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ARSCHCIEE ELLT OlgaE 2 FV 7z,

ABNO 9-azabicyclo[3.3.1]nonane N-oxyl
Ac acetyl

APCI atmospheric pressure chemical ionization
aq. aqueous

AZADO 2-azaadamantane N-oxyl
AZADOL 2-hydroxy-2-azaadamantane

BDE bond dissociation energy

Bn benzyl

Bu butyl or normal-butyl

Bz benzoyl

CAN ceric ammonium nitrate

Cbz benzyloxycarbonyl

CoV coronavirus

DART direct analysis in real time

DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate
DMAP 4-dimethylaminopyridine

DMDO dimethyldioxirane

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

dppf 1,1'-bis(diphenylphosphino)ferrocene
dtbpy di-tert-butyl bipyridine

eq equivalent

ESI electrospray ionization

ESR electron spin resonance

FDA food and drug administration

GC gas chromatography

h hour

HFIP 1,1,1,3,3,3-hexafluoro-2-propanol
HRMS high resolution mass spectrometry
HTS high throughput screening

IBX 2-iodoxybenzoic acid

IR infrared



keto-ABNO
logP

LRMS

mlz

mCPBA

nor-AZADO
Oxone
PDP

Pin

PINO
PMB

PMP

Pr

rt

SARS
Selectfluor
TBAF
TEDA
TEMPO
TFA
TFDO
TFE

THF

TLC

T™MS

9-azabicyclo[3,3,1]nonan-3-one-9-oxyl
logarithm of ocatanol-water partition coefficient
low resolution mass spectrometry
mass-to-charge ratio
3-chloroperoxybenzoic acid

methyl

methanesulfonyl

N-bromosuccinimide
N-hydroxyphthalimide
N-methylimidazole

nuclear magnetic resonance

nuclear Overhauser effect
9-azanoradamantane N-oxyl

potassium peroxymonosulfate
[V,N"-bis(2-pyridylmethyl)]-2,2'-bipyrrolidine
pinacolato

phthalimide N-oxyl

p-methoxybenzyl

p-methoxyphenyl

propyl or normal-propyl

room temperature

severe acute respiratory syndrome

1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate)

tetra(n-butyl)ammonium fluoride
tetracthylenediamine
2,2,6,6-tetramethylpiperidine 1-oxyl
trifluoroacetic acid
methyl(trifluoromethyl)dioxirane
2,2,2-trifluoroethanol
tetrahydrofuran

thin-layer chromatography

trimethylsilyl or tetramethylsilane
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ALk, NEITEREZ 7R L, BRI oRE L BN mERL 24 A L TE i
Black (I /A Z BRI ILE T 2L EM & ETNITHRBZIBIRTE D A RIEHEE)
VIR EAERE L, AERNY T RTHHEAX I OEL TITHEEERZITH 2
E T AX IV Hy SRMERINFFEGIEE S A TV 2 A L7= (Scheme 1). = OHEAIHL
Sy FBEI S ORISR R OSEBRIT & 72 o 722 AERPEER Sy F AR IR BT BEE B L < I3TE
PEALT AR FALA Y 2 REETEMEAERIC S X F A U LARRT 5 2 L1, Biick T
b EMORIFIETH 5.

Scheme 1. Generation of Cimetidine from Histamine

Me _CN

G, = T ]
N N |
N NH, N S\/\N)\N,Me
H H

Histamine Cimetidine

(peptic ulcer)

AL FIXER E R LA WERET HZ b, AIEKIZE T D0k E % 7= LT
7o FHBUS ORI E LA A RN CTh > b B DGR Z FTRE S L, EIEMEA
{LEMOEOLFELBEOEME L7206 Lz, 2Lk > TEL OEERLNERH SN, B
FIBITon. FICEBSREMEICL 70Xy 7Y T RIGMEEMERKIC S % 72
MEIIREWD. DOTREETH 72 sp” REOEHERS L L, WE it L OEHEE
TFAMERE S REGEAFTRE TH D2FLEZ RS Z &b, EIHK REOHFIERHFE &
ORAEFEIHERA SN TS, ZOHEROBILIC X - TT 27 & A ATHE72 RS 1 3R R AY
RN L, BRYME, mE, BEPRIF 7 & OBRIRVR B BRI 380 TEEM TR IR R & OV )2
FErXm E U7z (Figure 1). LML D, RIEEMEGCHIMRRRET Ay k- AT
A HN=—XOERBIEE S S FEL, FRICL2EERBPAZEEN TV DY



Figure 1. Blockbuster Drugs Launched in 20th Century.

Me
Q Me OH OH N o
NH A CO,Me
Za COH 72 /©[ S>—g  N=
— N
O O S cl Me OMe
F
Atorvastatin Clopidogrel Esomeprazole
(dyslipidemia) (antiplatelet) (peptic ulcer)
002 HN— N Me
N\ N
Valsartan Olanzapine Pioglitazone
(hypertension) (antipsychotic) (diabetes)

2000 FHi% E COEEMEGILEMOT A L FIRIIT VX LA ) —=v70ary
TR U T AR ERBANCE S FiERmA R E 972, 72 & 213 Lipinski ®/L—/L -+
A7 58 ITRE SN DIWELHINEE KFBRHEE N —%, KFEREET 78 75—, H1
&, logP, BIEEATRERE AR &, invitro ™A A—TF v A7 ) —=27 (HTS) |T & %%k,

CARENTALEMEIRT Z L T—EDORE EIFT&7. LaL, K2k MEAR
P IEOFET D RKRITED AL S LATLRBAETH Y, LRI 2R L o
TH 2y R OBREOE\MEE LB L STV B

AR, AIEMES R EDORIE LT, ZLDEELDZ —7 v N ThD G X U3 fEE
RIS WIRE GRS v X7 BIZB W T HILEY & OIHE T X BIEEMRIT L Rt U—
TF Y TINEREE o RO X BEEICE S R v 7T A T, (LAY LR
KRB EOMAER OKFEES, ARG, BUKMEMEEER, nn FHAMER) %2 EERICHE
B L7z ECOEWMT A v &2rgee L, EEMMEMILADOEZRKEL A ESETWDS
BERY 5y D SLARMEE D> BB D REEIT R, RO R TOILEMT A o Tid7e<
CRTCHEEERER LN T v ST A L Db DER D, L Vb sp’ RE AR
IZELE U 7o R SEM LA I LRB R ZARRME DS W b & N7 B & ORI BEAERIZ B0
THATH L. FICEYBRESCLEMEICHEND Z L3S W20, b MERRER O R
RPMERLIZE < (Figure 2)°, EERICT A U B BMEKF (FDA) 12 2013-2015 FEDORIK
RENTZEKBITBWTS Fsp’ (sp7 REL/ERFL) H2EMEEITEE TH 5 (Figure
3V, L L h, sp’ IRFERSE S GTEMEN T2 TR - [KBEZEEY - S < AT
B HIEE spt REEGANEWITHE L TZ LL, K0 EN-ERLZ AR 513872 ik
F DMFFEDBEAR TR T 5.



Figure 2. Mean Fsp3 for Compounds in Different Stages of Development.
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Figure 3. New Small Molecule Drugs Approved by FDA in 2013-2015.
O
Me._O _Me
: H e
Ao~O N O HN Me
s [N
M 4 \) H
e, N N
N WOH
HN#
NH; CO,H
Me Me
Sofosbuvir Brexpiprazole Peramivir
(hepatitis C virus) (antipsychotic) (antiviral)
MeO
MeO
CF3 © O A/H
N o N\n/\
O
<, O OMe
N g
Me Me” = OMe
H
Rolapitant Ivabradine Tasimelteon

(nausea and vomiting
induced by chemotherapy)

(angina pectoris)

(non-24-hour sleep wake disorder)



A C-H BL UG

MAEERETIAREEDICB N TR OEMET D2 ERETH 5. BBRERRIEITIKER
BICEVERN ST EMAERT A Z & TIEHREBROBEERK &> TNWDH Z ENREL, B
FEREEL ATEICEY, BRPWICEKRT 5 HIEIZ KRR R CERM Z &0 AMIEE LAY
EORT A0 OREENEREDO oL SND". BICHBLAWITEET 5 RFE-KE
(C-H) A Z MEriE L URF-FEE (C-0) fEAICEHT 5 [fiithy C-H FBLUE )
i, REOFRNEMALZLEL L2 &, BIERB DI b AT vy T Ta ) 3
— &7 iz a ) I —HicENZ BN RSB TH D

RN OBRFERRLEEFZE TH DY b7 ah PASO AL LT-8kRL 7 ¢ U U fillilc X B 71
B D C-H BALRIGE? 13 1970 R SM BN TV DS, FEEHRE L N EEIRMED
IO EARILSLISE TR OGN TV o7, 1998 FEITHE 7= Periana HIZ X5 Pt
fIEZ L DA Z DR E ) — L ~DFRLEE " R KX 7B L 72 W Mn, Fe, Co, Cu, Ru,
Re 7¢ & D@l & kAl & U ToIReE S L <Ialgz vz C-H Bt SUs 2 Ba%E
SN omATEmE S U < ITECHIEMEL IR X 0 AL ERIRME D) B2 Rr- LR )
JEHFEAE LTS (Scheme 2)".

Scheme 2. Catalytic C-H Oxidation with Transitionmetal Catalyst.

Y
NN,
N;[N/ \C'
K
H3C-H + 2H,SO,4 CH30S0O3H + 2H,0 + SO,
100 °C
Periana, R. A. et al. Science, 1998, 280, 560. CHyOH
Me \ie Pd(OAC),, Ac,0 Me e
H N)g MeCO;tBu OAc N)S
| |
R" "R? R" "R?

Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2005, 44, 7420.

PRI, e, B, SRREE, B2 EOBERIZE W TE A O C-H FA%:IZ
B DRI S S/ 2 HIEmN BRI, Bk as g e Ly C-H BbIS DL
BHICATbR TS " C-H BITHE b LSS RO UM wf%ﬁhtmﬁ%ﬁm
EnooH 5. BT White HICKDEARLEFT K Pd (1) ﬁaﬁx kBT VAL C-H
f&{LFOS (Scheme 3)'°, Fe(S,S-PDP) $fAfifilic k% C-H MLt T Du Bois HIZ &
DETFREMEAFH DU DU LD C-H MBS 13RI\ T BN
7% C-H W3fb % 2Rk U T SeBRR 22 il BRI T o 5 (Scheme 4).



Scheme 3. Allylic C-H Oxidation with Sulfone/Pd(Il) Catalyst.

Pd(OAc); (10 mio%)

Ph—S_ ,S—Ph (10 mol%)
\ /

[eJNe)
H benzoquinone OAc
= =
R)\/ AcOH, 40 °C R

White, M. C. et al. J. Am. Chem. Soc. 2004, 126, 1346.

Scheme 4. Catalytic C-H Oxidation without Directing Groups.

X
»
Fe(S,S-PDP) (5 mol%) OH g N
- AcOH, H,0, vo ressrom < Fl _.wNCMe
Me e e(S,S- = e
,[ ] ~
PivO CHyCN, rt PiVO N/’\’l NCMe
\
White, M. C. et al. Science 2007, 318, 783. | _

0:.-0
=87
@
CF3 (20 mol%)

Cl
H ArySe; (1 mol%) OH

1,2-dichloroethane
H 22-50 °C H

Du Bois, J. et al. J. Am. Chem. Soc. 2005, 127, 15391.

BAFE AVl C-H B LEUS T RRYOMERENE )+ DR BB E M 2 FIRE & L, WG
FRARHTIC & KX 728 % 5 2 T5 194 6.deoxyerythronolide B ®7 U /Ui C-H F2{b<
JSIC kD~ 27 a T 7 b ARRE P, (+)-artemisinin D #& TR TOREHEE REL(LE, Ru
iz k57 2 2 RO C-H BRLERIC & % saxagliptin & B IR D A RL 2 72 &

1, BEAAEICE D R 0 SEHLN#E22  pkt s 2 2 L 7o RE BT % (Scheme 5).



Scheme 5. Application of Catalytic C-H Activation for Bioactive Compounds.

Pd(OACc), (30 mol%)

Ph—S.  S—Ph (30 mol%)

\ Y

[eNe)
benzoquinone (2 eq)

CH,Cl,, 45 °C
56% (two cylces)
>40:1 d.r.

White, M. C. et al. Nat. Chem. 2009, 1, 547. 6-deoxyerythronolide B

Fe(PDP) (5 mol%)
AcOH (0.5 eq)
H202 (12 eq)

Fe(CF3-PDP) (5 mol%)
AcOH (0.5 eq)
H20; (1.2 eq)

CH4CN
54%

CH4CN
52%

(+)-artemisinin

White, M. C. et al. J. Am. Chem. Soc. 2013, 135, 14052.

RuClj3 (5 mol%) (0]
KBrO;3 (3 eq)
pyridine (10 mol%)

CO,Me CO,Me

HO NH5"
CH3CN, H,0 NC
H NHBoc 3N, M2 HO NHBoc
57%
° saxagliptin

McNeil, E. and Du Bois, J. J. Am. Chem. Soc. 2010, 132, 10202.

Baran OI(LRFFHKD C-H KiE 2 AEERANCIRILT 52 & TT AU, A7 A K
B RO TE LA LTV ZoFE#RZIGHT 5 2 & T paclitaxel DRFE
HTohd (+)taxadiene D% C-H FEG A RINICERLT 5 Z & TRRICIIL S - & ¥
> T % taxabaccation IIl DA %R L, paclitaxel DG A A L= THn
TW% (Figure 4).

Figure 4. Total Synthesis of Highyl Oxidized Taxanes from Carbon Skelton.

AcO OAc
Me Me
C-H oxidaiton
18 steps : a
H o dac
(+)-taxadiene taxabaccation 11l paclitaxel

Baran, P. S. et al. Angew. Chem. Int. Ed. 2016, 55, 8280.
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SRR & B BLRE)R
C-H BbBUSIZEB T 2 Rimf b AT o HIREe R, wmigfkksk, ~vA4F 2 K (DMDO,
TFDO, ROOR), Oxone”, B Fflid 75 R ENLLAVSN D, T THIEFITHER Lo K
K[PUH 20% ICEENDT-OAFTRES THY, MHONERIT LD FAEESND -,
BORRENIEL, Him EORIAERMIT KO TH O EREAR &/NI WD &b BN R
fb#I L W2 % (Figure 5)%.

Figure 5. Progress of Alcohol Oxidation.

RToH —— R Yo

reaction name reagents side products Weight of side products
(@) in oxidation of alcohol (1 mel)
X X 450
C ‘ ‘ 400
Jones oxidation N"/ CICrOz N"/ CI" + CrOzH, + H,O 350
| | 300
H H 250

200
150
Swern oxidation |(COCI), + DMSO + Et3N Me,S + CO + CO, + 2 EtzN-HCI | s0

Jones Oxidaiten Swem Oxidation Organocatalytic
Organocatalytic *O~N

aerobic oxidation
aerobic oxidation

H20(2)

cat. NaNO, + air (O,)

L L2 B, 53 FIROEEFE O KE /T ZHIERE CHET 2 -0 ERNICZETH
D, BELFEISICHWD 72012iE 1) BBROKISMEE BT 2 72 D iz K> TEE# 71
ZIEELT 5 2) 8 L7 - iiihic X v B AVEMEET 5, U EZ2onTFiunaeks Z
ERMETH D, AIEICH T D IHEANC L 0 BAE S —HEBRFEIC L HBILKIG
PdCL,-CuCl, iz X5 Wacker FRLSRMAITH < B ENHIVTUND DS, SR Ol 23 8 L
<, WRBERRIRISER T2 L b2, — THREIY 7 A & v BE 23RNl
T 5 FIEE, EMEERIOEFH R OSSR ER 25T 2 2 & TEDLE CRE 2R T
EOLRLRFIETHD EWZ D, FERITABMMEEZ W7 BB OTEMEAIZ L 2 R b
ML E YU, W OSBRSS BN R TR EAIC R D LER L TUT O

ZelZ3 T L 7= (Figure 6).

Figure 6. C-H Oxidation with Feasible Catalyst.

air (0,)
(terminal oxidant) o)
a n (HO
Carbon Skelton Bioactive Compound
Hzo
(waste)
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N-ZX VNV T D AN DIEREE

N-FXINTIHNT 19 HRNADMONHIFEFETH L. B TH D Fremy’s salt,
HHAL S TH D porphyrexide, diphenylnitroxide I% 20 i ar s CTIZHEE X i17-. TEMPO
(T2 EME & RS Z WS L72AE & TH D, NaOCl X PhI(OAc), 72 & DOF{LAILAF TIC
BT 1 T Va3 — L ORIRILEUGI A S 2B Ll < H 5. PINO 7 VLV
NHPI 7 HR2HICTHAESEDL TN ETH Y, C-H 6 % kAR 2 &0 TR T
& % . di-tert-butyliminoxyl X% EAFIET D N-AF T VBN Th5 (Figrure 7).

Figure 7. Stable N-Oxyl Radicals.

HN
Lr,. Q3
Me
KO3S. .SOzK
L A )
Q Q Q
Fremy's salt porphyrexide diphenylnitroxide
O
Me ’}‘ Me N-0 Nl
O O
: (0]
TEMPO PINO di-tert-butyliminoxyl

N-FF 2T DI EF D N-O fia BICHERMEI L, ZOOMRMEE TR I
LB LV LEL SN TS (eq. ). a (MDOKEFRFE2FSO N-AXFL LTV hn
BB E D =hrr o~ 50 (eq. 2) 720, NAX NI VP ONELEENL - E
Franfb LA S U CTHW 2 IIEL W R K o dEmpZ el b L <IE, EIR2RIC
LB FHIZENRDPLETH S,

@
g -~ g (eq. 1)
o
: o
e 1e” oxidati N
\I}l/\H e ox}l_ialon '?l (eq. 2)
- . o
© &

o fLET VX NETERLEZT I )X IVT7 VBV (eg. TEMPO) &, IV AKR=/LFT
B LIZA I RXT LT VAL (eg PINO), AF T AEEEFFOA I ) FLILTIHND
=N N-AF UL T AR E D (Figure 8).



Figure 8. Structure of Aminoxyl Radical, Imidoxyl Radical and Iminoxyl Radical.

EES N §

O

aminoxyl radical  imidoxyl radical iminoxyl radical
stable, isolable unstable, unisolable stable, isolable
(e.g. TEMPO) (e.g. PINO)

KT VIV C-H #ERZUIWCTE 5008 92 0% NO-H fE4 Ofiflff— %/ ¥ — (BDE)
FHETHZETTRTE 5. AENAREAWD BDE % Figure 9 (IRLEY. 73/ %
VIVT U HIVTRE CTHEERRETH Y, BDE /NS WO EWERRETFAEEZ L - TT L
=L EITAD. A S KX VAT OHNVERLETHY IV NEITHETE T, T
T ANVETAE D HIEMEALAIZ AW TR RAESELLENH L. BDE T RE W2
C(sp))-H G OUkr b AIEETH W AR L7 RFET VT C-0 fERTZIFT2< C-C, CN,
CF A ~LBHTED. A2 )XV TPHNVTESVERILEEZ O b OIXLERFHM
Thy, BEEARER OO TWS. 7I /X7 VLD K& BDE %1
DOHLOD, FEU EOTZ ANV ERNET I OA I U ~OBLRS T ENDEHRE S
TWBDHTHD?.

Figure 9. BDE of C-H and NO-H Bonds.

H Me.__H '
CH
structure H;C—H X 2 CH
Me \)\ Me Me Me ©/ 3
BDE (C-H) 4104 99 101.1 9.5 89.8 85.4
kcal/mol
(0]
H Me >O< Me
structure N—-O | Me '}l Me
N
~ O.
S OH H
BDE (O-H) 88.0 80.0 69.8
kcal/mol

TEMPO FHEMIZ L 2 BREBIRIE

REWCRT I ) FT VTP HNLTHS TEMPO FHEMEIT 1 7 ra—Lo7 L5 e K
ORI 2RSSV B S (Figure 10)*. Anelli & 1% TEMPO/hypochlorite/NaBr %
\2& Y TEMPOH Z #4252 & THRUEAKRTHD AXF YT U E=U LI TF A &R
MCHASESZ LT, ftHEo TEMPO TO 7 /L a—/LORRLRGIZL L. Fig
fbAlE UCRBE i 2 7 #ES B, ZHWEKEGRG A D 1| T Va—LOT LTk
RA~OBALRSE~IGH STV D 2 JTAE T, BTE TR~ 72 AR 22 R LA T b D ik %
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KU (bAl & L, e L < IRHifsesE 2 bl 2 L=, 7 Fax=a ) I —ROBREREIC
BWTEN T L a— bR BT S TWA2 HIZ, CWTEMPO RIZ X487 L=
X REVEMRE L+ 2 BT BRI BN - e LTab TS 2,

Figure 10. Oxidation of Alcohol with TEMPO.

MeQMe
N

0 Me ) Me
J]\ OH
R" "R?
oxidant: NaOCI
BI’Z
OH PhI(OAc),
1L ) HNO3/NaNO,, O,
R R Me ¥ Me
Me w Me
(0]

T XUNT UM EDEEZEFBLEONILL T 3 SIZBWTERL TS, 1) 1 %7
NI — L ORBLIZ X BAERBIIT LT e ROZTH Y, @RI LY VR B RIAE
L7 2) Ty, Tk y, HER, 70, AVT 4 Rip LIk LEWERERTFA M
T, b LIIMERZ LIRS T80 3) T/ F VAT UHLORBIRICEY 1
T a—nl 2 TN VEERICBIETE S, 7 XTI ERWET
VA=)V DIALIE D TY, LLTO 2 BRI ERRIR. Stahl 523058 L7z Cw/TEMPO
RITEN T ERERHANEL 1 BT L3 — L2 T 2 — LB ORI A W S TR S,
Iwabuchi 512X % CwWABNO %37 2/ ENEFT 2 HEICBNTH 73— L& RN
\Zl{LTX % (Scheme 6)*.

Scheme 6. Chemoselective Oxidation of Alcohols.

CuX (5 mol%)
bpy (5 mol%)
TEMPO (5 mol%)
OH NMI (10 mol%) OH

R)\Q/\OH CH4CN, rt, air R)\OAO

up to 98%

Stahl, S. S. et al. J. Am. Chem. Soc. 2011, 133, 16901.

CuCl (3-5 mol%)
ABNO (1-3 mol%)
bpy (3-5 mol%)
3 4 3 4
RNR on DMAP (6-10 mol%) RvR o

RZJ\O/kW CH5CN, tt, air RzJ\Q/U\W
up to 97%

lwabuchi, Y. et al. Angew. Chem. Int. Ed. 2014, 53, 3236.
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7 I )X UNT I HNLOEE L Ktk DEES

TEMPO (IENT-B bt CH 2 b DD, B{LEMORENT La—LofEbkd LT
SAREEDORE 2T L a—)b (eg 2 T a—L) OBLICITEATERVWIREEZA LT
W5, ZOEETIRT N T 2 X T D AIERTL OB E 2 BB &
KRELTH, b LT IHEREEZ TS5 &0 ) SR L0 sz m ESE 2
WFER TN TE 7= (Figure 1)P. 73 2 XL IV WANT L a— L &2RILTE 50T,
BTIERICH 2 TR ERSCRISIKE D pH SOBBOERNFETSH. = baxil
FUANIFFYT = AR OBLETENMIT - OOEREE L THOYLND.
4-acetamido-TEMPO (FR{L.EEZ: 0.65 V vs Ag/AgCl) KT} 4-oxo-TEMPO (F&{L.FEAZ: 0.69 V vs
Ag/AgCl) IZ TEMPO (F&{LEENAL: 0.53 V vs Ag/AgCl) @ 4 [LIZEH# L 7B Re|1HEDOBFEIC
BB R E V. BRI 2 F> AZADO (FRILEEANL: 0.45 V vs Ag/AgCl), ABNO(fiz1l
A7 0.48 V vs Ag/AgCl) I TEMPO & [RIFEE DFELEN T 5. T4 O 1T D
SRR S 2 KT D & IS Bredt AP ZFIA LT o fkFF | &hEnb=tnrtid
RS ZIHI Lt TH Y, 1 OB 5P 2 o7 L a— B AN STV
Oisaki, Kanai 5|25 0 #& SH7- keto-ABNO™ (B{LENL: 0.63 V vs Ag/AgCl) 1 XL BT
DGR & SEAREEE ORI 2 IR R L W OS2 A LT 5.

Figure 11. Mid-point Potencial (vs Ag/AgCl) of the One-electron
Nitroxyl/Oxoanmonium Couple.

o _Em . 0
N

N
N <
I
-o\N,l§Z7 -o\N/L§37/ -o\N,l§37¢
4-acetamido- 4-oxo-
TEMPO TEMPO TEMPO
0.53V 0.65V 0.69V
@O
'O~N@ .O\N& 'O~N
AZADO ABNO keto-ABNO
0.45V 048V 0.63V

INFaT AT b OFRE

U ZFa XAF )L (CF) FHIRESNDLZ 7 AT %L Ry RE2EHTHILEY
X, 7 v BIRTFOBRNETRIIVECHK T DIEEMEDOE &, AR OB b ~DREMEDE S
EWVWHSMEEOMWE A E T 5. FHC, MEWE (R, AREYLEH: &) REEMIZIHBWT, Ry
OMEE RIS SN TV, Ry A2 FoE R T2 e, BB Bk c @i, 2B i
W5 2RI BE OB EERZAET AN HS. NY 7 ad e 2 FARIERMICE
WTEWHE THWONLEETH Y, £ OMEMEHIEITEIEMBRIEICI T 2 EERHE
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BCThHD, N7 Au ATy bR OSTHEERE U CEER AT 2 FIET CF, &
UL ONBIEANT L HEO—>THY, CF, L2 AT 5EEMEAEY (Efavirenz®,
BI653048*, Mefloquine ) D#IFEIEIE MY 7 A m A F b f o hEEAPREKE LTH
WU % (Scheme 7).

Schme 7. Synthesis of Drugs via Trifluoromethyl Ketones.
>—=——H

i
N
o Ph)\Mr //A /A
e
cl , FaCQ FiCu F
\©\)‘\0F3 n-BulLi Cl\@f\OH > C|\©\><O
NH THF NH N PN
PMB ) N
PMB

Efavirenz
(anti-HIV)

Pierece, M. E. et al. J. Org. Chem. 1998, 63, 8536.
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TNABRTIFNNGT R EANI T Y — VORI S DNIFAET 5 2 E R BT
WBE ZOWEERALTRY 7t a AF gy bk 2o ENHEERT 5B
Ser X° Cys & A[WHLHIES AR S CT o —EL e L THEESEDS Z &N TEX D
# SARS-CoV 3CL 71 s 7 —FPOMERIIFER Z 7 D Cyslds & FY 7Fd o 2AF )L
kb AT AT REEARIC L 0 BRI TS (Figure 12)%.

Figure 12. Reversible Covalent Bond between Trifluoromethyl Ketone and Cysteine.
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Wong, C.-H. et al. Bioorg. Med. Chem. 2008, 16, 4652.
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ANUBEHER (AT, g7 al R, BEKY), V4 V7T I R) ~OR—7vFa7y
JL¥ LT =4 (Ruppert-Prakash reagent)® OfIIIEIGIE, HVR L EEOTEMALDLETH
5HDOOHMARERIEDO—2>THLY. &5 —2OFNRERIEL 2 #k a-S—T A n T
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Figure 13. Conventional Synthesis Methods of Trifluoromethy Ketone.
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A I RFXVNTPANDREK
N-Z % 2 ub&% O-H #5A @ BDE fHIT afZOE#EIEIC KRR LT 5 (Figure
14)%. 7 L X L L TR S 7= TEMPO @ BDE 7% 69.8 keal/mol (entry 1) T 5 DIZKf L,
T UNEETERR L-5E O BDE EHIZH 2 5 BIT/NS ) o 72 (entries 2-5). — 5 T, afii
BT VI TCER L7-5A1T BDE fE2N K L (entries 6-8), 2D 7 /L% £> NHPI
2B W TIE 88.1 keal/mol & KV KZ72 BDE fE4 /R L7 (entry9).

Figure 14. BDE Values of the O-H Bond in the Parent Hydroxylamines.
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Figure 15. Self Decomposition of PINO Radical.
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Scheme 8. First Example of C-H Activation with NHPI.
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Grochowski, E.et al. Synthesis 1977, 718.

Ishii HIXMFRMR FTICBIT D NHPI (2 & B BACEG OBFFE 2 T H Z & T
a7 N a—VEREERS, RO C-H BILEISZ R Lz . R DA ot G 1
NHPI #7E F PhCN HEFEEHS T T 100 °C (2T 5 Z & THIT L, fluorene 1 80%
I¥=C fluorenone |ZFRfL S v7c. Z DORLIIGNET ¥ B VEBRIAHITH D AIBN <2, 7 I /
XINT I HNTHS TEMPO TIHERIETLT N &2 527> 2 &6 PINO
TOANDRIEHEDE S AN LIEFIE W2 5. oIk L3RRGO
VALY NHPL filti 2 W72 [RIRR D REIZ B W TR S L7 b R D35 HAL72 (Scheme
9)>.

Scheme 9. Aerobic Benzylic sp® C-H Oxidation with NHPI.

(@]
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D am D
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TEMPO: 0%

Ishii, Y.et al. J. Org. Chem. 1995, 60, 3934.

TH D C-H KiEEL BDE 2RE UMWy 2 2 EAREETH 523, PINO 7 Vi
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ED—2Tdh 5. NHPI filliiic X2 7 v v O R LN L A B 2 Al & L-Casm+
52 TR L&, FHZ Co HDMBENEE TH D™, 74~ % d NHPI (& D
FIACKISIE Co HIFRMOD B W TIIEELEHE 17% TH D23, 0.5 mol% D
Co(acac), # RN T 5 & FE L # F N 93% 2 # L, l-adamantanol (II) (43%),
1,3-adamantanediol (IV) (40%), & O 2-adamantanone (III) (8%) DU CE{LIK%Z 5 2 7=
(Scheme 10).
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Scheme 10. Aerobic Oxidation of Adamantane sp® C-H with NHPI.

NHPI (10 mol%) OH OH

@ Co(acac), (0.5 mol%) 0
+ +
0, (1 atm) OH

AcOH, 75°C,6 h

without Co(acac), : 17% conversion (ll: 52%, IV: 4%)
with Co(acac),  : 93% conversion (Il: 43%, lll: 8%, IV: 40%)

Ishii, Y.et al. Tetrahedron Lett. 1996, 37, 4993.

A RS A JEARIEE & 9 5 FYEIIHM T L o OFBEEOSIZ BIGH T E, Mn 2 [FIRFIZ W
72 NHPI/O,/Mn SRIZEBWT, 7 BnFHhond 6,6-7 14 B OFETHDL T U g~
DO— BB N FREL 72 o 72, ZOLRMIT Y 7 uonF Vo oHR5d 8,10, 12 BBROYV Y
07V ST, SIS T A7 a T IV oG P IVR iR — 2RI AR ATRE & 7
- 7= (Scheme 11)”.

Scheme 11. Aerobic Oxidation of Cycloalkanes to Dicarboxylic Acids with NHPI.

NHPI (10 mol%)

@ Mn(acac), (1.0 mol%) QcozH
CO5H
g AcOH, O, 002

70-100 °C, 14-20 h

n =1:65% conv., 49% yield
n = 3: 83% conv., 53% yield
n = 5: 90% conv., 55% yield
n=7:81% conv., 68% yield
Yield based on stubstrate reacted.

Ishii, Y. et al. Org. Proc. Res. Dev. 1998, 2, 255.

v v DAL BOG T — BRI @RS (T > 150 °C) BB L I D— 5T,
NHPI/O,/Co SRIZEIT D MV OBLKSIZER THIT L, ZEEFRE (81%) MO X
TATFE R (3%) ME5Hi7- (Scheme 12)°°. Z D#EHIT PINO 7 ¥V H ML FbT Me

# C-H @ BDE (88.0 kcal/mol) Z=E{RICBWTHUIWITCEDHZ EEZRLTWVAD.
Scheme 12. Aerobic Oxidation of PhCH3 with NHPI at rt.

Me NHPI (10 mol%) CO,H CHO
Co(acac); (0.5 mol%)
+
AcOH, O, (1 atm)
25°C,20 h
84% conv. (81 %) (3%)

Ishii, Y. et al. J. Org. Chem. 1997, 62, 6810.
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NHPI/Co/Q, & DHETE R iskits

NHPI/Co/O, RIZ & 2 MWL G OBRE 1T Figure 16 ISR L= X922 TNSY.
@5’% it FIZEBWT NHPI H3kD PINO 7 VB /LA ESR A~ MLV THERIN TN D

, =T Ar FFHK T TIX PINO ZVHANER LN &, BLEOBERBICEY 20

)im:t, SEIERRED Sy TIRERFE A NHPI O b R 3 L b kKRR 25 &0 T4
U7z PINO 7 VHANBKINIEHRETH S L 52 HD . £FH0IC, Co () 12 L HEEFR
D—EFEILHMNE Z Y superoxocobalt (IN) & L < 1% p-peroxocobalt (IN) A3 ERLT 5. £ T
TeBEFE =0 MHEAY NHPL /2 BKFEZGIEHE PINO ZVHANERT L. 2D LT
NHPI @ CH;CN RiEZBEFRMRA FICEW TS ESR Y7 FARNeL Bl Shihro Tz

DIZHKF L, T A ED Co(OAc), ZWINT 5 Z L TZEHMBED ESR ¥ 7 aAngillsng-
ZEMBHRBENTWSD. PINO 7 ¥V IV RKFER 5] Z P < EFEIL ethylbenzene-d;) %
AW FNARFERRIZ K Y kwkp = 3.74 OFUSHEZ/RLTZZ L6, PINO 7 2 /L73
C-H BAZUM LT AL T VINEALDZ L, ROZOWBENEEEETHD EE X
BB P ERLETAFLT A NEBRBICL VRSN T ULA XY RTI VAL e
D, ~NAAXT KT TVHVN NHPI OKERFE5EHhS Z LT A XU FErDd LH
FFIZ PINO TV AADBHAEL, A XY NIEKIIZT va—L, 7 b LT
WNUBRLTRD.

Figure 16. Plausible Mechanism of Aerobic Oxidation of sp® C-H with NHPI.

R=0 0

R-OH
R-COOH N—OH
o

2 (0]
LnCo'" ~N LnCo" —— LnCo"00*

(LnCo"-0-0-Co'"'Ln)

LnCo" —N— LnCo" <——— LnCo"oOH
(LnCo"'OH)

ROOH
N-O° RH

o

NHPI

R-00°* R*

~—

Oy

23



F& 1% NHPI OB VR =)L E:D—>% CFy, £ TEHRT S Z L TIREMEOm | &EFK
FIZNRIC LD NO-H #5460 BDE OHREZHIFF L, HICHEERIAICE RS IMEEAE L
7o N-AX T DHIVHIERMEZBS L, N PUNL C-H FEA OTEMAL UGS AT HE T
bHHZEERH L GBI
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N

B—E o-7NFaTAXLTIVa— VD

TNFaT IR N N U~OFBAEIC L 5BRBILRS

B ER

O-ZNFA T NVIATIIA—LD a-Z/VZ T LI NVT b U ~OB{LEG

&IBRBEAEY (MnO,, KMnO,, CrO;) & L < IZAHEMELY) (Dess-Martin i3>, 2-3 — K%
CEBFER IBX)Y, A%V T o=y 28 2 AVEBILEISE, £<0BAIB 0T
MBABVETHY, FICHFEEL LOREZLEL T 52 0O REOEEMDRIET D Z
EDRERTH D (Scheme 1-1).

Scheme 1-1. Stoichiometric Oxidation of a-Trifluoromethyl Alcohol.

Dess Martin periodinane
or IBX
OH (excess amount) o}

A X

R™ "CFs R” “CF;

Dess-Martin periodinane; Linderman, R. J. et al. J. Org. Chem. 1989, 54, 661.
IBX; Wu, Y. et al. Tetrahedron Lett. 2013, 54, 4483.

NHAc

Me Me (2.5eq)
+ -
Me” N e BFe

OH 2,6-lutidine (2.25 eq) o

PN

Ar” "CFs CH,Cly, 1t A CRs

Leadbeater. N. E. et al. J. Org. Chem. 2012, 77, 8131.
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fib gy 22 Wb 5 (Ru(I)/NalOy 2%, 2-iodobenzensulfonate/Oxone® H#%) & 4 & 41T
WD NG TH D & REEBRLA NS ETH 5. TEMPOKBI/NaOCI & &,
4-CF3C¢H4CO,-TEMPO/Py-HBr; £ HHIHN TV D 2NBRIOBRLAINKLETH Y, ol
FHEHICRE A2 7% LT\ % (Scheme 1-2).

Scheme 1-2. Catalytic Oxidation of a-Trifluoromethyl Alcohol.

N c| N
I I (0.45 mol%)
N CI N
OH NalO, (1.5 eq) 0
R)\CF3 CH,Cly, reflux RJ\CF3

Bégué, J.-P. et al. Tetrahedron Lett. 2000, 41, 3327.

I
©: (5-10 mol%)
SO3Na

OH Oxone (0.9 eq) O

R™ "CF3 CH3CN, 90 °C R™ 'CF;

Konno, T. et al. J. Fluorine Chem. 2012, 137, 99.

TEMPO (10 mol%)
KBr (20 mol%)
OH NaOCI /NaHCO3 (e}

R™ "CF3 CH,Cl,, 0 °C R” “CF,

Abell, A. D. et al. Chem. Eur. J. 2008, 14, 7358.

4-CF3CgH,CO,

Me Me (5 mol%)
Me '}l Me
o
OH Py-HBr; (1.5-2.0 eq) j’\
R CRy CH,Cly-NaHCO3 R* CRs
0-4°C

Inokuchi, T. et al. Tetrahedron 2008, 64, 10761.
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BRI A2 BET 5 AR e RSOSSN EEN TH L8, a- N 7B AT LT L
a— VOB EE BRI, FH DFEE T L7 STl CuC/DEAD-H,/O, & (Scheme
1-3)% BME—DRISHITH o7z, UL, BH%IEDH S DEAD ZfREHT 5 M8, MELMt:
(T=90°C) NLELZ/2 5 M CUGEDRMZFE L TUhiz.

Scheme 1-3. Catalytic Aerobic Oxidation of a-Trifluoromethyl Alcohol.

CuCl (5 mol%)
1,10-phenanthroline (5 mol%)
DEAD-H, (25 mol%)
OH KoCO3 (2 eq) o}

PN

Ar” "CF3 toluene, O,, 90 °C Ar” "CF3

Marko, I. E. et al. J. Org. Chem. 1999, 64, 2433.

i Tl 727 2 ) % T AN E W T a-7 v A a7 LT L a— LRl
L7eBlidE STy, L LARRG, FEFMILBEMORE W N-AF T VL
R L LT a-7 VA B T AF AT A a— LOBBEBIENER I, BT Az
3 I ITEN BRI R B RIEIC R VISD LB R, RIFRICETF L.
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B BRRIBRAL ORISR RES

-/ X—= 7N F T IFLT )V 3 — )L OIS LT N-AF T I HNVERET D
72O, 0- N 7 vFa AF T —b (1a) ZHE L L, N4 F 0T 2 1/L/NOJO, fil
R Y C kX ALK O BEF A 1T 572 (Table 1-1). 10 mol% ¢ TEMPO % L < I
4-0x0-TEMPO % W =351, N-AF D VERLD o (LICEBL LT 4 DO A FLHEDEE
SUTHRT D R EE O T2 D DA S ITHETT L2y > 72 (entries 1 and 2). SARFEE O/
SV AZADO, AZADOL, nor-AZADO % L <& ABNO % MW oda & idm b e 4 < i
T2, & LIHRINE TH - 7= (entries 3-6). —F T N-AF /b7 U b LTt a
? keto-ABNO % [AWZIGEITMLBOS P EIT LR E T2 a- U ZAFu AF L0 f
2a % 67% WHFETH 27 (entry 7).

Iwabuchi & &% T8 Stahl &1, #E&EZH# L7 AZADO & L< (% ABNO #FE (K% A=A
XV T VR AL FURTEMEREE T 5T L a— VBRSO RICENT, BE
MOELSEEED/NSNT I )X NTIHMELY, BILZZITIC WT L a— /L&
ETEBLZLE2HRELTNET% AZADO #FHEK KLY ABNO OEMELENIZZ T 0.45,
0.48 V (vs Ag/AgCl) THDHDIZxF LT, keto-ABNO DEE{LENLIT 0.63 V (vs Ag/AgCl) &
EVMETH D, £7-, 22E#IEEFF keto-ABNO L[ DTN % Fi> 4-0x0-TEMPO (0.69
V vs Ag/AgCl) &g U TR ENRRE KL TWd. - R 7 Fr A F AT v a—
VX CF; OB REMEICLVEFARRERS>TNDEOT AT LT La— 1L L0 Hg
LB K E < D, CFy RO ER SIZ X D AR EDO - HORENBL L., 20729
keto-ABNO O 5 W ERLEENT & SRR 23/ SO IS O i J7 O Rtk DS ER L SOS O TEITIZ A A
RThHhoT&EZEZLND.
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Table 1-1. Optimization of the N-oxyl Radicals for the Catalytic Aerobic Oxidation of a-Trifluoromethyl Alcohol at rt.

N-oxyl radical (10 mol%)
NaNO, (20 mol%)

OH HNO3 (40 mol%) o}
A CF3 CH4CN, Oy, 1t, 24 h /\/\/\/\)J\Cﬁ
1a 2a
entry N-oxyl radical yield (%)?

1 TEMPO 0

2 4-0x0-TEMPO 0

3 AZADO 2

4 AZADOL 7

5 nor-AZADO 40

6 ABNO 0

7 keto-ABNO 67

a) Yields based on "H NMR spectra of the crude reaction
mixtures using 1,1,2,2-tetrachloroethane as an internal standard.

TEMPO (X = Hy) AZADO (Y = 0*) ABNO (X=H,)  nor AZADO
0.53 V 0.45V 0.48 V
4-0x0-TEMPO (X = 0) AZADOL (Y = OH) keto-ABNO (X = O)
0.69 V 0.63 V
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#ilT T, keto-ABNO/NO/O, fil A%z /= 0- Y 74 A F L7 L a—)b 1a OERAL
BOGR SN D B iifb 24T > 7= (Table 1-2). fillfif & DI 2 THERE 2 W25 G180 T
HHIDZ7 hr 2a (32 E&6Ne0 -7 (entry 2). LU, IR EOHEET CTRILEITO &,
FEEBENE E L7 2 2a OULED 87% F TIH E L7 (entry 3). (T keto-ABNO (5
mol%) KX TN NaNO, (10 mol%) F Tl AJHE L TH, 2a OPERITHEIT R > 72 (entry
4). ®RENC T LA W8T v 2% o R iEM e Y TR, BROwIEe
{AFEBA7Zehro> 72 (entry 5).

Table 1-2. Optimization of the Reaction Conditions for the Catalytic Aerobic Oxidation of a-Trifluoromethyl Alcohol at rt.

keto-ABNO
OH additives /\/\/\/\)?\
/\/\/\/\)\CE’» solvent CF3
1a Oy, 1t, 24 h 2a
entry keto-ABNO additives solvent yield (%)a)
1 10 mol% NaNO, (20 mol%), HNO3 (40 mol%) CH;CN 67
2 10 mol% NaNO; (20 mol%), AcOH (40 mol%) CH;CN 0
3 10 mol% NaNO; (20 mol%) AcOH 87
4 5 mol% NaNO, (10 mol%) AcOH 89

Cul (10 mol%), 4,4'-dtbpy (10 mol%)

0,
5 10mol%  pHyAP (30 mol%)

CH4CN 0

a) Yields based on "H NMR spectra of the crude reaction mixtures using
1,1,2,2-tetrachloroethane as an internal standard.
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B EE OB

eifl U7 BRI b5t 2 AV CHRE — M O 21T o 7= (Table 1-3). £ O A Bk
R ZuFdaATFesr bk E OREME L THE LI (entries 2, 3, 7, 10 and 12),
SRV ARSI PEFE 2 AR (entries 1, 9 and 15) (2B W TIEKFI O B35 5 L7z,
4-CN, 4-CHO, 4-CO,H, 4-Br, 4-NO,, & L<1Z 3,5-(NO,), OE KRR ZF>T U —/L K
UTZNFAaAFNAL ) —VITEBENRISKRETE Shd 2 L, BAFRINEETAER
W% 5% 7= (entries 1-3 and 5-7). FFICHD CTEF AR THDH 1-3,5-V=ha 7 = =)1)2272-
N ZFda AF AR ) —)v (1h) bEREIND Z L IFRETRETHY, BLEREERT
2h & 3h ZEDET 89% NETH LN, EFIGHETHD 4-OMe TEBI N
BHEARICEEIND 2 &ML HETT L (entry 4). NARMIIZIRAS - 72
1-2,4,6- N U AF LT 2 =)1)222- 8 U Z)LAu A F ) — Vb S =8, AR o5
PEOE X5 HEENCRIL 70% I[CBE 72 (entry 8). BV U UERD 2 fith LIE 4 Ll
BELIE M) T dn AFANAE ) — VITENNEE RIS OB 2 T TR LS 3 AT
L7 (entries 9 and 10). RV FEHMOBRILBEEEIND (B2 b— 1) AU/ (PinB)
EHTAEEICEBNTH, RUVREFKEETIZ N 7ada 2 H 7 — VAL EIRA IR
fEENEWEREREFFAMEN R &N (entry 11). Im BAAT5 2 DO MU 7t A% ) —
JVEIALIX T & bR b S H, £ T a— V3FEFE L7 o7 (entry 12). 7 U AT La—
Von b BAFRINER Tl STz (entry 13).

0-7 V¥ beo-( b U 7/ a AF A K ) — VBB G BIFRIR LD, @ VE R
PECEERBRLEICNEIT L a- N U 70 A e AF )V b b5 27 (entries 14-18). 7 1
723 (lo) X =ARFT R (1p) AT HEEIL, BN EREREFAMEL R LT (entries 14
and 15). 1-(/ F=/)222-F UV 7 A axy /) —/L (1la) KOV, 1-B-7 = FxF/)2.22-1 U
TFuxy ) — (1q) bRERICERLGEHHEIT L= (entries 16 and 17). A%V 7 &
= LAV 1q OBLRIGETIET 2 > 2n BEIET 285 & i3d RE9IZ®, keto-
ABNO/NO,/O, iR ICIENWTIZT Y ZAFa A F s by 2q OBHEBELNT. L&
BWT X~ TR Tt a AT AL ) —)b (Ir) [TEREORELZZITH 2 L L
ML EOSHELT L7z (entry 18). IC KV B RIMEA Lz, T 7 rF a7 Fkx b
XUHNR= N T TN F T ATFNVEEFFOT L3 — BTG RIERO BV G T L,
KT D /X=T VAT XN N &b 272 (entries 19 and 20).

keto-ABNO/NO,/O, flliiz & % a-/8— 7 L4 a7 L% LT L a— L OBLOGITIEIEE
BIICHEIT L TW5D 2 L 2T oY 710 TLC, 'H NMR, GC-MS #1238\ TR
LTWa, DR SICER LT 08— 7 b4 1 7 VXL 7 b ARSI Em TH 0 1%
SR L < IR IC B2 TR L7272, HEER . '"H NMR/GC-MS RO MIZ7%
MDELTEEZEZTND.
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Table 1-3. Catalytic Aerobic Oxidation of a-Fluoroalkyl Alcohols.

keto-ABNO (5 mol%)
OH NaNO, (10 mol%)

R AcOH (0.5 M)
0, (1atm), rt, 18 h

-

after purification®)

NMR/GC
entry substrate .
yield (%)®  yield (%) [2/ 3 ratio]
1 b (Ar = 4-NC-CgH,) 99 97 [0 /100]
2 ¢ (Ar = 4-CHO-CgHy) 87 80 [24 / 76]
3 d (Ar = 4-HO,C-CgHy) 99 72 [94 /6]
4 1e (Ar = 4-MeO-CgHy) 85 83 [100/ 0]
5 oy M (Ar=4-Br-CeHy) 86 65 [100/ 0]
6 1g (Ar = 4-NO,-CgHy) 99 93 [100 /0]
7 @ CF3 1h (Ar = 3,5-(NO,),-CgH3) 88 89 (69 /31]
8d 1i (Ar = 2,4,6-Mes-CgH,) 81 70 [100/ 0]
9 1j (Ar = 4-pyridyl) 99 99 [0/100]
10 1k (Ar = 2-pyridyl) 93 58 [10/90]
11 11 (Ar = 4-B(pin)) 75 71 [100 /0]
OH
2 Y©/kCF3 1me) 99 93 [0/33/67)
OH
OH
139) 1n 99 99 [100 /0]
F>h/\)\CF3
OH
14 10 98 81 [100/ 0]
Ph/q/I\CF3
o OH
15 1p® 83 84 [0 /100]
Ph/<l/§\CF3
OH
16 Me o 1a 89 66 [100/ 0]
8 3
OH
17 1q 91 31 [100/ 0]
Ph/\)\CFs
OH
18 CF, 1r 85 85 [100/ 0]
OH
19 /@2\04&, 1s 91 82 [100/ 0]
96 89 [100 /0]

©)\CFZCOZEt 1t
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a) Determined by 'H NMR or gas chromatography (GC) analysis of the crude reaction mixture with internal standards (1H

NMR: 1,1,2,2-tetrachloroethane or 1,3,5-trioxane; GC: decane or dodecane).

b) Combined yield (2+3). Significantly lower isolated yields relative to initial '"H NMR/GC yields indicate high volatility of

the reaction product. The ratio between 2 and 3 was determined on the basis of H NMR spectra.
c) Ratio between diketone (2m), monohydrate (3m) and dihydrate (3m’).
d) Reaction time: 48 h.

e) A diastereomeric mixture of 1 was used.

TIVTE RN INARTIRALT ho~D2 TRU VA Y h—3E8K

ABBILIEDOFERAMEEZ K ST E720, TATE RS a- MU ZAF B AF A7 b~
DU Ry b TO—3EEMa Lz (Figure 1-1). TF/VIE E L TEIRLEZ 3.0 g D
4-nitrobenzaldehyde % TMSCF; & CsF % V7= Ruppert-Prakash VEIZ KV a- U 7L
2AFNNTa—b 1g ~EEBW L T-1%, RIERHOEFE keto-ABNO/NO,/O, filili 4212 T
JEEAT O EALSOEDHEIT L, 2 TR TILE 3.6 g, 83% IR THr hr2gn’fGoniz. 2 T
UKy FEISIZTT AT E R R ZF 1 AF LA b~ & BAFRIGRIC T H#R
TELHZ D, REONMIMECEREOSWIGTH D Z L ARSI,

Figure 1-1. One-pot, Two-step, Gram-scale Conversion of 4-Nitrobenzaldehyde into the a-Trifluoromethyl Ketone.

? CsF (10 mol%) OH keto-ABNO (10 mol%)? 0
/@) TMSCF3 (1.3 eq.) /@/‘\CF3 NaNO; (20 mol%) Q)kCFs
OxN DME, 0°C,2h OzN AcOH, Oy, 1t, 36 h O,N
then CsF (2.0 eq) 19
3.0g-scale  g°Ctort, 18 h; not isolated 29 ,
evaporation 3.6 9, 83%

(isolated, 2 steps)

a) Half amount of reagent was added twice (at 0 h and 6 h).
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SBUNET  HEE GRS

keto-ABNO/NO/O, flliRIZ 3517 2 SOLHEREIZLL T D L 9 IHEE LT\ 5 (Figure 1-2).
o-7NA BT NAFNAT VA=) 1 Z7NAaT VXN R 2 ~EER LT DIEMERIT,
keto-ABNO 7% NOx (NO», N,O3 & L< 1T NyO)° IC kb ShAELT-AX Y T oE=
LAFF 1 Thn™

SR T LT va— 1 EOSTHEITTKFRRFBEINEZ Y PP b2 L
fil e T 2SERKT 5. 1o OFBLINZB N T 7 a7 XU BRORBRBE Z b7
(entry 14, Table 1-3) Z &5, a JRFBICT P HNZA U SE LA RE LTV 720 L HfESR
ENBHP. NO, A I 2L LT I BHEAETSH & Tl 7 VidsEfi+ 5. AUk
NO; 1E NOy ~& R bAITHD 0, H L<IE H0, ITX Y FIbIhDd & FIKFIZ,
H,0 & L<IE O, WERT 2t ch s L ExonD™

Figure 1-2. Plausible Catalytic Cycle.

0 OH

NOx
keto-ABNO ———

N
oo Lo

|
Ha0p or Hy0  NOxt o

Z
R
S—oH I
O, or H,O, NOx H LO//N(B 5
n 0
o \/(RJLR i
f
2

N-FFXNT VIl NOy(g) EERISSEDLEAXF YT VBT MENEKRTDHZ &
PR N-AF LT AL, NaNO,, TFA & IS SE 5 &A%V 7 B = MENER
THZ LT LIEMERE T 23F LTV 5 (Scheme 1-4).

Scheme 1-4. Oxidation of N-oxyl Radical to Oxoanmonium Cation.

O oo
F F
N N

Et,0, 94% . o
0® yo,

(')/

Iwabuchi, Y. et al. J. Am. Chem. Soc. 2011, 133, 6497.

/} +2 NaNO, /} +2NO + 2 H,0
HO- +3 CF3CO,H g _N + 2 NaO,CF,
0o
Stahl, S. S. et al. ACS Cent. Sci. 2015, 1, 234. CF3CO,
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NaNO, LR LEMNBIGSTHZ ETNO b LI NO, BEMKT S (eq. 1). NO/O, R T eq.
1 IR LI LD NO 1HESC)NME NO, IZAE# S, eq. 2,3 Oy D NO, NO,,
N,O; OFT NO, BN H %< FETDH.Eq.4 D N0y & NO, & DOFAfrix O, AL BIR
N7 AFAET % (Scheme 1-5)".

Scheme 1-5. Equilibrium of NO,/O, system.

H+
NaNO, ——>  2NO +HNO;z+H,0 eq. 1
K4
NO, NO +1/20;, (K,=2.77 X102 atm"?, 25 °C) eq. 2
Kz
N,Os NO +NO, (Kp=2.12atm, 25°C)eq. 3
K
N,O, S 2 NO, (Ks = 0.148 atm, 25 °C) eq. 4

BEE /NME

TNFaTIFNN N Tl A DT VAR T VR VAR T D AEYISEYE O EE e
MR TdH 2 DAL 72 202 O B WA BRIEIZA DIV T W e o 72, 2 OB O @ WS
% keto-ABNO/NO, filifii % 2 FI TlesE i |, W ThRUGEAT 2 2 & T, asS—7 VA
B7FNLT N T—DNN—=T NI T xRN N ~ORABICEEIRT, @VVERR
FFANE & BV TIT 2 5 R FiE A R L7z, MM T ARy hTOT AT E R
N ZAFBaAFATVa—VERB LI N ZVda AT g b ~O—%58% 77

A — TR LT,
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WE IEEEE N-FTXVT D h OB

B ER

NHPI filfitic X 3 740 v OBEEEE S

NHPI 13 sp’ C-H & Z21EMEAL L, C-0 fia~E A4 % = LT %, C-C, CN, C-F fd
~EEWT DG AT D (Scheme 2-1). C-C AR EED 13-UAF VT 2T v
MR E LTEFEBER T Ka 7 v bIGiE, B-t Rafx v R = L& O & pE &
LTHEMTHAS. NHPL ICE W RESELETAXNLT O HNE NOy, = MU, 7TIE
WTHIRT 22 L1080 CN A THLIAFVLS, 7I R, 7Iv~LEnFhLHas
BETHDH. DD N-AXVIIVEMNLZF> NDHPI IZ X W RAESELETAIAT O h L%
Selectfluor TIfET 5 Z L2k Y sp’ C-H FEED sp’ C-F fEE~DOEHIUE bER ST
11\679.

Scheme 2-1. C-H Acttivation for C-C, C-N and C-F Bonds with NHPI Derivatives.

NHPI (5 mol%)

o Co(OAc), (0.05 mol%) r V. OH
/> TN o__0
P Z >CO,Me
R~ O CH3CN, 25 °C R CO,Me
R = Me (81%)
Et (82%)
iPr (76%)
Ishii, Y. et al. Chem. Commun. 2000, 2457 .
NHPI (1 mol%) NO,
@
air
70 °C
70%
Ishii, Y. et al. Angew. Chem. Int. Ed. 2001, 40, 222.
0} (0]
HONMNOH
(o} o
(2.5 mol%)
Selectfluor (2.0 eq)
H CH5CN F
50 °C, 86%
MeO,C~ "NPhth MeO,C~ "NPhth

Inoue, M. et al. Org. Lett. 2013, 15, 2160.
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NHPI DOHEREE#H

NHPI #FHEARIIEN T C-H AL L 72 0 55 12 LB 67, MELHEITY Z &I
K0 fRBEIEE A E SR BIIBR SN TV D ZOMEENIE 1) EBoReIMEEEZEAL T
NO-H %54 BDE AR E® 2k 2) HVR =)V & LRI AR U oy B Z il
ﬁ‘éjﬂf@ DIZRB SN D, BIFHEOEFIIERIC L O HH L7=fl& LT Lanzalunga © 1%

BR ¥ & B4R L7 NHPI #5381k %2 4 LC NO-H %4 ® BDE ZHIEL, 7 vHEHi

%%) L IF= AT VR EOB R I CES L-7F%8 A% NHPI LY $ KX/ BDE
oL, —HCEFLGMHEREIC L Y E#RLZ8E1X NHPI XV /h&EW BDE 2R L7122 &
A LTV (Figure 2-1)%.

Figure 2-1. BDEs of NHPI Derivatives Substituted on Aromatic Ring.

o) ) o]
MeO,C Me
N-OH N-OH N-OH
o o) o] 0
@E“EN_OH 88.9 kca/mol 88.6 kca/mol 88.2 keal/mol

OMe o) OMe [e)
NHPI
88.1 kcal/mol
OMe
87.9 kcal/mol 87.3 kcal/mol 87.1 kcal/mol

BFE OSSR ERIC L W ZEMZI T FIE L LT Einhom 51X NHPI ® 3456 fii%
Ph JECEHLL 72 NHPI #FEEY RO 3,6 iAd TMS JETEH L7 NHPI FHEAE” 24
L TWD, ZivbZA & D C-H BERBICBUSIZHAVT, NHPI filffz F[E5IERT
AHE I UBELNTEIEERE LTS, ZOFEHBHELTT 3, 6 fiOMIKEEIZLD
NHPI @ H C i BS3ifil SV CLREMEN M B U7 2 & RO, IRAPEE LI K ¥R
FEREE L= ERFEZ LD (Figure 2-2).

Figure 2-2. NHPI Derivatives Substituted with Phenyl or Sillyl Groups.

NHPI derivative (1 mol%) o

©i> CuCl (5 mol%)

35°C, 6 h
R'" o R’ R? R® R* ‘ yield
RZ H H H H 62%
3 N-OH Ph Ph Ph Ph 77%
Ré O T™S H H ™S | 71%
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NHPI (ZfI8H &8 A5 = & T b, 1GvEm E, e20E7 EoMiEZz Fil-v 7
N-ZF 2 AL 5T D (Figure 2-3). Ishii S IFRM 7 /L L 5% o E K 2
WTC U7 BAF Y U~ OVEMRE % 7] | S S IEER TORLRIEY 217> TEY, MxT
Fis & L<iE Fiy ORI NA BT VI NVIETEBES 52 L TTNF T AEEZ -
MR IGRY 247> TWWa. Xu bIiEF 7 7/44 1 NHPL 7 h5 2 m o NHPI KO\, 7
K77 m% NHPI #&L, = >0, a7 EH# NHPI OFCT7 7 27 mo NHPI
(TCNHPI) 23 (L OffiE: L TEAL TV Z &2 WA LTWAY. Baran 5137 F 57
21 NHPI #EMSC—E b T252 L TCRAESHZAI RFV AT OHNMIEDT
UL C-H BRALES A R LTV A%, Einhorn HIEARFF S A A T 2 WIS TR #a L 7~ fif i
F O CIEFRIRRLIUGIC & 2 8 EEiRAE 248 2 ORI T T o T Y,

Figure 2-3. Functionalized NHPI Derivatives.

(@] o (0] 0 (@]
F3C(F2C)sF2C
C14H290 N-OH F3C(F2C)sH2CO N—-OH N—OH
o] o) o]
(Ishii, Y. et al.)®3 F15-NHPI®) F,~NHPI®
c LR x
o
Cl O H Ph
N-OH Y
c (I pror
c ©
O H
TCNHPJ29) O O N PR
(0] Me

(Einhorn, J. et al.)8®
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BM MEERRGT OB K U

NHPI X 70 iE Td 2 72 O EZA W #E L <, BEFIO NHPI 55384RI3 5 —Hi TR
L7 BRI O BB E AU IRE SN TWA. NHPL O AR= VD —o% sp° [RFE
\ZEWT DAEEETE L Z AL E THID 72, EfRME7e & Ol TR & 5 IEF-mgiE & 72
B2 TR, EMEICRENKE W N-EB Ra S D VNI VNLE TOER L 70 5.
EfrTREZAIE HEIN L, TR OMEERM LD bENT N-t a2 Uil 2 A5 HE
LZOTERVNEEZT-.

FTBIFIEE DO OJATIHISE L L C, CF; E#A N-A % S ba a2 BlmiEti kit & LT
Ry, 7oy a— g/ (v 18 ) D53 WALERIRE) C-H FERERR LS ~D IS A3 i &
NTVD (Scheme 2-2)*. 7 /L m— L LiEAT 2 BT % Ml §~< < NHPL O 1R 3 [ /1
A=A —OIY BRNTWD A, ZHIZEY NO-H #A/d BDE B LTLES. L
MWLZD sp RBICEFRGMEIETHSD MU Zdn AF )L (CF) L BEHBRIEH LT
BOSHEDHERS S0, TRMHEOIEFICEE L WA F L2 CHfER 72 SO EBATREL 72> T 5.

Scheme 2-2. Chemo and Regioslective Oxidation with N-oxyl Directing Activator.
o) cat. Co(OAc), o)

cat. Mn(OAc)3
N-oH H N-OH ©O

F,¢” ©O r-50 °C F,c” ©O

Qisaki, K.; Kanai, M. et al. Chem. Sci. 2016, 7, 1904.

Z D CFy BHISEADE 2 J71%, IEFmAE N-b Fo o uifiEoRitic bt s &
EZT-. £ CFy EIIREMELEWZ L5, NHPI 3) ORRER.DO— 2> Th D AHEIAR A~
OVEfREE R b PRI SN D, FRKHC NO-H ECICHiE+ 2 RER TOERLETH D R &
B2 5 2 & T NO-H 54 BDE ZREIFHETH 5. HERIALO 4 if R' 2 F
EWERRKLCTEMRT L L THLRNVEDOR ML T, N-AX L7 P h L0 BB
B Y I U D22 EME AT 2 L I TE 5. A THEER 4,567 it (R'-RY
DAY BDE OHEK LR LI 532 52 5D (Figure 2-4).

Figure 2-4. Structural Design of Novel N-Oxyl Radical Precursor.

shielding of

carbonyl group
—
o} R" o
RZ
— _ non-planarized
N—OH :> N-OH structure
R3 R5
O R4 F3C \
NHPI (3) T additional

. . functionalization site
electron-withdrawing,

lipophilic
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B=H N-b Raxin I OhNAERTERE DA R

N-t Ko U LRk 12-18 &Y 26-31 (£ NHPI 3) 75 5 TREICEWTAMK LT
(Scheme 2-3). SCEREEAID 15 ¥ 12 v NHPI 3) % 3 LA CHIATEIA 4 (c&H L7~ 4
Z Ag () ZHW= Syl RUSICE W 7 va— (12-17), S U vx ) —Lm—F )L (24-28)
Friedel-Crafts IinZ & ¥ BuPh (18) Zi&#i X, #il) T Pd/C fillz F N7 KBRS
LY RUDNVEEBREL N-B RaxiorT DhUAERTERA 12-18 &Y 26-31 % &k
L7,

Scheme 2-3. Preparation of N-Hydroxy Precatalysts 12-18 and 26-31.

NHPI (3) o) 0o
ROH of tBuPh
1) BnBr, DBU AgQOTf s @l;liN—oan Pd/C, H, s @liiN—OH
2) TMSCF;, CsF | (ef. 88) toluene R EtOH, rt R
3) MsCl, Et;N 0°Ctort F3C F3C
o 5 (R1 OMe, 95%) 12 (R' = OMe, 95%)
6 (R'= OCH,CF3, 78%) 13 (R = OCH,CF3, 78%)
N-OBn 7 (R' = OCH(CF3),, 73%) 14 (R" = OCH(CF3),, 91%)
cl 8 (R'=0Ph, 42%) 15 (R' = OPh, 99%)
FsC 9 (R' = OBu, 73%) 16 (R' = OtBu, 99%)
4 10 (R" = OCH,tBu, 87%) 7 (R' = OCH,tBu, 97%)
11 (R = 4-CgH,4Bu, 95%) 8 (R" = 4-CgH,tBu, 99%)
OTMS
szﬁ/ R3 19
R3 (@] (@]
AgOTf N-OBn N-OH
Et3N R3 Pd/C, H2 R3
- F5C - F3C
toluene ’ R® EtOH, rt s R3
0°Ctort 0~ "R? 07 "R?

20 (R? = Ph, R® = H, 62%) 26 (
21 (R? = 4-MeOPh, R® = H, 51%) 7 (
22 (R? = 4-CF4Ph, R3 = H, 82%) 8 (R? = 4-CF3Ph, R® = H, 96%)
23 (R? = C4Fs5, R® = H, 45%) (R2 = CgFs, R® = H, 52%)

24 (R? = 2,4,6-MePh, R® = H, 54%) 30 (R? = 2,4,6-MePh, R® = H, 96%)
25 (R% = Ph, R® = Me, 54%) 31 (R? = Ph, R® = Me, 80%)

R?=Ph, R®=H, 91%)
7 (R? = 4-MeOPh, R® = H, 77%)

AP0 NHPI (32) 12 Rh fillfiiz O sREEMINEIEY (12X Yo7 A aEig=F L
HEEBALTVa—) 33 L L7z, 7/ba—/L 34 % Scheme 2-3 L REIERDOFIEICL Y, 7
ofl, == Uk, BiR#EEZITO 2L TY A uERe F I E O Nk Ra %L
L RTER 36 Z 5 hk L72 (Scheme 2-4).
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Scheme 2-4. Preparation of Difluoroethoxycarbonyl N-oxyl Radical Precatalysts 36.

o BI’CFzCOzEt o [e)
RhCI(PPhs)s
Etozn MsCl, EtsN )
N8N NTOBN Gl 0°C ot N-o8n
CH3CN, 0 °C to rt 272 0
o 22, 70% Et0,CF,C° OH  2h 93% EtO,CRC Cl
32 33 34
AgOTf 0o 0
MeOH Pd/C, H,
N-OBn — N—OH
toluene, 0 °C to rt EtOH, rt, 2 h
2h,91% EtO,CF,C OMe 86% EtO,CF,C° OMe
35 36

FEERED 7606 LI 4 MICERILILEZFFS N- o % o L BERTHYA XL T O
2% —AL K VE LT (Scheme 2-5). HillR®D 3-= kv 7 Z LERMEKY) (37) & H,NOBn-HCI
EEEESEDETT7HLAIR 38 L L, 38 O=tn%s Fe HRTETLTHIET
7Y 39 L 1L7.39 % Sandmeyer ST LV I UHEMA 40 L L, Hitld T Ruppert-Prakash
FU ZAFa AF ARG 12k 7-3— REMEK 41a (46%) & 4-3— FEVER 41b
(36%) WENFNER LA T L7 0~ 87T 7 4 —THBELTEY. 41a 2 MsCl & 7-4
PRIZ KXV IEFEE 42 L L7ctk, 42 OHFERF% MeOH & L<|iX TFE TE#TLH2L T
43 b LT 44 21587~ I UHEF T4 (PPhy);CuCF;” W= F U 74 m A F ALK
Jt~ (condition A) (ZX VD MU 7 A v AFVIITEBRL, XUUNEERESTDHZ LT 53
KON 54 AR LTZ. 43 % Suzuki-Miyaura & (condition B) (2K 0 Me #bH LS IE7 Y
— VA EAL, Flt TRV ERET H 2 LT 5560 AR L2, 60 [L[RIH:FEME AR
MATHTa~ 7T 7 4 —BEREETH Y 60a (66%) LY 60b (26%) % ZNZNIFHT-.
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Scheme 2-5. Preparation of 7-Substituted N-Hydroxy Precatalysts 53-60.

NO; o Fe powder NH; o
H2NOBn HCI NH,CI
N-OBh —————————> N-OBn
xylene H,0
reflux, 3 h reflux, 2 h o)
0,
90% 38 51% 39
NaNO, , KI 0 '7 ,F3G oH
3N HCl aq TMSCF3;, CsF
_— N-OBn ————————> N-OBn N-OBn
CH4CN, H,0 DMF
0°C,1.5h 0°Ctort F,C OH
74% 13h
40 41a (46%) 41b (36%)
I
% AgOTf ' o
MsCI, EtzN ROH
HMa —— N-OBn — N—-OBn
g chz?zrt 15h cl wliene
‘Ctort, FaC 0°Ctort F.C~ OR!
94% : 2:37h °
42 43 (R' = Me, 52%)
44 (R' = CH,CF3, 98%)
condition A:
(PPh3)3CuCF3, 4,4-dtbpy R o RZ o
toluene, 80 °C Pd/C, Hy
N—-OBn —>EtOH N-OH
condition B: R“B(OH), F.¢” OR' i, 12 h F.c” OR'
PdCl,(dppf)-CH,Cl,
K,CO3, dioxane, H,O
reflux
condition A: 45 (R' = Me, R? = CF, 48%) 53 (R' = Me, R? = CF3, 99%)
46 (R' = CH,CF3, R? = CF3, 87%) 54 (R' = CH,CF3, R? = CF3, 95%)
condition B: 47 (R" = Me, R? = Me, 97%) 55 (R' = Me, R? = Me, 81%)
48 (R' = Me, R? = Ph, 99%) 56 (R' = Me, R? = Ph, 88%)
49 (R' = Me, R? = 2-biphenyl, 99%) 57 (R' = Me, R? = 2-biphenyl, 60%)
50 (R = Me, R? = 2-EtO,CPh, 95%) 58 (R' = Me, R? = 2-EtO,CPh, 90%)
51 (R' = Me, R? = 2-CF4Ph, 93%) 59 (R' = Me, R? = 2-CF4Ph, 98%)
52 (R = Me, R? = 2-OCF3Ph, 99%) 60 (R' = Me, R? = 2-OCF4Ph,

60a 66%, and isomer 60b 26%)

4-9 — F{E 41b % MsCl Z W= WT 7 aafbz iz & = AN KEE

ONA LT — E DY FIRA~O LRSS HY
2. 2T, 41b O A ALK G DO

D=

ESARIGRET L2 v ufk 61 1356720 ->

1TRWER L7212 MeOH ZIINT 5 Z & THHER

61 (59%) MUNATF /LT —T /L 62 (32%) % FIENFF7-. 62 % Suzuki-Miyaura ST K

D AF AL L TR,
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Figure 2-6. Preparation of 4-Methyl N-Oxyl Radical Precatalyst 64.

MsCl, EtzN
LiCl
4p 2°Ctort,30h ~0Bn —0Bn
then MeOH
61 (59% 62 (32%)
trimethylboroxine o o
Pd(OAc),, PPhg Pd/C
K,CO3 H
2
62 _— > N—-OBn e N—-OH
dioxane, H,O EtOH
reflux, 18 h, 87% me3C OMe 1, 18 h me 3¢ OMe
0,
63 87% 64

T 7= @B 7-CFy, AR 71 13 7-T— K NHPI (65)7 ZHZEEEE LT
Scheme 2-3 L [RERD FIEIZ L W &R L7 (Scheme 2-7). X1 P VIEDMifRq# 73>¥E’C§>0
7272 PMB AR L U CBRIRL, K& TR T TFA/CMesH & AW 72504" 12X b
70 @ PMB ExlifrifEd 52 & T 71 457

Scheme 2-7. Preparation of 7-Trifluoromethyl N-Hydroxy Precatalyst 71.

|
PMBCI ' o) TMSCF, F3C oH
DBU CsF
N-OPMB N-OPMB N-OPMB
DMF, “DMFo°C
F,C OH

2h,97% 0 °C tort
65 66 67a (23%) 67b (23%)
OTMS
19a
Ph | o
MsCl ' o} AgOTf
EtsN EtsN N-OPMB
67a N-OPMB
CH,Cl, toluene FsC
0°Ctort FsC Cl 0°Ctort
3h,87% 15 h, 80% (o] Ph
68 69
CF3 o) CF3 O
(PPh3)3CuCF3 TFA
4,4'-dtb
4Py N-opmp _ CeMesH N—-OH
toluene CH,Cl,
80 °C, 12 h FoC 0°Ctort, 3h FoC
36% 1e) Ph 91% (o) Ph
70 71
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F hT 7 A FFEKIL 4,56,7-7 T 7041 NHPL (72) % HRFEEE LTER L
72 (Scheme 2-8). 72 % JEHESA: FIZBWT PMB kL, hU Zd v AF LT =4 %At
MEEHZETTNa—L 73 L L7273 oA LTEZ Y RiE Ag() & ORISHEIME
<=—T )V 75 3o nhol-. 2T, KR T (=78 °C ) 1B\ T Ms,O/EtN R4 T
AT EL, $il7 T MeOH & L<IiX TFE ZM A 7 HZICHRETCHIRTHZ L T—T b
75 HLLLIE 76 215775 L LI 76 ® PMB J% TFA/CeMesH SRMHIZHBWTREL
4,5,6,7-7 F 7 7V A O FFER 77 KON 18 HEA LT

Scheme 2-8. Preparation of 4,5,6,7-Tetrafluoro N-Hydroxy Precatalysts 77 and 78.

PMBOH

F o DIAD . F o . O
F PPh3 TMSCFs, CsF
N-OH N-OPMB N-OPMB
DMF
F THF F 0°C 2h OH
o 0°Ctort F O Ctort, F FsC
F 12 h, 61% 93%
72 74
Ms,O, Et;N
CHyCly F o TFA F o
—-78°C,0.5h F CgMesH F
N-OPMB _— N—OH
then ROH CH,Cl, F
—78°Ctort E F;C OR 0°Ctort FsC OR
19h 4n F

75 (R = Me, 54%)
76 (R = CH,CF3, 50%)

77 (R = Me, 6%)
78 (R = CH,CF3, 67%)

7 b7 7 v sk 83 (Scheme 2-9) L OT b7 7 = =/)LiFEIK 89 (Scheme 2-10) (&
D 456,7-7 77 vn 7 ZEEKY (79 b LT 4567-7 87 7 ==V 7 HVER
K (84) Z HIZEIEEE LT Scheme 2-8 & IFIERBEDFIEICBWTAK LT-.

Scheme 2-9. Preparation of 4,5,6,7-Tetrachloro N-Hydroxy Precatalyst 83.

C' 0  H,NOPMB-HCI o c o
Cl Et;N TMSCF3, CsF €l
o —M > N-OPMB ————————> N-OPMB
cl EtOH, reflux cl DMF,0°Ctort
0,
& O 15h, 17% &4 O 1h, 59% ¢IFsC OH
79 81
Ms,0, Et;N Cl o) cl o
CH,Cl, Cl TFA cl
—78°C,0.5h N-OPMB CgMesH N—-OH
then TFE cl F.C O CHCl, cl F.C O
—78°Ctort Cits L 0°Ctort,3h ClFs L
12 h, 33% CF, 93% CF4
83

82
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Scheme 2-10. Preparation of 4,5,6,7-Tetraphenyl N-Hydroxy Precatalyst 89.

Ph 0 H,NOBn-HCI Ph o Ph o

Ph NaOEt Ph TMSCF5, CsF Ph
o ———> N-OBh —————————> N-OBn
Ph ACOH, reflux Ph DMF, 0 °Ctort Ph
0,

on O 12h.81% bh O 7 h, 65% pr FsC OH

84 85 86
MsCl Ph o AgOTE Ph o Pd/C Ph o
Et;N Ph MeOH Ph H, Ph
e N-OBh ————> N-OBn ———— N—OH
CH,Cl, Ph - golucene Ph oM EtOH Ph oM
0°Ctort FaC °Ctort FaC e rt, 14 h E.C e
2h, 89% PhTs 3h, 72% PhTs 9% Ph"s

87 88 89
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BN fREERIERE DO E & NSO FHES

BT N-F % 20T 2 J VTR OFEm 1k & L TR P C-H BRIk
Jin 2 IR LR D LI 21T o 72, 90a Z ikt E 3257 v 91a ~DXU VAL C-H sk
R b %, N-A 3 VT 3 H VARERITERR (5 mol%), Co(OAc), (1 mol%), Mn(OAc);-2H,0
(1 mol%) fF1E F CH;CN H CEEHZEZRHA T 60 °C (2B CTHElE L7~ (Table 2-1). filifit &
LT Co ¥}k Mn ¥EMAEDLETHWD FIEI, BEFHK T T N-E Rer$ L7
UMD NAF VLT UINEHREILARTDFEL LTHORA TS % iR
Bre LC NHPI (3) ZfilifE s U CHWZESIE 12 h THEMAHEAL 91a % 92% ETH
Z. 77 (entry 1). WITNHPI (3) DANAR=/VH%E ) 7t a A F e T ax ook
L7 N-B R X2 BRI OWTIRE Z1To72. M) ZAFd e AFalke A %y
HECEBL 12 b7 VAL L TOEMEEZR L, 23% IR EEINETIEIH D HOD
91a DERKL, 71% WEETHE 90a MNEIULE L7 (entry 2). A MF % X0 BRI
DFEV 222-F U 7 AFd e b 13) LI L1L1,333-~F V7 v e2-7 e R
F A (14) IZEBT D LiEMEO R B R HH 91a OIGRIT 39% b L<IX 36% Tho
72 (entries 3 and 4). — 5 T7 =/ ¥4 (15), -7 b ¥ (16), x AU FuF i (17)
TEBLE N-E X bEMEAWZGAIEA PRV TERLE 12 LI2IERFE
FEDILERT 91a MNAERK LT (entries 5-7). CF; #% V7 A ol F L FEIA# LT N-
XL 33 ZHWEGAED 12 ZHWESE LRREOIGET 91a 25 272 (etry 8).
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Table 2-1. Aerobic Benzylic Oxidation with N-Hydroxy precatalysts (1).

o N-Hydroxy precatalyst (5 mol%) o 0o

Ho _H
P Co(OAC), (1 mol%) A
/@J\O Ph Mn(OAC)3+2H,0 (1 mol%) o Ph
FsC 90a 0,, CHsCN, 60 °C, 24 h FsC 91a
entry catalyst yield (%)a) ' entry catalyst yield (%)a)
E o)
0 E
| N-OH
b) _ !
1 N-OH 2 | 5 oo 0
o) :
3 !
! 15
o) : 0
2 N—OH 23 N-OH
" L6 21
FoC~ OMe ; F.c” O
12
16

5

o E
N-OH ! _
3 [::I:jé 39 [i:I;ﬁP OH
o | 7 29
L | F¢” O
13 CF3 E 17 K’<

0 !
; 0
4 N-OH .
o g 8 N-OH 29

F3C Ll
F3C)\CF3 ' EtO,CF,C OMe

14 E 33

a) "H NMR yield. b) Reaction time was 12 h.

WIZ, NHPI 3) DANAR= A M) IAFa A FARE T N7 = ) UiFEK TEh
L7z N-t RaxAb&WmaE AT Table 2-1 & RO FIZHE W T 90a DOFEHEERLIK
JEDRRT 24T > 7= (Table 2-2). #EEWRT ¥ b7 =/ L CEH LT 26 I1XHEEOHB EBNRS
U 91a DOILRIT 45% F Tl EL7- (entry 1).26 DT v b7 = ) VENLOR B UBRICE
S EPEERIL A D 4- 2 MX VT 2=V 27), BEARGIMEAEES 4-FY T u 4 m
AFNT 2= (28) b LXK 23456-20 X 7T o=k (29) ITAHLTZ
Bl 26 WA &g U CIERDME T L72 (entries 2-4). 27-29 X NMR HIEN D N-
B Rax I UbAmE S TNBRIL LIAbEad & D EHRRIEIC B 5 S HER SN2 Z o
FHTO N-B Fax I bREETHEEL TV HEIEMET L, 91a OIERIK FOJRK & 72 -
TEEZLND. TABRILENGIT DR EBUERE 246- Y AF LT ==L
THLL T2 30 LA T L U B gem-3 A FIVIRIZAEHR L7z 31 (3 5 BERERITIEG X
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N2 HDD, NO-H ITfFOSARREE DR L7272 0 S EIE 7 v h 7=/ v 26 %1

WA LD S 91a O T L7z (entries 5 and 6). 4-tert-butylphenyl & CiEH#L L 72 N-

Fx L EW 18 ZHWIHAED 26 AW T-5E ORI IE 72 o7 (entry 7).
Table 2-2. Aerobic Benzylic Oxidation with N-Hydroxy precatalysts (2).

N-Hydroxy precatalyst (5 mol%)

o} o}
Co(OAc); (1 mol%) /\)J\
Mn(OAc)3*2H,0 (1 mol%) O Ph

Oz, CHyCN, 60 °C, 24 h 91a

yield (%) | entry catalyst yield (%)?)

10

30

a) "H NMR yield.

53



FEERE EOBHILICOWTHEIZ1T o 72 (Table 2-3). 7 L% A F/LILCTEHL L 7= 55 |T4E
[EHLD 12 (Table 2-1, entry 2) & 91a DOULRIIZIZFFEE CTH -7 (entry 1). &3R5 T
HDH R 7 A T AFFETEBR LT 53 (XIEEOM EXR 51 91a OYLERIL 46% £ T
M L7z (entry 2). RICK D @ WHHBEEHILLZEA L. 7 ==K (56), 2,2-E7 =
=3 (57), 2-F U 7t e X FFx 7 = =)L (60a) % 12 (Table 2-1, entry 2) & UXZR(Z
ZENIRNINRE IR T L72 (entries 3-5). H&ER LD 2 iz EFRIMEETHL = FF
ANR= N (58) H L<IE RY ZAdr AT (59) TE# LZEA bIEOm ki
L% 5- L2 o 72 (entries 6 and 7). A F VOB LEE 4 L& L7z N-AF LAY
64 % WA IT 7-A TR 55 (entry 1) SIZIEFRBEOFER TH - 72 (entry 8). HEER L
DEBAREIMIEEZ T X T 7 o=V e L 456,7-7 F 7 7=/ N-E Rex I ULs
¥ 89 1% 29% INFKIZE EFE 721 DD (entry 9), B RFIMEDTR 4 2D 7 v FIFFT
B LT 4,5,6,7-7 F 7 74w N-B Raxi ks 77 2 W54 91a OULR
I 46% (Zh) E L7z (entry 10).
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Table 2-3. Aerobic Benzylic Oxidation with N-Hydroxy Precatalysts (3).

0 N-Hydroxy precatalyst (5 mol%) o o
/\H)<H Co(OAc), (1 mol%) ~ A
o Ph Mn(OAC)3+2H,0 (1 mol%) o Ph
FaC o0a O,, CHyCN, 60 °C, 24 h FaC 91a
entry catalyst yield (%)@ | entry catalyst yield (%)@
L | ®
1 N-OH 19 EtO,C o
L6 28
OMe !
FsC | O N-OH
55 '
| FsC° OMe
CFs o 5 58
D e«
F,c~ OMe . FsC o
53 ¢ 19
! O N-OH
O f F,c~ OMe
0 5
3 26 | 59
F5;C OMe E 8 (;l:‘él\l—OH 30
56 !
| OMe
E MeF3C
C : )
o) E
4 I'EI 19 | Ph o
O N-OH ; Ph
on L9 N-OH 29
e 1
;?C | Ph OMe
; PhFsC
® 5 ”
! F
F5CO o 5 - o
° < N-OH
O N—-OH 10 . 46
F,c~ OMe ! L Fic OMe
60a E 77

a) "H NMR vyield
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Table 2-1 K& UF Table 2-2 DEIR.235 R’ = OCH,CF; &} R’ = CH,C(O)Ph TiE# L 7-3
BB TR F RS v, Table 2-3 OAIES R'=CFs, R'-R*=F & R'-R*=Cl
TEMLGAICBWTIENR BT 25 2 &R RWE Sl EErE m b L7z Bk
B L, HEWESESAE DY N-BE e U{bEmaE S L TRy P Ar C-H 2
RSO 21T -7 (Table 2-4). R'=h U 7 A A FLiL R=T7Hh7x/ v
L EMAG DR T TR LRI A0 o7 (entry 1) — 5T R'= hY 74w R
Fodkt RO=222-FU 7 Aux b EEMAADEE N-B RrX U bay 54 1
FRIEA L B 91a DULERIT 66% F Tl - L7= (entry 2). R'-R*=CL, R*=222-+U 7
NErx b xVEAMAGDET 83 bHMAGDOEIZ L OIEER EOZERHY 91a &
61% IR TH A7 (entry 3). R'-R*=F & R°=222-FU 7 Fdn=x b EAlprddr-
N-B Fax b 718 HLFMBIEZ R L 71% R LKL BEWIET 91a #5272

(entry 4).
Table 2-4. Aerobic Benzylic Oxidation with N-Hydroxy Precatalysts (4).
) N-Hydroxy precatalyst (5 mol%) o 0
AP Corona), (1 mor) ~ N
o Ph Mn(OAC)3:2H,0 (1 mol%) O Ph
F3C ° FsC
3 90a 0O,, CH3CN, 60 °C, 24 h 3 91a
entry catalyst yield (%)® ' entry catalyst yield (%)?
CF3 o ; ¢ o
' Cl
- ! N-OH
FsC ¢l FsC L
07 "Ph CF,
83
71
F
CF ¢}
3 0 E
N—-OH
N—-OH
2 66 4 F o m
FoC 0k F FsC L
CFs : CFs
54 : 78
a) '"H NMR yield.
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BRI MERTEEZ ATy DAL E R LIRS

N-ZXNTF MBI K B P sp’ C-H BALR)S

b BWARBEE 2R Lz 78 2T C-H BEERR LG O B IS # PH O Mt 21T
72 (Table 2-5). 3-Phenylpropyl benzoate (90b) % FE & L CTHWT N-AF T WLEW (5
mol%), Co(OAc), (1 mol%), Mn(OAc);-2H,0 (1 mol%) f#(E FIZEBIT HEeFEmMILIIF I, Lz
EZARNET D by 91b B 78% N TH L. FHER REfEL L U CE A
ThHANETUEE 90¢) LOETRGIEELETHD MY 74 2T 90d) K ONT »FHE
Ji+ (90e) TEHLLIZLE TN E 7 F 91c-e ~DRLEICNEIT L2, HIVR R
(90f), A F /LT AT )L (90g), HILRFL T I K (90h), 7AF A7 IR (90i), = kUL

(90j), AF LA IF—F (90Kk) [ ZTENFNOERERIILSETITN DL C-H DB E
WEICBRIL S Ut isT 54 F v 91f-k Y 42-69% IR THE L. ZOREIT N-4 %3

VT DI VRIERITERR 78 12 K 2MEMBLEUS TR WERRATFAMEEZ RS> Z L 2R LT
L. 77U 90, ¥V T2 90m), V7 <UL (90n) O XV EL S0 VERIR
TNXNT L= AFEIRICBW T FEEROEM N CRICHEIT LIS T 57 by 91ln %
41-78% R TH z 7=.
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Table 2-5. Scope of Benzylic C-H Oxidation with N-Hydroxy Precatalyst 78.2)
F o

N—-OH
F o (5 mol%)
78 CF3

Co(OAc); (1 mol%)
Mn(OAc)3-2H,0 (1 mol%) o

TFE, 60 °C, 48 h

0 O

OBz /@)\/\
F

91b (78%) 91c (42%) 91d (44%) 91e (69%)

91f (45%) 91g (74%) 91h (39%)
CN
©)J\/\/ ©)J\/\/ ©/N\/\)J\OM6
91i (72%) 91j (80%) 91k (78%)
0 O
@é L0 @d
911 (41%) [r.t] 91m (64%) [r.t] 91n (78%) [r.t]

OBz

a) Yields are described as isolated yields.



N-ZFXIVNTPHNEEEE NBS IZE B3IV AL C-HES DrY) 7t ucFiro—
TFILRIGR T & 7 2 F{ERi

N-F %27 2 A VAREERTERAR 78 OIS BOS 2 PRE T 59T, NBS ZfefbHl &+ 25
TR DN —T WAL R & Ritter I DAL T I MBS & R L7 (Scheme
2-11). HEAY7: Williamson = —7 WAL LD 222- M) 74 e =F Lo—T )L DE
flE TFE OREMEDOK I B HEDRRE SN TWD . BRI S iz &
SRS OB F A ~D TFE OIS 125 0 ERRKIGETH D, B
FEE TN VL sp’ C-H #iA%IEMAL L C-OCH,CF; fS A2t % RS ITHs ST
W, T OBMRNE E E T D 72D 90b EfiifiiE > 78 L NBS {FE FIZHBWT
TFE HCRIGSHEDH Z LI2X Y C-H IEHALIZ L DX DAL B Y 7 v a A FAbRG
NHEITL 92 2% 54% IR TH LN

Ritter Bl DX VAL sp’ C-H 7 2 FALRISIEZ @RS (T = 100 °C) & L < i
F-TEDA-PF, X CAN 7¢ & OFBVELAINMLE L STV =", 90b ZfillfiEo 78 & NBS
fFAETIZBWT CH:CN H RIS SEDZETT®E T IR 93 23 49% LR THLILE.
W OGN R O AANLD 2 BRGSO LW AU NVER I F A% TFE & LT
T h= P AT A Z LICEVEITL TS EEZTND P

Scheme 2-11. Benzylic Etherification and Acetamidation with N-Hydroxy Precatalyst 78.

F o
F
N-OH
F
F FsC ?\

78 (5 mol%)

g
OB, NBS (@)
©/\/\ z »
TFE, rt, 12 h OBz
92

37%

90b Fo
F
N-OH
F
£ FsC ﬁl
CF, CH,
78 (5 mol%) /g
©/\/\osz NBS .~ HN” S0
CH4CN, 1t, 12 h [::]/J\V/A\OBZ
44%
90b 93
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BNE /N

FEFmMETT, MERECFRETH Y, BT RER N-B Ra X)L T 2 VAR BRI %
B L, ikl C-H BARLAISIZHIG LT, CFy ATEM L N-B Ke X 1bEWix
C-H BALEUSIZB W TBEMEZ R L, CF; @ o (L& HHFE EOBBRLZ Kb+ 52 &
T, MOETEMEARE A IS U7, i b U7 ARBERTEA 78 | NHPI (3) & tbi L CiEMEIRSS
HHDD, N-AXT T RO 2 EERMAEZGD Z &N TE. £,
NBS #fbflE L7iz_> 20 C-H @ 222-F) 7t azF o —T UL Ks KO T &
N7 2 NMMEROGE R L, 78 O S#EFE & LK L7z,
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1. General Method

'H NMR spectra were recorded on JEOL JNM-LA 500, JEOL ECX500 (500 MHz for 'H NMR and
125.65 MHz for *C NMR) and JEOL ECS400 (400 MHz for 'H NMR, 100 MHz for *C NMR and
368 MHz for '°’F NMR) spectrometer. Chemical shifts were reported downfield from TMS (5= 0
ppm) for '"H NMR. For >C NMR, chemical shifts were reported in the scale relative to the solvent

used as an internal reference. For '"F NMR, chemical shifts were reported downfield from
hexafluorobenzene (6 = —164.9 ppm). Infrared (IR) spectra were recorded on a JASCO FT/IR 410
Fourier transform infrared spectrophotometer. ESI-MS spectra were measured on a Waters ZQ4000
spectrometer (for LRMS), and a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS). Column
chromatographies were performed with silica gel Merck 60 (230-400 mesh ASTM). All reactions
other than substrates synthesis were carried out in dry solvents (purchased from Aldrich, Kanto
Chemical Co., Inc. or Wako Pure Chemical Industries, Ltd.) under argon atmosphere unless
otherwise noted. Other reagents of which preparation is not described in this manuscript were
purchased from Aldrich, Tokyo Chemical Industry Co., Ltd. (TCI), Kanto Chemical Co., Inc., and
Wako Pure Chemical Industries, Ltd., and used without further purification. NMR yield was
calculated by '"H NMR of crude product using an internal standard (1,1,2,2-tetrachloroethane or

1,3,5-trioxane). GC yield was determined using an internal standard (decane or dodecane).

2. Preparation of Tfifluoromethylalcohol

Full spectroscopic data were described for new compounds. The known compounds 1a°', 1b'%,
lcél 1d102 le6] 1f103 1g61 1i104 1j105 1k61 11106 1m107 1n102 10108 1q109 lsllo and ltlll were

synthesized according to reported procedure.

Q TMSCF5 (1.3 + 0.3 eq) OH
OoN TBAF (0.01 + 1 eq) OoN CF,
THF
—25°Ctort, 45 h
NO, ) NO,
94 1h

1-(3,5-Dinitrophenyl)-2,2,2-trifluoroethan-1-ol (1h)
To a solution of 3,5-dinitorobenzaldehyde 94 (960 mg, 4.89 mmol) and TMSCF; (942 pL, 6.36
mmol) in THF (10 mL), TBAF in THF (49 uL, 0.0489 mmol) was added dropwise at —25 °C. The

mixture was stirred for 1 h at the same temperature, and stirred for 20 h after warming to rt. The
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mixture was cooled to —20 °C, followed by TBAF in THF (4.9 mL, 4.9 mmol) and TMSCF; (233 pL,
1.47 mmol) were added, and stirred for 24 h after warming to rt. The mixture was cooled at 0 °C, 3N
HCI aq. was added. The whole was extracted with EtOAc twice. The organic layer was washed with
H,O and brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was
purified with flash column chromatography (SiO,, n-hexane:EtOAc = 9:1 — 2:1) to affored
trifluoromethyl alcohol 1h (343.3 mg, 26%).

yellow oil; 'H NMR (400 MHz, CDCl;) &: 9.11 (dd, 1H. J = 2.0 Hz), 8.73 (d, 1H, J = 2.0 Hz),
5.29-5.36 (m, 1H, J= 5.9, 5.9 Hz), 3.24 (d, 1H, J = 4.7 Hz); *C NMR (125 MHz, CDCl;) &: 148.50
(20), 138.39, 127.84 (2C), 123.35 (q, J = 283.1 Hz), 119.63, 70.84 (q, J = 32.4 Hz); ’F NMR (368
MHz, CDCl;) 8: —78.57 (s, 3F); IR (neat, cm™) v: 3504, 3105, 1544, 1346, 1262, 1178, 1131, 1077,
LRMS (ESI): m/z 265 [M—H] ; HRMS (APCI): m/z caled for CsHsF3N,OsNa [M+Na]" 289.0043
found 289.0037.

CsF (1.3 eq)

@\\ TMSCF; (1.3 eq) @\(ca
\
o) g'},"CF OH
95 tort 1r
12 h, 52%

1-(Adamantan-1-yl)-2,2 2-trifluoroethan-1-ol (1r)

To a suspension of CsF (482 mg, 3.17 mmol) and adamantane-1-carbaldehyde 95 (400 mg, 2.44
mmol) in DMF (5 mL), TMSCF; (470 uL, 3.17 mmol) was added dropwise at 0 °C, and the mixture
was stirred for 12 h after warming to rt. The mixture was cooled to 0 °C, followed by 3N HCI aq.
was added, and extracted with EtOAc. The organic layer was treated with TBAF in THF (2.44 mL,
2.44 mmol), washed with 1N HCI aq., H,O, and brine, dried over Na,SO,, filtered, and evaporated
under reduced pressure. The residue was purified with flash column chromatography (SiO,,
n-hexane:EtOAc = 19:1 — 9:1) to affored trifluoromethanol 1r (294.4 mg, 52%).

colorless solid; "H NMR (500 MHz, CDCl;) &: 3.45 (tq, IH, J=6.3, 6.3 Hz), 2.36 (d, 1H, J=6.3
Hz), 2.03 (s, 3H), 1.63-1.82 (m, 12H); °C NMR (125 MHz, CDCl3) &: 125.64 (q, J = 285.5 Hz),
77.51 (q, J = 28.79 Hz), 37.65 (3C), 36.76 (3C), 35.74, 28.04 (3C); "’F NMR (368 MHz, CDCl;) &:
—71.28 (s, 3F); IR (KBr, cm’™") v: 3854, 3421, 2907, 2682, 1455, 1358, 1263, 1167, 1119; LRMS
(ESI): m/z 270 [M+Cl1]; HRMS (ESI): m/z caled for C;,H,;F;ONa [M+Na] 257.1124 found
257.1130.
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OH mCPBA (1.06 eq) <(')/<OH <C')/<OH
X PR *opp \
Ph/\)\CF CH,Cl,

3 CF3 CF3
0°Ctort, 20 h
1n 1p 1p’

(49%) (15%)

(E)-syn-3,4-Epoxy-1,1,1-trifluoro-4-phenyl-2-butanol (1p) and
(E)-anti-3,4-epoxy-1,1,1-trifluoro-4-phenyl-2-butanol (1p”)

To a solution of allyl alcohol 1n (202 mg, 1.0 mmol) in CH,Cl, (3.3 mL), 3-chloroperoxybenzoic
acid (238 mg, 1.06 mmol) was added at 0 °C, and stirred for 20 h after warming to rt. To the
mixtrure, 3-chloroperoxybenzoic acid (134 mg, 0.6 mmol) was added and stirred for 23 h at room
temperature. The mixture was cooled to 0 °C, followed by 10% Na,S,0; aq. and sat. NaHCOs aq.
were added, and the phases were separated. The organic layer was washed with H,O and brine, dried
over Na,SQO,, filtered, and evaporated under reduced pressure. The residue was purified with flash
column chromatography to afford syn-epoxide 1p (107 mg, 49%) as a colorless powder and
anti-epoxide 1p° (33 mg, 15%) as a colorless oil.

Relative configurations of 1p and 1p’ were determined according to the reported spectra parameter
(1p’ was known compound)''*.

syn-epoxide 1p: colorless powder; 'H NMR (400 MHz, CDCl;) o: 7.26-7.40 (m, 5H), 4.15-4.26 (m,
1H), 3.92 (d, 1H, J = 2.2 Hz), 3.36 (dd, 1H, J = 2.2 Hz), 2.61 (d, 1H, J = 9.9 Hz); °C NMR (125
MHz, CDCl;) o: 134.85, 128.91, 126.69 (2C), 125.77 (2C), 124.05 (q, J = 283.1 Hz), 68.15 (q, J =
31.2 Hz), 57.96, 54.32; "°F NMR (368 MHz, CDCl3) &: —78.46 (s, 3F); IR (KBr, cm™) v: 3433, 3002,
2949, 1374, 1278, 1140; LRMS (APCI): m/z 253 [M+CI] ; HRMS (ESI): m/z calcd for C,(HyF30,Na
[M+Na]" 241.0447 found 241.0437.

3. Preparation and Characterization of Tfifluoromethylketone

Full spectroscopic data were described for new compounds. References were shown for reported
compounds. Trifluoromethy ketones 2a% 2p'", 2%, 2%, 214, Zg(’l, 2h'", 2i'"° 2k"', 2n'"°, qu,

118 109 65
2r 7, 2s ~ and 2t> are known compounds.

General Procecure for the Oxidation of Perfluoroalkyl Alcohol (Procedure A)

OH keto-ABNO (5 mol%) (0]

NaNO, (10 mol%) HO_ OH
CFs CFy + CFs
ACOH, t, 18 h
HO,C HO,C HO,C

72%

1d 2d 3d
4-(2,2,2-Trifluoroacetyl)benzoic acid (2d)
4-(2,2,2-Trifluoro-1-hydroxyethyl)benzoic acid (1d, 20.4 mg, 0.100 mmol), keto-ABNO (0.77 mg,
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0.005 mmol), NaNO, (0.69 mg, 0.010 mmol) and AcOH (0.2 mL) were mixed in a test tube. The
mixture was stirred for 18 h at room temperature under 1 atm of O, (balloon). The mixture was
diluted with Et,O, neutralized with 3N NaOH agq., and the phases were separated. The organic layer
was washed with brine, dried over Na,SO,, filtered, and the solvent evaporated under reduced
pressure. The resulting residue was purified by flash column chromatography (SiO,, n-hexane:
EtOAc =2 : 1) to afford 2d and 3d (20.3 mg, 72%).

colorless oil; NMR was recorded as a mixture of 2d:3d = 94:6.; '"H NMR (400 MHz, acetone-dy) d:
8.28 (d, 1.88H, J = 8.5 Hz), 8.22 (d, 1.88H, J = 8.5 Hz), 8.07 (d, 0.12H, J = 8.5 Hz), 7.85 (d, 0.12H,
J = 8.5 Hz); BC NMR (125 MHz, acetone-ds) 6:180.79 (q, 0.94C, J = 34.8 Hz), 137.28 (0.06H),
166.36 (0.94C), 143.70 (0.06C), 137.44 (0.94C), 133.82 (0.94C), 132.25 (0.06C), 131.14 (1.88C),
130.84 (1.88C), 129.94 (0.06C), 128.53 (0.06C), 126.57 (q, 0.06C, J=287.9 Hz), 117.5 (q, 0.94C, J
= 290.3 Hz), 94.4 (q, 0.06C, J = 32.4 Hz), F NMR (368 MHz, acetone-ds) 6: —72.82 (s, 2.82F),
—84.85 (s, 0.18F); IR (KBr, cm™") v: 3434, 3063, 2925, 2683, 2563, 1724, 1691, 1433, 1290, 1210,
1187, 1152; LRMS (APCI): m/z 217 [M—H] ; HRMS (ESI): m/z calcd for CoHg¢F;03 [MJrH]+
219.0264 found 219.0262.

keto-ABNO (5 mol%)
OH
NaNO, (10 mol%) HO_ OH
| N CF3 | N CF4
N AcOH, rt, 18 h No

99%
1j 3j
2,2,2-Trifluoro-1-(pyridin-4-yl)ethane-1,1-diol (2j)
According to the procedure A, 1j (17.7 mg) was converted into diol 3j (18.0 mg, 99%).
colorless powder; NMR was recorded as hydrate 3j.; '"H NMR (500 MHz, acetone-d) 8: 8.61 (d, 2H,
J =5.7Hz), 7.62 (d, 2H, J = 5.7 Hz), 6.89 (brs, 2H); °C NMR (125 MHz, acetone-d;) &: 152.35,
150.56 (2C), 147.39, 124.07 (q, J = 287.9 Hz), 122.92 (2C); "°F NMR (368 MHz, acetone-d;) &: —
85.05 (s, 3F); IR (KBr, cm™) v: 3399, 3083, 3059, 2925, 2855, 2465, 2345, 1719, 1610, 1420, 1262,
1173, 1066; LRMS (APCI): m/z 176 [M+H]"; HRMS (ESI): m/z calcd for C;H;F;0, [M+H,0+H]"
194.0423 found 194.0418.

OH 0
keto-ABNO (5 mol%)
CF3 NaNO, (10 mol%) CF3
O- O-
,\'\,f: B AcOH, rt, 18 h ,bl": B
o) 71% o)
Me’ Me Me Me
1 21

2,2,2-Trifluoro-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one (21)
According to the procedure A, 11 (30.2 mg) was converted into trifluoromethylketone 21 (21.3 mg,
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71%).

colorless oil; 'H NMR (400 MHz, CDCls) é: 8.02 (d, 2H, J = 8.1 Hz), 7.94 (d, 2H, /= 8.1 Hz), 1.34
(s, 12H); >C NMR (125 MHz, CDCl;) 8: 180.82 (q, 1H, J = 34.8 Hz), 135.18 (2C), 131.68, 128.94,
128.92, 126.66, 116.62 (q, 1H, J = 291.5 Hz), 84.52 (2C), 24.86 (4C); '’F NMR (368 MHz, CDCl5)
8: —71.83 (s, 3F); IR (neat, cm™") v: 3582, 2981, 2929, 1721, 1509, 1361, 1207, 1180, 1145, 1091;
LRMS (APCI): m/z 333 [M+MeOH+H]; HRMS (ESI): m/z caled for C;sHyF;O4Na
[M+MeOH+Na]" 355.1299 found 355.1283.

™ keto-ABNO (5 mol%) HO_ OH HO. OH
CF3 NaNO, (10 mol%) CF4 cF,
FsC AcOH, rt, 18 h FSCY©)< * F3C>(©)<
OH 93% o) HO” “OH
1im 3m 3m

2,2,2-Trifluoro-1-(4-(2,2,2-trifluoro-1,1-dihydroxyethyl)phenyl)ethan-1-one (3m) and
1,1'-(1,4-phenylene)bis(2,2,2-trifluoroethane-1,1-diol) (3m”)

According to the procedure A, 1m (1.37 g) was converted into 3m and 3m’ (1.25 g, 93%).

colorless powder; NMR was recorded as the mixture of 3m:3m’ = 1:2; 'H NMR (500 MHz,
DMSO-dy) &: 8.10 (d, 4/3H, J = 8.0 Hz), 7.91 (s, 8/3H), 7.57-7.71 (m, 3H); °C NMR (125 MHz,
DMSO-dy); 179.84 (q, 1/3C, J = 34.5 Hz), 146.42 (1/3C), 139.60 (2/3C), 130.53 (1/3C), 130.02
(1/3C), 129.53 (2/3C), 128.79 (2/3C), 127.07 (8/3C), 123.68 (q, 4/3C, J = 287.9 Hz), 123.39 (q,
1/3C, J=289.1 Hz), 116.53 (q, 1/3C, J=291.5 Hz), 92.68 (q, 4/3C, J = 31.2 Hz), 92.56 (q, 1/3C, J=
31.2 Hz); "F NMR (368 MHz, DMSO-ds) —71.31 (s, 1F), =83.11 (s, 1F), —83.26 (s, 4F); IR (KBEr,
em’') v: 3398, 2924, 2523, 2374, 1712, 1614, 1417, 1189, 1061; LRMS (APCI): m/z 287 [M—H];
HRMS (DART): m/z caled for CHoFO3 [M+MeOH-H,0+H]" 303.0450 found 303.0449.

keto-ABNO (5 mol%)

4/( NaNO, (10 mol%) .4/[2

= CF

© © Ho®
20

OH

5 CFs  AcOH.m 18h
81%

10

(E)-3,4-Cyclopropyl-1,1,1-trifluoro-4-phenyl-2-butanone (20)

According to the procedure A, 1o (216 mg) was converted into trifluoromethylketone 20 (174 mg,
81%).

colorless oil; '"H NMR (400 MHz, CDCl;) 8: 7.23-7.33 (m, 3H), 7.13 (d, 2H, J = 7.2 Hz), 2.74-2.81
(m, 1H), 2.47-2.52 (m, 1H), 1.88-1.94 (m, 1H), 1.69-1.76 (m, 1H); >C NMR (125 MHz, CDCl;) §:
190.07 (q, J = 36.0 Hz), 138.16, 128.75, 127.42 (2C), 126.45 (2C), 115.76 (q, J = 290.3 Hz), 32.74,
27.24,20.79; "°F NMR (368 MHz, CDCl3) —=79.03 (s, 3F); IR (KBr, cm™) v: 3034, 2926, 1739, 1606,
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1498, 1410, 1208, 1148, 1042; LRMS (APCI): m/z 233 [M+H,0+H]"; HRMS (ESI): m/z calcd for
C,H 3F30,Na [M+MeOH+Na]" 269.0760 found 269.0773.

keto-ABNO (5 mol%)
NaNO, (10 mol%)

o OH
LA Q/QOH
© 5 CFs  AcOM, it 18h ©
84%

(£)-3,4-Epoxy-1,1,1-trifluoro-4-phenyl-2,2-hydroxylbutane (3p)

According to the procedure A, 1p (218 mg) was converted into trifluoromethylketone 3p (182 mg,
84%).

colorless powder; NMR was recorded as hydrate 3p; 'H NMR (400 MHz, CDCls) 8: 2.25-7.44 (m,
5H), 3.97 (d, 1H, J = 1.8 Hz), 3.71 (s, 1H), 3.44 (d, 1H, J = 1.8 Hz), 3.36 (s, 1H); °C NMR (100
MHz, CDCl3) o: 134.14, 129.09, 128.73 (2C), 125.86 (2C), 122.29 (q, J = 285.6 Hz), 90.72 (q, J =
33.8 Hz), 59.73, 55.62; "’F NMR (368 MHz, CDCl;) —84.54 (s, 3F); IR (KBr, cm™) v: 3389, 3032,
2961, 2932, 2876, 2876, 1957, 1889, 1653, 1498, 1443, 1259, 1187, 1153, 1104, 1065; LRMS (ESI):
m/z 257 [M+Na]+; HRMS (ESI): m/z calcd for Cy;H;;F;0Na [M+MeOH-H20+Na]+ 271.0552 found
271.0563.

4. Preparation of N-Hydroxy Precatalysts

Full spectroscopic data were described for new compounds. Compound 5%, 65°%, and 72** were

prepared following the reported procedures.

General Procedure for Etherification (Procedure B)

O AgOTf (1.7 eq) (0]
@gﬁ MeOH (1.2 eq) @gﬁ
N—-OBn N—OBn
toluene, 0 °C to rt
FsC CI 4 h, 95% FsC OMe
4 5

2-Benzyloxy-3-methoxy-3-trifluoromethylisoindolin-1-one (5)

To a suspension of AgOTf (2.18 g, 8.50 mmol) in toluene (5 mL), chloride 4 (1.71 g, 5.00 mmol) in
toluene (5 mL) and MeOH (243 pL, 6.00 mmol) were added at 0 °C. The reaction mixture was
stirred for 1 h at 0 °C, and for 3 h at rt. Brine was added to the mixture, and the suspension was
filtered over Celite. The filtered organic layer was separated, washed with H,O and brine, dried over
Na, SOy, filtered, and evaporated under reduced pressure. The residue was purified with flash column
chromatography (SiO,, n-hexane:EtOAc = 9:1 — 4:1) to afford methylether 5 (1.60 g, 95%).

white powder; 'H NMR (400 MHz, CDCls) &: 7.89 (d, J = 7.2 Hz, 1H), 7.51-7.72 (m 5H), 7.32-7.42
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(m, 3H), 5.30 (d, J = 9.9 Hz, 1H), 5.13 (d, J = 9.9 Hz, 1H), 2.99 (s, 3H); °C NMR (100 MHz,
CDCls) 8: 165.56, 134.55, 134.47, 133.52, 131.75, 130.10, 129.45 (2C), 128.86, 128.41 (2C), 124.28,
124.19, 122.07 (q, J = 285.6 Hz), 91.37 (q, J = 32.9 Hz), 79.09, 51.28; "’F NMR (368 MHz, CDCl,)
8: ~77.92 (s, 3F); IR (KBr, cm™) v: 3586, 3443, 2939, 1742, 1654, 1559, 1541, 1185, 671; LRMS
(ESI): m/z 360 [M+Na]"; HRMS (ESI): m/z caled for C;;H;;F;NO;Na [M+Na]" 360.0818 found
360.0831.

General Procedure for Hydrogenolysis of Benzyl Ether (Procedure C)

o] Pd/C (7 mol%) 0o
H, (1 atm)
N—-OBn N-OH
EtOH, rt,2 h
FsC OMe 94% FsC OMe
5 12

2-Hydroxy-3-methoxy-3-trifluoromethylisoindolin-1-one (12)

A suspension of benzylether 5 (1.48 g, 4.39 mmol) and 10 wt% Pd/C (319 mg, 0.300 mmol) in EtOH
(12.0 mL) was stirred for 2 h under 1 atm of H, (balloon). The mixture was purged with Ar and
filtered over Celite. The filtrate was evaporated under reduced pressure. The residue was purified
with flash column chromatography (SiO,, n-hexane:EtOAc = 2:1 — 1:1) to afford 5 (1.02 g, 94%)).
white powder; 'H NMR (500 MHz, CDCl;) &: 7.82 (d, J = 7.6 Hz, 1H), 7.57-7.70 (m, 3H), 3.13 (s,
3H); "C NMR (125 MHz, CDCl;) &: 165.92, 134.58, 131.69, 130.06, 124.16, 124.05, 121.88 (q, J =
286.2 Hz), 91.40 (q, J = 33.1 Hz), 51.58; "’F NMR (368 MHz, CDCl;) &: —78.41 (s, 3F); IR (KBr,
em’) v: 3136, 2952, 2887, 1711, 1471, 1315, 1195, 1124, 1086, 1007, 878, 731; LRMS (ESI): m/z
270 [M+Na]’; HRMS (ESI): m/z caled for C,oHgFsNO;Na [M+Na]" 270.0348 found 270.0341.

O AgOTf (1.7 eq) (0]
TFE (1.2 eq)
N—OBn N—OBn
toluene, 0 °C to rt
FsC CI 4 h, 78% FsC O
4 6

2-Benzyloxy-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1-one (6)

According to the procedure B in which 2,2,2-trifluoroenthanol was used as the alcohol instead,
chloride 4 (1.71 g, 5.00 mmol) was converted into ether 6 (1.57 g, 78%).

colorless oil; 'H NMR (500 MHz, CDCl3) &: 7.92 (d, J=7.5 Hz, 1H), 7.74 (dd, J = 7.4, 7.4 Hz, 1H),
7.69 (dd, J=7.4, 7.4 Hz, 1H), 7.60 (d, J = 6.9 Hz, 1H), 7.54 (d, /= 7.4 Hz, 2H), 7.35-7.44 (m, 3H),
5.30 (d, J= 9.8 Hz, 1H), 5.16 (d, J = 9.8 Hz, 1H), 3.40-3.50 (m, 1H), 3.19-3.29 (m, 1H); *C NMR
(125 MHz, CDCl;) &: 165.63, 134.37, 134.23 (2C), 133.53, 132.54 (2C), 129.78, 129.42, 129.07,
128.56, 124.62, 124.58, 122.72 (q, J = 277.1 Hz), 121.57 (q, J = 286.7 Hz), 91.0 (q, J = 33.6 Hz),
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79.31, 61.3 (q, J = 36.0 Hz); '°F NMR (368 MHz, CDCl;) 8: —74.02 (s, 3F), —77.52 (s, 3F); IR (neat,
em') vi 3433, 2917, 2848, 1750, 1470, 1293, 1190, 984, 766, 635; LRMS (ESI): m/z 428 [M+Na]';
HRMS (ESI): m/z caled for CigH;3FeNOsNa [M+Na]" 428.0692 found 428.0690.

O O
Pd/C (5 mol%)
N—OBn H, (1 atm) N-OH
FsC O EtOH, rt, 2 h FsC O
95%
CFj CF3
6 13

2-Hydroxy-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1-one (13)

According to the procedure C, benzyl ether 6 (1.45 g, 3.58 mmol) was converted into 13 (1.07 g,
95%).

colorless powder; 'H NMR (400 MHz, acetone-ds) &: 7.71-7.90 (m, 4H), 3.97-4.10 (m, 1H),
3.64-3.78 (m, 1H); °C NMR (125 MHz, acetone-ds) &: 164.68, 134.69, 134.11, 133.45, 131.47,
125.54, 124.73, 124.43 (q, J=277.1 Hz), 122.59 (q, J = 285.5 Hz), 91.49 (q, J = 33.6 Hz), 61.95 (q,
J =36.0 Hz); "’F NMR (368 MHz, acetone-dy) 8: —74.80 (s, 3F), —78.38 (s, 3F); IR (KBr, cm™) v:
3426, 3137,2942, 1719, 1616, 1508, 1473, 1427, 1378, 1305, 1172, 1125, 1087, 1038, 993, 968, 882,
766; LRMS (ESI): m/z 338 [M+Na]"; HRMS (ESI): m/z caled for C;;H,;FsqNOsNa [M+Na]"
338.0222 found 338.0223.

O AgOTf (1.7 eq) O
HFIP (1.2 eq)
N—OBn N—OBn
toluene, 0 °C to rt
FsC CI 4 h, 73% FsC O
FsC CF3
4 7

2-Benzyloxy-3-[(1,1,1,3,3,3-hexafluoropropan-2-yl)oxy]-3-trifluoromethylisoindolin-1-one (7)
According to the procedure B in which 1,1,1,3,3,3-hexafluoro-2-propanol was used as the alcohol
instead, chloride 4 (680 mg, 0.200 mmol) was converted into ether 7 (688 mg, 73%).

colorless powder; "H NMR (500 MHz, CDCl;) 6: 7.93 (dd, J= 6.3, 1.7 Hz, 1H), 7.71-7.78 (m, 2H),
7.69 (d, J=5.7 Hz, 1H), 7.50 (dd, J = 8.1, 2.3 Hz, 2H), 7.36-7.42 (m, 3H), 5.37 (d, /= 7.2 Hz, 1H),
5.11 (d, J= 7.2 Hz, 1H), 4.17-4.26 (m, 1H); LRMS (ESI): m/z 496 [M+Na] .
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Pd/C (5 mol%)
N-OBn Hz (1 atm) N-OH
FsC 0 EtOH, rt, 2 h FsC° O
91%
FsC~ “CFs FsC”~ “CFs
7 14
3-[(1,1,1,3,3,3-Hexafluoropropan-2-yl)oxy]-2-hydroxy-3-trifluoromethylisoindolin-1-one (14)
According to the procedure C, benzyl ether 7 (652 mg, 1.38 mmol) was converted into 14 (530 mg,
91%).
colorless powder; 'H NMR (400 MHz, CDCLy) &: 7.77-7.92 (m, 4H), 5.27-5.37 (m, 1H); LRMS
(ESI): m/z 406 [M+Na]".

0 AgOTf (1.7 eq) _
PhOH (1.2 eq) N-OH
N—OBn
toluene, 0 °C to rt FsC O
F,¢” ClI 2h, 42% @
4 8

2-Benzyloxy-3-phenoxy-3-trifluoromethylisoindolin-1-one (8)

According to the procedure B in which phenol was used as the alcohol instead, chloride 4 (1.71 g,
5.00 mmol) was converted into ether 8 (0.844 g, 42%).

colorless powder; "H NMR (500 MHz, CDCls) 6: 7.77 (d, J = 7.5 Hz, 1H), 7.60 (d, J= 7.5 Hz, 1H),
7.47 (dd, J = 8.0, 8.0 Hz, 1H), 7.34 (dd, J="7.5, 7.5 Hz, 1H), 7.28 (d, J = 7.5 Hz, 2H), 7.16 (dd, J =
7.5 Hz, 1H), 7.12 (dd, J=17.5, 7.5 Hz, 2H), 7.05 (d, /= 7.5 Hz, 1H), 7.01 (dd, J = 8.0 Hz, 2H), 6.87
(d, J=17.5Hz, 1H) 4.94 (s, 2H); LRMS (ESI): m/z 422 [M+Na]".

0 0
_ Pd/C (5 mol%) _
N-OBn "1 atm) N-OH
FiC 0 EtOH, rt, 2 h FsC O
99%
8 15

2-Hydroxy-3-phenoxy-3-trifluoromethylisoindolin-1-one (15)

According to the procedure C, benzyl ether 8 (788 mg, 1.97 mmol) was converted into 15 (603 mg,
99%).

colorless powder; 'H NMR (400 MHz, DMSO-dy) 6: 7.72 (dd, J = 3.6, 3.6 Hz, 1H), 7.52-7.60 (m,
4H), 7.34-7.41 (m, 1H), 7.19 (dd, J = 8.1, 8.1 Hz, 1H), 6.85 (dd, J = 7.2, 7.2 Hz, 1H), 6.63 (d, J =
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8.1 Hz, 1H); LRMS (ESI): m/z 332 [M+H]".

AgOTf (1.7 eq) O

9 tBUOH (1.2 eq)
Et3N (2.0 eq) N—OBn
N—-OBn
toluene, 0 °C to rt F:C O
F,C" Cl 12 h, 73% #\
4 9

2-Benzyloxy-3-tert-butoxy-3-trifluoromethylisoindolin-1-one (9)

According to the procedure B in which /BuOH was used as the alcohol instead and Et;N (2.0 eq)
was added, chloride 4 (1.03 g, 3.00 mmol) was converted into ether 9 (0.827 g, 73%).

colorless powder; 'H NMR (400 MHz, CDCl3) &: 7.86 (dd, J= 6.3, 2.3 Hz, 1H), 7.70 (d, J = 6.7 Hz,
1H), 7.59-7.67 (m, 2H), 7.55 (dd, J = 7.6, 1.4 Hz, 2H), 7.33-7.42 (m, 3H), 5.43 (d, J = 9.4 Hz, 1H),
5.05 (d, J=9.0 Hz, 1H), 1.07 (s, 9H); LRMS (ESI): m/z 402 [M+Na]".

0 0
Pd/C (5 mol%)
N-OBn H, (1 atm) N-OH
FsC O EtOH, rt, 6 h FiC O
99%
9 16

3-(tert-Butoxy)-2-hydroxy-3-trifluoromethylisoindolin-1-one (16)

According to the procedure C, benzyl ether 9 (770 mg, 2.03 mmol) was converted into 16 (581 mg,
99%).

colorless powder; "H NMR (400 MHz, acetone-ds) 8: 7.70-7.83 (m, 4H), 1.14 (s, 9H); LRMS (ESI):
m/z 312 [M+Na] .

(0]
0 AgOTf (1.7 eq)
(CH3)3CH,0H (1.2 eq) N-OBn
N—OBn
toluene, 0 °C to rt Fs€ O
F;C ClI 14 h, 87%
4 10

2-Benzyloxy-3-(2,2-dimethylpropoxyl)-3-trifluoromethylisoindolin-1-one (10)

According to the procedure B in which 2,2-dimethyl-1-propanol was used as the alcohol instead,
chloride 4 (1.71 g, 5.00 mmol) was converted into ether 10 (1.72 g, 87%).

colorless oil; "H NMR (400 MHz, CDCl;) &: 7.88 (d, J = 7.2 Hz, 1H), 7.60-7.71 (m, 2H), 7.49-7.60
(m, 3H), 7.31-7.40 (m, 3H), 5.29 (d, /=9.4 Hz, 1H), 5.12 (d, /J=9.4 Hz, 1H), 2.99 (d, /= 7.6 Hz,
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1H), 2.54 (d, J = 7.6 Hz, 1H), 0.86 (s, 9H); LRMS (ESI): m/z 416 [M+Na]".

(] (0]
Pd/C (5 mol%)
N—OBn H, (1 atm) N—OH
Fs€ O EtOH, rt, 3 h Fs€ O
97% S(
10 17

2-Hydroxy-3-(2,2-dimethylpropyl)-3-trifluoromethylisoindolin-1-one (17)

According to the procedure C, benzyl ether 10 (1.65 g, 4.19 mmol) was converted into 17 (1.23 g,
97%).

colorless powder; 'H NMR (400 MHz, acetone-dy) 6: 7.66-7.86 (m, 4H), 3.11 (d, J = 8.1 Hz, 1H),
2.64 (d,J= 8.1 Hz, 1H), 0.91 (s, 9H); LRMS (ESI): m/z 326 [M+Na]".

O
AgOTf (1.7 eq)
N—OBn
tert-butylbenzene
FsC ClI rt, 18 h
49%
4 11

2-Benzyloxy-3-[4-(tert-butyl)phenyl]-3-trifluoromethylisoindolin-1-one (11)

To a suspension of AgOTf (1.31 g, 5.10 mmol) in fert-butylbenznene (3.00 mL), chloride 4 (1.03 g,
3.00 mmol) in zert-butylbenznene (3.00 mL) was added at 0 °C. The reaction mixture was stirred for
1 hat 0 °C and for 17 h at rt. Brine was added to the mixture, and the suspension was filtered over
Celite. The filtrate was separated. The organic layer was washed with H,O and brine, dried over
Na,SO,, filtered, and evaporated under reduced pressure. The residue was purified with flash column
chromatography (SiO,, n-hexane:EtOAc = 19:1 — 3:1) to afford methyl ether 11 (0.651 mg, 49%).
colorless oil; 'H NMR (500 MHz, CDCl;) &: 7.93 (dd, J = 6.9, 1.2 Hz, 1H), 7.51-7.62 (m, 2H),
7.29-7.72 (m, 10H), 5.14 (d, J = 8.0 Hz, 1H), 5.07 (d, J = 8.0 Hz, 1H), 1.27 (s, 9H); LRMS (ESI):
m/z 462 [M+Na] .

Pd/C (5 mol%)
H, (1 atm)

EtOH, rt, 3 h
99%
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3-[4-(tert-Butyl)phenyl]-2-hydroxy-3-trifluoromethylisoindolin-1-one (18)

According to the procedure C, benzyl ether 11 (600 mg, 1.37 mmol) was converted into 18 (474 mg,
99%).

colorless powder; "H NMR (400 MHz, CDCly) 6: 7.84 (dd, J=17.2, 0.9 Hz, 1H), 7.50-7.59 (m, 2H),
7.35-7.47 (m, 5H), 1.28 (s, 9H); LRMS (ESI): m/z 372 [M+Na] .

General Procedure for Addition of Acetophenone (Procedure D)

OTMS

19a (2.0 eq)
Ph/& o
O AgOTf (1.7 eq)
Et3N (2.0 eq) N—-OBn
N—OBn
toluene, 0 °C to rt F5C
FsC Cl 36 h, 62%
O~ "Ph
4 20

2-Benzyloxy-3-(2-oxo0-2-phenylethyl)-3-trifluoromethylisoindolin-1-one (20)

To a suspension of AgOTTf (437 mg, 1.70 mmol) in toluene (1.0 mL), chloride 4 (342 mg, 1.00
mmol), EtzN (279 pL, 2.00 mmol) and [(1-phenyl-1-ethenyl)oxy]trimethylsilane (19a) (385 mg,
2.00 mmol) in toluene (1.0 mL) were added at 0 °C. The reaction mixture was stirred for 1 h at 0 °C,
and for 35 h at rt. Brine was added to the mixture and the suspension was filtered over Celite. The
organic layer was separated, washed with H,O and brine, dried over Na,SO,, filtered, and
evaporated under reduced pressure. The residue was purified with flash column chromatography
(810, n-hexane:EtOAc = 9:1 — 4:1) to afford 20 (264 mg, 62%).

white powder; '"H NMR (400 MHz, CDCly) &: 7.90-7.96 (m, 1H), 7.72 (dd, J = 7.2, 1.3 Hz, 2H),
7.71-7.59 (m 6H), 7.27-7.37 (m, 5H), 5.43 (d, /= 9.9 Hz, 1H), 5.05 (d, /= 9.9 Hz, 1H), 4.00 (d, J=
17.5 Hz, 1H), 3.74 (d, J = 17.5 Hz, 1H); °C NMR (100 MHz, CDCL;) &: 195.56, 168.49, 137.90,
136.05, 134.61, 133.46, 132.91, 130.56, 130.12, 129.43 (2C), 128.65, 128.45 (2C), 128.30 (2C),
127.80, 124.58 (q, J = 284.7 Hz), 124.15 (2C), 122.31, 79.20, 67.20 (q, J = 29.1 Hz), 34.31; "°F
NMR (368 MHz, CDCls) &: —76.46 (s, 3F); IR (KBr, cm™) v: 3450, 3061, 3035, 2968, 2926, 1733,
1698, 1594, 1469, 1374, 1275, 1185, 991, 751; LRMS (ESI): m/z 448 [M+Na]"; HRMS (ESI): m/z
calcd for Cp4H sF3NO;Na [M+Na]" 448.1131 found 448.1140.

0 0
Pd/C (5 mol%)
N-OBn H; (1 atm) N-OH
F,C EtOH, rt, 2 h F,C
91%
0” “Ph 0” “Ph
20 26

2-Hydroxy-3-(2-oxo-2-phenylethyl)-3-trifluoromethylisoindolin-1-one (26)
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According to the procedure C, benzyl ether 20 (740 mg, 1.74 mmol) was converted into 26 (530 mg,
91%).

colorless oil; "H NMR (500 MHz, CDCls) é: 7.77 (d, J = 7.4 Hz, 2H), 7.70 (d, J = 7.5 Hz, 1H),
7.42-7.55 (m, 4H), 7.38 (dd, J = 7.5, 7.5 Hz, 2H), 4.02-4.21 (m, 1H), 3.75-3.93 (m, 1H); °C NMR
(125 MHz, CDCls) &: 193.39, 168.14, 137.61, 136.23, 133.71, 132.66, 130.41, 130.07 (2C), 128.62
(2C), 128.01, 124.14, 124.13 (q, J = 285.5 Hz), 122.41, 67.98 (q, J = 34.8 Hz), 34.21; ’F NMR (368
MHz, CDCls) &: —76.68 (s, 3F); IR (KBr, cm™) v: 3422, 2926, 1696, 1643, 1278, 1185, 754; LRMS
(ESI): m/z 358 [M+Na]"; HRMS (ESI): m/z caled for C,;H,F;NO;Na [M+Na]" 358.0661 found
358.0677.

OTMS
19b
(2.0 eq)
MeO
o AgOTf (1.7 eq)
Et:;N (2.0 e
N-OBn 3N ( q)
toluene

51%

2-Benzyloxy-3-{2-(4-methoxyphenyl)-2-oxoethyl} -3-trifluoromethylisoindolin-1-one (21)
According to the procedure D in which 19b was used as the enolate instead, chloride 4 (581 mg,
1.70 mmol) was converted into ether 21 (394 mg, 51%).

colorless powder; 'H NMR (400 MHz, CDCls) &: 7.89-7.94 (m, 1H), 7.70 (d, J = 9.0 Hz, 2H),
7.50-7.73 (m, 2H), 7.41-7.47 (m, 3H), 7.28-7.32 (m, 3H), 6.79 (d, J = 9.0 Hz, 2H), 5.43 (d, /=9.9
Hz, 1H), 5.06 (d, J=9.9 Hz, 1H), 3.95 (d, /= 17.0 Hz, 1H), 3.80 (s, 3H), 3.67 (d, /= 17.0 Hz, 1H);
LRMS (ESI): m/z 478 [M+Na]".

Pd/C (10 mol%)
H, (1 atm)

EtOH, rt, 20 h
7%

21 27
2-Hydroxy-3-(2-(4-methoxyphenyl)-2-oxoethyl)-3-(trifluoromethyl)isoindolin-1-one (27)
According to the procedure C, benzyl ether 21 (365 mg, 0.801 mmol) was converted into 27 (225 mg,
77%).
colorless powder; 'H NMR (400 MHz, CDCls) &: 7.76 (d, J = 7.2 Hz, 0.25H), 7.66 (d, J = 7.2 Hz,
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0.75H), 7.41-7.58 (m, 3H), 7.16 (d, J= 7.6 Hz, 1.5 H), 7.06 (d, J = 7.6 Hz, 0.5H), 4.68-4.72 (m, 1H),
3.73 (s, 0.75H), 3.71 (s, 2.25H), 3.00 (dd, J = 15.2, 10.3 Hz, 0.25H), 2.86 (dd, J = 14.8, 1.8 Hz,
0.75H), 2.61 (dd, J = 14.8, 8.5 Hz, 0.75H), 2.43 (d, J = 14.8 Hz, 0.25H); LRMS (ESI): m/z 388
[M+Na]".

OTMS
19¢
FsC (2.0 eq)
O AgOTf (1.7 eq)
Et;N (2.0 e
N-OBn 3N ( q)
toluene
FsC ClI rt, 25 h
82%
4

2-Benzyloxy-3-[2-0x0-2-(4-trifluoromethylphenyl)ethyl]-3-trifluoromethylisoindolin-1-one (22)
According to the procedure D in which 19¢ was used as the enolate instead, chloride 4 (1.03 g, 3.00
mmol) was converted into ether 22 (1.21 g, 82%).

colorless powder; 'H NMR (500 MHz, CDCls) &: 7.92-7.96 (m, 1H), 7.79 (d, J = 8.1 Hz, 2H),
7.54-7.63 (m, 4H), 7.38-7.50 (m, 3H), 7.25-7.32 (m, 3H), 5.44 (d, /= 9.4 Hz, 1H), 5.03 (d, /=94
Hz, 1H), 4.04 (d, J=17.0 Hz, 1H), 3.67 (d, J= 17.0 Hz, 1H); LRMS (ESI): m/z 516 [M+Na]".

Pd/C (10 mol%)
H, (1 atm)

EtOH, rt, 24 h
96%

22 28

2-Hydroxy-3-{2-0x0-2-[4-(trifluoromethyl)phenyl]ethyl} -3-trifluoromethylisoindolin-1-one (28)
According to the procedure C, benzyl ether 22 (1.00 g, 2.03 mmol) was converted into 28 (0.789 g,
96%).

colorless powder; 'H NMR (400 MHz, CDCl;) &: 7.81 (d, J = 7.6 Hz, 0.2H), 7.71 (d, J = 8.1 Hz,
0.8H), 7.45-7.66 (m, 5H), 7.38 (d, /= 8.1 Hz, 1.6H), 7.30 (d, J = 8.1 Hz, 0.4H), 4.89 (d, /= 7.6 Hz,
0.8H), 4.26 (d, J=9.9 Hz, 0.2H), 3.03 (d, /= 10.3 Hz, 0.2H), 2.95 (d, J = 14.8 Hz, 0.8H), 2.64 (dd,
J=14.8,8.5Hz, 0.8H), 2.46 (d, J= 15.3 Hz, 0.2H); LRMS (ESI): m/z 426 [M+Na]".
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F OTMS

F
19d
F F (20eq)
o AgOTf (1.7 eq)
EtoN (2.0 eq)
@l;‘iN—osn 3
toluene
F3C Cl rt, 16 h
45%
4

2-Benzyloxy-3-[2-0x0-2-(2,3,4,5,6-pentafluorophenyl)ethyl]-3-trifluoromethylisoindolin-1-one (23)
According to the procedure D in which 19d was used as the enolate instead, chloride 4 (1.03 g, 3.00
mmol) was converted into ether 23 (0.762 g, 45%).

colorless powder; 'H NMR (400 MHz, CDCl5) o: 7.92 (dd, J=10.4, 0.9 Hz, 1H), 7.57-7.69 (m, 2H),
7.52 (d, J=9.4 Hz, 1H), 7.31-7.45 (m, 5H), 5.39 (d, /= 9.0 Hz, 1H), 4.99 (d, /= 9.0 Hz, 1H), 3.96
(d, J=15.7 Hz, 1H), 3.52 (d, J = 15.7 Hz, 1H); LRMS (ESI): m/z 538 [M+Na]".

Pd/C (5 mol%)
H, (1 atm)

EtOH, rt, 24 h
52%

23 29
2-Hydroxy-3-(2-ox0-2-(perfluorophenyl)ethyl)-3-(trifluoromethyl)isoindolin-1-one (29)
According to the procedure C, benzyl ether 23 (173 mg, 0.336 mmol) was converted into 29 (74.6
mg, 52%).
colorless powder; 'H NMR (400 MHz, CDCl3) &: 7.75-7.86 (m, 1H), 7.48-7.72 (m, 3H), 4.16 (d, J=
12.5 Hz, 0.5H), 4.03 (d, /= 16.6 Hz, 0.5H), 3.70 (d, /= 16.6 Hz, 0.5H), 3.50 (d, /= 12.5 Hz, 0.5H);
LRMS (ESI): m/z 448 [M+Na]".
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19e
Me Me (2.0 eq)

O AgOTf (1.7 eq)

EtsN (2.0 e
[ :[ /;N—OBn 3N ( q)
toluene
FsC CI rt, 13 h

54%

4 24

2-Benzyloxy-3-[2-(2,4,6-trimethylphenyl)-2-oxoethyl]-3-trifluoromethylisoindolin-1-one (24)
According to the procedure D in which 19e was used as the enolate instead, chloride 4 (1.03 g, 3.00
mmol) was converted into ether 24 (0.760 g, 54%).

colorless powder; 'H NMR (400 MHz, CDCls) &: 7.98 (d, J = 6.3 Hz, 1H), 7.52-7.66 (m, 2H),
7.45-7.52 (m, 3H), 7.31-7.40 (m, 3H), 6.67 (s, 1H), 5.54 (d, /= 9.0 Hz, 1H), 5.02 (d, /= 9.0 Hz, 1H),
3.70 (d, J = 18.8 Hz, 1H), 3.44 (d, J = 18.8 Hz, 1H), 2.18 (s, 3H), 1.82 (s, 6H); LRMS (ESI): m/z
490 [M+Na]".

Pd/C (10 mol%)
H, (1 atm)

EtOH, rt, 5 h
96%

24 30
2-Hydroxy-3-[(2-(2,4,6-trimethylphenyl)-2-oxoethyl]-3-trifluoromethylisoindolin-1-one (30)
According to the procedure C, benzyl ether 24 (542 mg, 1.16 mmol) was converted into 30 (419 mg,
96%).
pale pink powder; 'H NMR (500 MHz, CDCls) 6:10.46 (brs, 1H), 7.88 (d, J= 7.5 Hz, 1H), 7.59 (dd,
J=17.5,7.5Hz, 1H), 7.53 (d, J=7.5 Hz, 1H), 7.50 (d, /= 7.5 Hz, 1H), 6.79 (s, 2H), 3.94 (d, J=18.3
Hz, 1H), 3.37 (d, J= 18.3 Hz, 1H), 2.25 (s, 3H), 2.09 (s, 6H); LRMS (ESI): m/z 400 [M+Na]".

OTMS
x_ Me
Ph 19f
Me (2.0eq) o
o AgOTf (1.7 eq)
Et3N (2.0 eq) N—OBn
N—OBn
toluene, 0 °C to rt FsC Mo
FsC ClI 8 h, 54% Me
O Ph
4 25
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2-Benzyloxy-3-(2-methyl-1-oxo-1-phenylpropan-2-yl)-3-trifluoromethylisoindolin-1-one (25)
According to the procedure D in which 19f was used as the enolate instead, chloride 4 (1.03 g, 3.00
mmol) was converted into ether 25 (0.791 g, 54%).

colorless powder; '"H NMR (400 MHz, CDCl;) 8: 7.91 (dd, J= 7.6, 1.4 Hz, 1H), 7.51-7.62 (m, 5H),
7.31-7.40 (m, 3H), 7.21 (ddd, J= 7.6, 1.4, 1.4 Hz, 1H), 6.93-7.04 (m, 4H), 5.54 (d, J = 8.5 Hz, 1H),
5.09 (d, J= 8.5 Hz, 1H), 1.61 (s, 3H), 1.41 (s, 3H); LRMS (ESI): m/z 476 [M+Na]".

0 o)
Pd/C (10 mol%)
N-OBn H, (1 atm) N-OH
Fc” e Me EtOH, rt, 3h F.c” e Me
Me 80% Me
07 Ph 0”7 Ph
25 31

2-Hydroxy-3-(2-methyl-1-oxo0-1-phenylpropan-2-yl)-3-trifluoromethylisoindolin-1-one (31)
According to the procedure C, benzyl ether 25 (704 mg, 1.55 mmol) was converted into 31 (448 mg,
80%).

colorless powder; 'H NMR (400 MHz, acetone-ds) 6: 7.87 (d, J= 7.6 Hz, 1H), 7.73 (d, J = 7.6 Hz,
1H), 7.68-7.79 (m, 2H), 7.50-7.58 (m, 2H), 7.38-7.46 (m, 3H), 6.31 (brs, 1H), 1.19 (s, 3H), 1.01 (s,
3H); LRMS (APCI): m/z 386 [M+Na]".

BrCF,CO,Et (1.5 eq)

% RhCI(PPhs); (1.00 mol%) 0
Et,Zn (1.5 eq)
N—OBn N—-OBn
CH4CN, 0 °C to rt

o 22 h, 70% EtO,CF,C OH

32 33

Ethyl 2-(2-(benzyloxy)-1-hydroxy-3-oxoisoindolin-1-yl)-2,2-difluoroacetate (33)

To a solution of phthalimide 32 (2.53 g, 10.0 mmol), RhCI(PPhs); (92.5 mg, 0.100 mmol),
BrCF,CO,Et (1.92 mL, 15.0 mmol) in CH3CN (50 mL), Et,Zn (1.0 M in n-hexane, 15.0 mL, 15.0
mmol) was added dropwise at 0 °C. The reaction mixture was stirred for 22 h (0 °C to rt). IN HCI aq.
was added to the mixture, and extracted with EtOAc. The organic layer was washed with brine, dried
over Na,SOy, filtered, and evaporated under reduced pressure. The residue was purified with flash
column chromatography (SiO,, n-hexane:acetone = 4:1 — 3:1) to afford alcohol 33 (2.66 g, 70%).
colorless powder; 'H NMR (500 MHz, CDCl,) &: 7.83 (d, J= 7.4 Hz, 1H), 7.67-7.73 (m, 3H), 7.49
(dd, J=6.3, 1.8 Hz, 2H), 7.35-7.41 (m, 3H), 5.62 (brs, 1H), 5.26 (d, /= 9.8 Hz, 1H), 5.05 (d, /=9.8
Hz, 1H), 4.06-4.14 (m, 1H), 3.87-3.92 (m, 1H), 1.05 (td, J = 7.5, 1.2 Hz, 3H); LRMS (ESI): m/z 400
[M+Na]".

81



O

N-OBn
EtO,CF,C~ 'OH
33

MsCI (1.5 eq) O
Et3N (1.6 eq)
N—OBn
CH,Cl,,0°Ctort
2 h, 93% EtO,CF,C ClI
34

Ethyl 2-[2-(benzyloxy)-1-chloro-3-oxoisoindolin-1-yl]-2,2-difluoroacetate (34)

According to the procedure described for the preparation of the chloride 42 from alcohol 41a, the
alcohol 33 (1.51 g, 4.00 mmol) was converted into chloride 34 (1.47 g, 93%).

colorless powder; '"H NMR (500 MHz, CDCls) é: 7.83 (d, J= 7.5 Hz, 1H), 7.75 (d, J= 7.5 Hz, 1H),
7.70 (dd, J= 6.3, 6.3 Hz, 1H), 7.61 (dd, J = 7.5, 7.5 Hz, 1H), 7.56 (d, J = 6.3 Hz, 2H), 7.33-7.42 (m,
3H), 5.33 (s, 2H), 4.02 (q, J = 7.5 Hz, 2H), 0.96 (t, J= 7.5 Hz, 3H); LRMS (ESI): m/z 418 [M+Na]".

] AgOTf (1.7 eq) O
MeOH (1.2 eq)
N—OBn N—OBn
toluene, 0 °C to rt
EtO,CF,C CI 2h,91% EtO,CF,C CI
34 35

Ethyl 2-(2-(benzyloxy)-1-methoxy-3-oxoisoindolin-1-yl)-2,2-difluoroacetate (35)

According to the procedure B, chloride 34 (790 mg, 2.00 mmol) was converted into ether 35 (713
mg, 91%).

colorless powder; 'H NMR (500 MHz, CDCls) 6: 7.86 (dd, J= 7.5, 1.2 Hz, 1H), 7.57-7.69 (m, 3H),
7.54 (d, J=17.5 Hz, 2H), 7.31-7.41 (m, 3H), 3.98-4.15 (m, 2H), 3.02 (s, 3H), 1.05 (td, /= 6.9, 1.2 Hz,
3H); LRMS (ESI): m/z 392 [M+H]".

o) Pd/C (5 mol%) o)
H, (1 atm)
N-OBn N-OH
EtOH, rt, 2 h

EtO,CF,C~ 'OMe 86% EtO,CF,C~ 'OMe

35 36
2-Hydroxy-3-methoxy-3-(1-ethoxycarbonyl-1,1-difluoromethyl)isoindolin-1-one (36)
According to the procedure C, benzyl ether 35 (300 mg, 0.767 mmol) was converted into 36 (200 mg,
86%).
colorless powder; "H NMR (400 MHz, acetone-dg) 6: 9.11 (brs, 1H), 7.65-7.83 (m, 4H), 4.23 (q, J =
7.2 Hz), 3.01 (s, 3H), 1.17 (t,J = 7.2 Hz, 3H); LRMS (ESI): m/z 324 [M+Na]".

N02 o N02 O
H,NOBnN-HCI (1.0 eq)
O N—OBn
xylene, reflux, 3 h
O 90% o)
37 38
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2-Benzyloxy-4-nitroisoindoline-1,3-dione (38)

A suspension of 3-nitrophthalic anhydride (37) (1.00 g, 5.18 mmol) and H,NOBn-HCI (827 mg, 5.18
mmol) in xylene (19 mL) was heated to reflux for 3 h with Dean-Stark apparatus. The mixture was
evaporated under reduced pressure. The residue was triturated with EtOH to afford 38 (1.39 g, 90%).
pale yellow powder; "H NMR (500 MHz, DMSO-dy) &: 8.30 (d, J= 8.0 Hz, 1H), 8.15 (d, /= 8.0 Hz,
1H), 8.06 (dd, J = 8.0, 8.0 Hz, 1H), 7.50-7.55 (m, 2H), 7.38-7.45 (m, 3H), 5.17 (s, 2H); °C NMR
(125 MHz, DMSO-ds) &: 161.17, 158.81, 144.11, 136.42, 134.02, 130.53, 129.66 (2C), 129.18,
128.69, 128.52 (2C), 127.03, 120.62, 79.48; IR (KBr, cm™") v: 3449, 3109, 3048, 2952, 2896, 1793,
1732, 1545, 1350, 1144, 1005, 865, 699; LRMS (ESI): m/z 321 [M+Na]"; HRMS (ESI): m/z calcd
for C;sH;;N,OsNa [M+Na]" 321.0482 found 321.0497.

NO, o Fe powder (10.0 eq) NH2 o
NH,4CI (0.6 eq)
N—-OBn N—OBn
H0, reflux
% 2h, 51% ()
38 39

4-Amino-2-benzyloxyisoindoline-1,3-dione (39)

A suspension of nitro 38 (34.0 g, 0.114 mol), Fe powder (63.7 g, 1.14 mol), and NH4CI (3.66 g,
0.0684 mol) in H,O (380 mL) was heated to reflux for 2 h. The mixture was diluted with HO and
CH,Cl,, and filtered over Celite. The organic layer was separated. The aqueous layer was extracted
with CH,Cl,. The combined organic layer was washed with H,O and brine, dried over Na,SO,,
filtered, and evaporated under reduced pressure. The residue was triturated with Et,O to afford
amine 39 (15.4 g, 51%).

yellow powder; 'H NMR (400 MHz, DMSO-dy) &: 7.32-7.57 (m, 6H), 6.89-7.04 (m, 2H), 6.50 (brs,
2H), 5.11 (s, 2H); °C NMR (125 MHz, DMSO-d;) &: 164.58, 163.36, 146.56, 135.43, 134.32,
129.56 (2C), 128.98 (2C), 128.41 (2C), 122.14, 111.05, 105.05, 79.07; IR (KBr, cm™") v: 3479, 3336,
3032, 1759, 1715, 1630, 1481, 1385, 1181, 1026, 903, 730; LRMS (ESI): m/z 291 [M+Na]’; HRMS
(ESI): m/z caled for CsH,,N,03Na [M+Na]" 291.0740 found 291.0732.

NaNO, (1.2 eq)

NH, o Kl (1.5 eq) ' o)
3N HCl aq
N-OBn N-OBn
CH4CN, H,0
0°C,1.5h
© 74% ©
39 40

2-Benzyloxy-4-iodoisoindoline-1,3-dione (40)
To a suspension of amine 39 (15.4 g, 57.4 mmol) and 3 N HCI aq. (165 mL) in CH5CN (674 mL),
NaNO, (4.75 g, 68.9 mmol) in H,O (57.4 mmol) was added dropwise at 0 °C, and the mixture was
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stirred for 0.5 h at the same temperature. To the mixture, KI (14.3 g, 86.1 mmol) in H,O (57.4 mL)
was added at 0 °C, and the mixture was stirred for 1 h at the same temperature. To the mixture,
CH,Cl, was added, and the phases were separated. The aqueous layer was extracted with CH,Cl,.
The combined organic layer was washed with 20% Na,S,0; aq., HO and brine, dried over Na,SOy,,
filtered, and evaporated under reduced pressure. The residue was triturated with n-hexane:EtOAc =
2:1 to afford iodide 40 (16.1 g, 74%).

white powder; "H NMR (400 MHz, CDCI;) 6: 8.09 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 7.2 Hz, 2H),
7.49-7.54 (m, 2H), 7.32-7.42 (m, 3H), 5.19 (s, 2H); *C NMR (100 MHz, CDCl;) &: 162.34, 161.39,
145.55, 134.94, 133.44, 130.82, 129.80 (2C), 129.53, 129.33, 128.52 (2C), 123.21, 88.76, 79.94; IR
(KBr, cm™) v: 3501, 3079, 3033, 1790, 1742, 1455, 1391, 1146, 984, 876, 718; LRMS (ESI): m/z
402 [M+Na]"; HRMS (ESI): m/z caled for Ci¢H;FsINO;Na [M+Na]" 401.9598 found 401.9590.

I o TMSCF; (1.3 eq) o ! FsC on
CsF (1.3 eq) N
N—OBn N-OBn + N—OBn

DMF

0°Ctort OH

FsC
© 13h 3 o
40 41a (46%) 41b (36%)

2-Benzyloxy-3-hydroxy-7-iodo-3-trifluoromethylisoindolin-1-one (41a) and 4-iodo isomer (41b)

To a solution of phthalimide 40 (16.0 g, 42.2 mmol) and CsF (8.34 g, 54.9 mmol) in DMF (422 mL),
TMSCF; (8.13 mL, 54.9 mmol) was added dropwise at 0 °C. The mixture was stirred for 0.5 h at 0
°C, then for 12 h at rt. To the mixture, H,O was added at 0 °C, and the whole was extracted with
EtOAc for 3 times. The combined organic layer was washed with 1 N HCI aq., H,O for 3 times and
brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was triturated
with Et,O to afford alcohol 41a (6.54 g, 35%). The mother liquor was evaporated under reduced
pressure, and the residue was purified with flash column chromatography (SiO,, n-hexane:EtOAc =
9:1 — 1:1) to afford alcohol 41a (2.11 g, 11%) and 41b (6.86 g, 36%).

compound 41a: white powder; 'H NMR (400 MHz, acetone-dy4) o: 8.16 (dd, J = 7.6, 0.9 Hz, 1H),
7.81 (dd, J=17.6, 0.9 Hz, 1H), 7.51-7.60 (m, 3H), 7.35-7.46 (m, 3H), 5.31 (d, J= 9.4 Hz, 2H), 5.19
(d, J = 9.4 Hz, 2H); C NMR (100 MHz, acetone-dy) &: 163.88, 143.81, 141.61, 135.89, 135.52,
130.22 (2C), 129.57 (2C), 129.19 (2C), 124.96 (q, J = 1.9 Hz), 123.57 (q, J = 286.6 Hz), 89.65,
86.33 (q, J = 33.8 Hz), 80.52; '’F NMR (368 MHz, acetone-ds) &: —79.43 (s, 3F); IR (KBr, cm™) v:
3254, 3031, 1717, 1460, 1376, 1198, 989, 946, 794, 714; LRMS (ESI): m/z 472 [M+Na]"; HRMS
(ESI): m/z caled for C¢H;FsINOsNa [M+Na]" 471.9628 found 471.9618.

compound 41b: white powder; 'H NMR (400 MHz, acetone-dy) &: 8.25 (d, J = 7.6 Hz, 1H), 7.85 (d,
J=17.6 Hz, 1H), 7.56 (d, J= 7.2 Hz, 2H), 7.34-7.49 (m 4H), 5.29 (d, J=9.9 Hz, 1H), 5.22 (d,J=9.9
Hz); "C NMR (100 MHz, acetone-dq) &: 162.90, 146.79, 139.73, 136.00, 133.77, 132.91, 130.10
(20), 129.49, 129.12 (2C), 124.14, 123.93 (q, J = 290.3 Hz), 90.14 (q, J = 32.9 Hz), 90.10, 80.84;
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'F NMR (368 MHz, acetone-d;) 8: —75.41 (s, 3F); IR (KBr, cm™) v: 3169, 2956, 2885, 1702, 1574,
1461, 1372, 1251, 1191, 1092, 870, 760, 700; LRMS (ESI): m/z 472 [M+Na]"; HRMS (ESI): m/z
caled for C1gH, FsINO;Na [M+Na] 471.9628 found 471.9624.

' o) MsCI (1.5+0.3 eq) ! o)
EtsN (1.5+0.3 eq)
N-OBn N-OBn
CHQC|2, O°Ctort

F,C OH 15 h, 94% FsC Cl

41a 42
2-Benzyloxy-3-chloro-7-iodo-3-trifluoromethylisoindolin-1-one (42)
To a suspension of alcohol 41a (8.64 g, 19.2 mmol) in CH,Cl, (192 mL), Et;N (4.26 mL, 28.8
mmol) and MsClI (2.23 mL, 30.7 mmol) were added at 0 °C, and the mixture was stirred for 0.5 h at
0 °C, then for 13 h at rt. To the mixture, Et;N (798 uL, 5.76 mmol) and MsCl (446 pL, 5.76 mmol)
were added at rt, and the mixture was stirred for 1 h at rt. To the mixture, H,O was added and the
phases were separated. The aqueous layer was extracted with CH,Cl,. The combined organic layer
was washed with brine, dried over Na,SOy,, filtered, and evaporated under reduced pressure. The
residue was purified with flash column chromatography (SiO,, n-hexane:EtOAc = 19:1 — 9:1) to
afford chloride 42 (8.46 g, 94%).
white powder; 'H NMR (400 MHz, acetone-dy) 6: 8.28 (dd, J=9.3, 0.9 Hz, 1H), 7.93 (dd, J="7.7,
0.9 Hz, 1H), 7.67 (dd, J = 7.6, 7.6 Hz, 1H), 7.57-7.62 (m, 2H), 7.41-7.49 (m, 3H), 542 (d, /=94
Hz, 1H), 5.27 (d, J = 9.4 Hz, 1H); >C NMR (100 MHz, acetone-ds) &: 163.85, 144.63, 140.68,
136.46, 135.07, 130.46 (2C), 129.93, 129.33 (2C), 128.34, 125.13 (q, J = 1.9 Hz), 122.46 (q, J =
283.8 Hz), 90.85, 80.48, 79.00 (q, J = 36.6 Hz); "’F NMR (368 MHz, acetone-dy) 8: —76.34 (s, 3F);
IR (KBr, cm™) v: 3484, 3069, 3033, 2960, 2897, 1752, 1456, 1264, 1171, 977, 903, 713; LRMS
(ESI): m/z 490 [M+Na]"; HRMS (ESI): m/z calcd for C,¢H,(CIF;INO,Na [M+Na]" 489.9289 found
489.9300.

| 0 AgOTI (1.7 eq) ' 0
MeOH (1.2 eq)
N—OBn N—OBn
toluene, 0 °C to rt
FsC CI 37 h, 52% F;C OMe
42 43

2-Benzyloxy-7-iodo-3-methoxy-3-(trifluoromethyl)isoindolin-1-one (43)

According to the procedure B, chloride 42 (4.09 g, 8.75 mmol) was converted into ether 43 (2.09 g,
52%).

white powder; "H NMR (400 MHz, acetone-dy) 8: 8.23 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 7.6 Hz, 1H),
7.56-7.63 (m, 3H), 7.35-7.46 (m, 3H), 5.29 (d, J = 10.0 Hz, 1H), 5.20 (d, /= 10.0 Hz, 1H), 3.13 (s,
3H); °C NMR (100 MHz, acetone-dq) &: 164.68, 144.40, 137.53, 135.84, 135.68, 131.27, 130.16

85



(2C), 129.65, 129.24 (2C), 125.44, 122.93 (q, J = 285.6 Hz), 90.82 (q, J = 32.9 Hz), 90.32, 79.88,
51.83; F NMR (368 MHz, acetone-ds) 6: —78.29 (s, 3F); IR (KBr, cm'l) v: 3466, 3077, 3029, 2965,
2898, 1742, 1456, 1276, 1187, 986, 869, 724, 697; LRMS (ESI): m/z 486 [M+Na]"; HRMS (ESI):
m/z caled for C17H 3F3INO;Na [M+Na]" 485.9784 found 485.9781.

| 0 (PPh3)3CuCF3 (1.1+0.2 eq) CF; o
4,4-dtbpy (1.1+0.2 eq)
N—-OBn N-OBn
toluene, 80 °C
F;C© OMe 24 h, 48% FsC° OMe
43 45

2-Benzyloxy-3-methoxy-3,7-bistrifluoromethylisoindolin-1-one (45)

The mixture of iodide 43 (100 mg, 0.216 mmol), (PPh3);CuCF; (218 mg, 0.237 mmol) and
4,4'-di-tert-butyl-2,2'-bipyridyl (63.6 mg, 0.237 mmol) in toluene (2.2 mL) was stirred for 20 h at 80
°C. To the mixture, (PPh;);CuCF; (39.7 mg, 0.0432 mmol) and 4,4'-di-tert-butyl-2,2'-bipyridyl (11.6
mg, 0.0432 mmol) were added and the mixture was stirred for 4 h at 80 °C. The mixture was diluted
with EtOAc, washed with H,O, 28% NH; aq., H;O and brine, dried over Na,SO,, filtered and
evaporated under reduced pressure. The residue was purified with flash column chromatography
(S10,, n-hexane:EtOAc = 19:1 — 9:1) to afford trifluoromehylated compound 45 (41.7 mg, 48%).
white powder; 'H NMR (400 MHz, CDCly) o: 7.94 (dd. J = 4.3 Hz, 1H), 7.81 (d, J = 4.3 Hz, 2H),
7.54 (d, J = 5.9 Hz, 2H), 7.32-7.44 (m, 3H), 5.32 (d, J = 9.7 Hz, 1H), 5.13 (d, J = 9.7 Hz, 1H); °C
NMR (100 MHz, CDCls) 6: 162.44, 137.00, 134.30, 133.52, 129.63 (2C), 129.23 (q, J = 4.8 Hz),
129.04 (2C), 128.53, 127.74, 127.83, (q, J = 28.8 Hz), 127.81, 122.00 (q, J = 274.8 Hz), 121.86 (q, J
= 286.7 Hz), 97.78 (q, J = 36.0 Hz), 79.20, 51.49; "’F NMR (368 MHz, CDCl;) 8: —=60.96 (s, 3F),
—77.67 (s, 3F); IR (KBr, cm™) v: 3584, 3388, 2918, 2847, 1755, 1604, 1325, 1173, 989, 760, 641;
LRMS (ESI): m/z 428 [M+Na]"; HRMS (ESI): m/z caled for C sH ;F{NOsNa [M+Na]" 428.0692
found 428.0701.

CFs o Pd/C (10 mol%) CF; o
H, (1 atm)
N-OBn N-OH
EtOH, rt, 12 h
FsC OMe 99% FsC° OMe
45 53

2-Hydroxy-3-methoxy-3,7-bistrifluoromethylisoindolin-1-one (53)

According to the procedure C, the benzyl ether 45 (38.0 mg, 0.0938 mmol) was converted into 53
(29.4 mg, 99%).

white powder; "H NMR (400 MHz, CDCls) 8: 7.76-7.92 (m, 3H), 3.17 (s, 3H); °C NMR (125 MHz,
CDCly) &: 162.91, 137.07, 133.36, 129.11, 127.78 (q, J = 36.0 Hz), 127.61, 127.56, 121.89 (q, J =
273.5 Hz), 121.55 (q, J = 286.7 Hz), 90.60 (q, J = 33.6 Hz), 51.65; °’F NMR (368 MHz, CDCl;) &:
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~60.86 (s, 3F), —78.04 (s, 3F); IR (KBr, cm™) v: 3426, 3178, 2954, 1734, 1610, 1509, 1329, 1195,
1135, 1016, 983, 878, 812, 704; LRMS (ESI): m/z 338 [M+Na]'’; HRMS (ESI): m/z calcd for
C11H,FsNO;Na [M+Na]" 338.0222 found 338.0226.

' o)
' o) AgOTf (1.7 eq)
N—OBn
toluene, 0 °C F,C O
FsC~ CI 2 h, 98%
CF3
42 44

2-Benzyloxy-7-iodo-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1-one (44)

According to the procedure B in which 2,2,2-trifluoroenthanol was used as the alcohol instead, the
chloride 42 (0.935 g, 2.00 mmol) was converted into ether 44 (1.04 g, 98%).

white powder; 'H NMR (400 MHz, acetone-dy) o: 8.27 (dd, J=17.6, 0.9 Hz, 1H), 7.84 (d, J= 8.1 Hz,
1H), 7.64 (dd, J= 7.6, 7.6 Hz, 1H), 7.63 (dd, J = 7.6, 1.8 Hz, 2H), 7.37-7.48 (m, 3H), 5.26-5.33 (m,
2H), 4.00-4.11 (m, 1H), 3.82-3.94 (m, 1H); "C NMR (100 MHz, acetone-ds) &: 164.82, 145.00,
136.40, 136.08, 135.67, 131.28, 130.14, 129.77, 129.34, 125.76 (q, J = 1.9 Hz), 124.36 (q, J=276.3
Hz), 122.50 (q, J = 286.6 Hz), 90.86, 90.59 (q, J = 32.9 Hz), 80.23, 62.20 (q, J = 35.7 Hz); "’F NMR
(368 MHz, acetone-ds) 6: —74.61 (s, 3F), —=77.85 (s, 3F); IR (KBr, cm'l) v: 3482, 3034, 2941, 2873,
1754, 1584, 1463, 1283, 1190, 1002, 953, 874, 798, 727; LRMS (ESI): m/z 554 [M+Na]"; HRMS
(ESI): m/z caled for CgH,FJINOsNa [M+Na]" 553.9658 found 553.9634.

| Ie) CF; o
(PPh3)3CuCF; (1.3 eq)
N—-OBn 4,4-dtbpy (13 eq) N—-OBn
F,C° O toluene, 80 °C F,C° O
24 h, 87%
CF3 CF3
44 46

2-Benzyloxy-3-(2,2,2-trifluoroethoxy)-3,7-bistrifluoromethylisoindolin-1-one (46)

According to the procedure described for the preparation of the trifluoromehyl compound 45 from
iodide 43, the iodide 44 (444 mg, 0.837 mmol) was converted into trifluoromethyl compound 46
(346 mg, 87%).

white powder; 'H NMR (400 MHz, CDCLy) &: 7.98 (d, J = 4.5 Hz, 1H), 7.86 (d, J = 4.5 Hz, 1H),
7.52 (d, J = 5.4 Hz, 2H), 7.37-7.41 (m, 3H), 5.32 (d, J =9.9 Hz, 1H), 5.16 (d, J = 9.9 Hz, 1H),
3.14-5.52 (m, 1H), 3.13-3.24 (m, 1H); °C NMR (125 MHz, CDCLy) &: 162.45, 136.03, 134.25,
134.15, 129.98 (q, J = 6.0 Hz), 129.56 (2C), 129.23 (2C), 128.65 (2C), 128.3 (q, J = 34.8 Hz),
128.04, 122.59 (q, J = 277.1 Hz), 121.85 (q, J = 274.7 Hz), 121.38 (q, J = 286.7 Hz), 90.18 (q, J =
34.8 Hz), 79.40, 61.51 (g, J = 36.0 Hz); ’F NMR (368 MHz, CDCl3) &: —61.05 (s, 3F), —74.06 (s,
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3F), —77.24 (s, 3F); IR (KBr, em™) v: 3512, 3439, 3043, 2967, 2898, 1770, 1611, 1330, 1182, 980,
873, 820, 693; LRMS (ESI): m/z 496 [M+Na]"; HRMS (ESI): m/ caled for CioH,FoNO;Na
[M+Na]" 496.0566 found 496.0546.

CF3 (o) CF3 O
Pd/C (5 mol%)
N-OBn Hz (1 atm) N-OH
F,¢° O EtOH, rt, 36 h
95%

CF3 CF3
46 54

2-Hydroxy-3-(2,2,2-trifluoroethoxy)-3,7-bistrifluoromethylisoindolin-1-one (54)

According to the procedure C, the benzyl ether 46 (300 mg, 0.634 mmol) was converted into 54 (233
mg, 95%).

white powder; 'H NMR (500 MHz, CDCl;) 6: 7.94 (d, J= 8.0 Hz, 1H), 7.83-7.91 (m, 2H), 4.01-4.12
(m, 1H), 3.31-3.38 (m, 1H); °C NMR (125 MHz, CDCl5) &: 163.18, 136.15, 134.12, 129.82 (q, J =
6.0 Hz), 128.07 (q, J = 36.0 Hz), 127.96, 127.15, 122.71 (q, J = 277.1 Hz), 121.73 (q, J = 273.5 Hz),
121.10 (q, J = 286.7 Hz), 90.13 (q, J = 33.6 Hz), 61.86 (q, J = 37.2 Hz); "’F NMR (368 MHz,
CDCl3) 8: —61.14 (s, 3F), —74.33 (s, 3F), —77.55 (s, 3F); IR (KBr, cm™) v: 3419, 3207, 2968, 1724,
1332, 1296, 1178, 984, 885, 811, 689; LRMS (ESI): m/z 406 [M+Na]"; HRMS (ESI): m/z calcd for
C1,HgFoNO3Na [M+Na]" 406.0096 found 406.0103.

General Procedure for Suzuki-Miyaura Reaction (Procedure E)

trimethyl boroxine (1.5+1.5 eq)

I o PdCl,(dppf)*CH,Cly (10 mol%) Me o
K2CC)3 (20 eq)
N—-OBn N—-OBn
dioxane, H,O
F;C OMe reflux, 3 h, 97% F,¢~ "OMe
43 47

2-Benzyloxy-3-methoxy-7-methyl-3-trifluoromethylisoindolin-1-one (47)

The mixture of iodide 43 (100 mg, 0.216 mmol), trimethyl boroxine (45uL, 0.324 mmol).
PdCl,(dppf) -CH,CI, (17.6 mg, 0.0216 mmol), K,CO;5 (59.7 mg 0.432 mmol) in 1,4-dioxane (2.2
mL) and H,O (0.22 mL) was heated to reflux for 3 h. To the mixture was added trimethyl boroxine
(45uL, 0.324 mmol), and the mixture was heated to reflux for 14 h. The mixture was diluted with
H,0 and EtOAc, and filtered over the Celite. The filtrate was separated. The organic layer was
washed with H,O and brine, dried over Na,SQ,, filtered, and evaporated under reduced pressure.
The residue was purified with flash column chromatography (SiO,, n-hexane:EtOAc = 9:1) to afford
47 (73.3 mg, 97%) as a colorless oil.

colorless oil; '"H NMR (400 MHz, CDCls) 8: 7.50-7.58 (m, 3H), 7.32-7.44 (m, 5H), 5.28 (d, J=9.9
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Hz, 1H), 5.12 (d, J= 9.9 Hz, 1H), 2.98 (s, 3H), 2.70 (s, 3H); LRMS (ESI): m/z 374 [M+Na]".

Me o Pd/C (5 mol%) Me o
H, (1 atm)
N-OBn N-OH
EtOH, rt, 16 h
F;C© OMe 81% FsC° OMe
47 55

2-Hydroxy-3-methoxy-7-methyl-3-(trifluoromethyl)isoindolin-1-one (55)

According to the procedure C, the benzyl ether 47 (70.0 mg, 0.199 mmol) was converted into 55
(42.2 mg, 81%).

colorless powder; 'H NMR (400 MHz, acetone-dg) o: 7.63 (dd, J = 7.6, 7.6 Hz, 1H), 7.42-7.50 (m,
3H), 3.04 (s, 3H), 2.83 (s, 3H); LRMS (ESI): m/z 284 [M+Na]".

PhB(OH), (1.3 eq)
I O PdCl,(dppf)*CH,CI, (10 mol%)

K,CO3 (2.0 eq) 1)

N-OBn

dioxane, H,O N—OBn

F;C OMe reflux, 20 h, 99%
F3C OMe
43 48

2-Benzyloxy-3-methoxy-7-phenyl-3-trifluoromethylisoindolin-1-one (48)

According to the procedure E in which PhB(OH), was used as the boronic acid instead, iodide 43
(200 mg, 0.432 mmol) was converted into ether 48 (177 mg, 99%).

colorless powder; "H NMR (400 MHz, CDCls) 6: 7.66 (dd, J= 7.6, 7.6 Hz, 1H), 7.35-7.56 (m, 9H),
7.24-7.34 (m, 3H), 5.21 (d, /= 9.9 Hz, 1H), 5.03 (d, /= 9.9 Hz, 1H), 2.97 (s, 3H); LRMS (ESI): m/z
436 [M+Na]'.

0 Pd/C (5 mol%) O

Hy (1 atm) Q
N-OBn
EtOH, rt, 24 h O N-OH
0,
FsC” OMe 88% F.c” OMe
48 56

2-Hydroxy-3-methoxy-7-phenyl-3-(trifluoromethyl)isoindolin-1-one (56)

According to the procedure C, the benzyl ether 48 (136 mg, 0.421 mmol) was converted into 56 (120
mg, 88%).

colorless powder; 'H NMR (400 MHz, acetone-dy) 6: 7.86 (dd, J= 7.6, 7.6 Hz, 1H), 7.67 (ddd, J =
7.6, 7.6, 0.9 Hz, 2H), 7.53-7.58 (m, 2H), 7.38-7.47 (m, 3H), 3.13 (s, 3H); LRMS (ESI): m/z 346
[M+Na]".
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(" Lon,

(1.3 eq)

' 0 PdCl,(dppf)*CH,Cl, (10 mol%) I O

K>CO3 (2.0 eq) [0)
N—OBn
dioxane, H,O O N—OBn
FsC OMe reflux, 18 h, 99%
F;C OMe

43 49
7-[(1,1'-Biphenyl)-2-yl]-2-benzyloxy-3-methoxy-3-trifluoromethylisoindolin-1-one (49)
According to the procedure E in which 2-biphenylboronic acid was used as the boronic acid instead,
iodide 43 (200 mg, 0.432 mmol) was converted into ether 49 (209 mg, 99%).
colorless powder; 'H NMR (400 MHz, acetone-ds) o: 7.18-7.86 (m, 1H), 7.31-7.66 (m, 10H),
6.98-7.18 (m, 6H), 4.89-4.98 (m, 2H), 3.04 (s, 0.75H), 2.64 (s, 2.25H); LRMS (ESI): m/z 512
[M+Na]".

(6] Pd/C (5 mol%) O o
H, (1 atm)
N—OBn
O EtOH, rt, 12 h O N—-OH

FsC' OMe 60%

49 57

7-[(1,1'-Biphenyl)-2-yl]-2-hydroxy-3-methoxy-3-(trifluoromethyl)isoindolin-1-one (57)

According to the procedure C, the benzyl ether 49 (155 mg, 0.389 mmol) was converted into 57
(93.9 mg, 60%).

colorless powder; 'H NMR (400 MHz, acetone-ds) &: 7.58-7.76 (m, 1H), 7.36-7.46 (m, 6H),
6.96-7.11 (m, 5H), 3.08 (s, 1H), 2.67 (s, 2H); LRMS (ESI): m/z 422 [M+Na]".

EtO,C
B(OH), (1.3 eq) O

' o PACl,(dppf)*CH,Cl, (10 mol%)

K,COj3 (2.0 eq) EtO,C 0

N-OBn

dioxane, H,0O O N-OBn

F;C OMe reflux, 24 h, 95%
F3C OMe

43 50
Ethyl 2-(2-benzyloxy-1-methoxy-3-oxo-1-trifluoromethylisoindolin-4-yl)benzoate (50)

According to the procedure E in which [2-(ethoxycarbonyl)phenyl]boronic acid was used as the
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boronic acid instead, iodide 43 (200 mg, 0.432 mmol) was converted into ether 50 (199 mg, 95%).
colorless oil; "H NMR (400 MHz, CDCly) 6: 8.09 (d, J= 7.6 Hz, 1H), 7.24-7.73 (m, 12H), 5.23 (d, J
= 9.4 Hz, 0.5H), 5.21 (d, J = 9.4 Hz), 5.05 (d, J = 9.4 Hz, 0.5H), 5.00 (d, J = 9.4 Hz, 0.5C),
3.89-4.18 (m, 2H), 3.07 (s, 1.5H), 3.00 (s, 0.5H), 1.18 (t, J = 7.2 Hz, 1.5H), 0.97 (t, J = 7.2 Hz,
1.5H); LRMS (ESI): m/z 520 [M+Na]".

H, (1 atm)
N—OBn
O EtOH, rt, 36 h O N-CH

F;C© OMe 90%

50 58

Ethyl 2-[2-hydroxy-1-methoxy-3-oxo-1-(trifluoromethyl)isoindolin-4-yl]benzoate (58)

According to the procedure C, the benzyl ether 50 (164 mg, 0.338 mmol) was converted into 58 (121
mg, 90%).

colorless powder; 'H NMR (400 MHz, CDCl;) 6: 8.89 (brs, 1H), 7.98-8.03 (m, 1H), 7.31-7.69 (m,
4H), 7.14-7.23 (m, 1H), 3.79-4.05 (m, 2H), 3.00 (s, 1.5H), 2.88 (s, 1.5 H), 1.04 (t, /= 7.2 Hz, 1.5 H),
0.90 (t, J= 7.2 Hz, 1.5 H); LRMS (APCI): m/z 418 [M+Na]".

B(OH), (1.3 eq)

' (o] PdCl,(dppf)*CH,ClI, (10 mol%)

K,CO3 (2.0 eq) FsC 0

N—OBn

dioxane, H,O O N—OBn

F;C OMe reflux, 12 h, 93%
F3C OMe
43 51

2-Benzyloxy-3-methoxy-3-trifluoromethyl-7-(2-trifluoromethylphenyl)isoindolin-1-one (51)
According to the procedure E in which (2-trifluoromethylphenyl)boronic acid was used as the
boronic acid instead, iodide 43 (200 mg, 0.432 mmol) was converted into ether 51 (193 mg, 93%).
colorless oil; '"H NMR (400 MHz, CDCls) &: 7.52-7.82 (m, 5H), 7.42-7.50 (m, 3H), 7.29-7.39 (m,
4H), 5.22 (d, J=9.4 Hz, 1H), 5.03 (d, J= 9.4 Hz, 1H), 3.06 (s, 1H), 2.97 (s, 2H); LRMS (ESI): m/z
504 [M+Na]".
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F3C O
O N—OBn

F3C OMe

51

Pd/C (5 mol%)

(6]

Ha (1 atm)
EtOH, rt, 36 h O N-OH
989
% FSC OMe
59

2-Hydroxy-3-methoxy-3-trifluoromethyl-7-[ 2-(trifluoromethyl)phenyl]isoindolin-1-one (59)
According to the procedure C, the benzyl ether 51 (167 mg, 0.347 mmol) was converted into 59 (134
mg, 98%).

colorless powder; "H NMR (500 MHz, CDCls) &: 7.59-7.70 (m, 3H), 7.46-7.57 (m, 2H), 7.41 (d, J =
7.5 Hz, 1H), 7.27 (d, J = 7.5 Hz, 0.67H), 7.19 (d, J = 8.0 Hz, 0.33H), 2.99 (s, 1H), 2.84 (s, 2H);
LRMS (ESI): m/z 414 [M+Na]".

F3CO
B(OH),
1.3 e
' (6] PdCl,(dppf)*CH,Cl, (10 mol%)
K,COj3 (2.0 eq) F3CO 0
N—-OBn
dioxane, H,O O N—OBn
F;C OMe reflux, 8 h, 99%
F3C OMe
43 52

2-Benzyloxy-3-methoxy-7-[2-(trifluoromethoxy)phenyl]-3-trifluoromethylisoindolin-1-one (52)
According to the procedure E in which (2-trifluoromethylphenyl)boronic acid was used as the
boronic acid instead, iodide 43 (200 mg, 0.432 mmol) was converted into ether 52 (213 mg, 99%).
colorless powder; "H NMR (400 MHz, CDCly) &: 7.73 (dd, J= 7.7, 7.7 Hz, 1H), 7.63 (d, J = 7.2 Hz,
1H), 7.30-7.54 (m, 10H), 5.26 (d, J = 9.4 Hz, 1H), 5.07 (d, J = 9.4 Hz, 1H), 2.99 (s, 3H); LRMS
(ESI): m/z 520 [M+Na]".

O Pd/C (5 mol%) O O
F3CO F5CO F4CO

(6] H, (1 atm) (6] . (6]
O N-OBn EtOH, rt, 48 h O N-OH O N-OH
FsC° OMe FsC° OMe FsC OMe
52 60a 60b
(66%) (26%)

2-Hydroxy-3-methoxy-7-[2-(trifluoromethoxy)phenyl]-3-trifluoromethylisoindolin-1-one (60a) and

its romtamer (60b)
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According to the procedure C, the benzyl ether 52 (188 mg, 0.378 mmol) was converted into 60a
(101 mg, 66%) and 60b (40.4 mg, 26%).

60a: less polar: colorless powder; 'H NMR (500 MHz, CDCls) &: 7.72 (dd, J = 8.0, 8.0 Hz, 1H),
7.64 (d, J = 7.5 Hz, 1H), 7.32-7.51 (m, 5H), 6.20 (brs, 1H), 3.11 (s, 3H); LRMS (ESI): m/z 430
[M+Na]".

60b: more polar: colorless powder; 'H NMR (500 MHz, CDCl3) 8: 7.70 (dd, J = 7.5, 7.5 Hz, 1H),
7.59 (d, J= 7.5 Hz, 1H), 7.38-7.46 (m, 2H), 7.28-7.35 (m, 2H), 2.89 (s, 3H); LRMS (ESI): m/z 430
[M+Na]".

MsCI (1.5 eq)
o Et3N (1.6 eq) o 0
CH,Cl,
@N—OBn 0°Ctort, 30 h N-OBn + N—OBn
then LiCl (2.0 eq) OMe
| FsC OH MeOH | FsC © | FsC
rt, 14 h
41b 61 (59%) 62 (32%)

2-Benzyloxy-3-chloro-4-iodo-3-trifluoromethylisoindolin-1-one (61) and
2-Benzyloxy-4-iodo-3-methoxy-3-trifluoromethylisoindolin-1-one (62)

To a solution of alcohol 41b (1.00 g, 2.23 mmol) in CH,Cl, (22 mL), MsCI (259 uL, 3.35 mmol) and
Et;N (495 pL, 3.57 mmol) were added dropwise at 0 °C, and the mixture was stirred for 1 h at 0 °C,
then for 24 h at rt. To the mixture, MsCl (173 pL, 2.23 mmol) and Et;N (340 pL, 2.45 mmol) were
added at rt and stirred for 3 h at the same temperature. To the mixture, LiCl (189 mg, 4.46 mmol)
was added, and stirred for 12 h at rt. To the mixture, MeOH (5.0 mL) was added, stirred for 12 h at rt,
then H,O was added. The phases were separated. The aqueous layer was extracted with CH,Cl,. The
combined organic layer was washed with H,O, and brine, dried over Na,SO,, filtered, and
evaporated under reduced pressure. The residue was purified with flash column chromatography
(S10,, n-hexane:EtOAc = 19:1 — 9:1) to afford chloride 61 (630 mg, 59%) and ether 62 (335 mg,
32%).

chloride 61: white powder; 'H NMR (400 MHz, acetone-ds) 0: 8.44 (dd, J = 8.1, 1.4 Hz, 1H), 7.99
(dd, J=8.1, 0.9 Hz, 1H), 7.53-7.63 (m, 3H), 7.40-7.48 (m, 3H), 5.42 (d, J=9.4 Hz, 1H), 535 (d, J=
9.4 Hz, 1H); °C NMR (100 MHz, acetone-ds) &: 162.90, 146.79, 139.73, 136.00, 133.77, 132.92,
130.10 (2C), 129.49, 129.12 (2C), 124.14, 123.93 (q, J = 290.1 Hz), 90.14 (q, J = 32.9 Hz), 90.10,
80.84; "’F NMR (368 MHz, CDCl3) 8: —72.02 (s, 3F); IR (KBr, cm™) v: 3462, 3065, 2930, 2878,
1752, 1454, 1173, 1000, 915, 720; LRMS (ESI): m/z 490 [M+Na]"; HRMS (ESI): m/z calcd for
C16H,(CIF;INO,Na [M+Na]" 489.9289 found 489.9283.

ether 62: colorless oil; '"H NMR (400 MHz, CDCl3) &: 8.12 (dd, J = 7.6, 0.9 Hz, 1H), 7.88 (dd, J =
7.6, 0.9 Hz, 1H), 7.53 (dd, J = 7.2, 1.3 Hz, 2H), 7.32-7.42 (m, 2H), 7.30 (dd, J = 7.6, 7.6 Hz, 1H),
5.25 (d, J=10.3 Hz, 1H), 5.19 (d, J = 10.3 Hz, 1H), 3.15 (s, 3H); °C NMR (100 MHz, CDCls) &:
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164.17, 145.94, 136.28, 134.73, 133.15, 132.84, 129.19 (2C), 128.87, 128.46 (2C), 124.12, 122.12
(q, J = 289.4 Hz), 93.80 (q, J = 32.9 Hz), 89.95, 78.97, 51.54; '°’F NMR (368 MHz, CDCl;) &:
~73.41 (s, 3F); IR (neat, cm™) v: 3433, 1748, 1640, 1457, 1186, 1122, 1000, 733; LRMS (ESI): m/z
486 [M+Na]"; HRMS (ESI): m/z calcd for Ci7H;;F;INOsNa [M+Na]" 485.9784 found 485.9791.

trimethylboroxine (3.0 eq)
Pd(OAc), (10 mol%)

0 PPhs (20 mol%) o
K,CO3 (2.0 eq)
N—OBn N—-OBn
dioxane, H,O
| FsC OMe reflux, 18 h Me FaC OMe
87%
62 63

2-Benzyloxy-3-methoxy-4-methyl-3-trifluoromethylisoindolin-1-one (63)

The mixture of iodide 62 (330 mg, 0.712 mmol), trimethylboroxine (0.299 mL, 2.14 mmol),
Pd(OAc), (16.0 mg, 0.0712 mmol), PPh; (37.3 mg, 0.142 mmol), and K,CO; (197 mg, 1.42 mmol)
in dioxane (7.1 mL) and H,O (0.71 mL) was heated to reflux for 18 h. The mixture was diluted with
H,0 and extracted with EtOAc twice. The combined organic layer was washed with H,O and brine,
dried over Na,SQ,, filtered and evaporated under reduced pressure. The residue was purified with
flash column chromatography (SiO,, n-hexane:EtOAc = 19:1 — 9:1) to afford compound 63 (217
mg, 87%).

colorless oil; 'H NMR (400 MHz, CDCl;) &: 7.72 (d, J = 7.2 Hz, 1H), 7.30-7.56 (m, 7H), 5.26 (d, J
=10.3 Hz, 1H), 5.18 (d, J = 10.3 Hz, 1H), 3.05 (s, 3H), 2.46 (s, 3H); °C NMR (125 MHz, CDCL) &:
165.83, 136.41, 136.30, 134.95, 131.56, 131.52, 130.86, 129.26, 128.79, 128.44, 122.55 (q, J =
287.9 Hz), 121.97, 93.59 (q, J = 32.4 Hz), 78.92, 51.05, 17.80 (q, J = 3.6 Hz); "’F NMR (368 MHz,
CDCl3) 8: —75.41 (s, 3F); IR (neat, cm™) v: 3426, 2916, 1746, 1637, 1282, 1193, 1114, 1020, 735;
LRMS (ESI): m/z 374 [M+Na]"; HRMS (ESI): m/z caled for C sH ¢F;NOsNa [M+Na]" 374.0974
found 374.0978.

o) Pd/C (10 mol%) 0
H, (1 atm)
N—OBn N—OH
EtOH, rt, 16 h
M 90% M
MeFsC OMe ° MeFsC OMe
63 64

2-Hydroxy-3-methoxy-7-methyl-3-(trifluoromethyl)isoindolin-1-one (64)

According to the procedure C, the benzyl ether 63 (216 mg, 0.615 mmol) was converted into 64 (144
mg, 90%).

colorless powder; 'H NMR (400 MHz, acetone-dg) o: 7.63 (dd, J = 7.6, 7.6 Hz, 1H), 7.42-7.50 (m,
3H), 3.04 (s, 3H), 2.83 (s, 3H); LRMS (ESI): m/z 284 [M+Na]'".
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' o) PMBCI (1.1 eq) ' 0
Cl:‘lé DBU (1.1 eq) Cilé
N—-OH N-OPMB
DMF, 0 °C
2h, 97%

(0] (0]
65 66

4-lodo-2-(4-methoxybenzyloxy)isoindoline-1,3-dione (66)

To a solution of 4-iodo-NHPI (65) (5.03 g, 17.4 mmol) in DMF (35 mL), DBU (2.60 mL, 19.1

mmol) and PMBCI (2.80 mL, 19.1 mmol) were added at 0 °C and the mixture was stirred for 2 h at
the same temperature. H,O was added to the mixture and the resulted suspension was filtered. The
collected precipitate was triturated with iPr,O to afford ether 66 (6.88 g, 97%).

brown powder; 'H NMR (500 MHz, acetone-dy) 6: 8.24 (d, J= 7.5 Hz, 1H), 7.85 (d, J= 7.5 Hz, 1H),
7.58 (dd, J=17.5,7.5 Hz, 1H), 7.49 (d, J = 8.6 Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H), 5.15 (s, 2H), 3.80 (s,
3H); "C NMR (125 MHz, acetone-dy) &: 163.02, 162.14, 161.40, 146.40, 136.18, 132.37 (2C),

132.15, 130.83, 127.23, 123.76, 114.62 (2C), 88.94, 80.05, 55.54; IR (KBr, cm’") v: 3444, 3078,

2961, 2933, 2837, 1789, 1739, 1611, 1515, 1390, 1252, 1144, 982, 876, 814, 717, LRMS (ESI): m/z
432 [M+Na]’; HRMS (ESI): m/z caled for C;¢H,INO,Na [M+Na]" 431.9703 found 431.9722.

! o) TMSCF; (1.2 eq) ' o) 0
CsF (1.2 eq)
N—OPMB N-OPMB + N-OPMB
DMF, 0 °Ctort
66 67a (23%) 67b (23%)

3-Hydroxy-7-iodo-2-(4-methoxybenzyloxy)-3-trifluoromethylisoindolin-1-one (67a) and 4-iodo
isomer (67b)

According to the procedure described for the preparation of the alcohol 41a and 41b from
phthalimide 40, the phthalimide 66 (6.60 g, 16.1 mmol) was converted into alcohol 67a (1.77 g,
23%) and 67b (1.74 g, 23%).

alcohol 67a: white powder; 'H NMR (400 MHz, acetone-d;) 6: 8.15 (dd, J = 8.1, 0.9 Hz, 1H), 7.80
(d, J=8.1 Hz, 1H), 7.54 (dd, J= 8.1, 8.1 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 6.97 (d, /= 8.5 Hz, 2H),
5.24 (d, J=9.0 Hz, 1H), 5.12 (d, J = 9.0 Hz, 1H), 3.81 (s, 3H); >C NMR (100 MHz, acetone-d) &:
163.87, 161.15, 143.81, 141.61, 135.49, 132.03 (2C), 130.30, 127.88, 124.94, 123.57 (q, J = 286.6
Hz), 114.53 (2C), 89.64, 86.25 (q, J = 32.9 Hz), 80.22, 55.53; "F NMR (368 MHz, CDCl;) &:
—79.34 (s, 3F); IR (KBr, cm™) v: 3420, 3186, 2956, 2836, 1717, 1697, 1613, 1517, 1254, 1194, 1092,
976, 827, 708; LRMS (ESI): m/z 502 [M+Na]+; HRMS (ESI): m/z caled for Ci;H3F;INO4Na
[M+Na]" 501.9734 found 501.9740.

alcohol 67b: white powder; 'H NMR (400 MHz, acetone-dy) o: 8.24 (dd, J = 8.1, 0.9 Hz, 1H), 7.84
(dd, J=17.6, 1.4 Hz, 1H), 7.41-7.88 (m 3H), 6.95 (d, /= 9.0 Hz, 2H), 5.21 (d, /= 9.9 Hz, 1H), 5.13
(d, J=9.9 Hz, 1H), 3.81 (s, 3H); >C NMR (100 MHz, acetone-dy) &: 162.87, 161.05, 146.72, 139.74,
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133.74, 133.00, 131.93 (2C), 127.96, 124.11, 123.92 (q, J = 290.4 Hz), 114.46 (2C), 90.09, 90.07 (q,
J = 32.9 Hz), 80.56, 55.48; 'F NMR (368 MHz, acetone-ds) 8: —75.38 (s, 3F); IR (KBr, cm™) v:
3181, 2960, 2836, 1702, 1612, 1516, 1254, 1196, 1131, 983, 833, 756; LRMS (ESI): m/z 502
[M+Na]"; HRMS (ESI): m/z caled for C;7H,3F5INO4Na [M+Na]" 501.9734 found 501.9732.

' 0 MsCI (1.5 eq) [ o)
Et;N (1.6 eq)
N-OPMB N-OPMB
CH,Cly, 0°Ctort

FaC OH 3h, 87% FsC Cl

67a 68
3-Chloro-7-iodo-2-(4-methoxybenzyloxy)-3-trifluoromethylisoindolin-1-one (68)
According to the procedure described for the preparation of the chloride 34 from alcohol 33, the
alcohol 67a (1.72 g, 3.59 mmol) was converted into chloride 68 (1.55 g, 87%)).
white powder; "H NMR (400 MHz, acetone-dy) o: 8.27 (dd, J= 8.1, 0.9 Hz, 1H), 7.92 (d, /= 7.6 Hz),
7.66 (dd, J=17.6, 7.6 Hz, 1H), 7.43 (d, J = 8.5 Hz, 2H), 6.99 (d, J= 8.5 Hz, 2H), 5.34 (d, /= 9.0 Hz,
1H), 5.19 (d, J = 9.0 Hz, 1H), 3.83 (s, 3H); BC NMR (100 MHz, acetone-dy) o: 163.78, 161.36,
144.58, 140.68, 136.38, 132.28, 128.40, 127.03, 125.11 (q, J = 1.9 Hz), 122.45 (q, J = 283.8 Hz),
114.65, 90.79, 80.18, 78.85 (q, J = 35.7 Hz), 55.54; "’F NMR (368 MHz, acetone-dy) &: —76.31 (s,
3F); IR (KBr, cm™) v: 3422, 2959, 2834, 1742, 1515, 1459, 1249, 974, 706; LRMS (ESI): m/z 520
[M+Na]’; HRMS (ESI): m/z calcd for C;;H,CIF;INO;Na [M+Na]" 519.9395 found 519.9382.

OTMS 19a
Ph (2.0 eq) I o
' o) AgOTF (1.7 eq)
EtsN (2.0 eq) N—-OPMB
N-OPMB
toluene, 0 °C to rt F5C
FsC Cl 15 h, 80%
O~ "Ph
68 69

7-lodo-2-(4-methoxybenzyloxy)-3-(2-oxo0-2-phenylethyl)-3-trifluoromethylisoindolin-1-one (69)
According to the procedure D, chloride 68 (498 mg, 1.00 mmol) was converted into ether 69 (464
mg, 80%).

white powder; "H NMR (400 MHz, acetone-dy) o: 8.09 (d, J= 7.6 Hz, 1H), 7.86 (d, J = 8.5 Hz, 2H),
7.76 (d, J=17.6 Hz, 1H), 7.56 (dd, /= 7.6, 7.6 Hz, 1H), 7.34-7.46 (m, 5H), 6.86 (d, J = 8.5 Hz, 2H),
5.27 (d, J=9.4 Hz, 1H), 5.03 (d, J = 9.4 Hz, 1H), 4.24 (s, 1H), 4.23 (s, 1H), 3.73 (s, 3H); "C NMR
(100 MHz, acetone-dg) 6: 193.71, 167.72, 161.04, 142.37, 142.15, 137.05, 134.86, 134.33 , 134.95,
131.95 (2C), 129.39 (2C), 128.73 (2C), 127.99 (q, J = 217.1 Hz), 127.80, 123.77, 114.51 (2C), 90.18,
79.49, 66.83 (q, J = 29.1 Hz), 55.44, 35.03; "°F NMR (368 MHz, acetone-d;) &: —=76.93 (s, 3F); IR
(KBr, cm™) v: 3436, 3066, 2998, 2955, 2836, 1730, 1695, 1611, 1517, 1259, 1195, 1156, 1002, 822,
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688; LRMS (ESI): m/z 604 [M+Na]"; HRMS (ESI): m/z caled for CasHioFsINO4Na [M+Na]®
604.0203 found 604.0228.

| CF,
Qo (PPh3)sCUCF5 (1.3 eq) 2
N-opmp _ A-dtbpy (1.3 eq) N-OPMB
toluene, 80 °C
FsC 12 h, 36% FsC
0% >Ph 0% >Ph
69 70

2-(4-Methoxybenzyloxy)-3-(2-oxo0-2-phenylethyl)-3,7-bistrifluoromethylisoindolin-1-one (70)
According to the procedure described for the preparation of the trifluoromethylated compound 45
from iodide 43, iodide 69 (440 mg, 0.757 mmol) was converted into trifluoromethylated compound
70 (141 mg, 36%).

white powder; "H NMR (400 MHz, acetone-dy) o: 8.05 (d, J= 7.2 Hz, 1H), 8.01 (d, J= 7.6 Hz, 1H),
7.86-7.95 (m, 3H), 7.57 (dd, J= 7.4, 7.4 Hz, 1H), 7.38-7.61 (m, 4H), 6.86 (d, J = 8.5 Hz, 2H), 5.27
(d, J = 9.4 Hz, 1H), 5.04 (d, J = 9.4 Hz, 1H), 3.74 (s, 3H); C NMR (100 MHz, acetone-d) &:
193.78, 165.85, 161.08, 141.87, 136.95, 134.40, 134.20, 131.98 (2C), 129.40 (2C), 129.25, 128.74
(2C), 128.32 (q, J = 5.6 Hz), 127.88, 127.66, 127.27, 125.51 (q, J = 284.7 Hz), 123.11 (q, J = 272.5
Hz), 114.53 (2C), 79.52, 67.85 (q, J = 29.1 Hz), 55.43, 34.97; F NMR (368 MHz, acetone-dy) o:
—60.90 (s, 3F), —76.96 (s, 3F); IR (KBr, cm™) v: 3442, 2957, 1742, 1693, 1612, 1518, 1323, 1255,
1193, 1140, 1006, 812, 867; LRMS (ESI): m/z 546 [M+Na]’; HRMS (ESI): m/z caled for
C6H 9FsNO4Na [M+Na]" 546.1110 found 546.1097.

CF3 o) CF3 (@)
TFA
N-opmp  CeMesH (3.0 eq) N—OH
F3C CH2C|2, 0 °Cto rt, 3h F3C
91%
0” >ph 0% >ph
70 71

2-Hydroxy-3-(2-oxo-2-phenylethyl)-3,7-bistrifluoromethylisoindolin-1-one (71)

To a solution of PMBether 70 (52.3 mg, 0.100 mmol) and pentamethyl benzene (44.4 mg, 0.300
mmol) in CH,Cl, (2.0 mL), TFA (1.0 mL) was added at 0 °C, and the mixture was stirred for 0.5 h at
0 °C, then for 2 h at rt. The mixture was neutralized with sat. NaHCOj; aq. at 0 °C, then the phases
were separated. The organic layer was washed with H,O and brine, dried over Na,SQO,, filtered, and
evaporated under reduced pressure. The residue was purified with flash column chromatography
(Si0,, n-hexane:EtOAc = 4:1 — 2:1) to afford 71 (36.8 mg, 91%).

pale yellow powder; '"H NMR (400 MHz, acetone-d;) &: 7.81-8.09 (m, 5H), 7.39-7.66 (m, 3H),
4.20-4.39 (m, 2H); °C NMR (100 MHz, acetone-ds) &: 193.90, 164.41, 141.69, 137.19, 134.40,
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133.50, 129.94, 129.48 (2C), 128.79 (2C), 128.06 (q, J = 5.6 Hz), 127.73, 127.43, 125.44 (q, J =
284.7 Hz), 123.74 (q, J = 273.4 Hz), 67.93 (q, J = 28.2 Hz), 34.68; '’F NMR (368 MHz, acetone-dj)
8: —60.74 (3F), —77.48 (3F); IR (KBr, cm™) v: 3422, 3187, 2926, 1720, 1691, 1598, 1327, 1279,
1172, 814, 688; LRMS (ESI): m/z 426 [M+Na]’; HRMS (ESI): m/z caled for CsH; FeNO;Na
[M+Na]" 426.0535 found 426.0531.

PMBOH (1.2 eq) E

F o DIAD (1.2 eq) - o
F PPh; (1.2 eq)
E THF, 0 °C to rt F
L% 12 h, 61% £ O
72 73

4,5,6,7-Tetrafluoro-2-(4-methoxybenzyloxy)isoindoline-1,3-dione (73)

To a solution of phthalimide 72 (1.51 g, 6.42 mmol), 4-methoxylbenzylalcohol (1.06 g, 7.70 mmol)
and PPh; (2.02 g, 7.70 mmol) in THF (13 mL), diisopropyl azodicarboxylate in toluene (4.05 mL,
7.70 mmol) was added at 0 °C, and the reaction mixture was stirred for 1 h at 0 °C and for 12 h at rt.
The reaction mixture was evaporated under reduced pressure. The residue was triturated with EtOAc
to afford benzylether 73 (1.40 g, 61%).

pale yellow powder; "H NMR (400 MHz, acetone-dy) 6: 7.47 (d, J= 8.5 Hz, 2H), 6.95 (d, /= 8.5 Hz,
2H), 5.13 (s, 2H), 3.81 (s, 3H); °C NMR (125 MHz, DMSO-d;) &: 160.04, 158.19 (2C),
143.09-145.45 (m, 2C), 141.49-143.79 (m, 2C), 131.63 (2C), 125.80, 113.92 (2C), 111.11 (d, J= 8.4
Hz, 2C), 79.33, 55.19; "’F NMR (368 MHz, acetone-ds) &: —139.54 (s, 2F), —146.37 (s, 2F); IR (KBr,
em™) v: 3513, 3039, 2984, 2850, 1736, 1610, 1499, 1406, 1254, 1154, 942, 860, 733; LRMS (ESI):
m/z 378 [M+Na]"; HRMS (ESI): m/z calcd for C,sHoF,NO4Na [M+Na]" 378.0360 found 378.0345.

F o TMSCF5 (1.3 eq) F o
F CsF (1.3 eq) F
N-OPMB N-OPMB
. DMF, 0 °C to rt .
L% 2 h, 93% L ,d oH
73 74

4,5,6,7-Tetrafluoro-3-hydroxy-2-(4-methoxybenzyloxy)-3-trifluoromethylisoindolin-1-one (74)
According to the procedure described for the preparation of alcohol 41a and 41b from phthalimide
40, the phthalimide 73 (1.29 g, 3.63 mmol) was converted into alcohol 74 (1.43 g, 93%).

white powder; 'H NMR (400 MHz, acetone-d;) o: 7.46 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H),
522 (d, J=9.4 Hz, 1H), 5.12 (d, J = 9.4 Hz, 1H), 3.81 (s, 3H); >C NMR (125 MHz, acetone-d) &:
161.32, 159.48, 145.46 (ddd, J = 259.1, 15.6, 15.6 Hz), 144.65 (dd, J = 260.3, 12.0 Hz), 144.62 (dd,
J =260.3, 12.0 Hz), 143.97 (ddd, J = 257.9, 13.2, 13.2 Hz), 132.17 (2C), 127.47, 123.13 (q, J =
286.7 Hz), 120.29 (d, J = 13.2 Hz), 114.60 (2C), 113.67 (d, J = 12.0 Hz), 87.65 (q, J = 34.8 Hz),
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80.75, 55.54; F NMR (368 MHz, acetone-ds) &: —79.03 (s, 3F), —139.73 (s, 1F), —142.66 (s, 1F),
—148.13 (s, 1F), —150.75 (s, 1F); IR (KBr, cm™) v: 3255, 3010, 2970, 2943, 2843, 1560, 1613, 1519,
1254, 1181, 978, 904, 823, 730; LRMS (ESI): m/z 448 [M+Na]"; HRMS (ESI): m/z calcd for
Cy7H0F;NO4Na [M+Na]" 448.0390 found 448.0368.

Ms,0 (1.5 eq)
Et3N (1.6 eq)

Fo CH,Cl, F o

F —78°C,05h F
N-OPMB N-OPMB

E then MeOH E

L F,C OH -78°Ctort FsC OMe

F s
19 h, 54%
74 75

4,5,6,7-Tetrafluoro-3-methoxy-2-(4-methoxybenzyloxy)-3-trifluoromethylisoindolin-1-one (75)

To a solution of Ms,0 (110 mg, 0.635 mmol) in CH,Cl, (1.0 mL), a solution of alcohol 74 (180 mg,
0.423 mmol) and Et;N (94 pL, 0.677 mmol) in CH,Cl, (1.0 mL) was added at =78 °C, and the
mixture was stirred for 0.5 h at the same temperature. To the mixture, MeOH (2.0 mL) was added,
and the mixture was stirred for 0.5 h at —78 °C, then for 18 h at rt. H,O was added to the mixture and
the whole was extracted with CH,Cl,. The organic layer was washed with H,O and brine, dried over
Na,S0O,, filtered, and evaporated under reduced pressure. The residue was purified with flash column
chromatography (SiO,, n-hexane:EtOAc = 9:1) to afford ether 75 (100 mg, 54%).

white powder; "H NMR (400 MHz, CDCls) 6: 7.43 (d, J = 9.0 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H),
5.18 (d, J= 9.9 Hz, 1H), 5.05 (d, J = 9.9 Hz, 1H), 3.80 (s, 3H), 3.12 (s, 3H); °C NMR (100 MHz,
CDCl;) 6: 160.35, 159.91, 144.58 (dddd, J=264.0, 14.1, 14.1, 1.9 Hz), 144.13 (ddd, J = 266.9, 12.2,
1.9 Hz), 141.82-144.94 (m, 2C), 131.28 (2C), 126.18, 121.29 (q, J = 286.6 Hz), 115.81 (dd, J=13.2,
2.8 Hz), 113.89 (2C), 113.48 (q, J = 12.2, 2.8 Hz), 91.40 (q, J = 35.7 Hz), 79.21, 55.26, 52.16; '°F
NMR (368 MHz, CDCls) 6: =77.21 (3F), —136.30 (1F), —137.66 (1F), —143.80 (1F), 146.03 (1F); IR
(KBr, cm™) v: 3503, 2959, 2846, 1766, 1613, 1505, 1391, 1206, 1029, 914, 733; LRMS (ESI): m/z
462 [M+Na]"; HRMS (ESI): m/z calcd for C gH,F;NO4Na [M+Na]" 462.0547 found 462.0558.

F o TFA F o
F CgMesH (3.0 eq) F
N-OPMB N—OH
F CH,Cl,,0°Ctort, 4 h F
E F3C OMe 6% E F3C OMe
75 77

4,5,6,7-Tetrafluoro-2-hydroxy-3-methoxy-3-trifluoromethylisoindolin-1-one (77)

According to the procedure described for the preparation of N-hydroxyl compound 71 from
PMBether 70, PMBether 75 (30.0 mg, 0.0591 mmol) was converted into 77 (1.3 mg, 6%).

white powder; 'H NMR (400 MHz, acetone-dy) &: 3.31 (s, 3H); °C NMR (100 MHz, acetone-dy) &
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159.39, 142.83-146.66 (m, 4C), 122.64 (q, J = 287.5 Hz), 116.57 (d, J = 11.3 Hz), 11491 (d, J =
10.3 Hz), 91.71 (q, J = 32.0 Hz), 52.52; F NMR (368 MHz, acetone-dy) 6: —78.04 (s, 3F), —139.84
(s, 1F), —142.44 (s, 1F), —148.50 (s, 1F), —150.57 (s, 1F); IR (KBr, cm™") v: 3434, 2935, 1735, 1508,
1198, 1109, 918, 803, 731; LRMS (ESI): m/z 318 [M—H] ; HRMS (ESI): m/z calcd for C,oH;F;NO;
[M—H] 318.0007 found 318.0021.

Ms,0 (1.5 eq)

£ EtsN (1.6 eq) F o
o CH,Cl, F
F —78°C,0.5h N-OPMB
N-OPMB .
F then MeOH F.c O
£ FsC OH —78°Ctort Fos L
5h, 50% CF3
74 76

4,5,6,7-Tetrafluoro-2-(4-methoxybenzyloxy)-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1
-one (76)

According to the procedure described for the preparation of ether 75 from alcohol 74 in which
2,2 ,2-trifluoroethanol was used as the alcohol instead, alcohol 74 (1.00 g, 2.35 mmol) was converted
into ether 76 (0.593 g, 50%).

white powder; "H NMR (400 MHz, acetone-dy) 6: 7.47 (d, J= 8.5 Hz, 2H), 6.98 (d, J = 8.5 Hz, 2H),
5.20 (s, 2H), 4.17-4.30 (m, 1H), 4.05-4.17 (m, 1H), 3.82 (s, 3H); °C NMR (100 MHz, DMSO-dj) &:
160.04, 159.39, 141.90-146.29 (m, 4C), 131.16 (2C), 128.59 (d, J = 195.4 Hz), 125.93, 123.38 (q, J
=279.2 Hz), 120.93 (q, J = 286.6 Hz), 114.04 (2C), 113.20 (ddd, J = 78.0, 12.2, 2.8 Hz), 90.24 (q, J
=34.8 Hz), 79.36, 61.87 (q, J = 35.7 Hz), 55.18; '°’F NMR (368 MHz, acetone-ds) &: —74.48 (s, 3F),
~77.29 (s, 3F), —137.71 (s, 1F), —140.71 (s, 1F), —145.83 (s, 1F), —149.04 (s, 1F); IR (KBr, cm™) v:
3435, 2967, 2851, 1750, 1615, 1516, 1290, 1175, 1032, 997, 917, 731; LRMS (ESI): m/z 530
[M+Na]"; HRMS (ESI): m/z calcd for CoH; F;(NO,Na [M+Na]" 530.0421 found 530.0434.

F o F o
F TFA F
N-OPMB CgMesH (3.0 eq) N—OH
F [ed i g;zcu,wc tort, 3h F [rd Ok
CF, CF,
76 78

4,5,6,7-Tetrafluoro-2-hydroxy-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1-one (78)
According to the procedure with that described for the preparation of 71 from PMBether 70,
PMBether 76 (53.0 mg, 0.104 mmol) was converted into 78 (26.8 mg, 67%).

white powder; '"H NMR (400 MHz, acetone-dy) &: 4.17-4.29 (m, 1H), 4.00-4.11 (m, 1H); °C NMR
(100 MHz, acetone-ds) 6: 159.46, 145.78 (ddd, J = 259.3, 13.9, 13.9 Hz), 143.23-146.48 (m, 3C),
124.29 (q, J = 275.3 Hz), 122.29 (q, J = 284.8 Hz), 115.64 (d, J=11.2 Hz), 114.82 (q, J = 12.2 Hz),
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91.09 (q, J = 34.8 Hz), 62.76 (q, J = 36.6 Hz); F NMR (368 MHz, acetone-dg) 8: —74.77 (s, 3F),
~77.64 (s, 3F), —138.55 (s, 1F), —=141.89 (s, 1F), —147.54 (s, 1F), —149.86 (s, 1F); IR (KBr, cm™) v:
3425, 3126, 2926, 1722, 1519, 1502, 1410, 1297, 1173, 927, 807, 733; LRMS (ESI): m/z 386
[M—-H] ; HRMS (ESI): m/z calcd for C,1H,F(NO; [M—H] 385.9880 found 385.9882.

c o H,NOPMB-HCI (1.0 eq) cl o
Cl EtzN (1.0 eq) Cl
o N-OPMB
Cl EtOH, reflux, 15h Cl
0,
al o) 17% cl e}
79 80

4,5,6,7-Tetrachloro-2-[(4-methoxybenzyl)oxy]isoindoline-1,3-dione (80)

To a suspension of tetrachlorophthalicanhydride (79) (1.43 g, 5.00 mmol), and H,NOPMB-HCI
(0.948 g, 5.00 mmol), Et;N (697 pL, 5.00 mmol) was added at rt. The reaction mixture was refluxed
for 15 h, and evaporated under reduced pressure. The residue was purified with flash column
chromatography (SiO,, n-hexane:CH,Cl, = 9:1) to afford ether 80 (364 mg, 17%).

colorless powder; 'H NMR (500 MHz, CDCly) &: 7.42 (d, J = 8.6 Hz, 2H), 6.88 (d, J= 8.6 Hz, 2H),
5.13 (s, 2H), 3.79 (s, 3H); LRMS (ESI): m/z 442/444/446 [M+Na]".

o TMSCF5 (1.3 eq) cl o
Cl CsF (1.3 eq) Cl
N-OPMB N-OPMB
Cl DMF, O0°Ctort Cl
0,
I 1h, 59% & Fyé OH
80 81

4,5,6,7-Tetrachloro-3-hydroxy-2-[(4-methoxybenzyl)oxy]-3-(trifluoromethyl)isoindolin-1-one (81)
According to the procedure described for the preparation of alcohol 41a and 41b from phthalimide
40, the phthalimide 80 (360 mg, 0.855 mmol) was converted into alcohol 81 (249 mg, 59%).
colorless powder; 'H NMR (500 MHz, CDCls) 6: 7.39 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H),
5.11 (s, 2H), 3.81 (s, 3H), 3.15 (brs, 1H); LRMS (ESI): m/z 512/514/516 [M+Na]".

Ms,0 (1.5 eq)

o o Et;N (1.6 eq) cl o
cl N —78°C, 0.5 h N-—OPMB
Cl then TFE cl @)
¢ FsC OH -78°Ctort CI FsC L
12 h, 33% CF3
81 82

4,5,6,7-Tetrachloro-2-[(4-methoxybenzyl)oxy]-3-(2,2,2-trifluoroethoxy)-3-

trifluoromethylisoindolin-1-one (82)
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According to the procedure described for the preparation of the ether 75 from alcohol 74, the alcohol
81 (240 mg, 0.489 mmol) was converted into ether 82 (91.0 mg, 33%).

colorless powder; "H NMR (500 MHz, CDCls) &: 7.44 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H),
5.18 (d, J = 9.8 Hz, 1H), 5.11 (d, J = 9.8 Hz, 1H), 3.80 (s, 3H), 3.34-3.74 (m, 1H), 3.46-3.55 (m,
1H); LRMS (ESI): m/z 594/596/598 [M+Na]".

cl 9 cl 9
Cl TFA Cl
N-OPMB CgMesH (3.0 eq) N-OH
Cl ° Cl
CH2C|2, 0°Cto rt, 3h
c1FsC Ok 930 ¢ FsC Ok
CF3 CF3
82 83

4,5,6,7-Tetrachloro-2-hydroxy-3-(2,2,2-trifluoroethoxy)-3-trifluoromethylisoindolin-1-one (83)
According to the procedure with that described for the preparation of N-hydroxy conpound 71 from
PMBether 70, the PMBether 82 (85.0 mg, 0.148 mmol) was converted into 83 (62.4 mg, 93%).

pale yellow powder; '"H NMR (400 MHz, acetone-dy) &: 4.21-4.34 (m, 1H), 3.98-4.09 (m, 1H);
LRMS (ESI): m/z 450/452/454 [M—H] .

Ph o H,NOBnN-HCI (1.2 eq) Ph o
Ph NaOEt (1.2 eq) Ph
o) N-OBn
AcOH, reflux
Ph : Ph
12 h, 81%
Ph O ° Ph O
84 85

2-Benzyloxy-4,5,6,7-tetraphenylisoindoline-1,3-dione (85)

A solution of tetraphenyl phthalic anhydride 84 (9.00 g, 20 mmol), H,NOBn-HCI (3.83 g, 24.0
mmol), and NaOEt (1.63 g, 24 mmol) in AcOH (40.0 mL) was refluxed for 12 h. The mixture was
evaporated under reduced pressure. The residue was diluted with H,O, and extracted with EtOAc
twice, and CH,Cl, twice. The combined organic layer was washed with 1N HCI aq. twice, sat.
NaHCOs aq. twice, and brine, dried over Na,SQOy,, filtered, and evaporated under reduced puressure.
The reside was purified with flash column chromatography (SiO,, n-hexane:EtOAc = 1:1), and
afforded precipitate was recrystallized from n-hexane-CH,Cl, to afford phthalimide 85 (9.04 g,
81%).

colorless powder; 'H NMR (500 MHz, CDCl;) &: 7.44-7.48 (m, 2H), 7.30-7.34 (m, 3H), 71.6-7.24
(m, 6H), 7.06-7.11 (m, 4H), 6.86-6.89 (m, 6H), 6.70-6.74 (m, 4H), 5.09 (s, 2H); LRMS (ESI): m/z
580 [M+Na]".
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Ph o TMSCF; (1.2 eq) Ph o
Ph CsF (1.2 eq) Ph
N-OBn N-OBn
Ph DMF,0°Ctort Ph
bn O 7 h, 65% bFsC OH
85 86

2-Benzyloxy-3-hydroxy-4,5,6,7-tetraphenyl-3-trifluoromethylisoindolin-1-one (86)

According to the procedure described for the preparation of alcohol 41a and 41b from phthalimide
40, the phthalimide 85 (2.70 g, 5.00 mmol) was converted into alcohol 86 (2.10 g, 65%).
colorless powder; 'H NMR (500 MHz, CDCl;) 8: 7.22-7.46 (m, 9H), 7.19 (dd, J= 7.5, 7.5 Hz, 1H),
7.04-7.18 (m, 2H), 6.97 (dd, J = 7.5 Hz, 1H), 6.73-6.92 (m, 10H), 6.44 (d, J = 7.5 Hz, 2H), 5.28 (d, J
=9.8 Hz, 1H), 5.07 (d, J= 9.8 Hz, 1H), 3.68 (brs, 1H); LRMS (ESI): m/z 650 [M+Na]".

Ph o MsCI (1.5 eq) Ph o
Ph EtsN (1.6 eq) Ph
N-OBn N-OBn
Ph CH20|2, O0°Ctort Ph
0,
ppy F5C OH 2 h, 89% pp FsC C!
86 87

2-Benzyloxy-3-chloro-4,5,6,7-tetraphenyl-3-trifluoromethylisoindolin-1-one (87)

According to the procedure described for the preparation of the chloride 34 from alcohol 33, the
alcohol 86 (1.88 g, 3.00 mmol) was converted into alcohol 87 (1.73 g, 89%).

colorless powder; 'H NMR (500 MHz, CDCls) &: 7.43-7.49 (m, 3H), 7.16-7.35 (m, 6H), 7.06-7.15
(m, 2H), 7.01 (dd, J = 7.5 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.77-6.90 (m, 8H), 6.73 (d, /= 7.5 Hz,
1H), 6.66-6.70 (m, 2H), 5.38 (d, J = 8.6 Hz, 1H), 5.11 (d, J = 8.6 Hz, 1H); LRMS (ESI): m/z

668/670 [M+Na]".

Ph o AgOTf (1.7 eq) Ph o
Ph MeOH (1.2 eq) Ph
N—OBn N—OBn
Ph toluene, 0 °C to rt Ph
0,
Ph F3C Cl 3h,72 % Ph F3C OMe
87 88

2-Benzyloxy-3-methoxy-4,5,6,7-tetraphenyl-3-(trifluoromethyl)isoindolin-1-one (88)

According to the procedure B, chloride 87 (500 mg, 0.774 mmol) was converted into ether 88 (357
mg, 72%).

colorless powder; 'H NMR (400 MHz, CDCl;) 6: 7.41-7.47 (m, 2H), 7.15-7.39 (m, 8H), 7.05-7.13
(m, 2H), 6.97 (dd, J = 9.2, 9.2 Hz, 1H), 6.77-6.92 (m, 9H), 6.71-6.76 (m, 1H), 6.62-6.68 (m, 2H),
5.38 (d, J=9.0 Hz, 1H), 5.02 (d, J= 9.0 Hz, 1H), 3.35 (s, 3H); LRMS (ESI): m/z 664 [M+Na]".
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Ph o Pd/C (10 mol%) Ph o

Ph H, (1 atm) Ph
N-OBn N-OH
i om oo% Ph om
ph F3C e ° ph F3C e
88 89

2-Hydroxy-3-methoxy-4,5,6,7-tetraphenyl-3-(trifluoromethyl)isoindolin-1-one (89)

According to the procedure C, the benzyl ether 88 (333 mg, 0.519 mmol) was converted into 89 (283
mg, 99%).

colorless powder; 'H NMR (400 MHz, DMSO-d,) &: 10.31 (brs, 1H), 7.32 (d, J = 7.6 Hz, 1H),
6.66-7.26 (m, 19H), 3.32 (s, 3H); LRMS (ESI): m/z 574 [M+H]".

5. Preparation of Substrates for Aerobic Benzylic C-H Oxidation

Full spectroscopic data were described for new compounds. Compound 90a'"’, 90b'*, 90g'*',

90h'**, 90j'* and 90k'** were prepared following the reported procedures.

General Procedure for Benzoate from Alcohol (Procedure F)

BzCl (1.2 eq)
/©/\/\OH pyridine (2.4 eq) /©/\/\OBZ
CH,Cl,
MeO 0°Ctort MeO
96¢c 3h,63% 90c

3-(4-Methoxyphenyl)propyl benzoate (90c)

To a solution of 3-(4-methoxyphenyl)-1-propanol 96¢ (1.66 g, 10.0 mmol) in CH,Cl, (20 mL), BzCl
(1.39 mL, 12.0 mol) and pyridine (1.93 mL, 24.0 mmmol) were added at 0 °C. The reaction mixture
was stirred for 1 h at the same temperature, and for 2 h at rt. The mixture was cooled to 0 °C, and sat.
NaHCOj; aq. was added. The phases were separated. The organic layer was washed with H,O, 1 N
HCI aq., H,O, and brine, dried over Na,SO,, filtered, and evaporated under reduced pressure. The
residue was purified with flash column chromatography (SiO,, n-hexane:EtOAc = 19:1 — 9:1) to
afford benzoate 90c¢ (1.69 g, 63%).

colorless oil ; '"H NMR (500 MHz, CDCls) &: 8.02 (d, J = 7.5 Hz, 2H), 7.55 (dd, J = 7.5, 7.5 Hz,
1H), 7.43 (dd, J=17.5,7.5 Hz, 2H), 7.12 (d, J= 8.6 Hz, 2H), 6.82 (d, /= 8.6 Hz, 2H), 4.31 (t, /= 7.5
Hz, 2H), 3.77 (s, 3H), 2.72 (t, J = 7.5 Hz, 2H), 2.05 (tt, J = 7.5, 7.5 Hz, 2H); °*C NMR (100 MHz,
CDCl) 6: 166.36, 157.74, 132.99, 132.69, 130.21, 129.36 (2C), 129.15 (2C), 128.16 (2C), 113.69
(2C), 64.06, 54.99, 31.18, 30.32; IR (neat, cm™) v: 3434, 1716, 1637, 1513, 1274, 1116, 711; LRMS
(ESI): m/z 293 [M+Na]’; HRMS (ESI): m/z calcd for C;H;gOsNa [M+Na]™ 293.1148 found
293.1147.
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BzCl (1.2 eq)

OH pyridine (2.4 eq) /@/\/\oBz

0°Ctort
96d 5h, 86% 90d

3-(4-Fluorophenyl)propyl benzoate (90d)

According to the procedure F, 3-(4-fluorophenyl)-1-propanol 96d (1.34 g, 8.89 mmol) was converted
into benzoate 90d (1.97 g, 86%).

colorless oil; 'H NMR (500 MHz, CDCL3) &: 8.01 (dd, J = 7.5. 1.2 Hz, 2H), 7.55 (dd, J = 7.5, 7.5
Hz, 1H), 7.43 (dd, J=7.5, 7.5 Hz, 2H), 7.15 (dd, J = 8.6, 5.3 Hz, 2H), 6.96 (dd, J = 10.9, 10.9 Hz,
2H), 4.32 (t, J = 6.9 Hz, 2H), 2.75 (t, J = 8.1 Hz, 2H), 2.06 (it, J = 7.5, 6.9 Hz, 2H); *C NMR (100
MHz, CDCls) &: 166.33, 161.19 (d, J = 243.4 Hz), 136.63 (d, J = 14.3 Hz), 132.76, 129.86 (d, J =
55.4 Hz), 129.51 (d, J = 28.2 Hz), 128.20, 115.12, 114.91, 63.90, 31.31, 30.21; "’F NMR (368 MHz,
CDCly) 8: —117.79 (s, 1F); IR (neat, cm™) v: 3421, 1717, 1644, 1509, 1274, 1221, 1116, 711; LRMS
(ESI): m/z 281 [M+Na]'; HRMS (ESI): m/z caled for C,¢H;sFO,Na [M+Na]" 281.0948 found
281.0960.

BzCl (1.2 eq)
/©/\/\OH pyridine (2.4 eq) /©/\/\OBZ
CH,CI
FsC 0°Clort FaC
96e 18 h, 83% 90e

3-(4-Trifluoromethylphenyl)propyl benzoate (90e)

According to the procedure F, 3-(4-trifluoromethylphenyl)-1-propanol 96e (1.59 g, 7.79 mmol) was
converted into benzoate 90e (1.99 g, 83%).

colorless oil; '"H NMR (500 MHz, CDCl3) &: 7.98 (d, J = 8.1 Hz, 2H), 7.51-7.58 (m, 3H), 7.43 (dd,
J=17.5,7.5Hz, 2H), 7.31 (d, J= 8.0 Hz, 2H), 4.33 (t, /= 6.3 Hz, 2H), 2.84 (t, /= 7.5 Hz, 2H), 2.11
(tt, J = 6.9, 6.9 Hz, 2H); °C NMR (100 MHz, CDCl;) &: 166.28, 145.26, 132.78, 130.04, 129.32
(2C), 128.58 (2C), 128.18, 128.17 (q, J = 32.0 Hz, 2C), 125.17 (q, J = 3.8 Hz, 2C), 124.21 (q, J =
271.6 Hz), 63.83, 32.05, 29.75; "’F NMR (368 MHz, CDCls) 8: —62.69 (s, 3F); IR (neat, cm™) v:
3431, 1643, 1327, 1274, 1118, 1067, 708; LRMS (ESI): m/z 331 [M+Na]; HRMS (ESI): m/z calcd
for C;;H;sF30,Na [M+Na]" 331.0916 found 331.0908.

6. Aerobic Benzylic C-H Oxidation, Etherification and Acetamidation

Full spectroscopic data were described for new compounds. Compound 91b'%, 91f'*, 91g'%’,

91h'*, 91i'”, 91", 911!, 91m"** and 91n"*’ are known compounds.
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General Procedure for the Oxidation of Benzylic C-H (Procedure G)
F o

N-OH 78
F o (5 mol%)

F F3C l\
C

Co(OAc), (1 mol%)

(0] (0] (0]
Mn(OAc)3-2H,0 (1 mol%)
(6] (6]
TFE, O,, 60 °C, 48 h
CF3 CF
90a

F3

75% 3

91a
3-Oxo-3-phenylpropyl 4-trifluoromethylbenzoate (91a)
To a solution of benzoate 90a (72.1 mg, 0.300 mmol) in TFE (0.15 mL), N-hydroxyl precatalyst 78
(5.8 mg, 0.00150 mmol), Co(OAc), (0.53 mg, 0.00300 mmol) and Mn(OAc);-H,O (0.80 mg,
0.00300 mmol) were added. The reaction mixture was stirred for 48 h at 60 °C under 1 atm of O,
(balloon). The mixture was evaporated under reduced pressure, and the residue was purified with
flash column chromatography (SiO,, n-hexane:EtOAc = 9:1) to afford ketone 91a (59.8 mg, 75%).
white powder; 'H NMR (500 MHz, CDCl;) &: 8.08 (d, J = 8.6 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H),
7.66 (d, J= 8.6 Hz, 2H), 7.58 (dd, J=7.4, 7.4 Hz, 1H), 7.48 (dd, J = 8.0 Hz, 2H), 4.80 (t, /= 6.3 Hz,
2H), 3.46 (t, J = 6.3 Hz, 2H); °C NMR (125 MHz, CDCls) &: 196.80, 165.31, 136.49, 134.47 (q, J =
32.4 Hz, 2C), 133.55, 133.20, 130.01 (2C), 128.76, 128.10 (2C), 125.37 (q, J = 4.8 Hz, 2C), 123.58
(q, J = 273.5 Hz), 60.77, 37.33; '’F NMR (368 MHz, CDCl;) &: —63.46 (s, 3F); IR (KBr, cm™) v:
3431, 3072, 2979, 1719, 1683, 1324, 1269, 1169, 1100, 1064, 958, 866, 741; LRMS (ESI): m/z 345
[M+Na]"; HRMS (ESI): m/z calcd for C,7H,3F;0;Na [M+Na]" 345.0709 found 345.0707.

F o
F
N-OH 78
F o (5 mol%)
F FsC
Co(OAc), (1 mol%) (0]
Mn(OAc)3-2H,0 (1 mol%)
OBz OBz
TFE, O,, 60 °C, 48 h
MeO 42% MeO
90c 91c

3-(4-Methoxyphenyl)-3-oxopropyl benzoate (91c)

According to the procedure G, benzoate 90¢ (81.1 mg, 0.300 mmol) was converted into ketone 91c
(36.0 mg, 42%).

colorless oil; 'H NMR (500 MHz, CDCl3) &: 7.93-7.99 (m, 4H), 7.52 (dd, J = 7.5, 7.5 Hz, 1H), 7.39
(dd, J=7.4,7.4 Hz, 2H), 6.93 (d, J=9.2 Hz, 2H), 4.74 (t, /= 6.3 Hz, 2H), 3.85 (s, 3H), 3.38 (t, J =
6.3 Hz, 2H); °C NMR (100 MHz, CDCl;) &: 195.60, 166.55, 163.71, 132.94 (2C), 130.41, 130.02,

106



129.74, 129.58 (2C), 128.29 (2C), 113.81 (2C), 60.51, 55.47, 37.16; IR (neat, cm™) v: 3433, 1637,
1508, 1458, 1275, 1174, 1110, 669; LRMS (ESI): m/z 307 [M+Na]'; HRMS (ESI): m/z calcd for
C17H,604Na [M+Na]" 307.0941 found 307.0929.

F o
F
N-OH 78
F o (5 mol%)
F FsC
Co(OAc), (1 mol%) (0]
Mn(OAc)3z-2H,0 (1 mol%)
OBz OBz
TFE, O,, 60 °C, 48 h
FaC 44% FsC
90d 91d

3-0x0-3-(4-trifluoromethylphenyl)propyl benzoate (91d)

According to the procedure G, benzoate 90d (92.5 mg, 0.300 mmol) was converted into ketone 91d
(42.6 mg, 44%).

white powder; 'H NMR (500 MHz, CDCl;) &: 8.08 (d, J = 8.0 Hz, 2H), 7.96 (d, J = 6.9 Hz, 2H),
7.73 (d, J= 8.0 Hz, 2H), 7.53 (dd, J=7.5 Hz, 1H), 7.39 (dd, J= 7.5, 7.5 Hz, 2H), 4.77 (t, J= 6.3 Hz,
2H), 3.47 (t, J = 6.3 Hz, 2H); °C NMR (125 MHz, CDCl5) &: 196.16, 166.49, 139.16, 134.71 (q, J =
32.4 Hz, 2C), 133.11, 129.82, 129.58, 128.46 (2C), 128.36 (2C), 125.81 (q, J = 3.6 Hz, 2C), 123.49
(q, J = 272.3 Hz), 59.96, 37.85; "’F NMR (368 MHz, CDCl;) &: —63.49 (s, 3F); IR (neat, cm™) v:
3412, 3078, 2957, 1716, 1685, 1414, 1322, 1273, 1123, 1065, 857, 710; LRMS (ESI): m/z 345
[M+Na]"; HRMS (ESI): m/z calcd for C,7H,3F;0;Na [M+Na]" 345.0709 found 345.0705.

F o
F
N-OH 78
F o (5 mol%)
F F3C
kCF3
Co(OAc), (1 mol%) O
Mn(OAc)3-2H,0 (1 mol%)
OBz OBz
TFE, O, 60 °C, 48 h
F 69% F
90e 91e

3-(4-Fluorophenyl)-3-oxopropyl benzoate (91e)

According to the procedure G, benzoate 90e (77.5 mg, 0.300 mmol) was converted into ketone 91e
(56.7 mg, 69%).

white powder; '"H NMR (400 MHz, CDCLy) &: 7.95-8.04 (m, 4H), 7.53 (dd, J = 7.2, 7.2 Hz, 1H),
7.40 (dd, J=17.6, 7.6 Hz, 2H), 7.13 (dd, J= 8.5 Hz, 2H), 4.75 (t, J= 6.7 Hz, 2H), 3.41 (t, /= 6.7 Hz,
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2H); *C NMR (100 MHz, CDCl3) 8: 195.43, 166.45, 165.87 (d, J = 254.7 Hz), 132.99, 130.73 (d, J
= 9.4 Hz, 2C), 129.89, 129.53 (2C), 128.29 (2C), 115.78 (d, J = 21.6 Hz, 2C), 60.17, 37.39; "°F
NMR (368 MHz, CDCl3) &: —104.88 (s, 1F); IR (neat, cm™) v: 3415, 3072, 2955, 1717, 1677, 1598,
1507, 1332, 1274, 1215, 1120, 976, 850, 713; LRMS (ESI): m/z 295 [M+Na]"; HRMS (ESI): m/z
caled for CcH3FO3;Na [MJrNa]+ 295.0741 found 295.0731.

F o
F
N-OH 78
F o (5 mol%)
F FiC
kCF3
NH Co(OAc), (1 mol%) 0 NH
Mn(OAc)3-2H,0 (1 mol%)
OMe OMe
TFE, O,, 60 °C, 48 h
78%
90k 91k

Methyl 5-oxo-5-phenylpentanimidate (91k)

According to the procedure G, imidate 90k (17.1 mg, 0.0894 mmol) was converted into ketone 91k
(14.3 mg, 78%).

white powder; 'H NMR (400 MHz, CDCl;) &: 7.94 (dd, J = 9.9, 1.8 Hz, 2H), 7.53 (dd, /= 9.0, 9.0
Hz, 1H), 7.44 (dd, J = 7.6 Hz, 2H), 3.66 (s, 3H), 3.03 (t, J = 7.2 Hz, 2H), 2.43 (t, J = 7.2 Hz, 2H),
2.05 (tt, J = 7.2, 7.2 Hz, 2H); °C NMR (100 MHz, CDCl;) &: 199.39, 173.72, 136.76, 133.07,
128.58 (2C), 128.00 (2C), 51.57, 37.41, 33.09, 19.29; IR (KBr, cm™) v: 3433, 1636, 1563, 1507,
1265, 1101, 664; LRMS (ESI): m/z 228 [M+Na]’; HRMS (ESI): m/z caled for C,H;sNO,Na
[M+Na]" 228.0995 found 228.1002.

F
N—OH
F 0 78
F FsC L (5mol%)
CF3 CFs

©/\/\OBZ NBS (2.0 eq) o)
TFE, rt, 20 h, 37% ©)\/\OBZ
90b 92
3-Phenyl-3-(2,2,2-trifluoroethoxy)propyl benzoate (92)
To a solution of benzoate 90b (72.1 mg, 0.300 mmol) in TFE (3.0 mL), NBS (106.8 mg, 2.0 eq) and
N-hydroxyl precatalyst 78 (5.8 mg, 0.00150 mmol) were added. The reaction mixture was stirred for

20 h at rt. To the mixture, 10% Na,S,05 aq. was added, and the whole was extracted with EtOAc.

The organic layer was washed with H,O and brine, dried over Na,SO,, filtered, and evaporated
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under reduced pressure. The residue was purified with flash column chromatography (SiO,,
n-hexane:EtOAc = 97:3 — 4:1) to afford ether 92 (37.3 mg, 37%). colorless oil; 'H NMR (400 MHz,
CDCly) &: 7.94 (d, J = 7.2 Hz, 2H), 7.49 (dd, J = 7.6, 7.6 Hz, 1H), 7.22-7.40 (m, 7H), 4.55 (dd, J =
8.5, 5.4 Hz, 1H), 4.36-4.45 (m, 1H), 4.24-4.34 (m, 1H), 3.50-3.71 (m, 2H), 2.20-2.31 (m, 1H),
2.01-2.12 (m, 1H); *C NMR (100 MHz, CDCls) &: 166.41, 139.74, 132.95, 130.17, 129.52 (2C),
128.88 (2C), 128.51, 128.35 (2C), 126.61 (2C), 123.99 (q, J = 278.1 Hz), 80.49, 65.88 (q, J = 33.8
Hz), 61.45, 37.19; F NMR (368 MHz, CDCls) 6: —74.33 (s, 3F); IR (neat, cm'l) v: 3427, 1723,
1634, 1446, 1274, 1117, 1071, 798; LRMS (ESI): m/z 361 [M+Na]’; HRMS (ESI): m/z calcd for
CysH}7F305Na [M+Na]" 361.1022 found 361.1019.

F o
F
N—OH
F o) 78
F FsC (L (5mol%) CHy
CF,
HN” 0
OBz NBS (2.0 eq)
OBz
CH4CN, 1t, 24 h, 44%
90b 93

3-Acetamido-3-phenylpropyl benzoate (93)

To a solution of benzoate 90b (72.1 mg, 0.300 mmol) in CH;CN (3.0 mL), NBS (106.8 mg, 2.0 eq)
and N-hydroxyl precatalyst 78 (5.8 mg, 0.00150 mmol) were added. The reaction mixture was stirred
for 24 h at rt. To the mixture, 10% Na,S,03 aq. was added, and the whole was extracted with EtOAc.
The organic layer was washed with H,O and brine, dried over Na,SO,, filtered, and evaporated
under reduced pressure. The residue was purified with preparative TLC (SiO,, n-hexane:EtOAc =
4:1) to afford ether 93 (38.9 mg, 44%).

white powder; "H NMR (500 MHz, CDCL3) &: 7.96 (d, J = 8.6 Hz, 2H), 7.54 (dd, J = 8.1, 8.1 Hz,
1H), 7.38-7.44 (m, 2H), 7.22-7.35 (m, 5H), 5.97 (brs, 1H), 5.19 (td, J= 8.0, 8.0 Hz, 1H), 4.29 (t, J =
6.3 Hz, 2H), 2.18-2.36 (m, 2H), 1.96 (s, 3H); *C NMR (100 MHz, CDCl;) &: 169.29, 166.45,
141.13, 133.02, 129.53 (2C), 128.88 (2C), 128.37 (2C), 128.25, 127.70, 126.51 (2C), 61.99, 51.05,
34.86, 23.41; IR (KBr, cm™) v: 3277, 3075, 1718, 1653, 1558, 1271, 1115, 714; LRMS (ESI): m/z
320 [M+Na]'; HRMS (ESI): m/z calcd for CgH ;oNO3sNa [M+Na]" 320.1257 found 320.1254.
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