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Ac Acetyl

Ar Aryl

BDE Bond Dissociation Energy

Bn Benzyl

Boc tert-Butoxycarbonyl

BOM Benzyloxymethyl

bpy 2,2'-Bipyridyl

Bu Butyl

Bz Benzoyl

CAN Ceric Ammonium Nitrate

Cbz Carbobenzoxy

Cy Cyclohexyl

DCM Dichloromethane

DG Directing Group

DIPEA N,N-Diisopropylethylamine
DMF N,N-Dimethylformamide
DMSO Dimethyl Sulfoxide

dtbbpy 4,4'-Di-tert-butyl-2,2'-bipyridine
e Electron

EDA Electron-Donor-Acceptor

EDG Electron Donating Group

Et Ethyl

EWG Electron Withdrawing Group
HAT Hydrogen Atom Transfer

HFIP 1,1,1,3,3,3-Hexafluoro-2-propanol
HOMO Highest Occupied Molecular Orbital
iPr Isopropyl

LED Light Emitting Diode

LG Leaving Group

Me Methyl

Mes Mesityl

MHAT Metal-hydride Hydrogen Atom Transfer
MOM Methoxymethyl

NMR Nuclear Magnetic Resonance
Nu Nucleophile

ORPC Oxidative Radical-Polar Crossover
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PFBI
Ph
Phth
POX
PPy
Pr
PTH
RPC
SCE
SET
TBS
TEMPO
Tf
THF
THP
TMS
Ts
TTF

Photocatalyst
Perfluorobenziodoxole
Phenyl

Phthaloyl

Phenoxazine
2-Phenylpyridinato

Propyl

Phenothiazine

Radical Polar Crossover
Saturated Calomel Electrode
Single Electron Transfer
tert-Butyldimethylsilyl
2,2,6,6-Tetramethylpiperidine 1-Oxyl
Trifluoromethanesulfonyl
Tetrahydrofuran
2-Tetrahydropyranyl
Trimethylsilyl
Toluenesulfonyl

Tetrathiafulvalene
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xR LI NTZT Y= (41) ZG5R05%RE L TW5 (Figure P12-4) . AKEUGIEL, AF
5T, HAT FlOBEBHILE AN L VB BN ARSI 5395 HWbZ LT, 7V
—/L (38) ZANAITFAHERISSHED Z ENTE D, [RFFIC, Doyle & IL[AARD HAT
& ORPC SUGDMAGOEITIHBW T, BHEHAZT I R, IANRNRA— b AVECT IR,
TR EDSRRIRERREANIER L T b, PP

2020 FEICEE NIRRT HHRETIX, 7=/ F7VVRIEHERIGECitic L 5, L
Ry 7 Z{EHET 2TV (42) LT va—)v (43) &HE & U RE-EH O EREOG &
HLTWD (Figure P13), 3 ARG TIE, 42 2 —EETTHI LT, TAXALT VAL
WEUC D, TIVXIVTOHIMIBIVRDF A MR TH D, TIVX VAR = AfEA~ L
AL, TV L REARIERIG L, SHST T AXv=—T )V (44) 2525, KFEE
WERERNCT VRN T O h e hVR I F A e L e T b ~T u - h &R E &
TR NBTET T < | Bkx RIRNIIES =7 VX VBHOBANABE TCH -7, £, T4
—Jb. TR, KAREAE L THEATRETH 5 Z RS, SRMERERRFE-~T i
THREBRITSHTE 5, ¥ %7~ R Doyle 5%, [FIEED ORPC LA L7~V Ky
J AT AT VE ROV T o FUOGERE LTS,
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0 o 4cat. N-Ar-phenothiazine o .
HO.__R (PTH) R R
N. R+ K X K
(o) R6 RS LiBF4, MeCN R2 RR6 RS
blue LED

¢ R® R2
42 43 44
° 0 PTH* 3 PTH  PTH__R'
R3(
N R T TR T K
"0 +e R? e R® R2
o R3 R? - CO, ORPC  arbocation

- Nphth alkyl radical equivalent

Figure P13. AR LB TCABLZ LD L Ky 7 ARG AT L E T L a—Ld
T IVE LT —T VAR

FROBETIE, IVRUBEFRET AT ANFEEL CTHWDBERNDH - T-, 777 Kk
Hix, AR (45) LRl 3 U FHEE 46) 7253 — FALRF T L— ML RH
TERSEDLZ LT, INVARUVBBEZBESET VX MVEE LTHWD Z ENTE D TEE L
L7= (Figure P14) ¥ AKIGSTIL, I— KAV ERF U L— MNENLELZT AL TUH
UHNFRA IR STIIEZ K D — BTk a =T, WVR I T A A~ EE NS, ECTZ L
RAF A R U CRIR 7l S R REH RO NR RIS THZ ET, BO=
AT (47) WERKT D, ZD%, Terret P HIZ K T, AR LTI VR I TF A
MTNT—) PALKRA IR, T, ZAVKRLT I Rl SR RER & KT
XHI LR ENT, B

O"™Bu Ar O
Ar__COOH I, cat. [Ru(bpy)s]-2PFg ,k
Y + (@] R! (0]
R! DCM
% blue LED |
45 46 47
o}
1[E 1. n 1(+
| Ru Ry, Ru RS 4
o~ +e” Ar —-e” Ar!
—-R3CO,~ ) ORPC
-CO, alkyl radical carbocation

Figure P14 VIR ot L OMEIR il = 7 FRIEE iz, DR o
It B AR i SR SR i B TR RS

2020 #-1Z Hu HIE, AR T, 4 U U0 ASEER IR Je it 2 U CE kg [P E
EETRALT VXL 48) T X LAl E LI BERILEMO 7V —T v« 75 7 K
ZHE LTS (Figure P15), 3% ARKETlE, ORPC #kls % WD Z & T, LA A% W
7ot A7 FIECTIRNEE 2R D VR D F A DAL TV D, —BFETICL Y AE
48 O—ERITCICL VT NVFNTUHNANBAEL, W T, —ETBILEZIT. LRI T
FURRIZE NN D, VT, VRS T AU E HEELEY (49) ORE WG ERE B
FOSEIT L, BRI 50 DNERRT D, A U AR B F A U RITEEFERCAY oM, 7
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=R, TyBRT A UNRINT DI ENRERTNS,

EWG\|/Br s Ny Rt IrERy)s EWG._Nu
u —_—
Ar! ZnF,, MeCN Ar!
blue LED
48 a9 ¢ 50
Nu : Ar2, ROH, F
EWG Br 1lx EWG ||V EWG_*
Ir S H r S H
Al +€ Ar! —-€ Ar!
- ORPC
alkyl radical

Figure P15. JEFR{LER UM IZ K 5~ P UL C-Br #E A OB RERALIUG

Kang 51X 2020 2, HAY — A BOER AR O A2 Ve o f-RafnT I R
(51) O a fLERASKREAMIIRIGZ 85 LT (Figure P16), 7 ARG TIX, HEE 51 ©
T AL, — BRI, Hi 7 b ALER TH VR =)L a fLIZ T VF T VR
kT 5, TAXALTIODNANSECDHIVERDF A FENT IV a— bbb 057 bW
AFNCKDREREEZTHZ LT, B S3 252 %, ARRJGIE ORPC #2824 L C
FIVR=IV a ML TINVR A F A FERATE . ap-REEfM7T I ROMMERELZ "TEEIZ L,
AH D REEM MBI DOALESEIR M L 13 R e D L % 52 5,

0 cat. diphenyldibenzo o)
Ar R+ Nu carbazole (CBZ) Ar R
N TfOH, MeCN N
blue LED Me Nu
51 52 53
Nu : R20H, F
o (o} . o
Ar R1 cBz* : )J\ ,R1 CBz N ,R1
N - Aa—. N ——— A7 N
B +e L H e [ H
+H H ORPC H
alkyl radical carbocation

Figure P16. AHOLEALETCAEIC X 2B+ ARET V7 O e ERei s
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N

iRk X5z, S bE M X 5 —E LA N LT AT I E VRS
FA UFE~ L BT D ORPC SUSEIEHT 5 2 & T, REEAlIE T2 RkFE—~T a2 JFFHES
TR FREL 72 o7z, —H T, ZRETITHME SN TV DLHIDZL X, RN PNIR0~T 1
iAo o fi7p &, TAFNANT AN I ORINT D B VR F A RN AL S D
FEEIZRESN TS, E6I2, TIAFILT NN ERESEDL-DIC, B ERELEEHE
ANCEE~NEAT DMER B DIGENRL W, €5 T, GRATRERILAEW DO BEREITWEIZRE
HIChH Y, AFEG RGN O LRI B % AR ATHEZR ORPC [ DBHFE N
KHOBILTWD

DX I RAE 2 RGRSCTIEL, B kiR o A V72 ORPC L& SR & L,
fIl LR 72 71 )V IR T T A AR AE R A TS L T2 IR B~ T r R RS S TR 2 B LT,
IHOEDRIFCE Y, TIAFNT PHNE X OSNGET 2 B vR AT 4 RO eI R
LW RF-AT B FHEGTERN ATRE L e o7 (BB—®, H=%8), £7/=. #HMLRERLL
FHANCHEAT D Z <. AFRGREEN O HEBENC S ERERZITH 2 LA
Lol (B8, H _5H),
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B AECER LIRS 2 L MR/ TV ATy RERMIEEIZ X B ARNAE T VA
YOk Fa 7 v ok ARG D B%

H—Em T, AR T, 7= T T VU AROEE LR T, 200 Mk, 7L
AT RERAREE D BB X 5 7 v a— a2 HWEREET v oo Re 7 rax s
BB %E 779 (Figure P17), ®*ABUGIZ, 1)RZHPTHERT D,V b e U FEICK 5488
t N U RAKER7FBE) (MHAT) ROCHEITL, T4y (54) BT IVFT UHRAE
T 5 )T NFINT DI NEMIRTE D T X a0 SN LE ol L v
—HE LI, DIVRDTF A EMRO T A F a0 FAVFICE# I D 3) VR
HFFEMRE T v a—v (55) BEOSLTCHBS6 # 525, KFETIHIHWS T L
VAT v RIS CH Y | MERIEL I L CIRMRT v ook Re T bakx il
IR G CREICE 1o, R, MBICL D205 &b 7 X —/L, Boc i S
N7 I URERNERZGOREZEHT 52 &N TEL,

cat. N-Mes-phenothiazine

(MesPTH)
. cat. cobalt(salen)
R, HOXRs cat. collidine-HOTf R! R2R)3<R4
/\RZ R5 R4 DCM MeXO R®
54 55 blue LED 56
Co'H Rt Co'  pes Co
PTH
/\ R1/l\/H P 1’{\/H
R2 2 e R

N 5 ORPC caergcation
alkyl radical equivalent

Figure P17. AR LIETAREE, =L Ml 7 L 27 v RERfEEIZ X 5
BSRGRT LV Ar > Dk R 72 o AbKe

B e iR Tk o oL R/ T L R Ty RERRIEEIC KB HENE T 2 VD y-
7 X/ C(sp*)-H B Re FALSUE D BA %

B E T, B R TRM U bR e, o0 M 7L 2Ty Rl )
RO WERIER L =V ANVR =V EERTERT 52T, TARAT I VLT EFY
VEBIOYWIERE L SNTZT I v EERT 5 FiEE T (Figure P18), P ARG T, 1%
BE5NZB T HE =V ANVKR=NVERKOETFAET VAN EFH L721,6-HATIZ L 0 3Ry
P T VTN T D INFENRAE T 5 2 E bR CtElc LD, 7% a0 AR L —
BrRbIS, 7T a0 MAVFIZENID 3)5r T PSREZE R £ 7213 REZ AN
KD REEBEOSIZ L BB AERT D, AFEIZ AFESRTVFRAT I 2 E &
LT, TEBFVUVOERIIINZ, 7 2 yfCsp-HiEAE DT v a4k, 72 /b, bW
2T U — LD RIRBIZ 72 » T2,
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R'=H El’S\N
cat. Ir(p-F-ppy); ]
0.0 H cat. copglt(salen) RA 58
NG N/\/Jv Ar cat. collidine-HNTf, r
) R2 benzene
R! blue LED ¥e Nu
57 o8~ A
BN R
1
R 59
R1
! 1
O. N
Vg’ ! Ar 1\ |
=S » \ /N Ir o\ Ar
o/l . 0 \§ R? —e‘. o_\§’N R2
Me” AN A Bt Co ompc  Et ColV
. carbocation
alkyl radical equivalent

Figure P18. Jtig{bigE jofilfll, = v M, 7 Lo X7 o FEEAEIC X %
RENilET 2 > @ y-7 2 7 C(sp®)-H B REREAL i

B AROCEMEE O 1D AR T X ROBREERL T L 2 AR i D BE %
BT, ADEIRE T, 7= T O AR LR A L L Ry 7 RIS
T ATV (60) & ANKRLT IR (61) EOBRKIBE 7 a2 7 IR EITT D2 L%
~9 (Figure P19), ARG TIX, D ST =/ F7 ¥ iz X5 —E B8
EVGOMNDTNFNT OHIVNERT D DT NANXNTIAIVNT = ) FT Vil T >
ANAFA ALK | IVRTF A EMRIZE DD 3)61& T VR T T MR K
Wi Uy N-T VX AL EITT D, RFEICLY | BfExd W WIRFZR & TlEmn 7 e+
NWBEPNEANSNTZANVEKR T IR (62) ODERMDERTET,

O cat. N-Ar-phenothiazine
0 0.0 (PTH) RQWO“ 9
+ g’ .S.
N\O&W HZN’S\R4 LiBF4, DCM R ” R*

3 'n2 blue LED
O g FR 61 62
° 0 PTH* 3 PTH  PTH_ R
e
N R1 - >—R1 — X
"0 +e R? i R® R?
0] R3 R? - CO, ORPC . arbocation

—Nphth  alkyl radical equivalent

Figure P19. AHOEELIETABEEIC X D 2 LR 7 2 R N-7 /L UL
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o AOCRRGE TR =L R T L AT RERBRET X % AR

i RO R

TN —T VTERKY c REICR N AEEREED —DTH D, T F /LT
— T UG O b B —> L LT, T ro~wary=a7ile Kyl a
XN FETHND, Lol IBUET VAo ® X 512 HOMO HEGLBMEWEE Tlk, 5
—IRF HFE A& B FHINSIEME LT 570012, HilE (pKa=-2.5in DCE) I[ZfRE I 558
NIgT VAT v RigELEETHHANE N, V£, 1 B2 H T2 BB 8B A H
W BBFLAT VT D a kA ~ENLT S 2 T OEBAEEE L, Fi Tra—Lo
FMZERET 2 FELRBEINTE (Figure1-1), 2 L2 LR, ZALOFETNT
LB IRBERIEREm VA AR BT 5@ BREIKTET 2720, 0 FNICSERRERRELY
4 B EESSRCKIRE A~DIS TR E ST,

R6 Brensted Acid R2 R3R* RS
R2 R3 R4 or Lewis Acid M H
Xt R —————*R1oxx
R OH RS R R”

Figure1-1. 7 /L7 Ok R 7/ a¥x Ak

B E AR ORE

2L MIZERRRFRE A I 52 BBER TH Y | ZRENDRFMREED R G O
{EFHIMEE Z T Z E0NMbNTW5D, A TIEL, LT =RIZHEH Lz (Figure 1-2),
FP RO CoDFEIX T 1 b & i LT Co(Ill)-H flZ LT D, 3 Z OEfEITER
(LB 72K RO BT 2 HE s & LTHLRTE Y, B2z 7 e honde
RU R~ERMEER SO ONE LTIRZAD Z LN TE 5.

WIZ, Co(l)-H FiZx, REMIET Vor v Gtefia DT V7 Ak LTa&REe R RKFER
T#%®) (Metal-hydride Hydrogen Atom Transfer, MHAT) FUtZ#Z L, 7% /LT O h LFf
& Co(IhfE, HDWET /L F/La VL NA)EEZ AT 5, 4 20 MHAT FOGSMI R
T TNT I T NFRNNT DN EAERT HZENTE, MIWKFEISICREEND T
ANV EITT Doy AR ST E T,

MMz T, TAFNar v NAVRRIZ D VR FA4 AR e U CTIRD U, RS L oE
PSS ENmbN TS, 3 T/ a0 DAL £ - I3 E R L
BT 5 & THIST AT AR a,L MNIV)FE~ L BT E | 2RISR
T OBIEHEIZ DT L DIFZER 72 ST E T2,

TN Zo0REIT, T ETENTNOMSL L-MBEROG E L THRESNTND D0,
H— Ot A 7 VN THEEGEIZET T 2 FIIEHE STy, ZORICER L, AIF%E
T AR ICERENR O SEE LB Tt 2 AV D Z & T, 7 b B X OEFBEI 2 BB ICH
L, Co()M B Co(IVINZE D T2 M £ 5 It % B— DOl 1 7 VN Tl 3%
FOSeRet 25 LTz, ZHlc kv, migafAns 2 Ll FIgRIE\EN-~/LaT=a
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TR Fr T a3k ALROGEBRWREIC R D LB AT,

Co(l) chemistry Co(lll) chemistry
’ ‘ R Co'
Cco' — H* —  Co'-H Coll-H — — H
° AN S
Co(IV) chemistry —— photoredox
—‘ catalysis
CoV Nu
1%,:(3 — Nu=— R1JVR3 Can we make a catalytic connection
R g2 R2 from Co(l) to Co(IV)?

Figure 1-2. =13V s O FUFliRrE & Z 00 ©H ORI 7285

= AFEIGR

EHIT 2L MO LA b L1, R LB T = v MY T L v 2T o Rl
WD B S 2 T N OVEENG A L LT (Figure 1-3) . AIESGHNE & L7 YeEa{kigE oo fih
B (A) IEWVIEICERS (B), Co(ll) (C) I—EFBEIZSIERIT, Zo—ETBE
WZE V., Co(l), KEMLETCAMBED T AN T TFH L g7 VAN A T % (D) BT
Do WIZ, TV ATy REEDS Co(l) & Kis L, Co(Il)-H (E) & X biRchtiiEn Z 2 n
HFF (F) 2525, EET7 2 (2) 1255 MHAT RJSICE Y, Co(Il) (G) &7 v
XILIVHNL H) BELND, TD%, FICED10—ETFRICKY., BARDIF A
A TH LT AL NAVYEE (J) DERT D, &kiIC I LT va—uREHR (1)
OREEHENEZ Y . HEOS T LX Lo —F /1 (3) & Co(l) (C) RNMEbh b, KK
JESRTTIEL, R bIE TR 2 LT — BN Ko Ta L Mo 5l O 2 #2035
SRAPITHIE S 4L, & Bebl T B 2R IR RN MRS ST D AR TH D, LI - T
Al 7 D BOShZRITRRA LR A O RIS KR & < KFET D £ B2 bz, Afii
WA 7 iZiE, Co(l) FED—8E 12T (Erea=—1.31VvsSCE) * 3 XL U7 /L3 /L 231 R (D)
FEO—E T (Ex=039VvsSCE) *REENL20, FhERETEWELHZH/ L, »
DTV NHF A REE Tl EE 7R L) B o R LR STARBE S BT h B LI LT,
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3
R3_O H

R2R'R5 R4 + RO H*X-
dialkyl ether (3) ( via
CO“ ot
Co' PC
¢ \\\H L_E__
R3._OH / 8
K \\
R R PC’
alcohol (1) /7 B Co"-H
_ blue LED E R4
X COIV // \ \’/
%\/H *+ - Rs
R PC PC X- MHAT
RS A alkene (2)
J F /
+. H
CO“ 7—’
SET R
\ Co'l G H
H
R4/)\/ A//V
RS

Figure 1-3. 1FEZEGH

USROS O fGi b KO EE FH #PH O BEt
R U A D LIS, N-A VT ARV [B]7 = ) F 7V (PTH-1), 231 b
7= U (Co-l), ) V= AR Y 75— b (HX-1) ZERHOCHET 51 7 )
o RS 2T AAREEE LT~ 7 u~y 4 ) —L (1a) & 4T x2=1-1-7F > (2a) i
AT THRMICRIE L. AR YT AR AT —7 L () %437z, FIRFC, <o
VT —T )b (3aa") L BPEALT L (2a) BVERLTZZ EAREERL TS (Table 1-1),
PTH-1 OFRLIRITTRHE (En*=-1.94 Vs SCE, E,=0.92VvsSCE) (%, Yol biE ol
ELTHWESS IR BN AR LT, PTH-1 OFMLENMIZY A 7 U v 7 R Z
VAR — LR, HOEIEE R FH % T L iC K 0 R 7 (Figure 1-4-7), PTH-2 TiX
FIRREDONRTHIWZ 527275 (entry 2), PTH-3 Z IV 7= HE 3R IMET L7 (entry
3), ZOfEEIE, BMLER (En=0.85V vs SCE : PTH-2, E,. = 0.68 V vs SCE : PTH-3) 78 &
AT REIR DY (nax = 362 nm : PTH-1, Amax= 365 nm : PTH-2, Amay = 320 nm : PTH-3)
(Figure 1-5) "8 OEWZ LB H 0 EHEHI LT\ 5, £72. Inppy)s & AWV ZHA b RIS E
IR THRMZ T (entry 4), = UL MlEIZE L TIE Co-1 Db Y I8k ED s
% Co-2 BELU Co-3 TS &, 2a DEHENMEL 72> 7= (entries 5,6), 7 L' AT v
RESARE IS £ 4L DEBRE LN, N TF5— haF T TAARET— 1T
ANXHTNARRAT 2— NI LUESE, ARV OIENKIEIZILT L7z (entries 7,8), &+
7o NUZFAToE=0 LN 7T —F (HX4) 3R N 20572 (entry9), =2 hm
—VEBR LY | SFEEOMRE L YRR RS O TIC AT > 7~ (entries 10,11)
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Table 1-1. SiSF O femEfl

0
PTH-1 (5 mol %) O/ g
Co-1 (1 mol %) Ph

OH HX-1 (10 mol %) o T/V 38’
+ AN
O/ 77 P Thom G/

blue LED, 24 h ~X"pn
1a 2a
22’

Entry Change from standard conditions Yield of 3aa (%)”  Yield of 3aa’ (%)’  Yield of 2a’ (%)”

1 none 75 (74) 6 8
2 PTH-2 instead of PTH-1 71 14 14
3 PTH-3 instead of PTH-1 0 0 0
Ir(ppy)3 (1 mol%) instead of PTH-1 71 10 9
5 Co-2 instead of Co-1 29 0 9
6 Co-3 instead of Co-1 6 0 2
7 HX-2 instead of HX-1 17 0 5
8 HX-3 instead of HX-1 5 0 2
9 HX-4 instead of HX-1 5 0 8
10 w/o PTH-1 or Co-1 or HX-1 0 0 0
11 under dark 0 0 0
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Me

Me—Q
Me

St e

Eo* =—1.94V vs. SCE
E,=0.92 Vvs. SCE

organophotoredox catalyst

S

Bu
N
[B O—C|o -N
! o
Bu .
Bu
Co-1

E,eq=—1.33 V vs. SCE

Me
AN
Me L
N ™M Me
H

_OTf
HX-1

X
PTH-3

=-2.1Vvs. SCE
Eox=0.68 V vs. SCE

N [,\]/k/
O- Clo N
jd
Co-3
Eeq =—1.56 V vs. SCE

PTH-2
Eo =-1.97 Vvs. SCE
E,=0.85V vs. SCE
cobalt catalyst
Bu (:
N\ ’,\l -
tB O—_CIO—N\\
. o)
Bu
Bu
Co-2
Ereq=—1.60 V vs. SCE
Brensted acid catalyst
Me Me
BN N
1 ’
NZ~Me Me™“NT ~Me
H -
BF, PFg
HX-2

HX-3

“Reaction was carried out with 1a (0.6 mmol), 2a (0.2 mmol), photoredox catalyst (0.01 mmol), Co

catalyst (0.002 mmol), and Brensted acid catalyst (0.02 mmol) in DCM (0.5 mL) under blue LED (450

nm) irradiation for 24 h.

0.00035

’"H NMR yield based on 2a.

Me

0.00025 MG—Q
Me

0.00015@3/

PTH-1

Current, A

0.00005

S

.5

-0.00005 1.0 1.5

-0.00015

Voltage, V vs. Ag/AgNQO4

Figure 1-4. PTH-1 D% A 7 U w» 7RV Z A N —
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5 1.5
=
8 1 7“ab, max 362 nm
e
<

0.5

0
250 300 350 400 450 500

wavelength (nm)

Figure 1-5. PTH-1 ® UV-Vis A7 /L ¢
“UV-Vis adsorption spectrum of organophotocatalyst PTH-1 was measured with 40 uM acetonitrile

solution.

2500
2000

1500
A =435 nm

em, max

Intensity

1000

500 A),\

380 480 580 680

)\max

Figure 1-6. PTH-1 OH: A7 [L @

“Fluorescence spectrum of PTH-1 was scanned from 372 to 734 nm after excitation at 362 nm.

PTH-1
Ei (PPC™/'PC) (V vs Ag/AgNO;)* 0.54
Ei2 (CPC*/'PC) (V vs SCE)? 0.92
Amax,em (M) 435
Est, exp (V) 2.85

E”s1. exp CPC™/'PC") (V vs SCE) -1.94

Figure 1-7. PTH-1 D% /37 A — X —
“ Determined by CV experiments. © E1» (Ag/AgNOs) (V vs SCE) = 0.38 V. ¢ Singlet energies were
calculated using the maximum wavelength of emission. ¢ Singlet excited state reduction potentials

were calculated using the singlet energies and the Ei».
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AR ORRET TR G T Bl SIS & | ARUGICHBIT 2T Vv a— L kT V7 > Dl
RO 21T > 72,

AREOGEMTIE, xR —hT7 v a— @A i Th -7 (Figure 1-8), A% /—/L
(3bb), @ WVEHLIL (3ca,3da), ETEE RS EL (3ea,3fc), 7 N7 Fr b7 (3ga),
HNRI RV (Bha) Nt AT VRV (Bia) AEETICET AT v a— L&
WTCTHRIO T T VXL —T WG H Tz, BRIZTHW N NN— R — T X —)L7p EDE
L2 FFOEICEAL T, IR ST RISHEIT L2 (3ja,3ka), ¥ hrxrw—/L %
FTha—LRERIE L CHWEES, Y haxae— Lo =@l 7 L7 ke ka7 rasx
b EZ T e o7 Bla), R EESEEW D O-7 VF /LR FEETH D,
REREATHYTILFLT—T )L (Bla-30c) EOKTDHI ENTE,

IR, BRAIKEE % (3pa-3va) . m D=V =ik (3wa-3xa) 7L a— L EZ HWEEETYH,
FERDSM. ETOTNRFUEELZITH) 2L THRO YT LR V=T AR G572,

Figure 1-8. 7 /L 21—/ L FL/E i A &6

Triple catalysis

b
PTH-1 (5 mol %) Bu A Me Me
Co-1 (1 mol %) N
Me 1
Me Me™™N

R3__OH R4 HX-1 (10 mol %) R%_O. -Co—N N

KO L R BXAOmA%) REOSy | g f 0N »

R2R! RS DCM R2R1R5 R4 o N NT “Me

blue LED (450 nm) @/ H -
alcohol alkene 24 h dialkyl ether Bu : S OHTf
Bu
Primary alcohol
MeO
HaCO. o Ph K
: j/w?OTs ™S> T/V OT/V Ph \Q»OT/\/ Ph
3bb, 46% 3ca, 54% 3da, 55% 3ea, 75%
Og\/o OMe ° Ph Br\></0 Ph
0. Ph
(¢ YV CbzN
OMe
3fc, 96%° 3ga, 67%, d.r. 50:50 3ha, 38% 3ia, 40%, 52%°
O Ph o Ph
OT/\/ Ph ()/\}/\/ 7/\/ Y\/\r\/ T/\/
BocN )V o
from citronellol
3ja, 58% 3ka, 41%, d.r. 50:50 3la, 74%, d.r. 50:50

NHCbz NHBoc
o)
Bnom/'vow/\@we MeoW)VoY\CEOMe o /°n OMe
o} o Q_/( ? o
OMe OMe O—CE\/:O (-)-Corey Lactone

3mc, 60%?2, d.r. 50:50 3nc, 46%?, d.r. 59:41 i O 30c, 81%, dr. 50:50
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Secondary alcohol
Y VYL oYy O
Et OMe D/ “ipr

3pa, 55% 3qc, 41%P 3ra, 72% 3sa, 50%, d.r. 50:50

tertiary alcohol

OT/\/Ph OT/\/ph o Ph OY\/Ph
£y T KY™
3ua, R =Boc, 42%
3ta, 42%, 36%7 3va, R = Cbz, 43% 3wa, 67%° 3xa, 48%

“Reaction was carried out with 1 (0.6 mmol), 2 (0.2 mmol), PTH-1 (0.01 mmol), Co-1 (0.002 mmol),
and HX-1 (0.02 mmol) in DCM (0.5 mL) under blue LED (450 nm) irradiation for 24 h. ®1 (0.2 mmol)
was used. “Ir(ppy)s (0.002 mmol) was used instead of PTH-1. “1 (0.2 mmol) and 2 (0.4 mmol) were

used. “1 (2.0 mmol) was used.
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BT, 7T OEEEMAEH 2~ (Figure 1-9), B8 E 72 13M(LIZ K - THEZ T
THEREL b OEEICH L TH, BRENHZRDND Z &2 RRISITEH TRETH -
(3ae-3al), FUCEEOHTTH, 34T A X T VAN BAAIRITEWEUSHEZ R L
7= Bac), £z, E=AT L—rZHEE L THWSAZ LT, XUV m—T A0 1 <
HRCE T (3am-3as), ARURRICHEAT 5 2 LT, L1-@EBIRNIR T Vo o E =R T
NFRMMEGRIEE LTH D ZENTE, mmWERBIREZFF>OT v r2—T V&g
YD ENTET Bzt-3zw), 7 X F 2 (3zx) ETEF UL Bay) e EDERRT
N BRI =T /VERRITEAT L2 LN TE I, MA T, WET VT v b RS HR
WHTE, HOY T VX Lo—T V%157~ (3ez-3aC),

R(.,

Figure 1-9. 7 /L o O KB ik FH i <

Alkene

O Ph Ph 3af, R = OAc, 63%
3ag, R= OTHP, 51%

O/ TH\ Q G/ W OGA R 3ah, R = OMOM, 57%
CbzN S0Ts G/ 3ai, R = OBOM, 60%

3aj, R = NPhy, 67%

3yd, 43% 3eb, 56% 3ae, 16% 3ak, R = SPh, 53%
o o 0 OMe OMe F
G/ WB\/ ~">SEt G/ Y\C[ o) Ph. O
owe (T b
3al, 27% 3ac, 99%° 3am, 87%P 3zn, 95%®, d.r. 53:47
cl COsMe CF3 o OMe
G/OY@ PhTOYQ G/OYQ/ PhTOY(j/ G/OW/O\I/
3ao0, 88%" 3zp, 94%P, d.r. 50:50 3aq, 74%"° 3zr, 58%P, d.r. 50:50 3as, 54%"
Ph\rox\/Ph ,: OX\/OTBS Ph\l/ox\ﬁ PhTOxPh Ph\ro
3zt, 67% 3au, 80% 32v, 50%, 91%° 3zw, 84% 32x, 49%
MeO MeO\@ MeO OMe
Ph_ O,
b, o : Tl 0
NBoc D G/
3zy, 52% 3ez, 53% 3eA, 67% 3eB, 99%P 3aC, 99%°

“Reaction was carried out with 1 (0.6 mmol), 2 (0.2 mmol), PTH-1 (0.01 mmol), Co-1 (0.002 mmol),
and HX-1 (0.02 mmol) in DCM (0.5 mL) under blue LED (450 nm) irradiation for 24 h. °1 (0.2 mmol)
was used. ‘Ir(ppy)3 (0.002 mmol) was used instead of PTH-1.
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Flo, RROSHRTIE, 73— DS OEEFERZAN S L Chi#E M v ie Tdh - 72 (Figure 1-
10), R —BEHKL O EET V7 O G KOFE T TS 25 ik E 72135 =k
HEWRIET Vv 2 — AN FTRE T o 7= (Sab,5au), 7 = / —/LiFE(R (7aa,7ba) B LV
NEWIR S L OB VAR R (9ap-9ca) & FIRRICABUS R TREH & LTHNWD Z &2
T&E7,

Figurel-10. & Ot sRAEZ 7 0> K i I i A

Water (4), Phenol (6) & Carboxylic acid (8)

HO HO OTBS Bu o Ph o Ph
~OTs 7(\/ \©/ Y\/ Y\/

5ab, 74%" 5au, 67%" 7aa, 63% 7ba, 43%
o)
cl o o 0 )\/\
Et
J\ Ph)J\O)\Ph Ph)J\O)\/\ Ph \)J\O Ph
07 “Ph Et
9ap, 95%9 9bp, 99%9 9ba, 26%9 9ca, 26%

“Reaction was carried out with 4, 6, or 8 (0.6 mmol), 2 (0.2 mmol), PTH-1 (0.01 mmol), Co-1 (0.002
mmol), and HX-1 (0.02 mmol) in DCM (0.5 mL) under blue LED (450 nm) irradiation for 24
h.  “Ir(ppy)s (0.002 mmol) was used instead of PTH-1.“1 (0.2 mmol) and 2 (0.4 mmol) were

used. “Acetone was used instead of DCM. 2a,0,a-Trifluorotoluene was used instead of DCM.
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B D FSBERE 2 B0 & 2823 X< BRI EBR 21T - 72 (Figure 1-11), £97, FHAKFE(LE
Bra1T-o72 (Figure 1-11A), REAIE LTA X 7/ —b-d; (1b-D) ZHW7=54. EAKERT
T N v DREGALEAI L7 (3bb-D) ZMFbiniz, £7-, EAFELINTZEHW
WD 86 %l T LIV, ERREKBLITET L o7z, ZHDORERENS, CollD)-H
FERFD 7 1 b RIX HX-1 IR TH D Z Enbhrole, iz, A/ —-ds (1b-D) %
WA, COs NG ENTY T ¥ /Lo—T /L (3bb-D') BNEHTZ,

I BT, T a—LREHNC K D EHREPSICHK TS Co-l DEENIZOWTHBF L
(Figure 1-11B) , &4 & OAFZEE TIXLIRT, 7 =/ F 7 VUil z Fv, L Ky 7 A&k
AT INDSAERT DT INVFIT VNV ERE LT v a— L ORBUREET V% WALG % 3
HELTWD, THIESTIE, éiéi@%i&?»%»bb/7xﬁ@ixTw# i ]

RETHoTZN, FH BT VXL Ry 7 ATEHEZ A7V 10a & W 2561, E%®i~
TV MAa 3G e o7z, T, %:&7w%w7yﬁw@omwﬁm@ 1TL720
ZEWFERTHDL, —J. Co-l ZIRNMNTH L, HNOKIGHET L, 11Aa 2155 Z &R T
X7z, Co-1 $ERIZT VXN T T HNVEHI L, D% D ORPC MFEZREL TWDH Z LM
R E Tz,

A. Labelling experiment HaCO
OTs .
CH,0D PTH-1 (5 mol %) ]/(ﬁ); with 1b-D
Co-1 (1 mol %) D~ 81%D 3bb-D, 39%
1b-D \/H\ HX-1 (10 mol %)
or + 5 OTs T or
D;CO
CD40D blue LED, 24h Dy hors
1b-D’ 2b with 1b-D’

ge%D  3bb-D’, 46%,

B. The role of cobalt complex

o o PTH-1 (5 mol %)
oH LiOTf (5 mol /) J\
+ N —_—
98 oy
0 Blue LED 24 h
1q 10a

11ga
0% yield
with Co-1, 17% yield

PTH-1 9
LiOTf o
o+
—SET - PTH-1 TfO-
\ CcoV
Co-1 PN
- CO, & LiNPhth

Co catalyst would be essential for RPC on secondary carbon center

Figure 1-11. ¥&H#EAFZE
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7z ) FTVUNEBEIE A X D5 —E R BROFEM A RET T o700, HEERE
1T-7= (Figure 1-12), ZFO#EF, 20 MR X 0 ihEiRIED 7 = 2 F7 ¥ L fil
BEDSVNRANIHIE SN D Z EDRMER I N, — . 2790 MlIIMZ TT Lo A7 > N
fRBE 2 RN L7258 T HEORRICHEELRZMITRBD bR o7,

3

2.5 y=0.0188x + 0.972

R2 = 0.9984
S ....
s 2 .......
2 o
_ --------
=15 e ¢y =0.0145x +0.96
T g R>=0.9911
...... o
1 st
o with HX-1 without HX-1
0.5
0 20 40 60 80 100

Quencher Co-1 [mM]

Figure 1-12. YCFR LiE oibllE, =L Ml 7L 2 27 REEARIEE 2 O 72 1R 928

Mz T, TV ATy NBBORZ WAL L THWTHEEERZ T 1256, AU Y
U LOtER R TR OV MRS S e v o T2 (Figure 1-13)

3
25
2
215
(=]
y =-0.0046x + 0.7746
................... L TP
N | ! S 4
0
O L . o 20 100

Quencher HX-1 [mM]

Figure 1-13. Y (LB oAbt 7' Lo 257 v FEEfREE 2 FV 7= 1Ok 326k

INOOFREENS RSN 7 = ) F TR AL, L 2Ty REEOR S
LI )L My —EBFIETT L TCWD I ERALMNE 2o T,

31



EEIXT N D~ a 7 =a7k Ra 7 )baskx ALK % ol ERE) O Y B b ot fil
W/ = ) M/ T L ATy RERARIEE O BRI SOS 2 B LTz, = o0tz K5 7 e
k2 LBV OREEZREENL, R OZETCHIEALA Z NI, BRBICAFTELHT
=L T T U NBMESL A T VXN T —F L EEAG LT S a—F L5,
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SEBRIA

Instrumentation and Chemicals

NMR spectra were recorded on a Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
for '"H NMR, 100.6 MHz for '*C NMR. Chemical shift values for 'H and '3C are referenced to Me4Si
and the residual solvent resonances, respectively. Chemical shifts were reported in o ppm. Mass
spectra were obtained with JMS-T100TD (DART). TLC analyses were performed on commercial
glass plates bearing 0.25-mm layer of Merck Silica gel 60F2ss. Silica gel (Wakosil® 60, 64~210 um)
was used for column chromatography. Biotage Selekt was used for purification. IR spectra were
measured with a Thermo Scientific iD7 ATR Accessory for the Thermo Scientific Nicolet iS5 FT-IR
Spectrometer. Melting points were measured on a Stanford Research Systems MPA100. CV
measurements were recorded with a Hokuto Denko HZ-7000 potentiostat. UV-Vis absorption spectra
were recorded on a Shimadzu UV-1900. Fluorescence spectra were recorded on a Shimadzu RF-6000.
Kessil A160W Tuna Blue (highest blue and intensity setting) was used as a light source. TEKNOS
MG?9 was used as a fan.

All reactions were carried out under nitrogen or argon atmosphere. Materials were obtained from
commercial suppliers or prepared according to standard procedures unless otherwise noted.
Dichloromethane and acetonitrile were purchased from FUJIFILM Wako Pure Chemical Co., stored
under nitrogen, and used as received. Ir(ppy)s: was purchased from Aldrich Chemical Co., stored under
nitrogen, and used as received. LiOTf was was purchased from Tokyo Chemical Industry Co., stored
under nitrogen, and used as received. Cobalt catalysts Co-1-3 were prepared by the reported
procedure.! PTH-2 and PTH-3 were prepared by the reported procedure.* HX-2 was prepared by the

reported procedure.* The redox active ester 10a was prepared by the reported procedure.’
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Synthesis and Characterization of Organophotoredox Catalyst PTH-1

Pd (OAc), (1 mol %) Me
H PBuj (4 mol %)

N NaOBu (1.5 equiv.) Me
+
SD I toluene (0.25 M) N Me
120°C, 12 h ~
LI

Figure S1-1. Synthesis of PTH-1.

In a glovebox, to an oven-dried vial with a stirring bar was added palladium acetate (4.5 mg, 0.02
mmol), tri-fert-butyl phosphine (16.2 mg, 0.08 mmol) and toluene (8 mL). After stirring at room
temperature for 10 min, benzo[b]phenoxazine (498.7 mg, 2.0 mmol), mesityl iodide (639.8 mg, 2.6
mmol) and sodium fert-butoxide (288.3 mg, 3.0 mmol) were sequentially added to the reaction
solution. After sealing the vial with a cap and removed from the glove box, the reaction was stirred at
120 °C overnight and quenched with NH4Cl aq. The resultant reaction solution was extracted with
ethyl acetate three times, and the combined organic layer was dried over Na;SO4 and filtered. After
volatiles were removed under reduced pressure, purification by flash column chromatography on silica
gel (Biotage Selekt, 0:100—4:96, dichloromethane/hexane) gave the coupling product PTH-1 (173.0
mg, 0.47 mmol, 23% isolated yield). White solid. M.p. 240-242 °C. IR (neat) 743, 907, 1247, 1314,
1336, 1448, 1478, 1572, 2917, 3052 cm . 'TH NMR (400 MHz, CDCl3) 67.48 (m, 1H), 7.35 (s, 1H),
7.27 (m, 1H), 7.19-7.12 (m, 2H), 7.11 (s, 2H), 6.96 (dd, J =7.6, 1.6 Hz, 1H), 6.79 (dd, /= 7.2, 1.6
Hz, 1H), 6.73 (td, /= 7.6, 1.6 Hz, 1H), 6.11 (s, 1H), 5.93 (dd, /= 7.2, 1.6 Hz, 1H), 2.41 (s, 3H), 2.15
(s, 6H). BC NMR (100.6 MHz, CDCl3) 6 140.1, 138.6, 138.3, 137.8 (x2C), 134.9, 133.7, 130.4, 130.1,
127.1,126.6, 126.1,126.1, 125.8, 123.9, 121.5,121.2, 117.9, 114.4, 108.7,21.1, 17.8. HRMS-DART
(m/z): [M+H]" caled for CasH2oNS, 368.1467; found, 368.1469.

Synthesis and Characterization of Brensted Acid Catalysts HX-1 and 3
Synthesis of HX-1. To a 30 ml round bottom flask with a stirring bar was added collidine (1.05 mL,
8.0 mmol) and TfOH (1.20 g, 8.0 mmol) at 0 °C. After stirring at 0 °C for 10 min, the obtained white
solid was washed with ether and dried under reduced pressure to afford collidine- HOTf (HX-1, 1.37
g, 5.1 mmol, 63% isolated yield).

Me

AN
M e
e N7

1

Me
OTf
White solid. M.p. 79-81 °C. IR (neat) 515, 638, 1029, 1155, 1224, 1242, 1286, 1639, 2974, 3080
cm L. 'TH NMR (400 MHz, CDCl;) §14.53 (brs, 1H), 7.30 (s, 2H), 2.80 (s, 6H), 2.57 (s, 3H). 3C
NMR (100.6 MHz, CDCl3) §159.3, 153.0, 125.3, 120.3 (q, Jcr = 318.6 Hz), 22.1, 19.4. Y/F NMR
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(376.5 MHz, CDCl3) & -78.4. HRMS-DART (m/z): [M—OT{]" caled for CsH12N; 122.0964, found
122.0959.

Synthesis of HX-3. To a 30 ml round bottom flask with a stirring bar was added collidine (0.66 mL,
5.0 mmol) and HPFs solution (20 wt%, 3.65 g) at 0 °C. After stirring at 0 °C for 10 min, the obtained
white solid was washed with ether and dried under reduced pressure to afford collidine-HPFs (HX-3,
0.53 g, 2.0 mmol, 40% isolated yield).
Me
X
M (\?
e NT

1

H

Me
PFg

White solid. M.p. 230-233 °C. IR (neat) 516, 712, 765, 990, 1011, 1039, 1073, 1637, 2996, 3191
cm . "H NMR (400 MHz, CDCls) & 13.35 (brs, 1H), 7.32 (s, 2H), 2.80 (s, 6H), 2.58 (s, 3H). *C
NMR (100.6 MHz, D;0) §160.1, 151.6, 125.1, 21.1, 18.3. F NMR (376.5 MHz, CDCls) 5-149.7,
—~149.8. HRMS-DART (m/z): [M—PFs]" caled for CsH2N; 122.0964, found 122.0966.

Synthesis of HX-4. To a 30 ml round bottom flask with a stirring bar was added EtsN (1.25 mL, 9.0
mmol) in DCM (0.5 M, 6.0 mL) and TfOH (0.45 g, 3.0 mmol) at 0 °C. After stirring at 0 °C for 30
min, the organic layer was dried over Na>SO, and filtered. the obtained colorless oil was washed with
ether and dried under reduced pressure to afford and dried under reduced pressure to afford EsN-HOTT
(HX-3, 0.46 g, 1.8 mmol, 62% isolated yield).

Me>
N1 N

H -
OTf

A colorless gel. IR (neat) 518, 638, 1028, 1158, 1224, 1239, 1279, 1477, 2821, 3059 cm . 'H
NMR (400 MHz, CDCl;) 58.87 (brs, 1H), 3.18 (q,J= 7.2 Hz, 6H), 1.38 (t,J= 7.2 Hz, 9H). *C NMR
(100.6 MHz, CDCl3) 6 120.2 (q, Jor = 319.1 Hz), 46.9, 8.6. Y'F NMR (376.5 MHz, CDCl3) 5-78.4.
HRMS-DART (m/z): [M-OTI{]" calcd for C¢HgN; 102.1277, found 102.1279.

Synthesis and Characterization of Alkenes
{[(Undec-10-en-1-yloxy)methoxy]methyl}benzene (2i)

Alkene 2i was synthesized according to the modified procedure.’A flask was placed under N,
atmosphere by three cycles of evacuating and N> backfilling and charged with undec-10-en-1-ol (801
pL, 4.0 mmol, 1.0 equiv.). Dry CH,Cl, (10 mL) and DIPEA (1.40 mL, 8.0 mmol, 2.0 equiv.) were
added and the solution was cooled to 0 °C. BOMCI (1.04 mL, 1.90 mmol, 1.9 equiv.) was added
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dropwise. After stirring for 15 min, the ice bath was removed and the reaction mixture was stirred for
16 h at room temperature. The solution was diluted with CH,Cl,, washed with sat. aq. NaHCOs, dried
over NaSO4 and the solvent was removed under reduced pressure. The oily residue was purified by
flash chromatography on silica gel (Biotage Selekt, 100:0-93:7, hexane/EtOAc) to afford the desired
product 2i (577 mg, 2.0 mmol, 50%) as a colorless oil.

Ph \/O\/OW

IR (neat) 697, 734, 908, 994, 1028, 1046, 1113, 1455, 2854, 2925 cm . '"H NMR (400 MHz, CDCl3)
§7.36-7.26 (m, 5H), 5.81 (m, 1H), 5.01-4.92 (m, 2H), 4.76 (s, 2H), 4.60 (s, 2H), 3.58 (t, /= 6.8 Hz,
2H), 2.04 (dt, J = 7.2, 6.8 Hz, 2H), 1.63-1.56 (m, 2H), 1.37-1.29 (m, 12H). 3C NMR (100.6 MHz,
CDCL) 5139.2, 138.0, 128.4, 127.9, 127.6, 114.1, 94.6, 69.2, 68.1, 33.8, 29.7, 29.5, 29.4 (x2C), 29.1,
28.9, 26.2. HRMS-DART (m/z): [M+NH,]" caled for C1oH3sNO,,308.2584; found, 308.2584.

N-Phenyl-N-(undec-10-en-1-yl)aniline (2j)

Alkene 2j was synthesized according to the modified procedure.” The undec-10-en-1-ol (3.41 g, 20
mmol, 1.0 equiv.) and trimethylamine (4.16 ml, 30 mmol, 1.5 equiv.) were added to a round-bottom
flask containing dry DCM (6.7 mL). The flask was sealed with a rubber septum and purged with
nitrogen. The mixture was cooled to 0 °C, and methanesulfonylchloride (2.63 g, 34 mmol, 1.48 equiv.)
was added to the mixture while being stirred vigorously. After 1h, the mixture was washed with HCI1
2mol/L, saturated NaHCO3 and brine, dried over Na;SO4 and concentrated under reduced pressure,
afforded brown liquid. The mesylated product (5.68 g, >20 mmol, >99% yield) was used in the next
step without further purification.

Diphenylamine (1.33 g, 7.8 mmol, 1.12 equiv.) was dissolved in anhydrous THF (42 mL) and the
solution was cooled to —78 °C. A 13.6 mL portion of n-bulithium (7.91 mmol, 1.13 equiv.) was added
dropwise. The mixture was stirred at —78 °C for 30 min then kept at room temperature for 2 h. The
suspension was cooled to —20 °C and transferred into a second flask containing a cold (=78 °C) solution
of the mesylated product (7.0 mmol, 1.0 equiv.) in anhydrous THF (12 mL). The reaction mixture was
stirred at —78 °C for 30 min and then at room temperature overnight. The precipitate was filtered off
and the solvents were removed in vacuo. The resulting oil was hydrolyzed with deionized water. The
aqueous layer was washed dichloromethane. The organic fractions were combined, dried over
magnesium sulfate, and the solvent was evaporated off. The oily residue was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-95:5, hexane/EtOAc) to afford the desired 2j
(960 mg, 3.0 mmol, 43 %) as a colorless oil.

PhaN__{
8

IR (neat) 692, 745, 908, 1244, 1363, 1494, 1574, 1588, 2852,2923 cm . "TH NMR (400 MHz, CDCl3)
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57.27-7.23 (m, 4H), 6.99-6.97 (m, 4H), 6.93 (t,J=7.2 Hz, 2H), 5.81 (m, 1H), 5.01-4.91 (m, 2H),
3.67 (t, J= 7.6 Hz, 2H), 2.03 (dt, J= 7.2, 6.8 Hz, 2H),1.69-1.61 (m, 2H), 1.38-1.26 (m, 12H). 3C
NMR (100.6 MHz, CDCL) & 148.1, 139.2, 129.2, 121.0, 120.9, 114.1, 52.3, 33.8, 29.5, 29.4, 29.4,
29.1,28.9, 27.4,27.1. HRMS-DART (m/z): [M+H]" caled for CosHioN, 322.2529; found, 322.2529.

Alkene 2k was synthesized according to the modified procedure.® To a solution of thiophenol (0.31
ml, 330 mg, 3.0 mmol) in DMF (6.5 ml) was added KoCO3 (539 mg, 3.9 mmol), followed by the 11-
Bromo-1-undecene (0.65 ml, 700 mg, 3 mmol). The reaction was stirred at room temperature
overnight and then diluted with water. The combined hexane extracts were dried with Na;SO4 and the
solvent was removed under reduced pressure. The oily residue was purified by flash chromatography
on silica gel (Biotage Selekt, 100:0, hexane/EtOAc). The oily precipitate was dried in vacuo to afford
the desired 2k (780 mg, 3.0 mmol, 99 %) as a colorless oil.

PhS .~
8

IR (neat) 690, 736, 909, 1025, 1438, 1465, 1480, 2852, 2924, 3074 cm ~'. "H NMR (400 MHz,
CDCls) §7.33-7.25 (m, 4H), 7.16 (t, J= 7.2 Hz, 1H), 5.81 (m, 1H), 5.01-4.92 (m, 2H), 2.91 (t, J =
7.2 Hz, 2H), 2.04 (q, J = 7.2 Hz, 2H), 1.64 (quintet, J = 7.2 Hz, 2H), 1.43-1.27 (m, 12H). *C NMR
(100.6 MHz, CDCL3) 5 139.2, 137.0, 128.8, 128.8, 125.6, 114.1, 33.8, 33.6, 29.4, 29.4, 29.1 (x 2C),
29.1,28.9, 28.8. HRMS-DART (m/z): [M+H]" caled for C17H,7S, 263.1828; found, 263.1825.

Ethyl[2-(undec-10-en-1-yloxy)ethyl]sulfane (2I)

A flask was placed under N, atmosphere by three cycles of evacuating and N, backfilling and
charged with NaH (0.48 g, 60 wt.% dispersion in oil, 12.0 mmol, 1.5 equiv.) in dry DMF (40 mL). 2-
(Ethylthio)ethan-1-ol (0.83 mL, 8.0 mmol, 1.0 equiv.) was added and stirred for 1 h. 11-Bromoundec-
1-ene (1.73 mL, 8.0 mmol, 1.0 equiv.) was added dropwise at 0 °C. The reaction was stirred at room
temperature overnight and then diluted with water. The water layer was extracted with Et,O three
times. The combined Et,O layer was dried with Na>SO4 and the solvent was removed under reduced
pressure. The residue was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-96:4,
hexane/EtOAc) to afford the desired product 21 (1.00 g, 3.9 mmol, 48 %) as a colorless oil.

Ets/\/o\/W

IR (neat) 637, 909, 993, 1107, 1265, 1358, 1456, 1640, 2853, 2924 cm ~'. 'TH NMR (400 MHz, CDCls)
55.81 (m, 1H), 5.02-4.91 (m, 2H), 3.58 (t, J= 7.2 Hz, 2H), 3.44 (t, J = 6.8 Hz, 2H), 2.71 (1, J= 7.2
Hz, 2H), 2.59 (q, J = 7.2 Hz, 2H), 2.04 (dt, J = 7.6, 6.8 Hz, 2H),1.60-1.53 (m, 2H), 1.42-1.25 (m,
15H). 3C NMR (100.6 MHz, CDCls) 6 139.2, 114.1, 71.2, 70.5, 33.8, 31.1, 29.7, 29.5, 29.4, 29.4,
29.1,28.9,26.4,26.1, 14.9. HRMS-DART (m/z): [M+NH,]" caled for CsHz4NOS, 276.2356; found,
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276.2364.

Procedures for Hydroalkoxylation of Alkenes by A Triple Catalysis

The reaction in Table 1-1, entry 1 is representative (limiting reagent: alkene). In a glovebox, to
an oven-dried vial with a stirring bar was added photoredox catalyst PTH-1 (3.7 mg, 0.01 mmol), Co-
1 (1.2 mg, 0.002 mmol), HX-1 (5.4 mg, 0.02 mmol) and DCM (500 pL). Then, cyclopentanol 1a (54.4
pL, 0.6 mmol) and 4-phenyl-1-butene 2a (30.0 puL, 0.2 mmol) were added to the reaction mixture.
After sealing the vial with a cap and removal from the glove box, the reaction was stirred and irradiated
with a 34W blue LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure
S1-2). After 24 h, the reaction was quenched with a short plug of silica gel using diethyl ether. After
volatiles were removed under reduced pressure, purification by flash column chromatography on silica
gel (100:0-98:2, hexane/Et,0O) gave the 3aa (32.3 mg, 0.15 mmol, 74% isolated yield) as a pale yellow

oil.

Figure S1-2. Light set up

Characterization Data for Coupling Products
[3-(Cyclopentyloxy)butyl]benzene (3aa)
G/OY\/ Ph
The product 3aa was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,0)
(Table 1-1, entry 1; 32.3 mg, 0.15 mmol, 74% isolated yield. Table 1-1, entry 13; 37.6 mg, 0.17 mmol,
86% isolated yield.). Pale yellow oil. IR (neat) 698, 745, 1091, 1132, 1337, 1371, 1453, 1495, 2869,

2961 cm . "H NMR (400 MHz, CDCls) §7.27 (t, J = 8.0 Hz, 2H), 7.20-7.15 (m, 3H), 3.98 (quintet,
J=52Hz, 1H), 3.38 (m, 1H), 2.75 (m, 1H), 2.61 (m, 1H), 1.86-1.49 (m, 10H), 1.16 (d,J= 6.4 Hz,
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3H). 3C NMR (100.6 MHz, CDCl3) §142.6, 128.4, 128.3, 125.6, 78.8, 72.6, 38.8, 33.2, 32.5, 32.1,
23.4,23.3,20.4. HRMS-DART (m/z): [M+H]" calcd for CisHz30; 219.1743, found 219.1746.

2-Methoxypropyl-4-methylbenzenesulfonate (3bb)

H,CO
5 OTs

The product 3bb was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-88:12,
hexane/EtOAc) (Figure 1-4; 27.6 mg, 0.09 mmol, 46% isolated yield). Pale yellow oil. IR (neat) 555,
664, 815, 940, 1096, 1176, 1188, 1359, 2861, 2932 cm . '"H NMR (400 MHz, CDCl3) §7.79 (d, J =
8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.02 (t, J = 6.4 Hz, 2H), 3.29 (s, 3H), 3.24 (m, 1H), 2.45 (s,
3H), 1.68-1.61 (m, 2H), 1.46 (m, 1H), 1.37-1.21 (m, 5H), 1.09 (d, J= 6.0 Hz, 3H). 3C NMR (100.6
MHz, CDCl3) & 144.6, 133.2, 129.8, 127.8, 76.5, 70.6, 55.9, 36.1, 28.8, 25.4, 24.7, 21.6, 18.9.
HRMS-DART (m/z): [M+H]" calcd for CisH2504S; 301.1468, found 301.1461.

Trimethyl{2-[(4-phenylbutan-2-yl)oxy]ethyl}silane (3ca)

Ph

The product 3ca was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-97:3,
hexane/EtOAc) (Figure 1-4; 27.0 mg, 0.11 mmol, 54% isolated yield). Pale yellow oil. IR (neat) 835,
858, 1091, 1134, 1247, 1454, 1496, 2860, 2925, 2952 cm ~'. '"H NMR (400 MHz, CDCl3) § 7.30-
7.26 (m, 2H), 7.20-7.16 (m, 3H), 3.58 (m, 1H), 3.43-3.36 (m, 2H), 2.76-2.61 (m, 2H), 1.84 (m,
1H), 1.70 (m, 1H), 1.16 (d, J= 6.0 Hz, 3H), 0.96-0.91 (m, 2H), 0.02 (s, 9H). *C NMR (100.6 MHz,
CDCl3) 61425, 128.4, 128.3, 125.6, 74.0, 65.3, 38.5, 31.9, 19.7, 18.6, —1.3. HRMS-DART (m/z):
[M+NH4]" caled for CisH30NOSi; 268.2091, found 268.2096.

[3-(Neopentyloxy)butyl]benzene (3da)

></OWA/ Ph

The product 3da was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-4; 24.2 mg, 0.11 mmol, 55% isolated yield). Colorless oil. IR (neat) 698, 744, 1092, 1137,
1362, 1455, 1479, 1604, 2865, 2952 cm ~. TH NMR (400 MHz, CDCl;) §7.28 (t, J = 7.2 Hz, 2H),
7.20-7.15 (m, 3H), 3.35 (sixtet, J = 6.4 Hz, 1H), 3.16 (d, J = 8.8 Hz, 1H), 2.96 (d, J = 8.8 Hz, 1H),
2.76 (ddd, J=13.6,9.2, 6.4 Hz, 1H), 2.65 (ddd, J=13.6, 9.6, 6.4 Hz, 1H), 1.84 (m, 1H), 1.69 (m, 1H),
1.13 (d, J = 6.4 Hz, 3H), 0.92 (s, 9H). 3C NMR (100.6 MHz, CDCl3) §142.7, 128.4, 128.3, 125.6,
78.9,74.8,38.7,32.1,31.9,26.8,19.6. HRMS-DART (m/z): [M+H]" calcd for CisH250; 221.1900,
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found 221.1903.

1-Methoxy-4-{[(4-phenylbutan-2-yl)oxy]methyl}benzene (3ea)

MeO

The product 3ea was purified by flash chromatography on silica gel (100:0-95:5, hexane/EtOAc)
(Figure 1-4; 40.6 mg, 0.15 mmol, 75% isolated yield). Colorless oil. The spectrum data of product 3ea

was consistent with the literature.’

3-({[1-(3,4-Dimethoxyphenyl)propan-2-yl]oxy}methyl)furan (3fc)

Oavo OMe

T/\EjiOMe
The reaction conditions were modified. The reaction was carried out with 1f (17.2 pL, 0.2 mmol),
2¢ (34.3 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %), and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3fc was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-4; 53.1 mg, 0.19 mmol, 96%
isolated yield). Colorless oil. IR (neat) 874, 1029, 1090, 1141, 1157, 1237, 1262, 1515, 2835, 2933
cm ', 'TH NMR (400 MHz, CDCl3) §7.36 (s, 1H), 7.33 (s, 1H), 6.80 (d, J = 8.4 Hz, 1H), 6.74-6.73
(m, 2H), 6.30 (s, 1H), 4.42 (d, J=12.0 Hz, 1H), 4.29 (d, /= 12.0 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H),
3.68 (m, 1H), 2.84 (dd, J=13.6, 6.0 Hz, 1H), 2.62 (dd, J=13.6, 6.0 Hz, 1H), 1.18 (d, /= 6.0 Hz, 3H).
13C NMR (100.6 MHz, CDCl3) 5148.6, 147.4, 143.2, 140.2, 131.7, 122.8, 121.3, 112.7, 112.0, 110.3,
76.0, 62.1, 55.9, 55.8, 42.8, 19.6. HRMS-DART (m/z): [M+NH4]" calcd for Ci6H24NO4; 294.1699,

found 294.1696.

2-{[(4-Phenylbutan-2-yl)oxy]methyl}tetrahydro-2H-pyran (3ga)
O\/O Ph
I

The product 3ga was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-95:5,
hexane/EtOAc) (Figure 1-4; 33.3 mg, 0.13 mmol, 67% isolated yield). Colorless oil. IR (neat) 699,
746, 1047, 1094, 1136, 1205, 1374, 1496, 2847, 2931 cm ~'. The ratio (50:50) of the diastereomers
was determined by "H NMR analysis. '"H NMR (400 MHz, CDCl3) § 7.29-7.25 (m, 2H), 7.20-7.15
(m, 3H), 4.01 (m, 1H), 3.55-3.36 (m, 4H + 0.5 x 1H), 3.24 (m, 0.5 x 1H), 2.78-2.61 (m, 2H), 1.95-
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1.84 (m, 2H), 1.74-1.26 (m, 6H), 1.18-1.17 (m, 3H). Signals for two diastereomers were given: 1*C
NMR (100.6 MHz, CDCl3) 6 142.5 (x2C), 128.4 (x2C), 128.3 (x2C), 125.6, 125.6, 77.2 (x2C), 75.3
(x20), 72.4, 72.1, 68.5, 68.5, 38.2, 38.2, 31.9 (x2C), 28.7, 28.6, 26.1, 26.0, 23.2, 23.1, 19.6
(x2C). HRMS-DART (m/z): [M+H]" calcd for Ci6H2502; 249.1849, found 249.1849.

Benzyl 4-{2-[(4-Phenylbutan-2-yl)oxy]ethyl}piperidine-1-carboxylate (3ha)

OW/\/ Ph
Csz/\/

The product 3ha was purified by flash chromatography on silica gel (99:1-85:15, hexane/EtOAc)
(Figure 1-4; 30.1 mg, 0.08 mmol, 38% isolated yield). Colorless oil. IR (neat) 1087, 1135, 1208, 1238,
1276, 1364, 1429, 1696, 2856, 2924 cm ~'. "TH NMR (400 MHz, CDCl;) § 7.36-7.25 (m, 7H), 7.19—
7.17 (m, 3H), 5.12 (s, 2H), 4.16 (brs, 2H), 3.53 (m, 1H), 3.39-3.33 (m, 2H), 2.78-2.59 (m, 4H), 1.84
(m, 1H), 1.74-1.57 (m, 4H), 1.51 (quintet, J = 6.0 Hz, 2H), 1.16-1.13 (m, 5H). 3C NMR (100.6
MHz, CDCl3) §155.2, 142.3, 136.9, 128.4, 128.3, 128.3, 127.9, 127.8, 125.7, 74.6, 66.9, 65.5, 44.2,
38.3, 36.6, 32.8, 32.0, 31.8, 19.6. HRMS-DART (m/z): [M+H]" calcd for C2sH34NOs; 396.2533,
found 396.2540.

[3-(3-Bromo-2,2-dimethylpropoxy)butyl]benzene (3ia)
BF\X/OY\/ Ph

The reaction conditions were modified. The reaction was carried out with 1i (73.7 uL, 0.6 mmol),
2a (30.0 puL, 0.2 mmol), Ir(ppy)s (1.3 mg, 0.002 mmol, 1 mol %) or PTH-1 (3.7 mg, 0.01 mmol, 5
mol %), and HX-1 (5.4 mg, 0.02 mmol, 10 mol %) in DCM (500 pL) under blue LED irradiation for
24 h. The product 3ia was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,0)
(Figure 1-4; Ir(ppy)s: 31.0 mg, 0.10 mmol, 52% isolated yield, PTH-1: 23.9 mg, 0.08 mmol, 40 %
isolated yield). Pale yellow oil. IR (neat) 698, 744, 1089, 1135, 1377, 1454, 1474, 2863, 2928, 2964.
'"H NMR (400 MHz, CDCl3) 6 7.28 (t, J= 7.6 Hz, 2H), 7.21-7.16 (m, 3H), 3.45-3.35 (m, 3H), 3.29
(d, J=8.8 Hz, 1H), 3.14 (d, /= 8.8 Hz, 1H), 2.75 (m, 1H), 2.64 (m, 1H), 1.83 (m, 1H), 1.70 (m, 1H),
1.14 (d, J = 6.0 Hz, 3H), 1.03 (s, 6H). '3C NMR (100.6 MHz, CDCl;) & 142.6, 128.4, 128.3, 125.6,
74.8, 74.3, 43.9, 38.6, 36.2, 31.8, 23.5, 19.5. HRMS-DART (m/z): [M+H]" calcd for CisHxBrO;
299.1005, found 299.1003.

tert-Butyl 4-{2-[(4-Phenylbutan-2-yl)oxy]ethyl} piperidine-1-carboxylate (3ja)
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O\r\/ Ph
BOCIO/\/

The product 3ja was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-85:15,
hexane/EtOAc) (Figure 1-4; 41.9 mg, 0.12 mmol, 58% isolated yield). Colorless oil. IR (neat) 1138,
1171, 1245, 1277, 1365, 1421, 1693, 2856, 2926, 2970 cm ~'. 'H NMR (400 MHz, CDCl3) §7.29—
7.26 (m, 2H), 7.19-7.16 (m, 3H), 4.06 (brs, 2H), 3.54 (dt, J=9.2, 6.4 Hz, 1H), 3.41-3.34 (m, 2H),
2.76-2.60 (m, 4H), 1.85 (m, 1H), 1.75-1.65 (m, 3H), 1.61-1.49 (m, 3H), 1.45(s, 9H), 1.18-1.10
(m, 5H). 3C NMR (100.6 MHz, CDCl3) §154.9, 142.3, 128.3, 128.3, 125.7, 79.1, 74.6, 65.6, 44.0
(x2C), 38.3, 36.7, 32.9, 32.2, 32.0, 31.8, 28.4, 19.6. HRMS-DART (m/z): [M+H]" calcd for
C22H36NO3; 362.2690, found 362.2695.

2,2-Dimethyl-4-{2-[(4-phenylbutan-2-yl)oxy]ethyl}-1,3-dioxolane (3ka)
O/WOY\/ Ph
)TO
The product 3ka was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-90:10,
hexane/EtOAc) (Figure 1-4; 22.8 mg, 0.08 mmol, 41% isolated yield). Pale yellow oil. IR (neat) 859,
1055, 1088, 1214, 1369, 1454, 1496, 2853, 2930, 2983 cm ~'. The ratio (50:50) of the diastereomers
was determined by '"H NMR analysis. '"TH NMR (400 MHz, CDCl3) § 7.27 (t,J = 7.6 Hz, 2H), 7.20—
7.16 (m, 3H), 4.25 (m, 0.5 x 1H), 4.20 (m, 0.5 x 1H), 4.08 (m, 1H), 3.66-3.54 (m, 2H), 3.48-3.35
(m, 2H), 2.76-2.59 (m, 2H), 1.94-1.77 (m, 3H), 1.68 (m, 1H), 1.41 (s, 3H), 1.36 (s, 3H), 1.16 (d, J
= 6.0 Hz, 3H). Signals for two diastereomers were given: 3C NMR (100.6 MHz, CDCl;) §142.3,
142.3, 128.4, 128.4, 128.3 (x2C), 125.7 (x2C), 108.5, 108.4, 74.7, 74.7, 74.1, 73.8, 69.7, 69.7, 64.9,

64.9,38.4,38.3,34.2,34.2,31.8,31.7,26.9,25.8, 19.5, 19.5. HRMS-DART (m/z): [M+H]" calcd for
C17H2703; 279.1955, found 279.1954.

{3-[(3,7-Dimethyloct-6-en-1-yl)oxy]|butyl}benzene (3la)

\‘/\/\(\/OY\/ Ph
The product 3la was purified by flash chromatography on silica gel (100:0-95:5, hexane/Et,0)
(Figure 1-4; 42.7mg, 0.15 mmol, 74% isolated yield). Colorless oil. IR (neat) 698, 1094, 1136, 1339,
1375, 1454, 1496, 2859, 2924, 2964 cm ~'. The ratio (50:50) of the diastereomers was determined by
"H-NMR analysis. '"H NMR (400 MHz, CDCl3) §7.29-7.25 (m, 2H), 7.20-7.15 (m, 3H), 5.11 (m,
1H), 3.52 (m, 1H), 3.41-3.31 (m, 2H), 2.73 (m, 1H), 2.34 (m, 1H), 2.07-1.90 (m, 2H), 1.84 (m, 1H),
1.75-1.56 (m, 9H), 1.45-1.31 (m, 2H), 1.18-1.15 (m, 4H), 0.90 (d, J = 6.0 Hz, 3H). Signals for two
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diastereomers were given: *C NMR (100.6 MHz, CDCl3) §142.5 (x2C), 131.1 (x2C), 128.4 (x4C),
128.3 (x4C), 125.6 (x2C), 124.9 (x2C), 74.5, 74.5, 66.6 (x2C), 38.5 (x2C), 37.3, 37.2, 37.2, 37.2,
31.9, 31.9, 29.6, 29.6, 25.7 (x2C), 25.5 (x2C), 19.7, 19.7 (x2C), 19.5, 17.6 (x2C). HRMS-DART
(m/z): [M+H]" caled for C20H330; 289.2526, found 289.2524.

Benzyl N-[(Benzyloxy)carbonyl]-O-[1-(3,4-dimethoxyphenyl)propan-2-yl]-L-serinate (3mc)

NHCbz

BnO\[]/'VOW/\@:OMe

© OMe
The reaction conditions were modified. The reaction was carried out with 1m (65.9 mg, 0.2 mmol),
2¢ (34.3 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %), and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3me was purified by flash
chromatography on silica gel (Biotage Selekt, 98:2-80:20, hexane/AcOEt) (Figure 1-4; 61.2mg, 0.12
mmol, 60% isolated yield). Pale yellow oil. IR (neat) 1029, 1158, 1237, 1262, 1338, 1455, 1516, 1725,
2933, 3345 cm . The ratio (50:50) of the diastereomers was determined by 'H NMR analysis. "H
NMR (400 MHz, CDCl3) 67.37-7.25 (m, 10H), 6.73-6.63 (m, 3H), 5.59 (d, /= 8.8 Hz, 0.5 x 1H),
5.39 (d, J=8.8 Hz, 0.5 x 1H), 5.26-4.99 (m, 4H), 4.47 (m, 1H), 4.00 (dd, /= 8.8, 2.4 Hz, 0.5 x 1H),
3.84-3.73 (m, 7H), 3.55-3.44 (m, IH + 0.5 x 1H), 2.67 (m, 1H), 2.52 (m, 1H), 1.08 (d, /= 6.0 Hz,
0.5 x 3H), 1.03 (d, /= 6.0 Hz, 0.5 x 3H). Signals for two diastereomers were given: *C NMR (100.6
MHz, CDCl3) 6 170.1, 170.1, 155.9, 155.9, 148.5, 148.4, 147.3, 147.2, 136.2, 136.0, 135.3, 135.2,
131.1,131.0, 128.3,128.3, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 121.1, 121.0, 112.6, 112.3, 110.8,
110.8, 77.6, 77.3, 68.6, 68.1, 66.9, 66.9, 66.9, 66.7, 55.6, 55.6, 55.5, 54.5, 54.4, 42.5, 42.4, 19.0,

18.9 (Only observed peaks). HRMS-DART (m/z): [M+H]" calcd for C29H34NO7; 508.2330, found
508.2340.

Methyl N-(tert-Butoxycarbonyl)-O-[1-(3,4-dimethoxyphenyl)propan-2-yl]-L-serinate (3nc)
NHBoc
Meo%o OMe
T X

OMe
The reaction conditions were modified. The reaction was carried out with 1n (43.8 mg, 0.2 mmol),
2¢ (34.3 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %), and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h.The product 3nc¢ was purified by flash

chromatography on silica gel (Biotage Selekt, 97:3-75:25, hexane/AcOEt) (Figure 1-4; 36.5mg, 0.09
mmol, 46% isolated yield). Pale yellow oil. IR (neat) 1030, 1160, 1238, 1262, 1516, 1716, 1752, 2934,
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2973, 3407 cm . The ratio (59:41) of the diasterecomers was determined by 'H NMR analysis. "H
NMR (400 MHz, CDCl3) §6.79 (m, 1H), 6.71-6.67 (m, 2H), 5.30 (d, /= 8.4 Hz, 0.41 x 1H), 5.17 (d,
J=8.4Hz, 0.59 x 1H), 4.35 (m, 1H), 3.95-3.85 (m, 6H + 0.59 x 1H), 3.74-3.70 (m, 0.59 x 3H + 0.41
x 2H), 3.63 (s, 0.41 x 3H), 3.55 (m, 1H), 3.49 (dd, /=9.2, 3.2 Hz, 0.59 x 1H), 2.73 (m, 1H), 2.57 (m,
1H), 1.45 (s, 0.41 x 9H), 1.44 (s, 0.59 x 9H), 1.12 (d, J= 6.0 Hz, 0.41 x 3H), 1.10 (d, /= 6.0 Hz, 0.59
x 3H). Signals for two diastereomers were given: *C NMR (100.6 MHz, CDCl;) 6 171.2, 171.2,
155.5, 148.7, 148.6, 147.5, 147.4, 131.4, 131.3, 121.3, 121.2, 112.8, 112.7, 111.0, 79.9, 79.8, 77.7,
77.4, 68.7, 68.5, 55.9, 55.8, 55.8, 54.2, 54.1, 52.3, 52.2, 42.6, 42.5, 28.3, 28.3, 19.2, 19.1 (Only
observed peaks). HRMS-DART (m/z): [M+H]" caled for C20H32NO7; 398.2173, found 398.2168.

(3aR,4S,5R,6a8)-4-({[1-(3,4-Dimethoxyphenyl)propan-2-yl]oxy}methyl)-2-oxohexahydro-2H-
cyclopenta[b]furan-5-yl Benzoate (30c)
OMe

OMe

The reaction conditions were modified. The reaction was carried out with 1o (27.6 mg, 0.1 mmol),
2¢ (17.1 pL, 0.1 mmol), PTH-1 (1.8 mg, 0.005 mmol, 5 mol %), and HX-1 (2.7 mg, 0.01 mmol, 10
mol %) in DCM (250 pL) under blue LED irradiation for 24 h. The product 3oc was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10-50:50, hexane/AcOEt) (Figure 1-4; 36.6 mg, 0.08
mmol, 81% isolated yield). Pale yellow oil. IR (neat) 714, 1027, 1108, 1263, 1273, 1451, 1516, 1714,
1771, 2965 cm ~'. The ratio (50:50) of the diastereomers was determined by 'H NMR analysis. "H
NMR (400 MHz, CDCl3) ¢ 7.98 (d,J=7.2 Hz, 2H), 7.55 (d, /J=7.2 Hz, 1H), 7.44 (t,J=7.2 Hz, 2H),
6.78 (m, 1H), 6.72-6.70 (m, 2H), 5.33 (dt, J = 6.0, 2.8 Hz, 0.5 x 1H), 5.25 (dt, J = 6.0, 2.8 Hz, 0.5 x
1H), 5.01 (t, J= 5.6 Hz, 0.5 x 1H), 4.95 (t, /= 6.0 Hz, 0.5 x 1H), 3.89-3.83 (m, 6H), 3.63-3.56 (m,
2H), 3.33 (m, 1H), 2.88-2.24 (m, 8H), 1.16 (d, J= 6.4 Hz, 0.5 x 3H), 1.14 (d, /= 6.4 Hz, 0.5 x 3H).
Signals for two diastereomers were given: '*C NMR (100.6 MHz, CDCl3) §176.8, 176.8, 166.0, 166.0
148.7, 147.5, 133.2, 131.5, 131.4, 129.7, 129.6, 128.4, 121.3, 121.3, 112.6, 112.6, 111.1, 85.3, 85.2,
78.9,78.7,71.5,77.4, 69.0, 55.9, 55.9, 53.5, 53.4, 42.9, 42.8, 40.9, 40.8, 38.8, 38.7, 36.2, 36.2, 19.4,
19.3 (Only observed peaks). HRMS-DART (m/z): [M+H]" caled for Ca6H3107; 455.2064, found
455.2060.

>

[3-(Pentan-3-yloxy)butyl]benzene (3pa)

Et (0] Ph
\( w/\/
Et
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The product 3pa was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,0)
(Figure 1-4; 24.2 mg, 0.11 mmol, 55% isolated yield). Colorless oil. The spectrum data of product 3pa

was consistent with the literature. '’

4-(2-Cyclopropoxypropyl)-1,2-dimethoxybenzene (3qc)

v/O OMe

Y\@OMe
The reaction conditions were modified. The reaction was carried out with 1q (11.7 puL, 0.2 mmol),
2¢ (34.3 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %), and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3qc was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-4; 19.2 mg, 0.08 mmol, 41%
isolated yield). Colorless oil. IR (neat) 1030, 1141, 1157, 1210, 1238, 1262, 1516, 2833, 2932, 2968
cm ', "TH NMR (400 MHz, CDCl3) 66.79 (m, 1H), 6.73-6.72 (m, 2H), 3.87 (s, 3H), 3.86 (s, 3H),
3.72 (sixtet, J = 6.4 Hz, 1H), 3.30 (m, 1H), 2.83 (dd, /= 14.4, 6.4 Hz, 1H), 2.55 (dd, /= 14.4, 6.4 Hz,
1H), 1.18 (d, J= 6.4 Hz, 3H), 0.54 (m, 1H), 0.47 (m, 1H), 0.43-0.32 (m, 2H). 3C NMR (100.6 MHz,

CDCls) 0148.5,147.3,131.8,121.3,112.7, 110.9, 77.2, 55.8,55.8,51.2,42.8, 19.8, 6.0, 5.5. HRMS—
DART (m/z): [M+NH4]" caled for C14H24NO3; 254.1751, found 254.1755.

(3-Cyclobutoxybutyl)benzene (3ra)
o] Ph
gy~

The product 3ra was purified by flash chromatography on silica gel (100:0-97.5:2.5, hexane/Et,0)
(Figure 1-4; 29.4 mg, 0.14 mmol, 72% isolated yield). Pale yellow oil. IR (neat) 698, 747, 1113, 1145,
1238, 1333, 1372, 1496, 2871, 2969 cm ~!. TH NMR (400 MHz, CDCl3) 7.29 (t, J = 12.0 Hz, 2H),
7.20-7.15 (m, 3H), 3.97 (quintet, J = 7.6 Hz, 1H), 3.40 (sixtet, J = 6.4Hz, 1H), 2.74 (ddd, J = 14.0,
9.2, 5.6 Hz, 1H), 2.63 (ddd, J = 14.0, 9.2, 4.8 Hz, 1H), 2.23-2.16 (m, 2H), 2.01-1.87 (m, 2H), 1.80
(m, 1H), 1.72-1.63 (m, 2H), 1.46 (m, 1H), 1.14 (d, J = 6.4 Hz, 3H). *C NMR (100.6 MHz, CDCl;)

01424, 128.4, 128.3, 125.6, 72.7, 71.4, 38.6, 31.9, 31.8, 31.3, 20.4, 12.7. HRMS-DART (m/z):
[M+H]" calcd for C14H2,0; 205.1587, found 205.1586.

(3-{I(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl]oxy}butyl)benzene (3sa)

\0,0\(\/ Ph
ipy

The product 3sa was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,0)
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(Figure 1-4; 28.8 mg, 0.10 mmol, 50% isolated yield). Pale yellow oil. IR (neat) 698, 745, 1050, 1085,
1131, 1371, 1454, 2868, 2921, 2953 ¢cm ~'. The ratio (50:50) of the diastereomers was determined by
"H NMR analysis. '"H NMR (400 MHz, CDCl3) 67.31-7.25 (m, 2H), 7.21-7.15 (m, 3H), 3.53 (m,
1H), 3.09 (dd, J=10.8, 4.0 Hz, 0.5 x 1H), 3.04 (dd, /= 10.8, 4.0 Hz, 0.5 x 1H), 2.77-2.58 (m, 2H),
2.28 (m, 1H), 2.01 (m, 1H), 1.81 (m, 1H), 1.72 (m, 1H), 1.67-1.60 (m, 2H), 1.39-1.12 (m, 5H), 1.01—
0.82 (m, 9H), 0.80-0.74 (m, 3H). Signals for two diastereomers were given:'*C NMR (100.6 MHz,
CDCls) 6 142.6, 142.5, 128.4, 128.3, 128.3, 128.2, 125.6, 125.6, 77.8, 76.2, 73.3, 71.9, 48.8, 48.5,
42.5,41.7,39.2,38.6, 34.5,34.5,32.1, 31.7, 31.6, 31.6, 24.9, 23.1, 23.0, 22.4, 21.6, 21.3, 21.3, 20.1,
16.0, 16.0. HRMS-DART (m/z): [M+H]" calcd for C20H330; 289.2526, found 289.2528.

4-[(4-Phenylbutan-2-yl)oxy]tetrahydro-2H-pyran (3ta)
OW/\/ Ph
&y

The reaction was also carried out with 1t (19.1 uL, 0.2 mmol), 2a (60.1 pL, 0.4 mmol), PTH-1 (3.7
mg, 0.01 mmol, 5 mol %), and HX-1 (5.4 mg, 0.02 mmol, 10 mol %) in DCM (500 pL) under blue
LED irradiation for 24 h. The product 3ta was purified by flash chromatography on silica gel (100:0—
85:15, hexane/EtOAc) (Figure 1-4; 16.9 mg, 0.07 mmol, 36% isolated yield). Yellow oil. IR (neat)
699, 746, 871, 1002, 1088, 1130, 1372, 1454, 2853, 2925 cm '. '"H NMR §7.28 (t, J = 8.0 Hz, 2H),
7.20-7.16 (m, 3H), 3.95 (dt,J=12.0, 4.4 Hz, 2H), 3.58-3.50 (m, 2H), 3.47-3.40 (m, 2H), 2.76 (ddd,
J=12.0,10.0, 6.4 Hz, 1H), 2.74 (ddd, J = 12.0, 10.0, 5.6 Hz, 1H), 1.88-1.79 (m, 3H), 1.72 (m, 1H),
1.65-1.52 (m, 2H), 1.17 (d, J = 6.4 Hz, 3H). 3C NMR (100.6 MHz, CDCl;) §142.3, 128.3, 128.3,

125.7,71.8, 71.6, 65.9, 65.9, 38.8, 33.8, 32.8, 32.0, 20.7. HRMS-DART (m/z): [M+NH4]" calcd for
C15sH26NO2; 252.1958, found 252.1958.

tert-Butyl 4-[(4-Phenylbutan-2-yl)oxy]piperidine-1-carboxylate (3ua)

OW/\/ Ph
BOCO/

The product 3ua was purified by flash chromatography on silica gel (100:0-85:15, hexane/EtOAc)
(Figure 1-4; 28.0 mg, 0.08 mmol, 42% isolated yield). Colorless oil. IR (neat) 1037, 1089, 1132, 1172,
1236, 1365, 1422, 1693, 2861, 2928 cm . "TH NMR (400 MHz, CDCl3) 67.29-7.26 (m, 2H), 7.19—
7.16 (m, 3H), 3.80-3.77 (m, 2H), 3.56-3.46 (m, 2H), 3.10-3.03 (m, 2H), 2.75 (m, 1H), 2.61 (m, 1H),
1.87-1.68 (m, 4H), 1.55-1.44 (m, 11H), 1.16 (d, J = 6.0 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) &
154.9, 142.3, 128.3 (x2C), 125.7, 79.4, 72.2, 72.0, 41.5 (x2C), 38.9, 32.4, 32.0, 31.4, 28.4, 20.7.
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HRMS-DART (m/z): [M+H]" caled for C20H3NO3; 334.2377, found 334.2381.

Benzyl 4-[(4-Phenylbutan-2-yl)oxy|piperidine-1-carboxylate (3va)

OW/\/ Ph
Cbzl\@/

The product 3va was purified by flash chromatography on silica gel (100:0-83:17, hexane/EtOAc)
(Figure 1-4; 31.6 mg, 0.09 mmol, 43% isolated yield). Colorless oil. IR (neat) 698, 748, 1036, 1084,
1130, 1226, 1429, 1696, 2861, 2927 cm ~'. '"H NMR (400 MHz, CDCl3) 67.37-7.25 (m, 7H), 7.19—
7.16 (m, 3H), 5.13 (s, 2H), 3.82 (brs, 2H), 3.57-3.49 (m, 2H), 3.23-3.16 (m, 2H), 2.74 (m, 1H), 2.65
(m, 1H), 1.87-1.69 (m, 4H), 1.53 (brs, 2H), 1.16 (d, J = 6.0 Hz, 3H). 3C NMR (100.6 MHz, CDCl3)
0155.3,142.2,136.9,128.5,128.3,128.3, 127.9, 127.8, 125.7, 72.0, 71.8, 67.0, 41.5, 41.5, 38.8, 32.3,
32.0,31.2,20.6. HRMS-DART (m/z): [M+H]" calcd for C23H30NOs; 368.2220, found 368.2221.

[3-(tert-Butoxy)butyl]benzene (3wa)
xow/\/ Ph
The reaction conditions were modified. The reaction was carried out with 1w (191.3 pL, 2.0 mmol),
2a (30.0 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3ya was purified by flash

chromatography on silica gel (100:0-97:3, hexane/Et,O) (Figure 1-4; 27.6 mg, 0.13 mmol, 67%

isolated yield). Pale yellow oil. The spectrum data of product 3wa was consistent with the literature.'!

1-[(4-Phenylbutan-2-yl)oxy]adamantane (3xa)
OT/\/ Ph
The product 3xa was purified by flash chromatography on silica gel (100:0-98:2, hexane/EtOAc)
(Figure 1-4; 27.3 mg, 0.10 mmol, 48% isolated yield). Pale yellow oil. IR (neat) 698, 746, 984, 1084,
1115, 1354, 1371, 1453, 2850, 2904 cm . "H NMR §7.27 (t, J = 7.2 Hz, 2H), 7.20-7.15 (m, 3H),
3.80 (sixtet, J = 6.0 Hz, 1H), 2.72 (ddd, J = 13.6, 10.0, 5.2 Hz, 1H), 2.58 (ddd, J=13.6, 10.0, 5.2 Hz,
1H), 2.13 (s, 3H), 1.82-1.57 (m, 14H), 1.16 (d, J = 6.0 Hz, 3H). '*C NMR (100.6 MHz, CDCl;) &

142.7,128.3,128.2,125.6,72.5, 65.0,42.8,40.6,36.4,32.6, 30.6, 23.5. HRMS-DART (m/z): [M+H]"
calcd for Cy0H290; 285.2213, found 285.2210.
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Benzyl 4-(Undecan-2-yloxy)piperidine-1-carboxylate (3yd)

OTW
8
Cbzl\o/

The product 3yd was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-84:16,
hexane/EtOAc) (Figure 1-5; 33.5 mg, 0.09 mmol, 43% isolated yield). Pale yellow oil. IR (neat) 1039,
1088, 1126, 1225, 1273, 1363, 1429, 1701, 2854, 2924 cm ~'. 'H NMR (400 MHz, CDCl3) §7.36—
7.27 (m, 5H), 5.12 (s, 2H), 3.82 (brs, 2H), 3.54-3.45 (m, 2H), 3.24-3.16 (m, 2H), 1.78 (brs, 2H), 1.49—
1.44 (m, 2H), 1.37-1.18 (m, 16H), 1.11 (d, J = 6.0 Hz, 3H), 0.88 (t, J = 6.4 Hz, 3H). '3C NMR (100.6
MHz, CDCl3) 6155.3, 136.9, 128.4, 127.9, 127.8, 72.7, 71.6, 67.0, 41.5, 41.5, 37.3, 31.9, 29.7, 29.6,
29.6, 29.3, 25.8, 22.7, 20.6, 14.1. HRMS-DART (m/z): [M+H]" calcd for C24H4oNOs; 390.3006,
found 390.3003.

6-[(4-Methoxybenzyl)oxy]heptyl 4-Methylbenzenesulfonate (3eb)

The product 3eb was purified by flash chromatography on silica gel (99:1-90:10, hexane/EtOAc)
(Figure 1-5; 45.5 mg, 0.11 mmol, 56% isolated yield). Colorless oil. IR (neat) 576, 814, 937, 1173,
1245, 1356, 1512, 1612, 2860, 2933 cm . 'TH NMR (400 MHz, CDCl3) §7.78 (d, J = 8.4 Hz, 2H),
7.33 (d, J=8.4 Hz, 2H), 7.24 (d, /= 8.4 Hz, 2H), 6.87 (d, /= 8.4 Hz, 2H), 4.48 (d, /= 11.2 Hz, 1H),
4.34 (d,J=11.2 Hz, 1H), 4.01 (t, J= 6.8 Hz, 2H), 3.80 (s, 3H), 3.44 (sixtet, J= 6.0 Hz, 1H), 2.44 (s,
3H), 1.66-1.59 (m, 2H), 1.50 (m, 1H), 1.43-1.21 (m, 5H), 1.14 (d, J = 6.0 Hz, 3H). *C NMR (100.6
MHz, CDCl3) 6 159.0, 144.6, 133.2, 131.0, 129.8, 129.2, 127.9, 113.7, 74.2, 70.6, 69.9, 55.3, 36.4,
28.8,25.4,24.9,21.6,19.6. HRMS-DART (m/z): [M+NH4]" calcd for C2oH34NOsS; 424.2152, found
424.2146.

OTs

(2-Chlorophenyl)diphenylmethyl 9-(Cyclopentyloxy)decanoate (3ae)

O Ph_ Ph
T
Cl
The product 3ae was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-96:4,
hexane/EtOAc) (Figure 1-5; 17.1 mg, 0.03 mmol, 16% isolated yield). Paleyellow oil. IR (neat) 700,
755, 1044, 1149, 1337, 1370, 1447, 1742, 2855, 2928 cm ~'. "TH NMR (400 MHz, CDCl3) § 7.35—
7.16 (m, 14H), 3.96 (m, 1H), 3.38 (m, 1H), 2.54 (t, /= 7.6 Hz, 2H), 1.77-1.62 (m, 6H), 1.60-1.41
(m, 4H), 1.39-1.26 (m, 12H), 1.10 (d,J= 6.0 Hz, 3H). 3*C NMR (100.6 MHz, CDCl3) § 172.0, 142.8,
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139.9,133.7,131.7, 131.5, 129.1, 128.0, 127.8, 127.3, 125.8, 89.5, 78.6, 73.1, 37.2, 35.0, 33.1, 32.5,
29.7, 29.5, 29.3, 29.2, 25.8, 24.8, 23.4, 23.3, 20.4. HRMS-DART (m/z): [M+NH4]" calcd for
C35H47CINOs3; 564.3239, found 564.3236.

10-(Cyclopentyloxy)undecyl acetate (3af)

gOTHBVOAC

The product 3af was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-98:2,
hexane/EtOAc) (Figure 1-5; 37.6 mg, 0.13 mmol, 63% isolated yield). Pale yellow oil. IR (neat) 1042,
1117, 1132, 1236, 1366, 1437, 1458, 1741, 1458, 1741, 2855,2927 cm . "TH NMR (400 MHz, CDCl;)
04.05 (d, J= 6.4 Hz, 2H), 3.97 (quintet, J = 4.4 Hz, 1H), 3.38 (sixtet, /= 5.2 Hz, 1H), 2.05 (s, 3H),
1.76-1.42 (m, 11H), 1.35-1.28 (m, 13H), 1.10 (d, J = 5.2 Hz, 3H). *C NMR (100.6 MHz, CDCl;) &
171.3,78.6,73.2,64.7,37.2,33.1,32.5,29.7,29.5, 29.5,29.2, 28.6, 25.9, 25.8, 23.4, 23.3, 21.0, 20.4.
HRMS-DART (m/z): [M+NH4]" calcd for C1sH3sNO3; 316.2846, found 316.2846.

2-{[10-(Cyclopentyloxy)undecyl]oxy}tetrahydro-2H-pyran (3ag)

OTH\/OTHP
< ’ 8

The product 3ag was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-5; 34.6 mg, 0.10 mmol, 51% isolated yield). Pale yellow oil. IR (neat) 869, 1034, 1079,
1121, 1201, 1340, 1370, 1454, 2855, 2928 cm . TH NMR (400 MHz, CDCl3) §4.58 (m, 1H), 3.96
(m, 1H), 3.87 (m, 1H), 3.73 (m, 1H), 3.50 (m, 1H), 3.41-3.35 (m, 2H), 1.84 (m, 1H), 1.75-1.64 (m,
5H), 1.61-1.50 (m, 11H), 1.35-1.28 (13H), 1.10 (d, J = 6.0 Hz, 3H). *C NMR (100.6 MHz, CDCl3)
098.8,78.6,73.2,67.7,62.3,37.2,33.1, 32.5,30.8, 29.7, 29.7, 29.6, 29.6, 29.5, 26.2, 25.8, 25.5, 23 .4,
23.3,20.4, 19.7. HRMS-DART (m/z): [M+NH4]" caled for C21H44NO3; 358.3316, found 358.3312.

{[11-(Methoxymethoxy)undecan-2-ylJoxy}cyclopentane (3ah)

OTH\/OMOM
< ’ 8

The product 3ah was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-95:5,
hexane/EtOAc) (Figure 1-5; 34.2 mg, 0.11 mmol, 57% isolated yield). Paleyellow oil. IR (neat) 920,
1045, 1087, 1111, 1149, 1337, 1371, 1465, 2854, 2926 cm ~'. "H NMR (400 MHz, CDCl;) & 4.62 (s,
2H), 4.00 (quintet, J=4.4 Hz, 1H), 3.52 (t,J= 6.8 Hz, 2H), 3.40-3.36 (m, 4H), 1.78-1.66 (m, 4H),
1.62-1.54 (m, 4H), 1.54-1.43 (m, 2H), 1.40-1.28 (m, 14H), 1.10 (d, J = 6.0 Hz, 3H). 3C NMR
(100.6 MHz, CDCl3) 6 96.4,78.6,73.2,67.9,55.1,37.2,33.1, 32.5, 29.7,29.7, 29.6, 29.6, 29.4, 26.2,
25.8, 23.4, 23.3, 20.4. HRMS-DART (m/z): [M+NH4]" calcd for CisHs9NO3;318.3003, found
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318.2990.

[({[10-(Cyclopentyloxy)undecyl]oxy}methoxy)methyl]benzene (3ai)

oTy\)VOBOM
< ’ 8

The product 3ai was purified by flash chromatography on silica gel (100:0-90:10, hexane/EtOAc)
(Figure 1-5; 45.5 mg, 0.12 mmol, 60% isolated yield). Paleyellow oil. IR (neat) 697, 734, 1028, 1046,
1114, 1165, 1372, 1454, 2855, 2927 cm ~'. 'TH NMR (400 MHz, CDCl;) § 7.36-7.27 (m, 5H), 4.76
(s, 2H), 4.60 (s, 2H), 3.96 (m, 1H), 3.59 (t, J = 6.8 Hz, 2H), 3.38 (m, 1H), 1.78-1.65 (m, 4H), 1.64—
1.42 (m, 6H), 1.40-1.28 (m, 14H) 1.10 (d, J= 6.0 Hz, 3H). *C NMR (100.6 MHz, CDCl3) 5 137.9,
128.3, 127.8, 127.6, 94.5, 78.6, 73.1, 69.2, 68.1, 37.2, 33.1, 32.4, 29.7 (x2C), 29.6, 29.5, 29.4, 26.2,
25.8,23.3,23.3,20.4. HRMS-DART (m/z): [M+H]" calcd for C24Ha4103; 377.3050, found 377.3051.

N-[10-(Cyclopentyloxy)undecyl]-N-phenylaniline (3aj)

o\rg\)vNth
OK 8

The product 3aj was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-97:3,
hexane/EtOAc) (Figure 1-5; 55.0 mg, 0.13 mmol, 67% isolated yield). Paleyellow oil. IR (neat) 695,
748, 1046, 1240, 1371, 1496, 1589, 1741, 2854, 2928 cm ~'. '"H NMR (400 MHz, CDCl3) §7.28-7.23
(m, 4H), 6.99-6.97 (m, 4H), 6.93 (t, J= 7.2 Hz, 2H), 3,96 (quintet, J = 4.4 Hz, 1H), 3,68 (d, J= 7.6
Hz, 1H), 3,66 (d, /= 7.6 Hz, 1H), 3.38 (m, 1H), 1.78-1.63 (m, 6H), 1.61-1.54 (m, 2H), 1.52-1.43
(m, 3H), 1.34-1.25 (m, 13H), 1.10 (d, J= 6.0 Hz, 3H). 3*C NMR (100.6 MHz, CDCl3) 5 148.1, 129.2,
121.0, 120.9, 78.6, 73.2, 52.3, 37.2, 33.1, 32.5, 29.7, 29.6, 29.6, 29.4, 27.4, 27.1, 25.8, 23.4, 23.3,
20.4. HRMS-DART (m/z): [M+H]" calcd for C2sHa,NO; 408.3266, found 408.3268.

[10-(Cyclopentyloxy)undecyl](phenyl)sulfane (3ak)

Croj/wevsmm

The product 3ak was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-5; 36.7 mg, 0.11 mmol, 53% isolated yield). Pale yellow oil. IR (neat) 690, 736, 1025, 1044,
1092, 1130, 1438, 1480, 2853, 2925 cm ~'. "TH NMR (400 MHz, CDCl3) §7.33-7.25 (m, 4H), 7.16 (t,
J=17.2Hz, 1H), 3.96 (m, 1H), 3.38 (m, 1H), 2.91 (t, J= 7.2 Hz, 2H), 1.78-1.54 (m, 7H), 1.52-1.49
(m, 6H), 1.46-1.27 (m, 11H), 1.10 (d, J = 6.0 Hz, 3H). 3*C NMR (100.6 MHz, CDCl3) §137.0, 128.8
(x2C), 125.6, 78.6, 73.2, 37.2, 33.5, 33.1, 32.5, 29.7, 29.5, 29.4, 29.1 (x2C), 28.8, 25.8, 23.4, 23.3,
20.4. HRMS-DART (m/z): [M+H]" caled for C2,H370S; 349.2560, found 349.2559.
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(2-{[10-(Cyclopentyloxy)undecyl]oxy}ethyl)(ethyl)sulfane (3al)

T

The product 3al was purified by flash chromatography on silica gel (100:0-95:5, hexane/AcOEt)
(Figure 1-5; 18.8 mg, 0.05 mmol, 27 % isolated yield). Colorless oil. IR (neat) 909, 993, 1110, 1265,
1358, 1456, 1641, 2854, 2925, 3075 cm . 'TH NMR (400 MHz, CDCl3) §3.96 (m, 1H), 3.58 (t, J =
6.8 Hz, 2H), 3.44 (t, J= 6.8 Hz, 2H), 3.38 (m, 1H), 2.71 (t, J= 6.8 Hz, 2H), 2.59 (q, /= 7.2 Hz, 2H),
1.78-1.64 (m, 4H), 1.63—1.42 (m, 7H), 1.34—-1.25 (m, 16H), 1.10 (d, J= 6.0 Hz, 3H). *C NMR (100.6
MHz, CDCl3) 6 78.6, 73.2, 71.2,70.5, 37.2, 33.1, 32.5, 31.1, 29.7, 29.7, 29.6, 29.5, 29.4, 26.4, 26.1,
25.8, 23.4, 23.3, 20.4, 14.9. HRMS-DART (m/z): [M+H]" calcd for C2H410,S; 345.2822, found
345.2829.

4-[2-(Cyclopentyloxy)propyl]-1,2-dimethoxybenzene (3ac)

G/O OMe

\(\C[OMe
The reaction conditions were modified. The reaction was carried out with 1a (18.1 uL, 0.2 mmol),
2¢ (34.3 pL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3ac was purified by flash
chromatography on silica gel (Biotage Selekt, 99:1-90:10, hexane/EtOAc) (Figure 1-5; 52.9 mg, 0.20
mmol, 99% isolated yield). Pale yellow oil. IR (neat) 1030, 1157, 1237, 1261, 1333, 1464, 1515, 2833,
2869, 2957 cm . '"H NMR (400 MHz, CDCl3) §6.80-6.72 (m, 3H), 3.91 (m, 1H), 3.87 (s, 3H), 3.86
(s, 3H), 3.58 (sixtet, J = 6.4 Hz, 1H), 2.75 (dd, J = 13.6, 6.4 Hz, 1H), 2.56 (dd, J=13.6, 6.4 Hz, 1H),
1.73-1.41 (m, 8H), 1.13 (d, J = 6.4 Hz, 3H). 13C NMR (100.6 MHz, CDCl3) & 148.4, 147.2, 132.2,

121.3, 112.9, 110.9, 79.1, 74.7, 55.9, 55.8, 43.2, 33.1, 32.4, 23.4, 23.2, 20.4. HRMS-DART (m/z):
[M+H]" calcd for C16H2503; 265.1798, found 265.1804.

1-[1-(Cyclopentyloxy)ethyl]-4-methoxybenzene (3am)
OMe
o
The reaction conditions were modified. The reaction was carried out with 1a (18.1 ul , 0.2 mmol),
2m (26.8 pl, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10

mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3am was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-95:5, hexane/EtOAc) (Figure 1-5; 38.3 mg, 0.17
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mmol, 87% isolated yield). Pale yellow oil. IR (neat) 831, 1038, 1091, 1171, 1243, 1441, 1511, 1611,
2869, 2955 cm ', 'TH NMR (400 MHz, CDCl3) §7.24 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H),
4.41 (q,J = 6.4 Hz, 1H), 3.82-3.76 (m, 4H), 1.76-1.40 (m, 8H), 1.38 (d, J = 6.4 Hz, 3H). *C NMR
(100.6 MHz, CDCl3) o 158.7, 136.7, 127.3, 113.6, 78.3, 74.9, 55.2, 33.0, 31.8, 24.6, 23.5, 23.4.
HRMS-DART (m/z): [M+H]" caled for C14H2102; 221.1536, found 221.1542.

1-Fluoro-4-[1-(1-phenylethoxy)ethyl]benzene (3zn)

o L F

The reaction conditions were modified. The reaction was carried out with 1z (24.2 pL, 0.2 mmol),
2n (23.9 pL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3zn was purified by flash
chromatography on silica gel (100:0-97.5:2.5, hexane/Et,0) (Figure 1-5; 46.4 mg, 0.19 mmol, 95%
isolated yield). Pale yellow oil. IR (neat) 701, 761, 835, 1029, 1089, 1222, 1509, 1604, 2928, 2975
cm L. The ratio (53:47) of the diastereomers was determined by 'H NMR analysis. "H NMR (400
MHz, CDCl3) 67.36 (m, 1H), 7.31-7.20 (m, 6H), 7.03 (m, 1H), 6.95 (m, 1H), 4.51 (m, 1H), 4.21 (m,
1H), 1.45 (m, 3H), 1.36 (m, 3H). Signals for two diastereomers were given: *C NMR (100.6 MHz,
CDCl3) 6162.1 (d, Jcr =244.8 Hz), 161.9 (d, Jc.r = 244.8 Hz), 144.0, 143.9, 140.0 (d, Jc.r = 2.9 Hz),
139.8 (d, Jer = 3.3 Hz), 128.5, 128.3, 127.8 (d, Jc.r = 7.7 Hz), 127.8 (d, Jcr = 7.5 Hz), 127.4, 127.2,
126.3, 126.2, 115.3 (d, Jc.r = 21.2 Hz), 115.0 (d, Jc.r = 21.3 Hz), 74.7, 74.6, 73.9, 73.8, 24.7, 24.6,
23.1,22.9. Signals for two diastereomers (53:47) were given: ’FNMR (376.5 MHz, CDCl3) 6-115.4,
—115.9. HRMS-DART (m/z): [M+NH4]" calced for C16H21FNO; 262.1602, found 262.1606.

1-Chloro-4-[1-(cyclopentyloxy)ethyl]benzene (3a0)
Cl
1

The reaction conditions were modified. The reaction was carried out with 1a (18.1 pL, 0.2 mmol),
20 (25.4 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3ao was purified by flash
chromatography on silica gel (100:0-98:2, hexane/Et,O) (Figure 1-5; 39.6 mg, 0.18 mmol, 88%
isolated yield, 12 h : 90% NMR yield). Pale yellow oil. IR (neat) 546, 781, 826, 1014, 1088, 1336,

1367, 1488, 2869, 2958 cm . '"H NMR (400 MHz, CDCl3) 57.30 (d, J = 8.4 Hz, 2H), 7.25 (d, J =
8.4 Hz, 2H), 4.43 (q, J = 6.4 Hz, 1H), 3.78 (quintet, J = 4.8 Hz, 1H), 1.78-1.40 (m, 8H), 1.37 (d, J =
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6.4 Hz, 3H). 3C NMR (100.6 MHz, CDCls) §143.3, 132.7, 128.4, 127.6, 78.8, 74.8, 33.0, 31.9, 24.6,
23.5,23.4. HRMS-DART (m/z): [M+H]" calcd for C13H;5ClO; 225.1041, found 225.1040.

[Oxybis(ethane-1,1-diyl)|dibenzene (3zp)

.o L]

The reaction conditions were modified. The reaction was carried out with 1z (24.2 puL, 0.2 mmol),
2p (20.8 puL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3zp was purified by flash
chromatography on silica gel (100:0-97:3, hexane/EtOAc) (Figure 1-5; 42.4 mg, 0.19 mmol, 94%
isolated yield). Colorless oil. The ratio (51:49) of the diastereomers was determined by 'H NMR

analysis. The spectrum data of product 3zp was consistent with the literature.'?

Methyl 4-[1-(Cyclopentyloxy)ethyl|benzoate (3aq)
CO,Me
O

The reaction conditions were modified. The reaction was carried out with 1a (18.1 uL, 0.2 mmol),
2q (32.4 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3aq was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-95:5, hexane/EtOAc) (Figure 1-5; 36.8 mg, 0.15
mmol, 74% isolated yield). Pale yellow oil. IR (neat) 773, 857, 1092, 1110, 1275, 1435, 1611, 1721,
2870, 2952 cm . "H NMR (400 MHz, CDCl3) §8.01 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H),
4.51 (q,J= 6.4 Hz, 1H), 3.91 (s, 3H), 3.79 (quintet, J = 4.4 Hz, 1H), 1.76-1.42 (m, 8H), 1.40 (d, J =
6.4 Hz, 3H). 3*C NMR (100.6 MHz, CDCl3) 6167.0, 150.3, 129.7, 129.0, 126.1, 79.1, 75.2, 52.0, 33.0,

31.9, 24.5, 23.5, 23.4. HRMS-DART (m/z): [M+NH4]" calcd for C;5H24NO3; 266.1751, found
266.1752.

1-[1-(1-Phenylethoxy)ethyl]-4-(trifluoromethyl)benzene (3zr)

CF3
o LT
The reaction conditions were modified. The reaction was carried out with 1z (24.2 pL, 0.2 mmol),

2r (34.2 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
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mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3zr was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-95:5, hexane/EtOAc) (Figure 1-5; 34.1 mg, 0.12
mmol, 58% isolated yield). Colorless oil. IR (neat) 700, 761, 841, 1018, 1066, 1088, 1122, 1163, 1323,
2976 cm ~'. The ratio (50:50) of the diastereomers was determined by 'H NMR analysis. '"H NMR
(400 MHz, CDCl3) 67.62 (d, J= 8.0 Hz, 0.5 x 2H), 7.52 (d, J= 8.0 Hz, 0.5 x 2H), 7.41-7.33 (m, 3H),
7.32-7.20 (m, 4H), 4.54 (m, 1H), 4.31 (q, /= 6.4 Hz, 0.5 x 1H), 4.20 (q, /= 6.4 Hz, 0.5 x 1H), 1.47
(m, 3H), 1.39 (m, 3H). Signals for two diastereomers were given: >*C NMR (100.6 MHz, CDCl3) &
148.4, 148.4, 143.7, 143.6, 129.6 (q, Jc-r = 32.5 Hz), 129.6 (q, Jcr = 33.0 Hz), 128.5, 128.3, 127.6,
127.3,126.5 (x2C), 126.4 (x2C), 126.2, 126.2, 125.5 (q, Jcr = 3.7 Hz), 125.2 (q, Jcr = 3.9 Hz), 75.1
(x2C), 74.1, 74.0, 24.6, 24.6, 23.3, 22.9. Signals for two diastereomers were given: '’F NMR (376.5
MHz, CDCl3) § —62.4, —62.4. HRMS-DART (m/z): [M+NH4]" caled for Ci7H2F3NO; 312.1570,
found 312.1568.

5-[1-(Cyclopentyloxy)ethyl]-2-methoxypyridine (3as)

The reaction conditions were modified. The reaction was carried out with 1a (18.1 uL, 0.2 mmol),
2s (27.0 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol % or 10.8 mg, 0.04 mmol, 20 mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The
product 3as was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-97:3,
hexane/EtOAc) (Figure 1-5; 21.6 mg, 0.10 mmol, 49% isolated yield, 20 mol % Collidine HOTf: 54%
isolated yield). Pale yellow oil. IR (neat) 1028, 1093, 1252, 1282, 1323, 1397, 1492, 1608, 2871, 2955
cm . TH NMR (400 MHz, CDCl3) §8.06 (d, J=2.4 Hz, 1H), 7.58 (dd, J= 8.4, 2.4 Hz, 1H), 6.74 (d,
J=8.4 Hz, 1H), 4.43 (q, J= 6.4 Hz, 1H), 3.93 (s, 3H), 3.78 (m, 1H), 1.74-1.42 (m, 8H), 1.40 (d, J =
6.4 Hz, 3H). 3*C NMR (100.6 MHz, CDCl;) §163.7, 144.8, 136.9, 132.5, 110.9, 78.5, 72.7, 53.4, 33.0,
31.9,24.2,23.4,23.4. HRMS-DART (m/z): [M+H]" calcd for C13H20NO»; 222.1489, found 222.1482.

[3-Methyl-3-(1-phenylethoxy)butyl]benzene (3zt)
Ph \r07<\/ Ph
The reaction conditions were modified. The reaction was carried out with 1z (72.6 uL, 0.6 mmol),
2t (29.2 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10

mol %) in DCM (500 pL) under blue LED irradiation for 48 h. The product 3zt was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-5; 36.1 mg, 0.13 mmol, 67%
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isolated yield). Colorless oil. The spectrum data of product 3zt was consistent with the literature.'®

tert-Butyl|3-(cyclopentyloxy)-3-methylbutoxy]dimethylsilane (3au)

GOX\/OTBS
The product 3au was purified by flash chromatography on silica gel (100:0-95:5, hexane/EtOAc)
(Figure 1-5; 45.6 mg, 0.16 mmol, 80% isolated yield). Red oil. IR (neat) 774, 836, 1045, 1091, 1152,
1255, 1362, 1472, 2857,2956 cm ~'. '"H NMR (400 MHz, CDCl3) 63.99 (m, 1H), 3.71 (t,J=7.2 Hz,
2H), 1.81-1.64 (m, 6H), 1.49-1.42 (m, 4H), 1.15 (s, 6H), 0.89 (s, 9H), 0.05 (s, 6H). *C NMR (100.6
MHz, CDCl3) 673.9,73.1,59.7,43.8,34.9,27.1, 26.0, 23.6, 18.3,-5.3. HRMS-DART (m/z): [M+H]"
calcd for C16H350,Si; 287.2401, found 287.2403.

{1-[(2,4,4-Trimethylpentan-2-yl)oxy]ethyl}benzene (3zv)
Ph._ O
TR

The reaction conditions were modified. The reaction was carried out with 1z (72.6 pL, 0.6 mmol),
2v (31.2 puL, 0.2 mmol), Ir(ppy)s (1.3 mg, 0.002 mmol, 1 mol %) or PTH-1 (3.7 mg, 0.01 mmol, 5
mol %), and HX-1 (5.4 mg, 0.02 mmol, 10 mol %) in DCM (500 pL) under blue LED irradiation for
24 h. The product 3zv was purified by flash chromatography on silica gel (100:0-95:5, hexane/EtOAc)
(Figure 1-5; Ir(ppy)s: 42.5 mg, 0.18 mmol, 91% isolated yield, PTH-1: 23.4 mg, 0.10 mmol, 50%
isolated yield). Colorless oil. IR (neat) 700, 759, 1020, 1028, 1081, 1125, 1213, 1365, 1383, 2952 cm
-1, TH NMR (400 MHz, CDCl;3) §7.35-7.26 (m, 4H), 7.19 (t, J = 7.2 Hz, 1H), 4.65 (q,J = 6.4 Hz,
1H), 1.52 (s, 2H), 1.34 (d, J = 6.4 Hz, 3H), 1.22 (s, 3H), 1.05 (s, 3H), 1.02 (s, 9H). *C NMR (100.6
MHz, CDCls) 6 147.9, 128.0, 126.4, 125.7, 69.6, 54.9, 31.8, 31.3, 28.7, 27.2, 26.8. HRMS-DART
(m/z): [IM+NH4]" calcd for C16H30NO; 252.2322, found 252.2324.

[2-(1-Phenylethoxy)propan-2-yl]benzene (3zw)
Ph \rO7< Ph
The reaction conditions were modified. The reaction was carried out with 1z (24.2 pL, 0.2 mmol),
2w (26.0 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3zw was purified by flash

chromatography on silica gel (100:0-97:3, hexane/EtOAc) (Figure 1-5; 40.6 mg, 0.17 mmol, 84%

isolated yield). Colorless oil. The spectrum data of product 3zw was consistent with the literature.'*

{1-[(1-Methylcyclopentyl)oxy]ethyl}benzene (3zx)
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Ph__ _O
0

The reaction conditions were modified. The reaction was carried out with 1z (72.6 uL, 0.6 mmol),
2x (21.1 pL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 48 h. The product 3zx was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-5; 20.0 mg, 0.10 mmol, 49%
isolated yield). Pale yellow oil. IR (neat) 700, 759, 954, 1028, 1082, 1203, 1374, 1448, 2870, 2966
cm . 'TH NMR (400 MHz, CDCl3) 67.36-7.28 (m, 4H), 7.20 (tt, J = 7.2, 1.6 Hz, 1H), 4.58 (q, J =
6.8 Hz, 1H), 1.89 (m, 1H), 1.82-1.70 (m, 2H), 1.62-1.41 (m, 4H), 1.37-1.36 (m, 4H), 1.20 (s, 3H).
13C NMR (100.6 MHz, CDCls) §147.4, 128.1, 126.4, 125.5, 85.6, 70.9, 39.0, 38.4, 26.7, 24.9, 23.9,
23.7. HRMS-DART (m/z): [M+NH4]" caled for C14H24NO; 222.1852, found 222.1850.

tert-Butyl 3-Methyl-3-(1-phenylethoxy)azetidine-1-carboxylate (3zy)

Ph_ O
\r %NBOC

The product 3zy was purified by flash chromatography on silica gel (100:0-70:30, hexane/EtOAc)
(Figure 1-5; 30.4 mg, 0.10 mmol, 52% isolated yield). Yellow oil. IR (neat) 701, 1081, 1106, 1149,
1366, 1399, 1702, 2882, 2929, 2974 cm ~'. 'H NMR (400 MHz, CDCl3) §7.33-7.32 (m, 4H), 7.25
(m, 1H), 4.56 (q, J= 6.4 Hz, 1H), 3.93 (d, /= 8.8 Hz, 1H), 3.81 (d, /= 8.8 Hz, 1H), 3.66 (d, J= 8.8
Hz, 1H), 3.54 (d, J= 8.8 Hz, 1H), 1.43-1.42 (m, 15H). 3C NMR (100.6 MHz, CDCl3) 5156.5, 145.1,
128.4, 127.3, 125.7,79.5, 72.6, 72.5, 60.8, 28 .4, 25.6, 24.2. HRMS-DART (m/z): [M+H]" calcd for
C17H26NO3; 292.1907, found 292.1905.

1-[(Cyclopentyloxy)methyl]-4-methoxybenzene (3ez)

@oﬁ

The reaction conditions were modified. The reaction was carried out with 1e (83.0 mg, 0.6 mmol),
2z (17.7 pL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol%), and HX-1 (5.4 mg, 0.02 mmol, 10
mol%) in DCM (500 pL) under blue LED irradiation for 48 h. The product 3ez was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-5; 21.8 mg, 0.11 mmol, 53%

isolated yield). Paleyellow oil. The spectrum data of product 3ez was consistent with the literature.'

[(4-Methoxybenzyl)oxy]cyclooctane (3eA)
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O

The reaction conditions were modified. The reaction was carried out with 1e (83.0 mg, 0.6 mmol),
2A (25.9 pL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol%), and HX-1 (5.4 mg, 0.02 mmol, 10
mol%) in DCM (500 pL) under blue LED irradiation for 48 h. The product 3eA was purified by flash
chromatography on silica gel (100:0-95:5, hexane/AcOEt) (Figure 1-5; 33.5 mg, 0.13 mmol, 67%
isolated yield). Pale yellow oil. IR (neat) 820, 1037, 1071, 1171, 1246, 1465, 1512, 1613, 2852, 2921.
'"H NMR (400 MHz, CDCl3) § 7.26 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 4.43 (s, 2H), 3.80
(s, 3H), 3.50 (m, 1H), 1.89-1.82 (m, 2H), 1.77-1.67 (m, 4H), 1.62-1.49 (m, SH), 1.46-1.39 (m,
3H). 3C NMR (100.6 MHz, CDCls) §158.9, 131.4, 129.0, 113.7, 78.4, 69.6, 55.2, 31.4, 27.3, 25.4,
23.1. HRMS-DART (m/z): [M+NH4]" calcd for C16H2sNO; 266.2115, found 266.2111.

1-[(4-Methoxybenzyl)oxy]-2,3-dihydro-1H-indene (3eB)

MeO
Tl

The product 3eB was purified by flash chromatography on silica gel (Biotage Selekt, 100:0-93:7,
hexane/EtOAc) (Figure 1-5; 50.9 mg, 0.2 mmol, 99% isolated yield). Colorless oil. IR (neat) 756,
1034, 1074, 1246, 1301, 1460, 1512, 1611, 2850, 2934 cm ~'. '"H NMR (400 MHz, CDCls) §7.40 (d,
J=06.8 Hz, IH), 7.31 (dt, J= 8.4, 2.0 Hz, 2H), 7.25-7.19 (m, 3H), 6.88 (d, J= 6.8 Hz, 2H), 5.00 (dd,
J=06.4,44Hz, 1H),4.59 (d, J=11.6 Hz, 1H), 4.55 (d, J= 11.6 Hz, 1H), 3.80 (s, 3H), 3.09 (m, 1H),
2.81 (m, 1H), 2.34 (m, 1H), 2.13 (m, 1H). *C NMR (100.6 MHz, CDCl3) 6159.1, 144.0, 142.9, 130.9,
129.3,128.3,126.3, 125.1, 124.8, 113.8, 82.3, 70.2, 55.3, 32.4, 30.2. HRMS-DART (m/z): [M+NH4]"
calcd for Ci17H22NO»; 272.1645, found 272.1648.

1-[1-(Cyclopentyloxy)propyl]-4-methoxybenzene (3aC)
T
The reaction conditions were modified. The reaction was carried out with 1a (18.1 uL, 0.2 mmol),

2C (29.9 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in DCM (500 pL) under blue LED irradiation for 24 h. The product 3aC was purified by flash

OMe
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chromatography on silica gel (Biotage Selekt, 100:0-90:10, hexane/EtOAc) (Figure 1-5; 46.9 mg, 0.2
mmol, 99% isolated yield). Pale yellow oil. IR (neat) 1039, 1055, 1100, 1171, 1247, 1302, 1511, 1611,
2871, 2958 cm ~'. "H NMR (400 MHz, CDCl3) §7.21 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H),
4.10(dd,J=7.2,6.0 Hz, 1H), 3.80 (s, 3H), 3.76 (m, 1H), 1.78-1.39 (m, 10H), 0.88 (t,/=7.2 Hz, 3H).
13C NMR (100.6 MHz, CDCls) §158.7, 135.7, 127.8, 113.5, 80.8, 78.4, 55.2, 33.1, 31.6, 23.4, 10.6.
HRMS-DART (m/z): [M+NH4]" caled for CisH26NO; 252.1958, found 255.1961.

6-Hydroxyheptyl 4-Methylbenzenesulfonate (Sab)

HO
THEOTS

The reaction conditions were modified. The reaction was carried out with 4a (10.8 uL, 0.2 mmol),
2b (40.1 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in acetone (500 pL) under blue LED irradiation for 24 h. The product Sab was purified by
flash chromatography on silica gel (100:0-65:35, hexane/EtOAc) (Figure 1-6; 42.2 mg, 0.15 mmol,
74% isolated yield). Pale yellow oil. IR (neat) 555, 664, 815, 938, 1175, 1189, 1356, 2862, 2933, 3400
cm ' TH NMR (400 MHz, CDCl3) §7.79 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.03 (t, J =
6.4 Hz, 2H), 3.74 (m, 1H), 2.45 (s, 3H), 1.69-1.62 (m, 2H), 1.43-1.26 (m, 6H), 1.17 (d, J = 6.0 Hz,
3H). 3C NMR (100.6 MHz, CDCls) & 144.7, 133.2, 129.8, 127.9, 70.5, 67.9, 39.0, 28.8, 25.3, 25.1,
23.6,21.6. HRMS-DART (m/z): [M+NHa4]" calcd for C14H26NO4S; 304.1577, found 304.1578.

4-[(tert-Butyldimethylsilyl)oxy]-2-methylbutan-2-ol (Sau)

HOXVOTBS

The reaction conditions were modified. The reaction was carried out with 4a (10.8 uL, 0.2 mmol),
2u (48.1 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in acetone (500 pL) under blue LED irradiation for 24 h. The product Sau was purified by
flash chromatography on silica gel (100:0-90:10, hexane/EtOAc) (Figure 1-6; 29.2 mg, 0.13 mmol,
67% isolated yield). Pale yellow oil. The spectrum data of product 5au was consistent with the

literature.'®
1-(tert-Butyl)-3-[(4-phenylbutan-2-yl)oxy]benzene (7aa)
Bu \©/OYV Ph
The product 7aa was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-6; 35.5 mg, 0.13 mmol, 63% isolated yield). Pale yellow oil. IR (neat) 698, 1222, 1273,
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1289, 1486, 1579, 1604, 2866, 2963, 3026 cm ~'. "H NMR (400 MHz, CDCls) 57.29-7.25 (m, 2H),
7.21-7.17 (m, 4H), 6.97 (m, 1H), 6.91 (t, J=2.4 Hz, 1H), 6.67 (dd, J= 8.0, 2.4 Hz, 1H), 4.37 (m, 1H),
2.85-2.70 (m, 2H), 2.08 (m, 1H), 1.88 (m, 1H), 1.33 (d, J= 6.0 Hz, 3H), 1.30 (s, 9H). 3C NMR (100.6
MHz, CDCL) §157.9, 153.0, 141.9, 128.9, 128.5, 128.4, 125.8, 117.7, 113.9, 112.0, 72.6, 38.3, 34.7,
31.9, 31.3, 19.8. HRMS-DART (m/z): [M+NH,]" caled for C20H30NO; 300.2322, found 300.2322.

1,2-Dimethyl-3-[(4-phenylbutan-2-yl)oxy]benzene (7ba)

OW/\/ Ph

The product 7ba was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-6; 22.0 mg, 0.09 mmol, 43% isolated yield). Colorless oil. IR (neat) 699, 768, 1100, 1256,
1454, 1470, 1584, 2928, 2971, 3026 cm . "TH NMR (400 MHz, CDCl3) 67.29-7.25 (m, 2H), 7.20—
7.17 (m, 3H), 7.01 (m, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 4.34 (m, 1H), 2.84—
2.71 (m, 2H), 2.27 (s, 3H), 2.22 (s, 3H), 2.08 (m, 1H), 1.91 (m, 1H), 1.31 (d, J = 6.0 Hz, 3H). 13C
NMR (100.6 MHz, CDCl3) 6 155.9, 142.0, 138.0, 128.5, 128.3, 126.2, 125.8, 125.6, 122.0, 110.7,
73.1, 38.5, 31.9, 20.2, 19.9, 11.9. HRMS-DART (m/z): [M+NH4]" calcd for CisH26NO; 272.2009,
found 272.2006.

1-Phenylethyl 2-(4-Chlorophenyl)acetate (9ap)

AL,

The reaction conditions were modified. The reaction was carried out with 8a (102.4 mg, 0.6 mmol),
2p (20.8 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in PhCF3 (500 puL) under blue LED irradiation for 24 h. The product 9ap was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-6; 52.4 mg, 0.19 mmol, 95%
isolated yield). Yellow oil. IR (neat) 699, 1063, 1092, 1159, 1251, 1492, 1732, 2359, 2980, 3032 cm
“I. TH NMR (400 MHz, CDCls) §7.35-7.27 (m, 7H), 7.19 (d, J = 8.4 Hz, 2H), 5.88 (q, J = 6.8 Hz,
1H), 3.60 (s, 2H), 1.52 (d, J = 6.8 Hz, 3H). *C NMR (100.6 MHz, CDCl3) 6 170.3, 141.3, 133.0,
132.4, 130.6, 128.6, 128.5, 127.9, 126.0, 73.0, 40.9, 22.1. HRMS-DART (m/z): [M+NH4]" calcd for
CisH19CINO2; 292.1099, found 292.1091.

1-Phenylethyl Benzoate (9bp)
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The reaction conditions were modified. The reaction was carried out with 8b (73.3 mg, 0.6 mmol),
2p (20.8 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in PhCF3 (500 pL) under blue LED irradiation for 24 h. The product 9bp was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-6; 45.0 mg, 0.20 mmol, 99%

isolated yield). Colorless oil. The spectrum data of product 9bp was consistent with the literature.'”

4-Phenylbutan-2-yl Benzoate (9ba)

i J\/\
Ph)J\O Ph

The reaction conditions were modified. The reaction was carried out with 8b (73.3 mg, 0.6 mmol),
2a (30.0 uL, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10
mol %) in PhCF3 (500 puL) under blue LED irradiation for 24 h. The product 9ba was purified by flash
chromatography on silica gel (100:0-95:5, hexane/EtOAc) (Figure 1-6; 13.2 mg, 0.05 mmol, 26%

isolated yield). Yellow oil. The spectrum data of product 9ba was consistent with the literature.'8

4-Phenylbutan-2-yl 2-Ethylbutanoate (9ca)

o
Et\)J\OJ\/\ Ph
Et

The product 9ca was purified by flash chromatography on silica gel (100:0-97:3, hexane/EtOAc)
(Figure 1-6; 12.9 mg, 0.05 mmol, 26% isolated yield). Pale yellow oil. IR (neat) 699, 1130, 1150,
1181, 1728, 2360, 2876, 2934, 2964, 3027 cm . "TH NMR (400 MHz, CDCl3) §7.30-7.26 (m, 2H),
7.20-7.17 (m, 3H), 4.99 (m, 1H), 2.69 (ddd, /= 14.0, 10.4, 5.2 Hz, 1H), 2.60 (ddd, /= 14.0, 10.4, 5.2
Hz, 1H), 2.19 (m, 1H), 1.93 (m, 1H), 1.81 (m, 1H), 1.68-1.49 (m, 4H), 1.25 (d, J=5.2 Hz, 3H), 0.94—
0.90 (m, 6H). 3C NMR (100.6 MHz, CDCls) §175.9, 141.6, 128.4, 128.3, 125.9, 70.0, 49.3, 37.8,
31.8,25.2, 25.1, 20.1, 11.9, 11.9. HRMS-DART (m/z): [M+NH4]" calcd for Ci16H2sNO>; 266.2115,
found 266.2113.

Labelling Experiments

PTH-1 (5 mol %)
Co-1 (1 mol %) H;CO

HX-1 (10 mol % 5 OTs
CHOD  + \/(/‘)S\OTS HX1 (10 mol %)
bl Eglgﬂmh D~ 81%D
1b-D 2b ue LEL, 3bb-D, 39%
Figure S1-3.

The reaction with 1b-D (Figure 1-11A, top). In a glovebox, to an oven-dried vial equipped with a
stirring bar was added 1b-D (24.2 pL, 0.6 mmol), 2b (53.7 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol,
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5 mol %), Co-1 (1.2 mg, 0.002mmol, 1 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10 mol %) in DCM
(500 pL). After sealing the vial with a cap and removal from the glove box, the reaction was stirred
and irradiated with a 34W blue LED (0.5 cm away), with a cooling fan to keep the temperature at
around 40 °C (Figure S1-2). After 24 h, the reaction was quenched with a short plug of silica gel using
AcOEt. After volatiles were removed under reduced pressure, purification by flash column
chromatography on silica gel (Biotage Selekt, 92:8—-82:18, hexane/EtOAc) gave the coupling product
3bb-D (Figure 1-11A; 23.5 mg, 0.08 mmol, 39% isolated yield: mixture of deuterated and
nondeuterated compounds, 81:19) as a pale yellow oil. The ratio (81%D) of deuterium incorporation
was determined by '"H NMR analysis: "H NMR (400 MHz, CDCl;) § 7.79 (d, J = 8.0 Hz, 2H), 7.34
(d, J=8.0 Hz, 2H), 4.02 (t, J = 6.4 Hz, 2H), 3.29 (s, 3H), 3.23 (m, 1H), 2.45 (s, 3H), 1.68-1.61 (m,
2H), 1.45 (m, 1H), 1.38-1.22 (m, 5H), 1.10-1.06 (m, 2H + 0.19x 1H). Signals for deuterated and
nondeuterated compounds were given: '*C NMR (100.6 MHz, CDCl;) & 144.6, 133.3, 129.8, 127.9,
76.5,76.5,70.6,55.9,36.1, 36.1, 28.8, 25.5,24.7, 21.6, 18.9, 18.7 (t, Jc.o=19.1 Hz). HRMS-DART
(m/z): [IM+H]" calcd for C15sH24DO4S; 302.1531, found 302.1524.

T 302.15243

A 301.15021 303.16396

298.28092 300.17222 304,1]6997 305.20909

T — T T |" T T T T I B m— || T T T T T
300.00 305.00

’ \
m/z\m/z)

Figure S1-4. HRMS spectrum of 3bb-D

PTH-1 (5 mol %)
Co-1 (1 mol %)

D5CO
HX-1 (10 mol % 3
CD50D + \/H\OTS ( ) 50Ts
> DCM
blue LED, 24 h D™ 86%D
1b-D’ 2b 3bb-D’, 46%,
Figure S1-5.

The reaction with 1b-D’ (Figure 1-11A, top). In a glovebox, to an oven-dried vial equipped with a
stirring bar was added 1b-D’ (24.3 pL, 0.6 mmol), 2b (53.7 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01
mmol, 5 mol %), Co-1 (1.2 mg, 0.002mmol, 1 mol %) and HX-1 (5.4 mg, 0.02 mmol, 10 mol %) in
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DCM (500 pL). After sealing the vial with a cap and removal from the glove box, the reaction was
stirred and irradiated with a 34W blue LED (0.5 cm away), with a cooling fan to keep the temperature
at around 40 °C. After 24 h, the reaction was quenched with a short plug of silica gel using AcOEt.
After volatiles were removed under reduced pressure, purification by flash column chromatography
on silica gel (Biotage Selekt, 98:2—-88:12, hexane/EtOAc) gave the coupling product 3bb-D’ (Figure
1-11A; 28.0 mg, 0.09 mmol, 46% isolated yield: mixture of deuterated and nondeuterated compounds,
86:14) as a pale yellow oil. The ratio (86%D) of deuterium incorporation was determined by '"H NMR
analysis: 'TH NMR (400 MHz, CDCl3) § 7.79 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.02 (t, J
=6.4 Hz, 2H), 3.23 (m, 1H), 2.45 (s, 3H), 1.68-1.61 (m, 2H), 1.45 (m, 1H), 1.38-1.22 (m, 5H), 1.10—
1.06 (m, 0.86 x 2H + 0.14x 3H). Signals for deuterated and nondeuterated compounds were given:
13C NMR (100.6 MHz, CDCl5) & 144.6, 133.1, 129.8, 127.8, 76.4, 76.3, 70.5, 55.0 (quintet, Jc.p =
21.7 Hz), 36.0, 36.0, 28.7, 25.4, 24.7, 21.6, 18.9, 18.6 (t, Jco = 19.2 Hz). HRMS-DART (m/z):
[M+H]" caled for C15sH21D404S; 305.1719, found 305.1718.
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i | 307.18258
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Figure S1-6. HRMS spectrum of 3bb-D’
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Decarboxylative Cross-Coupling of Secondary Aliphatic Redox Active Ester

o PTH-1 (5 mol %)
0 LiOTf 5 mol %) )\
OH + N
OO \Ok( DCM
0 Blue LED, 24 h

1A 10a 11Aa
0% vyield
with Co-1, 17% yield

Figure S1-7.

Figure 1-11B. In a glovebox, to an oven-dried vial equipped with a stirring bar was added 1A (103.3
mg, 0.6 mmol), 10a (46.6 mg, 0.2 mmol), PTH-1 (3.7 mg, 0.01 mmol, 5 mol %), lithium triflate (1.6
mg, 0.01 mmol), Co-1 (1.2 mg, 0.01 mmol, 1 mol %) in DCM (500 pL). After sealing the vial with a
cap and removal from the glove box, the reaction was stirred and irradiated with a 34W blue LED (0.5
cm away), with a cooling fan to keep the temperature at around 40 °C. After 24 h, the reaction was
quenched with a short plug of silica gel using AcOEt. After volatiles were removed under reduced
pressure, purification by flash column chromatography on silica gel (100:0-95:5, hexane/EtOAc) gave
the coupling product 11Aa (Figure 1-7B; 10.5 mg, 0.05 mmol, 24% isolated yield) as a pale yellow

oil. The spectrum data of product 11Aa was consistent with the literature.'’

Cyclic Voltammetry Experiments

CV measurements were carried out under nitrogen atmosphere in organic solutions with 0.1 M of
tetrabutylammonium perchlorate ("BusNCIO4) as a supporting electrolyte. Measurements were made
with a glassy carbon electrode (area = 0.07 cm?), an Ag/AgNO; reference electrode, and a Pt wire
counter electrode. The sample solution prepared with appropriate concentration and the sweep rates
were set to 100 mV/s. Ferrocene was used as an internal standard.

While the Ei» of Co-1 did not change with or without HX-1 (Figure S1-11 vs. Figure S1-8), the
cathodic current corresponding to Co(I) to Co(Il) with HX-1 (Figure S1-11) became weaker than one
in Figure S1-8. This result implied that Co(Ill)-H species was generated through single electron
reduction of Co(Il) to Co(I) by excited state of PTH-1 followed by fast protonation of Co(I) by HX-
1. The concerted mechanism involving Brensted acidic activation of Co(Il) by HX-1 under the single

electron transfer would not be feasible.
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Figure S1-8. Cyclic voltammogram of Co-1 in DMF (10 mM).

0.00012
Bu
LN
oG- 0.00009
I o
. 0.00006
f» ! Bu
& Co2 00003
5
o

-0.00003

Epe=—-1.60V -0.00006
Voltage, vs Ag/AgNQOs

Figure S1-9. Cyclic voltammogram of Co-2 in DMF (3 mM).
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Figure S1-10. Cyclic voltammogram of Co-3 in DMF (3 mM).
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Figure S1-11. Cyclic voltammogram of Co-1 (0.1 M) and HX-1 (0.1 M) in DMF (10 mM).
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Figure S1-12. Cyclic voltammogram of ‘Pr-Co-1 in DCM (3 mM).
UV-Vis Adsorption Spectra Experiments
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Figure S1-13. UV-Vis spectra of PTH-1, Co-1 and HX-1 (40 uM)
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Summary of Redox Properties of Organophotocatalysts

PTH-1 PTH-2¢ PTH-3*
Ei2 (PPC™/'PC) (V vs Ag/AgNOs)° 0.54 - -
Ei2 (*PC/'PC) (V vs SCE) 0.92 (0.85) 0.68
Amax.em (nM) 435 439 -
Est, exp (€V)° 2.85 2.82 2.80
E%s1,exp ((PC™/'PC") (V vs SCEY ~1.94 (-1.97) 2.1

“ref 2.2 ref 20.  Determined by CV experiments. “E12 (Ag/AgNO3) (V vs SCE) = 0.38 V. ¢ Singlet energies
were calculated using the maximum wavelength of emission. / Singlet excited state reduction potentials

were calculated using the singlet energies and the Ei.

Stern-Volmer Luminescence Quenching Analysis
Several Stern-Volmer luminescence quenching experiments were carried out.
1. Quencher Co-1 with or without colldinium salt HX-1 (Figure S1-14)

The cobalt complex Co-1 has a broad absorption in visible light region (Figure S1-13). To consider
the inner filter effect of Co-1, the quenching ratio lo/I, based on the measured steady-state emission
intensity (I at 432 nm) of the excited state of PTH-1 has been corrected followingly. '

Abs (PTH-1) 1—1 Q- Abs(PTH-1)+Abs(Co-1)]

1/l = (lo/l
(oeorr = (o) Abs (PTH-1) + Abs (Co-1)  {—1Q-Abs(PTH-1)

Procedure without HX-1: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 40 uM
solution of PTH-1 in degassed DCE and cobalt-salen complex Co-1 (quencher) of appropriate
concentration in degassed DCE (quencher concentration = 20 uM, 40 uM, 60 pM, 80 uM). The
fluorescence intensity was measured at A =430 nm after excitation at A = 362 nm in the quartz cuvette.
Procedure with HX-1: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 40 uM solution
of PTH in degassed DCE, collidinium salt HX-1 of appropriate concentration in degassed DCE
(concentration = 40 pM), and cobalt-salen complex (quencher) of appropriate concentration in
degassed DCE (quencher concentration = 20 uM, 40 uM, 60 uM, 80 uM). The fluorescence intensity

was measured at A = 430 nm after excitation at A = 362 nm in the quartz cuvette.
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Figure S1-14.

2. Quencher: colldinium salt HX-1 (Figure S1-15)

Procedure: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 40 pM solution of PTH in
degassed DCE and collidinium salt (quencher) of appropriate concentration in degassed DCE
(quencher concentration = 20 pM, 40 uM, 60 pM, 80 uM). The fluorescence intensity was measured

at A =430 nm after excitation at A = 362 nm in the quartz cuvette.

y =-0.0046x + 0.7746
1 @ R2=0.3821

0 20 80 100

40 60
Quencher HX-1 [mM]

Figure S1-15.
The Stern-Volmer experiments revealed that the fluorescence of PTH-1 is quenched by Co-1, but
not by HX-1  (Figure S1-14 and S1-15) .

Isolation of N-Phenyl Benzo[b]phenothiazine Radical Cation
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{ NOBF, (0.9 equiv.) S BF4

0.6 mmol PTH-2-BF,
65% yield

Figure S1-16. Preparation of PTH-2-BF4

Figure S1-16. PTH-2-BF, was prepared according to the reported procedure.?! In a Schlenk tube,

PTH-2 (195.3 mg, 0.6 mmol, 1.0 equiv.) was dissolved in 2 mL anhydrous MeCN. Then the mixture

was cooled to 0 °C and nitrosonium tetrafluoroborate (63.1 mg, 0.54 mmol, 0.90 equiv.) was slowly

added to the mixture. The mixture turned deep purple immediately and was stirred for a further 20

min. The mixture was freeze-pump-thawed for three cycles to remove the generated NO. Then the

mixture was warmed to room temperature and the solvent removed. The solid was then dissolved in

DCM (1.5 mL). A purple solid precipitated upon addition of hexanes. The purple solid was washed

with hexanes three times to remove excess PTH-2 then dried under reduced pressure. The obtained

PTH-2-BF4 (150 mg, 0.39 mmol, 65%) was characterized by its absorption spectrum.
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Figure S1-17. UV-Vis absorption spectrum of PTH-2-BF4

Stoichiometric Reaction

Bu

pyridine

(2.0 equiv.) \(Br /@ S
Na dispersion \(

(5.0 equiv.)  (1.05 equiv.) o- CO,N PTH-2:BF, (1.0 equiv.) /@ﬂoj\
THF, #,2h 30 °C, 30 min :é "Bu,NOTf (10 equiv) ~MeO
'BU‘ Bu /@/\OH detected on GCMS
ipr-Co-1 MeO

observed on 'H-NMR 1e (10 equiv.)
DCM, 40°C, 2 h
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Figure S1-18. Stoichiometric Reaction

Pr-Co-1 was prepared according to the literature procedure.?” In a glove box, an oven-dried 4 mL
vial equipped with a Teflon-coated magnetic stir bar was charged with Co-1 (59.8 mg, 0.10 mmol)
and anhydrous THF (1.0 mL). Pyridine (16.1 pL, 0.20 mmol) and Na dispersion (27.6 mg, 0.3 mmol,
25%wt) were sequentially added via syringe. The resulting red suspension was stirred at ambient
temperature for 2 hours until a dark green solution was formed. After the vial was wrapped aluminum
foil to avoid light and cooled at —30 °C, 2-bromopropane (9.9 puL, 0.11 mmol, 1.05 equiv.) was added.
After stirring for 30 min at —30 °C, the solution was passed through a short pad of silica gel (3 mm
hight) with small amount of DCM (50 pL) to remove unreacted Na. Then, methyl benzoate (7.0 mg,
0.051 mmol) was added to the reaction mixture and the aliquot (10 puL) was used to determine the
yield of ‘Pr-Co-1 (0.031 mmol, 31% yield, Figure S26) on 'H-NMR (benzene-ds) analysis (we have
already confirmed that ‘Pr-Co-1 was not decomposed by silica gel). The resulting mixture was kept in
the refrigerator in the glovebox and used as a stock solution (['Pr-Co-1] = 0.031 mol/L). Although we
could not fully characterize the ‘Pr-Co-1 on 'H-NMR, the signals 5-0.41 and 4.35 were consistent
with ones of reported iPr-Co(IIT) complex.?

In a glovebox, an aliquot of ‘Pr-Co-1 solution (160 uL, 5 umol), tetrabutylammonium triflate (19.6
mg, 50 pmol) and PTH-2-BF4 (2.1 mg, 50 umol) were added to an oven-dried 4 mL vial equipped
with a Teflon-coated magnetic stir bar. To the reaction mixture, DCM solution (130 pL) of p-methoxy
benzylalcohol 1e (6.9 mg, 50 umol) was added. After sealing the vial with a cap, the reaction mixture
was stirred at 40 °C for 2 h. Then, the solution was passed through a short pad of silica gel and
evaculated. The residue was purified by flash chromatography on silica gel (100:0-95:5,
hexane/EtOAc) and a trace amount of desired product was detected on GCMS.
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Table 2-1. )& 550 il

Ir-1 (1 mol %)

o O O
BN HXA (25 mol D) g St N "
N H Ph benzene Et” \”
blue LED, 12 h PH
1a 2a 3a
Photocatalyst

Ir-1(R'=F, R2=H)

e IF2(R1=H.R®=H) @
s

Ir-3 (R"=CF3 R2=H)

PTH-1
(5 mol %)
Ir-4 (R'=F R2=F)
Cobalt catalyst
Bu Bu
N N’% Q/QN
| R |
tBQO/—\CIo—N\ B 0-Co—N,
B B Bu
! By ! Bu Bu
Co-1 Co-2 Co-3

Calculated BDE of Co-C

Co catalyst BDE (kcal/mol)

co' v 0
e} co' + /\S“:O Co-1 34.1
$= i Co-2 40.8
HN HN.
~ Co-3 43.6
HX catalyst
> el el
N + o+ !\I +
— H - H -
NTf, oTf BF,
HX-1 HX-2 HX-3
Entry Change from standard conditions Yield of 2a Yieldof3a Yield of 1a
(o) (o) (o)
1 none 81 (76) 0 0
2 Ir-2 instead of Ir-1 76 0 0
3 Ir-3 instead of Ir-1 76 0 0
4 Ir-4 instead of Ir-1 81 0 0
5 PTH-1 (5 mol%) instead of Ir-1 71 0 5
6 4CzIPN instead of Ir-1 0 0 <99
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7 Ir[dF(CF3)ppyl2(dtbbpy)PFs 0 0 98

instead of Ir-1

8 Co-2 instead of Co-1 28 0 47
9 Co-3 instead of Co-1 30 0 53
10 HX-2 instead of HX-1 70 11 0
11 HX-3 instead of HX-1 71 0 0
12 toluene instead of benzene 74 0 0
13 trifluorotoluene instead of benzene 73 0 0
14 benzene (0.4 M) 62 0 0
15 w/o Ir-1 or Co-1 or HX-1 0 0 <88
16 under dark 0 0 97

“Reaction was carried out with 1a (0.1 mmol), photoredox catalyst (0.001 mmol), Co catalyst (0.001
mmol) and Brensted acid catalyst (0.025 mmol) in benzene (1.0 mL, 0.1 M) under blue LED
irradiation for 12 h. ® 'TH NMR yield based on 1a.

AT I DT, Ir(p-F-ppy)s (Ir-1) 235 2o R biE ot Ch - 7=, Zofho 1 U v
¥ DR LIE T Ir-2—4 BEONN-7 = =RV [T = ) FT7 VUil PTH-1 &, [A]
FEDOGEZ R LTz (entries 2-5), —J7. 4CzIPN 5 X O Ir[dF(CF3)ppy]2(dtbbpy)PFs %
WEBRIIZ BRI G Dy o 72 (entries 6,7), ZAUE, LD T3+ TN &

(4CZIPN : Ereq = —1.24 V vs SCE, Ir[dF(CF5)ppy]a(dtbbpy)PFs : Eed =—1.37 V vs SCE) 13|
LR L. Co(INFE (Co-1. Einrea=-1.56 Vvs SCE) DIETLNIENRTH-T27-btEZ BN
bo BT, trans-12- 7 O A~"FH o UT I VBLWNo- 7 2= LU T I VRO L B
fil Co-2 B KLU Co-3 & W =54, AR DOIRIZIL T L7z (entries 8,9), DFT R O
R TR TIZEBT D C-Co(lIDfE G Dt Gt~ 1 /L ¥ — (BDE) ([ZENPAL D Z LM
Bt iaotz, FTH, BEMEBED Co-1 DT VX)L a0 MRIZEBT 5 RFE-=a /3L b
FEADRBIFNZ LRI, ZOFHVFEEGDRE T RERT VXTI NOA R Rt
L. %7 5 1,6-HAT BefE 2 BRI T D B2 oD, N ZAA R AZ L AVKRT—
XOTFT b T 70 AaRT— N EOPFRNMET =4 2o T BB 21T 2 A, B
ARV TZNFBRAFNVANK=V) A4 X7 — N ERIBEORIGEEZRTZ ENHGNE R
~7= (entries 10,11), &L LTIV EBUDRN KB CTHo=N, M F23 MY 704
o ML E WIS KRIEHEIT L2 (entries 12,13), — 7T, MINREZEOT-5HE
I, BEEOERTARD LN (entry 14), S HIZ, 2 b — VEBROFR, KRS
ITIZIE =D O &L AR R TH D Z EB/RSHL7e (entries 15, 16),
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Ir-1 (1 mol %)

1 R2 Co-1 (1 mol °/o) O\\ ,O R1
O OR'R HX-1 (25 mol %) s R
) N A Et” N
b s benzene RS
R3 blue LED, 12 h Ar
2
Q.0 sl X =F, 2b, 73%
E-S N Et” N =Cl, 2c, 64%
=Br, 2d, 63%
= OMe, 2e, 59%
= Me, 2f, 77%
= CF3, 2g, 44%°
X = CO,Me, 2h, 64%°
2a, 76%, 56%” 2i, 35%
C)\\ //o \ /7 \ /7 nP
S. _S. S. r
Et” "N Et” "N Et""°N
2j, 46% 2 d"’ 73‘;/" fi" 714,°1/° Y = CH,, 2m, 55%
REE SENE = NBoc, 2n, 43%
O\\S//O O\\ /7
Et" N Et" N
ph,
20, 41% 2p, 37%
single isomer single isomer

Figure 2-3. Substrate scope of azetidine synthesis. “Reaction was carried out with 1 (0.1 mmol), Ir-1
(0.001 mmol), Co-1 (0.001 mmol) and HX-1 (0.025 mmol) in benzene (1.0 mL) under blue LED
irradiation for 12 h. 1.0 mmol scale. Ir-3 (0.001 mmol) was used instead of Ir-1. “Ir-4 (0.001 mmol)

was used instead of Ir-1.

ARFEIZED | RO DAL C-H BRI LD FETIXAERDBNE TH -7, Hhx niE
BRH—2 B GTD 2 NCT YV — VEBRENEAINTZT BT O UNERARETH -T2
(Figure 2-3), AKX, ™7 VET (2b-2d), B4R Qe2f B L2, 2O
(ZET-RBIMEHR (2g,2h) Z2HTHEE I3 LT, FRENS SR TSN ET Lz, &
FTAREREFREATHEEICBONTL, I3 itz {5 2 LT, K0T EF Y
UL (2g, 2h), ZAUE, EEWEE AT S I3 23, ERkSIMEEA B
HEMNLAEL LR asr NDFEORAGIZE L TWD Z & AR L TW5, Hiffize 3-
Tx= 7 u T I UHERS . KEUSRICEHAFTREREE Th o7 (2j), LinLZan
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B, 2a LT D & 2j OIERIIMELS, ZiuE o-7 2 EH#EEIZ L %D Thorpe-Ingold Zh 503
2a (2815 1,6-HAT 2Rt L TV D EE X DD, EBIC, o MICE#RILEE H
BHNEMGHE T 2 > ClE, BRETH5T7BF Y UrinmiERTE LNz 2k 2D, 5T, AFE
T 7 e UoBERCE N DB A AT AA R T BTV OAKIC biEH ATRE T
Hot- 2m,2n), By- EHIGNIET I 2B L LA IO RISIERFICETL, H—
DT AT LA~—no7 (20,2p), £/, TA M VHROEEEZHWZHAICHT
BFOUBELI, KRFEOFRETFAEOR SRS 29).

Ir-1 (1 mol %)

Nu-H Co-1 (1 mol %)
2R3 H g
\O\\S/,o ROR N HX-1 (25 mol %) 0, 0R2RS Nu
~ 4 +
N N ArR benzene Et/S\N A R*
R! Nu—BF4K blue LED, 12 h R r
1 4 5
(3 equiv.)

00
Y2 Y2 N7y Y2
Et” ‘T/\)\Ph Et” ‘N/\)\Ph Et/S\NMPh Et” ‘N/\)\Ph
(+)-fluoxetine derivative
5ra, 49% 5sa, 50% 5ta, 52% Sua, 41%

J Lo g
OQ HN 0 0 0 0 0 HN

0.0 0.0 N
Etgs\N%Ph Et/S\N/% Et/S‘N/\/kPh Et’S\N/\)\Ph
| | Ph PN A

5va, 52% 5vb, 57% 5tb, 67% 5tc, 43%

]
QO v
PN 0,0\, HN Q.0 N
O O Et” "N Ph \\S// X)\ g ></[\
Y2 H Et"°°N Ph Et” °N Ph
N H

Et” "N Ph

5ae, 55% 5ac, 62% 5af, 49%"
5td, 49% (2a, 31%) (2a, 17%) (2a,10%)

OMe

Figure 2-4. Substrate scope of intermolecular y-amino C(sp*)-H functionalization. “Reaction was
carried out with 1 (0.1 mmol), Ir-1 (0.001 mmol), Ce-1 (0.001 mmol) and HX-1 (0.025 mmol) in
benzene (1.0 mL) under blue LED irradiation for 12 h./HX-1 (0.1 mmol) was used.

WIT, REHZ DT F RIS DORGE 21T - 72 (Figure 2-4), £ DFER, N-AF/N-3-7
=N T ISR (Ir) & 4-RY TAF e AT T 2 —)L (4a) & DL
I, FCEBHERESERT D2 R MFEMICEITL, BRIO v (L7 Va3 X ALY

(Sra) ZhHx72, KAEBMIITZNVAFET EHREA L TEBY, RFEESEERLA S
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HARETH D Z LR, BHRR T+ EoERILE UL, Bk, Sk, %7 1%L
FHOWTN LIRS, EOEE DR I (S5sa-5ua), S HIZ, RRSRITH =
o AL C(sp’)-H FE A OIFHALIC DA ATHE CTH U | SKEZAI & Bt LR F-FEHERE BT
RS EERR S A7z (Sva,Svb), F7o, 7 a XX ) — BRI ONT = U U ERER E LTHW
FHAICH, TNENRRIGT B bm—F )b (5th) BIORUULT 2 (5te) W5
DT, ZHUCE D RFENERLSORAIZEISROND 13-UT7 I 0BLU1,3-7 3
JTIa— )VEROBEREIZANTHD Z LR EN, B w7 I UFEREEE L LT
HOWTEGEITIE, 7 EF VUL Y b RIS MEERICHETT L7z (Sae, Sac, 5af) , I
ZAC. T hITFAT U E=UL (4-A b FTT7x2=)L) MY 7 AnRT— b ERKEA &
LTHWESEIKE, 7V =T A2 T 7YRIGHEIT L, v fi~DT U — L DB AD A
RETH 7= (5td, 5rd),

FIUET PO ARAT

BOSHEREZ BT 2 R R 215 5 7212, M FEER 21T > 7=, Table 2-1 O entry 10 {ZF5V VT,
FAERY) 2a & & BIZRIERY) 3a BEHLIALTNZZ &6, 3a BRUCHFRIEE LTEE L
TV D ATREMED B o 7o, (Figure 2-5), 3a [TCHIEAIFIE F T30 LA ICR M T2 2 &
DHHN TS0, BEEMKNES T T3 # HWTIEZEITo72, L LR L, Kk
TFE A EHELT Lipinodz, ZORERNG, 3a B KTV 3b OARITWT IS AKIRIZENT
DEREETIT RN EARB ST,

Ir-1 (1 mol %)
Co-1 (1 mol %) Q.0

Ph
O\\SP Xﬂ HX-1 (25 mol %)  g-S+y Q\S/,O W
SO~ I — + 9O~

Et H 7 "Ph benzene Et ﬁ

blue LED, 12 h PH
3b 2a, 14% 3a, 78%

Figure 2-5. 3b Z H\\\ 72 i

WIZ, BOGRIZ TEMPO #IRIILTzE Z A, FARY 2a £ & HIZ a- ALK LT Lax
VT X V5 iMF BTz (Figure 2-6) . Z OFERIE, USEFIZ a- AL =L T 2 LR
ERRLTWAZ EZRERL TN,

Ir-1 (1 mol %) .0
¥ o e NN
X \N/\/\Ph —o> N,O . 3%)?/
H benzene °
1j TEMPO (25 mol %) .
blue LED, 12 h 5j, 22%

Figure 2-6. 7 U h/V L7 v 7 5EEk
BT, -7 2 LIS R UL C-H fEA B L OE = MIEIR C-H &0 i %

HTHHEL 4a L OIS ERGF LT (Figure 2-7), ZORER. 5 =#IgIIET VX V8D
BB UT= A 6w 12kt LT, XU DINLD T IV a X AR 6w DSFHXTAIC % < A1 A fE
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MmN RSNz, ZOMEERNMIT, Csp?)-H & DAt r X —072% (5 =#Ieliik
C-H : 96.5 kcal/mol., Zf k-~ AL C-H : 85.4 kcal/mol) (TR THEEZ HND,

0o O
\\S// /\)\
Et” "N
Ir-1 (1 mol %) \©\O Ph

5% /\)\
g Co-1 (1 mol %)
\/S\N HX-1 (25 mol %) 6w, 33%
4a + - > CF;
3 equiv. H\ benzene Q.0 /\>< /©/
blue LED, 12 h _S.
Ph Et N O
1w KL

Ph
6w’, 18%

Figure 2-7. Hi5 55

WIZ, RPC B RS DOREM 2 FHRIC L o THLMNIC LTz, Ry VAT I ARy
UNATFF L ~NEHEEBESNDHREIE L X va s NADEABRE STy a
sV FAVEE B R DRI D 2 OBREZ BN D, FATHITEICEESE | DFT G2 v T
DA v MUDE E NPT DO EE i LT (Figure 2-8), £ OffR, N
NG IHNDTNR D asIr MU LY b EETH D 2 EIVRER, XUV TY
v DEACDMBNIZEAT LGS Z L RSz,

AGqc = +4.3 kcal/mol Ph

~Ph + Co'-1
. Co'l-1

Figure 2-8. 152 X % RPC ¥ IS F1T 5 USRS OFR A

EDHIZ, 4y HAT 3% Wit 21T o 72 (Figure2-9), 77, HifliZe B =L 217k
Y7 IR Ix E2iE ly 25 1O HAT i3 & LT, BE 1z L ORISEAT S 728, Wi
Nog%E S BIERYIIA bR Tz,

Ir-1 (1 mol %)

Co-1(1mol%) Q0
Q0 2P Xﬁ HX-1 (25 mol %) oS-y .
\/S\N,R + Et/ \N Ph + >95°/°

H benzene

H blue LED, 12 h Ph
R =Me, 1x 1z
=Bu, 1y 2a, n.d.

Figure 2-9. /7 F[i] HAT s DRRFS

SN % T, Musacchio™ &35 XY Doyle™ 512 & » T XL TV At Yelg kg o filidt 2 H

V253 [ HAT-ORPC FUGSEM % 1z (T8 L7, WO RIS bR HETT L2
o7z (Figure2-10), 2D DOfERIE, ABUSRITIT 253 FPNO HAT SO @ISR M %
HTHZEZRLTND,
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.0.__Ph

Ir(dFppy)s o \ﬂ/ O\\ ,9
(2 mol %) o _S.
. Et N
(2 equiv.)
benzene, blue LED, 12 h Ph
Musacchio’s conditions 2a, 4%
00
/\S/\ ></\ o
Et m Ph FsC N’tBu
|
1z Ir(p-Fppy) O\”S“/CGFS P
3
@mol%)y CFs OO0 et SN
(1 equiv.)
MeCN, blue LED, 12 h Ph
Doyle’s conditions 2a, n.d.

Figure 2-10. % Ofth 5y 7] HAT 382 % M5t

£ VY AHEGE TR L B B TR e RO M A R B 7, MR ERETT -
7= (Figure2-11), ZOREE, 250 MBEDOTRINC & 0 FIERIEDA U 2% LRSS
CIESID = b BSHER S, — . 2L MEECIZ TF Ly 2Ty NER A RN
LiSatd. Mo Fa-7,

6
y=0.0515x + 1.1746

5 W Co-1+HX-1

A Co-1

lo/1
w

y=0.0192x+1.0915
 gR’=o09773 ™

0 10 20 30 40 50 60 70 80
Quencher Concentration [uM]

Figure 2-11. U 7 2R LR TARE, =L Ml 7L 2 27 o REgfilifi
Z W T H 2R

Mz T, TV ATy RBEOARZHENAE L THOWTHNEEREZIT 125G, AU
U DOt bR TR OV GRS S e r o T2 (Figure 2-12),
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yg 0.0059x + 1.0426
Py — R =0.65:

0 10 20 30 40 50 60 70 80
Quencher Concentration [uM]

Figure 2-12. 1 U 20 AN LESCAREL, 7 L2 X7 REEft
Z W T HE R

LIEDRERNG e EnTeA U YD DERRLE T, 7V 2Ty FIROBEZ2 L
(23 VL M e —E BT L TWD 2 ERH LN E R ST,

TEF VY 2a \ZEA LT ANFRYT I RROERHEIT, LiAIH (2 XV EREAGETHD |
85%IN R CilFifE 7 BT 2a'%157- (Figure2-13), L7=M-> T, AFIEIC KV IEMIET 2
VINBT BTV UADERBARETH D Z E BRI T,

LiAIH, HN
6 equiv.
2n (6 equiv.)
0.1 mmol THF
60 °C, 36 h
2a’, 85%

Figure 2-13. El[a kDO fRZE

84



AT A

AFFIETIE, N-E =V A VR = VA E AN UG T 2 2 58 & L, e badE ot
[NV M T L 2Ty g A WA 2 & T TREB KOV R y-7 2 Csp®)-
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Instrumentation and Chemicals

NMR spectra were recorded on a Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
for '"H NMR, 100.6 MHz for '3*C NMR, 376.5 MHz for '°F NMR. Chemical shift values for 1H and
13C are referenced to Me4Si and the residual solvent resonances, respectively. Chemical shifts were
reported in & ppm. Mass spectra were obtained with Bruker timsTOF mass spectrometer (ESI). TLC
analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck Silica gel 60F2s4.
Silica gel (Wakosil® 60, 64~210 pm) was used for column chromatography. Biotage Selekt was used
for purification. IR spectra were measured with a ATR Accessory (QATR-S) for the Shimadzu IR Spirit
FT-IR Spectrometer. Melting points were measured on a Stanford Research Systems MPA100. CV
measurements were recorded with a Hokuto Denko HZ-7000 potentiostat. UV-Vis absorption spectra
were recorded on a Shimadzu UV-1900. Fluorescence spectra were recorded on a Shimadzu RF-6000.
Kessil A160W Tuna Blue (highest blue and intensity setting) was used as a light source. TEKNOS
MG?9 was used as a fan.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. Benzene and toluene
were purchased from FUJIFILM Wako Pure Chemical Co., stored under nitrogen, and used as received.
Trifluorotoluene, Ir-2 and Ir[dF(CF3)ppy]2(dtbbpy)PFs were purchased from Aldrich Chemical Co.,
stored under nitrogen, and used as received. Cobalt catalysts Co-1-3 were prepared by the reported
procedures.! Ir-1, 3, 4, and 4CzIPN were prepared by the reported procedures.? PTH-1 was prepared
by the reported procedure.> HX-1-3 were prepared by the reported procedures.* 4d was prepared by

the reported procedure.’

Synthesis and Characterization of Vinyl Sulfonamide

R2R3 R® 5
0,0 EtsN \Q\S/,O R R R
6 —_— ~
Hf}l R + CI/\/S\CI DCM X~ N R®
1 4 1
R' R R' R*

Aliphatic amines were prepared according to the conditions of the literatures.® Vinyl sulfonamides
were prepared according to the modified conditions of the literatures.’ The aliphatic amine (1.0 equiv.)
was added to a round bottom flask and put under nitrogen. The flask was then charged with
dichloromethane (0.2 M with respect to amine) and triethylamine (3.5 equiv.) and stirred at 0 °C. Then,
2-chloroethanesulfonyl chloride (1.1 equiv.) was added dropwise via syringe. After the addition, the
reaction was allowed to slowly warm to room temperature at 2 h. The reaction was diluted with
additional dichloromethane and quenched with 1M HCI. The organic phase was separated, washed

with a saturated brine solution, dried over Na;SOs, filtered and concentrated to provide the crude vinyl
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sulfonamide which was purified via column chromatography.

N-(2-Methyl-4-phenylbutan-2-yl)ethenesulfonamide (1a)

N

Sy
H

The product 1a was purified by flash chromatography on silica gel (4.1 mmol scale, 769 mg, 75%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOEt). Pale yellow oil. IR (neat) 699, 701, 733,975, 1001,
1143, 1321, 1387, 1419, 3282 cm™!. "TH NMR (400 MHz, CDCl3) § 7.31-7.26 (m, 2H), 7.21-7.17 (m,
3H), 6.61 (dd, J=16.4,9.6 Hz, 1H), 6.25 (d, J=16.4 Hz, 1H), 5.85 (d, J=9.6 Hz, 1H), 4.17 (s, 1H),
2.71-2.67 (m, 2H), 1.92-1.88 (m, 2H), 1.39 (s, 6H). *C NMR (100.6 MHz, CDCl3) & 141.6, 139.5,
128.5, 128.3, 126.0, 124.7, 57.2, 44.8, 30.4, 28.0. HRMS-ESI (m/z): [M+Na]" caled for
C13H19NO2SNa; 276.1029, found 276.1029.

N-|4-(4-Fluorophenyl)-2-methylbutan-2-yl]ethenesulfonamide (1b)

N

\/S‘N
H

F
The product 1b was purified by flash chromatography on silica gel (0.7 mmol scale, 122 mg, 64%

yield; Biotage Selekt, 98:2-80:20, hexane/AcOEt). Yellow solid. M.p. 61-63 °C. IR (neat) 668, 827,
1001, 1143, 1219, 1324, 1510, 1602, 2978, 3283 cm™'. '"H NMR (400 MHz, CDCl3) § 7.16-7.12 (m,
2H), 6.99-6.94 (m, 2H), 6.62 (dd, J=16.4, 9.6 Hz, 1H), 6.25 (d, /= 16.4 Hz, 1H), 5.85 (d, /= 9.6Hz,
1H), 4.20 (s, 1H), 2.69-2.64 (m, 2H), 1.90-1.86 (m, 2H), 1.37 (s, 6H). *C NMR (100.6 MHz, CDCl5)
0161.3 (d, Jcr=243.7 Hz), 139.5, 137.2 (d, Jcr = 3.1 Hz), 129.7 (d, Jc-r = 7.9 Hz), 124.8, 115.2 (d,
Jor=21.1Hz), 57.1, 44.8, 29.6, 28.0. ’F NMR (376.5 MHz, CDCl3) 5-117.5. HRMS—ESI (m/z):
[M+Na]" caled for Ci3HisNO2SFNa; 294.0934, found 294.0931.

N-|4-(4-Chlorophenyl)-2-methylbutan-2-yl]ethenesulfonamide (1c)

8
H
Cl
The product 1¢ was purified by flash chromatography on silica gel (1.1 mmol scale, 109 mg, 34%
yield; Biotage Selekt, 97:3-70:30, hexane/AcOEt). Grey solid. M.p. 77-79 °C. IR (neat) 661, 733,
807, 1015, 1094, 1145, 1324, 1387, 1492, 3282 cm™'. 'H NMR (400 MHz, CDCl3) § 7.26-7.23 (m,
2H), 7.14-7.11 (m, 2H), 6.62 (dd, /= 16.4, 10.0 Hz, 1H), 6.25 (d, /= 16.4 Hz, 1H), 5.85 (d, /= 10.0

Hz, 1H), 4.20 (s, 1H), 2.68-2.64 (m, 2H), 1.90-1.85 (m, 2H), 1.37 (s, 6H). 3C NMR (100.6 MHz,

89



CDCls) 6140.1, 139.4, 131.7, 129.7, 128.6, 124.9, 57.1, 44.6, 29.8, 28.0. HRMS-ESI (m/z): [M+Na]"
caled for C13H1sCINO2SNa; 310.0639, found 310.0630.

N-|4-(4-Bromophenyl)-2-methylbutan-2-yl]ethenesulfonamide (1d)

Br

The product 1d was purified by flash chromatography on silica gel (0.83 mmol scale, 209 mg, 76%
yield; Biotage Selekt, 97:3—-70:30, hexane/AcOEt). Yellow solid. M.p. 71-74 °C. IR (neat) 483, 543,
678, 730, 801, 958, 975, 1013, 1145, 1321 cm™'. 'TH NMR (400 MHz, CDCl;) § 7.41-7.38 (m, 2H),
7.09-7.06 (m, 2H), 6.61 (dd, J = 16.4, 9.6 Hz, 1H), 6.25 (dd, /= 16.4 Hz, 1H), 5.85 (d, /= 9.6 Hz,
1H), 4.20 (s, 1H), 2.67-2.63 (m, 2H), 1.90-1.85 (m, 2H), 1.37 (s, 6H). *C NMR (100.6 MHz, CDCl5)
6140.6, 139.4, 131.5, 130.1, 124.9, 119.7, 57.1, 44.5, 29.9, 28.0. HRMS-ESI (m/z): [M+Na]" calcd
for C13H1sNO,SBrNa; 354.0134, found 354.0128.

N-|4-(4-Methoxyphenyl)-2-methylbutan-2-yl]ethenesulfonamide (1e)

N/

\/S\N
H
OMe

The product 1e was purified by flash chromatography on silica gel (0.74 mmol scale, 126 mg, 60%
yield; Biotage Selekt, 97:3—-70:30, hexane/AcOEt). Yellow solid. M.p. 47—49 °C. IR (neat) 668, 741,
822, 1001, 1145, 1245, 1320, 1512, 2975, 3282 cm™'. 'H NMR (400 MHz, CDCl3) § 7.12-7.09 (m,
2H), 6.85-6.81 (m, 2H), 6.61 (dd, J=16.4, 10.0 Hz, 1H), 6.24 (d, /= 16.4 Hz, 1H), 5.84 (d, /J=10.0
Hz, 1H), 4.18 (s, 1H), 3.79 (s, 3H), 2.65-2.61 (m, 2H), 1.88-1.84 (m, 2H), 1.38 (s, 6H). 3*C NMR
(100.6 MHz, CDCl3) 6157.8, 139.5, 133.6, 129.2, 124.7, 113.9, 57.1, 55.3, 45.0, 29.5, 28.0. HRMS~—
ESI (m/z): [M+H]" caled for C14H22NO;3S; 284.1315, found 284.1310.

N-[2-Methyl-4-(p-tolyl)butan-2-yl]ethenesulfonamide (1f)

\/S\N
H

Me
The product 1f was purified by flash chromatography on silica gel (0.98 mmol scale, 99 mg, 38%

yield; Biotage Selekt, 98:2—84:16, hexane/AcOEt). Brown oil. IR (neat) 669, 731, 810, 971, 1003,
1145, 1321, 1387,1515, 3281 cm™’. 'H NMR (400 MHz, CDCl3) § 7.11-7.06 (m, 4H), 6.61 (dd, J =
16.4,9.6 Hz, 1H), 6.24 (d,J=16.4 Hz, 1H), 5.85 (d, /= 9.6 Hz, 1H), 4.17 (s, 1H), 2.66-2.62 (m, 2H),
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2.32 (s, 3H), 1.89-1.85 (m, 2H), 1.38 (s, 6H). *C NMR (100.6 MHz, CDCl3) 6 139.5, 138.4, 135.5,
129.2, 1282, 124.7, 57.2, 45.0, 30.0, 28.0, 21.0. HRMS-ESI (m/z): [M+Na]" calcd for
C14H2:1NO2SNa; 290.1185, found 290.1178.

N-{2-Methyl-4-[4-(trifluoromethyl)phenyl]butan-2-yl}ethenesulfonamide (1g)

\ 7/

\/S\N
H
CF;

The product 1g was purified by flash chromatography on silica gel (0.59 mmol scale, 129 mg, 68%
yield; Biotage Selekt, 97:3—-70:30, hexane/AcOEt). Colorless oil. IR (neat) 669, 734, 824, 968, 1018,
1067, 1102, 1119, 1321, 1419 cm™'. "TH NMR (400 MHz, CDCl;) § 7.53 (d, J = 8.0 Hz, 2H), 7.31 (d,
J=8.0 Hz, 2H), 6.63 (dd, J=16.4, 9.6 Hz, 1H), 6.26 (d, /= 16.4 Hz, 1H), 5.86 (d, /= 9.6 Hz, 1H),
4.27 (s, 1H), 2.78-2.74 (m, 2H), 1.93-1.89 (m, 2H), 1.38 (s, 6H). '*C NMR (100.6 MHz, CDCl3) &
145.8, 139.4, 128.7, 128.3 (q, Jc-r = 32.2 Hz), 125.4 (q, Jc-r = 3.7 Hz), 124.9, 124.3 (q, Jo-r=272.6
Hz), 57.0,44.3,30.4,28.1. YFNMR (376.5 MHz, CDCl;) 5-62.3. HRMS-ESI (m/z): [M+Na]" caled
for C14HsNO,SF3Na; 344.0903, found 344.0910.

Methyl 4-[3-Methyl-3-(vinylsulfonamido)butyl]benzoate (1h)

\/S\ N
H
COOMe

The product 1h was purified by flash chromatography on silica gel (0.69 mmol scale, 191 mg, 89%
yield; Biotage Selekt, 97:3—70:30, hexane/AcOEt). Pale yellow oil. IR (neat) 669, 968, 1020, 1145,
1281, 1317, 1436, 1718, 2978, 3283 cm™!. "TH NMR (400 MHz, CDCl3) § 7.97-7.94 (m, 2H), 7.28—
7.26 (m, 2H), 6.62 (dd, J=16.4, 9.6 Hz, 1H), 6.25 (d, /= 16.4 Hz, 1H), 5.86 (d, /= 9.6 Hz, 1H), 4.23
(s, 1H), 3.91 (s, 3H), 2.77-2.73 (m, 2H), 1.94-1.90 (m, 2H), 1.38 (s, 6H). '*C NMR (100.6 MHz,
CDCl) 6167.1, 147.2, 139.4, 129.8, 128.4, 128.0, 124.9, 57.1, 52.0, 44.2, 30.6, 28.0. HRMS-ESI
(m/z): [M+Na]" caled for CisH21NO4SNa; 334.1083, found 334.1080.

N-[2-Methyl-4-(1-tosyl-1H-indol-6-yl)butan-2-yl]ethenesulfonamide (1i)

%P TS
\/S\N N
H Y

The product 1i was purified by flash chromatography on silica gel (0.27 mmol scale, 80 mg, 67%
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yield; Biotage Selekt, 97:3—-65:35, hexane/AcOEt). Pale yellow oil. IR (neat) 504, 582, 677, 814, 1000,
1125, 1173, 1268, 1323, 1370 cm™'. "H NMR (400 MHz, CDCl3) § 7.81 (s, 1H), 7.77-7.75 (m, 2H),
7.50 (d, J=3.6 Hz, 1H), 7.43 (d, /= 8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.07 (dd, /= 8.0, 1.6 Hz,
1H), 6.67-6.60 (m, 2H), 6.26 (d, J=16.4 Hz, 1H), 5.87 (d, J=10.0 Hz, 1H), 4.18 (s, 1H), 2.82-2.78
(m, 2H), 2.35 (s, 3H), 1.95-1.91 (m, 2H), 1.40 (s, 6H). *C NMR (100.6 MHz, CDCl;) 5144.9, 139.5,
138.5, 135.2, 135.2, 129.9, 128.9, 126.8, 125.9, 124.8, 124.1, 121.2, 113.0, 108.9, 57.2, 45.1, 30.9,
28.0, 21.5. HRMS-ESI (m/z): [M+NH4]" calcd for C22H30N304S2; 464.1672, found 464.1682.
N-(4-Phenylbutan-2-yl)ethenesulfonamide (1k)

\ 7/

\/S‘N
H

The product 1k was purified by flash chromatography on silica gel (5 mmol scale, 1.1 g, 96% yield;
Biotage Selekt, 97:3-70:30, hexane/AcOEt). White solid. M.p. 30-32 °C. IR (neat) 552, 662, 699,
734, 968, 1132, 1319, 1151, 1456, 3275 cm™'. TH NMR (400 MHz, CDCl3) § 7.31-7.27 (m, 2H),
7.21-7.17 (m, 3H), 6.52 (dd, J=16.4,9.6 Hz, 1H), 6.23 (d,J=16.4 Hz, 1H), 5.89 (d, /=9.6 Hz, 1H),
4.11 (s, 1H), 3.41 (m, 1H), 2.76-2.62 (m, 2H), 1.84-1.75 (m, 2H), 1.26 (d, J = 6.4 Hz, 3H). 3*C NMR
(100.6 MHz, CDCl3) 6 141.1, 137.0, 128.5, 128.3, 126.1, 126.0, 49.8, 39.3, 32.1, 22.3. HRMS-ESI
(m/z): [M+Na]" caled for Ci2Hi7NO2SNa; 262.0872, found 262.0872.

N-(3-Methyl-1-phenylhexan-3-yl)ethenesulfonamide (11)

\ /s

Sy
H

The product 11 was purified by flash chromatography on silica gel (0.75 mmol scale, 146 mg, 69%
yield; Biotage Selekt, 98:2—-80:20, hexane/AcOEt). Pale yellow oil. IR (neat) 547, 669, 699, 740, 968,
995, 1143, 1324, 2959, 3279 cm™!. 'TH NMR (400 MHz, CDCl3) § 7.31-7.26 (m, 2H), 7.21-7.17 (m,
3H), 6.61 (dd, J=16.4, 9.6 Hz, 1H), 6.24 (d, /= 16.4 Hz, 1H), 5.83 (d, J=9.6 Hz, 1H), 4.10 (s, 1H),
2.68-2.63 (m, 2H), 1.91-1.86 (m, 2H), 1.62—1.58 (m, 2H), 1.42—-1.33 (m, 5H), 0.94 (t, /= 7.2 Hz, 3H).
13C NMR (100.6 MHz, CDCl3) 6141.7,139.5, 128.5, 128.3, 125.9, 124.6, 59.9, 42.8, 42.4, 30.1, 24.6,
16.8, 14.2. HRMS-ESI (m/z): [M+Na]" calcd for CisH23NO>SNa; 304.1342, found 304.1341.

N-(1-Phenethylcyclohexyl)ethenesulfonamide (1m)
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The product 1m was purified by flash chromatography on silica gel (0.4 mmol scale, 80 mg, 68%
yield; Biotage Selekt, 97:3—-70:30, hexane/AcOEt). White solid. M.p. 71-73 °C. IR (neat) 668, 699,
734,965,990, 1145, 1329, 1456, 2934, 3282 cm™'. '"H NMR (400 MHz, CDCl3) § 7.30-7.26 (m, 2H),
7.23-7.16 (m, 3H), 6.64 (dd, J=16.4, 9.6 Hz, 1H), 6.25 (d, /= 16.4 Hz, 1H), 5.83 (d, /J=9.6 Hz, 1H),
4.08 (brs, 1H), 2.72-2.68 (m, 2H), 2.02—-1.98 (m, 2H), 1.90-1.81 (m, 2H), 1.55-1.49 (m, 7H), 1.38 (m,
1H). 3C NMR (100.6 MHz, CDCl3) §142.0, 139.4, 128.4 (x 4C), 125.8, 124.6, 59.8, 41.0, 36.1, 29.4,
25.4,21.8. HRMS-ESI (m/z): [M+Na]" calcd for Ci6H23NO2SNa; 316.1342, found 316.1342.

tert-Butyl-4-phenethyl-4-(vinylsulfonamido)piperidine-1-carboxylate (1n)
NBoc

\ 7/

\/S‘N
H

The product 1n was purified by flash chromatography on silica gel (1.7 mmol scale, 292 mg, 43%
yield; Biotage Selekt, 97:3—70:30, hexane/AcOEt). White solid. M.p. 138140 °C. IR (neat) 666, 735,
982, 1145, 1248, 1366, 1423, 1668, 1689, 3273 cm™'. "TH NMR (400 MHz, CDCl3) & 7.31-7.26 (m,
2H), 7.21-7.18 (m, 3H), 6.64 (dd, /=16.4, 9.6 Hz, 1H), 6.27 (d, /= 16.4 Hz, 1H), 5.89 (d, /=9.6 Hz,
1H), 4.14 (brs, 1H), 3.67 (brs, 2H), 3.28-3.23 (m, 2H), 2.73-2.69 (m, 2H), 2.06-2.01 (m, 2H), 1.94-
1.90 (m, 2H), 1.65-1.56 (m, 2H), 1.46 (s, 9H). *C NMR (100.6 MHz, CDCl3) §154.6, 141.3, 139.0,
128.5, 128.3, 126.1, 125.4,79.8, 58.2, 41.3,35.2, 35.1, 29.2, 28.4. HRMS-ESI (m/z): [M+Na]" calcd
for C20H30N204SNa; 417.1818, found 417.1818.

N-(2-Methyl-3-phenylpropyl)ethenesulfonamide (10)
0 0

\ /s

MLARS
H

The product 1o was purified by flash chromatography on silica gel (3 mmol scale, 328 mg, 46%
yield; Biotage Selekt, 98:2—80:20, hexane/AcOEt). Pale yellow oil. IR (neat) 701, 740, 970, 1064,
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1148, 1323, 1425, 1454, 2929, 3289 cm™'. '"H NMR (400 MHz, CDCl;) § 7.31-7.25 (m, 2H), 7.21
(m, 1H), 7.15-7.13 (m, 2H), 6.47 (dd, J=16.4, 9.6 Hz, 1H), 6.21 (d, J=16.4 Hz, 1H), 5.92 (d,J=9.6
Hz, 1H), 4.20 (s, 1H), 2.98 (m, 1H), 2.87 (m, 1H), 2.69 (dd, J = 13.6, 6.4 Hz, 1H), 2.69 (dd, J = 13.6,
8.0 Hz, 1H), 1.98 (m, 1H), 0.94 (d, J = 6.4 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) §139.7, 135.7,
129.0, 128.4, 126.7, 126.2, 48.5, 40.6, 355, 17.4. HRMS-ESI (m/z): [M+Na]" caled for
C12H17NO,SNa; 262.0872, found 262.0871.

N-(2,3-Diphenylpropyl)ethenesulfonamide (1p)

N\ /s

YT
H

The product 1p was purified by flash chromatography on silica gel (3.3 mmol scale, 934 mg, 94%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOEt). White solid. M.p. 77-79 °C. IR (neat) 574, 699,
968, 1073, 1149, 1327, 1454, 1495, 3028, 3292 cm™'. '"H NMR (400 MHz, CDCl;) § 7.33-7.29 (m,
2H), 7.27-7.20 (m, 3H), 7.19-7.12 (m, 3H), 7.06-7.03 (m, 2H), 6.30 (dd, J = 16.4, 9.6 Hz, 1H), 6.13
(d,J=16.4 Hz, 1H), 5.86 (d, /J=9.6 Hz, 1H), 3.96 (m, 1H), 3.33 (m, 1H), 3.20 (m, 1H), 3.10 (m, 1H),
2.98-2.89 (m, 2H). 1*C NMR (100.6 MHz, CDCl3) §140.8, 138.9, 135.5, 129.0, 128.9, 128.3, 127.8,
127.3,126.7,126.3,47.7,47.3, 40.2. HRMS-ESI (m/z): [M+Na]" calcd for C17H19NO»SNa; 324.1029,
found 324.1031.

N-{2-Methyl-4-[(8R,9S,13S,145)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-
cyclopenta[a]phenanthren-3-yl|butan-2-yl}ethenesulfonamide (1q)

The product 1q was purified by flash chromatography on silica gel (1.5 mmol scale, 350 mg, 56%
yield; Biotage Selekt, 98:2—70:30, hexane/AcOEt). Brown oil. IR (neat) 669, 734, 976, 1005, 1145,
1324, 1735, 2860, 2932, 3278 cm™'. "TH NMR (400 MHz, CDCl3) § 7.22 (d, J= 8.0 Hz, 1H), 6.98 (m,
1H), 6.94 (s, 1H), 6.62 (dd, J = 16.4, 10.0 Hz, 1H), 6.25 (d, J = 16.4 Hz, 1H), 5.85 (d, J=10.0 Hz,
1H), 4.24 (brs, 1H), 2.91-2.88 (m, 2H), 2.64-2.60 (m, 2H), 2.50 (m, 1H), 2.42 (m, 1H), 2.28 (m, 1H),
2.19-1.94 (m, 4H), 1,90-1.86 (m, 2H), 1.68-1.41 (m, 6H), 1.38 (s, 6H), 0.91 (s, 3H). *C NMR (100.6
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MHz, CDCl3) 6220.8, 139.5, 139.0, 137.1, 136.3, 128.8, 125.6, 125.2, 124.3, 56.8, 50.2, 47.8, 44.7,
44.0, 38.0, 35.7, 31.4, 29.7, 29.2, 27.7, 26.3, 25.5, 21.4, 13.6. HRMS-ESI (m/z): [M+H]" calcd for
CasH36NOsS; 430.2410, found 430.2420.

N-Methyl-N-(3-phenylpropyl)ethenesulfonamide (1r)
0]

N

0]
\/S\'Tl/v\@

The product 1r was purified by flash chromatography on silica gel (5.7 mmol scale, 380 mg, 28%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOE?t). Pale yellow oil. IR (neat) 485, 553, 699, 744, 768,
964, 1146, 1336, 1383, 1455 cm™!. 'TH NMR (400 MHz, CDCl3) § 7.31-7.25 (m, 2H), 7.21-7.18 (m,
3H), 6.41 (dd, J=16.4, 10.0 Hz, 1H), 6.20 (d, /= 16.4 Hz, 1H), 5.96 (d, J=10.0 Hz, 1H), 3.13 (t, J
= 7.2 Hz, 2H), 2.78 (s, 3H), 2.66 (t, J = 7.2 Hz, 2H), 1.95-1.87 (m, 2H). 3C NMR (100.6 MHz,
CDCl3) §141.1, 132.9, 128.4, 128.3, 127.5, 126.0, 49.5, 34.4, 32.7, 29.5. HRMS-ESI (m/z): [M+H]"
calcd for C1oHsNO-S; 240.1053, found 240.1049.

N-Ethyl-N-(3-phenylpropyl)ethenesulfonamide (1s)

N2

\/S\'\C/\@

The product 1s was purified by flash chromatography on silica gel (5 mmol scale, 411 mg, 32%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOE?t). Pale yellow oil. IR (neat) 488, 553, 699, 934, 967,
1143, 1333, 1383, 1454, 1497 cm™!. "TH NMR (400 MHz, CDCl3) § 7.31-7.25 (m, 2H), 7.22-7.18 (m,
3H), 6.41 (dd, J=16.4, 10.0 Hz, 1H), 6.18 (d, /= 16.4 Hz, 1H), 5.88 (d, /= 10.0 Hz, 1H), 3.22 (q, J
=7.2 Hz, 2H), 3.15 (t,J= 7.6 Hz, 2H), 2.65 (t, J= 7.6 Hz, 2H), 1.96-1.89 (m, 2H) 1.17 (t, /= 7.2 Hz,
3H). 3C NMR (100.6 MHz, CDCl3) §141.1, 135.2, 128.4, 128.3, 126.1, 126.0, 46.8, 42.4, 32.9, 30.5,
14.3. HRMS-ESI (m/z): [M+Na]" calcd for C13H19NO2SNa ; 276.1029, found 276.1031.

N-Isopropyl-N-(3-phenylpropyl)ethenesulfonamide (1t)
IO

The product 1t was purified by flash chromatography on silica gel (4 mmol scale, 481 mg, 45%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOEt). Colorless oil. IR (neat) 560, 701, 748, 965, 1049,
1139, 1189, 1334, 1385, 1454 cm™'. '"H NMR (400 MHz, CDCl;) § 7.31-7.25 (m, 2H), 7.21-7.18 (m,
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3H), 6.40 (dd, /= 16.4, 10.0 Hz, 1H), 6.16 (d, /= 16.4 Hz, 1H), 5.84 (d, /= 10.0 Hz, 1H), 3.98 (sep,
J=6.8 Hz, 1H), 3.07-3.03 (m, 2H), 2.63 (t, J = 7.6 Hz, 2H), 2.05-1.95 (m, 2H), 1.15 (d, /= 6.8 Hz,
6H). *C NMR (100.6 MHz, CDCl5) §141.2, 136.0, 128.4, 128.3, 126.0, 125.4, 49.6, 42.5, 33.2, 33.1,
21.5. HRMS-ESI (m/z): [M+Na]" calcd for C14H21NO2SNa ; 290.1185, found 290.1189.

N-(tert-Butyl)-N-(3-phenylpropyl)ethenesulfonamide (1u)

The product 1u was purified by flash chromatography on silica gel (5 mmol scale, 924 mg, 66%
yield; Biotage Selekt, 98:2—-80:20, hexane/AcOEt). Pale yellow oil. IR (neat) 500, 682, 737,947, 1094,
1138, 1255, 1329, 1454, 2979 cm . '"H NMR (400 MHz, CDCls) § 7.30-7.26 (m, 2H), 7.20-7.17
(m, 3H), 6.48 (dd, J=16.4, 10.0 Hz, 1H), 6.12 (d, /= 16.4 Hz, 1H), 5.77 (d, J=10.0 Hz, 1H), 3.21-
3.17 (m, 2H), 2.59 (t,J = 7.6 Hz, 2H), 2.05-1.97 (m, 2H), 1.38 (s, 9H). 3*C NMR (100.6 MHz, CDCl3)
O141.1, 138.6, 128.3, 128.2, 125.9, 123.9, 59.0, 45.8, 33.8, 33.1, 30.2. HRMS-ESI (m/z): [M+Na]"
caled for C1sH23NO2SNa ; 304.1342, found 304.1343.

N-Methyl-N-(3-phenylbutyl)ethenesulfonamide (1v)

O
|
The product 1v was purified by flash chromatography on silica gel (3.7 mmol scale, 332 mg, 36%
yield; Biotage Selekt, 98:2-80:20, hexane/AcOE?t). Pale yellow oil. IR (neat) 554, 646, 702, 763, 882,
938, 971, 1151, 1339, 1456 cm™'. "H NMR (400 MHz, CDCl3) § 7.33-7.28 (m, 2H), 7.22-7.18 (m,
3H), 6.36 (dd, /= 16.4, 10.0 Hz, 1H), 6.16 (d, /= 16.4 Hz, 1H), 5.93 (d, J = 10.0 Hz, 1H), 3.06 (m,
1H), 2.93 (m, 1H), 2.82-2.73 (m, 4H), 1.92-1.84 (m, 2H), 1.28 (d, J = 6.8 Hz, 3H). *C NMR (100.6
MHz, CDCls) 6 146.3, 132.9, 128.5, 127.4, 126.8, 126.2, 48.5, 37.2, 36.1, 34.4, 22.3. HRMS-ESI
(m/z): [M+Na]" caled for Ci13H19NO2SNa ; 276.1029, found 276.1031.

N-Isopentyl-N-(3-phenylpropyl)ethenesulfonamide (1w)

\/S\N/\/\©

The product 1w was purified by flash chromatography on silica gel (3.7 mmol scale, 827 mg, 76%
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yield; Biotage Selekt, 98:2—-80:20, hexane/AcOEt). Pale yellow oil. IR (neat) 649, 699, 748, 776, 964,
1145, 1336, 1455, 1497,2950 cm™'. "H NMR (400 MHz, CDCl3) § 7.31-7.26 (m, 2H), 7.22-7.18 (m,
3H), 6.40 (dd, J=16.4, 10.0 Hz, 1H), 6.18 (d, J = 16.4 Hz, 1H), 5.88 (d, /= 10.0 Hz, 1H), 3.16-3.11
(m, 4H), 2.64 (t, J= 7.6 Hz, 2H), 1.96-1.88 (m, 2H), 1.59-1.51 (m, 1H), 1.46-1.40 (m, 2H), 0.89 (d,
J=6.4Hz, 6H). *C NMR (100.6 MHz, CDCl3) §141.1, 135.0, 128.4, 128.3, 126.1, 126.0, 47.2, 46.3,
37.5,32.9,30.4,25.8, 22.4. HRMS-ESI (m/z): [M+Na]" calcd for C16H2sNO2SNa ; 318.1498, found
318.1501.

Procedures for Construction of Azetidine by A Triple Catalysis

The reaction in Table 2-1, entry 1 is representative. In a glovebox, to an oven-dried vial with a
stirring bar was added photoredox catalyst Ir-1 (0.7 mg, 0.001 mmol), Co-1 (0.6 mg, 0.001 mmol),
HX-1 (10.1 mg, 0.025 mmol) and benzene (1.0 mL). Then, N-(2-Methyl-4-phenylbutan-2-
yl)ethenesulfonamide 1a (25.3 mg, 0.1 mmol) was added to the reaction mixture. After sealing the vial
with a cap and removal from the glove box, the reaction was stirred and irradiated with a 34W blue
LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure S2-1). After 12
h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After volatiles were
removed under reduced pressure, purification by flash column chromatography on silica gel (Biotage
Selekt, 98:2-80:20, hexane/EtOAc) gave the 2a (19.3 mg, 0.08 mmol, 76% isolated yield) as white

solid.

A 4
R

Figure S2-1. Light set up

The reaction without glovebox. To an oven-dried vial with a stirring bar was added photoredox
catalyst Ir-1 (0.7 mg, 0.001 mmol), Co-1 (0.6 mg, 0.001 mmol), HX-1 (10.1 mg, 0.025 mmol) and
benzene (1.0 mL). Then, N-(2-Methyl-4-phenylbutan-2-yl)ethenesulfonamide 1a (25.3 mg, 0.1 mmol)

was added to the reaction mixture. After sealing the vial with a septum rubber cap, the resulting
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mixture was degassed by N> bubbling for 5 min. The reaction was stirred and irradiated with a 34W
blue LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure S2-1). After
12 h, the reaction was quenched with a short plug of silica gel using ethyl acetate and analyzed by '"H
NMR relative to 1,1,2,2-tetrachloroethane as an internal standard to afford the desired 2a (0.08 mmol,
79% isolated yield).

1 mmol scale reaction of 2a. In a glovebox, to an oven-dried vial with a stirring bar was added
photoredox catalyst Ir-1 (7.1 mg, 0.01 mmol), Co-1 (6.1 mg, 0.01 mmol), HX-1 (100.6 mg, 0.25
mmol) and benzene (5 mL). Then, N-(2-Methyl-4-phenylbutan-2-yl)ethenesulfonamide 1a (253.4 mg,
1.0 mmol) was added to the reaction mixture. After sealing the vial with a cap and removal from the
glove box, the reaction was stirred and irradiated with two 34W blue LEDs (0.5 cm away) with a
cooling fan to keep the temperature around 40 °C (Figure S2-2). After 16 h, the reaction was quenched
with a short plug of silica gel using ethyl acetate. After volatiles were removed under reduced pressure,
purification by flash column chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) gave the 2a (141.9 mg, 0.56 mmol, 56% isolated yield) as white solid.

Figure S2-2. Light set up for scale-up reaction

Characterization Data for Azetidienes

1-(Ethylsulfonyl)-2,2-dimethyl-4-phenylazetidine (2a)

N

Et/S\N
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The product 2a was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) (Figure 2-3; 19.3 mg, 0.08 mmol, 76% isolated yield). White solid. M.p. 72-75 °C.
IR (neat) 626, 733, 764, 783, 1001, 1047, 1133, 1319, 1458, 2969 cm™'. "H NMR (400 MHz, CDCl5)
07.48-7.46 (m, 2H), 7.40-7.31 (m, 3H), 5.15 (t, J = 8.4 Hz, 1H), 2.48 (dq, J = 14.4, 7.2 Hz, 1H),
2.38-2.25 (m, 2H), 2.16 (dd, J=10.4, 8.4 Hz, 1H), 1.79 (s, 3H), 1.60 (s, 3H), 1.13 (t, J=7.2 Hz, 3H).
13C NMR (100.6 MHz, CDCls) 5 139.8, 128.7, 128.6, 127.3, 67.5, 60.7, 48.4, 41.4, 29.8, 25.9, 7.5.
HRMS-ESI (m/z): [M+Na]" caled for Ci3H19NO2SNa ; 276.1029, found 276.1034.

1-(Ethylsulfonyl)-4-(4-fluorophenyl)-2,2-dimethylazetidine (2b)

N

Et/S\N

F

The product 2b was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-88:12,
hexane/EtOAc) (Figure 2-3; 19.8 mg, 0.07 mmol, 73% isolated yield). White solid. M.p. 85-87°C.
IR (neat) 398, 744, 838, 1047, 1133, 1225, 1320, 1511, 2364, 2972 cm™'. 'H NMR (400 MHz, CDCl;)
07.47-7.43 (m, 2H), 7.09-7.05 (m, 2H), 5.14 (t, J = 8.4 Hz, 1H), 2.50 (m, 1H), 2.38-2.25 (m, 2H),
2.12 (dd, J=10.4, 8.4 Hz, 1H), 1.78 (s, 3H), 1.59 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H). *C NMR (100.6
MHz, CDCls) 6162.7 (d, Jc-r =247.3 Hz), 135.7 (d, Jc-r = 3.0 Hz), 129.0 (d, Jc-r = 8.2 Hz), 115.7 (d,
Jor=21.5 Hz), 67.5, 60.0, 48.5, 41.5, 29.9, 25.9, 7.5. »’F NMR (376.5 MHz, CDCl3) & -113.2.
HRMS-ESI (m/z): [M+H]" caled for Ci3His NO,SFNa ; 294.0934, found 294.0938.

4-(4-Chlorophenyl)-1-(ethylsulfonyl)-2,2-dimethylazetidine (2c)

N4

Et/S\N

Cl

The product 2¢ was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-85:15,
hexane/EtOAc) (Figure 2-3; 18.4 mg, 0.06 mmol, 64% isolated yield). White solid. M.p. 77-79 °C.
IR (neat) 619, 737, 781, 827, 1013, 1090, 1133, 1320, 1491, 2970 cm™'. "H NMR (400 MHz, CDCl5)
07.43-7.39 (m, 2H), 7.37-7.34 (m, 2H), 5.13 (t, J = 8.4 Hz, 1H), 2.51 (m, 1H), 2.38-2.28 (m, 2H),
2.10 (dd, J=10.4, 8.4 Hz, 1H), 1.78 (s, 3H), 1.59 (s, 3H), 1.15 (t, J = 7.2 Hz, 3H). *C NMR (100.6
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MHz, CDCl3) 6138.4, 134.3, 129.0, 128.6, 67.6, 60.0, 48.5, 41.4, 29.9, 25.9, 7.5. HRMS-ESI (m/z):
[M+Na]" caled for Ci3HisNO2SCINa ; 310.0639, found 310.0649.

4-(4-Bromophenyl)-1-(ethylsulfonyl)-2,2-dimethylazetidine (2d)

N4

Et/S\N

Br

The product 2d was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-88:12,
hexane/EtOAc) (Figure 2-3; 20.9 mg, 0.06 mmol, 63% isolated yield). White solid. M.p. 95-96 °C.
IR (neat) 737, 823, 1010, 1046, 1072, 1133, 1320, 1370, 1487, 2970 cm'. '"H NMR (400 MHz,
CDCl3) 67.52-7.49 (m, 2H), 7.36-7.33 (m, 2H), 5.12 (t, /= 8.4 Hz, 1H), 2.51 (m, 1H), 2.38-2.29 (m,
2H), 2.09 (dd, J = 10.4, 8.4 Hz, 1H), 1.78 (s, 3H), 1.59 (s, 3H), 1.16 (t, J = 7.2 Hz, 3H). 3*C NMR
(100.6 MHz, CDCl3) 6139.0, 131.9, 128.9, 122.5, 67.7, 60.1, 48.5, 41.4, 29.9, 25.9, 7.5. HRMS-ESI
(m/z): [M+Na]" calcd for C13H;sNO2SBrNa ; 354.0134, found 354.0144.

1-(Ethylsulfonyl)-4-(4-methoxyphenyl)-2,2-dimethylazetidine (2¢)

N

Et/S\N

MeO

The product 2e was purified by flash chromatography on silica gel (Biotage Selekt, 97:3-85:15,
hexane/EtOAc) (Figure 2-3; 16.8 mg, 0.06 mmol, 59% isolated yield). Yellow solid. M.p. 57-60 °C.
IR (neat) 743, 832, 1034, 1132, 1247, 1317, 1456, 1515, 1612, 2966 cm™'. '"H NMR (400 MHz,
CDCls) 67.41-7.38 (m, 2H), 6.92-6.88 (m, 2H), 5.10 (t, J=8.4 Hz, 1H), 3.82 (s, 3H), 2.47 (m, 1H),
2.35-2.23 (m, 2H), 2.14 (dd, J=10.4, 8.4 Hz, 1H), 1.78 (s, 3H), 1.59 (s, 3H), 1.12 (t, /= 7.2 Hz, 3H).
13C NMR (100.6 MHz, CDCls) §159.7, 131.8, 128.6, 114.0, 67.1, 60.3, 55.3, 48.4, 41.5, 29.8, 25.8,
7.6. HRMS-ESI (m/z): [M+Na]" calcd for C14H21NO3SNa ; 306.1134, found 306.1135.

1-(Ethylsulfonyl)-2,2-dimethyl-4-(p-tolyl)azetidine (2f)
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NS4

Et/S‘N

Me

The product 2f was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-90:10,
hexane/EtOAc) (Figure 2-3; 20.6 mg, 0.08 mmol, 77% isolated yield). Yellow oil. IR (neat) 743, 817,
971, 1046, 1133, 1247, 1320, 1370, 1456, 2970 cm™'. 'H NMR (400 MHz, CDCl3) §7.35 (d, J = 8.0
Hz, 2H), 7.18 (d, J= 8.0 Hz, 2H), 5.11 (t, /= 8.4 Hz, 1H), 2.47 (m, 1H), 2.35 (s, 3H), 2.34-2.25 (m,
2H), 2.13 (dd, J = 10.4, 8.4 Hz, 1H), 1.78 (s, 3H), 1.59 (s, 3H), 1.13 (t, J = 7.2 Hz, 3H). 3C NMR
(100.6 MHz, CDCl3) 6138.4,136.8, 129.4,127.2,67.3, 60.5, 48.4,41.5,29.8,25.9,21.2,7.6. HRMS—
ESI (m/z): [M+Na]" calcd for C14H21NO>SNa ; 290.1185, found 290.1184.

1-(Ethylsulfonyl)-2,2-dimethyl-4-[4-(trifluoromethyl)phenyl]azetidine (2g)

N4

Et/S\N

F3C

The reaction conditions were modified. The reaction was carried out with 1g (32.1 mg, 0.1 mmol),
Ir-3 (0.9 mg, 0.001 mmol, 1 mol %), Co-1 (0.6 mg, 0.001 mmol, 1 mol %) and HX-1 (10.1 mg, 0.025
mmol, 25 mol %) in benzene (1 mL) under blue LED irradiation for 12 h. The product 2g was purified
by flash chromatography on silica gel (Biotage Selekt, 98:2—85:15, hexane/EtOAc) (Figure 2-3; 14.2
mg, 0.04 mmol, 44% isolated yield). Yellow oil. IR (neat) 734, 840, 1017, 1067, 1096, 1132, 1323,
1375, 1541, 2972 cm™'. '"H NMR (400 MHz, CDCl3) §7.65 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz,
2H), 5.23 (t, J = 8.4 Hz, 1H), 2.53 (m, 1H), 2.43-2.33 (m, 2H), 2.11 (dd, J =10.6, 8.4 Hz, 1H), 1.80
(s, 3H), 1.62 (s, 3H), 1.19 (t, J =8.4Hz, 3H). 3*C NMR (100.6 MHz, CDCl3) 5 144.0, 130.7 (q, Jc ¢ =
32.6 Hz), 127.4, 125.8 (q, Jc-r = 3.6 Hz), 123.9 (q, Jc-r = 272.1 Hz), 68.0, 60.1, 48.6, 41.5, 29.9, 26.0,
7.5.YFNMR (376.5 MHz, CDCl3) §—62.6. HRMS-ESI (m/2): [M+Na]" calcd for C14H1sNO>SF;Na ;
344.0903, found 344.0913.

Methyl 4-[1-(Ethylsulfonyl)-4,4-dimethylazetidin-2-yl]|benzoate (2h)
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N

Et/S\N

Me020

The reaction conditions were modified. The reaction was carried out with 1h (31.1 mg, 0.1 mmol),
Ir-3 (0.9 mg, 0.001 mmol, 1 mol %), Co-1 (0.6 mg, 0.001 mmol, 1 mol %) and HX-1 (10.1 mg, 0.025
mmol, 25 mol %) in benzene (1 mL) under blue LED irradiation for 12 h. The product 2h was purified
by flash chromatography on silica gel (Biotage Selekt, 98:2—88:12, hexane/EtOAc) (Figure 2-3; 19.9
mg, 0.06 mmol, 64% isolated yield). Yellow solid. M.p. 80—83 °C. IR (neat) 774, 1001, 1094, 1112,
1135, 1280, 1321, 1370, 1724, 2362 cm™'. "TH NMR (400 MHz, CDCl3) § 8.07-8.04 (m, 2H), 7.56—
7.54 (m, 2H), 5.21 (t, J = 8.4 Hz, 1H), 3.93 (s, 3H), 2.50 (m, 1H), 2.42-2.28 (m, 2H), 2.13 (dd, J =
10.4, 8.4 Hz, 1H), 1.80 (s, 3H), 1.62 (s, 3H), 1.16 (t, J = 7.2 Hz, 3H). *C NMR (100.6 MHz, CDCls)
0166.6, 144.9, 130.4, 130.1, 127.2, 67.9, 60.2, 52.2, 48.5, 41.3, 29.9, 26.0, 7.5. HRMS-ESI (m/z):
[M+Na]" caled for CisH21NO4Na; 334.1083, found 334.1084.

6-[1-(Ethylsulfonyl)-4,4-dimethylazetidin-2-yl]-1-tosyl-1H-indole (2i)

N

Et/S\N

TsN
NS

The reaction was carried out with 1i (22.3 mg, 0.05 mmol), Ir-1 (0.4 mg, 0.0005 mmol, 1 mol %),
Co-1 (0.3 mg, 0.0005 mmol, 1 mol %) and HX-1 (5.1 mg, 0.0125 mmol, 25 mol %) in benzene (500
uL) under blue LED irradiation for 12 h. The product 2i was purified by flash chromatography on
silica gel (Biotage Selekt, 98:2—78:22, hexane/EtOAc) (Figure 2-3; 7.9 mg, 0.02 mmol, 35% isolated
yield). Yellow oil. IR (neat) 580, 675, 734, 817, 1132, 1172, 1319, 1370, 1432, 2967 cm™'. '"H NMR
(400 MHz, CDCl3) 68.08 (s, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 3.6 Hz, 1H), 7.52 (d, /= 8.0
Hz, 1H), 7.33 (d, /= 8.0 Hz, 1H), 7.24 (d, J=8.4 Hz, 2H), 6.65 (d, J =3.6 Hz, 1H), 5.27 (t, J=8.0 Hz,
1H), 2.43-2.32 (m, 5H), 2.23-2.12 (m, 2H), 1.82 (s, 3H), 1.65 (s, 3H), 1.05 (t, J = 7.2 Hz, 3H) C
NMR (100.6 MHz, CDCls) 6145.1, 136.7, 135.2, 134.8, 130.9, 129.9, 127.2, 126.9, 122.4, 121.6,
112.4, 108.6, 67.4, 61.0, 48.5, 42.0, 30.0, 26.0, 21.6, 7.5 HRMS-ESI (m/z): [M+Na]" calcd for
C22H26N204S2Na ; 469.1226, found 469.1234.
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1-(Ethylsulfonyl)-2-phenylazetidine (2j)

NS4

Et/S\N

The reaction was carried out with 1j (45.1 mg, 0.2 mmol), Ir-1 (1.4 mg, 0.002 mmol, 1 mol %),
Co-1 (1.2 mg, 0.002 mmol, 1 mol %) and HX-1 (20.1 mg, 0.05 mmol, 25 mol %) in benzene (2 mL)
under blue LED irradiation for 12 h. The product 2j was purified by flash chromatography on silica
gel (Biotage Selekt, 96:4—78:22, hexane/EtOAc) (Figure 2-3; 20.8 mg, 0.09 mmol, 46% isolated yield).
Pale yellow oil. IR (neat) 544, 629, 698, 745, 761, 955, 1043, 1135, 1317, 2917 cm™'. "H NMR (400
MHz, CDCls) 67.48-7.45 (m, 2H), 7.40-7.36 (m, 2H), 7.32 (m, 1H), 5.30 (t, /=8.4 Hz, 1H), 4.21 (dt,
J=10.0,7.6 Hz, 1H), 3.69 (ddd, J= 8.8, 7.6, 3.6 Hz, 1H), 2.79-2.62 (m, 2H), 2.53 (m, 1H), 2.33 (dq,
J=10.0, 8.8 Hz, 1H), 1.20 (t, J= 7.6 Hz, 3H). *C NMR (100.6 MHz, CDCl3) §140.5, 128.7, 128.4,
126.7, 64.8, 46.7, 45.7, 25.2, 7.4. HRMS-ESI (m/z): [M+Na]" caled for C;;H;sNO>Na; 248.0716,
found 248.0708.

1-(Ethylsulfonyl)-2-methyl-4-phenylazetidine (2k)

N4

Et’S\N

The reaction was carried out with 1k (47.9 mg, 0.2 mmol), Ir-1 (1.4 mg, 0.002 mmol, 1 mol %),
Co-1 (1.2 mg, 0.002 mmol, 1 mol %) and HX-1 (20.1 mg, 0.05 mmol, 25 mol %) in benzene (2 mL)
under blue LED irradiation for 12 h. The product 2k was purified by flash chromatography on silica
gel (Biotage Selekt, 99:1-84:16, hexane/EtOAc) (Figure 2-3; 34.4 mg, 0.14 mmol, 72% isolated yield).
White solid. M.p. 36-38 °C. IR (neat) 530, 609, 763, 1017, 1080, 1139, 1286, 1320, 1456, 2970 cm™
!. The ratio (4:1) of the diastereomers was determined by '"H NMR analysis. "H NMR (400 MHz,
CDCl3) 67.52-7.44 (m, 2H), 7.41-7.29 (m, 3H), 5.33 (t, /= 8.0 Hz, 0.2 x 1H), 5.10 (t, /= 8.4 Hz,
0.8 x 1H), 4.50 (m, 1H), 2.75-2.40 (m, 3H), 2.20 (m, 0.2 x 1H), 1.88 (dt, /= 10.8, 8.0 Hz, 0.8 x 1H),
1.74 (d,/J=6.4 Hz, 0.2 x 3H), 1.47 (d, J= 6.4 Hz, 0.8 x 3H), 1.20-1.13 (m, 3H). Peaks for the minor
rotamer were enclosed in parenthesis.!*C NMR (100.6 MHz, CDCls) & 140.6, (139.9), (128.7), 128.7,
(128.6), 128.3, (127.2), 126.9, (63.8), 61.4, (59.6), 54.2, (48.1), 47.5, (33.8), 33.6, 22.5, (20.9), (7.6),
7.4. HRMS-ESI (m/z): [M+Na]" calcd for C12H;7NO2SNa ; 262.0872, found 262.0874.
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1-(Ethylsulfonyl)-2-methyl-4-phenyl-2-propylazetidine (21)

0 0
\SI nPr
Et” "N

The product 21 was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-88:12,
hexane/EtOAc) (Figure 2-3; 20.8 mg, 0.07 mmol, 74% isolated yield). Yellow solid. M.p. 35-37 °C.
IR (neat) 702, 735, 783, 1027, 1066, 1139, 1324, 1458, 2364, 2966 cm™'. The ratio (1:1) of the
diastereomers was determined by 'H NMR analysis. 'H NMR (400 MHz, CDCls) §7.49-7.46 (m,
2H), 7.40-7.31 (m, 3H), 5.14 (m, 1H), 2.54-2.43 (m, 0.5 x 1H + 1H), 2.37-2.17 (m, 3H), 2.05 (dd, J
=10.8,8.0 Hz, 0.5 x 1H), 1.89 (m, 1H), 1.77 (s, 0.5 x 3H), 1.60 (s, 0.5 x 3H), 1.51-1.39 (m, 2H), 1.13
(t, J = 7.2 Hz, 3H), 1.04-0.98 (m, 3H). Peaks for two diastereomers were given. *C NMR (100.6
MHz, CDCl3) 6139.9 (x 2C), 128.7 (x 2C), 128.6, 128.5, 127.4 (x 2C), 71.3, 70.4, 61.1, 60.9, 48.7,
48.5,44.7,40.5, 39.1, 38.3, 27.6, 23.8, 18.0, 17.4, 14.5, 14.4, 7.6, 7.5. HRMS-ESI (m/z): [M+Na]"
caled for C1sH23NO2SNa ; 304.1342, found 304.1335.

1-(Ethylsulfonyl)-2-phenyl-1-azaspiro[3.5]nonane (2m)

N4

Et/S\N

The product 2m was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-90:10,
hexane/EtOAc) (Figure 2-3; 16.3 mg, 0.06 mmol, 55% isolated yield). Yellow solid. M.p. 63-66 °C.
IR (neat) 519, 701, 733, 766, 783, 1066, 1138, 1320, 1456, 2932 cm™'. '"H NMR (400 MHz, CDCl;)
07.49-7.46 (m, 2H), 7.40-7.30 (m, 3H), 5.15 (t, J =8.4 Hz, 1H), 2.52-2.25 (m, 5H), 2.10-1.97 (m,
3H), 1.82-1.72 (m, 2H), 1.60 (m, 1H), 1.32-1.18 (m, 3H), 1.13 (t, J =7.2 Hz, 3H). 3C NMR (100.6
MHz, CDCls) 6 140.1, 128.7, 128.5, 127.3, 71.5, 60.9, 48.3, 39.1, 38.4, 34.3, 24.9, 23.3, 23.0, 7.6.
HRMS-ESI (m/z): [M+Na]" caled for C1¢H23NO2SNa ; 316.1342, found 316.13424.

tert-Butyl 1-(Ethylsulfonyl)-2-phenyl-1,7-diazaspiro[3.5]nonane-7-carboxylate (2n)
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NBoc

N

Et/S\N

The product 2n was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) (Figure 2-3; 16.9 mg, 0.04 mmol, 43% isolated yield). White solid. M.p. 114-116 °C.
IR (neat) 701, 767, 1066, 1139, 1241, 1323, 1419, 1458, 1685, 2361 cm™'. '"H NMR (400 MHz,
CDCl3) 67.48-7.46 (m, 2H), 7.41-7.32 (m, 3H), 5.20 (t, J = 8.4 Hz, 1H), 4.17 (brs, 2H), 2.74-2.45
(m, 5H), 2.36-2.18 (m, 3H), 2.12 (m, 1H), 1.99 (m, 1H), 1.46 (s, 9H), 1.23 (t, J = 7.2 Hz, 3H). 13C
NMR (100.6 MHz, CDCl3) 6154.5, 139.5, 128.8, 128.8, 127.2,79.8, 68.9, 60.9, 48.4, 38.3,37.4,33.7,
28.4,7.5. HRMS-ESI (m/z): [M+Na]" calcd for C20H30N>204SNa ; 417.1818, found 417.1810.

1-(Ethylsulfonyl)-3-methyl-2-phenylazetidine (20)

N

Et/S‘N

The product 20 was purified by flash chromatography on silica gel (Biotage Selekt, 99:1-85:15,
hexane/EtOAc) (Figure 2-3; 9.8 mg, 0.04 mmol, 41% isolated yield). Yellow oil. IR (neat) 610, 698,
730, 914, 1015, 1139, 1287, 1317, 1456, 2965 cm™'. "H NMR (400 MHz, CDCl3) & 7.45-7.42 (m,
2H), 7.40-7.36 (m, 2H), 7.32 (m, 1H), 4.76 (d, /= 7.8 Hz, 1H), 3.79 (d, J = 7.8 Hz, 2H), 2.80-2.54
(m, 3H), 1.24-1.20 (m, 6H). *C NMR (100.6 MHz, CDCl3) §139.9, 128.7, 128.4, 126.7, 72.2, 52.9,

46.7, 34.5, 17.4, 7.5. HRMS-ESI (m/z): [M+Na]* caled for C12H;7NO2SNa ; 262.0872, found
262.0864.

1-(Ethylsulfonyl)-2,3-diphenylazetidine (2p)

\N\ 7/

Et/S\N

The reaction conditions were modified. The reaction was carried out with 1p (30.1 mg, 0.1 mmol),
Ir-4 (0.8 mg, 0.001 mmol, 1 mol %), Co-1 (0.6 mg, 0.001 mmol, 1 mol %) and HX-1 (10.1 mg, 0.025
mmol, 25 mol %) in benzene (1 mL) under blue LED irradiation for 12 h. The product 2p was purified
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by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20, hexane/EtOAc) (Figure 2-3; 11.2
mg, 0.04 mmol, 37% isolated yield). The relative configuration was determined by NOESY
experiment. White solid. M.p. 61-62 °C. IR (neat) 698, 724, 754, 790, 1066, 1139, 1321, 1456, 2363,
3031 cm™'. "TH NMR (400 MHz, CDCl3) §7.47-7.45 (m, 2H), 7.41-7.31 (m, 5H), 7.29-7.26 (m, 3H),
5.27 (d,J=8.0 Hz, 1H), 4.36 (dd, /= 8.4, 7.6 Hz, 1H), 4.05 (t, /= 7.6 Hz, 1H), 3.71 (q, J = 8.4 Hz,
1H), 2.87-2.71 (m, 2H), 1.26 (t,J= 7.6 Hz, 3H). 3*C NMR (100.6 MHz, CDCl5) 5139.5, 138.9, 128.8,
128.8, 128.6, 127.5, 127.2, 126.8, 72.3, 52.1, 47.0, 43.6, 7.5. HRMS-ESI (m/z): [M+Na]" calcd for
C17H19NO2SNa ; 324.1029, found 324.1022.

(8R,98,13S,14S)-3-[1-(Ethylsulfonyl)-4,4-dimethylazetidin-2-yl]-13-methyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17 H-cyclopentaa]phenanthren-17-one (2q)

The product 2q was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) (Figure 2-3; 30.5 mg, 0.07 mmol, 71% isolated yield). Colorless oil. IR (neat) 570,
738, 823, 886, 1007, 1047, 1132, 1317, 1735, 2930 cm™'. The ratio (1:1) of the diastereomers was
determined by '"H NMR analysis. '"H NMR (400 MHz, CDCl;) §7.33-7.23 (m, 2H), 7.17 (s, 0.5 x
1H), 7.13 (s, 0.5 x 1H), 5.09 (t, J= 8.4 Hz, 1H), 2.98-2.84 (m, 2H), 2.57-2.48 (m, 2H), 2.44-2.27 (m,
4H), 2.20-1.96 (m, 5H), 1.78 (s, 3H), 1.69-1.40 (m, 9H), 1.20-1.15 (m, 3H), 0.92 (s, 3H). Only
observed peaks were shown. *C NMR (100.6 MHz, CDCl;) & 220.7, 140.1, 140.1, 137.3, 136.8,
136.7, 128.0, 127.7, 125.8, 125.7, 124.4, 124.2, 67.3, 60.5, 60.5, 50.5, 48.4, 47.9, 44.3, 41.7, 41.6,
38.0, 38.0, 35.8, 31.5, 29.8, 29.4, 29.3, 26.4, 25.9, 25.7, 25.6, 21.5, 13.8. HRMS-ESI (m/z): [M+H]"
calcd for Co5H36NO3S; 430.2410, found 430.2402.

1. Procedure for Intermolecular y-Amino C—H Functionalization

The reaction in Figure 1 (5ra) is representative. In a glovebox, to an oven-dried vial with a
stirring bar was added photoredox catalyst Ir-1 (0.7 mg, 0.001 mmol), Co-1 (0.6 mg, 0.001 mmol),
HX-1 (10.1 mg, 0.025 mmol) and benzene (1.0 mL). Then, N-Methyl-N-(3-
phenylpropyl)ethenesulfonamide 1r (23.9 mg, 0.1 mmol) and 4-trifluoromethylphenol 4a (48.6 mg,

0.3 mmol) were added to the reaction mixture. After sealing the vial with a cap and removal from the
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glove box, the reaction was stirred and irradiated with a 34W blue LED (0.5 cm away) with a cooling
fan to keep the temperature around 40 °C (Figure S2-2. After 12 h, the reaction was quenched with a
short plug of silica gel using ethyl acetate. After volatiles were removed under reduced pressure,
purification by flash column chromatography on silica gel (Biotage Selekt, 97:3-68:32,
hexane/EtOAc) gave the 5ra (19.5 mg, 0.05 mmol, 49% isolated yield) as colorless oil.

Characterization of y-Functionalized Sulfonamides

N-Methyl-N-{3-phenyl-3-[4-(trifluoromethyl)phenoxy]propyl}ethanesulfonamide (Sra)

(@)

N7

Et/S\N

|
The product Sra was purified by flash chromatography on silica gel (Biotage Selekt, 97:3-68:32,
hexane/EtOAc) (Figure 2-4; 19.5 mg, 0.05 mmol, 49% isolated yield). Colorless oil. IR (neat) 702,
757, 838, 1067, 1110, 1152, 1251, 1324, 1517, 1614 cm™'. '"H NMR (400 MHz, CDCl3) & 7.43 (d, J
= 8.4 Hz, 2H), 7.37-7.32 (m, 4H), 7.27 (m, 1H), 6.90 (d, J = 8.4 Hz, 2H), 5.28 (dd, J = 8.8, 4.0 Hz,
1H), 3.48 (m, 1H), 3.34 (m, 1H), 2.96 (q, J = 7.6 Hz, 2H), 2.90 (s, 3H), 2.27 (m, 1H), 2.12 (m, 1H),
1.34 (t,J = 7.6 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) §160.2, 140.4, 128.9, 128.1, 126.8 (q, Jc—¢
=3.6 Hz), 125.7, 124.3 (q, Jo—r = 271.3 Hz), 123.0 (q, Jo—r = 32.5 Hz), 115.8, 77.3, 47.0, 44.1, 37.6,
35.1, 7.9.YF NMR (376.5 MHz, CDCl;) & —62.6. HRMS-ESI (m/z): [M+K]" caled for

C1oH22F3NO;SK; 440.0904, found 440.0900.

N-Ethyl-N-{3-phenyl-3-[4-(trifluoromethyl)phenoxy]|propyl}ethanesulfonamide (Ssa)

(0]

The product 5sa was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) (Figure 2-4; 20.6 mg, 0.05 mmol, 50% isolated yield). Pale yellow oil. IR (neat) 702,
836, 1067, 1110, 1136, 1248, 1323, 1517, 1614, 2980 cm™'. 'H NMR (400 MHz, CDCl3) § 7.43 (d,J
= 8.4 Hz, 2H), 7.37-7.25 (m, 5H), 6.89 (d, J = 8.4Hz, 2H), 5.26 (dd, J = 8.8, 4.0 Hz, 1H), 3.51-3.36
(m, 2H), 3.34-3.28 (m, 2H), 2.95 (q, /= 7.6 Hz, 2H), 2.31-2.13 (m, 2H), 1.33 (t, /= 7.6 Hz, 3H), 1.12
(t,J = 7.2 Hz, 3H).*C NMR (100.6 MHz, CDCl3) §160.2, 140.3, 128.9, 128.3, 126.8 (q, Jcr = 3.8
Hz), 125.7, 124.3 (q, Jc-r = 271.0 Hz), 123.0 (q, Jcr = 32.7 Hz), 115.7, 77.6, 46.2, 43.9, 42.7, 38.4,
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143, 8.1.”F NMR (376.5 MHz, CDCl;) & —61.6. HRMS-ESI (m/2): [M+Na]" calcd for
C20H24F3NO3SNa; 438.1321, found 438.1314.

N-Isopropyl-NV-{3-phenyl-3-[4-(trifluoromethyl)phenoxy]propyl}ethanesulfonamide (5ta)

(@)

The product Sta was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-88:12,
hexane/EtOAc) (Figure 2-4; 22.4 mg, 0.05 mmol, 52% isolated yield). Colorless oil. IR (neat) 702,
837, 1067, 1112, 1139, 1251, 1326, 1518, 1614, 2979 cm™'. "H NMR (400 MHz, CDCl3) § 7.43 (d, J
= 8.4 Hz, 2H), 7.36-7.25 (m, 5H), 6.89 (d, J = 8.4 Hz, 2H), 5.23 (dd, J = 8.2, 4.6 Hz, 1H), 4.00 (sep,
J=6.8 Hz, 1H), 3.42-3.28 (m, 2H), 2.94 (q, J = 7.2 Hz, 2H), 2.34-2.21 (m, 2H), 1.34 (t, J=7.2 Hz,
3H), 1.23 (d,J= 6.8 Hz, 3H), 1.18 (d, /= 6.8 Hz, 3H). '*C NMR (100.6 MHz, CDCl5) §160.3, 140.3,
128.9, 128.0, 126.8 (q, Jc—r = 3.7 Hz), 125.6, 123.8 (q, Jc-r = 269.7 Hz), 122.9 (q, Jcr = 32.8 Hz),
115.7,78.2, 49.7, 46.9, 40.9, 39.6, 22.0, 21.4, 8.3. ’F NMR (376.5 MHz, CDCl3) 5§-61.6. HRMS—
ESI (m/z): [M+Na]" calcd for Co1H26F3NO3SNa; 452.1478, found 452.1482.

N-(tert-Butyl)-N-{3-phenyl-3-[4-(trifluoromethyl)phenoxy|propyl}ethanesulfonamide (Sua)

(0]

R

Et/S‘N

Y

The product Sua was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20,
hexane/EtOAc) (Figure 2-4; 18.2 mg, 0.04 mmol, 41% isolated yield). Pale yellow oil. IR (neat) 701,
836, 912, 1067, 1109, 1247, 1321, 1517, 1614, 2980 cm™'. 'H NMR (400 MHz, CDCl3) §7.43 (d, J
= 8.4 Hz, 2H), 7.36-7.25 (m, 5H), 6.88 (d, J = 8.4 Hz, 2H), 5.18 (dd, J = 8.8, 4.0 Hz, 1H), 3.53 (m,
1H), 3.43 (m, 1H), 3.06-3.01 (m, 2H), 2.37-2.19 (m, 2H), 1.44 (s, 9H), 1.34 (t, J= 7.2 Hz, 3H). 1*C
NMR (100.6 MHz, CDCl3) 6§ 160.3, 140.3, 128.8, 128.0, 126.8 (q, Jc-r=3.7 Hz), 125.6, 124.3 (q, Jc-
F=268.4 Hz), 122.9 (q, Jc r=32.7 Hz), 115.7, 78.6, 58.8, 50.4, 43.4, 41.4, 30.2, 8.6. ’"FNMR (376.5
MHz, CDCl;) 6 —61.6. HRMS-ESI (m/z): [M+Na]" calcd for C22H2sFsNO3SNa; 466.1628, found
466.1634.

N-Methyl-N-{3-phenyl-3-[4-(trifluoromethyl)phenoxy]butyl}ethanesulfonamide (Sva)
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The product Sva was purified by flash chromatography on silica gel (Biotage Selekt, 97:3-74:26,
hexane/EtOAc) (Figure 2-4; 21.8 mg, 0.05 mmol, 52% isolated yield). Colorless oil. IR (neat) 702,
761, 842, 955, 1066, 1110, 1158, 1245, 1324, 1514 cm™'. 'H NMR (400 MHz, CDCl;) § 7.39-7.29
(m, 7H), 6.72 (d, J = 8.4 Hz, 2H), 3.39 (m, 1H), 3.21 (m, 1H), 2.92 (q, J = 7.6 Hz, 2H), 2.79 (s, 3H),
2.35-2.21 (m, 2H), 1.78 (s, 3H), 1.32 (t, J = 7.6 Hz, 3H). *C NMR (100.6 MHz, CDCl;) §158.2,
143.9, 128.8, 127.7, 126.3 (q, Jc-r= 3.6 Hz), 125.2, 124.3 (q, Jcr=271.2 Hz), 123.2 (q, Jcr= 32.6
Hz), 119.1, 81.7, 45.7, 44.6, 43.0, 34.6, 23.8, 8.0. '’F NMR (376.5 MHz, CDCl;) 5 -61.7. HRMS—
ESI (m/z): [M+Na]" calcd for C20H24F3NO3;SNa; 438.1321, found 438.1319.

N-Methyl-N-[3-phenyl-3-(phenylamino)butyl]ethanesulfonamide (Svb)

ne

\N /7

Et”

The product Sve was purified by flash chromatography on silica gel (Biotage Selekt, 97:3-70:30,
hexane/EtOAc) (Figure 2-4; 95.6 mg, 0.06 mmol, 57% isolated yield). Pale yellow oil. IR (neat) 699,
751,947, 1138, 1324, 1446, 1498, 1600, 2978, 3394 cm™'. "H NMR (400 MHz, CDCl;) § 7.49-7.46
(m, 2H), 7.36-7.32 (m, 2H), 7.27-7.23 (m, 1H), 7.03-6.98 (m, 2H), 6.63 (m, 1H), 6.37-6.34 (m, 2H),
4.19 (s, 1H), 3.33 (s, 1H), 3.00 (s, 1H), 2.86 (q, J= 7.2 Hz, 2H), 2.69 (s, 3H), 2.36 (m, 1H), 2.22 (m,
1H), 1.65 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) 5145.9, 145.5, 128.7,
128.6, 126.7, 125.8, 117.4, 115.4, 57.6, 46.0, 44.5, 39.9, 34.6, 27.7, 7.9. HRMS-ESI (m/z): [M+H]"
calcd for C19H27N205S; 347.1788, found 347.1784.

N-[3-(Cyclopentyloxy)-3-phenylpropyl]-/NV-isopropylethanesulfonamide (5tb)

L0

(@)

N\ /s

Et/S\N

e

The product 5tb was purified by flash chromatography on silica gel (Biotage Selekt, 97:3-74:26,
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hexane/EtOAc) (Figure 2-4; 24.0 mg, 0.07 mmol, 67% isolated yield). Colorless oil. IR (neat) 702,
761, 842, 955, 1066, 1110, 1158, 1245, 1324, 1514 cm™'. 'H NMR (400 MHz, CDCl;) § 7.36-7.24
(m, 5H), 4.28 (t, /= 6.4 Hz, 1H), 3.96 (sep, J= 6.8 Hz, 1H), 3.78 (m, 1H), 3.97 (sep, J = 6.8 Hz, 1H),
3.32 (m, 1H), 3.17 (m, 1H), 2.92 (q, J = 7.6 Hz, 2H), 2.00-1.94 (m, 2H), 1.74-1.41 (m, 6H), 1.32 (t,
J=1.6 Hz, 3H), 1.19 (d, J = 6.8 Hz, 3H), 1.17 (t, J = 6.8 Hz, 3H). 3*C NMR (100.6 MHz, CDCl;)
01427, 128.3, 1274, 126.5, 78.7, 49.6, 47.3, 40.7, 39.9, 33.1, 31.5, 23.3, 21.9, 21.4, 8.3. HRMS—
ESI (m/z): [M+H]" calcd for C19H31NO3S; 354.2097, found 354.2096.

N-Isopropyl-N-[3-phenyl-3-(phenylamino)propyl]ethanesulfonamide (5tc)

e

0 0O

Et/S\N

A

The product 5te was purified by flash chromatography on silica gel (Biotage Selekt, 98:2—77:23,
hexane/EtOAc) (Figure 2-4; 15.5 mg, 0.04 mmol, 43% isolated yield). Pale yellow oil. IR (neat) 749,
873, 1028, 1139, 1283, 1320, 1454, 1502, 1602, 2978 cm™'. "H NMR (400 MHz, CDCl3) § 7.36-7.30
(m, 4H), 7.23 (m, 1H), 7.11-7.06 (m, 2H), 6.64 (t, J = 7.6 Hz, 1H), 6.52 (d, J = 7.6 Hz, 2H), 4.34—
4.31 (m, 2H), 3.97 (sep, J = 6.8 Hz, 1H), 3.37 (m, 1H), 3.14 (m, 1H), 2.95 (q, /= 7.6 Hz, 2H), 2.21—
2.08 (m, 2H), 1.34 (t, J = 7.6 Hz, 3H), 1.15 (d, J = 6.8 Hz, 3H), 1.14 (d, J = 6.8 Hz, 3H). *C NMR
(100.6 MHz, CDCl3) 6147.2, 143.2, 129.1, 128.7, 127.2, 126.1, 117.3, 113.3, 56.5, 49.4, 47.0, 41.3,
40.2,22.1,21.4, 8.3. HRMS-ESI (m/z): [M+H]" calcd for C20H20N205S; 361.1944, found 361.1944.

N-Isopropyl-V-[3-(4-methoxyphenyl)-3-phenylpropyl]ethanesulfonamide (5td)
OMe

Et/\S/\N O
PN

The reaction conditions were modified. The reaction was carried out with 1t (26.7 mg, 0.1 mmol),
tetrabutylammonium(4-methoxyphenyl)trifluoroborate 4d (125.2 mg, 0.3 mmol), Ir-1 (0.7 mg, 0.001
mmol, 1 mol %), Co-1 (0.6 mg, 0.001 mmol, 1 mol %) and HX-1 (40.4 mg, 0.1 mmol, 100 mol %) in
benzene (1 mL) under blue LED irradiation for 12 h. The product 5td was purified by flash
chromatography on silica gel (Biotage Selekt, 98:2—-80:20, hexane/EtOAc) (Figure 2-4; 18.2 mg, 0.05
mmol, 49% isolated yield). Brown oil. IR (neat) 701, 965, 1031, 1136, 1250, 1324, 1454, 1511, 1610,
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2976 cm™'. 'TH NMR (400 MHz, CDCl3) §7.30-7.15 (m, 7H), 6.85-6.81 (m, 2H), 3.95 (sep, J = 6.8
Hz, 1H), 3.84 (t, J = 8.0Hz, 1H), 3.77 (s, 3H), 3.07-3.02 (m, 2H), 2.91 (q, /= 7.2 Hz, 2H), 2.41-2.35
(m, 2H), 1.32 (t, J = 7.2 Hz, 3H), 1.12 (d, J = 6.8 Hz, 6H). '*C NMR (100.6 MHz, CDCls) & 158.0,
144.4, 136.0, 128.6, 128.5, 127.5, 126.3, 113.9, 55.2, 49.5, 48.5, 47.0, 41.8, 37.7, 21.8, 21.7, 8.3.
HRMS-ESI (m/z): [M+H]" calcd for C21H3oNOsS ; 376.1941, found 376.1934.

N-(4-Methoxy-2-methyl-4-phenylbutan-2-yl)ethanesulfonamide (5ae)
OMe

\ /s

Et/S\H

The product S5ae was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-84:16,
hexane/EtOAc) (Figure 2-4; 15.7 mg, 0.06 mmol, 55% isolated yield). Pale yellow oil. IR (neat) 539,
703, 753, 1007, 1050, 1100, 1133, 1320, 2363, 2978 cm™'. '"H NMR (400 MHz, CDCl3) § 7.39-7.35
(m, 2H), 7.32-7.26 (m, 3H), 6.05 (s, 1H), 4.49 (dd, J = 12.0, 2.0 Hz, 1H), 3.22 (s, 3H), 3.07 (q, J =
7.2 Hz, 2H), 2.07 (dd, J= 15.0, 10.0 Hz, 1H), 1.57-1.54 (m, 4H), 1.42-1.38 (m, 6H). *C NMR (100.6
MHz, CDCl3) 6 141.3, 128.7, 128.0, 126.3, 81.6, 56.4, 56.1, 51.6, 50.4, 28.7, 27.2, 8.7. HRMS-ESI
(m/z): [M+Na]" caled for C14H23NO3SNa; 308.1291, found 308.1283.

N-[2-Methyl-4-phenyl-4-(phenylamino)butan-2-yl]ethanesulfonamide (5ac)

The product Sac was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-70:30,
hexane/EtOAc) (Figure 2-4; 15.7 mg, 0.06 mmol, 62% isolated yield). Pale yellow oil. IR (neat) 701,
750, 994, 1133, 1311, 1425, 1508, 1602, 2363, 2976 cm™'. "H NMR (400 MHz, CDCl;) § 7.32-7.27
(m, 4H), 7.19 (m, 1H), 7.11-7.06 (m, 4H), 6.67 (m, 1H), 6.63-6.60 (m, 2H), 5.15 (s, 1H), 4.66 (dd, J
=10.4, 2.8 Hz, 1H), 3.11-2.98 (m, 2H), 2.29 (dd, /= 15.2, 10.4 Hz, 1H), 1.88 (dd, J=15.2, 2.8 Hz,
1H), 1.48 (s, 3H), 1.46 (s, 3H), 1.34 (t,J=7.2 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) 5 146.2, 143.8,
129.2, 128.8, 127.1, 126.0, 118.3, 114.3, 56.5, 55.1, 50.8, 50.5, 29.0, 28.1, 8.5. HRMS-ESI (m/z):
[M+H]" calcd for C1oH27NOsS; 347.1788, found 347.1778.
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N-[2-Methyl-4-phenyl-4-(1H-pyrazol-1-yl)butan-2-yl]ethanesulfonamide (Saf)

r X
0

The reaction conditions were modified. The reaction was carried out with 1a (25.4 mg, 0.1 mmol),
1H-pyrazole 4f (20.4 mg, 0.3 mmol), Ir-1 (0.7 mg, 0.001 mmol, 1 mol %), Co-1 (0.6 mg, 0.001 mmol,
1 mol %) and HX-1 (40.4 mg, 0.1 mmol, 100 mol %) in benzene (1 mL) under blue LED irradiation
for 12 h. The product Sac was purified by flash chromatography on silica gel (Biotage Selekt, 98:2—
70:30, hexane/EtOAc) (Figure 2-4; 15.6 mg, 0.05 mmol, 49% isolated yield). Colorless oil. IR (neat)
701, 753, 1000, 1129, 1221, 1308, 1398, 1455, 2978, 3238 cm™'. '"H NMR (400 MHz, CDCl3) & 7.58
(d,J=1.6 Hz, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.35-7.24 (m, 5H), 6.28 (dd, J=2.4, 1.6 Hz, 1H), 5.66
(dd, J=10.4, 2.8 Hz, 1H), 4.97 (s, 1H), 3.02-2.94 (m, 3H), 2.34 (dd, /= 15.2, 2.8 Hz, 1H), 1.42 (s,
3H), 1.31 (t, J = 7.6 Hz, 3H), 1.18 (s, 3H). *C NMR (100.6 MHz, CDCl3) §141.5, 139.3, 129.5,
128.8, 127.9, 126.5, 106.4, 62.4, 56.1, 50.4, 47.8, 28.6, 27.6, 8.5. HRMS-ESI (m/z): [M+H]" calcd
for C16H23N30:S; 322.1584, found 322.1574.

Deprotection Method
Q\SIP
Et” N LiAIH, (6 equiv.) HIN
—_—
THF (0.1 M) ,
2a 60 °C, 36 h 2a’, 85%

Deprotection was carried out according to the modified conditions in the literature.® To a suspension
of lithium aluminium hydride (22.8 mg, 0.6 mmol) in tetrahydrofuran (1.0 mL) was added 2a (25.3
mg, 0.10 mmol) at room temperature. After being stirred for 36 hours at 60 °C, water (22 pL), 4M
NaOH aq. (22 pL), and water (68 puL) were added at 0°C. The mixture was filtered with Celite pad.
The mother liquid was concentrated. The residue was purified by flash column chromatography (2:98,

Et;N/EtOAc) to obtain 2a’ (13.7 mg, 85%).

2,2-Dimethyl-4-phenylazetidine (2a)

HN

IR (neat) 699, 753, 1069, 1132, 1263, 1321, 1367, 1456, 2863, 2956 cm™'. "H NMR (400 MHz,
CDCl3) & 7.31-7.32 (m, 2H), 7.28-7.24 (m, 2H), 7.15 (m, 1H), 4.73 (t, J = 8.0 Hz, 1H), 2.36 (dd, J =
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10.8, 8.0 Hz, 1H), 2.04 (dd, 7= 10.8, 8.0 Hz, 1H), 1.93 (m, 1H), 1.43 (s, 3H), 1.24 (s, 3H). 3C NMR
(100.6 MHz, CDCl3) 6145.5, 128.3, 126.7, 126.0, 55.5, 53.7, 42.3, 31.8, 29.1. HRMS-ESI (m/z):
[M+H]" caled for C11Hi6N; 162.1277, found 162.1270.

Stern-Volmer Luminescence Quenching Analysis

Several Stern-Volmer luminescence quenching experiments were carried out.

1. Quencher Co-1 with or without colldinium salt HX-1 (Figure S2-3)

Procedure without HX-1: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 5 pM
solution of Ir-1 in degassed benzene and cobalt-salen complex Co-1 (quencher) of appropriate
concentration in degassed benzene (quencher concentration = 20 uM, 40 uM, 60 pM, 80 uM). The
fluorescence intensity was measured at A = 483 nm after excitation at A = 380 nm in the quartz cuvette.
Procedure with HX-1: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 5 uM solution
of Ir-1 in degassed benzene, collidinium salt HX-1 of appropriate concentration in degassed benzene
(concentration = 40 pM), and cobalt-salen complex (quencher) of appropriate concentration in
degassed benzene (quencher concentration = 20 uM, 40 pM, 60 puM, 80 uM). The fluorescence
intensity was measured at A = 483 nm after excitation at A = 380 nm in the quartz cuvette.

5

y=0.0515x+1.1746
R?=0.986

5 B Co-1+HX-1

A Co-1

lo/1

y=0.0192x+1.0915
 pRi=09773 ™

0 10 20 30 40 50 60 70 80
Quencher Concentration [uM]

Figure S2-3.
2. Quencher: colldinium salt HX-1 (Figure S2-4)

Procedure: In a glovebox, to a screw-top 1.0 cm quartz cuvette was added 5 uM solution of Ir-1 in
degassed benzene and collidinium salt (quencher) of appropriate concentration in degassed benzene
(quencher concentration = 20 pM, 40 uM, 60 pM, 80 uM). The fluorescence intensity was measured

at A =483 nm after excitation at A = 380 nm in the quartz cuvette.
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Figure S2-4.
The results of Stern-Volmer experiments revealed that the fluorescence of Ir-1 is quenched by Co-

1, but not by HX-1 (Figure S2-3 and S2-4).

Radical Trapping Experiment.
Radical Trapping with TEMPO. In a glovebox, an oven-dried vial with a stirring bar was added
Ir-1 (0.7 mg, 0.001 mmol, 1.0 mol %), Ce-1 (0.6 mg, 0.001 mmol), HX-1 (10.1 mg, 0.025 mmol), N-
(3-Phenylpropyl)ethenesulfonamide 1j (22.5 mg, 0.1 mmol, 1.0 equiv.), (2,2,6,6-
Tetramethylpiperidin-1-yl)oxyl (TEMPO, 3.9 mg, 0.025 mmol, 25 mol %) and benzene (1.0 mL).
After sealing the vial with a cap and removal from the glove box, the reaction was stirred and irradiated
with a 34W blue LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure
S2-1). After 16 h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After
volatiles were removed under reduced pressure, purification by flash column chromatography on silica
gel (Biotage Selekt, 99:1-90:10, hexane/EtOAc) gave the 5j (8.4 mg, 0.02 mmol, 22% isolated yield)

as colorless oil.
0.9 Co1 (1 mol o)

NS NP HX-1 (25 mol %)
H

benzene (0.1 M)
TEMPO (25 mol %)
1j blue LED, 12 h

5}, 22% 2a, 30%

Figure S2-5.

N-(3-Phenylpropyl)-1-[(2,2,6,6-tetramethylpiperidin-1-yl)oxy]ethane-1-sulfonamide (5j)

\K\S:H/\/\Ph
.0

N
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IR (neat) 699, 747, 1107, 1142, 1153, 1326, 1363, 1453, 2871, 2929 cm™'. 'H NMR (400 MHz,
CDCL) & 7.31-7.26 (m, 2H), 7.21-7.17 (m, 3H), 4.96 (q, J = 6.4 Hz, 1H), 4.21 (t, J = 6.4 Hz, 1H),
3.31-3.21 (m, 2H), 2.71 (t, J= 7.6 Hz, 2H), 1.97-1.89 (m, 2H), 1.65 (d, J= 6.4Hz, 3H), 1.63-1.43 (m,
6H), 1.38-1.08 (m, 12H). *C NMR (100.6 MHz, CDCls) 5140.9, 128.5, 128.4, 126.1, 92.1, 61.6,
59.9,43.2,40.3,33.9, 33.5, 32.9, 32.3, 29.7, 20.6, 20.6, 17.0, 14.8. HRMS—ESI (m/z): [M+H]" calcd
for C20H3sN20sS; 383.2363, found 383.2371.

Photoisomerization by Photoredox Catalysts

O\\ '/O (1 mol %)
-
E-SINTNF Q0 + 30
H benzene (0.1 M) M %
blue LED, 12 h Et” N

3b 3a, 90%
Figure S2-6.

In a glovebox, to a n oven-dried vial with a stirring bar was added Ir-1 (0.4 mg, 0.0005 mmol, 1.0
mol %), (E)-N-(2-methyl-4-phenylbut-3-en-2-yl)ethanesulfonamide 3b (12.7 mg, 0.05 mmol, 1.0
equiv.) and benzene (0.5 mL). After sealing the vial with a cap and removal from the glove box, the
reaction was stirred and irradiated with a 34W blue LED (0.5 cm away) with a cooling fan to keep the
temperature around 40 °C (Figure S2-1). After 12 h, the reaction was quenched with a short plug of
silica gel using ethyl acetate and analyzed by "H NMR relative to 1,1,2,2-tetrachloroethane (19.4 mg,

0.12 mmol, 2.31 equiv.) as an internal standard. The mixture of 3b and 3a was obtained.

Synthesis and Characterization of (E)-N-(2-methyl-4-phenylbut-3-en-2-yl)ethanesulfonamide
(3b)

3b

(E)-2-Methyl-4-phenyl-3-buten-2-amine was prepared according to the conditions of the literature.’
The amine (102.8 mg, 0.64 mmol, 1.0 equiv.) was added to a round bottom flask and put under nitrogen.
The flask was then charged with dichloromethane (0.2 M with respect to amine) and triethylamine
(106.5 pL, 0.77 mmol, 1.2 equiv.) and stirred at 0 °C. Then, ethanesulfonyl chloride (66.2 uL, 0.70
mmol, 1.1 equiv.) was added dropwise via syringe. After the addition, the reaction was allowed to
slowly warm to room temperature at 2 h. The reaction was diluted with additional dichloromethane
and quenched with 1M HCI. The organic phase was separated, washed with a saturated brine solution,
dried over Na;SOs, and concentrated in vacuo. The residue was purified by flash column

chromatography (Biotage Selekt, 98:2—80:20, hexane/EtOAc) to afford 3b (70 mg, 0.27 mmol, 43%).
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White solid. ML.p. 68—69 °C. IR (neat) 695, 750, 970, 995, 1132, 1319, 1383, 1449, 2979, 3273 cm™
!. TH NMR (400 MHz, CDCl3) § 7.40-7.37 (m, 2H), 7.35-7.31 (m, 2H), 7.26 (m, 1H), 6.57 (d, J =
16.4 Hz, 1H), 6.34 (d, J= 16.4 Hz, 1H), 4.23 (s, 1H), 3.05 (q, /= 7.6 Hz, 2H), 1.57 (s, 6H), 1.36 (t, J
= 7.6 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) 6 136.3, 134.4, 128.7, 128.7, 127.9, 126.5, 56.7, 49.9,
28.6, 8.6. HRMS-ESI (m/z): [M+Na]" calcd for Ci3H;9NO>SNa; 276.1029, found 276.1031.

Reaction with 3b
(1 mol %) Q.90
0 0 Co-1 (1 mol %) Et’S\N
\\SI’ HX-1 (25 mol %:) 3b
Et7NT N + QP * 8%
H benzene (0.1 M) _S. P>
blue LED, 12 h Et ﬁ
3b 2a, 14% 3a, 78%
Figure S2-7

In a glovebox, to an oven-dried vial with a stirring bar was added Ir-1 (0.7 mg, 0.001 mmol, 1.0
mol %), Co-1 (0.6 mg, 0.001 mmol), HX-1 (10.1 mg, 0.025 mmol), (£)-N-(2-methyl-4-phenylbut-3-
en-2-yl)ethanesulfonamide 3b (25.4 mg, 0.1 mmol, 1.0 equiv.) and benzene (1.0 mL). After sealing
the vial with a cap and removal from the glove box, the reaction was stirred and irradiated with a 34W
blue LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure S2-1. After
12 h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After volatiles were
removed under reduced pressure, and analyzed by '"H NMR relative to 1,1,2,2-tetrachloroethane (20.0
mg, 0.12 mmol, 1.2 equiv.) as an internal standard. The residue was purified by flash column
chromatography on silica gel (Biotage Selekt, 97:3—-70:30, hexane/EtOAc) gave the mixture 3a and
3b (13.3 mg,3a:3b=10.89:0.11).

(2)-N-(2-Methyl-4-phenylbut-3-en-2-yl)ethanesulfonamide

NS

Et/S\N
H

IR (neat) 702, 757, 994, 1130, 1283, 1314, 1380, 1456, 2979, 3273 cm™'. "H NMR (400 MHz,
CDCls) 5 7.38-7.25 (m, SH), 6.59 (d, J= 12.8 Hz, 1H), 5.78 (d, /= 12.8 Hz, 1H), 4.16 (s, 1H), 2.96
(q, J = 7.2 Hz, 2H), 1.44 (s, 6H), 1.27 (t, J = 7.2 Hz, 3H). 3C NMR (100.6 MHz, CDCl;) 5 137.7,
137.4, 129.5, 128.6, 128.1, 127.1, 57.5, 50.2, 30.0, 8.4. HRMS-ESI (m/z): [M+Na]" calcd for

=
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Ci3H19NO2SNa ; 276.1029, found 276.1037.

Competition Experiment

00 (1 mol %) 6w
LY Co-1 (1 mol %) 37%
XAANT"ph HX-1 (25 mol %)

3 equiv. benzene (0.1 M) CFs
blue LED, 12 h
0 0 o

1w

Figure S2-8

In a glovebox, to an oven-dried vial with a stirring bar was added photoredox catalyst Ir-1 (0.7 mg,
0.001 mmol), Co-1 (0.6 mg, 0.001 mmol), HX-1 (10.1 mg, 0.025 mmol) and benzene (1.0 mL). Then,
N-isopentyl-N-(3-phenylpropyl)ethenesulfonamide 1w (29.5 mg, 0.1 mmol) and 4-
trifluoromethylphenol 4a (48.6 mg, 0.3 mmol) were added to the reaction mixture. After sealing the
vial with a cap and removal from the glove box, the reaction was stirred and irradiated with a 34W
blue LED (0.5 cm away) with a cooling fan to keep the temperature around 40 °C (Figure S2-8). After
12 h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After volatiles were
removed under reduced pressure, purification by flash column chromatography on silica gel (Biotage
Selekt, 97:3—74:26, hexane/EtOAc) gave the mixture 6w and 6w’ (23.2 mg, 51%, 6w : 6w’ = 0.73 :

0.27) as colorless oil.

O 0O
S
5\ 6w KL 6w
Ph

IR (neat) 701, 753, 1067, 1112, 1161, 1251, 1326, 1517, 1614, 2873 cm™'. 'TH NMR (400 MHz,
CDCL) & 7.52 (d, J=8.4 Hz, 0.27 x 2H), 7.43 (d, J = 8.4 Hz, 0.73 x 2H), 7.37-7.17 (m, 0.27 x SH +
0.73 x 5H), 7.03 (d, J = 8.4 Hz, 0.27 x 2H), 6.89 (d, J= 8.4 Hz, 0.73 x 2H), 5.26 (dd, J = 8.4, 4.0 Hz,
1H), 3.48-3.34 (m, 0.27 x 2H + 0.73 x 2H), 3.27-3.19 (m, 0.27 x 2H + 0.73 x 2H), 2.99-2.92 (m,
0.27 x 2H + 0.73 x 2H), 2.64 (t, J = 7.8Hz, 0.27 x 2H), 2.30-2.15 (m, 0.73 x 2H), 2.00 (m, 0.27 x
1H), 1.92 (m, 0.27 x 1H), 1.58-1.38 (m, 0.27 x 2H + 0.73 x 3H), 1.37-1.28 (m, 0.27 x 9H + 0.73 x
3H), 0.87 (dd, J = 6.4, 3.6 Hz, 0.73 x 6H). 13C NMR (100.6 MHz, CDCl3) 5 160.1, (158.1), (141.0),
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140.3, 128.9, (128.5), (128.3), 128.0, 126.8 (q, Jcr = 3.7 Hz), (126.5 (q, Jcr = 3.6 Hz)), (126.1),
(125.1 (g, Je-r= 32.9 Hz)), 123.0 (q, Je_r = 34.0 Hz), (122.8), 115.7, (79.9), 77.5, (47.6), 46.7, (46.1),
45.9,44.4,(43.5), (41.5), 38.4,37.7,(32.9), (30.5), 26.6, 25.8,22.4,(22.3), 8.2, (8.1). YF NMR (376.5
MHz, CDCl3) §-61.8, (—61.6). HRMS-ESI (m/z): [M+NH4]" calcd for C23H34F3N>03S; 475.2237,
found 475.2257.

2. Reactions with Intermolecular HAT Reagents

(1 mol %)
00 Co-1 (1 mol %) 00
O\\ /9 W 7 X/\ HX-1 (25 mol 0/0) _S. .
S R + Et/S‘N Ph Et” N + z
H H benzene (0.1 M) > 95%
blue LED, 12 h Ph
R = Me, 1x 1z
= Bu, 1y 2a, n.d.
Figure S2-9

In a glovebox, to an oven-dried vial with a stirring bar was added photoredox catalyst Ir-1 (0.7 mg,
0.001 mmol), Co-1 (0.6 mg, 0.001 mmol), HX-1 (10.1 mg, 0.025 mmol) and benzene (1.0 mL). Then,
HAT reagent 1x or 1y (0.1 mmol) and ethylesulfonamide 1z (25.5 mg, 0.1 mmol) were added to the
reaction mixture. After sealing the vial with a cap and removal from the glove box, the reaction was
stirred and irradiated with a 34W blue LED (0.5 cm away) with a cooling fan to keep the temperature
around 40 °C (Figure S2-1). After 12 h, the reaction was quenched with a short plug of silica gel using
ethyl acetate and analyzed by "H NMR relative to 1,1,2,2-tetrachloroethane as an internal standard.

N-(2-Methyl-4-phenylbutan-2-yl)ethanesulfonamide (1z)

Ethyl sulfonamide 1z was prepared according to the conditions of the syntesis 3b. The product 1z
was purified by flash chromatography on silica gel (Biotage Selekt, 98:2-80:20, hexane/AcOEt) (1.3
mmol scale, 227 mg, 72% yield). Pale yellow oil. IR (neat) 540, 701, 744, 1001, 1129, 1317, 1387,
1455, 2978, 3282 cm™'. "H NMR (400 MHz, CDCl3) § 7.31-7.26 (m, 2H), 7.21-7.17 (m, 3H), 4.02
(s, 1H), 3.08 (q, /= 7.2 Hz, 1H), 2.72-2.67 (m, 2H), 1.94-1.90 (m, 2H), 1.42 (s, 6H), 1.39 (t, J =7.2
Hz, 3H). 3C NMR (100.6 MHz, CDCl;) §141.6, 128.5, 128.3, 126.0, 57.0, 50.5, 45.0, 30.6, 27.9, 8.7.
HRMS-ESI (m/z): [M+Na]" caled for C13H2:NO2SNa; 278.1185, found 278.1188.

Other HAT reagents
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Musacchio’s condition  Ir(dFppy)s (2 mol %)
HAT reagent A o

0
0.0 ‘ N
v (2 equiv.) S. >< .0.__Ph
“7°N (0]
Et’S‘N></\Ph = i/ \g
P

H benzene (0.5 M)
blue LED, 12 h H

12 2a, 4% HAT reagent A

Musacchio’s condition. The reaction was carried out according to the conditions of the literature.'’
In a glovebox, to an oven-dried vial with a stirring bar was added photoredox catalyst Ir(dFppy)s (1.5
mg, 0.002 mmol), HAT reagent A (38.0 uL, 0.2 mmol) and benzene (0.2 mL). Then, ethylesulfonamide
1z (25.5 mg, 0.1 mmol) was added to the reaction mixture. After sealing the vial with a cap and
removal from the glove box, the reaction was stirred and irradiated with a 34W blue LED (0.5 cm
away) with a cooling fan to keep the temperature around 40 °C (Figure S2-1). After 12 h, the reaction
was quenched with a short plug of silica gel using ethyl acetate and analyzed by 'H NMR relative to

1,1,2,2-tetrachloroethane as an internal standard.

o]
Doyle's condition Ir(p-Fppy)s (2 mol %) FoC n-BU
0 0 HAT reagent B 0,0 o 0
Y’ x/\ (1 equiv.) Bt N ~8=0
BN Ph MeCN (0.2 M) CFs F F
blue LED, 12 h PH
1z 2a, n.d. F F
F
HAT Reagent B

Doyle’s condition. The reaction was carried out according to the conditions of the literature.'' In a
glovebox, to an oven-dried vial with a stirring bar was added photoredox catalyst Ir(p-Fppy)s (1.4 mg,
0.002 mmol), HAT reagent B (55.9 mg, 0.1 mmol) and MeCN (0.5 mL). Then, ethylesulfonamide 1z
(25.5 mg, 0.1 mmol) was added to the reaction mixture. After sealing the vial with a cap and removal
from the glove box, the reaction was stirred and irradiated with a 34W blue LED (0.5 cm away) with
a cooling fan to keep the temperature around 40 °C. After 12 h, the reaction was quenched with a short
plug of silica gel using ethyl acetate and analyzed by 'H NMR relative to 1,1,2,2-tetrachloroethane as

an internal standard.
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X-ray Structure of 2a

Details of the crystal data and a summary of the intensity data collection parameters for 2a are listed
in Table S1. A suitable crystal obtained by recrystallization from dichloromethane and hexane was
mounted with mineral oil on a Cargille Immersion Oil Type B and transferred to Bruker Single Crystal
CCD X-ray Diffractometer (SMART APEX II) (Graphite-monochromated Mo Ko radiation (4 =
0.71073 A)). Cell parameters were determined and refined, and raw frame data were integrated using
APEX 3 (Bruker) and a multi-scan absorption correction using an empirical method was applied. The
structures were solved by direct methods with SHELXT and refined by full-matrix least-squares
techniques against /2 (SHELXL-2018/3) by using Yadokari-XG software package. All non-hydrogen
atoms were refined with anisotropic displacement parameters. The hydrogen atoms were refined
isotropically on calculated positions using a riding model with their Ui, values constrained to 1.5
times the Ueq of their pivot atoms for terminal sp® carbon atoms and 1.2 times for all other carbon
atoms. Crystallographic data for the structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre. CCDC 2328158 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Table S2-1. Crystallographic data and structure refinement details of 2a

2a
CCDC No. 2328158
formula Ci3H19NO,S
fw 253.36
T (K) 86(2)
A(A) 0.71073
cryst syst orthorhombic
space group Pna2,
a(A) 11.909 (4)
b(A) 11.677 (4)
c(A) 9.648 (3)
o (deg) 90
f (deg) 90
7 (deg) 90
V(A% 1341.6(2)
Z 4
Deate (g-cm™) 1.254
4 (mm) 0.232
F(000) 480
cryst size (mm?®) 0.16 x 0.20 x 0.22
20range (deg) 2.451t025.09
reflns collected 12383
params 157
GOF on F? 1.149
Ri, wR, (all data) 0.0255, 0.0720
Flack parameter 0.02 (2)
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Computational Studies

Calculation of Bond Dissociation Energies of Cobalt—Carbon Bonds

To gain the mechanistic insight into the effects of the ligand (Table 1 entries 1, 8 and 9), the
computational studies were carried out based on the Zhu’s report.!? All the restricted and unrestricted
density functional theory (DFT) calculations were performed with the Gaussian 16 package'®. The
method (U)B3LYP-D3(BJ) functional with the 6-31G(d,p) basis set was used for the geometry
optimization and normal vibrational mode analysis with SMD!* model (PhCF3). The dispersion-
corrected method (U)BP86!°-D3(BJ)!® functional with the 6-311+G(d,p) basis set was used to
calculate single-point energies with SMD model (PhCF3). SMD solvation model was implied in all
geometry pre-optimizations and optimizations, where the solvent was replaced with toluene in the pre-
optimizations, and data for PhCF; (& = 9.227, 120> = 1.9923!8, o= 0.00", 5= 0.109", y = 34.4%° ¢ =
0.600, y = 0.300) were used.

Bond dissociation energies (BDE) were calculated according to*!

A-B—A*+B* BDE = E(A®) + E(B®) — E(AB®)

where E is the sum of electronic enegy and zero point vibration energy.

Table S2-2. DFT caluculation results of Cobalt, alkyl radical(A) and cobalt complex.”

ZPE / a.u. E(BP-86) / a.u. BDE / kcal mol™!

Alkyl radical (A) 0.126036 -722.4714661

Co-1 0.879233 -3047.183723

Co-2 0.859071 -3045.994201

Co-3 0.787199 -3042.442921
Co-C (Co-1) 1.011128 -3769.709511 34.1
Co-C (Co-2) 0.990681 -3768.530738 40.8
Co-C (Co-3) 0.918988 -3764.983842 43.6

¢ Calculated at (U)BP86-D3(BJ)/6-311+G(d,p)/SMD(PhCF3)//(U)B3LYP-D3(BJ)/6-
31G(d,p)/SMD(PhCF3) level theory. Abbreviations: ZPE—zero-point energy.
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Alkyl radical (A)

Charge = 0 Multiplicity =2
C 238123 -0.95474  0.02636

H 221805 -1.04857 -1.04993
H 27231  -191396  0.4293
H 3.19933 -0.23289  0.1803
C 1.15021 -0.51959  0.7233
H 1.01656 -0.60516  1.79701
S -0.0299 0.50111 -0.06996
N -1.4601  -0.08479  0.58441
H -2.12239  0.68846  0.63723
C -2.01974 -1.29748 -0.02805
H -1.29281 -2.10942  0.05359
H -2.90725 -1.57617  0.54364
H -2.29078 -1.16455 -1.08062
(0] 0.07502  1.88909  0.41995
(0] 0.0606 0.25701 -1.52141
Co-1
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Charge =
C

T OO0 o0 a0 Z zZoo T oo@mn ooz omDnonooco@Dn@Dn oD 0000 a0

0 Multiplicity =2
4.74061
3.36241
2.57017
3.2517
4.66764
5.43449
5.3367
2.54329
5.1284
3.16297
0.63579
1.58189

-0.63579
2.36511
-1.58188
-2.05736
-2.54329
-3.16297
-3.2517
-4.66764
-2.57017
-5.43449
-5.1284
-3.36241
-4.74061
-5.3367
1.26571
-1.26571
-1.25064
1.25064
2.68616
1.75208
1.87666
3.70668
2.32257

-1.49194
-1.6113
-0.42226
0.81327
0.86053
-0.27508
-2.38703
2.04584
1.82854
2.92425
3.53643
4.69536
3.53643
4.79174
4.69536
4.57119
2.04584
2.92425
0.81327
0.86053
-0.42226
-0.27508
1.82854
-1.6113
-1.49194
-2.38703
-0.49488
-0.49488
2.19596
2.19596
-2.96684
-3.32097
-2.89244
-4.10837
-3.39408

-0.1621
-0.23597
-0.06497
0.14629
0.20936
0.06343
-0.28398
0.28713
0.37514
0.45413
0.45759
0.12444
-0.4576
0.88062
-0.12444
0.85101
-0.28713
-0.45414
-0.14628
-0.20936
0.06497
-0.06342
-0.37514
0.23597
0.1621
0.28399
-0.10609
0.10609
-0.22931
0.2293
-0.49755
0.68028
-1.81154
-0.64395
1.61346

124



OO T T @D T " @D 00000 @D T T D=2 T 0000 @n DTS T @D T

0.97862
1.27306
1.37136
1.12503
2.54117
3.17195
4.39125
4.30406
-2.68616
-1.75208
-1.87667
-3.70668
-2.32256
-0.97861
-1.27306
-2.54117
-1.37136
-1.12503
-3.17195
-4.39125
-4.30405
-6.96715
-7.5384
-7.43194
-7.53617
-7.2652
-7.18892
-8.63144
-7.08566
-8.52635
-7.04983
-8.63159
-7.19446
-7.22811
6.96715
7.43194

-2.56495
-4.29051
-3.84651
-2.10459
-2.69044
-5.04511
-3.94529
-4.24543
-2.96684
-3.32097
-2.89245
-4.10837
-3.39407
-2.56495
-4.29051
-2.69045
-3.84651
-2.1046
-5.04512
-3.9453
-4.24543
-0.28115
1.12225
-1.20865
-0.80057
1.82184
1.53513
1.07468
-2.23635
-1.23001
-0.85913
-0.81656
-1.81671
-0.1566
-0.28115
-1.20865

0.8026
0.50309
-2.00017
-1.76429
-2.65946
-0.83177
-1.48314
0.26375
0.49755
-0.68029
1.81154
0.64393
-1.61346
-0.80259
-0.5031
2.65946
2.00017
1.76429
0.83176
1.48313
-0.26377
-0.12639
-0.38124
-1.26955
1.21143
0.4156
-1.3333
-0.42087
-1.12404
-1.32372
-2.23463
1.18073
1.4302
2.04209
0.1264
1.26956
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Co-2

7.53617
7.5384
7.04983
7.08566
8.52635
7.22811
8.63159
7.19446
8.63144
7.2652
7.18891
0.
2.05736
-2.36511
1.03118
-1.03117
0.25216
1.14537
-0.16357
-0.4778
-0.25216
-1.14537
0.16358
0.4778

-0.80057
1.12225
-0.85913
-2.23635
-1.23001
-0.1566
-0.81656
-1.81671
1.07468
1.82184
1.53513
0.84427
4.57118
4.79173
5.63803
5.63803
3.60281
3.44197
4.58028
2.82974
3.60281
3.44196
4.58027
2.82973

-1.21142
0.38125
2.23464
1.12405
1.32373

-2.04208

-1.18071

-1.43019
0.42088

-0.41559
1.33331

0.

-0.85102

-0.88063
0.11957

-0.11958
1.94634
2.5565
2.20262
2.19887

-1.94635

-2.55651

-2.20263
-2.19887
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Charge =
C

C
C
C
C
C
H
C
H
H
C
C
C
C
H
C
C
H
H
H
C
H
C
C
C

0 Multiplicity =2

0.38
1.75758
2.55546
1.87095
0.45509

-0.31327

-0.21753
2.57914

-0.00308
1.96486
4.50514
3.65298
5.76059
4.49495
2.7847
6.61274
5.77078
4.76601
6.98875
6.37266
7.68659
8.30087
8.39477
9.81063
7.71027

-0.60132
-0.73507

0.
-0.05958

0.46381 -0.08304
1.71709 -0.10039
1.77782 -0.0491

0.63637
-1.50317

0.01507
0.02951

2.95106 -0.21129

2.76101

-0.06319

3.84523 -0.30101
439365 -0.45669

5.63651

-0.20814

439366 0.4182
6.89928 -0.44335
5.64922 -0.87378

5.63651

0.16965

6.89928  0.40486
6.95534 -1.5059

5.62

-0.86151

7.78736  0.18492
295106  0.1728
3.84523  0.2625
1.71709  0.06189
1.77782  0.01059

0.46381

0.04455
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10.57899
10.2688
8.50814
9.88572
10.48326
3.86112
6.40461
6.39074
3.87498
242181
3.41229
1.39789
3.16509
4.19077
2.88979
3.88032
0.68354
1.92768
0.83395
2.45679
3.90604
3.67608
7.84392
8.86784
7.10065
6.85344
9.5822
8.33805
9.43177
7.80895
6.35969
6.58966
7.37593
6.38541
6.07495
12.11124

0.63637

2.76101
-0.73507
-0.60132

-1.50317

0.38308
0.38308
3.07801
3.07801
-2.11878
-2.30923
-3.2649
-2.23326
-1.54975
-2.24546
-3.2981
-3.23146
-4.22111
-3.25893
-2.16224
-1.44114
-3.19986
-2.11878
-3.2649
-2.23326
-2.30923
-3.23145
-4.22111
-3.25894
-2.16224
-1.44115
-3.19987
-2.24547
-3.2981
-1.54975
0.6435

-0.05358
0.02466
0.02109
-0.03851
-0.06802
-0.09958
0.06111
0.19329
-0.23177
-0.1398
1.02833
-0.07348
-1.4893
1.00276
1.99
0.96581
-0.90284
-0.13474
0.86552
-2.32257
-1.59579
-1.56242
0.10131
0.03499
1.45082
-1.06681
0.86435
0.09626
-0.90401
2.28409
1.55731
1.52394
-2.02848
-1.00429
-1.04123
-0.12303
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12.68744
12.5705
12.68014
13.7827
12.38197
12.34894
12.18462
13.66466
12.22371
12.41215
13.7729
12.32379
-1.84552
-2.41442
-2.4217
-2.3048
-2.14642
-3.50718
-2.05807
-2.08319
-3.51696
-2.11622
-3.39895
-1.95801
-1.91892
5.13286
4.84017
5.42556
3.27698
3.89306
5.49971
7.48103

oD I DD DT ITD o000 @D @D @D @D E T D @D a0aO0n

T EIZTEIZEQ

@
?
w

-0.10378
-0.06641
2.07077
-0.11103
0.38163
-1.14363
0.44871
-0.0779
-1.10348
2.61709
2.03279
2.64579
0.6435
2.07077
-0.10382
-0.06637
2.61706
2.03279
2.64582
-1.14367
-0.11107
0.38157
-0.07786
-1.10344
0.44878
1.72162
4.40228
4.40228
5.62
7.78736
6.95534
5.64922

1.09883
-1.41455
-0.12791
1.06101
2.0319
1.1352
-2.30073
-1.4763
-1.4519
0.78245
-0.18254
-0.98894
0.0845
0.08933
-1.13735
1.37603
-0.82105
0.14396
0.95034
-1.17369
-1.09954
-2.07043
1.43776
1.41342
2.2622
-0.01924
-1.50386
1.46537
0.82302
-0.22341
1.46741
0.83529
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Charge =
C

C
C
C
C
C
H
C
H
H
C
C
C
C
H
C
C
H
C
H
C
C
C
C
H

0 Multiplicity =2
4.72151
3.34512
2.56184
3.25779
4.67821
5.42926
5.30943
2.57623
5.14862
3.20768
0.7031
1.40011

-0.7031
0.6983
2.48199

-1.40011

-0.6983

-1.24363

-2.57623

-3.20768

-3.25779

-4.67821

-2.56184

-5.42926

-5.14862

-1.5031
-1.6127
-0.4103
0.83081
0.86357
-0.28437
-2.40787
2.07194
1.83264
2.95523
3.53491
4.74814
3.53491
5.95024
4.76858
4.74814
5.95025
6.88811
2.07194
2.95523
0.83081
0.86357
-0.4103
-0.28437
1.83264

0.11602
0.20348
0.08183
-0.07883
-0.15547
-0.06981
0.19723
-0.11803
-0.28097
-0.18473
-0.03221
-0.05998
0.03221
-0.03007
-0.10519
0.05998
0.03007
0.05323
0.11803
0.18473
0.07883
0.15547
-0.08183
0.0698
0.28097
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-3.34512
-4.72151
-5.30943
1.25996
-1.25996
-1.27259
1.27259
2.66206
1.70587
3.67565
1.87983
0.93574
2.26052
1.22297
4.37555
3.13564
4.25592
2.56406
1.13546
1.3682
-2.66206
-3.67565
-1.87982
-1.70587
-4.37555
-3.13564
-4.25593
-2.56405
-1.13546
-1.3682
-2.26052
-1.22297
-0.93574
-6.96039
-7.53386
-7.39921

-1.6127
-1.5031
-2.40787
-0.47302
-0.47302
2.23606
2.23606
-2.96979
-3.28223
-4.12299
-2.92587
-2.51872
-3.3327
-4.25293
-3.99119
-5.06019
-4.23786
-2.7563
-2.1298
-3.87972
-2.96979
-4.12299
-2.92587
-3.28223
-3.99119
-5.06019
-4.23786
-2.7563
-2.1298
-3.87972
-3.3327
-4.25293
-2.51872
-0.3087
-0.89089
-1.19482

-0.20348
-0.11602
-0.19724
0.12808
-0.12808
0.0594
-0.0594
0.43484
-0.73634
0.52951
1.76663
-0.82514
-1.68044
-0.57868
1.36147
0.69837
-0.39224
2.60577
1.76061
1.93706
-0.43484
-0.52951
-1.76663
0.73634
-1.36147
-0.69837
0.39224
-2.60577
-1.76061
-1.93705
1.68044
0.57868
0.82515
0.1493
-1.16062
1.33474
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-7.54797
-8.62846
-7.24279
-7.18056
-7.01367
-8.4925
-7.03872
-7.29404
-8.63959
-7.19327
6.96039
7.54797
7.53387
7.39921
7.29404
8.63959
7.19327
7.18056
8.62847
7.2428
8.49249
7.03872
7.01367
0.
1.24363
H -2.48199
Co-C(Co-1)

anfiiao i ao i oo BN oo BN oo BN oo BN oo B« BN'S RN'@ '@ @ T ==l ool «o JiN oo i oo B oo i oo i oo i o BN @

= 9

1.09629
-0.92015
-0.27747
-1.91066
-0.79945
-1.23004
-2.22246

1.76516

1.03525

1.55349
-0.3087

1.09629
-0.89089
-1.19483

1.76516

1.03525

1.55349
-1.91066
-0.92015
-0.27746
-1.23004
-2.22246
-0.79945

0.86816

6.88811

4.76858

0.35187
-1.1178
-2.01995
-1.34101

2.28051

1.40019

1.22863
-0.47705

0.40661

1.28145
-0.1493

-0.35187

1.16062
-1.33475

0.47704

-0.40662
-1.28146

1.341

1.11779

2.01994
-1.40019
-1.22863
-2.28051

0.

-0.05323

0.10519
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Charge =
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0 Multiplicity = 1
4.51241
3.13832
2.37096
3.07939
4.48838
5.22991
5.08986
2.39548
4.96372
3.00742
0.55829
1.47279

-0.83765
2.34363
-1.71924
-2.05987
-2.70083
-3.31763
-3.42807
-4.84121
-2.76436
-5.62762
-5.28399
-3.57703
-4.95337
-5.56436
1.07011
-1.46269
-1.41247
1.12801
2.4527
1.41479
1.75957
3.45195
1.9015

1.86467
1.94164
0.73631
-0.46285
-0.4661
0.68218
2.76951
-1.68842
-1.40983
-2.48629
-3.16388
-4.3851
-3.40078
-4.32519
-4.29819
-3.78934
-1.88091
-2.76026
-0.65934
-0.74636
0.59997
0.37813
-1.73379
1.78199
1.62305
2.51128
0.76737
0.69717
-2.03144
-1.92878
3.26045
3.65413
3.08644
4.42277
3.80197

-0.42743
-0.27602
-0.45191
-0.7618
-0.91197
-0.74666
-0.28926
-0.98524
-1.1576
-1.40317
-1.42468
-1.25547
-0.76447
-1.91188
-1.6483
-2.55226
-0.63071
-0.80227
-0.47363
-0.43363
-0.38388
-0.29912
-0.50695
-0.27679
-0.22997
-0.13601
-0.37353
-0.43085
-0.58197
-0.78887
0.11254
-0.9596
1.48122
0.24173
-1.93088

133



OO T T @D T " @D 00000 @D T T D=2 T 0000 @n DTS T @D T

0.65577
0.926
1.24416
1.03259
2.49486
2.90812
4.20044
3.97639
-2.93108
-1.92916
-2.20634
-3.96955
-2.43254
-1.12234
-1.49902
-2.92398
-1.7099
-1.4555
-3.45336
-4.69251
-4.52241
-7.15926
-7.70602
-7.62539
-7.74924
-7.43059
-7.34044
-8.79911
-7.295
-8.71933
-7.22863
-8.84433
-1.42757
-7.43812
6.75622
7.1428

2.88194
4.59512
4.0109
2.27769
2.85243
5.3327
4.23981
4.62191
3.17574
3.27866
3.41543
4.29654
3.09361
2.55874
4.2856
3.40437
4.39218
2.64617
5.26176
4.32672
4.19853
0.34302
-1.09007
0.95874
1.16102
-1.57116
-1.71491
-1.0723
1.99655
0.94859
0.39237
1.14815
2.20629
0.7441
0.73805
1.74829

-1.06486
-0.68291
1.76559
1.44794
2.25771
0.51579
1.01977
-0.6991
-0.24604
0.92422
-1.58899
-0.06802
1.88022
0.81029
0.96131
-2.4172
-1.58587
-1.77053
-0.04939
-0.88985
0.87251
-0.22857
-0.31765
1.10816
-1.3974
-1.26198
0.5039
-0.26069
1.21323
1.17257
1.95746
-1.35789
-1.36417
-2.3612
-0.88111
-1.98242
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7.37284
7.35079
6.72184
6.78149
8.23244
7.12147
8.4648
7.01197
8.43891
7.13598
6.96511
-0.1559
1.82123
-2.59571
0.93527
-1.15804
0.40731
1.37529
0.0668
-0.30121
-0.71898
-1.70606
-0.37623
-0.0328
-0.26386
1.17937
2.42425
0.82952
1.2889
0.95227
2.58391
3.38486
2.4496
2.88005
-1.49612
-2.39492

1.18895
-0.62972
1.45158
2.75545
1.80134
0.48438
1.24144
2.17752
-0.54808
-1.38432
-0.99357
-0.64571
-4.48818
-4.64948
-5.29506
-5.18698
-2.83724
-2.52962
-3.70767
-2.01772
-4.05512
-4.07606
-5.08831
-3.51126
-0.48142
-0.84554
-0.34222
-0.39937
-2.53748
-2.83517
-3.13625
-2.88062
-4.22093
-2.81552
-1.06501
-0.75576

0.46046
-1.25051
-2.94909
-1.75391
-2.08724
1.26031
0.38186
0.7599
-1.33956
-0.48674
-2.20868
-0.29101
-0.22624
-1.09844
-1.53106
-1.94527
-2.92396
-3.32796
-3.48875
-3.0785
0.6185
1.0895
0.52216
1.26758
1.65705
2.69316
2.09632
4.06138
2.74994
3.66267
2.40825
3.11108
2.40265
1.41099
2.33672
1.80437
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T

-1.47718 -2.15459  2.37006

H 157727 -0.68977  3.36159
H 029201 0.6079  1.74329
Co-C(Co-2)

Charge = 0 Multiplicity = 1
C -4.8882  -1.75891 -0.23695
-3.5108  -1.91836 -0.23285
-2.69612  -0.76228 -0.49232
-3.36036  0.47064 -0.77361
-4.77349  0.55534 -0.78679
-5.56149 -0.54135 -0.50679
-5.50062 -2.62558 -0.0251
-2.62318  1.65687 -1.08527
-5.21592  1.51901 -1.01514
-3.20729  2.48895 -1.47568
-0.68304  3.05548 -1.38648
-1.51054  4.33945 -1.3129
0.58353  3.17332 -0.53992
-0.65144 554176 -1.73247
-2.38702 4.27826 -1.96411
1.45563  4.34344 -0.98211
0.63755  5.64105 -0.91013
-0.39494  5.44331 -2.79557
1.81314  4.18127 -2.0073
1.24629  6.48166 -1.25946
2.45406  1.64429 -0.74599

O D T T o@D o000 @D T o o000

136



I T EEoD DT OO0 @D D@D @D o000 0zzZ20 oD aoaomannn T

3.07692
3.12924
4.52756
2.44116
5.28009
4.98966
3.22523
4.58833
5.17518
-1.3928
1.14338
1.18601
-1.34479
-2.8659
-1.84938
-3.9057
-2.15638
-1.03439
-2.33776
-1.43229
-4.63326
-3.39192
-4.4535
-2.88335
-1.41029
-1.65589
2.56264
3.57505
1.91239
1.49256
4.35539
3.05072
4.05977
2.67501
1.19543
1.39851

2.51194
0.38699
0.39596
-0.82474
-0.75571
1.34848
-2.02197
-1.94211
-2.84611
-0.86663
-0.88274
1.8311
1.81099
-3.29363
-3.23216
-4.37187
-3.72882
-2.54957
-2.89944
-4.22868
-4.52443
-5.32485
-4.12996
-3.84148
-2.99353
-4.69325
-3.33943
-4.49182
-3.14835
-3.7579
-4.28427
-5.39843
-4.71152
-2.91939
-2.3295
-4.06728

-0.95714
-0.70662
-0.92928
-0.39559
-0.84043
-1.16659
-0.25197
-0.48743
-0.3872
-0.51299
-0.26416
-0.53752
-0.93156
0.00093
1.16206
0.35172
-1.30045
0.93254
2.0854
1.34502
-0.45219
0.5138
1.26897
-2.1127
-1.60268
-1.15891
0.18071
0.29482
1.56937
-0.84995
1.03461
0.6143
-0.66267
2.32113
1.55632
1.87438
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1.94737
1.02147
0.72412
6.79338
7.50706
7.09415
7.36422
8.59035
7.31397
7.17218
6.60876
8.17332
6.74002
7.20711
8.44286
6.91219
-7.09432
-7.6411
-7.65468
-7.59125
-7.3416
-8.73528
-7.29845
-7.3323
-8.75041
-7.32149
-8.68643
-7.26245
-7.21532
-0.11123
-0.37458
0.27728
-1.87281
-1.23733
0.38465
2.33625

-3.91673
-4.69855
-2.99306
-0.8052
-1.31176
-1.76882
0.57646
-1.35485
-0.64468
-2.31483
-1.42821
-1.82342
-2.78256
1.29939
0.49811
0.97951
-0.50382
0.89405
-1.50007
-0.90194
1.22184
0.87918
1.6428
-2.52519
-1.48694
-1.23934
-0.88693
-1.90829
-0.20606
0.49389
2.89091
3.35008
4.47129
6.46162
5.84582
4.42474

-1.83494
-0.54276
-0.94034
-1.08423
0.18731
-2.25232
-1.43932
0.02655
1.03418
0.46791
-3.17322
-2.43596
-2.04203
-0.63197
-1.6096
-2.35164
-0.47926
-0.80746
-1.51696
0.92697
-1.80844
-0.77658
-0.08568
-1.31113
-1.50548
-2.52718
0.96362
1.2031
1.68456
-0.33983
-2.4292
0.49723
-0.28523
-1.63297
0.13861
-0.3362
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C
C
H
H
H
H
S

N
H
C
H
H
H
O
O

Co-C(Co-3)

Charge =

O 0 o o

-0.4079
-1.59674
-0.57281
-1.76263
-2.50073
-1.45573

0.9977
1.25637
2.21601
0.93063
1.49479
1.15208

-0.1347
0.53968
2.23531

0 Multiplicity = 1
-4.88253
-3.50878
-2.69656
-3.35994
-4.77549

0.55924
1.38876
-0.49629
1.25703
1.05994
2.45322
0.93527
2.60508
2.71805
3.46883
3.23163
4.49635
3.39905
0.68865
0.27883

-1.77208
-1.90519
-0.74627
0.47514
0.52801

1.57972
2.0471
1.81581
3.12117
1.53441
1.84519
2.66221
2.48529
2.16715
3.62581
4.53408
3.32602
3.84829
4.04679
2.21175

-0.26155
-0.1549
-0.4142
-0.76264
-0.87499
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-5.55735
-5.49451
-2.64695
-5.21866
-3.23781
-0.76918
-1.43992
0.63628
-0.70843
-2.5195
1.36475
0.68894
1.25463
2.42738
3.01524
3.09831
4.48724
2.42986
5.24386
4.93262
3.22807
4.57547
5.17469
-1.39746
1.14095
1.17705
-1.36429
-2.85715
-1.92393
-3.90124
-2.05786
-1.1078
-2.48249
-1.50098
-4.5691
-3.38433

-0.57539
-2.64119
1.68043
1.47863
2.52458
3.13093
4.35612
3.09272
5.53054
4.40418
42778
5.49086
6.41079
1.53998
2.33389
0.3171
0.27284
-0.82254
-0.84237
1.1605
-1.97416
-1.93947
-2.8079
-0.83905
-0.8586
1.80244
1.8617
-3.25284
-3.10694
-4.3296
-3.74509
-2.41756
-2.73893
-4.08264
-4.54303
-5.261

-0.62293
-0.05893
-0.99188
-1.15043
-1.34309
-0.97995
-1.06155
-1.02673
-1.21969
-0.98002
-1.17539
-1.28119
-1.38761
-1.14633
-1.60457
-0.92395
-1.22375
-0.36852
-0.95419
-1.65946
-0.03494
-0.34432
-0.10385
-0.36406
-0.20464
-0.83574
-0.7954
0.19301
1.41598
0.53542
-1.03378
1.21061
2.28437
1.67937
-0.30551
0.78736
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-4.51417
-2.72954
-1.30472
-1.55417
2.59477
3.63001
1.96077
1.51543
4.42163
3.12845
4.09795
2.72165
1.20044
1.49565
1.95535
1.06342
0.73373
6.74372
7.51596
6.9944
7.28865
8.59058
7.36053
7.19673
6.46321
8.06398
6.66017
7.16823
8.35782
6.78949
-7.08843
-7.63787
-7.55323
-7.67399
-7.27017
-8.73058

-4.04627
-3.91552
-3.01475
-4.6911
-3.19215
-4.28565
-2.75277
-3.81179
-3.92508
-5.11814
-4.68362
-2.34287
-1.99043
-3.61232
-4.14871
-4.68201
-3.08748
-0.94849
-1.18059
-2.13723
0.32573
-1.26463
-0.34827
-2.09935
-1.99669
-2.23086
-3.08386
1.20168
0.20775
0.53152
-0.57082
0.79969
-1.62117
-0.92349
1.09535
0.75909

1.39792
-1.88263
-1.33003
-0.80648

0.65614

0.9698

1.99437
-0.25606

1.63517

1.4737

0.06307

2.66678

1.835

2.49024
-1.20186

0.23327
-0.47436
-1.25314

0.06323
-2.20577

-1.91618
-0.13446

0.75778

0.56436
-3.15319
-2.42518
-1.77056

-1.27033
-2.1195
-2.86884
-0.70361
-1.12771
-1.73505
0.68058
-2.11586
-1.17796
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-7.36764
-7.2274
-8.64693
-7.15401
-8.769
-7.34546
-7.36594
-0.11267
-1.22876
2.44866
-0.2706
-1.57309
-0.17957
-1.63469
-2.42263
-1.66865
1.10516
0.99793
1.85052
0.61395
1.32466
0.54168
-0.36781
0.82615
2.39762

1.58394
-2.62964
-1.63121
-1.39493
-0.93186
-1.91042
-0.1893

0.51909
6.481

4.26405
0.68163

1.27601
-0.35782

1.17377

0.74352

2.33397

1.47361

3.09455

3.33544

4.08716

4.17367

5.04992

3.84029

1.38766

0.96849

-0.41297
-1.46315
-1.80078
-2.72944
0.64046
1.02018
1.43257
-0.33564
-1.27648
-1.17706
1.59524
2.11262
1.92216
3.20067
1.68414
1.85832
2.45592
1.99344
1.49657
3.00049
3.82992
2.48825
3.40588
3.90519
1.96174
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Relative Stability of Benzyl Cobalt(III) and Benzyl Radical

To compare the stability of a benzyl cobalt(IIl) and a benzyl radical (Figure 2-8), the computational
studies were carried out based on Lin’s report.”?> Geometry optimizations were also carried out in
benzene solution using the SMD solvation model, M06-L functional,”® def2-SVP basis set,* and W06
auxiliary basis set as a benchmark.?®> On the basis of the optimized structures, single-point energy
refinements were performed at the SMD(benzene)/M06-L/def2-TZVPP/W06 level. As a benchmark,
the method (U)B3LYP-D3(BJ) functional with the 6-31G(d,p) basis set was used for the geometry
optimization and normal vibrational mode analysis with SMD!* model (benzene). The method
(U)B3LYP-D3(BJ)'¢ functional with the 6-311+G(d,p) basis set was used to calculate single-point

energies with SMD model (benzene).

Table S2-3. Results of M06-L.

MO06-L
SPE*/ a.u. TCG?/au. (a) | SPE’/a.u.(b) |Sum of E (a+b) |AG / kcal mol!
Alkylradical (B)| -309.9768208 0.109358 -310.3081849 | -310.1988269 +4.3
Co-1 -3045.660362 0.757739 -3047.63302 -3046.875281
Alkylcobalt | -3355.672617 0.900751 -3357.967963 -3357.067212

@ Calculated at SMD(benzene)/M06-L/def2-SVP/W06 level theory. ? Calculated at SMD(benzene)/M06-L/def2-

TZVPP/WO06 level theory. Abbreviations: SPE—single-point energy, TCG—thermal correction to Gibbs energy.

Table S2-4. Results of B3LYP

B3LYP
SPE*/ a.u. TCG?/au. (a) | SPE’/au.(b) |Sum of E (a+b) |AG / kcal mol!
Alkylradical (B)| -310.2849335 0.110507 -310.353664 -310.24316 +4.4
Co-1 -3047.432197 0.763242 -3047.904224 -3047.141
Alkylcobalt -3357.752936 0.906938 -3358.284012 -3357.3771

@ Calculated at (U)B3LYP-D3(BJ)/6-31G(d,p)/SMD(Benzene) level theory. * Calculated at (U)B3LYP-D3(BJ)/6-

311+G(d,p)/SMD(Benzene) level theory. Abbreviations: SPE—single-point energy, TCG—thermal correction to Gibbs
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energy.

MO6L
Benzyl radical(B)

Charge = 0 Multiplicity =2

C

o DT T o@D oz o000 o@D & T

@)
?

1

2.38006
2.21558
2.72154
3.19897
1.15021
1.0177
0.11193
-0.96203
0.2451
-1.90218
-1.06631
-0.69579
1.09139
-1.76926
-2.74837
-0.59076
-2.51069

-0.95673
-1.05182
-1.91572
-0.2354
-0.51959
-0.60364
0.37845
-0.19597
1.76606
0.6171
-1.28999
2.57955
2.21896
2.00533
0.1644
3.6736
2.64621

0.02553
-1.05044
0.42934
0.17761
0.7233
1.79727
0.02537
-0.65516
0.07366
-1.28781
-0.6937
-0.55829
0.61014
-1.23908
-1.82477
-0.5197
-1.73793
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Charge =
C

C
C
C
C
C
H
C
H
H
C
C
C
H
C
H
C
H
C
C
C
C
H
C
C
H
O
O

0 Multiplicity =2
4.73246
3.35578
2.56646
3.25045
4.66678
5.42976
5.32645
2.54325
5.13082
3.16317
0.63601
1.58185

-0.63601
2.36415
-1.58185
-2.06007
-2.54325
-3.16317
-3.25045
-4.66678
-2.56646
-5.42976
-5.13082
-3.35578
-4.73246
-5.32645
1.26365
-1.26365

-1.49217
-1.60967
-0.41914
0.81466
0.8583
-0.2775
-2.38833
2.04365
1.82422
2.92192
3.53621
4.69607
3.53621
4.79724
4.69607
4.57199
2.04365
2.92192
0.81466
0.8583
-0.41914
-0.2775
1.82422
-1.60967
-1.49217
-2.38833
-0.48831
-0.48831

-0.16617
-0.24242
-0.06892
0.147
0.21216
0.06391
-0.28973
0.28912
0.38177
0.45847
0.45794
0.12443
-0.45794
0.88121
-0.12443
0.84969
-0.28912
-0.45847
-0.147
-0.21216
0.06892
-0.06391
-0.38177
0.24242
0.16617
0.28973
-0.11221
0.11221
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-1.24936
1.24936
2.67563
1.74171
1.86682
3.69362
2.31133
0.96605
1.26386
1.3578
1.11724
2.5318
3.15791
4.37892
4.28935

-2.67563

-1.74171

-1.86682

-3.69362

-2.31133

-0.96605

-1.26386

-2.5318

-1.3578

-1.11724

-3.15791

-4.37892

-4.28935

-6.96189

-7.53801

-7.42157

-7.53174

-7.26956

-7.18984

-8.63085

-7.07313

2.19721
2.19721
-2.96186
-3.31641
-2.88154
-4.10509
-3.38805
-2.56339
-4.28644
-3.83293
-2.09216
-2.67959
-5.04034
-3.94233
-4.24867
-2.96186
-3.31641
-2.88154
-4.10509
-3.38805
-2.56339
-4.28644
-2.67959
-3.83293
-2.09216
-5.04034
-3.94234
-4.24867
-0.28899
1.11175
-1.21887
-0.80713
1.81398
1.52427
1.06228
-2.24561

-0.22868
0.22868
-0.50762
0.67004
-1.82153
-0.65716
1.60363
0.79309
0.49328
-2.01277
-1.77452
-2.66897
-0.84882
-1.49594
0.25072
0.50762
-0.67004
1.82153
0.65716
-1.60363
-0.79309
-0.49328
2.66897
2.01277
1.77452
0.84882
1.49594
-0.25072
-0.12941
-0.38753
-1.27252
1.20836
0.40859
-1.3402
-0.42895
-1.12665
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Benzyl cobalt

-8.51569
-7.03703
-8.62711
-7.18773
-7.22612
6.96189
7.42157
7.53174
7.53801
7.03703
7.07313
8.51569
7.22612
8.62711
7.18773
8.63085
7.26956
7.18984
0.
2.06007
-2.36415
1.03344
-1.03344
0.2512
1.14107
-0.15728
-0.48323
-0.25121
-1.14107
0.15728
0.48323

-1.24475
-0.87076
-0.82744
-1.82137
-0.16175
-0.28899
-1.21887
-0.80713
1.11175
-0.87076
-2.24561
-1.24475
-0.16175
-0.82744
-1.82137
1.06228
1.81398
1.52427
0.84633
4.57199
4.79724
5.64027
5.64027
3.60483
3.43505
4.58457
2.83602
3.60484
3.43505
4.58457
2.83602

-1.33091
-2.23681
1.17776
1.43153
2.03845
0.12941
1.27252
-1.20836
0.38753
2.23681
1.12665
1.33091
-2.03845
-1.17776
-1.43153
0.42895
-0.40859
1.3402
0.
-0.84969
-0.88121
0.11726
-0.11726
1.94651
2.55897
2.20707
2.19775
-1.94651
-2.55897
-2.20707
-2.19775
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Charge =
C

C
C
C
C
C
H
C
H
H
C
C
C
H
C
H
C
H
C
C
C
C
H
C
C
H
O

0 Multiplicity = 1
-4.39693
-3.02288
-2.25141
-2.96334
-4.37184
-5.11033
-4.9751
-2.28381
-4.85109
-2.91911
-0.39492
-1.30501

0.96892
-2.14626
1.90341
2.2955
2.81618
3.44695
3.52798
4.93888
2.86164
5.71891
5.3804
3.6709
5.04115
5.64694
-0.94959

-1.72852
-1.82723
-0.61373
0.62384
0.64986
-0.51191
-2.64354
1.86405
1.62054
2.71347
3.24039
4.47335
3.48102
4.38116
4.36065
3.83091
1.96177
2.84257
0.74004
0.82399
-0.52418
-0.29888
1.81131
-1.70429
-1.54432
-2.43125
-0.66216

-0.59402
-0.73305
-0.67573
-0.6171
-0.50053
-0.44922
-0.59888
-0.80375
-0.43715
-1.04995
-1.41224
-1.34448
-0.68332
-2.03593
-1.53039
-2.4008
-0.38791
-0.49729
-0.192
-0.07959
-0.15444
0.08036
-0.12447
0.01728
0.12579
0.25832
-0.71099
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1.57315
1.5256
-0.99497
-2.32906
-1.54917
-1.35813
-3.33346
-2.23174
-0.8004
-1.04189
-0.84474
-0.61043
-1.9025
-2.7901
-3.90053
-4.04537
3.01592
2.117
2.17841
4.0551
2.71421
1.35009
1.6224
2.81347
1.72931
1.38448
3.53598
4.73124
4.65959
7.24606
7.7993
7.65722
7.88235
7.56142
7.40542
8.88949

-0.63044
2.11309
2.0331
-3.18263
-3.15175
-3.47298
-4.34481
-2.98262
-2.35991
-4.109
-4.42648
-2.68745
-3.55076
-5.28005
-4.46013
-4.22423
-3.09125
-3.1311
-3.38249
-4.21738
-2.9729
-2.35944
-4.10492
-3.36303
-4.37963
-2.64876
-5.17936
-4.26064
-4.11719
-0.26535
1.16583
-0.86936
-1.09282
1.64053
1.79772
1.14899

-0.2971
-0.44864
-0.77706
-0.94207
-2.27568
0.22125
-1.01575
-3.11621
-2.27259
-2.44092
0.05478
0.30479
1.16926
-1.18483
-0.08575
-1.83927
0.11556
1.3708
-1.149
0.25247
2.27568
1.32618
1.45785
-2.04219
-1.08
-1.27199
0.31146
-0.60822
1.1602
0.21368
0.13502
1.57348
-0.92351
-0.82266
0.93785
0.23326
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7.32207
8.74746
7.225
8.97518
7.55735
7.61103
-6.63099
-7.29441
-6.96607
-7.22341
-7.07337
-6.94452
-8.38288
-6.52456
-8.05071
-6.58643
-8.30614
-6.80042
-7.04923
0.26254
-1.70103
2.74839
-0.75242
1.36868
-0.16822
-1.11404
0.1972
0.54899
0.76203
1.691
0.48272
-0.01751
0.04215
1.12772
2.12352
1.01764

-1.90586
-0.86039
-0.29712
-1.08354
-2.13714
-0.68384
-0.54511
-1.23633
-1.33352
0.86587
-0.6964
-2.26565
-1.26902
-0.84966
-1.38602
-2.35878
0.80229
1.39963
1.46777
0.71366
4.63618
4.72282
5.36656
5.2467
2.86215
2.53276
3.71307
2.04163
4.16919
4.14109
5.21701
3.67639
0.4808
1.16078
0.94058
2.24439

1.67509
1.68536
2.40091
-0.84111
-0.89765
-1.90232
-0.25913
-1.46914
1.02497
-0.12301
-2.39577
-1.59235
-1.34513
1.90176
1.17388
0.98242
0.02625
0.73417
-1.02102
-0.32985
-0.33969
-0.93936
-1.6441
-1.88029
-2.89088
-3.32872
-3.47086
-2.98374
0.67296
1.24781
0.53774
1.24961
1.63639
2.45879
2.06992
2.51289
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H 1.09068  0.78212  3.49003

H 0.23047 -0.59241  1.64613

C -1.34178  0.69859  2.14677

C -2.19548 -0.40627  2.3108

C -1.84814  1.95857  2.50448

C -3.49559 -0.26339  2.78788

H -1.82324 -1.39155  2.05605

C -3.15239  2.11249  2.9697

H -1.21436  2.83341  2.42396

C -3.98695 1.00164 3.11034

H -4.12766 -1.13957  2.89376

H -3.51633  3.10218  3.2322

H -5.00288  1.12134  3.47508
(U)B3LYP

Benzyl radical (B)

Charge = 0 Multiplicity =2

C 2.95521000  -0.33391800  -0.00000300
H 2.92617300  -0.99296600 0.87973200
H 3.92384200 0.17191800  -0.00004900
H 2.92611900  -0.99302200 -0.87969500
C 1.83163100 0.65028800 0.00000400
H 2.07551700 1.70937400 0.00000200
C 0.46158300 0.29891800 0.00000100
C 0.02037900  -1.05564200 0.00000200
C -0.54178500 1.31067400 0.00000000
C -1.33158000  -1.36645700 0.00000000
H 0.75466000  -1.85445600 0.00000200
C -1.88888300 0.98831100  -0.00000100
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H
C
H
H
H

Co-1

Charge =
C
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-0.23091100
-2.29773900
-1.64218200
-2.63216000
-3.35394900

0 Multiplicity =2

-4.73246
-3.35578
-2.56646
-3.25045
-4.66678
-5.42976
-5.32645
-2.54325
-5.13082
-3.16317
-0.63601
-1.58185
0.63601
-2.36415
1.58185
2.06007
2.54325
3.16317
3.25045
4.66678

2.35200100 0.00000100
-0.35266300  -0.00000100
-2.40749800 0.00000200

1.78051400  -0.00000200
-0.60292900  -0.00000200

-1.49217  0.16617
-1.60967  0.24242
-0.41914  0.06892

0.81466 -0.147
0.8583  -0.21216

-0.2775
-2.38833

-0.06391
0.28973

2.04365 -0.28912
1.82422  -0.38177
2.92192 -0.45847
3.53621 -0.45794
4.69607 -0.12443

3.53621  0.45794
4.79724 -0.88121

4.69607  0.12443
4.57199 -0.84969
2.04365 0.28912
2.92192  0.45847

0.81466  0.147
0.8583 0.21216
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2.56646
5.42976
5.13082
3.35578
4.73246
5.32645
-1.26365
1.26365
1.24936
-1.24936
-2.67563
-1.74171
-1.86682
-3.69362
-2.31133
-0.96605
-1.26386
-1.3578
-1.11724
-2.5318
-3.15791
-4.37892
-4.28935
2.67563
1.74171
1.86682
3.69362
2.31133
0.96605
1.26386
2.5318
1.3578
1.11724
3.15791
4.37892
4.28935

-0.41914
-0.2775
1.82422
-1.60967
-1.49217
-2.38833
-0.48831
-0.48831
2.19721
2.19721
-2.96186
-3.31641
-2.88154
-4.10509
-3.38805
-2.56339
-4.28644
-3.83293
-2.09216
-2.67959
-5.04034
-3.94233
-4.24867
-2.96186
-3.31641
-2.88154
-4.10509
-3.38805
-2.56339
-4.28644
-2.67959
-3.83293
-2.09216
-5.04034
-3.94234
-4.24867

-0.06892
0.06391
0.38177
-0.24242
-0.16617
-0.28973
0.11221
-0.11221
0.22868
-0.22868
0.50762
-0.67004
1.82153
0.65716
-1.60363
-0.79309
-0.49328
2.01277
1.77452
2.66897
0.84882
1.49594
-0.25072
-0.50762
0.67004
-1.82153
-0.65716
1.60363
0.79309
0.49328
-2.66897
-2.01277
-1.77452
-0.84882
-1.49594
0.25072
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6.96189
7.53801
7.42157
7.53174
7.26956
7.18984
8.63085
7.07313
8.51569
7.03703
8.62711
7.18773
7.22612
-6.96189
-7.42157
-7.53174
-7.53801
-7.03703
-7.07313
-8.51569
-7.22612
-8.62711
-7.18773
-8.63085
-7.26956
-7.18984
0.
-2.06007
2.36415
-1.03344
1.03344
-0.2512
-1.14107
0.15728
0.48323
0.25121

-0.28899
1.11175
-1.21887
-0.80713
1.81398
1.52427
1.06228
-2.24561
-1.24475
-0.87076
-0.82744
-1.82137
-0.16175
-0.28899
-1.21887
-0.80713
1.11175
-0.87076
-2.24561
-1.24475
-0.16175
-0.82744
-1.82137
1.06228
1.81398
1.52427
0.84633
4.57199
4.79724
5.64027
5.64027
3.60483
3.43505
4.58457
2.83602
3.60484

0.12941
0.38753
1.27252
-1.20836
-0.40859
1.3402
0.42895
1.12665
1.33091
2.23681
-1.17776
-1.43153
-2.03845
-0.12941
-1.27252
1.20836
-0.38753
-2.23681
-1.12665
-1.33091
2.03845
1.17776
1.43153
-0.42895
0.40859
-1.3402
0.
0.84969
0.88121
-0.11726
0.11726
-1.94651
-2.55897
-2.20707
-2.19775
1.94651
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H 1.14107  3.43505  2.55897

H -0.15728  4.58457  2.20707

H -0.48323  2.83602  2.19775
Benzyl cobalt

Charge = 0 Multiplicity = 1
C 451241  1.86467 -0.42743
3.13832  1.94164 -0.27602
237096  0.73631 -0.45191
3.07939 -0.46285 -0.7618
4.48838 -0.4661 -0.91197
522991  0.68218 -0.74666
5.08986  2.76951 -0.28926
2.39548 -1.68842 -0.98524
496372 -1.40983 -1.1576
3.00742 -2.48629 -1.40317
0.55829 -3.16388 -1.42468
1.47279 -43851  -1.25547
-0.83765 -3.40078 -0.76447
2.34363 -4.32519 -1.91188
-1.71924 -4.29819 -1.6483
-2.05987 -3.78934 -2.55226
-2.70083 -1.88091 -0.63071
-3.31763  -2.76026 -0.80227
-3.42807 -0.65934 -0.47363
-4.84121 -0.74636 -0.43363
-2.76436  0.59997 -0.38388
-5.62762 037813 -0.29912

ooz ao@Dn oD ooz aoa@D 000000
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-5.28399
-3.57703
-4.95337
-5.56436
1.07011
-1.46269
-1.41247
1.12801
2.4527
1.41479
1.75957
3.45195
1.9015
0.65577
0.926
1.24416
1.03259
2.49486
2.90812
4.20044
3.97639
-2.93108
-1.92916
-2.20634
-3.96955
-2.43254
-1.12234
-1.49902
-2.92398
-1.7099
-1.4555
-3.45336
-4.69251
-4.52241
-7.15926
-7.70602

-1.73379
1.78199
1.62305
2.51128

-0.50695
-0.27679
-0.22997
-0.13601

0.76737 -0.37353

0.69717
-2.03144
-1.92878
3.26045
3.65413

-0.43085
-0.58197
-0.78887
0.11254
-0.9596

3.08644  1.48122
442277  0.24173
3.80197 -1.93088
2.88194 -1.06486
4.59512 -0.68291

4.0109

1.76559

227769  1.44794
2.85243 225771

5.3327
4.23981
4.62191
3.17574
3.27866
3.41543
4.29654
3.09361
2.55874
4.2856
3.40437
4.39218
2.64617
5.26176
4.32672
4.19853
0.34302
-1.09007

0.51579
1.01977
-0.6991
-0.24604
0.92422
-1.58899
-0.06802
1.88022
0.81029
0.96131
-2.4172
-1.58587
-1.77053
-0.04939
-0.88985
0.87251
-0.22857
-0.31765
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-7.62539
-7.74924
-7.43059
-7.34044
-8.79911
-7.295
-8.71933
-7.22863
-8.84433
-7.42757
-7.43812
6.75622
7.1428
7.37284
7.35079
6.72184
6.78149
8.23244
7.12147
8.4648
7.01197
8.43891
7.13598
6.96511
-0.1559
1.82123
-2.59571
0.93527
-1.15804
0.40731
1.37529
0.0668
-0.30121
-0.71898
-1.70606
-0.37623

0.95874
1.16102
-1.57116
-1.71491
-1.07229
1.99655
0.94859
0.39237
1.14815
2.20629
0.7441
0.73805
1.74829
1.18895
-0.62972
1.45158
2.75545
1.80134
0.48438
1.24144
2.17752
-0.54808
-1.38432
-0.99357
-0.64571
-4.48818
-4.64948
-5.29506
-5.18698
-2.83724
-2.52962
-3.70767
-2.01772
-4.05512
-4.07606
-5.08831

1.10816
-1.3974
-1.26198

0.5039
-0.26069

1.21323

1.17257

1.95746
-1.35789
-1.36417
-2.3612

-0.88111
-1.98242

0.46046

-1.25051
-2.94909
-1.75391
-2.08724

1.26031

0.38186

0.7599
-1.33956
-0.48674
-2.20868
-0.29101
-0.22624
-1.09844
-1.53106
-1.94527
-2.92396
-3.32796

-3.48875

-3.0785

0.6185

1.0895

0.52216

157



T T T O T o@D ooz oDImoD T QQx

-0.0328
-0.26386
-1.49612
-2.39492
-1.47718
-1.57727
-0.29201
0.96167
1.50188
1.53154
2.61214
1.05285
2.64153
1.10578
3.18196
3.03838
3.09039
4.05732

-3.51126
-0.48142
-1.06501
-0.75576
-2.15459
-0.68977
0.6079
-0.79061
0.20257
-2.06355
-0.07703
1.20625
-2.34368
-2.8465
-1.35066
0.70593
-3.34755
-1.57089
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1.26758
1.65705
2.33672
1.80437
2.37006
3.36159
1.74329
2.53687
3.35432
2.51661
4.15081
3.36948
3.31402
1.87252
4.13095
4.79469
3.29816
4.75908
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B OB AT X A R LR T S ROBREER T L % ALK S
D BR%E

B EAATT R X OMEERGR
tﬁ%gﬁﬁAﬂmi EHEMEFIZB N TR BIASFHAIN TWARIED—2>ThH D,
THANLBRT I NE BEBLOEELIIZEENIERETH Y HEELELE TH D,
PZVRT I RET Y — L REFHE OEBSRBAMEIZLD CN ARy 7 T
I 28672 N-T UV — B ALVER Y T R Re B2 5Tk LTHYLIN TS, 2—J7, i
. RIMHESEOAIIEMALEMIZ R 6D sp® U v F7EsIE, &n%@m%wﬁ%
B L., BIEES T O EZREEICHFRETH D Z L LIEREZED TS, *ZbdD
TEOHE, N-T U —UHLIZINZ T, AR CT I RO N-T VXIS O EENE S B £
STNDA, [FARRICER S BB KT L CT& 72 (Figure3-1), 7/V7 v O FNE 72135y
e Fa7 I bE, BT A LA RENLE Csp)-H 7 2 A, 72 5O
(2T V3 — )V DT KB T L UALROES 6, sl T ORIl S v FERE P 2D T
Bl EMHESNTND, L, MBEENLEETHHLWEHETHL 2D, Zhb O
T CHEAREER ALK LT I RBXOT VS VITHIRNAE L 5,

O\\ 0 cat. TM
+ or
.’ “NH,

X QP&C
7o oSy
H

alkylating reagents

Figure 3-1. BRABMELIC L D ALK T 2 RO N-7 VT ALRIE

EHOFRT HMIEETIE, FEIORLE X DT, ABLE ciito 7 = ) F7 0
%ﬁ%%wt%%#wwﬁ/&m%@vby&x@@ixfwk«%uﬁ%ﬁ&ﬂt®%
REE7 0 A H 7V VRO E RS LTS (Figure P13), 210 RS T, b Sz
T2 ) FTIVUMBENL Ry 7 AFEET 2T LICK LT BT BEA X242 & T,
JIREE 2 ENIRN S, RIS T DT IAINNT I NE T = ) FT O T VNI TF A &g
KT D, R LT AN T AL, T2 ) FT TN TFF KD —E T
ZPED RPC HHEZ IR T, INRITF A U FEME~E BRI nD, ' ZOHNKRITF A%

iRl BB va—v, 7 R, FA—ARE | fkx loT v i 7 REEAl L RKOGT 5,
ARFEICEY, BBGREMEEEZ HWD Z L2 MRS T CRE-~T RGO
ENFREL Tno Tz, FFHIL, ZOEMREM T, BRI AR L2 WV R B F A L FlN AL
RUT I RREFEBEGL, N-TAAXRILRALER LT I Re5252 L T&x5 5L
77
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VbW AR E 2 AT, 7 = ) F7 ¥ URERCRR R Tl 2 FvWb Z & T,
AR T, AR T I RELV Ry 7 RAEEZ ATV EDORREER 7 a X5~ 7Y v
TRISHETT H Z L& Lz (Figure 3-2) . ARBUGITER 4 R ALG-CTREE 2 M3 & 377,
BR7REM T CTH#ITL, MWERETFREZRT I END, 28k N-T XA LEK Y
7 I ROEENBATRETH D,

cat. Ph,
e} N
O\\ //O (0] \S® O\\ /p R2 R3
S. + 2 S.
R' " "NH, Noo R cat. LiBF, R! HXR“
0 R* R blue LED
N-alkylation

Figure 3-2. AR A K 5 2 LR T 2 RO N-7 V% LG

5 OSSO R b FS K OB H #1PH O fREt

ZOVIR T 2 RO N-T VX IULRIED S & p- MV 2R T 2 R (1a) & /2L
koL Ry 7 AMEET ATV 2a) 2T VHEEE L THWTHEF L7 (Table 3-1),
AT R & T, N-7 = =XV [b]7 = ) F7 ¥ (PTH-1) % e big ol
TR 7NFaRTER) F U LEZRNFIE LTHW, WY 7aa 22 20T, §&
LED M T CRUG A BlA LTc, EOREFR. SUNMTBAFIZHEST L, NN-T 7 VX ALRIA R
HhH 25D L7 CBET D N-T VX NALERY) 3aa Y 83%D HEBEILEE THF 5 4u7- (Table
3-1,entry 1),

SRR TR OREE 1T, RRISOMITICR X 7eigB% 5.2 7=, (entries2-4), >V [a]”7
= ) FTVUEKERT D PTH-2 & W6 SME OB EITKD > 72 (entry 2), F72,
PTH-1 DRV IZHMZR 7 = ) F7 ¥ B2 AT Dl PTH-3 ZH\\ 5 & | ) DIX
FKIIREKTLE (entry 3), EHIT, N-7 == A_ V[ 7 =/ FH TV (POX-1) &
S bE T & L CTHWEGAICDH, RINERIZE EE o7 (entry 4), RINAFIE L OVALE
b AUGICB W CEHEREEZR-T 2 LN yhote, 7 KT 7 AaR vl F v AE
OBEIISOMEEICEZETH Y .+ RO Z MRS 2121E 10 mol %Ll EOBINA 4
TChHo7-, (entries 5-7), —JF., HE=F /v, 7 L~ 7T& F= VU Vie EOMOEEE
ERWEEAICIE. BRmIIE LN - 72 (entries 8-10), F 7=, 2a #HlRILE & L TH
WA, FRREOIEN G L (entry 11),
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Table 3-1. &S0 it ¢

Q\ ,/O O PTH-1 (5 mol %) Q\ //O
S. 0] LiBF4 (10 mol %) S.
4
NH2 + N —_— N
0 DCM, rt, 12 h H
blue LED

0]
1a 2a 3aa
Entry Change from standard conditions Yield of 3aa (%)°

1 none 99 (83)
2 PTH-2 instead of PTH-1 22
3 PTH-3 instead of PTH-1 3
4 POX-1 instead of PTH-1 28
5 without LiBF4 10
6 LiBF4 (5 mol %) 32
7 LiBF4 (20 mol %) 99
8 EtOAc instead of DCM 0
9 Acetone instead of DCM 0
10 MeCN instead of DCM 0
11 1a (0.6 mmol), 2a (0.2 mmol) and 87 (64)

DCM (0.3 mL) for 18 h

PTH-1 PTH-2 PTH-3 POX-1

¢ The number in parentheses is the isolated yield. The reaction was carried out with 1a (0.2
mmol), 2 a (0.3 mmol), PTH-1-3 or POX-1 (0.01 mmol, 5 mol%), and LiBF4(0.02 mmol, 10
mol %) in DCM (0.5 mL, 0.4 M) under blue LED irradiation for 24 h. * 'TH NMR yield based on 3 aa.

Yield of the isolated product is in parentheses.

BV BE I NIZL Ry 7 AEEZ 27V (2a) ZHWT, ALK T 2 RORE
1w R 2 BEr L7~ (Scheme 3-1), AV EFRBIOAX ML ZANKLT 2 REDKIST
%, ST 5 N-T AT ALAERI D PRREOIETH LN (3ba, 3ca), N T VT4
FFORNAKR LT I NIZH L CHOARRISITHEHAFTRE TH -7 (3da-3fa), = HIZ, E K5I
EBLOEFHGHEEOWTI G USEIEICK X e84 5 2 72> 7= (3ha-3ja), fENilE
ANKRT I RERHWEBRIZFRREDIECTRICDET L, spPl v FRANVKST I RE
¥AE 5 27 (3ka,3la), 72, AFREIL, Y= I RBIPELaxr T Loz ALk y
7 REBESTRERLOT VX MLICHEHATGETH 7= (3ma, 3na),
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Scheme 3-1. A/LAR LT 2 R HE A& ¢

O PTH-1 (5 mol %)
0.0 0 LiBF, (10 mol %) Q ,O i
s\ + 2
R “NH, N\O&R DOM.1t 12h R1C N

o R4 R3 blue LED
1 2 3

Scope of Sulfonamides

v %W Q.0 00
H

3ba 3ca 3da 3ea
55%37 51%7 71%? 50%37, 71%°

\ / \\ // O \\ /,

Q Q Eaon @

Br F3CO CO2Me
3fa 3ga 3ha 3ia
49%P 34%2, 71%b 43%32, 76%P 55%7
0 0
L P Q.0
H N
MeO N /O/ H
3ia 3ka F » N
66%2 62%0 C=_
00 from
\\S// >< O-N 00 Celecoxib
~ \ \N\ 7/ ><
V/ ” S. N 3na
H 24%2°, 43%2
3la 3ma from
62%P 19%2  Zonisamide

“ The reaction was carried out with 1 a (0.6 mmol), 2 a (0.2 mmol), PTH-1 (0.01 mmol, 5 mol %),
and LiBF4 (0.02 mmol, 10 mol %) in DCM (0.3 mL, 0.7 M) under blue LED irradiation for 18 h. ?
The reaction was carried out with 1 a (0.2 mmol), 2 a (0.3 mmol), PTH-1 (0.01 mmol, 5 mol %), and
LiBF4 (0.02 mmol, 10 mol %) in DCM (0.5 mL, 0.4 M) under blue LED irradiation for 24 h. ¢ DCM
(0.9 mL, 0.2 M) was used.

WIZ, 4 ATFNRBUANVARCT IR (la) 20y 7V 7= =L LTHY,
R 7 Z{EVE = 27 Vv O FE & 2 /5 L 7= (Scheme 3-2), AKFEIT, A VXU F v
HOBEAGLABETH -7 (3ab), £, LR A XOBRIRT L V8 A L D)3 ¢l
ATHZENTE (Bac3ae), 7 h 7 Fa b7 =i, 7~ FIULEEFETHL R
v 7 AEWETZ ATV TAF LRI E U TRISIZEH ATRE Th - 72 (3af,3ag) . F72. o-
TV A VEME AT L EE bARUSERME T TR QIR THMY A 5 272 (3ah) , A7
IV WACESEZREI R A VAR 7 I RIZH RBRICERR T VX VHDOBE AN AIRETH - 72
(li, 3lg), SHIT, FEMBIOE MU ONMIEAETDHL Ry 7 AEET 27 V%
WE G EIT S FONMIRAFIZHEIT L, SIS T 2 T VX AL DI 05 @R TH a7
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(3aj-3al), AT, BV T2 R0 LT 470V 8D IVR RN & FE &
HihaE, ANVKRUT I ROTAFALAIE L THWS Z ENAEETH 7= (3am, 3an),
EHIT, 20 ZHWERISICEY, O RLKRLT R FEL 2R BERL S HET5
T VX AL ER 3% B 7= (3mo, 3no),

Scheme 3-2. L R 7 A{EMx 25 )L 0 FLE i & @

o) PTH-1 (5 mol %)
0.0 o] LiBF, (10 mol %) O\\S,,O R)Qfs
S. + 2 N
R NH, N\O&R DCM, 1, 12h  R' N7 R4
blue LED H

(@] R* RS
1 2 3
Scope of Redox Active Esters®

\\ /, \\ // /@ Q\ /p /Q
S.
; 3ac, 46%

n=1
n =2; 3ad, 46%
3ab, 47% n=23 3ae 57% 3af, 37%
\\ // @ \\ // \ / O ()\\ //() @
3ag 69% 3ah, 46% 3li, 35% 3lg, 38%
3aj, 96% 3ak, 65% 3al, 75%
from Loxoprofen from Gemfibrozil
3am, 98% 3an, 56% 0 0 ><
o
O O
¥ X
N Ph
H
from
3mo from Celecoxib

15%24  Zonisamide
¢ The reaction was carried out with 1 a (0.6 mmol), 2 a (0.2 mmol), PTH-1 (0.01 mmol, 5 mol %),
and LiBF4 (0.02 mmol, 10 mol %) in DCM (0.3 mL, 0.7 M) under blue LED irradiation for 18 h. ?
The reaction was carried out with 1 a (0.2 mmol), 2 a (0.3 mmol), PTH-1 (0.01 mmol, 5 mol %), and
LiBF4 (0.02 mmol, 10 mol %) in DCM (0.5 mL, 0.4 M) under blue LED irradiation for 24 h. ¢ DCM
(0.9 mL, 0.2 M) was used. “EtOAc (0.9 mL, 0.2 M) was used.

W, ARG OmE A A2 & SICHEIET A 7720, 2k v 7V v RIS ~Ds A Z gt
L7= (Scheme 3-3), AKJIGHRIEIZIEIT DT UV HIVILDREEIEIN L, TIT DT VT
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N LRI T E R U R & B Uc, P AR GE SO A 2T v o TR R RIS
B4 TgE 2 b L ic, il LC PTH-4 Z Vo, ®© WERITFREICE EEob 0
O, REINZED, AVECT IR, AF Ly, bW Y Ry 7 AIEET AT L& —Z8|C
MAG O BRIV AR T I REEEEET 5 Z L3 A[EE TH o 72 (Saaf, Seaf,
Sabf) ,
FoC
0 0

PTH-4 (5mol %) &’
LiBF, (10 mol %) R'" "NH gt g2
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40W blue LED
4 5

PTH-4

Scope of Substrates

0 0
Ph Me Cl Ph

44% 37%
5aaf 5eaf
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Scheme 3-3. =531 > 7Y T

o BRI

FOCHEREICBI T 2R 2G50, 7 T 7 A uaR vl F 7 LEOFET, PTH-1 &
1-7 = B INRBRRO L Ry 7 ZAEET 2TV (2g) & AW Eim s A 1T
-7z (Figure3-3), HEICHH T % 6 FFEISUG S ¥ 72%, DART-HRMS IZ XD T/LF LA
VR =0 AR PTH-1-2g IZxHGT 5 B — 27 B Sz, ZORERIE, 7V F L 2Lk
:?A¢W%@fﬁ%iﬁﬁé%%f%éo—ﬁ\m@ﬁbwtm%mwfﬁ%@@ﬁ%
1T B A RONTETE T, ZHIEE =R T TA DT A E3X T 5T L F LA
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. blue LED detected by
PTH-1 1 equiv. HRMS-DART

Figure 3-3. 7 /L3 )L Z L7k = w7 LA DR H
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FVUE  HEE OO
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SEBRIA

1. Instrumentation and Chemicals

NMR spectra were recorded on a JNM-ECS400, operating at 400 MHz for '"H NMR and 100.5
MHz for *C NMR, INM-ECA600, operating at 600 MHz for '"H NMR and 150.9 MHz for *C NMR,
and Bruker Avance NEO 400N, operating at 400 MHz for 'H NMR and 100.6 MHz for '*C NMR.
Bruker Ultra Shield-300, operating at 300 MHz for "H NMR and 75.0 MHz for '*C NMR. Chemical
shift values for 'H and '*C are referenced to Me4Si and the residual solvent resonances, and for '°F is
referenced to trifluorotoluene, respectively. Chemical shifts are reported in o ppm. Mass spectra were
obtained with JMS-T100TD (DART). TLC analyses were performed on commercial glass plates
bearing 0.25-mm layer of Merck Silica gel 60Fs4. Silica gel (Wakosil® 60, 64~210 um) and Aluminum
oxide 90 standardized (Merck Millipore) were used for column chromatography. Preparative HPLC
was performed with Gilson 159UV-VIS as a UV detector. The column was YMC-Actus Triant C18
(5020 mml.D., 5 um) with a flow rate of 25 mL/min at room temperature. The eluent was
concentrated down using a Biotage® Turbovap, and the samples dried on a Biotage® V-10 Touch. Gel
Permeation Chromatography (GPC) was performed with LaboACE LC-5060 using UV Detector and
Refractive Index Detector. IR spectra were measured with a Thermo Scientific iD7 ATR Accessory
for the Thermo Scientific Nicolet iS5 FT-IR Spectrometer. Melting points were measured on a Stanford
Research System MPA100 (OptiMelt) apparatus. CV measurements were recorded with a Hokuto
Denko HZ-7000 potentiostat. UV-Vis absorption spectra were recorded on a Shimadzu UV-1900.
Fluorescence spectra were recorded on a Shimadzu RF-6000. Kessil A160WE 40W Tuna Blue
(highest blue and intensity setting) was used as a light source. TEKNOS MG9 was used as a fan.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. LiBF4 was purchased
from Aldrich Chemical Co., stored under nitrogen, and used as received. Dichloromethane, acetonitrile,
ethyl acetate and acetone were purchased from FUJIFILM Wako Pure Chemical Co., stored under
nitrogen, and used as received. The sulfonamides 1 were obtained from commercial suppliers. The
redox active esters 2 were prepared by the reported procedure.! PTH-1%, PTH-23, PTH-3* and PTH-
4’ were prepared by the reported procedures.

2. Synthesis of N-Phenylbenzo[b]phenoxazine (POX-1)
Pd(OAc), (1 mol %)

PBus (4 mol %)
:@ NaOBu (1.5 equiv.) *\Q

Br toluene, reflux o.n. POX1

Figure S3-1. Synthesis of POX-1.
In a glovebox, to an oven-dried vial with a stirring bar was added palladium acetate (0.9 mg, 0.004

mmol), tri-tert-butyl phosphine (3.2 mg, 0.016 mmol) and toluene (1.6 mL). After stirring at room
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temperature for 10 min, benzo[b]phenoxazine (93.2 mg, 0.4 mmol), bromobenzene (50.4 pL, 0.48
mmol) and sodium tert-butoxide (57.7 mg, 0.6 mmol) were sequentially added to the reaction solution.
After sealing the vial with a cap and removed from the glove box, the reaction was stirred at 120 °C
overnight and quenched with NH4Cl aq. The resultant reaction solution was extracted with ethyl
aceteate and the combined organic layer was dried over Na,SO4 and filtered. After volatiles were
removed under reduced pressure, purification by flash column chromatography on silica gel (Biotage
Selekt, 0:100-10:90, dichloromethane/hexane) gave the coupling product POX-1 (101.5 mg, 0.33
mmol, 82% isolated yield). White solid. M.p. 166—-169 °C. IR (neat) 572, 699, 742, 1276, 1297, 1326,
1472, 1493, 1591, 3059 cm™'. "H NMR (400 MHz, CDCl3) & 7.66 (t, J =7.6 Hz, 2H), 7.55 (t,J =7.2
Hz, 1H), 7.49 (d, J=7.2 Hz, 1H), 7.40 (t, J=7.6 Hz, 2H), 7.25 (d, J=7.2 Hz, 1H), 7.17-7.11 (m, 2H),
7.06 (s, 1H), 6.81 (d, J =7.6 Hz, 1H), 6.69 (t, J =7.6 Hz, 1H), 6.64 (t, J =7.6 Hz, 1H), 6.12 (s, 1H),
5.98 (d, J =7.6 Hz, 1H). 3C NMR (100.6 MHz, CDCl3) §144.3, 143.1, 138.6, 134.1, 133.0, 131.2
(x20), 131.2,130.7 (x2C), 129.9, 128.8, 126.3, 126.0, 124.9, 123.9, 123.1, 121.1, 115.5, 113.4, 110.9,
108.0. DART-HRMS (m/z): [M+H]" caled for C22H16NO,310.1226; found, 310.1221.

3. Procedures for Organophotoredox-Catalyzed Decarboxylative Alkylation of Sulfonamides

Condition A (Table 3-1, entry 11 is representative; redox active ester as a limiting reagent,
glovebox free). To an oven-dried vial equipped with a stirring bar was added PTH-1 (3.3 mg, 0.01
mmol), LiBF4 (1.9 mg, 0.02 mmol), redox active ester 2a (49.4 mg, 0.2 mmol) and sulfonamide 1a
(103 mg, 0.6 mmol) in dichloromethane (300 pl). After sparging with Ar for 10 seconds, the vial was
sealed, and the reaction mixture was stirred and irradiated with two 34W blue LEDs (0.5 cm away
from both sides) with a cooling fan to maintain the temperature at around 40 °C for 18 h. The crude
material was purified by preparative HPLC (90:10-0:100, 10mM NH4COj3 in H2O/MeCN) to give the
coupling product 3aa (Table 3-1, entry 11; 29.3 mg, 0.13 mmol, 64% isolated yield).

Condition B (Table 3-1, entry 1 is representative; sulfonamide as a limiting reagent). In a
glovebox, to an oven-dried vial equipped with a stirring bar was added PTH-1 (3.3 mg, 0.01 mmol),
LiBF4 (1.9 mg, 0.02 mmol), redox active ester 2a (74.2 mg, 0.3 mmol) and sulfonamide 1a (34.2 mg,
0.2 mmol) in dichloromethane (500 pul). After sealing the vial with a cap and removal from the glove
box, the reaction was stirred and irradiated with a 34W blue LED (0.5 cm away), with a cooling fan
to keep the temperature at around 40 °C (Figure S3-2). After 24 h, the reaction was quenched by 0.5
M NaOH agq. solution (1.5 ml). The aqueous layer was thrice extracted with dichloromethane (500 pl),
dried over Na,SO4and then, filtered. After volatiles were removed under reduced pressure, purification
by flash column chromatography on silica gel (Biotage Selekt, 90:10—60:40, hexane/EtOAc) gave the
coupling product 3aa (Table 3-1, entry 1; 38.6 mg, 0.17 mmol, 83% isolated yield).
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Figure S3-2. Light set up

4. Characterization Data for N-Alkylated Sulfonamides
N-(tert-Butyl)-4-methylbenzenesulfonamide (3aa)

0.0 ><
H

The reactions were carried out with conditions A and B.
Condition A. The product 3aa was purified by preparative HPLC (90:10-0:100, 10mM NH4COs in
H>O/MeCN) (Scheme3-1; 29.3 mg, 0.13 mmol, 64% isolated yield).
Condition B. The product 3aa was purified by flash chromatography on silica gel (Biotage Selekt,
90:10-60:40, hexane/EtOAc) (Table 3-1, entry 1; 38.6 mg, 0.17 mmol, 83% isolated yield).

The spectrum data of product 3aa was consistent with the literature.®

N-(tert-Butyl)-2-methylbenzenesulfonamide (3ba)

OO0
L X
H

The reaction carried out with condition A. The product 3ba was purified by preparative HPLC
(90:10-0:100, 10mM NH4CO3 in H;O/MeCN) (Scheme 3-1; 25.0 mg, 0.11 mmol, 55% isolated yield).

The spectrum data of product 3ba was consistent with the literature.’

N-(tert-Butyl)-3-methylbenzenesulfonamide (3ca)

Q.0 ><
H

The reaction was carried out with condition A. The product 3ca was purified by preparative HPLC

(90:10-0:100, 10mM NH4CO3 in H2O/MeCN) (Scheme 3-1; 23.0 mg, 0.10 mmol, 51% isolated yield).
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The spectrum data of product 3ca was consistent with the literature.’

N-(tert-Butyl)-4-fluorobenzenesulfonamide (3da)

QP N
o
H
F

The reaction was carried out with condition A. The reaction mixture was poured into water at room
temperature and extracted with EtOAc. The organic layer was separated, washed with water and brine,
dried over MgSO4 and concentrated in vacuo. The product 3da was purified by flash chromatography
on silica gel (75:25-75:25, hexane/EtOAc) (Scheme 3-1; 32.6 mg, 0.14 mmol, 71% isolated yield).
Brown solid. M.p. 85-87 °C. IR (neat) 982, 1057, 1116, 1154, 1285, 1327, 1429, 1709, 2975, 3289
cm™'. "H NMR (300 MHz, DMSO-de) 67.93-7.83 (m, 2H), 7.56 (s, 1H), 7.47-7.34 (m, 2H), 1.09 (s,
9H). *C NMR (75 MHz, DMSO-ds) 5 163.7 (d, Jcr = 249.8 Hz), 140.7 (d, Jcr = 3.3 Hz), 129.2 (d,
Jer = 9.4 Hz), 116.1 (q, Jer = 22.6 Hz), 53.3, 29.7. DART-HRMS (m/z): [M+H]" calcd for
C1oH15FNO:3S, 232.0820; found, 232.0799.

N-(tert-Butyl)-4-chlorobenzenesulfonamide (3ea)

Q.0 ><
o
H
cl

The reactions were carried out with conditions A and B.
Condition A. The product 3ea was purified by preparative HPLC (90:10-0:100, 10mM NH4COs3 in
H>O/MeCN) (Scheme 3-1; 24.8 mg, 0.10 mmol, 50% isolated yield).
Condition B. The product 3ea was purified by flash chromatography on silica gel (Biotage Selekt,
90:10-60:40, hexane/EtOAc) (Scheme 3-1; 34.6 mg, 0.14 mmol, 71% isolated yield).

The spectrum data of product 3ea was consistent with the literature.’
4-Bromo-N-(tert-butyl)benzenesulfonamide (3fa)

Q.0 ><
jon
H
Br

The reaction was carried out with condition B. The product 3fa was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-70:30, hexane/EtOAc) (Scheme 3-1; 17.4 mg,

0.06 mmol, 49% isolated yield). The spectrum data of product 3fa was consistent with the literature.®

N-(tert-Butyl)-4-(trifluoromethyl)benzenesulfonamide (3ga)
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The reactions were carried out with conditions A and B.
Condition A. The mixture was poured into water and extracted with EtOAc. The organic layer was
separated, washed with water and brine, dried over MgSO4 and concentrated in vacuo. The product
3ga was purified by preparative HPLC (80:20—0:100, 10mM NH4COs3 in HyO/MeCN) (Scheme 3-1;
19.3 mg, 0.07 mmol, 34% isolated yield).
Condition B. The product 3ga was purified by flash chromatography on silica gel (Biotage Selekt,
90:10-60:40, hexane/EtOAc) (Scheme 3-1; 39.3 mg, 0.14 mmol, 71% isolated yield).

The spectrum data of product 3ga was consistent with the literature.’

N-(tert-Butyl)-4-(trifluoromethoxy)benzenesulfonamide (3ha)

O\ /,()
9] "
H
F5CO

The reactions were carried out with conditions A and B.

Condition A. The product 3ha was purified by flash chromatography on silica gel (95:5-70:30,
hexane/EtOAc) (Scheme 3-1; 26.0 mg, 0.09 mmol, 43% isolated yield).

Condition B. The product 3ha was purified by flash chromatography on silica gel (Biotage Selekt,
90:10-60:40, hexane/EtOAc) (Condition B: Scheme 3-1; 44.6 mg, 0.15 mmol, 76% isolated yield).
Brown solid. M.p. 4648 °C. IR (neat) 613, 854, 989, 1090, 1144, 1169, 1249, 1433, 2976, 3291 cm™
. TH NMR (400 MHz, CDCl3) §7.94 (d, J= 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 4.60 (bs, 1H), 1.25
(s, 9H). BC NMR (150.9 MHz, CDCl3) §151.7, 141.8, 129.0, 120.7, 120.2 (q, Jcr = 257.4 Hz), 55.0,
30.1. DART-HRMS (m/z): [M+H]" calcd for C1;H;sNFsNOsS, 298.0719; found, 298.0714.

Methyl 2-[ V-(tert-butyl)sulfamoyl]benzoate (3ia)

XN
"N
H
CO,Me
The reaction was carried out with condition A. The mixture was poured into water and extracted

with EtOAc. The organic layer was separated, washed with water and brine, dried over MgSO4 and

concentrated in vacuo. The product 3ia was purified by preparative HPLC (80:20-0:100, 10mM
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NH4COs3 in H2O/MeCN) (Scheme 3-1; 29.9 mg, 0.11 mmol, 55% isolated yield). Yellow solid. M.p.
72-76 °C. IR (neat) 773, 865, 1000, 1068, 1131, 1147, 1308, 1392, 2972, 3285 cm™'. "TH NMR (400
MHz, DMSO-ds) 67.98 (br d, J=7.2 Hz, 1H), 7.65-7.75 (m, 2H), 7.61 (m, 1H), 7.29 (s, 1H), 3.84 (s,
3H), 1.11 (s, 9H). 3C NMR (75 MHz, CDCl3) & 168.3, 143.1, 131.73, 131.69, 130.6, 130.0, 129.0,
54.9, 53.3, 30.2. DART-HRMS (m/z): [M+H]" calcd for Ci2HisNO4S, 272.0951; found, 272.0961.

N-(tert-Butyl)-4-methoxybenzenesulfonamide (3ja)

o\/p
joale
H
MeO

The reaction was carried out with condition A. The product 3ja was purified by preparative HPLC
(90:10-0:100, 10mM NH4CO3 in H2O/MeCN) (Scheme 3-1; 32.0 mg, 0.13 mmol, 66% isolated yield).
White solid. M.p. 102-104 °C. IR (neat) 561, 669, 992, 1147, 1259, 1318, 1499, 1597, 2974, 3275
cm ™. TH NMR (300 MHz, DMSO-ds) §7.81-7.69 (m, 2H), 7.34 (s, 1H), 7.13-7.03 (m, 2H), 3.83 (s,
3H), 1.07 (s, 9H). *C NMR (75 MHz, DMSO-ds) §161.6, 136.0, 128.4, 114.0, 55.5, 53.0, 29.7.
DART-HRMS (m/z): [M+H]" calcd for C11HisNO3S, 244.1002; found, 244.1000.

N-(tert-Butyl)methanesulfonamide (3ka)

0.0
8 X

H

The reaction was carried out with condition B. The product 3ka was purified by flash
chromatography on silica gel (95:5-80:20, hexane/EtOAc) (Scheme 3-1; 14.0 mg, 0.09 mmol, 46%
isolated yield). The spectrum data of product 3ka was consistent with the literature.’

N-(tert-Butyl)cyclopropanesulfonamide (3la)

0.0 ><
v/ S\N
H
The reaction was carried out with condition B. The product 3la was purified by flash

chromatography on silica gel (Biotage Selekt, 100:0-70:30, hexane/EtOAc). (Scheme 3-1; 21.9 mg,

0.12 mmol, 62% isolated yield). The spectrum data of product 3la was consistent with the literature. '

1-(Benzo|d]isoxazol-3-yl)-N-(tert-butyl)methanesulfonamide (3ma)
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The reaction was carried out with condition A. The reaction mixture was poured into 1M NaOH
solution (50 mL), from which the crude product was extracted thrice with EtOAc (3 x 20 mL). The
combined organic extracts were washed with 1N NaOH (50 mL) and brine (50 mL), before being dried
over Na;SOs. The drying agent was filtered off and the solvent removed in vacuo. The product 3ma
was purified by flash chromatography on silica gel (95:5-75:25, hexane/EtOAc) (Scheme 3-1; 10.1
mg, 0.04 mmol, 19% isolated yield). Off-white solid. M.p. 138-142 °C. IR (neat) 656, 751, 1004,
1150, 1325, 1437, 1611, 2359, 2973, 3284 cm™'. '"H NMR (300 MHz, CDCl3) 67.91 (dt, J= 8.0, 1.0
Hz, 1H), 7.60 (d, J= 1.0 Hz, 1H), 7.58 (m, 1H), 7.37 (m, 1H), 4.70 (s, 2H), 4.25 (br s, 1H), 1.40 (s,
9H). *C NMR (75 MHz, CDCl3) §163.7, 150.3, 130.4, 124.1, 122.6, 120.9, 109.9, 55.4, 52.1, 30.1.
DART-HRMS (m/z): [M+H]" caled for C12H17BN,03S, 269.0954; found, 269.0950.

N-(tert-Butyl)-4-[5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yllbenzenesulfonamide (3na)

The reactions were carried out with conditions A and B.
Condition A (DCM 900 pL was used). The product 3na was purified by preparative HPLC (50:50—
0:100, 10mM NH4COs in H2O/MeCN) (Scheme 3-1; 20.6 mg, 0.05 mmol, 24% isolated yield).
Condition B. The product 3na was purified by flash chromatography on silica gel (Biotage Selekt,
90:10-60:40, hexane/EtOAc) (Condition B: Scheme 3-1; 35.0 mg, 0.08 mmol, 43% isolated yield).
Yellow Solid. M.p. 163—-165 °C. IR (neat) 845, 973, 1103, 1114, 1235, 1324, 1500, 1599, 2983, 3295
cm™'. "TH NMR (400 MHz, CDCl3) §7.88 (dd, J = 6.8, 2.4 Hz, 2H), 7.44 (dd, J = 6.8, 2.4 Hz, 2H),
7.16 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.74 (s, 1H), 4.51 (bs, 1H), 2.38 (s, 3H), 1.23 (s,
9H). 1*C NMR (100.6 MHz, CDCl3) §145.2, 144.0 (q, Jcr = 38.4 Hz), 142.9, 142.0, 139.7, 129.7,
128.7, 128.0, 125.7, 125.4, 121.0 (q, Jcr = 269.2 Hz), 106.1 (q, Jcr = 2.0 Hz), 54.9, 30.1, 21.3.
DART-HRMS (m/z): [M+H]" caled for C21H23F3N30,S, 438.1460; found, 438.1460.

4-Methyl-N-(tert-pentyl)benzenesulfonamide (3ab)
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The reaction was carried out with condition B. The product 3ab was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10—60:40, hexane/EtOAc) (Scheme 3-2; 21.7 mg,
0.09 mmol, 47% isolated yield). The spectrum data of product 3ab was consistent with the literature.®

4-Methyl-N—(1-methylcyclobutyl)benzenesulfonamide (3ac)

Q =

The reaction was carried out with condition B. The product 3ac was purified by flash
chromatography on silica gel (97:3—60:40, hexane/EtOAc) and GPC (Scheme 3-2; 22.0 mg, 0.09
mmol, 46% isolated yield). White solid. M.p. 70-72 °C. IR (neat) 661, 814, 883, 997, 1092, 1147,
1417, 2937, 2968, 3267 cm™'. "H NMR (400 MHz, CDCls) §7.77 (d, J = 8.0 Hz, 2H), 7.29 (d, J =8.0
Hz, 2H), 4.67 (bs, 1H), 2.42 (s, 3H), 2.16 (q, J = 11.2 Hz, 2H), 1.86-1.81 (m, 2H), 1.76-1.59 (m, 2H),
1.37 (s, 3H). 3C NMR (100.6 MHz, CDCl5) §143.0, 139.9, 129.5, 126.9, 56.2, 35.6, 25.8,21.5, 14.3.
DART-HRMS (m/z): [M+H]" caled for Ci12HisNO»S, 240.1053; found, 240.1051.

4-Methyl-N-(1-methylcyclopentyl)benzenesulfonamide (3ad)

0.0
H

The reaction was carried out with condition B. The product 3ad was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10-60:40, hexane/EtOAc). (Scheme 3-2; 27.6 mg,

0.09 mmol, 46% isolated yield). The spectrum data of product 3ad was consistent with the literature.'!

4-Methyl-N-(1-methylcyclohexyl)benzenesulfonamide (3ae)

0.0
H

The reaction was carried out with condition B. The product 3ae was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10-60:40, hexane/EtOAc). (Scheme 3-2; 29.4 mg,

0.11 mmol, 57% isolated yield). The spectrum data of product 3ae was consistent with the literature.'!
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4-Methyl-N-(4-methyltetrahydro-2H-pyran-4-yl)benzenesulfonamide (3af)

0]
S.
fonl

The reaction was carried out with condition B. The product 3af was purified by flash
chromatography on silica gel (Biotage Selekt, 93:7-60:40, hexane/EtOAc) (Scheme 3-2; 19.9mg, 0.07
mmol, 37% isolated yield). Yellow solid. M.p. 23-25 °C. IR (neat) 816, 1000, 1091, 1148, 1307, 1320,
1426, 2862, 2924, 3251 cm™'. "H NMR (400 MHz, CDCl3) §7.77 (d, J = 7.6 Hz, 2H), 7.29 (d, J=7.6
Hz, 2H), 4.42 (s, 1H), 3.58 (t, J =4.8 Hz, 4H), 2.43 (s, 3H), 1.83 (t, /= 4.0 Hz, 1H), 1.79 (t, J=4.0
Hz, 1H), 1.63-1.58 (m, 2H), 1.27 (s, 3H). 3C NMR (100.6 MHz, CDCl;) 5 143.1, 140.4, 129.6, 126.9,
63.5, 54.3, 38.1, 27.3, 21.5. DART-HRMS (m/z): [M+H]" calcd for Ci3H20NO3S, 270.1158; found,
270.1152.

N-[(3s,5s,7s)-Adamantan-1-yl]-4-methylbenzenesulfonamide (3ag)
O\ /,

o
H

The reaction was carried out with condition B. The product 3ag was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10—60:40, hexane/EtOAc) (Scheme 3-2; 42.7 mg,

0.14 mmol, 69% isolated yield). The spectrum data of product 3ag was consistent with the literature.®

4-Methyl-NV-(tetrahydrofuran-2-yl)benzenesulfonamide (3ah)

P 2
S\N

H

The reaction was carried out with condition B. The product 3ah was purified by flash

chromatography on silica gel (Biotage Selekt, 93:7-60:40, hexane/EtOAc) (Scheme 3-2; 22.2 mg,

0.09 mmol, 46% isolated yield). The spectrum data of product 3ah was consistent with the literature.'?

N-(4-Methyltetrahydro-2H-pyran-4-yl)cyclopropanesulfonamide (31i)

0.9 Q
v

H

The reaction was carried out with condition B. The product 3li was purified by flash

chromatography on silica gel (Biotage Selekt, 100:0-69:40) (Scheme 3-2; 15.3 mg, 0.07 mmol, 35%
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isolated yield). Yellow solid. M.p. 88-92 °C. IR (neat) 599, 703, 890, 1003, 1106, 1173, 1302, 1322,
2961, 3275 cm'. "H NMR (400 MHz, CDCls) 54.08 (s, 1H), 3.82-3.76 (m, 2H), 3.73-3.67 (m, 2H),
2.47 (m, 1H), 1.92-1.87 (m, 2H), 1.76-1.69 (m, 2H), 1.52 (s, 3H), 1.21 (dd, J = 4.8, 2.0 Hz, 2H), 1.02
(dd, J=4.8, 2.0 Hz, 2H). 3C NMR (100.6 MHz, CDCL3) 563.7, 54.0, 38.5, 33.8, 27.8, 6.61. DART—
HRMS (m/z): [M+H]" caled for CoHisNOsS, 220.1002; found, 200.1002.

N-[(3s,5s,7s)-Adamantan-1-yl|cyclopropanesulfonamide (31g)

v

The reaction was carried out with condition B. The product 3lg was purified by flash
chromatography on silica gel (Biotage Selekt, 100:0-80:20, hexane/EtOAc) (Scheme 3-2; 19.2 mg,
0.08 mmol, 38% isolated yield). Yellow solid. M.p. 109—110 °C. IR (neat) 697, 890, 995, 1089, 1145,
1359, 1455, 2851, 2907, 3271 cm ™. "TH NMR (400 MHz, CDCl3) §4.06 (s, 1H), 2.47 (m, 1H), 2.11
(s, 3H), 1.97 (s, 6H), 1.67 (s, 6H), 1.19 (dd, J =10.8, 6.0 Hz, 2H), 0.99 (dd, J=10.8, 6.0 Hz, 2H). '*C
NMR (100.6 MHz, CDCls) 654.6, 43.6, 35.9, 34.1, 29.6, 6.6. DART-HRMS (m/z): [M+H]" calcd
for C13H22NO:S, 256.1366; found, 256.1370.

N-[2-(4-Chlorophenyl)propan-2-yl]-4-methylbenzenesulfonamide (3aj)

\ 7

o
H
Cl

The reaction was carried out with condition B. The product 3aj was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10-60:40, hexane/EtOAc). (Scheme 3-2; 62.1 mg,
0.19 mmol, 96% isolated yield). Yellow solid. M.p. 122—-124 °C. IR (neat) 563, 666, 808, 913, 984,
1087, 1144, 1323, 1490, 3233 cm™'. 'H NMR (400 MHz, CDCl3) §7.49 (d, J = 8.0 Hz, 2H), 7.19 (d,
J=8.8 Hz, 2H), 7.15 (d, J=8.0 Hz, 2H), 7.10 (d, J=8.8 Hz, 2H), 4.88 (bs, 1H), 2.41 (s, 3H), 1.62 (s,
6H). 3C NMR (100.6 MHz, CDCls) §143,1, 142.8, 139.3, 132.7, 129.2, 127.9, 127.2, 126.8, 57.8,
29.8,21.4. DART-HRMS (m/z): [M+H]" caled for Ci6H19CINO:S, 324.0820; found, 324.0814.

4-Methyl-N-(2-phenylbutan-2-yl)benzenesulfonamide (3ak)

N
H

The reaction was carried out with condition B. The product 3ak was purified by flash

chromatography on silica gel (Biotage Selekt, 90:10-60:40, hexane/EtOAc). (Scheme 3-2; 39.4 mg,
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0.13 mmol, 65% isolated yield). The spectrum data of product 3ak was consistent with the literature.®

4-Methyl-N-(1-phenylethyl)benzenesulfonamide (3al)
O\ /p
's. J\
N Ph
IO

The reaction was carried out with condition B. The product 3al was purified by flash
chromatography on silica gel (Biotage Selekt, 93:7—70:30, hexane/EtOAc). (Scheme 3-2; 41.1 mg,

0.15 mmol, 75% isolated yield). The spectrum data of product 3al was consistent with theliterature.'®

4-Methyl-N-(1-{4-[(2-oxocyclopentyl)methyl]phenyl} ethyl)benzenesulfonamide
(3am)

H
0]

The reaction was carried out with condition B. The product 3am was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10-60:40, hexane/EtOAc). (Scheme 3-2; 71.9 mg,
0.19 mmol, 97% isolated yield). The ratio of diastereomers is 1:1. Yellow solid. M.p. 102-105 °C. IR
(neat) 552, 666, 962, 1090, 1158, 1325, 1432, 1734, 2970, 3274 cm™'. The diastero ratio has not been
determined. "H NMR (400 MHz, CDCl3) 6 7.63 (d, J = 7.6 Hz, 2H), 7.19 (d, J = 7.6 Hz, 2H), 7.01
(dd, J = 8.8, 8.8 Hz, 4H), 4.81 (m, 1H), 4.43 (quin, J = 7.6 Hz, 1H), 3.07 (dd, /= 14.0, 9.6 Hz, 1H),
2.46 (dd, J = 14.0, 9.6 Hz, 1H), 2.39 (s, 3H), 2.39-2.23 (m, 2H), 2.15-1.93 (m, 3H), 1.74 (m, 1H),
1.50 (m, 1H), 1.40 (d, J = 6.8 Hz, 3H). '*C NMR (100.6 MHz, CDCl3) §220.2, 143.0, 140.0, 139.2,
137.7, 129.4 (x2C), 128.9, 128.9, 127.1 (x2C), 126.2 (x2C), 53.2, 50.9, 38.1, 35.1, 29.1, 23.4, 21.5,
20.5. DART-HRMS (m/z): [M+H]" calcd for C21H26NOsS, 372.1628; found, 372.1634.

N-[5-(2,5-Dimethylphenoxy)-2-methylpentan-2-yl]-4-methylbenzenesulfonamide
(3an)

The reaction was carried out with condition B. The product 3an was purified by flash
chromatography on silica gel (Biotage Selekt, 90:10—60:40, hexane/EtOAc) (Scheme 3-2; 41.3 mg,
0.11 mmol, 56% isolated yield). Brown solid. M.p. 84-88 °C. IR (neat) 597, 660, 732, 806, 1020,
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1145, 1319, 1509, 2919, 3255 cm™'. "H NMR (400 MHz, CDCl5) 67.77 (d, J = 8.4 Hz, 2H), 7.27 (d,
J=8.4Hz, 2H), 7.00 (d, J= 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.58 (s, 1H), 4.51 (s, 1H), 3.84 (t,
J=5.6 Hz, 2H), 2.39 (s, 1H), 2.31 (s, 1H), 2.15 (s, 1H), 1.83-1.74 (m, 2H), 1.71-1.67 (m, 2H), 1.57
(s, 2H), 1.22 (s, 6H). *C NMR (100.6 MHz, CDCL:) 5 156.8, 142.9, 140.4, 136.5, 130.3, 129.5, 127.0,
123.5, 120.8, 111.9, 67.6, 56.9, 39.3, 27.7, 24.1, 21.4, 15.8. DART-HRMS (m/z): [M+H]" calcd for
C21H30NOsS, 376.1941; found, 376.1938.

1-(Benzo|d]isoxazol-3-yl)-N-(2-phenylpropan-2-yl)methanesulfonamide (3mo)
O-N
Y
°N Ph
H

The reaction was carried out with condition A. (EtOAc 900 uL was used). The reaction mixture was
poured into 1M NaOH solution (50 mL), from which the crude product was extracted thrice with
EtOAc (3 x 20 mL). The combined organic extracts were washed with 1N NaOH (50 mL) and brine
(50 mL), before being dried over Na,SO4. The drying agent was filtered off and the solvent removed
in vacuo. The product 3mo was purified by preparative HPLC (80:20-0:100, 10mM NH4COs in
H>O/MeCN) (Scheme 3-2; 10.2 mg, 0.03 mmol, 15% isolated yield). White solid. M.p. 112-114 °C.
IR (neat) 562, 701, 754,997, 1146, 1328, 1381, 1610, 2938, 3278 cm™'. "H NMR (300 MHz, DMSO-
ds) 67.88 (m, 1H), 7.86 (s, 1H), 7.78 (m, 1H), 7.67 (m, 1H), 7.54-7.49 (m, 2H), 7.42 (ddd, J = 8.1,
7.2, 0.9 Hz, 1H), 7.37-7.29 (m, 2H), 7.24 (m, 1H), 4.63 (s, 2H), 1.63 (s, 6H). *C NMR (75 MHz,
DMSO-ds) 6162.7, 150.6, 147.0, 130.5, 128.0, 126.6, 125.5, 123.9, 123.3, 121.0, 109.6, 58.1, 51.3,
29.7. DART-HRMS (m/z): [M+H]" calcd for Ci17H19N20OsS, 331.1111; found, 331.1110.

N-(2-Phenylpropan-2-yl)-4-[5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide (3no)

OO0
DA

/©/ \N Ph
H
N-.

The reaction was carried out with condition A. (DCM 900 uL was used). The mixture was poured
into water at room temperature and extracted with EtOAc. The organic layer was separated, washed
with water and brine, dried over MgSO4 and concentrated in vacuo. The product 3no was purified by
flash chromatography on NH silica gel (80:20-0:100, hexane/EtOAc) (Scheme 3-2; 22.0 mg, 0.04
mmol, 22% isolated yield) White solid. M.p. 187—189 °C. IR (neat) 765, 976, 1149, 1237, 1328, 1472,
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1498, 1597, 2983, 3278 cm™'. H NMR (400 MHz, CDCl3) 67.63 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4
Hz, 2H), 7.29-7.20 (m, 5H), 7.16 (d, J= 7.6 Hz, 2H), 7.08 (d, J= 7.6 Hz, 2H), 6.73 (s, 1H), 4.84 (s,
1H), 2.38 (s, 3H), 1.55 (s, 9H). 3*C NMR (100.6 MHz, CDCls) §145.1, 144.5, 143.8 (q, Jc-r = 38.4
Hz), 142.1,141.9,139.7,129.7, 128.7, 128.3, 127.9, 127.4, 125.7, 125.5, 125.2, 121.1 (q, Jc-r =269.2
Hz), 106.2, 59.0, 29.8, 21.3. DART-HRMS (m/z): [M+H]" caled for Ca6HasF3N30.S, 500.1614;
found, 500.1621.

5. Procedure for Three Component Coupling

In a glovebox, to an oven-dried vial equipped with a stirring bar was added PTH-4 (3.9 mg, 0.01
mmol), LiBF4 (1.9 mg, 0.02 mmol), redox active ester 2 (0.2 mmol), sulfonamide 1 (0.2 mmol) and
styrene 4 (0.4 mmol) in dichloromethane (600 pl). After sealing the vial with a cap and removing it
from the glove box, the reaction was stirred and irradiated with a 34W blue LED (0.5 cm away) with
a cooling fan to keep the temperature at around 40 °C. (Figure S3-3) After 12 h, the reaction was
quenched by filtration through a short plug of SiO; with ethyl acetate. After volatiles were removed
under reduced pressure, purification by flash column chromatography on silica gel gave the coupling

product 5.

6. Characterization of Three Component Coupling Products
4-Methyl-N-[2-(4-methyltetrahydro-2H-pyran-4-yl)-1-
phenylethyl]benzenesulfonamide (5aaf)

Ts.
S>NH 0

Ph Me

The product Saaf was purified by flash chromatography on silica gel (100:0-80:20, hexane/EtOAc
and 50:50-80:20, hexane/diethyl ether), GPC and recrystallization (DCM/hexane) (Scheme 3-3; 32.9
mg, 0.09 mmol, 44% isolated yield). White solid. M.p. 127129 °C. IR (neat) 701, 813, 945, 1094,
1156, 1323, 1456, 1599, 2921, 3273cm™’. 'H NMR (400 MHz, CDCl;) & 7.44 (d, J = 7.6 Hz, 2H),
7.11 (m, 3H), 7.05 (d, J =7.6 Hz, 2H), 6.94 (m, 2H), 4.72 (m, 1H), 4.49 (dd, J = 14.0, 6.8 Hz, 1H),
3.67 (dt,J=12.0, 4.4 Hz, 1H), 3.61-3.47 (m, 3H), 2.33 (s, 3H), 1.82 (dd, /= 14.4, 7.2 Hz, 1H), 1.75
(dd, J=14.4,7.2 Hz, 1H), 1.53 (m, 1H), 1.42 (d, J=13.6 Hz, 1H), 1.30 (m, 1H), 1.11 (d, /=13.6 Hz,
1H), 1.03 (s, 3H). *C NMR (100.6 MHz, CDCl3) §142.9, 142.0, 137.5, 129.1, 128.5, 127.3, 127.0,
126.3, 63.6, 63.6, 55.1, 50.7, 38.3, 38.0, 31.0, 23.4, 21.4. DART-HRMS (m/z): [M+NH,4]" calcd for
C21H31N20sS, 391.2050; found, 391.2046.

4-Chloro-N-[2-(4-methyltetrahydro-2H-pyran-4-yl)-1-
phenylethyl]benzenesulfonamide (Seaf)
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The product Seaf was purified by flash chromatography on silica gel (7:3—5:5, hexane/diethyl ether)
and GPC (Scheme 3-3; 28.8 mg, 0.07 mmol, 37% isolated yield). Yellow solid. M.p. 138-140 °C. IR
(neat) 666, 813, 1014, 1092, 1157, 1324, 1598, 1700, 2922, 3274cm . "H NMR (400 MHz, CDCl5)
0743 (d,J=8.0 Hz, 2H), 7.17 (d, /= 8.0 Hz, 2H), 7.11-7.08 (m, 3H), 6.92 (d, J = 6.8 Hz, 2H), 4.97
(bs, 1H), 4.54 (dd, J = 14.0, 6.8 Hz, 1H), 3.69 (m, 1H), 3.62-3.50 (m, 3H), 1.81 (dd, J = 14.0, 6.8 Hz,
1H), 1.74 (dd, J = 14.0, 6.8 Hz, 1H), 1.56 (m, 1H), 1.45 (d, J=13.6 Hz, 1H), 1.33 (m, 1H), 1.14 (d, J
=13.6 Hz, 1H), 1.07 (s, 3H). *C NMR (100.6 MHz, CDCl5) 5 141.5, 139.1, 138.5, 128.7, 128.6, 128.4,
127.5, 126.3, 63.6 (x2C), 55.3, 50.9, 38.4, 37.9, 31.1, 23.3. DART-HRMS (m/z): [M+H]" calcd for
C20H25CINO3S, 394.1238; found, 394.1238.

N-[1-(4-Chlorophenyl)-2-(4-methyltetrahydro-2H-pyran-4-yl)ethyl]-4-
methylbenzenesulfona mide (5abf)

T\
S>NH o
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The product Sabf was purified by flash chromatography on silica gel (7:3—5:5, hexane/diethyl ether)
and recrystalization (Scheme 3-3; 36.6 mg, 0.09 mmol, 45% isolated yield). Yellow solid. M.p. 144—
146 °C. IR (neat) 700, 752, 825, 1093, 1158, 1325, 1476, 1586, 2922, 3274cm™'. "H NMR (400 MHz,
CDCl3) 67.42 (d, J = 7.6 Hz, 2H), 7.05 (t, J = 8.0 Hz, 4H), 6.88 (d, J = 8.0 Hz, 2H), 4.96 (bs, 1H),
4.48 (dd, J = 14.0, 6.8 Hz, 1H), 3.66 (m, 1H), 3.59-3.48 (m, 3H), 2.36 (s, 3H), 1.77 (dd, J = 14.4,
7.2Hz, 1H), 1.67 (dd, J=14.4, 7.2Hz, 1H), 1.52 (m, 1H), 1.40 (d, J=13.6 Hz, 1H), 1.31 (m, 1H), 1.12
(d, J=13.6 Hz, 1H), 1.03 (s, 3H). '*C NMR (100.6 MHz, CDCl5) §143.3, 140.5, 137.4, 133.1, 129.2,
128.6, 127.8, 127.0, 63.6, 63.6, 54.4, 50.8, 38.3, 38.0, 31.1, 23.3, 21.4. DART-HRMS (m/z):
[M+NH4]" caled for C21H30CIN,03S, 425.1660; found, 425.1655.

7. Stoichiometric Reaction

Ph. ° 9 LiBF, (1 equiv.) +
S M oo, Bl LED
S o DCM, Blue LED PTH1-2g
29 . detected by
PTH1 1 equiv. HRMS-DART
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Figure S3-3. Stoichiometric Reaction

Figure S3-3 (Figure 3-3). In a glovebox, to an oven-dried vial equipped with a stirring bar was added
redox active ester 2g (16.3 mg, 0.05 mmol), PTH-1 (16.3 mg, 0.05 mmol), LiBF4 (4.7 mg, 0.05 mmol)
and dichloromethane (375 pl). After sealing the vial with a cap and removed from the glove box, the
reaction was stirred and irradiated with a 34W blue LED (0.5 cm away) with a cooling fan to keep the
temperature around 40 °C (Figure S3-3). After 6 h, the reaction solution was directly used for MS
analysis (DART-HRMS). PTH-1-2g: DART-HRMS (m/z): [M-BFs]" calcd for CsH3NS,
460.2094; found, 460.2087.

8. Cyclic Voltammetry of POX-1

CV measurements were carried out under nitrogen atmosphere in acetonitrile solutions with 0.1 M
of tetrabutylammonium tetrafluoroborate ("BusNBFj4) as a supporting electrolyte. Measurements were
made with a glassy carbon electrode (area = 0.07 cm?), an Ag/AgCl reference electrode, and a Pt wire
counter electrode. The concentration of the sample solution was fixed at 10 mM and the sweep rates

were set to 100 mV/s.
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Figure S3-4. Cyclic voltammogram of POX-1.

9. UV-Vis Spectra of POX1

UV-Vis adsorption spectra of organophotocatalysts were measured with 40 uM acetonitrile solution.

185



15
S 1
g
3
é )bmax = 380 nm
2
< 05
0
250 300 350 400 450 500
05

A (nm)

Figure S3-5. UV-vis spectrum of POX1.

10. Fluorescence spectra of POX1
Fluorescence spectra of organophotocatalysts were measured with 40 uM acetonitrile solution.
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Figure S3-6. Fluorescence spectrum of POX1 was scanned from 390 to 770 nm after excitation at
380 nm.
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