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H H
MOy o XRZ [cat.]Ox H,0, or H,0
traditional modern oxidation
oxidation using O, or H,0,
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MO(X_1)H2 JJ\ [Cat.]O(X_1 )H2 02 or H202
(M = Mn, Cr, etc.) R "R2

Scheme 1.1. Traditional oxidation method vs. modern oxidation method using O» or H,O»
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(a) Single electron transfer (SET) with PC (b), (c) Radical reactions by SET or homolysis

D A | -
PC E AX-* i> A —>
D+ A= E (b) —H+
: HD+ —_— D =
reductive oxidative :
quenchmg quenchmg PC+ !
cycle cycle |

! X
D : (c) x—\(m->+——>>

PC = photocatalyst, D = electron donor, A = electron acceptor

Scheme 1.2. Photo-driven reaction
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Hf AT AN TR AR D BAEROS DO BUK & RS
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DR N B D, & 2 TH-MLAIFIE T, SRR OB e 7 A h & I F A e~ a 7 % 5%
ESHBLEE T FEORENED LN TS, &b, BEEKE, tert-7F /e R UL F
R (TBHP) , ~vAF T —Hifig 1 ) 7 2 (Oxone) . A ¥ 7 m i % A& E (mCPBA) 72 & Ok &
A URREFAT 2%1F, @ECEEEORVEMLIETH D, V1?2 3 vRFEIIAMCEIHEN OMER
RRFBREOMO 1T L S EREMEEMELS . EBEEIFE AL 3 vERIEY (107,10, 103
) ~NEBETED (eq.2.1) o B Z oI URBREWIIEALAIE LTI Z ENTE 5720, I3 UROBRL
2 K D MR e B BOGRARER S 2 Z LN TE D, £z, AROMO Nm F o L g U CIREETH
L2 LbAVROEERRNIELEF 2D,

- oor 1, —29A oo+ 0n + 104 eq. 2.1
oxidant = H,0,, TBHP, mCPBA, Oxone, etc.

Bl Z1E, 2008 4 Reddy HIX7 /AT b RET I IR LTI 03 vk LBt 2RI+ 2% %58
FAT2ZLIC80 ., BEBICT R FEARTE S22 AL TWD (Scheme2.1) , ' E/-[FAkEICT A
TNSOERLARETH D, ' TAT & RRZEKERIIZ K0 W VR g~ BRI N30 &R
DZETHLIN, ZNHOHITIEZED LS RRIKIGZREZ T2 &7, BRIZT I FHLWIEZ AT
NANEEWL TN D, ZhuEa vRERB I EFIHT 5 R0ENCERERIMEZ RIEZ L TV 5,

cat. Kl o
o . ReNH TBHP I Re
% .
Rfﬂ\H 2 H,0, 80 °C RN

Scheme 2.1. Oxidative amination using iodide/peroxide catalysis
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o Ca#s:;Nl 0 tBUOH
> ocor *+ ™
RAH + RCOH  "Eioac, it 1075 °C R1J\( + HO
R2 R2

Scheme 2.2. Intra or intermolecular oxidative acyloxylation using the iodine catalysis

S BICFERGEZ —T1%, 3 R EBBRIEMOFZN ha 7 za—/ (B4 I VE) BBMEORFEHKIC
WHTELZ LB HE LTS (Scheme 2.3) , 2 Z oG TIE, BHICBWCKRILT VEEE 10) H
HWVEHE S U ERE (102) MAERM L., TNLONRFIKRFZH-EEGEMIET DLV O EBIREREINTND,

H R2 N cat. chiral R4NI

1! \ N \
CHP, KoCOs Rl | 5 Tocopherols
1 Et,0 i} 0”: N
R t,0, r.t. R2 Ph and Analogues
O

Ar
OO I
chiral R4NI = N+ 1= CHP =
L, T

Scheme 2.3. Enantioselective cyclization using a chiral iodide catalyst

FOES I TR VR LR ERIAT AT, T T F nA VX)) ERGEET O
KFER sp’ C-C FEETERSUGZ R L, #E LT\ 5 (Scheme 2.4)

N cat. I, X
o, —
R_: + Nu—H 35% 202 aq R— _ N\Ar

Nu

Nu—H = MeNO,, EtNO,, CH,(CO,Me),, MeCOMe, BuCOMe

Scheme 2.4. Cross dehydrogenative coupling using iodine catalysis
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WE b, OGO EREVESDIIKETITT V=L Th Y REIOBBIEMIFD R TEDH LD,
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R NH» excess. HX X R N

\C[ excess 50% H,0, aq. R:CEN \©: \D
N A > ) N
O HX = HCI aq. or HBr aq. X ND

Scheme 2.5. Oxidative cyclization and functionalization using halogen sources with peroxides

not obtained
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UHFEIZN, HOWVIFHEMTHY MW TF A M EFF oI URETFEAT D, & OICENL T ASHLA /]
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EWVEBEETFAME RO, FOBRFM I VREORN 2T Y FEPL M) 7rAd e A F VR EITER
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%éo 15a—c

R 7l 3 v FREEAZFHT 2B EOREHF L LT 2-3— R LZEEHE (IBX) & DessMartin X
Na—TF L (DMP) IZX 5T v a— VOB LA T2 (Scheme2.6) . " AU 1,2-TA— /L% HE
L TWD2, =i IBX & Tiffioo DMP & THRLNDERMM A > TR Y | BEii =2 7 E LEY
DOFERVED S S " hBIIZ L F R D,

OH AcO. OAc
/ \I+ _
|\ AN |\ OAc
0 | 0
S
0 o] OH o)
IBX DMP 0 H_R?
R? <« R2 > +
F”J]\( DMSO, r.t. R1J\( CH,Cly, rit. R1J\H T
OH OH ©

Scheme 2.6. Traditional oxidation process using hypervalent iodine compounds

FIABROE F D mCPBA X Oxone 72 & DM LWL T . BIRMi = o 35 4 I A pl LI
JSIZHW D FERBFRE STV D, Bil21E, 2005 4, kb, B HEL OB L—7 B 12X i~
FAJE 1Al = o BALEW & BRI SR A SHE LI > 7Y o TR 2 ER A Sz (Scheme 2.7)
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2005, Kita et al.

R cat. 4-Me—CgHJl R
N | mCPBA, TFA N e
HO” XX COH CH.CI,, r.t. GAF
2005, Ochiai et al.
cat. Phl o)
o mCPBA, BF 3+Et,0
L _re ot Wﬂ\(m
R1 AcOH /H50, r.t.
OAc

Scheme 2.7. Oxidative coupling using aryl iodide / peroxide catalysis

ZOXOIBREENDL, BIEAII UREAYOBBRI X0 b RER A n S PR ESCERIA L, Bk
M7 BRERSE N2 T D &V ) FiEb s S Tnd, 107 filziE, 2015 4F Mudiz Hid a7 1k
TIACKHTAHHBEIC L gl EEZ S AT X LG TH D Hofmann—Loffler % & >
MZ, N-3—RRAZ A I K NIS) ZHWeoFNBE LR T X S B LEtds L7z (Scheme
28) , ' ZORIKIEAFAMI VR THD NIS BT I V2EL, Tk v EontsEH-3a v
FREAPHNC L > THERUT L2 TT I T IIANEL, 1,5-KEBB 70t 22 L THRHE-
KFEFEEGEZT I /METHLE VI EETEA TV EEX BTN,

2 R?

visible light R
R1OQS R2 R2 NIS Zi
. —° 5
H’N\)k/\RS CH2C|2, r.t. N

1 R3
R10,S

Scheme 2.8. NIS-promoted Hofmann—Loffler reaction

EBFR- 1T URER BT L IR Ly FAERA LIS AT 2 FER. 2R ETIEEICD FRRIGICR
ESIN TV, IEFETIES FRRIG~DOmEH b A TE Y IRBIKRFERBEZ 17 AT 2 OGS E
INTWD, " ZOFIET N-~a o Ab7 I FREICAHDERR T 52 LA L5 \n I 0 vdh
HVET IV T I L0 REEIRIRFIOKRFEREETEEET 2L 0D D THD (Scheme 2.9, eq.
1) ., LOLZRE, GRICFEO»D N~ b7 2 RiRE 2 bR EmEL EA WD LENRS 57
D, BEEYOR)IGE A A O RTCEEEO RS S, o, HibkFT FY 7 A% Oxone THALLIEIZE 5T
TNT1 v ERFAET D HIENEFEIC > TRE SN0, R E U TRISIEBIRMEICEEEN L 6D BT,
NRE 70 ROGME A 15 5 72 9 121% Oxone (Z%F L Cil Rl & O W EIEB L OREDBMETH D (Scheme 2.9,
eq.2) . * —Ji, I UHKEE (HIOs) & HAMEMLA LT 2 FELEINTNDA, BIiE Tl & 5 7%
FARIEEFR B DV TR SR & e fd e bl & U CRIUA 2 BREE A DR W R BUG R DBHFEITITE - T
AT AN



2014, Alexanian et al.

0]
FiC ~t-Bu
N
Br Br
CFs > eq. 1
visible light, PhH, r.t.

2017, Lu et al.
visible light Cl

NaCl, Oxone
> eq. 2
TFE /H50, r.t.

Scheme 2.9. C—H halogenation using halogen sources and visible light

—HTHHELIL, BREEREXT., L Bemd 5 L3 vk EFIHT 2 e HRB LS 2 s LT
Wh, P BIZIE RNUVUAT A=V ERNST DT VT e RS LT D FUSE. FVR EE DR
bz 23 2 oy, BREFAMEOBVRILFETH S, ¥ L LEREEH T 280/ EIE
Fo3 Tl ZORUSREFIM LT2H LW KIE ORI S5,

O,, visible light 0]
~2 OH cat. |
R— | 2 > = H
X EtOAc, r.t. R— |
X

Scheme 2.10. A selected example of aerobic photooxidation using iodine

UEbD X5z, muZrefHT 5G4 RTERRE SN TEY . 2O TORETH > TG
Pl LU bR i 3 VB m SIS OBRGIZ L W Rk S ho>ob %, — T, HF2h®
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RAROBIZE VBRI ESNIZ AT TF AT 7 U V=7 Ml (Mes—Acr) X EFEERT L—r0A4 L7 1
Y Thi i@% ML TEBRNDER L, ZNEMA LTV Lo ORMERILEIGHHE S TWD
(Scheme 2.11) ,

O,, visible light O

/©/Me cat. Mes—Acrt ClO,~ H
Me MeCN, r.t.
Me

Scheme 2.11. Aerobic photooxidation of xylene using acridinium catalyst

(Mes—Acr* ClO4)

EETIE, 2OT7 27 V= Ml 2RI T T A7 0T L— 2 O E B b B e E L3 Ak &
NTW5a, 04 G213 FArLOT o Fvia 7 =a 7 BERE R FB-IREBESTER. HAWET
L—r DT JMbRIGT E T 5 (Scheme 2.12)

2014, Nicewicz et al.

Ar, visible light
cat. Mes-Acr+ ClO4~ X7 N
RH/\' - XH HA (= PhCH(CN),, PhSH); R /)
R2  --7 DCE, r.t. -
R2
X=0, CO, NTs
2017, Wu et al.
RIS R visible light SR
N ) -Acr+ - R
\)\ . K(CN cat. Mes-Acr+ ClO,4 . e CN
' 1 DCE, r.t. '\ "
M CN N CN
2017, Nicewicz et al.
O,, visible light t-Bu
H catalyst
5 = | TMSCN pH 9 buffer . “ | CN
—_ + > —_
S MeCN, r.t. AN
- BF4
catalyst t-Bu

Scheme 2.12. Photoredox reactions using Mes—Acr" catalysis



72, Bx OF IS DEEHE I —EIERE COy) BEERETHLN, Zhicox ¥ —%5%
bz —EHEBE (10 X SHEMRE LY LRUSERE N ENMLN TS, —%IC—HIEREITER
AFIZE VD AERARETH DD, AF LT —0 X 9 R EaFERAESEHIRAI b O = 3L F—B#hC X
0., —HEERE L AR S EOSHO D EER2 TENHE ST\ D (Scheme 2.13) , 2

N
(.)H O,, visible light A B
B< MB, i-Pr,NEt OH S
= OH 712 > Z N S N+

~ MeCN /H,0, rt. . R | | |

MB (methylene blue)

Scheme 2.13. Aerobic photooxidation of boronic acids using singlet oxygen

F-HIET ORI Tl 2 v FERIE LA e LCRIFA L, 74T ROSEBEBIICT AT Ph
IV FAE SEIRFB-IRBEAREGZTT O FIEHER STV % (Scheme 2.14) , 2f

visible light 0
Q 3 t. PhI(OCOA 2 Rt
R! + R\/\EWG cat. Phil N2 | R \H
H MeCN, rt. EWG
4 » L. R2

(Ar = 4-t-Bu—CgH,) via acyl radical

Scheme 2.14. C—C bond formation via acyl radical addition using a hypervalent iodine catalyst

EDHIT, IRERRIC X A ERLTZ 1T Tre < B TIRAKEBURFE - IR FBARE B TERBE b — 58 0O CTRERk
X TW5D (Scheme2.15) , 2% 20174, Kumar &IXAHED 7B CHD 7 =F v L 9,10-V 4
ERRAT 200 TRKBR G ZHRE Lz, ZOMGITESSECREIEOMEEE, BEKOHM &%
LB L IR E TGS K W BKFEEITH . BRI GTE EE 2 D,

visible light
R cat. phenanthrene-9,10-dione 0 R
4 CF3802Na
> + H
MeCN /H,0, r.t. N 2
XX X CFs

X=0,S

Scheme 2.15. Dehydrogenative C—C bond formation using phenanthrene-9,10-dione



—Ji. PHEL LT U FTF /v (AQN) FFEMRAMICT 2 2 & THRBRERILGZEZ D 2 %
AL TEY, ZhasH LeFiB b SRS AL HiEM L TS (Scheme 2.16) , 2

2011, Tada et al.

O,, visible light
cat. 2-CI-AQN
=z Me cat. K2003 = COzH
iag) EtOAc, rt. R |
2017, Yamaguchi et al.
air, visible light
cat. 2-+-Bu—AQN NPhth
s cat. K,CO 2
' [j§>—R1 +  PhthNH e [ 1
Bey -~ DMF, MS 4A, r.t. Cog .t~

X=NRZ S

Scheme 2.16. Photooxidation reported by our laboratory

LI ED X 5 728855 1 et 2 O 2 BOS TN 7 BORRIEZ FE > TR 0 | FEFEM b iy 2
ZEDPLABRETETHRENMER O L PHIND, LNLARDLKXOFBREOB AL, KREA KA~
DML TH L Z ENREE o T D, £, BTEEREE LA TRIST BN H 5729
BOGTE LFEEORIBENRRKE N, LLEDOZ b, LOPAERE L, REAKICHEH T 5601
NS DBRFE N KD BTN D,

ZITHE, AT AU n S R E R T A B E L OVER S TR X DR LI ST RS
OBLRIZEBIT DF S E REZEI L TR (Figure 2.1) , Wi#H & HENTZSSRIEZFF> TV D03, K
SRS M I B W TS ET RE AN RO D,

Figure 2.1. Advantages and disadvantages of the reactions described above

AUy~ FTAU Yk
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" - BNV B WERYE - MERAEGRICIEFTAE
- BN RISERE

FEZIINOOMEZ EARTE 2 & 9 8 LWL POSR OS2 R L. 2l TRBEAE{E 72
17 O TR 2 R 5 ROS OB e 2 D 5 2 & & Lic, IREL D ZOFFEMIZONT
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B8 I URETFAT L IBRICRIERRERRIS DB

FEBHERBCEMITERE, BRI R RO RE R LG R RWMeem ThH L, 4BET
ZDOIEAEWNIHT DRk 2 A RIEPRE SN TE 20, BBEGR 7 Y —hon FIREHEZF M Ui
M%@ FRTFHEIRIERONTWD, £ 2 TEH TG EFRBRBLEW O ICRRALAIE RIS D B3 217

ST,
i RO a b /2 7 AEHVLIRY YL Y = VDA

R R IFY = IHFEFBERFRBRIEAEYOF CTHEEGLCEEIHHOME TH D, HlIX, &
JEIRIRIECH D TN RN AMNER Z R T XU AND T iR THLT AR X — Il E
FNTWS (Figure 3.1) , 2

,

Os__NH,
»—oa NN

N

HN - N Me [::]: §~—<f\s

X H /J

COH | D N N
2 H
H H

candesartan veliparib thiabendazole

Figure 3.1. Medicinal compounds involving benzimidazole

IHHDEFEHEOEmWERTIEEL LT, YT IVEET AT NEZBIEERILT 52 &L TR XA
RE NV EHDFERMLN TS, LLIEE A EOTEIMEEEREL EORBLA Z0nEEE L,
Oy TIREESE % Bt LAl & LRI 28113472\ (Scheme 3.1) . 2* il 20X, HEALERARBEAFAE . JnEk
THZELICROR Y A I =V EBRKT HFIES, BIREMT, LT AZAVTHDL AT T Ll
BEAFIAT D ERIER ENHESINTND, 20 F PAFLHEALLT IR (DMF) EKEDREGIE
B MBS 5 2 LT, BAMETORU XA I XY = VAR BRI TN D, M L L b, JiEk
FENVATH D B BWKGKRZET 2 LW olcdiE T & min b,
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2000, Singh et al.

NH
AN 2
R—:/I +
NP NH,

ArCHO
2003, Ohsawa et al.
(\ NH,
R—,\/ + R'CHO
NH,
2015, Lee et al.
. (jNHZ
N + R'CHO
NP,

0,, cat. FeCls . XN

> - S—Ar
MeCN. 90 °C N~ N>_
5h-8 h H
0,, cat. Sc(OTf); . e N\>_R'
THErt. AN
44 h H

o} N

2 - Al I >R
DMF, H,0, 80 °C L A~N
H

24 h

Scheme 3.1. Previous reports for catalytic syntheses of benzimidazoles using molecular oxygen

—F ., fbFEERELU EOSTRI DRICE DML YA IV ERBH D WVIER T T —
N B WL DDDIFE I V—T7 XD S Tnd, 2 20, ke vREZBIEFRHR TG
SED & TR Y T T Y — VBN TED Z RTINS, EERICOHESIZZD LD
Ak MEEIS, SV IRV DMEE R ERET VT e FEE 227 X )N UAT R U a b
HIERILT 22 TXF YV UEHAGRTEL LA AL, 3Tl LT\ D (Scheme3.2) , 2 £Z
TEFHEIRNAAL IFY = VOEBICAFIENEHATE LD TIE RV EBZ L FOBFHIEF LT,

+
NH»,

Scheme 3.2. The previous work reported by our laboratory

O,, fluorescent lamp

cat. Mgl,
ArCHO >
EtOAc, r.t.

~N
N/)\Ar
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FIH BT D PR OV B 0w T DH O &

1L C DI USRI DO Eii{b 21T > 7= (Table 3.1) , FAEEE LT 12-7==L > 7 IV (1a) &X
YATNVTE R (2a) MV, WHOEWTRE T, 3 URBEEEEOBRHN 21T/, TOME, I UHE
WIS Uik 7%y A, IR FA DS TH D 2 B BNL BT (entry 1) o AREIZHE
W= F )L DS ORVEBE R IZ B W T OB BAF R SUSHEZ 7R LTZ23 (entries 2-5) | EARMEIREE T dH 5~
F BRI R ME L ARIER E Ao o 72 (entry 6) , S HIZ, PV AF VAL LT 2 K (DMF)
BLOT b7 b Fu7 7y (THF) RCRRIGHENFE LT L, FRARIR ST (entries7,8) o 24
BB A S ORE LS L. BREORISNEIT LAd ot L £ 2 5, 3 Ui~ 7R AL
DI YRV TIL, TR VR, W3 VIRERER, 3 VL0 s Y AT T RAFRIET HI9#
HBohien, aulb~r 2o U AEBZDMRIFGEONR) 5T (entries9-11) , —JF7, I LY F U A
HBHUNEE TAET B U T A TEEOE PRSI (entries 12, 13) o ZHUE S ¥ RIFOEARED &
WEEBBDLELTND, N-T— KAZ oA K (NIS) CHRIGHIERT LT, Ny Pfesh
TZRIERA) (daa) BIGDND Z LDV oT2 (entry 14) o S DRIERIIERRD A 7 =X LIZDW TR
HORIEHHEE RO B2,
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Table 3.1. Optimization of the reaction condition for the benzimidazole synthesis ¢

O,, fluorescent lamp

E:INHZ . PHCHO iodine source (5 mol%) . @E:\>—Ph
NH, solvent, r.t.,, 6 h R
1a 2a (1 equiv) 3aa:R=H
4aa: R = CH,Ph
yield (%) °
entry iodine source solvent
3aa 4aa
1 Mgl EtOAc (93) 2
2 Mgl MeCN (86) trace
3 Mgl PhMe 84 trace
4 Mgl MeOH 72 4
5 Mgl CHCls 70 3
6 Mgl hexane 40 trace
7 Mgl DMF 9 trace
8 Mgl THF trace 0
9 I EtOAc 86 2
10 Cl, EtOAc 85 7
11 Cal, EtOAc 79 trace
12 Lil EtOAc 33 8
13 Nal EtOAc 8 trace
14 NIS EtOAc 49 25

¢ Reaction conditions: a solution of 1a (0.15 mmol) and 2a (1.0 equiv) in solvent (3 mL) was stirred under an argon
atmosphere for 30 min. Then it was added to iodine source (5 mol%) in solvent (2 mL), and the reaction mixture was stirred
for 6 h at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. ? Yields were

determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. Numbers

in parentheses are the isolated yields.
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FeWN Tl b ST Stk a2 VT ARG O HIHEPH 2 A L 7= (Table 3.2) ., fix D/ 7 B F IR
TATE R 21220 T 227 U= AR XA I X =)L 3 OERERRLE 2 A, Bt Rk
EHTHNTNOT AT E RIZOWTH, BREFRIETRHIST 28 3 2552 Lol Lz, £
FHEHET VT & R EOBEHIEIT A XAV MIZH - TH ISP EITT 5 Z L0837 (3aj-3al) .

Table 3.2. Substrate scope of the benzimidazole synthesis ¢

O,, fluorescent lamp

NH
X 2 Mgl (5 mol% XN
R—:C[ +  ArCHO gla ) > | \>—Ar
Z>S¥H EtOAc, r.t,, 6 h ~x
3

1 (X=NH, S) 2 (1 equiv)
N N N
C-Oe OO C-Or
N Z N Z N
H H H
3ab, 80% 3ac, 68% 3ad, 97%
N N N
S OH || S OMe || P CF3
N Z N Z N
H H H
3ae, 79% ° 3af, 77% 3ag, 80%
N N N
OO O L
N Z =N Z =N
H H H Me
3ah, 77% 3ai, 71% 3aj, 87%
N N N
QO O
N Z N N
H OMe H Me Me H
3ak, 71% 3al, 91% 3ba, 90%
N N N
JORSONNORSONNOREY
N Z N N
Me H Br H MeO H
3ca, 75% 3da, 86% 3ea, 89%
o) .o
: )
O:N N S
3fa, 57% ° 3ga, 87% ¢

“ Reaction conditions: a solution of 1 (0.15 mmol) and 2 (1.0 equiv) in EtOAc (3 mL) was stirred for 30 min under an argon
atmosphere. Then it was added to Mgl (5 mol%) in EtOAc (2 mL), and the reaction mixture was stirred for 6 h at a room
temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. Isolated yields. * The yield was
determined by '"H NMR analysis of the isolated mixture (31.3 mg, 3ae : 4ae : 1a = 200 : 7 : 10). ¢ The reaction was
performed with I> (0.2 equiv) for 20 h. ¢ The reaction was performed with I (5 mol%) for 20 h.
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—5. VT I1 FOEBEOREIIONWTHELZI T 7L 2A, MWINERTHIET N XA I ¥
V=)V 3ba—3fa 527, 7272 L, = F O XD ITHRVETRG M2 RO IE TITBRILD B FEDE < |
filtff e L TR A ROy IRE v FEE 02 YEAV, KSRFHOIEEEZ1TH Z & THEED
INERTHRY 3fa BEONDRERE RoTo, ARSI, XY F 7Y —)L (3ga) OERKIZ b Al
BCTHD, BIEST IV BIOMEMET VT b RIZOWTIBLEDEITE T, LRI A TH 5
AV R ELRTE,

FEBET VT & FEITZERTORBIC L 288 (LA EZ LT < RFIEMRITREEAT A T TIT
IMBENH D, —F. FHESITRIE TR X DI DT v a— VO &5 TR EEE T 3
UHEMBLNZ LD T AT e RANEEBMTE D HIEEZRE L TWD, " £ 2 THEEILZ OiEEZ KFIEL
MABDLEDLZEICED, RUUAT N NHE T 2= L UT I VENL TRy PTRUAA R
B = VBB TEDLDTIERWMNEE X T2, XUV T L a—)L (5a) ZIE & L COmERIL 21TV,
FTDOHR 7= VT Iy (la) EMAT, TOFEERIGERT 2GR, 2-7 ==X XA I XY —)b
(3aa) & 93% ODUETIHD Z LIk L7z (Scheme 3.3) .

O,, fluorescent lamp O,, fluorescent lamp

I, (5 mol%) 1a (0.15 mmol) N
N
H

EtOAc (4 mL), rt., 10 h  EtOAc (1 mL), rt,6h

5a (0.15 mmol) 3aa, 93% @
Scheme 3.3. One-pot synthesis of 2-phenylbenzimidazole (3aa) from benzyl alcohol (5a)

@ The yield was determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal

standard.
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FIH HOON ISR & SOGH D E 2%

KEISDR)EHEME A BERZT D70, LT ORREREZIT -7 (Table3.3) . I URFENRNGE. BHY
¥ 3aa (T2 ALNT, FEAERIL SN (entry 1) o Z2RH CTUOARRKIGIXBIFICHEITT 2 2 & 3R S
Nn, T FHRH R R T CIERIEENE LI S D Z E RS h o7 (entries 2-4)
Flo, TNAVACFERRFHLWVITHEERIE T T 1 BEOSFRI VREZMAISZT T2 2 A, 7%
DILETHEY 3aa NS (entry 5) o Z OFERIIAEE MEFEEREOS KT VFRICK - THE
IEESNHFEDZEEZRLTND, B LLARRL, RNV A I XY — )L N-X2 DL S V- BIA )
4aa WAL I U= TR T L ER WO ARSI LD b2 GONAT I LG, WG E IR
MERICE VAT LI URT VHNADBRRISOERYER EIZEELTHWDHDEEZTND

Table 3.3. Control experiments of the benzimidazole synthesis ¢

NH O,, fluorescent lamp N
2 Mgl (5 mol% N
[::I: +  PhCHO Iz ) N>_Ph

NH, EtOAc, rt., 6 h b
1a 2a (1 equiv) 3aa.R=H
4aa: R = CH,Ph
yield (%) ®
entry changed condition
3aa 4aa
1 Without Mgl 0 0
2 Under air 81 trace
3 Under Ar 36 6
4 In the dark 29 7
5 Under Ar, in the dark, and with I, (1 equiv) 77 11

¢ Standard condition: a solution of 1a (0.15 mmol) and 2a (1.0 equiv) in EtOAc (3 mL) was stirred under an argon
atmosphere for 30 min. Then it was added Mgl (5 mol%) in EtOAc (2 mL) and was stirred for 6 h at a room temperature
with irradiation using a fluorescent lamp under an oxygen atmosphere. ° Yields were determined by 'H NMR analysis of

crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard.

L EDFESR & B D BB 2200 6 | RS DR ZIRD X 9125 2 % (Figure3.2) . 1L U ®IT,
TIV 1 ETATER 2B 6 B, fi< BBIKIC XD B LATERIA 7 3G 005, 3 U HREDN
BWGEREHEIRZ 722 &b 204 I U E BRILD BT 3 7 RO/ A AFRPEIZ X0 il S
NTWD ETPHREIND, RICERLRIERAR 7 1IZMEEHICEVAECESTRIVEL DI I UET D
MR VM ARSI 2 LT, B 3 ~EBHIND, 22 TRAT 53 vbkF TS HIREEFRIC X
DEDCHBACEST D ENRMBTEY, R URESEER I 7 VAT D, 72
B, RS IEY B RORBIERICEBNT NN UK 4 g2 LiconTI A 22 6
DERALATERIA 7 CBMLE TG AR T2 T NARUIAL T 2= DT I 8 NAERERDZ L
ICHEL, 2RI BIZTATE R 2 ERIGTHZET, REIAERDZ 52 THNDHHDEEZTND,
ZOA Iy 6 LEAMEHEIEMA 7 & ORERICRINT, RISV A AR ZM D JiflIc BN T HIRE I T
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WORIGHEETH D . 2 FE7z, Table 3.1 O I U RFMRFHIIBT NIS /F(E FCTIZRIAERS 4aa 3%
<HELNZDIZ, NIS DA AfEEIck s b0 L FHEEND,

B ARIGICBNTCI URERFITI M THIIEIT TS L PSS, ZOFTYH, Vb~ /X%
VU LFETRRECTHTHBICOWTL, IRV VAL F U ERFTRET D A—FFV RT
=AU TNV EDRSEERERT A ZEICED, GURTUINOERERE LD EZ X TND, Y

fluorescent lamp

Mgl, /——\> | ~ P

0, Oy ~----Mgl*

H
Or" om0 2 Ok
XH " cat. iodine source XH x” H

as a Lewis acid

1 6 7
+1y0rle N 0., fluorescent lam
p— @[ S>—Ar 1 2HI £ P> 1yorle
—Hi X :
3 X
N~ _Ar H X
~ N Ar ArCHO (2) H
H - N Ar
6 XH 9 Ar
+ — 8 l
+
N N
e Cr
>< Ar S—Ar
K:Ix H X Q_
7 3 4 \\Ar

Figure 3.2. Plausible reaction mechanism of the benzimidazole synthesis

P.T. = Proton transfer

ko Xolz, EFIXIVREFAT L2 HMBHBRBILICEID, ARRE RS T IVEHESFBRERT VT €
REDD 2-T V= ARV A IFY— VAR TE D Z &2 A L, RRISITRMZREt T, o7
W & ok Al & L TR C& 2, FMiEoBRE & HMAR0BEMEIC LV AL ITITZA D L 9 F
REALTVWDZ NG, BEICE LW (LTFEE LCOABRHIFINS,

B, EHOBPAMEICONWTEIFMREICHE L%, 7T LT rEov st 7rday )
sr— N (NH3(CH2)sNH3SiFs) % AR¥)— Rl & UCRIHT 2, K OfERN Y A I 7Y — LA RIENR
WEINT, 2 OT7IV 1 L TATER 2 BPEEESKETFICBW T LI 2 E % D & (Table
3.3, entry 4) . FR{LAREEZ 0N 2 22 W ERZR BRI D DRI N T S, BRI EITT 2 2 L I3RS
AR TE D, EZTCERIZIVHRELNEZAMT D2ARLOCHRA LV BEOH UWEE IR L THEM T
X5 LEMFL, LOBERREMICOVWTOREEZITRo7, FEMEZKREI L VIERS,
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B MR RI VEZHV XYY VB OAK

4-FF N ) IR A I F Y=V ERRRICEREBIC LS RO OME TH D, HlZIT, Hias ALEH

EEOLF =2 AR HI~ TV TERARS D 727 ) 7X | BHLERIOAZ Ha o BICEEn
TW5 (Figure 3.3.) . 2 2072, Z b OILEWOFEE DA 725 L O BIZ 1T RS & ORaE &
RAEEZD L CHEERBRHEIELE XD, 4%V VHOAKICBW T, Biffio_y A 24—
BRLERRRIZ 2-7 2 /R X7 2 M ET AT b REEABRLBR LT 2 FIEMEBEEO B WAL E L
THOLNTWD, LR s, o FRBREZFIHTLIX STV 2 ATV Y A I 7Y — L ER K
DB LWEREDSMIETH D (Scheme3d) . * Bz X, BALMIBHFET, MA LR~ 70T = —
TR RE T HES, B CEIRSM T RSHBEHET 2 2 TINEG LI HIERHRE SN TWD,

O
0 H Q tl:j

Luotonin A Febrifugine Methaqualone
Figure 3.3. Medicinal compounds involving 4-quinazolinone

2010, Davoodnia, A. et al.
microwave

O O
O,, cat. BuyN+Br-
NH, + ArCHO > NH
120 °C /J\
NH, N~ “Ar

2014, Kim, N. Y. et al.

0 o)
O,

NH, + RCHO o > NH

DMSO, 100 °C 41\

NH, 12 h-30h N™ “Ar

Scheme 3.4. Previous reports for synthesis of 2-aryl-4-quinazolinone

Z ZCHEZIATE TR~ T ORI T DRI LY . K VEMRRIET, MR 22 bry
4-FF VN ) CEEDERTEDLOTIIRWNEEZ X, LTOMRGHIEF LT,
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F—IH BROESRAT DRSS OB E IR

%
g

-7/ RUAT IR 10) EXVATITE R Qa) ZilERREE L, RIFEORV VA IFY —)L
B CHRE Ch > e F L 2R e LTa v RFEOMFE21T 72 (Table3.4) . ZDOFEE, /rFik=
UBENABRICBWTRETH D Z ENRHLMNTR>7 (entry 1) , BURENZ L2, I vk~ xv Y
LARLZENLAN O I TR OWTUIBIICEOSENME T L, B 1a 1XZEACEHE LN -T2
(entries 2—-6) , X LRDHMPTORER, KISKHAZ 1 Rl 9252 L T, BB R X7 LT E R (22) O
BEWOTZENTELLD, ZTNEZHEEFMFICRE LTS (entry 7)

Table 3.4. Screening of iodine sources for 4-quinazolinone synthesis ¢

0] O,, fluorecent lamp 0]
iodine source (5 mol%)
NH, + PhCHO —> NH
EtOAc, r.t., 30 min //k
NH, N™ "Ph
10 2a (1.5 equiv) Ma
entry iodine source yield (%) ®
1 l2 86
2 Mgl 0
3 Cal, 0
4 Znl, 0
5 KI 0
6 Lil 8
7 I2 ¢ 85 (86)

? Reaction condition: a solution of 10 (0.3 mmol), 2a (1.5 equiv) and iodine source (5 mol%) in EtOAc (5 mL) was stirred
for 30 min at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. ° Yields were
determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The

number in parentheses is the isolated yield. ¢ The reaction was performed with benzaldehyde (1.0 equiv) for 1 h.

P bEOEESMEANT, WA TEHEEFELET VT & FIZOWTHEEIT-7- (Table3.5) , EHt5
EOFBIZONTHRAZITo72E 24, HEICE > CHRUSHFMOIERE NI L Ly, Winh Biark
NRTHIME 5 27~ 11d—f) . BFRIFEZFSOEEICHOWTITE G KLY L RISHENMETT5
HOD, FREND BIFRIGETRHET 25TV ) VHEZED Z LICkEh Lz (1th-m) , Z3uidss
HETAR B OV ) DESFRMEDME L D BBRMEIME T L7272 L E X T D, Lo L bRENIE Y v
T B RTIE, RO A I X — VAR E RRIZBRILO AR ETTT DGR & 7o T,
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Table 3.5. Substrate scope of the 4-quinazolinone synthesis

O O,, fluorescent lamp
I (5 mol%)
NH,  + ArCHO 2( )
EtOAc, r.t.
NH»
10 2 (1 equiv)
0]
g @ ()\A
~
' )\© )\O\
Me

11b, 76% (5 h)

(0]
NH
~
N
OMe
11e, 75% (1 h)
(0]
NH
~
N
F

11h, 85% (15 h)

O
NH

~

N

CF,
11k, 76% (15 h)

11¢, 93% (10 h) 11d, 80% (5 h)

Oty ity

11f, 81% (1 h) 11g, 83% (3 h)

ory Oy

11i, 88% (15 h) 11j, 82% (15 h)

Oy Oty

111, 66% (5 h) 11m, 69% (5 h)

“ Reaction condition: a solution of 10 (0.3 mmol), 2 (1 equiv) and Iz (5§ mol%) in EtOAc (5 mL) was stirred for a period of

indicated reaction time at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere.

Isolated yields.
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FIH HOON ISR & SOGH D E 2%

KBS DBOEHERE 2 BEZT XN OO X RER 1T > 72 (Table3.6) o MM CIISOSITEITE T,
JERHEI & 72 572 (entry 1) o ZERHH CIEIGMHEDIR T AR SN OO, PREDINETX VY /v
11a 25 272 (entry2) , FIFEREO T E KXY U 7 v 12a OER LIRSz, 7V 3 R
[RIPREELRMETTIIAMBIIELGONAT, Y FuXxF YUy 12a DELNLFERLE RS-
(entries 3, 4) . Entry 3 OFRIFZIBWTUIAMFOLE S FIRI VRICEIVERSINL I VRT I ANVNBIF
FoMED I TRFA~EEBRIN, DA AL LTIV PHEEND, £72. entry 4 OFMICEH
WIS FIRI TR LS TFRBRICLVEOND T URBICWDP LA AR E L TEERILARE L &
EBEZOND, SHICT AT UFEREKF BERETT 1 YEOGFRIVELZMZATHDL L, HEW 11a
BLOVE ReXxFY U 2y 12a TOT LGN RD 572 (entry 5) o ZOFER LKV ARSI T
RIVFEOHTITFEAEET LW ERPAL N E ST,

Table 3.6. Control experiments of the 4-quinazolinone synthesis

(0] O,, fluorescent lamp (0] 0]
[, (5 mol%)
| XY” °NH, + PhCHO Y TET——— Ej\ ,E? + NH
c, r.t., 30 min
2 NH, Z>N7 > ph H/l\Ph
10 2a (1.5 equiv) 11a 12a
yield (%) ©
entry changed condition

11a 12a

1 Without I, 0 0

2 Under air 44 47

3 Under Ar 0 94

4 In the dark 0 72

5 Under Ar, in the dark and with I, (1 equiv) 5 9

¢ Standard condition: a solution of 10 (0.3 mmol), 2a (1.5 equiv) and I (5§ mol%) in EtOAc (5 mL) was stirred for 30 min
at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. ? Yields were determined by

'"H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard.

BT, Y RexF U 2 12a [ZOWTHFIREESR & &0 =3 UFRFIE T, 2o
DHEBFLIZEZA, JISTEIXTV U /v Nla ~EEHBEND Z ENRALNE 7257 (Scheme 3.5,
eq. 1) o ZDZENSL, ZOVE RaXxFY Y v 12a DARIGOFRKTH D Z LRI, &
DICAKISIE T Ut~ 7 R0 AMFEF Clde< OIS TH 7273 (Table 3.4, entry2) . H KRS 5[A]
FEDSFMNTTRINEAT D EARINELRN X TV Y 72 1la BEOND Z &R -> 7= (Scheme 3.5, eq.
2) ., LAEORERNS I URIROFIICI T D RSO ZI1T00 D OBELEPE DS ICBR L TR0, ik
HILA AFRPEDIRN S LR CIIBRILZ R R -7 2 ENRKR EB 2 TS, £z, Yk FaF
T v 12a ICxF L CEERFAKY., 3 URREMNMX TS & TRl 2 A, JREHENIL & 72 o7
(Scheme 3.5,eq.3) o Z DOFERITFILEEMEIZIT I VRBEDOIMFENMHEATHDL Z L EZR LTS,
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0,, fluorescent lamp )

(o)
(:EL EtOAI2((55 m:)l/O)t 1 h; )N\H eq.1
c(dmL), rt.,
NZ >Ph

12a (03mmo| Ma, 71%
0, fluorescent lamp O
0,
Mgl5 (5 mol%) 5 NH eq. 2
EtOAc (5 mL), rt, 1h S
N Ph
12a 03mmo| Ma, 19%
0]
O,, fluorescent lamp
2 > NH eq.3
EtOAc (5mL), r.t, 1 h P
N™ "Ph
12a (0. 3 mmol) 11a, 0%

Scheme 3.5. Control experiments from dihydroquinazolinone 12a

LA EORRFRE SR & BRI LT ARSI 361 2 AR E RS HERE 2 R ICR T (Scheme 3.6) , Table 3.6,entry 5 ™
MR L VIO OBRLEMET, DRI UEZOLOREELE LTI o TR, FFRTRELTND

SUHRT VHNVHKROED D D\ T U RBIY R OE OFEMEN L ATEE L L TV d &P
%, AURMRIEMTHDHRE T VFERE (IOH) MNIRVILA A Z - T D 2 & M oBFEF L 0 R
INTEY ., ARUSIZEBWNTH IO X S 73 vRBIH K OEDOEMENR LA AfEE LTI Z LIk
DEIEMEESI N TWDE EE XD, 3 ZLTRILKRTHD e RaxFh Y Y v 12 FRROXy Y A
IHNVEREFRIZ, SURT I INDLNEIFIRIVRICE o TRbSh2Z & T, BT
HOHXFTVY 1 ~EEDPND LN HEERIEEL TV D,

O O O
@NHz _ ArCHO (2) @fLNH ﬂ» (YJ\NH
I+
. — put LK
11

as a Lewis acid
H

10 12

Scheme 3.6. Plausible pathway of the 4-quinazolinone synthesis

PLbEoD X9 2EF T vEEZFHAT 5 HBERILS RO ALK E B UREH 2 ED - fE R, 2-7
U—=4-%FVY ) OGRMICHEAFRRTH D Z A2 U, ARIEITAIH & bl U CRRERM TS
DR, FMELIRMTH S, EAEITRAZEY . BENEECREED DN L6 BLAVE
FRARIEOTTFIEL L TABRDOISHNII SN,
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FHM o rIRavERZAT 27U PV EHOAK

IHHOa UHEESNIC K DBLIIMBAmE EORRLAIORNEZLEE LN Enb, KO ARZE
REHEBEOARRICHLEH TEAWREMENSH D, T2 TEHITHBHMARLZERERREL LMD, T
VU Y D BAVHIE BOE OB %S & A T2,

T DVEIREVREAEFOGERERRTHY . BHLRETHE L HASND, BlE, ~
A b~A Ty CIEREKRNIZEBWTT VU PUOBREBRICHED DNA 74 ki K0 HUESEE I 2 3 8L
THZENMOLNTND, ¥ SHICARFMAEE LTHRAMERELS, 7YV P a8l L%, K
BARIERIRS®ED LT, ERFRERL L RBAIOm G L BRI N ALEMERLZ LR Tx s, =
XTIV VEIABOIENEEREERERERICAMTHY . 7TV U VDRI DL
BREBIEORBIZIEERRETCH L L E X D,

BEOLHEMART OV DUARIEL A-T ) T a— B X OFOLEMMEN DS FNEBL AR -
Wenker 5f%{5CTdh % (Scheme3.7,eq. 1) . LINLANRL, ZOHEFHONUOEEEZERELL TR
S WBENH Y | BALSISSA: b 5k - OB X 5 Rl &t b5 WIMbEEREU LT L
= WEHERERLETH D, ¥ 2oL REIREZTRT 5720, ERFTFEZHEALOOEET VU
VoaREHRT A, HFHT VY P UERKISORENED GNDL LIk oTe, HFHTT VI VR
BT DL LR, A X U OHREG & TV o ~D2FHEAR SO Z38 0 RN 5, i & LTIE.
A -a—)——F ¥ A AT AF =R, TH-FNY = VARG, A L ~D I VS A INEOR D3
HINTND, ¥ LNLAaRbA I U EENA S RLEE R S DONRE L BHORGFEIZIXmNR 0, —H,
TN o ~SDEFBNIT VT o ~DF A LB LT OEMRDO MBS R— I TH 5, 3 UrE
X, IR REBREFM S Y REBREAI L THEICEY, TIVET AT UNBRERICT VY P
AT D HIENEAE Sz (Scheme3.7,eq.2) o 3! F o, BIR i vERIEBREZERFRE LHIH
L7 VP EERT 5 HELEE S TWS (Scheme3.7,eq.3) , ¢ L LATE TRk 92, Zh
5 OREIITIERMENR D VB WNNIFEELSLETH S, PLEOHFF LY, LRGN T, 2l
LRBRBELZFAT 2T VU P ARIEDOREN RO BN D, £ TEHRIL, e 3 vELFIH
FTLT VNV UBRICDRIEIZETF LT,
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Wender synthesis

NHR® acid or base 2
I NR
R3 >
R1J\F A R1/<1/R3 eq. 1
OR* - HOR*

2012, Zhdankin ef al.
mCPBA, K2C03

t. TBAI NPhth
/\ + ca >
R PhthNH, EtOAG, 40 °C N eq. 2
2013, Minakata ef al.
t. 1, TBAI NTs
XN + PhI=NTs —2-2 > eq. 3
Ar MeCN, .. RN a

Scheme 3.7. Selected examples for previously reported aziridine syntheses
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FIH BT D PR OV B 0w T DH O &

FHES ORE LTV E I vREFAT LT 7 a7 o U ALKIEORE#ES 2512, i
HELLT 42— x U —TFNVLAF LY (13a) EXT ML AR T IR (14) AV, 1 Y&
Doy FIRIVRFET, TAIFEKHF R EZ T2 2 & THRETEZITo 72 (Table3.7) o *7 AADICTALE
AT AT TR, a7 R Rrloy 7 am A7 URNEE 2 LN o T2 (entries 1-7) , £
AUERRIE N-F—RAZ 24 I F (NIS) THRILOEITHNER I, Bl CThotz/od, L%
72 7RI VEEZLUBEOBRFNTHLHWD Z LT LT (entry 8) o, MX D0 FIRI VEOEIL | HEN
HYITHY, 2LV BEEZED LG AITNEEOK PR S (entry9) o FiW\ TEIMA O
Tolel 2A KLY U AZEMUTGEITIEROIR TSR S i, ARHEECREET b Y w7 A (RER
UF 7, RS SN TIEEEHEIR & 72 > 72 (entries 10-14) , & LR SHEDM EA#IH LT, 71
ARV AH ONEEE 60°C ETHIELZEZ A, 86% DINRTHMMEET- (entry 15) ,

Table 3.7. Optimization of the reaction condition for the aziridine synthesis ¢

Av, fluorescent lamp s
/©/\ . TeNH, I, (1 equiv), base (2 equiv) N N
Bu solvent (5 mL), r.t., 20 h /@A
Bu
13a (0.3 mmol) 14 (2.0 equiv) 15a
entry base solvent yield (%) ®

1 K>COs MeCN 0

2 KoCOs EtOAc trace

3 KoCOs DMF trace

4 KoCOs DMSO trace
5 K2COs THF 6
6 K2COs CHCls 81
7 K>COs CH.Cl; 83
8¢ K>COs CH.Cl; 81
9¢ K2COs CH.Cl, 23

10 Li>COs CH:Cl trace
11 Na,COs CH.Cl; 0
12 Cs.COs CH.Cl; 0
13 NaOH CH.Cl, 10
14 KOH CH.Cl, 45
15¢ K2COs CHCl; 87

? General procedure: a solution of 4-fert-butylstyrene (13a, 0.3 mmol), TsNH:z (14, 2.0 equiv), I (1.0 equiv), and base (2.0
equiv) in CH2Clz (5 mL) was stirred for 20 h at a room temperature with irradiation using two of fluorescent lamps under
an argon atmosphere. © Yields were determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-

tetrachloroethane as an internal standard. ¢ With NIS (1.0 equiv) as an iodine source. ¢ With I> (0.5 equiv). ¢ At 60 °C.
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LA ED#ER A CIT Table3.7,entry 15 DM RS E LT, BE MDA ZIT > 72 (Table3.8) ,
AF VL DONTANIm T R ERFORE 13b LY 13¢ 123 L IR FRINE TS T 27V Vv
15b KON 15¢ #1572, LovL, /STMLCA hFRVEEFORT L AZKH L TIEAKISAEI D, = §
B LR OATF L AR L UIELISTH > 7o, ARONTEEL LD X F L2 13d 13 L TH RAFICHEST

L. 10fEA 7 — A CTHHBICET Z EBRHAL N E ol AT IVAF L UAIRTAL, A XL, AV MMLE
UK 13e—g TNENITOWVWTIREZIT 27223, WTN B RRBREDINERTHINT 27 VU VU nifGbiti,
Mz T, AFNVEOBLEDRINKG bR SN/ oT-, 2 f-ATF/LVAF L2 (13h) 1ZxF L TG
ATl A BONET VNV DUT AT LAY =L (dr) IXIEE 1:1 Tholz, ZORRLD,
KESIETFTA R L dHDHNTE D% ﬁ%%&&#éio@%%%@ﬁmfi@m &ﬁrwéntoa-

AFNAF L (13i) ZHE & LIZBRIFICEOIR T S MR STz, ZHUTPABRE RS BT 2 oK
FinZzRELTWS D EEZ NS, — T, %%%7wﬁyqﬁzuﬁmk:ﬁbfiﬁﬁmf%

277,

Table 3.8. Scope and limitation of the aziridine synthesis ¢

Ar, fluorescent lamp
I5 (1 equiv), K,CO3 (2 equiv)

substrate TsNH > duct
! * 2 CHCI, (5 mL), 60 °C, 20 h procuic

13 (0.3 mmol) 14 (2.0 equiv) 15

lTs
N

@” @” ©N

15a, 86% 15b, 85% 15¢, 77% 15d, 81% (73%) ©

Ts Ts Ts
’ M ’ ’
N y N °© N N
/@/Q e\(j/Q @/Q m
Me =

15e, 83% 15f, 76% 159, 82% 15h, 73% ¢

s s
N N
Ts

15j, 17% 15k, 0% 151, 0%

¢ General procedure: a solution of substrate (13, 0.3 mmol), TsNH: (14, 2.0 equiv), I> (1.0 equiv) and KoCOs (2.0 equiv)
in CHCl; (5 mL) was stirred for 20 h at 60 °C with irradiation using two of fluorescent lamps under an argon atmosphere.
Isolated yields. * The reaction was performed with 3.0 mmol scale of 13d. ¢ d.». = 47:53. The diastereomer ratio was

determined by 'H NMR analysis.
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FIH HOON ISR & SOGH D E 2%

BV TS 2 BRI 5720, LT Ol RER %417 - 72 (Table 3.9) . 7 VI /LHEAITH 5
2,2,6,6-7 T AFNERY P [-FF L (TEMPO) 2L 2 A, HEOY 15a OULRITE L <
KT 5203 oT (entry 1) o

T, EREHE T TIEONAIE &7z (entry 2) » ZAUTATF LY 13a DR DN UFHE L
MBICLVBEEIN, TN 7=/ UHDIVIEZOFEERNEERINTLEIZDTHDHEEZILN
Do ¥ —FH, AURLMBEOHREMZDEMETIZIVRT VHNDAF L ~OMINZELY, 72T
WA= RNEBHBINDZ ELRAIBICL VLN E RS> TWVDEN, ARISFKEFIZBWTZ =) v E
— VU NTIFEALEERENR ) oT, TORELY KRIKTI TRT VU INVDATF L o ~DOF %%
HLTWRWZ ERRIBEND, BERGTICEWTHKMEDIR TR SN2 6, ARSI
WeMERET D — B RIS TH D Z EDRBINTZ (entry3) , B U 7 LA F U AHEAITH D 18-crown
6-ether Z NN X 7= U U AR & [FEIRINT 5 & ST E SN (entry4) . ZOREFRE | MR
DRI VD DEOFMEN RN -7 Z & 2 E 2 H & (Table 3.7, entries 7, 10-14) | AV 7 LA F 13K
DA GG L Tna b &b s,

Table 3.9. Control experiments of the aziridine synthesis ¢

Ar, fluorescent lamp T8
AR I, (1 equiv), K,COj3 (2 equiv) N
| + TsNH, . >
Bu 5z CHCI3 (5 mL), 60 °C, 20 h
Bu
13a (0.3 mmol) 14 (2.0 equiv) 15a
entry changed conditions yield (%) ®
1 Added TEMPO (1.0 equiv) 3
2 Under air 30
3 In the dark 27
4 Added 18-crown 6-ether (4.0 equiv) 0

¢ Standard condition: a solution of 4-tert-butylstyrene (13a, 0.3 mmol), TsNHz (14, 2.0 equiv), I> (1.0 equiv), and K2COs
(2.0 equiv) in CHCl;s (5 mL) was stirred for 20 h at 60 °C with irradiation using two of fluorescent lamps under an argon
atmosphere. ? Yields were determined by '"H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an

internal standard.
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LU EORGEHE R I L OVEITIFIED & . RIS DRI Z RO X 5125 2 TWv% (Scheme3.8) . '© 4A
WIZ/RT MV AR T IR (14) PEEGETIvRILINDLZLICLY, 3 UREE 16 55
N5, BENTRICEAEF-IUHEBEAAEANEE, ALK T IVLTIIHN 17T BER L%, AF
VY BIHINT 522 TRUDALTI VN8 BEbID, RUVALT I 18 1T UFEHDHWNIT
AURT AN ERINT DI ETERALRIBA 19 & 720 BRBRICERICL D0 FNRILEZRTT YU v
V15 DEREND, F12h Y T hA F0F, FTICTREIET D 3 Ok 42 LA TR LR RIE 1R
WA Y U LLZRY I UAA A H BUSTRINIAEZE 2D Z LT MR D/NT FLT 2 ZJLIR
YT IFR (14) 5 I UERME 16 DEOLNIIEEREL TND EBEZX TS,

l2, KoCOgy _H fluorescent lamp_ H 13
TsNH, = TsN\I ~ - TsN, ———>
14 16 17
I, orl ' K,CO s
: 2 2C03 N
A _NHTs b — 280,
Ar r)\/ AI’/<I
18 19 15

Scheme 3.8. Plausible mechanism of the aziridine synthesis

LIED X DIZERIT, avRE MO DBILRISREZISHT S 2 LIk AFRGRATFT VM
MW DFBOCRRALI T U O U BRIEE R L. AR ZE LA OB RIS & A IR S A3
MTE L2 LaR LT, M ZRONTIIR O R Te b DD DD L E 257 FIR T 7 FDN Ak i
LA TH Y . BEFEOTIEL D b2 TCRAZRFISRIZE WA D,

TS DEFEBROIIRACAIBRALIEITH NI R IEE LB AM OR S VBB e R 2 L E L9, A

HRIELMPHOAFRG Th D, ZNODOFET TANEEREICELWIEE] 2T ECHEREK
BN ARET S, AHMRIZRDEE 25,
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HWE  sp’ C-H #EH DFHICEBALIE DB T

AT TR AT SRR SIS IS DE DT VT & R 2 WET V7 v 2 EEIC L TR Y | Hiflic
X RBR R FIEORRICHEE > TV D, € 2 TEROLRILSIEOFIEN:, OSBRI 215 T <
LI LORIE~DIEHEE 2 LV BHEOR sp' C-H G ORRLTFEDRRICER A E ST,
AHTHEEDFE L Tl n 7w d D WIAR TN L 5 sp’ C-H G OFBDERLIEIZ
WTCREMI &2 E <%,

H—H S EREREE AT IO RN R ER S DB

sp’ C—H F5A OBALIZ A MBI & B9 5 ECREBEN ARG THY . < hbifRsn T
DBETHL, ZNOLDOMUSZEVELNLIKIZERLZ GO L TDT7 7 A4 7 IANVOMELE LT
HHTHDL, FTHLT LT E RIMENTZRETHITHY , ZNEHKT D4 2 FIEBER I TV 5,
Bz, TAa—AnbRAERMESEZE T2 & TP AT b R~ H14% J77ESe, %5 1% Kornbulm
BILICRESND L) oraF A b T AT e RS FERERS D, ¥

—JF. M UFRERO KO RIS LT, HER EATF AN S EE)N ORI T LT
R~ BT D HER—EORBIETIEE LTHHR TS, | 2Tl m D, 2 OBIERIER
2N T G IR 7o ek BIEDBRRE Mk 2 2092 70— 7 K 0 Sk Sz as, 20022040 SR it R B A
NEEERBALT D HIEEIRERONA TS, filziE, U P2 EDAFEZBILT D IR~ &
ESREBRCANSMZ T, 2Bt L 2 A0 D HIER K THSH (Schemed.l) . * L L ZDOFIETIL,
TNVRCBEOERITRNT, F B b L OFEE B RERRATHST,

Me CHO CO.H
A SeO X A 2
R—:/Y —2 5 R_;/Y + R—:/Y
=N N LN
Scheme 4.1. Direct oxidation from picolines to the corresponding aldehyde using selenium dioxide

FZ, 22 ATFNRUYFT =L OBIL IV RETHY . AR DO FEEZFF> T L THRINE L 225
(Scheme 4.2, eq. 1) . ** T4, ST T, BRSRRHRFINET 5 2 L1 Ko TR 2- 2 F 1~
SFT = VEBEL, MSET AT LT FEED L0 RIS LGS, KR E L CIERICS
DHMARH D (Scheme 4.2,eq.2) o P ZNLSMNZ, AFEGRFENO R YT — 2TV ARF VT
NT e REEGRT DR FEER YTy — VA ARY T L388KIC L0 U F A4k L, DMF%
B & THRNL IIULT B HEDHTH D (Scheme 4.2, eq. 3) » ¥ LL ZDOHEIL. ZOREITR-
TE ZILHIEEOBILARIE & FERICHRECH 5, M T, JUSMEOE WA 70 AR Z ML
ET D0, RESLZATNO LD RBERAZETHRE~OBIGITEHE L, DD, ZhbDT7 LTt
REDER LD DHHABIEORBENLE END,
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2010, Finn, P. W. et al.

S Se0 S
@ >—Me 2 ©: )—CHO eq. 1
N N

41%

2016, Wang, M. et al.

S O,, cat. CuCl, S
, .
—Me > »—CHO eq. 2
@Pf DMF, 130 °C ©:P/I

56%

2017, Weaver, J. D. et al.

S 1) n-BuLi, THF S
: > CHO eq. 3
©:N’> 2) DMF ©:N/>_ a

50%

Scheme 4.2. General methods for synthesis of benzothiazole-2-carboxaldehyde

EZAT, DI A-7 P AT VDL D IRIEWAF L ATk Lt b 2 G35 2 & T {EEAF
L AN DRI K M SOGAE E D Z L2 R LERE L T\ a, ® 2O/ T, BT L0 sk

SNTEEN I URICHEL, TADNRF TERIND Z & T, EFWBBLRD &V D BEIENHEE
SH TV 5D (Scheme 4.3) o

@) 0]
o base 0~ I hv, 30
_base oy N ewe %02 EWG
(AN EWE (AN EWE X ‘\/ X
[ oo
Scheme 4.3. Oxidation of active methylene species reported by Itoh et al.
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PLEORM 2B E 2 TEEIT, FHREEZE FATFLVELZ I L LR LI vFEL LTI,
AR K AmbER T ENTENE., BHOT AT & RERELN D E WO RGLE STz
(Scheme 4.4) , 728, ZOxF I L ~DBMALIZ < O DOEFB R BEREFEZHE DO BRI L 0 W

INTVLEHLDTHD, 4
O,, fluorescent lamp

S cat. I,, acid S
©i )—Me 2 > C[ )—CHO
N N
“+ acid (= A) Thv’ 30,
S>_M PT. xS Iy S |

e ~
oS Clp= < Ol
A H

Scheme 4.4. Working hypothesis for the oxidation of methyl groups on aromatic heterocycles

P.T. = Proton transfer

OEEBHRO S EATEZATV., I R AR & Ul gDEERRIR LS THERBEFER Lo A Fkk
AIBRRAUCT LT & R 5 2 L 2B OMNIT L, IR, ZOFEMICHOWTIER D,
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%
g

F—IH BROESRAT DRSS OB E IR

HEELT 22ATF AR FT Y =)L (20a) ZHW, Fix OFMIZBNT XUV F7 ) —L2- 7)1
REXTTNTE R 2la) OEKERAT, ETHDIC, ORI 21T 57 (Table4d.l) %@#% %
RAETIE PV VDO DAL DAL FREIR RFBPELT » F T %/ 0 (AQN) T HEI
A EHER SNTREHAEIN TH - 7= (entries 1-4) , 224 LovL, B FIRIUFLT LU AT v KR THD
MU A alERE (TFA) & W ZERIZ BRI ORI E Tldd 2 D3RS S 472 (entries 5,6) . & BT,
FOSIREZ 50°C £ TINRT A Z & CIEN M ELE (entry 7) &

Table 4.1. Starting experiments for the oxidation of the heterocycles *

O,, fluorescent lamp

x-S catalyst (0.1 equiv) XS
L e - (oo
N

Z~N EtOAc, r.t.,, 20 h
20a 21a
entry catalyst yield (%) ®
1 AQN-2-CO.H trace
2 2-CI-AQN trace
3 MgBr,+OEt; 0
4 I 0
5¢ P trace
6« I trace
7 e I 13

?Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol) and catalyst (0.1 equiv) in EtOAc (5 mL) was
stirred for 20 h at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. ? Yields were
determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. ¢ TFA

(0.1 equiv) was added. ¢ 0.2 equiv of catalyst was used. ¢ The reaction was performed at 50 °C.

LI EDOFER B E LTk a YR EBOMAEDEZRA L, MERMET, 85 KISEED
W& 21T>7- (Table 42) , /LA ABELMOT L AT v RERZMGT L7220 TFA 22 DRSO
7272 (entries 1-6) , TFAORMEZ MG L= & 2 A, INERIE TFA ORMEIZEVEEINL, TFA %
1 HEHAWZERITIER 78% THRMW) 21a 235 5472 (entries 7-9) o £/, AR OEREEIZAISIZ
WTCRFRIVERTHT-I b~ 327 A (Mgh) 0, REBETHRI UvHELAFE L TMOND N-
S—RAZ T UAIR NIS) 3 UHRRE LTRIGSEZE Z A, IUERIZEIMICHEA L7z (entries 10,
11) . 72, BT LU AT v RIETH DRSS hLxo v ZLR R, fitfg 1 248 % TFA Ofb vz
WML 7= (entries 12-14) , Y& K& X b L o Z)L7R VR CLISS OMEIT R SNT-08, TFADBE LD
TRV T HBRRE O LT, ik a Ve a . ROSTIEE A ST LR 1o IS BUGSIRE
Z 70°C £ THIBSHEDZ LT, 81% OHEENETT LT b K 21a M3 517 (entry 15) , BLBRZEN
Z LT MBGERIESM: FIZB W TRISITHEITE T, BB AU & 47z (entry 16) Kﬁmiﬂ%%Mfﬁ
W LT 270, R EIC CTRIGHAHEIT L TWD Z ENTFHREINDID, WITNDOEAICBWTHIE
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MR T T FRBENRISTERSRDTED, TORIBRERERSTLEEZ D, FTo, HTOIEER
DIETER OGN DD, ARISITZEFMK T Th RAFIZHET L7 (entry 17) &

Table 4.2. Optimization of the reaction conditions *

O,, fluorescent lamp

XS iodine source (0.2 equiv), acid S
Me > CHO
(;[ N/>_ EtOAc, 50 °C, 20 h N/>_
20a

21a
entry acid (equiv) iodine source yield (%) °
1 AICI; 0.1 I trace
2 AgOTf 0.1 I trace
3 Yb(OTf); 0.1 I trace
4 AcOH 0.1 I 0
5 HCI 0.1 I 6
6 TFA 0.1 I 13
7 TFA 0.2 I 21
8 TFA 0.5 I 49
9 TFA 1.0 l2 80 (78)
10 TFA 1.0 Mgl 0
11 TFA 1.0 NIS 15
12 35% HCI aqg. 1.0 I 64
13 TsOH-H.O 1.0 I 26
14 H.SO, 1.0 P trace
15°¢ TFA 1.0 I 80 (81)
16¢ TFA 1.0 I 0
17 TFA 1.0 I 66 (74)

“Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol), iodine source (0.2 equiv), and acid in EtOAc
(5 mL) was stirred for 20 h at 50 °C with irradiation using a fluorescent lamp under an oxygen atmosphere. ® Yields were
determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The
numbers in parentheses are the isolated yields. ¢ The reaction was performed at 70 °C. ¢ The reaction was performed under

reflux. ¢ The reaction was performed under an air atmosphere.
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eV T, ST DO ik A2 1T > 72 (Table 4.3) , FUNAREBEIIERR =T V03Kl Ch o723, 7' b=
R MV, FiRT o e LaE NS BNTH BARINERTHMY Z 5 2 7= (entries 7-9) ,
PLEDRERD G | Table 4.3, entry 10 @*{q:ffﬁi BSRIFIZIE L, — DR 21T > 72,

Table 4.3. Screening of solvent for the oxidation of the heterocycles *

O, fluorescent lamp

S I, (0.2 equiv), TFA (1.0 equiv) S
Me > CHO
@[N% solvent, 70 °C, 20 h (:[N%

20a 21a
entry solvent yield (%) ©
1 H-O 0
2 DMF 0
3 CHCls 0
4 MeOH trace
5 MeCN/MeOH (3:2) 0
6 THF 7
7 MeCN 61
8 PhMe 65
9 "PrOAc 71
10 EtOAC 80 (81)

“ Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol), I (0.2 equiv), and TFA (1.0 equiv) in solvent
(5 mL) was stirred for 20 h at 70 °C with irradiation using a fluorescent lamp under an oxygen atmosphere. * Yields were
determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The

number in parentheses is the isolated yield.

FT 2-ATFNARUYFT Y — VFFERIZON T2 A L7z (Table4.4) . 1Ko KB L OMEL
HEEFolm 0T oLEICR LT, ABUSIETRRENS BIFICHEITT 2 2 L83 fER Sz, 7 raik
20c X°T HEH 20d . ATV 20e 72 ERRBIUGSFICBURRBHRE LT D 2-ATFNANYF TV —

AR L TCHEM TE, BREDOLICFEORIMUSIIHR SN o7, £l TAT L 20e 0V
T/EZM\:ﬁm%ﬂg@&@@wﬁ%*%%%ﬁogﬁfi BWRISHRE 208 e L, PRED
W CERME 5 2 T2, SR, MONVEFHGETH D A X VAR OB T 85% D@ Txt
IS HT AT E R 21h DGO, XY FT Y —0 208 KO 20§ DL D7 2 fLLSMTH ATV
B G HEEIZONTIL 2 fLDAFNVEDOBPRIRICI L S, NB U8R ED A F VRO
WRINhoTz, TOZ LD, RRIGNIRY Y FT7 = )V DULD A FI)VIERIR 2B LT H B
ZENRBINT, RRIGET 7 RFT Y L (20k) IZHHEHRETHY . I HIZ 2-mTF ARV TFT

V= 200) KR 2-R_UNR VS FT V=)L 20m) FIEE L CARIGEITY & T A7 bR
(211, 21m) 3572,
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Table 4.4. Substrate scope for the oxidation of the benzothiazoles ¢

O,, fluorescent lamp

x-S
R— Me
-

20

EtOAc, 70 °C

I, (0.2 equiv), TFA (1.0 equiv) XS
2 > R )—CHO
Z N

21

s
/@[ )—CHO
. N

21b 73% (20 h)

S
JOwt
MeO,C N

21e 69% (50 h)

x-S
JO P
MeO Z =N

21h 85% (20 h)

x-S
CHO
L

21k 80% (60 h)

S
/@: )—CHO
cl N

21c 78% (20 h)

s
Jij: )—CHO
NC N

21f 71% (70 h)

s
/@: )—CHO
Me N

21i 81% (70 h)

s
©: )—COMe
N

211 69% (20 h)

S
/@[ )—CHO
Br N

21d 79% (20 h)

S
S e
O.N N

21g 58% (50 h)

Me S
JCI povo
Me N

21j 78% (20 h)

s
©: )—COPh
N

21m 85% (20 h)

? Reaction conditions: a mixture of a methyl heterocycle (20) (0.3 mmol), I> (0.2 equiv), and TFA (1.0 equiv) in EtOAc (5
mL) was stirred for a period of indicated reaction time at 70 °C with irradiation using a fluorescent lamp under an oxygen

atmosphere. Isolated yield.
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FENT, 2-AF AR Y F T = VFHERLSN OB R BRI OWT B RET & T o7 (Table 4.5) . AF /L
X U IOV TARIS R LR, 2 A2 200 & 4 i 20p D A FLEENRIAICE L S 4, *F
ST DT AT E R 2In KO 21p 2FNENG 272, 3 (ZH D AT VHE 200 I FRLILRNT LDy
Mmol, T DRERNOIEENGR TIRRT=L D72, = F IV HOFRAEZKEBE L TS L TS Z L
DTPREND, 2-ATN_X Y A XY —/b (20q) ZHW7T2BRIE, Table 4.3 O & 54 CIHERINETH
ST, I CHRBRTT C AT NV RIBBE ORI B2 - 72 "V o Z VR VY (Table 4.3, entry 8) | X
JSIREEZ 100 °C £ THIRT 52 & THREDIGETHMNY 21q B85 bhic, 2-AF/LE Y T (20r)
IZOWTERGZITIEMBEONRWVER E o7, ZHUTRBRSEGE T TOZF I VEARICLY EY ¥
Y DOEFBNEDRRIL, DEPNEE 2D EEZDND, £T0, 22ATF AR AL I XY —/ (21s) TIEK
ISR HEIT Lotz ZHIET T I U olMED b, Zo0ERE O m FBEIO GBS
Nzt LEZ N5,

Table 4.5. Substrate scope for the oxidation of the other heterocycles ¢

O,, fluorescent lamp
I, (0.2 equiv), TFA (1.0 equiv)

Ar—Me EtOAG. 70 °C »  Ar—CHO
20 c 21
OO ©ﬁ
Z
NZ > CHO
21n 65% (60 h) 210 0% (20 h) 21p 44% (20 h)
0
)—CHO >—CHO
N
21q 6% (20 h) 21r 0% 20 h 21s 0% (20 h)

50% (30 h) b

? Reaction conditions: a mixture of substrate (20) (0.3 mmol), TFA (1.0 equiv), I (0.2 equiv), and EtOAc (5 mL) was
stirred for a period of indicated reaction time at 70 °C with irradiation using a fluorescent lamp under an oxygen atmosphere.

Isolated yields. > PhMe was used as a solvent and reaction was performed at 100 °C.
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BIH IR R X OSSR O 5

AREG D FOGHRE 2 AT 572010, WIS HIRERZ1T 57 (Scheme 4.5) . BFESIF T TIE, K
FOSIEE LS &, I vFbENAmY 22a NEONT- (eq. 1) o DI ENBARRISITIT AR
WHHNMETHDHZ LIRS, £/2, TAIUFERK T TIZEAWIEGLNT. LIFEEMF
BRIz 3 U RE 222 BEONTE (eq. 2) » ZOFRERNS . AISITITS TIREEENSMETH Y . Zad
BOGHEAEICFRERAICBE 5 LTS Z eV LTz, £, EHLOLOFEMFICBWTE 3 URIE 22a O4F
RFER SN Z &b, 20 a3 URBE 22a BIGHFETHL & TR L, 203 UHRE 22a 12
LTI LKEREMZD L, ERRTHRETHD 2- A F AR F 7Y —)L (20a) BELITE (eq.
3)

02, dark
I, (0.2 equiv)
S TFA (1.0 equiv)

Me CHO + >—’
©:N’>_ EtOAC (5 mL) @ - (): 7
20a (0.3 mmol) 50°C,20h 21a, 9% 22a, 15%

Ar, FL
I, (0.2 equiv)
S TFA (1.0 equiv)

Me CHO + >—/
@N’% EtOAC (5 mL) (:[ ‘. (:[ !
20a (0.3 mmol) 50°C,20h 21a, 0% 22a, 7%

aq. HI 55% (1.0 equiv) S
—> />—Me eq. 3
EtOAc (1 mL), r.t., 3 min N
22a (5 mg) 20a, quant.

Scheme 4.5. Control experiments to investigate the reaction mechanism (1) ¢

 Yields were determined by '"H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal

standard. FL = fluorescent lamp.

BNWTHEBREBER EATNVEPBRIC L T I A~ B LT DL 2N D DD, 2-AF
NRUFT =l TFA #EA KX ) —/LHTERA L, 50 °C ORISRET—BICS 7%, 'H
NMR Z#I7E L7 (Scheme4.6) ., TDfEH, TFA # X 72 WSHRHETIIRE o7 a N URESEICE (I
R oRdo72h (Figure 4.1) . TFA X T-&METIEATFVEO T v N CFESEDNBDT 5 2 & 03T
P Sz (Figure 4.2) |

S .
Figure 4.1 < )—Me TPA(1.0 equiv) | Figure 4.2
CD30D (0.5 mL) N CD30OD (0.5 mL)

50°C,20h 20a (0.3 mmol) 50 °C, 20 h

Scheme 4.6. Enamine tautomerization
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Figure 4.1. Without TFA

[
3.07

T T T T T

4 3 2 1 0
2.07

T T T T T

4 3 2 1 0

Figure 4.2. With TFA
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ZOFERIL 22 AF AR F TS NI LT F I v~ B L, AFAEEOT e b
HAX )= VOEKENZBRINTZZ EE2RLTEY ., ARSEETICBOWTHRRICRFP TSI
DREELTNDHEDEEZ D (Scheme 4.7)

S S
TFA_ CD30D
@ )—Me =— = = — ©: )—CH,D + CD4OH
N N
H

20a 23a 20a—-d

Scheme 4.7. H-D exchange on 2-methylbenzothiazole through imine-enamine tautomerization

N T=F I 23a 20 BV E CORIMEREZ BE2T 572012, LT DO FEREZIT -7 (Scheme 4.8)
FTRISHRIC TEMPO N9 % & ARBUSOINFETE LK T T 5 LIz, EH L TEMPO 266G LT
BIARY) 24a BIFONTE (eq. 1) o TDO T ENDRKISIET VAN Z R LTV 5 ATREMED R S
oo 24(E REFUAF )R F T —)L (25a) ZHE L L TARKIGEIT) & G THT AT E R
21a DBEF LN, REUCOFE 25a 28 15% FIX ST (eq.2) o IS T TORISIZBWNTT L3
— R DERB IR SN Do T2 e D, ZOT /L a— UK 25a IR SO ERFRETRNEE X
HiILDH, £703 UEREK 22a [TEFFIHKHP, AIHERE T LA E LTT AT B RIK 21a 2355
iz (eq.3) .

O,, FL

I, (0.2 equiv)
TFA (1.0 equiv)

TEMPO (1.0 equiv) s, O-N
20a (0.3 mmol) > 21a,23% + >— eq. 1
N

EtOAc (5 mL)
70°C,20h 24a, 23%
O,, FL
15 (0.2 equiv)
S, OH  TFA(1.0 equiv) S
—/ > CHO + 25a,15% €d.2
©:N/ EtOAc (5 mL) ©:N’>_
25a (0.3 mmol) 70°C,20h 21a, 66%
S ' O,, FL
>—/ 2 > 21a + 25a eq. 3
N EtOAc (4 mL), MeOH (1 mL)
22a (10 mg) 20 h 1 :  0.03b

Scheme 4.8. Control experiments to investigate the reaction mechanism (2) ¢

 Yields were determined by '"H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal

standard. FL = fluorescent lamp. * The ratio was determined by '"H NMR analysis of the crude product.
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ZOEETNa—UK 25a BEVERY & LTHLNIZN, ZHUIVAE XS T U0 27a DAEIL
ko TAERENTZHDEE XD (Scheme4.9) ., * 723 Scheme4.8,eq.3 DRFHIIB T, KISIEEE A
W =T N DOIIZTHE LV EL DTV a— UK 25a BNELND, ZORBRIT-NVAFTT VI 27a
DAY EZFHFT D LD TH D, ARG TIIA Y /=BT DI & TT IV a—/UK 252 DL
Z BN, REIEOEGEGICB NIRRT TAER SN D 3 V{bKFEBN Z0EEZH-THEH0

ETRLTVD,

S I S o S 00+
Cry = o = Gy
N N Z N
a 27a

22a 26

S 00- . . .
disproportionation
2 x ©:/>—/ ppo > 21a + 25a
-

N
27a

Scheme 4.9. Plausible mechanism of production of the alcohol 25a

IV RBIK 22a XT3 —)UIK 25a DAERETER T D720 RRISDHF A bLa— AR a{To7-
(Figure4.3) . 2D 77706, RUSFFHIEIE T HIC O THEE 202 BiRAIIHK L, ZUCE- TA
R 21a AR L TWD Z ERgmodz, £l2, S UK 22a OAERL DTN TH D3R I N7,
TLMEIZT Vv a3 — UK 25a OFRIEBHER I, ZHUIRTEO~LVAXF T F Vv 27a DAEE
L0 ThBHEEZ D,

O,, fluorescent lamp

S I, (0.2 equiv), TFA (1.0 equiv)
)—Me _ > 21a+22a+25a
N EtOAc (5 mL), 50 °C, Time (h)

20a (0.3 mmol)
100
[ |
75 =
= :N\\ ,////f//f
S o ® 21a
% 50 B 20a
= 25a
X 22a
25
0

Time (h)

Figure 4.3. Time course determined by "H NMR analysis of the crude product

41



UL EORGEHER S . AT SN D OGS 2 IR T (Scheme 4.10) . £ 9 FEIC X - T ERERER
DEFRIFRFEEIL SV, =F I 23a BRSNS, =F I 23a [T FRkavFRLISL, av
FALP MR 22a 24K 5, 22 THREEK 22a EORFE-I UREEVAFDLICEI VAL, 7ok
LTIV 26a DERT D, BEWT. ZOTIIXLT DANANSTRBEL Ty STH L TUL
FXLTIHN 27a LRV THNRPTRAELE I MUKEDOKHZE T VHLICEIEhE, B R
BAULA R NK 28a LD, HRICEEMESIE T CHKBIGAEZ T2 LT, A THLT LT E
NE 21a G065, o, RPTER LI VRETIOIANRFRIVRERDLZ LITLD . KRG
DBERICEIT T 2 b D EB X TN 5,

x-S, H TFA 24 xS | S
> / . R N —2; > /
(;r N/ PT. | Z~N —HlI N/
H
20a 23a 22a
/>_ . 25 / — ,>—/ —
N N - N - HZO

26a 27a 28a
s O :
N H :

21a :

Scheme 4.10. Plausible pathway of the oxidation of heterocycles
P.T. = Proton trransfer

IR 22a ETVFILT DIV 26a ~DOZEHE SET OGS FHENL B, ZOGEITST
IKBERINA—R—=F XL T =F T TH (0y7) ~EEHIND (Scheme 4.11) , TDA—/3—FF
VRT =F T UAMIRIGERE S VEBIZT XL T UL 262" HHWIE 262" ERIETH I EDN
THEIND, L LZOHE, A X TV h0 27a ZRRBETICEREE Re~L4 %2 K 28a(route
A) HDEWFED I U FELiEER{LY 28a' (route B) NAERIIND Z L2725, TiLD OB ILRTIR DAY
BIC LT v a— UREIEDRER & FJET 5728, SET HHEIT R TldnEE X T\ 5,

Plausible SET process: route A

(j:l\?:/4I /11/0202 (I/>_H ©:/>_/ OH _no @[

P
223 + HI 26a’

Plausible SET process: route B
v, 0, " S P9 _ioH SN %
e (L 2O =T
N
223 26a" 28a' 21a

Scheme 4.11. Plausible SET processes
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P bEDXHICEFIL, D TRBELEAFDEEHWD Z LIk, XUV FT Y —HFHD 2 L ATV
T VT e BRI ER b S ik B Uiz, RIET W EDERINC K D RF-3 RGO T Vv
PHEL AR U CHBRERERE LA TV EEZRIL LT TCOBITH D, £, MOFEHRERER AT
NVEEDIAVIE L L T, RIS Y F 7Y — VISR LIRWEEE G 2 Ff > TR, XUy FT7 Y
— VD 2 NEAFOVFITKRE U CEIRAICI AT O 2N TE D, RE(RIZBWTREN R LN H D
O, B CIXFREDINRIE S T=2_ Y F 7V —)L2- VAT T AT R 21a @R TAKTED
ZEnn, HFEBEEREEZ GUEEMEYOERB I OO L5 LER D,
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oA AL TR O BIRAY IR R L L BRSO BR %

DIZEFIL, A OSEFER EA FVEOBRCRIGO BRI LT, AHEREBRIEY O BRI G )
AIREe Z &AL L7z, AHOREbITER % ZRAEYTEEEZFF D Z LT 2bEMTh D, Y Fik,
A HALFE T EFIZB T O A RRBRILAI THY . 2O EZFHAT 284 RSN SN TN D ®

SISBEITLRPAKIC L D T AT AT — LR LR~ TE A7, SRR E LR S
nsZbbdd,

D DERIRFHEIIANZE CRIGEDm W RE-IRFR A G ICHR L TRV | T 2 IZEDOERIE
IEBRE SN TWD, FlxiX, BIEKISTESHWBND tert-7F /L e RE~ULAd % K (TBHP) (X 1.3
HINZ . tert-7 F VT )V — Uk U CRRIEIESRAE T, SiREEBR KR L DUS S ELES, A VT 57
kL CEiRE RS T 5 RIBEFEEZ UG S5 FIEC L VA SIS (Scheme 4.12, eq. 1, 2) , %P
A D DO FEITHMARRAKFICH L TUTEATE 2600, LIXUIRRIFUEAEZ 5 Z &nn | EHK
DR DRT 7 A T IANVDOERITIZADR, FToV A FRBRICIVERILL, 7 A E R
BAULA XY REART A6 H K< MBATNWDHIETES LM, 20 X5 BT LTHMIGS
@ﬂﬁbﬁ%étﬁ 7?%7://%7\w7w:~w@JELTLio&womﬁﬁﬁhé
(Scheme 4.12, eq. 3) .

)<OH acid, H202 )<OOH ea. 1
Benzene, A 9
0
H 2 /LPOH
k A eq. 2
') 0]
H Y2 OOH N /LSHG 3
Ph/J<§ A Ph Ph/JL\ Ph a

Scheme 4.12. Traditional syntheses for TBHP and cumenehydroperoxide

ZOX) Y REEZIT T, KVIRMREET. 2R AR ) A GRS D 7B TR%E S
NT&E, U2 flziE, 7IAEE-BHEBEICLDZUKISIZED e Ravtxy ReGRT 55
SR o NGB L AKREE S S L T I T AVE Raord Ry ReE5 5k, Sled ik
PEAF LNy 7 a7 a X FERICH LTI UV ER D Ly FIRBRZ RIS T2 4T
b ReoLdd s READ A, S v g, U Uomu Ly IRBEREOBRILG R ER i ST
W5, S FIEETIE, TAT oD B D WX TIRBBFROM b S h T s, 3

L LeR D, ZRODORMEITADEEIIRERENTHY . &V DIFEMRFHETTOE Rrx
VAT Y ROGRIETDR, & 2 TEFIIAEHO S EER LA FLVEOBIETH LML EREIZ, b
Fa rd%y REBRIICERT D Z N TEUE, L0 SRR AHRBIEY N B ATREIC /2 D &5
AR EAT o TR, CHEOFATE ) £ Re~ULd ey RAMIEEBR T Z LiCksh Lz, LT, £

DFEHIZ DN TR D,
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Bl AFLUHOTNALIXIE b R Lt X I AbKISED %

Jofin — X fope —

BORE TR LIS ATV TFAT I U Y=y MMl (Mes-Acr) IZEFEERT VT
TEETE 570, B EHT, e TEMREITH Z EWA[EETH D, B2 IE. Nicewicz HI%,
TN D—BFBACICEVE LTI TF A TP INERER R ES®EDZETT oy Fwar=a
THRVERERAE NI TS A Z L A HE LTS (Scheme4.13,eq.1) .2 £7-, ZOFEITT 0 h YR (HA)
B TIRBERICAEETH 2 LT, o-B T N ORI HIGHRETH S (Scheme 4.13,eq.2) . **

2014, Nicewicz et al.
Ar, 450 nm LED

cat. Mes-Acr* CIO4~ TN
1 HA (= PhCH(CN),, PhSH :
R\F¢\\ ‘/XH ( (CN)» ): RLT/L\ . eq. 1
DCE, r.t. -
R2 R2

X =0, CO,, NTs

2016, Liu et al.
air, 450 nm LED
cat. Mes-Acr* ClO4~
Ar/\ ‘/COQH DABCO

o)
— > o eq. 2
L MeCN, MS 4 A, rt. N/LY'7’O q

Scheme 4.13. Selected examples for alkene oxidation using Mes—Acr"

— 7 BB LIZAF VISR L, BRRFHRS ., ~ o R FE T, N-E Red 7 20 IR
(NHPI) X° 1-& k%X MU 7Y —)L (HOBt) 72 EA2FHIMSELH2 LT A-TaxyE /R
2L AR Y RSO Z L E R LHE L TWD (Scheme 4.14) , 3 Z O FikIE, EIEEDDEE
R RS dF s RE/R(LIEDTELEBNTFIETHLN, @HTELZ TV a— VRITLER
TNaAXTTIANEERTEDLLDICREIN TS,

)
R NHPI, cat. Mn(acac)s R POH )
2 > R
Ar)\/R MeCN, r.t. Ar)k(
open flask to air ONPhth

Scheme 4.14. A previous report of f-alkoxy monohydroperoxide synthesis using Mn catalyst

INEDOHANSEEFIL, Mes-Act™ IZLVELNDI BT AL T I HNITT IV a—)v &4y IREESE 2 )
MEEHZET A-TNAaxsE /b FaFFL REARTELEEZ, BFNCEF L,
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MBI, AF L (29a) ZEEE L L, BEFHKT., BTV e A X ) — )V OIRGEE Tk
WM DOYRHE H1T > 7= (Table 4.6) . WIIFIZMZ 2V TIE, BIOY 30a 1HMEIRTH LN, o-7
axr by 3la Iz, T/ a— VR AT VT e R EORIAENTHR SN (entry 1) o il
T DO INTHOWTIRF EAT o TR, BE 30a OULERO [ EATHER S, I 2 YEORRL
~ TRV N EIZTBRICHBEIGE 63% THRY 30a S5 (entries 2-6) . — ., FHEIZITV
JxU MEETINT D E BT EL GO0 o7 (entries 7, 8) , £72, ~ TR T AA A A
T HZ L THMHILD 15-crown S-ether ZIRMN L CTHISDFE LWIIHITE Z 572057 (entry9) , =
NODOFERNG, Bt~ 72U MIEHEL L TAUSICEAE L TS D EEXTWD, ok, AR
WITIH OHSEIT 2R E L CTHEHA LTV DA, 450nmLED BE T CTHRBRICKIET D Z E B LN E
725 TCU % (The data wasn’t shown.) . @AT DHFNLMPOANFRLG Tholoizd, REOFERIZIBN
TIEELHIT 2 RIE LCRUSEITH) 28k L,

Table 4.6. Optimization of the reaction condition *

O,, fluorescent lamp
Mes—Acr* ClIO4~ (0.1 equiv)

additive (X equiv OOH 0
PR MeOH /E:OA: (1:21) > Ph)\/OMe + Ph)I\/OMe
29a "t 10k 30a 31a
entry additive (equiv) yield (%) ®
30a 31a
1 none 17 20
2 Li,COs (1) 52 8
3 NaHCO; (1) 47 3
4 Mg(OH). (1) 50 6
S MgO (1) (60) 8
6 MgO (2) (63) 6
7 Mg(CIO.): (2) 0 0
8 MgCl: (2) 10
9 MgO (2) ¢ 51 3

“ Reaction conditions: a solution of styrene (29a) (0.3 mmol), Mes-Acr'ClOs (0.1 equiv), and additive in
MeOH/EtOAc (1 mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation
with a fluorescent lamp. ? Yields were determined by "H NMR analysis of crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard. The numbers in the parentheses are the isolated yields. ¢ Added 15-crown

S-ether (2.0 equiv).
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Table 4.7. Scope and limitation of the hydroperoxidation *

O,, fluorescent lamp

1 Mes—Acr* CIO4~ (0._1 equiv) R!' OOH
R MgO (2.0 equiv) OR3
A r)\/RZ MeOH / EtOAc (1:4) Ar
rt,10 h R?
29 30
30b: X=F 47% OH
30c: X=Cl 58% OMe

OOH 30d: X=Br  50%

OMe 3pe: X=Me  66% O

30f: X=Bu  69% </ S
X 30g: X=0Ac 23% 32i
30h: X = CO,Me 11% 47%b
Me OOH
Me OOH Ph_ OOH
M
X_ome |, X _OMe
301 30k 301 30m
50% 49% 60% 59%
OH OH
)\(Me )\/Me OOH OOH
. E
Ph Ph” o AN OH o K oEt
OMe OMe
32n (major)?  32n (minor) ? 300 30p
50% (major : minor = 1.8 : 1) 47%° 47% 9
OH OOH Me OOH
o AN OPT L K _oPr Ph)\/OCOPh \)Q/OMe
32q 30r 32s Me 30t
28% b e 17% f 14% b 9 24%

“ Reaction conditions: a solution of styrene 29 (0.3 mmol), Mes—Acr"Cl04~ (0.1 equiv), and additive in MeOH/EtOAc (1
mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with a fluorescent lamp.
Isolated yields. ? Isolated yields of the corresponding alcohols 32, which were prepared by reduction of the crude products
with PPhs (1.0 equiv) in CH>Clz. ¢ H2O/Acetone (1 mL/4 mL) was employed as a solvent. ¢ EtOH (1 mL) was employed
instead of MeOH. ¢ "PrOH (1 mL) was employed instead of MeOH. / 'PrOH (1 mL) was employed instead of MeOH.
PhCO:H (5 equiv) was added as a nucleophile, and CH>Clz (2 mL) was employed as a solvent.

Bl ENT=Eth 2 IV T, RES OB #EAIZ DWW THRAE 21T 7= (Table4.7) , FEHLKEE/ B Y
WNZOWNW TR 21TV, ZNERHT 52 L & Uiz, XTunar . AF U HDH0IE tert-
TFNETEBLENT AT L 29029 IZOWTHRETZIT o728 2AH, Wb PR S BAF2RINE
THIST DY 30b-30f %527, —FH. BOETHGEOERLE G T HAT L 29g KOE
REDBEBIEEZFETHATF LY 29h TIHHPEOZE LWVK AR SN, £lo, TEX — ks
AF L 291 TiE, —HBRERI R SiL, HEOIEIZOIR T T2 2 8B LMNE o7z, A
AN ONA IV MLIZ A FIVEEE /T AF L2 29) KON 29k T HFREEE OIER TH MR E Sz,
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a-AFNVAFLY 29) KDY -7 ==/LAF L (29m) [ZOWTIIHFREDOINETHHMM IS S
T2, IRFB-IRF HBEAOHRAEICE DT B N 72 ) o0 Y 7 = ) VORIE BRI NIZ, f- ATV
AF L (29n) LEAFRETHY . ISTHYT AL TAREY 32n 2 FREOINRTE 277,

BEWNT, T — VO EIT ST & T A KT H /) — /L TIEHRRE O EE TG T 518k 300
KON 30p DBGFHNDZEBHALNERSTZN, @mEmWT L2 —LdH 5L BERE CIIRINEE TS
LERLIR 32q, 30r, KON 32s #5272, 2 < OIRMIHET V7 ATk L TARBIGRIZIELR)G T > 7203,
CAFNTH I T (29t) :i@“ L CIHRIRZ2 A B S L, iz 30t 73 %%nto £, NEMIET
Vv 29u HEEE L LIZY —HHABRE L E L O VRSB EEEICEIT T2 2 b b
7= (Scheme 4.15) . :@%*%6 —HIAMFEDOERNARIS EFEE L TWNWD Z k%ruﬂbﬂ\é AF

VISR L TEATF LU HASO B FREDEE T 5720, = URICOPENERES A TWD && %

HiLd,

O,, fluorescent lamp
Mes—Acr*ClO,4~ (0.1 equiv)

)\/\)\/ﬁ\ MgO (2.0 equiv)
X OMe MeOH / EtOAc (1: 4)

204 rt,10 h
PPhs o
(1.0 equiv) W , HO o
—
CHZC|2 OMe w
rt, 21h OH OMe

32u' 32u”
Scheme 4.15. Ene reaction between singlet oxygen and aliphatic alkene 29u ¢
“ Reaction conditions: A solution of the substrate 29u (0.3 mmol), Mes—Acr*ClO4™ (0.1 equiv), and MgO (2.0 equiv) in
MeOH/EtOAc (1 mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with

a fluorescent lamp. The yields were the isolated yields of the corresponding alcohols, which were prepared via reduction

of the isolated products with PPhs (1.0 equiv) in CH2Cl.
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Flo. KRNI FRERLICHIGHEE CTH 5, R LRFTORERER, 02 YEOMEEA Vv, 27 rnn
AL EKRDIBGEEER CTRISEATS 2 & T, RUEBRINETRILENGOND Z P LMNE R T
(Scheme 4.16) , 7 /V7r s 29v TIIRF-RFE _HEEGORACL L2 AT LT FORIENRR LN
HLOO, FREDOIE TG T 2 (LY 30v 235 53172 (Scheme 4.16, eq. 1) , F7z, T/7 2 29w
WZOWTIENR B L UL EITT D Z ERBH L E 72572 (Scheme 4.16,eq.2) » —FH. TIVEG50T
VA 29x T b BOSITHEIT T 5 25, @b 30x DAERITIRINERTH Y . %< DR E TR FE-RFE
CTHGEAORRIZE DT N T = ) VERBERORIEDN T S 472 (Scheme 4.16, €q. 3)

O,, fluorescent lamp
Mes—Acr*ClO,~ (0.2 equiv) OOH

Ph” X MgO (2.0 equiv) _ 1
~oH CHClp, H,0 PN o
rt,9h o
29v 30v
Z:E=11:1 58%, d.r.=1.2:1
O,, fluorescent lamp
Me Mes—Acr*ClO 4~ (0.2 equiv) Me OOH
MgO (2.0 equiv)
eq. 2
CH,Cly, H,0
OH rt,9h @
29w 30w
73%
O,, fluorescent lamp
Me Mes—Acr*ClO,4~ (0.2 equiv) Me OOH
MgO (2.0 equiv)
X > eq. 3
| CHzclz, Hzo
~_ NHMs rt,9h NMs
29x 30x
1%

Scheme 4.16. Intramolecular f-alkoxy monohydroperoxide syntheses”
“ Reaction conditions: a solution of the substrate 29 (0.15 mmol), Mes— Acr"ClO4 (0.2 equiv), and MgO (2.0 equiv) in
CH2Cl2/H20 (2.5 mL/10 pL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with

a fluorescent lamp. The yields were isolated yields.
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KBS DGR & B 223~ LT ORI FERAZIT - 72 (Table4.8) . WE=ESM N CILHBAWITAL
BonT, FEEREIL S (entryl) . TAITUFEHKA T TS BERMITE N2, AFLUE
BIRE GRS NE LT (entry2) . FHARISITZERAFEMEAFT THHEIT L, BRFEORMAY
WINIMATIERNZ ERB LN ER ST (entry3) . 1 ¥ ED TEMPO ZIRINT 5 &, BEMOILHEIZ
FELIKT L, AF LI TEMPO ML 72ALAEY) 33a 3G O A7 (entry 4) o 24U H OFEFHRERIL,
BB BIT RV T P HIV DR E R LTV 5D,

N
standard condition OOH o)

PR > A OMe T K _owme

Table 4.8. Control experiments “

29a 30a 33a
entry changed conditions yield (%) ®
1 Under dark condition n.r.
2 Under an argon atmosphere n.d.
3 Under an air atmosphere 53
4 Added TEMPO (1.0 equiv) 17°¢

“ The standard conditions are shown in Table 4.6, entry 3.? Yields were determined by 'H NMR analysis of crude reaction
mixture using 1,1,2,2-tetrachloroethane as an internal standard. The number in parentheses is the isolated yield. ¢ TEMPO-

adducted product (33a) was observed.
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VL EORRFHRER L0 | RRISDORISHEZ RO X 9123 2 T % (Scheme 4.16) , 4EDIT Mes-Acr™ 23
KV L, AF L (292) 2B BLTH LT, T4 T TH0 292 B’Eonbd, 20O
HFF T HN 292 ITHEFET, AZ ) —ABNMITHZ L TRUDLT DN 34a L7220 4y
TIRFEZEDORIIZE D ANV A XTI 35a £7ed, 22T, AF L (292) & Mes-Act™ L D—
BB LVE LI Mes—Acr” BNV AF TV H) 38a IZ—FBFEEL, A Fo T =4
36a BAERIND, WV T, ZOLAXR T =AY 36a NIEENG T m N EZITRAZ ETHHO
t R Lt Fo R 30a ~EEHBMEIND EEZ TS, £/, BEOTINCEI>Te Ra~rtdFv R
30a OUCENF E L RUCEBIZOWTIX, U Z— I F ALV F T R 36a DL E(LITHE
I, VLA X T T U 35a MHAULAF TR 36a ~D B LBEAIREL WD EEZTND,

Ph” X
fluorescent lamp 29a .
Mes—Acrt < > Mes—Acr** Ph/\~+
—Mes-Acr’
29a™*
e . 2 Mes—Acr
- /\/OMe — Ly OMe —_
base Ph Ph —Mes—Acr*
34a 35a
00~ base—H* OOH

Ph)\/OMe - Ph)\/OMe
36a 30a

Scheme 4.16. Plausible pathway of the hydroperoxidation

UEDIDIZEE T, AFVUVEEREE T BT L ax €/ b RraLd % NERGE L B%
L7z, ARIEIL, ERETIHEERTE o loffix e R~ LAt X v REERTHIENTE S, Mx
T, rREEFEZ e RaSAdxURET 52800, MERIEL D bREN DL /2BER LA ik &
LCORENFIND, £l2, ARSI >TEHELNTZ f-T/vafxiE /b Re~vdxd NiE, —
H72E /B RroULA o R E R L CRWICZRE TH D72, AIFILEDTICB T 2By x
V7 —L LCOISHAREIRFIN D,
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B NUUNAMIOBERIE B Ra LA SABRES OB
BV TER T, U UNANLOBEE /) & Ra A S ALRUGORBIZE T Lz, XU UL sp’
C-H fEEDRBLE R o LA ALEUS B ERIFBEC W < o STV a3, 2 o5 OIS
IXUGEORMAH D (Scheme4.17) . > HlzIX, 9,10-V > 7 /7> hT7+& Yy (9,10-DCA) £ /3F7 a— |k
R E T HRTITIER B R E X RERHLNTWDE OO, HEEORVIT a— K Off
ENMETH Y, Mz T, EEIT M RALKFEICRE STV D (Scheme4.17,eq.1) , 3 £7-, N-t
ReX¥v 7% 43I K (NHP) 2#FHT 2 FELH L0, BREOEWT JMbEE 7 2 VvV GHl &
LTHWORENRS D EIZ, ZF AR BUEO L O RIEEICKT 5 ke RaLrtx v ROGHKIC
st LTI DMKV (Scheme 4.17,eq.2) . >
1989, Santamaria, J. et al.

O, (bubbling)
500 W high-pressure Hg lamp

o~ cat. DCA, cat. paraquat _ OOH ’
Ar R > )\ eq.
MeCN / MeOH Ar R
Toxic condition
Narrow scope
2005, Matsui, T. et al.
02 (1 atm)
cat. NHPI, cat. azobis compound OOH
A R > eq. 2
MeCN Ar R
Low yields

Scheme 4.17. Previous reports of C—H hydroperoxidation on aromatic rings
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B GG — T, PV VIR LTT > T % (AQN) fEE FilREIR b2k =+ 2 &
T, WHNVR B ES D EEBIFE LTS (Scheme4.18,eq.1) o 3% F£7o, WRAGERE Z il & 95X
YUNYT = REOBALKIGHHER L TEBY . TOMIGE LT Rr YLt %y R/l 3 5 g0 i
ZEINTWD (Scheme4.18,eq.2) o *° —J, FHELIZ=F A B UK L CREEIED RALKR BT
TEF. KRR A1To 2L T2 n7n I REEGL HIEARRE L, @ LT\ (Scheme 4.18,
eq.3) o % T OHITBRELEZE Z TR TIEH LB, ZNODOIEDOFGEMEEBET L Z LItk Ry
AL sp® C-H #EA OFRIEEME e R~V A X ARSI TE DO TN h B 2 RIFFEIC
EFL7,

2016, Taguchi, M., Nagasawa, Y. et al.

O,, fluorescent lamp
Me cat. AQN

Ar” EtOAc /MeCN Ar)J\OOH
Over-oxidation

eq. 1

2015, Sugiura, Y., Nagasawa, Y. et al.
O,, fluorescent lamp
cat. CBry . )J\ eq. 2
EtOAc /Hzo Ar CN
Over-reaction
2010, Tada, N. et al.

O,, fluorescent lamp
excess HBr aq.

0]
' > eq. 3
At Me EtOAc Ar)J\/ Br

Over-oxidation

Ar” >CN

Scheme 4.18. Previous work of oxidation of aromatic rings using bromine source
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FTIROITUFEENBEICHE L TV D RFBWEFIH T 5 BRGSO DS E T, =F A~y
YU alEREE L U RS0 EE 4T 7= (Table 4.9) . Hiffl TIX A NVR VBB a-7T 07 b %
D70, MRESS TIRBRRTFE FIZB W TIME 21T o T2y, mREIE L2 B < BT ERRHRH
ICCTHREEITH) 2L L Lie, ZORER R LW THORFRIZBW LY M ORIAENHKER S, B
MOEe Rr~LA% 2 K 38a OEMKIZTDT N TH-7- (entries 1-4) ., L)L s, filllt&Eo N-7'nm
TR A I K (NBS) ZFHVWEERICE Ro~ULA R 38a DNEARME L TELNRIZZ 05,
RFBW A RO NBS ICIRE L, S DI RESIAIZ A5 2 & TGO m E&2 Bfed o & L
72 (entry 4) ,

Table 4.9. Optimization of reaction conditions for the selective oxidation *

air, fluorescent lamp
Br source (0.1 equiv)
H,05*Urea (X equiv) OCH 0]

Ph”Me MeCN (Y mL), rt, 20h ph)\Me * ph)J\Me
37a (0.3 mmol) 38a 39a
bromine H.O,Urea MeCN "H NMR vyield”?
entry source (X equiv) (Y mL) 38a 39a
1 Br, 0 1 4 43
2 HBr aq. 0 1 0 39
3 MgBr.+Et,0 0 1 26 17
4 NBS 0 1 21 7
5 NBS 1 1 34 18
6 NBS 1 3 37 12
7 NBS 1 5 48 16
8° NBS 1 5 52 16
9° NBS 4 5 51 9
10« NBS 4 5 63 10
11¢ NBS 1 5 trace trace
121 NBS 1 5 15 1

¢ Reaction condition: to a mixture of ethylbenzene (37a) (0.3 mmol) and additives in MeCN, bromine source (0.1 equiv)
was added. The reaction mixture was stirred for 20 h at a room temperature with irradiation using fluorescent lamps under
an ambient atmosphere. ® Yields were determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard. ¢ With biphenyl (0.5 equiv). ¢ Irradiated using 470 nm LED. ¢ With MgO (1.0
equiv).” With Li2CO3 (1.0 equiv).
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EFIILIRT, AT A M u =2 TH LRI VR EEMBIOKBERRAT 5 IV
VHOBAL A RREE L LA LT % (Scheme4.19) , %7 Z OUGNE, 55 IR I UFEOHD 50 Tl
AL KB DI DOFGMTITET L o722 E0nh, R FRIT TR & 5 723 U RN ISR &
LTEHWTW D ATREMEN RIS TWD, £ 2 TARISEFIZE W TS, BF A HRFFTH LD NBS
2K L TR KRB EZRNT 52 L TR BmONISHEE R LN D DO TIX RV E B X R 21772, €
ORGSR, EELKFEKR I b EREN S FOES 7R LKFEIRFE (H202 Urea, 97%) # x5 Z &
THRIGHED W ESHER S 4L7Z (entry 5) o S HIDGEEMEOM EXE2HAYT, A 0.3 mmol (Zxf L,
WAl E% 3mL . AW SmL FTHERT Z & THICEWIETHRY) 38a #157- (entries6,7) , it
WTC, FEEICKT 2 BT ORE L WIFE U4 72 lINAIZ R Lo R, B 7 ==1% 0.5 Y&

WL KFEIRFEE 4 YEICHETHZ LRV KICOBRERH ET5Z RN ERoT
(mm%&%o58é%l\%ﬁ%m%@ﬁ%ﬂ(£@ﬁ§i4wmnkiUSwmnHﬁ)W%4mmn
LED (ZZH 452 & T, NMR U 63% CTHHW) 38a 2155 Z &Ik L7=A (entrle) AR A
BEOLOTIINEMET T2 E0NHLNE o7, ZOHBICOWTITRIZEELEEZRRD, —H,
R DT NV r A% S 2B LIS DB Il Tdh - 72 FZ2 W< OMIRIM L TA 5 & UG
BICIZIKR T35 Z EBHA LN E 7572 (entries 11, 12)

N
NH, ~x-NOz2  cat. I, H,0,a s Ph
|\ + -2,22CI-;\N\/X
N DMSO, 70 °C

NO,

Scheme 4.19. Previous work using a cationic halogen source and hydrogen peroxide

YU EDOFER KV | Table 4.9, entry 10 DG Z Feiiscft & LT, ASOEEEEAMEIZ DWW TIHAE 21T
572 (Table 4.10) , /XL BT U nHAHHEE 370 KON 37¢ TIEKISOEITRHERINTZ O D, #
B W TR mR SNz, £lo, BOEFRSIETHD = Fr L2 o5 37d THEMEZR N
D HB 38d GO AL, RO FIETITMBE ORI 17T < . = hr o X9 2 WE FRE | AR
OHBEITHEHTERY, P ZOZ ENLARRKIGIE, BB bENLTEE AR o TV D b0 L bR
Do NI T == VEEEHTHHE 37e (ICOWTHHFREDIVECTHIST 2 8 Rr YLd v K3t
ST, — 5 TAN MIICEBILZFFOE 37f L 37g TiE, SUSTEAME < SFREIR O HE B0 LS RFH
DIER#MLEE LT, BIFRIECTHIYB GO N, ERHEBREN LiIcAv T rEnTF Ry
B 37) TIET boAk 39f OAITHER ST, AV F=F LT =Y —L 37g) IZOWTHRIET 5
7 R AR 39g DARRITHO TN Th o, TRENLNUE Y (3Th) oA Y T F AR 3T) THY b
:4$whwi®$%ﬁmi%nt:kw% b Ra LAy ROREMT L 2 AL JE FH O RRE

WZEkAHbDEEZLND, BHRD NHPI &7 Y 2t EFITT %% TR ARREE O KX WEEIC

Té)iﬁi«fiz’»%b< KFLTEBY, ¥ SEICREAE 728 R~ A %y ROAKICBWTH AT
BB EFE T 6825, £, 7 A2 (37) X 2-=F 7 XL (37k) & NBS OEZHICT
ZEICEY . BRARINETHYZ ST, SR, =Fre ) vy 37q) R=F AT 4 7= (37r) T
TEEHEIR & e o7, ZOBE, R 2 WITHER F 2B b SN bEm b E ooz, ZORKE
LT, INODOHEHREFRENEILE LTRIBREISLTLEY, @ LKRFENRBFR & RIS TE 2
MololztEZ TS,
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Table 4.10. Scope and limitation
air, 470 nm LED
NBS (0.1 equiv), H,O5*Urea (4.0 equiv)

substrate » hydroperoxide + ketone
biphenyl (0.5 equiv), MeCN, r.t., 20 h
37 38 39
OOH OOH
S J@A Q/K
cI N
38a 63% (44%) 38b 51% (n.d.) 38c 34% (n.d.) 38d 22% (17%)
38a:39a=6:1 38b:39b=5:1 38c:39¢c=8:1 38d:39d=5:1
OOH OOH OOH OOH
| A (\
Ph N7 " OMe
38e 54% (51%) 38f 73% (68%) 389 52% (52%) ¢ 38h 53% (44%)
38e:39%=5:1 38f only 389:39g=8:1 38h:39h=9:1
38i 50% (50%) @ 38j (79%) 38k 62% (42%) 38In.r. 38mn.r.
38i:39i=10:1 38j only 38k: 39k 4:1

¢ Reaction condition: to a mixture of ethylbenzene derivatives (37) (0.3 mmol), H2O2Urea (4.0 equiv), and biphenyl (0.5

equiv) in MeCN (4 mL), a solution of NBS (0.1 equiv) in MeCN (1 mL) was added. The reaction mixture was stirred for

20 h at a room temperature with irradiation using 470 nm LED under an ambient atmosphere. Yields were determined by

'"H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The numbers in the

parentheses are the isolated yields. The reaction ratios between 38 and 39 were determined by 'H NMR analysis. * With

NBS (0.3 equiv). ¢ For 2 d. ¢ With NBS (0.2 equiv).
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KBS DGR & B2~ Fx ORI AT - 72 (Table 4.11) . HgfFICx L TEMPO %
BN 5 &, MUSITEL EITETFERARIL S (entry 1) , Z OFERNOAIGIET VO Wtk E &
Tl EAURBENT, o, ORI T T 5L ODOREMES AFHR FICBWTH ARG ITHE T
DT ENGMoT (entry2) o ZDZ ENDL, EBRFPOBFRIIAISEMAET 503, FLAREEHZH -
THW Wb D EEZ OGNS, BESRMAF TR L NBS B2 WEAFTIHEMKISITEEIT Lo 7
(entries 3,4) . BT, WE{L/KFTIRFEDOMRD U ITEIEALKFERKLIRE D8 2 WIIKDHZ AN 55T
G DOEITRRER S TN, RXUUAIARE Raxifbd 2 WITRFE L SNTLEY 40a,41a DOFIA
DR S 4LT2 (entries 5-7) o BA EOFERN G | RRUSITIEIGT & NBS BUETH V| Kb DR MED W]
FICEPIEKRFBIRFEDEG LTS Z RPN E STz,

Table 4.11. Control experiments for the standard condition

air, fluorescent lamp
NBS (0.1 equiv)

NN H,O,*Urea (4.0 equiv) . )O\OH . )OI\ . )O\H . jl\r
biphenyl (0.5 equiv), MeCN  ph~"“Me  Ph”” "Me Ph” "Me Ph” "Me
37a rt, 20h 38a 39a 40a 41a
Standard condition
'"H NMR vyield®
entry  changed conditions
38a 39a 40a 41a

1 Added TEMPO (0.1 equiv) 0 0 0 0
2 Under Ar 46 11 0 0
3 In the dark 0 0
4 Without NBS 0 0
5 Added 30% H.0. aq. (4.0 equiv) instead of H,O.*Urea 38 12 0 3
6 Added Urea (4.0 equiv) instead of H.O.*Urea 32 3 4
7 Added H,O (120 L) instead of H.O.*Urea 35 30 2 8

¢ Standard condition: to a mixture of ethylbenzene (37a) (0.3 mmol), H2Oz+Urea (4.0 equiv), and biphenyl (0.5 equiv) in
MeCN (4 mL), a solution of NBS (0.1 equiv) in MeCN (1 mL) was added. The reaction mixture was stirred for 20 h at a
room temperature with irradiation using fluorescent lamps under an ambient atmosphere. © Yields were determined by 'H

NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard.
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NBS Lt KFIRFIFZENENAAORR TH LN, IBREGDLE D L HAICEILT 2BRBHRS
NTCW5, ZDH, REISIZBWTIZZ O NBS &R {L/KEIRFEOEERIARME & L -CRIsIcB S
LTWAHAREMNREZ b D, T 2T, ZOFENREICOWTHREZHS 572D LU F O 21T > 72 (Scheme
4.20) , Table 4.9, entry 1 DOFM& % ZITWMBILKFIRFE L MZ T 5KMF L TRIGZITV., £ DAY &5
ACHERBLIZEZ A, D7 tbbe R~ LA F U R 38a BLOV by 39a LISMZT /L= —)L 40a &
RFEAE 41a BEIELTHDZ ERDNo72 (eq. 1) o BFELIAE 41a IZOWTITEELAKTE & ORiLE
WEOSIZ RV R ks 38a ZAEKT 52 LN TIIND, £ 2 TRAME 41a ZHE L LTHW, 40t
ST ORI T, KnEITo72 & 2 A BBLKEOEEIZE D 57, BR(IK 41a BRI (eq.
2) o 2B, TNDORERMIIAIGEDEGESMICE WD TIISE STV R, BLEOREHERN S, 4
TREFBIEIAKIERFIZBOTER SN D ARETH L 00, BBIHICE#ENICEEL TS
DTIFRNWEEZ D,

F 72 Tabled.9 IZHBWT, JEFREZEHE 390nm) [TEFT D5 EIENMET T2 2 &L 2lk_7=08, 20
RF7 =7 m I R (42a) 25 10% OIEETHEIZET S Z & bR I TV 5 (Scheme 420, eq.3) » =
I Z 72 NBS ORFZBREFNPETHE SN LEE2RLTEY, BRERFVBEBILKE &S TE 2
KD ET, BIWIOIEMET LI EZEZX D, I BIT, WAVRCEE 43a OAERPBH SN2 &R
SyFAREFED 390 nm FITITEOBREINZ A LTSI EE2BELD L. HFIREFEDOERIUC LY
AR LTERFETOHIANZOL D REIRKISEZSIERI LIcb D L b, 1906

air, fluorescent lamp
Br, (0.1 equiv)

o~ H505+Urea (1.0 equiv) OOH O OH Br 1
Ph Me > + + + eq.
MeCN (1 mL), r.t, 20 h Ph)\Me Ph)J\Me Ph)\Me Ph)\Me
37a (0.3 mmol) 38a 39a 40a 41a
with H,0>Urea 35% 20% 6% 2%
without H,0yUrea 4% 43% 5% 7%
air, fluorescent lamp
Br H,O,*Urea (4.0 equiv) ) O
P > Ma+ 38a+ 302+ M g o+ M ea2
Ph Me  MeCN (5mL), rt,20h Ph Ph OH
41a (0.3 mmol) 42a 43a
with H,0Urea 75% 7% 1% 1% 0%
without H,0yUrea 82% 0% 3% 11% 3%
air, 390 nm LED
NBS (0.1 equiv)
H,05*Urea (4.0 equiv)
Ph” > Me biphonyl 05 0quiv) > 38a + 39a + 42a + 43a  eq.3
iphenyl (0.5 equiv o o o
37a (0.3 mmol) MeCN (5 mL) 27% 2% 10% observed

rt., 20 h

Scheme 4.20. Control experiments using molecular bromine and a brominated substrate
“ Yields were determined by 'H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal

standard.
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Mz T, BRFMIK 41a (30 FIREFZLSNCTIIRFERFZEE (BrOH) 2VERK L 725E8IGE 6N 56EaW T
Y| FESEFICB O TRBE 41a BDERIN P e 2 E x5 & IRERFLN N VAL
AL TS E B EZE, ¥ TRbLINOOREIT. I F AU MERER S BRI KERFEICL -
THHND BrOOH DX 5 A EMNIEMERE L 20 RIS EE I L TWDHZ E &R LTV D, £z,
Table 4.8, entries 5-7 D EBRIZ I\ TR (kK FE R FE LS OBMNA 2N 2 T2 BRI T b 3 —)L{K 40a
& RFEAUIE 4la DEIAE SN OWTIE, FOGRHF T NBS &iRINAID 2 EZER I E £ 5 K0
BOGT % Z & CIRBRFBENPAEMR L, ZORBRIBENR T LB (372) ERIGLEZ EICED D
DEEZTND, ¥

PLED X D ICEF X NBS il & U7\ b kEZ WD HHAN U DAL IRFE-IKFER Re A
FALRR A R Uz, AREIRINERS JORREBE A MEIC B W THIBT L Y BT . 4 E TICRWK
JIERERIZ LV EIT L TV D 2 e bR SN TWD, £z, ANV MERZF AR BT Frzlide
EHARET. YIVATNAT L ETORMROHMRINBRNST2Z NG, B R A F VL ROE
HMRARO B LD Z NSNS,
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F=H MBSO T n—~A 70 )T 7 2 —~OuEMIZEAT D05

B, B R TR L 0D, MEERRBLISITRM R & T, 2R (LA ER TES L LT, S
APHRH I TV D FIETH D, FIZIEX, FHEOITRIRO sp’ C-H BiEE & ik~ e 5 /R EA TV
D WEIATF LIS T S, AR & I KD ORI LS & B LA LT 5 (Scheme
421) , 92 F- EXELARRAWY THMETHD AT LT N —EFHT HIEEA T L AL O
Al « SAL SOSDO BT P LT D (Scheme4.22) , ©© Zi 6 O RIGIZE A BRI A FV D MBA 720
72T, HR - WE T CRAL=XIISPEITT 2, EiERIEICHR U CREFEM DD < B ED
fEfECd D Z &2 B ARG LT 0 RH & BERZROET IR LIE & W R D,

2007, Hirashima et al.

O,, fluorescent lamp

o~ Me cat. MgBr*OEt, A~ COA
R_\ | EtOAc, r.t. R_\ |
2011, Tada et al.
O,, fluorescent lamp
M cat. 2-CI-AQN COH
A © cat. K,CO3 Rr/l G
X EtOAc, r.t. - X
Scheme 4.21. Selected previous reports of oxidation of methyl groups on aromatic rings
O O O,, fluorescent lamp O O
J]\/U\ cat. MB, base
R X ReOH,rt. R0 X
R' OH

Scheme 4.22. Previous work of oxidation of methylene groups using methylene blue

L L7223 bR B LG DO RBALIZE W I =R X — DR R A HRNETH Y | ROH
FERKIEIE T T 22 bHLMNER->TWVD, ZHIE, —EEOREROKREIICHNGND 7T 22
DX BROEEZFTIINOB -5 RHEN/NE L, 77 AaNOREIET I =R+ 3IITEEDS
RNZE, Thabh EBREOKTARERNTH L EEZOND, SOLICRKEDOS TIRIEEN LI/ D
T2, AT —NT v FIfEDIBRIEOHE R HETH D,

FITCINEZMRRT HFEELE LT, EH I 70— I A N —ICBT 5 BRSO I TE B
L7, 70— I A MY =X, 77 220X ) REGERIE Ny FEE) X508 L 138720 | ik
FIZRIEIRRRR DTN (7 1 —#E) O TRISSEZILFEDZ L ThD, 7 —BIEEFEARITE N
T AR SN TV O RIRSER 21T Tl <, BRIRINSHR AR TE D LW ) FiE > T 5,
BRI s COLFEEHL A fRIX Flash-Vacuum-Pyrolysis (Zf8FE S5 K91, 1 kLl BRI 1864
ER R TR SR TRY, ERICBW b T 7o LIchAS T s, O ZoFETRIE
DO ECIFH OFENK S TRHEO BV P AR A ER TE L2000, ZORIGIT L2 L2 3EE - 3%
DRI 72 B 728, —EBOALEkbh O KBS RA~OBAIZIR STV 2, Loy LR Bt Bl 2aik
BN 2~ A 7 0 A — )V CIED 2 E N AIREIC /e 0 | T2 BUSRRIE 2@ e ) D) — 7 ik
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ECHBICHRTED K Rolc 2 b2 n, 7 —HINIEERRZBD LT D57 74 7 I WNVDF)
FEORWAERIEORRBICHETE 5L LTHHMIZSZ T TV AEMTHDH, 2 EEIC7n—~1 27 v (b
DUVNEAY) VT 72 —%FH LTZERMEAM ORGP ER S TN D, &6

EVDT, Tr—~A a7 I IOEEGE RIS W= B K, A 7 il & oSN
WaE 15209 < 725 £, AP TREBYNEALTEBEORFICEL ) A7 bR EIND, © 207k
D JEWL U B AN 22 W SRS & o T H AR 22 SO EEE & 722 0 . BRI Z2FIH T 2 FHA RS O BR
HHEDHNTND, © MM TRIRKIESRER AT ZENTEDH LWV HRND, AR OIEEEFE R
{ERED A r— T v 72 b oA e Th b & THRIND, ¢ KUK ERIKIC L VS LN DIRET
(A7 790 IXBNTIEBRIEDREET D120, REZDERHBTHZENAETHD, IHIT, 73
LRIE & OERREAREDS Ny FROSEHBE L TRESRD I EBEERFIATH S,

PLEOBE Z A ER L, LBIBBEIEORE LOKSEREOR E2HE L, 7 A8 7o
—<A 7T Z—=%RHT D RO DWW TR Z T2 > 72, AT, TOFEAZONTIRA
%,
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BT el S OPRIR S O LB DA o0 i A

BFCHT-Y . EFIIT 7BV TN RHBGT S AF v F7a—~Ara ) 77 X —4, RS #EE LT
W2 Z iz LTz (Figure4.4) , S&TF v 7134 7 AHC, Figure 4.4 (a) (237 K 9 22k (4241270 mm
X 50mm) TH Y, 2L S0mm X 50mm OKE I THD, MEOFIRIZ, 8 500 pm, HE S 300
um, K& 2400 mmTh 5, SISO SGEEE OB 1L Figure 4.4 (b) ©BY T, Fy 7Tk L TET
25 LED OYtaMRE LT\ 5, £7-. Figure 4.4 (c) [ZIZMEFE 0.1 MPa (EHMIVVFE) | BUSIRIE 5 uL
fmin (FEWFE) O T, F v 7RIS TR S LS &R & OIRET (2T 7)) Ok R L TWH
5o

ST e R
) ’ | § ')

Figure 4.4. A 70 mm x 50 mm glass chip, a flow micro reactor, and a slug flow
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Zovu—~<A a7 72— T, MU 44 OBERISIC DWW THREEZ 1T 7o, T EEE
\Z 4-F—x V=T F )L bV (44a) ZHV, 0.1 YED 2-4—2 X U—TFALT L TF ) (2-
‘Bu~AQN) Z&Fie 0.5 mol/L DN F NERK 2 L7z, 7eds. BiffllZIow Thod 72 At 2-27
n7 2 hF% 2 (2-CLAQN) Th o 1208, IRIEMEAMED) > 727280 . ARRFHIIBWTIE 2-Bu-AQN % filt
BLHZHWD Z L Lz, 2 ZORIGRREREE L)V OR 7 CHANEEZHIE L 7222A 5, 0.1 MPa @
MR LT —~A 7 a ) T X—DHITAF vy TNO Y FRGREKICE BN L, AT Tz Ak
S/, TORTIRHICKH LT, BT AF v FEE E Imm OFFRENS 375nm LED O£ 4 BBET (7B
H77 11.4W) LEJG#IT>7- (Table4.12) . Z DS, BEFOLIGES (UL TNy FGE) HF T 0.3
mmol | JEE 0.06mol/L @ kL 4da ZER(LT 2 DIT 10 FEHLL Lo TWeld, Koyr—<A 7
a7 7 —HWEEETERECEOREELY LV EARFMTHBIETEX 5 Z LB B0 L7 572 (entries

-3) o T IORLEMUSHRIZEAE (0.3 mmol) ZWMET20ICET M THY . Fv 7 Lk
%Wf@ﬁ”ﬁﬁ ThbbREDOKISHRIZD T 12 HThsb, 20k, Ny FRGEE T
WL TCo7r—vA7u 774 —%2Hn5ERERISMEDR ARSI, F2, #iE 5Spl/min T
2 WEEANT T 0.3 mmol DIEEF 2T RV BIRE L IGT D REEME 45a 21552 N T
W, INEART v —IEEICBIT D RESMEE L (entry 2) .

Table 4.12. Optimization of the reaction condition *

05 (0.1 MPa, 0.35 mL/min)
375 nm LED

M COH
/©/ e 2-Bu—AQN (0.1 equiv) /@/ 2
By 0.5 mol/L EtOAc solution By
flow rate
44a 45a
entry flow rate (uL/min) time (h) yield (%) ®
1 2 5 76
2 5 2 83
3 10 1 70
4°¢ - 10 32

“Reaction condition: a 0.5 mol/L solution of 4-fert-butyltoluene (44a) and 2-‘Bu-AQN (0.1 equiv) in EtOAc was introduced
into one of the channels by using a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced into the
second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of the glass
chip to form a slug flow. Light (375 nm) from an LED array (sum: 11.4 W) was used to irradiate the slug flow from a
distance of 1 mm from the chip surface. > '"H NMR yields determined by 1,1,2,2-tetrachloroethane. ¢ The reaction was

performed under the batch condition reported by Tada et al. (ref. 22a)
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ZOSMEIEICAT O —~ A 70 ) T 7 B —E AW BB RCEIS OB OWTHA L, BRI
HWE LTV oy FRIER TOMGHRE R & O 41T > 72 (Table 4.13) . FEEIZ L > TERDIH DX
XH2b00, BTG, BT RIIZEOFEII» DD LT NTIO ML UFFEK 44 (2O TH G
R D ARG R ED LT,

Table 4.13. Substrate scope of the oxidation using flow micro reactor “

05 (0.1 MPa, 0.35 mL/min)

375 nm LED
Ar/Me 2-Bu-AQN (0.1 equiv) > /COQH
0.5 mol/L EtOAc solution
44 flow rate = 5 pL/min 45

Bu 7 MeO

45a 83%, 2 h 45b 48%, 2 h 45c 80%, 2 h

(97%, 12 h) (58%, 24 h) (86%, 18 h)
cl Ph” NF
45d 30%, 2 h 45e 51%, 1 h b
(68%, 36 h) (70%, 30 h)

¢ Reaction condition: a 0.5 mol/L solution of toluene (44) and 2-‘Bu-AQN (0.1 equiv) in EtOAc was introduced into one
of the channels in 5 uL/min flow rate by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa, 0.35 mL/min) was
introduced into the second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the
channel of the glass chip to form a slug flow. Light (375 nm) from an LED array (sum: 11.4 W) was used to irradiate the
slug flow from a distance of 1 mm from the chip surface. 'H NMR yields determined by 1,1,2,2-tetrachloroethane. The

numbers in parentheses are 'H NMR yields under a batch condition. ® The flow rate was 10 uL/min.
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I 6% pmEE L E BIE A, 100 mm x 100 mm DOKRMAF ZF v 7 (REKIE 500 um, S 300 um,
£ & 9600mm) (Zxf LT HRIERICHFT 21T > 72 (Figure 4.5, Table 4.14) , K5~ 7 H® 375nmLED [
FEHZOW L, LV BRHEHOILNE O R 18.1W) #HE L, TO/E. BT 3 2oOKIG
B CHLRZEFREZH 0.15mmol A TE D Z ENHLMNE -7 (entryd) , ZHUE 1 HOAEEREIZH
F9 2% EH 70 mmol/day THY . AF v 7 10 K TIFNERKEIT ZI1EH) 700 mmol/day DAEPEN FHLIA®D
Do ZHUIADRD 7 v =V T 7 Z—% A5 EELE RO EENRIZIEHT 2ETH Y . ARUSIEEIX
HEEFRBIEOKBEALICBIT RN RKEEZW- L TNWD EE2 5, &

Figure 4.5. A 100 mm x 100 mm glass chip for the flow micro reactor

Table 4.14. Scale-up for the photo-oxidation “

0, (0.1 MPa)
375 nm LED
Me  5.Bu—AQN (0.1 equiv) COH
0.5 mol/L EtOAc solution B
Bu flow rate u
44a 45a
entry flow rate of sol. (uL/min) flow rate of O, (mML/min) time (min) yield (%) °

1 40 1.4 15 75
2 80 2.8 7.5 61
3 120 5.6 5 51
4 200 7.0 3 49

4 Reaction condition: a 0.5 mol/L solution of 4-tert-butyltoluene (44a) and 2-'Bu-AQN (0.1 equiv) in EtOAc was introduced
into one of the channels by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced into the second
channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of the glass chip to
form a slug flow. Light (375 nm) from an LED array (sum: 18.1 W) was used to irradiate the slug flow from a distance of

1 mm from the chip surface. ® GC yields determined by heptadecane as an internal standard.
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I A K ORI S DORR

BR D3 0 FRERAE 2 =N FRID WS TIE A — A7 v FRACRIENAE U0 s, I@mFRISOG
@ﬂ@%—&%:iﬁ%ﬁ%é{%ziAmqéﬁmé4y&y(Mﬂw 1-A % 45f) ~DXN
FRRBRALSOSIZ BN T, RO BARITEITT 2 & O DOk % 72BIAEY D AR HER S 4L, IR 60% FEEEDIX
RTCLOPEWPMZRD ZLIXTERVWIENERELDORFTH LN E > TS (The data wasn’t
shown.) . ZAUIISEFREIDEWIZOIZ, ROSRFRT—HAR LT 1 —A & 7 (44f) DB FERRLX
SR ST T2 AE SR, 1A & v (45F) OBBIRRLIC L D 1,3-14 v X0 U A v DRSS Baeyer
—Villiger f2{t, S HITIEFABRE W oTobfix REIKIGHER Z 2729 B2 TnD, £ 2 TEFIL. BK
JZ K S THERR LT 1-A 2 F 7 2 (450) Z BT BN RIA~B W T 2 & 3T EIUX Z ORI % ik
TXHEEZ, 7m~v47n)77&~%ﬂ%¢54/&/(uﬂ@Mﬁx#@%ﬁ%ﬁot(mm
4.15) . 7ok, MUNEEROTHIZT UV URV T BEREIIYA TR —A—F =XV EIT- T,

Table 4.15. Selective oxidation from indane to 1-indanone “

05 (0.1 MPa)
375 nm LED 0)

| N 2-Bu—AQN ‘
= EtOAc/MeOH (1:1)

0.4 mol/L, 80 min

a4t flow rate =10 pL/min 45t
entry 2-'Bu-AQN O, rate yield of 1-indanone recovery of
(equiv) (mL/min) (%) ° indane (%) °
1 0.02 0.25 43 48
2 0.03 0.25 50 44
3 0.04 0.25 56 37
4 0.06 0.25 64 33
5 0.08 0.25 70 31
6 0.10 0.25 74 11
7 0.12 0.25 80 12
8 0.20 0.35 74 12
9° 0.20 0.50 83 10

“ Reaction condition: a 0.4 mol/L solution of indane (44f) and 2-Bu-AQN (0.1 equiv) in EtOAc was introduced into one
of the channels in 10 pL/min flow rate by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced
into the second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of
the glass chip to form a slug flow. Light (375 nm) from an LED array (sum: 18.1 W) was used to irradiate the slug flow
from a distance of 1 mm from the chip surface. The total reaction time was 80 min. ? GC yields determined by heptadecane

as an internal standard. ¢ Flow rate was 20 pL/min and the total reaction time was 40 min.
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TEDIZIBRISOL OINH 2 B1FE L, i 2-BuAQN % 0.02 equiv (ZJ8 D L= BRaT 21T -7,
Z DOFEREIERY OFEALITIMZ DT, RN Z L EIRE N7z (entry 1) o ZOHOMRFHI LY | fil
BEE DB 1-1A & 7 (45f) OWRN\ EL, MEE42 012 S L L2BICK S B 80%
DULETHIIHR G DT (entries2-7) o SUGHED A2 #IFRE L, fiiii&% 020 M &, BHREKEE 0.35
mL/min FTHEHLLZE 2 A, BIRISDHER STUCEORAD S R il (entry 8) o & B 72 D KIS DRhFH
b B8 LR L7 R. entry 9 OFMFIZH W CTREERR 40 43, I 83% THINMZSS Z &I
RN LT, ARBOGEMECIERIERY ZI1E & A EERT 2 2 87 BIEBLORLR~T VT AN
VATCHWIWESD Z ENARETH D,

PED X, EHIZT VM T7x ) U A2 WD ML U 44 OFFEFRIRLSIZ oW T, 71—
~A 70T 7 Z—~OHEAERE Lz, EORER, (ERTLD Ny F S & il U CGEDIII=RIIIC,
RREWEESGD Z LIk Uiz, RFRTHER LIZMKISEREIZa 7 N ThY . ZhEEEH
HZ LT, KT MIVGET 2 4EENATRETH D, £, BNICEKE TX HaRHHMKO -0, TR—
MR — ORI AR LD FMIHAE L TOHESEZ B/ N RICENED LN A Y v FRH D,

MAT, A Z2 (44f) NS 1A 5 (45f) ~DEBSOSICB W TR R Z M ESE 5 LR
RFIZ, B ARR 2 eSS RAMCEEN 35 Z & TRIAMO AR EMmz onbd Z 2 /R LT, =
DOFERIL, ALFRIRO RN VERDOBBIFIICKRELL FETEL LD EE X D,

LB, EFTR UL sp’ CH ONIBIEDBRFE L . 2 z)SH LB bmank, €L Try
ML sp® CH ONEBBERIGIEDO 70— T 7 2 —~OuHICET 22 iTo72, EHORRLLIE, F
BTRERR LA T NAVENL OBLRIT VT & RFAERKISRHFFER FoF Kot Fa 4% Abs
X BEFEOFIETIEE M STV > T2 SRR D G E FIRRICT 2 b D Th D, AT, Jfg
B 7a—7r 2 A R U —L OFEIC L ) KEPOREM R ~DOREEZ W, Zh b OfEE
L R EEORIC K B EFE S AR OIS AT T2 @ B30I b D EFZ TN D,
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AWFGEA I L CTEENEB L CE N E L TICE LD 5,

1) Sk~ 7 R0 Da il & 0 RRRICRI N A 22— L ERIED %

O,, fluorescent lamp

NH
A 2 Mgl (5 mol% N
R +  ArCHO dodmo%) o & S—Ar
= XH EtOAc, r.t. Z~X

X=NH, S up t0 97%

2) HrFIRE TR a kL L 9D OERRRIRILEIT T ) ) B RIEDBR %

O,, fluorescent lamp O
0,
= NH, + ArCHO 12 (5 mol%) > NH
| _ EtOAc, rt. /)\
NH, NZ SAr
up to 93%

3) sk E URERRALA & T oML TR T VU VB EIED RS

Ar, fluorescent lamp
I, (1 equiv), KsCO5 (2 equiv)

CHCl3 (5 mL), 60 °C e
up to 86%

A +  TsNH,

4) FEHEHZER A FOVIELOBRIRAER LS DB %

O,, fluorescent lamp

XS I, (0.2 equiv), TFA (1.0 equiv) XS
R_:/ />_Me 2 > R—I />—CHO
A ~N EtOAc, 70 °C Z~N

up to 85%
5) AFLVEOT A AXRTE ) B KRS ALRIS OB
O,, fluorescent lamp
Mes—Acrt ClO4~ (0..1 equiv) R' OOH
R MgO (2.0 equiv) _ R2
Ar)\/Rz R30OH / EtOAc Ar
or CH,Cl, /H,0 OR?
up to 73%
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6) HFEE EATF L UEOBIRKE a2 LA % VRIS O B

air, 470 nm LED
R cat. NBS, H,Op*Urea (4.0 equiv)  R! OOH

Ar R2 biphenyl (0.5 equiv), MeCN, r.t. ArXRZ

up to 79%

7) HIGAWT vu—< A 71 )T X —% RS RIS O A

05 (0.1 MPa)
375 nm LED

OMe 2-Bu—AQN (0.1 equiv) Q/COZH
By EtOAc By

ca. 70 mmol/day
ca. 0.7 mmol/day )
under the batch condition223,

0, (0.1 MPa)

375 nm LED O
2-Bu—AQN (0.2 equiv)
EtOAc/MeOH (1:1)

83%

PLED X HICEFIT. R0 WS a2 3K D 5T Ay O 2 R S 5
B2 TSR BUE IR LIE 2 B Lz, 2D OBUSITEA 223382 L3 & Ui B fEskiE & b L
THEFEWR V2L BREOBBIEYS 3 7 RICEWITDHBEREIC L VRS IRENATRETH D, SHIC
AFREG 2FEED DR TICB W GRIRNICBMMZ SR T 5, £i2, tBFRRbo 7 e —<
A )T I E—~OEAIZHRD LI &b, TNDDKEDORESR~DRELZFH N LWV Z 5,
ZIHDOBFE A LTS DIV HRIT X0 R OBREARMOBEWERFREARET 55D TH Y |
TNEBRBIZE L WIS OFEBUIEMTEHHbDEE R D,
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K0 TR, ABFIEIZER L C IR QNS AR S ORI & 72 0 S AGTEEIE 72 5 58 & e 4 15
D F U7z B B R K2R A R i RS AR AR - (PRI SR DR OB A R L E T,

AHFIEOHEREIZ 7= 0 B HB S, HEEGIE CNCEME 2 THE & L7 R R R 2= - =
THTRIN A% | e RSB R G B S S SR =8 - S0 REAN . 1L D e BBhBUC IR 2 D OB AR L
£,

IS HOMFIEIL JSPS BRI IE Bt (17J06537) (2 X DHIEEZIT - D TH Y, BIfR
HOERET IO L VN LR,

HENES “FHOMIECEE L, 7r—~A 27 ul 7 74— 5 L CHEELE, 72780 7LXHK
KBS OBEER LET, AT, ERICE UEH D, BREaTES £ Ui, R - FREP R RH
BLET,

TEIB LT AART MVORIEEZ L CIHE £ Lo BIER RS o 7 — - R, R
EERITEHB L ET,

FEBRICE U, HRERTEE £ L, R ME L EEE L L0 AL, RIS E L S
BATIE L, SIARE L, FAEEEE T, B -EEtL, SHEEYL, Bilimast, Mpwskst,
HE Rt L2 bhe . AFEEERE IS L £,
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HLI IR OB RS (BR(ET) . ERITHBEAE b0 W, BT L7u~ 7T 7 1 —H
U A7 izid, Silica Gel 60N (BIHA L, 40-50 um, ERK, M), 35 X OV YMC-GEL SIL 8 nm S-25 um
(SLF 08825)% IV 7=, TLC 43#T1Z1% silica gel 60 Fass (Merck, 0.25 mm)% v 7=, "HNMR, *C NMR KO
“F NMR % JEOL ECA 500 spectrometer (500 MHz for 'H NMR, 125 MHz for *C NMR, 470 MHz for ’F NMR),
B L OV JEOL AL 400 spectrometer (400 MHz for 'H NMR, 100 MHz for *C NMR) Clll € L 72, 'H NMR D1k,
227 MEIZEZ v a AL A2V THE MesSi (0.00 ppm) %, B DMSO H1Z 88V Tid#EfE DMSO (2.5
ppm) & NEREEHEYE & L C ppm HAL TER L7z, BC NMR TIZEEEOWLIL (77.0 ppm/CDCls, 39.5
ppm/DMSO-d6) % WNEEEEYE & L C ppm HAL TER LTz, ¥ ARAXRT MV R ONESE~ A AT h L
I3 JEOLIMS-T100TD THIE L7z, @lsilE Yanaco Ml sl 24L& CHIE L7z CRAHIEM), IR A~ K
JUiZ Perkin Elmer Spectrum 100 FTIR spectrometer % W CHIE L7, JT3E 0 HT I BB R A
T —TRE LT,

BOGOIIRIIZ TR O H AT 2% LED & Hiz, 7272 L, IR S O 058 S 12 U CIEfE 72 i
DRPE SV TWRNZD | UGN E R T )L F— D R 72 B3R L TR0,
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GO S A e S PR

FEAFIE :

U7 Y 1(0.15 mmol) EEFHKET /LT E R 2(0.15 mmol) @ 3 mL HEiET T /LIRIEZ T V3 L RBHA
30 i L, £2ica vib~eZ 2T A (0.050equiv) @ 2mL FEERT T AR A N & BRSE 5B
S, HEOEAT (23 W Twist lamp from Osram Sylvania Inc.) 7206 QYIRS T, =IET 6 FEBEEE L, 55
I SNRA %K) 20mL OfIFIF AHEET b U ¥ 20KV TN L, /iR L=tk AHE ZmEET b
U A Lo CHIESHE, JEm L7, F0%. AlE T AR —F —|2 L o ClE FEgE S5 - & Cfl
ER G-, Tha 1,122-7 7 7max 2 o LiEAE L' HNMR 38rickir 2 7'm b o Hab NMR
WNREZRE L, it C, HAERYE S BAEEZ o~ 2777 4 — (CHCl; : MeOH =98 : 2) (2L VK5
L, 227 U= ARV TV =L 3) 2577,

2-Phenylbenzimidazole (3aa)*’* (Table 3.1)

FEARFIEIC XL 0 A% IR 93%, Re=0.4 (CHCl; : MeOH = 98 : 2), "H NMR (400 MHz, DMSO-ds) & 8.16 (d, J
= 7.2 Hz, 2H), 7.68-7.60 (m, 1H), 7.58-7.43 (m, 4H), 7.22-7.14 (m, 2H); '*C NMR (100 MHz, DMSO-ds) & 151.2,
143.8, 135.0, 130.2, 129.9, 129.0, 126.5, 122.6, 121.7, 118.9, 111.3.

1-Benzyl-2-phenylbenzimidazole (4aa)®’® (Table 3.1)

12-7 ==L 27 2 (1a, 03 mmol) X2 X7 /LTt K (2a, 0.3 mmol) @ 3 mL Ffg—F LRk %
TNTFEERE, 30 SRR L, £ 2o FIRkE UFE (0.05 equiv) D 2 mL FEET TSR A INZ
FRRIZPAR T . ST b ONBH T, T 6 R L, HoNSUNEEW AR 20 mL Of
FAHEET U 0 LK CTHE L, ik Lk, ARREZEET MU UL Ko TS, JElE L
Too ED%, AIRETNRL—F =X > TRHETHEREESE 5 Z & CHARMZST-, fit\ T, AR
ZolHERE 7 v~ 2757 4 — (CHCl : MeOH=99 : 1) (2 X W IEHL L, 1-benzyl-2-phenylbenzimidazole
(4aa) Z#157-, U= 7%, Rr=0.1 (CHCl; : MeOH =99 : 1), "H NMR (400 MHz, DMSO-d) & 7.74-7.72 (m, 3H),
7.54-7.52 (m, 3H), 7.47-7.45 (m, 1H), 7.30-7.21 (m, 5H), 6.99 (d, J = 6.8 Hz, 2H), 5.58 (s, 2H); *C NMR (100 MHz,
DMSO-ds) § 153.3, 142.7, 136.9, 135.9, 130.1, 129.8, 129.0, 128.8, 127.5, 126.1, 122.7, 122.2, 119.3, 111.1, 47.4.

2-(4-Methylphenyl)benzimidazole (3ab)®’* (Table 3.2)

FEAFIEIC X 0 A%, IR 80%, Re= 0.5 (CHCl; : MeOH = 98 : 2), 'H NMR (400 MHz, DMSO-ds): § 8.08 (d,
J=1.4Hz, 2H), 7.69-7.49 (m, 2H), 7.35 (d, J = 7.4 Hz, 2 H), 7.20-7.18 (m, 2 H), 2.37 (s, 3H); '*C NMR (100 MHz,
DMSO-ds): 8 151.4, 143.5, 139.6, 129.5, 127.4, 126.4, 122.0, 121.9, 121.9, 110.8, 21.0.
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2-(4-tert-Butylphenyl)benzimidazole (3ac)®’° (Table 3.2)

FARTFIEIC L 0 Bk, HARDIZS BN 2 0o~ ~ 25 7 ¢+ — (CHCl; : MeOH = 97 : 3) 12 X 0 R5HL
I 68%, Rr=10.5 (CHCl; : MeOH = 97 : 3), 'H NMR (500 MHz, DMSO-ds) § 8.12 (d, J = 8.3 Hz, 2H), 7.70-7.51
(m, 2H), 7.56 (d, J = 8.3 Hz, 2H), 7.22-7.16 (m, 2H), 1.32 (s, 9H); *C NMR (100 MHz, DMSO-ds) & 152.6, 151.3,
127.4,126.2,125.7, 122.0, 34.6, 31.0.

2-(4-Chrolophenyl)benzimidazole (3ad)®’* (Table 3.2)

FEARTFNEIZ L 0 ARk, IR 97%, Re=0.2 (CHCl; : MeOH = 98 : 2), '"H NMR (500 MHz, DMSO-ds) & 8.18 (d, J
= 8.6 Hz, 2H), 7.68-7.62 (m, 3H), 7.53 (d, J = 7.5 Hz, 1H), 7.23-7.20 (m, 2H); *C NMR (100 MHz, DMSO-ds) &
150.2, 143.7,135.0, 134.5, 129.1, 128.2, 122.8, 121.9, 119.0, 111.5.

2-(4-Hydroxyphenyl)benzimidazole (3ae)’* (Table 3.2)

FEARFNAZ LY B, FRUITEAFNAIHE > TITWV, RGO A Z STIRAYW O 'THNMR |t
MBEH L7z, UL 79%, Rr= 0.1 (CHCl; : MeOH = 98 : 2), 'H NMR (major, 500 MHz, DMSO-ds) & 9.95 (br,
1H), 7.99 (d, J = 8.0 Hz, 2H), 7.58 (d, /= 7.4 Hz, 1H), 7.46 (d, J= 6.9 Hz, 1H), 7.16-7.13 (m, 2H), 6.90 (d, J = 8.0
Hz, 2H); *C NMR (major, 125 MHz, DMSO-ds) § 159.1, 151.8, 143.9, 128.1, 121.9, 121.3, 121.1, 118.3, 115.7,
110.9.

2-(4-Methoxyphenyl)benzimidazole (3af)®’* (Table 3.2)
FEARTFNEIZ L0 ARk, UL 77%, Re=0.3 (CHCI; : MeOH 98 : 2), 'H NMR (500 MHz, DMSO-ds) § 8.12 (d, J =
8.9 Hz, 2H), 7.56 (br, 2H), 7.18-7.15 (m, 2H), 7.11 (d, J = 8.9 Hz, 2H), 3.84 (s, 3H); '*C NMR (100 MHz, DMSO-
ds) 8 160.6, 151.4, 146.1, 128.0, 122.7, 121.8, 114.4, 55 4.

2-(4-Trifluoromethylphenyl)benzimidazole (3ag)®’® (Table 3.2)

FEARTFNEIZ L0 ARk, IR 80%, Rr= 0.4 (CHCI; : MeOH 98 : 2), 'H NMR (400 MHz, DMSO-ds) & 8.39 (d, J =
8.2 Hz, 2H), 7.92 (d, J= 8.2 Hz, 2H), 7.72 (d, J= 7.2 Hz, 1H), 7.58 (d,J = 7.2 Hz, 1H), 7.31-7.20 (m, 2H); *C NMR
(100 MHz, DMSO-ds) 6 149.6, 143.7, 135.1, 134.0, 133.9, 129.5 (q, J = 32.1), 126.9, 126.0 (d, J = 3.6), 124.2 (q, J
=270.7),123.2,122.1, 119.3, 111.7.

2-(4-Cyanophenyl)benzimidazole (3ah)°” (Table 3.2)

FEARTFNEIZ L0 ARk, UL 77%, Re=0.2 (CHCl; : MeOH 98 : 2), 'H NMR (500 MHz, DMSO-ds) & 8.34 (d, J =
8.2 Hz, 2H), 8.01 (d, /= 8.2 Hz, 2H), 7.76-7.53 (m, 2H), 7.31-7.21 (m, 2H); *C NMR (125 MHz, DMSO-dy) 5 149.4,
143.8, 135.2,134.3, 133.0, 127.0, 123.4, 122.2, 119.4, 118.6, 111.9.

2-(4-Nitrophenyl)benzimidazole (3ai)®’¢ (Table 3.2)

FERTFNEIZ L0 ARk, IR 71%, Rr=0.0 (CHCl; : MeOH 98 : 2), '"H NMR (400 MHz, DMSO-ds) & 8.43-8.38
(m, 4H), 7.69-7.61 (m, 2H), 7.28-7.23 (m, 2H); *C NMR (125 MHz, DMSO-dy) 5 149.0, 147.8, 143.9, 136.0, 135.2,
127.4,127.3,124.3,123.6, 122.4, 119.4, 111.8.
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2-(3-Methylphenyl)benzimidazole (3aj)°’¢ (Table 3.2)

FEARTFIAIC L Ak, IR 87%, Rr=0.3 (CHCl; : MeOH 98 : 2), 'H NMR (400 MHz, DMSO-dy) & 8.03 (s, 1H),
7.97 (d, J = 7.5 Hz, 1H), 7.65-7.52 (m, 2H), 7.43 (t, J = 7.5 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.20-7.19 (m, 2H),
2.41 (s, 3H); *C NMR (125 MHz, DMSO-ds) 5 151.9, 144.3, 138.7, 135.5, 131.0, 130.6, 129.4, 127.5, 124.1, 123.0,
122.2,119.3,111.8, 21.6.

2-(3-Methoxyphenyl)benzimidazole (3ak)*™ (Table 3.2)

FEARTFNEIZ L0 ARk, IR 71%, Rr=0.3 (CHCl; : MeOH 98 : 2), '"H NMR (400 MHz, DMSO-ds) & 7.81-7.78
(m, 2H), 7.72-7.52 (m, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.26-7.19 (m, 2H), 7.10-7.07 (m, 1H), 3.89 (s, 3H); '*C NMR
(100 MHz, DMSO-ds) 5 159.6, 151.1, 143.8, 134.9, 131.5, 130.1, 122.7, 121.7, 118.7, 115.9, 111.4, 55.3.

2-(2-Methylphenyl)benzimidazole (3al)°’¢ (Table 3.2)

HARTFNEIC LY ARk, IR 91%, B:=0.8 (CHCls : MeOH 98 : 2), 'H NMR (400 MHz, DMSO-ds): § 7.76 (d,
J=4.0Hz, 1H),7.61 (s, 1H), 7.39 (s, 3H), 7.22-7.20 (m, 2H), 2.60 (s, 3H); '>C NMR (100 MHz, DMSO-dy): & 152.3,
137.3, 131.7,129.8, 129.6, 126.3, 122.2, 21.2.

4-Methyl-2-phenylbenzimidazole (3ba)®”' (Table 3.2)

FEARTFNEIZ L 0 ARk, IR 90%, Rr=0.3 (CHCl; : MeOH 98 : 2), "H NMR (400 MHz, DMSO-dy): 8 8.21 (d, J
= 8.0 Hz, 2H), 7.56-7.39 (m, 4H), 7.05 (dd, J = 8.0, 4.0 Hz, 2H), 2.57 (s, 3H); '*C NMR (125 MHz, DMSO-dy): &
154.1, 141.0, 130.96, 130.0, 129.2, 126.3, 122.4, 17.1.

5-Methyl-2-phenylbenzimidazole (3ca)®”’ (Table 3.2)

HARTFINEIC LV ARk, IR 75%, Re= 0.8 (CHCl; : MeOH 98 : 2), 'H NMR (400 MHz, CDCl3) § 8.17 (d, /= 7.5
Hz, 2H), 7.54-7.44 (m, 4H), 7.01 (d, J = 8.0 Hz, 1H), 2.41 (s, 3H); '3C NMR (125 MHz, CDCl3) § 150.9, 131.7,
130.4, 129.7,129.0, 126.4, 123.6, 118.4, 111.1, 21.4.

5-Bromo-2-phenylbenzimidazole (3da)®’* (Table 3.2)

HARTFINEIC LV ARk, IR 86%, Re=0.2 (CHCl; : MeOH 98 : 2), 'H NMR (500 MHz, DMSO-d6) § 8.16 (d, J =
8.6 Hz, 2H), 7.85-7.70 (m, 1H), 7.61-7.48 (m, 4H), 7.33 (d, J = 8.0 Hz, 1H); '*C NMR (125 MHz, DMSO-d6): &
152.5, 145.3, 142.8, 136.3, 134.1, 130.3, 129.6, 129.0, 126.6, 125.0, 121.2, 120.6, 114.0, 113.2.

5-Methoxy-2-phenylbenzimidazole (3ea)®’* (Table 2)

HARTFNEIC LV ARk, LR 89%, Re= 0.4 (CHCl; : MeOH 98 : 2), 'H NMR (500 MHz, DMSO-d6) § 8.13 (d, J =
7.4 Hz, 2H), 7.55-7.46 (m, 4H), 7.08 (brs, 1H), 6.84 (dd, J = 8.6, 2.3 Hz, 1H), 3.80 (s, 3H); '*C NMR (125 MHz,
DMSO0-d6) & 155.8, 150.8, 130.3, 129.5, 128.9, 126.1, 111.5, 55 4.
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Synthesis of 5-nitro-2-phenylbenzimidazole (3ea)®” (Table 2): 4-— F2-12-7 ==L > 7 I (le, 0.15
mmol) & FHFFEHRT /LT E R (2a,0.15 mmol) @ 3 mL FEfR— F VAR A 7 /L 3 KA H, 30 L
Too I FIRE U (0.20equiv) @ 2mL iR F VIR A I 2 . BESRTRIRSH . HOEAT 225 DL
ST IR T 20 R L7, (5O NTROSIREWAK) 20mL OfFNF A fiE T & U o LKEHK THE
WL, MRLT=t, AEEEMEBET R Ak CHiEsE, L7z, 0%, Ale T SR —4
—C ko TRIUE PR S5 2 & CHAERMZ G-, i<, HAERDE Y BAEE o~ 7T 7 ¢
— (CHCl3 : MeOH =98 :2) (2L W ¥58L 1L S-nitro-2-phenylbenzimidazole (3ea) % 157=, ULE 57%, Ry=0.1
(CHCI; : MeOH = 98 : 2), 'H NMR (500 MHz, DMSO-dy) § 8.56-8.33 (m, 1H), 8.22-8.20 (m, 2H), 8.13-8.11 (m,
1H), 7.75 (m, 1H), 7.62-7.55 (m, 3H); *C NMR (125 MHz, DMSO-ds) § 155.5, 142.7, 131.0, 129.2, 129.0, 127.0,
118.0, 114.7, 111.9.

Synthesis of 2-phenylbenzothiazole (3fa)°’® (Scheme 3): 2-7 X / X L F 4 —/L (1e, 0.15 mmol) &>
X7 /VT B R (2a,0.15 mmol) @ 3 mL EEfETF VIR Z 7 VT R HRH, 30 iR LI, £ 2125
TR TUFE (0.050equiv) O 2mL FEET FAIEKZ N2, BRFRIFFHEKH ., ST 06 O T, =il
T 20 KRR L7z, SO NTRISIEEW Z ) 20mL OfAFIF AfiEE T N U » LK THEE L, 2K
L7t AELZMEET N VAT K > TS e, I8l L7z, 0%, ARE T AR —F—IZL->T
JRE TER S D Z & CTHARM ST, i T, AR E S BRHERE 2 v~ N 77 7 ¢ — (Hexane :
EtOAc=8:2) (2L D FEHI L, 2-phenylbenzothiazole (3fa) %7572, UL 87%, Rr= 0.6 (Hexane : EtOAc =8 :
2), "H NMR (500 MHz, CDCls) 3 8.11-8.07 (m, 3H), 7.90 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 4H), 7.40-7.37 (m, 1H).
3C NMR (100 MHz, CDCl3) § 168.0, 154.1, 135.2, 133.7, 131.1, 129.2, 127.7, 126.5, 125.3, 123.4, 121.8.

B EICET o KR

ERFINE:2-7I /X XT7 I F (10, 0.3 mmol), FEHEET /LT E R 2 (0.3 mmol), ZFika 73 (0.05
equiv) @ 5mL HEE—F WIEKRZ, BEFHKH, S04 (23 W Twist lamp from Osram Sylvania Inc.) 7>
LOJIH T, |IRTHEIE L, BONTRINEAYME A AR L —% —IZ X > TRIE T s E 52 &
THAERD -, hE 1,122-7 hF77unxi v LRAL, 'THNMR TR 5 7 a hrns
NMR WA FH U7z, fi\WC, HARME s EHERE 2 v~ 82777 4 — (CHC : MeOH=9:1) {2 X
DRILL, 227U —1-4-%F>V Y /v 11 %157,

2-phenyl-4-quinazolinone (11a)°** (Table 3.4)

FEARFIEIC X 0 A%, FUGERRE 1 B, IR 86%, 'HNMR (500 MHz, DMSO-ds) § 12.55 (br, 1H), 8.19-8.15
(m, 3H), 7.82 (t, J= 8.0 Hz, 1H), 7.74 (d, J= 8.0 Hz, 1H), 7.58-7.50 (m, 4H).
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2-(4-tolyl)-4-quinazolinone (11b)%® (Table 3.5)

FEARFIEIC X 0 Bk, BOSKRE 5 K, IR 76%, 'H NMR (500 MHz, DMSO-ds) § 12.47 (br, 1H), 8.15 (d,
J=8.0 Hz, 1H), 8.10 (d, J = 8.0 Hz, 2H), 7.83 (t,J = 8.0 Hz, 1H), 7.73 (d, /= 8.0 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H),
7.36 (d, J = 8.0 Hz, 2H), 2.39 (s, 3H).

2-(3-tolyl)-4-quinazolinone (11¢)%*® (Table 3.5)

FEAFNEIC L 0 ARk, BOSKR 10 K, IR 93%, '"H NMR (500 MHz, CDCls) & 10.79 (br, 1H), 8.24 (d, J
= 8.0 Hz, 1H), 7.80 (d, J = 3.4 Hz, 2H), 7.57 (d, J = 6.9 Hz, 1H), 7.51-7.48 (m, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.36-
7.34 (m, 2H), 2.52 (s, 3H).

2-(4-hydroxyphenyl)-4-quinazolinone (11d)**° (Table 3.5)

FEARTFIAIC L Ak, BOGERE 5 B, € 80%, 'HNMR (500 MHz, DMSO-d6) & 12.31 (br, 1H), 10.19 (s,
1H), 8.12-8.07 (m, 3H), 7.79 (t,J = 7.7 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.45 (t,J = 7.7 Hz, 1H), 6.90 (d, J = 7.8
Hz, 2H).

2-(4-methoxyphenyl)-4-quinazolinone (11e)**" (Table 3.5)
FEARTFNEIC L0 ARk, BUGERR 1 B, IR 75%, 'H NMR (400 MHz, CDCls) § 8.33-8.31 (m, 1H), 7.88-
7.80 (m, 2H), 7.72-7.66 (m, 2H), 7.55-7.47 (m, 2H), 7.15-7.13 (m, 1H), 5.96 (s, 1H), 3.96 (s, 3H).

2-(3-methoxyphenyl)-4-quinazolinone (11f)°*" (Table 3.5)
EAFNEIC L 0 ARk, BOSKR 1 R, IR 81%, 'H NMR (500 MHz, CDCl3) & 10.72 (br, 1H), 8.32 (d, J
= 8.0 Hz, 2H), 7.85-7.79 (m, 2H), 7.73-7.69 (m, 2H), 7.52-7.46 (m, 1H), 7.13 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H).

2-(4-tert-butylphenyl)-4-quinazolinone (11g)°** (Table 3.5)

FEARTFNEIC L0 ARk, RUGERR 3 FFE], IR 83%, 'H NMR (500 MHz, CDCl3) & 11.80 (br, 1H), 8.34 (d, J =
8.0 Hz, 1H), 8.21 (d, J = 8.0 Hz, 2H), 7.84-7.78 (m, 2H), 7.59 (d, J = 8.6 Hz, 2H), 7.50 (t, J = 8.0 Hz, 1H), 1.39 (s,
9H).

2-(4-fluorophenyl)-4-quinazolinone (11h)*** (Table 3.5)

FEARTFIAC X Ak, BOGERE 15 B, BARESIC X D RERD (EtOAc : HoO :Hexane=1:1:5) , X3 85%,
'H NMR (500 MHz, DMSO-dg) 8 12.58 (br, 1H), 8.25 (dd, J = 5.4 Hz, 8.6 Hz, 2H), 8.15 (d, /= 7.5 Hz, 1H), 7.84 (t,
J=8.6Hz, 1H), 7.73 (d, 7= 8.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.39 (t, J = 8.8 Hz, 2H).

2-(4-chlorophenyl)-4-quinazolinone (11i)°** (Table 3.5)

FEARTFIAIC X Ak, BOGERE 15 B, BARESIC X 0 RERL (EtOAc : HoO :Hexane=1:1:5) , [X3E 88%,
'H NMR (500 MHz, DMSO-d6) 8 12.61 (br, 1H), 8.21-8.15 (m, 3H), 7.85 (t, J = 8.0 Hz, 1H), 7.75 (d, J = 8.6 Hz,
1H), 7.63 (d,J = 7.6 Hz, 2H), 7.54 (t, /= 7.1 Hz, 1H).
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2-(4-bromophenyl)-4-quinazolinone (11j)%** (Table 3.5)

FEAFIEIC X 0 &%, BOSKRE 15 B, BRI & 0 KSR (EtOAc: HoO : Hexane=1:1:5) , [N 82%,
'H NMR (500 MHz, DMSO-d6) & 12.61 (br, 1H), 8.16-8.12 (m, 3H), 7.85 (t, J = 8.0 Hz, 1H), 7.78-7.74 (m, 3H),
7.54 (t,J = 7.2 Hz, 1H).

2-(4-trifluoromethylphenyl)-4-quinazolinone (11k)*** (Table 3.5)

FEARTFIAIC X Ak, BOGER 15 B, BARESIC X D RERD (EtOAc : HoO :Hexane=1:1:5) , X3 76%,
'"H NMR (500 MHz, DMSO-d6) & 12.75 (br, 1H), 8.38-8.35 (m, 2H), 8.19-8.15 (m, 1H), 7.94-7.84 (m, 3H), 7.79-
7.76 (m, 1H), 7.58-7.53 (m, 1H).

2-(4-cyanophenyl)-4-quinazolinone (111)°*° (Table 3.5)

FEARTIAC X Ak, BOGERE 15 B, BARESIC X D RERD (EtOAc : HoO :Hexane=1:1:5) , X3 66%,
"H NMR (500 MHz, DMSO-d6) § 12.72 (br, 1H), 8.31 (d, J = 8.6 Hz, 2H), 8.15 (d, J = 8.0 Hz, 1H), 8.01 (d,J=8.0
Hz, 2H), 7.84 (t, J = 7.5 Hz, 1H), 7.75 (d,J = 8.0 Hz, 1H), 7.54 (t,J = 7.5 Hz, 1H).

2-(4-nitrophenyl)-4-quinazolinone (11m)**" (Table 3.5)

FEARATFIAIC L 0 Ak, BOGKRE 5 K, FfEmICE VB (EtOAc: HoO : Hexane=1:1:5) . UL 69%,
'H NMR (500 MHz, DMSO-d6) § 12.84 (br, 1H), 8.41-8.40 (m, 4H), 8.19 (d, J = 6.9 Hz, 1H), 7.90-7.87 (m, 1H),
7.80 (d,J = 7.4 Hz, 1H), 7.60-7.57 (m, 1H).

Synthesis of 2-phenyl-2,3-dihydroquinazolin-4-one (12a)%%¢ (Table 3.6): 2-7 X / X X7 I K (10, 0.3 mmol),
NRUAT T e R (2a,0.3mmol), 77 4R 3 753E (0.05equiv) @ 5mL HEETF VIR % | iR IS
ST (23 W Twist lamp from Osram Sylvania Inc.) 7>5 OYERRE T, IR TR L2, SFONTRINES
W R —F —C Ko TRHE TS E 2 2 & CHARM A S, vk 1,122-7 7 7arxX
Y ERAL, 'HNMR SRR 57 1 f e b NMR IEEEA R Lz, fivyvC, HAERM & 5y BUH
Hg s a~ 727 ¢— (CHCl:MeOH=20:1) (2L V&8 L, 2-phenyl-2,3-dihydroquinazolin-4-one (12a)
21577, U 49%, 'H NMR (500 MHz, DMSO-d6) & 8.29 (s, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.50 (d, /= 6.8 Hz,
2H), 7.40-7.33 (m, 3H), 7.24 (t, /= 7.9 Hz, 1H), 7.11 (br, 1H), 6.75 (d, 8.6 Hz, 1H), 6.67 (t, J = 8.0 Hz, 1H), 5.75 (s,
1H).
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GO S T E S APARES

EAEFNE: 7L > 13(0.3mmol), /X7 b AR T 2 K 14(0.6 mmol), 73 74k = 73 (0.3 equiv) .
REEZI Y O 2 (0.6 mmol) @ 5SmL 7 1 rAR/NLERE, 70T KRBT, T (22W lamp X 2,
EFR25ED from Panasonic) 7> 5 QYIS T, B+ 60°C T 20 KEfEIREE L=, 155072 INEA Y &4

20 mL OfafnF Al ) MU U LKEE THE L, 2R L%, KEE 5mL OV F /LT —F /LT3

B U7, AREE 2R Y U A Ko THEESE, i L7z, =/ 3R b— & — 2 K o TRJE FRzg

SH¥LZECHAEBRM ARSI, ZhE 1,122-7 o 7unxx BREAE L, 'THNMR S4ricBil 5 7m

R D NMR IEAZFM Lz, $WT, MAERME LY BTN Thra<x NI T77 4 —IZK 0k
L, ST DTV ALEW 15 2457,

N-(p-Tolylsulfonyl)-2-(4-tert-butylphenyl)aziridine (152)** (Table 3.8)

FEAFNEZ X ARk, O, X2 86%, Rr= 0.3 (hexane : EtOAc = 9 : 1), 'H NMR (500 MHz, CDCls) &
7.86 (d, J = 8.0 Hz, 2 H), 7.33-7.30 (m, 4 H), 7.14 (d, J = 8.0 Hz, 2 H), 3.76 (dd, J = 7.2, 4.6 Hz, 1 H), 2.95 (d, J =
7.2 Hz, 1 H), 2.42 (s, 3 H), 2.37 (d, J = 4.6 Hz, 1 H), 1.27 (s, 9 H); *C NMR (125 MHz, CDCl3) & 151.3, 144.5,
134.9, 131.9, 129.7, 127.9, 126.2, 125.4, 40.9, 35.7, 34.5, 31.2, 21.6.

N-(p-Tolylsulfonyl)-2-(4-chlorophenyl)aziridine (15b)** (Table 3.8)
EAFNEZ L Bk, AMEAE, X2 85%, Re=0.3 (hexane : EtOAc = 17 : 3), "H NMR (500 MHz, CDCls) &
7.85 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H), 3.73 (dd, J =
6.9, 4.5 Hz, 1H), 2.98 (d, J = 6.9 Hz, 1H), 2.43 (s, 3H), 2.34 (d, J = 4.5 Hz, 1H). '*C NMR (125 MHz, CDCl3) &
144.8, 134.7,134.1, 133.5, 129.7, 128.7, 127.9, 127.8, 40.2, 36.0, 21.6.

N-(p-Tolylsulfonyl)-2-(4-bromophenyl)aziridine (15¢)*** (Table 3.8)
FEAFNEZ X Bk, AMEAE, X2 77%, Re= 0.3 (hexane : EtOAc = 17 : 3), "TH NMR (500 MHz, CDCls) &
7.85 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.71 (dd, J =
7.1, 4.6 Hz, 1H), 2.97 (d, J = 7.1 Hz, 1H), 2.42 (s, 3H), 2.34 (d, J = 4.6 Hz, 1H). '*C NMR (125 MHz, CDCl;) &
144.7, 134.6, 134.1, 131.6, 129.7, 128.1, 127.8, 122.2, 40.2, 35.9, 21.6.

N-(p-Tolylsulfonyl)-2-phenylaziridine (15d)** (Table 3.8)

FEARTFIAIC L Ak, FEMKE, IEE 81%, Re= 0.3 (hexane : EtOAc =9 : 1), 'TH NMR (500 MHz, CDCl3) &
7.87 (d,J=8.0 Hz, 2 H), 7.33 (d, /= 8.0 Hz, 2 H), 7.31-7.26 (m, 3 H), 7.23-7.19 (m, 2 H), 3.77 (dd, J= 7.4, 4.6 Hz,
1 H), 2.98 (d,J=7.4 Hz, 1 H), 2.43 (s, 3 H), 2.38 (d,J=4.6 Hz, 1 H). 3C NMR (125 MHz, CDCl3) § 144.6, 134.9,
134.8,129.7, 128.5, 128.26, 127.9, 126.5, 40.9, 35.9, 21.6.
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N-(p-Tolylsulfonyl)-2-(4-methylphenyl)aziridine (15¢)°** (Table 3.8)

EAFNEZ L Bk, AMEAE, X2 83%, Rr= 0.3 (hexane : EtOAc = 9 : 1), 'H NMR (500 MHz, CDCls) &
7.86 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 7.09 (br, 4H), 3.73 (dd, J= 7.1, 4.6 Hz, 1H), 2.96 (d, J= 7.1 Hz,
1H), 2.42 (s, 3H), 2.37 (d, J = 4.6 Hz, 1H), 2.30 (s, 3H). *C NMR (125 MHz, CDCl3) § 144.5, 138.1, 135.0, 131.9,
129.6, 129.2, 127.8, 126.4, 41.0, 35.7, 21.6, 21.1.

N-(p-Tolylsulfonyl)-2-(3-methylphenyl)aziridine (15f)°** (Table 3.8)

EAFNEZ L v Bk, AMEAE, X2 76%, Re= 0.3 (hexane : EtOAc = 17 : 3), "TH NMR (500 MHz, CDCls) &
7.87 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.19-7.16 (m, 1H), 7.08 (d, J = 8.0 Hz, 1H), 7.02-7.01 (m, 2H),
3.74 (dd, J= 7.4, 4.6 Hz, 1H), 2.95 (d, J= 7.4 Hz, 1H), 2.41 (s, 3H), 2.37 (d, J = 4.6 Hz, 1H), 2.30 (s, 3H). *C NMR
(125 MHz, CDCls) & 144.6, 138.2, 134.8, 129.7, 129.0, 128.4, 127.9, 127.1, 123.6, 41.0, 35.8, 21.6, 21.2.

N-(p-Tolylsulfonyl)-2-(2-methylphenyl)aziridine (15g)*° (Table 3.8)

EAFNEZ L ARk, AMEAE, X2 82%, Re= 0.3 (hexane : EtOAc = 17 : 3), "TH NMR (500 MHz, CDCls) &
7.89 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.3 Hz, 2H), 7.19-7.15 (m, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.11-7.09 (m, 2H),
3.86 (dd, J=7.4,4.6 Hz, 1H), 2.98 (d, J= 7.4 Hz, 1H), 2.44 (s, 3H), 2.38 (s, 3H), 2.31 (d, /= 4.6 Hz, 1H). *C NMR
(125 MHz, CDCls) & 144.6, 136.6, 134.8, 133.1, 129.8, 129.7, 127.9, 126.0, 125.8, 39.4, 35.0, 21.6, 19.0.

cis- and trans-N-(p-Tolylsulfonyl)-2-methyl-3-aziridine (15h)®° (Table 3.8)

BEAFNEZ L ARk, AMEAE, X2 72%, Re= 0.3 (hexane : EtOAc = 17 : 3), "TH NMR (500 MHz, CDCls) &
(trans-isomer) 7.81 (d, J = 8.0 Hz, 2H), 7.29-7.13 (m, 5H), 7.15-7.13 (m, 2H), 3.79 (d, J = 4.0 Hz, 1H), 2.90 (dq, J
=5.7,4.0 Hz, 1H), 2.37 (s, 3H), 1.84 (d, J = 5.7 Hz, 3H); & (cis-isomer) 7.88 (d, J= 8.0 Hz, 2H), 7.32 (d, /= 8.0 Hz,
2H), 7.29-7.19 (m, 5 H), 3.92 (d, J = 7.4 Hz, 1H), 3.18 (dq, J = 7.4, 5.7 Hz, 1H), 2.42 (s, 3H), 1.01 (d, J = 5.7 Hz,
3H). '3C NMR (125 MHz, CDCls) § 144.3, 143.8, 137.8, 135.4, 135.2, 132.6, 129.6, 129.4, 128.4, 128.2, 128.0,
127.7,127.4,127.1, 126.2, 49.1, 49.0, 46.0, 41.75, 21.5, 21.5, 14.0, 11.8 (one carbon peak was overlapped).

N-(p-Tolylsulfonyl)-2-methyl-2-phenylaziridine (15i)°** (Table 3.8)

EAFNEZ L Bk, AMEAE, X2 17%, Re=0.1 (hexane : EtOAc = 20 : 3), "H NMR (500 MHz, CDCls) &
7.87 (d,J= 7.7 Hz, 2H), 7.38 (d, J = 7.7 Hz, 2H), 7.33-7.30 (m, 4H), 7.28-7.26 (m, 1H), 2.96 (s, 1H), 2.52 (s, 1H),
2.43 (s, 3H), 2.04 (s, 3H). 3C NMR (125 MHz, CDCl5) 6 143.9, 140.9, 137.6, 129.5, 128.3, 127.7, 127.4, 126.5, 51.7,
41.8,21.6,20.9.
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FUE HEICBY D KR

FEAFIE : #1FEBE 20 (0.3 mmol), =T 7#E (0.06 mmol). TFA (0.3 mmol) @ 5mL i F VIink %z . i
FEPHA . #OEAT (Mini Twister 23 W from Philips Co., Ltd) RS T, s 70°C T 20 FFRE#EEE L7~
U 7 A aliig (TFA) 137074 7274080 % Wiz, ]KGEEWE 30mL Of3fF 4 iz k
U o DK TR L, KIBIzxt L 10 mL OFfg—F /v CHith Z =0T - 72, A8 &g~ 7 x> v
ATHIAL, B L7, ZO%, K E =R L —4 —Cfid 5 2 & CHAERYE S, ZhE 1,1,2,2-
ThI77unxg o LRE L, 'THNMR SHHcBi 57 e bk d NMR IEREF I L, fill T,
WA E D BAERE 2 v~ N7 7 4 —THRTHZETRISET A7 AT R 21 #4537,

Benzothiazole-2-carboxaldehyde (21a)’% (Table 4.2)
EAFNEZ L Bk, AMEAE, X2 81%, Rr= 0.7 (Hexane : EtOAc = 4 : 1), 'H NMR (500 MHz, CDCl;) &
10.17 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 7.7 Hz, 1H), 7.63-7.56 (m, 2H); '3*C NMR (125 MHz, CDCl3) &
185.4,165.2,153.5,136.3, 128.4, 127.3, 125.7, 122.6.

5-Fluorobenzothiazole-2-carboxaldehyde (21b) (Table 4.4)

FEARTFIAIC L Ak, FEEER, IR 73%, Re= 0.5 (Hexane : EtOAc = 4 : 1), '"H NMR (500 MHz, CDCl;) &
10.15 (s, 1H), 7.98-7.95 (m, 1H), 7.91 (dd, J = 2.3, 8.8 Hz, 1H), 7.39-7.35 (m, 1H); *C NMR (125 MHz, CDCl;) §
185.1, 167.4,162.1 (d, J =244 Hz), 154.3 (d,J=11.9 Hz), 131.9, 123.5(d, /=9.5 Hz), 117.7 (d,J=25.0 Hz), 111.2
(d, J=23.9 Hz); 'F NMR (470 MHz, CDCl3) § -113.2. Anal. Calcd for: H: 2.23%, C: 53.03%, N: 7.73%. Found: H:
2.34%, C: 52.75%, N: 7.63%. IR (ATR): 3072, 2856, 1682 (cm™). m.p.: 113.8-114.8 °C.

5-Chlorobenzothiazole-2-carboxaldehyde (21c) (Table 4.4)

FEAFNEZ L v Bk, AMEE, X2 78%, Rr= 0.5 (Hexane : EtOAc = 4 : 1), "TH NMR (500 MHz, CDCl;) &
10.15 (s, 1H), 8.21 (d, J= 2.3 Hz, 1H), 7.92 (d, J = 8.6 Hz, 2H), 7.54 (dd, J = 2.3, 8.6 Hz, 1H); *C NMR (125MHz,
CDCl) 6 185.1, 166.8, 154.2, 134.5, 133.5, 128.9, 125.2, 123.3. Anal. Calcd for: H: 2.04%, C: 48.62%, N: 7.09%.
Found: H: 2.24%, C: 48.49%, N: 6.97%. IR (ATR): 2941, 1682 (cm™"). m.p.: 151.2-152.2 °C.

5-Bromobenzothiazole-2-carboxaldehyde (21d) (Table 4.4)

FEAFNEIC L 0 ARk, A, IR 79%, Ry=0.5 (Hexane : EtOAc =4 : 1), "H NMR (500 MHz, CDCl;) &
10.15 (s, 1H), 8.38 (d,J = 1.9 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.66 (dd, J= 1.9, 8.6 Hz, 1H); '*C NMR (125 MHz,
CDCl3) 6 185.1, 166.5, 154.5, 135.0, 131.5, 128.3, 123.6, 121.0. Anal. Calcd for: H: 1.67%, C: 39.69%, N: 5.79%.
Found: H: 1.77%, C: 39.51%, N: 5.74%. IR (ATR): 3053, 1686 (cm™). m.p.: 149.2-150.2 °C.
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2-Formyl-5-benzothiazolecarxylic acid methyl ester (21¢) (Table 4.4)

EAFNZ LY GRk, FOGKRH 50 Kefl, SEEBER, I 69%, Ri= 0.4 (Hexane : EtOAc =4 : 1), 'H NMR
(500 MHz, CDCl3) 6 10.19 (s, 1H), 8.90 (d, /= 1.2 Hz, 1H), 8.23 (dd, J=1.2, 8.7 Hz, 1H), 8.07 (d, /= 8.7 Hz, 1H),
4.01 (s, 3H); *CNMR (125 MHz, CDCl;) § 185.2, 166.6, 166.2, 153.3, 140.6, 129.7, 128.6, 127.4, 122.6, 52.5. Anal.
Calcd for: H: 3.19%, C: 54.29%, N: 6.33. Found: H: 3.48%, C: 54.18%, N: 6.10%. IR (ATR): 3067, 2962, 1718,
1687. m.p.: 160.0-161.0 °C.

5-Cyanobenzothiazole-2-carboxaldehyde (21f) (Table 4.4)

FARTFINAIZ LV ARk, ROGKE 70 R, AR, IR 71%, Re= 0.5 (Hexane : EtOAc=1:1), '"H NMR
(500 MHz, CDCl3) § 10.18 (s, 1H), 8.57 (s, 1H), 8.14 (d, J = 8.3 Hz, 1H), 7.80 (d, J = 8.3 Hz, 1H); *C NMR (125
MHz, CDCl3) 6 184.8, 167.5, 152.9, 140.6, 130.2, 130.2, 124.0, 117.9, 111.4. Anal. Calcd for: H: 2.14%, C: 57.44%,
N: 14.88%. Found: H: 2.50%, 57.54%, 14.46%. IR (ATR): 3101, 3071, 2924, 2857, 2231, 1694 (cm™). m.p.: 174.9-
175.0 °C.

5-Nitrobenzothiazole-2-carboxaldehyde (21g) (Table 4.4)

EAFNZ XY GRk, BOUGKERH 50 FEfE, BEAERE, IXFE 61%, Ri= 0.4 (Hexane : EtOAc =4 : 1), '"H NMR
(500 MHz, CDCl3) ¢ 10.22 (s, 1H), 9.11 (d, J = 2.3 Hz, 1H), 8.46 (dd, J=2.3,9.2 Hz, 1H), 8.21 (d,/=9.2 Hz, 1H);
3CNMR (125 MHz, CDCl3) § 184.7, 168.4, 153.1, 147.4, 142.1, 123.5, 122.3, 121.2. Anal. Calcd for: H: 1.94%, C:
46.15%, N: 13.46%. Found: H: 2.24%, C: 46.13%, N: 13.08%. IR (ATR): 3074, 1691 (cm™). m.p.: 154.9-155.9 °C.

5-Methoxybenzothiazole-2-carboxaldehyde (21h) (Table 4.4)

FEAFNEZ L ARk, HEAEAE, X2 85%, Rr= 0.5 (Hexane : EtOAc = 4 : 1), "TH NMR (500 MHz, CDCl;) &
10.13 (s, 1H), 7.84 (d, J = 8.9 Hz, 1H), 7.63 (d, J = 2.3 Hz, 1H), 7.22 (dd, J = 2.3, 8.9 Hz, 1H), 3.92 (s, 3H); 1*C
NMR (125 MHz, CDCl3) 6 185.2, 166.1, 159.6, 154.9, 128.6, 122.7, 119.8, 106.2, 55.6. Anal. Calcd for: H: 3.58%,
C: 55.76%, N: 7.06%. Found: H: 3.65%, C: 55.94%, N: 7.25%. IR (ATR): 2846, 1681 (cm™). m.p.: 100.1-101.1 °C.

5-Methylbenzothiazole-2-carboxaldehyde (21i) (Table 4.4)

FEAFNEIC L v ARk, HEAFEA, N2 81%, Ry= 0.6 (Hexane : EtOAc =4 : 1), "H NMR (400 MHz, CDCl;) &
10.14 (s, 1H), 8.01 (d, J = 1.2 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.39 (dd, J = 1.2, 8.0 Hz, 1H), 2.54 (s, 3H); 1*C
NMR (100 MHz, CDCl3) 6 185.4, 165.3, 153.9, 137.6, 133.4, 130.3, 125.3, 122.0, 21.4. Anal. Calcd for: H: 3.98%,
C: 60.99%, N: 7.90%. Found: H: 4.03%, C: 60.76%, N: 7.86%. IR (ATR): 2913, 2850, 1689 (cm™). m.p.: 118.8-
119.8 °C.
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5,6-Dimethylbenzothiazole-2-carboxaldehyde (21j) (Table 4.4)

FEARTFIAIC L Ak, ARER, IE 78%, Re=0.5 (Hexane:EtOAc =4:1), '"H NMR (500 MHz, CDCl3) § 10.11
(s, 1H), 7.96 (s, 1H), 7.72 (s, 1H), 2.40 (s, 3H), 2.39 (s, 3H); '*C NMR (100 MHz, CDCl3) § 185.4, 164.2, 152.4,
138.9, 137.1, 134.1, 125.3, 122.1, 20.5, 20.2. Anal. Calcd for: H: 4.74%, C: 62.80%, N: 7.32%. Found: H: 4.70%, C:
62.56%, N: 7.17%. IR (ATR): 2941, 2918, 2836, 2805, 1687 (cm™"). m.p.: 95.8-96.8 °C.

Naphtho[1,2-d|thiazole-2-carboxaldehyde (21Kk) (Table 4.4)

FEAFNEZ X Bk, BUGKHHE 60 Kefl]l, VAV h T Ay a~ 7T 7 ¢ —2 50 HEERERL, HEE
R, U= 80%, Rr= 0.3 (Hexane : EtOAc = 20 : 1), '"H NMR (500 MHz, CDCls) § 10.26 (s, 1H), 8.88 (d, J = 8.0
Hz, 1H), 8.01-7.95 (m, 3H), 7.78 (t,J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H); '*C NMR (125 MHz, CDCl3) § 185.0,
163.8, 150.4, 134.7, 132.0, 129.7, 129.3, 128.3, 127.9, 127.1, 123.5, 119.0. Anal. Calcd for: H: 3.31%, C: 67.58%,
N: 6.57%. Found: H: 3.43%, 67.39%, 6.59%. IR (ATR): 2848, 1685 (cm™). m.p.: 126.0-127.0 °C.

1-(2-Benzothiazolyl)-ethanone (211)"°° (Table 4.4)

HEARATFIRIC L Ak, BEREE, IEE 69%, Re= 0.4 (Hexane : EtOAc = 4 : 1), '"H NMR (500 MHz, CDCl) &
8.18 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.58-7.52 (m, 2H), 2.83 (s, 3H); >C NMR (125 MHz, CDCl3) 3
193.1, 166.4, 153.5, 137.3, 127.6, 126.9, 125.4, 122.4, 26.1.

1,3-Benzothiazol-2-yl(phenyl)methanone (21m)’* (Table 4.4)

FEAFNEZ L ARk, HEAEAE, X2 85%, Re=0.5 (Hexane : EtOAc = 20 : 1), 'TH NMR (500 MHz, CDCls) &
8.55(d,J=7.5Hz 2H),8.22 (d,J = 7.5 Hz, 1H), 7.97 (d, J= 7.5 Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H), 7.55-7.49 (m,
4H); 3C NMR (125 MHz, CDCls) § 185.2, 167.0, 153.8, 136.9, 134.8, 133.8, 131.2, 128.4, 127.5, 126.8, 125.6,
122.0.

2-Quinolinecarboxaldehyde (21n)"% (Table 4.5)

EAFNZ LY Gk, FUGKRH 60 K, AR, I 65% Ri= 0.4 (Hexane : EtOAc =4 : 1), '"H NMR
(500 MHz, CDCls) 3 10.24 (s, 1H), 8.31 (d, J = 8.6 Hz, 1H), 8.25 (d, J = 8.6 Hz, 1H), 8.03 (d, /= 8.6 Hz, 1H), 7.91
(d, J=8.6 Hz), 7.83 (dd, /= 6.9, 8.6 Hz, 1H), 7.70 (dd, J = 6.9 Hz, J = 8.6 Hz, 1H); '*C NMR (125 MHz, CDCl3) §
193.7, 152.5, 147.8, 137.3, 130.5, 130.3, 130.0, 129.2, 127.8, 117.3.

4-Quinolinecarboxaldehyde (21p)’* (Table 4.5)

FEARTFIAIC L Ak, BERKER, IEE 44%, Re= 0.4 (Hexane : EtOAc = 4 : 1), '"H NMR (500 MHz, CDCl) &
10.52 (s, 1H), 9.21 (d, J = 4.0 Hz, 1H), 9.02 (d, J = 8.6 Hz, 1H), 8.22 (d, J = 7.5 Hz, 1H), 7.83-7.74 (m, 3H); 1*C
NMR (125 MHz, CDCls3) 6 192.9, 150.4, 149.2, 136.7, 130.1, 130.0, 129.4, 125.8, 124.4, 123.8.
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Synthesis of benzoxazole-2-carboxaldehyde (21q)’"* (Table 4.5): 2- X F /L X V' F %4> — )L (20q, 0.3
mmol) . T 73 (0.06 mmol) . TFA (0.3 mmol) ® 5 mL kLT iRikA, BEFERHKT, 4T (Mini
Twister 23 W from Philips Co., Ltd) B4 T, i+ 100°C T 20 FEfHEEL72, FYU 7 A aFilg (TFA)
T TAT AT LD ERH W, KISREY % 30 mL OfIFTF iR R U v LK T L.,
AKIBIZH L 10 mL OFFiE=F /L CHittZ =[BT >7-, AEEmMEE~ 27 Rr 7 LTl L, I8 L7,
D%, WRE = NNKR L —2—TCRiET 5 2 & THARMEZ ST, ZhEd L1227 7 7rnxzg kb
BA L. 'THNMR SHTiCBIT 5 70 ks NMR IRERZFH Lz, #V T, HA R %245 BUH T
v~ N7 77 4— (Hexane : CHCl; = 1 : 1, R = 03) THHT 5 & TxI~9 5 benzoxazole-2-
carboxaldehyde (21q) %4537z, HEOHEIAK, ILFE 63%, 'HNMR (500 MHz, CDCl3) § 9.93 (s, 1H), 7.88 (d, J=8.2
Hz, 1H), 7.61 (d, J= 8.2 Hz, 1H), 7.51 (t, J = 7.3 Hz, 1H), 7.44 (t,J = 7.2 Hz, 1H); *C NMR (125 MHz, CDCl;) &
179.4, 157.3,150.6, 140.6, 129.3, 126.1, 122.7, 112.1.

Synthesis of 2-(iodomethyl)benzothiazole (22a) (Scheme 4.5): 2- X F /L' F7 ' — )L (20a, 0.3 mmol) .
3 7% (0.06mmol) . TFA(0.3mmol) @ 5SmL FEfg—F WiEik%E ., 703 FEKH, ST T, 70
°C T 20 BRI L=, USIERGY%E 30 mL OfFNTF A RiERT R U v LKERIE Tl L. KEIZH L 10
mL OFEfE =T /LTt & =[BT > 7=, FHE Z it~ 7 3> 7 A THK L, JEiB L7z, J8kE = SR L
— X —TCRMith, I I TN AT LI a~v NI T 7 4 =TT 52 ET2(F— RAFIN)RU Y FTY
—)b (3a) BEOLNTZ, FEAER, INER 7%, Re= 0.4 (Hexane : EtOAc =20 : 1), '"H NMR (500 MHz, CDCl;) &
7.99 (d,J= 7.5 Hz, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.47 (td, J= 1.2, 7.5 Hz, 1H), 7.40 (td, J = 1.2, 7.5 Hz, 1H), 4.78
(s, 2H); *C NMR (125 MHz, CDCls) & 167.3, 152.8, 136.1, 126.4, 125.6, 123.2, 121.7, -3.0. Anal. Calcd for: H:
2.20%, C: 34.93%, N: 5.09%. Found: H: 2.23%, C: 34.81%, N: 5.00%.

Synthesis of deuterated 2-methylbenzothiazole (20a—d) (Scheme 4.6): 2- A F /LY F7 ' —/L (20a, 0.3
mmol) @ 0.5mL B XX / —/LIEHRIZ TFA (0.3 mmol) #Nz. ZDIREAHK%Z NMR F 2 — 7|2 A=,
Z® NMR F=—7 Zili# 50°C THELL ., 20 FiRfUG SH72, £ D%, 'HNMR Z#|IiET 5 2 & T,
HKRFILINTZ 2-AF NS TFT Y — VOEREHER LT,

Synthesis of 1-(2-benzothiazolemethoxy)-2,2,6,6-tetramethylpiperidine (24a) (Scheme 4.8): 2- A F/LX '
7 =/ (20a,0.3 mmol), 2,2,6,6-7 kT A F/LENRY T -4 F 2L (TEMPO, 0.3 mmol) | = 735& (0.06
mmol) . TFA (0.3 mmol) @ 5 mL FEf2—F VIEiHk . BEFRFMKH ., SOBTIRET T, 70 °C T 20 WefH#H
PRUTZ, SUNRGEWZ 30 mL OMTFAHEET b U LKEETHE L, AKEIZK L 10 mL OFFizT
F Tt &2 =T - 7o, AHEZ g~ 7020 A THUK L, 8l U7z, I8 %2 =/ R b — Z — Tl
%, YIUBFNIT A a~ T T 7 4 — (Hexane : EtOAc =20 : 1) THHT 5 Z & T 1-(2-
benzothiazolemethoxy)-2,2,6,6-tetramethylpiperidine (24a) 7235 H172, MR, I 10%, Re=0.2 (Hexane :
EtOAc =20 : 1), '"H NMR (500 MHz, CDCl3) § 7.99 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 8.0
Hz, 1H), 7.38 (t,J = 8.0 Hz, 1H), 5.23 (s, 2H), 1.60-1.50 (m, 6H), 1.26-1.22 (m, 12H); '3*C NMR (125 MHz, CDCl;)
5 169.4, 152.8, 134.7, 1259, 124.8, 122.8, 121.6, 60.3, 39.6, 32.9, 20.1, 17.0. HRMS m/z (ESI) calcd for
C17H25N,0S " 305.1688, found 305.1668.
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Time course determined by '"H NMR analysis ot the crude product (Figure 4.3):

O,, fluorescent lamp

S I, (0.2 equiv), TFA (1.0 equiv)
/>—Me -
N EtOAc (5 mL), 50 °C, Time (h

) ) x-S
> [:::[:2>—CHO [::I: )—CHjl E::]: )—CH,OH
) N N Z N

20a (0.3 mmol) 21a 22a 25a
‘ "H NMR yield (%)
Fntry Time () 20a 21a 22a 25a
1 1 93 1 4 0
2 2 84 8 7 0
3 3 65 18 trace trace
4 4 57 26 trace 1
5 5 55 35 0 2
6 8 41 32 trace 2
7 10 30 54 2 3
8 15 19 63 0 2
9 20 0 80 0 0

FEARFNEC L S EIT>72, IRIT
7a RS EONSE LT,

1,L122-7 7 7mnxX o 2RNEICHY, THNMR (2815
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JFORHERK.

Synthesis of 2-methyl-5-benzothiazolecarxylic acid methyl ester (20e)" (Table 4.4): 4-7 1 1-3-= k B &2 B &
g (1g) ERALT Y U A (dg) DIRAWE 120°C DML FIAfR S, 1 RS E7=, Tk
MAIL, HOKEEE (4mL) &FER 2ml) OIRESWKAZMA, 1 R Lz, VT, BfE SmL) &
K (S5mL) 2z 30 /@B L, KCZE/ET S0, RNEEYE 2M HEEKER TR L, KEIZ
*f L 10 mL OFffg=F /L Chlittl 2 =T -7z, AMELEEST Y O LA THKL, E L7z, ke~
PNR L —F — Tk, IBFRE SmL) &A% /7 —/ 20mL) ZHx, 70°C T 20 R L, &
REMERMKIBAKET N DLATHML, ZARL—Z—TAZ ) —VERELT, Kol KEITH
LFEfg =T /L CHith & =[BT > 7o, AE i~ 7 32> U A THIAK L, =38R L —& — TR L7214,
SUNTFNHT A va~ N T T 4 — (Hexane : EtOAc =4 : 1) THET 5 Z & T, 2-AF/L-5-_ V' F
T IVIIIVR CEEA TV (20e) 3O IVTE, BAEIER, IXFE 20%, Re= 0.3 (Hexane : EtOAc =4 : 1), 'H
NMR (500 MHz, CDCls) 6 8.59 (s, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.85 (d, /= 8.4 Hz, 1H), 3.96 (s, 3H), 2.85 (s, 3H);
3C NMR (125 MHz, CDCl3) & 168.2, 166.8, 153.1, 140.4, 128.1, 125.2, 123.7, 121.1, 52.2, 20.1. Anal. Calcd for:
H: 4.38%, C: 57.95%, N: 6.76%. Found: H: 4.33%, C: 57.80%, N: 6.59%. m.p.: 96.2-97.2 °C.

5-Cyano-2-benzothiazole (20f)’% (Table 4.4)

SIHASCER 70h IZFE#E D FiEIC L W AR, 'HNMR (500 MHz, CDCl;) & 8.20 (s, 1H), 7.93 (d, J = 8.6 Hz, 1H),
7.57 (d,J= 8.6 Hz, 1H), 2.89 (s, 3H); *C NMR (125 MHz, CDCl3) § 169.7, 152.7, 140.5, 126.9, 126.2, 122.3, 118.6,
109.3, 20.1.

Synthesis of 2-ethylbenzothiazole (201)""' (Table 4.4): 2-7 X / 7 = / —/L (3.0 mmol), 3.5-~7 X T4
(4.5mmol) . TsSOH-HO (0.15 mmol) DIEAEW % 16 Kiffid#E L1z, RINEEWME T VBTN T LT a~
N2 7 4 — (Hexane : EtOAc = 20 : 1) T4rHtd % Z & T 2-ethylbenzothiazole (201) 235 H A7z, AN
&, I 69%, Rr= 0.3 (Hexane : EtOAc =20 : 1), '"H NMR (500 MHz, CDCl3) & 7.96 (d, J = 8.0 Hz, 1H), 7.82 (d,
J=8.0 Hz, 1H), 7.43 (1, J = 8.0 Hz, 1H), 7.33 (t,J = 8.0 Hz, 1H), 3.14 (q,J = 7.5 Hz, 2H), 1.46 (1, = 7.5 Hz, 3H).

Synthesis of 2-(hydroxymethyl)benzothiazole (25a)’% (Scheme 4.8): JEARTFIAIZ L 0 &pk, Fflsniz~r v
FT 2T VR F T T B R (21a, 0.3 mmol) & KFE(LARTHES FU T A (0.33 mmol) @ 3mL T
) —VIRGTRIK A 20 RefH) iR CHEe L7z, RONRG IR Z fa R ERAKFE T N U U LK CHEA L.
K L= F /L Chit &2 =[E T o 7o, AE g~ 723 U LA TR LIEE L, EiKE 2 —4
J—x= R —&—TkREL, YU IS5V T L7080~ N7 77 4— (Hexane : EtOAc =3 : 1) THHEL
9% Z & T 2-(hydroxymethyl)benzothiazole (25a) 23453 5 172, HERFEIAR, UL 98%, Rr= 0.3 (Hexane : EtOAc
~3: 1), "HNMR (400 MHz, CDCl3) & 7.88 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.39 (t, J = 8.2 Hz, 1H),
7.30 (t,J = 8.2 Hz, 1H), 5.67 (br, 1H), 5.05 (s, 2H). >C NMR (100 MHz, CDCl3) 8 174.0, 152.5, 134.4, 126.1, 125.0,
122.4,121.8, 62.0.
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BUE A B TICEET 5%

EAEFINEA: 7472 29(0.30mmol) | BT 9-A T F-10-AF LT 7 U =7 A (0.10equiv) . EE
b= 7% 7 A (2.0 equiv) OEFETF /L (4 mL) &7 /La—/L (1 mL) OIREREIIZK L, BREFZHER
. JERRES T (EFD21EN from TOSHIBA) . =R T 10 B L7, S ONI-MINEEM & =/ R L
— X — TG L. AR Z157-, ZOoMAERYE 1,122-7 h 7 7aax¥ 2 LiRA L, 'THNMR 75#7
BT A 7l DT a bl b THNMR [RRE B L, W, HAERmEZ ) B 7
717 2 (Hexane / EtOAc) IZ X VR L, & Fa~LtFx v R 30 2157,

EAEFINEB: 707> 29(0.15mmol) | BRI 9-A L FN-10-AF LT 7 U= L (020equiv) | FE
b~ 27 %75 (20equiv) DK (10uL) &7 mr A& (2.5mL) ORGEIKICH L, BRERELT.
JeHRST T (EFD21EN from TOSHIBA) | =R T 9 KRR L7z, S ONTINEEME = R L —4 —
TN L, HAERDES, ZORERDE 1,122-7 FF77unxXr LRA L, 'THNMR s
LR 7T EDT m RS THNMR IERA R Lz, fWC, MHAERME > ) 5T T A
(Hexane / EtOAc) IZEVIERIL, b Ru~LAF T K 30 2157,

EAFIR C: HAFIA A ITL> THOLNTHAERMIZ NY 72 =)LRAT 12 (030 mmol) ZMZ., 2
mL QY7 maa A ACEMRL, HIRT 2 KB EZITo 72, BohINREYMZE = SR L —&—T
BfE L., U B NH T A (Hexane / EtOAc) ICX VIERIL . T a— ik 32 21537,

2-Methoxy-1-phenylethyl hydroperoxide (30a) (Table 4.6)

FEARATFIEAIZL YA, BGEE, I 63%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"HNMR (500 MHz, CDCls)
8 9.16 (br, 1H), 7.30-7.40 (m, 5H), 5.21 (dd, /= 2.9, 8.6 Hz, 1H), 3.70, (dd, J = 8.6, 10.9 Hz, 1H), 3.63 (dd, J=2.9,
10.9 Hz, 1H), 3.40 (s, 3H); *C NMR (125 MHz, CDCl3) § 137.2, 128.6, 128.5, 126.9, 86.5, 74.8, 59.3.; Elemental
Analysis: Anal. Calcd for CoH1203:C, 64.27; H, 7.19, Found: C, 64.32; H, 7.14.; FTIR: (neat): 3315, 2903, 1475,
1455, 1408, 1378, 1353, 1204, 1194, 1116, 1094, 1068, 1056, 1027, 964, 921, 858, 818, 763, 704 (cm™').; m.p.: 58-
59 °C.

2-Methoxy-1-(4-fluorophenyl)ethyl hydroperoxide (30b) (Table 4.7)

FEARTFIAEAIZL YA, FGEE, X2 47%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
59.08 (s, 1H), 7.36 (dd, J= 5.3, 8.2 Hz, 2H), 7.07 (t,J = 8.7 Hz, 1H), 5.19 (dd, J= 3.4, 8.2 Hz, 1H), 3.70, (dd, J =
8.2, 10.6 Hz, 1H), 3.60 (dd, J = 3.4, 10.6 Hz, 1H), 3.41 (s, 3H); *C NMR (100 MHz, CDCI3) § 162.9 (d, J = 246.6
Hz), 133.0 (d, J = 3.3 Hz), 128.8 (d, J = 8.2 Hz), 115.6 (d, J = 21.3 Hz), 85.8, 74.7, 59.3.; '’F NMR (470 MHz,
CDCl3) & —113.1.; Elemental Analysis: Anal. Calcd for CoHi:FO3: C, 58.06; H, 5.96, Found: C, 57.77; H, 5.87.;
FTIR: (neat): 3374, 2990, 2919, 1851, 1603, 1508, 1471, 1447, 1418, 1397, 1348, 1218, 1196, 1159, 1105, 1084,
1060, 1016, 966, 939, 917, 864, 834, 777, 717 (cm™').; m.p.: 88-90 °C.
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2-Methoxy-1-(4-chlorophenyl)ethyl hydroperoxide (30c) (Table 4.7)

FEATIEAIZL YA, FGEE, X2 58%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
89.11 (s, 1H), 7.36 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 5.18 (dd, J = 3.4, 8.2 Hz, 1H), 3.67, (dd, J = 8.2,
11.1 Hz, 1H), 3.59 (dd, J = 3.4, 11.1 Hz, 1H), 3.40 (s, 3H); '*C NMR: (100 MHz, CDCl3): § 135.8, 134.4, 128.8,
128.4, 85.8, 74.5, 59.3.; Elemental Analysis: Anal. Calcd for CoH;1ClOs: C, 53.35; H, 5.47, Found: C, 53.21; H,
5.43.; FTIR: (neat): 3330, 2893, 1682, 1593, 1490, 1449, 1417, 1398, 1363, 1323, 1254, 1204, 1177, 1127, 1107,
1084, 1054, 1014, 962, 918, 863, 847, 822, 807, 761, 722, 696 (cm™').; m.p.: 65-69 °C.

2-Methoxy-1-(4-bromophenyl)ethyl hydroperoxide (30d) (Table 4.7)

FEARATFIEAIZL YA, BGEE, X2 50%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
5 8.79 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 5.17 (dd, J = 3.4, 8.2 Hz, 1H), 3.68, (dd, J = 8.2,
11.1 Hz, 1H), 3.59 (dd, J = 3.4, 11.1 Hz, 1H), 3.41 (s, 3H).; *C NMR: (100 MHz, CDCl5): § 136.2, 131.8, 128.7,
122.6, 86.0, 74.5, 59.4. Elemental Analysis: Anal. Calcd for CoH;BrOs: C, 43.75; H, 4.48, Found: C, 43.54; H, 4.49.
FTIR: (neat): 3323, 2893, 2554, 1677, 1587, 1487, 1447, 1425, 1399, 1365, 1320, 1297, 1280, 1202, 1178, 1127,
1107, 1083, 1069, 1056, 1010, 962, 917, 862, 851, 820, 805, 757, 719, 698, 681 (cm™).; m.p.: 74-77 °C.

2-Methoxy-1-(4-methylphenyl)ethyl hydroperoxide (30e) (Table 4.7)

FEARATFIEAIZL YA, BGEE, N2 66%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
59.01 (s, 1H), 7.26 (d, J = 7.7 Hz, 2H), 7.19 (d, J = 7.7 Hz, 2H), 5.18 (dd, J = 3.4, 8.7 Hz, 1H), 3.71, (dd, J = 8.7,
11.1 Hz, 1H), 3.60 (dd, J = 3.4, 11.1 Hz, 1H), 3.40 (s, 3H), 2.35 (s, 3H); '*C NMR: (100 MHz, CDCl3): & 138.4,
134.1, 129.3,127.0, 86.4, 74.9, 59.2, 21.1.; Elemental Analysis: Anal. Calcd for CioH1403: C, 65.92; H, 7.74, Found:
C, 65.67; H, 7.70.; FTIR: (neat): 3326, 2983, 2897, 1516, 1478, 1446, 1403, 1375, 1345, 1311, 1260, 1202, 1181,
1112, 1092, 1056, 1022, 962, 920, 864, 813, 766, 723 (cm™').; m.p.: 76-80 °C.

2-Methoxy-1-(4-tert-butylphenyl)ethyl hydroperoxide (30f) (Table 4.7)

HATFIEAIZL Y Bk, BAWEMAR, I 69%, Re=0.2 (Hexane : EtOAc =5 : 1), 'H NMR (400 MHz, CDCls)
59.10 (s, 1H), 7.40 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 5.20 (dd, J = 3.4, 8.7 Hz, 1H), 3.73, (dd, J = 8.7,
10.6 Hz, 1H), 3.61 (dd, J = 3.4, 10.6 Hz, 1H), 3.41 (s, 3H), 1.31 (s, 9H).; '*C NMR: (100 MHz, CDCI3): § 151.6,
134.0, 126.7, 125.6, 86.4, 74.9, 59.2, 34.5, 31.2. Elemental Analysis: Anal. Caled for Ci3H2003: C, 69.61; H, 8.99,
Found: C, 69.33; H, 9.07.; FTIR: (neat): 3332, 2962, 1513, 1462, 1364, 1270, 1197, 1108, 1084, 1018, 968, 912, 862,
829, 732,701 (cm™).
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2-Methoxy-1-(4-acetoxyphenyl)ethyl hydroperoxide (30g) (Table 4.7)

FEARATIEAIZL YA, FGEE, I 23%, Rr=0.3 (Hexane : EtOAc =2 : 1), '"H NMR (400 MHz, CDCls)
6 8.79 (br, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 5.21 (dd, J = 3.4, 8.2 Hz, 1H), 3.71 (dd, J = 8.2,
11.1 Hz, 1H), 3.62 (dd, J= 3.4, 11.1 Hz, 1H), 3.42 (s, 3H), 2.31 (s, 3H); *C NMR (100 MHz, CDCI3) § 169.5, 150.8,
134.8, 128.2,121.8, 86.0, 74.7, 59.3, 21.0.; Elemental Analysis: Anal. Calcd for Ci;H14O0s: C, 58.40; H, 6.24, Found:
C, 58.29; H, 6.21.; FTIR: (neat): 3319, 2918, 1747, 1606, 1509, 1472, 1452, 1421, 1369, 1206, 1126, 1108, 1087,
1056, 4016, 960, 916, 853, 819, 728, 669 (cm').; m.p.: 109-111 °C.

2-Methoxy-1-[4-(methoxycarbonyl)phenyl]ethyl hydroperoxide (30h) (Table 4.7)

FEARATFIEAIZL YA, BGEE, I 11%, Re=0.2 (Hexane : EtOAc =3 : 1), "H NMR (400 MHz, CDCl)
59.07 (s, 1H), 8.05 (d, /= 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 5.26 (dd, J = 3.4, 8.2 Hz, 1H), 3.92 (s, 3H), 3.70
(dd, J=8.2,10.9 Hz, 1H), 3.62 (dd,J = 3.4, 10.9 Hz, 1H), 3.41 (s, 3H); "*C NMR (100 MHz, CDCl3) 5 166.8, 142.4,
130.3, 129.9, 126.9, 86.2, 74.5, 59.4, 52.2.; Elemental Analysis: Anal. Calcd for Ci;H14Os: C, 58.40; H, 6.24, Found:
C, 58.12; H, 6.20.; FTIR: (neat): 3309, 2891, 1716, 1613, 1578, 1451, 1440, 1420, 1311, 1275, 1194, 1175, 1127,
1102, 1087, 1058, 1018, 961, 916, 865, 831, 804, 770, 707, 679 (cm™').; m.p.: 115-116 °C.

o-(Methoxymethyl)- 4-(1,3-dioxolan-2-yl)-benzenemethanol (32i) (Table 4.7)

BEAFIEAICE VG, BREY 300 © 'HNMR IXZE(E 5.18 ppm(dd,J=3.4,8.2 Hz, IH) 7 HFH,
'THNMR U 48%  HIAERY) 2 LAY 2 HATFIA C 12 L 0 LB, BEAHIA, IR 47%, Re=0.2 (Hexane :
EtOAc =2 : 1), 'HNMR (400 MHz, CDCl3) § 7.46 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 5.80 (s, 1H), 4.90
(d,J=8.7 Hz, 1H), 4.15-4.00 (m, 4H), 3.52 (dd, J = 3.4,9.7 Hz, 1H), 3.45-3.38 (m, 4H), 2.95 (s, IH); "*C NMR (100
MHz, CDCl3) & 138.3, 138.2, 127.0, 126.8, 103.4, 86.4, 74.8, 65.3, 59.3.; HRMS: m/z (DART) caled for C12H1704
(M+H)": 225.1121, Found: 225.1123.; FTIR: (neat): 3415, 2889, 1698, 1609, 1386, 1305, 1210, 1116, 1074, 1018,
969, 942, 905, 829, 729 (cm ™).

2-Methoxy-1-(3-methylphenyl)ethyl hydroperoxide (30j) (Table 4.7)

FEARATFIAEAIZL YA, BGEE, X2 50%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
6 8.90 (s, 1H), 7.29-7.25 (m, 1H), 7.20-7.10 (m, 3H), 5.19 (dd, J = 3.4, 8.7 Hz, 1H), 3.72, (dd, J= 8.7, 11.1 Hz, 1H),
3.57(dd,J=3.4,11.1 Hz, 1H), 3.42 (s, 3H), 2.37 (s, 3H); *C NMR (100 MHz, CDCl3) § 138.5, 137.0, 129.5, 128.6,
127.7, 124.0, 86.7, 75.1, 59.3, 21.4.; Elemental Analysis: Anal. Calcd for CioH1403: C, 65.92; H, 7.74, Found: C,
65.14; H, 7.78.; FTIR: (neat): 3309, 2898, 1609, 1476, 1449, 1407, 1383, 1345, 1192, 1157, 1117, 1100, 1078, 1051,
967, 933, 910, 839, 791, 748, 708 (cm™').; m.p.: 64-66 °C.
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2-Methoxy-1-(2-methylphenyl)ethyl hydroperoxide (30k) (Table 4.7)

EAFIEAICE VAR, BOER, [ 49%, Re= 0.2 (Hexane : EtOAc =5 : 1), 'HNMR: (400 MHz, CDCls):
8 9.06 (br, 1H), 7.39-7.3.7 (m, 1H), 7.26-7.17 (m, 3H), 5.50 (dd, J = 2.4, 8.7 Hz, 1H), 3.69, (dd, J = 8.7, 11.1 Hz,
1H), 3.57 (dd, J = 2.4, 11.1 Hz, 1H), 3.43 (s, 3H), 2.40 (s, 3H); '*C NMR: (100 MHz, CDCl3): § 135.9, 135.0, 130.7,
128.3, 126.3, 125.9, 83.3, 74.5, 59.3, 19.0.; Elemental Analysis: Anal. Calcd for CioH1403: C, 65.92; H, 7.74, Found:
C, 65.72; H, 7.69.; FTIR: (neat): 3344, 2989, 2939, 1477, 1448, 1406, 1381, 1279, 1257, 1216, 1194, 1112, 1077,
1058, 966, 915, 874, 853, 819, 765, 727 (cm™").; m.p.: 52-54 °C.

2-Methoxy-1-methyl-1-phenylethyl hydroperoxide (301) (Table 4.7)

EAFIEA ICE VAR, BOER, [X3E 60%, Re= 0.2 (Hexane : EtOAc =5 : 1), 'HNMR: (400 MHz, CDCl5):
6 8.25 (br, 1H), 7.50-7.15 (m, 5H), 3.80, (d, /= 10.4 Hz, 1H), 3.70 (d, /= 10.4 Hz, 1H), 3.42 (s, 3H), 1.62 (s, 3H)
3C NMR: (100 MHz, CDCl3): § 141.8, 128.5, 127.8, 125.8, 85.5, 77.4, 59.6, 21.7.; Elemental Analysis: Anal. Calcd
for C10H1403: C, 65.92; H, 7.74, Found: C, 65.79; H, 7.72.; FTIR: (neat): 3350, 2999, 2901, 1494, 1469, 1450, 1397,
1378, 1247, 1194, 1141, 1094, 1031, 975, 950, 932, 858, 770, 728, 704 (cm™').; m.p.: 66-67 °C.

2-Methoxy-1,1-diphenylethyl hydroperoxide (30m) (Table 4.7)

HEARFIEAIZE Y Bk, BAWEMAR, I 59%, Rr=0.3 (Hexane : EtOAc =10 : 1), 'H NMR (400 MHz, CDCl;)
8 8.75 (br, 1H), 7.39-7.23 (m, 10H), 4.27, (s, 2H), 3.43 (s, 3H); '*C NMR: (100 MHz, CDCl): § 140.9, 128.2, 127.8,
127.2, 88.5, 76.8, 59.5.; Elemental Analysis: Anal. Calcd for CisHi603: C, 73.75; H, 6.60, Found: C, 73.63; H, 6.60.;
FTIR: (neat): 3356, 2925, 1599, 1493, 1448, 1279, 1193, 1120, 1091, 1060, 1029, 1002, 909, 841, 755, 731, 697

(cm™).

a-(1-Methoxyethyl)-benzenemethanol (32n)’'? (Table 4.7)

HEAFIRAIZEV G, BE{EEY 30n @ 'HNMR UL 5.02 ppm (dd, J=3.9 Hz, 1H) 4.87 ppm (dd,
J=7.7Hz 1H) 755 H, 'THNMR [X%£ 60% (dr.=1.7:1) , HAERYZEATIE C 12 L 0 A0LHE, Mg
K, I 50%, Re= 0.2 (Hexane : EtOAc =5 : 1), 'H NMR (400 MHz, CDCl;) mixture of diastereomers & 7.36-
7.28 (m, 8H), 4.92 (s, 1H), 4.40 (d, J = 8.2 Hz, 0.6H), 3.47-3.34 (m, 5.3H), 3.28 (s, 1H), 2.58 (s, 1H), 0.98 (d, /= 6.8
Hz, 4.8H); *C NMR: (100 MHz, CDCl;): mixture of diastereomers & 140.5, 140.5, 128.4, 128.2, 128.0, 127.3, 126.3,
81.7,80.7, 78.3, 74.4, 56.7, 56.6, 14.6, 12.5.

p-Hydroperoxy-benzeneethanol (300)’'® (Table 4.7)

EAFIE A ITK VG KT & b DIRGEEEABOSEEE S UM, AaEER, I 47%, Rr= 0.2
(Hexane : EtOAc =3 : 2), 'H NMR (500 MHz, CDCl3) & 8.80 (br, 1H), 7.41-7.33 (m, SH), 5.14 (dd, J = 3.4, 8.0 Hz,
1H), 3.93-3.89 (m, 1H), 3.83-3.80 (m, 1H), 2.57 (brs, 1H); '3C NMR: (125 MHz, CDCl;): & 136.7, 128.7, 127.0, 88.5,

64.8 (One carbon atom was overlapped.)
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2-Ethoxy-1-phenylethyl hydroperoxide (30p) (Table 4.7)

HEATFIEAIZE Y Bk, MEAWEMER, IR 47%, Re=0.3 (Hexane : EtOAc =5 : 1), 'H NMR (400 MHz, CDCls)
89.29 (br, 1H), 7.42-7.37 (m, 5H), 5.27 (dd, J = 3.2, 8.7 Hz, 1H), 3.78 (dd, /= 8.7, 10.9 Hz, 1H), 3.69 (dd, J = 3.2,
10.9 Hz, 1H), 3.61 (q, J = 7.2 Hz, 2H), 1.26 (t,J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) § 137.3, 128.6, 128.5,
127.0, 86.7, 73.1, 67.1, 14.9.; Elemental Analysis: Anal. Calcd for CioH1403: C, 65.92; H, 7.74, Found: C, 65.95; H,
7.71.; FTIR: (neat): 3368, 2979, 2901, 2878, 1491, 1455, 1421, 1379, 1365, 1351, 1202, 1163, 1131, 1113, 1095,
1067, 1056, 1028, 919, 896, 853, 806, 762, 702 (cm ™).

a-(n-Propoxymethyl)-benzenemethanol (32q) (Table 4.7)

EARFIEAIZLY AR, BRLEY 30 @ 'THNMR U# (T 521 ppm (dd, J=3.4,8.7 Hz, 1H) 7> HH,
'HNMR I 30% . AR E EATFIE CIZ L0 LHE, BRI, N3 28%, Rr= 0.2 (Hexane : EtOAc
=7:1), '"H NMR (500 MHz, CDCl3) & 7.40-7.27 (m, 5H), 4.90-4.89 (m, 1H), 3.59, (dd, J = 2.9, 9.7 Hz, 1H), 3.53-
3.41 (m, 3H), 2.88 (br, 1H), 1.64 (septet, J = 7.5 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCLs) &
140.2,128.3,127.8, 126.1, 76.3, 73.0, 72.7, 22.8, 10.5.; HRMS: m/z (DART) calcd for CioHi70, (M+H)": 181.1223,
Found: 181.1228.; FTIR: (neat): 3427, 2962, 2876, 1495, 1453, 1198, 1107, 1064, 1028, 961, 912, 829, 756, 698

(cm™).

2-i-Propoxy-1-phenylethyl hydroperoxide (30r) (Table 4.7)

FEATFIEAIZL YA, BGEE, IR 17%, Rr=0.3 (Hexane : EtOAc =5 : 1), '"H NMR (400 MHz, CDCls)
8 9.24 (br, 1H), 7.40-7.30 (m, 5H), 5.22 (dd, J=3.4, 8.7 Hz, 1H), 3.76 (dd, J=8.7, 11.1 Hz, 1H), 3.70-3.63 (m, 2H),
1.21-1.18 (m, 6H); *C NMR (100 MHz, CDCl5) § 137.1, 128.6, 128.6, 127.0, 86.9, 72.8, 71.4,21.9, 21.8.; Elemental
Analysis: Anal. Calcd for C11H1603: C, 67.32; H, 8.22, Found: C, 67.05; H, 8.24.; FTIR: (neat): 3378, 2976, 2928,
1495, 1468, 1456, 1407, 1388, 1356, 1336, 1255, 1203, 1149, 1126, 1076, 1057, 1028, 930, 869, 831, 799, 763, 703
(cm™).; m.p.: 44-46 °C.

2-Hydroxy-2-phenylethyl benzoate (32s)’'° (Table 4.7)

EAFIHAIZL Y G, ZEEMIL 5.0 Y&/, ¥7ra A% 2ml) 2GRS LTHEM, H
HEEY 30s ® 'HNMR IR 4.83 ppm (d,J=12.6 Hz, 1H) 7>5 5 H, 'HNMR IR 21% . HARKD
ZRERTFIA C I & 0 ALB], MR, INU=R 14%, Rr=0.3 (Hexane : EtOAc=5:1), 'HNMR (400 MHz, CDCl5)
38.06 (d,J="7.7 Hz, 1H), 7.59 (t,J = 7.2 Hz, 1H), 7.48-7.32, (m, 7H), 5.14-5.12 (m, 1H), 4.54 (dd, J=3.4, 11.6 Hz,
1H), 4.44 (dd, J=8.2, 11.6 Hz, 1H), 2.61 (br, 1H); *C NMR (100 MHz, CDCl;): & 166.8, 139.9, 133.3, 129.8, 129.8,
128.7, 128.5, 128.3, 126.2, 72.6, 69.8.
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1-(Methoxymethyl)-1,2-dimethyl-2-propenyl hydroperoxide (30t) (Table 4.7)

HEARTFIEAIZL Y Bk, MEAWEAR, I 24%, Re=0.2 (Hexane : EtOAc =5 : 1), 'H NMR (400 MHz, CDCls)
58.28 (s, 1H), 5.02 (dd, /= 1.2, 10.1 Hz, 2H), 3.70 (d, /= 10.1 Hz, 1H), 3.55 (d, /= 10.1 Hz, 1H), 3.43 (s, 3H), 1.84
(s, 3H), 1.34 (s, 3H); *C NMR (100 MHz, CDCl3) § 145.4, 112.7, 85.6, 76.0, 59.5, 19.8, 19.0.; HRMS: m/z (DART)
caled for C7H;503 (M+H)™: 147.1016, Found: 147.1012.; FTIR: (neat): 3351, 2926, 1645, 1450, 1375, 1200, 1097,
977,902, 845 (cm™).

6-Hydroxy-3,7-dimethyl-7-octenoic acid methyl ester (32u') + 7-Hydroxy-3,7-dimethyl-5-octenoic acid methyl
ester (32u") (Scheme 4.15)

FEARFINEAIZL Y Bk, IXE 76% (30u' :30u" =1:1.1), Rr=0.3 (Hexane : EtOAc=5:1) , TN EEAT
JIE C 1T &0 AP, BOGIER] 21 IREfE, MEAHEIR, IZE 33% (32u') KON 36% (32u"), Re(32u') =0.33 (Hexane :
EtOAc=4:1),Rr(32u")=0.27 (Hexane : EtOAc =4 : 1), 'HNMR (500 MHz, CDCl;) 32u' mixture of diastereomers
5 4.94 (s, 2H), 4.83 (d, J= 1.7 Hz, 2H), 4.06-4.03 (m, 2H), 3.67 (s, 3H), 3.66 (s, 3H), 2.34-2.30 (m, 4H), 2.01-1.94
(m, 2H), 1.72 (s, 9H), 1.64-1.12 (m, 11H), 0.96 (d, /= 2.3 Hz, 3H), 0.95 (d, J=2.3 Hz, 3H); 32u" 6 5.64 (d, J=15.5
Hz, 1H), 5.58 (dt, J=5.7, 15.5 Hz, 1H), 3.67 (s, 3H), 2.32 (dd, J = 5.2, 14.9 Hz, 1H), 2.13-1.94 (m, 4H), 1.53 (brs,
1H), 1.31 (s, 6H), 0.95 (d, J = 5.7 Hz, 3H); *C NMR: (125 MHz, CDCl;): 32u' mixture of diastereomers & 173.7,
173.6,147.4,147.3, 111.3, 111.0, 76.1, 75.8, 51.4,41.5,41.5, 32.4,32.3,32.1, 32.0, 30.3, 30.1, 19.7, 19.7, 17.5, 17.3
32u" 5 173.6, 140.2, 124.5, 70.6, 51.4, 40.9, 39.2, 30.4, 29.8, 29.8, 19.7.; HRMS: m/z (DART) calcd for C11H210;
(M+H)": 201.1485, Found: 201.1483.; FTIR: (neat): 3427, 2956, 1736, 1437, 1367, 1204, 1154, 1094, 1008, 974,
898 (cm™).

Tetrahydro-a-phenyl-2-furanmethyl hydroperoxide (30v) (Scheme 4.16)

EAFNEA ICL VAR, AGER, IR 58% (dr =12 :1.0), Rr=0.3 (Hexane : EtOAc = 3 : 1), Major 'H
NMR (400 MHz, CDCl3) 6 8.69 (s, 1H), 7.40-7.33 (m, 5H), 5.07 (d, J = 4.4 Hz, 1H), 4.26-4.21, (m, 1H), 3.84-3.73
(m, 2H), 1.93-1.78 (m, 4H); '*C NMR (100 MHz, CDCl3) § 137.4, 128.5, 128.4, 127.4, 88.9, 80.4, 68.8, 26.9, 25.5.
Minor "H NMR (400 MHz, CDCl3) § 9.51 (s, 1H), 7.42-7.30 (m, 5H), 4.84 (d, J = 8.2 Hz, 1H), 4.25, (ddd, J = 7.2,
7.7, 8.2 Hz, 1H), 4.01-3.88 (m, 2H), 1.95-1.78 (m, 2H), 1.71-1.50 (m, 2H); '*C NMR: (100 MHz, CDCl;): & 136.9,
128.8,128.7,127.7,90.4, 81.9, 68.8, 28.9, 25.4.; HRMS: m/z (DART) calcd for C11HisO3 (M+H)": 195.1016, Found:
195.1013.; FTIR: (neat): 3268, 2884, 11494, 1454, 1345,1207, 1057, 1012, 954, 925, 867, 835, 798, 755,694 (cm').;
m.p.: 85-89 °C.
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4-(4-Methyl-isochromanyl) hydroperoxide (30w) (Scheme 4.16)

FEARATFIEAIZL YA, BGEE, N2 73%, Rr=0.2 (Hexane : EtOAc =5 : 1), '"H NMR (500 MHz, CDCls)
5791 (s, 1H), 7.54 (dd, J = 3.5, 8.0 Hz, 1H), 7.32-7.27 (m, 2H), 7.04, (dd, J=3.5, 8.0 Hz, 1H), 4.83 (d, /= 14.9 Hz,
1H), 4.75 (d, J= 14.9 Hz, 1H), 4.34 (d, /= 12.0 Hz, 1H), 3.74 (d,J =12.0 Hz, 1H), 1.55 (s, 3H); "*C NMR (125 MHz,
CDCI3) & 135.6, 134.7, 128.2, 127.3, 126.3, 124.2, 79.0, 71.1, 68.5, 22.4.; Elemental Analysis: Anal. Calcd for
CioH1203: C, 66.65; H, 6.71, Found: C, 66.39; H, 6.62.; FTIR: (neat): 3294, 2982, 1723, 1490, 1468, 1456, 1380,
1365, 1306, 1280, 1261, 1215, 1159, 1126, 1086, 1034, 1014, 954, 931, 900, 855, 772, 733, 707, 657 cm™'.; m.p.:
69-72 °C.

4-11,2,3,4-Tetrahydro-4-methyl-2-(methylsulfonyl)-isoquinolinyl] hydroperoxyde (30x) (Scheme 4.16)
FEARATFIEAIZL YA, BGEE, I 11%, Re=0.2 (Hexane : EtOAc =3 : 2), "H NMR (500 MHz, CDCls)
8 8.44 (s, 1H), 7.57 (dd, J = 3.5, 5.5 Hz, 1H), 7.35-7.33 (m, 2H), 7.15, (dd, J=3.5, 5.5 Hz, 1H), 4.59 (d, /= 16.3 Hz,
1H), 4.50 (d, J = 16.3 Hz, 1H), 4.25 (d, J = 13.8 Hz, 1H), 3.29 (d, J =13.8 Hz, 1H), 2.93 (s, 3H), 1.66 (s, 3H); '*C
NMR (125 MHz, CDCl3) 6 134.4,132.6,129.0,127.8,127.6,126.1,79.9,49.7,47.6,37.8,21.9.; HRMS: m/z (DART)
caled for Ci1H16NO4S (M+H)™: 258.0795, Found: 258.0797. FTIR: (neat): 3401, 2931, 1705, 1496, 1450, 1373, 1356,
1312, 1265, 1145, 1133, 1047, 1036, 972, 947, 810, 767, 752, 722 (cm ™).

Synthesis of 2,2,6,6-tetramethyl-1-[(2-methoxy-1-phenyl)ethoxy]-pyperidine (33a) (Table 4.8): A F L >~ (29a,
0.30mmol) | 2,2,6,6-7 b7 AF /L EXRY P 1-AF L (1.0equiv) | @RI 9- A T F/L-10- A F LT
7 Y= A (0.10equiv) . Bk~ 27 %7 A (2.0equiv) OFEZTF /L (4mL) &7 /La—/L (ImL) O
RAWHI L, BRFEEHAYT ., ERE T (EFD21EN from TOSHIBA) . =iE T 10 B L, 5
DN INRAEY & =R L — & —TifE L, MAERME G, i<, HAERWE Y B TFNV T A
(Hexane : EtOAc =20 : 1) (2 X VBRI L, TEMPO fIHI{k 33a %457, MEEAHEIAK, I 10%, Re= 0.3
(Hexane : EtOAc =20 : 1), "H NMR (500 MHz, CDCl3) § 7.37-7.3 (m, 5H), 4.80 (dd, J=4.8, 6.3 Hz, 1H), 3.88 (dd,
J=4.8,10.1 Hz, 1H), 3.65 (dd, J= 6.8, 10.1 Hz, 1H), 3.26 (s, 3H), 1.50-0.66 (m, 18H); '*C NMR (125 MHz, CDCl3)
5141.8,127.9,127.7,127.3,85.2,75.4,59.1, 40.4,29.7,20.4, 17.2.; HRMS: m/z (DART) calcd for CoH;205 (M+H):
292.2271, Found: 292.2271.; FTIR: (neat): 2928, 1454, 1376, 1361, 1258, 1242, 1192, 1127, 1025, 958, 932, 883,
761, 698 (cm ™).

93



JEHERK

Synthesis of 4-fluorostyrene (29b)”'¢ (Table 4.7): 7 /L 2> & FIH L7= 7 7 A 2(Zx L, MeP Ph3I" (6.0 mmol,
20equiv) ® 10mL 7 h Ik R 77 g ikENzTlz, 77 Aa% 40°C £THEIL, % ZIZ nBuLi
(2.2 M in nHexane, 1.4 mL, 4.6 mmol, 1.5 equiv) % F Lo 2% 72, ZD%, RISEAWEZ EIRE CTHIE
L. 30 iR L7z, BT 7 2a% —40°C ETHHIL, 4714 F X X7 L7k K (3.0mmol, 1.0
equiv) ZANA 72, HGONTPINEAY ZER T, TEEH Lo, OSSR Z T & =0 LK
(20 mL) THUEE L, /MK L7z, K@z y=F/Lz—7/L (20 mL) (2T =[aiH L=, AHE 2 e
WK (30 mL) TP L7-t%, Wik~ 7Ry U LATHIE, 8L, =KL —&—TREMLI, HFohi
AR Z 72— o — k> TERL, 4714 2AF L2 (29b) ZULER 39% (0.14 g) THE7/-, %
AR, "THNMR (400 MHz, CDCl3) & 7.39-7.35 (m, 2H), 7.04-6.99, (m, 2H), 6.69 (dd, J=11.1, 17.4 Hz, 1H), 5.67
(d,J=17.4 Hz, 1H), 5.22 (d, J= 11.1 Hz, 1H); 3C NMR (100 MHz, CDCl3) & 162.5 (d, J = 246.6 Hz), 135.7, 133.7
(d,J=3.3 Hz), 127.8 (d,J = 8.2 Hz), 115.4 (d, J = 22.2 Hz), 113.5 (d, J = 1.6 Hz).

Synthesis of 4-acetoxystyrene (29g)"'¢ (Table 4.7): ERZ KW L7 7 7 ATk L, 4-E FrF X X7
T B R (4.1 mmol, 1.0 equiv) . FVUZF /LT I (4.1 mmol, 1.0 equiv) @ 12mL P77 1 XX VEK
EMziz, 77 Aa% 0°C FTHAIL, &I 7EF /v (4.1 mmol, 1.0 equiv) i F L2,
30 SridE L, ROSHRZ RIBAKSET R Y O AOKEERK (20mL) TLBEL, /MR L7k, Kgax =T =
—7 /b (20mL) (2 T=[mhH U7z, AHE 2 itk G0mL) T L7z, ik~ 713 ¥ A THL
e, B L, AR —X—TE L7, BONTHERME S VBT VI T L7 u~ NI T T 4 —
(Hexane : EtOAc=1:1) IZL > THRL, 47 hF XU XTAT B RZIE 90% (0.61 g) Tz, 4-
TERFIARUXT AT E R (3.0 mmol) . MePPhsI” (1.2 equiv) . REEAD Y 7 A (1.2 equiv) @ 10 mL
ThIE RaT7 TRk E 7T AITNA, TAT BRI G, INBGRESIE T, ik L=, BOS
Wi T /R — 2 =T L, SN EIEICK 10 mL) 2z 77, T2V FLo—T a2,
Kgza =T o —7 L C = L7z, Bz 30 mL) THF L=#%., ik~ x>
LCHZEE TR L, =R L — X — TRl L7z, o MAERMZ S VWAV BT hra~ NI T 7 4
— (Hexane : EtOAc=10:1) [ZLX > THRL, 47 FF T AF L (29g) ZILR 44% (0.22 g) T,
F &R, 'HNMR (400 MHz, CDCl3) § 7.38 (d, J= 8.5 Hz, 2H), 7.03, (d, /= 8.5 Hz 2H), 6.67 (dd, J=11.1, 17.9
Hz, 1H), 5.68 (d, J = 17.9 Hz, 1H), 5.22 (d, J = 11.1 Hz, 1H), 2.24 (s, 3H); *C NMR (100 MHz, CDCls) & 169.3,
150.1, 135.8,135.2, 127.1, 121.5, 113.9, 20.8.

Synthesis of methyl 4-ethenylbenzoate (29h)’'" (Table 4.7): EFRZ L L7z 7 T A2 |ZxXf L, T L7 HXILT
LT B Rg (6.7mmol, 1.0 equiv) . JEAfEE (026mL) @ 18mL A ¥ J — )WiIRiE ANz T2, Z DRSS
W% BB S T, AR Li-, RS % 1M AKERET R U w7 LKERHE (10mL) TRUBL L, 423k L
7o, KEEEETT IV (10 mL) [T L2, AEZ2 = SR L — 2 —CRfE L72%. 0.5 M 1
fg (10mL) MMz, ZORAEWZFIRT 2 B Lo, KOS Z 1M KEE(ET R U w7 ZKEE#K (10 mL)
THML, 2k L7=%, KE4FETF /L (10mL) TR U=, S 42 fafai A 30mL) T
W LTtk b~ 2 7 ATl BB L, =KL —% —TEffET 5 2 & T M 4-FL I VEEER
AF N EFFTZ, VT, MePPhsl™ (3.3 mmol, 1.2 equiv) @7 b7 & K~ Z > (10mL) & DMSO (2.6 mL)
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EDIRBWRET VAV BEB L7 7 A2INA T, 77 Aa% 0°C £ TCHAILILE, KFELLT R D
2 (60%, dispersion in paraffin liquid, 0.13 g, 3.3 mmol, 1.1 equiv.) Z/Z, RS ZEIE T 30 o L7,
HET7I2a%20°C ETCHHILEE., H4-RLINVEEFBAFLENZ, KGR W% SR Chk#
FRL7Z, BUSHRIZK (10mL) #zx, /K L%, Y=F/rx=—7 /L 20mL) CT=[EHIH %1772, K
J&§ 7z Y= F T —7 /L (20mL) T=[EHIH L7z, AHEZ MK 30mL) THifL7=#%. Wit~ 2
IV LT L, TR L — X — Tl Lz, Soni-HERME L Y DAV T A a~ T
Z 7 4— (Hexane : EtOAc=40:1) |Z L > CTHE L., 4-=7 = )VEZEERE A TV (29h) ZILFE 73% (0.36
g) CTH7=, BfER, 'HNMR (400 MHz, CDCl3) § 8.00 (d, J = 8.2 Hz, 2H), 7.46, (d, J= 8.2 Hz 2H), 6.75 (dd,
J=11.1, 17.4 Hz, 1H), 5.86 (d, J = 17.4 Hz, 1H), 5.38 (d, J = 11.1 Hz, 1H), 3.91 (s, 3H); '*C NMR (100 MHz,
CDCl3) § 166.9, 141.9, 136.0, 129.9, 129.3, 126.1, 116.5, 52.0.

Synthesis of 2-(4-ethenylphenyl)-1,3-dioxolane (29i)"'¢ (Table 4.7): 2-(4-7 2 E 7 = =/)L)-13-U A4 XV T
(25 mmol, 1.0 equiv) . U T AE=/L NY Z7AaRT— K (38 mmol, 1.5 equiv) . REEH U 7 L (38
mmol, 1.5 equiv) . X' T hT7FA (R 7 z2=)LiRAT 1) /377 A (0.43 mmol, 0.017 equiv) @
TR RrT77 (45mL) LK (5 mL) & DIRGIEIRAZ R, 70T U@L 7-1%, INEGETS
PEF R Ui, RIS A T 7 A b Ol L, WiRE = SR L — 2 — R LT, £ Do LA R
VBTN T A NTTT7 4 —ICEORRL, 2-@-=7 =17 = =)L)-13-VA4F VT (29))
ZILE 69% (3.0 g) TIF7=, A, "HNMR (500 MHz, CDCl3) § 7.44 (d, J = 8.6 Hz, 2H), 7.42 (d, J= 8.6
Hz, 2H), 6.73 (dd, J = 10.9, 17.2 Hz, 1H), 5.81 (s, 1H), 5.77 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 10.9 Hz, 1H), 4.14-
4.02 (m, 4H); 3C NMR (125 MHz, CDCls) § 138.5, 137.3, 136.4, 126.6, 126.2, 114.4, 103.5, 66.3.

Synthesis of 3,7-dimethyl-6-octenoic acid methyl ester (29u)’'" (Scheme 4.15): ** k7 312 —/L (5.0 mmol, 1.0
equiv) @ 50mL 7 & R UPEHRICZY 3 — 2 XFRZE (8.0 M in HoSO4 aq. solution, 25 mL) Z 1z, ZiE T K
M Lz, FUSIEEMA A Y a7 /ba—)L (30 mL) TRFR L, Wik Z =/ SR L — & — TiliE L
7. FRIEIZ 0.5M HEfE 20mL) ZM %, Fifg—F VIR S8, FEfig—F /L (20mL) T=[EHHH L7,
HHE it~ 7 30 A CHAER, BB L, = NR L — 2 —CERiT 52 & T, it 2 VR R E
Too TOHNVEKRURE AK J—)b (30mL) |[JIEME S, BFEE (1.0mL) 22X 72, 2 OREY & INEGR
Tt . PR L, RGIEE 1M KL R Y & 2KIRHK 20mL) TREEL, iR L7-#%. KE
ZWEE—F /L (10 mL) T=[FHhH U7z, AEZ T SR L —2 —Tiifg L 72, FREIC T oA
VIR KR (0.30g) & RLml (30mL) EANZ., MBGEFSM T, 1 REREISE L, SOGIRS
Z 1M KERbT Y 7 LKEWK (20mL) TP L, 73k L7zt BEfg—F /L (10mL) T=[Eflit L7z,
HHgE & fafn Rk (30 mL) TUe Lo, ik~ 27 %> U ATk, I8 L, = SR L —& — TR
Lize SoNTHAERMES Y ANV T L7 0~ 27T 7 ¢ — (Hexane : EtOAc=35:1) (2L - ThHifl
L. 37-PAFN-6-F7 T VEEATF VT ATV (29u) ZULE 27% (025 g) Tz, EEAHEZIA, 'H NMR
(400 MHz, CDCls) & 5.08 (t, J = 5.7 Hz, 1H), 3.66, (s, 3H), 2.32 (dd, J = 5.7, 14.9 Hz, 1H), 2.12 (dd, J = 8.6, 14.9
Hz, 1H), 2.01-1.94 (m, 3H), 1.67 (s, 3H), 1.59 (s, 3H), 1.37-1.18 (m, 2H), 0.94 (d, J = 6.3 Hz, 3H); '*C NMR (100
MHz, CDCl) & 173.8, 131.6, 124.3, 51.3, 41.5, 36.7, 30.0, 25.6, 25.4, 19.6, 17.6.
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Synthesis of 5-phenyl-4-penten-1-ol (29v)’'! (Scheme 4.16): v-7F 127 7 k> (23 mmol, 1.0 equiv) & AL
KFEE (30% in acetic acid, 5.0 mL, 26 mmol, 1.1 equiv.) Z/EA L. MBGEKSME T, 4 BR#EEZIT 72,
FISIRAMZRBE THAIL, A¥ /—)L 8.0mL) ZMZ 7%, RECTHARHE LZ, Gk E = SR
L— & —TCRifE LT b, fafikER{b) b U o 20K (50 mL) Z00x., Eiie—F VISR S, K8
ZWEE T F /L (30mL) T=[EHH L7z, AEZfafi &K 40mL) T L%, ik~ 271U A
THZME, JEE L, =R L —F —THET 22 & T, AT N4-TrETH ) =— MR 62% (2.6 g)
Tz, IAFN4-TaET7 % /) =— ]k (14 mmol, 1.0 equiv) & FU 7 ==/L7RA7 ¢ (1.0 equiv) %
7T AIMA, EREH UK, BRSSP CRREE L, KISEEME 17°C FTHFF., H©
BRUTZE 2L, Y=F ro—7)L (100mL) TTI<IET, MIGTHRAF=T AT 1 I RN
IR 68% (4.4 g) THOLNZ, RAKR=T7 L7 1 I K 33mmol, 1.1 equiv) 7 hJ & Fr7J 2 (9.0
mL) & DMSO(23mL) DEAWKE -7 T A2z, THVI o CTEBLEZ, 77 Aa% 0°C £T
MmEN LU=, KFET b Y 7L (60%, dispersion in paraffin liquid, 3.3 mmol, 1.1 equiv) Z 1z, =R T 30
SR LT, BT 7 A 3% 0°C FTHHEIL, TR AT ATE R (3.0 mmol, 1.0 equiv) &,
BOSIRA Y 7 B CHERIE Lz, BoNMOGKEZK (10mL) TABLL, 7 ouk/L A (20mL) T=
Ml U7z, AHE 2 fafn ik (30 mL) TS L2tk bk~ 27 % 0 A Cipli, JERL, =KL
— X — TG L=, SN HERME S ) WX N T A7 a~ 8757 4— (Hexane : EtOAc =20 : 1)
IZE-oTHERL, HET D707 U IR 84% (048 g) T, ZOT AT D 5mL Y7 B A X
¥Ri%1Z DIBAL-H (0.98 M in nHexane, 5.7 mL, 5.5 mmol, 2.2 equiv.) %, 0°C . 7 /LI FHFK T, M FL
RIS HIMZ T, BONMEAY % RIRIZRE U, PRI AT 7o, KINRESWZE A X 7 —/L (S5mL) TREEL .
fafnz v ha gt R o AH U T AKERENZTZ, ZORAEYEERTF /L (20 mL) T =L
7o, AR Z R EIE K (30 mL) TR L72th, Bk~ 27 1> U ATHE, JEBL, =K L—F—T
Bl Lz, BoNMHAERWE Y ) BN T T~ 757 ¢ — (Hexane : EtOAc=3:1) 2Lk - T
FER L, 5-7 2 =140 T A — L B IR 82% (034 g, E/ Z=1:12) Tz, HEAKRIK, "H NMR
(400 MHz, CDCls) major & 7.32-7.17 (m, 5H), 6.43, (d, J= 11.8 Hz, 1H), 5.64 (dt, J=7.2, 11.8 Hz, 1H), 3.57 (t, J
= 6.8 Hz, 2H), 2.44-2.35 (m, 3H), 1.70-1.62 (m, 2H); '3C NMR (100 MHz, CDCls) major & 137.4, 132.0, 129.3,
128.6, 128.1, 126.5, 62.0, 32.6, 24.7.

Synthesis of 2-(1-methylethenyl)-benzenemethanol (29w)’" (Scheme 4.16): /K 7 % /£ (58 mmol, 1.0
equiv) & NV =F L7 I 43 mL) ZRAL, 80 °C THI L, HEETFORAWIZH L~u U (70
mmol, 1.2 equiv) % HENZ/ T THUREENT TNA 72, £ D%, RIGESY % A CIRE CH&HEE LT,

FOSHRIZAK (30 mL) &A1z, 30 R L=, 22~ 1 M KE(bLT bV U A% SUSERO pH 25 13
WZRDETMAT-, FD%, KExE 7 nak/Ls 20mL) TR Lz, 0%, KElc 1M Higx
BRSO pH 28 1 (272D £ TMA T2, 507 /KK ZE#E—=F /v 30mL) CEEHhH Lz, 0
HHEE & fafn Rk (40 mL) TYei L%, ik~ 27 %> 0 ATk, I8 L, = SR L— & — T
THLZET, M T D7 F &= 52% (4.9 g) Tz, #HEW T, MePPhsl (11 mmol, 1.1 equiv) D7 k
Zt Rkr~77> (30mL) & DMSO (7.6 mL) & DIEAIERZ T VA B LT=7 7 A2z T, 77
ZaZ 0°C ETHAEILIZ%., AFELT U 7L (60%, dispersion in paraffin liquid, 22 mmol, 2.2 equiv.) %
Mz, IBEHEZEET 30 S LE, HEYZ T XA23%0°C ETHAILEE, AL TRBWEZ F Uik
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(10 mmol, 1.0 equiv) Z %, RISEAW A BIR CHERIE L, RISKIZAK 10mL) 2z, KEx 2
nuR/LA (20mL) CTEEVES L72%., KEIZ 1M HfgE pH 28 1 I272 5 £ TR, G5 KE
K& FR—F /L 20mL) CT=[alflit L7=, AHE LM AEK 40mL) THEF L%, ik~ 2722 v
ATHIE, JBiBL, =KL —Z—TRETLZL T, XHET DT AT Z0EE 12%(12g) TH-, 2
DTN O 15mL V7 rnr A X U ERHKIZ DIBAL-H (0.98 M in hexane, 24 mmol, 3.3 equiv.) %, 0°C .
TOATFRKT, LNz, KINEEWEEIRIE L, WRELEZIT o7, RINREM & A
% 7 —) (10mL) CHUEEL, fafnx /v b gt N v AH Y w7 LAKEKR 20mL) 2z, ZOERA
W& FEE =L (30mL) Tl L7z, A2 ffn &K (40mL) T L-%., Wik~ 27 x> v
LCHZEE TR L, =R L — X — TRl L7z, BN MAERMZ S VW IV BT hra~ NI T 7 4
— (Hexane : BtOAc =4 : 1) ICX o> THH L, 2-(1-ATFNVZT = )R BU AKX ) —)L (29w) &I
90% (0.98 g) THH7=, MEAJEIAR, "HNMR (400 MHz, CDCl;) § 7.41-7.38 (m, 1H), 7.24-7.19, (m, 2H), 7.13-7.11
(m, 1H), 5.18 (s, 1H), 4.84 (s, 1H), 4.60 (s, 2H), 2.77 (br, 1H), 2.02 (s, 1H); *C NMR (100 MHz, CDCls) & 144.6,
142.8, 137.2,128.0, 127.8, 127.2, 127.1, 115.3, 62.6, 24.8.

Synthesis N-[2-(1-methylethenyl)phenyl]-methanesulfonamide (29x) (Scheme 4.16): 7 /L 2 &L L7277 F
Z2aDFZEH D 2-(1-AFNZT =W)X B A Z ) —/b (29w, 1.0mmol) , 7 ¥ /LA I R (1.5equiv)

R Zx2=ViRAT7 4 20equiv) @ 14mL 7 h Tk Fu7 I RV A Y 7o ey P VR
F T L — b (DIAD) (40% in toluene, ca. 1.9 M, 2.0 equiv) Z NNz, ZDIREHREZEIR THRIFH Lz, =D
%, ISRAEMZ T ANKRL—2—TCRfEL., VATV T8 a~ 87T 7 4—T (Hexane : EtOAc =
10:1) FFHZ LT, FE 29w O7 XA X MIEEST, ZO7 %0 A X FIEZ 10mL @
AH )=V SE, £k KTV r—/K¥ (2.5 mmol 2.5 equiv) & 1%., MEGRFSM T, 2 K
MR LTz, RIS EZ =R L — 2 — TR L, TOFREICK Q0mL) #x 7, ZhExyruan X
> (1omL) —=[EHhH L7z, AHEEZfafnatfk (10mL) THE L. wifbT b Y ATk, JERL, =
PNIR L —Z =TT 52 LT R_RUPAT I UFER A, 207 T2 (0.80mmol) & EY P (11
equiv) @ 3mL Y7 un XX U ARIKICAZ AR =L7 1) K (1.0 equiv) %7 /b3 FEHEF, 0°C
[ZCTNZ Tz, NREEYZE ERICE L, PRIELEZITo72, KIS E 1M KEEEF Y o 2K (10
mL) CAEEL, KEZY 7 ar XX (10mL) CT=[RHHE Lz, AHE 2 fafnffAK (10mL) THE L,
it b U DA CRHG, SRR L, =N L— 2 — TR LT, SO MARMAE L) W SN T A m
~ N7Z 74— (Hexane/EtOAc=3:1) THEL, 2-(1-ATFNVLZT = /)R BUAX U ANKT IR
(29x) ZULHE 64% (0.13 g) THH/Z, MAHLA, Rr=0.2 (Hexane : EtOAc =5 : 1), 'H NMR (500 MHz, CDCls)
8 7.41-7.20 (m, 1H), 7.31-7.28, (m, 2H), 7.19-7.17 (m, 1H), 5.28 (s, 1H), 4.90 (s, 1H), 4.56 (br, 1H), 4.36 (s, 1H),
4.35 (s, 1H), 2.85 (s, 3H), 2.09 (s, 3H); *C NMR (125 MHz, CDCls) & 144.6, 143.6, 132.9, 129.0, 128.5, 128.1,
127.5, 116.0, 45.1, 40.9, 25.1.; HRMS: m/z (DART) calcd for Ci1HigNO,S (M+H)": 226.0896, Found: 226.0898.;
FTIR: (neat): 3261, 3022, 1639, 1491, 1422, 1373, 1336, 1306, 1199, 1151, 1093, 1046, 992, 911, 868, 840, 764

(cm™).
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BUE A S IS 5%

ERFIE: 7LF L7 L—2 37(03mmol) . B 7 ==/ (0.5equiv) . 97% (/K FEIRFE (4equiv) D
4mL 7 b= R Y WRIRICHK L, N-7BEAZ A 2 K (NBS,0.1equiv) @ 4mL 7% b=k U /LA
Az, Z ORISR E JCRH T (470nmLED) | Z{E T 20h #i#R L7z, oI KNG YE =N
RL—Z =T L, MAERM 2R, ZORAERYE 1,122-7 7 7nnx 2 LiRE L, '"HNMR
SNTICBT D Y 7 o7 a kb 'THNMR [EE R LT,

FERFINE A . HAEMM %, Biotage 18! Isolera ® 10g U 47 /v 5 7 2 (Hexane : EtOAc=10:0t0 4 :
1, gradient) TR L, *HET o5 R~ A% K 38 24572,

BRFIEBHARMIC N 72=Lm A7 4> (12mmol) ZMZ, SmL OY 7 an XX AR,
HWILT 4 B Z2IT-o 72, BONENEAME = AR L —2 —TlEfE L, YU BTV T o<
N2 7 ¢— (Hexane : EtOAc=4:1) THMTHZ & TxHnd b7 /v a—K 40 =157,

BRFIEC: BRETIEAIZL > THERINILAEY 38 IZhY 7= =/L7R A7 ¢ (0.3 mmol) ZN%,
IlmL OY 7 rau A% AL, FIRT 1 R EZIT o7, HoNNREME =KL —2 —
T L. Biotage fL#Y Isolera @ 10g > U W5V 717 2 (Hexane : EtOAc=10:0to 4 : 1, gradient) Tk
fg 2 Z L THRINT DTV a— vk 40 157,

1-Phenyleth-1-yl hydorperoxide (38a)’** (Table 4.10)

FEARFIAC LV Ak, FERFIE A L0 RER, HORE, IR 44%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCls) § 7.94 (s, 1H), 7.40-4.32 (m, 5H), 5.08 (q, J = 6.5 Hz, 1H), 1.47 (d, J = 6.5 Hz, 3H); 1*C
NMR (125 MHZ, CDCl) 6 141.4, 128.7, 128.3, 126.5, 83.8, 20.1.

1-(4-Chlorophenyl)ethanol (40b)’% (Table 4.10)

FATFNAIZ L W & E%, 1-(4-Chlorophenyl)eth-1-yl hydroperoxid (38b) @ 'HNMR H¥=|% 5.02 ppm(q,J=6.5
Hz, 1H) 7 OH M, HRFIEBIC LV R, AfEf, IX&E 17.8 mg, Re=0.2 (Hexane : EtOAc=4:1),'H
NMR (500 MHz) 8 7.30 (s, 4H), 4.86 (¢, J = 6.4 Hz, 1H), 2.06 (brs, 1H), 1.46 (d, J = 6.4 Hz, 3H); 3C NMR (125
MHz) & 144.3, 133.0, 128.5, 126.8, 69.7, 25.2.

1-(4-Bromophenyl)ethanol (40c)’* (Table 4.10)

HATFNAIZ L W &5 5%, 1-(4-Bromophenyl)eth-1-yl hydroperoxid (38¢) @ "HNMR I¢={X 5.01 ppm (q,J=7.0
Hz, 1H) 7 OH M, HRFIEBIC LV R, AfEf, IU&E 28.0 mg, Re=0.2 (Hexane : EtOAc=4:1),'H
NMR (500 MHz) & 7.46 (d, J = 8.5 Hz, 2H), 7.24 (dd, J = 8.5 Hz, 2H), 4.86 (q, J = 6.4 Hz, 1H), 2.01 (brs, 1H), 1.46
(d, J= 6.4 Hz, 3H); 3C NMR (125 MHz) § 144.7, 131.5, 127.1, 121.1, 69.7, 25.2.
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1-(4-Nitrophenyl)eth-1-yl hydorperoxide (38d)’* (Table 4.10)

FEARFIRC LV Ak, FRFIEAICL R, AaEE, I 22%, Re= 0.5 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCls) & 8.24 (d, J = 8.5 Hz, 2H), 8.02 (s, 1H), 7.55 (d, J = 8.5 Hz, 2H), 5.19 (q, J = 6.6 Hz, 1H),
1.48 (d, J= 6.6 Hz, 3H); 3C NMR (125 MHz, CDCl;) & 149.2, 147.7,127.1, 123.9, 82.7,20.3.; 58 FJE C 12 &
D ALEE, YA 5.6 mg, Re=0.1 (Hexane : EtOAc =4 : 1), '"H NMR (500 MHz, CDCl;) & 8.21 (d, J = 8.8 Hz, 2H),
7.55 (d, J = 8.8 Hz, 2H), 5.03 (q, J = 6.5 Hz, 1H), 2.02 (brs, 1H), 1.53 (d, J = 6.5 Hz, 3H); *C NMR (125 MHz,
CDCls) & 153.0, 147.2, 126.1, 123.8, 69.5, 25.5.

1-(4-Biphenyl)eth-1-yl hydorperoxide (38¢)’* (Table 4.10)

FEARFIAC L Ak, FRFIEAICL R, B, I 51%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCl3) & 7.86 (brs, 1H), 7.61-7.58 (m, 4H), 7.45-7.42 (m, 4H), 7.37-7.33 (m, 1H), 5.12 (q,J = 6.8
Hz, 1H), 1.51 (d, J = 6.8 Hz, 3H); '>*C NMR (125 MHZ, CDCl3) § 141.2, 140.7, 140.3, 128.8, 127.4, 127.3, 127.1,
127.0,83.5,20.0.; FERIFIE C 12 K 0 4LPE, UXE: 15.7mg, Rr=0.3 (Hexane : EtOAc=4: 1), '"HNMR (500 MHz,
CDCl3) & 7.85 (dd, J=2.5, 7.5 Hz, 4H), 7.43 (t, J = 7.5 Hz, 4H), 7.34 (t,J = 7.5, 1H), 4.94 (q, J = 6.5 Hz, 1H), 1.96
(brs, 1H), 1.53 (d, J = 6.5 Hz, 3H); *C NMR (125 MHz, CDCl3) & 144.8, 140.8, 140.4, 128.7, 127.2, 127.0, 125.8,
70.1, 25.1.

1-(2-Bromophenyl)eth-1-yl hydorperoxide (38f)’* (Table 4.10)

FEARFIAC L Ak, FRFIEAICL 0, HORE, I 68%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCls) & 8.09 (brs, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.51 (dd, /= 1.5, 8.0 Hz, 1H), 7.37 (t, J= 7.5
Hz, 1H), 7.16 (dt, J = 1.5, 7.5 Hz, 1H), 5.50 (q, J = 6.6 Hz, 1H), 1.42 (d, J = 6.6 Hz, 3H); '3C NMR (125 MHZ,
CDCl3) § 141.0, 133.0, 129.2, 127.9, 126.5, 122.6, 82.6, 19.3.; &R TFIA C (2 LV AL, & 33.3 mg, Re=0.5
(Hexane : EtOAc =4 : 1), '"H NMR (500 MHz, CDCl5) & 7.58 (dd, J = 1.5, 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H),
7.33 (t,J=17.8 Hz, 1H), 7.12 (dt, J= 1.5, 7.8 Hz, 1H), 5.22 (q, J = 6.5 Hz, 1H), 2.23 (brs, 1H), 1.47 (d, J = 6.5 Hz,
3H); *C NMR (125 MHz, CDCls) § 144.6, 132.6, 128.7, 127.8, 126.6, 121.7, 69.1, 23.5.

1-(2-Methoxyphenyl)eth-1-yl hydorperoxide (38g)"" (Table 4.10)

FEARFIAC L Ak, FERFIE A L0, HORE, IR 52%, Re= 0.5 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCl3) & 7.96 (brs, 1H), 7.41 (dd, J= 1.5, 7.7 Hz, 1H), 7.28 (t,J= 7.7 Hz, 1H), 7.00 (t,J= 7.7 Hz,
1H), 6.90 (d, J= 7.7 Hz, 1H), 5.55 (q, J = 6.5 Hz, 1H), 3.81 (s, 3H), 1.42 (d, J= 6.5 Hz, 3H); *C NMR (125 MHz,
CDCl3) § 156.8, 129.8, 128.8, 125.9, 120.8, 110.7, 77.8, 55.4, 19.2.; F5HLFIE C 12 L VB, & 10.8 mg, Re
= 0.4 (Hexane : EtOAc =4 : 1), '"H NMR (500 MHz, CDCl3) § 7.34 (d,J = 7.5 Hz, 1H), 7.27-7.7.23 (m, 1H), 6.97 (t,
J=17.5Hz, 1H), 6.88 (d, J=8.5 Hz, 1H), 5.09 (q, J = 6.5 Hz, 1H), 3.86 (s, 3H), 2.67 (brs, 1H), 1.51 (d, /= 6.5 Hz,
3H); *C NMR (125 MHz, CDCls) § 156.5, 133.4, 128.3, 126.1, 120.8, 110.4, 66.5, 55.2, 22.8.
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1-Phenylprop-1-yl hydorperoxide (38h)’>* (Table 4.10)

FEARFIAC L Ak, FERFIE A ICL 0 R, SO, IR 44%, Re= 0.4 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCl3) 8 7.74 (brs, 1H), 7.40-7.33 (m, 5H), 4.83 (t, /= 7.2 Hz, 1H), 1.90 (septet, J = 7.2 Hz, 1H),
1.68 (septet, J = 7.2 Hz, 1H), 0.91 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl3) & 140.5, 128.6, 128.2, 126.9,
89.6,27.4,10.2.

2-Methyl-1-phenylprop-1-yl hydorperoxide (38i)’** (Table 4.10)

FEARFIAC L Ak, FRFIE ALV R, SO, I 50%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCl3) & 7.70 (brs, 1H), 7.38 (d, /= 7.0 Hz, 2H), 7.34-7.31 (m, 3H), 4.60 (d, /= 7.0 Hz, 1H), 1.98
(octet, J = 7.0 Hz, 1H), 1.06 (d, J = 7.0 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H); '*C NMR (125 MHz, CDCl3) § 139.7,
128.4, 128.1, 127.3, 93.6, 32.4, 19.2, 19.0.

Cumene hydorperoxide (38j)’?° (Table 4.10)

FEARFIAC L Ak, FRFIE A L0 RER, HORE, IR 79%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCls) § 7.47-7.46 (m, 2H), 7.39-7.36 (m, 3H), 7.31-7.28 (m, 1H), 1.60 (s, 6H); 1°C NMR (125
MHz, CDCls) 6 144.5, 128.5, 127.4, 125.4, 83.9, 26.0.

1-(2-Naphthyl)eth-1-yl hydorperoxide (38k)’*¢ (Table 4.10)

FHARTFINAIZ LV ARk, FBRPIEA KV BR, SEOWIK, IR 42%, Re= 0.6 (Hexane : EtOAc=4: 1), 'H
NMR (500 MHz, CDCl;) § 7.88-7.81 (m, 5H), 7.51-7.48 (m, 3H), 5.24 (q,J = 6.6 Hz, 1H), 1.54 (d, J = 6.6 Hz, 3H);
3C NMR (125 MHz, CDCl3) § 138.7, 133.3, 133.2, 128.6, 127.9, 127.7, 126.3, 126.1, 125.8, 124.0, 83.9, 20.1.; %4
FPIA C 12 X v LB, & 12.8 mg, Rr= 0.4 (Hexane : EtOAc =4 : 1), 'H NMR (500 MHz, CDCl3) § 7.82-7.79
(m, 4H), 7.50-7.44 (m, 3H), 5.05 (q, J = 6.6 Hz, 1H), 2.00 (brs, 1H), 1.57 (d, J = 6.6 Hz, 3H); '*C NMR (125 MHz,
CDCls) § 143.1, 133.3, 132.9, 128.3, 127.9, 127.6, 126.1, 125.8, 123.8, 123.8, 70.5, 25.1.
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