX ) RLIECICHRT A E— 7 BBIE S, WBENSZTNEH 1EL 1B =33
67 DHRTHAEL, 2.0X10° WD KIFHE Z AW TZHE & A~ TRISOMEITREN Z &2
ino7- (Table 1, entry2). #e T, BRI L7- 40 g DAk (225x10° wt%) % W T,

MEMILICE DX VKIEU 0D 7 T =0 A F 40 1B ~ORR b % & BRI T
ERHTDDEMRE EIToT2. T, 409 DA (225%x10° witt) A FREFFHL F T L
SHELIZEZA, BR T TORME ATE Y RIS ETL, 150 5%ICidEIF
JURLEL RO E— 2 DR E B TH D7 7 =7 A T4 1IEC O v — 7 2381

SN b, REMBBEFMRTICT L L TRISORERATRETH D Z LAbrol

N

(Table 1, entry 3). #\ T, ZE FCORISEIEESED720OIZ, pH OB Z R LTz,
PH 73 0.6 TH % 40g DAHE (225%x10° wie) (Zxf L THREEKFZT MU 7 AZRML, pH %
1.5 F T LIKEIR AR T TR LI E 24, IGAHGERIZH#EITL, 105 5%ICiE7
T =T A FH L LIECOE RN AR MR S 7z (Table 1, entry 4). & X%/ K 1Et
DLELKLIZBNT, pH ~DIEFERHEGEER SN2 D, pH 23 0.6, 1.3, 2.3 OHEREK
WIRFIZBWT, 77 =0 MEERBEE IECCIO, O A 7 U v 7R a2 N Y —HIE
1T, 77 B ORGERITTIERICEIT D pH OREEEER LZ. Bkl %/ Uk,
BIX ) MEET TV LT A DENEN B TFRRILETICHRT D 2 oo —7
DHERE 7=, pH 2% 0.6 TiE, E”"=324, 189 mV (Figure 2, HA1), pH 2% 1.3 Tix 292, 144
mV (Figure 2, #E#R), pH 2% 2.3 TIX 269, 62 mV (Figure 2, ) ICE— 27 NEIZ SN,
pH 23 LV SRR T, IV BIETEMA~ A T A7 P LTS Z EDbno
oo FWT L ATy REERMEAAET 58 IF 7 K 1B X, BUKERTICBW T R
M AL H D, Fu hALER TRV E I % ) UfE 1B 13 L ShoT Wi, &

D pH DEWRETIZ 7 I =0 A0 F 40 IEC~OB L HRICEI T LIS E2 BD
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7=y ALY iRRIEOR

(Table 1, entry 2, 4). =2 T, 40 g DAE (225x10° wi%) @ pH Z REEKFE T + U 7 4
W&V 27 FTHET 22 8T, KORERSOSOEITEZIIFF L7228, UV AT FinG
JFEF LICHRT 2 B — 7 SRR S AL72. ZHUIMI RO RIEKFE T MU U A& W= Z & T,
FOBIKESR D pH BJRFTHINC B L, AR T 57 7 =0 A0 F 4 1ELD N5 {if
DOBET VI MMEBEIT LI EE 2 BID. O, KR pH 242 Hik e
LT, 40 gDAH (225x10° wt%, pH=0.6) Z i1 A KICE Y 9fFICHINLE. Eoh
72 360 g DKEIE (25%10° wt, pH=1.8) %24 F TR L7 & 24, 120 5341213 UV-Vis
AT NVINS T T = AT A B D E BRI AR )RR S A7 (Table 1, entry 6) .
LI, REFREMCED 7 I8 =0 A hF 4 1IEC KR (25%x10° wi%) o FHEL % f i

ZE L.

Table 1. £ ¥/ UK 1IFIEt" DEKERIE °

condition time for full-conversion
entry additive
conc.x10® [wt%] pH  atmo. [time] ©
1 - 225 0.6 air > 360 °
2 H0 2.0 28  air 60
3 - 225 06  O,(latm) 150
4 NaHCO; 225 15 air 105
5 NaHCO; 225 2.7 air =€
6 H,0 25 1.8 air 120

1Et" B L IEt % 75: 25 DR TE T 40g D A (225%10° wite) % VY, &5
SME T ORISR & 225 F TR L. P 87 v 7 L7 0.5N HCI K ¥EHE T T
UV-Vis A7 MVAIEIZLE WIRE LTz, S Ny NXT U U 7 LTfiiA A2 K THR L T
UV-Vis 237 MVRIE 1T - 72, ¢ Kid UV B LRICTITo 72, ¢ BRI O R
fifgsd iz,
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1EtY —= 1Et* ~———= 1HEt

Current

800 600 400 200 0 -200 -400 -600
Potential (mVvs. Ag/AgCI)

pH E®’ (mV)

0.6 324 189
1.3 292 144
2.3 269 62

Figure 2. 25 % pH &UTIZEITSH TS EZDLIE 1IEL'CIO DY A9 ) vy I RILEE
VA FN
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7=y ALY iRRIEOR

222 AF URBBIEER V-7 SEZVLL D U DIAR

77 e=v L3, CIO,, TfO", BFy & W\~ il et 7 =4 LU E 7 5 2 & T,
filh & UCHEET 2 2 L SATHETH 5. 11T H CIO 3OS k7 =4 2 LT
fEH &N, 77 =0 MERIESTR SN TE 2, —HT, ZXMRKICE VAR LY
TE=ULATFA Y BT, LTI < B A SRR b~ O RitHIC &0 HiEERS
AR T=. DVRF DIV A VR VL & W o 7o A A U AP EREIE DI, BHART
HLRY ~—HEDEN R E, HRITIE U TR~ 25582 A D01 A 2 St fig 23 il &
NTWD. Zb— RIEEASEEA A REBIEZ RN 228 T, 77 8=0 L 0T A4
LEE & ARVEHERIR EICH U, AL i3 K OWEIEC £ 5 Pl D2 CR ST 5 =

LNXA[RETH B (Scheme 3).

<traditional method>

> 1Et*CIO,
1. HCIO4 (9 eq.), NaClO4 (12 eq.)
2. recrystalized from CH3CN / (CH3CH,),0

1Et*

I\Ille
Me N N O
‘ <new method> :@: - \lé
+ - N\
Me l}l Me
Et O

1. Diaion SK104H )
or Amberlyst 15-wet (4 eq.), r.t.,, 3 h SOz
2. washed with H,O, MeOH
1Et*resin”

Scheme 3. 7S EZYLAFA UV IEt DT A URBIZEITHHEEELE DLHE
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IS T Ol SN 7 T =y A hF A4 IEC KR (25X10°wt%) I2Xf L, 44
BDWGA A AR 2 A, =i T 3 WG LA A RIS 24T o 72, RUSIZIEHR
D AJVIR ERVERG A A 22 #akitiE Diaion SK104H 35 XY Amberlyst 15wet 2 72, W4
HEERY AF L ZRHR L 5 2R CRRIAR Y =~ —Tdh %73, Diaion SK104H (3Zfl T
IRAAEEE D7 VARIR ) = —72DIZ%F L, Amberlyst 15wet |ZE 2R DR U ~—HEENIZ,
K7z~ 27 v flaz A LT D MR BIARY ~—Th 5. RIGOETIZHEY, RECQDIREIR
DREITHEL 220, BIEOARRES PG LI 0D, 77 =T A hF 4 1IECHHEE
badiiicnTWD Z e bhoTe. HONTERADOEEL AMICEVEIRL, A% 7 —
Jb, KCUEER, BEEZEEZ B 275 2 & C, Diaion fiff7 7 v =0 ALV IEt'Dia B &
O'Amberlyst #1577 B =7 A LYV IECAMb 2 2 E 5 2 & ITakEh L 7= (Figure 3).
TIE=T ALY UCEHEND IECOBEATRT e —F 0 U7l (mmolg?h) 1%, 7=

AV VU DLRGHIC LV EOENEREARNOEN L.

Diaion SK104H 1Et'Dia” Amberlyst 15wet 1Et"Amb™

Figure3. 7S EZYLL Y IEt Dia 8LV IEAMb D EE
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7=y ALY iRRIEOR

A F U RBIE A W27 7 B =0 ALY U T B RIS OME 21T - 7= (Table
2). %79, Diaion & AT, #WINT S50 Y B OMET 21T -7 (Table 2, entries 1-3).

BORIZ AV S Diaion D4 84 HS° L7288, 16 M &M W T2 Gtk TIRIERD 74% £ T kL,
PEROMMEHEMIE LV bR VIR T, 7 7 8= ALV IECDia 2925 Z Licpsh L
. —hHT, n—=7 4 U7EICERT 2L, K0V YERO Diaion 2N L725EI1C
BOWTEWEZ R ITENICH D Z ERD-o7z. 4 28O Diaion Z RN 254 FIZT,
AR ORI 21T o7 & 24, )G ORBICthn 7 I e =v ALy roa—F 4 v 7
il LR EL, 3RS - & bmMEZ /R L7z (Table 2, entries 4-7). A A 224kt
I§ % Amberlystlswet (IZEHE L7354 TH, 4 Y&80KECTHY, Amberlyst HHEF7 7 v =1

ALY 1IEtAmb Z3iil4+ 2% Z L N CTx 7= (Table 2, entries 8-9).
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Table 2. B4 A U XBBIEEZAWLN -5 E=ZYLL Y 1Et'Dia’, 1IEt'Amb D Ef&! ®

entry  resin equiv of resin time (min) loading (mmol/g) °  yield from 1 (%)
1 Diaion 2 180 0.43 22
2 Diaion 4 180 0.51 59
3 Diaion 16 180 0.19 74
4° Diaion 4 30 0.18 19
5 Diaion 4 60 0.44 46
6° Diaion 4 120 0.43 49
7’ Diaion 4 180 0.51 61
8 Amberlyst 4 180 0.36 36
9 Amberlyst 6 180 0.32 44

A 7S v AT A IECTKERE (25%10° wt%) (Z%f L CBEA AL AR IE A %, =
HCIRE LY BN 7 oA LY L DEEGHERNGEL LT,
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7=y ALY iRRIEOR

223 VRIS EVEERERMET DI TIIEZVLLD VDRA

77 =0 MR R IEUCIO I,  HERIIIE RO SO B8 TR AR BETE M 2R3 2
EDRHMEINTEY, KbARE2T7—R7 IV LAMERBEIELSX 5. LLRRDb,
FEE 7257 T80 1 OBRITITZEMEZ BT 5720 %0, LOAFNESRY AT T

(5) MBFETED NS LT /LY RT7 ZENER S TWD (Figure 4). VAT Z
vy (5) 1%, MIKCTEMIIAFTTE A4 Y703 THY, AERNIZBWTE FMN
R FAD & W o 2B ICHAAEN TV D Y E72, HEEMINFTRETH 5 By o=
AT M P BT 22—k M IC kY, YRT I LT RIT®T— b (6), URTT
BT N TATT IV VERTAT IV (T), TEZ =R 2 BL U8 BERINTVD. 720
Th, TEX— bk 2 2k e LTRSS 7 7 =7 L 2EUCIO X, MR At
#l & 9% Baeyer-Villiger FR{LIUSIZIR W TEWABLEIEZ AT 25 Z LA ShTns °
FIRETIX, VR 7780 OEEE 7 ) a— VAT Z L THRLoNAAS YT XU
4 D, BALAEEYEZ AT 57 T =0 A AECX BB S TS 1. L LAaRD,
EHEPMBIRY T, 7 7 B2 5 &R T L L7z SHEt OFFHL S 13t STV 52,
7= Al LTHERT SN TORY. 2, BUKEOREZ AT D70, 7T=4

AR AERT 2 VAR T 7 B =0 MEERBRIESHERE LIS WD TH DL LBEZBND.

AN

IT, 7IEV2BLIOSEFEEETHI I =T ALY O AT,
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\ Me
o o] clo; Et O
8 2 2Et*CIO,
(R=vinyl, ethynyl)

; H ; H

Me N N.__O Me N N.__O
Y O
Me N Me Me l}l Me
(6] X Et O
4 4Et*X

(X- =ClO,", TfO", BF,)

Figure4. YRS EVEEHDEER
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7=y ALY iRRIEOR

REEETIZBWT, 7780 2 BXS #FEIE L, 77 =D ALYV iRAEIT o2
(Scheme 4). VA7 7 v #FEIK (0.3 mmol), 5% Pd/C (20mol%), 7k F7 /LT K (12
mmol), B L7=MiA A AKk6emL, =&/ —/L6mL & 05 mL DIREHE, KFEFEM
RAF, IR T 48 REEIHE L, BB N5 (=T /L7 7 B FIHEt & & iR AT % i
L7z, fWnT, T TOETA FABMEIELATY, WA T AKTETA F2WHFLRED
Ak 40 g IZFHTE L, K TE 512 360 g 1T L7 KEIK A2 2250 F TR L 7o, BSOS D
UV-Vis A7 hLini, 2 BT 7 7 =7 & F 4 2Et" (Figure 5) & O 5Et" (Figure
6) ICHKT B —7 RNENENHGR SN, BRI DT A U AR~OBALAEST L7 &
Wrl, 4250 Diaion SK104H &%, 2250 FC 3 Wiz L7, JEmIC L BREAOEEL
[EUL L, A¥ = E A A KTHEEZITY, BEFTRZEL, 778=0ULL T
2Et'Dia” (7 —F ¢ > 7 : 0.37 mmol g, L3R : 44%) 3 L ONSEt'Dia” (m—F ¢ 7 :0.31
mmol g, VR : 38%) %435 Z LICATh L7z, EENRRE L7 T =0 ALY iilis
B, 7780 1 REFTRIVART7ZEVFERZERE LTHEATE D Z LR LN
ode. BN, IERIETIIHBRRNECH ST VR T7 I ZFEETHT7 T 8= A0
FAEBIR BiCHil T2 2 & T, Bl TR D ES R TFEEAN T I = ALYV

SEt'Dia #1525 Z LTI L7-.

1, celite filtration under air
CH3CHO (40 eq.) 2, washed with H,O (40 g)
Pd/C (20 mol%), H, (1 atm) 3, poured into H,0 (360 g)
EtOH, aq. HCI, r.t., 48 h 4, sttired under air for 2 h
Fl FIHEt FIEt*

1, Diaion SK104H (4 eq.), 3 h

2, washed with H,0,MeOH .
washec wih o, 7e FIEt*Dia-

Scheme 4. YIRS EVEERFRHNLETEHISE-JLLDVDORE
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Figure 5. ZRERIEIC &k > TH SN Tz 2EIKBERD UV-Vis AR bL
(R RN F « 551, 432, 284, 224 nm)

200 300 400 500 600 70
wavelength (nm)

Figure 6. ZREIEIC &k > TH STz SEUKARD UV-Vis RRY kL
(R KWL @ 549, 436, 284, 224 nm)

-36 -



77 =0 LY HEEEDR%E

224 S LRAT—I)ILTOISEZHYLL VDS

fElRZe Ik E KBICH AT 20k 7 7 B = AEFHRE T, REOmN L, SO
A= T PRI Do T2, 2T, EREICHARTEETIAA FORNTF =T A
VYDA — VT TR, 771 (6 mmol), 5% Pd/IC (20 mol%), 7t
F7F e B (240 mmol), B L7zBiA A7k 120mL, =% / —/L 120 mL & #Ef& 10 mL
DIREH A, KFAFHKT, =IET 48 Rl L, &M N5 fL=F k7 7 v 1HEt
EEDRAEHEZFK L. 0T, ZRTTORTA FABEBIEEZITV, BiA A KkTE
TA NEWRELRND 800 g IR L7=AE, AN=HINVAZ—F—IZLVHEBLTND
6.4 L DOiA A2 K~ 2 3T TInZ 7z, 285 F TR ZITV, UV-Vis JllTED S 130 5y
BIITERENR 7 T =0 A AF A OAERPHER SN, KERIZ 4 4O Diaion
SK104H Nz, 2250 F T 3 RFfIFEC/ICTHERE Lz, s K0 BEOREx2EIN L, X ¥
)=V E WA A KT ATV, BUE T CHEgEL, 77 B =v ALY IEt'Dia (6.96 g,
72— ¢ > 7ff : 056 mmol g7, UK : 65%) %155 Z LicEH LIz (Figure 7). 7=, [
BOFEMETI A7 I (6) #FkE LA T, 778 =7 AL Y 5Et'Dia (7.70 g,
0—7 ¢V JfE : 0.34mmol g, LR : 43%) BNELNTZ. WTROEAICBNTH A —

NT v 7L e —TF 0 U 7ER LOUNEROR T IR S T, it o KEMGITRZ L.

CH3CHO 1. celite filtration under air

Pd/C, H,, 2. diluted with H,O (7200 g)

EtOH,aq. HCI 3. stirred under air for 2 h

Fl ——> FIHEt FIEt*
(6 mmol)

1. Diaion SK104H (4 eq.), 3 h
2. washed with H,O, MeOH E
3. dried in vacuo 1Et*Dia- /‘

5Et*Dia”

Figure 7. Y S LR —)ILTDISEZHDLLY VAR
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225 BFARE7OXHY O UERHETHISEZJLLD VDREE

AT XY OHRTRLS, MERMEAKTHL T ux U arrnbiiid sz N5 L
TFUET X TV, e LTS ESERRSICH O TERZ L flxE, 7
RXY UL 9 LFHEEIND NS L= T /URIRILIR OHEL °7 7 B =7 A 9Et'CIO, 13,
WILARFZZTEAE LTHWD AL T ¢ ROBME ™, 2B X037 I v okt iz
BOTHEE LTHWON, 7rafkaf+5 77 =" L8 10EL'CIO, % Dakin k. *°
WZBWTEIEEZ R T ZERHLNIINTE . BT, 7Tt r=y AnERmEHE
11Et'CIO, DO fl TG MR X B E <, MEENICHRWE RSN TH D N 7t m A F L H
EHTDHIET, ANT 4 FOBMBLKERILSINTIBNTT 7 B =0 LM 9EL'CIO L DY
80 (DTG 2”4 Z EAME S TWA S LinL, 7urx# =74 UELCIO, D
BMEE, 2o 7T = AEOFBEFE L <, Mager HOFHHEYE 2 2 HWTiThau T
7= (Scheme5). £ Z T, EEHEMNMHRE L7 7= ALY VRHENRT B XU 11 &

Bre42577 =20 MLV fiRUTHE TE 20 Lz,

-38-



CH3CHO, Pd/C, Hy,

N\ EtOH, ag. HCI
o ~ /I,

I\I/Ie
N N O
N
XY
N Me
O

9

|
clo;, Et O

10Et*CIO,

7=y ALY iRRIEOR

1) celite filtration under N, N
2) HCIO4, NaNO,, NaClOy4

LY
l}l “Me
Et O

9HEt

I\I/Ie
F5;C N N (0]
N
N Me
(0]

"

N
cio, 1,
I\Ille
N N 0]
N
LYY
l}l Me
Cloy Et O
9Et*CIO,
I\I/Ie
F3C N _N.__O
N
l}l Me
clo,, Et O
11Et*CIO,

Scheme5. 7AOX YO UERERBET LIS EDLBIEZRRIEDHE
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771 (03mmol) &M eia TORiESF Tl 21T > 72 (Scheme 6). 7 = ¥4
> 11 (0.3 mmol), 5% Pd/C (20 mol%), 7& F7 /A5t K (12mmol), MK L7=MiA 4
AKémL, =%/ —/L6mL LIEEE 0.5 mL DIREHRZ, KFEFMHK T, E T 48 Rpfilf+t L
7o NT, R TFTOET A FAREBIEZITY, WA T K TET A FEWEELREDLA
W2 409 I L, AKTSHIZ360gICFB LT, AEEEZD AHED UV-Vis A7 kL)
5, B CTH LT a Xt =0 5B T4 UEL O SCHkEIC—% 7 % & — 72 (355, 443 nm)

DHER S, 30 BRI E—7 ORD B LNt a5k L7z (Figure 8). Z D Z &

Mo, Tudg ol ZFEE LTHWZSEE T, ZXBREHEFISHEIZETL, 5

Sl

Wt 30 MLNICEHIOT a XY= AhF4y UECHEKRT HZ L2 RH L. 55
Niz7aXxH% o= LhF 4 LUECKEIRIZ 4 450 Amberlyst 15wet 21z, 225 FC 3
BRI L=, Ak, A%/ —/L iAo KT EZITV, BEFCTEEBL, 7oxy
Y= ALYy LECAMD (B —F ¢ 7 0.22mmol g*, IR 1 22%) &3, Tk
Mo, EEPRBLIE 7 780 ALV URENEDN, A VT aX U TR, TerX
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, celite filtration under air
, washed with H,O
, poured into H,O

I\I/Ie
, sttired under air F3C\©N\ N\(O
N N.
r}l Me
Et O

11Et* (360 g)

CH;CHO (40 eq.)
Pd/C (20 mol%), H, (1 atm)
EtOH, aq. HCI, r.t.,, 48 h

A WN =

1, Amberlyst 15 wet (4 eq.)
2, washed with H,O,MeOH

11Et* Amb"

Scheme 6. 7AOXH T LL Y 11Et" Amb D E!

0.14 -
0.12 -
0.1 -
©0.08 -
0.06 -
0.04 -

0.02 -

300 350 400 450 500
wavelength (nm)

Figure 8. ZEREILIZK B 7 AF YOI LI FA4 L LNETERRIGIZEITS UV-Vis
ARY M LORREBEL
AHibEg (bk), 304 ()
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2.3 #E

PRI, ks, wlinofffle 7 T e = AEABEFEREO BRI Lz
ko7 7 =0 MEHTIINATH > T-liigiE T M) v LMK 5B b0 I, KV
RRRTESBEFRT 57 7 v =0 A T4 FIECARES Bt Uiz, BiEEEco>
7Y Fl OiIEHy N5 =T /kic L - THlREL L 7% 50 N5 i =F/1{k~7 7 £ FIHEt
X, R T DB T A FAEOBRRICEWTHRIRIZEIF /7 VUL FIEL ~ L —&E Rk
SN, ZO%, REMFEFEL[T S UL, FOSERD pH Z2E3R07NT 2 DIl L T4
[FCHIPT LT, EREMICTIE=T LD TF AU FIEC~EBLEND Z &b

LSBT, RO T =F ABUSIT NG TE CERE T N U LR N 7 vd e
AZANKR T P T LORDYIZ, RO ANVR CERYER A A4 2 HE i Diaion
SK104H, Amberlyst 15wet Z % Z & T, 7= ALY FIEt resin 278 L7, 22
SIRAIT X0 AR LT KIS O 7 5 € = WA F 4 FIEL 2 RIEIED A 4 o s it b
(CHIH 2 2 LT, Al S KD 0RO B TR ATREIC R o 7o, EEZ DB LT Z
Eo U ALY UREED, INEELT I —T 4 VT BERTEEDL 2L, AHITA
T=NVT yTIRARETHY, AFVREGRYRT T EFHERSLT v X2 AT G TR

ThHZLEBALMNIRoTZ.
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2.4 EERDER

General
Elemental analyses were carried out on a J-Science Lab JM10 micro corder. UV spectra were
recorded on HITACHI U-3000 spectrophotometer. Reaction were monitored by thin layer

chromatography using silicagel 60 Fys; (Merk) .

Materials

3, 7, 8, 10-tetramethylisoalloxazine (1) * 3-methyl-2’, 4’:3°, 5°-di-O-methyleneriboflavin (2)
> 1,3-dimethyl-8-(trifluoromethyl)alloxazine (11) ® were prepared according to the reported
procedures. Other reagents below were commercially available and used without further purification;
Riboflavin (PanReac AppliChem) , Pd/C (5%, Wako Chemical), acetaldehyde (Nacalai Tesque),

hydrochloric acid (Nacalai Tesque), Diaion SK104H (Mitsubishi chemical), Amberlyst 15wet

(Organo) .

Experiments

Preparation of 1Et'Dia", 1Et"Amb™.

A mixture of 1 (81 mg, 0.3 mmol) , Pd/C (5%;128mg, 0.06 mmol) , and acetaldehyde
(0.75mL, 12mmol) indegassed ethanol (6 mL) , HCI (conc;0.5mL) and water (6 mL)

was stirred at room temperature for 48 h under atmosphere of hydrogen. After the mixture was

filtered by pad of Celite (2.3 g) under air by using H,O for rinsing, the filtrate (225x10 wt%)

was poured into H,O (320 g) for 2 minutes with stirring. The mixture was vigorously stirred under

air for 2 h to give a purple solution of 1Et" (25x10° wt%, 360 g) . To the resulting mixture was

added 4 equivalents of resin (Diaion SK104H :818 mg, Amberlyst 15wet : 544 mg) and the mixture
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was shaken at room temperature for 3 h. The resulting darkened resin was recovered by filtration and
washed successively with H,O (15 mL), MeOH (15mL), and H,O (15mL) and dried under
reduced pressure to give 1Et'Dia” (0.51 mmol/g, 59%) and 1Et'Amb~. (0.37 mmol/g, 34%) .

The loading of flavinium cation was calculated from the content of nitrogen atom.

Preparation of 2Et"Dia".

A mixture of 2 (124 mg, 0.3 mmol) , 5% Pd/C (128 mg, 0.06 mmol) , and acetaldehyde (0.75
mL, 12 mol) in degassed ethanol (6 mL) , HCI (conc ;0.5 mL) and water (6 mL) was stirred
at room temperature for 48 h under atmosphere of hydrogen. After the mixture was filtered by pad of
Celite (2.3 g) under air by using H,O for rinsing, the filtrate was diluted with H,0, and vigorously
stirred under air for 2 h to give a purple solution of 2Et" (37x10® wt%, 360 g) . To the resulting
mixture was added 4 equivalents of Diaion SK104H (818 mg) and the mixture was shaken at room
temperature for 3 h. The resulting darkened resin was recovered by filtration and washed
successively with H,O (15mL) , MeOH (15mL), and H,O (15mL) and dried under reduced
pressure to give 2Et'Dia” (0.31 mmol/g, 38%) . The loading of flavinium cation was calculated

from the content of nitrogen atom.

Gram scale preparation of 5Et'Dia”. A mixture of 8 (2.26 g, 6 mmol) , 5% Pd/C (2.55¢g, 1.2
mmol) , and acetaldehyde (15mL, 0.24 mol) in degassed ethanol (120 mL) , HCI (conc;
10 mL) and water (120 mL) was stirred at room temperature for 48 h under atmosphere of hydrogen.
After the mixture was filtered by pad of Celite (4.5 g) under air by using H,O for rinsing, the filtrate

(800 g) was poured into H,O (6.4 L) for 2 minutes with stirring. The mixture was vigorously stirred
under air for 2 h and filtrated to remove an insoluble part. To the filtrate was added 4 equivalents of

Diaion SK104H (16.4 g) and the mixture was stirred at room temperature for 3 h. The resulting
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darkened resin was recovered by filtration and washed successively with H,O (50 mL) , MeOH (50
mL), and H,O (50 mL) and dried under reduced pressure to give 5Et'Dia” (0.34 mmol/g, 43%) .

The loading of flavinium cation was calculated from the content of nitrogen atom.

Preparation of 11Et"Amb™. A mixture of 11 (93 mg, 0.3 mmol) , Pd/C (5%; 128 mg, 0.06
mmol) , and acetaldehyde (0.75mL, 12 mmol) in degassed ethanol (6 mL) , HCI (conc;
0.5mL) and water (6 mL) was stirred at room temperature for 48 h under atmosphere of hydrogen.
After the mixture was filtered by pad of Celite (2.3 g) under air by using H,O for rinsing, the filtrate

(255%10°° wt%, 40 g) was poured into H,O (320 g) for 2 minutes with stirring. The mixture was
vigorously stirred under air for 30 min at room temperature to give a purple solution of 11Et"

(28x107° wt%, 360 g) . To the resulting mixture was added 4 equivalents of Amberlyst 15wet (544
mg) and the mixture was stirred at room temperature for 3 h. The resulting resin was collected by
filteration and washed successively with H,O (15mL), MeOH (15 mL), and H,O (15mL) and
dried under reduced pressure to give 11Et"Amb~ (0.22 mmol/g, 22%) . The loading of flavinium

cation was calculated from the content of nitrogen atom.
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A7 =ty NN VAV S i1y e RN U AT

F=E T IE=U ALV R L D BLRS

N5 (L=F/fbA VT axY =0 A FIEUXIZL D7 I VR0 A LT ¢ ROWmE{bKSE
BRALROE P 3 STk, ZHE TIC NS (LB Y T B U B8R 2 Al & % dieibk
FEWRLS L LT, & b o Baeyer-Villiger BRI 250, RAMILES 3, HEMERMEART
b5 N5 =T /ALT B ¥4V & OB LS * R ERd SshT& 2’ Zh
5 N5 L= F AT T & Al K Dl bk R E LSO, 1989 4EDFTHE & O & Him
L7l A 7 S Ko THEIT LT D 20 BIRIICIE, A Y 7 e Y= A4 FIECX
OB I E Y AR LT~ A F v 7 T B FIECMN 2L LE R
FL 7TV FIET ~ LA SN, S BUKEEEZRTT 7 8= A FIECX 2 HA L,

il 7 L 5ERET D (Scheme 1) .

R® RS
R2 N _N._0 H20; HX R2 N _N._0
R? N “R* R? N “R*
X Et O Et| O
FIEt*X- FIEtOOH R
OH

HZO\:Ekiy\\\ ]
|
R? N__N__O
v LKL,
N.
R! N R4
Et| O
FIEt"  on

Scheme 1. NS S T F)LibA4 V7 OXH T U2 &k BBEEIEKREEE RIG
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— 5T, YWFIE S L — 7 TIE 2003 FELIRIC, TRE TEL O —F TiThbh T il
{EARFRRALSOS R & B Y, BRERFHK IR W TED = oH L2 Wb 2 & T,

D7 5 v =7 A FIEXIC L D 2L 7 ¢ RROT 2 Dk, /7 k> ® Baeyer-Villiger
MALSUGEAS, B DO L RISl TS5 Z E 2 AL L= (Scheme 2) 7. 472k
T ambA & U TR D AERIER R BOS T, BrEOIRWRIAER O H 2R L,
TIEVERE ) XIS OmBEEML 2 223 2 b— b LIERBREAMR O KR
FE LTHER STV D. 2000 FAMTHIO M58 7 L — 7 i 2 22812, N5 fL=F Lk~
7 B TESREITKTET 20RO AR A 5 R AR ER (LAt & LTI ST
BY, CNETICERFFVLRE Fraser@ml @R, A FazxFA R0

& IeAl a2 IO T2 BRI E STV S,

Sub
0o (I)H
O - M /B\
&2 RS R2 R R™ “OH
FIHEt FIEtOOH H R’ 0
1
R\/N\R2 Nogs R)J\H
Rad, HX Sub
Rad-H, SubO SubO
o 0
FIEt*X" / \ FIEtOH é
R1"™R?2 RO
_OH
_ 1 R
Hzo HX 1 [{]+ 3/0
R\? \R2 2/N\R3

Scheme 2. NS LT FIJLIL T 5 E Uit &k SEERERE RIS
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A7 =ty NN VAV S i1y e RN U AT

oW mobs &, FfREIC Lo TRONHEA D7 T =0 AL Y0 OREbARE
EHEZFMI L2, ZORE, 77820 AL YUk 7 T =y MR &R G
IRWEEE R LTV D Z ENbnots. BHICHTHEN AT TR WAMBIE A R T 7
E=ULALYUDORREICEY, 7T v=0 AHMEOEMEZR ESED 2 LITHRIILE

(Scheme 3).

Me "’O)
Me N N O
7 \I& Me N /N\(O
+ 2 N. i N
Me N Me Me N “Me
SO Et O Et O
o
OH
1Et*Dia" 3Et*Dia
1Et*Amb- "/OH

Me

|
Me N._N._O
Mo FsC Ny N\fo
N NH | N2 N
Me N N “Me
|
soy Et O SOy Et O

Flavinium resin (cat.)

RI"OOR2 RIS R1TTTR2 o g
R! o) o H,0, or O, + reductant R? (o)
]:ﬁ o Aryl”
R RS AW')J\H R?” C y

Scheme 3. 7S E=ZHLL D Ul L 2BERILREG

-51 -



#
|
it

32 {BEREER

321 DS EZOLLY URIC KB RILT 4 FOEEREEIERIE

EEDHB L7 7 0= ALY URRREEZ VT, 3-methyllumiflavin (1) #JFEHE L
THLNE 2 FEEO 7 78 =0 ALY 1IECDia 1 L O 1EL"Amb O fil %4 2 S L 7-.
WEICHE SN TND ALY ¢ ROBEBRICKIEOERMEESE P, 74T =Y —/ (5a)
BETVE L UIBEBILRIEE To72. 222- ) 7 vFdux s ) —LiEiEd, FH ba
IZxFLTL mol%d 7 7 =7 ALY 1IEtDia b L IF IEtAmb & 2 4 &D L KTV
—KFEINZ, BRFEFRFAR T, 35°CT 17 KRS, TR/ r~ T 7 4 —2ko
TRIGZFHE L7 (R 1. ToOfEE, 1Et'Dia 2l & 3 % R TITEELRN 11% Th - 7=
DIZKREL, 1ECAMb Z fillit & 32 R TIFELEN 8% TH U, 1ZITEEMNT SIS HEIT L
Tz, ZOfREND, 77 BB HFEFSNTWDBIIEN BRI W TREL 52 5

ZEBbnrol.

I\I/Ie
Me N N O
Y

Me l}l Me
1Et*resin” (1 mol%) o]
S. . S.

Me NH,NH, -H,0 (2 eq.) Me
(1)
CF4CH,OH, O, (1 atm), 35°C, 17 h

1Et*Dia” :11%
1Et*Amb- : 98%
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A7 =ty NN VAV S i1y e RN U AT

ROBRTEBIE LIZE 25, IECAMD & AW R T, BRI R Y LTz,
TIEUGINE RIZ VU —KIIZ L > TRILEND Z ETH AU HERY, 440K
Hastig B SIS Sz, WIRNAGE L Tz EE 2z b (Figure 1, /£).
—J5, IEtDia # WV R T, IGERPBEENOE L7l &b, 778V 50T
FEE LICEE->TEBY, E RV EUGL TV RWZ ERbroTe. ZHUE, 778
ZUALY U OEETHLEERY ZF L ZVRVEED, FIGEETHD B 74 n
TH )=V LW ERRINTH D LB X D, IECAmb DK TH 5 Amberlyst
15wet 1T, MAREDOR Y AF L ABEONERIC~ 7 LA LTV D72, HERAMIEOTIE
T HBIIEONIBO BRI E T AV RHROSICBEETE 5. 2ok, 1ECAmbTIZi
TIEHBIENE O 7 Z eyt~ aflaz@ LTk RV & AT ¢ K ba ML TV
DI L i T & D720, R E LTRISRIFRLISETLIZEEZBND. —F T,
~ 7 v fLEFZ 7207 A0 Diaion SK104H (ZHHFF X7z 1EU'Dia O %4 T, SAENE D
TN E RT UV EEMTE oo, BERENMROVERICR ST EEB XD
N5 (Figure 1, £). BEAD NS AL=F UL 7 T B =7 A 1IECX OFEZERLISIZBIT S
fib i 7 /L% 7R LT= (Scheme 4), BRLIEMERETH 5D b R UL % UK 1B £k 4
H1=02iE, NSAL=TF L7 FE =T A IEX 28 RT UV RIS EE 5 2 & TEeiR
IHEt ~ L BT D0 TH D 2. £z, PMIEOEETHL M) 7t nzy ) — &
ST, BEAITHHE RT VU EMLEMRETH D & RuUbdF 8 1B o Hfr 4 %
HLTWE Y 20, 79820 AL 2fifdlt b LTHY, RIGEIRE S #iTsE
L1DI2E, M TAFrT Y ) = VEHERICEWNT, BlELoT I T e TV

YERILSISSELRER DD LMol

-B53-



?“di
|
it

4 . '. | ‘.- . £ .
*.\. ¢ . . J ] L]
o = _. e . . .
1FIEt'Amb™ 1FIEt'Dia”

Figurel. 735 E=DLL YV 1IE'AMb B & U 1Et'Dia” & ALV fERISIZ 8 11 5 K iG
BROBEELHEEED A A —DR

FORICEETE 27 7 et akk (@), JOSICHETE w7y I erntak (@)
TRLTZ

1HEt 1EtOCH

_S.
NH=NH Ph™ Me

NH,NH, Ph”" "Me

1Et'X- f \
H,0 HX

1EtOH

Scheme 4. 7S EZOLE 1IEUX#IEICE DRIV T 4 K 5a DEEREILRIGIZH 1T 5
WAL
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iR U7zsn bz &2, 1Et'Dia 2SS 1 2 5648 © X 2 SIS RFEORF 21795 Z Ll Liz
(Table 1). fi#iRF L LC, T IEtDia &t KTV %, REOIENT 2B CiRA
L, BlENHO 7 e pFa2 e RIVVLEROGEED. ZORKIS, R 7rdnxs
)=V BROANVT 4 Rhazxd 2 LT, MERICSICHETT2EEX. bEOT
T h=hUAHTE TPk L IEtDia ZIRA L2k, N 7ty ) —L %
M7=l 25, WRRAAIZRE IR End, NI T7Adaxy ) — L OHhOFE
REVLEIELOT7 78 F BRI e RIVVERIETETWDHZ ENbroT.
T D%, ANT 4 K ba ZMx THRABRKISEITR T L T4, EERMNREIZH ELZ
(Table 1, entry 3). & 512, ZOREEERIZENTE RIVUVOYERHERESLIZE 2 A,
X RIS LT L7z (Table 1, entry 4) . Z OIRAIEBSRICB W T, /o & U PEEREEC
bR TAARTE )= LOEEGERBOT I 2R AT, 7T = A AMEE L 5
ANT 4 ROBFEBILSIGIZBNT, b KTV — K EETHE T 25813 ) 71
Frxzy ) —REGEREEE LTHWDONAD, T AV EREETA & 3 5 KB
B0, RMERIAETHT R F= P UABESR BamohT0S. B S LT
Thor7Eb=RFILORDYIZ, BA T KEHANTRIEEToTEZA, TER=T
ULz BRI &3 238554 &t < SO HETT L7z (Table 1, entry 5) . IRGTAEEH D N 7
nAvax s ) —VOEGE 50%ET T E A, TEROK TR INTZHEOD, &
R TR HETTT 5D 2 & 23 dr- 7= (Table 1, entry 6) . AV ¢ K 5a OERFREAL LG,
7 T EUDEE LRV RTIIHEITE T (Table 1, entry 7), AR5 AR % K 6a Dz
BIZ K 2 THERT 2 ZANVR  ODERITHER SN RN -T2 2 &b, 7T E=ZU ALY VR
EIR DD E LRI AV 7 ¢ FOMBRRALSIR 2 RET Skl L Ced 52 &

MDA LMo 7.
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Tablel. 25 EZOLLD U #MEE T HRAILT 4 K 5a DEEFRRRIERE ®

NH,NH, - H,0  solvent time yield®
entry catalyst
(eq.) (mL) (h) (%)
1 1Et'Amb™ 2 TFE (0.5) 17 98
2 1Et'Dia 2 TFE (0.5) 17 11
3 1Et'Dia~ 2 CHsCN/TFE (0.08/0.42) 23 95
4 1Et'Dia” 3 CHsCN/ TFE (0.08/0.42) 14 98
5° 1Et'Dia~ 2 H,O/ TFE (0.4/2.1) 18 99
6° 1Et'Dia~ 2 H,O/ TFE (1.25/1.25) 18 83
7 - 2 TFE (0.5) 17 0

* % 5a (0.1 mmol), 1Et'Dia~ (0.001 mmol), t NI ¥ —/K¥E siatid, g
FZHEFAKT, B ETHLLE. * GLC HTIc LV ikE L. © £'Z 5a % 1 mmol i
DA — VRN EIT T2,
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LA 72 A A 2 A HfE T & % Diaion SK104H Z 41k & 3% 1EU'Dia 23, MiA A 27Kk % Bhis
L L THWD AT 1 K ba OEFEALIEZ IR ESEITSED Z e Bbnrolz. 0
RAGEEROEMMEEZ SSICHSNCT 5720, rx DALY 4 REE L LiRERIL
FIS&EB IR0, POMBETICIT7 I =y ALY 1IEtDia % 2 YBEOE KTV —
KR EIRE SHT2%, N7t axy ) —vERLT 4 RENEICINZ, BBRFEHRT,
35 CTHIRS IS EIT 72, BRI TLCIZ L VBl L, AT 5 2 k% Fiddhits
KOHTLrma~ b7 4 —IZX D HEELTZ (Table2). A/L7 1 KbaDFFEKLE LT,
NI EFHEGHEREZ T 2 x ORE 2OV TRIEE T 272L 25, WThOREIC
BOTHNERBLSHINT D ALEF T RebBLO6c #1525 Z &2z L7z (Table 2, entry
1-3). —J, BKEOEmWENIREANLNT « R E & LI2hE, WEOBMEMEWZD
A AkKE Y TAFrxs ) — )VOIRGEESR TSR FRITHET LR Do T 7o),
7 b= MU ANEBIEEIC AW L 2 A, MR I S IENIEA VA F T R 6d 2152
ZENTET (Table2,entry4). —F5C, IREBRXOANLVT 4 RELEE L LI2GE1EIMA 4
K2 BRI L TR EHATRETH Y, AMRIORERE T D ARSI AL ARF R e
DENETHE LN, £, 7= VEOVEKEFICER L TAEKT I EBEZ LMD M T

VARW YT AT LA RIRIIZARK LTz (Table 2, entry 5) .
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Table2. 25 EZYLL Y IEt'Dia 2t L35IV T 4 FOBERERIERIG

entry product solvent (mL/mL) time (h) yield (%)°
0
I H,O / TFE
1 “Me 22 76
0.474)
6a
o]
s. H,O / TFE
2 Me 18 90
0.474)
Me 6b
0
8. H,O / TFE
3 Me 16 90
0.472.1)
MeO 6c
CH:CN/TFE
4 (n'CgH]j)zS:O 6d 12 95
(0.4/2.1)
s7© H,0 / TFE
5 PY 17 83°¢
S” “Ph ge (0.4/2.1)

@ 7= (0.01 mmol),

b K7y —Kf¥ (2mmol) %, 0.4mL OBE

R CIRALE-0Ob, TFE, 217 4 K (Immol) Nz, EEHEFFHS T, 35 CKin
g7, P OBEEINER, C VR hF L A=4:06
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322 JSEZYLLYY IEt'Dia it 357 I D OBERIERIG

b RT Dy —KiER A L3577 =0 MERBRIE OBRBLKIGDOIEE E L
T, AT 4 ROBRTRL, 3HBIU2H/T IvnmbhTng *B 22T, 75b=
U ALYy IEUDia it U2 3B L O 2k T X v OBERILISE(To72. £, 3
BT IVELTNNTUAFARCDALT IV (1) 88 E L, AVT 4 ROFBREBACIIE
ICIBW RSN & LTliA A o R E BRI & 3 5 RIS TR E T2 7. TORiA 4
AKHFIZTLImMoI%?D 7 7 8= ALY IEtDia % 2 Y&D L K7V —/KP LG SH
e, 7TI07 EWNEHFEETHD 135-F I A KRB E2FL M) 7ty ) —
NDA Ny 7YY a—a iz, BEFREAKT, 35°CT 18 R Lz, Wik4 bR
LTELNEZZb— RO 'HNMR JIEDFE RN 5, ERPTH S N-4 3 K 8 DML 91%
THARLTEY, 77 =7 ALYV IEMDia 2 387 2 v ORLEUSIZ BN T H il & L

THERET 2 Z E ML o 72 (2).

l\llle

Me N N (0]
Y

Me r}l Me

1Et*Dia” (1 mol%)

+_Me
Mo NH,NH,- H,0 (2 eq.) Noge @)
o :

Me TFE : H,0=10:1,
0, (1 atm), 35°C, 18 h 8

91% NMR vyield
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BT, 77 =v ALYy IEUDia it L, 2 %7 I ThHDH 1,234-7 F TR
nA VxR Yy (9) ZRE L LEMBERICOSZRA T, TOMEEICT, fiiEo >
FZE=U ALYV IEDIA At RV — K LIRG SETtk, 7 I 9 ENEEHETH
5 135-FURAFFRINRUPLUEEGLR N IAAREE ) —LDA Ny I Y Y a— g
Mz, FEERHA T, 60°CT 24 Refilfiiir L7 (X 3). Wi ZREL TROLNIZ I L—F
O *H NMR IEDOFER NS, EfPTHo =k 10 DILREZFHE L7 (Table 3). B
BEE L THAA L ARKETE =PI AVERAWZLEZA, T F= M) AVOGBEITBWTHE
FOREDM ERR SN, WTFhOHEIIBOTHIEEOWRITHR IR o7z
(Table 3, entry 1-2). ZDJFAE LT, SKI04H 23G9 25 ALK UL E 7 2 09 L gt
EMAMEACEY, RGOETHEES R TWD EE X, 22T, BEEhiccroe
=T ALYV IEDia L b KT Vv — KR EIREG SETtk, BHIR & 08 Lo i &, 7
IVIEFGDA Ny VY a—var EBERFIAT, 60°C T 24 RelElf#E L7z, 2 OFER,
BHIE 2D Br< 2 & TR DM B3 A B iv7z (Table 3, entry 3). & 672 5 S PHED M 250
W, BOGEAT O BEICHIRTH D BE 2 B0 BR< HIEEHWT, ifESr K7 Y0 —/KHn
MDY EEZHC LR T TR EITo 12 b 00, RO EZIZT) L)y 7= (Table 3,

entry 4-6) .
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Table 3. 75 E=DLL YV 1IEt'Dia 2L 95 1234-FhZEROMYX/ Y

(9) DEERBILRIE®

.9

9

Me

Me

o',

Et*Dia” (cat.)
NH,NH,- H,0

Me

N /N \]40

+ =

T

SO3 gt

N.
Me

(0]

co-solvent / CF3CH,OH =1/10

@‘\o_

0, (1 atm), 60 °C, 24 h

10

entry cat. (mol%) co-solvent NH,NH, « H,O (eq.) vield (%) °
1 1 H,0 2 52
2 1 CHsCN 2 60
3¢ 1 CH3CN 2 70
4° 5 CH3CN 2 52
5¢ 1 CH5CN 3 69
6° 2 CHsCN 3 65

*1Et'Dia, b RV — K%, 04mL OBEET CIRA LD L, 12347 h Tt
KeA Y% /02 (9) (025M,1.0mmol) ,1,35-F U A k<> (0.05, 0.2 mmol)
DO TFEDA Ny 7 YV a—aradmlzx, BEFRBHXT, 60T 24 FEMHEEL
72, " M ONMR JIEIC L i L. © ROSEHICHROBIE 2B BT b RO % B

msET.
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T ALV U XD 26k T X OB T, xHET A=k 10 BHEREDOIL
RTR/RONDOMR LRSI b OD, RISEAT 5 BRIBIIEZ I B\ 235E T SOS S LT
FT5 L) BBRZEWE RME DTz, BBRICHRE SN TWD 7 7 =0 A 1ECX Ol
A I NEDEICEETDHE, L RTIVUERGLIEME L7 I v =0 A hF 4 1B
IR IUE IHEt ~E B S NA A A2 H 2 & T, WRE~NERL TWD EZE2 bbb,
ZDk, BIEEZIVERE, N7t uxy ) —LEEET, BEFRBEK T CRIGET) &
LR IHEt OEERIKIC L0 7T B r~Ubd %o R 1B 345 L (Scheme 5, pass a),
BEOT7IVRBIEENS L Ebick Frx 75 1ECY (Scheme 5, passb) 23Rk
5. 20O Fax 75 BT, 79 b= Ak KXy R IECOH & Oz H 5
728 (Scheme 5, passc), Ffirc—#/E L7277 =Lt Fu$y NIEtOH 23k K7

NZ X5 TGEIL S (Scheme 5, pass d), il o Z7 A REBEL TWDH EB 2 HILD.

O,
1HEt & 1EtOOH
a
NH=NH Sub
d b
NH,NH, SubO
C
R S
1Et*OH" 1EtOH

Scheme 5. {7 =AU BFEELBWVRIZEITANS TFIILEA YV 7AXH O UIZ
S OBEMIERICDFEINLMESA I
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323 7S EZHYLL Y IEt' Dia Zfitlf & 3 3R BUMBEREL L RIG

7= ALYV IETDIa, ANVT 4 RRT X U AOREFHIEBRBLNCBIT D
fibgft & U CHEBET D Z LB M7z, —H T, ZF b7 AT REWSTKRE
HAOREHBRIBCSUSIZBN TS, k07 7 v = AEMBLIIERET 2 2 L0385
MZEhTng PR 22, 75 = ALYy 1IEDia O KB CI 2 31 5 fil i
PTG 572, > 7 v 7 X ) UFFEIRO BaeyerVilliger BRFRER L)% 1T - 7= (Table 4) .
BER DRSS 2252, 3 Y EOMHHHAE, 2molnd 7 7 B =v ALY 1Et'Dia 2,
a7 ) UHERENEERETH D 135- b A RFIA_BUEERTE R= UL
[HEfE=F VK (81111) IRAWIEDOA Ny 7V Y a—va &z, BBEFMEAT, 60°C
THELZ. 16 BH%ICH 7Y 7 L HHNMR 227 brd 7 bl Ao 5
7 b OEREZRH L. £9, (%)-cis-Bicyclo[3.2.0]hept-2-en-6-one (11) % JEE & L 7=
AT, BIETHIETET77 b 128X 13083551 (Table4, entry 1). #i2, 77 b
v 12 & B AFERCHETHONMEL, 7T E /XU T —BIC L DREEK
JREHEBILTEY ¥ EnN 7 I = ALYV IEEDia IC Lo TS T 5 = & Ao
LTW5. E5HIZ, 3,-phenylcyclobutanone (14) Z#HE & L7-IRIZBWTYH, LT
7 R 15 ~OBRALEET L (Table 4, entry 2), B X OB 7 L7 0~ T T 7 4 —

\Z L DR AR CHEET S Z L IZaEh L7z (Table 4, entry 3).
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Table 4. 2S5 EZLL Y 1EtDia 2fiif s 359074/ VFEKRD
Baeyer-Villiger Be &L KIS °

I\I/Ie
Me N N O
Y
Me I}I:E”/ Me
1Et*Dia” (2 mol%)
Rl 0 zinc dust (3 eq.)
]j - b
R? R3 CH3CN / AcOEt/H,0=8/1/1

0, (1 atm), 60 °C, 16 h R®
entry substrate product yield (%) °
o 12 =53
0 0
11
12 13 13 =47

o o) 93%
57 oG
3 14 15 77%©

S vruT B ) EEE (05M,05mmol), 1,35-kU A REFINE 2 (0.05M,
0.05mmol) 7 h=rVU/L:FERTF /L : /K (8:1:1) DIRBWHEDA kv
VYa—aryimlEd 7= ALY (0.01mmol), FHEKF (1.5mmol) |2
Mz, MFEEIET, 60 BT 16 Bl L=, * 'HNMR JlEIC X ikE Lz, ©
A R
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WEZ, EEEAKED LIIBRELREH L+ 2 NS TF b7 a3 iz 157
) —/L7 LT & RO Dakin BALAUE P AME STV 528, NSAL=Fufbs Y 7 a ¥
BV U X D RS & R (LA & 5 Dakin BELEUGIX A FI N, 22T, 7=y
ALYy 1EUDia & W TEEE 2B bAl & T % Dakin BR{LEUR DM 21T - 7. JEEIRE
05MDA Y7 ENNT La— K95 5)IRATEIEA v 27 Y U 22— 2 > 2mL(1 mmol),
1M RERKSET U 7 LOKEHR 1 mL, #igaf =k (5 mmol, 327 mg) , 1Et"Dia” (0.562 mmol/g,

2 mol%, 36 mg) ZEEHZIRPAS T, 35 CCTHE L. 6 RfElzIcH 7Y 7L, 135-h
UARESR_RUP U ENEHERE L 35 THNMR 2227 R LD 71 ko d k16 237 &

FICIHR L TWD Z L 2B L7z (GU3).

I\I/Ie

Me N N O
’
Me l}l Me
C)[:rwéa o)
1Et*Dia” (2 mol%)
| zinc dust (3 eq.) OH
i-PrOH /H,O0 =95/ @i ©
OH i-Pr 20=95/5 OH

0O, (1atm), 35°C,6 h

16 17
> 99 % conversion

Uboz mns, 79 8= ALY 1EDialE, REFHIBRILICIR ST, REZARILRIG
T % Baeyer-Villiger FR{L S0 Dakin FEILEZ B W TS, mWMBHENEZ A3 25 2 &2

SN0 7.
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324 YRISEVFEKRZRMET ST EZVLL Y UAEIC K HBERMILRIG

UVARZ 7 EVFHEEN LI INTENSAL =T /L7 7 B =0 AEIC L DB EGD®E
BUIGFET 2N BB YRT S e 220 EFEE LTHHR L7 NS (L F Ak Y R
7 I EUINCE D, BB ORGSR TR Y. 2 2 THRERMETE LY
R7 T ¥ UFEK 2ENDia s L OV 3Et'Dia” (Figure 2) Oflfititttz, 7 F L ALT 4 R
(18) DEEFMALSOSIZTRIMEIL7 (X 4). FRELT, WTFNOURT T v UiFEk”
TJE=U ALV ERWESGETY, ERWTHL 7 F L ANEFRT R (19) ORERITK
W E o T, ROSREBIE LI 24, 1EtDia Zfilfi b L THWZR L, RUSEKE
WORERENST2Z D, BIIELOT7 I =0 LNTF AL L RT VU EDRILBT
SIZHETLTCWARWZ EREX LN, —F T, VRZ I EVFHER 2ECDia B8 LW
3Et'Dia %, 7k h=hFUNEEEZFLVOKOREGEERTOY a7 % ) iFEED
Baeyer-Villiger FR{LEUSIZH W2 & 24, (ST 2T 7 FUOPINERRLSHGELND Z & 03Dh
-7z (Table 5). LU EDZ Lnb, ZREHNOESIHETE 2 VAT 7 B FHER
2Et'Dia 3 L O 3Et'Dia 73, Baeyer-Villiger FE{LSSIZ B W TIEMEZ R Tl cH 5 = &3

HENITRo T,
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N

g
7 NH
)

0]

+

"X
Me

so, Et
O/©/ 2Et*Dia"

Figure2. YiRZ73EY

N.__O

FIEt*Dia” (1 mol%)
NH,NH,- H,0 (2 eq.)

A7 =ty NN VAV S i1y e RN U AT

LK 2Et'Dia” B &L U 3Et'Dia” DHEE

18

TFE/CH;CN =5/ 1
0, (1 atm), 35 °C, 12 h
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Table 5. YRS EVEER 2Et' Dia & 3Et'Dia #9529 0T4/ ViE

(K0 Baeyer-Villiger AR L RIS

FIEt*Dia” (2 mol%)

R! 0 zinc dust (3 eq.)
I:/[ >~ i o
R2 R3 CH3CN / AcOEt/H,0=8/1/1

0, (1 atm), 60°C, 16 h R®
entry  catalyst substrate product time yield (%) °
12 =37
1 2Et'Dia” O 16
0 o] 13 =43
2 3Et'Dia” 12 13 12
13=46

0 6]
3 2Et'Dia” Q/Cf @/Cg 16 68
14 15

fvrmT7y ) UiEEE (05M,05mmol), 1,35-FYU A RF B (0.05 M, 0.05

mmol) ®7 & h=hkVU /L FE=F/L K 8:1:1) DRABHDOALNY 7 VY 2—
YaryimLE 7= (0.0lmmol), HEKK (1.5mmol) (2hiz, BEFER
PHACF, 60 FET 16 BRI L=, ° "HNMR JIEIC X 0 e L=,
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325 7AXY T =Y LL DY AEt'Dia ik & 3 5B IL KRB RIG

Cibulka b D#E 8 2B E|C, F47 =Y — L OBBILKERLSICIBIT D7 o4
= ALYV AECAmb OfEIEME O G 21T > 72 X5). T& b= RV AEEH, FAT
== (1), 2mol%d 7 B XH =7 AL T 4ECAMbT, BRLAIE LT 2 M ED 30%iE
b /kFAKZIREG L, 2EXT, HIR T oL, KSETAI7a~ 7T 7 40—
KB LEE 2 A, KISEE DT 7 30 70 TIRIEEEANCSOCHET L, Ao
BOGE D b RERISONMESHER S -, TrXxh Y=y ALY AECAMb 2SI LK
FEALIRIZ BT, BEA O R Ol AET'CIO,~ & 70\ i WA S PE 2 5

HZ ENbroT.

I\Ille
F3C N\ N
B

0}
N Y

|
: SO Et O

4Et*Amb (2 mol%)

S. 30%H,0, (2 eq. .
Me 0H,0, (2 eq.) Me )
CH4CN

air, r.t., 30 min
5a 6a

96% GC yield
(without catalyst ;17%)

e
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3-Methyllumiflavin (1) 2>5fflES 77 7 = ALY 1Et'Dia B X OV 1IEt'Amb™ % fil:
W T oF A7 =Y —/v (5a) OBERBICEIEEITSTE ZA, HIRE T A A4 2 A ks
NEDREIZ LY, TNENERDEEHRIZBWTRICEZRET 5 Z 3o 7. MR Al
HE > Amberlyst IZfHFF S 47z IECAmMb™ OHA 1L, BHIESIAE L7ev 22,2- NV 7 v 4 e X
J = VEBERIZIB N T, BERNEO~ 7 ol L CT7 I 8= AT AR RTY
VERISTE D72, filli e UCBsRE L7z, —JF, FVRIBHIRICHEE S 7z IEU Dia O G
%, ROSBAGERRIC, 7' h=RFU b LIIMA Ao AKFICTHEE Eo7 Z 8 =7 A
HFH LIETEE RIV UV ERDIIEESEDH 2 & T, RISEEWVICECHEITEE 5 2 &
ZRH Lz, X0 2flize A A v sifuitiia v GRII T 5 77 = ALY 1EtDia’
OfEVEZ FITIRKR LT & 2 A, 3MMED 27T 2 OB LIZB W T HIEZ/RT Z &2
bhole, RN LI, 27 I THD1234-T 7 FuAf VXU (9) &k
B LT HBALSUSIZBNT, 1IEtDia & & KTV — KA & OIS L D R TR S
TBICR IHEL 23, RUSZEFRDICHETIEH 2 ENbhole. T2, 77 =7 AL
HDONSNLZF AL T ZE L ERWTS, B KT YU 285l & 3 2 mREBCRIR T
HTENRBESRZ, CHCBEL T, B Raxy 7T e 1O il & 4 25 mRmkx
JERIZOWTOMIFEREREZH 4 TS, VA7 Iernofloniz7 7=y ALY
> 2Et'Dia # X O 3Et'DialE, AV 7 ¢ ROEEHRELIZ I TE 5y 2 iS22 R X 720
St D0, Baeyer-Villiger BRE LRSI WTHMBEIEME 278 L=, BRl, TR T2
URZ7Z7vr (2) Mo END N5 AL=TF LY RT T E o 2l & 9 2 W a i
JEDOHEFNTITE AL RN LD, 7T E =7 ALY 2Et'Dia 7\ Baeyer-Villiger it 35 1%
BROSIZHR T Dl & UTHBET 2 L WO HERMAAZBGL LN TE L., Tk y=

T ALYV AECAMDbIE, BUSBREED S T 30 S TIRIEEEMICTF AT =Y —L (5a)
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DR KRR SUE ZEtE S 2 58/ e S e 2 A4 5 Z L SO NI o7z, Ul k%
FLODE, TERDMBEHIRILISICE W THWONTE 27 7 B =0 AR &
NTC, LE, BipofMEICHRTE 27 I 8= LY UE, AVT 4R, TV, ¥
ynaT7 R ) CFEEE, TV =T AT e FORIGICEWETEE 2G9S, K0 RN

flii T 5 Z LB LMo T,
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3.4 EEROER

General

Elemental analyses were carried out on a J-Science Lab JM10 micro corder. NMR spectra were
obtained on JEOL JNM-ECX-400 (400 MHz for *H) and INM-ECA-500 spectrometers (500MHz for
1H, 125 MHz for C) . The chemical shifts of *H NMR and **C NMR signals are quoted relative to
tetramethylsilane and chloroform. GLC analysis was carried out on a Shimadzu GC-2010 plus using
DB-1 glass capillary column (0.25 mm X 30 m). Reactions were monitored by thin layer

chromatography using silica gel 60 F254 (Merk) .

Materials

3-Phenylcyclobutanone™® was prepared according to the reported procedures. Zinc dust was activated

with 2N HClaq prior to use. Other reagents below were commercially available and used without

further purification; 2,2,2-Trifluoroethanol (Nacalai Tesque) , thioanisole (5a) (Nacalai Tesque) ,

hydrazine monohydrate (Nacalai Tesque) , n-octyl sulfide (TCI) , 4-(methylthio)toluene (TCI) ,

4-methyoxythioanisole (TCI) , N,N-dimethylbenzylamine (7) (TCI) ,1,2,3,4-tetrahydroisoquinoline
(9) (TCI) , 1,35-trimethoxybenzene (TCI) , ()-cis-Bicyclo[3.2.0]hept-2-en-6-one (11)
(Sigma-Aldrich) , salicyl aldehyde (16) (Nacalai Tesque) , dibutylsulfide (18) (Kanto Chemical) ,

hydrogen peroxide (30%, Nacalai Tesque) .

Experiments
General procedure for aerobic oxidation of thioanisole (5a) with 1Et resin™.
The mixture of 1Et"resin™ (0.001 mol) , thioanisole (12 mg, 0.1 mmol) and NH,NH; - H,O (10 mg,

0.2mmol) inTFE (0.5 mL) was successively added to the mixture, and then which was stirred at
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35°C under an atmosphere of oxygen for 17h. The reaction yield was determined by GLC analysis

with calibration curve. The results are summarized in equation 1.

General procedure for aerobic oxidation of sulfides with 1Et"Dia".

NH,NH, - H,0 (2 mmol, 100 mg) was added to the mixture of 1Et'Dia” (0.52 mmol/ g, 0.001 mmol,
18 mg) and solvent (deionized water or acetonitrile, 0,4 mL) , then the mixture was allowed to stand
for a minute. Sulfide (1 mmol) and TFE (2.1 mL or 4 mL) were added successively to the mixture
and the mixture was stirred at 35°C under atmosphere of oxygen. After full conversion of sulfide was
judged by TLC analysis, a saturated Na,SO3aqueous solution was added to the mixture to quench
the reaction. The mixture was diluted with CH,Cl, and phases were separated , aquoues phase were
extracted with CH,Cl, (5 mL x 3) . The combined mixture was dried over MgSO, and the solvent
was removed in vacuo. The crude product was purified by silica gel column chromatography. The

results are summarized in Table 2.

methyl phenyl sulfoxide (6a) : *H NMR (500 MHz, CDCls) §=2.73(s, 3H, SCH3), 7.47-7.58 (m, 3H,
ArH) ,7.61-7.70 (m, 2H, ArH) ; **C NMR (125 MHz, CDCl3) 6=43.9, 123.4, 129.3, 131.0, 145.7

Elemental analysis: Calcd for C7TH80S: C 59.97; H 5.75; N 0.00. Found: C 59.78; H 5.85; N 0.00

methyl 4-tolyl sulfoxide (6b) :*H NMR (500 MHz, CDCl3) 8=2.42(s, 3H, SCH3), 2.71 (s, 3H,
PhCH3) 7.34 (d, J=8.3 Hz, 2H, ArH) , 7.54 (d, J=8.3 Hz, 2H, ArH) ; *C NMR (125 MHz, CDCly)
6=21.4, 44.0, 123.5, 130.0, 141.5, 142.5; Elemental analysis: Calcd for CBH100S: C 62.30; H 6.54;

N 0.00. Found: C 62.1; H 6.53; N 0.00

methyl 4-methoxyphenyl sulfoxide (6¢) *H NMR (500 MHz, CDCls) $=2.69(s, 3H, SCH3), 3.85
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(s, 3H, -OCH3) 7.02 (d, J=8.9 Hz, 2H, ArH) , 7.59 (d, J=8.9 Hz, 2H, ArH) ; ®C NMR (125 MHz,
CDCl,) 6=44.0, 55.5, 114.8, 125.4, 136.6, 162.0; Elemental analysis: Calcd for C8H1002S: C 56.45;

H 5.92; N 0.00. Found: C 56.17; H 6.14; N 0.00

n-octylsulfoxide (6d) 'H NMR (500 MHz, CDCls) 6=0.82-0.94(s, 3H, -CH3), 1.15-1.52 (m, 10H,
-CH2-) , 1.66-1.82 (m, 2H, -CH2-) , 2.76 (ddd, J=2.86 1H, -CH2-) ,; *C NMR (125 MHz, CDCl,)
0 =14.0, 22.5, 28.9, 29.0, 29.1, 52.4; Elemental analysis: Calcd for C16H340S: C 70.01; H 12.48;

N 0.00. Found: C 69.93; H 12.28; N 0.00

trans-2-phenyl-1,3-dithiane 1-oxide (6e) "H NMR (500 MHz, CDCls) $=2.32-2.43 (m, 1H, -CH2-),
2.49-2.57 (m, 1H, -CH2-) ,2.66-2.72 (m, 1H, -CH2-) ,2.76 (ddd, J=2.9, 13, 1H, -CH2-) , 2.89

(m, 1H, -CH2-) , 3.58 (m, 1H, -CH2-) , 4.57 (s, 1H, -CH2-) , 7.33-7.47 (m, 5H, ArH) ; *C NMR
(125 MHz, CDCl3) 6=29.5, 31.4, 54.8, 69.7, 128.7, 129.1, 129.4, 133.3. (*H NMR spectra of cis

product was assigned according to the literature *°)

Aerobic oxidation of N,N- dimethylbenzylamine (7) with 1Et'Dia".

To a mixture of NH,NH, = H,O (100 mg, 0.2 mmol) , 1Et'Dia” (0.56 mmol/g, 18 mg, 1 mol%)
and CH3CN (0.4 mL) was added a solution of N,N- dimethylbenzylamine (7) (0.48 M, 1.0 mmol) ,
1,3,5-tirmethoxybenznene (0.048 M, 0.1 mmol) in TFE (2.1 mL) and the resulting mixture was
stirred at 35°C under an atmosphere of oxygen for 18 h. The reaction yield was determined to be

91% by 'H NMR spectroscopy of crude product in CDCls.

Aerobic oxidation of 1,2,3,4-tetrahydroqoisoquinoline (9) with 1Et'Dia".

To a mixture of NH,NH, * H,O (100 mg, 0.2 mmol) , 1Et'Dia” (0.56 mmol/g, 18 mg, 1 mol%)

-74 -



A7 =ty NN VAV S i1y e RN U AT

and CH5CN (0.4 mL) was added a solution of 1,2,3,4-tetrahydroisoquinoline (9) (0.25 M, 1.0 mmol),
1,3,5-tirmethoxybenznene (0.05, 0.2 mmol) in TFE (4 mL) , and the resulting mixture was stirred
at 60 °C under an atmosphere of oxygen for 24 h. The reaction yield was determined by ‘H NMR

spectroscopy of crude product in CDCls. The results are summarized in Table 3.

General procedure for aerobic oxidation of cyclobutanones with Flavinium resin

A mixture of cyclobutanone (0.5 M, 0.5 mmol) , 1,3,5-tirmethoxybenznene (0.05 M, 0.05 mmol)
in acetonitrile, ethyl acetate, and water (8:1:1, v/v, 1 mL) , Flavinium resin (2 mol%) and zinc dust
(98 mg 1.5 mmol) were stirred at 60 °C under atmosphere of oxygen. The reaction yield was
determined by *H NMR spectroscopy of crude product in CDCls. The results are summarized in

Table 4 and 5.

3-Phenyl-y-butyrolactone (15) was purified by silicagel column chromatography (ethylacetate :
hexane = 1 : 8) . *H NMR (500 MHz, CDCl5) =2.68(dd, J= 8.9, 17.5, 1H-C(O)CHH), 2.93 (dd,
J=8.6, 17.5, 1H, -C(O)CHH-) ,3.80 (m, 1H, ArCH-) , 4.28 (dd, J=8.0, 8.9, 1H, -OCHH-) , 4.67
(dd, J=8.0, 8.9, 1H, -OCHH-) , 7.20-7.42 (m, 5H, ArH) ,; **C NMR (125 MHz, CDCl3) 6=35.7,
41.0,74.0, 126.7, 127.7, 139.4, 176.4; Elemental analysis: Calcd for CLOH1002: C 74.06; H 6.22; N

0.00. Found: C 73.94; H 6.34; N 0.00.

Aerobic oxidation of salicylaldehyde (16) with 1Et"Dia".

A mixture of salicyl aldehyde (0.5 M, 1 mmol) , 1,3,5-trimethoxybenznene (0.05 M, 0.1 mmol) in
2-propanol, H,0 (95:5, v/v, 2 mL) , 1M NaHCO; (1 mL) , 1Et"Dia” (0.56 mmol/g, 2 mol%, 36 mg) ,
and zinc dust (327 mg 5 mmol) was stirred at 35 °C under atmosphere of oxygen for 6 h. The full

conversion of substrate 16 was determined by "H NMR spectroscopy of crude product in CDCls.
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Aerobic oxidation of dibutyl sulfide (18) with riboflavin-derived flavinium resin

To a mixture of NH,NH, = H,O (1 mmol, 50 mg) and flavinium resin (0.001 mmol) in CH3;CN (0.2
mL) was added a solution of dibutyl sulfide (0.5 M, 0.5 mmol) and 1,1,2,2-tetrachloroethane (0.05
M,0.05 mmol) in TFE (1 mL) , and the resulting mixture was stirred at 35 °C under an atmosphere
of oxygen for 12 h. The reaction yield was determined by *H NMR spectroscopy of crude product in

CDCls. The results are shown in equation 4.

AEt"Amb catalyzed oxidation of thioanisole (5a) with hydrogen peroxide.
A mixture of thioanisole (5a) (0.2 mmol, 25 mg) , hydrogen peroxide (30%, 41 pL, 0.4 mmol) ,
AEt'Amb~ (0.22 mmol/g, 18 mg, 2 mol%) in CHsCN (0.2 mL) was stiired for 30min. The reaction

yield was determined by GLC analysis with calibration curve. The results are shown in equation 5.
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EME £ FAFL TS5 ELOFRBAREORE L MLEEOE

4.1 ¥#E

NS (L= F L7 T e O—FfTHH NS i=Fre Ra¥s 7 I ey FIECY I, ohE
TIZT7 7 B U MilERIC KD ABNBIGS, NS =TT T Bl X 2l SORc 81T %
ETLAEHE LTHWSLRTE L KERTICHIT S Fr¥v 77 B FIECT 1, 4t
B THDT7 T =0 L hTF AL FIEC L OVMICH DA, ZOMEEER (pKr.=3.9) ™73

AT L9, ST E Ry 7SV FIEY L L CREICHFEELTWAS. (1),

R3
|

R?2 N_ _N__O

KI —— XI.xy
H* +  H,0 (1)

+ N 2

R? N “R*
|
Et O

FIEtOH FIE"

Fiz, B UL 7 T BV FIEPN &VE (Sub) & DIRIGIC & - T b, BEAER (SubO)
EEble Rr¥v 7 I r FIECT BVERT . 2oL, NSL=F /7 7 e ric
DR FZRIMBL S Ol A 7 BT DR T v 7 2 L LTHIBLAL (Scheme 1, a),

LA RTAERTS e FuXs 75 ey FIECPM L, BikT52LTrIe=r i
FIEUXIZE# s D (Scheme 1, b). Fotk, imEE{k/KFEOFHIN (Scheme 1,¢), & L< I
LR FIHEt ~D 2 Zfe < B3R & DG (Scheme 1,d—e) 12XV, B RXLAFT T 5

v FIEt" A= S5 (Scheme 1).
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FIEt'X" FIEtOH

Scheme 1. NS I TFILIL TS EVDfiEH A o)L

OV A NERAT LI LT, EED NS fL=F /AL T7 TR HALT 4 R, T3
VR N EOBLIURE, BRSO BCERIRINICEITS 5 2 R TES S Zh
FT, Z<DNSNLTFIALT T BN R DMIERIE O T, 27 7 =0 LltiHR
Bt FIECCIO 23l E L THWONTE ., L LAND, (RO 7 T =7 Lt #%
i FIEC'CIO NI, FR3 22T, BEOHMIE T b U v LB I ORI R
MU D AZWRIEEH L, EBREEICAHEZET LS. ZOMBEROTZD, Nb fiL=F >
T EURAERIZBWTEMLI AT EE. ZoERob &, EFITHE _ET
WA, TR, B OEER T T =0 ALY CHBEZ RRR DO —Do & L TR LT,
— T, fbE A 7 VIZBE S L, FIECX &35 N5 ft=F b7 7 v o f (FIHEt,
FIEC®, FIE™) Zfillit e LCHIATHZ b, MRIRKEDO 2L LTEZLND. HlxIT,
N5 AL T /ALERTR T m 400 40, NS AL-F /bt Kbt e7msdvr °,
HiAEEE T Y 7 LA0MEFERE T N U LB E LW THEES L, Wi bKkE LR
LA L 3 2 FUSFRIIZ B WD TR WSS 2R3 2 L BB LN ST D, L LR

5, LEEMORNZEMITER T MO L S0, BERNEERMETORFEZET D Z
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EMG, BONT-ZTORME L LTSN TS, —FT, £ Frxs 75 e FIEY

He

1%, ERTCLEICHEETX 22 eMMbR °, MUREE (HX) 28MT52&T, R
ICTCT7 7= A FIEUX ~EEBMTEX L2 00, MBAEEAE LTRVAETHS.
LnL7edsh, o Faxv 7 I ey FIECT ORI EE LTE, 77 E=v At
FWH FIEUCIO &2 7 & b= b UL U CEERREIR ISV CORRIBOR &8, FEfRE LTH
B9 5 HIENME—H 50TV 5 (Scheme 2a, conventional route) 8. Fod7=®, EikL7-7
7 v = NEEFEMIE FIEUCIOFRRNEIC T 2 RIBEAIE, B Ref v 7T er FIEOT
ERMTLIGAICBWTHLHENEEND. £, MEE%EAET L7 T =0 A
FIEt'CIO; 725k Fuxv 7 ey FIEO! 2380, il LCRIAT S 2 L 0EHRITZ
NETICREENTELT, £ Fuxs 75 vy FIECY OfErERIC BT 288 L LT,
I AKFERRILEIE ™ P I8 2 RBIOARTHSD. SHIT, EEPMBIRY T, Bk
EISRIZBWTE Fa X 75 ey FIEC" OMBEEMEA GG & 2072 35 12,
T, FEEPHBLELEIBLAFAT 27 7 8= A D F A UARIEDN, B Rk
7 I BT OB LISHTRETH B LB X, MIRICET Lz, ZORE, KiaE+H
TRESEL7I =V LD T AL IECZRRE L L, 20 pH ZEfICHIET 5 2 & T,
b hexs 77y 1B OfEK£2155 &M% A L= (Scheme 2a, new route). & 512,
BoNt R 7SV 1B, v a7 % ) VIEEERB L OAL T ¢ RERE LT

HERFEFACSUNI BN T, mWABEEE 2 G925 2 & 2 52 L7z (Scheme 2b).
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previous works
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O, + reductant
[HX(cat.)]

this work

CH3CN/
phosphate

buffer
1EtCIO,

1Et*CI 4,

NazHPO4
(pH = 6)

Scheme?2. £ FOXL IS EY 1B MRELE (a) &, MR (b) 1281+ 2BEMDHK

HEDLR

-82-



b Raxo 77 e Ok B% & ARSI O R

42 {EREEE

421 7S EZODLAFAUKERERAWNV-EFOXS IS E DR

£, 3-methyllumiflavin (1) ZET7 W bEWME L, RIBMELE D7 T 8= A F A
1Et % & e KIRIR %, Sl 5 I TRl L 7=, 7 7 &> 1(0.3 mmol) , 5% Pd/C (20 mol%),
TERT7ATER (12mmol), B LA A Kk6mL, =% /—/L6mL & 0.5 mL

RAEWR%Z, KFEFMKRT, =ET 48 Bl L, =oo N5 fi=F k7 7 v 1HEt
FETDIRAERER L. VT, ZOWREZERTTEIA RARL, By oy
v IHEt O—EFEBILKTHDEIXF /v 1Bt & A A LICET Ak A T L 7= (225%10°°
Wt%, pH=0.6). Z DA%, BA A KEHNTE HIZ360g L, 225 T C 2 ReflR
BTHZLT, 7T =Y A HF A IECKIANE (25%10° wt%, pH 1.8) 7% L 7= (Scheme

3). UV-Vis A7 ML, IRIEEEINCSUCAHEIT LTV D Z & 8 L7 (Figure 1, 45).

Me Pd/C, Hy, e
Me lll N_ _O CH3CHO, celite filtration |
- \( EtOH, aq. HCI under air Me N /N\I%O
7 N. — > 1HEt > N + 1Et+
Me N Me Me N \Me
(6]
1Et*

(225x10°3 wt%)

1) dilution with H,O Me
2) stirred under air M lll N o
for2 h e z \f
Me ,Tl Me

Et O

1Et*
(25x10°3 wt%)

Scheme 3. ZEREILICE D TISEZ D LAFA Y IELKERDFEH
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BT, ZOT7 T =0 LB T AL IEC ORI D pH %, 55ROV U ERKE T
FU T2 (NaHPO,) ZMWTHEIL, ROMET % UV-Vis 227 [LVHIEIC K0 e ic
Bl L7z, ZO/ER, KEKD pH O EFIZEY, 77820 A hF 40 IECICHKT S E
— 7 DWYBHEREN, pH5.9 DEMETIE, b Fexs7J v 1B Ichskd 2 222 b
NDOHZPHER ST (Figure 1, §). ZDOZ E0h, ERBLICk-> THlsnZ7 I8 =
UAATA Y IECERIBMALE L, KISERO pH ZifgiT5 & Ce kadx v 7o
1E! O KIBIERA TR TEX 5 2 LN bh o7, 51T NapHPO, DIRINA KT 7-& = 5, pH
P59 LD BEORIEICHENTIE, B Fexy 7T ey 1B ICHET 5 B — 2 O 51
wBaniz (Figure2). ZDZ v, 77 =0T 42 1IECDOKIAEKEZ, pH=6 fiTiZ

T H LT, HLBWNETE Rax 75 IECT RELNA Z LR ba o7z,

250 350 450 550 650
Wavelength (nm)

Figure 1.pH # 1.8, 3.0, 3.9, 50, 59ICEAKI LT T E=DLAFF > LEUKBRD
UV-Vis R RX%J k)L

-84 -



b NuX 77 e OFRRED RS L AEEE PO R

0.6
——PpH59
0.5
——pH68
04 —pH7.8
303
Zo
0.2
0.1
0
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Wavelength (nm)

Figure 2. pH %# 5.9, 6.8, 78 ICHAEIL=7 S E=D LA FF > 1ELKBRD UV-Vis X
Y kL

BT, KRBT THBELZE Faxs 77 v 1B Ofiibic L 5 Bz R4, &
WUZEFETESNZE X7 v 1B KB &, REHE4512 72 5 £ TIRJER
fi L7214, 4°CC 53 WfMlRTF 1% 2 & CRIAAE L. Lo Lt h, *HNMR BIED#K
BEnD, SONEETEIERD THD da-A b X A2 (2) THDHZ ENbDho
7= (IR 23%) . BIERM 213 Ru¥s 75 e 1IEO" h BEAIEOS Iz k- TAER LT
EEZ D (Schemed). ZD7=®, pH NI LV IEERF CHRAESELE FrFv 7T

> FIEOY 250U b S8 C, HEET 20BN H D 2 LidbinoT.
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THNETOERESML LTl L TE =75 =0 A0 F 4 1B KGR (25%107° wtd, pH
18) 13, 7T EVBENEFEMICESE FaFs 7T ey 1B o HEHIL#EY T4
WEEZ, LVBWRBED T I AhF AV I KR O Batd 5 2 Ll L.
FRPEKIERPICB T 283X VIEU D 7 T B =0 A F 4V IEC~DOZER B LIZ B
T, BUSVERD pH % 2 (ISR 2 2 & TRIGDEREMICHEITT 5 2 &0, pH Z3RH
T HRRC, EREREREE WS EIIERIMZ2 pH O LRI~ T I =v A F4
IEC DO ENETT D2 2 LN I NE T TS, 2D, Zivk CIXiRf7Ze pH A
"OFEE LT, WA A KEHANZROSROREFRICL Y, HEOBLIG DT %
BERR L QW2 — 05, iAo A2 KR 0 12 pH6.86 U VAL YERR K & IV CREAR L,
7T = AATFH L IBC KSR O AR AT, ERE LT, BIF ) VIEU 2 HTK
Wi (225 x 107 wt%, pH=0.6)%, 100 g ? pH6.86 MEUEAEMHIKIZIE S = & TH B 7= /KA (64
x 107° Wi%, pH=2.2) ZZER F T LI L 24, WA A K THR LSS LN, LV
TGRS HELT L, 1 RIRICITERBMIC 7 T = AW FA U IEt DN T5 2 L2 R L
2. %ENT, ZOHERT T B IREOEV KRR (64 x 10° wi%, pH=2.2) %, NaHPO,
AT 52 L TPpHE2 IZFRMIL, b FeFs 75 v 1B 2R S H7-. f T, i
fbaFESE5 AT, RONEKREZ 2 R L SR LI L 25, ko EEPHTT L

7. AWV EEEZEI L. H NMR HIE, TEMETo72L 24, BOHETE R
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X7 Iy 1EOT BINER 47% TH LN TND Z ENbhoT-. 2D &b, pHE.86
EEREIRZFIA L, MSRKTO7 FEREZREL T2 28T, BIAERY 2 ~OfsfL
FOSHHETTHENC, B FurXs 750 1B ik 32 2 L ITkI L=, ZoRiR%
ZAF, & 50 fED A — L (15 mmol) TR I/t A, A7 —L7T v 7k LR
PETT5ZE7<, Xy 75 1B 2155 2 LIS LT (49%).

VU EDORERNG, EENIZE LI BRRIc L7 7 =y A F 4 IECHRELZ IS
452 6T, ERLVBESHICE Fuxs 700 1B OREKEES Z LTI LT,
pH6.86 IEHEREE T 2 V5 Z & T, MENOEWIERETY 7 v =7 A F 4 1EC KAk
AL, BT T EUVIBEOKEETICENT, AT S Frdxs 7 I e v 1B 20

WICHA b S, BERE LTHED Z LTk L.
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422 EROXTT75E Y 1E" it & 9 % Baeyer-Villiger BEREEL RIE

FHFEEIC L > TEbNZE Faxs 7T e 1B oS EoRMii 21T > 72. 21
TS, B Ry 7T ey 1B i kBB B BEE S SO Tl
DEE P B B8, BRERRLSUSRICE T D MEIEEIC O W TR TH D, £ T,
Baeyer-Villiger BV SSICHIT D 8 Fr X275 B r 1EOY OISOl 21T - 7=
BEmo@msE " 25&1C, &0 Fuxi 75y 1B & p- bz AR R
(TSOH + H,0), HESRMIRICK L, v 7 a7 ¥ ) Uik 3 ENEME#ETH D 1,35- K U A
IR EGLT® = UV T VK 8/111) IREWEDOA Ny 7 V) 2
—va v EMAZ, BEREKE, 60°CTHIEE L. 4RHMEICY 7Y 2L, 'HNMR A
X7 o7 e NS EREERMDOT 7 F A B IS OIEEREH L. 7,
AT d 5 TSOH « H,0 % 4 mol% il L, el &4 & ROGIR L A st L 72 (Table 1,
entries 1-3) . Z DOFER, BILHI TH L Higha 3 Y& L, 60°C TS S/ D 5RMFIZHWT,
77 b4 (45%) BLO5 (42%) DOREGHDHRHEWVIGETHE LI (Table 1, entry 2) .
OS2I T 5 Lo AR, BEMO 7 T &= MBHERE 12 XA RIERe T T B U
SICHBL LM TH 5. TOH « H,0 Ofiffiifz 2 molwlic FIF Ch ke Rafv 7y
1Et°H O i M AR FI3MER S 72/~ 7= (Table 1, entry4). — 5T, TsOH « H,0 /12
IRRIZE N TIE, WEROKREZRETFTAA LN (Table 1, entry5). ZiUiE, SRICEEIFTE
LZRWEE T, il 7 LhicBi 58 Raxy 7 J e 1B oGRS R 72
DI EBEZ BILD. TSOH » H,0 BIFEELZRWVRICEB N T G, il 2 V2 RIZHART
WROE ERRONIZZ b, B Fuxs 7T ey 1B 2 b — 8 L » THERT 5
T7I7E=UAE FurX Y RIECOH MG EEE L CnWbH EE 2 55 (Table 1, entries 5-

6).
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Tablel. EFOXLISEVIE £ttt $5 o074/ VFEKR3ID
Baeyer-Villiger B8 &L R °

s

1EtOH (2 mol%
TsOH eH,0 (cat.) o)

CH3CN / AcOEt/ HyO = 8/ 1/ 1 CE/EO 0

O, (1 atm), 4 h
3 2 ( ) 4 5

entry TsOH = H0 temp. (°C) zinc (eq.) conv. (%)b yield (%)b
(mol%) 4 5
1 4 60 15 80 37 35
2 4 60 3 >99 45 42
3 4 50 3 71 33 31
4° 2 60 3 >99 43 46
5 - 60 3 25 11 10
6° - 60 3 19 6 5

RO FrXs 7 1B L p- Ly AL R UEE (TSOH « H,0) 38 K ONEEA )
Kiz, #E3 (05M,05mmol) , 1,35-~ U A hF < E (0.05M,0.05mmol) 7 & k
= MU VIR T VK (81111) DIREEEOA Ny 7V Y a—var1imL 2z, HBH
FUST, 4 BB L. ° 1,35-F U A R o _o B 2 NEEdE L L, "HNMR JIELC X
DIELZ. ¢ EE3Z 1mmol VTGS H-. ¢ e heXxo I 1B 2z
3 =S i
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423 EROXYISEVIE" 2 LT BRIV T « FOBRZRRRIERIG

b Fuxs7 Iy 1ECON 23 Baeyer-Villiger FesE LB BV TR ME A2 A5 2 &
DA LN T2 200, T ANT ¢ RERE LT 5mBRMBBUNZI T D TEE%
MY 2720, MEICT T B =0 MERERE V7RISR O TRk S 4k 2 ic T
MiaziTo7= (X2, I1MOFA7=Y—1 (6a) IZH LT, 1mol%dDt Fukxs 77t
> 1B, Jefilift & LT 1 mol%d TsOH » H,0, el & LT —Y&EDE KT v —Kkf
EMZ, 222-bY7Auxy ) — (TFE) Wi, BEHRRHS NIV T 7 KRG
E®72. GLC ST OFERN G, RN 13%THH Z ENbMY, 77 8=y MiliERIEE
LEt'CIO, % V2 R TR HAVTZIER 80% & ka2 WEERN(G vz, —J5 T, il L 5

DR A MERIRICE R T L 25, TRAMSHIEEOK TR AL (33%).

cat (1 mol%) o
S.
©/ Me NH,NH,eH,0 (1 eq.) S-ve @)
CF3CH,0H
6a 0O, (1atm),35°C, 7 h 7a
catalyst yield
:@: :@: \‘f 1EtOH + TsOH oH,0 : 73%
1Et°M + HCIO, :33%
ClOs gy 1Et*CIO : 80%
1EtOM 1Et*CIO,

LfiddhE & U TN 2B oS, AEEOSIC KR E S EET LM R bl e, ik
DOFf % Lt & U CTHWVRE 21T 7203, INZ DO & AR O IR O I B 72
HBIER b e o7z (Table 2). fix HEAMEEE O @V IBIEFEEE & VA AW Sc(OTf); 2 H 7o

KT, MSOREMALN RS- (Table 2, entries 2, 9) .
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Table 2. #ALEEERAEICAN-E KOFXL IS EV 1B 2 LT 5R)L T4 K
6a DEERELIE RIG °

1Et°H (1 mol%)
acid (1 mol%), O

©/S\Me NH,NH,eH,0 (1.5 eq.) . S 1o
CF3CH,OH

0, (1atm), 35°C, 7 h

6a 7a
entry acid pKa in H,0 yield"
1 - - 66
2 HCIO, -10 33
3 TsOH - H,0 -2.8 73
4 CF;COOH -0.25 77
5 Diphenyl phosphate 19 43
6 PhCOOH 4.2 81
7 CH3;COOH 4.7 75
8 Meldrum’s acid 4.9 69
9 Sc(OTf), - 12
10 Diaion SK104H - 68
1° - - 80

@ B ea (Immol) , BE FeXxi 772 1E°" (I1mol%) ,  (1mol%) , & RT ¥ —
AKF¥ (1.5 mmol) % TFE i, MEEEPHR T ©7RMEHR L. ° GLC Oric L v e
L7z, ¢ filftl LC7 T v =y A#EHRRE 1Et'CIO & U /-
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—75, Baeyer-Villiger FEZ AL S DA & XPGrls, it & U CERZ RN L 72 W RICE
WTh, USBTEDRIETHEITT 5 2 EBNbho7z (Table 2, entry 1) . Z O BLBRZE VG R
2, BERMLANRICB TS Faxs 750 1IECYIC L 5 217+ FoBEZERR L

DFOEM a5 2 21 L7z (Table 3)

Table3.E FOFXL IS EY IEM 28 & T 3R ILT 1 K 6a DEERILRIE

1EtOH (cat.) 0
CF3CH,0OH
6a 0, (1 atm), 35 °C 7a
1Et°H NH,NH,*H,0 _ conversion
entry conc. of 6a (M) . time (h) .
(mol%) (equiv) (%)
1 0.5 5 1 4 65
2 0.5 5 1.2 4 77
3 0.5 5 15 4 98
4 0.5 5 0.5 12 36
5 1 1 15 4 39
6 1 25 15 4 97
7° 1 2.5 15 4 98

?Butyl phenyl ether % PNEEYE & 4- %5 GLC AHTIC L W ikiE L7=.° FRELL THvH 6 # A,
22 HIRPAS T THIRIRAE L Tz 1ECH il & LTV,
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FEPEE 05 M, flfiEE 5 mol% D &fFHcBW\ T, |BIAlTHIHE KTV — Ko Y4 &
BEBOLTnolcl 25, 15 UEMWIERFZENT, IHEEEMICISHET LT

(Table 3, entries 1-3). & N7 Y DBiKRFERIIZ L > THEKRT 54 I F (NH=NH) 1T,
BIAIE LTHRET 2 2 &b, 75 e r Mol P & V-l e A L 7 o
YOVA I RBEROENERE SN TS, 77 E=w AEREEE 1ECCIO, & ikt L 35
it £ 7 VZIBNT S, B R VU RMBEAETT L2 RICERT 5214 I R, 361
b O AR T T B 720, WEICH LTk KT Y —/Kfiw% 05 Y EMHA L%

ATHEVINETHISAEITT S B (Scheme5) (7 3).

1 EtOOH

(
D)

HN=NH
NH,NH,
l\llle
Me:©:N /N\(O
Me N N\Me

HX
|
Et| O

1EtNHNHZ - HN-NH,

Scheme5. E RSP UEERFIETH IS EZVLE IE'X(IZKBRILT
14 FOBEERIERICDMEY 1 )L

1Et*X" (cat.) 0
S+ 0, + 1/2NHyNH, 8 + HO + 12Nz (3)
CF3CH,OH -
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—HT, B keI BT AL T RICENT, B R VKA 0.5 Y
BEHWZGE TIE, 12 BHE% BEERN 0% R Th -7z, 2O ENnD, RPTERT
V42 RITE Redy 77 ey 1RO il 7 mcls VW TRl L LTRIG- LT
W LA b oTz (Table 3, entry4) . SUSIRIEEZ XV @V IM OREHIZT 5 2 & T, bR
AR Lo E E, MEEL 25 mol%E TRO T Z &IChEh L7z (Table 3, entries5-6). S5
(2, 77 KAV CTHRBRL TG 6 7 A, R T THERTFL TR\ e Frfi>
T eV BT AW TR G 21T 72 & 25, [HMEOKTIZR ST, fllsm 2 ek
ZAHLTNDZ ERbhnoT- (Table3, entry 7).

BT, SESERANVT 4 REBET 5L Fufr 7T ey 1B e & 2k
bBS %, Bt LIS TIC TR 2 o7z (Tabled). AV 7 ¢ K 6a DFFEATH HFEx
DIEICK L TRIGE B Z o7& 25, WTNOEE b RS T CHRLKIET D
AR F Y RERRIE S H, AR o ~OiERRAGIIHER S 727> - 72 (Table 4, entries 1-3) .
7, BERALT 4 FITRLT, TAFALZLT 1 FedIcBWTH B Z SR T
BFohiz (Table3,entry4). 51, TNETICT T B Ui Z WAL T ¢ ROEEFERE
BIZBWT, BET ST I ieh o e WEITK L T RBLRIG Dffat 21T > 72, RRD L-
AFF =1 (68) DANT 4 RENLBBAL S NI L- A T A= AR F 2 R (Te) 1, T4,
ZOERFMENLH SN TV HEYFTHD Y. LAFA=r (6e) HIE L LTUE
BATolz& 25, BB AT LR E AR CEIRL, =% / —L LT
T—T7 NV E WSO THEERFRIZKII L, SWIERTHBY 7Te 31551072 (Table 3,

entry 5) .
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Table4. E FOFXL IS E Y 1B £t e 23R T7 1 K 6 DEERBEIERIG °

1Et®H (2.5 mol%)

o)
s NH2NH2.H20 (1 5 eq) g
R1’ \RZ R']/ \RZ
CF3CH,0H
O, (1 atm), 35°C, 4 h
entry substrate product yield (%) °
1 6a 7a 80
S ('s?
fogy
2 Me 93
Me
6b -
S.y, ?S.)
3 O e Q e 89
MeO
© MeO
6¢c 7¢
4 (n'C8H17)zs:O 6d (n'C8H17)zs:O 7d 96
o} 0 o)
5¢ Me/s\/\‘)J\OH Me/s\/\‘)J\OH o5
NH, NH,
6e Te

* 1Et°" (0.025 mmol), & KT —kF¥ (L5mmol), A7 ¢ K (Immol) %
TFE (1 mL) 7, IRE R T, 35°C TG & 7. ° HBEICR, © 1E:°" (0.05 mmol),
vt RIYr—Kf (15mmol), A7 4 K (I1mmol) %Z TFE (2mL) 1, fg#%
FISF, 35C TG SHT-.
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424 EROFXST7FE Y 1B 12 & Bl &k b HAE D AZER

EheXrrIer 1B, k07 T = MBERIEEIC X B RBLRIS 1 2 v
(Scheme 5) IZBWTHAKTH7 7L THHLZ LD, HBLIEAT=XL0DL & T
CISEREL TND EEZ BILD. RICHEPFELRWGEIZB W T, i1 71
WEEET D 2 L5, BB OE Fuxs 75 ey 1IECY OBiAGBRARET 2 EHE L LT,
EVRENEZAET O RTVUICHER L, BEZT VI VREHAKT, A¥ 7 —AFIicE
WTE RFa¥s 77y 1B % 30%BIb kR OGS 5 &, dafiot Koo
b RERAAR U HEICEE D7 Fr L d X2 %27 5 B 1B 2 82% DI R ¢15
ENDHZERBESHTND P (4. ik, REFETHLIMBIBILKERS, b Raxy

75 1ECY D da (LB W TREBH S ZE - LR Th D EEZLND.

I\I/Ie I\I/Ie
Me N N (0] 30% aq. H,0, (10 e Me N N O
= - A0, q.) =
Ory 0T o
Me [Tj “Me MeOH, Ar, r.t. Me [}j “Me
Et| O Et| O
1EtOH OH 1Et%°" 504

82%

FAEEIZ, B RS DUBREBCTHABASICEBNTYH, B Raxr 7oy 1B v — 5 E
AT A7 I =L RrXxy R IETOHICX L, b RI YU nifaE lcfhnt s 2
LT RI I AR 1BV 23R U, 5 < B K EBIREIC K 0 B0 IHEt 23ERR S h

TWb EEZBND (Scheme 6).
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M NHzNHz Hzo IYIe
Me N N O
JE(OH — \( N S j@[ z T
Me I}l N
1Et'OH" OH" 1EtNHNH2  HN—NH,

Me
Me N N\fo
_—
TIY
Me l}l Me
Et O
1HEt

Scheme 6. IEt°" M E K5 L UBRIC & b 1HEt D AR

ERLERED L E, E Faxy 7F B OET | b= F U VEKRICHL, B RFY
KR AN, EHEFEIFICTH NMRHIEEITY, b FT VAN 1B ¢
L <IEETCIR IHEE 2R L TV A& e L7- (Figure 3). £ 54072 'HNMR 232 kL
DOFEHEFERICBNT, B Fexs 75y 1B oFEHE v o ichkT b8 —2
(714, 7.05ppm) LV b, KEL<EBE Y 7 N L7 T FOEEFRT 1 ko AlHEk
THE—2 (650, 6.46 ppm) MNHERESHIZ. ZOE—Z I N5 NEEWD A V7 o4
VIBITLRD BB D ©— 7 33, BALIK & N TESR B S o Em 1 LEplL T
WAHZEND, EReX 7S B e RI UV LDORIRICE D, N5 T F iz
TR 7 I IHEt BER L TWAH EEZBND. S6I2, Mk 1B ok 5 &
TITHER SN2 o225, B RIP ULz %D B KZBHEHIIEF RN
ERDhoT U EDZ LG, B IV OEmOKREHICEY, B Fr¥i 7T e 1EY
DBTTNDEITLTND Z R o7z, ZOMEIE, REMHEORWI A I R RIGIZE S
L TWRWERe, R¥—EILHITh 5 Hfigh s H 5 Baeyer-Villiger B2 ZFAL ST IV THE

DIERMBREETH D E VS TZFHEND b IFFEND.
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U EOEBRMEREZHEZ, £ RIVVEBRTAIETHE X 7 e 1B Ic L b AL
7 4 ROBBEBILEIS DS EZ £ L 7= (Scheme 7). WIKHFIZBWT, B a7
SV IEY L O CHEET A7 I E = U AL Rr¥ Y R IECOH IR L, B KT VU
FEAN L TARR L7 bk 1NN 13, Bk B HE 2 O AR AT ISR eI THEE ~ & 454 &
h5. Zok), £ Faxs 75 e IEIC LD BANMEES L TWD. D%, BT

IHEt LMEES T L ORIRICE VAR LI Rardxs 7T ey 1B 3, B4

fb+s2LT, AFmE L bict Fexy 7o 1IEC" RNFHA LTV 5.

Me Me
N. < N N.
Me N Me Me N Me
Et| O OH" Et O \

H,0
1ELH OH 1Et*OH-
Me
0 Me:©:N /NYO
-5 | NH=NH Me N N-Me
/S\ E 1EtNHNH2 Et ©
v HN—NH,

We Ve
Me N.__N._O 0, Me N._N.__O
g — [T
N. N.
Me N Me Me N Me
Et| O Et O
1EtOH o4 1HEt

Scheme 7. ERSCUEERFIETHERFOFXSTSEY 1B I2LBRILT 4 KD
BRI RICOEEY A 2L
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B Ufildier o 2 v o b &, B KXo 7 T e 1B 2l & 45 BRI LSS O WIHE
JED G, RS A B =X LD L0 MRS 21T/, £, & FrXv 77w 1B (125
mM), Z/L7 4 F6a (0.5M) @ TFEEBEHIZHENWT, & FIVUVREAZEE L TGE
1TV, GLC ST TRISHIII OIS B Oisfb R 25 il L7=. T ORER, RISOWERER e B
TV UREIRIET AR S (Figured). Z D Z b, B RIPUEED L&
D, B FeR Y 79 B 6 7 9 =T Ak R Fd Y R IECOH ~O BiAER A
EHESN TS Z ERlbhoT-. T, b Rexi75er 1B (125mM), z2L~
4 F6a (05M), B FZ (0.75M) DORIZEWT, BHREFAKF L[ FICTENLE
NG E B 2o e A ORISR E # g LTz, TORKE, BRI TITo 2561, B

FFHR T CRISZAT » TG BT FE S TRUSAHEEE O RE 72K T 25l S, OSSR

Al

BEIZHIEF LTS Z EBRHLMNT -7 (Figure 5).
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25.0

A 10M A

20.0

15.0

10.0

Conversion / %

5.0

0.0

0 5 10 15 20 25 30 35
Time / min

Figure4.E FOXY IS5 E Y 1B MR IC L ZEAERIERIGICEITAE RSO ViBEKE
M. 217 ¢ F6a (05M), 1Et°" (1.25mM), & RS> —KkFidm (05M; @), (0.75M ;
W), 10M; A) O TFERIREZMBFBRMEXT, 3/5CTHnIHE, 7FILT7z=)L—T )

A NEMEAE L 95 AL 7 1 K 6a DfsfkaR % GLC i L v i L 7.

20
B Oxygen
15 & Air
=*
~—
£
o
B 10
1]
>
c
=]
(w]
5
0
0 5 10 15 20 25 30 35

Time / min

Figure 5.£ FAX L 75 E Y 1B il IC & 2BRBIERISICE 1T 2 BRREKREY
27 4 K (05M), 1EP" (125mM), B RTYr Kk (05M ; @) o TFE ifik%
MERALT (@), bLIFZEKT (W) ICTBCTHIEEH T F LT 2 =L —F L%

WEHERE 9~ AL 7 ¢ K 6a D3R % GLC /o#TIc L 0 akli L7=.
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R LD bR PORAERE RuXv 7 T ey 1B OFHITHRIE L BI%E L7z, F8 035
WL ERBIIC LD 7720 T4y IECHREA R L, B Raxv T oEy
1IECP" 285 IR DO RIE L 21T o712 & 2 %, pH6.86 fEUERE T 2 IV 5 = & T, RibR
KTHHEITE IHEt "HD 7 T B =0 AN F A2 1B DA EGE DD @ W E ST
HATT 22 AR L. SBIZ, 77820 AN T4 IECKERD pH % NaHPO, 12
Lo TRMICHET S 2L T, e FeXxe 770 1B 24 S, fiMme LTHBET 5

TR L. FERNEC LB FrX o7 T 1EPY 23, Baeyer-Villiger
R LbUS, ANT 4 ROBBBACSISIZB W TEWAMBHEEZF T2 2 & 2B 62
L7=. Baeyer-Villiger FEZ=ZE{LIZEHB T, AFREL L p- Mz ALK g% Al 2
WHZETEENPRELSMEL, ¥aT7 %)) UFFHEERNLEWINETT 7 hrifgbh

. —HT, E RIVUERETAIE T D ANT 4 ROBERBBCEISIZIHBWTIE, BEROTRIN
BN LT RO FuXxs 75 ey 1B O TOER L < BOSH T D USSR
ZHALNILIE. RIGA I =X LZONW TR 2T & 25, B FT PromusREN
IZED, BAROREICBOTHE Fuaxs 75 ey 1B OB MEE S, KIS
BITLTWDZ WL L. £LDD L, THETICMELE L TEHIEHINTE
7o7 7 B =y MR & e, BRSO L WVERBMEL VT, B bR e L

EIEEE AT A E Fuxs 7T e 1B OR G A2l s aiEIc L, NS fi=Faik7 5

e OFEMMEE RS S ESED Z LI L.
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4.4 EERDER

General

Elemental analyses were carried out on a J-Science Lab JM10 micro corder. NMR spectra were
obtained on JEOL JNM-ECX-400 (400 MHz for *H) and INM-ECA-500 spectrometers (500MHz for
1H, 125 MHz for C) . The chemical shifts of *H NMR and **C NMR signals are quoted relative to
tetramethylsilane, chloroform, and acetnitrile. GLC analysis was carried out on a Shimadzu
GC-2010 plus using DB-1 glass capillary column (0.25 mm X 30 m). Reactions were monitored

by thin layer chromatography using silica gel 60 F254 (Merk) .

Materials

3-Methyllumiflavin (1) was prepared according to the reported procedure™. Zinc dust was activated

with 2N ag. HCI prior to use. Other reagents below were commercially available and used without

further purification; (x)-cis-bicyclo[3.2.0]hept-2-en-6-one  ( 3 ) ( Sigma-Aldrich )
1,3,5-trimethoxybenzene (TCI) , 2,2,2-trifluoroethanol (Nacalai Tesque) , hydrazine monohydrate
(Nacalai Tesque) , thioanisole (6a) (Nacalai Tesque) , 4-(methylthio)toluene (6b) (TCI) ,

4-methoxythioanisole (6¢) (TCI) , n-octyl sulfide (6d) (TCI) , L-methionine (6e) (Nacalai Tesque) .

Experiments

Gram-scale preparation of 1Et°"

A mixture of 1 (4.1 g, 15 mmol), Pd/C (5%; 6.4 g, 3 mmol), and acetaldehyde (34 mL, 0.6 mol) in
degassed ethanol (300 mL), HCI (conc.; 25 mL) and degassed water (300 mL) was stirred at room
temperature for 48 h under hydrogen (1 atm). The mixture was filtered through a pad of Celite (7 g)

under air by using H,O for rinsing. The reddish-brown colored filtrate (2.0 kg, 225 x 10°° wt%) was
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poured into a phosphate buffer solution (pH 6.86, 7.0 L) over 2 min and stirred under air for 60 min
at room temperature. To the resulting deep purple mixture (64 x 10° wt%, pH 2.77) was added
Na,HPO, until reaching pH 6, which was further vigorously stirred at room temperature for 90 min
to induce solid precipitation. The precipitate was then collected by filtration, washed with H,O, and
dried under reduced pressure to afford 2.3 g of 1Et°" as yellowish green solid (49%): UV/Vis
(CH3CN): Amax (g) = 346 (8400), 316 (6000), 282 nm (6000); IR (ATR): v = 1716, 1645, 1550,
1318, 1281, 1160, 1086, 1047, 1014, 900, 772; "H NMR (500 MHz, CD5CN) & = 1.03 (t, ] = 6.8 Hz,
3H, CH3), 2.26 (s, 3H, CH3), 2.27 (s, 3H, CH3) 3.23 (s, 3H, CH3), 3.37-3.51 (m, 2H, -CH2-), 3.60
(s, 3H, CH3), 4.62 (s, 1H, OH), 7.03 (s, 1H, ArH), 7.14 (s, 1H, ArH); *C NMR (125 MHz, CDsCN)
&=14.1, 19.3, 19.5, 28.5, 33.0, 45.3, 75.3, 121.8, 129.5, 131.3, 131.8, 134.7, 155.7, 158.9, 167.3;
Elemental analysis: Calcd for C16H20N403: C 60.75; H 6.37; N 17.71. Found: C 60.50; H 6.36; N

17.56.

Aerobic Baeyer-Villiger oxidation of 3 catalyzed by 1Et°"

A mixture of 3 (1 equiv), 1Et°" (2 mol%), zinc dust (1.5 or 3 equiv), TsOH+H,0 (0-4 mol%), and
1,3,5-trimethoxybenzene (10 mol%, internal standard) in an acetonitrile—ethyl acetate—water
mixed solvent (8:1:1, [3] = 0.5 M) was stirred at a defined temperature for 4 h under an atmosphere
of oxygen. The reaction was evaluated by *H NMR spectroscopy of the crude mixture with reference
to the published spectral data™ of 4 and 5, in which the yields of 4 and 5 were estimated from the
integration of peak assignable to aryl protons of 1,3,5-trimethoxybenzene at 6.07 ppm and that
assignable to methane protons either at 5.13-5.16 ppm (for 4) or at 4.42-4.46 ppm (for 5). Reactions

were carried out under several different conditions, and the results are summarized in Table 1.
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Effect of an acid co-catalyst in the aerobic oxidation of 6a catalyzed by 1Et°"

A mixture of 6a (124 mg, 1 mmol), NH,NH*H,O (75 mg, 1.5 mmol), 1Et°" (3 mg, 0.01 mmol, 1
mol%), and an acid (0.01 mmol, 1 mol%) in TFE (1 mL) was stirred at 35 °C for 7 h under an
atmosphere of oxygen. The yield of 7a was determined by means of GLC analysis with the corrected

area normalization method. The effects of acid co-catalysts are summarized in Table 2.

General procedure for aerobic oxidation of sulfides 6a—6d Catalyzed by 1Et°" under acid-free
conditions

A mixture of sulfide (1 mmol), 1Et°" (0.025 mmol), and NH,NH,+H,O (75 mg, 1.5 mmol) in TFE
(1 mL) was stirred at 35 °C for 4 h under an atmosphere of oxygen. To the resulting mixture was
added a saturated Na,SO; aqueous solution (200 pL). After stirring for 10 min at ambient
temperature, the mixture was treated with HCI (conc., 100uL) and concentrated under reduced
pressure. The resulting residue was extracted with diethyl ether, and the combined organic layers
were concentrated under reduced pressure to give the crude product, which was purified by flash

column chromatography on silica gel using a mixture of EtOAc:hexane as the eluent.

methyl phenyl sulfoxide (7a) : "H NMR (400 MHz, CDCl3) §=2.72 (s, 3H, SCH3), 7.47-7.57 (m,

3H, ArH), 7.61-7.69 (m, 2H, ArH); *C NMR (125 MHz, CDCl5) 5=44.0, 123.6, 129.5, 131.2, 145.8.

methyl 4-tolyl sulfoxide (7b): '"H NMR (400 MHz, CDCls) 8=2.41 (s, 3H, SCH3), 2.69 (s, 3H,

PhCHs) 7.32 (d, J=7.7 Hz, 2H, ArH), 7.53 (d, J=8.1 Hz, 2H, ArH); *C NMR (125 MHz, CDCls)

0=21.5,44.1,123.6, 130.1, 141.6, 142.6
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methyl 4-methoxyphenyl sulfoxide (7c): *H NMR (400 MHz, CDCls) §=2.70 (s, 3H, SCH3), 3.86
(s, 3H, -OCHs) 7.03 (d, J=8.8 Hz, 2H, ArH), 7.59 (d, J=8.8 Hz, 2H, ArH); *C NMR (125 MHz,

CDCl;) 6=44.1, 55.6, 115.0, 125.6, 136.7, 162.1.

n-octylsulfoxide (7d): "H NMR (500 MHz, CDCl3)5=0.82-0.90 (s, 6H, -CH3), 1.17-1.52 (m, 20H,
-CH,-), 1.64-1.82 (m, 4H, -CH,-), 2.55-2.73 (m, 4H, -CH,-),; **C NMR (125 MHz, CDCl3)3=14.2,
22.8,29.1, 29.2, 29.3, 31.89, 52.4; Elemental analysis: Calcd for C16H340S: C 70.01; H 12.48; N

0.00. Found: C 69.96; H 12.38; N 0.00

Aerobic oxidation of L-methionine (6e) catalyzed by 1Et°" under acid-free conditions

A mixture of L-methionine (6e) (149 mg, 1 mmol), 1Et°" (16 mg, 0.05 mmol), and NH,NH,*H,0
(75 mg, 1.5 mmol) in TFE (2 mL) was stirred at 35 °C for 4 h under an atmosphere of oxygen. After
addition of EtOH (10 mL), the precipitate was collected by filtration, washed with EtOH (5 mL),
diethyl ether (5 mL) and dried under reduced pressure to afford L-methionine sulfoxide (7€) (95%).

The *H NMR spectrum of the product was in good agreement with literature data *,

L-methionine sulfoxide (6e): "H NMR (400 MHz, D,0)5= 2.26-2.40 (m,-S (O)-CH,-, 2H), 2.75 (s,

3H, -CHy), 2.89-3.19 (M, -CH,-, 2H), 3.83-3.95 (m, 1H, -C (O)CH (NH,)-).

'H NMR measurement of 1Et°" in the presence of NH,NH; under anaerobic conditions

A mixture of 1Et°" (5 mg, 16 pmol) and hydrazine monohydrate (20 pL, 0.4 mmol) in CDzCN (0.7
mL) was degassed by N, bubbling for 20 min and analyzed by *H NMR spectroscopy. The resulting
spectrum showed in Figure 3 a set of peaks assignable to 1HEt along with those assignable to 1Et°",

supporting the present catalytic cycle proposed in Scheme 7.
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Concentration dependence of for the aerobic oxidation of sulfide 6a Catalyzed by 1Et°" under
acid-free conditions

Concentration dependence of hydrazine monohydrate was examined for the reaction of sulfide 6a
(0.5 M) with NH,NH, + H,0 (0.5-1.0 M), 1Et°" (12.5%X10° M) in TFE under an atmosphere of
oxygen at 35 °C. The conversion of 6a was determined by means of GLC analysis using butyl
phenyl ether as internal standard. These results were shown in Figure 4. Initial rate constant
(-d[6a]/dt = kqps) Was determined using least-square fit of obtained from plots of the time-dependent
change in concentration of 6a to be 2.1 x 10~ Memin * ([NH,NH, + H,0] = 0.5 M, R?= 0.9852, data
acquired during 0-13% yield), 2.5 x 102 Memin* ([NH,NH, * H,0] = 0.75 M, R*= 0.9944, data
acquired during 0-15% yield), 3.7 x 10 Memin* ([NH,NH, - H,0] = 1.0 M, R?*= 0.9959, data

acquired during 0-13% yield), respectively.

Dependence of partial pressure of O, for the aerobic oxidation of sulfide 6a Catalyzed by 1Et°"
under acid-free conditions

Dependence of partial pressure of O, was examined for the reaction of sulfide 6a (0.5 M) with
NH,NH, + H,0 (0.75 M), 1Et°" (12.5X10° M) in TFE under an atmosphere of oxygen or air at
35 °C. The conversion of 6a was determined by means of GLC analysis using butyl phenyl ether as
internal standard. These results were shown in Figure 5. Initial rate constant (-d[6a]/dt = Kgus) Was
determined using least-square fit of obtained from plots of the time-dependent change in
concentration of 6a to be 0.8 x 10> Memin " (under air, [NH,NH, * H,0] = 0.5 M, R*= 0.9931, data

acquired during 0-5% vyield).
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