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TR
DOANKR O )T — MEIZHOWT

BRI G LT DB O LT D0 FITEMIRORERER Th 5721 Tl <Ak
pn 7 B EH G E TR LY, 2 b OBEREMES F1XZ DL < BMEFEERKIZ L » TH A ©
B LIS, L L, A TAERRUSIT RO 22 W AR & bl U TR E 20\ RIE
MDERRAEMED Z & b Z WD, ALERISBRTE D53 BFIC I\ T ERETFHFNPE (S 7o fil it S
JEDOBAFITEBERAFIRE & Sh T,
FAEBAERALFRICRBN T, IR = VDT ) T — MU FREEO M TH D R FE-
RFFEETERREOGZAT 5 ECTHOBREEIZ R LT\ b, 20d G b7 0BFEEIC
HEBOFIZIED Z< ORIGFRERH SN TEY | TOEREEDNES B #E I TND, —F
T, BEZ 200 FOHEEIFOREL O T HR S I TWRNDDS [ 7 V7R B Ot /e
T/ T7—Mb] THD, DVARCBIEELPIHSZ S GENLIMETHLOHRR LT,
Hex R ERREOFBMAL LTSN EEREE THY . £ OARMALFRIZA VR
DHNR=ACEY & AR T—REET, EERIC, ERLPICEEZEENL AT AT
I REV O TEHEIT TN AR D REGITHBRRETH L5, TFETITL Ny 7 ATEMEZR
fBERICEB T DT UV ANFRIEE L TONAR U BAFIHSNTEBY, TOFERAEETS I
BMEVOOHDL !, ZDD, K EZEREEM ARG ZERATRRIZT D12 DIT VAR g
D I Ty A= ZLRR L ORI L HEME DO BRI X EE R ERE CTH 5, £ L
T, AR BOMBER e ) T — MEIEIEARBFFERE O F - 0 72 D1 BT & LT
WA,

@A VIR D E R FAER SO

TR U EDACTHER 21T O T2 D FEE LT, BLEOEM 2/ 5 FEN BRI TH
%(Scheme A), HHFFEETHIATIIEE LT, BMELZ AT 2 VR U BEMATH 5 2-7
SVA BN DT VTN K DRI o- 7 L X AL B WS LTV B 2 ARG
TIEI IR =B DR RIEMAL D -0 IR mEE WD 2 & T, LR =bd
M OIEMAL E TR TOT NI NT D IINFEOREZ BN LTS E #ER T 5 2 &N TET,
Ll 20X Zefidssd AV 5 SOS CTIRELRERZ F T 2 A7 v TR0 L7220 | Gk
AT TRBEFEY OB L OKRRT v A28 B RE —BMEOHIRZR EARE L 72> T
Wo, BLmBE AT D VAR CEREAM RTINS . ATFHED R TLIR IR EN DA AL
ENnb, £IT, BHEEEMLILL LRWH LR RO EBEVLHENS KON EBEET D Z &
T, BAEOM I LY A U 2 RBEOUENFHETH 5 & & 2 72(Scheme B),



Scheme A. Directing Group-Assisted Catalytic a-Functionalization
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Scheme B. Direct Catalytic a-Functionalization of Carboxylic Acids
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1-1. i

1-1-1. ZE RIS LD VRV BED o-B e LG

ANRUBEDOT ) F— MEEZERTH-0I2E, AARFxFyT— oz ) F— MUk
STV T=FMOT L VFT— NN T DUEN DD, ZDTD HHEDHTHNR
BEoxT )7 — MEEATD 72D FU LT I RREOMiERE 2.0 Y& HEHT 54
EARH Y | ERRIETFAMEOIR T ORI ORI & 72 - T 7z (Scheme 1-1)%, AFIEIC
EDHNKRUBED a-T VEX ML TIETF > FARIRO RS ER SN TEY
Zakarian H{EF TNV F LT I REHWD I ETHNNRUEBEOEINE . @ F 4%
RO EHNIARE - T VTG EER L2 4 £, KTEE /8T D0 AR 1250 A
TAHZ & T Mori HIZHNVRUBED o-T U —UALKG 2 2R LTZ 3,

Scheme 1-1. Enolization of Carboxylic Acids Using Brgnsted Base
1956: Hauser, C. R.; Chambers, W. J.

o NaNH, (2.0 equiv) o)
BnCl (1.0 equiv) Ph
Ph HO
HO . .
lig. NH3;
H work up Ph
1.0 equiv 88%

2011: Zakarian, A.

chiral amine* (1.0 equiv)

"BulLi (4.0 equiv) 0
0] . L .
isopropyl iodide (4.0 equiv) Ph
o P A
THF, =78 °C;
H work up Me” “Me
1.0 equiv 85% yield
97% ee
2014: Mori, A.
1. EtMgCI (2.5 equiv)
OMe 2. Pd(PBus), (2.0 mol%) OMe
0 PhBr (3.0 equiv) e
HO THF, 1t HO
H work up Ph
1.0 equiv 889%,

HINVR DT ) T — MulFsRE R4 5 FE72 15 T72 < | Bronsted i & Lewis g %
AT 2 FELHE SILTUW D, Bvans bl FEEREOR VR L HWD Z & TRiE %z »
FL LARWH LR CEBEOIEMALZER L. HVR CEBEOESER T IV R— VGO BASE I AL

I L 7= (Scheme 1-2)°,



Scheme 1-2. Soft-Enolization of Carboxylic Acids
1981: Evans, D. A.

"Bu,BOTf (2.1 equiv)
Q H 0 Pr,NEt (2.2 equiv) Q (?H
HO)K( N HO)Y Ph
H Ph Et,0,0 °C
Me 2 Me
1.0 equiv 1.0 equiv 87% yield
dr=1.9/1

ITAE G, Kanai, Shimizu 5 (2 & 2 il 8D R v 3 % F\ ) 5 Mannich 552 7, Nakajima,
Kotani HZ KB 7 A FZ2HND TV R— VUGN HE TV 5 (Scheme 1-3)8, Z D X )
(2 VR UBEOTEMAGIEIZZHRICKE L5255 b DD, WO KIG bIbFEimm Dt
A VLT D BIC, INODORISTHWOLND Lewis BEIZL Ry 7 AREETH D
e, By 7Y T 8—= h =R ZEFRRISOREFFNIRES N TN, — 5T, Z&
TIPS AN 7R T DI NARKEIC X D o- B RERALSOS OMEFIT, RENTR T — D7
Thol,

Scheme 1-3. Catalytic Enolization of Carboxylic Acids
2015: Kanai, M.; Shimizu, Y.

BH3-SMe, (10 mol%)
o BINOL ligand* (11 mol%)

y NBus DBU (2.0 equiv) Q  NHBus
+
HOJ\( HJ\ph toluene/THF, rt HOJ\ﬁ Ph
Me Me
1.0 equiv 1.0 equiv 90% yield
dr=2.2/1
93% ee/92% ee
2018: Nakajima, M.; Kotani, S.
SiCl, (2.0 equiv)

o) Pr,NBu (5.0 equiv) O OH
)K[H 0 BINAPO* (10 mol%) )kﬁ\
HO + L HO Ph

H Ph DCM, -60 °C
Ph Ph
1.0 equiv 1.2 equiv 77% yield
dr=4.3/1
72% eel—

1-1-2. 7 U ANEREZ LD BV R CEED o-B REREALEUG

T YNNI LD ANV D o-BRESHMUEUS & LT, VAR R E TEMPO (2,2,6,6-
T RIAFNLERY DA FR VT IHN) DT AT T ) T RIS 2012 H(Z Jahn
HBIZX o THAE SN TS, Lov L, ARSI EFEREORER & &RBLA %2 A5 E
2. FA ¥ R VR U a-T VB VAR O T2 D12 — BARALRIRSASEET S 7200 R
(Ze D A& 7% LTV 7= (Scheme 1-4),



Scheme 1-4. a-Functionalization of Carboxylic Acids via Radical-Radical Process
2012: Jahn, U.
MBulLi (2.2 equiv)
EtoNH (2.2 equiv)
CpsoFe-PFg (1.5 equiv)

Q TEMPO (1.2 equiv) Q CsHy4
CsHy4 CsHyy 4 HO
HO . . HO OH
LiCl (4.7 equiv) H..C
H THF, 0 °C OTMP 15 g
1.0 equiv 51% 14%

1-1-3. IR =/ UUEEWD o-BRALE

1V BREEATAR O LAY 72 o-FR{bSES & LT, Rubottom SR Davis S ANBA%E 4
TS 0% ARBOSIT A VAR B & RERIC T RN B E SRk 27 V2 R & L
THWL Z & T, ER#EE Fu X U B2 EHEAREETH D —J7 T, Rubottom Uit TldAk
HThov >z ))—nT—7 L OFHKIT, Davis BGTIET /) 7 — ORI L i
DFRERDBVLETH Y | BREFEEOR T E &R EOFEIEM ARBE L > T
(Scheme 1-5),

Scheme 1-5. Classical a-Oxidation of Carbonyl Compounds
Rubottom Oxidation

R'3SiO 1) mCPBA Q -
xR +
2)H OH
Davis Oxidation
Q R 1) base Q R
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SR A ML LR WIRAZ2 5T O a-fRbEUG & LT, Ritter 723 /3T D0 Al
RV FEE Y Jiao HLOMKED R U AW TEEZNERRE L TN D 12,
IO ORONMIERPFTAIE L L TR T2 HO TV D - OREFAMMEICENT S TH
H2HD0, RS TITWFEERENEZ 579, =/ 77— MELLTUVEMER o,0- E#OILE
(2 L2 C & 220 Tl BR2Y & 5 72 (Scheme 1-6),



Scheme 1-6. Tertiary Alcohol Synthesis by a-Oxidation
2011: Ritter, T.

Pdshppgs (5 mol%) o

hppH (30 mol%
&H PP (30 mol’%) )S(OH
Meo 02’ THF’ 6 OC Meo

Ph Ph Ph Ph

r}77%
f )N\ ﬁ (\NN/ Pd—,
N d N/Pd
hppH Pdahppy

2014: Jiao, N.
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Ph Ph Ph Ph
88%

WA OHELT Z 4 FTRE 72 1L & L CLAZIRIIIZ 2 S &V TEMPO Z R & LT
WD FENTHEER 28D TV 5 (Scheme 1-7), 2014 412, Zakarian D13 N-7 3/ /LA 4
YUY D o BALSOGE EE L TR Y . ARBUSITMBIEE AR D 2 & TIOR8
ROSZFER L TNAD B, F72, 2017 412 Maulide 58 =7 I K& hU 7rdn 2 2 A
VIR VR L5 T Jlao LR T I RE RV A Y TR EALT LN 7T — k&
EY AT o THEMELL B, TEMPOIZ L 57 X RO o-f(bRUSZHE L T D, EFLo

FOSIEOT R b A2 VD 2 &2 RSN T 7 2 REEMEL L, BRI L
ZDIZ< W TEMPO Z HWT o-FRbBUS 2R L TWD, £0— T, 7 I FOEHE(KIC
fbFEamEOREL LEL T2 EIC, 7 FEGPRBETH 2 72 DI RIS LR DL 73
BHPHEETH 5 UK EORMEFE L T,



Scheme 1-7. a-Oxidation of Amide Using TEMPO
2014: Zakarian, A.
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A L CU 5 (Scheme 1-8)', ARitaiE TEMPO Z BRI E 92 Fik s LT Ry &
RS A ER LD THD T, BLAEDO BN VETH D Ml EDO S %

LT,

Scheme 1-8. Catalytic a-Oxidation of Carboxylic Acid Equivalent
2017: Ohshima, T.; Yazaki, R.
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1-2. SUSRKEE & RIS
1-2-1. JOSRGET

U Ry 7 RIEMZ Lewis FRICE 2 VAR U FEOT ) 7 — MUEERT D720, @b
NRFLT— MEOWEICIER L7, @RI ARXL T —  NEIIBETETHIEREOE
FREIMMEFBEDRIZE S THNVRXF T T — D o fMOBHEEZF LS5 ENFETH
53, FORED, MUNRPTEKR LIESB I VAT T — MEIL, Lewis itz L 5=
T— MERRRETHD LB X T, T, 0 1TD&EBIINVEX T T — N HET 55
WXV BNVR RO ) T — MEDRHEITT % 2 & ZFHE L7 (Scheme 1-9), & Z TG
E LT, RS2 BB RS REOEREITO 2L & L,

Scheme 1-9. Activation Strategy for Carboxylic Acids

LA
O - H+ o/ LA
M. R
OJ\/ LA = Lewis Acid M\O)\;R
H = Metal Carboxylate

1-2-2. FIHIRET

GRFEOREZITOICHIY | MDISIGRIEOREEIT 1o, TN LD o
BRELKIETIE, 7020 v 7Y 7 RIS T D BRIt o —E RS 2 5, £
Z T, TEMPO 1T a-FE{Lik3E & L TR T < it o ikl & L C b 5 L5 %, 2.0
BEMAW, DI, BHEOI VR UBOBET 7 N AT U7 — FOERERET S
EEZ T, EIRE UCRBIE AN A 72, IREEMEIZ 7 2 hofbEh b2 & THO 24U
57290, O IZK > TRIGHHEFESIND Z & 2B HERT, A L LT MS4A ZIRINL
72(Table 1-1),



Table 1-1. Initial Study for a-Oxidation of Carboxylic Acid

catalyst (20 mol%)
ligand (20 mol%)

Me TEMPO 2a (2.0 equiv) Me
0 base (x equiv) o
HO PhCI (0.20 M) HO

H MS4A (100 mg) OTMP
temp., time
1a 3aa
0.20 mmol

entry catalyst ligand base (equiv) temp. (°C) time (h) 3aa (%) 1a (%)

1 Fe(OAc), — Cs,CO; (0.8) 120 3 2 93
2 CuOAc — Cs,CO; (0.8) 120 3 N.D. —a
3 Fe(OAc), — Na,COj (0.8) 80 5 27 68
4 Fe(OAc), — Na,COj (3.0) 80 24 33 57
5 Fe(OAc),  phen  Na,COjs (3.0) 80 24 >99 <1

Yields were determined by "H NMR analysis using 2-methoxynaphthalene as an internal standard.
@ Yield could not be calculated. TMP = 2,2,6,6-tetramethylpiperidino

LRy 7 ATEEDH S Lewis B2 & LT RIZRER LS4 W TG 21T > 72, £ D
fiti ey B HOTZBRIT DT 037205 5 BUS OHEFT 23RS S L7 (entries 1,2), HAL & ikt o
LINBERIET MU U LIEES D Z & TGN E L z(entry 3), 7=F > bl &fid
L& LTINS 2 2 & ThostERnm L, JFBMZIETHAT 5 2 & 2R L7z (entry 5),
KA S LI, RSSO R 2T T,



1-3. OUSSAF DR
1-3-1. IR

LEHR 0> 72 DI SO 3868 L 72 W BOGIREE & SOGIRERE 2588 L. #IDICE O Ri 21T -
72(Table 1-2),

Table 1-2. Screening of Solvents

Fe(OAc), (20 mol%)
phen (20 mol%)

Me TEMPO 2a (2.1 equiv) Me
o Na,CO3 (1.5 equiv) o
HO solvent (0.20 M) HO
H MS4A (100 mg) OTMP
60 °C,3h
1a 3aa
0.20 mmol
entry solvent 3aa (%) 1a (%) entry solvent 3aa (%) 1a (%)

1 toluene 38 58 9 MeOH N.D. 83
2 PhClI 44 49 10 DMF 57 43
3 DCE 35 58 11 1,4-dioxane 62 38
4 THF 72 27 12 CPME 47 47
5 EtOAc 61 35 13 TBME 8 88
6 acetone 53 42 14 anisole 48 43
7 MeCN 18 84 15 DME 68 30
8 MeNO, 8 85

Yields were determined by 'H NMR analysis using 2-methoxynaphthalene as an internal standard. TMP
= 2,2,6,6-tetramethylpiperidino, CPME = cyclopentyl methyl ether, TBME = tert-butyl methyl ether, DME
= 1,2-dimethoxyethane

MIERIZEEA ERN o7 aaXr By 12-v7aax ¥ o ERHWESRGELD B,
HRRE ORI A FF> THF, BT /L, 7t F & W2 BB OIEN R < 72 58
ML B 3L7 (entries 1-6), @EHRMEO T h= MU L= bm A X A& ) —EHW=
BRI BB DULR TR & <AKF L7z (entries 7-9), — 5 T, @iMaE C&H 25 DMF % H 7=
B IZ PR DIER T HA 35 b iz (entry 10), fisH L LT, THF ZHW-EBICHKD B
WIREETHPIIN G DT (entry 4), T D72, HFHiW\» To— 7 VRIS OV CTHEAMICHR
AEAT>Tb DD, THF L0 b BWRERZ R TIEEEZ LT 2 & 13 T&E 72275 > 7o (entries 11-
15), TBME % HWBSIZROGIEE A EEIT Lo ZR"E LT, #—vx U —T7F L
FEDO LRGN TN L0 TEFRE D < Fe(OAc), DIEFRMENEED - T2 Z & 235 2 B 11D (entry 13),

10



1-3-2. ¥
RN IE DS %47 - 7-(Table 1-3),

Table 1-3. Screening of Bases

Fe(OAc), (20 mol%)
phen (20 mol%)

Me TEMPO 2a (2.1 equiv) Me
o base (1.5 equiv) O
HO THF (0.20 M) HO
H MS4A (100 mg) OTMP
60°C,3h
1a 3aa
0.20 mmol
entry base 3aa (%) 1a(%) entry base 3aa (%) 1a (%)
1 Li,CO3 37 59 8 K3POy4 29 67
2 Na,CO; 72 27 9 KoHPO, 29 64
3 NaHCO3; 38 59 10 KO'Bu 1 >99
4 K,CO3 17 78 11 EtsN 55 44
5 Cs,CO3 2 94 12 Py 46 53
6 NazPO4*12H,0 N.D. 94 13 DBU 78 19
7 Naz;PO, 56 44 14 — 75 23

Yields were determined by "H NMR analysis using 2-methoxynaphthalene as an internal standard. TMP =
2,2,6,6-tetramethylpiperidino

Yol R E U CRBBEOMRG 21T o 1o, HOSBREIIARSUSIC R E < RS2 Z L3
HONE720 0 REET N Y DU AZ WIS BRAF RS R4 R L7z (entries 1-5), U &
F U T LE AWK LR ORI L0 | ARBOSIE H0 OIFFEIC K0 FEp
BT D I EDHER T X 7o (entries 6,7), £ RERIEDOLE L REKIZ, V UV BBEOSATH
UL EYF MU D LT N BAFIRRER % 7~ LTz (entries 7-9), K THLH T L aF
VRERMLUIZEA, BOSTIEE A EEIT L2 > 72 (entry 10), AL OV TH B2
To72L 2T A, DBU & AW BRIC BAF 224 RDTF H 7 (entries 11-13),  F & I\ ZHEFLIEIRAN
FMETOERREIToT-L A, REET R 7 AL DBU Z 3N L7245t & RFREOINERTH
HI M5 DAV (entry 14), Z OFEFD O ARG TR LIRS T b BREFICHEITT 5 2 &
DS E 220 | HHGERIMGIE & Balideh & LT,
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1-3-3. FLFaTy7——T R
RICELVF 2 T —— 7 ZADOWKH%1T - 7=(Table 1-4),

Table 1-4. Screening of Molecular Sieves
Fe(OAc), (20 mol%)

Me phen (20 mol%) Me
o TEMPO 2a (2.1 equiv) o
HO THF (0.20 M) HO

H additive (100 mg) OTMP
60 °C,3h
1a 3aa
0.20 mmol
entry additive 3aa (%) 1a (%)
1 MS3A 53 32
2 MS4A 75 23
3 MS5A 37 57
4 MS13X 20 73
5 — 5 91

Yields were determined by "H NMR analysis using
2-methoxynaphthalene as an internal standard.
TMP = 2,2,6,6-tetramethylpiperidino

FLF 2T =3 =T RIRMSIIRELSFZET LT LBWLNERD | MS4A W
B b BAF 7R R A 7 Uz (entries 14), — )5, ELF 27—V —T7 AEHRM LRV
TIERISITIE & A EHAT L 727~ > 7o (entry 5),

12



1-3-4. & @ fidfiE
RN 4B B A O 155 24T > 72 (Table 1-5),

Table 1-5. Screening of Catalysts
catalyst (20 mol%)

Me phen (20 mol%) Me
o TEMPO 2a (2.1 equiv) o
HO THF (0.20 M) HO

H MS4A (100 mg) OTMP
1a 60°C,3h 3aa
0.20 mmol
entry catalyst 3aa (%) 1a (%) entry catalyst 3aa (%) 1a (%)
1 MnCl, 4 96 10 FeBr, 7 91
2 FeCl, 10 89 1 Fe(OTf), 1 97
3 FeCl; <1 97 12 Fe(OTf)3 N.D. 88
4 CoCl, N.D. 97 13 FeSQO,-7H,0 1 96
5 NiCl, N.D. 99 14 Fe(OAc), 75 23
6 CuCl 2 93 15 Fe(acac)s 11 70
7 CuCl, <1 99 16 FeO(OH) N.D. 99
8 ZnCl, N.D. 98 17 CuOAc 3 94
9 FeF, N.D. 95 18 Cu(OAc), 2 93

Yields were determined by 'H NMR analysis using 2-methoxynaphthalene as an internal standard. TMP =
2,2,6,6-tetramethylpiperidino

FRIZT TR, v AR L LT2BRIZ S DT R b RISOEIT R TE -
(entries 1-3,6,7), =/3V b, = w7 dignaflitl U-BRICITEM AR5 2 &1XT
X 72 o 7o (entries 4,5,8), IZ, i b BWERZ 5 2 7282 DV TREH AT - 72 (entries 9-16),
ZDOFER, Fe(OAc)y & MW T-BRIZH S B WIERTH M35 5 L7 (entry 14), CuOAc X°
Cu(OAc), & W= SRIFTIERISITIE & A EHEFT L 727> > 7= (entries 17,18),

13



1-3-5. Bofir 1
WAZBLNL - DR FEL 21T - 72 (Table 1-6),

Table 1-6. Screening of Ligands
Fe(OAc), (20 mol%)

Me ligand (x mol%) Me
0 TEMPO 2a (2.1 equiv) o
HO THF (0.20 M) HO

H MS4A (100 mg) OTMP
60°C,3h
1a 3aa
0.20 mmol
entry ligand (mol%) 3aa (%) 1a (%) entry ligand (mol%) 3aa (%) 1a (%)
1 — 47 53 8 PhsP=S (40) 44 54
2 IPr (20) 44 61 9 phen (20) 75 23
3 DMAP (20) 46 51 10 bpy (20) 74 28
4 DMAP (40) 63 37 1" TMEDA (20) 75 20
5 Et3N (40) 50 44 12 TMPDA (20) 50 47
6 PhsP (40) 46 48 13 PMDTA (20) 60 42
7 PhsP=0 (40) 45 58 14 rac-BINAP (20) 46 53

Yields were determined by 'H NMR analysis using 2-methoxynaphthalene as an internal standard. TMP =
2,2,6,6-tetramethylpiperidino

—\ | | |
N. N N P | | N N
Crigy Ay ek At

IPr TMEDA TMPDA PMDTA
AREONIBANLF Z TIN L 72 WRAFTHEITT 5 2 L D3RS C & 7o (entry 1), HERAL %
7234, DMAP % 40 mol%H V7= entry 4 DS LIS CIXEANL T-FRINC X 5 S& Otk
I MRS T & 727> 7= (entries 2-8), WKICL RN 1 DRI 21T - 7-(entries 9-14), & DR,
1L1I0-7 = F > hm U 22-EE Y P>, TMEDA % HWW7ZBRIC BAFC SO AMELE S iz
(entries 9-11), = Z TWIZ, BEHIELIZ L 2B HREOREINES /2 1,10-7 =F > ba U U5
KL 22U D UBEIKIC OV BN F 21T - 72 (Table 1-7),

14



Table 1-7. Screening of 1,10-Phenanthroline and 2,2'-Bipyridine Derivatives as Ligands
Fe(OAc); (20 mol%)

Me ligand (20 mol%) Me
o TEMPO 2a (2.1 equiv) o
HO THF (0.20 M) HO

H MS4A (100 mg) OTMP
60 °C,3h
1a 3aa
0.20 mmol
Ph Ph
—N N= =N N= =N N= =N N=
Me Me Ph Ph Me Me
phen L1-1/2 H,O
3aa: 75%, 1a: 23% 3aa: 29%, 1a: 67% 3aa: 48%, 1a: 49% 3aa: 24%, 1a: 76%
Me Me Ph Ph Cl Cl MeO OMe
7 N/ \ 7 N__¢/ \ % é %\§ % g %\é
=N N= =N N= =N N= —N N=
L4 L5
3aa: 74%, 1a: 21% 3aa: 83%, 1a: 13% 3aa: 25%, 1a: 65% 3aa: 91%, 1a: 8%
PhO OPh HO OH OH MesN NMe,
7 N/ \ 7 N/ \ { ; 2 § { ; z ;
=N N= =N N= N=
L8 L9 L9 with Na,CO3 (1.5 equiv) L10
3aa: 86%, 1a: 9% 3aa: 40%, 1a: 60% 3aa: 47%, 1a: 53% 3aa: 96%, 1a: 3%

Q @ tBu MeO OMe
7 N/ \
/\
A YaTERSR= M D

L11 bpy L12 L13
3aa: 80%, 1a: 19% 3aa: 74%, 1a: 28% 3aa: 77%, 1a: 22% 3aa: 62%, 1a: 35%

Yields were determined by "H NMR analysis using 2-methoxynaphthalene as an internal standard. TMP =
2,2,6,6-tetramethylpiperidino

29 PEICEHIEZHALTZ 1,10-7 = F > b UFFERE Wz & 2 A B OIERIX
KT L72(L1, L2, L3), BFHICIZEAEHHETH LA T LIRS ==V EEHT 5 1,10-7
v bu ) UFEREROESEA, EERO 1,10-7 =) br ) UL RRROFER Lo
t@mw%4Jﬁﬂ%¥ﬁw%f%éauu%%ﬁ¢éLmvzfy%uuyﬁﬁm%m
Wim bk 2 A, HIOERIFTK T L72(L6), 4,7 MilZE it 5ikE2 /95 1,10-7 =) > hm
U VU REER A O BRI SO AN IS éné@mﬂ%otuﬂLsmomn ZTOHFRTH, ¥
AFNT I EEEFT D L,10-7 =F > ha ) UFFERE OB RS BWIEETHBY
DEHLNTZ(L10), 4,7 (Ll ReXx T EE2H35 1,10-7 = hu U o288 L LT

15



LZLTRVEWEFEMELZER TELLEEZX DD, REMATO BRI OINE T H
RETHST2(L9), 2,2-E Y 2 RENF D6 TIREHIED TN L D IR0 YGEIT A
SR o 72(L12, L13),

1-3-6. B DY &
DAL D M BT DOV THRFT &2 1T - 72 (Table 1-8),

Table 1-8. Optimization of Ligand Amount
Fe(OAc), (20 mol%)

Me L10 (x mol%) Me
o TEMPO 2a (2.1 equiv) o
HO THF (0.20 M) HO

H MS4A (100 mg) OTMP
60°C,1h
1a 3aa
0.20 mmol

entry L10 (mol%) 3aa (%) 1a (%)

1 0 24 77
2 5 41 62
3 10 50 52
4 20 52 52
5 30 46 54

Yields were determined by "H NMR analysis using
2-methoxynaphthalene as an internal standard.
TMP = 2,2,6,6-tetramethylpiperidino

Fe(OAc), 20 mol%IZ5%f L T 1 4520 mol%)DENI & I 2 7= BRI b B WIUER T H 4
D33 B AT (entry 4),
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1-3-7. il 2 IO RN E & FUGIRE « SOGHH
I, Fl 2 RIEOWINE & SONREE « FOSKRFR ORRE 21T - 72(Table 1-9),

Table 1-9. Optimization of Each Reagent Amount, Temperature and Time

Fe(OAc), (x mol%)
Me L10 (x mol%) Me
o TEMPO 2a (y equiv) o
HO THF (0.20 M) HO
H MS4A (100 mg) OTMP
60 °C, time
1a 3aa

0.20 mmol

entry Fe(OAc),/L10 (mol%) 2a (equiv) time (h) 3aa (%) 1a (%)

1 20 2.1 3 26 3
2° 20 2.1 3 74 25
3 5 2.1 24 >99 (95)  N.D.
4° 5 2.1 24 63 37
5¢ 5 2.1 7 75 N.D.
6 5 1.4 24 98 1

Yields were determined by "H NMR analysis using 2-methoxynaphthalene as an
internal standard. @ 50 mg/mL of MS4A was used. ? Reaction was performed at 40 °C.
¢ Reaction was performed without MS4A at 100 °C using 1,4-dioxane insted of THF

9 |solated yield was shown. TMP = 2,2,6,6-tetramethylpiperidino

MS4A OFMEZ 100 mg 25 50 mg ([T 5 & B OIGHEIFAK T L 7= (entries 1,2),
fili B 2 5 mol% I AR L 72 5ot C b SOUGIT BAHCHEAT U, UGB A 24 Wil & 35 2 &
T 95%D BB =R T B 01315 S A7z (entry 3), SORMREE % 40 °C (KK T 5 & &1L 24 B
W CIE&RE Lo Tz(entry 4), ELF 2T —3—T7 ZAZHFMLARWEMTYH KSERE %
100 °C ([CHIRT 5 Z & TRISITHEIT L= 00, BFONRTIEL 27— —T7 AR
NN« 60 °C DA & bl LTI F Liz(entry 5), £72F DL, N-O fiA ORI A1 5 Wiz
IRV HEMNOAELTZEEZEZXDND 4 AT AT VT v RRBIIES Tz, RRIGT
IX TEMPO % 1.4 Y &I T 2 Z ENARETH o723, DT D72 M S FEEIO 7 )3 s S
A7z (entry 6), FEROBRITFR L BRI ZNBET 5 Z L BREECH o 7272 FHE < B
DT % 2.1 2 ED TEMPO % V5 entry 3 D&MEZ st & LT,
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1-4. FEEORG « 2SO0

1-4-1. {7 a-f b BOS
TNV = AEE DAL TIZE1T 2 AR DL F IR IREIZ OV TOERZIT 72,

filfix TNV = ALED 4 % 1.0 BRI L TRISETT 9 2 & T, AR O iE iz >

WTCHITELEG B 5 & %5 % 72(Scheme 1-10),

Scheme 1-10. Chemoselective a-Oxidation of Carboxylic Acid

Me

HO

g

1a: 1.0 equiv

Me

HO

g

1a: 1.0 equiv

Me

HO

g

1a: 1.0 equiv

Me

HO

g

1a: 1.0 equiv

Me

HO

g

1a: 1.0 equiv

0]

PhQJ\rPh

H
4a: 1.0 equiv

0]

Ph)K(Me

H
4b: 1.0 equiv

0O O

EtOMOEt

H
4c: 1.0 equiv

o)

Ph
oo

H
4d: 1.0 equiv

0]

Ph
EtZNJ\(

H
4e: 1.0 equiv

Fe(OAc), (5 mol%)
L10 (5 mol%)
TEMPO 2a (1.4 equiv)

MS4A, THF
60 °C, 24 h

Fe(OAc), (5 mol%)
L10 (5 mol%)
TEMPO 2a (1.4 equiv)

MS4A, THF
60 °C, 24 h

Fe(OAc), (5 mol%)
L10 (5 mol%)
TEMPO 2a (1.4 equiv)

MS4A, THF
60 °C, 24 h

Fe(OAc), (5 mol%)
L10 (5 mol%)
TEMPO 2a (1.4 equiv)

MS4A, THF
60 °C, 24 h

Fe(OAc)», (5 mol%)
L10 (5 mol%)
TEMPO 2a (1.4 equiv)

MS4A, THF
60 °C, 24 h

18

Me

s

HO
OTMP
3aa: 43%

Ph

n
>
}O

OTMP
H5aa: 46%

Me

HO

3

OTMP

3aa: 96%
(96% of 4b recovery)

Me

HO

3

OTMP

3aa: 96%
(93% of 4c recovery)

Me

HO

3

OTMP

3aa: 98%
(108% of 4d recovery)

Me

HO

s

OTMP

3aa: 94%
(101% of 4e recovery)



o-7 V=7 b da BRI L8556, VR 1a & 4a DIEHALREAE T2 2 & 23
bnkieolz, LML, a7 V¥ AT R db ROV F~vuRr—hde, o-7 J— /LT AT
ndd, o-7 V=T R de AR L 7SRRI TIE A VAR B 0O Z O L 28 R B 7275
b LT,
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1-4-2. HE— et
WIZ, Fcid ST BT 2 HE — i O fEt 217 o 72 (Table 1-10), Z DEE. SUNE T 1% DR
W2 MeOH & TMSCHN, ZhN 2 THLEE L, A% A F Lo A7 VI Z8 4 L CHEE L 7=,

Table 1-10. Substrate Scope of Carboxylic Acids

0

R
Ny

H
1

Fe(OAc), (5 mol%)
L10 (5 mol%)
TEMPO 2a (2.1 equiv)

MS4A, THF
60 °C, 24 h;
TMSCHN,, MeOH

0]

OTMP

Me-3

0 =
N R
MeO

OTMP

R’ = p-Me (Me-3aa) 85%
m-Me (Me-3ba) 88%
o0-Me (Me-3ca) 86%2

OMe
0]
MeO OMe

OTMP
Me-3ta: 82%

(0] OH
MeO

OTMP
Me-3wa: 79%

o]
MeO
TMPO

Me-3za: 92%%

2
MeO

&

(0]
OTMP O

Me-3ya: 85%

R’ = p-Br (Me-3da) 80%
m-Br (Me-3ea) 88%

0-Br (Me-3fa)  93%?

p-F (Me-3ga) 83%
p-Cl (Me-3ha) 84%
p-1 (Me-3ia) 81%
p-Ph (Me-3ja) 75%
p-OH (Me-3ka) 50%”

CF;
0]
MeO CF;

OTMP
Me-3ua: 67%

(0] Br
MeO

OTMP
Me-3xa: 36%

0 S
JYE/)
MeO

OTMP
Me-3aa: 82%

0
MeO Cl
TMPO HN ;©
Cl

Me-33a: 74%°

R’ = p-OMe (Me-3la)  86%

m-OMe (Me-3ma) 88%
p-CF5 (Me-3na) 81%
m-CF3 (Me-3o0a) 84%
p-SO,Me (Me-3pa) 79%
p-SMe (Me-3ga) 81%
p-NHBoc (Me-3ra) 90%
p-CN (Me-3sa) 55%

o) O>
MeO o
OTMP

Me-3va: 86%

PYe
MeO

OTMP
Me-3ya: 91%

(0] S A
=
MeO
OTMP

Me-3Ba: 40%

MeO Cl
O
~ N%
HO e}

TMPO  Me
3ea: 61%29

2 4.0 equiv of TEMPO 2a, and 10 mol% of Fe(OAc), and L10 were used. ? 2-(4-acetoxyphenyl)acetic acid
(1k-Ac) was used as a substrate. € 4.0 equiv of TEMPO 2a, and 20 mol% of Fe(OAc), and L10 were
used. ? Yield was determined by "H NMR analysis using dibenzyl as an internal standard. TMP = 2,2,6,6-

tetramethylpiperidino



FRICBEBR SN AF AL A0S T2, TE RS, A XY, U 7040
AT AR =)V EOBRERIE ARG OHEITICERE 2 N IF S 2o 72 (Me-3aa—Me-
3pa), LDA FOMMBERMETY FU L a o ZHAEIT L 9 2 3 — FEIIABUS SR
PRSI, 93— FEZ AT 2 BRI @R TS btz (Me-3ia), SOLRITEE 2N RME L 7 2
B TS DOETITELS o7 b O D, filliids TN TEMPO OMEZIERLT Z LI &
IR THMMERSD Z & 23 T& 72 (Me-3ca, Me-3fa, Me-3za, Me-3da, 3ea), 2-(4-7 & b+ 7

= = /V)FEE(k-Ac) & B & L& Z A, MeOH & TMSCHN, % W 7o = 27 WAL O BRI it
7B F LT L7z (Me-3ka), HLEEE(L 22 TS0 WF A —T VAR T L EE 5 A
W2k TA FAT =T VFRIE ST o-BR(LUS D A D3 HETT L 72(Me-3qa), Boc PR S L
727 =V SIS W TRFA Sz (Me-3ra), > 7/ EEH T 582 i
L2 A, HIWORRITTRE TH - 7= (Me-3sa), EEF - B REO EHRELE OM
ﬁﬂﬁﬁmlLﬁﬂ%f%@\E%%i%ﬂ%f%%ﬂkm&&wahmoQEKMMé
NDERHEON VAL B B RS R b AR SN TR b T, AR Tl i
{72 TEMPO BR(LCT—RIOICAERT 5 LB DN TNAA XY =g A F4 o R4
B LT 2 & DRI S fu72(Me-3wa), IRINETIEH 5 b 00, s @mWRAL~
UG EA T B IEE B AIRIC#E A ATEE T dH o 7o (Me-3xa), F 7 TV EE T HIE %
WZBIZ B EINR TR 213D Z L T & 72 (Me-3ya, Me-3za), 3-F == /LA 7
EZABINETHMNWARGD Z LN TE 5T, 2-F = = LERRE Tt ~o R b 7 fid
MR L0 ICRIME T L7=(Me-3aa, Me-3pa), F7-. AUNMIEHKLETHDL A V3
7. vraz=F Ay RAZ T DOBRUCTHEMIZE T FTHE T & - 72 (Me-3ya, Me-35a,
3ga),
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WIZ, B Z AT 5 TEMPO i8R Z W7 58—t O 217 - 7= (Table 1-11),

Table 1-11. Substrate Scope of TEMPO Derivatives

(0]
o . Fe(OAc), (10 mol%) OO
OO 0. L10 (10 mol%) MeO
HO *

MS4A, THF O\
H R 60 °C, 24 h;
TMSCHN,, MeOH R
Me-3

1y 2 (2.1 equiv)
R I R
MeO MeO MeO

0.
OH 0N NHAc

Me-3yb: 89% Me-3yc: 90% Me-3yd: 62% (78%7)

4 Yield based on recovered esterified starting material (Me-1y) was shown.

B Ko 07 L = VR AT 5 TEMPO ks IV 5aIci 0T b RS R
UFIZHEST L 7= (Me-3yb, Me-3yc), 7 X &3 2% TEMPO #FE MR & AKISIZiHE A FHETH D |
HEW % 62%DILR TS Z L 8 TE 72(Me-3yd),

By-REAFI A NAR U EE L L THWE 2 A, ap-Rafi-y-EH#IATH D Me-3la 28
58%DILHE TEIRMIHE LN, —FH. ap-REFA VAR CEBRIIARKSIZ#EHA T2 Z &1L T
X 72775 72(Scheme 1-11),

Scheme 1-11. Application to B,y-Unsaturated Carboxylic Acid
Fe(OAc), (5 mol%)

0 L10 (5 mol%) O
“ TEMPO 2a (2.1 equiv) P
HOWMe MS4A, THF MeO)WMe
H 60 °C, 24 h; OTMP

17 TMSCHN,, MeOH

Me-3Ca: 58%

RE A 77 V7R Bk 1q 13X 60 °C OAKIRSM: TIIEUL Ler 72 O D, 160 °C O @il gkt
TIE 1 OIEME(LDSATHE T&H o 7 (Scheme 1-12), L2> L., ARG TI a-BRLICH O THLER
Wk« REFULOBRIFISE R T, T AT T e RiFEm i EARY & LTS
iz,
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Scheme 1-12. Aliphatic Carboxylic Acid under Heated Conditions
Fe(OAc), (5 mol%)

OMe L10 (5 mol%) OMe
O TEMPO 2a (2.1 equiv)
H X
HO 1,2-dichlorobenzene
H MS4A, 160 °C, 8 h 0
1n 1n’: 43%
a—oxidation dehydrogenation
OMe OMe
0 decarboxylation
H
HO
OTMP 0]
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1-4-3. SR O ZEHA s

ARSI T B VT2 AE W) D ZE Wi 21T - 72(Scheme 1-13),

Scheme 1-13. Transformation of the Product

Me
(0]
P +
Ph OH HO

OTMP
3aa

M
o) e
Ph” 0

OH
7:97%

1.5 equiv

o
O Hcl HO
OTMP

1.5 equiv 3aa

DCC (1.5 equiv)
DMAP (0.10 equiv) 0

DCM, rt, 6 h

OTMP

6:85%

Zn dust (40 equiv)

AcOH/THF
60°C,2h

mCPBA (1.2 equiv)

DCM, t, 4 h

EDC-HCI (1.5 equiv)
DMAP (0.10 equiv)

EtsN (1.6 equiv) 0
MeO
N
DCM, t, 24 h TN
o} OTMP
9: 67%

Zn dust (40 equiv)

w’we
MeO

N

T)(\H

OH
10: 95%

ACOH/THF
60 °C,2h

mCPBA (1.2 equiv)

M
Yo
MeO
N
j(\H
(0] (0]

11:82%

DCM, rt, 4 h

Me

HIVR R TH DALY 3aa ITHEANISICE 2 TZ AT L 6 °T7 2 K9 IZEWTHZ L

ME[ETH -7, F7-. MEBOILEWIZH LT Zn dust Z/EFH X252 & TN-0O fEigD

UM AIRETH Y | a-b FRFVZAT VTR 0-E RRF T I N 10 ~OLH A ERK LT

06 Fl, TATN 6T I ROICK LT mCPBA #/EH&®5 2L T12-7 P AT /L8
R12-7 R 7 2 F 1 OB FRETH 7= 1,
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1-5. SOSHERE D FEMT
1-5-1. E&{b&l & LT TEMPO DOREHE

Scheme 1-14. Control Experiments in Terms of TEMPO
Fe(OAc), (5 mol%)

Me L10 (5 mol%) Me
0 TEMPO 2a (x equiv) 0
HO THF (0.20 M) HO
H MS4A (100 mg) OTMP
60 °C, 24 h
1a 3aa
0.20 mmol x=1.4:98% (1a: 1%)

1.0: 73% (1a: 24%)

TEMPO % 1.4 Y& L 72 & TIxb T ERIOERER R SN b OO, SR
E & A EHAE L7=(Scheme 1-14), L72>L. TEMPO % 1.0 4 8|2 % TR T % & BRI DIL
FRIBLE T5%L o7, ZNHORERIT, ZMOSE = HERbT 572 DICHE S
% TEMPO 23,1 53 1 C3 B L3 7' a b &% FHD Z & 273 L CTU 5 (Scheme 1-15),
T, TOBICN-O FEADETL SN, HO & 22,6,6-7 F T ATFNLERY DURELD L&

2D,
Scheme 1-15. Reduction of TEMPO as an Oxidant
: H
Q 1e,1H* E 2e,2H §
x:N:z A[ ]L S AUL + O
TEMPO 2,2,6,6-tetramethylpiperidine
2a 12

N-O #EEDEILBIEZ > TWNWD T EZMHENDDHTDIT, 2,2,6,6-7 FT ATFLERY v
12 O H %47 > 7=(Scheme 1-16),

Scheme 1-16. Detection of 2,2,6,6-Tetramethylpiperidine 12
Fe(OAc), (1 mol%)

Me L10 (1 mol%) Me
0 TEMPO 2a (1.4 equiv) 0 §
+
HO MS4A, THF HO

H 60 °C, 96 h OTMP
1a 3aa 12
4.0 mmol 90% 0.58 mmol

TEMPO % 1.4 YEHWCTRIGEATT2 & 2 A, 2,2,6,6-7 N T AT ERY T 12 DR
HIWCEI LTe, 202 enb ZAMO$k2 BERLT 2 72 DIZiHE S D TEMPO 73, —4rf
T=FTFRO=71 hrZZITBRY) N-ORADETEOWNEZ D EEXBND, £z,
EFEL X a7 =T RIEOBICEIET S H0 Z2WET KA E LTHEEL TW\WD &35
bbb,
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1-5-2. =2 b r—/LFEE
BOGHEAESRAT O 7= 60 | i, B+, IR RIS RIZEZ DO\ Tay hr—/L
FER A AT > 7= (Table 1-12),

Table 1-12. Control Experiments for Mechanistic Insight
catalyst (5 mol% of [Fe])

Me ligand (5 mol%) Me
0 TEMPO 2a (1.4 equiv) 0
HO additive (100 mg) HO

H THF (0.20 M) OTMP
1a 60 °C, 24 h 3aa
0.20 mmol
entry catalyst ligand additive 3aa (%) 1a (%)

1 Fe(OAc), L10 MS4A 98 1

2 — L10 MS4A N.D. 96

3 Fe(OAc), — MS4A 34 62

4 Fe(OAc), L10 — 10 91
59 Fe(OAc), L10 MS4A 25 68
6" Fe3sO(OAc)g* ClO, L10 MS4A 95 1

Yields were determined by "H NMR analysis using 2-methoxynaphthalene as
an internal standard. @ MS4A was not pre-dried. 2.1 equiv of TEMPO was
used. TMP = 2,2,6,6-tetramethylpiperidino

ERE DM NT, HEIIE 98% DI T H A7z (entry 1), MRELIEASINSGAE T
FOSE AT Lo o To(entry 2), B 1L L F 27— 32— 7 R IARRSITHHA TR
WHOD, RUSERET HIOICEHETH D Z LR TE I2(entry 3,4), £72, EL F =
7 — 3 —7 A% TEMPO D2 IGIZ K D HoO DAERRE DN 72\ DI BEFE 7~ & BOG O
ITICREREBE G X226, KK E LTREIT T, ZOMoMELA LTS Z
ERR ENT, ERTEEITOTICE L X2 T =T A EMA LI 2 A, BRWODIL
IIRE KT Liz(entry 5), ZORERMND, ELFaF7——7 ZADMiAKAIE L TORERE
HARKIGICBWCTEHETHL EEXOND, “MMOFEESRE LT poxo- “EZ85EZ -
LA AMOFESE WA L RIS EWIEE T B S 5 vz (entry 6), Z O
RS RSB W TSI A & =Moo &5 6 2 AW 5E6TH R TR —OEHE
HicFEsns tBx o5,
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1-5-3. SOSIREL Dfitr
E 0 R OGRS IC BT D A A1 S 72, EE O AV ER, TEMPO, filliid
m&ﬁ%wibta%kmao%@%@Kobf@&mmmmmmeJam%ﬁbfm
%
Table 1-13. Initial-Rate Kinetic Study

o Me Fe(OAc),/L10 0 Me
TEMPO 2a
HO MS4A, THF HO

H 60 °C OTMP
1a 3aa

Reaction Order

1a -0.7th
TEMPO 2a 0Oth
catalyst (Fe(OAc),/L10) 0.7th

BB A E U= fE . E OB IV R VO OSSR ED-0.7 k. TEMPO D Sk ELHS
0 R, fEEEDISREN 07T IR THDZ ENHLMMNE 572, TEMPO N0 IRTH-7-Z &
ND . C-O FEETEROEMFER KOO FER(L OB FR I TR B Tl /e 2 & DVRIB X
i,

1-5-4. EEIVAZSSIES

RIS DBIREBEFE Z B 60N T D72, FE Th D IIVR O E R R AR F I B
9% FEk %47 - 72 (Scheme 1-17), AZEERTIT o-BKFE AV AR PR 1a & a-FKFE VA PR
la-dy % AV T2 BR D BOSHNEE 2 2 2 BIE L C ka/ko B2 FLH L7z,

Scheme 1-17. Parallel Kinetic Isotope Effect under Optimized Conditions

Fe(OAc), (5 mol%)
Me L10 (5 mol%) Me
o TEMPO 2a (2.1 equiv) 0o

HO MS4A, THF HO
H H 60 °C H OTMP

1a 3aa
Fe(OAc), (5 mol%)
Me L10 (5 mol%) Me
o TEMPO 2a (2.1 equiv) o

HO MS4A, THF HO
b D 60 °C D OTMP

1a-d, kw/kp = 2.01 3aa-d

WEEEZ W CRISHNEEDORIEZIT 12 & 2 A, kulkoHIZ2.01 &7 o7 Z OF5EHE
Mo, =/ 7 — MEOBRRITAEEEA~DFENRREWNWEEZ Z LD,

27



WIZ . BNIAF DR ONWT O R E G700, BN FFHERIMNSEE T a-BRKE I LR
Vg 1a & o-BEKFB VR VR 1a-dy T O T2 BR O SOSHIERE 2 2 2 VHIE L C ku/ko H%
B H L 72 (Scheme 1-18),

Scheme 1-18. Parallel Kinetic Isotope Effect without L10

Me Fe(OAc), (5 mol%) Me
o TEMPO 2a (2.1 equiv) o

HO MS4A, THF HO
HH 60 °C H OTMP

1a 3aa
Me Fe(OAc), (5 mol%) Me
0 TEMPO 2a (2.1 equiv) )

HO MS4A, THF HO
D D 60 °C D OTMP

1a-d, ki/kp = 1.36 3aa-d
B IR SR TROCHIRE DWE ZAT T2 & T A knlko H1E 1.36 & 72572, RICHS
MAOBIZEY =7 T — MEDOBREIMEE SN D DO THIVX, BhFIERINSEHETo
kn/kp I EGESEE L D b REL 2DITTTH D, LovL, EEITmam St & i U< kn/ko
ERNEL o2 END, BN FOUHINC L VRSN D BfEIZ= /) 7 — MELAA O
BThdrEZLND,
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1-5-5. FELF 2T ——7 2ADKHE

1-5-1 OFERN S MOk E FHIEbT 572D S5 TEMPO 28, 1 3+ T3 &
KO3 7a b &ZITHRY . N-O G OEITHAE Z 2 EFRRFIC 0 BAERT 5 2 L3R
ENTWe, ZOZENLELF 2T —3— 7 AIKRKISITB W THKAIE L THREEL T
WD EWRBEINTW, L, 1-52DFER NG, ELF a7 —r—7 AT H0 04
PR D IR N EUS D AT BEE 2> O RS DI TIC R E R B A2 52 Tk 0, Bk#E LTE
JTR, ZOMOBEROAE L TND I ENRBINT W, 22T, EbFad—v—7

OB 572012, FELFaT7—3—T ZADOTMENISHIEE IS 2 D8I
DWW THAAE A AT - 7-(Figure 1-1),

Fe(OAc), (5 mol%)

Me L10 (5 mol%) Me
© TEMPO 2a (2.1 equiv) o
HO MS4A, THF HO

H 60 °C OTMP
1a 3aa
MS4A (mg/mL) d [3aa)/d t (M/min)

25 0.0004163
50 0.0005475
75 0.0007921
100 0.0009982

Kinetic Study for MS4A

0.0012

0.001 ®

0.0008 ot

00006 T
0.0004 0. y = 0.000007961 x + 0.000190950
R? = 0.987258640

d[3aa)]/dt (M/min)

0.0002

0 20 40 60 80 100 120
MS4A (mg/mL)

Figure 1-1. Kinetic Study for MS4A
ELF 2T —T ROEMESRMT B I CRUSIREE S KX < 725 = & AR5
MmeElRole, ZOFRERMNDL, TLFaT7——T R IFEEEMTH LT ) 7— Moz
RELTND ZERRBRINTEY, EbFx 27— —7 ZARBKAILISOREREZ A L T
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WHZEME VR ABREINT, £ TRIZ, TEbF 27— —T R D ISOMEEIZE
TR 2R3 D 72 0 O FEBR 4T - 7= (Table 1-14),

FLFaT—r—TRF @I A RENORDEKE L T ) RS O T
MO SN TWD 72 B EEIEHSROM AT /) 7 — MEDREICHFE LTS Lo
IRt % ST T2,

Table 1-14. Effect of Alkali Metal Salts
Fe(OAc), (5 mol%)

Me L10 (5 mol%) Me
O TEMPO 2a (2.1 equiv) 0
HO additive, THF HO

H 60 °C, 24 h OTMP
1a 3aa
0.20 mmol
entry additive yield (%)

1 MS4A (100 mg) >99
2 — 5

3 Na,SO, (100 mg) 10
4 NaOAc (20 mol%) 64
5 KOAc (20 mol%) 47
6 Ca(OAc), H50 (20 mol%) 8

7 NaOTf (20 mol%) 11

MS3A: K,0 (0.4), Na,O (0.6) + framework
MS4A: Na,O (1) + framework
MS5A: CaO (0.8), Na,O (0.2) + framework

FELFHaT—— T RAERINT D E#E SR CIX BN EZEICE SN (entry 1), — 7,
FLH a2 T = =T ZAERMURNEHFTIERISITIT E A EHEIT LD > T2 (entry 2), ik
FlE LT NaSOs ZIRIMLIEE Z A, FLFa T —2—TF ZAEUM LRV L REORE R
E7roT(entry 3), ZOFERMND, FELFa T ——7 AFPKFILAOME X2 L - TARK
JEEREL TWD Z ERFERE STz, BT N Y U LFEE D Y U L& IR L 72 AT
TERD A B B AL (entries 4,5), — T, BEEA LT T LR N ZvAma AL 2 ALK
VEET R U D AERIN U TSR TN EE O A 1L R S L7 7)o T2 (entries 6,7), Z AL D OfE R
Mo, WEOINRUBEEL X2 T — =T ANLELET AV EBINEAX YT —
73 Bronsted ¥itk & U CHSRET A Z LI L » T, BB TH D= /) 77— MEOIBREME
ST EEXT,

ZZTCRIT, o fiE EAKEENR L2 la-d, ZHVTC, =/ 7 — MEIZHT 2T 8
GBI INVRF VT — N DL R Lz (Table 1-15), o L% BE/AKFEMH L I-LEITT ) 77—
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MEDRHESTT 2D E WU L > T r b oAb, EARFELENME T T D EE 272, -,
ARG TIX A OFEESE L TEMPO 12X > TSN AL D2 EZMELTNWDLTD,

=l OFEEEER & L T p-oxo- —AZEERE W CEBREZIT - 72,
Table 1-15. Effect of Alkali Metal Carboxylate for Enolization

Me Fe3;O(OAc)g* ClO,4 (0 or 1.7 mol%) Me
o L10 (0 or 5 mol%) o
HO additive, THF (D)HO
D D 60 °C, 24 h H/D H/D
1a-d, (97% D) 1a/1a-d1a-d,
0.20 mmol
entry catalyst additive (H/H+D %)
1 Fez0(0AC)g ClO4/L10  MS4A (100 mg) 51
2 Feso(OAC)G'C|O4/L10 - 6
3 - MS4A (100 mg) 6
4 - - 3
5 FezO(OAc)g:ClO4/L10 NaOAc (20 mol%) 37
6 - NaOAc (20 mol%) 4

PR L L X 2T — =T A FARHIAW D &M T o ALOTEARFEROE TR RS
To(entry 1), X AT 47 a3 ha—& LTEMEOARZHWLEME, TELFaTF7——7
ADIE AND G, W ERN TR CTEREIT o728 2 A, a fLOBEAKFELEIMETIX
RN 720y o 7z (entries 2-4), ZILHDFER NG, gl 1L ¥ 2 T —2—T ROMABE
ORI IVR L BROFRN T ) 77— MUICEETH D Z ERHLNE -T2, RIC, Skfil
L FERE T BV U AEFIRFICHOW DRI TEREIT 72 & 2 A, a frD EARFROIL T
Roiiz(entry 5), R’ AT 47 ar bua—e UTERT N U LORERNDLRETHE
BRAaATo72M, o MOEKFIEROE FITR SN0 o7z (entry 6), Z DOFERND . A
BB LEELX 2TV —TANLAELET VI UEE VAT T — )Y Bronsted ik
ELTHRET D Z LI Lo TS CThH D= /) 7 — MEOIBERBMEE SN TWDH Z & &
BTN EBRIC KD RESRHEL T ) T — MEEHEIZ L o> TH AR CEBOZhER 7R
T ) T — MEDBEITT 2 Z LR STz,

EFELF 27— —T7 20ROV It EOFEET F U v A2V, ROSKHE % 48 FEfH &
952 LT 85%DINHETHNMZETGD Z LN TE7=(Scheme 1-19), =D X H 12, A& Tl
T @A VIR T — RS Brensted HEJEAREE S U CHERE L TRV | ({LFEERE DI
MR A ML LWV R O x ) T — MuZ IR CHIO TR LTz,
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Scheme 1-19. Catalytic Fe/Na Bimetallic Conditions
Fe(OAc), (5 mol%)

L10 (5 mol%)
Me NaOAc (20 mol%) Me
0 TEMPO 2a (2.1 equiv) 0
HO THF HO
H 60 °C, 48 h OTMP
1a 3aa
0.20 mmol 85%

1-5-6. '"HNMR
VKRR EEL X2 T =V —T AN TNV VERIVRXT T — NBEKRTHZ L
AT 572912 TH NMR 8% %17 - 72(Scheme 1-20),

Scheme 1-20. "H NMR Analysis of Carboxylic Acid and Sodium Salt

0 Me 0 Me 0 Me 0 Me
+
H\O Na\O H\O Na\O
H H H H

1a 1a-Na 1a:1a-Na =1:1
3.537 ppm 3.414 ppm 3.478 ppm
Me Me
0 MS4A 0
H. H/M
0o THF o
H 60 °C,4h H
1a 3.514 ppm

VAR 1a D o LD — 2713 3.537ppm, 7~ U 7 Al 1a-Na D o LD B — 2 |1 3.414
ppm (IZR BT, Fo, AR UEE1a L NY A 1a-Na % 1:1 TIREL=H 7T
XN HDIFFEFRE2D 3478 ppm (CH—DOE—I RE LN, WVRVREEL X 2T
— V=T AGLMIUR LT 7V TIE 3 514 ppm (ICHL—D B — 27 ZoR L, BIVR VRIS D
BT 7 RRR LN D, VARV BEEL X2 T — V=T ANLT VA &R
ANVRFTT— EPERLTND EEZRZDBND,
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1-5-7. Z s vy 7 £
IEPEF RISV TOIAZ/FL 720

Scheme 1-21. Radical Clock Experiments
Fe(OAc), (10 mol%)

2T VT vy 7 EERZAT o 72 (Scheme 1-21),

0 L10 (10 mol%)
HO TEMPO 2a (4.0 equiv)
H MS4A THF TMPO
| 60 °C, 24 h; TMPO
TMSCHN,, MeOH
10 Me- 39a ea’
0.20 mmol 76% .D.
O FesO(OAC)s- CIO, (1.7 mol%) 0
L10 (5 mol%
HO ( ) HO
H MS4A, THF
| 60 °C, 24 h Me
10 10’
0.20 mmol N.D.
(95% of 10 recovery)
(0] Fe(OAc), (10 mol%)
L10 (10 mol%)
HO TEMPO 2a (4.0 equiv)
H MS4A, THF TMPO T™MPO
| 60 °C, 24 h; Me
Me Me TMSCHN,, MeOH Me
1 Me 3|a Me-3i1a’
0.10 mmol 51% N.D.
(0]
FezO(0OAc)g* ClO, (1.7 mol%)
HO L10 (5 mol%) HO
H MS4A THF Me
| 60 °C, 24 h
Me” ~Me Me
11 1
0.10 mmol N.D.

(84% of 11 recovery)

10 ° W a2 H & L72BRIS, 7 O AN D AR A s 2 BRAVAE A O Me-30a"<° Me-3ia
TR ST, a- B LAY TH D Me-30a <° Me-3ia OAMNAER LTz, Fiz. MO
PRAAET . TEMPO Z 1272 WGRAFIZH W T b BRGSO RE O — ffi3Blll S Zzn-o
oo TOZENG, AKISOIEMERIL Fe'llm /) 7 — Ml & OHIGIZ L ZE(L 7z Fell-
-FZVHINFETHDLEZEZLND,
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1-5-8. HE7E B HEAE
UL RS RHT SZER 05 e A i & 2 72 HETE O B EHEAE % 7k 97(Scheme 1-22),

Scheme 1-22. Proposed Catalytic Cycle

(0]
RY
OTMP n(RCOO), TEMPO
L,(RCOO),Fe", [Fen] "
‘0 / resting state L,(RCOO),Fe"'OTMP
Vi v ]
O
R’
\ HO)K(
facilitation effect of ligand H
\ TEMPOH
2HY 2e
oM 9 o K
~ R’ I H,O
Ln(RCOO)zFe”'O)\” n(RCOO),Fe™0 ! ! 2
v turnover- I|m|t|ng m N
redox active W
heterobimetallic RCOOH RCOOM
enediolate
M = Na, K

FIHIZ, Fe"fE 1 23 TEMPO (2 K > Clgfb ST Fe™ I 34T 5, IRIT, VR U
& DI L o> TR g Fe"Hl I 23 ERCT 5, 2 D H /LR g Fel filfl I IR R 7R
DEROHFEIV EPHRRIEICH D L& 2 TV D, BT L10 13, HEED B VR Uk Fe'll il
I DR EREL TWNDEEZTND, HOTHLRVREEL 2T ——T ANBAE
CIleT AV @RINEXFST7—MIEIV = 77— MEREITL, L Ry 7 RGP T
N RO RESEIMT ) T — b VIERT 2, 20 Fe"-x T — M Fe-a-7 U7
JVFE VI & IEEEILRICH U . TEMPO & DH > 7Y U 7280 Fe f 1 2 FA L7222 AR
Mo, -, AR EE FM i I AR T DB U 5 TEMPOH 135 72 % 380
ZZIFTHIETNORANHAL, 22,6,6-7 T AFNLERY DUBRERT 5,
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1-6. fiEidm
1-6-1. &

TV ANAEREZ L D VR RO ERERIRER) a-FR LG DOBRRE ATV, BRI &
LT TEMPO %M\ % Z & THMBIRILLUS Z2Hl L7z o-b R 2 SRRah Bk -& a4 2K
L 7=(Scheme 1-23)", ARKJSIE A VAR i OTEMEALICONTIE R 2 LB & Ue Rl filii g
1 mol% TO HMMDO G A ER L TE Y ., B BB CEN -GS THh D L E X
be Flo. AT AT NARLT 2 R, a- T AT NS U DFFE FIZBWTH BILRUBED
HD a-FELIIERATRE T o D | AMBER G T2 WL AR R )E S @b BRI 3 B
binkipolz, SHIT, ARUSERMITIEHILFEINCAEMR oot FRF T AT L0 o-b
Rexo 7R, 1,227 = A7)0, 12-7 b7 X RIZEBARECTH - 72,

Scheme 1-23. Direct Catalytic a-Oxidation of Carboxylic Acid
Fe(OAc), (5 mol%)

Me L10 (5 mol%) Me
0 TEMPO 2a (2.1 equiv) 0
HO MS4A, THF HO
H 60 °C, 24 h OTMP

1a 3aa
95%

1-6-2. 51 DREER L O

ARWFZE T, ke TAh ) SN IHE T2 I AVR U BOFH T ) T — MEEOBIZICHK
LTz, ARERISIET VN K5 B VR RO o- B REHAL &Rk L 7= 5] 0
BITH Y, AR AE AR & U RO ZE A RIROG CIEEEEZ: B (LR R BSOS E
~ORBANMFECE D, . ATIET Bronsted HAMILIZ X 2 VRO ) T — K
LA =R L7 iR & L CH IR CTh o 7o, —J5 T AR I3 EV R #6723 H ik i —
J 7= MELRT W a- 7 U — L VAR R T2 By- R EAFI I VAR VERICIRE S VTR Y
NI 71 VAR o e~ 0D FA A3 IR B 7 )RS BB ORI A 7% L Tz, £ OJRIR & LT, Tk
ThHHVT = MORBEEBA T VAT — MR RELETHDL I ENEZ LN, £D
e, BT =AM ) T — P ERIEETEE L TR~ LR SE D 2 & TIRIE
TV CEE~O AR OIER N ARETH D B X T2, ZOLIRFEROL L H2E
TITFR KR A JA N T BT AR R O BRFE LB AL A T2,
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F2E AR BROMEN) o-EXFMRE
2-1. [¥im
2-1-1. HKEEB LS OA A

IS~ DO EAKFE OB AT L RBLEME DM Fie 12 L D IRNEIEDOWEN ATHE T H
%5 20, 2017 FFITIET = —7 F TG VU BERAIOF ERFERES & LT FDA ITKR S
Too DX D I F O EARFEHIIAIENIZEIZ B T FEIER 240 T % (Figure 2-1),

Figure 2-1. Examples of Deuterated Pharmaceuticals
CDg

DsC
DLC” N /N\N
N X, N7

N-IN. F
Me
F ' Me
Oy-L-838417 N=
D IS
D
0]
D cp,
D o P o O b
H
(00 2 (> o<
D JC 8¢
N CD, D o H N° 0
D__ 5 Hor>4\KC%
D
\ D! D
g:;* CDs
di4-nerispirdine dg-brecanavir

Fo, EAFEHRSINIAELAWIZNMR ° MS, D-MRI, 7~ 8A A—Y 72k b
FRMTFIRECH Y . EPBREDE=4 V) 7R O E oy — L& LRI &
TWD 2, FEiz, ALV T b BEKRITIRFE IO ZENE R R0 OGBS AT %4
FIHESNTWD 28, 2072, ERREBILEMO 7 I TV A= 2RISR 0H
BABIEFZITI LD E LTS TOA ) X—=va v OiEL 720 5 5,

2-12. AERFE T L LTOHNVR R

TV VBRI RIDRLIEA T v A FYEFLRIES(NSAIDS) 2 1L U & T A EHKMIZE Eh
HAEXRHAREETHDLORRLT  MAICL>TZATARLT I R, B FU R&ick
S TT)va—/b, Curtius BRZIC K - TT I U728, Bx RBEREIEA~EHARE/R AR HE 1 &
LTHEETH D, IHFETIEL EBERL7 4+ L Ry 7 Afilllia iz L Ry 7 ARET
DT NFNTZHNAIEE LTOFIHEIREY 2255 ', 20728, HARFE(EA LR
BRITEEKFZORFZTF L LTAHTHD LEZ DI, IR EBOFERE DD
HKFLEZ BRI T D 2 & Thx REKRE )+ 2 IS G R TREIC 78 D 2 & 3 iR T
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& % (Figure 2-2),

Figure 2-2. Versatility of Carboxylic Acids

alog n
o5

Ve DD AN

Ar deuterated [(M]
X synthon
DD DD
| M = Si, B
"
DD

2-1-3. WVAR O EKRFICI T D0EkE

FANR R EARFEZEANT HI2DOTEL LT, IR TR 22 KO8 OB IXEFED
AR CTd o 7o(Scheme 2-1), € HAFILIZ) FULYAL Y T a LT I i Lotk
T/ 77— &L, EARFRIECLHT L Z L CEXRARTHD, —H T, YEAFEL
(ZUE OB BE CoRE AR 2 N 2 Il 72 SRS LB T do o 72 2%, Sajiki, Sawama HIZ K
o TS SN A TIE I NV R VRO REAKFEBERNATRETH L H DD, 100 °C ZHix
HERAME L EEBBMLETH D LICH AR RO o (HRRANREAKEITER STV
PR T 24024

Scheme 2-1. Previous Reports about Deuteration of Carboxylic Acids
1968: Stuart, R. S.

O e g O

HH 150 °C DD
91% yield, 99% D

2016: Sajiki, H.; Sawama, V.

© 10% PY/C (8 mol%) O 95 93
HOJK/M . HOJK/M
4 /Pr%[;-od%’c D20 96 \88/4
94% yield

2-1-4. JI)ViR O = 2 Z — Mb
TNVKRUEBEDOT ) T — MEZZERT A7-D120%, IR FxF>T7—hox /) 77— MEiZk
STYT=F MDD UF T — N AT DN H 5 (Scheme 2-2), FD7=, HHD
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HBTHNRABEDT ) T — MEEATOToOIZIZY F U LT I R Lo iks 2.0 &L
FERATLZHERD T2 35, D%, Lewis [ & 5EE A 0T 27— /7 7 — MuiEn
B & ) AFETIHMEZERE ST ZIIMEEDO R VESCr A £ L, [LERERED
Bronsted 54 VTN LI-m o A T — FEAR L, HENTT AT B RROA I U7
EORBAAN TN 2 Z & TT /0 F—/VUES° Mannich SUSHBHFE S lz, S HIZHRE
M7pfiir & LT, Fx1ET7 0 U &J@ B VERF T — % Bronsted HiZEfitt » U -CHIIH
T5Z L LR ERBOIMTIEREVE L LW VRUBEOT ) 7 — MEEBIR L, 81
TICF L7z Y, ARRMECR TSR E T ) &8 O ARG E B A IS K o T LR VR
DRI T ) T — MERFRETH 5 —F T, IEEPHERREERY T =4 vk ) Z
— hTH DD AR a-7 UV —IL HIVR BRI By-REEF A VR BRI TR
ESND BRI EORMAZFEL TV,

Scheme 2-2. Activation Modes of Carboxylic Acid
stoichiometric

m [ DA
0 m [B] + base
. ® [Si] + base Mg
HO)K( catalytic [M,]\O)\H‘R
H m [B] + base
B [Fe] + [Na] dianionic

enediolate

2-1-5. ARWFZED HRY

ABFFE Tl Brensted IR 2D = 2 T — MEIEDRGNIIE 71 V7R o B~ D FE B i i
HOILKRZHIE LT, ZO1OICR P CBREDEBR L, T/ 7T =4 ) 77— &
TEPEIAR & 3 B kIS A 3522 L7 (Scheme 2-3), =L C, RFEICEI VAR L= T—
EHEAKFNMTHZ LT, INETHETH > 2R R TO AR o VEAKRFELN
FEELTE D LB 2T, DNR VBRI RRPLEIMOMEICHEZ S RoND 2 b, late-
stage COHEKFEANCHEHAFTRERTEL D Z 2 M LT-, £, AR UVBRITA TSR
FELTOHERATHEZ 0D, AEMO o-FKFEN VR VB E SRR/ 2SR OG 2 A3

D2 & THHERBEKREW Y T ORGIRAEWPRe L 705 Z L 2 WifF LT,
Scheme 2-3. Anhydride-Mediated Activation Strategy for Carboxylic Acids

Q R catalytic acid anhydride i Q R catalytic Bronsted base o 09
HO)K( R’ O)K( R

mixed-anhydride monoanionic
enolate
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2-2. JOGERER & AR
2-2-1. JSRGET

FHRTE ) T =A NMOBEKRY = ) 7 — NETRRT 5722, EDO VK g% F
O KRG ICHE T AMNERDH D LB X T2, ZDIZOIZ VA VBB EZ N5
L TREDANAR L DFRREKRY OB SOEHBE Z 0 | IREBREEKD B ERLT S
EEZT, Flo. AR LTRGBE K E T ) 7 — MET 57290 Brensted #E L LTT
NIV EBANRFLT— FPHATEDL EBRT, ZOX I BRUSKFDOS & HEHOL
JVIR U BERREE K BRI U U LB EIEIN L0 YET ORIV S A IS L LT,
PAR I RE T IR 21T o 72, 7eds, MREEKY D= ) F— MuZFIH L2 RS & LT Perkin
FOSHH BN TIEY . KRS TIIMBEKRY & FEERT VT v RN 7 A BIRFHERZ A R
9% Z & DNA[HE T d 5 (Scheme 2-4)%,

Scheme 2-4. Stoichiometric Enolization of Anhydride

Perkin Reaction
(0]
(0]

O O stoichiometric base HO
I |

2-2-2. HKFRPROMEFS
WO EIKFIRDOREFT 21T > 7= (Table 2-1),

Table 2-1. Screening of Deuterium Sources
KOACc (1.0 equiv)

OMe OMe
0o Ac,0 (1.0 equiv) O
HO D source (0.40 M) HO

H H 70°C,24 h DD
13a 13a-d,
entry D source (equiv) yield (%) deuterated ratio (% D)
1 D50 (138) not determined <5
2 methanol-d, (55) >95 6
3 CDCl; (31) 90 <5
4 DMSO-d; (35) not determined <5
5 acetonitrile-ds (48) >95 <5
6 acetone-dg (34) >95 95

Yields were shown as incorporated yields for carboxylic acid and acid
anhydride.

FEARZFLE L TDO, AX ) —)b-dy. 7R I-d, DMSO-ds. 7B =F VU L-ds %
HWT 8 E . BEARFIID VAR VBRITE AN S 372 ) 2 (entries 1-5), BHARFRE LTT7 & b
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Veds T WG AN VIR VR~ D EKFEOEANAEETH > 7= (entry 6), 7 & b 1r-ds 1T
Hefe 1 ) 7 ML » T2/ 7— MET 5 Z & T CH;COOD %4k L, HAERE L CHEEE
LTWBEEZLND, 7B, 7T F (pKa: 26.5)1F DMSO (pK,: 35.1)°7 % = U /L (pKa:
31.3) & bl U CIEPEE MK . =/ 7 — MELRT U,

2-2-3. MRMEKY) DI ES

WIZ, RO REE D ) U LR E LT CRREEKY) Ot 41T - 72 (Table 2-2),
Table 2-2. Screening of Acid Anhydrides

OMe K2COjz (20 mol%) OMe
o acid anhydride (100 mol%) o
HOW acetone-dy (34 equiv, 0.40 M) HOW
HH 60 °C, 16 h D D
13a 13a-d,
entry acid anhydride deuterated ratio (% D) 0-_9_o0
1 Ac,0 57 H
2 Piv,0 >95
3 (CF3C0),0 37 phthalic anhydride
4 Bz,0 18 Oo. o._.0O
5 phthalic anhydride 5
6 diphenic anhydride 6 O Q
Deuterated ratios were determined after isolation by PTLC. diphenic anhydride

W B K P) 2 TN SRR WD THEARFGRIZTRE Th o 7o (entry 1), IRGEEEKY) %
e LT BRICHEE 72 T Fiig b =~/ 7 — MEL 9 2 2 &%, ZOBRICEIE o ARk
BARBRRPICHH S ND ZENFERTH D LB 2T, £ TRIZ, o-KFEFZRNEN
IVIEEEK ) 2 N2 & 2 A BAFIRBEKFGR Z 2 LT (entry 2), — T, B/ VLEREEKY)
ERBRIZ - KRFEZ R0 N U 70 v BER K)o % B TR K 2 T2 26 Tl E
KFEALRITIED > T (entry 3,4), b U 7 /LA o BERREEKY) % - BRI AR FELR KD -
TERIRE LT, R CTRAET D N Al V) v L0 Bronsted HAEMEDME 20
\IRGTREEARYLT & F-de DT ) T — MEDZERINZEIT L 2T 2 EREZ BID,
F o, REFBEKY Z T BRICEKRFCRMED S T H R E LT, RRCTRET LR
Bl ) U DEDOUIRIENEN ST Z ERBEZbND, £o, BIEEE FFOMEKY 2 Hn
7B AR BSOS IHITE & A EHETT L 727> > 7= (entries 5,6),
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2-2-4. I DORE
NI IL DR %17 - 72(Table 2-3),

Table 2-3. Screening of Bases

OMe base (20 mol%) OMe
o Piv,0 (100 mol%) o
HO acetone-dy (34 equiv, 0.40 M) HO

H H 60 °C, 4 h DD
13a 13a-d,
entry base deuterated ratio (% D)
1 Li,COg3 <5
2 Na,CO4 29
3 K,CO3 70
4 Cs,CO3 69
5 K3PO, 50
6 KOPiv 29
7 CsOPiv 35
8 EtsN <5

Deuterated ratios were determined after isolation by PTLC.

PRI F 7 2% TR TIEBOSITRIE & A ST LR o 7o (entry 1), REET R U 7 A
Z AW R TIEEOSE OEITIZE D > T (entry 2), [REEAD U w7 A F 23RBS 7 A% W
T2BR BRI RGN 1T U 7= (entries 3,4), U VR U 7 ACESVER T U w7 A, B NLRE
VU LEROTZRMETITIRE T U U L& OISR & g U CRUS OEITIZE) - T2
(entries 5-7), AMEILTHD M) = F 7 I B HWTZRMETIIRISITIEZE A ST L 722
7> 7 (entry 8),
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2-2-5. WRINAI O

DMAP ([FBREEAMIZ L DT Vv a— VDT L ILKSICB W T L L TR FIH &
TW5 6 2 TRIZ, BEAKDZHROMEEL B & L7TEMH(EAlE LT DMAP ZiRINL
THEBRAZIT - 7= (Table 2-4), = DFE, DMAP ORh % 51+ 5 72 O (ARIR S Txt IR EBR &
1T-7,

Table 2-4. Experiment with an Additive
base (20 mol%)

OMe Piv,0 (100 mol%) OMe
o additive (10 mol%) o
HO acetone-dy (34 equiv, 0.40 M) HO
H H temp., time DD
13a 13a-d,

entry base additive  temp. (°C)  time (h)  deuterated ratio (% D)

1 K,COj — 60 4 70
2 K,COjq — 40 20 58
3  K,CO4 — rt 20 26
4  K,CO; DMAP rt 20 >95

Deuterated ratios were determined after isolation by PTLC.
DMAP FERIMEAITIBN T, SOSIRE AR > TRISHE DMK T L7 (entries1-3), 2
IR CRRHE R DIEMEALAI L LT DMAP Z IR L7 & 2 A, BOSHE D BN 72 1m b AvE
| Z #U7= (entries 3,4),
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2-2-6. IRBEDIRRY
I, IO RRES 24T - 72(Table 2-5),
Table 2-5. Screening of Cosolvents

K,CO3 (10 mol%)
Piv,0 (20 mol%)

OMe OMe
0 DMAP (10 mol%) o
HO acetone-dg/cosolvent = 1/1 (0.20 M) HO

H H 60°C,4h DD
13a 13a-d,
entry cosolvent deuterated ratio (% D)

1 toluene 63
2 DCE 57
3 THF 79
4 MeCN 72
5 DMF >95
6 DMSO >95

""" 7 acetone-d;(0.20M) 95

Deuterated ratios were determined after isolation by PTLC.

IEDRN MmooV 7 mu A X Uk AVTEGE. KSOEITIXED > 7= (entries 1,2),
HREOMMEZFF> THF 7 b= ) v EZHWEGE, KOSHEEICSEN Lo
(entries 3,4), EBIEIAIE T D DMF <° DMSO % W /=354, SO BAFIZH#EST L 7= (entries
5,6), LA A IMZ TICFEBRAAT o128 2 A RUSTBRAIFIZHEIT Lz (entry 7). £ D72, &
fifettk 0> B4 70 BB A I 2 BRIV BRI 2 N 2 37, VAR IE O TRV LB 2 I B BRIC IS DMF
X°DMSO Z#HIEME L CTHWDL Z L L LT,
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2-3. PUSSMH O
2-3-1. BUSSRMO fifl

WIHIRRETORE R G | HE, BRIEKY), IR AKDTEHALAIOMAEDOEDREETHDH Z &
DA BMNEIRoT, 22T, BFRO =Sy & 2 E Uil AV 72 St C RO S D Sk
%47 > 7=(Table 2-6), T DL, PIMWIRFOFERN S REES V7 A E/VLEEIEKY), DMAP
WD R EARDERME Lz,

Table 2-6. Optimization Study
base (10 mol%)

OMe anhydride (20 mol%) OMe
o activator (10 mol%) 0o
HO acetone-dy (34 equiv, 0.40 M) HO

H H 40°C, th DD
13a 13a-d,
entry base anhydride activator time (h)  deuterated ratio (% D)
1 Na,CO4 Piv,0 DMAP 12 57
2 K,CO3 Piv,0 DMAP 12 79
3 Cs,CO3 Piv,O DMAP 12 69
4 K3PO, Piv,0O DMAP 12 74
5 KOPiv Piv,0O DMAP 12 58
6 EtsN Piv,0O DMAP 12 20
7 K5CO4 Ac,0O DMAP 12 53
8 K>COg3 Bz,0 DMAP 12 37
9 K>CO3 (CF3C0O),0 DMAP 12 <5
10 KoCO3  succinic anhydride DMAP 12 <5
11 K>COg3 Piv,O pyridine 12 7
12 K>CO4 Piv,O 1-methylimidazole 12 14
13 K>CO3 Piv,0O quinuclidine 12 29
14 K>COg3 Piv,0O DABCO 12 20
15 K5CO3 Piv,0O "BusP 12 12
16 KCO; PvO DMAP 24 a4

17 — Piv,0 DMAP 24 21
18 K>COg3 — DMAP 24 <5
19 K5CO3 Piv,0O — 24 13

Deuterated ratios were determined after isolation by PTLC.

1L U OIZH I DR A2 1T > 7= (entries 1-6), KEEMEZHWCTE&B VT Ay (F R T AT
VUL BV T L) OWEZEToTE ZA RIEA Y U L% AW TG40 b BAF 25 K%
R L7 (entries 1-3), T ZTWRIZ, VBB U UL, EXNVEEAY U LEHANTE Y 7 LD

45



et aiT o728 2 A, IKEE Y 7 2% BRI DHRERITSS B VR D o 7= (entries 4,5), AR T
H25 M) ZF T I HOTEEMTIESSIRIE & A EEIT Lo Tz(entry 6), IRIZHAHE
KW DFFF A AT - 7= (entries 2,7-10), FEFEEEAK YR BERE TR 4 AT 5:0CH )R
AT L7203, B VR K % Enl 565835 S vy 7 (entries 2,7,8), U 7 /LA 1 fiE
PR e K0 N 7 PRI 2 O T2 S TS IR E & A EHETT L 720> > 7= (entries 9,10),
WIIEMEALRI ORRET 24T > 72 & 2 A DMAP % W= 504 T OB BAF 72 IR T8 i b,
YUY - ATFNAAIFY =) FX 7 YT DABCO, RV TFIAKRART ¢ %
T2BRCII BN HIE & A EHETT L 722y o 7= (entries 2,11-15), FUGFFRE 2 12 BEEI2 5 24 BRI
HERT DI ET 94%DEKFEEZERK Li(entry 16), £72, FRMICEHL THX AT 47
av ha—VEREToE 2 A, ARG TITERE, IR, REEAMED =5y DA
DENEETHDH Z LB 5 E 72> 7 (entries 17-19),

2-3-2. BE/KFBIROEIAL
DMSO ZiatE E L THWEEET, 7 b i-ds DIEIUE Z 85 L 7= (Table 2-7),

Table 2-7. Reducing Amount of the Deuterium Source

K2003 (10 mol%)
Piv,0 (20 mol%)

OMe DMAP (10 mol%) OMe
© acetone-dg (X equiv) 0
HO DMSO (0.40 M) HO

H H 40°C, 48 h D D
13a then D,O, rt, 1 h 13a-d,
entry acetone-dg (equiv) deuterated ratio (% D)
1 15 95
2 10 94
3 5 84

Deuterated ratios were determined after isolation by PTLC.

T Rrads 7 10 HEU EAWERIC RAF R BEAKFEEZEN T D 2 & 23 T & /- (entries
1,2), —H T, 7t bids & 5 MR T 5 & BEARFEIFEIT 84%IMK T L 7z (entry 3).
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2-3-3. DA OFEREEK PR

AR TIE R VAR R T2 1T T2 < | BocoO RMEE Al BV DL 27 LK IR
ELTHIMFRETH 0 . BHKFLSISOHETT3HERE T & 7(Table 2-8, entries 1-4), —J5 T,
p- MUV AT V% T BRI TR FE G SOS I TEST L 72 0> o 72 (entry 5),

Table 2-8. Other Acid Anhydride Sources
KQCO3 (10 m0|°/o)

OMe anhydride source (20 mol%) OMe
0 DMAP (10 mol%) 0
HO acetone-dg (34 equiv, 0.40 M) HO

H H 40°C, 24 h DD
13a 13a-d,
entry anhydride source deuterated ratio (% D) XN O
1 Piv,0 94 _ O)L 5
u
2 BoczO 69 2-pyridyl pivalate
3 DCC 70 Me o
4 2-pyridyl pivalate 30 \©\ )J\
5 p-tolyl acetate 0 0" Me

Deuterated ratios were determined after isolation by PTLC. p-tolyl acetate

2-3-4. SUSHERE DT

ARG TIE, K afROMEE B E LT DMAP L T\, —H T,
VYT NT I EORERME IR K A G LT S 2 L T2 T — MeA RIS
D EBRHEINTND Y, £Z T, DMAP OHFENZOWTHREZ/HD 72012, LLFD =
k& — V38R 21T > 7= (Scheme 2-5),

Scheme 2-5. Control Experiments for Mechanistic Analysis
KOPiv (0.02 mmol)

o Piv,O (0.10 mmol) 0
Ar DMAP (0.01 mmol) Ar
HO acetone-dy/DMF = 1/1 (0.50 mL) HO
HH rt, 12 h DD
13a then DO, rt, 1 h 13a-d,
0.10 mmol 82% D
(Ar = p-MeO-CgH,) (w/o DMAP: 20% D)
O O KOPiv (0.02 mmol) 0
Ar\/% )S(VN DMAP (0.01 mmol) Ar
0 acetone-dy/DMF = 1/1 (0.50 mL) HO
H H H H i, 12 h DD
13a’ then DO, rt, 1 h 13a-d,
0.05 mmol 74% D
(Ar = p-MeO-CgH,) (w/o DMAP: 39% D)

HIVIR W 13a & B VER KW A T2 S50 DMAP 2 s U 7255 TIdEARE(L R
IZ 82% T, DMAP Z RN L2 WS TITEARFEILEIL 200 ThH -7, F2. HBEKY 13a’
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Z L L7212 DMAP AN U 7 4o T EKFLHEIT 74% T, DMAP Z i L 72w
S CITEARFE(LRIL 39% ThoTo, ZOXHIT, BEKY 13a' %7k L L72SREICBW
TH DMAP ORI K > TRISOMREN B S 472 2 & 275, DMAP (3= 7 — Mhd A
Ty T ERETDH LRI TND, T, DMAP 2Bk sZ e 2 (et 4 2
DICOWTIHEAERO D ITFER CE RV, 5B I DRI DPLETH D,

2-3-5. HETE SOSHERMS
HETE D BUSHERE A LL T 127737 (Scheme 2-6),

Scheme 2-6. Proposed Catalytic Cycle
O O E (0]
DMAP D3C)S<
' D
KO)S/ // \ | RCOO-K

RCOO° ® Q :
X & SR Acoo-D
R0 L h | OK
D Me,N ; 5
v L : D07 Y
: D
DMAP RCOOH | oo
RCOO" ® Q o 00
@‘J\( /@3 R | RCOO-K
Pz D |
MeoN Me,N :
voo— I : DC D
i 3
R'COO-D ! p o

TR W & TR KRR TR S VT IR G TR IR 112x L C DMAP 2MERT 5 =
ET, TN V= AU BERT D, RIS, DA T—METLHZEICE->TEY
V=g 7— M PERT D, BV V=0 LAZ T NINLIET A Y BRI VEF
VT — R ET N de DDA LT EAKFE A LR UERR'COOD)IZ X » TEAFEILE I, o
HARFETINAEY D=0 NIV REKRT D, £ D%, DMAP 3BT 5 2 & T o-FHAKFRIRS
FRIERY) V NERL L, BRI KA X - T o-BKRFE I VR VRN ERT 5, BRI
BADOIBEE(V—=I)IL DMAP (2 X > TIES N TW D AIREMER H D b DO D, BLRE A TREM LA
HINEIR ST,
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2-4. FHEORGES  BHSOG
2-4-1. BB — itk

i St O TR — MR O RRT 2 1T o 72(Table 2-9,2-10), IEfRIEDENEEE 2 AV 5
BRI IZILEREE & L C DMSO X° DMF % /il z 7=,

Table 2-9. Substrate Scope about Aliphatic Carboxylic Acid
K>CO3 (10 mol%)

o Piv,0 (20 mol%) o
R DMAP (10 mol%) R
10" ¢ o
acetone-dg; (0.40 M
H H(R) 40 00164(8 h: ) D D(R)
D,O, rt, 1 h
oM
HO HO
94 98
13a-d, 13b-d, 13c-d, (Lithocholic acid)
98% yield 90% yield 91% yield (w/ DMSO)
86% yield, 97% D?
NPht O
HOJ\/\(/N Ph
Ph
13d-d, (Linoleic acid) 13e-d, (Baclofen) 13f-d, (Oxaprozin)
>99% yield (60 °C) 93% yield (w/ DMSO) 96% yield (w/ DMSO)
e
HO N
HO HO™ &7 92 Et H H
95
13g-d, (Chlorambucil) 13h-d, (Gabapentin) 13i-d, (Etodolac)
97% yield 93% yield (60 °C, w/ DMSO) 88% yield (60 °C, w/ DMSO)
O O
)ﬁ% 99 i
HO Ph Ho)kc\
Me NBoc HO 80
13j-d 13k-d 131-d
92% yield (80 °C) 83% yield (60 °C) 90% yield (80 °C, w/ DMSO)
)K/\/\W s
13m-d, 13n-d,
88% yield 76% yield (w/ DMSO)

4Boc,0 was used instead of Piv,0.
ETIVHE D 4-4- A FF VT = = WEEEEE DA, a LD 94% N KSR E L S s
VIR A 98%DINERTIFD Z L T&EZ(13a-dy), £72. Piv,0 DV IZ BoeO % H
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WERHTH a LD 97% N E /KRB ST D VR % 86%DINR TS Z L N T&E T2,
AT 477 my s 8 LCGEFEREZED TWDLT BF VU EER AR Tl
AHETH > 72(13b-d2)y KW TH DV b2 — /gl /) —/Lig b il FTRE TH > 72 (13¢-ds,
13d-db), N7 a7z AXHTuVr ruT ATl No ke R A o EHK
fnlZxt LT o- KRBT BAFIZHETT L72(13e-dr-13g-da), 1EH T & Z &1T, SRR
WZIRME L7 B-TUIEHAIR B D NS F R N K7 712 LT a-BEARFRILEIS T RAFIT
HE1T L72(13h-da, 13i-dy), a,0- —EH T /LR VERICK L CHEAKBZOHEAITAETH-72 D
DD, a-—EH A VR L g U C RGO TIXIED > 72(13j-dr-131-db)., 77 THNIZTZ AT
INEE RO NVR U E RV E ZABVR R o SO B OLFERIR A 72 EK AN
ARETCHST-b DD, 7 F U iEE AT HEEE AW ETEINLNR oLl 7 b a
LD T IZE KT EA S 4172 (13m-d2, 13n-dy),
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Table 2-10. Substrate Scope about a-Aryl and a-Hetero-Substituted Carboxylic Acid
KQCO3 (10 m0|°/o)

0 Piv,0 (20 mol%) 0
R DMAP (10 mol%) R
acetone-dg (0.40 M
H H(R) 40 00,64(8 h: ) D D(R)
DO, rt, 1 h
o
o NH Ph o)
| LT
HO HO HO Q
98
97 90 o
130-d, 13p-d, (Felbinac) 13g-d, (Isoxepac)
71% yield (w/ DMSO) 84% yield (60 °C, w/ DMSO) 88% yield (60 °C, w/ DMSO)
MeO Cl E \\S—Me Cl
O .
o] N o 2N
HO X% Q — HO N %
94 HO 98 |
Me 08 Me
13r-d, (Indomethacin) 13s-d, (Sulindac) 13t-d, (Zomepirac)
84% yield (w/ DMSO) 72% yield (60 °C, w/ DMSO) 83% vyield (60 °C, w/ DMS0)?
78
(0] 0 0o
98 98 HO 99
HO HO o a3
13u-d (Ketoprofen) 13v-d, (Loxoprofen) 13w-d
99% yield (w/ DMSO) 96% yield (w/ DMSO) 100% yield
0 o O O Cl
Boc
JON: 98 N Ho O
HO™ o Me HO 87
Me O cl
13x-d, (Sarcosine) 13y-d (Alanine) 13z-d, (2,4-D)
68% yield (60 °C) 93% yield 93% yield (60 °C, w/ DMF)
O
m PN cl
97
Cl
13a-d, (Bendazac) 13B-d,
82% yield (60 °C, w/ DMF) 98% yield (60 °C)

@ Sodium salt was used as a substrate without the additon of K,COs.

NEWGHEH VAR RIET T o-7 U —L BRI ARSICHEAFTRETH 0 . EIEM,
D7z VT T A VXN T A RAEZ Y A U E T ~OEKBEANAHETH
>72(130-dr13s-db), Y AT 7 F N 7 LEITREE Y 7 L HOWTICEKELEAT S
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ZEMAHETH > T2(13t-da), o,0- _[Efi-0-7 V— VO NVRUBETHL 7 h a7 o oon
XV 7u 7 bARKISIZHEA AEE TH - 7-(13u-d-13w-d), KBS TIE o-fRFBEHR A VR
VERD IR B F . ~T aJREA(N, O, S)AN a LI B L 7oA - BLAOIC R E R VAR
FE~DEKFEAG AR TH oIz, - BRERI VR R THL TN AL T T =0 ~D
RGN BAFICHEST U 72(13x-ds, 13y-d), F7-. a-FEREH A VR UEETH D 2,4-D 0
VE I ~OEKFEN G BAFHEIT LT2(132-d, 130-dy), S HIT, o-FRFEHRD LR
Ba 286 S, BES ORIBOSITEITE T R SRS E SN 2(13p-d2), LA EDIE
JRWVEREFEFFAMEN O | R - BALAIIC R E e T~ KSR 2L IR I E AT O K
FIEORERWATREMEDN R S LT,

2-4-2. 7T WA — VAR
ABINNX T T DA —)VCOEKFEEAIZEH ATHE T & - 72(Scheme 2-7), £ DFE, 7 7
Lrm< b 7T 74— Ko e N LT RRKIEIR 2 IO T AR E &~
TOTHY MCEVIFRT 2 LR ARETH - 72,
Scheme 2-7. Practical Gram Scale Synthesis

K2003 (10 mol%)
Piv,0O (20 mol%)

OMe DMAP (10 mol%) OMe
o acetone-dg (10 equiv) o
HO DMF (0.40 M) HO

H H 40 °C, 72 h; D D
D,O, i, 1 h:
13a ion. dec. 13a-d,
33.0 mmol extraction, decant 92% yield, 95% D
5.95 g scale
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2-4-3. 2R MRS

W, FUSER TH 5 a-THKE T LR B DZEW A 4T - 7-(Scheme 2-8),

Scheme 2-8. Transformation of the Product

0 EDC-HCI EDC-HCI o
DMAP DMAP EtO A
BnO Ar BnOH H-Gly-OEt-HCI \HAN r
H
b D Et,N, CH,CI © oD
14-d, CH,Cl, ‘ ‘ tsN, CH,Cl, 15-d,
86% yield (94% D) 80% yield (97% D)
o) EDC-HCI o)
A DMAP A
HO)S(\/ ' PhtNOH PhtNO '
oD CH,Cl, b D
13a-dy: 94% D 18-d,

(Ar = p-MeO-CgHy)

‘ ‘ DPPA

A LAH
HO S ™
DD THF EtsN, ‘BUOH
16-d,
68% yield (96% D)
Bocat,
DMA, Blue LED

then pinacol, Et3N

o NiBr,-diglyme
dtbbpy, Zn dust
PhtNO)S(\/Ar py, Zn dus
DD Phl, DMA
18-d,
81% yield (96% D)
OTMS
Ph
PPhg, Nal

MeCN, Blue LED

81% yield (96% D)

BocHN Ar

19-d,
59% yield (97% D)

P A
D D

20-d,
68% yield (95% D)

Ph Ar

o DD

21-d,
61% yield (92% D)

o-EKFEH VR BRI, RS ST L 0 EAKE R EHEE L EE o AT 0T

J

X RICEHA[RE T H o To(14-d2, 15-d2), KRBT NI =0 AV TF U LEHNTGETTH I &

T, B-HARET V2 — /L3 MG BT (16-ds), Curtius B5071Z K - T, LA TR0 W LEID

EKENEAINT a-BAET L UNGEONT-AT-dy), 72, V Ry 7 AFEHTZ 2T L TH
HN-BE Radxy 77X 0 A REATNV18-d, WD Z & T, a-TEKEBED VR UERITI SRR
PR B S Z i FH S FTRE Cdo o 7o, AIFREHR S SR TR BERO AR U WMALRS &1T 9 2 & T,

(LA RRICBIT AEE L CEHMETHIR e VBT AT LD o-FEAKEZEBBRIAN AR ATHE
TdH o 72(19-do)?s, BUREEHYT U — ALBUGIZ Ko Ty BALHIC R L E 72X v VOV EK
FNEANINTACEMDF HNTZ(20-d2)”, AIHRYCIRET S T O BLREEN T /L X ALKUGIT
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L0, B-EHAFES bR LINZQ21-dy)Y,

ST, XV AT AT IVERH LT BR BB EK BSOS & - T, RIGEAKFE A F L
FEORESE )N ATHE T B > 72 (Scheme 2-9)3!,

Scheme 2-9. Construction of Deuterated Methyl Group

KoCOg EDC-HCI
o NPht Piv,0 o NPht DMAP
DMAP Ar’;C=NOH
HO acetone-dy HO CH,Cl,
HH DMSO DD
Cl Cl
13e 13e-d, Ar’ = p-F-CgHs5
96% D
NPht NPht
)
[ir] 5
Ar';,C=NO ol
DD 3
cl Blue LED b b cl
22-d, 23-d3

89% yield (2steps), 96% D [Ir] = [Ir(dF(CF3)ppy).(dtbbpy)|(PFs) 48% yield, 91% D
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2-5. EKREHEIK AL A OA AL & R 2
2-5-1.EP3 SLRRT > 2 A=A b-ds DERL

TNVR D o-FEAKRFESOSZ AW T EP3 X FIKT 2 T=2 s OEKFIMIKDE R A
1T > 72 (Scheme 2-10),

Scheme 2-10. Total Synthesis of Deuterated Bioactive Compound 32-ds

K>CO3
o Piv,0 o PhtNOH o
EDC-HCI
)g(OPh DMAP )S(OPh C-HC )S(OPh
HO acetone-dyDMF ~ HO DCM PhtNO
H H then D,0 D D D D
86% D (once) 24-d,
96% D (twice) 63% yield (3 reactions)
95% D
K>COj3
0 LHMDS o] 0 Piv,0
)K(H isobuty! iodide kﬁ NaOH J\Tﬁ DMAP
EO THF EO Pr THEMeoHm,0 O Pr acetone-ds
o DPPA D HCl D
D EtsN BocHN , dioxane HoN .
i Pr — 'Pr
HO Pr ; \i/\
Ph BuOH Ph Ph
88% D (once) 64% yield (5 reactions) 25-d
98% D (twice) 95% D 95% yield, 98% D
NiBr,-diglyme
dtbbpy
Br Boc,O Br Zn dust Br
DMAP 24-d,
HO BuO BuO OPh
| ‘BUOH | DMA
0 D D 95
26 27 28-d,
93% yield 82% yield
Pd(OAc),
PPhg
Et3N nBUO N|C|2'6H20 nBuO
butyl acrylate NaBH,4
toluene THF/MeOH
BuO
D D 95 D D 95
29-d2 30-d2
39% yield 73% yield
1. TFA "BuO
CHoCl, NaOH
2. EDC-HCI THF/MeOH/H,0O
DMAP
25-d
CH,Cl, Ph e} D D 95 Ph (0] D D 95
31-d; 32-d;: EP3 antagonist-ds
83% vyield (2 steps) 98% vyield
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7 x ) X UREBED a-FEAKRFEIEDHIZ N-8 Faxs 721 A I REDOREAIC k> TE
KFT =/ F L ATF L ACEW 24-dy ZTRE LT, a-BKFT X ALEW 25-d 1T HIFETR
Bt CoH 22T DT XAk, MK, BEAKFE b, Curtius B2 K VR L7z, 3-9—

R5-7 0 B2 B 26 % tert-7 F LT AT ML LT B, BEAFE LT =/ FTAF LAk
B 27 & AT BURBEE T V) — MU £ > C 28-dy ARk LT-, %KiV T, Heck St &
BWITIC L 2T 30-de ZEA LT, WIZ, YU A afiiigz AW T tert-7 F VT AT )L %58
AN iR L7221 - BRI T I MG 25-d LT 5 2 & THARN 3 HHAS
N2 31-ds Z B UT-e BT, n- T FAT AT IV EMKSRT D 2 & TEP ZRIKT v 4
T=2 s OEARFE 32-ds B 1F DAL,
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2-5-2. EP3 ZHRART o H A=A b-dy DAL
HARFBIEO SR FIEZ HIC, EARFEZFEZ/2\0) EP3 /KT 2 T=A NOEKRELT
- 72(Scheme 2-11),

Scheme 2-11. Total Synthesis of not Deuterated Bioactive Compound 32

0 PhtNOH 0
EDC-HCI
OPh )S(OPh
Ho)g( DCM PhtNO
HH H H
24
89% yield
o) LHMDS (o) (0]
)K(H isobutyl iodide )K(\ NaOH )KTA
i i
EtO THF EtO Pt THFMeoOHH,0 O Pr
Ph Ph Ph
DPPA H HCI H
Et;N BocHN . dioxane HoN )
\V\’Pr \K,Pr
‘BuOH Ph Ph
44% yield (3 steps) 25
>99% vyield
NiBr,-diglyme
dtbbpy
Br Boc,O Br Zn dust Br
DMAP 24
HO BuO BuO OPh
! BuOH ' DMA
o) H H
26 27 28
93% yield 73% yield
Pd(OAc), 0 0
PPh,
Et3N nBUO N|C|2'6H20 nBuO
butyl acrylate \ NaBH,4
toluene THF/MeOH
BuO OPh BuO OPh
0 H H 0 H H
29 30
42% yield 83% yield
o] 0]
1. TFA "BuO HO
CH20|2 NaOH
: H HH
2. II:E)I'\D/ICA)PHCI ' H N OPh THF/MeOH/H,O ' N OPh
W e Y
CH,Cl, Ph O H H Ph O H H
31 32: EP3 antagonist-q,
58% yield (2 steps) 99% yield
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2-5-3. b b7 Y — A& AW e R

Btk |, EARFREANC L DML EME~DORBEZR D7D, b b7y —aE AN
727 vEA EZ{T>T EP3 /AT v 4 A=A s OEKFILR & BKFER % Ll L 7= (Figure
2-3), B hI 70V —AEKMETEHHA L F a2~ LeE A, BFETDEP3ZRKT v
B A= 2 MIEAFGIRO T BEBARFER LY b otz, E-EARAROEHHIL, 8K
FRO NP & ik U CIER STV e (FEAKRFBIR: t1n = 549 hy BOKFEE: tip = 3.58 h),
TOZEND, BEARFEANIL ST EP3 ZART 4 =2 s ONGHLEMEDR R ET 5 2
ML MNE o T,

O O
HO HO
99
DH HH
. N OPh . N OPh
Y Y
Ph O D D 95 Ph O H H
32-dj3: EP3 antagonist-d; 32: EP3 antagonist-dj

Metabolic Stability Test

100 - 32-d; (t,/,=5.49 h)

1

40 -

20

Remaining compound (%)
[e2)
o

0 2 4 6
Incubation time (h)

Figure 2-3. Metabolic Assay of 32-d3 and 32
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2-6. i
2-6-1. i
AWFZETIR, BRI, A, KA D =By M AB DR TR 2 BRRE 5 Z LI
KoT, 7B VEEINARFT T — % Bronsted HIfRE L LIz NN BOT ) T —
bk o0 B 36 R PR D YLK A 2R L 72 (Scheme 2-12), AfMBERZFIH 35 Z L1k - T,
ZNE CHEECTH S TR SR COINR U EBBO - FARFLSIE ORI LTz, &
BOGRIZ & T, REE0EFISITR U TRV EFEIRE T late-stage C D H/KFRE AN FIHE
Tholz, £z, LI TH D a-BAKRFEI VARV BITEKRF(LREZ MR UTo £ £ 2480700
EICEBARETH o T, T DT ARIBDOBIFEIC & » THMER BKREIR T T DRG0 E
FRNAIREIC 72 D & B 2 DL, EERCAEMTEMALEM O ERFEIREOEGKEZAT T, B L
TEEAKBREHRIIH LT hI 7 m Y =22 HWeT v A &21To7cL 2A, HAFZDHE
ANIZ K o> TRETZZEMED A B2 Z &N BN E o7,
Scheme 2-12. Catalytic a-Deuteration of Carboxylic Acids

K>CO3 (10 mol%)
Piv,0 (20 mol%)

Q . DMAP (10 mol9%) 0 .
HO)S( acetone-ag HO)S(
HH 40 °C D D
28 examples up to 99% vyield
R = Alkyl, Aryl, N, O, S up to 99% D

2-6-2. S DRER LU

AAFFE Tl Bronsted YEFEAEIC X2 VR O ) T — MO I L 2 Y5 K
L. RIAR A VAR D~ 7 7 — MEZER LTZ, 5%1T, KAFEEAWTEEZ C-C, C-
N. C-O AR EUSZBRE LI EBX TS, BUED L Z A, RT U0 Ml -
-7 U —/ALROSICEA TE 5 LB X TEY | PIHIRE 21T > TSP TH D, Fiz, K
filt 5% Ak 2 72 BOSIZIERR L TV T H 72 O RUCHEREFRIT EBR 21T > THIRZHE D, KV
BRI IR TV IR CBEOTEMA AL Z FBR L2V E B X TV D,
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F3E  GAMEIT X B BLREEA Sl Kk
3-1. ¥
3-1-1. VR B T AR O S T

DU EH R FIAERS R CTIVH SN D SN2 UG TIIENRRETH Y . 2D I 1L A
— ZIRERIOR LICH D, WEBRRFZOMBFEE LTIOILVRI T A L REANC L D
SNl SUSDMEAIEH &3 TU D (Scheme 3-1), dHLIR I VAR F A U AERGEE LT, #7)
72 Lewis [2X° Brensted BASR{: TF CTm Z7 ALOT V7 DRSS 5 FIERF LU TWD
Do Lo L, RFETIHIEES 22 BORSMIT L0 REAISCH RERATFAMEICYSEEORMA 7% L C
VN2, 2019 4RI Baran B, ERALFEIFIEIC L DIEMR VAR T F A AAERRIE WS L
72 3%, F72. 2020 4F(Z1E Ohmiya ©5=° Doyle 512 &> TORALFEATIEIC L 272 VRS
FA AERIEERRE LTz P35, 2o X o, WM VR F A U ABEILZ ZHEFEORIC
B2 L2 RT TWD b DD, B - Bva g B L Lan X0 BB fOSIT S S
NTWiRhote,

Scheme 3-1. Pioneering Examples for Generation of Carbocation
2019: Baran, P. S.

2,4,6-collidine (4.5 equiv)
O ("BugN)(PFg) (0.20 M)
OH + P OBu

: HO™ Bu AgCIO, (4.0 equiv) H
Me MS3A, DCM, rt Me
1.0 equiv 3.0 equiv +C/-C, 10 mA 61%

2020: Ohmiya, H.; Nagao, K.

Ph

N
S
OH 0 LiBF4 (10 mol%) OBu
* M
TSO PhtNO™ “Bu MeCN, rt TS'O/

Blue LED
3.0 equiv 1.0 equiv 81%

2020: Doyle, A. G.

Ir(dF-ppy)s (1 mol%)

0 o EtsN-3HF (3 equiv) F. Ph
PhtNO DM Tt AV
Me Me Blue LED

87%

3-1-2. ERARE AW VRS T A KA

3-1-1 TR LTEERALFITFEB KO FEER, WTINbRFPTELET VUV
—EB LIS KO INARDTF A HERT DD Th o7z, — 5T, FHINEWIER R

b TN B FREFRETH D Z LR BILTW D, Bao HIZ X - T, Sl & iz
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(% HWNDRTAE LT 4 ~DT VNS INERRR T2 DIV T A AERRE NSRS S
ATV 5 (Scheme 3-2)Y7,

Scheme 3-2. Transition Metal-Catalyzed Oxidation of Radical Intermediate

2017: Bao, H. :
o Fe(OTf)3 (5 mol%) |
MeOH (6 equiv) OMe
Ph/\ + I'IC H )ko/o\n/nCﬁHZS nC H :
e o dioxane, 50 °C Ph 11Fles |
. : o
1.5 equiv 75% | [ P }
2018: Bao, H. L |
0 Et Fe(OTf)3 (1 mol%) Et via Carbocation
e Jﬁ/ |
Ph BuOO T THF, refiux Ph/&Q’)\Et |
t :
3.0 equiv 94% |

3-1-3. AHMF7ED HHY

AWFZETIE, BR - B E Vo TSN R T — 2B L LRWBER TO AV AR T F
FUAEBIEORTI B E Lic, ERLIZAONR I TF A ZREFTRT v 752 LT,
SN2 B T IAIEE 72 DU #A SR DREEEN ATRE T D & B R T2,

62



3-2. ROSEGET & IR
3-2-1. RGEEGET

PRARGE L@ T AT L WEREZFIH L, AL 7 4 o ~D T DA ERRT D 2
IR BBRT AT NPOAELTZ T VN ZEE B FBR(ET 5, ZRICLDEILL L
WO AT =R N —F L LR WHAVR AT A OERBFARETH D LB 2 T2, KK
I TERARIE SR T T T A NFEARB LT N FEO—EFBRGIZ K> TH AR F
AU N ERCT D2 AR E LT A (Scheme 3-3), F72. AR T A BEKRT HERCT
b3 RRO Brensted AN E L 5720, ABNIAMBEE DR AZ MLEL L L7z,

Scheme 3-3. Strategy for Iron-Catalyzed Carbocation Generation

)OJ\ Me Me Me Me
'BuOO™ Bu Me ® “Me
generation of single electron O
Fe! radical species BuO—Fe'l oxidation BuO Fe!

3-2-2. WIHIRRES

1 REICF LR T ) BJBIC K DR A2 AW T T U VIS & D VAR
D a-T NVF RIS RS TEE, BESORIEFM E L TH— v V=T F LT AT LM
i L7 (Scheme 3-4), ZODFERNL, RRTHELLT VX NT VAN L > T—E
ALSIND ZETHNRATF A BAEKR L TWDEDTIERWD ERGRE LTz, A%
FIETDHEDITHARAEORDVICT IV a— L a2 R LTHW -2 A, TLa—
NDZ—x ) =T FIACBIE AT LT BUSSRIFIZ DWW T B 22 i {247V Scheme
3-4ICFE LTS IR IE & UTe KBUSSE 2 b &I e TRUSRIFO R 21T > 72,

Scheme 3-4. Initial Study for Iron-Catalyzed Decarboxylative Sy1 Reaction

M
© (0]
OH
Fe(OAc), (20 mol%) B
Me 0 o phen (20 mol%) u
m * )]\ N.D.
OH BUOO” Bu  MS4A PhCI(020M)
100 °C, 17 h e o)
1a 34a
1.0 equiv 2.1 equiv o

u

15%
OH 0 Fe(OTf)3 (10 mol%) )
N + ~_-0Bu
PhtN ’BuOO)L’Bu DCM (0.20 M) PhtN
rt, 8 h
33a 34a 35aa
1.0 equiv 1.0 equiv 63%
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3-3. OSSO
3-3-1. filgE DR
WOt DG 24T - 72(Table 3-1),

Table 3-1. Screening of Catalysts

OH O catalyst (10 mol%) OBy
PhtN" > + BUO oJ\fBu DCM (0.20 M) PhtN~ >
33a 34a nen 35aa
1.0 equiv 1.0 equiv
entry catalyst 35aa (%) 33a (%) 34a (%)
1 Mn(OTf), N.D. 96 44
2 Fe(OTf); 63 33 0
3 Fe(OTf), 38 49 0
4 Co(OTf), N.D. 99 54
5 Ni(OTf), N.D. 92 72
6 Cu(OTf), N.D. 89 68
7 CuOTf-benzene N.D. 95 56
8 FeCly 5 81 38
9 FeCl, N.D. 96 34
10 Fe(OAc), N.D. 110 67
11 Fe(acac)s; N.D. 109 70
12 ferrocene N.D. 127 63

Yields were determined by "H NMR analysis using dibenzyl as an

internal standard.

MU TN E AR RV R R O TR B O RGE 2 1T 5 72 (entries 1-7), & D5,
T E T MO8 E DTSRI TG EIT LT (entries 2,3), — T A AL B
= b, #iE RO TEBRICIESOSTHEST L7e o 7= (entries 1,4-7), KIZ, Fli 2 OERARIEL O3
S EAT o T-(entries 8-12), TOFEHR, MU ZAd 1 X X 2 ALK ERERLIA D Sl Tl
IMTIZEAEEIT LN EA BN E o T,
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3-3-2. BN - OfRET
WAZBLNL - DR FET 21T - 72 (Table 3-2),

Table 3-2. Screening of Ligands

Fe(OTf)3 (10 mol%)
(0] ligand (10 mol%)

prin >0+ %uOO)LBu DCM (0.20 M) phin OB
33a 34a 8N 35aa
1.0 equiv 1.0 equiv
entry ligand 35aa (%) 33a (%) 34a (%)
1 - 63 33 0
2 DMAP 30 63 0
3 PhsP 40 68 0
4 PhsP=0 44 50 0
5 PhsP=S 55 39 0
6 TMEDA 5 89 41
7 phen 39 57 0
8 bpy 32 65 0

Yields were determined by 'H NMR analysis using dibenzyl as an
internal standard.

BONL 72 WS I0 L 22 WSl B I DULERIT 63% Td o 7o (entry 1), HEERNL 7-, —JERD
MAEZRAWTHREZITo72 & 2 A, B F 2RI L7eWSIEE ERISERESD 2 13T
X 727> 7= (entries 2-8),

WIZENL 7 DB TS RENARSINI G 2 2 B O OWTHREZE 57201, BT X

HETIREDHENES 7 1,10-7 =F > ha U Uik e 22 8 U UKL VLT
BINOEL 1 #F %17 - 72(Table 3-3),
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Table 3-3. Screening of 1,10-Phenanthroline and 2,2'-Bipyridine Derivatives as Ligands
Fe(OTf)3 (10 mol%)

OH 0] ligand (10 mol%) -
PhiN” > + ~-OBu
BuOO)L%u DCM (0.20 M) PhtN
rt,8 h
33a 34a 35aa
1.0 equiv 1.0 equiv
Ph Ph Cl Cl
7 N/ \
7200 /A _ . 7 N/ \ 7 N/ \
—N N= N N = = = =
Me Me N N N N
phen, 35aa: 39% L1-1/2 H,0, 35aa: 47% L5, 35aa: 35% L6, 35aa: 38%
MeQO OMe MeQO OMe F3C CF3
7 N/ \
<\/\§?/\/> Q—@ 7 N\ N 7 N\ N
=N N= =N N= =N N=
L7, 35aa: 25% bpy, 35aa: 32% L13, 35aa: 22% L14, 35aa: 52%
7 N/ \ 7 N/ \
7 N/ \
%C_<;;%%£;>_C% =N N= =N N=
FsC CF3 NC CN
L15, 35aa: 51% L16, 35aa: 61% L17, 35aa: 57%

Yields were determined by 'H NMR analysis using dibenzyl as an internal standard.

29I AF NIEAEA LT 1,10-7 =F > ha U Uk z v 2 A, BRI oI
W E L), BARICIEEA T THE T 2=V AR AETS 1,L10-7 2 b ) v
HERE WA, BERO 1,10-7 =) ha U v EERRORBR LR o7 (LS), iz,
4,7 MZETRIIETH D 7un kit T 5 1L10-7 =) > ba U UFEAEHWEBRICH
BEEHRO 1,10-7 =F > hr U oz ATk & FIRRE DI T H IS S 172 (L6), 4,7
PICETHERTHDL A MFUREEATD 1,1I0-7=F > ha ) ViFERE v e 25,
B ORI T L72(L7), 2,2-EE Y U R FOBEG T HREIC, B iGRoE
ANIZ XY BB ONRITE T L2(L13), — 5T, BFREIZEOZEANZ LY R OIERIZ
M EL7eb0D, BAFIERMSGAEZ EE D HERITSE bR o 72(L14-L17), 2D Off
BND | ARG TIEEMEENE R R THDLZ ENEETH D EEZ B, @V Lewis BEME
FREEVBIERT VY AREETHLEEZ NS,
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3-3-3. W ORE
WAL O R 21T - 7-(Table 3-4),

Table 3-4. Screening of Solvents

OH 0] Fe(OTf)3 (10 mol%) t
N~ + /\/O Bu
PhiN ’BuOO)J\ By solvent (xx M) PhtN
rt, 8 h
33a 34a 35aa
1.0 equiv 1.0 equiv

entry solvent concentration (M) 35aa (%) 33a (%) 34a (%)

1 toluene 0.20 27 68 0
2 PhCI 0.20 33 59 0
3 DCM 0.20 63 33 0
4 DCE 0.20 62 31 0
5 THF 0.20 12 84 0
6 MeCN 0.20 50 45 0
7 DMF 0.20 5 77 —
8 DMSO 0.20 0 79 —
9 bomMm 010 53 3 0o
10 DCM 0.40 63 34 0
11 DCM 0.60 60 31 0
12 DCM 0.80 58 35 0
13 DCM 1.0 60 33 0

Yields were determined by 'H NMR analysis using dibenzyl as an internal standard.

fLm o7 ma XY o m ANV TZAA Tl H B OULERIFTE D> - 7= (entries 1,2), 7 1
BAZR 12-Vrunxd s OTERER BRI ONREN RS RNRFETH 72,
(entries 3,4), FM%EASFHEEELL 0> THF X° DMF, DMSO % fW =& Tld iz & A L it
TLaholcboD, 72 b=z HWEBRICHTREDOIRTHMY R E LI
(entries 5-8),

wiZvrma AL s E O TRISREDOBREZ1To728 245, 040 M LA EO#REE TR
RITIFLEALE ETHSTZHDD, 0.10 M DT A IO ITHE T T L 7= (entries
9-13),
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3-3-4. fifi & ORRET
WA fb i B D F 21T - 72 (Table 3-5),

Table 3-5. Optimization of Catalyst Amount

OH (0] Fe(OTf)3 (xx mol%) )
PhtN"~ > + ~_-OBu
’BuOO)J\’Bu DCM (0.20 M) PhtN
rt,8 h
33a 34a 35aa
1.0 equiv 1.0 equiv
entry Fe(OTf)3 (mol%) 35aa (%) 33a (%) 34a (%)
1 1 21 76 39
2 5 43 51 0
3 10 63 33 0
4 20 63 30 0

Yields were determined by "H NMR analysis using dibenzyl as an
internal standard.

fiftfi & 1 mol%, 5 mol%, 10 mol%® G Tl & 2 H o9 2 L I H B O XA B L
7-(entries 1-3), —J7. & Z 20 mol%ZHEC L= & 2 A, filiiE 10 mol% D 5/ & [FAE D
AER L 72 o7 (entry 4),

3-3-5. WEOYBEOKFE

WRIZHE O & DI & 4T > 72 (Table 3-6),
Table 3-6. Optimization of Substrate Amount

OH (0] Fe(OTf)3 (10 mol%) -
S~ + ~_0Bu
PN Bu00" 3y DCM (0.20 M) PhtN
rt, 8 h
33a 34a 35aa
x mmol y mmol

entry 33a (mmol) 34a (mmol) 35aa (mmol) 33a (mmol) 34a (mmol)

1 0.10 0.10 ! 0.063 (63%) 0.033 0

2 0.20 0.10 : 0.077 (77%) 0.126 0

3 0.30 0.10 + 0.087 (87%) 0.211 0

4 0.10 0.20 E 0.057 (57%) 0.033 0.015

Yields were determined by "H NMR analysis using dibenzyl as an internal standard.

RS 34a (kT DT L3 —L 33a DY EEAHCT LI HMOIEEIXMN E L
(entries 1-3), = LT, 7/ba—/b 33a (Zxf L CilE{LY) 34a % 3 B EHAV D 5RM4T 87%D
I C HM DS BTz (entries 3), — T, 7/ba—/L 33a (24T HiRER (L) 34a DY &
Z 2 YRS B854 Tk, BROERIL 57%I2K T L7z (entry 4),
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3-3-6. WMAIDORET

ARG TIRBE LY 34a 23O BURBEHIC T LT DB ANEL, FVTEilEIC X 5
TIFRILTDHNNOBIEDNER D2 ETT AR FF N ELEELEEL TV,
Z T, TAFAA T A FREEOEFEMEIC L VINEROKENRARETH D &5 %, WA
& LT DORRF 21T > 72 (Table 3-7),

Table 3-7. Screening of Additive
Fe(OTf)3 (10 mol%)

OH (0] additive (10 mol%) B
PhtN” >~ + ~_-OBu
TBuOO)J\’Bu DCM (0.20 M) PhiN
rt, 8 h
33a 34a 35aa
1.0 equiv 1.0 equiv

entry additive 35aa (%) 33a (%) 34a (%)

1 — 63 33 0
2 LiOTf 60 35 0
3 NaOTf 57 36 0
4 KOTf 57 35 0

Yields were determined by 'H NMR analysis using dibenzyl as
an internal standard.

ikl LT RU ZAdm A Z o ZVRCBEGEERN TS0, [T =4 &ki—12

72D Y 7t | A S ZVIR R A O R 2 O ORRGEL 51T - 72 (entries 1-4), %
DFEFR, WTNOMAE RN U228 THEIMAIZ N2 72 WS % BRI SRR 2155
ZlixTE oI,

3-3-7. FE O
RINETIEH -T2 DD, AFH L — 2kl L7-8E 36a 2D LTV va—
N T IFRNAFAPLE LTHINT 5D Z & b A[EET o - 72(Scheme 3-5),

Scheme 3-5. Application of alcohol-derived alkyl source

OH Q o' Fe(OTf)3 (10 mol%) )
N + )H( u ~_0Bu
PhtN BuOO DCM (0.20 M) PhtN
(0] rt, 8 h
33a 36a 35aa: 19%
1.0 equiv 1.0 equiv (33a: 67%)
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3-4. fa
3-4-1.

PRAGIE L BEE = AT L E NS Z & T, BR BV Vo TSN R L — AL L
PR NI 72 T VAR ) F A A RIE O BRI D Uiz, AR ISREZEAIL LT v a—
NVEINZ %A Z & T, SN2 B CIEIAIEE 72 DU EHL IR 3R ORESL S ATHE C db > 72 (Scheme 3-6), F
oo AV L — 2R E L EEE2HWSZ LT RIETIEH DI LDODT Va—LET
NENAFFAPE L THINT D52 EBAHETH -7,

Scheme 3-6. Iron-Catalyzed Decarboxylative Sy1 Reaction

OH 0] Fe(OTf)3 (10 mol%) B
PhtN” "1 ~_-OBu
tBuOO)LtBu DCM (0.20 M) PhtN
rt, 8 h
33a 34a 35aa
3.0 equiv 1.0 equiv 87%
O o,
OH )S(OtBU Fe(OTf)3 (10 mol%) OBy
N + A~
PhtN BuOO DCM (0.20 M) PhtN
o rt, 8 h
33a 34b 35aa: 19%
1.0 equiv 1.0 equiv (33a: 67%)

3-4-2. 5% OELR LOME

KEOEDIEE —fRMEDOWRT 21T > 72 & 24, EFRBITEE O H B2 RIZE > TE L
WL DTN W R E DM AT VA2 HWTZERIC S 2 —vx U —7 F LRI
DHEITT 5 Z EN B E 72572 (Scheme 3-7), AFER &L U AKBISSM T CIE, BIAERS T
oHH =% V=T TFAT N a— VKOV TF A BERT DI ENTRBREINTE
V. BUED & ZARIGITE = v V=T FMELSMIER T2 Z LB NE#ETH 5, —T7
T AHZREZRNT S 2 & TR RO RMERKEDOTKPTRETHL LB TEY, I
TERRT 2D TV D,
Scheme 3-7. Unexpected Generation of tert-Butyl Cation

o o Fe(OTf)z (10 mol%) o .
N + N + O'Bu
PhtN fBuoo/”\IQEx DCM (0.20 M) PPN PhiN™>

rt, 24 h
33a 34b 35ab 35aa
3.0 equiv 1.0 equiv 49% 37%
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TS

AHFFETIXE | B, 52 BT L oE, DR UVBROT ) T — MEASATRE/: —FREED
FHMBERZ BN L, 2D OfiiiRIT Bronsted HEMIEIZ XD WV R BOT ) T —
MbZ R L2 AW OSSR TH V| (b EamEOSMNBIE I X 27w oo
LB L LR,

B1ETIE ST DV ERNHE T 2HH ) 7 — MUEDBRZAT - 7o, ARER
TIET VAN LD NVR RO o MERREED R THY . FVHNVRFEL LT
TEMPO % MW\ % Z & Tl (b 5O 2 1) U 72 71 V7R B O R IR a-FR L EUG &
BAFE Lz ABRUSIEZT AT AT X R, a-7/LF 7 b OFE FIZBWTE BLR D
HD o-FRLSORIR IR Tod VD | ARG T I VAR RISk D v MBI IR A
binkipolz, SbIT, ARISERMTEHEFRNCAML -t FEF T AT 4R 0k
ReXxo7 IR 12-7 hm ATV 1,2-7 b7 X RIZEBARECh o 7o, KIS T VL
PMEIZ K2 VAR R ORI o AEERERA L & R L 72 R OB Th v | Al R & K
L U CHERkR D ZBE R SUS CIEREE R B AL IR IR BAREESR S ~D B AHIFFCX 5,

B2 mECIE, B 1 ETHE L oo CWERVEEMREE & HEK T 2 T2 O IS B EEK A ik A
N F R OBASE 24TV JEITE A VAR ol ~ 0D F2 2 i i PH O3 K & R L 72, A
IR CERFIRE M Z 5 Z & T, BIVRUBEOMBEA a-BEKFICSRE BT Lz, AKX
WX VAR X VA T DRI RN U TRV E R T late-stage T O HEHIKE
BANARETH Tz, £, iz, AR TH D o-FHAKFE A VR VEBBITEAKFBELZHERL
7o E ELRRRMEEICEWTRE CH D 2 L0 h, GHAKBRGHHE T L U CHEMEREKHRE
SFOERICFIAFRETH L LERXOND, & 2 ETERFE LZEKE RIS ZFM LT
AEPNEVEAL S D B FREHARD B R ATV, LB ~DEHEKFHEANZ L DL EMED
M Ea R L7,

B3 ETIE, 61 mECOHELLEE T D VEROMBERZ AV, 7V UEIC X D
TR BEORERT a-7 VX ARG DBISE 23T Tz, T VU NERE T OIS Z BT 5
LTRSS\ SUS TR AL IR EOREEN R TH D EE T, L, BFtE
1Tolz ZAEED o-T VX EEISIFETE T, Snl SJSIZ K D= 2T AL EITT 5
ZEMHBMNE R o], ARRRTITES -t B EOSNI = x L F—F B LT
IWARAF A DERNAIRE TH o7, £ T, IR EEORDVITT IV a— L& KA &
LTHW, Sl BUSICE 2 E@mnom—T VA RIE S L CRUGBRE1T- 7,
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Experimental Section

1. Catalytic a-Oxidation of Carboxylic Acids via Radical Process

1-1. General

All reactions were carried out using heat gun dried glassware under a positive pressure of dry argon
unless otherwise noted. Catalytic reactions were run under argon atmosphere. Air- and moisture-
sensitive liquids were transferred via a syringe and a stainless-steel needle. Reactions were
magnetically stirred and monitored by thin layer chromatography using Merck Silica Gel 60 F254
plates. All work-up and purification procedures were carried out with reagent-grade solvents under
ambient atmosphere. Flash chromatography was performed using silica gel 60N (spherical neutral,
particle size 40-50pum) purchased from Kanto Chemical Co., Inc. For ICP-MS, Ultrapure Water (for
Ultratrace Analysis) was purchased from Wako Pure Chemical Industries, Ltd., Nitric acid 1.42
(Ultrapur-100) was purchased from Kanto Chemical Co., Inc. and Multielement standard solution 5

for ICP TraceCERT®, in 10% nitric acid was purchased from Aldrich.

1-2. Instrumentation

NMR was recorded on 500 MHz Bruker Avance III. Chemical shifts for proton are reported in parts
per million downfield from tetramethylsilane and are referenced to residual protium in the NMR
solvent (CDCls: & 7.26 ppm). For '*C NMR, chemical shifts were reported in the scale relative to
NMR solvent (CDCls: & 77.0 ppm) as an internal reference. NMR data are reported as follows:
chemical shifts, multiplicity (s: singlet, d: doublet, dd: double doublet, dt: double triplet, ddd: double
double doublet, t: triplet, q: qualtet, quin: quintet, m: multiplet, br: broad signal), coupling constant
(Hz), and integration. Infrared (IR) spectra were recorded on with Shimadzu IR Affinity-1S. High-
resolution mass spectroscopy (HRMS) was obtained with Bruker MicrOTOF II. Inductively coupled

Plasma-mass spectroscopy (ICP-MS) measurement was carried out with Agilent 7500c.

1-3. Materials

Commercially available carboxylic acids were used as received. THF (deoxidized, stabilizer free) was
purchased from Kanto Chemical Co., Inc. and stored in a dry box. Fe(OAc): (299.99% trace metals
basis) was purchased from Aldrich and used as received and stored in a dry box. Molecular Sieves 4A

was purchased from Nacalai Tesque, Inc. TEMPO was purchased from Oakwood Products, Inc.
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1-4. Syntheses and Characterization
1-4-1. Synthesis of 1,10-Phenanthroline Derivatives
4,7-dimethoxy-1,10-phenanthroline (L7)**
MeQO OMe
7 N/ N\
—N N=
4,7-dichloro-1,10-phenanthroline (249 mg, 1.0 mmol) and sodium methoxide (432 mg, 8.0 mmol)
were added followed by the addition dry methanol (5.0 mL, 0.20 M). The mixture was stirred under
argon at 80 °C for 17.5 h. To the resultant mixture was added H>O and extracted with CH2Cl». After
removal of solvent under reduced pressure, the resulting residue was purified by silica gel flash
chromatography (0%—-3% MeOH in CHxCl; as eluent) to afford L7. (white solid, 86% yield); CAS
Registry Number 92149-07-0; '"H NMR (500 MHz, CDCl3) § 9.01 (d, J = 5.5 Hz, 2H, ArH), 8.18 (s,
2H, ArH), 7.00 (d, J = 5.5 Hz, 2H, ArH), 4.10 (s, 6H, OCHj3); *C NMR (125 MHz, CDCl;) § 162.3,
151.2, 146.9, 121.0, 119.0, 102.8, 55.9.

4,7-diphenoxy-1,10-phenanthroline (L8)*®
PhO OPh

7 N/ N\

—N N=

4,7-dichloro-1,10-phenanthroline (249 mg, 1.0 mmol), potassium hydroxide (281 mg, 5.0 mmol) and
phenol (4.71 g, 50 mmol) were added. The mixture was stirred under argon at 120 °C for 24 h. To the
resultant mixture was added 1 M KOH aq and extracted with CH>Cl>. After removal of solvent under
reduced pressure, the resulting residue was purified by recrystallization after silica gel flash
chromatography (3% MeOH in CH>Cl as eluent) to afford L8. (White solid, 70% yield); CAS
Registry Number 95943-00-3; '"H NMR (500 MHz, CDCl3) § 8.95 (d, J= 5.5 Hz, 2H, ArH), 8.40 (s,
2H, ArH), 7.51 (t, J= 7.5 Hz, 4H, ArH), 7.33 (t, J = 7.5 Hz, 2H, ArH), 7.25 (d, J = 7.5 Hz, 4H, ArH),
6.85 (d,J= 5.5 Hz, 2H, ArH); *C NMR (125 MHz, CDCl3) § 161.8, 154.5,151.1, 147.6, 130.4, 125.7,
121.5, 121.0, 119.6, 107.3.
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N, N N N-tetramethyl-1,10-phenanthroline-4,7-diamine (L10)*
Yy Y

MezN NMez

4,7-dichloro-1,10-phenanthroline (1.0 g, 4.0 mmol) was added followed by the addition dry DMF
(10.0 mL, 0.40 M). The mixture was stirred under argon at 160 °C for 15 h. To the resultant mixture
was added sat. NaHCOs aq and extracted with CH2Cly. After removal of solvent under reduced
pressure, the resulting residue was purified by silica gel flash chromatography (10 % MeOH in CH>Cl»
to 20% MeOH and 1% Et:N in CH>Cl, as eluent) to afford L10. (beige solid, 54% yield); CAS
Registry Number 169516-12-5; "TH NMR (500 MHz, CDCl3) § 8.90 (d, J = 5.5 Hz, 2H, ArH), 7.97 (s,
2H, ArH), 7.01 (d, J = 5.5 Hz, 2H, ArH), 3.08 (s, 12H, N(CH3)2); *C NMR (125 MHz, CDCl3) &
157.7,150.0, 148.0, 122.1, 120.8, 109.7, 44.1.

4,7-di(pyrrolidin-1-yl)-1,10-phenanthroline (L11)*°

4,7-dichloro-1,10-phenanthroline (249 mg, 1.0 mmol) was added followed by the addition pyrrolidine
(5.0 mL, 0.20 M). The mixture was stirred under argon at 130 °C for 1 h. To the resultant mixture was
added sat. NaHCOs3 aq and extracted with CH>Cl,. After removal of solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (CH2Cl to 20% MeOH and 3%
Et;N in CH2Cl; as eluent) to afford L11. (beige solid, 95% yield); CAS Registry Number 1422577-
91-0; "H NMR (500 MHz, CDCl3) § 8.74 (d, J = 5.0 Hz, 2H, AtH), 7.96 (s, 2H, ArH), 6.72 (d, J= 5.0
Hz, 2H, ArH), 3.70 (m, 8H, NCH>CH>), 2.06 (m, 8H, NCH,CH>); *C NMR (125 MHz, CDCl3) §
152.9, 149.3, 148.4, 119.5, 119.4, 105.6, 52.3, 26.0.
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1-4-2. Synthesis of Substrates
2-(p-tolyl)acetic-2,2-d; acid (1a-d>)*!

M
o e

HO
DD

2-(p-tolyl)acetic acid (751 mg, 5 mmol) and sodium methoxide (1.08 g, 20 mmol) were added
followed by the addition D,O (5.0 mL, 1.0 M). The mixture was stirred under argon at 100 °C for 20
h. To the resultant mixture was added 1 M HCl aq and extracted with CH>Cl,. After removal of solvent
under reduced pressure, the resulting residue was purified by silica short column and washed with
EtOAc to afford 1a-da. (white solid, 99% yield, 97% deuterated); 'H NMR (500 MHz, CDCl3) § 7.17
(d, J = 8.0 Hz, 2H, ArH), 7.14 (d, J = 8.0 Hz, 2H, ArH), 2.33 (s, 3H, ArCH;); *C NMR (125 MHz,
CDCl3) 6 177.3,137.0, 130.1, 129.4, 129.2, 39.9 (quin, J=19.8 Hz), 21.1; IR (neat) 2920, 1692, 1518,
1408, 1287, 1234, 1209, 1047, 930, 910, 854, 748, 665, 505 cm'; HRMS (ESI) m/z calc’d for
CoHgD>NaO> (M + Na)* 175.0699, found 175.0699.

2-(o-tolyl)acetic-2,2-d; acid (1c-d>)*!
o)

HO
DD Me

2-(o-tolyl)acetic acid (751 mg, 5 mmol) and sodium methoxide (1.08 g, 20 mmol) were added
followed by the addition D,O (5.0 mL, 1.0 M). The mixture was stirred under argon at 100 °C for 24
h. To the resultant mixture was added 1 M HCl aq and extracted with CH>Cl,. After removal of solvent
under reduced pressure, the resulting residue was purified by silica short column and washed with
EtOAc to afford 1¢-d,. (white solid, 73% yield, 97% deuterated); "H NMR (500 MHz, CDCl3) § 7.22—
7.15 (m, 4H, ArH), 2.33 (s, 3H, ArCHj); '3C NMR (125 MHz, CDCl;) § 177.3, 136.9, 131.9, 130.4,
130.2, 127.7, 126.2, 38.2 (quin, J = 19.7 Hz), 19.5; IR (neat) 3015, 1686, 1406, 1302, 1281, 1233,
1028, 943, 905, 849, 737, 665, 600, 417 cm™'; HRMS (ESI) m/z calc’d for CoHsD2NaO> (M + Na)*
175.0699, found 175.0699.
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sodium 2-(p-tolyl)acetate (1a-Na)

M
§
NaO

2-(p-tolyl)acetic acid (451 mg, 3 mmol) and sodium carbonate (159 mg, 1.5 mmol) were added
followed by the addition H,O (3.0 mL, 1.0 M). The mixture was stirred under argon at room
temperature for 3 h. After removal of solvent under reduced pressure, the residual solid was gathered
(1a-Na). (white solid, 58% yield, 299.0 mg); CAS Registry Number 25307-01-1; "H NMR (500 MHz,
DMSO-ds) 6 7.10 (d, /= 8.0 Hz, 2H, ArH), 7.00 (d, /= 8.0 Hz, 2H, ArH), 3.16 (s, 2H, ArCH,COONa),
2.24 (s, 3H, ArCHs); *C NMR (125 MHz, DMSO-de) § 175.0, 137.4, 133.9, 129.5, 128.5, 46.2, 21.1.

Synthesis of 2-(2-allylphenyl)acetic acid (10)

Pd(PPhs)s (5 mol%)

o CsF (4.0 equiv) o) o)
Bpin 2.0 equiv NaOH (5.0 equiv
X (2.0 equiv) BnO (5.0 equiv) HO
BnO THF H,0, THF, MeOH
Br 80°C, 24 h | t, 1 h |
s1 $2: 94% 16: 80%

benzyl 2-(2-bromophenyl)acetate (S1)

0]

BnO
Br

To a solution of 2-(2-bromophenyl)acetic acid 1f (3.22 g, 15 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (4.31 g, 22.5 mmol) and DMAP (183.3 mg, 1.5 mmol) in dry CH>Cl»
(15 mL, 1.0 M) was added benzyl alcohol (2.32 mL, 22.5 mmol) under argon atmosphere. The reaction
mixture was stirred for 17 h at room temperature. To the resultant mixture was added H>O and
extracted with CH>Cl,. After removal of solvent under reduced pressure, the resulting residue was
purified by silica gel flash chromatography (1-3% EtOAc in n-Hexane as eluent) to obtain benzyl 2-
(2-bromophenyl)acetate (S1). (colorless liquid, 91% yield, 4.15 g); CAS Registry Number 8§92146-
11-1; "H NMR (500 MHz, CDCl3) § 7.57 (d, J = 7.5 Hz, 1H, ArH), 7.37-7.27 (m, 7TH, ArH), 7.16—
7.13 (m, 1H, ArH), 5.17 (s, 2H, PhCH,0), 3.84 (s, 2H, ArCH>CO); '*C NMR (125 MHz, CDCls)
0170.4, 135.8, 134.1, 132.8, 131.5, 128.9, 128.5, 128.2, 128.2, 127.6, 125.0, 66.8, 41.7.

77



benzyl 2-(2-allylphenyl)acetate (S2)**

0]

BnO

To a mixture of Pd(PPh3)4 (780.1 mg, 0.68 mmol) and cesium fluoride (8.20 g, 54 mmol) in dry THF
(185 mL) was added benzyl 2-(2-bromophenyl)acetate (4.12 g, 13.5 mmol) under argon atmosphere.
After the reaction mixture was stirred for 15 min at room temperature, 2-allyl-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane was added to the mixture. The reaction mixture was stirred for 16 h at 80 °C. Dry
THF (50 mL) was added and the reaction mixture was stirred for 8 h at 80 °C. To the resultant mixture
was added H,O and extracted with CH,Cl,. After removal of solvent under reduced pressure, the
resulting residue was purified by silica gel flash chromatography (1-3% EtOAc in n-Hexane as eluent)
to obtain benzyl 2-(2-allylphenyl)acetate (S2). (colorless liquid, 94% yield, 3.40 g); '"H NMR (500
MHz, CDCl3) 6 7.36-7.29 (m, SH, ArH), 7.25-7.17 (m, 4H, ArH), 5.95-5.87 (m, 1H, ArCH,CH=CH>),
5.12 (s, 2H, PhCH,0), 5.04-5.01 (m, 1H, ArCH,CH=CH>), 4.97-4.92 (m, 1H, ArCH,CH=CH>), 3.70
(s, 2H, ArCH,CO), 3.40 (d, J = 6.0 Hz, 2H, ArCH>CH=CH,); '*C NMR (125 MHz, CDCl;) §171.4,
138.4,136.5, 135.9, 132.6, 130.7, 129.9, 128.5, 128.2, 128.1, 127.6, 126.6, 116.0, 66.6, 38.6, 37.4; IR
(neat) 1732, 1454, 1331, 1238, 1182, 1144, 993, 914, 735, 696, 594, 579, 492, 463 cm™".

2-(2-allylphenyl)acetic acid (10)

O
HO

To a solution of benzyl 2-(2-allylphenyl)acetate (266.3 mg, 1.0 mmol) in THF (5.0 mL) and MeOH
(2.0 mL) was added 1.0 M NaOH aq (5.0 mL). The mixture was stirred at room temperature for 1 h.
To the resultant mixture was added 1 M HCl aq and extracted with CH2Cl,. After removal of solvent
under reduced pressure, the resulting residue was purified by silica gel flash chromatography (1%
MeOH in CH,Cl, as eluent) to obtain 2-(2-allylphenyl)acetic acid (10). (colorless liquid, 80% yield,
141.2 mg); 'H NMR (500 MHz, CDCl3) & 7.25-7.19 (m, 4H, ArH), 5.97-5.89 (m, 1H,
ArCH,CH=CH>), 5.07-5.05 (m, 1H, ArCH,CH=CH>), 5.00-4.97 (m, 1H, ArCH,CH=CH>), 3.69 (s,
2H, ArCH-CO), 3.42 (d, J= 6.0 Hz, 2H, ArCH>CH=CH,); *C NMR (125 MHz, CDCl3) §176.9, 138.5,
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136.4, 132.0, 130.7, 130.0, 127.9, 126.7, 116.2, 38.2, 37.4; IR (neat) 1697, 1408, 1287, 1234, 1211,
1177, 1163, 912, 758, 725, 681, 625, 615, 442, 419 cm ™.

Synthesis of 2-(2-(3-methylbut-2-en-1-yl)phenyl)acetic acid (1v)

1. Grubbs Il (2 mol%) o] (0]
CH,Cl,, isobutene .
rt, 22 h BnO NaOH (5.0 equiv) HO
2. Grubbs 1l (1 mol%) H,O, THF, MeOH
CH,Cl,, |sobutene | rt, 1 h |
r, 19 h Me” ~Me Me” ~Me

S§3: 22% 11: 100%

benzyl 2-(2-(3-methylbut-2-en-1-yl)phenyl)acetate (S3)*

(0]
BnO

Me Me

To a solution of benzyl 2-(2-allylphenyl)acetate (537.0 mg, 2.0 mmol) in CH>Cl; (5.0 mL) was added
a solution of Grubbs II (34.0 mg, 0.04 mmol) in CH>CL (5.0 mL). After bubbling isobutene, the
mixture was stirred under argon at room temperature for 22 h. After removal of solvent under reduced
pressure, the resulting residue was purified by silica gel flash chromatography (1-3% EtOAc in n-
hexane as eluent). After the mixture was performed under the same reaction using Grubbs II (17.0 mg,
0.02 mmol), the resulting residue was purified by silica gel flash chromatography (1-3% EtOAc in n-
hexane as eluent) to obtain benzyl 2-(2-(3-methylbut-2-en-1-yl)phenyl)acetate (S3). (colorless liquid,
22% yield, 131.3 mg); 'H NMR (500 MHz, CDCl3) § 7.36-7.29 (m, 5H, ArH), 7.23-7.14 (m, 4H,
ArH), 5.19-5.15 (m, 1H, ArCH,CH=C(CH3)2), 5.13 (s, 2H, PhCH0), 3.70 (s, 2H, ArCH>CO), 3.33
(d, J = 7.0 Hz, 2H, ArCH,CH=C(CHs)2), 1.70 (s, 3H, ArCH.CH=C(CH3).), 1.67 (s, 3H,
ArCH,CH=C(CH;),); *C NMR (125 MHz, CDCl3) §171.5, 140.3, 135.9, 132.8, 132.3, 130.6, 129.4,
128.5,128.2,128.1,127.6,126.2,122.4,66.5, 38.7,32.0,25.7, 17.8; IR (neat) 1732, 1493, 1452, 1375,
1331, 1236, 1180, 1142, 1086, 978, 920, 746, 696, 579, 447 cm ™",
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2-(2-(3-methylbut-2-en-1-yl)phenyl)acetic acid (1v)

O

HO

Me Me

To a solution of benzyl 2-(2-(3-methylbut-2-en-1-yl)phenyl)acetate (124.4 mg, 0.42 mmol) in THF
(5.0 mL) and MeOH (2.0 mL) was added 1.0 M NaOH aq (5.0 mL). The mixture was stirred at room
temperature for 1 h. the resultant mixture was extracted with CH>Cl» and the remained basic water
layer was added 1 M HCI aq and extracted with CH2CL. After removal of solvent under reduced
pressure, the residual liquid was gathered (1v). (colorless liquid, 100% yield, 86.5 mg); "H NMR (500
MHz, CDCl3) & 7.24-7.16 (m, 4H, ArH), 5.20-5.16 (m, 1H, ArCH,CH=C(CHa3)>), 3.67 (s, 2H,
ArCH>CO), 3.35 (d, J = 7.0 Hz, 2H, ArCH>CH=C(CH3),), 1.71 (m, 6H, ArCH,CH=C(CH;),); "*C
NMR (125 MHz, CDCl3) 6177.0, 140.4, 132.9, 131.7, 130.7, 129.5, 127.8, 126.3, 122.4, 38.2, 32.1,
25.6, 17.9; IR (neat) 2361, 2342, 1697, 1412, 1308, 1290, 1281, 1150, 951, 930, 750, 725, 631, 438

cm ™.
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1-5. General Procedure and Characterization of Products

General procedure for catalytic oxidative cross-coupling reaction

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged
with 4A crushed molecular sieves (MS4A 100.0 mg) and flamed-dried under vacuum. After cooling
down to room temperature, Fe(OAc), (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), carboxylic acid
1 (0.20 mmol) and TEMPO derivatives 2 (0.42 mmol) were added followed by the addition of THF
(1.0 mL, 0.20 M). After stirring under argon at 60 °C for 24 h, the reaction mixture was added
dehydrated MeOH (2.0 mL) and 2.0 M TMSCHN; in hexane (0.30 mL, 0.60 mmol). After stirring
under argon at room temperature for 1 h, the reaction mixture was diluted with 10% AcOH in EtOAc
(1.0 mL). The diluted solution was filtered through silica short column and washed with EtOAc. After
evaporation of the organic solvent under reduced pressure, the resultant mixture was purified by silica
gel flash chromatography to obtain methyl esterified cross-coupling product (3aa, Me-3aa—Me-3(a,
Me-3yb—Me-3yd).

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetic acid (3aa)

M
o e

HO
OTMP

2-(p-tolyl)acetic acid 1a (30.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were used.
Without esterification, the resultant mixture was purified by silica gel flash chromatography (10%—
20% EtOAc in n-Hexane as eluent) to afford the product 3aa. (white solid, 95% yield, 59.0 mg); gram
scale synthesis: A 300 mL two-necked flask equipped with a magnetic stirring bar and 3-way glass
stopcock was charged with 4A crushed molecular sieves (MS4A 2.00 g) and flamed-dried under
vacuum. After cooling down to room temperature, Fe(OAc), (7.0 mg, 0.04 mmol), L10 (10.7 mg, 0.04
mmol), carboxylic acid 1a (601 mg, 4.0 mmol) and TEMPO 2a (1.31 g, 8.4 mmol) were added
followed by the addition of THF (20 mL, 0.20 M). After stirring under argon at 60 °C for 72 h, the
reaction mixture was diluted with 10% AcOH in EtOAc. The diluted solution was filtered through
silica short column and washed with EtOAc. After evaporation of the organic solvent under reduced
pressure, the resultant mixture was purified by silica gel flash chromatography (10%—20% EtOAc in
n-Hexane as eluent) to afford the product 3aa. (white solid, 97% yield, 1.19 g); '"H NMR (500 MHz,
CDCl3) 6 7.30 (d, J= 8.0 Hz, 2H, ArH), 7.18 (d, J = 8.0 Hz, 2H, ArH), 5.38 (s, 1H, COCH), 2.35 (s,
3H, ArCHj3), 1.66 (m, 5SH, TMP), 1.48 (br, 1H, TMP), 1.33-1.21 (m, 12H, TMP); 3*C NMR (125 MHz,
CDCl3) 6 173.0, 138.6, 133.4, 129.2, 128.7, 84.0, 62.7, 62.5, 39.6, 39.6, 31.9, 31.1, 21.3, 20.9, 20.9,
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16.5; IR (neat) 2926, 1715, 1375, 1260, 1177, 1132, 1047, 957, 924, 816, 797, 714, 681, 613, 503
em'; HRMS (ESI) mi/z cale’d for CisHasNOs (M + H)* 306.2064, found 306.2063.

methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetate (Me-3aa)

M
0 e

MeO
OTMP

2-(p-tolyl)acetic acid 1a (30.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were used. The
resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane as eluent)
to afford the methyl esterified product Me-3aa. (white solid, 85% yield, 54.1 mg); '"H NMR (500 MHz,
CDCl3) 6 7.32 (d, J= 8.0 Hz, 2H, ArH), 7.14 (d, J = 8.0 Hz, 2H, ArH), 5.17 (s, 1H, COCH), 3.64 (s,
3H, COOCH3), 2.33 (s, 3H, ArCH3), 1.58-1.26 (m, 6H, TMP), 1.23 (s, 3H, TMP), 1.13 (s, 3H, TMP),
1.07 (s, 3H, TMP), 0.73 (s, 3H, TMP); *C NMR (125 MHz, CDCls) § 172.6, 137.7, 135.2, 129.0,
126.8, 88.4, 59.9, 59.9, 51.8, 40.2, 40.1, 33.6, 32.9,21.2, 20.2, 20.1, 17.1; IR (neat) 1749, 1366, 1261,
1198, 1155, 1134, 1063, 978, 957, 926, 820, 814, 797, 741, 501 cm™'; HRMS (ESI) m/z calc’d for
C19H30NO3 (M + H)" 320.2220, found 320.2220.

methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(m-tolyl)acetate (Me-3ba)
O

MeO Me
OTMP

2-(m-tolyl)acetic acid 1b (30.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were used. The
resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane as eluent)
to afford the methyl esterified product Me-3ba. (white solid, 88% yield, 56.4 mg); "H NMR (500 MHz,
CDCl) ¢ 7.24-7.20 (m, 3H, ArH), 7.09 (d, J = 6.5 Hz, 1H, ArH), 5.17 (s, 1H, COCH), 3.66 (s, 3H,
COOCH3), 2.35 (s, 3H, ArCH3), 1.57-1.26 (m, 6H, TMP), 1.23 (s, 3H, TMP), 1.13 (s, 3H, TMP), 1.08
(s, 3H, TMP), 0.73 (s, 3H, TMP); *C NMR (125 MHz, CDCl;) § 172.6, 138.0, 138.0, 128.7, 128.2,
127.4,124.0, 88.6,59.9, 59.9, 51.8, 40.2, 40.1, 33.6,32.9,21.5, 20.2, 20.2, 17.1; IR (neat) 1742, 1439,
1333, 1192, 1173, 1167, 1150, 1134, 1061, 800, 737, 729, 692, 434 cm™'; HRMS (ESI) m/z calc’d for
Ci9H30NO3 (M + H)" 320.2220, found 320.2229.
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methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(o-tolylacetate (Me-3ca)
O

MeO
TMPO Me

Fe(OAc): (3.5 mg, 0.02 mmol), L10 (5.3 mg, 0.02 mmol), 2-(o-tolyl)acetic acid 1¢ (30.0 mg, 0.20
mmol) and TEMPO 2a (125.0 mg, 0.80 mmol) were used. The resultant mixture was purified by silica
gel flash chromatography (1% EtOAc in n-Hexane as eluent) to afford the methyl esterified product
Me-3ca. (colorless liquid, 86% yield, 55.2 mg); '"H NMR (500 MHz, CDCl;) § 7.54 (d, J = 7.5 Hz,
1H, ArH), 7.23-7.16 (m, 2H, ArH), 7.11 (d, J = 7.5 Hz, 1H, ArH), 5.41 (s, 1H, COCH), 3.65 (s, 3H,
COOCH3), 2.41 (s, 3H, ArCH3), 1.56-1.28 (m, 6H, TMP), 1.24 (s, 3H, TMP), 1.15 (s, 3H, TMP), 1.04
(s, 3H, TMP), 0.66 (s, 3H, TMP); *C NMR (125 MHz, CDCl5) § 172.3, 137.0, 135.3, 130.1, 127.7,
127.5,126.1, 85.7,59.9, 59.8,51.7,40.2, 40.0, 32.8, 32.8,20.2, 20.2, 19.5, 17.1; IR (neat) 2924, 1746,
1360, 1260, 1192, 1157, 1134, 1105, 1057, 1045, 957, 928, 795, 737, 447 cm™'; HRMS (ESI) m/z
calc’d for C19H30NO3; (M + H)" 320.2220, found 320.2234.

methyl 2-(4-bromophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3da)

B
o r

MeO
OTMP

2-(4-bromophenyl)acetic acid 1d (43.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3da. (white solid, 80% yield, 61.2 mg); '"H NMR
(500 MHz, CDCls) 6 7.47 (d,J=8.5 Hz, 2H, ArH), 7.32 (d,J=8.5 Hz, 2H, ArH), 5.17 (s, 1H, COCH),
3.66 (s, 3H, COOCH3), 1.57-1.29 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.06 (s, 3H,
TMP), 0.72 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.0, 137.2, 131.6, 128.6, 122.1, 88.0,
60.0, 59.9, 52.0, 40.2, 40.1, 33.6, 32.8,20.2, 20.1, 17.0; IR (neat) 2359, 2340, 1749, 1364, 1260, 1200,
1159, 1134, 1065, 1013, 926, 822, 760, 505 cm™'; HRMS (ESI) m/z calc’d for CisH27BrNOs (M + H)*
384.1169, found 384.1169.
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methyl 2-(3-bromophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ea)
0]

MeO Br
OTMP

2-(3-bromophenyl)acetic acid 1e (43.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3ea. (white solid, 88% yield, 68.0 mg); 'H NMR
(500 MHz, CDCl3) ¢ 7.59 (t,J =2.0 Hz, 1H, ArH), 7.42 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H, ArH), 7.37 (d,
J=8.0 Hz, 1H, ArH), 7.21 (t, J = 8.0 Hz, 1H, ArH), 5.18 (s, 1H, COCH), 3.67 (s, 3H, COOCH}),
1.57-1.26 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.08 (s, 3H, TMP), 0.73 (s, 3H, TMP);
3C NMR (125 MHz, CDCl3) § 171.9, 140.3, 131.1, 130.0, 129.8, 125.5, 122.5, 87.9, 60.0, 60.0, 52.0,
40.2,40.1, 33.6, 32.8, 20.2, 20.2, 17.0; IR (neat) 1749, 1734, 1260, 1196, 1155, 1132, 1057, 920, 880,
802, 793, 768, 700, 689 cm'; HRMS (ESI) m/z calc’d for C1sH27BrNO; (M + H)* 384.1169, found
384.1173.

methyl 2-(2-bromophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3fa)
O

MeO
TMPO  Br

Fe(OAc): (3.5 mg, 0.02 mmol), L10 (5.3 mg, 0.02 mmol), 2-(2-bromophenyl)acetic acid 1f (43.0 mg,
0.20 mmol) and TEMPO 2a (125.0 mg, 0.80 mmol) were used. The resultant mixture was purified by
silica gel flash chromatography (1% EtOAc in n-Hexane as eluent) to afford the methyl esterified
product Me-3fa. (white solid, 93% yield, 71.2 mg); 'H NMR (500 MHz, CDCl3) & 7.65 (dd, J = 8.0,
1.5 Hz, 1H, ArH), 7.51 (dd, J = 8.0, 1.5 Hz, 1H, ArH), 7.34 (dt, /= 8.0, 1.5 Hz, 1H, ArH), 7.15 (dt,J
=8.0, 1.5 Hz, 1H, ArH), 5.67 (s, 1H, COCH), 3.68 (s, 3H, COOCH3), 1.57-1.29 (m, 6H, TMP), 1.22
(s, 3H, TMP), 1.16 (s, 3H, TMP), 1.02 (s, 3H, TMP), 0.70 (s, 3H, TMP); *C NMR (125 MHz, CDCls)
0 171.5, 138.2, 132.4, 129.4, 129.3, 127.6, 122.6, 86.6, 60.0, 59.9, 51.9, 40.1, 39.9, 32.8, 32.8, 20.2,
20.1, 17.1; IR (neat) 1742, 1470, 1433, 1339, 1204, 1169, 1132, 1047, 1018, 995, 982, 922, 799, 745
cm'; HRMS (ESI) m/z calc’d for C1sH7BrNOs (M + H)* 384.1169, found 384.1169.
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methyl 2-(4-fluorophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ga)

F
O

MeO
OTMP

2-(4-fluorophenyl)acetic acid 1g (30.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3ga. (white solid, 83% yield, 53.7 mg); '"H NMR
(500 MHz, CDCl3) 6 7.41 (dd, J=8.5, 5.5 Hz, 2H, ArH), 7.02 (t, /= 8.5 Hz, 2H, ArH), 5.18 (s, 1H,
COCH), 3.66 (s, 3H, COOCH53), 1.57-1.29 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.06
(s, 3H, TMP), 0.71 (s, 3H, TMP); *C NMR (125 MHz, CDCl5) § 173.0, 138.6, 133.4, 129.2, 128.7,
84.0, 62.7,62.5,39.6,39.6,31.9,31.1,21.3, 20.9, 20.9, 16.5; IR (neat) 1748, 1506, 1362, 1223, 1196,
1165, 1153, 1134, 1098, 1061, 926, 835, 812, 748, 536, 513 cm™'; HRMS (ESI) m/z calc’d for
CisH27FNOs (M + H)" 324.1969, found 324.1960.

methyl 2-(4-chlorophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ha)

Cl
O

MeO
OTMP

2-(4-chlorophenyl)acetic acid 1h (34.1 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3ha. (colorless liquid, 84% yield, 57.0 mg); 'H
NMR (500 MHz, CDCls) 6 7.38 (d, J = 8.5 Hz, 2H, ArH), 7.31 (d, J= 8.5 Hz, 2H, ArH), 5.18 (s, 1H,
COCH), 3.66 (s, 3H, COOCH53), 1.58-1.29 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.06
(s, 3H, TMP), 0.71 (s, 3H, TMP); 3C NMR (125 MHz, CDCl5) § 172.1, 136.7, 133.9, 128.6, 128.3,
87.9, 60.0,59.9, 52.0, 40.2, 40.1, 33.6, 32.8, 20.2, 20.1, 17.0; IR (neat) 1744, 1439, 1362, 1261, 1200,
1159, 1132, 1088, 1051, 1015, 974, 930, 827, 764, 517, 434 cm™'; HRMS (ESI) m/z calc’d for
CisH27CINOs (M + H)" 340.1674, found 340.1673.

methyl 2-(4-iodophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ia)

I
O

MeO
OTMP

2-(4-iodophenyl)acetic acid 1i (52.4 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were used.
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The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane as
eluent) to afford the methyl esterified product Me-3ia. (white solid, 81% yield, 70.0 mg); '"H NMR
(500 MHz, CDCl3) 6 7.67 (d,J = 8.5 Hz, 2H, ArH), 7.19 (d,J=8.5 Hz, 2H, ArH), 5.15 (s, 1H, COCH),
3.65 (s, 3H, COOCH3), 1.57-1.29 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.11 (s, 3H, TMP), 1.06 (s, 3H,
TMP), 0.72 (s, 3H, TMP); *C NMR (125 MHz, CDCl5) § 172.0, 137.8, 137.5, 128.8, 93.8, 88.1, 60.0,
60.0, 52.0, 40.2, 40.1, 33.6,32.8,20.2, 20.1, 17.0; IR (neat) 1744, 1260, 1200, 1153, 1132, 1067, 1049,
1011, 974, 926, 818, 754, 735, 501 cm™'; HRMS (ESI) m/z calc’d for C1sH7INOs (M + H)" 432.1030,
found 432.1030.

methyl 2-([1,1'-biphenyl]-4-yl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ja)

Ph
O

MeO
OTMP

2-([1,1'-biphenyl]-4-yl)acetic acid 1j (42.5 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. The resultant mixture was purified by silica gel flash chromatography (2% EtOAc in n-
Hexane as eluent) to afford the methyl esterified product Me-3ja. (white solid, 75% yield, 57.0 mg);
"HNMR (500 MHz, CDCl3) & 7.60-7.56 (m, 4H, ArH), 7.50 (d, J = 8.0 Hz, 2H, AtH), 7.43 (t,J = 7.0
Hz, 2H, ArH), 7.33 (t,J = 7.0 Hz, 1H, ArH), 5.26 (s, 1H, COCH), 3.68 (s, 3H, COOCH3), 1.56-1.30
(m, 6H, TMP), 1.25 (s, 3H, TMP), 1.15 (s, 3H, TMP), 1.10 (s, 3H, TMP), 0.77 (s, 3H, TMP); *C NMR
(125 MHz, CDCls) 6 172.5, 140.8, 140.7, 137.1, 128.7, 127.3, 127.3, 127.1, 127.1, 88.4, 59.9, 59.9,
51.9,40.2,40.1,33.7,32.9,20.2,20.2, 17.1; IR (neat) 1742, 1431, 1362, 1196, 1163, 1132, 1055, 974,
957, 928, 837, 756, 741, 729, 700, 691 cm™'; HRMS (ESI) m/z calc’d for C4H3oNO3 (M + H)*
382.2377, found 382.2377.

methyl 2-(4-hydroxyphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ka)

OH
O

MeO
OTMP

2-(4-acetoxyphenyl)acetic acid Ac-1k (38.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. Esterification was conducted for 24 h stirring at room temperature. The resultant mixture
was purified by silica gel flash chromatography (10% EtOAc in n-Hexane as eluent) to afford the
methyl esterified product Me-3ka. (White solid, 50% yield, 32.0 mg); '"H NMR (500 MHz, CDCl;) §
7.30(d,J=7.5Hz, 2H, ArH), 6.79 (d,J=17.5 Hz, 2H, ArH), 5.13 (s, 1H, COCH), 4.98 (br, 1H, ArOH),
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3.66 (s, 3H, COOCHj), 1.64-1.26 (m, 6H, TMP), 1.21 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.05 (s, 3H,
TMP), 0.73 (s, 3H, TMP); *C NMR (125 MHz, CDCls) § 172.9, 155.4, 130.5, 128.5, 115.5, 88.1, 59.9,
59.8,51.8,40.2,40.1,33.7,32.9,20.2, 20.1, 17.1; IR (neat) 3406, 2938, 1703, 1510, 1275, 1261, 1223,
1165, 1051, 1015, 841, 623, 538, 527 em™'; HRMS (ESI) m/z cale’d for C1sHasNO4 (M + H)* 322.2013,
found 322.2018.

methyl 2-(4-methoxyphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3la)

oM
o e

MeO
OTMP

2-(4-methoxyphenyl)acetic acid 11 (33.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (3% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3la. (white solid, 86% yield, 57.5 mg); 'H NMR
(500 MHz, CDCls) 6 7.35 (d,J=8.5 Hz, 2H, ArH), 6.86 (d,J=8.5 Hz, 2H, ArH), 5.14 (s, 1H, COCH),
3.80 (s, 3H, OCH3), 3.65 (s, 3H, COOCH3), 1.58-1.28 (m, 6H, TMP), 1.22 (s, 3H, TMP), 1.13 (s, 3H,
TMP), 1.06 (s, 3H, TMP), 0.73 (s, 3H, TMP); '*C NMR (125 MHz, CDCl3) § 172.7, 159.3, 130.4,
128.2,113.7,88.1, 59.9, 59.8, 55.2,51.8,40.2, 40.1, 33.7,32.9, 20.2, 20.1, 17.1; IR (neat) 2359, 1753,
1510, 1244, 1202, 1159, 1132, 1057, 1030, 928, 833, 799, 789, 530 cm™'; HRMS (ESI) m/z calc’d for
Ci9H30NO4 (M + H)" 336.2169, found 336.2185.

methyl 2-(3-methoxyphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ma)
O

MeO OMe
OTMP

2-(3-methoxyphenyl)acetic acid 1m (33.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (3% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3ma. (white solid, 88% yield, 59.0 mg); '"H NMR
(500 MHz, CDCl3) ¢ 7.24 (t, J = 8.0 Hz, 1H, ArH), 7.02-7.00 (m, 2H, ArH), 6.83 (ddd, J = 8.0, 2.0,
1.0 Hz, 1H, ArH), 5.19 (s, 1H, COCH), 3.81 (s, 3H, OCH3), 3.66 (s, 3H, COOCH3), 1.58-1.29 (m,
6H, TMP), 1.23 (s, 3H, TMP), 1.13 (s, 3H, TMP), 1.09 (s, 3H, TMP), 0.75 (s, 3H, TMP); 3C NMR
(125 MHz, CDCl3) 6 172.3, 159.6, 139.6, 129.3, 119.3, 113.7, 112.1, 88.5, 59.9, 59.9, 55.3, 51.9, 40.2,
40.1, 33.5, 32.8, 20.2, 20.2, 17.1; IR (neat) 1749, 1734, 1584, 1296, 1261, 1234, 1159, 1140, 1061,
1043, 1032, 795, 779, 741, 727, 694 cm™'; HRMS (ESI) m/z calc’d for C1oH3oNO4 (M + H)" 336.2169,

87



found 336.2161.

methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(4-(trifluoromethyl)phenyl)acetate (Me-
3na)

CF
o 3

MeO
OTMP

2-(4-(trifluoromethyl)phenyl)acetic acid 1n (40.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc
in n-Hexane as eluent) to afford the methyl esterified product Me-3na. (white solid, 81% yield, 60.5
mg); 'H NMR (500 MHz, CDCl3) § 7.60 (d, J = 8.5 Hz, 2H, ArH), 7.56 (d,J = 8.5 Hz, 2H, ArH), 5.28
(s, 1H, COCH), 3.67 (s, 3H, COOCH3), 1.58-1.30 (m, 6H, TMP), 1.24 (s, 3H, TMP), 1.13 (s, 3H,
TMP), 1.08 (s, 3H, TMP), 0.70 (s, 3H, TMP); '3*C NMR (125 MHz, CDCl5) § 171.8, 142.0, 130.2 (q,
J=32.3Hz), 127.1, 125.4 (q, J = 3.7 Hz), 124.1 (q, J = 270.3 Hz), 88.1, 60.0, 60.0, 52.1, 40.2, 40.1,
33.5,32.8,20.2,20.2, 17.0; IR (neat) 1748, 1323, 1202, 1159, 1128, 1109, 1067, 1059, 1020, 976, 928,
918, 837, 716 cm™'; HRMS (ESI) m/z calc’d for C19H27F3NO3 (M + H)* 374.1938, found 374.1936.

methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(3-(trifluoromethyl)phenyl)acetate (Me-
30a)

0]

MeO CF3
OTMP

2-(3-(trifluoromethyl)phenyl)acetic acid 1o (40.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc
in n-Hexane as eluent) to afford the methyl esterified product Me-3o0a. (colorless liquid, 84% yield,
62.7 mg); '"H NMR (500 MHz, CDCl3) § 7.71 (s, 1H, AtH), 7.64 (d, J = 8.0 Hz, 1H, ArH), 7.56 (d, J
=8.0 Hz, 1H, ArH), 7.47 (t,J=8.0 Hz, 1H, ArH), 5.28 (s, 1H, COCH), 3.68 (s, 3H, COOCH3), 1.58—
1.29 (m, 6H, TMP), 1.24 (s, 3H, TMP), 1.14 (s, 3H, TMP), 1.08 (s, 3H, TMP), 0.68 (s, 3H, TMP); *C
NMR (125 MHz, CDCl3) 6 171.8, 139.2, 130.8 (q, J = 32.3 Hz), 130.2, 128.9, 124.9 (q, J = 3.7 Hz),
124.0 (q,J=270.3 Hz), 123.7 (q, J= 3.7 Hz), 88.0, 60.1, 60.0, 52.1, 40.2, 40.1, 33.6, 32.8, 20.2, 20.1,
17.0; IR (neat) 1753, 1740, 1331, 1261, 1242, 1161, 1125, 1099, 1074, 1018, 918, 800, 745, 700 cm™*;
HRMS (ESI) m/z calc’d for C19H27F3NO3 (M + H)" 374.1938, found 374.1938.
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methyl 2-(4-(methylsulfonyl)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3pa)

SO,M
0 2Vie

MeO
OTMP

2-(4-(methylsulfonyl)phenyl)acetic acid 1p (42.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (10%—20%
EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3pa. (white solid, 79% yield,
60.7 mg); "H NMR (500 MHz, CDCls) & 7.93 (d, J = 8.5 Hz, 2H, ArH), 7.66 (d, J = 8.5 Hz, 2H, ArH),
5.32 (s, 1H, COCH), 3.68 (s, 3H, COOCH5), 3.06 (s, 3H, SO.CH3), 1.57-1.26 (m, 6H, TMP), 1.24 (s,
3H, TMP), 1.13 (s, 3H, TMP), 1.08 (s, 3H, TMP), 0.69 (s, 3H, TMP); *C NMR (125 MHz, CDCl;) §
171.5, 144.2, 140.1, 127.7, 127.6, 88.0, 60.1, 60.1, 52.2, 44.5, 40.2, 40.0, 33.6, 32.8, 20.2, 20.2, 17.0;
IR (neat) 1740, 1306, 1260, 1206, 1165, 1152, 1132, 1090, 1067, 955, 839, 793, 768, 746, 546, 532
cm'; HRMS (ESI) m/z cale’d for C1oH3oNOsS (M + H)" 384.1839, found 384.1839.

methyl 2-(4-(methylthio)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3qa)

SM
o e

MeO
OTMP

2-(4-(methylthio)phenyl)acetic acid 1q (36.4 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-
Hexane as eluent) to afford the methyl esterified product Me-3qa. (white solid, 81% yield, 57.1 mg);
"H NMR (500 MHz, CDCl3) & 7.35 (d, J = 8.5 Hz, 2H, ArH), 7.21 (d, J = 8.5 Hz, 2H, ArH), 5.16 (s,
1H, COCH), 3.65 (s, 3H, COOCH}3), 2.48 (s, 3H, SCH3), 1.56-1.28 (m, 6H, TMP), 1.22 (s, 3H, TMP),
1.12 (s, 3H, TMP), 1.06 (s, 3H, TMP), 0.73 (s, 3H, TMP); *C NMR (125 MHz, CDCl;) § 172.4, 138.3,
134.9,127.4,126.3, 88.2,59.9,59.9,51.9,40.2,40.1, 33.7,32.8,20.2,20.1, 17.1, 15.6; IR (neat) 2922,
1744, 1435, 1206, 1153, 1132, 1061, 976, 955, 926, 816, 764, 737, 694 cm™'; HRMS (ESI) m/z calc’d
for C19H30NO3S (M + H)" 352.1941, found 352.1941.
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methyl 2-(4-((tert-butoxycarbonyl)amino)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-
yDoxy)acetate (Me-3ra)

NHBoc
(0]

MeO
OTMP

2-(4-((tert-butoxycarbonyl)amino)phenyl)acetic acid 1r (50.3 mg, 0.20 mmol) and TEMPO 2a (65.6
mg, 0.42 mmol) were used. The resultant mixture was purified by silica gel flash chromatography (5%
EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3ra. (white solid, 90% yield,
75.3 mg); "H NMR (500 MHz, CDCl3) § 7.36 (d,J = 9.0 Hz, 2H, ArH), 7.33 (d, J= 9.0 Hz, 2H, ArH),
6.49 (br, 1H, NH) 5.15 (s, 1H, COCH), 3.64 (s, 3H, COOCH3), 1.63—1.24 (m, 6H, TMP), 1.51 (s, 9H,
NHBoc), 1.22 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.05 (s, 3H, TMP), 0.72 (s, 3H, TMP); 3C NMR (125
MHz, CDCls) 6 172.5, 152.7, 138.1, 132.8, 127.7, 118.3, 88.2, 80.6, 59.9, 59.8, 51.8, 40.2, 40.1, 33.7,
32.9,28.3,20.2, 20.1, 17.1; IR (neat) 1728, 1713, 1522, 1412, 1366, 1314, 1233, 1207, 1153, 1134,
1051, 1016, 910, 837, 731, 529 cm™'; HRMS (ESI) m/z calc’d for Co3H37N20s (M + H)" 421.2697,
found 421.2696.

methyl 2-(4-cyanophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3sa)

CN
O

MeO
OTMP

2-(4-cyanophenyl)acetic acid 1s (32.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (5% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3sa. (white solid, 55% yield, 36.6 mg); '"H NMR
(500 MHz, CDCls) 6 7.65 (d,J=8.0 Hz, 2H, ArH), 7.56 (d,J=8.0 Hz, 2H, ArH), 5.27 (s, 1H, COCH),
3.67 (s, 3H, COOCH3), 1.57-1.26 (m, 6H, TMP), 1.23 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.08 (s, 3H,
TMP), 0.68 (s, 3H, TMP); '*C NMR (125 MHz, CDCl3) § 171.4, 143.2, 132.3, 127.5, 118.6, 112.0,
88.0, 60.1, 60.1, 52.2, 40.2, 40.0, 33.5, 32.8, 20.2, 20.2, 17.0; IR (neat) 1742, 1362, 1261, 1242, 1202,
1186, 1159, 1132, 1061, 1018, 957,914, 835, 733, 554 cm™'; HRMS (ESI) m/z calc’d for C19H27N>03
(M +H)" 331.2016, found 331.2016.
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methyl 2-(3,5-dimethoxyphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ta)
OMe
0]

MeO OMe
OTMP

2-(3,5-dimethoxyphenyl)acetic acid 1t (39.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. The resultant mixture was purified by silica gel flash chromatography (5% EtOAc in n-
Hexane as eluent) to afford the methyl esterified product Me-3ta. (white solid, 82% yield, 59.8 mg);
"H NMR (500 MHz, CDCl3) § 6.60 (d, J = 2.0 Hz, 2H, ArH), 6.38 (t,J = 2.0 Hz, 1H, ArH), 5.15 (s,
1H, COCH), 3.79 (s, 6H, (OCHj3)2), 3.66 (s, 3H, COOCHj3), 1.59-1.29 (m, 6H, TMP), 1.23 (s, 3H,
TMP), 1.11 (s, 3H, TMP), 1.10 (s, 3H, TMP), 0.79 (s, 3H, TMP); '*C NMR (125 MHz, CDCl3) § 172.2,
160.6, 140.4, 104.8, 100.1, 88.5, 59.9, 59.9, 55.4, 55.4, 51.9, 40.2, 40.1, 33.5, 32.8, 20.2, 20.2, 17.1;
IR (neat) 1748, 1732, 1593, 1454, 1431, 1325, 1204, 1159, 1132, 1067, 1045, 1011, 932, 845, 806,
706 cm™'; HRMS (ESI) m/z calc’d for C2H3NOs (M + H)* 366.2275, found 366.2287.

methyl 2-(3,5-bis(trifluoromethyl)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate
(Me-3ua)
CF3
O

MeO CF,
OTMP

2-(3,5-bis(trifluoromethyl)phenyl)acetic acid 1u (54.4 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc
in n-Hexane as eluent) to afford the methyl esterified product Me-3ua. (white solid, 67% yield, 59.5
mg); 'H NMR (500 MHz, CDCl3) & 7.90 (s, 2H, ArH), 7.82 (s, 1H, ArH), 5.35 (s, 1H, COCH), 3.70
(s, 3H, COOCH3), 1.58-1.30 (m, 6H, TMP), 1.25 (s, 3H, TMP), 1.14 (s, 3H, TMP), 1.08 (s, 3H, TMP),
0.65 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 171.0, 140.7, 131.8 (q, J = 33.3 Hz), 127.0, 123.2
(q,J=271.1 Hz), 122.0 (q,J = 3.7 Hz), 87.4, 60.2, 60.1, 52.3, 40.2, 40.0, 33.6, 32.8, 20.2, 20.1, 17.0;
IR (neat) 1748, 1377, 1277, 1204, 1163, 1140, 1117, 1109, 1065, 1045, 920, 893, 804, 739, 702, 681
cm '; HRMS (ESI) m/z cale’d for CooHa6FeNOs (M + H)* 442.1811, found 442.1803.
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methyl 2-(benzo|d][1,3]dioxol-5-yl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3va)

0 O
MeO)H/E):O>
TMPO

2-(benzo[d][1,3]dioxol-5-yl)acetic acid 1v (36.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (3% EtOAc
in n-Hexane as eluent) to afford the methyl esterified product Me-3va. (white solid, 86% yield, 60.3
mg); 'H NMR (500 MHz, CDCl3) § 6.95 (d, J= 1.5 Hz, 1H, ArH), 6.87 (dd, J= 8.0, 1.5 Hz, 1H, ArH),
6.74 (d, J = 8.0 Hz, 1H, ArH), 5.93 (m, 2H, OCH:0), 5.10 (s, 1H, COCH), 3.65 (s, 3H, COOCH53),
1.53-1.09 (m, 15H, TMP), 0.78 (br, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.3, 147.7, 147 4,
132.2, 120.7, 108.0, 107.5, 101.0, 88.3, 59.9, 59.9, 51.6, 40.2, 40.2, 33.7, 32.8, 20.2, 20.2, 17.1; IR
(neat) 1744, 1503, 1489, 1443, 1238, 1198, 1165, 1132, 1070, 1040, 932, 924, 918, 816, 750 cm™*;
HRMS (ESI) m/z calc’d for C19H2sNOs (M + H)" 350.1962, found 350.1962.

methyl 2-(4-(hydroxymethyl)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-

3wa)

O OH

MeO
OTMP

2-(4-(hydroxymethyl)phenyl)acetic acid 1w (33.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42
mmol) were used. The resultant mixture was purified by silica gel flash chromatography (10%—20%
EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3wa. (white solid, 79% yield,
52.7 mg); 'HNMR (500 MHz, CDCls) § 7.44 (d,J = 8.0 Hz, 2H, ArH), 7.34 (d, J = 8.0 Hz, 2H, ArH),
5.22 (s, 1H, COCH), 4.69 (s, 2H, ArCH>0OH) 3.65 (s, 3H, COOCH3), 1.68 (br, 1H, ArCH>OH), 1.58—
1.29 (m, 6H, TMP), 1.23 (s, 3H, TMP), 1.13 (s, 3H, TMP), 1.07 (s, 3H, TMP), 0.72 (s, 3H, TMP); 3C
NMR (125 MHz, CDCls) 6 172.4, 140.6, 137.6, 127.1, 127.0, 88.4, 65.1, 59.9, 59.9, 51.9, 40.2, 40.1,
33.6,32.8,20.2,20.2, 17.1; IR (neat) 1748, 1314, 1202, 1169, 1059, 1018, 1007, 808, 802, 772, 704,
671, 637,629 cm™'; HRMS (ESI) m/z calc’d for C19H30NO4 (M + H)* 336.2169, found 336.2181.
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methyl 2-(4-(bromomethyl)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3xa)
O Br

MeO
OTMP

2-(4-(bromomethyl)phenyl)acetic acid 1x (45.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-
Hexane as eluent) to afford the methyl esterified product Me-3xa. (white solid, 36% yield, 28.7 mg);
"H NMR (500 MHz, CDCl3) & 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.36 (d, J = 8.0 Hz, 2H, ArH), 5.21 (s,
1H, COCH), 4.48 (s, 2H, ArCH:Br), 3.66 (s, 3H, COOCH3), 1.56-1.26 (m, 6H, TMP), 1.23 (s, 3H,
TMP), 1.12 (s, 3H, TMP), 1.07 (s, 3H, TMP), 0.72 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.2,
138.4, 137.4, 129.1, 127.3, 88.3, 59.9, 59.9, 51.9, 40.2, 40.1, 33.6, 33.2, 32.8, 20.2, 20.2, 17.1; IR
(neat) 2930, 1744, 1335, 1261, 1229, 1209, 1163, 1132, 1069, 914, 835, 737, 710, 691, 604 cm™";
HRMS (ESI) m/z calc’d for C19H20BrNO3; (M + H)* 398.1325, found 398.1333.

methyl 2-(naphthalen-2-yl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3ya)

PYge
MeO

OTMP

2-(naphthalen-2-yl)acetic acid 1y (37.2 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3ya. (white solid, 91% yield, 64.4 mg); 'H NMR
(500 MHz, CDCls) ¢ 7.89 (s, 1H, ArH), 7.86-7.81 (m, 3H, ArH), 7.59 (dd, J = 8.5, 1.5 Hz, 1H, ArH),
7.49-7.45 (m, 2H, ArH), 5.38 (s, 1H, COCH), 3.65 (s, 3H, COOCH}3), 1.58-1.39 (m, 6H, TMP), 1.28
(s, 3H, TMP), 1.18 (s, 3H, TMP), 1.09 (s, 3H, TMP), 0.71 (s, 3H, TMP); *C NMR (125 MHz, CDCls)
0 172.4,135.6, 133.1, 133.1, 128.2, 128.2, 127.7, 126.1, 126.1, 126.0, 124.7, 88.7, 60.0, 59.9, 51.9,
40.3,40.1, 33.7,32.9, 20.3,20.2, 17.1; IR (neat) 1746, 1738, 1196, 1175, 1163, 1132, 1059, 860, 818,
748, 733, 721, 478, 473 cm™'; HRMS (ESI) m/z calc’d for C2H30NO; (M + H)" 356.2220, found
356.2220.
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methyl 2-(naphthalen-1-yl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-3za)

PP
MeO
TMPO

Fe(OAc): (3.5 mg, 0.02 mmol), L.10 (5.3 mg, 0.02 mmol), 2-(naphthalen-1-yl)acetic acid 1z (37.2 mg,
0.20 mmol) and TEMPO 2a (125.0 mg, 0.80 mmol) were used. The resultant mixture was purified by
silica gel flash chromatography (1% EtOAc in n-Hexane as eluent) to afford the methyl esterified
product Me-3za. (colorless liquid, 92% yield, 65.1 mg); "H NMR (500 MHz, CDCl3) & 8.34 (d, J =
8.5 Hz, 1H, ArH), 7.84 (d, J = 8.0 Hz, 1H, ArH), 7.80 (d, J = 8.0 Hz, 1H, ArH), 7.70 (d, /= 7.0 Hz,
1H, ArH), 7.53 (dt, J=17.0, 1.5 Hz, 1H, ArH), 7.47 (m, 2H, ArH), 5.86 (s, 1H, COCH), 3.61 (s, 3H,
COOCH3), 1.56-1.52 (m, 3H, TMP), 1.37-1.31 (m, 6H, TMP), 1.24 (s, 3H, TMP), 1.01 (s, 3H, TMP),
0.52 (s, 3H, TMP); "*C NMR (125 MHz, CDCls) & 172.2, 134.6, 133.7, 130.6, 128.6, 128.5, 126.2,
126.2, 125.6, 125.3, 124.8, 87.2, 60.1, 60.0, 51.9, 40.2, 40.0, 33.2, 32.9, 20.3, 20.2, 17.1; IR (neat)
1749, 1734, 1261, 1238, 1157, 1132, 1082, 1057, 1047, 1016, 804, 787, 773, 741, 718 cm™'; HRMS
(ESI) m/z calc’d for CxH30NO3 (M + H)" 356.2220, found 356.2220.

methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(thiophen-3-yl)acetate (Me-3aa)

e} S
I Y
MeO
OTMP
2-(thiophen-3-yl)acetic acid la (28.4 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3aa. (white solid, 82% yield, 50.9 mg); '"H NMR
(500 MHz, CDCl3) 6 7.31 (ddd, J=3.0, 1.0, 0.5 Hz, 1H, ArH), 7.27 (dd, J = 5.0, 3.0 Hz, 1H, ArH),
7.14 (dd, J = 5.0, 1.0 Hz, 1H, ArH), 5.31 (s, 1H, COCH), 3.68 (s, 3H, COOCH3), 1.58-1.26 (m, 6H,
TMP), 1.21 (s, 3H, TMP), 1.12 (s, 3H, TMP), 1.07 (s, 3H, TMP), 0.80 (s, 3H, TMP); '*C NMR (125
MHz, CDCl3) 6 172.0, 138.5, 126.4, 125.7, 122.7, 85.2, 60.0, 59.9, 51.9, 40.2, 40.1, 33.3, 32.9, 20.2,
20.1, 17.1; IR (neat) 1744, 1277, 1209, 1163, 1144, 1132, 1053, 1013, 841, 810, 797, 775, 714, 671

cm™'; HRMS (EST) m/z cale’d for C1eHagNOsS (M + H)* 312.1628, found 312.1637.
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methyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(thiophen-2-yl)acetate (Me-3pa)
O S A\

=
MeO

OTMP

2-(thiophen-2-yl)acetic acid 1p (28.4 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were
used. The resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane
as eluent) to afford the methyl esterified product Me-3pBa. (white solid, 40% yield, 24.7 mg); '"H NMR
(500 MHz, CDCl3) ¢ 7.28 (dd, J=5.0, 1.0 Hz, 1H, ArH), 7.05 (d, J =3.5 Hz, 1H, ArH), 6.96 (dd, J =
5.0, 3.5 Hz, 1H, ArH), 5.45 (s, 1H, COCH), 3.71 (s, 3H, COOCH3), 1.57-1.26 (m, 6H, TMP), 1.20 (s,
3H, TMP), 1.11 (s, 3H, TMP), 1.09 (s, 3H, TMP), 0.86 (s, 3H, TMP); '*C NMR (125 MHz, CDCl;) §
171.5, 140.1, 126.4, 126.0, 125.9, 84.6, 60.1, 60.1, 52.1, 40.2, 40.2, 33.4, 32.9, 20.2, 19.9, 17.1; IR
(neat) 1728, 1263, 1209, 1175, 1132, 1036, 1011, 989, 959, 920, 862, 812, 729, 704, 646 cm™'; HRMS
(ESI) m/z cale’d for C16H26NO3S (M + H)" 312.1628, found 312.1628.

methyl 2-(11-0x0-10,11-dihydrodibenzo|b,floxepin-2-yl)-2-((2,2,6,6-tetramethylpiperidin-1-
ylDoxy)acetate (Me-3ya)

o O ©
MeO Q

OTMP O

2-(11-0x0-10,11-dihydrodibenzo[b,floxepin-2-yl)acetic acid 1y (53.7 mg, 0.20 mmol) and TEMPO
2a (65.6 mg, 0.42 mmol) were used. The resultant mixture was purified by silica gel flash
chromatography (5% EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3ya.
(white solid, 85% yield, 74.6 mg); "H NMR (500 MHz, CDCls) & 8.23 (d, J= 2.0 Hz, 1H, ArH), 7.90
(d,J=7.5Hz, 1H, ArH), 7.64 (dd, J=17.5,2.0 Hz, 1H, ArH), 7.56 (dt, /= 7.5, 1.5 Hz, 1H, ArH), 7.47
(t, J=17.5Hz, 1H, ArH), 7.36 (d, J=7.5 Hz, 1H, ArH), 7.06 (d, J = 8.5 Hz, 1H, ArH), 5.25 (s, 1H,
COCH), 5.19 (s, 2H, ArOCH>Ar), 3.67 (s, 3H, COOCH}3), 1.60-1.29 (m, 6H, TMP), 1.23 (s, 3H, TMP),
1.14 (s, 3H, TMP), 1.07 (s, 3H, TMP), 0.74 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 190.7, 172.2,
161.0, 140.5, 135.4, 133.8, 132.7, 132.1, 130.5, 129.5, 129.3, 127.8, 124.9, 121.1, 87.6, 73.6, 60.0,
60.0,51.9,40.2,40.0,33.8,32.9,20.2,20.2, 17.1; IR (neat) 1732, 1639, 1296, 1275, 1256, 1240, 1219,
1192, 1144, 1119, 1063, 1009, 993, 768, 698, 631 cm™'; HRMS (ESI) m/z calc’d for C26H32NOs (M +
H)" 438.2275, found 438.2275.
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methyl 2-(2-((2,6-dichlorophenyl)amino)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-
yDoxy)acetate (Me-30a)

O

MeO Cl
TMPO HN

Cl

MS4A (50.0 mg), Fe(OAc) (3.5 mg, 0.02 mmol), L10 (5.3 mg, 0.02 mmol), 2-(2-((2,6-
dichlorophenyl)amino)phenyl)acetic acid 18 (29.6 mg, 0.10 mmol), TEMPO 2a (62.5 mg, 0.40 mmol)
and THF (0.50 mL, 0.20 M) were used. The resultant mixture was purified by silica gel flash
chromatography (1% EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3da.
(white solid, 74% yield, 34.4 mg); "H NMR (500 MHz, CDCl;) § 7.48 (dd, J= 7.5, 1.5 Hz, 1H, ArH),
7.34 (d, J = 8.0 Hz, 2H, ArH), 7.13 (dt, J= 7.5, 1.5 Hz, 1H, ArH), 7.01-6.96 (m, 2H, ArH), 6.74 (s,
1H, ArNHAr), 6.46 (d, J= 8.0 Hz, 1H, ArH), 5.62 (s, 1H, COCH), 3.73 (s, 3H, COOCH3), 1.56-1.28
(m, 6H, TMP), 1.27 (s, 3H, TMP), 1.20 (s, 3H, TMP), 1.14 (s, 3H, TMP), 0.78 (s, 3H, TMP); *C NMR
(125 MHz, CDCl3) 6 172.2, 140.6, 137.0, 130.0, 128.9, 128.4, 128.2, 127.0, 124.3, 121.2, 116.8, 85.6,
60.2,59.9,52.2,40.4,40.2,33.4,32.8,20.4,20.3, 17,1; IR (neat) 1753, 1504, 1447, 1198, 1167, 1155,
1101, 1059, 781, 770, 748, 714, 667, 482, 457 cm™'; HRMS (ESI) m/z calc’d for C24H31CLN,O3 (M
+ H)" 465.1706, found 465.1727.

(trimethylsilyl)methyl  2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-2-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)acetate (TMSCH,-3¢a)

MeO Cl
i N
™S 0 N %
TMPO  Me

Fe(OAc): (3.5 mg, 0.02 mmol), L10 (5.3 mg, 0.02 mmol), 2-(1-(4-chlorobenzoyl)-5-methoxy-2-
methyl-1H-indol-3-yl)acetic acid 1¢ (71.6 mg, 0.20 mmol) and TEMPO 2a (125.0 mg, 0.80 mmol)
were used. The product 3ga was obtained in 61% yield determined by 'H NMR analysis using dibenzyl
as an internal standard. Then, esterification was conducted without MeOH because deacylation
progressed when MeOH was added. The resultant mixture was purified by silica gel flash

chromatography (1-3% EtOAc in n-Hexane as eluent) to afford the (trimethylsilyl)methyl esterified
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product TMSCH,-3za. (yellow liquid); '"H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.5 Hz, 2H, ArH),
7.46 (d, J=8.5 Hz, 2H, ArH), 7.39 (br, 1H, ArH), 6.84 (d, J=9.0 Hz, 1H, ArH), 6.66 (dd, J=9.0, 2.5
Hz, 1H, ArH), 5.47 (s, 1H, COCH), 3.85 (s, 3H, ArOCH3), 3.76 (m, 2H, COOCH:TMS), 2.44 (s, 3H,
ArCH;3), 1.54-1.31 (m, 6H, TMP), 1.28 (s, 3H, TMP), 1.20 (s, 3H, TMP), 1.01 (s, 3H, TMP), 0.82 (s,
3H, TMP), -0.05 (s, 9H, TMS); *C NMR (125 MHz, CDCl5) § 171.9, 168.4, 155.8, 139.4, 135.1, 133.9,
131.2, 130.1, 129.1, 129.0, 117.4, 114.5, 112.2, 103.7, 83.3, 60.0, 59.8, 57.9, 55.6, 40.1, 39.9, 33.0,
33.0, 20.4, 20.3, 17.1, 13.6, -3.2; IR (neat) 1686, 1476, 1362, 1312, 1260, 1250, 1225, 1088, 1070,
1015, 856, 841, 756, 731 cm™'; HRMS (ESI) m/z calc’d for C3HssCIN,OsSi (M + H)™ 599.2703,
found 599.2703.

methyl 2-((4-hydroxy-2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(naphthalen-2-yl)acetate (Me-
3yb)

P
MeO

O.
N

OH

MS4A (50.0 mg), Fe(OAc): (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), 2-(naphthalen-2-yl)acetic
acid 1y (18.6 mg, 0.10 mmol), 4-hydroxy-TEMPO 2b (36.2 mg, 0.21 mmol) and THF (0.50 mL, 0.20
M) were used. The resultant mixture was purified by silica gel flash chromatography (10%—20%
EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3yb. (white solid, 89% yield,
33.2 mg); '"H NMR (500 MHz, CDCls) & 7.88-7.82 (m, 4H, AtH), 7.57 (dd, J= 8.5, 1.5 Hz, 1H, ArH),
7.49-7.48 (m, 2H, ArH), 5.37 (s, 1H, COCH), 4.00-3.95 (m, 1H, CHOH) 3.66 (s, 3H, COOCH53),
1.87-1.85 (m, 1H, TMP), 1.77-1.74 (m, 1H, TMP), 1.58 (br, 1H, CHOH), 1.52-1.47 (m, 1H, TMP),
1.43-1.38 (m, 1H, TMP), 1.33 (s, 3H, TMP), 1.22 (s, 3H, TMP), 1.14 (s, 3H, TMP), 0.74 (s, 3H, TMP);
3C NMR (125 MHz, CDCl3) 6 172.2, 135.4, 133.1, 133.1, 128.3, 128.2, 127.7, 126.2, 126.2, 124.6,
88.8, 63.1,60.4, 60.4, 52.0, 48.6, 48.5, 33.7,32.9,21.2, 21.2, 14.2; IR (neat) 1742, 1362, 1260, 1194,
1173, 1165, 1040, 1032, 953, 901, 818, 748, 735, 721, 478 cm™'; HRMS (ESI) m/z calc’d for
C2H30NO4 (M + H)" 372.2169, found 372.2172.
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methyl 2-(naphthalen-2-yl)-2-((2,2,6,6-tetramethyl-4-(prop-2-yn-1-yloxy)piperidin-1-
yDoxy)acetate (Me-3yc)

PYge
MeO

O\N

0N

MS4A (50.0 mg), Fe(OAc): (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), 2-(naphthalen-2-yl)acetic
acid 1y (18.6 mg, 0.10 mmol), 4-propargyloxy-TEMPO 2¢ (44.2 mg, 0.21 mmol) and THF (0.50 mL,
0.20 M) were used. The resultant mixture was purified by silica gel flash chromatography (5% EtOAc
in n-Hexane as eluent) to afford the methyl esterified product Me-3yc. (white solid, 90% yield, 36.8
mg); 'H NMR (500 MHz, CDCl3) § 7.87 (s, 1H, ArH), 7.85-7.80 (m, 3H, ArH), 7.57 (dd, J= 8.5, 1.5
Hz, 1H, ArH), 7.48-7.44 (m, 2H, ArH), 5.37 (s, 1H, COCH), 4.14 (d, J = 2.5 Hz, 2H, OCH>CCH),
3.84-3.78 (m, 1H, CHOCH:>CCH) 3.65 (s, 3H, COOCH3), 2.38 (t, J = 2.5 Hz, 1H, OCH,CCH), 1.92—
1.90 (m, 1H, TMP), 1.81-1.79 (m, 1H, TMP), 1.49-1.38 (m, 2H, TMP), 1.35 (s, 3H, TMP), 1.23 (s,
3H, TMP), 1.15 (s, 3H, TMP), 0.75 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.1, 135.4, 133.2,
133.2, 128.2, 128.1, 127.7, 126.2, 126.1, 126.1, 124.6, 88.8, 80.2, 73.9, 69.6, 60.4, 60.3, 55.3, 51.8,
45.2,45.0,33.8,33.0,21.2, 21.2; IR (neat) 1746, 1364, 1192, 1173, 1161, 1082, 1053, 978, 953, 862,
818, 752, 729, 654, 476 cm™'; HRMS (ESI) m/z calc’d for CsH3oNOs (M + H)' 410.2326, found
410.2326.

methyl 2-((4-acetamido-2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(naphthalen-2-yl)acetate (Me-
3yd)

Pge
MeO

O\N

NHAc

MS4A (50.0 mg), Fe(OAc), (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), 2-(naphthalen-2-yl)acetic
acid 1y (18.6 mg, 0.10 mmol), 4-acetamido-TEMPO 2d (44.8 mg, 0.21 mmol) and THF (0.50 mL,
0.20 M) were used. The resultant mixture was purified by silica gel flash chromatography (5-67%
EtOAc in n-Hexane as eluent) to afford the methyl esterified product Me-3yd and methyl esterified
starting material Me-1y. (white solid, 62% yield, 25.5 mg); '"H NMR (500 MHz, CDCl;) § 7.87 (s, 1H,
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ArH), 7.86-7.81 (m, 3H, ArH), 7.57 (dd, J= 8.5, 1.5 Hz, 1H, ArH), 7.50-7.46 (m, 2H, ArH), 5.35 (s,
1H, COCH), 5.14 (br, |H, CHNHAc), 4.18-4.10 (m, 1H, CHNHAc), 3.66 (s, 3H, COOCH5), 1.93 (s,
3H, NHCOCH), 1.85-1.83 (m, 1H, TMP), 1.76-1.72 (m, 1H, TMP), 1.37 (s, 3H, TMP), 1.36-1.31
(m, 1H, TMP), 1.27-1.24 (m, 1H, TMP), 1.20-1.19 (m, 6H, TMP), 0.73 (s, 3H, TMP); '3C NMR (125
MHz, CDCL) & 172.1, 169.3, 135.3, 133.1, 133.1, 128.3, 128.1, 127.7, 126.2, 126.2, 126.1, 124.5,
88.8, 60.2, 60.2, 52.0, 46.1, 46.0, 41.0, 33.6, 32.8, 23.5, 20.9, 20.8; IR (neat) 1746, 1651, 1634, 1557,
1375, 1364, 1314, 1244, 1192, 1173, 1061, 976, 816, 750, 725, 474 cm™'; HRMS (ESI) m/z calc’d for
C24H33N,04 (M + H)' 413.2435, found 413.2428.

methyl 2-(naphthalen-2-yl)acetate (Me-1y)

Pge
MeO

(colorless liquid, 21% yield, 4.3 mg); CAS Registry Number 2876-71-3; "TH NMR (500 MHz, CDCl5)
8 7.83-7.79 (m, 3H, ArH), 7.73 (s, 1H, ArH), 7.47-7.45 (m, 2H, ArH), 7.41 (dd, J= 8.5, 2.0 Hz, 1H,
ArH), 3.80 (s, 2H, COCH>), 3.71 (s, 3H, COOCH3); *C NMR (125 MHz, CDCl3) § 172.0, 133.5,
132.5,131.5,128.3, 128.0, 127.7,127.7, 127.3, 126.2, 125.8, 52.1, 41 4.

methyl (E)-4-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)hex-2-enoate (Me-3a)

0]

MeO™ 7 Me

OTMP

(E)-hex-2-enoic acid 1§ (24 pL, 0.2 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were used. The
resultant mixture was purified by silica gel flash chromatography (1% EtOAc in n-Hexane as eluent)
to afford the methyl esterified product Me-3Ca. (colorless liquid, 58% yield, 32.7 mg); '"H NMR (500
MHz, CDCl;) 6 6.93 (dd, J = 15.5, 8.0 Hz, 1H, COCHCHCH), 5.87 (dd, J = 15.5, 1.0 Hz, 1H,
COCHCHCH), 4.23 (m, 1H, COCHCHCH), 3.75 (s, 3H, COOCHj3), 1.82-1.74 (m, 1H, CHCH>CHj3),
1.63-1.55 (m, 2H, CHCH:CH3 + TMP), 1.42 (m, 4H, TMP), 1.31 (m, 1H, TMP), 1.17 (s, 3H, TMP),
1.12 (s, 3H, TMP), 1.08 (s, 3H, TMP), 1.06 (s, 3H, TMP), 0.87 (t, 3H, J = 8.0 Hz, CHCH,CH;); *C
NMR (125 MHz, CDCls) ¢ 167.0, 150.5, 120.9, 84.5, 60.2, 59.6, 51.5, 40.2, 40.2, 34.7, 34.1, 26.7,
20.4,20.3, 17.2, 9.4; IR (neat) 2932, 1726, 1435, 1375, 1360, 1302, 1267, 1238, 1171, 1132, 1005,
982,972,957 cm™'; HRMS (ESI) m/z calc’d for Ci6H30NO3 (M + H)" 284.2220, found 284.2230.
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methyl 2-(2-allylphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (Me-30a)

)

MeO
TMPO

Fe(OAc): (3.5 mg, 0.02 mmol), L10 (5.3 mg, 0.02 mmol), 2-(2-allylphenyl)acetic acid 10 (35.2 mg,
0.20 mmol) and TEMPO 2a (125.0 mg, 0.80 mmol) were used. The resultant mixture was purified by
silica gel flash chromatography (1% EtOAc in n-Hexane as eluent) to afford the methyl esterified
product Me-30a. (colorless liquid, 76% yield, 52.8 mg); "H NMR (500 MHz, CDCls) & 7.57-7.56 (m,
1H, ArH), 7.25-7.21 (m, 2H, ArH), 7.17-7.15 (m, 1H, ArH), 6.00-5.91 (m, 1H, ArCH.CH=CH>),
5.47 (s, 1H, COCH), 5.10-5.09 (m, 1H, ArCH.CH=CH>), 5.07-5.06 (m, 1H, ArCH,CH=CH>), 3.64
(s, 3H, COOCH3), 3.59 (dd, J = 16.0, 6.5 Hz, 1H, ArCH,CH=CH>), 3.51 (dd, J = 16.0, 6.5 Hz, 1H,
ArCH,CH=CHa), 1.57-1.28 (m, 6H, TMP), 1.24 (s, 3H, TMP), 1.14 (s, 3H, TMP), 1.04 (s, 3H, TMP),
0.65 (s, 3H, TMP); "*C NMR (125 MHz, CDCl3) & 172.3, 137.2, 136.9, 136.6, 129.3, 127.9, 127.9,
126.4,116.1, 85.4, 60.0, 59.8, 51.7,40.2, 40.1, 36.6, 33.2,32.9, 20.2, 20.2, 17.1; IR (neat) 1753, 1736,
1362, 1260, 1240, 1194, 1157, 1132, 1043, 1018, 993, 957, 914, 795, 745 cm ™.

methyl  2-(2-(3-methylbut-2-en-1-yl)phenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate
(Me-31a)

O

MeO
TMPO

Me Me

Fe(OAc): (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), 2-(2-(3-methylbut-2-en-1-yl)phenyl)acetic
acid 11 (20.4 mg, 0.10 mmol) and TEMPO 2a (62.5 mg, 0.40 mmol) were used. The resultant mixture
was purified by silica gel flash chromatography (1% EtOAc in n-Hexane as eluent) to afford the
methyl esterified product Me-31a. (colorless liquid, 51% yield, 19.2 mg); "H NMR (500 MHz, CDCl;)
8 7.57-7.55 (m, 1H, ArH), 7.23-7.19 (m, 2H, ArH), 7.14-7.13 (m, 1H, ArH), 5.48 (s, 1H, COCH),
5.27-5.24 (m, 1H, ArCH.CH=C(CH3).), 3.65 (s, 3H, COOCHj3), 3.58 (dd, J = 16.0, 8.0 Hz, 1H,
ArCH>CH=C(CHs)2), 3.38 (dd, J = 16.0, 6.5 Hz, 1H, ArCH,CH=C(CHs)), 1.75 (s, 3H,
ArCH,CH=C(CH3)2), 1.74 (s, 3H, ArCH.CH=C(CH3)2), 1.56—1.26 (m, 6H, TMP), 1.24 (s, 3H, TMP),
1.14 (s, 3H, TMP), 1.05 (s, 3H, TMP), 0.64 (s, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.4, 138.7,
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136.8, 132.5, 128.9, 127.9, 127.6, 126.1, 122.8, 85.0, 59.9, 59.7, 51.7, 40.2, 40.1, 33.1, 32.9, 31.3,
25.8,20.2,20.2, 17.9, 17.1; IR (neat) 2928, 1753, 1734, 1375, 1362, 1260, 1240, 1192, 1155, 1132,
1043, 1018, 924, 795, 745 cm ™.

(E)-3-(4-methoxyphenyl)acrylaldehyde (1n')

(0]

WS

OMe
4-(4-methoxyphenyl)butanoic acid 1n (38.8 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol)
were used. (colorless liquid, 43% yield); CAS Registry Number 24680-50-0; '"H NMR (500 MHz,
CDCl3) 6 9.66 (d, J = 8.0 Hz, 1H, CHO), 7.53 (d, J = 8.5 Hz, 2H, ArH), 7.43 (d, J = 16.0 Hz, 1H,
ArCH), 6.95 (d, /= 8.5 Hz, 2H, ArH), 6.62 (d, J=16.0, 8.0 Hz, 1H, CHCHO), 3.86 (s, 3H, ArOCHj3);
3BC NMR (125 MHz, CDCl3) § 193.7, 162.2, 152.7, 130.3, 126.8, 126.6, 114.6, 55.5.

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetic-2-d acid (3aa-d)

M
0 e

HO
TMPO D

(white solid, 87% D); "H NMR (500 MHz, CDCls) & 7.30 (d, J = 8.0 Hz, 2H, ArH), 7.19 (d, J = 8.0
Hz, 2H, ArH), 5.39 (s, 0.13H, COCH), 2.36 (s, 3H, ArCHj), 1.67 (m, SH, TMP), 1.49 (br, 1H, TMP),
1.33-1.21 (m, 12H, TMP); '>C NMR (125 MHz, CDCL) 8 173.2, 138.6, 133.4, 129.2, 128.6, 84.1,
62.6,62.4,39.6,39.6,31.9,31.1,21.3,20.8, 20.8, 16.5; IR (neat) 1713, 1375, 1260, 1242, 1207, 1132,
1072, 957, 922, 816, 795, 775, 731, 683, 606, 503 cm™'; HRMS (ESI) m/z calc’d for CisHa7DNOs (M
+ H)* 307.2126, found 307.2130.

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(o-tolyl)acetic-2-d acid (3ca-d)
O

HO
TMPO D Me

(white solid, 94% D); "H NMR (500 MHz, CDCls) § 7.40 (dd, J = 7.5, 2.0 Hz, 1H, ArH), 7.25-7.17
(m, 3H, ArH), 5.66 (s, 0.06H, COCH), 2.43 (s, 3H, ArCH3), 1.65 (m, SH, TMP), 1.47 (br, 1H, TMP),
1.29-1.18 (m, 12H, TMP); 1*C NMR (125 MHz, CDCL;) §174.2, 136.8, 135.4, 130.3, 128.4, 128.3,
126.1,81.7, 62.0, 61.9, 39.6, 39.6, 31.8, 31.5, 20.7, 20.6, 19.5, 16.6; IR (neat) 1713, 1375, 1360, 1260,
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1242, 1209, 1132, 1070, 1045, 957, 922, 797, 752, 733, 617, 449 cm™'; HRMS (ESI) m/z calc’d for
Ci3H2;DNO3 (M + H)" 307.2126, found 307.2126.

Procedure for chemoselective cross-coupling experiments

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged
with 4A crushed molecular sieves (MS4A 100.0 mg) and flamed-dried under vacuum. After cooling
down to room temperature, Fe(OAc), (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), 2-(p-tolyl)acetic
acid 1a (30.0 mg, 0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were added followed by the
addition of THF (1.0 mL, 0.20 M) and carbonyl compound 4 (0.20 mmol). The mixture was stirred
under argon at 60 °C for 24 h and diluted with 10% AcOH in EtOAc. The diluted solution was filtered
through silica short column and washed with EtOAc. The diluted solution was filtered through silica
short column and washed with EtOAc. After evaporation of the organic solvent under reduced pressure,

yields were determined by '"H NMR analysis using 2-methoxynaphthalene as an internal standard.

1,3-diphenyl-1-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)propan-2-one (5aa)

O
Ph Ph

OTMP
(white solid); '"H NMR (500 MHz, CDCls) & 7.42 (d, J = 7.0 Hz, 2H, ArH), 7.35 (t, J = 7.0 Hz, 2H,
ArH), 7.30 (m, 1H, ArH), 7.24-7.18 (m, 3H, ArH), 6.98 (d,J= 7.0 Hz, 2H, ArH), 5.28 (s, 1H, COCH),
3.89 (d,J=16.5 Hz, 1H, COCH>), 3.72 (d,J = 16.5 Hz, 1H, COCH>), 1.47-1.37 (m, 4H, TMP), 1.28
(m, 4H, TMP), 1.13 (m, 4H, TMP), 1.05 (m, 3H, TMP), 0.67 (m, 3H, TMP); '>C NMR (125 MHz,
CDCl3) § 205.7, 137.7, 133.7, 129.8, 128.6, 128.3, 128.0, 127.2, 126.7, 95.3, 60.1, 59.7, 44.3, 40.3,
40.3,33.7, 33.4,20.3, 20.3, 17.0; IR (neat) 1713, 1452, 1360, 1134, 1018, 989, 955, 939, 768, 714,
696, 590, 567, 488, 474 cm™'; HRMS (ESI) m/z calc’d for CosH3NO, (M + H)* 366.2428, found
366.2428.
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1-6. Transformation of the Product
benzyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetate (6)

M
o e

BnO
OTMP

To a solution of 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetic acid 3aa (153 mg, 0.50
mmol), N,N'-Dicyclohexylcarbodiimide (155 mg, 0.75 mmol) and DMAP (6.1 mg, 0.05 mmol) in dry
CHCL; (1.0 mL, 0.50 M) was added benzyl alcohol (80 pL, 0.77 mmol) at 0 °C under argon
atmosphere. The cooling bath was removed and the reaction mixture was stirred for 6 h at room
temperature. To the resultant mixture was added H,O and extracted with CH,Clo. After removal of
solvent under reduced pressure, the resulting residue was purified by silica gel flash chromatography
(3% Et,0 in n-Hexane as eluent) to obtain 6. (white solid, 85% yield, 167.6 mg); '"H NMR (500 MHz,
CDCl3) 6 7.33 (d, J = 8.5 Hz, 2H, ArH), 7.30-7.28 (m, 3H, ArH), 7.24-7.22 (m, 2H, ArH), 7.13 (d, J
=8.0 Hz, 2H, ArH), 5.21 (s, 1H, COCH), 5.11 (d,J=12.5 Hz, 1H, PhCH>0CO), 5.03 (d, /= 12.5 Hz,
1H, PhCH>0CO), 2.33 (s, 3H, ArCH3), 1.57-1.26 (m, 6H, TMP), 1.20 (s, 3H, TMP), 1.08 (s, 3H,
TMP), 1.06 (s, 3H, TMP), 0.72 (s, 3H, TMP); '*C NMR (125 MHz, CDCl3) § 172.0, 137.6, 135.7,
135.2,129.0, 128.4, 128.0, 128.0, 126.9, 88.6, 66.3, 59.9, 59.8, 40.2, 40.1, 33.7, 32.9, 21.2, 20.2, 20.1,
17.1; IR (neat) 1742, 1260, 1152, 1132, 1040, 955, 947, 924, 822, 752, 739, 696, 598, 509 cm*;
HRMS (ESI) m/z calc’d for C,sH34NO3 (M + H)" 396.2533, found 396.2533.

benzyl 2-hydroxy-2-(p-tolyl)acetate (7)**

M
0 e

BnO
OH

To a solution of benzyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetate 6 (39.6 mg, 0.10
mmol) and zinc dust (262 mg, 4.0 mmol) in AcOH (0.60 ml) and THF (0.20 ml) was stirred for 2 h at
60 °C and diluted with EtOAc. The diluted solution was filtered through silica short column and
washed with EtOAc. After evaporation of the organic solvent under reduced pressure, the resultant
mixture was purified by silica gel flash chromatography (10%-20% EtOAc in n-Hexane as eluent) to
obtain 7. (white solid, 97% yield); CAS Registry Number 887641-38-5; '"H NMR (500 MHz, CDCls)
8 7.32-7.28 (m, SH, ArH), 7.22-7.20 (m, 2H, ArH), 7.16 (d, J = 7.5 Hz, 2H, ArH), 5.25 (d,J = 12.5
Hz, 1H, PhCH>), 5.18 (d, J=5.5 Hz, 1H, COCH), 5.12 (d, J=12.5 Hz, 1H, PhCH>), 3.35(d, J=5.5
Hz, 1H, OH), 2.35 (s, 3H, ArCHj;); *C NMR (125 MHz, CDCl3) § 173.7, 138.3, 135.3, 135.1, 129.3,
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128.6, 128.4,128.0, 126.5, 72.8, 67.6, 21.2.

benzyl 2-0xo0-2-(p-tolyl)acetate (8)*°

M
0 e

BnO
(0]

To a solution of benzyl 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetate 6 (39.6 mg, 0.10
mmol) in CH>Cl (0.50 mL) was added dropwise a solution of 0.24 M 3-chloroperoxidebenzoic acid
in CH2Cl> (0.50 mL, 0.12 mmol) at 0 °C under argon atmosphere. The cooling bath was removed and
the reaction mixture was stirred for 4 h at room temperature. To the resultant mixture was added sat.
NaHCO:s aq and extracted with CH,Cl,. After removal of solvent under reduced pressure, the resulting
residue was purified by silica gel flash chromatography (3%—5% Et,O in n-Hexane as eluent) to obtain
8. (white solid, 98% yield); CAS Registry Number 887641-60-3; '"H NMR (500 MHz, CDCl3) & 7.86
(d, J= 8.5 Hz, 2H, ArH), 7.44 (dd, J = 8.0, 1.5 Hz, 2H, ArH), 7.41-7.36 (m, 3H, ArH), 7.28 (d, J =
8.0 Hz, 2H, ArH), 5.41 (s, 2H, PhCH>), 2.43 (s, 3H, ArCH3); '*C NMR (125 MHz, CDCl3) § 185.7,
163.9, 146.3, 134.6, 130.2, 130.0, 129.6, 128.8, 128.7, 128.6, 67.7, 21.9.

methyl (2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetyl)glycinate (9)

M
0 e

MeO
N
W]/\ N
(0] OTMP

To a solution of 2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetic acid 3aa (153 mg, 0.50
mmol), glycine methyl ester hydrochloride (94.2 mg, 0.75 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (144 mg, 0.75 mmol) and DMAP (6.1 mg, 0.05 mmol) in dry CH>Cl»
(1.0 mL, 0.50 M) was added trimethylamine (110 pL, 0.80 mmol) at 0 °C under argon atmosphere.
The reaction mixture was stirred for 24 h at room temperature. To the resultant mixture was added sat.
NaHCO:s aq and extracted with CH,Cl,. After removal of solvent under reduced pressure, the resulting
residue was purified by silica gel flash chromatography (10%—-20% EtOAc in n-Hexane as eluent) to
obtain 9. (white solid, 67% yield, 125.3 mg); "H NMR (500 MHz, CDCls) & 7.26 (d, J = 7.5 Hz, 2H,
ArH), 7.13-7.11 (m, 3H, ArH + CH,NHCO), 5.08 (s, 1H, COCH), 4.19 (dd, J = 18.5, 6.0 Hz, 1H,
COCH:NH), 3.98 (dd, J=18.5, 5.0 Hz, 1H, COCH,NH), 3.77 (s, 3H, COOCH5), 2.31 (s, 3H, ArCHj),
1.57-1.10 (m, 15H, TMP), 0.56 (br, 3H, TMP); *C NMR (125 MHz, CDCl3) § 172.2, 170.3, 137.7,
136.4,129.1, 127.2,90.0, 60.4, 59.6, 52.3, 40.8, 40.4, 40.4, 34.0, 32.9, 21.2,20.3, 20.3, 17.0; IR (neat)
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1757, 1649, 1560, 1441, 1368, 1200, 1177, 1134, 1045, 1032, 924, 824, 799, 687, 519 cm™'; HRMS
(ESI) m/z cale’d for CoH33N,04 (M + H)* 377.2435, found 377.2453.

methyl (2-hydroxy-2-(p-tolyl)acetyl)glycinate (10)**

M
o e

MeO N
T,
To a solution of methyl (2-((2,2,6,6-tetramethylpiperidin- 1-yl)oxy)-2-(p-tolyl)acetyl)glycinate 9 (18.8
mg, 0.05 mmol) and zinc dust (131 mg, 2.0 mmol) in AcOH (0.30 ml) and THF (0.10 ml) was stirred
for 2 h at 60 °C and diluted with EtOAc. The diluted solution was filtered through silica short column
and washed with EtOAc. After evaporation of the organic solvent under reduced pressure, the resultant
mixture was purified by silica gel flash chromatography (50% EtOAc in n-Hexane as eluent) to obtain
10. (colorless liquid, 95% yield); '"H NMR (500 MHz, CDCls) § 7.32 (d, J = 8.0 Hz, 2H, ArH), 7.19
(d,J=8.0Hz, 2H, ArH), 6.71 (br, 1H, NH), 5.08 (s, 1H, NHCOCH), 4.11-3.99 (m, 2H, MeOCOCH>),
3.75 (s, 3H, COOCH3), 3.42 (br, 1H, OH), 2.35 (s, 3H, ArCH3); *C NMR (125 MHz, CDCl3) § 172.6,
170.0, 138.7, 136.0, 129.6, 126.9, 74.1, 52.4, 41.1, 21.2.; IR (neat) 3364, 1744, 1655, 1526, 1512,

1437, 1368, 1206, 1180, 1061, 1020, 583, 503 cm™'; HRMS (ESI) m/z calc’d for C12HisNNaO4 (M +
Na)" 260.0893, found 260.0894.

methyl (2-oxo0-2-(p-tolyl)acetyl)glycinate (11)*

M
0 e

MeO N
Ty
To a solution of methyl (2-((2,2,6,6-tetramethylpiperidin- 1-yl)oxy)-2-(p-tolyl)acetyl)glycinate 9 (37.6
mg, 0.10 mmol) in CH,Cl, (0.50 mL) was added dropwise a solution of 0.24 M 3-
chloroperoxidebenzoic acid in CH>Cl, (0.50 mL, 0.12 mmol) at 0 °C under argon atmosphere. The
cooling bath was removed and the reaction mixture was stirred for 4 h at room temperature. To the
resultant mixture was added sat. NaHCOs3 aq and extracted with CH>Cl,. After removal of solvent
under reduced pressure, the resulting residue was purified by silica gel flash chromatography (10%—
20% EtOAc in n-Hexane as eluent) to obtain 11. (white solid, 82% yield); "H NMR (500 MHz, CDCls)
0 8.26 (d, J = 8.5 Hz, 2H, ArH), 7.53 (br, 1H, CONH), 7.28 (d, J=8.5 Hz, 2H, ArH), 4.18 (d,J=5.5
Hz, 2H, MeOCOCH>), 3.81 (s, 3H, COOCH;), 2.43 (s, 3H, ArCHj3); *C NMR (125 MHz, CDCl3) §
186.2, 169.4, 162.0, 145.8, 131.4, 130.6, 129.3, 52.6, 41.1, 21.9.; IR (neat) 3377, 1738, 1661, 1603,
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1504, 1261, 1196, 1171, 932, 787, 623, 505, 482 cm™'; HRMS (ESI) m/z calc’d for C12H13NNaO4 (M
+ Na)" 258.0737, found 258.0727.
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1-7. Mechanistic Study
1-7-1. Detection of 2,2,6,6-tetramethylpiperidine 12

Fe(OAc), (1 mol%)

Me L10 (1 mol%) Me
O TEMPO 2a (1.4 equiv) o H
+
HO MS4A, THF HO [ ]

H 60 °C, 96 h OTMP
1a 3aa 12
4.0 mmol 90% 0.58 mmol

A flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged with 4A crushed
molecular sieves (MS4A 2.0 g) and flamed-dried under vacuum. After cooling down to room
temperature, Fe(OAc), (7.0 mg, 0.04 mmol), L10 (10.7 mg, 0.04 mmol), 2-(p-tolyl)acetic acid 1a (601
mg, 4.0 mmol) and TEMPO 2a (875 mg, 5.6 mmol) were added followed by the addition of THF (20
mL, 0.20 M). The mixture was stirred under argon at 60 °C for 96 h and diluted with 10 % AcOH in
EtOAc (8.0 mL). The diluted solution was filtered through silica short column and washed with EtOAc
to obtain the product 3aa, then washed with 3% Et:N in acetone to another flask to obtain 2,2,6,6-
tetramethylpiperidine 12. After evaporation of the organic solvent under reduced pressure, the
resultant mixture was purified by silica gel flash chromatography (10% EtOAc in n-Hexane as eluent)
to afford the product 3aa in 90% yield (1.10 g scale). The yield of 2,2,6,6-tetramethylpiperidine 12

was determined by '"H NMR analysis using 2-methoxynaphthalene as an internal standard.

1-7-2. Initial Kinetic Studies

Initial Rates of Varying Concentrations of 1a

Fe(OAc): (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), TEMPO 2a (65.6 mg, 0.42 mmol), pre-
dried 4A crushed molecular sieves (MS4A 100.0 mg) and 2-methoxynaphthalene (9.5 mg, 0.06 mmol)
as an internal standard were added followed by the addition of THF (0.75 mL). The mixture was stirred
under argon at 60 °C for 30 min. Then 0.48, 0.64, 0.80, 0.96 M 2-(p-tolyl)acetic acid 1a in THF (0.25
mL, 0.12, 0.16, 0.20, 0.24 mmol) was added to the reaction mixture. At the specified period, 0.10 mL
of reaction mixture was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with a
stainless-steel needle. The diluted solution was filtered through silica short column and washed with
EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by
"H NMR to determine chemical yield by the integration value of a peak at 5.38 ppm (3aa: COCH) and

3.93 ppm (2-methoxynaphthalene: ArOCH3). The results were summarized in Figures 1-7-1.
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Fe(OAc), (0.01 mmol)

Me L10 (0.01 mmol) Me
o TEMPO 2a (0.42 mmol) o
HO MS4A (100 mg) HO

H THF (1.0 mL) OTMP
60 °C
1a 3aa
X mmol
1a(mmol) | [1a] (M) | In[1a] | d[3aa]/d t (M/min) | In(d [3aal/d t)
0.12 0.12 -2.12 0.001122 -6.793
0.16 0.16 -1.83 0.001009 -6.899
0.20 0.20 -1.61 0.0008322 -7.091
0.24 0.24 -1.43 0.0006858 -7.285
(@)
p-tolylacetic acid 1a 012 M
0.045 y = 0.001122 x - 0.000849
R2=0.992897
0.04
0.16 M
0.035 y = 0.001009 x - 0.001440
0.03 R2=0.991741
S 0025 0.20 M
% 0.02 y = 0.0008322 x + 0.0003187
& 0.015 R%=0.9984122
0.01 024 M
y = 0.0006858 x - 0.0008915
0.005 R2=0.9958193
0
-0.005 @ 10 20 30 40 50 60 70

Time (min)
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(b)

p-tolylacetic acid 1a
-6:600
-2.40 -2.20 -2.00 -1.80 -1.60 -1.40 -1.20
-6.700
-6.800
-6.900
-7.000

-7.100

In(d[3aa]/dt)

y = -0.7085x - 8.2549
R? = 0.9495 -7.200

-7.300

-7.400
In([1a])

Figure 1-7-1. (a) Initial Rate Kinetic Experiments for 2-(p-tolyl)acetic acid 1a

(b) Plot of In(d[3aa]/dt) versus In([1a])

Initial Rates of Varying Concentrations of TEMPO 2a

Fe(OAc)2 (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), TEMPO 2a (0.34, 0.42, 0.50, 0.58 mmol),
pre-dried 4A crushed molecular sieves (MS4A 100.0 mg) and 2-methoxynaphthalene (9.5 mg, 0.06
mmol) as an internal standard were added followed by the addition of THF (0.75 mL). The mixture
was stirred under argon at 60 °C for 30 min. Then 0.80 M 2-(p-tolyl)acetic acid 1a in THF (0.25 mL,
0.20 mmol) was added to the reaction mixture. At the specified period, 0.10 mL of reaction mixture
was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with a stainless-steel needle. The
diluted solution was filtered through silica short column and washed with EtOAc. After evaporation
of the volatiles under reduced pressure, the crude mixture was analyzed by 'H NMR to determine
chemical yield by the integration value of a peak at 5.38 ppm (3aa: COCH) and 3.93 ppm (2-

methoxynaphthalene: ArOCH3). The results were summarized in Figures 1-7-2.

Fe(OAc), (5 mol%)

Me L10 (5 mol%) Me
0 TEMPO 2a (x mmol) o
HO MS4A (100 mg) HO
H THF (0.20 M) OTMP
60 °C
1a 3aa

0.20 mmol
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(a)

(b)

2a(equiv) | [2a](M) | In([2a]) | d [3aa)/dt(M/min) | In(d [3aa]/d t)
1.7 0.34 -1.08 0.0008413 -7.081
2.1 0.42 -0.87 0.0008322 -7.091
2.5 0.50 -0.69 0.0008866 -7.028
2.9 0.58 -0.54 0.0008179 -7.109
TEMPO 2a 1.7 equiv
0.04 y = 0.0008413 x - 0.0010889
R?=0.9930097
0.035 )
2.1 equiv
0.03 y=0.0008322 x + 0.0003187
R2=0.9984122
0.025
= 2.5 equiv
=
= 0@ y = 0.0008866 x - 0.0005350
® 0.015 R? = 0.9981131
oM,
0.01 2.9 equiv
y = 0.0008179 x + 0.0000601
0.005 R? = 0.9911398
0
0.005 © 10 20 30 40 50
Time (min)
TEMPO 2a
-1.20  -1.10  -1.00  -090  -0.80  -0.70  -0.60  -0.50g,500-0.40
-6.700
3 y = -0.0058x - 7.0818
~
— R?=0.0015 -6.900
™
=
£ -7.100
-7.300
-7.500
In([2a])

Figure 1-7-2. (a) Initial Rate Kinetic Experiments for TEMPO 2a

(b) Plot of In(d[3aa]/dt) versus In([2a])

110



Initial Rates of Varying Concentrations of Catalyst (Fe(OAc),/L10)

Fe(OAc), (0.010, 0.014, 0.018, 0.022 mmol), L10 (0.010, 0.014, 0.018, 0.022 mmol), TEMPO 2a
(65.6 mg, 0.42 mmol), pre-dried 4A crushed molecular sieves (MS4A 100.0 mg) and 2-
methoxynaphthalene (9.5 mg, 0.06 mmol) as an internal standard were added followed by the addition
of THF (0.75 mL). The mixture was stirred under argon at 60 °C for 30 min. Then 0.80 M 2-(p-
tolyl)acetic acid 1a in THF (0.25 mL, 0.20 mmol) was added to the reaction mixture. At the specified
period, 0.10 mL of reaction mixture was extracted via a syringe filled by 10% AcOH in EtOAc 0.20
mL with a stainless-steel needle. The diluted solution was filtered through silica short column and
washed with EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was
analyzed by "H NMR to determine chemical yield by the integration value of a peak at 5.38 ppm (3aa:
COCH) and 3.93 ppm (2-methoxynaphthalene: ArOCHj3). The results were summarized in Figures 1-
7-3.

Fe(OAc), (x mmol)

Me L10 (x mmol) Me
© TEMPO 2a (2.1 equiv) 0
HO MS4A (100 mg) HO

H THF (0.20 M) OTMP
60 °C
1a 3aa
0.20 mmol
catalyst (mol%) | [catalyst] (M) | In([catalyst]) | d[3aa]/dt(M/min) | In(d[3aa]/d t)

5 0.010 -4.61 0.0008322 -7.091
7 0.014 -4.27 0.001061 -6.849
9 0.018 -4.02 0.001235 -6.697
11 0.022 -3.82 0.001399 -6.572
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(a)

catalyst (Fe(OAc),/L10) 5 mol%

y=0.0008322 x + 0.0003187

0.045
R? = 0.9984122
0.04
7 mol%
0.035 y =0.001061 x - 0.000897
0.03 R? = 0.990684
< 0.025 9 mol%
< y = 0.001235 x - 0.000809
= 0.02 2
] R? = 0.996789
[32)
M 0,015 11 mol%
0.01 y =0.001399 x - 0.001442
0.005 R? = 0.993493
0
0.005 © 10 20 30 40 50
Time (min)
(b)
catalyst (Fe(OAc),/L10)
-6.300
-4.80 -4.60 -4.40 -4.20 -4.00 -3.80 -3.60
-6.500
=
5 -6.700
(5]
©
)
3 y=0.6567 x - 4.0593 -6.900
k= R? = 0.9980
-7.100
-7.300

In([catalyst])

Figure 1-7-3. (a) Initial Rate Kinetic Experiments for Catalyst

(b) Plot of In(d[3aa]/dt) versus Catalyst

1-7-3. Kinetic Isotope Effect Experiments

1a/1a-d; with L10 (ka/kp = 2.01)

Fe(OAc): (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), TEMPO 2a (65.6 mg, 0.42 mmol), pre-
dried 4A crushed molecular sieves (MS4A 100.0 mg) and 1,2,4,5-tetramethylbenzene (13.4 mg, 0.10
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mmol) as an internal standard were added followed by the addition of THF (0.75 mL). The mixture
was stirred under argon at 60 °C for 30 min. Then 0.80 M 2-(p-tolyl)acetic acid 1a or 2-(p-tolyl)acetic
acid-d> 1a-d, in THF (0.25 mL, 0.20 mmol) was added to the reaction mixture. At the specified period,
0.10 mL of reaction mixture was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with
a stainless-steel needle. The diluted solution was filtered through silica short column and washed with
EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by
"H NMR using DMSO-dj as a solvent to determine chemical yield by the integration value of a peak
at 7.27 ppm (3aa or 3aa-d: ArH) and 6.88 ppm (1,2,4,5-tetramethylbenzene: ArH). The results were

summarized in Figure 1-7-4.

Kinetic Isotope Effect (1a/1a-d,) with L10

0.07

0.06 y =0.001066 x - 0.001708

R?=0.984174
0.05

0.04

0.03 3aa
y =0.0005295 x - 0.0001480

0.02 R =0.9841615 3aa-d

[3aa/3aa-d] (M)

0.01

0 20 40 60 80 100 120 140
-0.01

Time (min)

Figure 1-7-4. Kinetic Isotope Effect Experiments using 1a/1a-d> with L10

1a/1a-d, without L10 (ku/kp = 1.36)

Fe(OAc): (1.7 mg, 0.01 mmol), TEMPO 2a (65.6 mg, 0.42 mmol), pre-dried 4A crushed molecular
sieves (MS4A 100.0 mg) and 1,2,4,5-tetramethylbenzene (13.4 mg, 0.10 mmol) as an internal standard
were added followed by the addition of THF (0.75 mL). The mixture was stirred under argon at 60 °C
for 30 min. Then 0.80 M 2-(p-tolyl)acetic acid 1a or 2-(p-tolyl)acetic acid-d» 1a-d, in THF (0.25 mL,
0.20 mmol) was added to the reaction mixture. At the specified period, 0.10 mL of reaction mixture
was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with a stainless-steel needle. The
diluted solution was filtered through silica short column and washed with EtOAc. After evaporation
of the volatiles under reduced pressure, the crude mixture was analyzed by 'H NMR using DMSO-dj

as a solvent to determine chemical yield by the integration value of a peak at 7.27 ppm (3aa or 3aa-d:
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ArH) and 6.88 ppm (1,2,4,5-tetramethylbenzene: ArH). The results were summarized in Figure 1-7-5.

Kinetic Isotope Effect (1a/1a-d,) without L10

0.035
0.03 y=0.0002502 x +0.0001765
R?=0.9886690
0.025
0.02

0.015 3aa

[3aa/3aa-d] (M)

0.01 y = 0.0001840 x - 0.0001256 3aa-d
R? = 0.9925125
0.005
0

0 20 40 60 80 100 120 140
-0.005

Time (min)

Figure 1-7-5. Kinetic Isotope Effect Experiments using 1a/1a-d, without L10

1c/1c-d> (ku/kp = 1.78)

Fe(OAc): (1.7 mg, 0.01 mmol), L.10 (2.7 mg, 0.01 mmol), TEMPO 2a (65.6 mg, 0.42 mmol), pre-
dried 4A crushed molecular sieves (MS4A 100.0 mg) and 2-methoxynaphthalene (9.5 mg, 0.06 mmol)
as an internal standard were added followed by the addition of THF (0.75 mL). The mixture was stirred
under argon at 60 °C for 30 min. Then 0.80 M 2-(o-tolyl)acetic acid 1c¢ or 2-(o-tolyl)acetic acid-d> 1c-
d, in THF (0.25 mL, 0.20 mmol) was added to the reaction mixture. At the specified period, 0.10 mL
of reaction mixture was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with a
stainless-steel needle. The diluted solution was filtered through silica short column and washed with
EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by
"H NMR using CDCl; as a solvent to determine chemical yield by the integration value of a peak at
2.43 ppm (3ca or 3ca-d: ArCH;3) and 3.93 ppm (2-methoxynaphthalene: ArOCH3). The results were

summarized in Figure 1-7-6.
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Kinetic Isotope Effect (1c/1c-d,)

0.025

y =0.0003098 x + 0.0001690
0.02 R? = 0.9898445

o
o
2
x

0.01 y = 0.0001745 x - 0.0006290 3a
R? = 0.9942332 3

[3ca/3ca-d] (M)
8

0 20 40 60 80 100 120 140

-0.005
Time (min)

Figure 1-7-6. Kinetic Isotope Effect Experiments using 1¢/1c-d>

1la/1c

0.05
0.045

0.04
y =0.0010663 x - 0.0017082

0.035 R? = 0.9841740
0.03

0.025
0.02
0.015

0.01
0.005 y =0.0003098 x + 0.0001690
R?=0.9898445

3aa

3ca

[3aa/3ca)] (M)

20,005 O 10 20 30 40 50 60 70
Time (min)

Figure 1-7-7. Comparing Reaction Rates between 1a and 1¢

1-7-4. Dependency on Molecular Sieves

Fe(OAc): (1.7 mg, 0.01 mmol), L.10 (2.7 mg, 0.01 mmol), TEMPO 2a (65.6 mg, 0.42 mmol), pre-
dried 4A crushed molecular sieves (MS4A 25.0, 50.0, 75.0, 100.0 mg) and 2-methoxynaphthalene
(9.5 mg, 0.06 mmol) as an internal standard were added followed by the addition of THF (0.75 mL).

The mixture was stirred under argon at 60 °C for 30 min. Then 0.80 M 2-(p-tolyl)acetic acid 1a in
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THF (0.25 mL, 0.20 mmol) was added to the reaction mixture. At the specified period, 0.10 mL of
reaction mixture was extracted via a syringe filled by 10% AcOH in EtOAc 0.20 mL with a stainless-
steel needle. The diluted solution was filtered through silica short column and washed with EtOAc.
After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by 'H NMR
to determine chemical yield by the integration value of a peak at 5.38 ppm (3aa: COCH) and 3.93

ppm (2-methoxynaphthalene: ArOCH3). The results were summarized in Figures 1-7-8.
Fe(OAc);5 (5 mol%)

Me L10 (5 mol%) Me
0 TEMPO 2a (2.1 equiv) 0
HO MS4A (x mg) HO
H THF (0.20 M) OTMP
60 °C
1a 3aa
MS4A (mg/mL) | d[3aal/dt (M/min)
25 0.0004163
50 0.0005475
75 0.0007921
100 0.0009982
(a)
Kinetic Study for MS4A 25mg/mL
0.045 y =0.0004163 x + 0.0005853
0.04 R? = 0.9914554
50 mg/mL
0.035
y = 0.0005475 x - 0.0004333
0.03 R? = 0.9958237
s 0.025 75 mg/mL
— 002 y =0.0007921 x - 0.0002788
o R? = 0.9966240
M 0.015
100 mg/mL
0.01
y = 0.0009982 x + 0.0007778
0.005 R? = 0.9960975
0
0.005 © 10 20 30 40 50 60 70

Time (min)
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(b)
Kinetic Study for MS4A
0.0012
0.001
0.0008
0.0006

0.0004

d[3aa]/dt (M/min)

R?=0.987258640

0.0002

0 20 40 60 80 100
MS4A (mg/mL)

Figure 1-7-8. (a) Initial Rate Kinetic Experiments for MS4A.
(b) Plot of d[3aa]/dt versus MS4A.

1-7-5. Hammett Plot

Fe(OAc), (5 mol%)
L10 (5 mol%)

X
0 TEMPO 2a (2.1 equiv) o
HO MS4A (100 mg) HO

y = 0.000007961 x + 0.000190950

H THF (0.20 M) OTMP
60 °C
1 3
X = Me, Ph, CI, CF3, NO,

X o, d[3]/dt (M/min) | log(d [3]/dt)
Me -0.14 0.0009982 -3.00

Ph 0.08 0.001371 -2.86

Cl 0.24 0.001260 -2.90

CF; 0.62 0.0007846 -3.11
NO, 1.25 0.001848 -2.73
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Hammett Plot

-2.6

2.7 NO;
= -2.8 Ph
2 al
o
5 -2.9
% Me
2 30

CF3
-3.1
-3.2
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 14
oy
Figure 1-7-9. Hammett Plot
1-7-6. Metal Cation Effect on Enolization
Me Fe3O(OAc)g° ClO,4 (0 or 1.7 mol%) Me
o L10 (0 or 5 mol%) o
HO additive, THF (D)HO
DD 60 °C, 24 h H/D H/D
1a-d, (97% D) 1a/1a-d1a-d,

0.20 mmol

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged
with 4A crushed molecular sieves (MS4A 0 or 100.0 mg) and flamed-dried under vacuum. After
cooling down to room temperature, Fe;O(OAc)s-ClOs (0 mmol or 2.3 mg, 0.0033 mmol), L10 (0
mmol or 2.7 mg, 0.01 mmol), 2-(p-tolyl)acetic acid-d> 1a-d> (30.4 mg, 0.20 mmol) and NaOAc (0
mmol or 3.3 mg, 0.04 mmol) were added followed by the addition of THF (1.0 mL, 0.20 M). The
mixture was stirred under argon at 60 °C for 24 h and diluted with 10% AcOH in EtOAc (2.0 mL).
The diluted solution was filtered through silica short column and washed with EtOAc. After
evaporation of the organic solvent under reduced pressure, protonated rates were determined by 'H

NMR analysis.
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1-7-7. NMR Experiments
2-(p-tolylacetic acid (1a)

M
SN
HO

'"H NMR (500 MHz, methanol-ds) § 7.15 (d, J = 8.0 Hz, 2H, ArH), 7.11 (d, J = 8.0 Hz, 2H, ArH),
3.537 (s, 2H, ArCH;COOH), 2.30 (s, 3H, ArCHj3).

sodium 2-(p-tolyl)acetate (1a-Na)

M
Oy
NaO

"H NMR (500 MHz, methanol-ds) § 7.18 (d, J = 8.0 Hz, 2H, ArH), 7.05 (d, J = 8.0 Hz, 2H, ArH),
3.414 (s, 2H, ArCH;COONa), 2.28 (s, 3H, ArCH;).

2-(p-tolylacetic acid (1a) and sodium 2-(p-tolyl)acetate (1a-Na) 1:1 mixture
"H NMR (500 MHz, methanol-ds) § 7.17 (d, J = 8.0 Hz, 2H, ArH), 7.08 (d, J = 8.0 Hz, 2H, ArH),
3.478 (s, 2H, ArCH;COOH/Na), 2.29 (s, 3H, ArCHj;).

2-(p-tolyDacetic acid (1a) and sodium trifluoromethanesulfonate 1:1 mixture
"H NMR (500 MHz, methanol-ds) 8 7.17 (d, J = 8.0 Hz, 2H, ArH), 7.13 (d, J = 8.0 Hz, 2H, ArH),
3.555 (s, 2H, ArCH;COOH), 2.32 (s, 3H, ArCH).

Procedure for mixing of 2-(p-tolyl)acetic acid 1a and MS4A

H. HM_
o THF o

60 °C,4h

1a
A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged
with 4A crushed molecular sieves (MS4A 100.0 mg) and flamed-dried under vacuum. After cooling
down to room temperature, 2-(p-tolyl)acetic acid 1a (30.0 mg, 0.20 mmol) was added followed by the
addition of THF (1.0 mL, 0.20 M). The mixture was stirred under argon at 60 °C for 24 h and diluted
with methanol. The diluted solution was filtered through celite and washed with methanol. After

evaporation of the organic solvent under reduced pressure, the residual solid was gathered.: "H NMR
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(500 MHz, methanol-ds) 6 7.16 (d, /= 8.0 Hz, 2H, ArH), 7.10 (d, J = 8.0 Hz, 2H, ArH), 3.514 (s, 2H,
ArCH>;COOH/Na), 2.30 (s, 3H, ArCH;).

1-7-8. ICP-MS Measurement
Quantification of each elements was performed three times using above sample in 0.7% HNO;3 aq (100

ppb) as a sample.

(ppb) Li Na K Cs Mg Ca Al
1 0.016 18.040 17.664 0.099 0.000 10.158 5.772
2 0.018 18.464 17.921 0.100 0.040 10.584 6.033
3 0.016 18.518 17.915 0.100 0.000 10.494 5.903
average 0.017 18.341 17.833 0.100 0.013 10.412 5.903

Calibration Curve

7LI1] 23 Na [1]
341 * x4 2 - =

24 Me [11]
x108 R> i X106 | v = 1009 y
11R= :

27 ALT1]
38 % x + 162473080 A05 |y y =

) % x + 32749900 105 |y

00 500 00 5000 00 500 00
SR (ppb) R (ppb) R (ppb) B (ppb)

x + 80172596 4% + 5711500~

0 0
0. II:I 5\3\& 10 0. '[l Eﬂjb 0 on Slji 0

R ppb) REppb) : R ppb)

1-7-9. CSI-MS Measurement

Preparation of the iron complex (Fe(OAc), + L10 + TEMPO)

To a 4 mL vial equipped with a magnetic stirring bar, Fe(OAc), (1.7 mg, 0.01 mmol), L10 (2.7 mg,
0.01 mmol), and TEMPO 2a (1.6 mg, 0.01 mmol) were added followed by the addition of THF (0.50
mL, 0.02 M) and stirred under argon at 60 °C for 1 h. After removal of solvent, to the residue was

added CH3CN and the resulting CH3CN solution was subjected to the CSI-MS analysis.
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Intens. ] +MS, 0.2-0.8min #(14-30)

284.78207

3 C41H60Fe2N90O4 85435

284.78173

283 284 285 286 miz

100 427.17171

713.13349

o
I 1 1

| 1" 56.]27 133

— — ——T T
500 1000 1500 2000
m/z(m/z)

Preparation of the iron complex (FesO(0OAc)s ClO4 + L10 + 2,2,6,6-tetramethylpiperidine)

To a 4 mL vial equipped with a magnetic stirring bar, Fe;O(OAc)s-ClO4 (2.3 mg, 0.0033 mmol), L10
(2.7 mg, 0.01 mmol), and 2,2,6,6-tetramethylpiperidine (3.4 uL, 0.02 mmol) were added followed by
the addition of THF (0.50 mL, 0.02 M) and stirred under argon at 60 °C for 1 h. After removal of
solvent, to the residue was added CH3CN and the resulting CH3;CN solution was subjected to the CSI-

MS analysis.
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100
7 427.17343
7 406.23579

28410188 445.01595 486.03664 579.13322
1 ] 527.05148 557.14531
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1-8. Substrate Scope Isolated as Carboxylic Acids

Table S1-1. Substrate Scope Isolated as Carboxylic Acids
Fe(OAc), (5 mol%)

0 L10 (5 mol%) o
)K(R TEMPO 2a (2.1 equiv) )K(R
HO THF, MS4A HO
H 60 °C, 24 h OTMP
1 3
0 Me o o Br o
HO HO Me HO HO Br
OTMP OTMP OTMP OTMP
3aa: 95% 3ba: 82% 3da: 90% 3ea: 97%
F
o o | o Ph o CF,
HO HO HO HO
OTMP OTMP OTMP OTMP
3ga: 92% 3ia: 85% 3ja: 89% 3na: 95%
OMe
(@] S o) 0
o) [
o AN
HO OMe
OTMP
OTMP OTMP 0
3ta: 88% 3aa: 77% 3ya: 82%

General procedure for catalytic oxidative cross-coupling reaction

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was charged

with 4A crushed molecular sieves (MS4A 100.0 mg) and flamed-dried under vacuum. After cooling

down to room temperature, Fe(OAc), (1.7 mg, 0.01 mmol), L10 (2.7 mg, 0.01 mmol), carboxylic acid

1 (0.20 mmol) and TEMPO 2a (65.6 mg, 0.42 mmol) were added followed by the addition of THF

(1.0 mL, 0.20 M). After stirring under argon at 60 °C for 24 h, the reaction mixture was diluted with

10% AcOH in EtOAc (2.0 mL). The diluted solution was filtered through silica short column and

washed with EtOAc. After evaporation of the organic solvent under reduced pressure, the resultant

mixture was purified by silica gel flash chromatography to obtain cross-coupling product (3aa, 3ba,

3da, 3ea, 3ga, 3ia, 3ja, 3na, 3ta, 3aa, 3ya).
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2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(p-tolyl)acetic acid (3aa)

M
o e

HO
OTMP

2-(p-tolyl)acetic acid 1a (30.0 mg, 0.20 mmol) was used. The resultant mixture was purified by silica
gel flash chromatography (10-20% EtOAc in n-Hexane as eluent) to afford the product 3aa. (white
solid, 95% yield, 59.0 mg); 'H NMR (500 MHz, CDCls) § 7.30 (d, J = 8.0 Hz, 2H, ArH), 7.18 (d, J =
8.0 Hz, 2H, ArH), 5.38 (s, 1H, COCH), 2.35 (s, 3H, ArCH3), 1.66 (m, SH, TMP), 1.48 (br, 1H, TMP),
1.33-1.21 (m, 12H, TMP); *C NMR (125 MHz, CDCl3) § 173.0, 138.6, 133.4, 129.2, 128.7, 84.0,
62.7,62.5,39.6,39.6,31.9,31.1, 21.3, 20.9, 20.9, 16.5; IR (neat) 2926, 1715, 1375, 1260, 1177, 1132,
1047, 957, 924, 816, 797, 714, 681, 613, 503 cm™'; HRMS (ESI) m/z calc’d for CigHasNO3 (M + H)"
306.2064, found 306.2063.

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(m-tolyl)acetic acid (3ba)
o]

HO Me
OTMP

2-(m-tolyl)acetic acid 1b (30.0 mg, 0.20 mmol) was used. The resultant mixture was purified by silica
gel flash chromatography (1% MeOH in CH»Cl; as eluent) to afford the product 3ba. (white solid,
82% yield, 50.0 mg); '"H NMR (500 MHz, CDCl3) § 7.28-7.25 (m, 1H, ArH), 7.22-7.21 (m, 2H, ArH),
7.17-7.15 (m, 1H, ArH), 5.37 (s, 1H, COCH), 2.36 (s, 3H, ArCH3), 1.66 (m, SH, TMP), 1.48 (br, 1H,
TMP), 1.33-1.21 (m, 12H, TMP); *C NMR (125 MHz, CDCls) § 173.5, 138.1, 136.4, 129.4, 129.3,
128.4,125.6,84.7,62.4,62.3,39.6,39.6,32.0,31.3,21.5,20.8, 20.8, 16.6; IR (neat) 1717, 1375, 1362,
1260, 1242, 1182, 1132, 1045, 957, 922, 799, 775, 708, 694, 635, 438 cm™".

2-(4-bromophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3da)

B
o r

HO
OTMP

2-(4-bromophenyl)acetic acid 1d (43.0 mg, 0.20 mmol) was used. The resultant mixture was purified
by silica gel flash chromatography (1% MeOH in CH,Cl; as eluent) to afford the product 3da. (white
solid, 90% yield, 66.5 mg); 'H NMR (500 MHz, CDCls) § 7.50 (d, J = 8.5 Hz, 2H, ArH), 7.30 (d, J =
8.5 Hz, 2H, ArH), 5.35 (s, 1H, COCH), 1.65 (m, SH, TMP), 1.47 (br, 1H, TMP), 1.28-1.21 (m, 12H,
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TMP); 3C NMR (125 MHz, CDCl3) § 173.1, 135.7, 131.6, 130.0, 122.8, 84.2, 62.4, 62.4, 39.6, 39.6,
32.1,31.3,20.7, 20.7, 16.6; IR (neat) 1485, 1375, 1362, 1167, 1132, 1069, 1011, 991, 957, 920, 820,
750, 729, 638 cm ™.

2-(3-bromophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3ea)
O

HO Br
OTMP

2-(3-bromophenyl)acetic acid 1e (43.0 mg, 0.20 mmol) was used. The resultant mixture was purified
by silica gel flash chromatography (1% MeOH in CHxCl; as eluent) to afford the product 3ea. (white
solid, 97% yield, 71.5 mg); "H NMR (500 MHz, CDCl3) § 7.58 (t,J = 1.5 Hz, 1H, ArH), 7.47 (d,J =
8.0 Hz, 1H, ArH), 7.37 (d, J= 8.0 Hz, 1H, ArH), 7.24 (t,J = 8.0 Hz, 1H, ArH), 5.35 (s, 1H, COCH),
1.65 (m, 5H, TMP), 1.46 (br, 1H, TMP), 1.30-1.21 (m, 12H, TMP); 3C NMR (125 MHz, CDCl;) &
173.1, 139.0, 131.6, 131.3, 130.0, 126.9, 122.4, 84.4, 62.3, 62.3, 39.7, 39.7, 32.2, 31.4, 20.8, 20.8,
16.6; IR (neat) 1470, 1375, 1362, 1242, 1207, 1175, 1132, 1055, 922, 797, 758, 727, 691, 662, 633,
434 cm™,

2-(4-fluorophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3ga)

F
O

HO
OTMP

2-(4-fluorophenyl)acetic acid 1g (30.8 mg, 0.20 mmol) was used. The resultant mixture was purified
by silica gel flash chromatography (1% MeOH in CH2Cl; as eluent) to afford the product 3ga. (white
solid, 92% yield, 56.7 mg); '"H NMR (500 MHz, CDCl3) & 7.39 (dd, J = 8.5, 5.5 Hz, 2H, ArH), 7.05
(t, J=28.5 Hz, 2H, ArH), 5.38 (s, 1H, COCH), 1.65 (m, 5H, TMP), 1.47 (br, 1H, TMP), 1.29-1.21 (m,
12H, TMP); 3C NMR (125 MHz, CDCl3) § 173.4, 162.8 (d, J = 247.4 Hz), 132.6, 130.3 (d, J = 8.6
Hz), 115.4 (d, J=21.6 Hz), 84.1, 62.4, 62.4, 39.6, 39.6, 32.0, 31.3, 20.7, 20.7, 16.6; IR (neat) 1715,
1506, 1261, 1219, 1180, 1063, 1047, 924, 837, 810, 737, 723, 534, 513 cm™".
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2-(4-iodophenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3ia)

I
O

HO
OTMP

2-(4-iodophenyl)acetic acid 1i (52.4 mg, 0.20 mmol) was used. The resultant mixture was purified by
silica gel flash chromatography (1% MeOH in CH2Cl: as eluent) to afford the product 3ia. (white solid,
85% yield, 70.9 mg); "H NMR (500 MHz, CDCl3) 8 7.71 (d, J = 8.5 Hz, 2H, ArH), 7.17 (d, J= 8.5
Hz, 2H, ArH), 5.35 (s, 1H, COCH), 1.66 (m, SH, TMP), 1.48 (br, 1H, TMP), 1.29-1.19 (m, 12H,
TMP); *C NMR (125 MHz, CDCls) § 173.1, 137.6, 136.4, 130.2, 94.5, 84.4, 62.4, 62.3, 39.6, 39.6,
32.1, 31.4, 20.7, 20.7, 16.6; IR (neat) 1481, 1375, 1360, 1242, 1207, 1167, 1132, 1059, 1007, 991,
957, 920, 876, 818, 731, 635 cm ™.

2-([1,1'-biphenyl]-4-yl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3ja)

Ph
O

HO
OTMP

2-([1,1'-biphenyl]-4-yl)acetic acid 1j (42.5 mg, 0.20 mmol) was used. The resultant mixture was
purified by silica gel flash chromatography (1-1.5% MeOH in CHCl; as eluent) to afford the product
3ja. (white solid, 89% yield, 65.8 mg); 'H NMR (500 MHz, CDCl3) § 7.61-7.58 (m, 4H, AtH), 7.49
(d, J = 8.0 Hz, 2H, ArH), 7.44 (t, J = 7.5 Hz, 2H, ArH), 7.35 (t, J = 7.5 Hz, 1H, ArH), 5.47 (s, 1H,
COCH), 1.69 (m, 5H, TMP), 1.50 (br, 1H, TMP), 1.37-1.25 (m, 12H, TMP); 3C NMR (125 MHz,
CDCl) 6 173.3, 141.5, 140.7, 135.5, 129.0, 128.8, 127.4, 127.2, 127.2, 84.3, 62.6, 62.5, 39.6, 39.6,
32.0, 31.2, 20.9, 20.9, 16.6; IR (neat) 1719, 1375, 1360, 1207, 1132, 1007, 991, 957, 922, 835, 756,
731, 696, 627 cm ™.

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(4-(trifluoromethyl)phenyl)acetic acid (3na)

CF
O 3

HO
OTMP

2-(4-(trifluoromethyl)phenyl)acetic acid 1n (40.8 mg, 0.20 mmol) was used. The resultant mixture
was purified by silica gel flash chromatography (1% MeOH in CH:Cl: as eluent) to afford the product
3na. (colorless liquid, 95% yield, 68.4 mg); '"H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.0 Hz, 2H,
ArH), 7.56 (d, J = 8.0 Hz, 2H, ArH), 5.42 (s, 1H, COCH), 1.63-1.61 (m, 5SH, TMP), 1.45-1.43 (br,
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1H, TMP), 1.28-1.23 (m, 9H, TMP), 1.12 (s, 3H, TMP); '3C NMR (125 MHz, CDCls) § 173.6, 141.1,
130.4 (q, J = 32.3 Hz), 128.3, 125.3 (q, J = 3.7 Hz), 124.0 (q, J = 272.2 Hz), 85.4, 62.0, 62.0, 39.7,
39.7,32.4,31.6, 20.6, 20.6, 16.6; IR (neat) 1377, 1321, 1261, 1242, 1163, 1123, 1065, 1018, 991, 957,
908, 835, 731, 714, 642 cm™.

2-(3,5-dimethoxyphenyl)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetic acid (3ta)
OMe
O

HO OMe
OTMP

2-(3,5-dimethoxyphenyl)acetic acid 1t (39.2 mg, 0.20 mmol) was used. The resultant mixture was
purified by silica gel flash chromatography (1.5% MeOH in CH>Cl: as eluent) to afford the product
3ta. (white solid, 88% yield, 61.7 mg); '"H NMR (500 MHz, CDCl3) § 6.58 (d, J = 2.0 Hz, 2H, ArH),
6.44 (t, J=2.0 Hz, 1H, ArH), 5.32 (s, 1H, COCH), 3.79 (s, 6H, ArOCHj3), 1.64 (m, SH, TMP), 1.46
(br, 1H, TMP), 1.32-1.23 (m, 12H, TMP); '*C NMR (125 MHz, CDCl3) § 173.4, 160.6, 138.9, 106.3,
100.7, 85.1, 62.0, 62.0, 55.4,39.7,39.7,32.2,31.5,20.7,20.7, 16.6; IR (neat) 1595, 1458, 1427, 1321,
1294, 1204, 1153, 1132, 1045, 957, 918, 835, 804, 694 cm ™.

2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-2-(thiophen-3-yl)acetic acid (3aa)

o S

HO /
OTMP

2-(thiophen-3-yl)acetic acid 1a (28.4 mg, 0.20 mmol) was used. The resultant mixture was purified
by silica gel flash chromatography (1% MeOH in CH2Cl as eluent) to afford the product 3aa. (white
solid, 77% yield, 45.6 mg); "H NMR (500 MHz, CDCl3) § 7.42 (m, 1H, ArH), 7.32 (dd, J = 5.0, 3.0
Hz, 1H, ArH), 7.18 (dd, J = 5.0, 1.5 Hz, 1H, ArH), 5.54 (s, 1H, COCH), 1.71-1.69 (m, 5H, TMP),
1.52 (br, 1H, TMP), 1.35-1.24 (m, 12H, TMP); *C NMR (125 MHz, CDCl3) § 172.2, 136.6, 127.2,
125.8, 124.7, 79.0, 63.0, 62.8, 39.3, 39.3, 31.3, 30.6, 20.9, 20.9, 16.4; IR (neat) 2936, 2924, 1703,

1275, 1206, 1159, 1059, 924, 841, 799, 781, 772, 723, 692 cm™ .
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2-(11-0x0-10,11-dihydrodibenzo|b,f] oxepin-2-yl)-2-((2,2,6,6-tetramethylpiperidin-1-
yDoxy)acetic acid (3ya)

L
Ho Y
OTMP O
2-(11-0x0-10,11-dihydrodibenzo[b,floxepin-2-yl)acetic acid 1y (53.7 mg, 0.20 mmol) was used. The
resultant mixture was purified by silica gel flash chromatography (1% MeOH in CHCl: as eluent) to
afford the product 3ya. (white solid, 82% yield, 69.7 mg); 'H NMR (500 MHz, CDCl3) § 8.28 (d, J =
2.0 Hz, 1H, ArH), 7.90 (dd, J=17.5, 1.0 Hz, 1H, ArH), 7.58-7.55 (m, 2H, ArH), 7.48 (dt, /= 17.5, 1.0
Hz, 1H, ArH), 7.37 (d,J= 7.5 Hz, 1H, ArH), 7.08 (d, /= 7.5 Hz, 1H, ArH), 5.46 (s, 1H, COCH), 5.21
(s, 2H, ArOCH>Ar), 1.69 (m, SH, TMP), 1.50 (br, 1H, TMP), 1.37-1.23 (m, 12H, TMP); *C NMR
(125 MHz, CDCl3) 6 190.6, 173.2,161.5, 140.5, 135.4, 135.2,132.8, 132.8, 130.6, 129.5, 129.3, 127.9,
124.9,121.2,83.7,73.6,62.7,62.6,39.6,39.6, 32.0, 32.0, 20.9, 20.8, 16.5; IR (neat) 1647, 1485, 1298,
1258, 1202, 1136, 1119, 1013, 995, 910, 760, 727, 635, 619 cm™".
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2. Catalytic a-Deuteration of Carboxylic Acids

2-1. General

All reactions were carried out using heat gun dried glassware under a positive pressure of dry argon
unless otherwise noted. Catalytic reactions were run under an argon atmosphere. Air- and moisture-
sensitive liquids were transferred via a syringe and a stainless-steel needle. Reactions were
magnetically stirred and monitored by thin-layer chromatography using Merck Silica Gel 60 F254
plates. All work-up and purification procedures were carried out with reagent-grade solvents under
ambient atmosphere. Flash chromatography was performed using silica gel 60N (spherical neutral,

particle size 40—50um) purchased from Kanto Chemical Co., Inc.

2-2. Instrumentation

NMR was recorded on 500 MHz Bruker Avance III. Chemical shifts for proton are reported in parts
per million downfield from tetramethylsilane and are referenced to residual protium in the NMR
solvent (CDCls: & 7.26 ppm). For '*C NMR, chemical shifts were reported in the scale relative to
NMR solvent (CDCls: & 77.0 ppm) as an internal reference. NMR data are reported as follows:
chemical shifts, multiplicity (s: singlet, d: doublet, dd: double doublet, dt: double triplet, t: triplet, q:
quartet, quin: quintet, sext: sextet, sep: septet, m: multiplet, br: broad signal), coupling constants (Hz),
and integration. Infrared (IR) spectra were recorded with Shimadzu IR Affinity-1S. High-resolution

mass spectroscopy (HRMS) was obtained with Bruker MicrOTOF 1L

2-3. Materials

Commercially available carboxylic acids were used as received. KoCO; was purchased from
FUJIFILM Wako Pure Chemical Corporation and stored in a dry box. Pivalic anhydride was purchased
from Kanto Chemical Co., Inc. and used as received. DMAP was purchased from Chem-Impex Int'l.
Inc. and stored in a dry box. Acetone-ds (99.9% D) was purchased from Cambridge Isotope
Laboratories, Inc. and used as received. Dimethyl sulfoxide was purchased from Nacalai Tesque, Inc.
and dried over molecular sieves 4A before use. N,N-Dimethylformamide (super dehydrated) was
purchased from Wako Pure Chemical Industries, Ltd. and stored in a dry box. D,O (99.8% D) was

purchased from Kanto Chemical Co., Inc. and used as received.
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2-4. Substrate Synthesis and Characterization
(R)-4-((3R,5R,8R,95,108,13R,14S5,17R)-3-acetoxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanoic acid (13c¢)

Lithocholic acid (1.13 g, 3.0 mmol) was added followed by the addition of acetic anhydride (5.0 mL,
0.60 M) and sulfuric acid (1 drop). After the mixture was stirred under argon at room temperature for
3 h, H,O was added to the mixture and stirring at room temperature for 3 h. The resultant mixture was
added 1 M HCI aq and extracted with CH2Cl. After removal of the solvent under reduced pressure,
the resulting residue was washed by H>O. The obtained solid was purified by silica gel flash
chromatography (1% MeOH in CH2Cl as eluent) to afford 13c. (white solid, 50% yield, 623.0 mg).;
CAS Registry Number 4057-84-5; "H NMR (500 MHz, CDCl3) § 4.75-4.69 (m, 1H, AcOCH), 2.53—
2.46 (m, 1H, CH>COOH), 2.39-2.33 (m, 1H, CH>COOH), 2.03 (s, 3H, OCOCHj3), 1.97-1.95 (m, 1H,
Alkyl), 1.87-1.80 (m, 5H, Alkyl), 1.70-1.67 (m, 1H, Alkyl), 1.59—1.58 (m, 1H, Alkyl), 1.43-1.00 (m,
18H, Alkyl), 0.93-0.92 (m, 6H, CCH; + CHCH3), 0.65 (s, 3H, CCHj); *C NMR (125 MHz, CDCl3)
0 170.6, 170.1, 74.4, 56.5, 56.0, 42.8, 41.9, 40.4, 40.2, 35.8, 35.2, 35.0, 34.6, 32.3, 30.3, 30.2, 28.2,
27.0,26.7,26.3,24.2,23.3,21.5,20.8, 18.3, 12.1.

3-(4-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)butanoic acid (13e)

NPht
0]

HO

H H
Cl

4-amino-3-(4-chlorophenyl)butanoic acid (427 mg, 2.0 mmol) and phthalic anhydride (296 mg, 2.0
mmol) were added followed by the addition of dry toluene (8.0 mL, 0.25 M) and triethylamine (0.31
mL, 2.2 mmol). The reaction mixture was stirred under argon at 100 °C for 7 h. The resultant mixture
was added 1 M HCl aq and extracted with CH2Cl. After removal of the solvent under reduced pressure,
the resulting residue was purified by recrystallization after silica gel flash chromatography (1% MeOH
in CH2Cl, as eluent) to afford 13e. (white solid, 54% yield, 386.9 mg); CAS Registry Number 78131-
01-8; '"H NMR (500 MHz, CDCl3) & 7.80-7.79 (m, 2H, ArH), 7.70-7.68 (m, 2H, ArH), 7.24 (d, J =
8.5 Hz, 2H, ArH), 7.19 (d, J = 8.5 Hz, 2H, ArH), 3.90-3.82 (m, 2H, NCH>), 3.69 (quin, J = 7.5 Hz,
1H, ArCH), 2.76-2.66 (m, 2H, CH-COOH); '*C NMR (125 MHz, CDCl3) § 175.5, 168.1, 138.5, 134.1,
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133.2,131.7,129.1, 128.9, 123.4, 42.8, 39.9, 37.8.

2-(1-((1,3-dioxoisoindolin-2-yl)methyl)cyclohexyl)acetic acid (13h)

@)

NPht
HO

H H
2-(1-(aminomethyl)cyclohexyl)acetic acid (514 mg, 3.0 mmol) and phthalic anhydride (1.11 g, 7.5

mmol) were added followed by the addition of dry toluene (1.0 mL, 0.30 M) and triethylamine (0.46
mL, 3.3 mmol). The reaction mixture was stirred under argon at 100 °C for 18 h. The resultant mixture
was added 1 M HCl aq and extracted with CH2Cl. After removal of the solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (2% MeOH in CH>Cl; as eluent)
to afford 13h. (white solid, 82% yield, 738.2mg); CAS Registry Number 1554303-64-8; '"H NMR
(500 MHz, CDCl3) ¢ 7.88-7.86 (m, 2H, ArH), 7.76-7.74 (m, 2H, ArH), 3.80 (s, 2H, NCH>), 2.46 (s,
2H, CH-COOH), 1.66-1.31 (m, 10H, Alkyl); 3C NMR (125 MHz, CDCl3) & 174.3, 169.7, 134.3,
131.8, 123.5,46.2, 39.7, 38.1, 33.7, 25.7, 21 4.
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2-5. General Procedure and Characterization of the Products

General procedure for anhydride-mediated a—deuteration of carboxylic acids

To a 4 mL vial equipped with a magnetic stirring bar, carboxylic acid 13 (0.20 mmol), K,COs3 (2.8 mg,
0.02 mmol) and DMAP (2.4 mg, 0.02 mmol) was added followed by the addition of acetone-ds (0.50
mL, 6.8 mmol, 0.40 M) and pivalic anhydride (8 pL, 0.04 mmol). The reaction mixture was stirred
under argon at 40 °C for 48 h. After the reaction mixture was added D>O (0.10 mL), stirring at room
temperature for 1 h. The reaction mixture was added 1 M HCI aq and extracted with CH>Cl», and the
solvent was removed under reduced pressure. Then, 2.0 mL of CH,Cly/formic acid = 4/1 was added
to the residue, and evaporation was carried out for the removal of pivalic acid. This azeotropic
operation was performed three times. the residue was purified by silica gel flash chromatography if

necessary.

4-(4-methoxyphenyl)butanoic-2,2-d, acid (13a-d»)

oM
0 e
HO

DD
4-(4-methoxyphenyl)butanoic acid 13a (38.8 mg, 0.20 mmol) was used as a substrate. The product
13a-d, was obtained without silica gel flash chromatography. (white solid, 94% deuterated, 98% yield,
38.5 mg); '"H NMR (500 MHz, CDCl3) § 7.10 (d, J= 9.0 Hz, 2H, ArH), 6.83 (d, J = 9.0 Hz, 2H, ArH),
3.79 (s, 3H, ArOCH3), 2.62 (t, J= 7.5 Hz, 2H, ArCH>), 2.33 (m, 0.12H, CH>COOH, 94% D), 1.92 (t,
J =1.5 Hz, 2H, CH,CD,COOH); *C NMR (125 MHz, CDCl;) § 180.0, 157.9, 133.3, 129.4, 113.8,
55.3,34.0,32.7,26.3; IR (neat) 1695, 1510, 1412, 1300, 1277, 1242, 1182, 1175, 1026, 947, 831, 814,
557,525,403 cm™!; HRMS (ESI) m/z calc’d for C11H12D2NaOs; (M + Na)* 219.0961, found 219.0978.

2-(1-(tert-butoxycarbonyl)azetidin-3-yl)acetic-2,2-d; acid (13b-d>)

O NBoc
HO

DD

2-(1-(tert-butoxycarbonyl)azetidin-3-yl)acetic acid 13b (43.0 mg, 0.20 mmol) was used as a substrate.
The product 13b-d, was obtained without silica gel flash chromatography. (white solid, 98%
deuterated, 90% yield, 38.9 mg); "H NMR (500 MHz, CDCl;) 6 4.09 (dd, J=8.5, 8.5 Hz, 2H, N(CH>)),
3.63 (dd, J = 8.5, 5.5 Hz, 2H, N(CH>)2), 2.89-2.84 (m, 1H, CHCD>COOH), 2.65 (m, 0.05H,
CH>COOH, 98% D), 1.43 (s, 9H, NCOOC(CHs)3); *C NMR (125 MHz, CDCl3) § 176.5, 156.5,79.7,
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54.2,38.0,28.4,24.9; IR (neat) 1721, 1641, 1422, 1396, 1366, 1341, 1254, 1221, 1063, 968, 856, 818,
768,635,561 cm'; HRMS (ESI) m/z calc’d for C1oH;sD2NNaO4 (M + Na)* 240.1175, found 240.1170.

(R)-4-((3R,5R,8R,95,108,13R,14S5,17R)-3-acetoxy-10,13-dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanoic-2,2-d; acid (13c-d>)

(R)-4-((3R,5R,8R,95,108,13R,14S,17R)-3-acetoxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoic acid 13¢ (83.7 mg, 0.20 mmol) was used as a substrate and
DMSO (0.50 mL) was used as a co-solvent. The product 13¢c-d> was obtained after silica gel flash
chromatography (1% MeOH in CH>Cl, as eluent). (white solid, 90% deuterated, 91% yield, 76.6 mg);
"H NMR (500 MHz, CDCl3) § 4.75-4.69 (m, 1H, AcOCH), 2.40-2.23 (m, 0.19H, CH>COOH, 90%
D), 2.03 (s, 3H, OCOCH3), 1.98-1.95 (m, 1H, Alkyl), 1.87-1.80 (m, 5H, Alkyl), 1.69—-1.67 (m, 1H,
Alkyl), 1.58-1.53 (m, 1H, Alkyl), 1.43-1.00 (m, 18H, Alkyl), 0.93-0.92 (m, 6H, CCH; + CHCH3), 0.65
(s, 3H, CCH;); *C NMR (125 MHz, CDCl3) § 180.5, 170.8, 74.5, 56.5, 56.0, 42.8, 41.9, 40.4, 40.2,
35.8, 35.3, 35.0, 34.6, 32.2, 30.7, 30.5, 28.2, 27.0, 26.6, 26.3, 24.2, 23.3, 21.5, 20.8, 18.3, 12.1; IR
(neat) 2359, 1734, 1707, 1412, 1294, 1254, 1026, 669, 617, 426, 419 cm™'; HRMS (ESI) m/z calc’d
for C26Ha0D2NaOs (M + Na)* 443.3101, found 443.3101.

(9Z,12Z)-octadeca-9,12-dienoic-2,2-d; acid (13d-d>)
O

HO
D D Me _

(9Z,122)-octadeca-9,12-dienoic acid 13d (62.5 pL, 0.20 mmol) was used as a substrate. The reaction
was performed at 60 °C. The product 13d-d> was obtained without silica gel flash chromatography.
(colorless liquid, 97% deuterated, 103% yield, 58.2 mg); '"H NMR (500 MHz, CDCl3) § 5.41-5.30 (m,
4H, vinyl), 2.77 (t, J = 6.5 Hz, 2H, CH=CHCH,CH=CH), 2.35-2.32 (m, 0.06H, CH:COOH, 97% D),
2.07-2.03 (m, 4H, CH=CHCH>CH>), 1.64-1.61 (m, 2H, CH:CD>COOH), 1.39-1.27 (m, 14H, Alkyl),
0.89 (t, J= 7.0 Hz, 3H, CH,CH3); *C NMR (125 MHz, CDCl;) § 180.3, 130.2, 130.0, 128.1, 127.9,
33.5,31.5,29.6,29.4,29.2,29.1, 29.0, 27.2, 27.2, 25.6, 24.6, 22.6, 14.1; IR (neat) 3007, 2924, 2855,
1705, 1464, 1410, 1377, 1294, 1171, 1125, 945, 723, 436,415, 409 cm™'; HRMS (ESI) m/z calc’d for
Ci3H30D2NaO; (M + Na)" 305.2420, found 305.2420.
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3-(4-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)butanoic-2,2-d; acid (13e-d>)

NPht
0

HO

DD
Cl

3-(4-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)butanoic acid 13e (72.2 mg, 0.20 mmol) was used as
a substrate and DMSO (0.50 mL) was used as a co-solvent. The product 13e-d> was obtained after
silica gel flash chromatography (1% MeOH in CH:Cl; as eluent). (white solid, 98% deuterated, 93%
yield, 67.5 mg); 'H NMR (500 MHz, CDCl3) § 7.81-7.79 (m, 2H, ArH), 7.70-7.69 (m, 2H, AtH),
7.25 (d, J= 8.0 Hz, 2H, ArH), 7.20 (d, J = 8.0 Hz, 2H, ArH), 3.91-3.83 (m, 2H, NCH>), 3.69 (t, J =
8.0 Hz, 1H, ArCH), 2.70 (m, 0.04H, CH>COOH, 98% D); '*C NMR (125 MHz, CDCl;) § 176.4, 168.1,
138.5, 134.1, 133.2, 131.7, 129.1, 128.9, 123.4, 42.8, 39.8, 37.3; IR (neat) 1728, 1688, 1398, 1358,
1229, 1053, 997, 887, 835, 816, 721, 710, 650, 552, 530 cm'; HRMS (ESI) m/z calc’d for
Ci3sH12D,CINNaO4 (M + Na)" 368.0629, found 368.0625.

3-(4,5-diphenyloxazol-2-yl)propanoic-2,2-d; acid (13f-d,)

@)

\/g'Ph

DD O
Ph

3-(4,5-diphenyloxazol-2-yl)propanoic acid 13f (58.7 mg, 0.20 mmol) was used as a substrate and
DMSO (0.50 mL) was used as a co-solvent. The product 13f-d> was obtained after silica gel flash
chromatography (2% MeOH in CH>Cl, as eluent). (white solid, 99% deuterated, 96% yield, 56.6 mg);
"H NMR (500 MHz, CDCl3) § 7.63-7.61 (m, 2H, ArH), 7.58-7.56 (m, 2H, ArH), 7.38-7.31 (m, 6H,
ArH), 3.19 (s, 2H, ArCH>), 2.96-2.93 (m, 0.03H, CH>COOH, 99% D); '*C NMR (125 MHz, CDCl;)
8 176.6, 161.9, 145.6, 134.9, 132.1, 128.8, 128.7, 128.6, 128.6, 128.2, 128.0, 126.5, 30.4, 23.1; IR
(neat) 1717, 1308, 1256, 1219, 1206, 1059, 966, 922, 766, 756, 727, 704, 694, 675, 523 cm™'; HRMS
(ESI) m/z calc’d for CisHi3D>NNaO; (M + Na)™ 318.1070, found 318.1079.
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4-(4-(bis(2-chloroethyl)amino)phenyl)butanoic-2,2-d, acid (13g-d>)

" al

o) N
HO

DD

4-(4-(bis(2-chloroethyl)amino)phenyl)butanoic acid 13g (60.8 mg, 0.20 mmol) was used as a substrate.
The product 13g-d, was obtained without silica gel flash chromatography. (white solid, 95%
deuterated, 97% yield, 59.3 mg); "H NMR (500 MHz, CDCl;) § 7.07 (d, J = 8.5 Hz, 2H, ArH), 6.63
(d, J=8.5 Hz, 2H, ArH), 3.71-3.69 (m, 4H, CH>CH>), 3.63-3.60 (m, 4H, CH:CH»), 2.58 (t,J=7.5
Hz, 2H, ArCH>), 2.35 (m, 0.11H, CH>COOH, 95% D), 1.91 (t, J= 7.5 Hz, 2H, ArCH,CH>); *C NMR
(125 MHz, CDCl3) 6 180.0, 144.4, 130.4, 129.7, 112.2, 53.6, 40.5, 33.8, 32.7, 26.3; IR (neat) 1713,
1614, 1520, 1358, 1292, 1275, 1244, 1177, 1140, 947, 804, 741, 725, 557, 544 cm™'; HRMS (ESI) m/z
calc’d for Ci4HisD2CILNO; (M + H)" 306.0991, found 306. 0998.

2-(1-((1,3-dioxoisoindolin-2-yl)methyl)cyclohexyl)acetic-2,2-d; acid (13h-d>)

@)

NPht
HO

DD
2-(1-((1,3-dioxoisoindolin-2-yl)methyl)cyclohexyl)acetic acid 13h (63.7 mg, 0.20 mmol) was used as

a substrate and DMSO (0.50 mL) was used as a co-solvent. The reaction was performed at 60 °C. The
product 13h-d> was obtained after silica gel flash chromatography (1% MeOH in CHxCl; as eluent).
(white solid, 97% deuterated, 93% yield, 59.5 mg); 'H NMR (500 MHz, CDCl;) & 7.88-7.86 (m, 2H,
ArH), 7.76-7.74 (m, 2H, ArH), 3.80 (s, 2H, NCH>), 2.44 (m, 0.05H, CH>COOH, 97% D), 1.66—1.33
(m, 10H, Alkyl);'*C NMR (125 MHz, CDCl3) § 176.6, 169.5, 134.1, 131.9, 123.4, 46.1, 39.2, 38.0,
33.6, 25.7, 21.4; IR (neat) 2359, 2340, 1709, 1686, 1402, 1391, 1373, 1362, 1346, 1288, 1229, 718,
710, 669, 530 cm™'; HRMS (ESI) m/z calc’d for Ci7H;7D:NNaOs (M + Na)" 326.1332, found
326.1332.

2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetic-2,2-d, acid (13i-d3)

N
HO Et H Et

D D
2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetic acid 13i (57.5 mg, 0.20 mmol) was
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used as a substrate and DMSO (0.50 mL) was used as a co-solvent. The reaction was performed at
60 °C. The product 13i-d> was obtained after silica gel flash chromatography (1% MeOH in CHxCl,
as eluent). (white solid, 92% deuterated, 88% yield, 50.9 mg); '"H NMR (500 MHz, CDCl;) § 8.56 (br,
1H, NH), 7.36 (d,J= 7.5 Hz, 1H, ArH), 7.07 (dd, J = 7.5, 7.5 Hz, 1H, ArH), 7.00 (d, /= 7.5 Hz, 1H,
ArH), 4.14-4.09 (m, 1H, OCH>), 4.07-4.02 (m, 1H, OCH>), 3.05-3.02 (m, 0.15H, CH>COOH, 92%
D), 2.86-2.78 (m, 4H, ArCH,CH» + ArCH,CHj3), 2.17-2.09 (m, 1H, CCH>CH3), 2.07-2.00 (m, 1H,
CCH,>CHs), 1.32 (t,J= 7.5 Hz, 3H, CH,CH;), 0.88 (t,J = 7.5 Hz, 3H, CH,CH3); *C NMR (125 MHz,
CDCl3) 0 175.7, 134.7, 134.6, 126.7, 126.1, 120.7, 119.9, 116.0, 108.6, 75.1, 60.9, 42.2, 30.9, 24.0,
22.2,13.7, 7.7; IR (neat) 1744, 1701, 1302, 1250, 1227, 1072, 1036, 905, 783, 746, 739, 590, 556,
519, 484 cm™!; HRMS (ESI) m/z calc’d for C17H;9D,NNaO; (M + Na)* 312.1539, found 312.1552.

2-methyl-3-phenylpropanoic-2-d acid (13j-d)

O

HO)S(\ Ph

Me D

2-methyl-3-phenylpropanoic acid 13j (32.8 mg, 0.20 mmol) was used as a substrate. The reaction was
performed at 80 °C. The product 13j-d was obtained without silica gel flash chromatography. (white
solid, 83% deuterated, 92% yield, 30.4 mg); "H NMR (500 MHz, CDCl3) & 7.29 (t,J = 7.5 Hz, 2H,
ArH), 7.23-7.18 (m, 3H, ArH), 3.07 (d, J = 14.0 Hz, 1H, PhCH>), 2.81-2.74 (m, 0.17H, CHCOOH,
83% D), 2.67 (d, J = 14.0 Hz, 1H, PhCH>), 1.18 (s, 3H, CDCH;); '*C NMR (125 MHz, CDCl;) &
182.5,139.0, 129.0, 128.4, 126.4, 40.9,39.2, 16.4; IR (neat) 1686, 1450, 1310, 1288, 1217, 1092, 962,
910, 781, 739, 725, 702, 604, 515, 474 cm™'; HRMS (ESI) m/z calc’d for CioH;i1DNaO, (M + Na)*
188.0792, found 188.0792.

1-(tert-butoxycarbonyl)azetidine-3-carboxylic-3-d acid (13k-d)

0]

D
Ho)kt\
NBoc

1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid 13k (40.2 mg, 0.20 mmol) was used as a substrate.
The reaction was performed at 60 °C. The product 13k-d was obtained without silica gel flash
chromatography. (white solid, 99% deuterated, 83% yield, 33.7 mg); '"H NMR (500 MHz, CDCl3) §
4.13 (s, 4H, N(CH>)2), 3.38 (m, 0.01H, CHCOOH, 99% D), 1.44 (s, 9H, NCOOC(CHj3)5); '*C NMR
(125 MHz, CDCl3) 6 177.1, 156.3, 80.3, 51.5, 31.7, 28.3; IR (neat) 1719, 1638, 1477, 1458, 1395,
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1366, 1250, 1153, 1130, 895, 870, 854, 768, 694, 563 cm '; HRMS (ESI) m/z calc’d for CoH;sDNNaO,4
(M + Na)" 225.0956, found 225.0950.

(1R,38,5r,7r)-adamantane-2-carboxylic-2-d acid (131-d)

@)

HO
D

(1R,3S8,5r,7r)-adamantane-2-carboxylic acid 131 (36.0 mg, 0.20 mmol) was used as a substrate and
DMSO (0.50 mL) was used as a co-solvent. The reaction was performed at 80 °C. The product 131-d
was obtained after the additional azeotropic operation with toluene three times, without silica gel flash
chromatography. (white solid, 80% deuterated, 90% yield, 32.7 mg); '"H NMR (500 MHz, CDCl3) §
2.68 (s, 0.20H, CHCOOH, 80% D), 2.35 (br, 2H, Alkyl), 1.94-1.85 (m, 6H, Alkyl), 1.78-1.75 (m, 4H,
Alkyl), 1.66-1.64 (m, 2H, Alkyl); *C NMR (125 MHz, CDCls) § 181.2, 49.0, 38.0, 37.3, 33.5, 29.4,
29.3,27.4; IR (neat) 2916, 2897, 2849, 1682, 1454, 1414, 1292, 1279, 1105, 949, 939, 766, 735, 511,
407 cm™'; HRMS (ESI) m/z calc’d for C1iH;sDNaO, (M + Na)* 204.1105, found 204.1105.

6-ethoxy-6-oxohexanoic-2,2-d; acid (13m-d»)
O

HO OEt

DD 0]

6-ethoxy-6-oxohexanoic acid 13m (32.0 pL, 0.20 mmol) was used as a substrate. The product 13m-
d, was obtained without silica gel flash chromatography. (colorless liquid, 96% deuterated, 88% yield,
31.1 mg); "HNMR (500 MHz, CDCl3) 6 4.13 (q,J= 7.0 Hz, 2H, COOCH>CH3), 2.34-2.31 (m, 2.08H,
CH;COOH + CH:COOEt, 96% D), 1.68-1.67 (m, 4H, CD,CH:CH>CH), 1.26 (t, J = 7.0 Hz, 3H,
COOCH:CH3); *C NMR (125 MHz, CDCl3) & 179.5, 173.4, 60.4, 33.9, 33.1, 24.3, 24.0, 14.2; IR
(neat) 411, 438, 451, 746, 945, 1028, 1086, 1117, 1167, 1252, 1344, 1373, 1703, 1730, 2938 cm™*;
HRMS (ESI) m/z calc’d for CsHj2D2NaO4 (M + Na)* 199.0910, found 199.0915.

5-oxo-5-phenylpentanoic-2,2,4,4-d4 acid (13n-dy)
O O

HO Ph
Da Da Db Db

5-0x0-5-phenylpentanoic acid 13n (38.4 mg, 0.20 mmol) was used as a substrate. The product 13n-d.

137



was obtained without silica gel flash chromatography. (white solid, Da: 93% deuterated, Dy: 96%
deuterated, 76% yield, 30.0 mg); "H NMR (500 MHz, CDCl3) § 7.96 (d, J = 7.0 Hz, 2H, ArH), 7.57
(t,J=17.0 Hz, 1H, ArH), 7.46 (t,J = 7.0 Hz, 2H, ArH), 3.08 (m, 0.08H, CH>COPh, 96% D), 2.49 (m,
0.14H, CH>COOH, 93% D), 2.07 (s, 2H, CH>CD>COOH); '*C NMR (125 MHz, CDCl3) § 199.5,
179.4, 136.8, 133.2, 128.6, 128.0, 36.6, 32.5, 18.8; IR (neat) 1690, 1668, 1304, 1273, 1126, 991, 947,
910, 837, 766, 756, 723, 691, 665, 652 cm™'; HRMS (ESI) m/z calc’d for C1;HsDsNaOs (M + Na)*
219.0930, found 219.0942.

2-(1H-indol-3-yl)acetic-2,2-d; acid (130-d>)

o) [NH

DD

HO

2-(1H-indol-3-yl)acetic acid 130 (35.0 mg, 0.20 mmol) was used as a substrate and DMSO (0.50 mL)
was used as a co-solvent. The product 130-d> was obtained after silica gel flash chromatography (1%
MeOH in CH,Cl, as eluent). (white solid, 98% deuterated, 71% yield, 25.0 mg); '"H NMR (500 MHz,
methanol-ds) 6 7.44 (d, J=7.5 Hz, 1H, ArH), 7.24 (d, J = 8.0 Hz, 1H, ArH), 7.06 (s, 1H, ArH), 7.01-
6.97 (m, 1H, ArH), 6.92-6.89 (m, 1H, ArH), 3.61 (m, 0.04H, CH-COOH, 98% D); '*C NMR (125
MHz, methanol-ds) 6 175.1, 136.6,127.3, 123.2, 121.0, 118.4, 118.1, 110.8, 107.4, 30.0; IR (neat)
2513, 1452, 1342,1331, 1312, 1190, 1001, 947, 922, 741, 664, 610, 575, 426, 419 cm™'; HRMS (ESI)
m/z calc’d for C1oH7D,NNaO; (M + Na)" 200.0651, found 200.0651.

2-([1,1'-biphenyl]-4-yl)acetic-2,2-d; acid (13p-d>)

Ph
O
HO

DD

2-([1,1'-biphenyl]-4-yl)acetic acid 13p (42.4 mg, 0.20 mmol) was used as a substrate and DMSO (0.50
mL) was used as a co-solvent. The reaction was performed at 60 °C. The product 13p-d, was obtained
after silica gel flash chromatography (1% MeOH in CH:Cl; as eluent). (white solid, 97% deuterated,
84% yield, 36.1 mg); '"H NMR (500 MHz, CDCl3) § 7.58-7.56 (m, 4H, ArH), 7.43 (t,J = 7.5 Hz, 2H,
ArH), 7.38-7.33 (m, 3H, ArH), 3.69 (m, 0.06H, CH-COOH, 97% D); *C NMR (125 MHz, CDCl3) §
177.7, 140.7, 140.4, 132.2, 129.8, 128.8, 127.4, 127.3, 127.1, 40.1; IR (neat) 1684, 1487, 1406, 1323,
1242, 1049, 1007, 928, 858, 760, 739, 696, 660, 432, 419 ¢cm™'; HRMS (ESI) m/z calc’d for
Ci4Hi9D2NaO; (M + Na)" 237.0855, found 237.0855.
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2-(11-0x0-6,11-dihydrodibenzo[b,e]oxepin-2-yl)acetic-2,2-d; acid (13q-d>)
O

t L
Ho Y
DD o
2-(11-0x0-6,11-dihydrodibenzo[b,e]oxepin-2-yl)acetic acid 13q (53.7 mg, 0.20 mmol) was used as a
substrate and DMSO (0.50 mL) was used as a co-solvent. The reaction was performed at 60 °C. The
product 13q-d> was obtained after silica gel flash chromatography (1% MeOH in CHxCl; as eluent).
(white solid, 90% deuterated, 88% yield, 47.6 mg); '"H NMR (500 MHz, CDCl3) § 8.13 (d, /= 2.5 Hz,
1H, ArH), 7.89 (d, J= 7.5 Hz, 1H, ArH), 7.56 (t,J= 7.5 Hz, 1H, ArH), 7.47 (t, J= 7.5 Hz, 1H, ArH),
7.42 (dd, J=8.5,2.5 Hz, 1H, ArH), 7.36 (d,J= 7.5 Hz, 1H, ArH), 7.04 (d, /= 8.5 Hz, 1H, ArH), 5.19
(s, 2H, ArOCH>), 3.66 (m, 0.21H, CH-COOH, 90% D); '*C NMR (125 MHz, CDCl3) § 190.9, 177.4,
160.6, 140.4, 136.3, 135.5, 132.8, 132.6, 129.5, 129.3, 127.8, 127.0, 125.2, 121.2, 73.6, 39.5; IR (neat)
1709, 1641, 1493, 1402, 1300, 1287, 1223, 1204, 1142, 1123, 1018, 827, 756, 669, 638 cm™'; HRMS
(ESI) m/z cale’d for CisHioD2NaO4 (M + Na)" 293.0753, found 293.0757.

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetic-2,2-d; acid (13r-d2)

MeO Cl
O
~ N
HO 0
D D Me

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl- 1 H-indol-3-yl)acetic acid 13r (71.6 mg, 0.20 mmol) was
used as a substrate and DMSO (0.50 mL) was used as a co-solvent. The product 13r-d, was obtained
after silica gel flash chromatography (1% MeOH in CH:Cl; as eluent). (white solid, 94% deuterated,
84% yield, 60.7 mg); '"H NMR (500 MHz, CDCl3) § 7.66 (d, J = 8.0 Hz, 2H, ArH), 7.47 (d, J = 8.0
Hz, 2H, ArH), 6.95 (d, J=2.5 Hz, 1H, ArH), 6.85 (d,J=9.0 Hz, 1H, ArH), 6.67 (dd, J=9.0, 2.5 Hz,
1H, ArH), 3.83 (s, 3H, ArOCHj), 3.68 (m, 0.12H, CH>COOH, 94% D), 2.39 (s, 3H, ArCH;); *C NMR
(125 MHz, CDCl3) 6 176.6, 168.3, 156.1,139.3, 136.3, 133.8, 131.2, 130.8, 130.4, 129.1, 115.0, 111.8,
111.7,101.3,55.7,29.5, 13.3; IR (neat) 1674, 1477, 1352, 1329, 1300, 1287, 1225, 1213, 1163, 1094,
1038, 999, 847, 810, 733 cm™'; HRMS (ESI) m/z calc’d for C19H14D>CINNaO4 (M + Na)* 382.0786,
found 382.0800.
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(Z)-2-(5-fluoro-2-methyl-1-(4-(methylsulfinyl)benzylidene)-1 H-inden-3-yl)acetic-2,2-d,  acid
(13s-d>)

Q
S-Me
. % &
HO
D D Me
(2)-2-(5-fluoro-2-methyl-1-(4-(methylsulfinyl)benzylidene)-1 H-inden-3-yl)acetic acid 13s (71.3 mg,

E

0.20 mmol) was used as a substrate and DMSO (0.50 mL) was used as a co-solvent. The reaction was
performed at 60 °C. The product 13s-d> was obtained after silica gel flash chromatography (5% MeOH
in CH,Cl, as eluent). (yellow solid, 98% deuterated, 72% yield, 51.8 mg); '"H NMR (500 MHz, CDCls)
0 7.71 (d, J= 8.5 Hz, 2H, ArH), 7.64 (d, J = 8.5 Hz, 2H, ArH), 7.15 (s, 1H, C=CH), 7.11 (dd, J=8.5,
5.0 Hz, 1H, ArH), 6.89 (dd, J = 8.5, 2.5 Hz, 1H, ArH), 6.54 (dt, /= 9.0, 2.5 Hz, 1H, ArH), 3.57 (m,
0.03H, CH>COOH, 98% D), 2.83 (s, 3H, SOCH3), 2.21 (s, 3H, ArCH3); '*C NMR (125 MHz, CDCls)
0 174.5,163.3 (d,J=246.7 Hz), 146.7 (d,J=8.7 Hz), 144.4, 141.7, 139.9, 138.3, 131.6, 130.3, 129.5
(d, J=2.8 Hz), 128.1, 124.0, 123.6 (d, J = 8.9 Hz), 110.8 (d, J = 22.8 Hz), 106.2 (d, J = 23.8 Hz),
43.4,31.0, 10.5; IR (neat) 1713, 1599, 1464, 1246, 1184, 1022, 1005, 959, 881, 851, 814, 727, 577,
538, 438 cm™!; HRMS (ESI) m/z calc’d for CooHisD2FNaOsS (M + Na)* 381.0900, found 381.0901.

2-(5-(4-chlorobenzoyl)-1,4-dimethyl-1H-pyrrol-2-yl)acetic-2,2-d acid (13t-d>)

Cl
Me
O [ \
HO N o)
D D Me

sodium 2-(5-(4-chlorobenzoyl)-1,4-dimethyl-1H-pyrrol-2-yl)acetate 13t-Na (62.7 mg, 0.20 mmol)
was used as a substrate and DMSO (0.50 mL) was used as a co-solvent without the addition of K»CO:s.
The reaction was performed at 60 °C. The product 13t-d; was obtained after silica gel flash
chromatography (2% MeOH in CH>Cl, as eluent). (white solid, 98% deuterated, 83% yield, 48.9 mg);
"H NMR (500 MHz, CDCl3) & 7.66 (d, J = 9.0 Hz, 2H, ArH), 7.42 (d, J = 9.0 Hz, 2H, ArH), 5.97 (s,
1H, ArH), 3.75 (m, 3.03H, NCH; + CH-COOH, 98% D), 1.75 (s, 3H, ArCHj); '*C NMR (125 MHz,
CDCl3) 6 186.6, 174.3, 139.1, 138.1, 132.2, 130.6, 129.9, 129.1, 128.7, 112.7, 33.1, 31.8, 14.4; IR
(neat) 1611, 1593, 1449, 1396, 1379, 1265, 1184, 1169, 1088, 934, 791, 754, 735, 698, 652 cm™*;
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HRMS (ESI) m/z calc’d for CisHi,D>CINNaO3 (M + Na)* 316.0680, found 316.0692.

2-(3-benzoylphenyl)propanoic-2-d acid (13u-d)

2-(3-benzoylphenyl)propanoic acid 13u (50.9 mg, 0.20 mmol) was used as a substrate and DMSO
(0.50 mL) was used as a co-solvent. The product 13u-d was obtained after silica gel flash
chromatography (1% MeOH in CH>Cl, as eluent). (white solid, 98% deuterated, 99% yield, 50.5 mg);
"H NMR (500 MHz, CDCl3) § 7.80-7.78 (m, 3H, ArH), 7.70-7.68 (m, 1H, ArH), 7.60-7.56 (m, 2H,
ArH), 7.49-7.43 (m, 3H, ArH), 3.83 (q,J=7.0 Hz, 0.02H, CHCOOH, 98% D), 1.55 (s, 3H, CDCH3);
3C NMR (125 MHz, CDCl3) 6 196.5, 180.1, 140.0, 137.9, 137.4, 132.5, 131.6, 130.1, 129.3, 129.3,
128.6, 128.3, 44.8, 18.0; IR (neat) 2361, 2342, 1651, 1283, 1138, 962, 937, 924, 716, 700, 689, 669,
642, 602, 438 cm™'; HRMS (ESI) m/z calc’d for C16Hi;3DNaOs (M + Na)* 278.0898, found 278.0909.

2-(4-((2-oxocyclopentyl-1,3,3-d3)methyl)phenyl)propanoic-2-d acid (13v-dy)

2-(4-((2-oxocyclopentyl-1,3,3-d3)methyl)phenyl)propanoic acid 13v (49.3 mg, 0.20 mmol) was used
as a substrate and DMSO (0.50 mL) was used as a co-solvent. The product 13v-ds was obtained after
silica gel flash chromatography (1% MeOH in CH2Cl: as eluent). (colorless liquid, D.: 98% deuterated,
Dy: 78% deuterated, De: 83% deuterated, 96% yield, 47.9 mg); "H NMR (500 MHz, CDCl3) § 7.23 (d,
J=28.5Hz, 2H, ArH), 7.12 (d, J = 8.5 Hz, 2H, ArH), 3.71 (q, J = 7.0 Hz, 0.03H, CHCOOH, 98% D),
3.11 (d, J= 14.0 Hz, 1H, ArCH>), 2.50 (d, J = 14.0 Hz, 1H, ArCH>), 2.32-2.30 (m, 0.33H, COCH>,
83% D), 2.09-2.06 (m, 1.22H, CH>CH; + COCH, 78% D), 1.96-1.92 (m, 1H, CH>CH>), 1.75-1.69
(m, 1H, CH>CH,), 1.57-1.50 (m, 1H, CH>CH,), 1.49 (s, 3H CDCHj); *C NMR (125 MHz, CDCl;) §
180.6, 139.2, 137.6, 129.2, 127.6, 50.5, 44.6, 37.7, 35.1, 29.1, 20.3, 18.0; IR (neat) 1730, 1701, 1512,
1287, 1209, 1130, 1092, 939, 910, 864, 837, 731, 569, 509, 405 cm™'; HRMS (ESI) m/z calc’d for

CisH14DsNaO; (M + Na)" 273.1399, found 273.1406.
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1,2,3,4-tetrahydronaphthalene-1-carboxylic-1-d acid (13w-d)

9

HO

1,2,3,4-tetrahydronaphthalene-1-carboxylic acid 13w (35.2 mg, 0.20 mmol) was used as a substrate.
The product 13w-d was obtained without silica gel flash chromatography. (white solid, 99% deuterated,
100% yield, 35.6 mg); '"H NMR (500 MHz, CDCl3) § 7.23-7.10 (m, 4H, ArH), 3.85 (t, J = 6.0 Hz,
0.01H, CHCOOH, 99% D), 2.87-2.81 (m, 1H, ArCH>), 2.79-2.73 (m, 1H, ArCH>), 2.21-2.17 (m, 1H,
Alkyl), 2.05-1.94 (m, 2H, Alkyl), 1.83-1.75 (m, 1H, Alkyl); *C NMR (125 MHz, CDCl3) § 181.5,
137.3, 132.4, 129.6, 129.5, 127.1, 125.8, 44.1, 29.1, 26.4, 20.4; IR (neat) 2357, 1684, 1495, 1402,
1290, 1279, 1219, 1184, 951, 926, 735, 702, 677, 484, 434 cm™'; HRMS (ESI) m/z calc’d for
C11Hi1DNaO; (M + Na)* 200.0792, found 200.0792.

N-(tert-butoxycarbonyl)- V-methylglycine-2,2-d; (13x-d>)

Q Eoc
HO "Me
DD

N-(tert-butoxycarbonyl)-N-methylglycine 13x (37.8 mg, 0.20 mmol) was used as a substrate. The
reaction was performed at 60 °C. The product 13x-d» was obtained without silica gel flash
chromatography. (white solid, 91% deuterated, 68% yield, 26.1 mg); '"H NMR (500 MHz, CDCls)
(rotamer mixture) 6 2.94 (s, 3H, NCHj3), 2.68 (m, 0.18H, CH>COOH, 91% D), 1.47-1.44 (m, 9H,
NCOOC(CHj)3); *C NMR (125 MHz, CDCl3) (rotamer mixture) 5 175.1, 174.6, 156.5, 155.5, 80.6,
80.5, 50.2, 35.6, 35.4, 28.3, 28.2; IR (neat) 1744, 1638, 1449, 1396, 1368, 1223, 1159, 1092, 1049,
1020, 853, 831, 822, 766, 673 cm™'; HRMS (ESI) m/z calc’d for CsHi3D2NNaO4 (M + Na)* 214.1019,
found 214.1026.

2-(1,3-dioxoisoindolin-2-yl)propanoic-2-d acid (13y-d)

)
0

HO)S(N

Me D O
2-(1,3-dioxoisoindolin-2-yl)propanoic acid 13y (43.8 mg, 0.20 mmol) was used as a substrate. The

product 13y-d was obtained without silica gel flash chromatography. (white solid, 98% deuterated,
93% yield, 40.7 mg); 'H NMR (500 MHz, CDCl3) § 7.87-7.86 (m, 2H, AtH), 7.74-7.73 (m, 2H, ArH),
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5.04 (q,J = 7.5 Hz, 0.02H, CHCOOH, 98% D), 1.72 (s, 3H, CDCH5); '*C NMR (125 MHz, CDCls)
5 175.6, 1674, 134.2, 131.8, 123.6, 47.0, 14.9; IR (neat) 2359, 2342, 1707, 1389, 1306, 1190, 961,
916, 745, 718, 706, 692, 669, 625, 529 cm'; HRMS (ESI) m/z calc’d for Ci;HsDNNaO; (M + Na)*
243.0487, found 243.0493.

2-(2,4-dichlorophenoxy)acetic-2,2-d; acid (13z-d»)
O Cl

HO)S(O

DD
Cl

2-(2,4-dichlorophenoxy)acetic acid 13z (44.2 mg, 0.20 mmol) was used as a substrate and DMF (0.50
mL) was used as a co-solvent. The reaction was performed at 60 °C. The product 13z-d> was obtained
after silica gel flash chromatography (5% MeOH in CH:Cl; as eluent). (white solid, 87% deuterated,
93% yield, 41.4 mg); "H NMR (500 MHz, CDCl3) § 7.41 (d, J= 2.5 Hz, 1H, ArH), 7.19 (dd, J = 9.0,
2.5 Hz, 1H, ArH), 6.82 (d, J=9.0 Hz, 1H, ArH), 4.72 (m, 0.27H, CH-COOH, 87% D); *C NMR (125
MHz, CDCls) & 172.4, 152.0, 130.5, 127.7, 127.6, 124.3, 114.9, 65.5; IR (neat) 1722, 1477, 1288,
1248, 1233, 1130, 1103, 1057, 872, 827, 793, 708, 677, 638, 438 cm™'; HRMS (ESI) m/z calc’d for
CsHsD,ClLNaOs (M + Na)* 244.9712, found 244.9715.

2-((1-benzyl-1H-indazol-3-yl)oxy)acetic-2,2-d, acid (13a-d>)
O

O__N

DD

2-((1-benzyl-1H-indazol-3-yl)oxy)acetic acid 13a (56.5 mg, 0.20 mmol) was used as a substrate and
DMF (0.50 mL) was used as a co-solvent. The reaction was performed at 60 °C. The product 13a-d»
was obtained after silica gel flash chromatography (2% MeOH in CH2Cl: as eluent). (white solid, 91%
deuterated, 82% yield, 46.6 mg); '"H NMR (500 MHz, methanol-ds) § 7.71 (d, J = 8.0 Hz, 1H, ArH),
7.38-7.33 (m, 2H, ArH), 7.29-7.26 (m, 2H, ArH), 7.24-7.21 (m, 1H, ArH), 7.18 (d, J = 7.5 Hz, 2H,
ArH), 7.09-7.06 (m, 1H, ArH), 5.43 (s, 2H, NCH,Ph), 4.95 (m, 0.19H, CH>COOH, 91% D); *C NMR
(125 MHz, methanol-ds) 6 171.1, 154.8, 141.9, 137.6, 128.1, 127.3,127.1, 126.7, 119.4, 119.2, 112.3,
108.9, 64.3, 51.5; IR (neat) 2361, 1719, 1707, 1701, 1522, 1352, 1190, 1128, 748, 741, 700, 669, 656,
648, 623 cm™'; HRMS (ESI) m/z calc’d for Ci6Hi2D2N2NaOs (M + Na)* 307.1022, found 307.1022.
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2-((2,5-dichlorophenyl)thio)acetic-2,2-d; acid (13p-d>)

o) Cl
o 5
DD

Cl

2-((2,5-dichlorophenyl)thio)acetic acid 13 (47.4 mg, 0.20 mmol) was used as a substrate. The
reaction was performed at 60 °C. The product 13p-d» was obtained without silica gel flash
chromatography. (white solid, 97% deuterated, 98% yield, 47.0 mg); '"H NMR (500 MHz, CDCl3) §
7.37(d,J=2.0Hz, 1H, ArH), 7.32 (d, J=8.5 Hz, 1H, ArH), 7.15 (dd, J= 8.5, 2.0 Hz, 1H, ArH), 3.93
(m, 0.06H, CH>COOH, 97% D); '3C NMR (125 MHz, CDCls) § 174.3, 135.6, 133.2, 132.2, 130.7,
129.0, 127.8, 34.2; IR (neat) 2361, 1701, 1447, 1283, 1101, 1034, 1016, 885, 841, 804, 681, 644, 575,
544, 407 cm™'; HRMS (ESI) m/z calc’d for CsHsD>C1,NaO,S (M + Na)™ 260.9483, found 260.9483.
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2-6. Transformation of the Products

benzyl 4-(4-methoxyphenyl)butanoate-2,2-d; (14-d>)

0 OMe
BnO

DD

4-(4-methoxyphenyl)butanoic-2,2-d> acid 13a-d, (39.2 mg, 0.20 mmol, 94% deuterated), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (57.5 mg, 0.30 mmol) and DMAP (2.4 mg,

0.02 mmol) were added followed by the addition of CH>Cl, (1.0 mL, 0.20 M) and benzyl alcohol (31

uL, 0.30 mmol). The reaction mixture was stirred for 6 h at room temperature. The resultant mixture
was added 1 M HCl aq and extracted with CH2Cl. After removal of the solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (5% EtOAc in n-hexane as eluent)

to obtain 14-d,. (colorless liquid, 94% deuterated, 86% yield, 49.5 mg); 'H NMR (500 MHz, CDCl;)

0 7.38-7.30 (m, 5H, ArH), 7.06 (d, J = 8.5 Hz, 2H, ArH), 6.81 (d, J = 8.5 Hz, 2H, ArH), 5.11 (s, 2H,

PhCH>), 3.78 (s, 3H, ArOCH}3), 2.58 (t, J = 7.5 Hz, 2H, ArCH>), 2.34 (m, 0.12H, CH>COOCH:Ph,

94% D), 1.93 (t, J = 7.5 Hz, 2H, ArCH,CH>); *C NMR (125 MHz, CDCl;) & 173.4, 157.9, 136.1,

133.4,129.4,128.6, 128.2,128.2, 113.8, 66.1, 55.2,34.1, 33.0, 26.6; IR (neat) 1730, 1510, 1454, 1300,
1242, 1175, 1113, 1061, 1034, 972, 829, 748, 735, 696, 519 cm™'; HRMS (ESI) m/z calc’d for
CisHisD2NaO; (M + Na)™ 309.1430, found 309.1447.

ethyl (4-(4-methoxyphenyl)butanoyl-2,2-d>)glycinate (15-d>)

oM
o e
E
tO N
H

9] DD
4-(4-methoxyphenyl)butanoic-2,2-d> acid 13a-d» (19.6 mg, 0.10 mmol, 94% deuterated), glycine
methyl ester hydrochloride (20.9 mg, 0.15 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (28.8 mg, 0.15 mmol) and DMAP (1.2 mg, 0.01 mmol) were added followed by the
addition of CH2Cl> (0.50 mL, 0.20 M) and triethylamine (25 pL, 0.18 mmol). The reaction mixture
was stirred for 15 h at room temperature. The resultant mixture was added H>O and extracted with
CHxCl. After removal of the solvent under reduced pressure, the resulting residue was purified by
silica gel flash chromatography (33% EtOAc in n-hexane as eluent) to obtain 15-d,. (white solid, 97%
deuterated, 80% yield, 22.4 mg); "H NMR (500 MHz, CDCl;) § 7.10 (d, J = 8.5 Hz, 2H, ArH), 6.83
(d, J=8.5 Hz, 2H, ArH), 5.88 (br, 1H, NH), 4.22 (q, J = 7.0 Hz, 2H, COOCH-CH3), 4.03 (d, /= 5.0
Hz, 2H, NHCH:>COOE), 3.79 (s, 3H, ArOCHj3), 2.61 (t, J = 7.5 Hz, 2H, ArCH>), 2.22 (m, 0.07H,
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CH>CONH, 97% D), 1.94 (t,J=7.5 Hz, 2H, CH:CD>,CONH), 1.29 (t,J = 7.0 Hz, 3H, COOCH,CH5);
3C NMR (125 MHz, CDCl3) § 172.9, 170.1, 157.9, 133.5, 129.4, 113.8, 61.5, 55.3, 41.3, 34.8, 34.1,
27.0, 14.1; IR (neat) 1755, 1746, 1638, 1611, 1512, 1420, 1377, 1244, 1182, 1111, 1032, 1015, 833,
694, 567 cm™!; HRMS (ESI) m/z calc’d for C15sH19D2NNaOs (M + Na)* 304.1488, found 304.1500.

4-(4-methoxyphenyl)butan-2,2-d,-1-o0l (16-d>)

OMe
How

DD

4-(4-methoxyphenyl)butanoic-2,2-d> acid 13a-d; (19.6 mg, 0.10 mmol, 94% deuterated) and lithium
aluminum hydride (9.5 mg, 0.25 mmol) were added followed by the addition of THF (1.0 mL, 0.10
M). After the reaction mixture was stirred for 19 h at room temperature, the reaction mixture was
diluted with EtOAc 1.0 mL and MeOH 2.0 mL. After removal of the solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (20% EtOAc in n-hexane as
eluent) to obtain 16-da. (colorless liquid, 96% deuterated, 68% yield, 12.3 mg); 'H NMR (500 MHz,
CDCl3) 6 7.10 (d, J = 8.5 Hz, 2H, ArH), 6.82 (d, J = 8.5 Hz, 2H, ArH), 3.79 (s, 3H, ArOCH3), 3.65 (s,
2H, CH>0H), 2.59 (t, J = 7.5 Hz, 2H, ArCH>), 1.67-1.64 (m, 2.09H, ArCH,CH + CH>CH>0H, 96%
D); *C NMR (125 MHz, CDCl3) § 157.7, 134.4, 129.3, 113.7, 62.7, 55.3, 34.7, 31.5, 27.6; IR (neat)
2922, 1611, 1510, 1441, 1300, 1242, 1177, 1111, 1034, 829, 745, 700, 557, 476, 442 cm™'; HRMS
(ESI) m/z calc’d for C1H14D2NaO> (M + Na)* 205.1168, found 205.1168.

tert-butyl (3-(4-methoxyphenyl)propyl-1,1-d;)carbamate (17-d>)

OMe
BocHN7(\/©/

D D
4-(4-methoxyphenyl)butanoic-2,2-d> acid 13a-d; (19.6 mg, 0.10 mmol, 94% deuterated) was added
followed by the addition of fert-butyl alcohol (0.50 mL, 0.20 M), triethylamine (20 pL, 0.14 mmol)
and diphenylphosphoryl azide (25 puL, 0.12 mmol). The reaction mixture was stirred for 25 h at 85 °C.
The resultant mixture was added sat. NaHCO3 aq and extracted with CH>Cl,. After removal of the
solvent under reduced pressure, the resulting residue was purified by silica gel flash chromatography
(3%—5% EtOAc in n-hexane as eluent) to obtain 17-d,. (white solid, 97% deuterated, 69% yield, 18.5
mg); '"H NMR (500 MHz, CDCl3) § 7.09 (d, J = 8.5 Hz, 2H, ArH), 6.82 (d, J= 8.5 Hz, 2H, ArH), 4.49
(br, 1H, NH), 3.78 (s, 3H, ArOCH3), 3.12 (m, 0.06H, CH:NHBoc, 97% D), 2.58 (t,J = 7.5 Hz, 2H,
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ArCH>), 1.76 (t, J = 7.5 Hz, 2H, CH,CD,NHBoc), 1.44 (s, 9H, NHCOOC(CHj)s); 3C NMR (125
MHz, CDCls) 8 157.9, 156.0, 133.6, 129.2, 113.9, 79.1, 55.3, 39.6, 32.1, 31.7, 28.4; IR (neat) 2361,
2342, 1686, 1522, 1508, 1364, 1273, 1242, 1165, 1061, 1028, 835, 669, 652, 521 cm™"'; HRMS (ESI)
m/z cale’d for C1sHyD:NNaOs (M + Na)* 290.1696, found 290.1705.

1,3-dioxoisoindolin-2-yl 4-(4-methoxyphenyl)butanoate-2,2-d; (18-d>)
@)

0 OMe
N.
(0]

O DD
4-(4-methoxyphenyl)butanoic-2,2-d>» acid 13a-d; (588 mg, 3.0 mmol, 94% deuterated), N-

hydroxyphthalimide (734 mg, 4.5 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (863 mg, 4.5 mmol) and DMAP (36.7 mg, 0.30 mmol) were added followed by the
addition of CH»Cl, (10 mL, 0.30 M) at 0 °C. The cooling bath was removed and the reaction mixture
was stirred for 21 h at room temperature. The resultant mixture was added 1 M HCl aq and extracted
with CH2Cl. After removal of the solvent under reduced pressure, the resulting residue was purified
by silica gel flash chromatography (10%—-20% EtOAc in n-hexane as eluent) to obtain 18-d,. (white
solid, 96% deuterated, 81% yield, 832.8 mg); '"H NMR (500 MHz, CDCl3) § 7.90-7.89 (m, 2H, ArH),
7.80-7.79 (m, 2H, ArH), 7.14 (d, J = 8.0 Hz, 2H, ArH), 6.86 (d, J = 8.0 Hz, 2H, ArH), 3.80 (s, 3H,
ArOCH3), 2.72 (t,J="17.5 Hz, 2H, ArCH>), 2.64 (m, 0.08H, COCH:>, 96% D), 2.07 (t,J=7.5 Hz, 2H,
ArCH,CH>); *C NMR (125 MHz, CDCl3) § 169.5, 162.0, 158.1, 134.8, 132.7, 129.5, 129.0, 124.0,
114.0, 55.3,33.6,29.6,26.4; IR (neat) 1784, 1738, 1514, 1254, 1177, 1130, 1049, 1032, 970, 874, 804,
789, 694, 517, 486 cm™'; HRMS (ESI) m/z calc’d for C19H;sD2NNaOs (M + Na)" 364.1124, found
364.1132.

2-(3-(4-methoxyphenyl)propyl-1,1-d>)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (19-d>)*®

Q\Q OMe
O,B

DD
1,3-dioxoisoindolin-2-yl 4-(4-methoxyphenyl)butanoate-2,2-d> 18-d» (34.1 mg, 0.10 mmol),

bis(catecholato)diboron (29.7 mg, 0.13 mmol) were added followed by the addition of N,N-
dimethylacetamide (1.0 mL, 0.10 M). The reaction mixture was stirred and irradiated using a 40 W
blue LED lamp (3 cm away, with a cooling fan to keep the reaction at room temperature) for 18 h.

After the addition of pinacol (47.3 mg, 0.40 mmol) and triethylamine (0.34 mL, 2.5 mmol), the
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reaction mixture was stirred for 1 h at room temperature. The resultant mixture was added sat. NH4Cl
aq and extracted with CH,Cl,. After removal of the solvent under reduced pressure, the resulting
residue was purified by silica gel flash chromatography (5% EtOAc in n-hexane as eluent) to obtain
19-d;. (colorless liquid, 97% deuterated, 59% yield, 16.3 mg); '"H NMR (500 MHz, CDCl) & 7.09 (d,
J=8.5Hz, 2H, ArH), 6.81 (d, J = 8.5 Hz, 2H, ArH), 3.78 (s, 3H, ArOCH3), 2.54 (t,J= 7.5 Hz, 2H,
ArCH)), 1.68 (t,J="1.5 Hz, 2H, ArCH.CH.), 1.24 (s, 12H, Bpin), 0.78 (m, 0.06H, CH:Bpin, 97% D);
3C NMR (125 MHz, CDCl3) § 157.6, 134.9, 129.4, 113.6, 82.9, 55.3, 37.6, 26.2, 24.8, 10.2; IR (neat)
2361, 1510, 1389, 1352, 1306, 1267, 1242, 1175, 1165, 1144, 1038, 964, 862, 827, 669 cm™'; HRMS
(ESI) m/z cale’d for Ci6H23D2BNaO3 (M + Na)* 301.1914, found 301.1906.

1-methoxy-4-(3-phenylpropyl-3,3-d2)benzene (20-d>)*

DD

1,3-dioxoisoindolin-2-yl 4-(4-methoxyphenyl)butanoate-2,2-d> 18-d> (34.1 mg, 0.10 mmol), NiBr,
diglyme complex (2.5 mg, 0.007 mmol), 4,4'-di-tert-butyl-2,2"-bipyridyl (1.9 mg, 0.007 mmol) and
Zn dust (13.1 mg, 0.20 mmol) were added followed by the addition of N,N-dimethylacetamide (0.50
mL, 0.20 M) and phenyl iodide (15 pL, 0.13 mmol). The reaction mixture was stirred for 25 h at room
temperature. After removal of the solvent under reduced pressure, the resulting residue was purified
by silica gel flash chromatography (1% Et>O in n-hexane as eluent) to obtain 20-da. (colorless liquid,
95% deuterated, 68% yield, 15.5 mg); '"H NMR (500 MHz, CDCl;) § 7.28 (t,J = 7.5 Hz, 2H, ArH),
7.19-7.17 (m, 3H, ArH), 7.10 (d, J = 9.0 Hz, 2H, ArH), 6.83 (d, J = 9.0 Hz, 2H, ArH), 3.79 (s, 3H,
ArOCH;), 2.61-2.58 (m, 2.11H, ArCH> + ArCH>, 95% D), 1.91 (t, J = 7.5 Hz, 2H, CH-CD»Ar); 1*C
NMR (125 MHz, CDCl3) & 157.7, 142.3, 134.4, 129.3, 128.4, 128.3, 125.7, 113.7, 55.3, 34.6, 34.5,
33.0; IR (neat) 1611, 1510, 1495, 1464, 1454, 1447, 1300, 1242, 1177, 1036, 827, 735, 698, 546, 517
cm '; HRMS (ESI) m/z calc’d for Ci16Hi6D2NaO (M + Na)* 251.1375, found 251.1375.

5-(4-methoxyphenyl)-1-phenylpentan-1-one-3,3-d> (21-d)*

] ! OMe

O DD
1,3-dioxoisoindolin-2-yl 4-(4-methoxyphenyl)butanoate-2,2-d> 18-d» (34.1 mg, 0.10 mmol),
triphenylphosphine (5.2 mg, 0.02 mmol) and sodium iodide (22.5 mg, 0.15 mmol) were added
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followed by the addition of acetonitrile (1.0 mL, 0.10 M) and 1-phenyl-1-trimethylsilyloxyethylene
(40 pL, 0.20 mmol). After degassed by sparging with argon for 1 min, the reaction mixture was stirred
and irradiated using a 40 W blue LED lamp (3 cm away, with a cooling fan to keep the reaction at
room temperature) for 24 h. After removal of the solvent under reduced pressure, the resulting residue
was purified by silica gel flash chromatography (5% EtOAc in n-hexane as eluent) to obtain 21-d;.
(white solid, 92% deuterated, 61% yield, 16.5 mg); "H NMR (500 MHz, CDCl3) § 7.94 (d, J= 8.5 Hz,
2H, ArH), 7.55 (t, J="7.5 Hz, 1H, ArH), 7.45 (t, J=7.5 Hz, 2H, ArH), 7.10 (d, /= 9.0 Hz, 2H, ArH),
6.82(d,J=9.0 Hz, 2H, ArH), 3.78 (s, 3H, ArOCH3), 2.97 (s, 2H, PhCOCH>), 2.61 (t,J= 7.5 Hz, 2H,
ArCH>), 1.76 (m, 0.17H, PhACOCH>CH>, 92% D), 1.67 (t,J = 7.5 Hz, 2H, ArCH,CH>); *C NMR (125
MHz, CDCl3) 6 200.4, 157.7, 137.1, 134.4, 132.9, 129.3, 128.6, 128.0, 113.7, 55.3, 38.2, 34.8, 31.1,
23.2; IR (neat) 1678, 1508, 1236, 1221, 1177, 1032, 831, 818, 770, 748, 731, 691, 650, 631, 557 cm™*;
HRMS (ESI) m/z calc’d for CisHisD2NaO, (M + Na)™ 293.1481, found 293.1482.

bis(4-fluorophenyl)methanone oxime (S4)
.OH
N O

BSOS

4,4'-difluorobenzophenone (1.09 g, 5.0 mmol), hydroxylamine hydrochloride (0.56 g, 8.0 mmol) and
sodium acetate (0.82 g, 10 mmol) were added followed by the addition of EtOH (10 mL) and H,O
(2.5 mL). The mixture was stirred under argon at 80 °C for 23 h. The resultant mixture was added H,O
and extracted with CH,Cl,. After removal of the solvent under reduced pressure, the residual solid
was gathered as S4. (white solid, 95% yield, 1.11 g); CAS Registry Number 363-02-0; "H NMR (500
MHz, CDCls) 8 7.95 (br, 1H, OH), 7.44 (dd, J= 8.5, 5.5 Hz, 2H, ArH), 7.40 (dd, J = 8.5, 5.5 Hz, 2H,
ArH), 7.16 (dd, J = 8.5, 8.5 Hz, 2H, ArH), 7.03 (dd, J = 8.5, 8.5 Hz, 2H, ArH); *C NMR (125 MHz,

CDCls) § 163.7 (d, J = 249.8 Hz), 163.0 (d, J = 249.4 Hz), 156.4, 132.3 (d,J = 3.0 Hz), 131.4 (d,J =
8.3 Hz), 129.7 (d, J = 8.4 Hz), 128.2 (d, J= 3.6 Hz), 115.4 (d, J=21.8 Hz), 115.4 (d, J = 21.8 Hz).
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2-(4-(((bis(4-fluorophenyl)methylene)amino)oxy)-2-(4-chlorophenyl)-4-oxobutyl-3,3-
d>)isoindoline-1,3-dione (22-d,)

F NPht
QU
N.
@)

‘ DD o
F

3-(4-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)butanoic acid 13e (289 mg, 0.80 mmol), K»COs (11.1
mg, 0.08 mmol) and DMAP (9.8 mg, 0.08 mmol) were added followed by the addition of acetone-ds
(2.0 mL, 27 mmol), DMSO (2.0 mL) and pivalic anhydride (32 pL, 0.16 mmol). The reaction mixture
was stirred under argon at 40 °C for 48 h. After the reaction mixture was added D,O (0.50 mL), stirring
at room temperature for 1 h. The reaction mixture was added 1 M HCIl aq and extracted with CH>Cla,
and the solvent was removed under reduced pressure. Then, 2.0 mL of CH,Cly/formic acid = 4/1 was
added to the residue, and evaporation was carried out for the removal of pivalic acid. This azeotropic
operation was performed three times. After the additional azeotropic operation with toluene three
times, the residual solid 13e-d> was used in the next step without further purification. To the gathered
solid, bis(4-fluorophenyl)methanone oxime S4 (187 mg, 0.80 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (184 mg, 0.96 mmol) and DMAP (9.8 mg, 0.08 mmol) were added
followed by the addition of CH2Cl, (8.0 mL, 0.10 M). The reaction mixture was stirred for 14 h at
room temperature. The resultant mixture was added H.O and extracted with CH>Cl. After removal of
the solvent under reduced pressure, the resulting residue was purified by silica gel flash
chromatography (20% EtOAc in n-hexane as eluent) to obtain 22-d>. (white solid, 96% deuterated,
89% yield, 397.9 mg); 'H NMR (500 MHz, CDCl3) & 7.81-7.79 (m, 2H, ArH), 7.70-7.69 (m, 2H,
ArH), 7.48 (dd, J = 9.0, 5.5 Hz, 2H, ArH), 7.21 (d, J = 8.5 Hz, 2H, ArH), 7.17-7.15 (m, 4H, ArH),
7.11 (d, J = 8.5 Hz, 2H, ArH), 7.02 (dd, J = 8.5, 8.5 Hz, 2H, ArH), 3.91-3.81 (m, 2H, NCH>), 3.70 (t,
J = 8.0 Hz, 1H, ArCH), 2.74-2.64 (m, 0.09H, CH,COOH, 96% D); *C NMR (125 MHz, CDCl3) &
168.5,168.0, 164.6 (d,J=252.4 Hz), 163.3 (d, /=250.8 Hz), 163.0, 138.3, 134.1, 133.2, 131.7, 131.1
(d,J=8.7Hz), 131.0 (d, /=8.3 Hz), 130.6 (d, /= 3.4 Hz), 129.1, 128.9, 128.0 (d, /= 3.6 Hz), 123 .4,
115.6 (d, J = 21.8 Hz), 115.6 (d, J = 21.9 Hz), 42.7, 40.1, 36.8; IR (neat) 1767, 1709, 1506, 1395,
1358, 1319, 1221, 1155, 1126, 1090, 980, 841, 719, 594, 530 cm™'; HRMS (ESI) m/z calc’d for
C31H19D,CIF,N2NaO4 (M + Na)* 583.1176, found 583.1174.
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2-(2-(4-chlorophenyl)propyl-3,3,3-ds)isoindoline-1,3-dione (23-ds)*!

NPht

Cl

2-(4-(((bis(4-fluorophenyl)methylene)amino)oxy)-2-(4-chlorophenyl)-4-oxobutyl-3,3-
d>)isoindoline-1,3-dione 22-d> (56.1 mg, 0.10 mmol) and (Ir[dF(CF3)ppy].(dtbbpy))PFs (1.1 mg,
0.001 mmol) were added followed by the addition of CDCI3 (1.0 mL, 0.10 M). After degassed by
sparging with argon for 1 min, the reaction mixture was stirred and irradiated using a 40 W blue LED
lamp (3 cm away, with a cooling fan to keep the reaction at room temperature) for 15 h. After removal
of the solvent under reduced pressure, the resulting residue was purified by silica gel flash
chromatography (10% EtOAc in n-hexane as eluent) to obtain 23-ds. (yellow solid, 91% deuterated,
48% yield, 14.4 mg); "H NMR (500 MHz, CDCl3) § 7.81-7.79 (m, 2H, ArH), 7.70-7.68 (m, 2H, AtH),
7.23 (d, J=8.5 Hz, 2H, ArH), 7.19 (d, J = 8.5 Hz, 2H, ArH), 3.84 (dd, /= 13.5, 8.0 Hz, 1H, NCH>),
3.75(dd,J=13.5,8.0 Hz, 1H, NCH>), 3.33 (t,/=8.0 Hz, 1H, ArCH), 1.27-1.25 (m, 0.27H, ArCHCH3
(+ ethyl acetate), 91% D); BC NMR (125 MHz, CDCl;) & 168.2, 141.7, 134.0, 132.4, 131.8, 128.7,
128.6, 123.3, 44.6, 37.8, 18.3; IR (neat) 1703, 1491, 1431, 1412, 1395, 1350, 1121, 1088, 1040, 972,
831, 810, 719, 708, 529 cm™'; HRMS (ESI) m/z calc’d for C17H;1D3CINNaO, (M + Na)" 325.0794,
found 325.0794.
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2-7. Total Synthesis of Deuterated EP3 Antagonist*>

1,3-dioxoisoindolin-2-yl 2-phenoxyacetate-d; (24-d>)

0
o
N. OPh
o ¢
o! D D

phenoxyacetic acid (761 mg, 5.0 mmol), K,COs (69.1 mg, 0.50 mmol) and DMAP (61.1 mg, 0.50
mmol) were added followed by the addition of acetone-ds (7.4 mL, 100 mmol), DMF (7.4 mL) and
pivalic anhydride (0.20 mL, 1.0 mmol). The reaction mixture was stirred under argon at 60 °C for 48
h. After the reaction mixture was added D>O (1.0 mL), stirring at room temperature for 1 h. The
reaction mixture was added 1 M HCI aq and extracted with CH>Cl,, and the solvent was removed
under reduced pressure. Then, 2.0 mL of CH,Cly/formic acid = 4/1 was added to the residue, and the
azeotropic evaporation was carried out for the removal of pivalic acid. The additional azeotropic
operation using toluene was performed. The above operation was repeated because the deuterated ratio
was 86%. After the second operation, the deuterated ratio was increased to 96% and the residual solid
was used in the next step without further purification. To the gathered solid, N-hydroxyphthalimide
(979 mg, 6.0 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.15 g, 6.0
mmol) were added followed by the addition of CH>Cl, (25 mL, 0.20 M). The reaction mixture was
stirred for 12 h at room temperature. The resultant mixture was added H>O and extracted with CH>Cl.
After removal of the solvent under reduced pressure, the resulting residue was purified by silica gel
flash chromatography (20% EtOAc in n-hexane as eluent) to obtain 24-d,. (white solid, 95%
deuterated, 63% yield, 944.4 mg); '"H NMR (500 MHz, CDCl3) § 7.91-7.90 (m, 2H, ArH), 7.82-7.80
(m, 2H, ArH), 7.34 (t, J = 7.5 Hz, 2H, ArH), 7.05 (t, /= 7.5 Hz, 1H, ArH), 7.00 (d, J = 7.5 Hz, 2H,
ArH), 5.04 (m, 0.10H, CH,OPh, 95% D); *C NMR (125 MHz, CDCl3) § 165.6, 161.5, 157.3, 134.9,
129.7, 128.8, 124.1, 122.4, 114.8, 62.9; IR (neat) 1740, 1736, 1495, 1238, 1180, 1092, 1080, 1024,
980, 872, 748, 692, 685, 517, 507 cm™'; HRMS (ESI) m/z calc’d for CisHoDNNaOs (M + Na)*
322.0655, found 322.0654.

tert-butyl (3-methyl-1-phenylbutyl-1-d)carbamate (S5-d)

BocHN D Me
Ph Me

lithium bis(trimethylsilyl)amide (920 mg, 5.5 mmol) was added followed by the addition of THF (20

152



mL, 0.25 M) and ethyl phenylacetate (0.80 mL, 5.0 mmol) were added. After stirring for 1 h at room
temperature, 1-iodo-2-methylpropane (0.86 mL, 7.5 mmol) was added to the reaction mixture. The
reaction mixture was stirred for 20 h at room temperature. The resultant mixture was added sat. NH4Cl
aq and extracted with CH,Clo. Then, the combined organic layer was added sat. NaHCO3 aq and
extracted with CH,Cl,. After removal of the solvent under reduced pressure, the resultant residue was
conducted short pad column with EtOAc. The obtained liquid was used in the next step without further
purification. To the gathered liquid, THF (5.0 mL), MeOH (5.0 mL), H,O (5.0 mL) and NaOH (1.0
g, 25 mmol) were added at 0 °C. The cooling bath was removed and the mixture was stirred for 3 h at
room temperature. The resultant mixture was added 1 M HCI aq and extracted with CH>Cl,. After
removal of the solvent under reduced pressure, the residual solid was used in the next step without
further purification. To the gathered solid, K»COs (69.1 mg, 0.50 mmol) and DMAP (61.1 mg, 0.50
mmol) were added followed by the addition of acetone-ds (7.4 mL, 100 mmol) and pivalic anhydride
(0.20 mL, 1.0 mmol). The reaction mixture was stirred under argon at 40 °C for 48 h. After the reaction
mixture was added D0 (1.0 mL), stirring at room temperature for 1 h. The reaction mixture was added
1 M HCI aq and extracted with CH2Cl», and the solvent was removed under reduced pressure. Then,
2.0 mL of CHxCly/formic acid = 4/1 was added to the residue, and the azeotropic evaporation was
carried out for the removal of pivalic acid. The above operation was repeated because the deuterated
ratio was 88%. After the second operation, the deuterated ratio was increased to 98% and the residual
solid was used in the next step without further purification. To the gathered solid, ter#-butyl alcohol
(25 mL, 0.20 M), triethylamine (0.97 mL, 7.0 mmol) and diphenylphosphoryl azide (1.29 mL, 6.0
mmol) were added. The reaction mixture was stirred for 16 h at 80 °C. The resultant mixture was
added sat. NaHCOj3 aq and extracted with EtOAc. After removal of the solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (3% EtOAc in n-hexane as eluent)
to obtain S5-d. (white solid, 95% deuterated, 64% yield, 847.9 mg); '"H NMR (500 MHz, CDCls)
(rotamer mixture) 6 7.33-7.30 (m, 2H, ArH), 7.27-7.22 (m, 3H, ArH), 5.24 (m, 0.05H, ArCH, 95%
D), 4.74 (br, 1H, NH), 1.62-1.55 (m, 3H, ArCDCH: + ArCDCH,CH), 1.41 (br, 9H, NCOOC(CHj3)3),
0.94-0.92 (m, 6H, CH(CH3);); *C NMR (125 MHz, CDCl;) (rotamer mixture) § 155.7, 155.1, 143.4,
141.9, 128.8, 128.5, 127.6, 127.1, 126.4, 126.3, 79.3, 53.4, 52.7, 46.2, 45.3, 28.4, 24.9, 22.6, 22.6,
22.5,22.3; IR (neat) 1680, 1506, 1464, 1449, 1366, 1250, 1169, 1067, 999, 746, 700, 617, 596, 579,
557 cm™'; HRMS (ESI) m/z calc’d for C1sH24DNNaO, (M + Na)* 287.1840, found 287.1840.
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3-methyl-1-phenylbutan-1-d-1-amine (25-d)

D
H,N Me

Ph Me

tert-butyl (3-methyl-1-phenylbutyl-1-d)carbamate S5-d (264 mg, 1.0 mmol) was added followed by
the addition of 4 M HCl in 1,4-dioxane (5.0 mL, 0.20 M). The reaction mixture was stirred for 2 h at
room temperature. After removal of the solvent under reduced pressure, the resulting residue was
purified by silica gel flash chromatography (2—10% MeOH in CH»Cl; as eluent). The obtained solid
was added sat. NaHCO3 aq and extracted with CH>Cl.. After removal of the solvent under reduced
pressure, the residual liquid was gathered as 25-d. (yellow liquid, 98% deuterated, 95% yield, 156.8
mg); '"H NMR (500 MHz, CDCl3) & 7.34-7.30 (m, 4H, ArH), 7.25-7.22 (m, 1H, ArH), 3.95 (t,J=17.5
Hz, 0.02H, ArCH, 98% D), 1.57-1.50 (m, 3H, ArCDCH; + ArCDCH,CH), 0.93-0.89 (m, 6H,
CH(CH3);3); '*C NMR (125 MHz, CDCl3) § 147.0, 128.5, 126.8, 126.3, 53.7, 48.8, 25.1, 22.8, 22.5;
IR (neat) 2953, 2926, 2866, 1491, 1466, 1447, 1366, 858, 829, 754, 698, 604, 583, 546, 536 cm™';
HRMS (ESI) m/z calc’d for C;;Hij7sDN (M + H)* 165.1497, found 165.1497.

tert-butyl 2-bromo-5-iodobenzoate (27)*
Br
BuO

0]
2-bromo-5-iodobenzoic acid 26 (1.63 g, 5.0 mmol) and DMAP (61.1 mg, 0.50 mmol) were added

followed by the addition of zerz-butyl alcohol (10 mL, 0.50 M) and di-terz-butyl dicarbonate (2.30 mL,
10 mmol). The mixture was stirred under argon at 80 °C for 5 h. The resultant mixture was added sat.
NaHCO:s aq and extracted with CH>Cl,. Then, the combined organic layer was added 1 M HCl aq and
extracted with CH>Cl,. After removal of the solvent under reduced pressure, the residual liquid was
gathered as 27. (brown liquid, 93% yield, 1.77 g); CAS Registry Number 1854600-90-0; '"H NMR
(500 MHz, CDCl3) 6 7.95 (d, J = 2.0 Hz, 1H, ArH), 7.57 (dd, J = 8.5, 2.0 Hz, 1H, ArH), 7.33 (d, /=
8.5 Hz, 1H, ArH), 1.60 (s, 9H, COOC(CH3)3); '*C NMR (125 MHz, CDCls) & 164.2, 140.7, 139.3,
136.1, 135.6, 120.8, 91.7, 83.3, 28.1.
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tert-butyl 2-bromo-5-(phenoxymethyl-d;)benzoate (28-d»)*
Br
BuO OPh
0] DD

1,3-dioxoisoindolin-2-yl 2-phenoxyacetate-d> 24-d, (898 mg, 3.0 mmol, 95% deuterated), NiBr,
diglyme complex (74.1 mg, 0.21 mmol), 4,4'-di-tert-butyl-2,2'-bipyridyl (56.4 mg, 0.21 mmol) and
Zn dust (392 mg, 6.0 mmol) were added followed by the addition of N,N-dimethylacetamide (3.4 mL,
0.88 M) and tert-butyl 2-bromo-5-iodobenzoate 27 (0.78 mL, 3.6 mmol). The reaction mixture was
stirred for 17 h at room temperature. After removal of the solvent under reduced pressure, the resulting
residue was purified by silica gel flash chromatography (2% EtOAc in n-hexane as eluent) to obtain
28-d,. (pale yellow solid, 95% deuterated, 82% yield, 899.6 mg); 'H NMR (500 MHz, CDCl3) § 7.74
(d, J=2.5Hz, 1H, AtH), 7.62 (d, J = 8.0 Hz, 1H, ArH), 7.36 (dd, J= 8.0, 2.5 Hz, 1H, ArH), 7.30 (dd,
J=28.5,7.5 Hz, 2H, ArH), 6.99-6.94 (m, 3H, ArH), 5.03-5.02 (m, 0.10H, CH>OPh, 95% D), 1.62 (s,
9H, COOC(CHs3)3); *C NMR (125 MHz, CDCls) § 165.5, 158.4, 136.4, 134.5, 134.3, 130.7, 129.7,
129.6,121.3,120.3, 114.8, 82.8, 68.1, 28.2; IR (neat) 1728, 1487, 1371, 1250, 1231, 1161, 1136, 1115,
1101, 1086, 1024, 839, 799, 758, 692 cm™'; HRMS (ESI) m/z calc’d for C1sH;7D,BrNaOs (M + Na)*
387.0535, found 387.0535.

tert-butyl (E)-2-(3-butoxy-3-oxoprop-1-en-1-yl)-5-(phenoxymethyl-d>)benzoate (29-d>)
O
"BuO

BuO OPh
0] D D
tert-butyl 2-bromo-5-(phenoxymethyl-d>)benzoate 28-d> (781 mg, 2.1 mmol), Pd(OAc), (47.1 mg,
0.21 mmol) and triphenylphosphine (110 mg, 0.42 mmol) were added followed by the addition of
toluene (10.7 mL, 0.20 M), n-butyl acrylate (0.61 mL, 4.3 mmol) and triethylamine (0.36 mL, 2.6
mmol). The reaction mixture was stirred for 24 h at 120 °C. After removal of the solvent under reduced
pressure, the resulting residue was purified by silica gel flash chromatography (5%-10% EtOAc in n-
hexane as eluent) to obtain 29-d>. (white solid, 95% deuterated, 39% yield, 346.5 mg); "H NMR (500
MHz, CDCl;) 6 8.36 (d, /= 16.0 Hz, 1H, CH=CH), 7.93 (s, lH, ArH), 7.58 (m, 2H, ArH + ArH), 7.30
(t, J= 8.0 Hz, 2H, ArH), 6.99-6.96 (m, 3H, ArH), 6.28 (d, /= 16.0 Hz, 1H, CH=CH), 5.10-5.08 (mm,
0.10H, CH>OPh, 95% D), 4.42 (t, J = 7.0 Hz, 2H, COOCH>), 1.69 (quin, J = 7.0 Hz, 2H,
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COOCH>CH>), 1.62 (s, 9H, COOC(CH3)3), 1.69 (sext, J = 7.0 Hz, 2H, COOCH,CH,CH>), 0.96 (t, J
= 7.0 Hz, 3H, CH,CH;); '*C NMR (125 MHz, CDCl;) § 166.7, 166.1, 158.5, 143.8, 138.5, 135.2,
132.4,130.5,129.6, 129.4, 128.1, 121.3, 120.6, 114.8, 82.5, 68.4, 64.5, 30.8,28.2, 19.2, 13.7; IR (neat)
1713, 1701, 1495, 1321, 1250, 1233, 1202, 1161, 1140, 1076, 970, 851, 791, 754, 692 cm™'; HRMS
(ESI) m/z calc’d for CasHpsD2NaOs (M + Na)™ 435.2111, found 435.2100.

tert-butyl 2-(3-butoxy-3-oxopropyl)-5-(phenoxymethyl-dz)benzoate (30-d>)>
(0]
"BuO

BuO OPh
(o) DD

To tert-butyl (E)-2-(3-butoxy-3-oxoprop-1-en-1-yl)-5-(phenoxymethyl-d»)benzoate 29-d> (337 mg,
0.82 mmol) in THF (2.1 mL), NiCl, hexahydrate (195 mg, 0.82 mmol), sodium borohydride (155 mg,
4.1 mmol) and MeOH (2.1 mL) were added at 0 °C. The cooling bath was removed and the reaction
mixture was stirred for 1 h at room temperature. After removal of the solvent under reduced pressure,
the resulting residue was purified by silica gel flash chromatography (4% EtOAc in n-hexane as eluent)
to obtain 30-d,. (colorless liquid, 95% deuterated, 73% yield, 302.3 mg); '"H NMR (500 MHz, CDCl;)
0 7.86 (d,J=2.0 Hz, 1H, ArH), 7.47 (dd, J= 7.5, 2.0 Hz, 1H, ArH), 7.31-7.27 (m, 3H, ArH), 6.98—
6.95 (m, 3H, ArH), 5.04-5.03 (m, 0.10H, CH>OPh, 95% D), 4.07 (t,J= 7.0 Hz, 2H, COOCH>), 3.24
(t, J = 8.0 Hz, 2H, ArCH;CH; or ArCH,CH>), 2.65 (t, J = 8.0 Hz, 2H, ArCH>CH> or ArCH,CH>),
1.62-1.56 (m, 11H, COOC(CHs); + COOCH,CH>), 1.35 (sext, J = 7.5 Hz, 2H, COOCH,CH>CH),
0.92 (t, J= 7.5 Hz, 3H, CH,CH;); >*C NMR (125 MHz, CDCl;) § 173.1, 166.8, 158.7, 141.1, 135.2,
132.0, 131.3,130.6, 129.8, 129.5, 121.1, 114.8, 81.7, 68.6, 64.3, 36.0, 30.7, 29.7, 28.2, 19.1, 13.7; IR
(neat) 1732, 1711, 1597, 1495, 1368, 1292, 1231, 1161, 1140, 1078, 851, 810, 791, 752, 691 cm™*;
HRMS (ESI) m/z calc’d for C2sH30D2NaOs (M + Na)*™ 437.2267, found 437.2267.
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butyl 3-(2-((3-methyl-1-phenylbutyl-1-d)carbamoyl)-4-(phenoxymethyl-d;)phenyl)propanoate
(31-d5)

(0]
"BuO
D.H
Me aN OPh
Me Ph O Dy Dy

tert-butyl 2-(3-butoxy-3-oxopropyl)-5-(phenoxymethyl-d>)benzoate 30-d> (105 mg, 0.25 mmol) was
added followed by the addition of CH,Cl, (1.27 mL) and trifluoroacetic acid (1.27 mL, 17 mmol). The
reaction mixture was stirred for 2 h at room temperature. The resultant mixture was added 1 M HCl
aq and extracted with CH>Cly. The residual solid was used in the next step without further purification.
To the gathered solid, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (71.9 mg, 0.38
mmol) and DMAP (3.1 mg, 0.03 mmol) were added followed by the addition of CH>Cl, (1.0 mL, 0.25
M) and 3-methyl-1-phenylbutan-1-d-1-amine 25-d (45.2 mg, 0.28 mmol). The reaction mixture was
stirred for 14 h at room temperature. The resultant mixture was added 1 M HCl aq and extracted with
CHxCl. After removal of the solvent under reduced pressure, the resulting residue was purified by
silica gel flash chromatography (20% EtOAc in n-hexane as eluent) to obtain 31-ds. (white solid, Dy:
99% deuterated, Dy: 95% deuterated, 83% yield, 107.0 mg); "H NMR (500 MHz, CDCls) § 7.40-7.24
(m, 10H, ArH), 6.98-6.95 (m, 3H, ArH), 6.61 (br, 1H, CONH), 5.25-5.23 (m, 0.01H, CONHCH, 99%
D), 5.01-5.00 (m, 0.10H, CH>OPh, 95% D), 4.02 (t, J = 7.0 Hz, 2H, COOCH>), 3.01 (t,J = 7.0 Hz,
2H, ArCH>CH> or ArCH2CH>), 2.71-2.60 (m, 2H, ArCH>CH: or ArCH,CH>), 1.80 (dd, J=13.5, 7.0
Hz, 1H, CONHCDCH>), 1.70 (dd, J = 13.5, 7.0 Hz, 1H, CONHCDCH>), 1.64-1.53 (m, 3H,
COOCH:CH: + CH(CHs)2), 1.33 (sext, J = 7.5 Hz, 2H, COOCH,CH,CH>), 0.99-0.98 (m, 6H,
CH(CH3)2), 0.91 (t, J = 7.5 Hz, 3H, CH,CH3); *C NMR (125 MHz, CDCl3) § 173.3, 168.7, 158.6,
142.7, 138.1, 137.1, 135.2, 130.0, 129.5, 129.1, 128.7, 127.3, 126.6, 126.5, 121.1, 114.8, 68.6, 64.4,
51.8,45.4,35.2,30.6,27.6,25.2,22.7,22.5,19.1, 13.7; IR (neat) 1728, 1636, 1518, 1489, 1236, 1179,
1150, 1098, 1067, 800, 750, 698, 689, 669, 540 cm™'; HRMS (ESI) m/z calc’d for C3:H36D3NNaOs
(M + Na)" 527.2960, found 527.2947.
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3-(2-((3-methyl-1-phenylbutyl-1-d)carbamoyl)-4-(phenoxymethyl-4;)phenyl)propanoic acid
(32-d3)

O
HO
D, H
Me N OPh
Me Ph O Dy, Dy

butyl 3-(2-((3-methyl-1-phenylbutyl-1-d)carbamoyl)-4-(phenoxymethyl-d>)phenyl)propanoate 31-d3
(69.5 mg, 0.14 mmol) was added followed by the addition of THF (0.46 mL), MeOH (0.46 mL) and
1.5 M NaOH aq (0.46 mL). The mixture was stirred for 2 h at room temperature. The resultant mixture
was added 1 M HCl aq and extracted with CH2Cl. After removal of the solvent under reduced pressure,
the residual solid was gathered as 32-d3. (white solid, Da: 99% deuterated, Dy: 95% deuterated, 98%
yield, 60.7 mg); 'H NMR (500 MHz, CDCl3) § 7.43-7.41 (m, 2H, ArH), 7.36-7.35 (m, 4H, AtH),
7.32-7.27 (m, 4H, ArH), 6.99-6.95 (m, 3H, ArH), 6.35 (br, 1H, CONH), 5.24 (m, 0.01H, CONHCH,
99% D), 5.02-5.01 (m, 0.10H, CH>OPh, 95% D), 3.07-2.97 (m, 2H, ArCH>CH; or ArCH,CH>), 2.77—
2.67 (m, 2H, ArCH,CH> or ArCH,CH>), 1.79 (dd, J = 13.5, 7.0 Hz, 1H, CONHCDCH>), 1.71 (dd, J
=13.5, 7.0 Hz, 1H, CONHCDCH>), 1.60 (sep, J = 6.5 Hz, 1H, CH(CH3)2), 0.98 (d, J = 6.5 Hz, 6H,
CH(CH3)2); '*3C NMR (125 MHz, CDCl3) § 177.2, 168.9, 158.5, 142.4, 138.2, 136.5, 135.4, 130.3,
129.6, 129.4, 128.8, 127.4, 126.6, 126.3, 121.2, 114.8, 68.5, 51.9, 45.3, 35.2, 27.5, 25.2, 22.6, 22.5;
IR (neat) 1636, 1599, 1522, 1493, 1447, 1412, 1296, 1238, 1088, 918, 797, 750, 691, 538, 513 cm™*;
HRMS (ESI) m/z calc’d for CosHasD3sNNaOs (M + Na)* 471.2334, found 471.2321.

3-(2-((3-methyl-1-phenylbutyl)carbamoyl)-4-(phenoxymethyl)phenyl)propanoic acid (32)

0
HO
H
Me H N OPh
Me Ph O HH

With reference to the above procedure for synthesizing 32-d3, 3-(2-((3-methyl-1-
phenylbutyl)carbamoyl)-4-(phenoxymethyl)phenyl)propanoic acid 32 was synthesized using
corresponding starting materials. (white solid); "H NMR (500 MHz, CDCls) § 7.44-7.41 (m, 2H, ArH),
7.36-7.35 (m, 4H, ArH), 7.32-7.27 (m, 4H, ArH), 7.00-6.95 (m, 3H, ArH), 6.35 (d, /= 8.0 Hz, 1H,
CONH), 5.24 (q, J = 8.0 Hz, 1H, CONHCH), 5.03 (s, 2H, CH>OPh), 3.07-2.97 (m, 2H, ArCH>CH>
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or ArCH,CH>), 2.78-2.68 (m, 2H, ArCH,CH, or ArCH,CH>), 1.83-1.77 (m, 1H, CONHCHCH,),
1.74-1.69 (m, 1H, CONHCHCH.), 1.60 (sep, J = 6.5 Hz, IH, CH(CHs),), 0.99 (d, J = 6.5 Hz, 6H,
CH(CHs)); '*C NMR (125 MHz, CDCl5) § 177.5, 168.9, 158.5, 142.4, 138.2, 136.5, 135.5, 130.3,
129.6, 129.4, 128.8, 127.4, 126.6, 126.3, 121.2, 114.8, 69.2, 52.2, 45.4, 35.2, 27.5, 25.2, 22.6, 22.5;
IR (neat) 1697, 1634, 1601, 1589, 1530, 1495, 1449, 1366, 1242, 943, 845, 748, 689, 550, 505 cm™';
HRMS (ESI) m/z calce’d for CasHz NNaO4 (M + Na)* 468.2145, found 468.2153.

3-(2-(benzylcarbamoyl)-4-(phenoxymethyl-d;)phenyl)propanoic acid (S6-d2)
O
HO

H OPh
Ph O bD

With reference to the above procedure for synthesizing 32-d3, 3-(2-(benzylcarbamoyl)-4-
(phenoxymethyl-d>)phenyl)propanoic acid S6-d> was synthesized using corresponding starting
materials. (white solid); 'H NMR (500 MHz, CDCl;) § 7.47 (d, J = 2.0 Hz, 1H, ArH), 7.43 (dd, J =
8.0, 2.0 Hz, 1H, ArH), 7.36-7.35 (m, 4H, ArH), 7.31-7.27 (m, 4H, ArH), 6.98-6.93 (m, 3H, ArH),
6.41 (br, 1H, CONH), 5.02-5.00 (m, 0.10H, CH>OPh, 95% D), 4.63 (d, J = 6.0 Hz, 2H, CONHCH>),
3.11 (t, J=17.5 Hz, 2H, ArCH>CH: or ArCH.CH>), 2.80-2.77 (m, 2H, ArCH>CH> or ArCH.CH>);
3C NMR (125 MHz, CDCl3) & 177.3, 169.6, 158.5, 138.4, 137.8, 136.2, 135.4, 130.4, 129.6, 129.5,
128.8, 127.9, 127.7, 126.3, 121.2, 114.8, 68.5, 44.1, 35.4, 27.7; IR (neat) 2361, 2340, 1709, 1638,
1487, 1420, 1296, 1233, 1211, 1070, 760, 725, 692, 675, 669 cm '; HRMS (ESI) m/z calc’d for
C24H21D:NNaOy (M + Na)* 414.1645, found 414.1645.
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2-8. Method of in vitro human microsomal stability assay

The reaction mixture consisted of 100 ul of 0.2 mg/ml human liver microsomes (VERITAS), 2 mM
magnesium chloride, 100 mM potassium phosphate buffer (pH 7.4), NADPH regeneration system
(Promega), 20 uM synthesized product of 32 or 32-d3 was incubated at 37 °C. Reactions were stopped
by adding 200 pl of dichloromethane containing 1 M S6-d> as an internal standard and vortex mixing
for 10 min. The mixtures were centrifuged at 15,000 x g at room temperature for 10 min. The 100 pl
of underlayer was collected and drying under reduced pressure, and resolved by 50 pl of methanol.
The amount of 32, 32-ds;, S6-d» was analyzed by LC-MS/MS; Acquity ultra performance liquid
chromatograph (UPLC) system (Waters) and Acquity Triple Quadrupole Detector (Waters).

The LC conditions were as follows: mobile phase, water containing 0.1% formic acid (solvent A) and
acetonitrile containing 0.1% formic acid (solvent B); injection volume, 10 pL; flow rate, 0.4 mL/min;
and column temperature, 40°C. The gradient conditions were as follows: 40% B, 0-1 min; 40%-100%
B, 1-5 min; 100% B, 5-6 min. 32, 32-d3 and S6-d> were detected in positive ion mode with the multiple
reaction monitoring (MRM) transition set to (446.5 > 282), (449.5 > 284), and (392.2 > 91.1)

respectively.
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3. Iron-Catalyzed Decarboxylative Sx1 Reaction

3-1. General

All reactions were carried out using heat gun dried glassware under a positive pressure of dry argon
unless otherwise noted. Catalytic reactions were run under an argon atmosphere. Air- and moisture-
sensitive liquids were transferred via a syringe and a stainless-steel needle. Reactions were
magnetically stirred and monitored by thin-layer chromatography using Merck Silica Gel 60 F254
plates. All work-up and purification procedures were carried out with reagent-grade solvents under
ambient atmosphere. Flash chromatography was performed using silica gel 60N (spherical neutral,

particle size 40—50um) purchased from Kanto Chemical Co., Inc.

3-2. Instrumentation

NMR was recorded on 500 MHz Bruker Avance III. Chemical shifts for proton are reported in parts
per million downfield from tetramethylsilane and are referenced to residual protium in the NMR
solvent (CDCls: & 7.26 ppm). For '*C NMR, chemical shifts were reported in the scale relative to
NMR solvent (CDCls: & 77.0 ppm) as an internal reference. NMR data are reported as follows:
chemical shifts, multiplicity (s: singlet, t: triplet, m: multiplet), coupling constants (Hz), and
integration. Infrared (IR) spectra were recorded with Shimadzu IR Affinity-1S. High-resolution mass
spectroscopy (HRMS) was obtained with Bruker MicrOTOF 1L

3-3. Materials

2-(2-hydroxyethyl)isoindoline-1,3-dione was purchased from Tokyo Chemical Industry Co., Ltd. and
used as received. Fe(OTf); was purchased from Ark Pharma Scientific, Ltd. and stored in a dry box.
Dichloromethane was purchased from FUJIFILM Wako Pure Chemical Corporation and dried over

molecular sieves 4A before use.

3-4. Substrate Synthesis and Characterization
tert-butyl 2,2-dimethylpropaneperoxoate (34a)

0]
’BuOO)J\’Bu
pivaloyl chloride (0.62 mL, 5 mmol), CH,Cl, (25 mL, 0.20 M), pyridine (0.89 mL, 11 mmol) and 5.5
M nonane solution of 2-hydroperoxy-2-methylpropane (1.091 mL, 6 mmol) were added to a 100 mL
flask. The mixture was stirred at 25 °C for 12 h. The crude mixture was quenched with N-methyl

piperazine. To the resultant mixture was added 1 M HCl aq and extracted with CH>Cl>. After removal
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of solvent under reduced pressure, the resulting residue was purified by flash silica gel column
chromatography (9% EtOAc in n-hexane as eluent) to afford 34a. (colorless liquid, 63% yield,
547.5mg); CAS Registry Number 927-07-1; "H NMR (500 MHz, CDCl3) & 1.33 (s, 9H, OC(CH3)3),
1.26 (s, 9H, OCOC(CH3)3); *C NMR (125 MHz, CDCl5) § 175.1, 83.4, 38.9, 27.3, 26.1.

3-5. Procedure and Characterization of the Product

2-(2-(tert-butoxy)ethyl)isoindoline-1,3-dione (35aa)

phin>OBU

2-(2-hydroxyethyl)isoindoline-1,3-dione 33a (117 mg, 0.61 mmol), Fe(OTf); (10.3 mg, 0.02 mmol)
and CH,Cl (1.0 mL) were added followed by the addition of tert-butyl 2,2-dimethylpropaneperoxoate
34a (40.0 uL, 0.20 mmol). The mixture was stirred at 25 °C for 24 h. The diluted solution was filtered
through silica short column and washed with EtOAc. After removal of the solvent under reduced
pressure, the resulting residue was purified by silica gel flash chromatography (9% EtOAc in n-hexane
as eluent) to obtain 35aa. (white solid); 'H NMR (500 MHz, CDCls) § 7.87-7.83 (m, 2H, ArH), 7.73—
7.70 (m, 2H, ArH), 3.85 (t, J = 6.5 Hz, 2H, NCH>), 3.59 (t, J = 6.5 Hz, 2H, OCH>), 1.12 (s, 9H,
C(CH3)3); *C NMR (125 MHz, CDCls) § 168.3, 133.9, 132.1, 123.2, 73.3, 58.8, 38.8, 27.4; IR (neat)
2970, 1775, 1707, 1389, 1321, 1190, 1090, 1078, 1030, 1011, 874, 802, 719, 619, 532 cm™'; HRMS
(ESI) m/z calc’d for C14H17NNaOs" (M + Na)* 270.1101, found 270.1111.
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