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Ac Acetyl

ADP Azadipyrromethene

Ar Aryl

Boc tert-Butoxycarbonyl

bpy 2,2'-Bipyridyl

Bn Benzyl

Bu Butyl

Cat Catalyst

COD 1,5-Cyclooctadiene

cv Cyclic Voltammetry

DBU 1,8-Diazabicyclo[5.4.0]Jundec-7-ene
DCM Dichloromethane

DMAP 4-Dimethylaminopyridine
DMSO Dimethyl Sulfoxide

DMF N,N-Dimethylformamide

DR Deep-red

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

EA Electron Acceptor

EDA Electron Donor-Acceptor

ESR Electron Spin Resonance

Et Ethyl

EWG Electron Withdrawing Group
GPC Gel Permeation Chromatography
H,0» Hydrogen Peroxide

HFIP 1,1,1,3,3,3-Hexafluoro-2-Propanol
IPN Isophthalodinitrile

L Ligand

LED Light Emitting Diode

Me Methyl

Naph Naphthyl

NIR Near-Infrared

NMR Nuclear Magnetic Resonance

PDP 2,2’ -(Pyridine-2,6-diyl)diphenol
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IRFT TV HNVTETARREA LT 402 19 ITHINML, SBIZAELDL T VI iFEAA— o=
A7)V PTOC-OMe & ST 5 Z & TIHEY 20 G b & L bic, BEFLTY
J1v (RO) MNEAEL, RISHETT D,

O
HB,
o} PTOC-OMe

17 R2__R3 A EWG NS
R2 R® cat. DMA I 19 RR_RS o S
T O - T\/k 0CO,Me
R DCM, reflux (‘3@ hV,1 10h°C R! EWG PTOC-OMe
16 18 20

Figure P9. 7 /L /LR VR Y 7 2 — /LT AT )L 18 DD DIRFE T ¥V VAR



0O
RO-B
R3 \O
R2 /O R3
/ B, R2 O EWG
RO . 19
18 =
hv
PTOC-OMe —— RO -
R2__R3
N
R2 R3S | _— R? EWG
R1I/LEWG PTOC-OMe
20

(RO = MeOCO, or MeO)

Figure P10. 7 /L ¥ /LR U EH T 33— /L X5 )L 18 7D DIRFE T ¥ M VA Akl

2010 4F Fensterbank &%, 7/vX /L N 7 Fd Rl — (E 21 2REFBT I HILJEE
L CHRIHTE 2 FEEZHRE L (Figure P11), P AKLUG T, “H b8 LAl & LT
B, BIRSE T CRETDIRET AN E TEMPO 7V DIVINT DI N—T T IVT
N T ERBIERITIET, RE-MBFEMKATEHRZFEH L TWDH, Mz T, TEMPO
TIOHNVORDOVICEFREA LT 42 23 ZHWDEZ LTI IHAAIE 24 235
HDHZ &L TV (Figure P12), = O ClE, fli 2 OER(LAZ 72 S 1o
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T — & ORERTERIENIE S ND L O D,
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2017 4 Martin S, XL MU ZudaR L — hE 31 70472 32 . Rk
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2016 4F Ley Hi%. k. B BN FREIT I AR U BEY S a—LT AT
JL 28 1T L., BV VU RREA] (DMAP F721% 39) & L& itz b 2 &
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(Figure P19), »* AFEF 7 v —GIETITONTEY £ LD T VA Mid= v 7rLfil
o2l TN TRT I IN-T D HIICTHEAFRE TH T2, = 7LibliE 7 o
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Figure P21. AR U R T — MEIK 25 MO DRHE T ¥ B VAERK
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FIVIRT V=X A I F Y — VRO T 727 % — 43 (2L, oo FNERL%E
NN AR 44 BNEOND, ZTOMORISEE LT, TV ISR . =7
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1990 4 Schuster X, ¥V ¥ —HF 42 & LT Cyanine = H\H Z & T, AY
T — MERNSIRFET VHNORENATRETH D Z &£ & RH L7 (Figure P23), ¥ A&
FETIH, AU ET— MEAK (Naph—BPh;) &7 =2 0F (Cy") OAFrxn v
AL —P =B L > Tt S, BTBENELDZ L TRET OHANEKRT D,
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- ET . )
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Figure P23. Cyanine 855 & f7E§7R 7 37— SR HAERL S U5 EDA (AR

2019 4F Chen H1%, AR THEILEW 27 & o7 ik 45 7 EDA $EKZ TR L. %
BIVINEEZ DT L EHE LT (Figure P24), 32 ARJSTlE, EDA $&(A 1 £721%
SER L EIC ko T SHu. RET O HANKAET D, L L DRET D W ITEEER
I LTI L, 88K I 7 HRFET O HANER L, $EK IV OIIKSEIZ X -
TILEY 46 5L D,

o OH HO CO,H
A )J\CO hw * REB
r 2 OH DCM, 23W CFL, 5 h Ar” R
45 27 6
o)
R R OH
., -OH _OH ;
initiation = Ar OH e FT” R e  QOuwmn | O—B\
R & =—— ., : O R — R fe) RNO
O ™ OH
hv R-E Ar Ar —R*
OH 0 o o)
I I m v
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Figure P24. A U F LAY 27 & o7 MR 45 22O S 115 EDA SR

2024 F-Qin LI, A I =T L 1 EAKETVHET — MER IT 2»5ERT 5 EDA $45(K
IR S AL, IRFB T DN B2 T2 R MR T I 50 2155 2 EITREFILTWD
(Figure P25), 3 A TIE, 7T E R 47 L7 30 48 D OERENHA I =T A
I L 73— 49 ([ZXo>TT7— MR E 2o ToFGHEAR D FET — MR IT 23 EDA 65
KEWRT D, KRFHZ L > T—BIBINAEL, ELalIRFT IV ERTFEBEK
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Figure P25. 1 I =7 A 1 EAHEVET — MEK 1T DO S L5 EDA 5K

FONER EBDChEIC K DGR U FELEMN D DIRFE T T VR

BT ERIET D & T RET VIV EEZDFERD D, ZOEBH
B O FET, ABEOUINA 2 LB L TIRET DN E B2 DT DINRHDES TH
%o DT OHEBERIE OIKIL, HEARKIEDHE LT RY v —GICbFIH SN T
WD,

2020 FRE DX, KERKNTL2OALTRELT VIV EEZX DR T MAEKRDF#
7 — MR Z A L7z (Figure P26), 7 R 72 U BIGHE v T — MERIT, A7
EHEY F U LREETIS CTIRATAZ L THOLND, KB UHET — MR, 440
nm O LED #5452 L T, RET P HNLDAERNARETH H Z LITZ, WAjeiE
THIE LTChIERET 5, EULDRETIHNVDOBFAREAL T 42 19 I2kT 5 Giese
BT P HINATIMEGSIZE D . Z VMK 51 BEBNnD, 72, 437 8P
52 DBTKRERETSOND T v TV X0 TP hND ) 7K 53 355
No, =R axhy 7)o 7k ~aFAbT U — 36 DT
WEAE~EHTE, LEY 54 B LH5,
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Figure P26. ;R 7t AR U ET — MEHEN D DRFE T 2 T VAR

2023 4F: Page HIL, YR AT B EZ AT 5 A F /L BODIPY 55 (Zx%f L. fkfad LED
ERETLZET ATATOMANREAET DI L 2RI LT (Figure P27), **” £
HAFINT DML, T 7 VEEFHER 56 ORIV ~—(biZLVRY ~— 57 GEkIFH]
Az, £, 7787 X — 88 ~DATFI)LT PHNDMINZLY 7V HLF 59 RN
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\ Me N
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Ph detected in EPR
58
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fillic 72 E OWRMAIB LI TH Y | FOSRBPEHEET DM 13 H -7, KE HX° Page b
DBRFE LT EEOLE fTRE 72 AR U % 7 — MEIRIL, AN T2 DA TRET V%
Bz 5280, RIGREHEMIET S Z LTk Lz, 7 — 5T, Av#ERicEfiL
ZEANT DB O EDOFm WA Y F U LRI E 72137 ) = — V32 W 5 48
N5 T8, FAETREIRRE T VML O EREREIAEIEIC K& R BIRNR & - 7=,
ZORIBEREBE A, KRCTIE, AR YR G EESEELEAL, HiC kX
ST & d, RFET P HNE 52 DHEF U ELEHORIHICERY MLATE, % Bk
FNCIE, HENEERE TS5 2L CTRET VIV ES 2D 2,2°~(pyridine-2,6—diyl)diphenol
(PDP) BIA U HE T — NMEERZAIH L, EUTIRET VIV & T 0 TG % B
FLl GB—ENLE=mE), Y2 352, RENKERNT L CRETVINEE
2 % azadipyrromethene (ADP) 7R 7527 — MEERZAIH L, 7 VA RIG~IEH LT,

43

% — 2.2°(Pyridine—2.6—diyl)diphenol (PDP) %z 7 37 — A D BT LIS
K DIRFET 2 TV

BT, BEEFERMEICE > TRET VIV EHAESHED 2,2 (Pyridine-2,6—
diyl)diphenol (PDP) %A 737 — NERZBHFE L7- (Figure P28) , * LA S
AT BIRTHRT — MEROARICITREEEOFHKY 77 LARESL TV = —L
RENME o7, T L LT PDP AR U H#E T — MR, AR R LAY &
PDP Z MBS TGS H 2 DA TEMATHETH Y, AU HE EEHILIT S F AT X
TN ENHFREND, T72b 5, PDP AR TR T — MERITLANCHRE SR
BURIARTHET — MER L LT, AUE EEREOFRELFERI RS mELE,
Mz TURENCH D ER T F AW, b FaR R LG, BFRET V7D 1 4-
BRSO, EIHHA VRO, REFE-KFERES OBEEEIEHEIC X 578 7RG
Cl2r v, WL ARARETH D, ARk L7z PDP Bk U FE 7 — AT 208 oAl
CLTHHEET A7, AU DIRET I NIE, W7 2 BIT7 X AVKEG. Giese 5
NN G, = ey v 25 ) v TR~ T E T,

Ar-CN R{i
N hydro MeCN R' TAr
boration \
2
EWG_ 14 R g _
=/ borylation ~ "\ R T Giese-type  R2R3
R2 R3 oBZo . g2 reaction
. e o 15 e g
R R . N ue R N
R1” X borylation B= alkyl
/ B(OH), PDP-based borate radical
3 BF;K Ni cat.
~_H_ C(sp’)-H 3  cat i
borylation Rz>k
THF  R' "Ar
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% % PDPRIAUFET — MHMADEEET AL 2 8 & 92 Minisci i

# O EETCIX, PDPRIAR U H#E T — MK E AW T, GEF~T 0 FEHELEY DOMinisci
RIC-HT NV LG Z2 85T % (Figure P29) . ' KFIETIL, G%RE~T 0 BEEHEHEL
AW EPDPRIR U #ET — MR, N U 74 a g (TFA) 2V, BEFRAST. &
N ERFT20H T, BO T A NAINAERM IS S D, PDPRIKUHET — M
RRFOIIZ L > TR SN TELDRFET VAN, ~T a HEEFRICEWIINT 5
o T, AIMEICK L CTAFZE I EHRENEL, TARMEENTRABRELN D,
AT SRS 4 @ i 2 B L B = — 2R COEEN LAY ~DE
HARETZ o T,

R? 3
R‘ArR O, -
NN oB=o TFA 1% | X
r h i
v N 7 blue LED
7 = R! R2
N-heteroarenes PDP-based borate ﬁ

R | e

(’A\ X (’A\ X
' . R3
k\ B | N/ /\. R2 e —— k\ ’m

~ 1 ~ 2

alkyl *«0O-OH
radical

A

Figure P29. PDP 7R 737 — MR A TEH L 72 Minisci B 50

B PDPARIFGAE S Y a v VR U FET — MR EZ W -7 U a2 b
BT KBIENERED 7 3 LR U ET — FMEROERES RIS X D
C-27'V) a3y b GEWET % (Figure P30) , 2 7' U 3L )Lk #E 7 — MMEKIL, 7
Ya )b b 7t uaRl— MENORGICERTETHV , Eil, BATIZEHBWTHEDY
WNNTTRES 72y AFIETIZ, MY 7AFa XA FLELAZEA L PDP 2679527V
IR THET — MERPRFEICL Tl shb 2 & T 7 /) ~—IRFET VN
525, EUTIRFET VA ML, Giese B T 2 A AN, Minisci BUS . 7 2 ALK
S~ ATRETS 7, AFIEEZRIHT S 2 & T, BREFDOT ) ~—(LIZ T VX5
~T BT U= I TIIVIEOEANARETH > 7o, LR DOKEEIER#ERE DY
TR AR 2 VT L LW R C-7 ) 2> FOREAR A FEBLL 7=,
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b 2 FIH U 72 il r R 38 F < T VAR AR

FIE T, WIRE (DR) 2 HATARIL (NIR) O EFIH Lo aiA v R s
O ORI IR FE T ¥ I VR B S T 5 (Figure P31) , ® Azadipyrromethene (ADP)
BN BRI EMERIETHZ & T, ISRPTHRYHZT — MEKRZERT
Do R LT2AR U T — MEAIZ, DR S° NIR (& & - Thhld S 4u, 3 =#k. % &,
F—RIKFET O IIN TG 2D, ALCDHRFET P ANVIE, Giese BT 2 VATINBUE .
RFE-~T B FAES TG, 7 v AL ~EH FTRETE - 72, AFIEIZ, F8k
WINZ AT HEEIZBNTH, BRAFICRISHNHET LT,

EWG

Ph
NIR light-excitable borate
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#—  2,2~(Pyridine-2,6-diyl)diphenol (PDP) M7 w37 — M&AD
EHET RIS X D IRHE T ¥ VAR

i AT RIS K OMEERGR

FREIZBW TR X512, AR VRILEW., LV bIRrrmBera BT
Ui ﬁﬁﬁ%ﬁ%k%u%hf@@f%%@kﬁ%@lofﬁéoﬁ%ﬁ?ﬁmA%
22RO L THIIZETH Y | MO OB ES TH L Z LTz, ZHELER

RERERE AT HHEMRNTHRORIKE LTATFARETH D, 51T, Brown B Rk
U FALBUG T S0 Miyaura 78 U EBLEE 2 . 5D WITEREEME A - CH AU
EEUE > OHEERIZE Y . T DR FIEIITRBIICIIR L TR Y | EEGLERCMEREO
DHIZBWCHAEDE LT 477 a 7 Lo TnD, 4T, bR ot 2 H
wt7/ﬁ»ﬁm®%%Lﬁw\ﬁ%$?$m9%%7/ﬁwmﬁﬁ&LT%%#%%
ENEREZED TS, ° LaL, ZbE< OFEL, HEBEMBCIMT LA O TR
. %éwiﬁ%b%~ 7774 — (EDA) $SROIEAME LB L L, RIS EMEL
LT WNWEWo e RENRDH Tz, 29 LIzl Rod, FEFHOFBIIEE TIX, SNt
B2 W7 W E O 7 2 V3 ATE L L TR T & 2 (8,9-dioxa-8a-borabenzo[fg]tetracene)
BHAEATH2AEARUET — MEKRD TEECE] 12 X2 RE-FR TV FEHEEOIEML
R L7 (Figure1-1A), ¢ ZOFETIEH, AT BV RAURT — MERREFELE K
WL TChhdRRE L 220 | IRFET VI NV EAEKT D,

— 5T, FATHRICBIT 2R 7B U BAR T HET — MEROGRHRIZITGREH 5, A7 &
VERICK L TT AR VA EAT LB, A F U AR Grlgnard I L Vo7
WD ISRER T 20BN D -T2, TDD, 7 hr R AT VWS- HRER %
BT DHRHFT PHNVOREIITEHRETH -7, £ 2 TRIFFE TR, L0 IR 50
TCTARATETH Y  MEILWVEREIEFAME 2 A9 D EEEER AR v E T — MMEROB
&2 B Lz, BERMIZIX, 2,2°~(Pyridine-2,6-diyl)diphenol (VL T, PDP) % —JHfdA7 1
& L Cakdt L7z (Figure 1-1B), PDP i F1E, 2 DOEERR T & 1 DOEFRFFIZ X
STARUZFLNENL L, RNT B RA T FET — MEA L RO UEN S 2 BT 5,
FE9_X|L, 20 PDP BUAKR U FET — MMEERR, A F U LK ELRMT5Z L7
<. xﬂ“?”éﬁ’r%éfﬂ VBB AHUVNEIT VXL R T AaR L — MENSEEARK T
HRTHD, ZHCEY, ZATART IR, F M Wo e 2R EREEZ AT DR
BT VHINDIENFREE 2D,
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Figure 1-1. AR V£ T — FMEROEBDLEIE : (A) Y FU L K E 21370 =
¥ — VRN ORI DR T AR U ET — A (B) S v ELEWIHH
X% PDP Ml 7 E T — MEA

% ffi PDP IR U FET — FMHAD GRS K OSBRI R

B TR AN RS & PDP AR v E T — MERDO AR Z1T > 72, PDP
Etert-7F N MY 7t R L — MERNAIELTZaer hU AF LT 2 (TMSCI)
ZRHW, MU CRIG ST E 2 A, AL T D tert-T7 F L iEHL PDP AR
FT7 — MR 1a BNEIRTH LN (MethodA), TMSCL 1%, 7 v HEJF D5 X &
IS L CHREL . B TS A L E L TV B EE X BND, o, M T DR e Uk
EHWESHAETH, brmof, B ZF AT I UAFE FTIHEAEITD, TLF 2T —
V=T EHWCKERETDHZ LT, FERICPDP AR U RET — FER 1 28T 5
T e EFER LT (Method B), FESE L7- —>DOEREE (Method A 33 X U Method B) %
Hn2%Z & T, PDP IR U HRT — MEROIEE —BEMEDOMFT 21T > 72 (Table 1-1),
SHET VRN LE LT, tert-7TFVEE (1a) 72 TR, THE TR (o) o 7
Fr (Ad), =AT/L (1e) LW oo BREEEZHTHIREOEANAETH 72, (1a-
le) F7o, H BT AFAE A1) RE BT VX NLE (Ik-1q) ZHTHHRUET
— FERIZONWT S, FREDND BARIEE TR TE Tz, A7 U RIARTHRT — M
RO TITEARRETH 72, 7 I R (1o, 1p) o= MU L (1q), S HIZIETA
ToA NEREATDHTA N UFEKR Ir OX D By FOEANLARETH -
7o MAT, AFAARaX 2 HEFEEETHI LT, AT NVENERLIEEFVET
— MR 1t OBRRHER LT, S 6T, F 607 PDP MR THET — MER 1a 1E,
g, B BIOZERICx L CRREZEMNEEZ R Uiz, FFET_REGE LT, AT
UBTNAT Ay v~ NTT7 4 —ZXDRMNRARETH Y, IR (7 45) O TFA
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FAETICBOTH 2 AMIZLETH -7, (Figure 1-2 to 1-4)

Table 1-1. = V% _FEHILORET

OHHO
7 _ R?

2
PDP RQV_R

or -
1 1 i+ '
RT BFgK R BOH: ) ene, 60-130 °C /N\
>
Method A? Method B? 1

AV

BR, BR,

Tertiary

A/\Ac A/\cozEt

BR, BR, BR,
1a 1b 1c 1d 1e
96% 98% quant 74% 79%
Method A
Secondary
CO,Et
Q Q N-Boc (0]
BR BR 0
BR, 2 2 BR,

1f 19 1h 1i 1j BR,

97% quant 67% quant (77%)° 50%

Method B Method A
Primary
nBu Ph NMe,
\ ( ﬁ(/?o\ (" COsEt N
BR2  BR, BR, BR, BR, O ( (ﬂ
(0]

BR,

1k 11 1m 1n 10 1p
84% 62% 47% 93% (86%)° 85% 47%
Method A

(e

(\/o

e

BR, BR; BR, BR;
1q 1s 1t
quant quant e} 54% quant

Method A Method B

“Standard conditions for Method A: alkylBF;K (1 equiv), TMSCI (4-15 equiv). "Standard

conditions for Method B: alkylB(OH): (1 equiv), EtsN (7 equiv). “The yield in parenthesis was
obtained using the corresponding alkylboronic acid with Method B.
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’_\\/ no additive ’_\\/

B— BZ
TN T TN 2
ay air, CDClg, rt, 14 days ay
e e

1a 1a
no decomposition

é 7 é ; 4 :; 2 1 (; ppm‘
8 a8 8

Figure 1-2. 1a OZEM%HER (RINFI7Z: L), 14 BREEZ O 'TH-NMR AX7 hL 235
W, la ORITHERE S e o7z,

“Under an ambient atmosphere, 1a (6.58 mg, 0.02 mmol) was placed in an oven-dried screw-top

1 mL vial and added CDCl; (1 mL). The solution of 1a in CDCI3 (0.5 mL) was moved to NMR

tube. The stability of 1a was examined by monitoring the decrease of the borate by '"H NMR in

CDCl; (500 pL) at room temperature.

‘\/ TFA (2 equiv) A\/

b6 - 0B-0 >
air, CDCly, rt, 14 days
B P

1a 1a
no decomposition

L g

Figure 1-3. 1a OZEMRER (2 ¥ EO TFA RN, 14 HfXiE% O "H.NMR A7 kL
IZBWT, la OORITHER SR o7z,
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[rel]

8 days |

6 days
n l"\ uh ‘ A U(’ ;M “J i days " . lt‘i _ ‘
‘ 2 days ‘ °
\
il e
J,J,_JLM 0 day N
0 8 s . : 0 [ppm]

Figure 1-4. 1a O fEORIFE(LOIBHR, TFA (7 48) £ F. 'H-NMR A< kL
IZRWT, SR Bl S vz,

KIS N T= PDP AR 73 7 — MEROREER L OB R O 217 - 7=,
HfE AL X SRS ARAT OFE R, PDP B U&7 — SR 1a, 1k, In (378 ¥ FHT- % 0l
ELTENIE R & > TV D Z L3R S v (Figure 1-5A), £7-, PDP #A U757
7 — R 1a IO TEBETLEISEGE (DFT) #REICI VO FHuEZ2ir L& 25,
Bt H#E (HOMO) 1378 7 F-RFEREA 12040 LTV 2 DITH L Fdk 22 #iE (LUMO)
L PDP BN 7 2IRIZIAN > TS Z ENRH BN E 72572 (Figure 1-5B)

BT, SRR A7 M AVAIE Z1T > 72, PDP IR U FET — MR 1a (X, &
TR CH AR T B RAR T FET — MER 2a LR L T, WIUESEFEEMIZS 7 K
L TRV, HFELMHEE (>400nm) (ZBWTH 07l %2 H LTz (Figure 1-5C) ,
Z AU, PDP BfZ 112 X W HOMO-LUMO =RV F—F v v THR/NEL Mol 2 LI
HTbHLExLND,

bz, A 27 Vw7 ARVEZ AN — (CV) HIER ZOEIEAT MVRIE DR
Bn, BhEIRREICB I DB TEM AR LIZEZ A, UTOLIICAEL N, T
RUFET — MEER 1a [ZOWT, I ATHRIRIRA Y ML #E AT fv BRIOYW
ATV THRNLE AN =GN TEZT —ZI2HSX IO Rehm-Weller 2% A
WTEER L — b O R TEM ZTBPICE N Lz, e, YA 27 U v 7R E
A NV — (Figure 1-6) (23T, AlL— |k la OBEBXILFRIBRLIEERIIA /] HEE T
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Holz, Lo T, Eﬁﬂﬁeﬁ{L E ( +1.0537 Vvs. SCE) # E (1a"/1a)& L THW/Z, &
URT — MK 1a BhEDIREE T 5= R —Eg (1a%/1a) 1 ZWIL AL kLR OV
HART MO R (406 nm, Flgure 1-7) »HHEEL 3.054eV & LT,
For the excited state of borate 1a*
Rehm-Weller equation:
E (1a™/1a*) = E (1a™/1a) — Eq (1a*/1a)
E (1a™/1a*) = 1.0537 — 3.054 =—2.00 V vs. SCE.

RUFET — FEAR 1T HOWT FEANTHRIBIN AR b L, @AY hL, BROY
ATV RN AN =GN TeT — 2285 E LU O Rehm-Weller % A
WD R L— s OmbE Tl 2RISR L, 3B, A7 U v 7RV E
A F VU — (Figure1-6) (28T, AL — b 1li OBEXILFHIRLIEFE IR TOEFE CTh
STz, Lo T, MtﬂauE (=+12631Vvs.SCE) % E(@i"/1i)& L THW=, &
U FE T — MMER 1 FHEIREBIZI T 2 =R ¥ —Ee (1i%/10) 1ZWILA R RV KOV
AT MVOE (406 nm, Flgure 1-7) PHHEEL 3.054eV & LTz,

For the excited state of borate 1i*
Rehm—Weller equation:
E (1i"™/1i*) = E (1i"/1i) — Eqo (1i*/1i)
E (1i"™/1i*) = 1.2631 — 3.054 = - 1.79 V vs. SCE.
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A | X-ray structures

o e

B | Kohn—-Sham orbitals of 1a
Top view Front view

UVivis I

Molar extinction coefficient (10 M-'cm)

| -,

wavelength (nm)

Figure 1-5. (A) 1a, 1k % T 1n @ ORTEP [¥] (CCDC 2080640, 2080643, 2080645), Z\J<H)
HHRIL 50% DM CHEE L7z, KFEFRTIZEK LT 5 (B)B3LYP/6-31++G(dp) level
TRHME L7 So IRBBIZHIT D 1a @ Kohn-Sham #iE (C) I: 1a, 2a 2 (X PDP D444 ]
AW A7 kL I0: DFT ¥ (B3LYP/6-31++G(dp) level) (2L VEFHE L= 1a & 2a D=
RV F— AL O LLiEE
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Cyclic Voltammogram of 1a

Current/A
o
(@}
m
(@}
ny

3 2 1 0

Potential/V

N
@

Cyclic Voltammogram of 1i

-

Current/A
i

Potential/V
Figure1-6.1a & 1i OV A7 U v VRV EZET T N

*Cyclic voltammogram of alkylborate 1a and 1i were recorded in dry, degassed MeCN solution
with 0.1 M of tetrabutylammonium hexafluorophosphate ([N(nBu)4+]PFs) as a supporting
electrolyte. Measurements used a glassy carbon working electrode (area = 0.07 cm?), a Ag/AgCl
reference electrode, and a Pt wire counter electrode. The concentration of the sample solution was
fixed at 2 mM and the sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is
known that Fc/Fc* is 380 mV more positive than SCE in MeCN® and we measured the Fc/Fc' in
MeCN to determine potentials against SCE respectively calculated according to Fc/F¢™ (Eip=
+0.403 V vs Ag/AgCl).

©
N
N

27



fluorescence of 1a
30000
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N
8
@)
O
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O

350 380 410 440 470
——absorption (nm) ——fluorescence (nm)

fluorescence of 1i
16000

14000
12000
10000

8000

6000
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300 380 400 480 500

——absorption (nm) ——fluorescence (nm)

Figure 1-7.1a & 1i OWIN AT MV R NEN AT e
* Absorption and fluorescence spectra of borate 1a and 1i were measured with 20 uM DMA

solution.
B OSBRSS A O
B HITCTH O LZPDP IR R T — MR 1 OF QICTEIRIC IS 1T 2 WIEHE & b

ELRFEICR I 290 ) i@ e ic S & . F NI OMIGERE 21T -7, £, Fhild
REORTET — FMEK 1 OFT 8N —E iEcAl L L TOBAIE (E(1a™/1a%)=—
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2.00Vvs.SCE.) Z#Hlid 578, @mWiEILEMEATH4-27 VT 3 (Bip=-
1.75 V vs. SCE.) (k[T 2Wi> 7 2 BT VX ARG Z#is L7= (Figure 1-8A), °PDP
BARTHET — R 1a & 437 /U 3 27 b=V LHPTRAL, 5
LED (440nm) Z#ME L7=& Z A, Ly 7 /BT L3 U bk 4a 8 88%DINRTEH S
oo ZORERIL, BEINTARTVFET — MEK 1a 5 40T BV T 3 ~D—&
FRE) (SET) DN CHEIT L L2 R L TWD, £z, KVETLHOENT R
TIOVERR T FET — MEAK 11 (E@i"1i%) =-1.79 Vvs. SCE.) ZHW/-HETH, &
FREE 723 & ROSITHETT L=,

RIZ, PDP BIR U327 — R&ER 1 27 OB aiiE L U CHIHT % Giese B 7 U7
JATINBOGE~O T Z#5t L7= (Figure 1-8B), " EFRET N7 ThdH 7~ IILEEY
AFN S ERUET—MEER 1 2R, TE =RV A K ) — ) VREGEET . H
LED (440nm) ZPRH L7, ZOREER, FE=MMREF T VIV ORI HT | KIISHENE <
RN SNDE—HRIRE T P INRCA T IV T DA NRANTIEE L, XeT 5
MR % BAF7RINRTH 2 7= (6a,6kand6t), S HIZ, 7 FEEFTHRUET— b
PEIR 1o X°, AT A NEAFFORUVET — MEK Ir ZHWIZGA TS, BT
EAT DR B2 (60 and 6r), ZALD DOFERIT, RFENEREEFFAMEC
B, EELOBYEMICHLEATETHLZ L2 RLTWD, 77, ARISORIAR
ME LT, RUBRT— MEKROT VX VIEN A R URICER IR U REER 7
HEES -, ZO8K 7 O X B E i Ic X 0 e Sz,

SHI, =yl L xa s ALT U — v E DT a A0 T T RSB ET
THZEERH L (Figure1-9), " ~"a 7 b7V —L 8 LARURERT— MEK 1 O
FOBZEBWT, = 7Ll & LT NiBry(diglyme), BlfZ 7 & L C dtbbpy & V>, HE
LED U T CHIID 7 0 XA v 7V TR 9 257, EELTHLA LV RAX U
BARRLANY T 4 7T — FFERICR LT BT VRV R T LR EOEA
IZAZH L7~ (9na,9hband9qb), LA 9ta & 9ha OARICE VT, T DAY
FALEWING PDP BIARTHET — MNEROPFRE 1 7V VTS HR T Ry N TIT D
ZEMNTE T,
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A | Decyanoalkylation

NC
i ®
— /N o/.\a,b
0BZo 3 R = tBu 4a (88%)
O Nf ' (1 equiv) R | N
[ = MeCN, 14 h _N | R= RJ\,COZEt
blue LED
1 4 4h (48%)2
(2 equiv)
B | Giese addition
MeO,C
R o2 \/\COZMe MeO
I 1
oB-o0 (1 equiv) R oB-o0
7 N T Y CoMe , N 7
By MeCN/MeOH (9/1) COMe 7
& 14 h, blue LED P
1 6 7
(2 equiv)

BUY\COZMe nBujACOZMe MeY\COZMe

COzMe COZMe COzMe
6a 6k 6t
quant? 91% 42%83°¢

(o}
MezN
COzMe
60 6r COzMe
67% 18%4

Figure 1-8. (A) —E TEITCIZED 4T VOB T 7 BT X ALK S (B)
Giese 7 <2 J1 VAN
“NMR yield. ®No reaction was observed under dark. °1.25 equiv of borate was used. 1 equiv of

borate was used.
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NiBr; - diglyme (10 mol%)

OB‘O Cl dtbbpy (12 mol%) R
N+
E ] \‘ THF, 14 h
blue LED

tBu tBu 9

(1. 5equw (1 equw) _
dtobpy = ¢ H— )
=N N

indometacin derivative

OMe
0 (\COZEt 9na
R R= 0,
OMe R 41%
N/ with dark: 0%
o) Me
One pot protocol
indometacin methyl ester
Me (1 equiv) R=
B NiBr, - diglyme (10 mol%)
(I)’ \(ID PDP (3.5 equiv) dtbbpy (12 mol%) M\e
B\ /B\ v
Me” "O" "Me MeCN, 9 h, r.t. THF, 59 h 9ta
S1t then, high vacuum blue LED 43%2

(1.8 equiv)
indometacin methyl ester
(1 equiv)
PDP (2.5 equiv) NiBr,-diglyme (10 mol%)
CO,Et TMSCI (10 equiv) dtbbpy (12 mol%)

R=
\(‘COZEt

BF3K toluene, 14 h, 80 °C THF, 14 h
S1h then, high vacuum blue LED 9ha
(2.5 equiv) 74%
bezafibrate derivative
MeO
e mXo
(0]

\(\COZEt (\CN

R=
R e e
1o
N 9hb 9qb
o 60% (79%)? 27% (43%)?
Figure 1-9. PDP 7R U R 7 — MK L = v il 7 v 27 » 7 ) v 7 & filha o
7= A FRTE VEME D 1% HAE A
“NMR vyield.
FIUET A
AFETIZ.PDP N F & T HRUET — MEKOBEESANRZIEH L-IRET
UHNAERREZ IS LT, PDP RIR U E T — MEKROARIEIL, AR E AW E H
WIS EO RIS TH Y . T AT R T 2 R YOS ERER 2 A5 % PDP Al
RUFZT — MEKEEGRATRE TH - 7o, EIRFED R 7R 7 — MEERITTR T 72 3= e Al D>
DIRBT VR E L THEE L, i 7 BT )L WAL= Giese B = 20 1 VAN
Jas Sy rilEic kB 7 a2k v ) TR E W o TR iy AR A
L7,
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VIR — %, 8 =% Cld PDP BA U HRT — MNMEKRE AW -fax OGS Z3HT %,
PDP MR 7527 — MEWRIEA U RO KT FIE LD/ NS RO TEVWIB PRI Z E
WEHET D, OO, KISHTHRUHZEZKRT L, BB YHEEYE PDP AR V5
T— NEEREERT D EIXREECTH o2, Lo T S OEITIZIZ Y B E sk
RELEL L, #EFE LT PDP HROFEIAERD B EEIIIZA U D AUCHEN S - 7=,
ZZTCTHEMNETE, HTRoOEEZ R Lo, LV EEEORICL > ThihiEEsh b
ADP AR 7327 — MR ET & BT IZ OV TR~ %,
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- BRI

m Instrumentation and Chemicals Synthesis m

NMR spectra were recorded on Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
for '"H NMR, 100.6 MHz for *C NMR, and 127 MHz for !'B NMR. Chemical shifts were reported in
ppm. DART-Mass and ESI-Mass spectra were measured with JMS-T100TD (JEOL Ltd.). Chloroform-
di (CDCIl3) containing 0.03% tetramethylsilane (TMS) (>99.8%D, Cambridge Isotope Laboratories,
Inc., Cat. No. DLM-7), acetone-ds (99.96%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-
38) and dimethyl sulfoxide-ds (99.9%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-10)
were used as solvents for NMR measurements at ambient temperature. Chemical shifts () for 'H
NMR are given in parts per million (ppm) relative to relative to TMS (6 0.00 ppm in CDCl3), or
residual acetone (6 2.07 ppm). Chemical shifts (J) for '*C NMR are given in ppm relative to CDCl; (6
77.0 ppm), or residual acetone (6 30.6 ppm) or residual dimethyl sulfoxide (6 39.5 ppm). Chemical
shifts () for '°F NMR are given in ppm relative to a,a,a-trifluorotoluene (6 —63.0 ppm in CDCls) used
as the external standard. Chemical shifts (6) for 'B NMR are given in ppm relative to BF3-OEt, (5 0.0
ppm in CDCl3) used as the external standard. The abbreviations s, d, t, g, hep, br s, and m signify
singlet, doublet, triplet, quartet, heptet, broad singlet, and multiplet, respectively.

TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck Silica
gel 60F»ss. Silica gel (Wakosil® 60, 64~210 um) was used for column chromatography. Biotage Selekt
and LaboACE LC-5060 (for Gel Permeation Chromatography) were 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. Cyclic
voltammetry 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. Single-crystal X-ray diffraction data were collected on R-AXIS RAPID II. Kessil
PR-160 440 nm (highest blue and intensity setting) was used as a light source. TEKNOS MG9 was
used as a fan.

All reactions unless otherwise noted were carried out under nitrogen atmosphere. All reactions
unless otherwise noted were carried out under nitrogen atmosphere. Materials were obtained from
commercial suppliers or prepared according to standard procedures unless otherwise noted. Hexane,
ethylacetate, diclorometane, acetonitrile (Super Dehydrated), diethylether, methanol (Super
Dehydrated), ethanol (Super Dehydrated), tetrahydrofuran (Super Dehydrated), acetone,
dimethylformamide (Super Dehydrated), toluene (Super Dehydrated), benzene (Super Dehydrated),
cyclooctane (Super Dehydrated), [1,3-Bis(diphenylphosphino)propane]nickel(Il) Dichloride,
Bis(pinacolato)diboron, Manganese(IV) oxide, Tetrahydrofuran-Borane (Tetrahydrofuran Solution),
Sodium tert-butoxide, acrylonitrile and Copper(I) iodide were purchased from FUJIFILM Wako Pure
Chemical Co., 1-bromo-2-methoxybenzene, pyridine Hydrochloride, 1,10-phenanthroline, Potassium
Hydrogenfluoride, 2,3-Dimethyl-2-butene, 1-bromoadamantane, ethyl acrylate, Ethyl Crotonate,
Ethyl 3-Methylcrotonate, 1,4-dibromobutane, potassium 1,3-dioxoisoindolin-2-ide, N,N-
Dimethylacrylamide, Benzyl Bromide, estrone, 1,3-dibromopropane and Triphenylphosphine were
purchased from Tokyo Chemical Industry Co., and Apollo Scientific Ltd., ter-Butyllithium (in n-
pentane, 1.6mol/L), Methyllithium (in diethyl ether) and Copper(I) Chloride were purchased from
Kanto Chemical Co., 2,6-dibromopyridine was purchased from Tokyo Chemical Industry Co. and
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BLD Pharmatech Ltd., 1-N-Boc-Pyrrolidin-2-ylboronic acid was purchased from BLD Pharmatech
Ltd., [(2-Biphenyl)dicyclohexylphosphine], Di-u-methoxobis(1,5-cyclooctadiene)diiridium(I) and
lithium methoxide were purchased from Sigma-Aldrich Japan., Mg turnings and 4-Methyl-3-penten-
2-one were purchased from Nacalai Tesque, Inc., tetrahydroxydiboron and chromone were purchased
from BLD Pharmatech Ltd. All reagents were used as received. The substrates listed in Figure S1-1
were prepared according to the literatures (PDP,! S1a,? S1b.* Sl¢,* S1d,° Sle,® S1h,’ S1i,” S11.*°
S1m,'’ S1n S1p,'! 8a,'2 8b'3).

OH HO
L v e 8 Y
O BFgK BFaK BFK MBFSK EtO BFK
2
b

PDP S1a S1 Sic S1d Ste

(e}
BF;K
EtO BF3K BF:K J\/\
8 0" BFK ©/\ \91/0\ 3 EtO BF3K
S1l S1m

S1h S1i Sin

cl
\©YO 0
o) N o) W@/ O%OMe
N~ prk Q__Ké)Me /@)LH
o MeO 0 cl
Si1p 8a 8b

Figure S1-1. Prepared starting materials.
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m Characterization Data for Alkylboronic Acids and Alkyltrifluoroborates m
(4-ethoxy-4-oxobutan-2-yl)boronic acid (S1i")

J\ SiO, VL
EtO,C
2 BF,K EtOC B(OH),

HO, rt.2h
S1i S1i

Alkylboronic acid S1i” was synthesized according to the literature procedure'. Under an ambient
atmosphere, a round-bottom flask was charged with potassium (4-ethoxy-4-oxobutan-2-
yDtrifluoroborate (666.2 mg, 3.0 mmol) and silica gel (180 mg, 3.0 mmol), this was 3 times evacuated
and purged with N». Degassed H>O (9 mL) were added via syringe and the mixture was stirred for 2
h. The reaction mixture was filtered, which was subsequently rinsed with EtOAc. The filtrate was
extracted with AcOEt three times. The organic layer was dried over sodium sulfate, filtered,
concentrated to gave S1i” (544.9 mg, 3.41 mmol, quantitative) as a colorless oil. The product S1i” was
included corresponding boroxine. IR (neat) 1176, 1289, 1345, 1369, 1462, 1709, 2959, 3403 cm™'. '"H
NMR (400 MHz, CDCl3) 6 4.21-4.06 (m, 2H), 2.56-2.36 (m, 2H), 1.47-1.35 (m, 1H), 1.31-1.19 (m,
3H), 1.09-0.94 (m, 3H). '*C NMR (100.6 MHz, CDCl3) § 174.8, 60.6, 37.7, 17.2, 14.5, 14.2. "B
NMR (128 MHz, CDCl3) 6 32.5. HRMS-DART (m/z): [M+H]" caled for CsH14BO4", 161.0980;
found, 161.0979.

(3-ethoxy-3-oxopropyl)boronic acid (SIn")
Si0,

Hzo, rt.2h
S1n Sin’

Alkylboronic acid S1n” was synthesized according to the literature procedure'®. Under an ambient
atmosphere, a round-bottom flask was charged with potassium (3-ethoxy-3-oxopropyl)trifluoroborate
(624.1 mg, 3.0 mmol) and silica gel (180 mg, 3.0 mmol), this was 3 times evacuated and purged with
N. Degassed H,O (9 mL) were added via syringe and the mixture was stirred for 2 h. The reaction
mixture was filtered, which was subsequently rinsed with EtOAc. The filtrate was extracted with
AcOEt three times. The organic layer was dried over sodium sulfate, filtered, concentrated to gave
S1n” (400.8 mg, 2.75 mmol, 92%) as a colorless oil. The product S1n” was included corresponding
boroxine. IR (neat) 1095, 1144, 1178, 1217, 1365, 1707, 2983, 3379 cm™'. '"H NMR (400 MHz,
CDCl3) 6 4.13 (q, J = 6.8 Hz, 2H), 2.48 (t, J = 6.8 Hz, 2H), 1.25 (t, J = 6.8 Hz, 3H), 1.17-1.00 (m,
2H). 13C NMR (100.6 MHz, CDCl3) 6 175.4, 60.6, 28.7, 14.2, 10.4. "B NMR (128 MHz, CDCl;) §
32.7. HRMS-DART (m/z): [M+H]" calcd for CsH12BO4", 147.0823; found, 147.0825.

(2-Cyanoethyl)trifluoroborate potassium salt (S10)

CuCl (2 mol%)
CyJohnPhos (2 mol%)
NaOtBu (30 mol%) KHF, 0

O
" A BOH,(-2¢eq) (85 eq) B

EtOH, rt,2h MeOH, 0 °C to r.t. |
15h S1o

Trifluoroborate potassium salts were prepared according to the modified conditions of the literature’.
Under an ambient atmosphere, a round-bottom flask was charged sequentially with CuCl (39.6 mg,
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0.4 mmol), CyJhonPhos (140.2 mg, 0.4 mmol), bisboronic acid (2.2 g, 24 mmol) and NaO#-Bu (576.6
mg, 6 mmol), and was 3 times evacuated and purged with nitrogen. To the mixture, EtOH (200 mL)
and N,N-dimethylacrylamide (2.0 g, 20 mmol, 2.2 mL) were added via syringe and the mixture was
stirred for 2 h. The reaction mixture was passed through a short pad of Celite and rinsed with EtOAc.
The filtrate was concentrated, and the resultant oil was dissolved in MeOH (150 mL). The solution
was cooled in an ice-bath and to the solution, an aqueous saturated KHF, (170 mmol, 4.5 M) solution
was added dropwise. The mixture was warmed to room temperature and stirred for 1 h followed by
evaporation to dryness completely. The residue was triturated with acetone and filtered. The solution
was concentrated to a minimal volume. To this solution was added Et,O until the trifluoroborate
precipitated. The precipitate was filtered, washed with Et;O and dried to yield the desired product as
a white solid (3.32 g, 16.0 mmol, 80%). The 'H, '3C, !'B, and '’F NMR spectra data of product Slo
were consistent with the literatures.'> '* NMR data in acetone-ds 'H NMR (400 MHz, acetone-ds) &
2.98 (s, 3H), 2.79 (s, 3H), 2.20 (t, J = 8.0 Hz, 2H), 0.41-0.30 (m, 2H). "B NMR (128 MHz, acetone-
ds) 6 4.81. Y’F NMR (376 MHz, acetone-ds) 6 —142.2. NMR data in DMSO-ds; "H NMR (400 MHz,
DMSO-ds) §2.91 (s, 3H), 2.74 (s, 3H), 2.03-1.96 (m, 2H), 0.17-0.08 (m, 2H). '*C NMR (100.6 MHz,
DMSO-ds) 6 176.2, 36.9, 34.6, 30.2. The signal for the carbon attached to the boron atom was not
observed. "B NMR (128 MHz, DMSO-ds) J 4.70. ’F NMR (376 MHz, DMSO-d;s) 6 —138.6.

Synthesis of (2-cyanoethyl)trifluoroborate potassium salt (S1q)

KHF,
(I) (8.5€eq)
B. ; - . ~_BFK
NG00 MeOH,0°Ctort. NC
15h

Under an ambient atmosphere, 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propanenitrile'” (1.8 g,
10 mmol) was placed in an oven-dried round-bottom flask and dissolved in MeOH (100 mL). The
solution was cooled in an ice-bath and to the solution, an aqueous saturated KHF, (85 mmol, 4.5 M)
solution was added dropwise. The mixture was warmed to room temperature and stirred for 15 h
followed by evaporation to dryness completely. The residue was triturated with acetone and filtered.
The aqueous solution was azeotropically concentrated with MeOH and H»O to a minimal volume. To
this solution was added Et,O until the trifluoroborate precipitated. The precipitate was filtered, washed
with Et,0O and dried to yield S1q as a white solid (823 mg, 5.11 mmol, 51%). M.p. 230-232 °C
(decomp.). IR (neat) 859, 898, 978, 1011, 1237, 1432, 2249, 2940 cm™'. "H NMR (400 MHz, acetone-
ds) 6 2.12 (t, J = 8.4 Hz, 2H), 0.43 (br, 2H). 3C NMR (100.6 MHz, acetone-ds) J 124.5, 13.2. The
signal for the carbon attached to the boron atom was not observed. 'B NMR (128 MHz, acetone-ds)
0 4.04. F NMR (376 MHz, acetone-ds) § —144.2. HRMS-ESI (m/z): [M—K] caled for C3H4BF;N-,
122.0394; found, 122.0394.

Synthesis of S1r

O Bypin, (1.5 eq)
LiOMe (2 eq)

Br Cul (10 mol%)
f O PPhs (13 mol%) KHF, (8.5 eq)
0 DMF, 30 °C, 18 h acetone, 0 °C to r.t.
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Step 1: preparation of S3

In a glovebox, Cul (38.1 mg, 0.20 mmol), PPh;3 (68.2 mg, 0.26 mmol), LiOMe (151.9 mg, 4.0 mmol),
bis(pinacolato)diboron (761.8 mg, 3.0 mmol) and alkyl bromide S2'® (782.7 mg, 2.0 mmol) were
placed in an oven-dried screw-top 20 mL vial with a stirring bar. To the mixture, DMF (8 mL) was
added and the vial was removed from the glovebox. After the reaction mixture was stirred vigorously
at 30 °C for 18 h, diluted with water and CH,Cl,. The suspension was washed with saturated brine.
The organic layer was dried over sodium sulfate, filtered, concentrated and purified by flash column
chromatography on silica gel (7/1/2—6/2/2, hexane/ AcOEt/CH>Cl,) to afford the pinacol ester S3 as a
white solid (485.4 mg, 1.11 mmol, 55%).

Step 2: preparation of S1r

Under an ambient atmosphere, S3 (485.4 mg, 1.1 mmol) was placed in an oven-dried round-bottom
flask and dissolved in acetone (10 mL). The solution was cooled in an ice-bath and to the solution, an
aqueous saturated KHF> (9.4 mmol, 4.5 M) solution was added dropwise. The mixture was warmed
to room temperature and stirred overnight followed by evaporation to dryness completely. The residue
was triturated with acetone and filtered. The aqueous solution was azeotropically concentrated with
MeOH and H>O to a minimal volume. To this solution was added Et,O until the trifluoroborate
precipitated. The precipitate was filtered, washed with EtO and CH,Cl,. The collected product was
dried to yield the desired product S1r as a white solid (249.2 mg, 0.596 mmol, 54%). M.p. 200-202 °C
(decomp.). IR (neat) 778, 805, 924, 1056, 1077, 1228, 1727, 2862, 2935 cm™'. "TH NMR (400 MHz,
DMSO-ds) 6 7.13 (d, J = 8.4 Hz, 1H) 6.62 (d, J = 8.4 Hz, 1H), 6.56 (s, 1H), 3.77 (t, /= 7.6 Hz, 2H),
2.85-2.75 (m, 2H), 2.43 (dd, J = 18.8, 8.8 Hz, 1H), 2.38-2.29 (m, 1H), 2.21-2.13 (m, 1H), 2.10-2.00
(m, 1H), 2.00-1.86 (m, 2H), 1.75 (d, J= 8.0 Hz, 1H), 1.63-1.45 (m, SH), 1.42-1.27 (m, 3H), 0.83 (s,
3H), —0.03 (m, 2H). '*C NMR (100.6 MHz, DMSO-ds) J 219.7, 156.9, 137.2, 131.0, 126.0, 114.1,
112.1, 70.8, 49.6, 47.3, 43.5, 37.9, 35.4, 31.4, 29.2, 26.1, 25.5, 25.4, 21.1, 13.5. The signal for the
carbon attached to the boron atom was not observed. "B NMR (128 MHz, DMSO-ds) 6 5.07. YF
NMR (376 MHz, DMSO-ds) 6 —136.9. HRMS—ESI (m/z): [M—K]™ calcd for C21H27BF30,7, 379.2062;
found, 379.2062.
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m Characterization Data for Alkylborates 1a—1s and 7 m
Method A (synthesis of 1a as a representative)

OHHO TMSCI (7 equiv) %/—
oB-o
CUn LI« X, O
/2 3 toluene, 130 °C, 14 h 7 S
o
PDP

1a

Under an ambient atmosphere, to an oven-dried screw-top 20 mL vial with a stirring bar was added
2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), #-BuBF;K S1a (164.0 mg, 1.0 mmol). The vial
was brought to a glovebox, and added toluene (10 mL) and TMSCI (884 pL, 7.0 mmol). After the vial
was removed from the glovebox and sealed with Teflon tape, the vial was placed in aluminum heating
block at 130 °C and stirred for 14 h. After cooling to room temperature, the reaction crude was passed
through a short pad of N—H silica gel with toluene followed by evaporation and vacuum pump to
remove the solvent to give PDP-borate 1a as a yellow solid (315.9 mg, 0.960 mmol, 96% yield). Rf =
0.30 (hexane/AcOEt = 7/3). M.p. 220-222 °C. IR (neat) 748, 993, 1027, 1043, 1456, 1605, 2850,
2923 cm ™. '"H NMR (400 MHz, CDCl3) 6 7.98 (t, J = 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.65 (dd,
J=28.0, 1.6 Hz, 2H), 7.38 (ddd, J = 8.4, 7.2, 1.6 Hz, 2H), 7.06 (dd, J = 8.4, 1.2 Hz, 2H), 6.87 (ddd, J
= 8.0, 7.0, 1.2 Hz, 2H), 0.53 (s, 9H). 3C NMR (100.6 MHz, CDCl;) 6 158.3, 149.4, 140.7, 134.2,
124.8, 120.2, 119.1, 118.7, 117.3, 28.2. The signal for the carbon attached to the boron atom was not
observed. "B NMR (128 MHz, CDCl) 6 7.65. HRMS-DART (m/z): [M+NH4]" caled for
C21H24BN202+, 347.1925; found, 347.1925.

Method B (synthesis of 1f as a representative)

OHHO NEts (7 eq)
3AMS B
o
C 1 N, J . S
// B(OH toluene, 130 °C N
(OH) 24h &

PDP 1f

Under an ambient atmosphere, to an oven-dried screw-top 20 mL vial with a stirring bar was added
2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), cyclohexylboronic acid (114.0 mg, 1.0 mmol).
The vial was brought to a glovebox, and added molecular sieve 3A (100 mg), toluene (3.3 mL) and
triethylamine (976 pL, 7.0 mmol). After the vial was removed from the glovebox and sealed with
Teflon tape, the vial was placed in aluminum heating block at 130 °C and stirred for 24 h. After cooling
to room temperature, the reaction crude was passed through a short pad of Celite followed by
evaporation and vacuum pump remove the solvent to give PDP-borate 1f as a yellow solid (344 mg,
0.968 mmol, 97%). Rf = 0.36 (hexane/AcOEt = 7/3). M.p. 237-239 °C. IR (neat) 744, 1001, 1275,
1456, 1603, 2841, 2902, 3073 cm™'. '"H NMR (400 MHz, CDCl3) 6 7.98 (t, J = 8.0 Hz, 1H), 7.76 (d,
J=28.0 Hz, 2H), 7.68 (d, J= 8.0 Hz, 2H), 7.40 (t, /= 7.6 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.92 (t, J
=17.6 Hz, 2H), 1.52-1.42 (m, 3H), 1.36-1.28 (m, 2H), 1.05-0.78 (m, 5H), 0.54 (t, /= 11.2 Hz, 1H).
13C NMR (100.6 MHz, CDCl3) 6 157.7, 148.6, 140.6, 134.1, 125.2, 120.5, 119.3, 118.4, 117.4, 28.1,
27.1. The signal for the carbon attached to the boron atom was not observed. "B NMR (128 MHz,
CDCl3) 6 7.65. HRMS-DART (m/z): [M+NH4]" caled for C23H26BN20, ", 373.2082; found, 373.2082.
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Synthesis of 1b

e

The product was synthesized according to Method A using potassium (2,3-dimethylbutan-2-
yDtrifluoroborate S1b (115.2 mg, 0.6 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (158.0 mg, 0.6 mmol),
TMSCI (1.14 mL, 9 mmol), benzene (2 mL) at 110 °C for 14.5 h. After cooling to room temperature,
the reaction crude was passed through a short pad of N-H silica gel with benzene. The solvent was
removed by evaporation and vacuum pump to give PDP-borate 1b as a yellow solid (209.9 mg, 0.588
mmol, 98% yield). M.p. 211-213 °C. IR (neat) 754, 1023, 1277, 1304, 1459, 1557, 1608, 2941 cm™".
"H NMR (400 MHz, CDCl3) § 7.99 (t, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz,
2H), 7.41-7.34 (m, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.88 (t,J= 7.6 Hz, 2H), 1.69 (hep, J= 6.8 Hz, 1H),
0.89 (d, J = 6.8 Hz, 6H), 0.28 (s, 6H). 3C NMR (100.6 MHz, CDCl3) 6 158.1, 149.5, 140.6, 134.1,
124.7, 120.2, 119.1, 118.9, 117.4, 34.3, 23.5, 18.9. The signal for the carbon attached to the boron
atom was not observed. "B NMR (128 MHz, CDCl;) 6 8.38. HRMS—DART (m/z): [M+NH4]" caled
for C23H2sBNO,*, 375.2238; found, 375.2238.

Synthesis of 1c

©

The product was synthesized according to Method A using potassium adamantan-1-
yltrifluoroborate Slc (242.1 mg, 1.0 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol),
TMSCI (1.9 mL, 15 mmol), toluene (3.3 mL) at 120 °C for 12 h. After cooling to room temperature,
the reaction crude was passed through a short pad of alumina with THF. The solvent was removed by
evaporation and vacuum pump to give PDP-borate 1c as a yellow solid (413.9 mg, 1.02 mmol,
quantitative, containing <5% impurities, without further purification). M.p. 203-205 °C. IR (neat)
728, 742, 992, 1020, 1041, 1275, 1457, 1605, 2842, 2883, 3064 cm™'. "TH NMR (400 MHz, CDCl3) §
7.96 (t, J= 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.65 (dd, J = 8.0, 1.2 Hz, 2H), 7.40-7.35 (m, 2H),
7.06 (dd, J = 8.0, 0.8 Hz, 2H), 6.90-6.84 (m, 2H), 1.64—1.55 (m, 4H), 1.52-1.41 (m, 5H), 1.34 (d, /=
2.4 Hz, 6H). *C NMR (100.6 MHz, CDCl3) § 158.3, 149.4, 140.6, 134.2, 124.8, 120.2, 119.0, 118.5,
117.1, 38.6, 37.7, 28.1. The signal for the carbon attached to the boron atom was not observed. ''B
NMR (128 MHz, CDCl3) 6 7.06. HRMS-DART (m/z): [M+H]" caled for C27H27BNO:", 408.2129;
found, 408.2129.

Synthesis of 1d

’Y\Ac
&
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The product was synthesized according to Method A using potassium trifluoro(2-methyl-4-
oxopentan-2-yl)borate S1d (20.6 mg, 0.1 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.1 mmol),
TMSCI (51 pL, 0.4 mmol), toluene (333 pL) at 130 °C for 12 h. After cooling to room temperature,
the reaction crude was concentrated under reduced pressure, and purified by flash column
chromatography on silica gel (100/0-50/50, CH>Cl,/AcOEt) gave PDP-borate 1d (27.4 mg, 73.8 pmol,
74%) as a yellow solid. Rf = 0.65 (CH2Cl2/AcOEt = 98/2). M.p. 135-137 °C.IR (neat) 755, 1043,
1275, 1458, 1556, 1610, 1694, 2937 cm™'. "TH NMR (400 MHz, CDCl3) § 8.01 (t, J = 8.0 Hz, 1H),
7.78 (d, J= 8.0 Hz, 2H), 7.66 (dd, J = 8.0, 1.6 Hz, 2H), 7.40 (ddd, J = 8.4, 7.2, 1.6 Hz, 2H), 7.06 (dd,
J = 8.4, 1.2 Hz, 2H), 6.93-6.87 (m, 2H), 2.25 (s, 2H), 1.97 (s, 3H), 0.58 (s, 6H). *C NMR (100.6
MHz, CDCl3) 6 211.6, 157.7, 149.4, 141.0, 134.4, 125.0, 120.1, 119.5, 118.6, 117.6, 52.3, 32.6, 25.7.
The signal for the carbon attached to the boron atom was not observed. "B NMR (128 MHz, CDCls)
0 7.13. HRMS-DART (m/z): [M+H]" calcd for C23H23BNO3™, 372.1766; found, 372.1764.

Synthesis of 1e

CO,Et

% o %
N+
] _J

The product was synthesized according to Method A using potassium (4-ethoxy-2-methyl-4-
oxobutan-2-y)trifluoroborate Sle (271.1 mg, 1.03 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg,
1.0 mmol), TMSCI (884 pL, 7 mmol), benzene (5 mL) at room temperature for 1.5 h and then, warmed
up at 100 °C for 12 h. After cooling to room temperature, the reaction crude was passed through a
short pad of N-H silica gel with benzene. The solvent was removed by evaporation and vacuum pump
to give PDP-borate 1e as a yellow solid (316.8 mg, 0.789 mmol, 79%, containing <5% impurities,
without further purification). M.p. 158-160 °C. IR (neat) 730, 749, 999, 1025, 1456, 1700, 1720, 2944
cm . 'TH NMR (400 MHz, CDCl3) 6 8.00 (t,J= 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.66 (d, J= 8.0
Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.89 (t, J = 8.0 Hz, 2H), 3.96 (q, /= 7.2
Hz, 2H), 2.15 (s, 2H), 1.14 (t, J = 7.2 Hz, 3H), 0.59 (s, 6H). '*C NMR (100.6 MHz, CDCl;) § 173.9,
157.8,149.5,140.1, 134.5, 124.9, 120.2, 119.5, 118.5, 117.5, 59.3, 42.9, 24.6, 14.4. The signal for the
carbon attached to the boron atom was not observed. "B NMR (128 MHz, CDCl;) 6 7.34. HRMS—
DART (m/z): [M+H]" caled for C24H2sBNO4', 402.1871; found, 402.1873

g

The product was synthesized according to Method B using cyclopentylboronic acid (114.0 mg, 1.0

Synthesis of 1g

mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), molecular sieve 3A (100 mg),
triethylamine (976 pL, 7.0 mmol), toluene (3.3 mL) at 130 °C for 16 h. After cooling to room
temperature, the reaction crude was filtrated followed by evaporation and vacuum pump remove the
solvent to give PDP-borate 1g as a yellow solid (349 mg, 1.02 mmol, quantitative, containing <5%
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impurities, without further purification). M.p. 188—190 °C. IR (neat) 729, 748, 998, 1037, 1555, 1605,
2855, 2941 cm™'. "TH NMR (400 MHz, CDCl3) 6 7.99 (t, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H),
7.69 (d, J= 8.0 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.92 (t, J = 7.6 Hz, 2H),
1.42-1.04 (m, 8H), 0.89 (m, 1H). 3C NMR (100.6 MHz, CDCl3) 6 157.9, 148.5, 140.6, 134.1, 125.2,
120.5, 119.4, 118.3, 117.5, 28.5, 26.2. The signal for the carbon attached to the boron atom was not
observed. "B NMR (128 MHz, CDCl) 6 7.72. HRMS-DART (m/z): [M+NH4]" caled for
C2H24BN>O;", 359.1925; found, 359.1924.

Synthesis of 1h

QN\BOC
% X
N+

J _J

The product was synthesized according to Method B using 1-N-Boc-Pyrrolidin-2-ylboronic acid
(21.5 mg, 0.1 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.1 mmol), molecular sieve 3A (30
mg), triethylamine triethylamine (97.6 pL, 0.7 mmol), benzene (1 mL) at 80 °C for 14 h. After cooling
to room temperature, the crude product was passed through a short pad of almina with THF. The
reaction crude was concentrated under reduced pressure, and purified by flash column chromatography
on silica gel (100/0-95/5, CH,Cly/AcOEt) gave 1h (29.6 mg, 66.9 umol, 67%) as a yellow solid. M.p.
225-227 °C (decomp.) IR (neat) 1300, 1394, 1458, 1585, 1614, 1677, 2925, 2973 cm™". Signals for
two rotamers were given: "H NMR (400 MHz, CDCl;) 6 8.05 (t, J= 8.0 Hz, 0.30 x 1H), 7.97 (t, J =
8.0 Hz, 0.70 x 1H), 7.83-7.74 (m, 2H), 7.74— 7.59 (m, 2H), 7.46-7.31 (m, 2H), 7.12— 6.85 (m, 4H),
3.31(d,J=9.2 Hz, 0.70 x 1H), 3.26 (d, /= 9.2 Hz, 0.30 x 1H), 3.14 (q, /= 8.8 Hz, 0.30 x 1H), 2.97
(g, /= 8.8 Hz, 0.70 x 1H), 2.34-1.98 (m, 3H), 1.75-1.64 (m, 1H), 1.61-1.51 (m, 1H), 1.14 (s, 0.70 x
9H), 1.03 (s, 0.30 x 9H). 3C NMR (100.6 MHz, CDCl3) § 156.9, 156.8, 156.5, 154.6, 154.0, 149.2,
148.6, 148.53, 148.47, 141.0, 140.9, 134.1, 134.0, 133.8, 133.5, 126.0, 125.6, 125.24, 125.17, 1204,
120.13, 120.07, 119.9, 119.5, 119.4, 119.1, 119.0, 118.4, 117.84, 117.79, 117.2,46.3, 45.9, 28.5, 28.3,
26.6, 25.9, 25.2, 24.3. (Only observed peaks) "B NMR (128 MHz, CDCl3) § 5.52. HRMS-DART
(m/z): [M+H]" caled for C26H2sBN204", 443.2137; found, 443.2138.

Synthesis of 1i
EtO,C

% N
N+
J _J

Method A: the product was synthesized using potassium (4-ethoxy-4-oxobutan-2-yl)trifluoro
borate S1i (222.1 mg, 1.0 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), TMSCI (505
pL, 4.0 mmol), toluene (3.3 mL) at 80 °C for 14 h. After cooling to room temperature, the reaction
crude was passed through a short pad of alumina. The solvent was removed by evaporation and
vacuum pump to give PDP-borate 1i as a yellow solid (390 mg, 1.01 mmol, qunatitative, containing
<5% impurities, without further purification).

Method B: the product was synthesized using (4-ethoxy-4-oxobutan-2-yl) boronic acid (16.0 mg,
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0.1 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.1 mmol), molecular sieve 3A (30 mg),
triethylamine triethylamine (97.6 pL, 0.7 mmol), benzene (1 mL) at 80 °C for 14 h. After cooling to
room temperature, the reaction crude was purified by flash column chromatography on N-H silica gel
(benzene, 100%) gave 1i (30.7 mg, 77.3 pumol, 77%) as a yellow solid. M.p. 150-152 °C. IR (neat)
752, 1022, 1456, 1605, 1717, 2865, 2945, 3068 cm™'. "TH NMR (400 MHz, CDCl3) J 8.00 (t, J = 8.0
Hz, 1H), 7.76 (dd, J=8.0, 5.6 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H), 7.43-7.37 (m, 2H), 7.09 (dd, J = 8.0,
0.8 Hz, 2H), 6.97-6.88 (m, 2H), 3.99-3.86 (m, 2H), 2.19 (dd, /= 14.8, 4.0 Hz, 1H), 1.93 (dd, J=14.8,
11.2 Hz, 1H), 1.20 (m, 1H), 1.11 (t,J= 7.2 Hz, 3H), 0.64 (dd, J = 7.2 Hz, 3H). '*C NMR (100.6 MHz,
CDCls) 6 175.4, 157.4, 157.2, 148.8, 148.5, 141.0, 134.4, 134.3, 125.4, 120.5, 120.4, 119.8, 119.7,
118.3,118.0, 117.8, 117.7, 59.6, 37.2, 14.9, 14.3. The signal for the carbon attached to the boron atom
was not observed. "B NMR (128 MHz, CDCls) 6 6.94. HRMS-DART (m/z): [M+H]" caled for
C23H23BNO4", 388.1715; found, 388.1715.

Synthesis of 1j

(0]

% g
N+
] _J

The product was synthesized according to Method A using potassium trifluoro(4-oxochroman-2-
yl)borate S1j (152.4 mg, 0.6 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (131.7 mg, 0.5 mmol), TMSCI
(303 pL, 2.4 mmol), benzene (1.67 mL) at 60 °C for 12 h. The reaction crude was concentrated under
reduced pressure, and purified by flash column chromatography on silica gel (CH2Clz, 100%) gave
PDP-borate 1j (103.9 mg, 0.248 mmol, 50%, containing <5% impurities, without further purification)
as a yellow solid. M.p. 193-194 °C (decomp.). IR (neat) 727, 755, 1069, 1276, 1455, 1603, 1681,
2838 cm™'. "H NMR (400 MHz, CDCls) 6 8.09 (t, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.81 (d,
J=28.0 Hz, 1H), 7.74 (d, /= 8.0 Hz, 1H), 7.69 (d, J = 7.6 Hz, 2H), 7.42 (t,J = 7.6 Hz, 1H), 7.36 (t, J
=7.6 Hz, 1H), 7.16 (t, J = 7.6 Hz, 1H), 7.08 (t, J = 8.0 Hz, 2H), 7.00-6.90 (m, 2H), 6.75 (t, J=17.6
Hz, 1H), 6.32 (d, /= 8.4 Hz, 1H), 4.04 (d, J=16.0 Hz, 1H), 2.84 (t, J=16.0 Hz, 1H) 2.54 (d, J=16.0
Hz, 1H). 3C NMR (100.6 MHz, CDCl3) § 194.6, 163.4, 156.5, 156.4, 149.5, 148.3, 141.7, 134.8,
134.6,134.4,126.7, 125.5,125.0, 121.0, 120.51, 120.46, 120.22, 120.0, 119.7, 118.22 ,118.15, 118.07,
117.6, 117.5, 38.2. The signal for the carbon attached to the boron atom was not observed. "B NMR
(128 MHz, CDCl;3) 6 4.73. HRMS-DART (m/z): [M+H]" calcd for C26H19BNO4", 420.1402; found,
420.1402.

Synthesis of 1k

nBu

1
0B-o
2 N? 7
&
The product was synthesized according to Method A using potassium butyltrifluoroborate (507.4

mg, 3.09 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (790 mg, 3.0 mmol), TMSCI (2.7 mL, 21 mmol),
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toluene (10 mL) at 100 °C for 14 h. After cooling to room temperature, the reaction crude was passed
through a short pad of N-H silica gel to give PDP-borate 1k as a yellow solid (831.5 mg, 2.53 mmol,
84%, without further purification). M.p. 163—-164 °C. IR (neat) 748, 1273, 1454, 1555, 1604, 2844,
2904, 2955 cm™'. 'TH NMR (400 MHz, CDCl3) § 7.97 (t, J = 8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H),
7.69 (d, J= 8.0 Hz, 2H), 7.41 (t, J= 7.6 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.94 (t, J = 7.6 Hz, 2H),
1.21-1.04 (m, 4H), 0.69 (t, J = 6.8 Hz, 3H), 0.40 (t, J= 7.2 Hz, 2H). 13C NMR (100.6 MHz, CDCl;)
0 157.5, 148.2, 140.7, 134.0, 125.3, 120.8, 119.6, 118.3, 117.6, 26.7, 25.8, 14.1. The signal for the
carbon attached to the boron atom was not observed. 'B NMR (128 MHz, CDCl;) 6 7.28. HRMS—
DART (m/z): [M+NH4]" caled for C21H24BN>O,", 347.1925; found, 347.1924.

Synthesis of 11
Ph

[

% N
N+
] _J

The product was synthesized according to Method A using potassium benzyltrifluoroborate S11
(118.8 mg, 0.6 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (158.0 mg, 0.6 mmol), TMSCI (303 pL, 2.4
mmol), toluene (2 mL) at 80 °C for 14 h. After cooling to room temperature, the reaction crude was
washed on a short pad of N-H silica gel with toluene (24 mL), then dissolved out with dry-THF. THF
was removed by evaporation and vacuum pump to give PDP-borate 11 as a pale yellow solid (136.1
mg, 0.374 mmol, 62%, containing <7% impurities). M.p. 219-221 °C. IR (neat) 697, 750, 1021, 1037,
1280, 1454, 1606, 2885 cm™'. "H NMR (400 MHz, CDCl3) 6 7.98 (t,J = 8.0 Hz, 1H), 7.72 (d, J= 8.0
Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 7.00—6.88 (m,
4H), 6.87-6.82(m, 1H), 6.63 (t,J= 7.2 Hz, 2H), 1.94 (s, 2H). '*C NMR (100.6 MHz, CDCl3) 6 157.2,
148.4, 142.8, 140.9, 134.2, 128.4, 127.4, 125.3, 123.1, 120.8, 119.7, 118.2, 117.5. The signal for the
carbon attached to the boron atom was not observed. 'B NMR (128 MHz, CDCl;) 6 6.72. HRMS—
DART (m/z): [M+NH4]" caled for C24H22BN,O,", 381.1769; found, 381.1769.

Synthesis of 1m

10

% N
N+
] _J

The product was synthesized according to Method A using potassium dodecyltrifluoroborate SIm
(27.6 mg, 0.10 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.10 mmol), TMSCI (50 pL, 0.4
mmol), toluene (333 pL) at 80 °C for 12 h. After cooling to room temperature, the reaction crude was
passed through a short pad of alumina to give PDP-borate 1m as a yellow oil (20.6 mg, 46.7 pmol,
47%., containing <5% impurities, without further purification). IR (neat) 755, 1277, 1301, 1457, 1584,
1609, 2850, 2920 cm™'. '"H NMR (400 MHz, CDCl3) § 7.96 (t, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz,
2H), 7.68 (d, J = 8.0 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.93 (t, J = 7.6 Hz,
2H), 1.33-1.00 (m, 20H), 0.87 (t, J = 6.4 Hz, 3H), 0.38 (t, J = 7.6 Hz, 2H). 3C NMR (100.6 MHz,
CDCl3) 6 157.5, 148.2, 140.7, 134.0, 125.3, 120.8, 119.6, 118.3, 117.6, 32.8, 31.9, 29.7, 29.64, 29.61,
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29.4,24.3,22.7 14.1. The signal for the carbon attached to the boron atom was not observed. "B NMR
(128 MHz, CDCls) 6 8.25. HRMS-DART (m/z): [M+H]" calcd for C20H37BNO,*, 442.2912; found,
442.2910.

Synthesis of 1n

rcozEt

% X
N+
>,

Method A: The product was synthesized using potassium (3-ethoxy-3-oxopropyl)trifluoroborate
S1n (208.0 mg, 1.0 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), TMSCI (505 pL,
4.0 mmol), toluene (3.3 mL) at 80 °C for 14 h. After cooling to room temperature, the reaction crude
was passed through a short pad of alumina. The solvent was removed by evaporation and vacuum
pump to give PDP-borate 1n as a yellow solid (347.4 mg, 0.931 mmol, 93%, containing <5%
impurities, without further purification). Method B: The product was synthesized using (3-ethoxy-3-
oxopropyl) boronic acid (24.2 mg, 0.17 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.1 mmol),
molecular sieve 3A (30 mg), triethylamine triethylamine (97.6 pL, 0.7 mmol), benzene (1 mL) at 80 °C
for 14 h. After cooling to room temperature, the reaction crude was purified by flash column
chromatography on N-H silica gel (benzene, 100%) gave 1n (32.2 mg, 86.3 umol, 86%) as a yellow
solid. M.p. 183-186 °C. IR (neat) 760, 1057, 1193, 1268, 1458, 1557, 1717, 2910 cm™'. '"H NMR
(400 MHz, CDCl3) 6 7.98 (t, J = 8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.68 (d, /= 8.0 Hz, 2H), 7.41
(t,J=7.6 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.94 (t, J = 7.6 Hz, 2H), 3.95 (q, J = 7.2 Hz, 2H), 2.22 (t,
J=28.4Hz 2H), 1.13 (t,J = 7.2 Hz, 3H), 0.72 (t, J = 8.4 Hz, 2H). 1*C NMR (100.6 MHz, CDCl) §
176.4, 156.9, 148.2, 141.0, 134.3, 125.5, 120.7, 119.9, 118.1, 117.7, 59.8, 29.2, 14.2. The signal for
the carbon attached to the boron atom was not observed. !B NMR (128 MHz, CDCl3) 6 7.12. HRMS—
DART (m/z): [M+H]" caled for C23H23BNO4", 374.1558; found, 374.1559.

Synthesis of 10
NMeg

R

% N
N+
[ _J

The product was synthesized according to Method A using potassium (3-(dimethylamino)-3-
oxopropyl)trifluoroborate S1o (124.2 mg, 0.6 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (158.0 mg, 0.6
mmol), TMSCI (319 uL, 4.2 mmol), benzene (2 mL) at room temperature for 2 h and then, warmed
up at 100 °C for 12 h in an oven-dried 20 ml two-necked round-bottom flask instead of an oven-dried
screw-top 20 mL vial. After cooling to room temperature, the reaction crude was washed on a short
pad of N—H silica gel with benzene (150 mL), then dissolved out with dry-THF. THF was removed by
evaporation and vacuum pump to give PDP-borate 10 as a pale yellow solid (189.2 mg, 0.508 mmol,
85%, without further purification). M.p. 203-204 °C. IR (neat) 756, 1022, 1041, 1454, 1555, 1603,
1639, 2887 cm™'. "TH NMR (400 MHz, CDCl3) 6 8.00 (t, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H),
7.69 (d, J= 8.0 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.94 (t, J = 7.6 Hz, 2H),
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2.83 (s, 3H), 2.79 (s, 3H), 2.26 (t, J = 8.4 Hz, 2H), 0.72 (t, J = 8.4 Hz, 2H). 3C NMR (100.6 MHz,
CDCl3) 0 175.9, 157.0, 148.2, 141.0, 134.2, 125.6, 120.6, 120.0, 118.3, 117.8, 37.2, 35.3, 28.4. The
signal for the carbon attached to the boron atom was not observed. "B NMR (128 MHz, CDCls) §
6.67. HRMS-DART (m/z): [M+H]" calcd for C22H2,BN,O5", 373.1718; found, 373.1718.

Synthesis of 1p

The product was synthesized according to Method A using potassium (4-(1,3-dioxoisoindolin-2-
ylbutyl)trifluoroborate S1p (30.9 mg, 0.10 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.10
mmol), TMSCI (50 pL, 0.4 mmol), toluene (333 pL) at 80 °C for 14 h. After cooling to room
temperature, the reaction crude was concentrated under reduced pressure, and purified by flash column
chromatography on silica gel (CH2Cly, 100%) gave PDP-borate 1p (22.2 mg, 46.8 pmol, 47%) as a
yellow solid. Rf = 0.28 (CH»Cl, 100%) M.p. 75-77 °C. IR (neat) 716, 754, 1392, 1456, 1606, 1702,
1769, 2923 cm™'. TH NMR (400 MHz, CDCl3) 6 7.98 (t, J = 7.6 Hz, 1H), 7.79-7.73 (m, 4H), 7.70—
7.64 (m, 4H), 7.38 (t, J = 7.6 Hz, 2H), 7.07 (d, J= 8.0 Hz, 2H), 6.93 (t, /= 7.6 Hz, 2H), 3.48 (t, J =
7.6 Hz, 2H), 1.53-1.40 (m, 2H), 1.29-1.17 (m, 2H), 0.45 (t, J = 7.6 Hz, 2H). 3*C NMR (100.6 MHz,
CDCls) o 168.4, 157.3, 148.2, 140.8, 134.2, 133.6, 132.2, 125.4, 123.0, 120.8, 119.7, 118.2, 117.7,
38.2, 31.4, 21.6. The signal for the carbon attached to the boron atom was not observed. 'B NMR
(128 MHz, CDCls) 6 7.58. HRMS-DART (m/z): [M+H]" caled for CosH22BN>O4", 475.1824; found,
475.1825.

Synthesis of 1q

CN

% X
N+
] _J

The product was synthesized according to Method A using potassium (2-cyanoethyl)trifluoroborate
S1q (161.0 mg, 1.0 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), TMSCI (505 pL,
4 mmol), toluene (3.3 mL) at 80 °C for 14 h. After cooling to room temperature, the reaction crude
was passed through a short pad of alumina. The solvent was removed by evaporation and vacuum
pump to give PDP-borate 1q as a pale yellow solid (329.2 mg, 1.01 mmol, quantitative, without further
purification). M.p. 186—187 °C (decomp.). IR (neat) 758, 1038, 1273, 1454, 1556, 1605, 2231, 2909
cm™!. 'TH NMR (400 MHz, CDCl3) 6 8.06 (t,J= 8.0 Hz, 1H), 7.81 (d, /= 8.0 Hz, 2H), 7.73 (d, /= 8.0
Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.00 (t, J = 7.6 Hz, 2H), 2.25 (t, /= 8.4
Hz, 2H), 0.78 (t,J = 8.4 Hz, 2H). 3C NMR (100.6 MHz, CDCl3) 6 156.4, 148.1, 141.5, 134.6, 125.6,
122.7, 120.7, 120.4, 118.03, 117.96, 11.6. The signal for the carbon attached to the boron atom was
not observed. "B NMR (128 MHz, CDCl3) 6 6.33. HRMS-DART (m/z): [M+NH4]" calcd for
C20H19BN302+, 344.1565; found, 344.1563.
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Synthesis of 1r

The product was synthesized according to Method A using potassium trifluoro(3-
(((8R,95,135,14S5)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-cyclopenta[a]phena
nthren-3-yl)oxy)propyl)borate S1r (41.8 mg, 0.1 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg,
0.1 mmol), TMSCI (50 pL, 0.4 mmol), toluene (1 mL) at 110 °C for 16 h. After cooling to room
temperature, the reaction crude was passed through a short pad of almina. The solvent was removed
by evaporation and vacuum pump to give PDP-borate 1r as a pale yellow solid (62.3 mg, 0.107 mmol,
quantitative, containing <7% impurities, without further purification). M.p. 249-250 °C (decomp.).
IR (neat) 752, 1070, 1279, 1455, 1608, 1733, 2859, 2926 cm™'. "TH NMR (400 MHz, CDCls) § 8.00
(t, J=8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 7.6 Hz, 2H), 7.40 (t, /= 7.6 Hz, 2H), 7.10
(m, 3H), 6.95 (t,J = 7.6 Hz, 2H), 6.57 (d, J = 8.4 Hz, 1H), 6.52 (s, 1H), 3.74 (t,J=7.2 Hz, 2H), 2.92—
2.75 (m, 2H), 2.49 (dd, J = 9.2, 8.8 Hz, 1H), 2.41-2.33 (m, 1H), 2.27-1.87 (m, 5SH), 1.73-1.33 (m,
8H), 0.89 (s, 3H), 0.49 (t,J = 8.0 Hz, 2H). *C NMR (100.6 MHz, CDCl3) §221.1, 157.3, 157.2, 148 .2,
140.9, 137.4, 134.2, 131.3, 126.1, 125.4, 120.8, 119.8, 118.2, 117.7, 114.6, 112.2, 70.7, 50.4, 48.0,
44.0,38.4,35.9,31.6,29.6,26.6,25.9,24.1,21.6, 13.9. The signal for the carbon attached to the boron
atom was not observed. !B NMR (128 MHz, CDCl3) 6 6.75. HRMS-ESI (m/z): [M+H]" calcd for
C33H39BNO4", 584.2967; found, 584.2966.

Synthesis of 1s

Ph

% X
N+
] _J

The product was synthesized according to Method B using phenethylboronic acid (114.0 mg, 1.0
mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), molecular sieve 3A (50 mg), toluene
(5.0 mL) at 100 °C for 14 h. After cooling to room temperature, the reaction crude was washed on a
short pad of alumina with Et;O, then dissolved out with benzene. The benzene was removed by
evaporation and vacuum pump to give PDP-borate 1s as a pale yellow solid (204 mg, 0.541 mmol,
54%, containing <5% impurities, without futher purification). M.p. 151-152 °C. IR (neat) 741, 1049,
1276, 1453, 1557, 1606, 2894, 3060 cm™'. 'H NMR (400 MHz, CDCl3) 6 7.99 (t, J = 8.0 Hz, 1H),
7.74 (d, J = 8.0 Hz, 2H), 7.68 (d, J= 8.0 Hz, 2H), 7.41 (t, J = 8.0 Hz, 2H), 7.13-7.06 (m, 4H), 7.03—
6.92 (m, SH), 2.56 (t,J= 8.4 Hz, 2H), 0.77 (t, J= 8.4 Hz, 2H). *C NMR (100.6 MHz, CDCl3) § 157.2,
148.2, 146.3, 140.9, 134.1, 127.82, 127.80, 125.4, 124.7, 120.8, 119.8, 118.3, 117.7, 30.3. The signal
for the carbon attached to the boron atom was not observed. "B NMR (128 MHz, CDCls) 6 7.66.
HRMS-DART (m/z): [M+NH,4]" caled for CosH24BN2O»", 395.1925; found, 395.1925.

Synthesis of 1t
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The product was synthesized according to Method B using 2.4,6-trimethyl-1,3,5,2,4,6-
trioxatriborinane (71.5 pL, 0.5 mmol), 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol),
molecular sieve 3A (100 mg), toluene (10 mL) at 80 °C for 14 h. After cooling to room temperature,
the reaction crude was passed through a short pad of Celite. The solvent was removed by evaporation
and vacuum pump to give PDP-borate 1t as a yellow solid (290.5 mg, 1.01 mmol, quantitative, without
further purification). M.p. 200-203 °C. IR (neat) 747, 1045, 1277, 1303, 1455, 1555, 1605, 2931 cm™
!, TH NMR (400 MHz, CDCl3) 6 7.99 (t,J= 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.71 (d, J= 8.0 Hz,
2H), 7.41 (t,J = 7.6 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.95 (t, J = 7.6 Hz, 2H), —0.12 (s, 3H). 1*C
NMR (100.6 MHz, CDCls) 6 157.4, 148.1, 140.7, 134.1, 125.4, 120.9, 119.7, 118.1, 117.7. The signal
for the carbon attached to the boron atom was not observed. "B NMR (128 MHz, CDCls) 6 7.48.
HRMS-DART (m/z): [M+H]" calcd for CisHisBNO,", 288.1190; found, 288.1190.

Synthesis of 7

_Me
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The product was synthesized according to Method B using trimethyl borate (13.4 pL, 0.10 mmol),
2,2'-(pyridine-2,6-diyl)diphenol (26.3 mg, 0.10 mmol), triethylamine (97.6 pL, 0.70 mmol), and
toluene (1 mL) at 100 °C for 20 h. After cooling to room temperature, the reaction crude was
concentrated under reduced pressure, and purified by flash column chromatography on silica gel
(100/0-90/10, CH2Cl/AcOEt) gave 7 (19.0 mg, 62.7 pumol, 63%) as a white solid. Rf = 0.40
(CH2Cl2/AcOEt = 9/1). ML.p. 250-251 °C IR (neat) 1091, 1200, 1281, 1396, 1459, 1498, 1557, 1610
cm'. "H NMR (400 MHz, CDCl3) 6 8.06 (t, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 2H), 7.79 (d, /= 8.0
Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.01 (t, J = 7.6 Hz, 2H) 3.26 (s, 3H). *C
NMR (100.6 MHz, CDCl3) 6 156.5, 148.7, 141.1, 134.1, 125.7, 120.6, 120.2, 117.8, 117.6, 49.1. "B
NMR (128 MHz, CDCl3) d 2.74. HRMS-DART (m/z): [M+H]" calcd for CisHi;sBNO3", 304.1140;
found, 304.1142.
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m X-ray Diffraction Analysis for 1a, 1k, and Inm
Molecular structure of 1a (CCDC 2080640)

Figure S1-2. ORTEP diagram of 1a. Ellipsoids are drawn at 50% probability. A single crystal
used for the analysis was obtained by recrystallization from n-hexane and tetrahydrofuran.
Hydrogen atoms are omitted for clarity.

Table S1-1. Crystal data and structure refinement for 1a

Identification code
Empirical formula moiety
Empirical formula sum
Formula weight sum
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Z

Dx

u

F(000)

Crystal size

Theta range for data collection
Reflections collected
Independent reflections
Completeness

Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [/ > 20(/)]

R indices (all data)

Largest diff. peak and hole

compound 1a

C21H20BNO»

C21H20BNO»

329.20

133K

0.71075 A

Triclinic

P-1

a=8.0216(5) A
bh=17.2263(9) A
c=24.8701(12) A
V=13436.6(3) A3

8

1.272 g/m?

0.080 mm™

1392.00

0.100 x 0.100 x 0.100 mm?
2.02 to 27.47°

224284

13012 [Rine = 0.0573]
99.8%

none

Full-matrix least-squares on F>
15669 /0/901

1.058

R(F)=0.0524, wR(F?) = 0.1348
R(F)=0.0948, wR(F?) = 0.1531
0.45and —0.21 e A3

a = 90.00000°
S =90.00000°
v =90.00000°
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Molecular structure of 1k (CCDC 2080643)

Figure S1-3. ORTEP diagram of 1k. Ellipsoids are drawn at 50% probability. A single crystal
used for the analysis was obtained by recrystallization from n-hexane and tetrahydrofuran.

Hydrogen atoms are omitted for clarity.

Table S1-2. Crystal data and structure refinement for 1k

Identification code
Empirical formula moiety
Empirical formula sum
Formula weight sum
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

7z
Dx

u
F(000)

Crystal size

Theta range for data collection
Reflections collected
Independent reflections
Completeness

Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [/ > 20(/)]

R indices (all data)

Largest diff. peak and hole

compound 1k
C21H20BMO»
C21H20BMO»
329.20

133K

0.71075 A
Monoclinic

Pl 2i/n1
a=9.4640(7) A

b=11.6859(6) A B =107.069 (8)°

c=16.0891(9) A

V'=1700.99 A3

4

1.285 g/m?

0.081 mm™

696.00

0.200 x 0.200 x 0.200 mm®
2.189 to 27.484°

33631

15669 [Rint = 0.0284]

99.8%

multi-scan

Full-matrix least-squares on F>
3894/0/226

1.017

R(F)=0.0518, wR(F?) =0.1052
R(F)=0.0818, wR(F?) =0.11563
0.258 and —0.295 e A®
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Molecular structure of 1n (CCDC 2080645)

Figure S1-4. ORTEP diagram of 1n. Ellipsoids are drawn at 50% probability. A single crystal
used for the analysis was obtained by recrystallization from n-hexane and tetrahydrofuran.
Hydrogen atoms are omitted for clarity.

Table S1-3. Crystal data and structure refinement for 1n

dentification code
Empirical formula moiety
Empirical formula sum
Formula weight sum
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

7z
Dx

u
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [/ > 20(/)]

R indices (all data)

Largest diff. peak and hole

compound 1n

C22H20BNO4

C22H20BNO4

373.21

123K

0.71075 A

orthorhombic

Pbca

a=13.0888(15) A a=90.0000°
b=15.1668(14) A £ =90.0000°
c=18.8778(17) A vy =90.0000°
V'=3747.5(6) A3

8

1.323 g/em®

0.090 mm™

1568.0

0.100 “ 0.100 * 0.100 mm®

1.72 to 27.45°
-16<h<16,-19<k<19,-24<1<23
32937

4283 [Rint = 0.0594]

99.9%

multi-scan

0.991 and 0.520

Full-matrix least-squares on F>
4283/0/253

1.048

R(F)=0.0495, wR(F?)=0.1182
R(F)=0.0643, wR(F?) =0.1271

0.470 and —0.223 ¢ A3
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m Computational Study of 1a m

Computational Method. The calculations were performed at RIKEN on Hokusai Big Waterfall (BW)
usingwith Gaussian 16 (revision C.01) program packages.'’ The DFT method was employed using the
B3LYP hybrid functional. Structures were optimized with the 6-31++G(d,p) basis set.

1a Top view Front view
-~ :
HOMO \/"\‘;:&/L 4 {)k g ;E s
(-5.921eV) /| 4 i

N A A o Neatibad g
AR

i

= & ~ ] >
e
LUMO /I/ ’ | ; _MM
(-2.266 V) Yé«j (L) H\ w,,.k e R
! i oo

2a Top view Frontview

HOMO Ny
(-5.274 eV) i
LUMO e i
(-1.015ev) « ¥7
A

Figure S1-5. Kohn—Sham orbitals of 1a and 2a in the S, states, calculated at the B3LYP/6-
31++G(d,p) level. Orbital energies are shown in parentheses.

Cartesian coordinates of 1a

C -2.4235274296 0.6778368183 -0.1911333492
C -2.3311000366 -0.5875637057 -0.8177046940
o 1.1644243631 -1.1930936550 -0.9960504574
o -1.1644872823 -1.1931525841 -0.9959939677
B -0.0000160600 -0.8670836163 -0.1568494993
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-0.0000375900
0.0001175500
1.2432369526
2.1768129075
1.3047402561
1.1998453158

-1.2428787949

-1.3045190812

-2.1765144092

-1.1991714563
0.0001934800
0.0003290600

-0.8818809880
0.8821931232

-3.4966272104

-3.3896071949

-4.7363687041

-5.6288115558

-4.8477106156

-5.8208481655

-3.7014111539

-3.8006529523

-1.1987248148

-2.1349712308

-0.0000680000

-0.0000811600
1.1986036121
2.1348380369
1.1936678916

-1.1937600055
2.4234459681
2.3310282061
3.4965577029
3.3895442652
4.7362937356
5.6287382648

4.8476283550
5.8207622801
3.7013262792
3.8005632886

0.7517553652
-1.6744897703
-1.3788784752
-1.6409954725
-0.3256345282
-1.9663710489

-1.3790455046
-0.3257931385
-1.6413831636
-1.9664608396
-3.1862722656
-3.7801666505
-3.4687087152
-3.4685803103
-1.2169689717
-2.1692071070
-0.6409910295
-1.1475192839

0.5798193348

1.0158588673

1.2272197216

2.1704413970

2.7826758257

3.3166274242

3.4554461638

4.5162998102

2.7827012050

3.3166727218

1.4141773520

1.4141539147

0.6778808776
-0.5874879275
-1.2168552833
-2.1690717488
-0.6408704564
-1.1473691722

0.5799100570

1.0159561142

1.2272735919

2.1704761004

Cartesian coordinates of 2a

TTDTODN@ZDTOQOwoan

1.8627378205
0.4800365379
-0.4785196044
0.4802007803
0.5787044431
1.1985341682
0.5918050981
2.2047492254
1.2854271984
1.4508793210
2.4714156333
1.0364198784

-2.2621754408
-2.2874682751
1.1869454519
0.1388919020
0.2597808832
1.6060613258
2.4636478305
1.7446179268
1.6476568928
-0.8661002145
-0.8473211230
-1.8610402994

0.0248636299
1.2779266247
2.1467196369
1.6432610706
2.4410464285
3.0723965636
2.1469565918
24412226180
1.6437292019
3.0726676452
0.9471620876
1.8696345129
0.3664754684
0.3662988380
-1.2876940930
-1.7926551785
-1.0761397768
-1.4270153233
-0.3951908282
-0.2058055292
0.0301645899
0.5527983295
0.3955665181
0.4496917578
0.5656099478
0.7890508435
0.3955790882
0.4497064076
0.1073457997
0.1073325094
-0.1911302593
-0.8177667982
-1.2878019340
-1.7928053326
-1.0762370131
-1.4271508139
-0.3952328280
-0.2058440189
0.0301706899
0.5528390391

-0.2957013950
-0.6197092790
-0.6080663221
-1.1842333235
-2.8285311845
-3.2682803551
-2.9590984268
-2.8560964698
-4.3641406455
-3.4301368403
-3.0303720667
-3.2364149282
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1.5251041081
-0.8314918399
-0.7844065039
-1.3020780503
-1.4883415483
-0.1879522649
-1.2469026002

0.4995592827
-0.0296619557

1.8714283655

2.4236015620

2.5303800716

3.5955294728

3.7147638666

4.2575952862

4.2044720065

5.1365796957

3.4765758869

3.8365004113

2.2705193853

2.5109386672

1.3753607961

0.0087829588
-0.8901541021
-1.9281410489
-0.4515571414
-1.1576339771

0.8995430764

1.2581757257

1.7885819587

2.8348554925

1.8257389725

-1.4748633730
-0.2451045491
-4.0060790207
-3.3897731661
-4.4002818613
-5.7430594863
-5.4348626056
-3.4062304185
-3.9875198394
-4.2058276421
-4.3040701369
-6.0198571083
-6.5506622773
-6.1259118939
-5.4687332278
-0.7881864220
-1.1427011043
-0.4979180147

0.6591264933

0.0634131543
-1.7136087827
-0.2291120736

-0.7515837636
0.1566863746
0.2417298813

-0.8055488532
0.9564726748

-3.5094992502

-3.4876857719

-4.7169101332

-5.6550007476

-4.7118859025

-5.6444959979

-3.4965628254

-3.5057809018

-0.8813804710

-1.7774641308
0.3629171866

0.4209783834
1.5268117682
2.4705046388
1.4606523032

-0.9654852559
2.6330775347
24237094189
3.4991625672
3.2974673304
4.7956040494
5.6208800891
5.0291167325

6.0374720417
3.9553422402
4.1493270582
0.2175629202
-0.1668552010
-1.1455282335
-0.7099442326
-0.3867146725
0.0093321010
-0.3384490692
-0.1754710839
-0.2527359888
-1.7998222118
-0.5217862103
1.0875152453
-1.3751501465
0.3109857352
-0.7247862404
0.8816243423
-1.5729098660
-0.2853988609
0.7858687846
0.1182734815
-1.2577498069
-2.1080492715
-2.1413025133

-4.5217174736
-3.4520394849
-4.5476201317
-3.2171095541
-3.0883216225
-0.7795903192
-1.0201874734
-0.6658213947
-0.8086064920
-0.3937571078
-0.3277305859
-0.2103743298
-0.0006055182
0.7427945959
1.0273666354
1.1433611840
1.6991515661
0.8905540437
1.2886709382
0.1692122913
0.0194184660
0.0103498828
-0.3156985943
-0.3269444037
-0.5754158608
-0.0619211228
-0.0908002329
0.2142737652
0.3975842348
0.2504903824
0.4657596131
-0.3275429656
0.3873005680
-0.7695746034
-1.1313108136
0.1448031988
1.1065603012
0.4603137033
-1.0375182492
-1.9205703752
-1.2557590793
2.0419968855
1.2862136086
0.6831248491
0.8092971900
-1.6827437018
-1.3241080520
2.9052599324
2.3206665301
3.0617773053
3.7985299040
4.1408495758
3.1418878288
2.1554817266
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-0.1894161337

-1.2291294798
1.5216527350
0.9695418808
0.8238760432

-0.5644181085

1.5510448564
1.2170455331
0.0156034192
0.6829563326
-2.0232217999
-1.1908846523

2.3469567788
3.7593053155
3.1323496055
4.6823203591
4.3165748007
5.0368062330

m Procedure for Decyanoalkylation m
Synthesis of 4a

B= NC
TN T j@ S
ay =N MeCN, rt, 14 h _N
& blue LED
1a 3

4a
Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 1a (49.0 mg, 0.15 mmol), 4-cyanopyridine (3) (10.4 mg, 0.1 mmol) and the vial was
brought to a glovebox. To the vial was added MeCN (1 ml) and removed from the glovebox. After
sealing the vial with Teflon tape, the vial was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED (Figure S1-7). After stirred for 14 h, volatiles were removed under
reduced pressure. The residue was dissolved in CDCl3 and added 1,1,2,2-tetrachloroethane (33.1 mg,
0.197 mmol) as an internal standard. "H NMR (400 MHz) yield (88%) was obtained by comparing the
relative value of integration for the peak observed at 8.51 ppm of 4a!’ with that of 1,1,2,2-
tetrachloroethane observed at 5.96 ppm (Figure S1-6). The generation of 4a was also confirmed by

observation of the corresponding molecular ion peak with GC-MS analysis.

5.962

o

8.505
.284

o

tetrachloroethan
(internal standard)

I

@)

A Ju

T T T

Figure S1-6. "H NMR analysis
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Figure S1-7. Light set up

Synthesis of 4i
EtO,C
\H EtO,C
b= NC n
oB-o + |
2 N 7 \Q\l MeCN, rt, 14 h B
J blue LED _N
e
1i 3 4

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 1i (77.4 mg, 0.20 mmol), 4-cyanopyridine (3) (10.4 mg, 0.10 mmol) and the vial was
brought to a glovebox. To the vial was added MeCN (1 mL) and removed from the glovebox. After
sealing the vial with Teflon tape, the vial was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 14 h, volatiles were removed under reduced pressure.
The residue was dissolved in CDCl; and added 1,1,2,2-tetrachloroethane (33.5 mg, 0.20 mmol) as an
internal standard. '"H NMR (400 MHz) yield (48%) was obtained by comparing the relative value of
integration for the peak observed at 8.52 ppm of 4i*! with that of 1,1,2,2-tetrachloroethane observed
at 596 ppm (Figure S1-8). The generation of 4i was also confirmed by observation of the
corresponding molecular ion peak with GC-MS analysis.

The reaction mixture was treated with trifluoro acetic acid (375 pL, 1 mmol). After stirred for 1 h,
the volatiles were removed under reduced pressure, purification by flash column chromatography on
silica gel (100/0-50/50, hexane/AcOEt) and GPC (eluent: EtOAc) gave the 4i (3.7 mg, 19% isolated
yield). The 'H and '*C NMR spectra data of product 4i were consistent with the literature.?!

'"H NMR (400 MHz, CDCl;) 6 8.52 (br s, 2H), 7.16 (d, J =4.1 Hz, 2H), 4.08 (q, J = 7.0 Hz, 2H),
3.27 (m, 1H), 2.67-2.51 (m, 2H), 1.31 (d, /= 6.9 Hz, 3H), 1.18 (t, J=7.0 Hz, 3H).

13C NMR (100.6 MHz, CDCl3) § 171.7, 154.6, 149.9, 122.3, 60.5, 41.9, 35.8, 21.2, 14.1.
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Figure S1-8. '"H NMR analysis

m Procedure for Giese Addition m

Synthesis of 6a
A/ MeOZC\f\cozme
oB-o (1 equiv)
‘ CO,Me
) MeCN/MeOH (9/1)
[ = 14 h, blue LED CO:Me
1a 6a
(2 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 1a (65.8 mg, 0.20 mmol), dimethylfumarate 5 (14.4 mg, 0.10 mmol) and the vial was
brought to a glovebox. To the vial was added MeCN/MeOH (9/1, 1 mL) and removed from the
glovebox. After sealing the vial with Teflon tape, the vial was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 14 h, volatiles were removed
under reduced pressure, purification by flash column chromatography on silica gel (100/0-80/20,
hexane/Et,0) to give 6a (20.2 mg, quantitative). The 'H and '*C NMR spectra data of product 6a were
consistent with the literature.?’ TH NMR (400 MHz, CDCl;) 6 3.70 (s, 3H), 3.66 (s, 3H), 2.80 (m, 1H),
2.64 (d,J=12.0 Hz, 1H), 2.48 (d, J = 16.4 Hz, 1H), 0.96 (s, 9H). *C NMR (100.6 MHz, CDCl3) 6

174.7,173.2,51.8,51.4,51.2, 32.6, 27.8.
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Synthesis of 6k

MeO,C
nBu o \f\COZMe
| _
> ?ﬁ\o (1 equiv) nBuj/\CO Me
P 2
ap MeCN/MeOH (9/1) CO,Me
- 14 h, blue LED
1K 6k

(2 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 1k (65.8 mg, 0.20 mmol), dimethylfumarate (5) (14.4 mg, 0.10 mmol) and the vial was
brought to a glovebox. To the vial was added MeCN/MeOH (9/1, 1 mL) and removed from the
glovebox. After sealing the vial with Teflon tape, the vial was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 14 h, volatiles were removed
under reduced pressure, purification by flash column chromatography on silica gel (100/0-80/20,
hexane/Et,0) to give 6k (18.4 mg, 91.0 pmol, 91%). The 'H and '*C NMR spectra data of product 6k
were consistent with the literature.?’ TH NMR (400 MHz, CDCl3) ¢ 3.70 (s, 3H), 3.67 (s, 3H), 2.83
(m, 1H), 2.72 (dd, J = 16.4, 9.6 Hz, 1H), 2.44 (dd, J = 16.4, 4.0 Hz, 1H), 1.70-1.45 (m, 2H), 1.38-
1.21 (m, 4H), 0.92-0.83 (m, 3H). *C NMR (100.6 MHz, CDCl3) 6 175.6, 172.5, 51.81, 51.76, 41.2,
35.8,31.7,29.1,22.5, 13.9.

Synthesis of 6t
M
Me €028 o Me
I 5
oB-0 (1 equiv) M
7 N+ T > coMe
/ Y MeCN/MeOH (9/1) Cone
> 44 h, blue LED
1t 6t

(1.25 equiv)

According to Method B using 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (7 pL, 0.10 mmol), 2,2'-
(pyridine-2,6-diyl)diphenol (26.3 mg, 0.10 mmol), MeCN (1 mL) in a screw-top 5 mL vial at room
temperature for 24 h. The solvent was removed by evaporation and vacuum pump to give PDP-borate
1t and to the vial was added MeCN (800 pL) to prepare a stock solution.

In a glovebox, to another screw-top 5 mL vial was added the stock solution (200 pL, 0.025 mmol),
dimethylfumarate (5) (2.8 mg, 0.02 mmol) and MeOH (20 pL). After sealing the vial with Teflon tape,
the vial was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED.
After stirred for 48 h, volatiles were removed under reduced pressure. The residue was dissolved in
CDCls and added 1,1,2,2-tetrachloroethane (33.6 mg, 0.20 mmol) as an internal standard. '"H NMR
(400 MHz) yield (42%) was obtained by comparing the relative value of integration for the doublet
peak observed at 1.22 ppm of 6t>? with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm (Figure
S1-9). The generation of 6t was also confirmed by observation of the corresponding molecular ion
peak with GC-MS analysis.
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Figure S1-9. "H NMR analysis.

1 0 ppm

Synthesis of 60
NMe2
MeOZC\/\COZMe
) 5 O
oB-o0 (1 equiv)
Me,N CO,Me
) MeCN/MeOH (9/1) COM
[ = 14 h, blue LED 2Me
10 60

(2 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 10 (74.5 mg, 0.20 mmol), dimethylfumarate (5) (14.4 mg, 0.10 mmol) and the vial was
brought to a glovebox. To the vial was added MeCN/MeOH (9/1, 1 mL) and removed from the
glovebox. After sealing the vial with Teflon tape, the vial was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 14 h, volatiles were removed
under reduced pressure, purification by flash column chromatography on silica gel (100/0-50/50,
hexane/AcOEt) to give colorless oil 60 (16.5 mg, 67.3 pmol, 67%). IR (neat) 1044, 1162, 1263, 1365,
1437, 1636, 1729, 2953 cm™'. "TH NMR (400 MHz, CDCl3) § 3.70 (s, 3H), 3.67 (s, 3H), 3.02-2.87 (m,
7H), 2.76 (dd, J=16.4, 8.8 Hz, 1H), 2.50 (dd, J=8.8, 5.2 Hz, 1H), 2.35 (t,J= 7.6 Hz, 2H), 2.03—1.87
(m, 2H). BC NMR (100.6 MHz, CDCl3) 6 175.0, 172.2, 171.7, 51.9, 51.8, 40.6, 37.1, 36.1, 35.4, 30.5,

27.1. HRMS-DART (m/2): [M+H]" caled for C11HaNOs", 246.1336; found, 246.1335.
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Synthesis of 6r

MeO,C
o2 \f\cozlvle
(1 equiv)
MeCN/MeOH (9/1)
14 h, blue LED CO,Me
1r 6r CO,Me

(1 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
PDP-borate 1r (58.4 mg, 0.10 mmol), dimethylfumarate dimethylfumarate (5) (14.4 mg, 0.10 mmol)
and the vial was brought to a glovebox. To the vial was added MeCN/MeOH (9/1, 1 mL) and removed
from the glovebox. After sealing the vial with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 14 h, volatiles were
removed under reduced pressure, purification by flash column chromatography on silica gel (100/0—
50/50, CH2Cl/AcOEt) to give colorless oil 6r (8.3 mg, 18.2 pmol, 18%). IR (neat) 1164, 1254, 1281,
1436, 1500, 1610, 1737, 2943 cm™'. '"H NMR (400 MHz, CDCl3) § 7.19 (d, J = 8.4 Hz, 1H), 6.69 (d,
J=28.4 Hz, 1H), 6.62 (s, 1H), 3.93 (br s, 2H), 3.71 (s, 3H), 3.68 (s, 3H), 2.98-2.85 (m, 3H), 2.76 (dd,
J=16.4,9.2 Hz, 1H), 2.55-2.37, (m, 3H), 2.29-1.59 (m, 10H), 1.55-1.37 (m, 5H), 0.91 (s, 3H). *C
NMR (100.6 MHz, CDCl3) 0 221.0, 175.2,172.3,156.9, 137.8, 132.1, 126.3, 114.5, 112.1, 67.2, 51.9,
51.8,50.4, 48.0, 44.0, 40.9, 38.4, 35.92, 35.89, 31.6, 29.7, 28.5, 26.8, 26.6, 25.9, 21.6, 13.9. HRMS~
DART (m/z): [M+H]" caled for C27H370s6", 457.2585; found, 457.2585.

m Procedure for Ni-catalyzed Alkylation m
Indomethacin analog 9na

COzEt OMe

NiBr,-diglyme (10 mol%) ~CO2Et

B~o dtbbpy (12 mol%) [e)
N N/ OMe
THF N_ /
blue LED

Bu 0 Me

1in 8a —
(1.5 equiv) (1 equiv) dtbpy = M 9na
=N N

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
NiBr;-diglyme (3.6 mg, 10 umol), dtbbpy (4,4'-di-tert-butyl-2,2'-bipyridyl) (3.2 mg, 12 pmol), PDP-
borate 1n (56.0 mg, 0.15 mmol) and indomethacin methyl ester 8a (37.2 mg, 0.10 mmol). The vial

was brought to a glovebox and added THF (1 mL). After sealing the vial with Teflon tape, the vial
was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After
stirred for 14 h, the crude product was concentrated under reduced pressure, purified by flash column
chromatography on silica gel (100/0-70/30, hexane/AcOEt) and GPC (eluent: EtOAc) gave yellow
oil 9na (17.8 mg, 40.7 umol, 41%) as a yellow oil. Rf = 0.21 (hexane/AcOEt = 7/3). IR (neat) 1167,
1225, 1319, 1478, 1683, 1733, 2362, 2954 cm™'. "TH NMR (400 MHz, CDCl;) 6 7.65 (d, J = 7.2 Hz,
2H) 7.32 (d, J = 7.2 Hz, 2H), 6.96 (s, 1H), 6.87 (d, /= 8.8 Hz, 1H), 6.65 (d, /= 8.8 Hz, 1H), 4.14 (q,
J= 6.8 Hz, 2H), 3.84 (s, 3H), 3.70 (s, 3H), 3.67 (s, 2H), 3.05 (t, J= 7.6 Hz, 2H), 2.68 (t, /= 7.6 Hz,
2H), 2.37 (s, 3H), 1.25 (t,J=6.8 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) § 172.4, 171.5,169.3, 155.9,
146.1, 136.1, 133.6, 131.0, 130.5, 130.1, 128.7, 115.0, 112.0, 111.5, 101.1, 60.6, 55.7, 52.1, 35.4, 30.9,
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30.2, 14.2, 13.3. HRMS-DART (m/z): [M+H]" calcd for C2sH2sNO¢ ", 438.1911; found, 438.1912.

Indomethacin analog 9ta

OMe
8a
(1 equiv)
'Yle PDP NiBr,-diglyme (10 mol%) Me 0
_B. (3.5€q) dtbbpy (12 mol%) OMe
o 0
5. & N
~BL-B- MeCN, r.t. THF
Me™ "O" Me 9h blue LED O Me
(1.8 eq) 9ta

According to Method B using 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (24.5 uL, 0.18 mmol),
2,2'-(pyridine-2,6-diyl)diphenol (92.2 mg, 0.35 mmol), MeCN (3.5 mL) in a screw-top 5 mL vial at
room temperature for 9 h. The solvent was removed by evaporation and vacuum pump to give PDP-
borate 1t and used for next step without further purification. Under an ambient atmosphere, to the
screw-top 5 mL vial with a stirring bar was added NiBr»-diglyme (3.6 mg, 10 umol), dtbbpy (4,4'-di-
tert-butyl-2,2'-bipyridyl) (3.2 mg, 12 umol) and indomethacin methyl ester 8a (37.2 mg, 0.10 mmol).
The vial was brought to a glovebox, and added THF (1 mL). After sealing the vial with Teflon tape,
the vial was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED.
After stirred for 59 h, volatiles were removed under reduced pressure. The residue was dissolved in
CDCl; and added 1,1,2,2-tetrachloroethane (31.5 mg, 0.188 mmol) as an internal standard. '"H NMR
(400 MHz) yield (43%) was obtained by comparing the relative value of integration for the singlet
peak observed at 2.46 ppm of 9ta* with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm (Figure
S1-10). The generation of 9ta was also confirmed by observation of the corresponding molecular ion
peak with GC-MS and HRMS-DART analysis. HRMS-DART (m/z): [M+H]" caled for C21H22NO4",
352.1543; found, 352.1545.

0.000

—2.459
~~2.388

tetrachloroethane
(internal standard)
]

)M
O U )7

|l‘ 1
S T

T T T T T T T T T |
10 9 8 7 6 5 2 1 0 ppm

4 3
LECE-CI I
Figure S1-10. '"H NMR analysis

Indomethacin analog 9ia
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OMe

PDP 8a
(2.5 eq) (1 equiv)
TMSCI NiBry-diglyme (10 mol%)  EtO,C Q
EtOZCJ\ (10 eq) dtbbpy (12 mol%) OMe
BF3K N_/
toluene, 80 °C THF .
sii 14'h blue LED 9ia O Me

(2.5 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
2,2'-(pyridine-2,6-diyl)diphenol (65.8 mg, 0.25 mmol), potassium (4-ethoxy-4-oxobutan-2-
yDtrifluoroborate S1i (55.5 mg, 0.25 mmol). The vial was brought to a glovebox, and added toluene
(833 pL) and TMSCI (126 pL 7.0 mmol). After sealing the vial with Teflon tape, the reaction was
placed in aluminum heating block at 80 °C. After stirred for 14 h, the solvent was removed by
evaporation and vacuum pump. To the mixture was added NiBr,-diglyme (3.6 mg, 10 umol), dtbbpy
(4,4'-di-tert-butyl-2,2'-bipyridyl) (3.2 mg, 12 umol) and indomethacin methyl ester 8a (37.2 mg, 0.10
mmol) under an ambient atmosphere. The vial was brought to a glovebox, and added THF (500 pL).
After sealing the vial with Teflon tape, the reaction was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 14 h, the reaction crude was
concentrated under reduced pressure, and purified by flash column chromatography on silica gel
(80/0/20-60/20/20, hexane/ AcOEt/CH,Cl,) gave 9ia (33.4 mg, 74.0 umol, 74%) as a yellow oil. Rf =
0.21 (hexane/AcOEt/ CH2Cl, = 7/1/2). IR (neat) 1034, 1165, 1224, 1263, 1313, 1680, 1731, 2961 cm™
!, TH NMR (400 MHz, CDCls) § 7.66 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.96 (d, J= 2.4
Hz, 1H), 6.88 (d, /J=9.2 Hz, 1H), 6.65 (dd, J=9.2, 2.4 Hz, 1H), 4.09 (q, /= 7.2 Hz, 2H), 3.84 (s, 3H),
3.70 (s, 3H), 3.67 (s, 2H), 3.38 (m, 1H), 2.69-2.55 (m, 2H), 2.36 (s, 3H), 1.35 (d, J = 7.2 Hz, 3H),
1.20 (t, J = 7.2 Hz, 3H). *C NMR (100.6 MHz, CDCl3) 6 171.9, 171.5, 169.3, 155.9, 151.2, 136.1,
133.7, 131.0, 130.5, 130.1, 127.2, 115.0, 112.0, 111.5, 101.1, 60.5, 55.7, 52.1, 42.6, 36.6, 30.2, 21.7,
14.2, 13.3. HRMS-DART (m/z): [M+H]" calcd for C26H30NOs ", 452.2068; found, 452.2068.

Bezafibrate analog 9ib

EtO,C Meo%o NiBr,(diglyme) Meoj% o
\H (10 mol%)

(o) dtbbpy EtO,C O
L- (12 mol%)
0ob—-0 + Cl
LN _— 8 MeCN, rt, 14 h H
> blue LED
o o}
1i 8b 9ib
(2 equiv) (1 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
NiBr;-diglyme (3.6 mg, 10 umol), dtbbpy (4,4'-di-tert-butyl-2,2'-bipyridyl) (3.2 mg, 12 pmol), PDP-
borate 1i (77.5 mg, 0.20 mmol) and bezafibrate methyl ester 8b (37.6 mg, 0.10 mmol). The vial was
brought to a glovebox, and added THF (500 pL). After sealing the vial with Teflon tape, the vial was
placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After stirred
for 14 h, the reaction mixture was quenched with a short pad of silica gel using ethyl acetate and
CHxCly. The reaction crude was concentrated under reduced pressure and purified by flash column
chromatography on silica gel (70/10/20-40/40/20, hexane/AcOEt/CH>Cl,) gave 9ib (27.2 mg, 59.7
umol, 60%) as a pale yellow solid. Rf = 0.30 (hexane/AcOEt/ CH,Cl, = 5/3/2). M.p. 76-77 °C. IR
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(neat) 1140, 1176, 1487, 1508, 1638, 1735, 2948, 3322 cm. '"H NMR (400 MHz, CDCls) 6 7.61 (d,
J=28.1 Hz, 2H) 7.26 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 8.5 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H), 6.07 (m,
1H), 4.11-4.01 (m, 2H), 3.77 (s, 3H), 3.67 (q, J = 6.7 Hz, 2H), 3.31 (m, 1H), 2.86 (t, J = 6.7 Hz, 2H),
2.64-2.51 (m, 2H), 1.59 (s, 6H), 1.29 (d, J=7.0 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H). 3C NMR (100.6
MHz, CDCl3) § 174.8, 172.0, 167.2, 154.0, 149.4, 132.8, 132.7, 129.6, 127.1, 127.0, 119.5, 79.2, 60.4,
52.5,42.6,41.1,36.4,34.9,25.4,21.7, 14.2. HRMS—-DART (m/2): [M+NH,]" caled for C2sH37N>0¢",
473.2646; found, 473.2648.

Bezafibrate analog 9qb
Meo%o NiBr,(diglyme) Meo%o
N (10 mol%)
f o) dtbbpy NC o
oBZo c (12 mol%)
O ! 7 7 + G
NI~~~ H MeCN, rt, 14 h H
& N blue LED
0] (0]
1q 8b 9gb
(2 equiv) (1 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
NiBr;-diglyme (3.6 mg, 10 pmol), dtbbpy (4,4'-di-tert-butyl-2,2'-bipyridyl) (3.2 mg, 12 umol), PDP-
borate 1q (65.2 mg, 0.20 mmol) and bezafibrate methyl ester 8b (37.6 mg, 0.10 mmol). The vial was
brought to a glovebox, and added THF (1 mL). After sealing the vial with sealtape, the reaction was
placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After stirred
for 14 h, the crude product was concentrated under reduced pressure, and purified by flash column
chromatography on silica gel (100/0-0/100, hexane/AcOEt) gave 9gb (10.8 mg, 27.4 pmol, 27%) as
a colorless oil. Rf = 0.43 (hexane/AcOEt = 1/3). IR (neat) 1140, 1289, 1507, 1542, 1639, 1737, 2157,
3356 cm™!. 'TH NMR (400 MHz, CDCl3) 6 7.66 (d, J = 7.7 Hz, 2H) 7.32-7.25 (m, 2H), 7.11 (d, J =
7.0 Hz, 2H), 6.80 (d, J = 7.0 Hz, 2H), 6.06 (br s, 1H), 3.77 (s, 3H), 3.71-3.63 (m, 2H), 2.99 (t, /=7.1
Hz, 2H), 2.87 (t,J = 6.7 Hz, 2H), 2.64 (t,J = 7.1 Hz, 2H), 1.59 (s, 6H). '3C NMR (100.6 MHz, CDCl;)
0 174.8, 166.9, 154.0, 141.5, 133.7, 132.6, 129.6, 128.6, 127.4, 119.6, 118.7, 79.2, 52.5, 41.1, 34.8,
31.3,25.4, 19.1. HRMS-DART (m/z): [M+H]" calcd for C23H27N>04", 395.1965; found, 395.1964.
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HF PDPRUR U FRT — MEAROESE T COLE 28 & 9% Minisci RS

HE AT IS L OMERERGR

GBEFBANT R HEFRCAEWIX, EIRELORRAEIEEDEIC L b b EEREHK
Thd, TOTH, ~THEHRO C-H A& EEMIEM L, Biizen+a2/E0 H
TREORFRIX, AB LB 2EERFEO —DOTH D, ' ZoOMIIx L, KkFE
7 U HvE T Minisei BB X, ~T 0 BFRICT VXAV EZE AT 5 5 EEE
O e Tk L LA FIH SN TE 72 (Figure 2-1A), * Minisci Ui i%, ~7 =
FHERICIRFB T CHNAPEIL, EO%BILINDHZ LT, CHIEGZEHEEMTE 5
FIGTH D,

VTR, R LB T O BEEIC X v | BEFNZ25th T C2AR72 7 3 0 L RTBRA & FI) FH 7]
BE72 Minisci USG5 < BIFE ST 5 (Figure2-1B), 3 BAKAYICIX, AR T
b&W., B A FILEW, DNVKR R, N TF a2 ATV E D ZEOFIEEERZ H
BRI BNTND, L LR E, WIivh i) e LA 2 /33 5 8, BhE
FEHRYECHEN S 572 EOMER B > T2,

—JF . FEFROFBIRE T, SN E AV WIlB 0 7 U V34 E LT,
PDP IR UF#T — MEKRD TEEEE] ICEBLTE, * ATV RATYET — b
PEIRSCH — Tk 7= PDP AR U #E 7 — M AL, HELIRE T CRIEIRREL 220 |
MO TEWIEILS) (B 2.0V vs.SCE.) #8775 LRKFHIZ, RFET T INVEH XD,

Z T, ZOBEBRNE RTRER AR U R T — MERORMEATE T 2 & T, S fih
PESORE ) TR b A 2 B & L 72 uy Minisei UG OBFE 2 B 15 L 7= (Figure 2-1C) , Bk
FICIE, RT B AR FET — MEAE 21T PDP BIAR 7 3E 7 — MR 5 FH AR
IZE o TRAELTLIRET VHNVPAT a BEEERAINT 25 Z & T, Minisci BUSUGRAS A]
BTHDHEEXT-, BIESTHRETLINTELDE RuXVAX T OHNn, T30
AR K E AR B X< 2 & T, BT L X fb~T v EFERICAMIE L5,
ARFIENWEL ST, 2 WD Z L BB HE M7 LTI, &5
A TFNVIRICED T EERTNAXNIEE~AT BT EFR~NSEANT DT TEIRD
EHIRES LD,

65



A Minisci (1971) AgNOs
H,SO,

PN . o (NH,)2S5,04
o OH \
TN R2 R H20

\ \ OX|dat|on
RN
) S —— @
*~" "N N R1{

2 R' R

OH O

Fasudil Quinine Camptothecine
(ROCK inhibitor) (anti-malarial) (DNA topoisomerase inhibitor)
F
Q "
o} HN Cl N
K/ N _~_O N
) His
MeO
Gefitinib (EGFR inhibitor) Petide (histidine unit)
B Minisci reactions in photoredox chemistry
PC catalyst TN
N oxidant | |
r | + RP S > R3
Sao- N/ Z< 3 % ) N 1
¥ R°R R' R2
RP N
§-~COH  §—SO;Na
O-N
B $—Br/ 5 4
—OOAc
g_ Si § Y — Ph
S O-N WAl
\_/ —N Ph
toH »OEt (- =Ny
i—s Oc P TBF,
C This work
R2 R3

[+ [§ —
N; NN R
R? RZ

photoexcitable borate
Figure 2-1. (A) Minisci RIS« HEEBOSHERE X OEIRLEM~DISH (B) Jtfg{biET
fili i 2 F V72 Minisei BSOS & F 2 0 VHTERIA (RP)  (C) AWFSE

66



B OSSO b X O E T O Mt

B OVEERBITE S X | Miniscill! 7L X LS D SEGE 21T -, BT L5
BHLELTLEYY - AFAF/VY) 3a &, P Ch =R 7B BADRET — b
PER 1a Z M\ TR 2 B4 L 7= (Table 2-1, Figure 2-2 and Figure 2-3), DMSO//KiE&
Wi 2R EARA T CHORERN L2 2 A, HIIDO T L3 LK 4aa H336%DIX
KTHELNTE (entry 1), TFAZ G SHETWARNWL EY U Z WS, KOG ITH#ET L
7ol (entry2), 2 Z°C, BRFE Tlili/lc ST A 2 W TRUSFN Z FERFPK T &
T5HZ LT, EEMIC 4aa DEHNTE, (entry3), BUBRIENZ L1, RIEMEAS 2 ()
SR TIZBWTHMNMIEITL, 4aa &5 27~ (entries4-8), ZDfEHIFZ, "7t
BIRTHZET — MK 1la OBEENRICEDHRET Y T 4 v 7 2255 BIZLA S 0D s
ERoTWNWDLZEERIBELTND, LINLAERL, ATV AIKRURET — SR 1a %2
AW RTIE, BOSRICEIET 2R 72 U BREORENSREECH O | Ak O HEERE Y
MNIREETH -7,

Z 2T, XUEYBDBESG TSR D S @V O PDPRIR 5 T — M S
2a ZFHWT, SORDMFTEIT o7, BRIRINAI & LT Y 7 v A e FElg (TFA) 200 %,
LB D EEME L S B RRE CEER IR T . DMSO/KIBATRIEH CRIGZ T2 T2 &
A, B daa %81% (HLEEIEET3%) O BAFRINETH S Z &N TE 72 (entry 12),
TFA % )i STV 72 WS SO N B W IGA TR 2ME T L 7= (entries 9 and 10) .
HIE D entry 12 TiX, EvoluChem photoreactorz H\\NTH A MU LT\ 523, [HHE
WY THERM, ERRENEWVERMETITIEIME T L (entries 11, 13 and 14) , VA4
R D LNERPMET Lo (entry 15),

BFoN TS A2 VW T, PDPRIZR TR T — MR 2 O FE i R & Mt L7
(Figure 2-4A), ASUGHRIL. BZRMTNAFNIEORI2 BT, 7 a0 F LR D
BT NNV FEOBEANZ AN THY | KIET 2T T AR Z PREDIVETE 2
7= (4ab,4ac,4adanddae), X H(Z, F—ERT NAFNALIKLIZONTHHEHMETHY . n-
TFNERRVNVEE 2 AT NVEREEZ AT 27 VX VOB NI LT (4af, 4ag
and4ah), FFETREZ LI, ROBENREEL INDATF LT U ANOFRELEANL
ARECH 7= (4ai), A FIALEUGIZB W CIiL, PDPRIK U7 — MERBROE Y ¥
VEREDUEAD A FIAITEE 5 BIAERY O AR DS HER ST, XEkE STz kv
Z DS E LT (Figure 2-4B) ,

FEWNT, FUINZFHIRE 12 D ~T v HHBR O P % 5t L7z (Figure 2-4C)
XV UHERETTR, XXV XTI v T F U NIV TS
v ha Y lnWo ki ~T m EEERICK LT ALE SR e T L X AL ELT LT
(4ba, 4ca, 4da, dea and 4fa), F7=, I~ T VT HETHLF=—RIIXH L THARFELE
WHTE, HMEREEEZAT 20 T ~OEENREREEAD AR TH -7 (4ha),

PLEDRER LD | RFIEITE IO OHE =BT LI NLE, SHIZIEFATAREICEDLE
T, il A D 2 L7 BIAENWT VX LA GERA~AT u EEFRILEM~EANTE D
FETHDZ ERENT,
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Table 2-1. St

0O, | B

DMSO/H,0 (0.1 M) N”

CFsCO; . o ?\ 0,5 LI o

lepidine-TFA E/ /7
laor2a
entry” borate solvent (concentration) Rs::sgn :;1:13%0)5 ;(;e(l;)(;bf

1 1la DMSO/H20 (9/1, 0.1 M) A 36 -
2¢ 1la DMSO/H20 (9/1, 0.1 M) A 0 6

3 la DMSO/H20 (9/1, 0.1 M) A quant
4 1a DMSO (0.1 M) C 17 -
5 1a DMF (0.1 M) C 28 6
6 1la DMEF/H20 (9/1, 0.1 M) C 47 7
7 1la DMSO/H20 (9/1, 0.1 M) C 80 -
8¢ 1la DMSO/H20 (9/1, 0.1 M) C 5 13
94 2a DMSO/H20 (9/1, 0.1 M) A 17 80
10¢ 2a DMSO/H20 (9/1, 0.1 M) D 67 1
11 2a DMSO/H20 (9/1, 0.1 M) E 57 30
12/ 2a DMSO/H20 (9/1, 0.05 M) B 81 (73)8 2
13 2a DMSO/H20 (9/1, 0.05 M) E 70 3
14 2a DMSO/H20 (9/1, 0.33 M) D 35 48
15 2a MeCN/H20 (9/1, 0.1 M) D 26 11

"Reaction was carried out with 1a or 2a (0.15 mmol), 3a-TFA (0.1 mmol) in DMSO under oxygen
atomosphere and photoirradiation for 14 h. "' H NMR yield. “Reaction was carried out using TFA-

untreated lepidine. “Reaction was carried out using TFA-untreated lepidine with coexistence of

TFA (1.5 equiv). “The reaction time was 1 h. "The reaction time was 4 h. ¢Isolated yield.
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Figure 2-2. & A B’ XY C° DNt~ b7 7 (EvoluChem photoreactor)
?A: The vial with O balloon was fixed in EvoluChem photoreactor.
°B: The vial was fixed in EvoluChem photoreactor without O, balloon (only O babbling).
°C: The vial was fixed in EvoluChem photoreactor without O, balloon.

i '/ 4
Figure 2-3. 5 D* KO EP OIS ® v M7 w77 (direct irradiation)
*D: The vial with O, balloon was directly irradiated.

°E: The vial was directly irradiated without O balloon (only O, babbling).
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@+ Nt LT ——  Het| o
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(1.5 equiv)
Scope of borate
4ab
46% 3% 5%
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l N/ OEt
4ae 0 4ag
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o [
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4ah 0 dai
41% 34%

B Generation of by-product

OH from
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[ ZIW

(0]
C Scope of heteroarene
OH
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| =N =
: K ~
4ba 4ca 4da
25% 51% 49% %
HO o
Br | N MeO N
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65% 46% 77%
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B HEE SRS B

R T TOERE B L PDP R U HE T — MK E T RS OB iR
Br 12D & | RBUGOHEE SO % LU N IZR T (Figure 2-5) . £9°, & EIK#ED PDP
BIRTFRT — MR 2 DHEELEZRILL, BHEIREE 2* L7225, ZORERE 2* 15
WEsB0y T~ DB TBENE U RFB-HRTRBEASORAIET L. 7LF LT P H L R)
e RENAF T OHNANRET D, AR LIZRFZET P, B (TFA) [2X -
T7u M ARSI UEM LS Te~T r BFHFER 3 I LTHINL, VT FF 0
Mk A 2525, H\WTC, ZOHRIE A 1L T, FHoELA (B Ra~rd%s
FUBNEITE R T Vb %) BNWKESIEHREEGIEEIL, BIET DTV
XK 4 8ERKT %5 (Figure2-5A), —75 T, PDP BUAR U HET — MNEHEADRFE-F ¥V
FREAOREY T 4 v VAN GHETTARE LD DL B 265 (Figure 2-5B).,

A Initiated by oxidative quenching of borate

»:

oB\o
N+
E ) alkyl radical
excned state *0-OH
A
(HO)BR, 3TFA
ﬁ/

H

product -——
—H* N
; HYH R

R' R
4-TFA HO-OH A l\-'o OH

B Initiated by homolytic cleavage

N:

o R2
homolytic cleavage

oB~
N
alkyl radical
excited state *BR,
2* AN
02 H20 o 3TFA
N
H
HOBR,

*0-OH

R3
product T . RS to
- N Ny LIR?
H gige HYH R
HO-OH A *O-
4-TFA O-OH

Figure 2-5. #EGHERE (A) BRFRIC XL D PDP AR 7 £ 7 — FMEROWIEIC X v Bt
SN DR (B) kFER U RS OBERZUC L 0BG S5 s
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FUOET

PDP B KSR 7 37 — MEROEEF @INE 21T T2 2 & T /MBI AEEC4 R
filit 2 — BB & L2y, BEFEAT 1 HEFRILAEW O Minisci L7 V3 ALK % B
LT, AMUGIE, HEIK T, BEIRED R THET — MR D RFE-F 7 RES
DRI ERTIRE T VANVBRAET D, IRFET U AVETa b fbShie~T n HEER
~EHIN U 72%% ., BRSE & Kl bAl & U CHEERILDET L, 7T A UALERD 3 5
Wb, AFEICLY, BB HE—RRFET DI, SOITIEIRAERERATF LT Y
HIVCEDET, IHERIRET PN ~T 0 BEFRA~DROITEAT D ENTE T,
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O RERIA

m Instrumentation and Chemicals Synthesis m

NMR spectra were recorded on Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
for 'TH NMR, 100.6 MHz for *C NMR, and 376.5 MHz for '°F NMR. Chemical shifts were reported
in ppm. Chloroform-d; (CDCls) containing 0.03% tetramethylsilane (TMS) (>99.8%D, Cambridge
Isotope Laboratories, Inc., Cat. No. DLM-7) was used as solvents for NMR measurements at ambient
temperature. Chemical shifts (6) for 'H NMR are given in parts per million (ppm) relative to relative
to TMS (6 0.00 ppm in CDCl3). Chemical shifts (J) for '*C NMR are given in ppm relative to CDCl;
(0 77.0 ppm). The abbreviations s, d, t, g, br s, and m signify singlet, doublet, triplet, quartet, broad
singlet, and multiplet, respectively. DART-Mass (HRMS) were measured with JMS-T100TD (JEOL
Ltd.). TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck
Silica gel 60F2s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was used for
column chromatography. IR spectra were measured with a Thermo Scientific iD7 ATR Accessory for
the Thermo Scientific Nicolet iS5 FT-IR Spectrometer. Single-crystal X-ray diffraction data were
collected on R-AXIS RAPID II. Kessil PR160L 440 nm (highest blue and intensity setting) was used
as a light source equipped with EvoluChem photoreactor (PhotoRedOx Duo, HepatoChem).

All reactions unless otherwise noted were carried out under nitrogen atmosphere. Materials were
obtained from commercial suppliers or prepared according to standard procedures unless otherwise
noted. Hexane, ethylacetate, diclorometane, acetonitrile (Super Dehydrated), diethylether, methanol
(Super Dehydrated), ethanol, dimethylformamide (Super Dehydrated), dimethyl sulfoxide
(Deoxidized)  toluene  (Super  Dehydrated), benzene  (Super  Dehydrated), [1,3-
Bis(diphenylphosphino)propane]-nickel(Il) Dichloride, Tetrahydrofuran-Borane (Tetrahydrofuran
Solution), Sodium tert-butoxide, Distilled Water, (-)-Quinine Sulfate Dihydrate and Copper(l) iodide
were purchased from FUJIFILM Wako Pure Chemical Co., 1-bromo-2-methoxybenzene, pyridine
Hydrochloride, Potassium Hydrogenfluoride, 2,3-Dimethyl-2-butene, ethyl acrylate, Ethyl Crotonate,
Ethyl 3-Methylcrotonate, Lepidine, 4-Hydroxyquinazoline, 6-bromo-2-methylquinoline, 1,10-
phenanthroline and Benzyl Bromide were purchased from Tokyo Chemical Industry Co., and Apollo
Scientific Ltd., tert-Butyllithium (in n-pentane, 1.6mol/L) and Copper(I) Chloride were purchased
from Kanto Chemical Co., 2,6-dibromopyridine was purchased from Tokyo Chemical Industry Co.
and BLD Pharmatech Ltd., [(2-Biphenyl)dicyclohexylphosphine], phenanthridine and quinoxaline
were purchased from Sigma-Aldrich Japan., trifluoroacetic acid was purchased from Tokyo Chemical
Industry Co. and FUJIFILM Wako Pure Chemical Co., Mg was purchased from Nacalai Tesque, Inc.,
tetrahydroxydiboron was purchased from BLD Pharmatech Ltd. 8,9-Dioxa-8a-borabenzo[fg]tetracene
(boracene) was prepared by the reported procedures’? 2,2'-(pyridine-2,6-diyl)diphenol (PDP) was
prepared according to the literature.® The alkylborates listed in Figure S2-1 were prepared according
to the literatures.*?
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Figure S2-1. Prepared starting materials.

m General Procedure for Minisci-type Reaction m
Synthesis of 2-(tert-butyl)-4-methylquinoline (4aa) as a representative

0B~—
TR 21
// 2a

x TFA (1.5 equiv) @(% (1.5 equiv) N
“ MeOH, r.t., 30 min & DMSO/H,0 (9/1) “

N ¥ 2 N

then solvent was removed CF3COy 4 h, blue LED

3a 4aa

Iz

(1 equiv)

Under an ambient atmosphere, to an oven-dried screw-top 4 mL vial with a stirring bar was added
lepidine (14.3 mg, 0.1 mmol), MeOH (200 pL) and trifluoroacetic acid (11.5 pL, 0.15 mmol). After
the vial was removed from the glovebox and stirred for 30 min. Then, the solvent was removed by N
bubbling. The vial was added alkylborate 2a (49.4 mg, 0.15 mmol) and DMSO/H>0 (9/1, 2 mL) under
an ambient atmosphere. After O, bubbling for 1 min, and sealing the vial with Teflon tape, the reaction
was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED (Figure
2-2). After stirred for 4 h, the reaction was quenched with saturated NaHCO; water (ca. 10 mL) and
extracted with diethyl ether (ca. 2 mL x 10). The organic layer was wash with brine and dried over
Na,SO;4 and after filtration, the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (100:0-95:5, hexane/AcOEt) gave 4aa (14.6
mg, 0.0733 mmol, 73% isolated yield) as a green oil. "H NMR (400 MHz, CDCls) § 8.05 (d, J = 8.4
Hz, 1H), 7.94 (d, /= 8.4 Hz, 1H), 7.65 (t, J=7.6 Hz, 1H), 7.49 (t, J=7.6 Hz, 1H), 7.35(s, 1H), 2.69
(s, 3H), 1.46 (s, 9H). *C NMR (100.6 MHz, CDCl3) 6 168.9, 147.3, 143.6, 129.9, 128.7, 126.5, 125.4,
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123.4, 118.9, 37.9, 30.1, 19.0. The 'H and *C NMR spectra data of 4aa were consistent with the
literature.®

Large scale experiment

Under an ambient atmosphere, to two sets of oven-dried screw-top 20 mL vial with a stirring bar
were added lepidine (71.6 mg, 0.5 mmol), MeOH (1 mL) and trifluoroacetic acid (57.4 pL, 0.5 mmol),
respectively. After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent
was removed by rotary evaporator. The vials were added 2a (246.9 mg, 0.75 mmol) and DMSO/H,O
(9/1, 10 mL) respectively under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape and equipped with O, balloon. The reaction was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED (Figure 2-2). After stirred for 19 h,
the reaction was quenched with saturated NaHCO; water (ca. 70 mL) and extracted with diethyl ether
(ca. 50 mL, over 5 times), respectively. The organic layer was combined and dried over Na;SO4 and
after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silia gel (100:0-94:6, hexane/Et,0) gave 4aa (152.1 mg, 0.763 mmol,
76%) as a colorless oil.

m Characterization Data for Minisci-type adducts m
2-(2,3-Dimethylbutan-2-yl)-4-methylquinoline (4ab)

X

N7

The product 4ab was synthesized according to general procedure using lepidine (14.3 mg, 0.1
mmol) and alkylborate 2b (53.6 mg, 0.15 mmol). The residue was purified by flash chromatography
on silica gel (100:0-95:5, hexane/AcOEt) gave 4ab as an orange oil. (10.8 mg, 0.0474 mmol, 47%
isolated yield). IR (neat) 757, 1392, 1448, 1462, 1507, 1557, 1603, 2968 cm™'. '"H NMR (400 MHz,
CDCl) ¢ 8.05 (d, J= 8.4 Hz, 1H), 7.93 (d, J= 8.4 Hz, 1H), 7.65 (t, J= 7.6 Hz, 1H), 7.48 (t, J= 7.6
Hz, 1H), 7.29 (s, 1H), 2.68 (s, 3H), 2.28 (m, 1H), 1.37 (s, 6H), 0.80 (d, J = 6.8 Hz, 6H). 3C NMR
(100.6 MHz, CDCl3) 6 168.9, 147.2, 143.1, 130.0, 128.5, 126.5, 125.3, 123.4, 119.6, 43.8, 37.1, 23.7,
19.0, 17.9. HRMS-DART (m/z): [M+H]" calcd for C1¢H22N", 228.1747; found, 228.1747.

Ethyl 3-Methyl-3-(4-methylquinolin-2-yl)butanoate (4ac)

X
g O~
o}

The product 4ac was synthesized according to general procedure using lepidine (19.8 pL, 0.15
mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid (23.1
uL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent
was removed by rotary evaporator. The vial was added alkylborate 2¢ (40.1 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
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layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by recycling preparative HPLC (CHCI3) gave 4ac (19.8 mg, 0.0730 mmol,
73% isolated yield) as a colorless oil. IR (neat) 759, 1035, 1198, 1508, 1559, 1602, 1731, 2975 cm™".
"H NMR (400 MHz, CDCl3) § 7.99 (d, J = 8.4 Hz, 1H), 7.93 (d, J= 8.4 Hz, 1H), 7.64 (t, J= 7.6 Hz,
1H), 7.48 (t,J=17.6 Hz, 1H), 7.33 (s, 1H), 4.01 (q, J = 6.8 Hz, 2H), 2.91 (s, 2H), 2.69 (s, 3H), 1.55 (s,
6H), 1.12 (t, J = 6.8 Hz, 3H). 3C NMR (100.6 MHz, CDCl3) 6 172.4, 166.6, 147.2, 143.8, 129.9,
128.7, 126.6, 125.5, 123.4, 118.7, 59.8, 46.3, 40.3, 30.9, 28.3, 19.0, 14.2. HRMS-DART (m/z):
[M+H]" caled for C17H2NO»", 272.1645; found, 272.1646.

2-Cyclopentyl-4-methylquinoline (4ad)

The product 4ad was synthesized according to general procedure using lepidine (14.3 mg, 0.1
mmol). The vial was brought to a glovebox, and added MeOH (200 pL) and trifluoroacetic acid (11.5
uL, 0.15 mmol). After the vial was removed from the glovebox and stirred for 30 min. Then, the
solvent was removed by N bubbling. The vial was added alkylborate 2d (51.2 mg, 0.15 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL x 10). The organic layer was
wash with brine and dried over Na,SQOj4 and after filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (100:0-95:5,
hexane/AcOEt) gave 4ad (11.5 mg, 0.0545 mmol, 54% isolated yield) as an orange oil. "H NMR (400
MHz, CDCl3) 6 8.04 (d, J= 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.66 (t, /= 7.2 Hz, 1H), 7.49 (t,J
=7.2 Hz, 1H), 7.18 (s, 1H), 3.34 (m, 1H), 2.68 (s, 3H), 2.23-2.12 (m, 2H), 1.95-1.83 (m, 4H), 1.80—
1.68 (m, 2H). *C NMR (100.6 MHz, CDCl3) 6 165.9, 147.4, 144.2, 129.4, 129.0, 126.9, 125.4, 123.5,
120.6, 48.8, 33.6, 26.0, 18.8. The 'H and *C NMR spectra data of product 4ad were consistent with
the literature.’

Ethyl 3-(4-methylquinolin-2-yl)butanoate (4ae)

X
N” O~
(6]

The product 4ae was synthesized according to general procedure using lepidine (19.8 pL, 0.15
mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid (23.1
uL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent
was removed by rotary evaporator. The vial was added alkylborate 2e (38.7 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
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NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by recycling preparative HPLC (CHCI3) gave 4ae (15.0 mg, 0.0583 mmol,
58% isolated yield) as a colorless oil. IR (neat) 760, 1163, 1450, 1508, 1561, 1604, 1731, 2976 cm™".
'"H NMR (400 MHz, CDCl3) 6 8.02 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.66 (t, J= 7.6 Hz,
1H), 7.50 (t, J=7.6 Hz, 1H), 7.17 (s, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.56 (m, 1H), 3.03 (dd, J = 15.6,
7.6 Hz, 1H), 2.73-2.62 (m, 4H), 1.40 (d, J = 6.8 Hz, 3H), 1.18 (t, J= 7.2 Hz, 3H). 3C NMR (100.6
MHz, CDCl3) 6 172.8, 164.4, 147.6, 144.3, 129.7, 128.9, 127.0, 125.6, 123.6, 121.0, 60.2, 40.5, 38.6,
20.7, 18.8, 14.2. HRMS-DART (m/z): [M+H]" calcd for C16H20NO>", 258.1489; found, 258.1490.

d\/l\/\/
—
N

The product 4af was synthesized according to general procedure using lepidine (19.8 pL, 0.15
mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid (23.1
uL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent

2-Butyl-4-methylquinoline (4af)

was removed by rotary evaporator. The vial was added alkylborate 2f (32.9 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O; bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by recycling preparative HPLC (CHCI3) gave 4af (6.4 mg, 0.0321 mmol,
32% isolated yield) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 8.04 (m, 1H), 7.95 (m, 1H), 7.67
(m, 1H), 7.50 (m, 1H), 7.15 (s, 1H), 2.92 (t,J = 8.0 Hz, 2H), 2.68 (s, 1H), 1.83—1.74 (m, 3H, including
1H of H,0), 1.50-1.40 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H). *C NMR (100.6 MHz, CDCl3) J 162.8,
147.7, 144.1, 129.3, 129.0, 126.8, 125.4, 123.6, 122.1, 39.0, 32.2, 22.7, 18.7, 14.0. The 'H and *C
NMR spectra data of 4af were consistent with the literature.®

2-Benzyl-4-methylquinoline (4ag)

LA
N7

The product 4ag was synthesized according to general procedure using lepidine (14.3 mg, 0.1
mmol). The vial was brought to a glovebox, and added MeOH (200 pL) and trifluoroacetic acid (11.5
uL, 0.15 mmol). After the vial was removed from the glovebox and stirred for 30 min. Then, the
solvent was removed by N bubbling. The vial was added alkylborate 2g (54.5 mg, 0.15 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL x 10). The organic layer was
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wash with brine and dried over Na;SQOj4 and after filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (100:0-90:10,
hexane/AcOEt) gave 4ag (8.6 mg, 0.0369 mmol, 37%) as a pale yellow solid. '"H NMR (400 MHz,
CDCl) 0 8.09 (d, J= 8.4 Hz, 1H), 7.94 (d, J= 8.4 Hz, 1H), 7.70 (t, J= 7.6 Hz, 1H), 7.52 (t, J= 7.6
Hz, 1H), 7.33-7.29 (m, 4H), 7.23 (m, 1H), 7.06 (s, 1H), 4.30 (s, 2H), 2.61 (s, 3H). 3C NMR (100.6
MHz, CDCl3) 6 160.8, 147.6, 144.6, 139.4, 129.5, 129.21, 129.17, 128.6, 126.9, 126.4, 125.7, 123.6,
122.2,45.5,18.7. The 'H and '*C NMR spectra data of product 4ag were consistent with the literature.’

Ethyl 3-(4-methylquinolin-2-yl)propanoate (4ah)

X
N7 O~
o}

The product 4ah was synthesized according to general procedure using lepidine (19.8 upL, 0.15
mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid (23.1
uL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent
was removed by rotary evaporator. The vial was added alkylborate 2h (37.3 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 12.5 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by recycling preparative HPLC (CHCl3) gave 4ah (9.9 mg, 0.0407 mmol,
41% isolated yield) as a colorless oil. "H NMR (400 MHz, CDCl;) § 8.01 (d, J = 8.4 Hz, 1H), 7.95 (d,
J=28.4Hz, 1H), 7.67 (t, J=7.6 Hz, 1H), 7.51 (t,J = 7.6 Hz, 1H), 7.17 (s, 1H), 4.14 (q, /= 6.8 Hz,
2H), 3.25 (t,J= 7.2 Hz, 2H), 2.90 (t,J = 7.2 Hz, 2H), 2.68 (s, 3H), 1.24 (t,J = 6.8 Hz, 3H). *C NMR
(100.6 MHz, CDCl3) 6 173.2, 160.2, 147.7, 144.3,129.4, 129.1, 126.9, 125.6, 123.6, 122.2, 60.4, 33.5,
33.3,18.7, 14.2. The 'H and '3C NMR spectra data of product 4ah were consistent with the literature.®

dﬁ\
=
N

The product 4ai was synthesized according to general procedure using lepidine (14.3 mg, 0.1 mmol).
The vial was brought to a glovebox, and added MeOH (200 pL) and trifluoroacetic acid (11.5 pL, 0.15
mmol). After the vial was removed from the glovebox and stirred for 30 min. Then, the solvent was
removed by Nz bubbling. The vial was added alkylborate 2i (43.1 mg, 0.15 mmol) and DMSO/H>0O
(9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the vial with Teflon

Synthesis of 4ai

tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W
blue LED. After stirred for 4 h, the reaction was quenched with saturated NaHCO3 water (ca. 10 mL)
and extracted with diethyl ether (ca. 2 mL x 10). The organic layer was dried over Na;SO4 and after
filtration, the filtrate was concentrated under reduced pressure. The residue was dissolved in CDCl;3
and added 1,1,2,2-tetrachloroethane (23.4 mg, 0.139 mmol) as an internal standard. '"H NMR (400
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MHz) yield (31%) was obtained by comparing the relative value of integration for the singlet peak
observed at 2.70 ppm of 4ai'® with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm (Figure S2-
2). The generation of 4ai was also confirmed by observation of the corresponding molecular ion peak
with HRMS-DART analysis. HRMS-DART (m/z): [M+H]" calcd for C11Hi2N", 158.0964; found,
158.0963.
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Figure S2-2. '"H NMR analysis

By-product obtained from 4ai

'H NMR (400 MHz, CDCls) § 15.22 (br s, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H),
7.24 (m, 1H), 7.14 (t, J = 7.6 Hz, 1H), 6.92-6.86 (m, 2H), 6.83 (d, J = 8.0 Hz, 1H), 6.78 (d, J = 7.6
Hz, 1H), 5.07 (m, 1H), 3.19 (m, 1H), 3.06 (m, 1H), 2.28 (d, J = 12.7 Hz, 1H), 1.93-1.84 (m, 4H). *C
NMR (100.6 MHz, CDCls) 6 169.1, 161.9, 151.7, 132.4, 128.8, 127.1, 126.8, 125.6, 120.4, 118.7,
118.1, 117.7, 116.9, 66.5, 50.3, 35.0, 33.1, 26.6.

2-(tert-Butyl)quinoxaline (4ba)

80



The product 4ba was synthesized according to general procedure using quinoxaline (19.5 mg, 0.15
mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid (23.1
uL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the solvent
was removed by rotary evaporator. The vial was added alkylborate 2a (32.9 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (100:0-95:5, hexane/Et,0)
gave 4ba (4.6 mg, 0.0247 mmol, 25% isolated yield) as a yellow oil. "H NMR (400 MHz, CDCl;) 6
8.99 (s, 1H), 8.09-8.03 (m, 2H), 7.77-7.67 (m, 2H), 1.52 (s, 9H). *C NMR (100.6 MHz, CDCls) ¢
163.7, 143.4, 141.6, 140.7, 129.6, 129.3, 128.89, 128.88, 37.2, 29.7. The 'H and *C NMR spectra
data of product 4ba were consistent with the literature.'!

2-(tert-Butyl)quinazolin-4-ol (4ca)
OH

o
I

The product 4ca was synthesized according to general procedure using quinazolin-4(3H)-one (20.3
mg, 0.14 mmol). The vial was brought to a glovebox, and added MeOH (200 pL) and trifluoroacetic
acid (13.8 uL, 0.18 mmol). After the vial was removed from the glovebox and stirred for 30 min. Then,
the solvent was removed by N, bubbling. The vial was added alkylborate 2a (32.9 mg, 0.1 mmol) and
DMSO/H:0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing the
vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs3 water (ca. 10 mL) and concentrated under reduced pressure by Smart Evaporator C1
(BioChromato). The residue was passed through a short pad of NH-silica gel with diethyl ether to
remove most of borate fragments and diethyl ether was removed under reduced pressure. The residue
was purified by flash column chromatography on silica gel (100:0-90:10, hexane/AcOEt), and then
purified by recycling preparative HPLC (CHCI3). After the volatiles were removed, the residue was
passed through a short pad of silica gel with hexane/AcOEt (9/1) and CH>Cl/AcOEt (1/1) gave 4ca
(10.3 mg, 0.0509 mmol, 51% isolated yield) as a white solid. 'H NMR (400 MHz, CDCl3) 6 10.2 (s,
1H), 8.27 (d, J = 7.6 Hz, 1H), 7.79-7.68 (m, 2H), 7.46 (t, J = 7.2 Hz, 1H), 1.47 (s, 9H). 3C NMR
(100.6 MHz, CDCl5) 6 163.2, 161.7, 149.1, 134.5, 127.7, 126.4, 126.2, 120.6, 37.3, 28.3. The 'H and
13C NMR spectra data of product 4ca were consistent with the literature. 2

6-(tert-Butyl)phenanthridine (4da)
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The product 4da was synthesized according to general procedure using phenanthridine (26.9 mg,
0.15 mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and trifluoroacetic acid
(23.1 puL, 0.3 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then, the
solvent was removed by rotary evaporator. The vial was added alkylborate 2a (32.9 mg, 0.1 mmol)
and DMSO/H>O (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing
the vial with Teflon tape, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo)
equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched with saturated
NaHCOs water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times). The organic
layer was dried over Na>SOys and after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (100:0-95:5, hexane/Et,0)
gave 4da (11.6 mg, 0.0493 mmol, 49% isolated yield) as a yellow oil. 'H NMR (400 MHz, CDCl3) &
8.69 (d, /= 8.4 Hz, 1H), 8.63 (d, J= 8.4 Hz, 1H), 8.53 (t, /= 8.0 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H),
7.78 (t, J = 7.2 Hz, 1H), 7.73-7.57 (m, 3H), 1.73 (s, 9H). 1*C NMR (100.6 MHz, CDCl;) J 166.6,
142.9, 134.0, 130.3, 129.2, 128.3, 128.2, 126.4, 125.9, 124.3, 123.4, 123.0, 121.6, 40.2, 31.2. The 'H
and '*C NMR spectra data of product 4da were consistent with the literature.'?

6-Bromo-4-(tert-butyl)-2-methylquinoline (4ea)

Br x

| ~
N

The product 4ea was synthesized according to general procedure using 6-bromo-2-methylquinoline
(33.3 mg, 0.15 mmol). The vial was brought to a glovebox, and added MeOH (300 pL) and
trifluoroacetic acid (23.1 pL, 0.3 mmol). After the vial was removed from the glovebox and stirred
over 5 min. Then, the solvent was removed by rotary evaporator. The vial was added alkylborate 2a
(32.9 mg, 0.1 mmol) and DMSO/H,0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling
for 1 min, and sealing the vial with Teflon tape, the reaction was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 4 h, the reaction was quenched
with saturated NaHCO; water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL, over 5 times).
The organic layer was dried over Na;SO4 and after filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by recycling preparative HPLC (CHCl3) gave 4ea (18.2
mg, 0.0654 mmol, 65% isolated yield) as a pale yellow oil. IR (neat) 776, 831, 1078, 1383, 1461,
1485, 1594, 2968 cm™'. "TH NMR (400 MHz, CDCl3) 6 8.49 (s, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.70 (d,
J=8.8 Hz, 1H),7.25 (s, 1H), 2.70 (s, 3H), 1.59 (s, 9H). 3C NMR (100.6 MHz, CDCl3) 6 159.1, 154.9,
147.8,131.9, 131.5, 128.6, 126.4, 119.8, 118.3, 36.0, 31.2, 25.5. HRMS-DART (m/z): [M+H]" calcd
for C14H17BrN", 278.0539; found, 278.0538.

2-(tert-Butyl)-1,10-phenanthroline (4fa)

The product 4fa was synthesized according to general procedure using 1,10-phenanthroline (36.0
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mg, 0.2 mmol). The vial was brought to a glovebox, and added MeOH (400 pL) and trifluoroacetic
acid (15.4 pL, 0.2 mmol). After the vial was removed from the glovebox and stirred over 5 min. Then,
the solvent was removed by rotary evaporator. The vial was added alkylborate 2a (32.9 mg, 0.1 mmol)
and DMSO/H>O (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1 min, and sealing
the vial with Teflon tape and equipped with O, balloon, the reaction was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 4 h, the reaction
was quenched with saturated NaHCO3 water (ca. 10 mL) and extracted with diethyl ether (ca. 2 mL,
over 5 times). The organic layer was dried over Na;SO4 and after filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (100:0-70:30, hexane/AcOEt) gave 4fa (10.8 mg, 0.0457 mmol, 46% isolated yield) as a
yellow solid. '"H NMR (400 MHz, CDCl;) § 9.23 (dd, J = 4.4, 1.6 Hz, 1H), 8.23 (dd, J = 8.0, 1.6 Hz,
1H), 8.18 (d, J = 8.4 Hz, 1H), 7.79-7.72 (m, 3H), 7.60 (dd, J = 8.0, 4.4 Hz, 1H), 1.61 (s, 9H). 3C
NMR (100.6 MHz, CDCl3) J 169.8, 150.4, 146.5, 145.0, 136.10, 136.05, 128.9, 126.7, 126.4, 125.6,
122.4, 120.0, 38.6, 30.5. The 'H and '3C NMR spectra data of product 4fa were consistent with the
literature.'*

(1R)-(2-(tert-Butyl)-6-methoxyquinolin-4-yl)((15,4S,5R)-5-vinylquinuclidin-2-yl)methanol (4ha)

/ZJ
HO N

X

—

N

MeO

The product 4ha was synthesized according to general procedure using (-)-quinine sulfate dihydrate
(39.2 mg, 0.1 mmol). The vial was brought to a glovebox, and added MeOH (400 pL) and
trifluoroacetic acid (15.5 pL, 0.2 mmol). After the vial was removed from the glovebox and stirred for
5 min. Then, the solvent was removed by rotary evaporator. The vial was added alkylborate 2a (49.4
mg, 0.1 mmol) and DMSO/H,0 (9/1, 2 mL) under an ambient atmosphere. After O, bubbling for 1
min, and sealing the vial with Teflon tape and equipped with O balloon. The reaction was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with a 45W blue LED. After stirred for 4 h,
the reaction was quenched with additional TFA (155 pL, 2 mmol) and CH>Cl, (5 mL). After stirred
for 30 min, the solvent was removed by Smart Evaporator C1 (BioChromato). The residue was passed
through a short pad of silica gel with CH>Cl,/MeOH (9/1) and solvent was removed by rotary
evaporator. The residue was dissolved in CDCl; and added 1,1,2,2-tetrachloroethane (16.3 mg, 97
pmol) as an internal standard. 'H NMR (400 MHz) yield (55%) was obtained by comparing the relative
value of integration for the singlet peak observed at 1.45 ppm of 4ha'> with that of 1,1,2,2-
tetrachloroethane observed at 5.96 ppm (Figure S2-3). The generation of 4ha was also confirmed by
observation of the corresponding molecular ion peak with HRMS-DART analysis. HRMS-DART
(m/z): [M+H]" caled for C24H33N20,", 381.2537; found, 381.2537.
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Figure S2-3. '"H NMR analysis

m X-ray Diffraction Analysis for By-product (CCDC 2114101) m

Figure S2-4. ORTEP diagram of 1a. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from n-hexane and tetrahydrofuran. Hydrogen
atoms are omitted for clarity.
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Table S2-1. Crystal data and structure refinement for the by-product (CCDC 2114101)

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

C-C = 0.0031 A Wavelength=0.71075
a=13.0982(15) b=11.3014(15) c=9.6381(11)
alpha=90 beta=102.452(7) gamma=90
123 K
Calculated Reported
1393.2(3) 1393.2(3)
P 21/c P121/c1
-P 2ybc -P 2ybc
Cl8 H17 N 02 Cl8 H17 N 02
Cl8 H17 N 02 Cl8 H17 N 02
279.33 279.34
1.332 1.332
4 4
0.087 0.087
592.0 592.0
592.26
17,14,12 16,14,12
3193 3186
0.991,0.991 0.570,0.991
0.991

Correction method= # Reported T Limits: Tmin=0.570 Tmax=0.991
AbsCorr = MULTI-SCAN

Data completeness= 0.998 Theta (max)= 27.479

R(reflections)= 0.0577( 1990)

S = 1.048

wR2 (reflections)=
0.1406( 3186)
Npar= 193
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o PDPMIEFANEHE Y v ko RzT — kiR aE vz
C-7'V a3 b

BH TS IS L OMERERGR

B (77 2o R) FERGCAFISHEYE IS B AFET 2 EE R AL T
b, FTH, ZVav RoT7 /) ~—gmFzLT 7V L NRE-IREER TENR-T- C-
7Y ay KT, RRICEBEICHEETD 0-7 ) a2y REHB LT, BEHRICK DK #E
Wkt L CTaWZENMEZ R T (Figure3-1A), ' 72, % OFFERA 2 STARELE A 7RIS
PEDS G | BESHFRGREE R0 X B KB & LT AR TRICB W CEER AR Y — 7 >
FElpo TG, e ZFETIZ, C-7 Y ay REEETHEDITHEA R 7Y a L R
TR INTE 2, 2R, ZVav vV F o 3 7)av ) baAX 47 )avn
ORI LVo ) av A EBRIEEWIX. T/ (LB b IRFEIRFREE K
Ak L TR & T& 72 (Figure 3-1B), L2>L. Zh 604 @K% Hu-
WERIEDZ X, BEOBBOKBEEZRELT-EEEZHNDILERH Y | RiE-DLIR#
BENROS TR Z BN S A B & 2o TNV, FD7=8, (R iR e 2 B
L7aw TEEGR#E 7Y a v v &RIbAEW ) Wiz C-7 ) 2 2 BRSO B 7R < L2
FNTND, * UL, RICEEEROSBRIIARARECTH Y, F SIS OH
HEELV, TDO7=, BREHES ) o)L R F—0OA R ETERIL, Walczak 512 1 5 HELR
HTY AN AR B N PAEE s 0 AT o ) U T ROEDIRITE EE o T,
—J7. BHEORBIIIEE TIX, FH-mB L O Tk X 512, PDP BN & A
9% PDP BIARUHET — MR, HEICHE T T80kl & U THEET 5 & [FIFF
WCVIRBT U ANERESELZEZRAHB LTS, T 20O PDP AU HRT — MEKRIT,
EVEREETAMEZAELTEY , AUHE RICEERT A AVEOEANARETH S, £
ZC. Z® PDP i F & HWTZRET D H VAR 2 O A W=7 ) ay
JALFOSICHEH T2 2 8T, HERI DA C-7 U a L RIENBER TX S & E %
7= (Figure3-1C), EKMIZIZ, 7V 2 v R U 7)bd v R L— & PDP BN 7005
BORGES Y a VR FERT— MEE 2 2R L, ZOKRTUHET — MEK 2 2 EETG
Wk T %, ZAUC XV SNERERIE A WD Z & T )~ —LIRFET VN E R
SHDH I ENTE, Giese M T VI VATINEIGS Minisci B iy, & HIZIET7 V-7
CHNH TN TR LT RER T ) =TT XL, T Y —b, BIOT VL C-
7Y ay ReERRTE D EE X Tn, RTFIENHEST S, EMERRERR O LS %2 V3
E LRV D SRR C-7 ) 2y RARIEICR D LW ENn D,
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A OSSO s K O E T P O Mt

FH—EOEENGRIZFEDS X, £9 Giese B C-7' U 2 VAV DO BTt 21T - 72
(Table 3-1), ETNVIEE L LT, 2 COKBEEZRDNVETHRE LT a LR
UET— A 1a ET 7 UAEERUUN 3a W2, TR =RV WA X ) —)L
RAWEEY, 56 LED (440 nm) ZMRETL7-E 2 A, EEHD PDP BN 1% FFO la-
H TIXAEMETSHC-7Y a2 R 4aa DURIT 10%IZ & EE o7 (entry 1), PDP ElfL
FIZAFNVEZEAN LT 1a-Me Z W2 56 BIGRIL 10% TH -7 (entry 2), £ 2
T.PDP BN FICETFREIMED R Y 7 A m X F)LHEAEA LT 1a-CF; N5 &
T, RN 27%FE TR ETAHZ EERH L (entry 3), &HIT, SUSNEE BT L
ETA,28mM &V IRIRESFICE W TRIGEIEREDBIICSE S L, daa 23 94%D
IR THELNT (entry 4),

INOOMREIIC, WL Y 2 LR TR T — SR 2a ZHW KIS ERETL
7 EE(LENTSIET, 22 & T2ZUABRUUIL 3a I GSHTL 2 A, Ri#
FEEFFIRNT VXL C-7 U 2 R 5aa 28 T3%DHEEINE (NMR UK 97%) TEHS
iz (entry 5), fFONIZAERMOSIIRIZER o KTH-T2, B, ZOEE#ERY
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FT— FEEIR 2a 1%, BT, BIET6 »r AU EZEIRGFETRETH Y . RO BODE
SR Th D,

Table 3-1. Giese B! 7 20 B VAT I i D SAE R 5T @

OR!
R1O1 (0] OR1
R'O 1 o R1O1 o)
oB-o + R'O o
e 7 \)J\OBn MeCN/MeOH (9/1)
// 440 nm, 12 h OBn
3a
R2
1a-H, R'=Bn,R2=H 4aa, R' =Bn
1a-Me, R' =Bn, R2 = Me 5aa, R' = H
1a-CF3, R' = Bn, R2=CF,
2a,R' =H, R2=CF,
entry borate Concentration (mM) Yields (%)
1 1a-H 100 10
2 1a-Me 100 10
3 1a-CF; 100 27
4 1a-CF; 2.8 94 (90)”
5 2a 2.8 97 (73)"

"Reaction was carried out with glycosyl borate (0.08 mmol), benzyl acrylate 3a (0.05 mmol) in
9:1 mixture of acetonitrile and methanol under 440 nm (Kessil lamp) irradiation for 12 h. "Isolated

yield.

fEVNTC . Giese BT ¥ B VAN 3 1) 5 FEE 3 H #PH Ot 217 - 72 (Table 3-2)
SSONNT I T E—L LT, TZIVNAMBEZATIL 3b FIF T, 727 IUALT IR
3c . E=L AR 3d ., 77V a=hUJL 3e EWoltHiAxDETRET VTN
BEHAEETH Y, *InT DEME C-7' ) a3 RE BIFRIERNOER o BRI TH
Z 7= (5ab,5ac,5ad and Sae) , <7 F NMAHAHT L2707 o EHOTEGATH, 69%D
INRTHMY 5af BNMEbhz, 7o, BEOREEHGHEOMBRG & LT, C2 LIz /KERHE
ERFO VNV A —ZAHEDORTET — MEER 2b 0. C4 MLOKERFEDNERLFEN R D
HT7 h—=AHKDOFRTET — &K 2¢ . SOITIETHEBROKR TR T — MMEK
2d bAKISIZEHAFEETH Y | ZNEhktind D C-7Y 2 F& 5 2 7= (5bb,5caand
Sda), 7t kr7 7= 3g MW H, e T 57 2/ BEFHER Sbg BELI
776

WIZ, ~T B BEFER~O Minisci )G EL DT V—/L C-7'V 3y RERERG LT

(Table 3-3), ° MRS ) a T LR U FET — MEK 2a & TFA 256374 V%)
U 6a (Zx L, @AY U 7 L% HV, DMSO/KIEAIEEEF CHRBH 217728 2 A,
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HEO%) 7aa NEEMIZE O (wp=10:1), LET Y 6b ZHWKIE T, KGR
Fkiofjmﬁméﬁ%mbko°oﬁia%m% 50 °CTIE B BN
Boni, AFEEX ERLTHLT7 AT 6 7 =T P 6d I
%T%@\E%%H%%EU?JHWCJ)ZVF@%ﬁuW%LK(%umﬂwh
X BT, ERETITERNEEE SN T2 EBEET VL C-7 ) 2y K] OE#NE
fK&17T->7= (Table3-4), * 7o 7Y TR~ F—=LLTTIATYTA 8 ZHD
HZ Ll Ui, "PDP BT ET — MK 2 HROT ) ~—(IRFET TN ET VIV
TSIV TL 8§ HKDIFFANTIHNDI ATy T ) X0 BHO T T
ERFEonbd Bz, Yr7runxg o HFEERE T TRURT — MNER 22 &7
VIAAIEY Y T A 8a ENSEE, DBUICK VL= A, TV C-ZY ay
K 9aa N 41%DIETHE LN, TORIGTIE, Giese B 7 ¥ I /AT IIGS> Minisci
UGS &I BRIIC, B RGOz, BB VR E /T 57 vT7 Y Y 7 A 8b
bEHARETH Y . kT 57 h 9ab & 5 72,
LEDORER L | RFETEMERELEONEZ UM E LT, TLrxL, 7V —
T UNIEE NS T BRERIRBERERZFED T /) ~—(IZEANTZ 2O EW C-
TV avbiETH D Z ENRENT,

Table 3-2. Giese 5 7 <> B VAT I i 0 8 1 FH % 7
HO\/A‘
\/R 3

NO
MeCN/MeOH (9/1, 2.8 mM) HO
440nn11218h A
5 (only a)

HO
o HO \/ O
NHPh
5ab, quant. 5ac, quant. 5ad, 21% 5ae, 55%
HO Q
HO
O Me H
H OMe
5af, 69% 5bb, quant.
HO OH OH
0}
HO HO HO
OMe
NHAc
5bg, 63% (dr 3:1)a 5ca, 74% 5da, 54%

*Sbg was purified after acetyl protection of hydroxy groups.
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Table 3-3. Minisci B 57 i~ 0 F5E 3 FH &t

IS
|, | . KeS:0s
N~ 2 - >
6 H CF3CO, o =
HOS ool |
DMSO/H,0 (9/1, 0.1M) N >
440 nm, 2-13 h 7
OH OH OH
HO Q HO 0 HO o)
HO HO HO
HO
Z N N7 | Z N
l |
N N Me X
7aa, quant. 7ab 7ba
(a:B =10:1) 0 °C; quant. (a:B = 9:1) 74% (only a)
50 °C; quant. (a:p = 1:27)
OH
OH
0 " 2 OH
HO HO .
HO HO CF3CO,H o o N /
HO N7 /
> | HO N\
N7 N HO O
%
7bb 7bc 7bd
73% (only a) 48% (a:B = 2:1)2 35% (only B)@

¥This reaction was conducted at 50 °C.

Table 3-4. 7 > )WVALI i 0D 85 i FH &t
Me O
+

N\Hk TFA
SR
o <\,N DCE  MeOH

(2.8 mM) (12.5 mM)
440nm,2h rt,2h 9aa or 9ab (only B)

OH OH
HO o O o O
HO l
Ph
Me
9aa, 41% X ray of 9aa? 9ab, 59%

¥The CCDC number of 9aa is 2353967.
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o HEE RS

ARSI D SR & PR 272012, 37V a bR v ET — MERO S PRNIF;
MO 21T > 72, PDP HRIAR T HFET — MR (1a-H, 1a-Me, 1a-CF3, 2a and 10) DOWIY
AR MV BN ALY RV, Figure3-2 705 Figure3-6 (k710D ThHhoT,
DI, A 27Uy T ARALE A NY— (CV) JIEDFER, ZNDDRTHET — MEERD
AL EBALICIIRE R EN R BN > 7= (Figure3-7 7>5 Figure3-10), 728, 2a 3R
FRMEICRIED B D CV DOREENTE TV, LLIFD X 912 PDP IR v 3#E 7 — MK

(1a-H, 1a-Me and 1a-CF3) OiEILAZHEE L7223, R L OHEBEIZR bR o7,

RUFET — MEA 1a-H 12OV T, A AR AT bL @A bL, B X
ATV T HRNE AN —=InbEONT-T —XIZHSX LLUF® Rehm-Weller =
ZHWTHEIEAR L — N OB bR TEM 2 EPICE R L, ks, 427U v 7R
% A kU — (Figure 3-7) 2B\ T, AL — | la-H DOELXALAAER LTI AR /]
WETHH-o72, LI~ T, B{LENLE (=+0.805V vs. SCE) % E (1a-H"/1a-H) & L C
Hiz, BRUHET — MEER 1a-H BhERBIC 1T 5 = RV X —E (1a-H*/1a-H) (30X
ALY MV ORI AL RV DR (406 nm, Figure 3-2) /7 HHEE L 3.054 eV & L
77
For the excited state of borate 1a-H*

Rehm-Weller equation:
E (1a-H"/1a-H*) = E (1a-H""/1a-H) — Eoo (1a-H*/1a-H)
E (1a-H"/1a-H*) = 0.805 — 3.061 =—2.256 V vs. SCE.

RUFET — MER 1a-Me 1T2OW T, EA AR AN bV @bt A7 hv B
KOV A7V v IR NVE AR =L ELNET —XIZHSX, LI O Rehm-Weller
K& AW OLER L— s ORbETEM Z TP EH Lz, 28, Y127V v 7&K
LA A Y — (Figure3-8) (2B C, R L— bk 1a-Me DOEXALFAIRRIBEE XA /]
WIEFE CHo7-, L7z -> T, BALENL E (=+0.931 Vvs. SCE) % E (1a-Me™"/1a-Me) &
LTHWEe, AUFET— SR 10 BhEIREIZEB T 5 =R/ F— Eo (1a-Me*/1a-Me) |3
WL AT SV OV A7 VD (397 nm, Figure 3-3) 2> HLHEE L 3.123eV &
L7z,

For the excited state of borate 1a-Me*
Rehm-Weller equation:
E (1a-Me"/1a-Me*) = E (1a-Me""/1a-Me) — E(o (1a-Me*/1a-Me)
E (1a-Me*/1a-Me*) = 0.931 — 3.123 =—2.192 V vs. SCE.

R FET — MER 1a-CF3 I2DW T, AR AR Y fL AT b, B
KOV A7V IR NVE AN =L ELNET —XIZHSX, LI O Rehm-Weller
K& AW OLRER L— s ORbETEM Z TP EH Lz, 228, 127U v 7&K
L&A R U — (Figure3-9) (2B T, R L — bk 1a-CF; OELXALFAORLIEFRII AR A]
W CTH o7, L2 -> T, BRLENL E (=+0.951 Vvs. SCE) % E (1a-CF;"/1a-CF3)
ELTHWE, AU FET — MER 1 BEIRRBICIIT 2 =R /LF — Ey (1a-CF3*/1a-CF3)
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TN AT RV R AT VDR (449 nm, Figure 3-4) 7 HHEE L 2.761 eV
L7,
For the excited state of borate 1a-CF3*
Rehm-Weller equation:
E (1a-CF;"/1a-CF3*) = E (1a-CF;"/1a-CF3) — E¢ (1a-CF3*/1a-CF3)
E (1a-CF;"/1a-CF3*) = 0.952 — 2.761 = — 1.809 V vs. SCE.

absorption and fluorescence
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Figure 3-2. 1a-H QWL AT "L K OVE AT kL e
?Absorption and fluorescence spectra of 1a-H was measured with 20 uM acetonitrile solution.
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Figure 3-3. 1a-Me QWL AT kL L OV AT kL e
?Absorption and fluorescence spectra of 1a-Me was measured with 20 uM acetonitrile solution.



absorption and fluorescence
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Figure 3-4. 1a-CF; DWW UL A7 NV NE AT L

?Absorption and fluorescence spectra of 1a-CF3 was measured with 20 uM acetonitrile solution.

absorption and fluorescence
3500
> 3000
2500
2000

1500
1000
500

normalized intens

350 400 450 500 550 600
wavelength (nm)

@ absomption @ fluorescence

Figure 3-5. 2a OWUIL AT VKR DAY kL e
*Absorption and fluorescence spectra of 2a was measured with 20 pM (9/1, DCM/MeOH)

solution.
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absorption and fluorescence
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Figure 3-6. 10 DWW A7 F VROV NE AT [l

?Absorption and fluorescence spectra of 10 was measured with 20 uM acetonitrile solution.

Cyclic Voltammogram of 1a-H
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Cyclic Voltammogram of 1a-H
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la-H: E,, =+ 0.410 V vs Ag/AgNO3 =+ 0.805 V vs. SCE
Calculated according to Fc/Fc™ (Ei2=—-0.0149 V vs Ag/AgNO3)
1la-H: E,. =-2.139 V vs Ag/AgNO;=—1.739 V vs. SCE
Calculated according to Fc/Fc™ (Ei2=—-0.0196 V vs Ag/AgNO3)
These peaks are not reversible.

Figure 3-7. 1a-H OY A 7 U v VRNV ZET T L ¢
‘In an ambient atmosphere, 1a-H (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. Then, the electrochemical property was measured. Measurements used a
glassy carbon working electrode, a Ag/AgNOs reference electrode, and a Pt wire counter electrode.
The sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is known that Fc/Fc*
is 380 mV more positive than SCE in MeCN'? and we measured the Fc/Fc* in MeCN to determine
potentials against SCE respectively.

Cyclic Voltammogram of 1a-Me

1.20E-04
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Current/A

4.00E-05

-38.00E+00  -2.0f 1.00E+00 2.00E+00 3.00E+00
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0E-05
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Cyclic Voltammogram of 1a-Me

w
g
8

-2.50E+00 -1.50E+00  -1.00E+00

2V0E+00

Current/A

-2.00E-05

-2.50E-05
Potential/V

1a-Me: E,, =+ 0.536 V vs Ag/AgNO; =+ 0.931 V vs. SCE
Calculated according to Fc/Fc¢' (Ei2=-0.0149 V vs Ag/AgNOs)
1a-Me: E,. =-2.254 V vs Ag/AgNO3;=—-1.854 V vs. SCE
Calculated according to Fc/F¢' (E12=-0.0196 V vs Ag/AgNOs)
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These peaks are not reversible.

Figure 3-8. 1a-Me OV A 7 U » VRV ZET T L
In an ambient atmosphere, 1a-Me (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. Then, the electrochemical property was measured. Measurements used a
glassy carbon working electrode, a Ag/AgNOs; reference electrode, and a Pt wire counter electrode.

The sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is known that Fc/F¢*

is 380 mV more positive than SCE in MeCN'? and we measured the Fc/Fc” in MeCN to determine
potentials against SCE respectively.

Cyclic Voltammogram of 1a-CFs
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Cyclic Voltammogram of 1a-CFs

o fist @ second e third e forth « fifth
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< < ’ -2.00E-05
E <
g -4.00E-05
5 \
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-6.00E-05
- -8.00E-05
Potential/V

la- CF3: E,, =+ 0.557 V vs Ag/AgNO; =+ 0.952 V vs. SCE
Calculated according to Fc/Fc¢' (Ei2=-0.0149 V vs Ag/AgNOs)
1a- CFs: Ei» (1a- CF3/1a- CFjradical anion)

=-1.720 V vs Ag/AgNO;=—-1.325 V vs. SCE
Calculated according to Fc/Fc™ (Ei2=—-0.0149 V vs Ag/AgNO3)
The cathodic peak was reversible at least five times.

Figure 3-9. 1a-CF; D% A 7V » VRNV EET T L

“In an ambient atmosphere, 1a-CF3 (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. Then, the electrochemical property was measured. Measurements used a
glassy carbon working electrode, a Ag/AgNOs reference electrode, and a Pt wire counter electrode.
The sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is known that Fc/Fc*
is 380 mV more positive than SCE in MeCN'? and we measured the Fc/Fc* in MeCN to determine
potentials against SCE respectively.

Cyclic Voltammogram of 10
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Cyclic Voltammogram of 10
1.00E-05

X first
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< -5.00E-06 @ second
s
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e fifth
-2.00E-05
-2.50E-05

Potential/ivV

10: Ei» (10/10 radical anion) =— 1.725 V vs Ag/AgNOs; =—1.331 V vs. SCE
Calculated according to Fc/Fc™ (Ei2=—-0.0142 V vs Ag/AgNO3)
The cathodic peak was reversible at least five times.
These results indicate that 10 could act as photoredox catalyst.

Figure 3-10. 10 OV A 7 UV v VRV EET T L
In an ambient atmosphere, 10 (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. Then, the electrochemical property was measured. Measurements used a
glassy carbon working electrode, a Ag/AgNOs reference electrode, and a Pt wire counter electrode.
The sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is known that Fc/F¢*
is 380 mV more positive than SCE in MeCN'? and we measured the Fc/Fc* in MeCN to determine
potentials against SCE respectively.

PDP A7k 7 £ 7 — R (1a-H, 1a-Me and 1a-CFs) OR/F 1A~ R L% b
L2 A, N 7uda 2T a4 % 1a-CFs 1%, thoFFER & g U TR
BN AR AT 7 B LTWD Z &R I 7z (Figure3-11A), L7223 -> T, A UHE
T — FEERD L0 2RISR O BGEIZ A 5 LTINS Z ERRIBE NS,

WA B2 CAERRT DRIZEMRMICER Lic, 77V 2 bk v F#RT — MK 1a-CF;
ET 7 YNV 3a ORUNEEZFEICT L7c e 2 A, BBIO C-7) 2w
RIZZ, R TET— MEERO T ) a2 VR A MV RRICEBRI NIRRT —
R 10 23 88%DEILETAER L TVD Z LR T 7= (Figure3-11B), CV HlEIZ X
0. AR Y — 7 NHER SN0, ZORIAERY 10 BEXOEE THH Y 3
R FET — MEK 1a-CF; (XE IR E ORI NAETH H Z &2V rE N7z (Figure 3-
9and Figure3-10), ZD7=H, TN HDARUFET — MEKRIL, St biZoftii s LT
BELEDZEDRHLMNERoT,

PLEDFEEREZIZIE DX Giese M C-7"V 3 LA i OHEE BOGHERE 2 LT IS~
(Figure 3-11C), SUinid, HOEAXBEICL D7) a v R TH£ET — MR 2 Dbk
He 2* DB OLBEEND, 20D 2% INHDRFE-FRUBEEDFRETY T 4 v 7 A
RO, T/~ RFET TN A BERT D, o, BERED 2* HDH0E 10*
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NI EAIE U CTHBEL . RIERIREEDOFR VR T — Mk 2 2—E Tt T52 LTIV
T A BT DG IIT L THEITL CWA RN B 5D, FAELTET ) ~— ik
FUN AL, BIARRT VY 3K LTINL, RFET P HAHRIIE B 2K
T 5, WZIZ, ZOFEE B 23, FhEREDOKR THET — MER (2*and 10%) H 5T
BOSRPTHECTZT VAN T =4 b —E R TE%it, 7e hfbEnsd Z & T,
HIE 95 C-7Uav R 5 BAERTDEHRISID, 7 VNSO R Y FZLAEY
T BRI CTHD A 7 — NV ERIL L TRERA P VEBRATET — FMEK 10 L7205,
Minisci B S DO SHERE X, 55 _FHIOR LB ThD, &ElZ, 7Y C-7'Y
2y RARRICE T B HEE KRS % 759 (Figure 3-11D) , ihEIRRED 7'V =2 2Lk 7 35
T— REEIR 2% BT VAL IE VY UL 8 ~D—FETE) (SET) BNiEfTL, 7/~
—NLRFET I A ETUNT VT LAEREDO T AT U H C BREFICEAET S,
Z 2T, BEFEMTUINAE (PRE: persistent radical effect) (ZFD% | MEMRT /<
—NRFET I A LEFEMBRTIFNLTIHN C OFRNIRT S HN-F DT
TV TRHEIT L, TRIE D 2T 5, RIS, BRICLAT VU U AONEELE
7 )N DONKRKER AR T, TN C-ZVav K9 RAERTSD, 7VvC-7 U ay
RDOT )~ —(LOKFTHEIEIZ K > THE RPN D T2 LERNKTH D BIARIFEH
NoEHEZTND,

100



Al Physical properties of glycosyl borates

OBn UV/Vis analysis
0.4

normalized absorbance
o
N

1aaH R=H wavelength (nm)

1a-Me R =Me

—1a-H —1a-Me —1a-CF3
1a-CF; R = CF, ¢ arle—1a

B | Byproduct derived from glycosyl borate

OBn
OBn
3a (1 equiv.) BnO fe)
BnO
MeCN/MeOH
(9/1, 2.8 mM)
440 nm
FsC -CF: 4aa, 94% 10, 88%
(1.6 equiv.)
C | Proposed pathway of Giese-type reaction
homolytic
cleavage 2*or2- Aor2
o
HO = o or10~  or10
7 Bue LE?‘ o 3 HOST = “
T~
2 BR, HO = —SET— 5
\_/ SET: A . EWG +H*
X A B

2*or10* 2~ or10~

D | Proposed pathway of Giese-type reaction for C-glycoside synthesis

o * Me O o
Ho‘\v/q‘ {%R SET HO%
N OTf A Me:
2+ 8 R
o Db Me
HOS base -0 O 0-
— - HOYY c
Me\ o) S Me \A/Z(R
N N R /~N 9
\ NtMe Me'N\/)

Figure 3-11. B§M§328R & HEE SOUCHERE

SEDURG e

PDP BN T2 AT HMR#E S U a v VR U R T — MEROBEELEZEHT 5 2
& T AR A B AR A — YL E LR, TV C-Z ) a v VbR R
H U7, ABOSE, MY 7 g R — ML ORI AREa MRS ) a v VRO RT
— NEREHWD Z L CEEICEATEETH D, HFOENEHN T, BEIREOR T HET —
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REEIRIND T )~ —(LRFET T ANDPIEL, TR A DT P NVZEE L FGT 5
ZET, RE-DIRERIEEZRED Z &< T, T BROT UL C-TY
Y RE—ZFIMETE D, AFETEOIERIWEZ R L, 7T FREERLE ST
BRI L TOEATETH B,

102



L = PN

(a) Hocek, M. Chem. Rev. 2009, 109, 6729-6764. (b) Meinke, S.; Schroven, A.; Thiem, J.
Org. Biomol. Chem. 2011, 9, 4487. (c¢) Yang, Y.; Yu, B. Chem. Rev. 2017, 117, 12281-12356.
(d) Bokor, E.; Kun, S.; Goyard, D.; Toth, M.; Praly, J.-P.; Vidal, S.; Somsék, L. Chem. Rev.
2017, 117, 1687—-1764. (e) Liao, H.; Ma, J.; Yao, H.; Liu, X.-W. Org. Biomol. Chem. 2018,
16, 1791-1806.

(a) Kitamura, K.; Ando, Y.; Matsumoto, T.; Suzuki, K. Chem. Rev. 2017, 118, 1495-1598.
(b) Kiya, N.; Hidaka, Y.; Usui, K.; Hirai, G. Org. Lett. 2019, 21, 1588-1592. (c) Xu, L.-Y.;
Fan, N.-L.; Hu, X.-G. Org. Biomol. Chem. 2020, 18, 5095-5109. (d) Hidaka, Y.; Kiya, N.;
Yoritate, M.; Usui, K.; Hirai, G. Chem. Commun. 2020, 56, 4712-4715. (e) Liu, J.; Ye, Y.;
Sessler, J. L.; Gong, H. Acc. Chem. Res. 2020, 53, 1833-1845. (f) Wei, Y.; Ben-zvi, B.; Diao,
T. Angew. Chem., Int. Ed. 2021, 60, 9433-9438. (g) Mou, Z.; Wang, J.; Zhang, X.; Niu, D.
Adv. Synth. Catal. 2021, 363, 3025-3029. (h) Ghosh, T.; Nokami, T. Carbohydr. Res. 2022,
522, 108677. (i) Parida, S. P.; Das, T.; Ahemad, M. A.; Pati, T.; Mohapatra, S.; Nayak, S.
Carbohydr. Res. 2023, 530, 108856. (j) Shang, W.; Niu, D. Acc. Chem. Res. 2023, 56, 2473—
2488. (k) Wei, Y.; Lin, L. Q. H.; Lee, B. C.; Koh, M. J. Acc. Chem. Res. 2023, 56, 3292—
3312. (1) Jiang, Y.; Wei, Y.; Zhou, Q.-Y.; Sun, G.-Q.; Fu, X.-P.; Levin, N.; Zhang, Y.; Liu,
W.-Q.; Song, N.; Mohammed, S.; Davis, B. G.; Koh, M. J. Nature 2024, 631, 319-327.

(a) Wittmann, V.; Kessler, H. Angew. Chem., Int. Ed. Engl. 1993, 32, 1091-1093. (b) Schifer,
A.; Thiem, J. J. Org. Chem. 1999, 65, 24-29. (c¢) Baryal, K. N.; Zhu, D.; Li, X.; Zhu, J.
Angew. Chem., Int. Ed. 2013, 52, 8012—-8016.

(a) Lesimple, P.; Beau, J.-M.; Sinay, P. J. Chem. Soc., Chem. Commun. 1985, 894—895. (b)
Koester, D. C.; Kriemen, E.; Werz, D. B. Angew. Chem., Int. Ed. 2013, 52, 2985-2989. (c)
Zhu, F.; Rodriguez, J.; Yang, T.; Kevlishvili, I.; Miller, E.; Yi, D.; O’Neill, S.; Rourke, M. J.;
Liu, P.; Walczak, M. A. J. Am. Chem. Soc. 2017, 139, 17908-17922. (d) Walczak, M.; Zhu,
F.; Yang, T. Synlett 2017, 28, 1510-1516. (e) Zhu, F.; Rodriguez, J.; O’Neill, S.; Walczak,
M. A. ACS Cent. Sci. 2018, 4, 1652—-1662.

(a) Molander, G. A.; Wisniewski, S. R. J. Am. Chem. Soc. 2012, 134, 16856—16868. (b)
Takeda, D.; Yoritate, M.; Yasutomi, H.; Chiba, S.; Moriyama, T.; Yokoo, A.; Usui, K.; Hirai,
G. Org. Lett. 2021, 23, 1940-1944. (c) Miller, E. M.; Walczak, M. A. Org. Lett. 2021, 23,
4289-4293.

(a) Li, G.; Noguchi, M.; Arisaka, G.; Tanaka, Y.; Shoda, S. Org. Biomol. Chem. 2021, 19,
3134-3138. (b) Wang, Q.; Lee, B. C.; Tan, T. J.; Jiang, Y.; Ser, W. H.; Koh, M. J. Nat. Synth.
2022, 1, 967-974. (¢) Zhang, C.; Xu, S.-Y.; Zuo, H.; Zhang, X.; Dang, Q.-D.; Niu, D. Nat.
Synth. 2023, 2, 251-260. (d) Xu, S.; Zhang, W.; Li, C.; Li, Y.; Zeng, H.; Wang, Y.; Zhang,
Y.; Niu, D. Niu, Angew. Chem., Int. Ed. 2023, 62, DOI: 10.1002/anie.202218303. () Miura,
T.; Yoritate, M.; Hirai, G. Chem. Commun. 2023, 59, 8564-8567. (f) Jiang, Y.; Zhang, Y.;
Lee, B. C.; Koh, M. J. Angew. Chem., Int. Ed. 2023, 62, DOI: 10.1002/anie.202305138. (g)
Talukdar, R.; Chong, D.; Fairbanks, A. J. Org. Lett. 2024, 26, 10536—-10541. (h) Sun, D.;
Dou, X.; Wang, F.; Wu, J.; Wang, W.; He, G. J. Am. Chem. Soc. 2025, 147, 38879—38888.
(a) Sato, Y.; Nakamura, K.; Sumida, Y.; Hashizume, D.; Hosoya, T.; Ohmiya, H. J. Am. Chem.
Soc. 2020, 142, 9938-9943. (b) Sato, Y.; Miyamoto, Y.; Sumida, Y.; Hosoya, T.; Ohmiya, H.
Org. Biomol. Chem. 2020, 18, 6598-6601. (c) Miyamoto, Y.; Sumida, Y.; Ohmiya, H. Org.
Lett. 2021, 23, 5865-5870. (d) Sato, Y.; Goto, Y.; Nakamura, K.; Miyamoto, Y.; Sumida, Y.;
Ohmiya, H. ACS Catal. 2021, 11, 12886—12892. (¢) Kemmochi, M.; Miyamoto, Y.; Sumida,
Y.; Ohmiya, H. 4Asian J. Org. Chem. 2021, 11, DOI: 10.1002/ajoc.202100640. (f) Nakamura,
R.; Sumida, Y.; Ohmiya, H. Bull. Chem. Soc. Jpn. 2022, 95, 1001-1005. (g) Nakamura, R.;
Yamazaki, T.; Kondo, Y.; Tsukada, M.; Miyamoto, Y.; Arakawa, N.; Sumida, Y.; Kiya, T.;
Arai, S.; Ohmiya, H. J. Am. Chem. Soc. 2023, 145, 10651-10658.

(a) Shang, W.; Su, S.; Shi, R.; Mou, Z.; Yu, G.; Zhang, X.; Niu, D. Angew. Chem., Int. Ed.
2020, 60, 385-390. (b) Jiang, Y.; Wang, Q.; Zhang, X.; Koh, M. J. Chem. 2021, 7, 3377—
3392. (¢) Wu, J.; Wei, W.; P6hlmann, J.; Purushothaman, R.; Ackermann, L. Angew. Chem.,

103



10.

11.

12.

Int. Ed. 2023, 62, DOI: 10.1002/anie.202219319.

(a) Xia, L.; Fan, W.; Yuan, X.-A.; Yu, S. ACS Catal. 2021, 11, 9397-9406. (b) Xie, D.; Wang,
Y.; Zhang, X.; Fu, Z.; Niu, D. Angew. Chem., Int. Ed. 2022, 61, DOIL:
10.1002/anie.202204922.

(a) Bakhtiar, C.; Smith, E. H. J. Chem. Soc., Perkin Trans. 1994, 1, 239-243. (b) Zou, L.-J.;
Pan, Q.; Li, C.-Y.; Zhang, Z.-T.; Zhang, X.-W.; Hu, X.-G. Org. Lett. 2020, 22, 8302—-8306.
(c) Jiang, Y.; Yang, K.; Wei, Y.; Wang, Q.; Li, S.; Lan, Y.; Koh, M. J. Angew. Chem., Int. Ed.
2022, 61, DOI: 10.1002/anie.202211043.

(a) Zhu, J. L.; Scheidt, K. A. Tetrahedron 2021, 92, 132288. (b) Bay, A. V.; Scheidt, K. A.
Trends Chem. 2022, 4, 277-290. (c) Rourke, M. J.; McGill, M. J.; Scheidt, K. A.; Yang, D.;
Farnam, E. J.; Zhu, J. L. Synlett 2023, 34, 2175-2180. (d) Zhu, J. L.; Schull, C. R.; Tam, A.
T.; Renteria-Gomez, A.; Gogoi, A. R.; Gutierrez, O.; Scheidt, K. A. J. Am. Chem. Soc. 2023,
145, 1535-1541. (e) Rourke, M. J.; Wang, C. T.; Schull, C. R.; Scheidt, K. A. ACS Catal.
2023, 13, 7987-7994. (f) Cao, J.; Zhu, J. L.; Scheidt, K. A. Chem. Sci. 2024, 15, 154-159.
Connelly, N. G.; Geiger, W. E. Chem. Rev. 1996, 96, 877-910.

104



HoE ERRIE

m Instrumentation and Chemicals Synthesis m

NMR spectra were recorded on a Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
for '"H NMR, 100.6 MHz for '3C NMR, 376.5 MHz for '°"F NMR and 128.4 MHz for ''B NMR.
Chloroform-d; (CDCIl3) containing 0.03% tetramethylsilane (TMS) (>99.8%D, Cambridge Isotope
Laboratories, Inc., Cat. No. DLM-7), Methanol-ds (99.9%D, Cambridge Isotope Laboratories, Inc.,
Cat. No. DLM-51) Deuterium oxide (99.9%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-
4) were used as solvents for NMR measurements at ambient temperature. Chemical shifts (6) for 'H
NMR are given in parts per million (ppm) relative to TMS (6 0.00 ppm in CDCl3), or residual methanol
(6 3.31 ppm in CD;0D), H,0 (6 4.79 ppm in D,0). Chemical shifts (5) for *C NMR are given in ppm
relative to CDCl; (0 77.0 ppm), or residual methanol (0 49.0 ppm in CD30D). Chemical shifts were
reported in d ppm. The abbreviations s, d, t, q, quin, and m signify singlet, doublet, triplet, quartet,
quintet and multiplet, respectively. Mass spectra were obtained with a Bruker timsTOF mass
spectrometer (ESI). TLC analyses were performed on commercial glass plates of Merck Silica gel
60F>s4. Silica gel (Wakosil® 60, 64~210 pum) was used for column chromatography. Biotage® Selekt,
Biotage® Isolera™ One and LaboACE LC-5060 (for Gel Permeation Chromatography) and were 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. UV-
Vis absorption spectra were recorded on a Shimadzu UV-1900. Fluorescence spectra were recorded
on a Shimadzu RF-6000. Cyclic voltammetry measurements were recorded with a Hokuto Denko HZ-
7000 potentiostat. Single-crystal X-ray diffraction data were collected on a Bruker Single Crystal CCD
X-ray Diffractometer (SMART APEX II). Kessil PR-160 440 nm was used as a light source. TEKNOS
MG?9 was used as a fan. Optical rotations were measured on a JASCO P-2200.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. Before reactions, liquid
olefines (fert-butyl acrylate, benzyl acrylate, acrylonitrile) were passed through a short pad of
Aluminium oxide 60.

Fujifilm Wako Pure Chemical Co.
DCM (super dehydrated), silica gel (Wakosil® 60, 64~210 um), tetrahydrofuran (super dehydrated,
stabilizer free), ethyl acetate, hexane, DCM, diethyl ether, methanol, acetone, chloroform, N,N-

dimethylformamide, acetonitrile, methanol (super special grade), DCM (for spectrochemical analysis),
N,N-dimethylformamide (super dehydrated), dimethyl sulfoxide (super dehydrated), toluene (super
dehydrated), methanol (super dehydrated), diethyl ether (super dehydrated), acetonitrile (super
dehydrated), H,O, HCI in H,O, lithium (shot), tert-butyl acrylate, acetic anhydride,
chloro(triphenylphosphine)gold (1), 1,8-diazabicyclo[5.4.0]-7-undecene (DBU), acetic acid.

Tokyo Chemical Industry Co., Ltd.

N-(tert-Butoxycarbonyl)-L-alanine, 1-hydroxybenzotriazole, hydrogen chloride (ca. 4 mol/L in 1,4-

dioxane), acryloyl chloride (stabilized with MEHQ), (4-dimethylaminophenyl)di-terz-butylphosphine,
pyridine-HCI, sodium methoxide, benzyl bromide, sodium hydride (60%, dispersion in paraffin liquid),
potassium peroxymonosulfate [> ca. 45% (T) as KHSOs], trimethyl borate, potassium
hydrogenfluoride, benzyl acrylate (stabilized with MEHQ), acrylonitrile (stabilized with MEHQ),
methyl 2-acetamidoacrylate, sodium acetate, isoquinoline, lepidine, 4-methylbenzoyl chloride, N-
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methylimidazole, methyl trifluoromethanesulfonate, fert-butyldiphenylchlorosilane, D-galactal, 2,6-
dichloropyridine.

Kanto Chemical Co.

n-Butyllithium in n-hexane (1.6 mol/L), 1,2-dichloroethane (dehydrated).

Merk Sigma-Aldrich Japan Inc.

Pd(OAc),, Pd(OH),/C (20 wt.% loading (dry basis), matrix carbon, wet support), almina (alminium
oxide 60), N-phenylacrylamide.

Nacalai Tesque Inc.

Triethylamine, NaHCO3, sodium sulfate, K,COs3, naphthalene, TFA, potassium persulfate, sodium
thiosulfate, Molecular Sieves 4A.

BLD Pharmatech Ltd.

2,6-Dichloro-4-methylpyridine, silver trifluoromethanesulfonate, 2,6-dichloro-4-methylpyridine.

Angene
L-Alanine  methyl ester  hydrochloride, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride, 2-hydroxyphenyl boronic acid, tri-O-acetyl-D-glucal, N-methyliminodiacetic acid,
fasudil (1H-1,4-Diazepine, hexahydro-1-(5-isoquinolinylsulfonyl)-).

Acros Organics
Vinylsulfonylbenzene.

The substrates listed in Figure S3-1 were prepared according to the literatures (S1,' $2,2 83,3 84, 85,
S6,° S7,% 8a,% and 8b°).

l\llle I\I/Ie
o o OH HO 5o 9Bn
n
AL OG0
B B ©
= :
= BF,K
CF4
s1 S2 s3
OBn
OBn OBn HO, OBn
B : B OBn -
no OBn no OBn BhOL
X 0 0 (6)
HO™ ™ HO" ™ o OBn
BF;K BF;K Y
BMIDA
S5 S6
Me O - M
N7 orf +$\l\/)ov
X S Ph
<\/N\ <\,N\—0Tf
Me Me Me
S7 8a 8b

Figure S3-1. Prepared starting materials.

m Characterization Data for Substrates m
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Methyl Acryloyl-L-alanyl-L-alaninate (3f)

HOB
BocHN” “COOH * HZN\;)J\OMe o BocHNJ}(NJOMe
-5 2V 12 "/
HCl e rt, 21.5'h O Me
s8
A
X
o Me . O w0 Me 0O
In dioxane t
N 3
THE HzNJﬁ( \;)J\OMG \)J\N)\[fN\;)J\OMe
t4h Mo O Me CHaCle H o e
S9 ' 3f

Step 1: preparation of S8

A 500 mL round-bottom flask was charged sequentially with L-alanine methyl ester hydrochloride
(1.4 g, 10 mmol) and super dehydrated CH,Cl, (100 mL). The solution was cooled in an ice-bath, and
triethylamine (1.7 mL, 12 mmol), N-(tert-butoxycarbonyl)-L-alanine and 1-hydroxybenzotriazole
were added. The mixture was stirred, and then 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride was added slowly. The mixture was warmed to room temperature and stirred for 21.5
h. The mixture was quenched with water and extracted with CH>Cl, over three times. The organic
layer was dried over sodium sulfate and filtrated. The crude material was concentrated under reduced
pressure. After volatiles were removed, flash column chromatography on silica gel (Biotage Selekt,
90:10-50:50, hexane/EtOAc) gave S8 (2.26 g, 8.2 mmol, 82%). The spectrum data of product S8 was
consistent with the literature.’
Step 2: preparation of S9

A 100 mL round-bottom flask was charged sequentially with S8 (1.1 g, 4 mmol) and dry THF (20
mL). The solution was cooled in an ice-bath, and HCl in dioxane (20 mL, 4 M) was added slowly. The
mixture was warmed to room temperature and stirred for 4 h. The resulting solution was concentrated
under reduced pressure to give S9, which was used without further purification.
Step 3: preparation of 3f

A 100 mL round-bottom flask was charged sequentially with S9 and dry CH>Cl> (20 mL, 0.2 M).
The solution was cooled in an ice-bath, and then triethylamine (1.1 mL, 8 mmol) and acryloyl chloride
(485 pL, 6 mmol) were added dropwisely. The mixture was warmed to room temperature and stirred
for 3 h. The solution was concentrated under reduced pressure and dilututed with EtOAc (ca. 50 mL).
The organic layer was washed with saturated NaHCO; aq (ca. 50 mL), 1N HCI aq (ca. 50 mL) and
brine (ca. 50 mL). The organic layer was dried over sodium sulfate and filtrated. The crude material
was concentrated under reduced pressure. After volatiles were removed, flash column chromatography
on silica gel (50:50-0:100, hexane/EtOAc) gave 3f (360.2 mg, 1.58 mmol, 39%, over 2 steps) as a
white solid. Rf = 0.5 (only EtOAc) M.p. 150-155 °C [a]p?® —99.6 (¢ = 0.1, CH,Cl,) IR (neat) 3285,
1751, 1647, 1622, 1540, 1456, 1410, 1208, 1165, 1056 cm™'. 'H NMR (400 MHz, CDCl;) 6 6.88 (d,
J=6.8 Hz, 1H), 6.47 (d, /= 6.8 Hz, 1H), 6.31 (dd, J=16.8, 1.6 Hz, 1H), 6.13 (dd, /= 16.8, 10.4 Hz,
1H), 5.68 (dd, J=10.4, 1.6 Hz, 1H), 4.66 (quin, J = 7.2 Hz, 1H), 4.55 (quin, J = 7.2 Hz, 1H), 3.76 (s,
3H), 1.44 (d,J=7.2 Hz, 3H), 1.42 (d, /= 7.2 Hz, 3H). *C NMR (100.6 MHz, CDCl3) § 173.0, 171.8,
165.1,130.3,127.2, 52.5, 48.7, 48.1, 18.6, 18.1.
HRMS-ESI (m/z): [M+H]" calcd for C1oH17N>04", 229.1183; found, 229.1190.
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2,2'-(4-Methylpyridine-2,6-diyl)diphenol (L1)

Pg(grfl*c)z OH HO
cl._N__Cl -Phos
| OR): K2COs ‘ N O
P N OH S
DMF/H,0 —
Me 100 °C, 24 h
Me
L1

A round-bottom flask was charged sequentially with 2-hydroxyphenyl boronic acid (5.5 g, 40 mmol),
2,6-dichloro-4-methylpyridine (1.6 g, 10 mmol), K,COs (8.3 g, 60 mmol), Pd(OAc), (112.3 mg, 0.5
mmol) and A-Phos (265.4 mg, 1.0 mmol) in a glovebox. The septum capped round-bottom flask was
removed from the glovebox, and then dry DMF (56 mL) and H,O (44 mL) were added under N»
atmosphere. After stirring at 100 °C for 24 h, the reaction mixture was transferred to a separatory
funnel, diluted with diethyl ether and extracted with diethyl ether over three times (ca. 100 mL x 3).
The organic extract was dried over sodium sulfate, filtrated and concentrated under reduced pressure.
Flash column chromatography on silica gel (100:0-60:40, hexane/EtOAc) gave L1 (2.01 g, 7.26 mmol,
73%) as a yellow solid. Note: The product was generally eluted with hexane/EtOAc (70:30). Rf=0.19
(80:20, hexane/EtOAc) M.p. 108—113 °C IR (neat) 3255, 3051, 1603, 1554, 1448, 1400, 1363, 1281,
1254, 1227 cm™'. '"H NMR (400 MHz, CDCl3) 6 7.67 (dd, J = 8.0, 1.6 Hz, 2H), 7.53 (d, J = 0.4 Hz,
2H), 7.36 (ddd, J=8.0, 7.2, 1.6 Hz, 2H), 7.05 (dd, J = 8.0, 1.2 Hz, 2H), 7.01-6.97 (ddd, J = 8.0, 7.2,
1.2 Hz, 2H), 2.54 (m, 3H). '*C NMR (100.6 MHz, CDCl3) 6 156.7, 156.1, 151.2, 131.4, 128.0, 121.6,
120.8, 120.0, 118.0, 21.9. HRMS-ESI (m/z): [M+H]" calcd for CisHiNO,", 278.1176; found,
278.1171.

2,2'-(4-Methylpyridine-2,6-diyl)diphenol (L2)

Me Me X OH HO
0 o | ] He O O
~
L X N
~

| neat =
Z 190 °C, 1 h e
CF, 8
s1 L2

A round-bottom flask was charged sequentially with S1 (4.0 g, 11.2 mmol) and pyridine-HCI (7.8
g, 67.2 mmol) in a glovebox. The septum capped round-bottom flask was removed from the glovebox
and stirred at 190 °C for 1 h. While the mixture was warmed to room temperature, CH>Cl, (ca. 50 mL)
and H>O (ca. 50 mL) were added to the solution carefully. Then the reaction mixture was transferred
to a separatory funnel, diluted with CH>Cl, and extracted with CH,Cl, over five times (ca. 50 mL X
5). The organic extract was dried over sodium sulfate, filtrated and concentrated under reduced
pressure. The residue was washed with hexane to give L2 (3.79 g, 11.4 mmol, quant.) as an orange
solid. M.p. 170-175 °C IR (neat) 3302, 1617, 1590, 1590, 1560, 1375, 1286, 1178, 1136, 758 cm™".
"H NMR (400 MHz, CDCl3) § 7.93 (s, 2H), 7.76-7.73 (m, 2H), 7.42-7.37 (m, 2H), 7.07-7.03 (m,
4H). "H NMR (400 MHz, CD;0D) 6 8.18 (d, J= 0.4 Hz, 2H), 7.88-7.85 (m, 2H), 7.36-7.32 (m, 2H),
7.02-6.98 (m, 4H). *C NMR (100.6 MHz, CD;0D) 6 158.8, 158.4, 141.0 (q, Jc_r = 33.4 Hz), 132.8,
129.6, 124.5 (q, Jor =272.9 Hz) 122.3, 120.9, 118.5, 116.4 (q, Jcr = 3.6 Hz). Y’F NMR (376.5 MHz,
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CDsOD) 6 —66.3. HRMS-ESI (m/z): [M+H]" calcd for CisHi3F3NO;", 332.0893; found, 332.0880.
m Characterization Data for Borates m
8a-((2R,4R,5S,6R)-4,5-Bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)-8aH-

8,9-dioxa-3a'A*-aza-8a)*-borabenzo[fg|tetracene (1a-H)

OBn

OH HO
BnO E{SZ
toluene
130°C,24 h
BF3
S3 S2

A screw-top 20 mL vial was charged with a stirring bar, S3 (314.7 mg, 0.6 mmol), S2 (131.7 mg,
0.5 mmol) and SiO; (60.1 mg, 1.0 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry toluene (5 mL) and EtN (485 pL, 3.5 mmol) were added. After the vial was
removed from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating
block at 130 °C and stirred for 24 h. The reaction mixture was passed through a short pad of Celite
with THEF, and filtrate was concentrated under reduced pressure. This series of experiments was
repeated twice and all crude material were combined. After volatiles were removed under reduced
pressure, flash column chromatography on silica gel (90:10-60:40, hexane/EtOAc) gave 1a-H (616.9
mg, 0.89 mmol, 89%) as a pale yellow solid. A small amount of THF was included. Note: The product
was generally eluted with hexane/EtOAc (60:40). Rf = 0.37 (40:60, hexane/EtOAc) M.p. 170-175 °C
[@]p?6 +21.0 (c = 0.25, CH,Cl,) IR (neat) 1586, 1612, 1558, 1495, 1458, 1393, 1301, 1277, 1198, 1093
cm . TH NMR (400 MHz, CDCl3) 6 7.88 (m, 1H), 7.70-7.59 (m, 4H), 7.39-7.31 (m, 2H), 7.30-7.13
(m, 15H), 7.08 (dd, J = 8.4, 1.2 Hz, 1H), 7.04 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 6.93 (m, 1H), 6.87 (m,
1H), 4.58 (d, J = 11.6 Hz, 1H), 4.40-4.17 (m, 5H), 3.78-3.73 (m, 1H), 3.55 (m, 1H), 3.48-3.41 (m,
2H), 3.33 (m, 1H), 3.16 (m, 1H), 2.10 (m, 1H), 1.66 (m, 1H). "B NMR (128.4 MHz, CDCl3) 6 6.01.
13C NMR (100.6 MHz, CDCl3) § 156.9, 156.8, 149.0, 148.0, 141.0, 139.1, 139.0, 138.8, 134.2, 134.1,
128.2, 128.06, 128.03, 127.6, 127.5, 127.4, 127.2, 127.1, 125.4, 125.1, 120.5, 120.4, 119.9, 119.5,
118.3, 118.1, 117.7, 117.6, 77.6, 77.5, 77.2, 74.1, 72.9, 72.4, 70.4, 69.4, 28.2 (only observed peaks).
HRMS-ESI (m/z): [M+H]" calcd for C4sH41BNO¢", 690.3029; found, 690.3047.

8a-((2R,4R,5S,6R)-4,5-Bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2 H-pyran-2-yl)-2-
methyl-8aH-8,9-dioxa-3a'A*-aza-8a)*-borabenzo|fg]tetracene (1a-Me)
OBn

BnO .
OH HO \@AOB”
Sio, 0
\Cﬁ N NEt, :
| ]
— toluene

130 °C, 24 h

BF3 Me

S3 L1

A screw-top 20 mL vial was charged with a stirring bar, S3 (314.7 mg, 0.6 mmol), L1 (138.7 mg,
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0.5 mmol) and SiO; (60.1 mg, 1.0 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry toluene (5 mL) and EtzN (485 pL, 3.5 mmol) were added. After the vial was
removed from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating
block at 130 °C and stirred for 24 h. The reaction mixture was passed through a short pad of Celite
with THF, and filtrate was concentrated under reduced pressure. After volatiles were removed, flash
column chromatography on silica gel (Only CH>Cl,, then 100:0-70:30, hexane/AcOEt) gave 1a-Me
(341.1 mg, 0.485 mmol, 97%) as a white solid. Note: The product was generally eluted with
hexane/EtOAc (70:30). Rf = 0.07 (80:20, hexane/EtOAc) M.p. 207-212 °C [a]p*® +4.0 (c = 0.1,
CH,Cl) IR (neat) 1624, 1606, 1577, 1551, 1497, 1454, 1300, 1280, 1028, 772 cm™'. 'H NMR (400
MHz, CDCl3) 6 7.67 (dd, J = 8.0, 1.6 Hz, 1H), 7.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.52 (m, 2H), 7.38-7.13
(m, 17H), 7.08 (dd, J = 8.4, 1.2 Hz, 1H), 7.03 (dd, J = 8.4, 1.2 Hz, 1H), 6.92 (m, 1H), 6.87 (m, 1H),
4.59 (d, 12.0 Hz, 1H), 4.41-4.18 (m, 5H), 3.77 (m, 1H), 3.55-3.43 (m, 3H), 3.31 (m, 1H), 3.19 (m,
1H), 2.44 (s, 3H), 2.09 (m, 1H), 1.64 (m, 1H). "B NMR (128.4 MHz, CDCl;) 6 6.01. *C NMR (100.6
MHz, CDCl3) ¢ 157.1, 157.0, 153.2, 148.5, 147.5, 139.2, 139.1, 138.9, 134.0, 133.9, 128.2, 128.1,
127.6, 127.5, 127.4, 127.2, 127.1, 125.3, 125.0, 120.51, 120.46, 119.8, 119.4, 118.4, 118.3, 118.2,
118.0, 77.7, 77.6, 74.3, 72.9, 72.4, 70.5, 69.5, 30.9, 28.3, 22.1 (only observed peaks). HRMS-ESI
(m/z): [IM+H]" calcd for C4sH43BNOg", 704.3186; found, 703.3208.

8a-((2R,4R,5S,6R)-4,5-Bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2 H-pyran-2-yl)-2-

(trifluoromethyl)-8aH-8,9-dioxa-3a'A*-aza-8a)*-borabenzo|fg]tetracene (1a-CF3)
OBn

B
- ”O\C(\an
oB HH

BnO\G/\OBn N\ EtsN
* |
o} > toluene
: 130°C, 24 h
BF3K CF4
S3 L2 1a-CF3

A screw-top 20 mL vial was charged with a stirring bar, S3 (314.7 mg, 0.6 mmol), L2 (165.6 mg,
0.5 mmol) and SiO; (60.1 mg, 1.0 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and toluene (5 mL) and EtsN (485 pL, 3.5 mmol) were added. After the vial was removed
from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating block at
130 °C and stirred for 24 h. The reaction mixture was passed through a short pad of Celite with THF,
and filtrate was concentrated under reduced pressure. This series of experiments was repeated four
times and all crude material were combined. After volatiles were removed under reduced pressure,
flash column chromatography on silica gel (100:0-85:15, hexane/EtOAc) gave 1a-CF3 (1.42 g, 1.88
mmol, 94%) as yellow oil. Note: The product was generally eluted with hexane/EtOAc (85:15). Rf =
0.07 (90:10, hexane/EtOAc) [a]p?® +16.7 (¢ = 0.1, CH,CL,) IR (neat) 1636, 1607, 1584, 1558, 1491,
1458, 1435, 1373, 1300, 1191 cm™'. "TH NMR (400 MHz, CDCls) 6 7.81 (s, 1H), 7.78 (s, 1H), 7.60
(dd,J=8.0,1.2 Hz, 1H), 7.52 (dd, /= 8.0, 1.2 Hz, 1H), 7.39-7.30 (m, 2H), 7.26-7.10 (m, 15H), 7.06
(dd, J=8.4, 0.8 Hz, 1H), 7.02 (dd, J = 8.4, 0.8 Hz, 1H), 6.90 (m, 1H), 6.84 (m, 1H), 4.53 (m, 1H),
4.40-4.28 (m, 3H), 4.22-4.15 (m, 2H), 3.76 (m, 1H), 3.56 (dd, J = 8.0, 5.2 Hz, 1H, anomeric H),
3.43-3.31 (m, 3H), 3.10 (m, 1H), 2.11 (m, 1H), 1.69 (m, 1H). "B NMR (128.4 MHz, CDCl5) 6 6.39.
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13C NMR (100.6 MHz, CDCl3) 6 157.0, 156.9, 150.7, 149.6, 142.1 (q, Jc_r = 36.7 Hz), 138.8, 138.7,
138.4, 135.1, 135.0, 128.0, 127.9, 127.4, 127.3, 127.2, 127.12, 127.06, 127.0, 125.6, 125.4, 123.1,
120.7, 120.4, 120.34, 120.33, 120.2, 119.7, 117.5, 117.2, 113.39, 113.34, 113.33, 113.20, 113.17,
113.14, 77.2, 76.9, 76.7, 73.7, 72.7, 72.0, 70.3, 69.0, 27.4 (only observed peaks). '’F NMR (376.5
MHz, CDCls) 6 —65.5. HRMS-ESI (m/z): [M+H]" caled for C4sHsoBFsNOs", 758.2903; found,
758.2922.

(2R,3S,4R,6R)-2-(Hydroxymethyl)-6-(2-(trifluoromethyl)-8,9-dioxa-3a'A*-aza-8a)*-

borabenzo|fg]tetracen-8a-yl)tetrahydro-2H-pyran-3,4-diol (2a)

Pd(OH),
H, balloon

CH,Clo/THF/MeOH
32°C, 24 h

1a'CF3

A round-bottom flask was charged sequentially with 1a-CF3 (75.8 mg, 0.1 mmol), Pd(OH), on
carbon (7.6 mg, 10% w/w), CH2Cl> (10 mL), dry THF (10 mL) and MeOH (10 mL). The septum
capped round-bottom flask was evacuated over three times, purged with H, and stirred at 32 °C for 24
h. The reaction mixture was passed through a short pad of Celite and rinsed with CH>Cl./MeOH
(85:15). The filtrate was concentrated under reduced pressure. After volatiles were removed, flash
column chromatography on silica gel (99.9:0.1-90:10, CH,Cl,/MeOH) gave 2a (42.6 mg, 0.087 mmol,
87%) as a yellow solid. Note: The product was generally eluted with CH,Clo,/MeOH (97:3). The
structure of 2a was confirmed by X-ray diffraction analysis. Rf = 0.37 (90:10, CH,Cl,/MeOH) M.p.
221-226 °C (decomp.) [a]p?® +72.0 (c = 0.1, MeOH) IR (neat) 3393, 1636, 1607, 1586, 1557, 1491,
1458, 1436, 1301, 1192 cm™'. "TH NMR (400 MHz, CD;OD) 6 8.37 (d, J = 7.2 Hz, 2H), 8.08-8.04 (m,
2H), 7.52-7.47 (m, 2H), 7.07-7.00 (m, 4H), 3.72 (ddd, /= 8.8, 7.2, 4.8 Hz, 1H, Hy), 3.47 (dd, J=6.8,
4.8 Hz, 1H, H,, anomeric H), 3.39 (dd, /= 11.4, 4.8 Hz, 1H), 3.24 (dd, /= 11.4, 3.2 Hz, 1H), 3.12
(dd, J=8.0, 7.2 Hz, 1H, H.), 3.05 (ddd, /= 8.0, 4.8, 3.2 Hz, 1H), 1.92 (dt, J=13.2, 4.8 Hz, 1H, H.),
1.40 (ddd, J=13.2, 8.8, 6.8 Hz, 1H, H,). "B NMR (128.4 MHz, CD;0D) ¢ 6.40. 3C NMR (100.6
MHz, CD3;0D) ¢ 158.03, 158.01, 152.0, 151.4, 144.2 (q, Jc-r = 35.6 Hz), 136.43, 136.35, 127.8, 127.7,
124.9,122.2,121.8,121.6,121.3,121.1, 119.1, 118.9, 115.90, 115.86, 115.76, 115.73, 78.1, 72.8, 71 4,
62.6, 33.1 (only observed peaks). ’F NMR (376.5 MHz, CD;0D) 6 —66.9. HRMS-ESI (m/z):
[M+Na]" calcd for C2aH21BF3NOgNa*, 510.1310; found, 510.1302.

(2R,3S,4R,5S,6R)-2-(Hydroxymethyl)-6-(2-(trifluoromethyl)-8,9-dioxa-3a'A*-aza-8a)*-
borabenzo|fg]tetracen-8a-yl)tetrahydro-2H-pyran-3,4,5-triol (2b)
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OBn

OH HO SiO,
BnO\G/\OBn O O EtsN
+ N
. (0] N

HO" | toluene

: _ 130 °C, 24 h
BFsK

CF,
s4 L2

Pd(CH),
H, balloon

CH,Cly/THF/MeOH
32°C, 24 h

Step 1: preparation of 2b’

A screw-top 20 mL vial was charged with a stirring bar, S4 (432.3 mg, 0.8 mmol), L2 (265.0 mg,
0.8 mmol) and SiO; (96.1 mg, 1.6 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry toluene (7 mL) and EtN (776 pL, 5.6 mmol) were added. After the vial was
removed from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating
block at 130 °C and stirred for 24 h. The reaction mixture was passed through a short pad of Celite
and rinsed with CH,Clo,/MeOH (9:1). The filtrate was concentrated under reduced pressure. This series
of experiments was repeated three times and all crude material were combined. After volatiles were
removed under reduced pressure, flash column chromatography on silica gel (90:10-50:50,
hexane/EtOAc) gave 2b’ (1.25 g, 1.6 mmol, 67%). Note: The product was generally eluted with
hexane/EtOAc (50:50).

Step 2: preparation of 2b

A round-bottom flask was charged sequentially with 2b’ (1.25 g, 1.6 mmol), Pd(OH), on carbon
(125 mg, 10% w/w), CH2Cl, (160 mL), dry THF (160 mL) and MeOH (160 mL). The septum capped
round-bottom flask was evacuated over three times, purged with H> and stirred at 32 °C for 24 h. The
reaction mixture was passed through a short pad of Celite and rinsed with CH,Clo,/MeOH (85:15). The
filtrate was concentrated under reduced pressure and washed with CH>Cls to give 2b (582.8 mg, 1.2
mmol, 72%) as a yellow solid. Rf = 0.26 (90:10, CH>Cl,/MeOH) [a]p*® —22.3 (¢ = 0.1, MeOH) M.p.
200-205 °C (decomp.) IR (neat) 3368, 1636, 1607, 1586, 1558, 1491, 1436, 1373, 1301, 1192 cm™.
'"H NMR (400 MHz, CD;0D) ¢ 8.34 (d, J = 11.2 Hz, 2H), 8.07-8.04 (m, 2H), 7.50-7.45 (m, 2H),
7.07-6.99 (m, 4H), 3.60-3.45 (m, 6H), 3.20 (m, 1H). "B NMR (128.4 MHz, CD;0D) 6 6.28. 1*C
NMR (100.6 MHz, CD3;0OD) ¢ 158.5, 157.6, 152.1, 152.0, 144.0 (q, Jc—r = 34.5 Hz), 136.2, 136.0,
127.5, 127.4, 125.0, 121.6, 121.4, 121.1, 120.9, 119.7, 119.1, 115.65, 115.61, 115.44, 115.41, 78.0,
74.8,74.1,71.9, 62.6 (only observed peaks). ’F NMR (376.5 MHz, CD;0D) 6 —66.8.

HRMS-ESI (m/z): [M+Na]" calcd for C24H2BFsNO7Na*, 526.1255; found, 526.1245.

(2R,3R.4R,5S,6R)-2-(Hydroxymethyl)-6-(2-(trifluoromethyl)-8,9-dioxa-3a'A*-aza-8a)*-
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borabenzo|fg]tetracen-8a-yl)tetrahydro-2H-pyran-3,4,5-triol (2¢)

OBn
B
no\@OBn
OH HO .
n oBn N EtsN G-
O * | toluene
N =
HO™ 120 °C, 24 h
BF3K CFs
S5 L2 2c’

Pd(OH),
H, balloon

CH,Clo/THF/MeOH
32°C, 25 h

Step 1: preparation of 2¢’

A screw-top 20 mL vial was charged with a stirring bar, S5 (557.2 mg, 1.03 mmol), L2 (341.2 mg,
1.03 mmol) and SiO; (123.8 mg, 2.06 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry toluene (7 mL) and EtzN (998 pL, 7.2 mmol) were added. After the vial was
removed from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating
block at 120 °C and stirred for 24 h. The reaction mixture was passed through a short pad of Celite
with THF and rinsed with CH>Cl,/MeOH (9:1). The filtrate was concentrated under reduced pressure.
After volatiles were removed, flash column chromatography on silica gel (90:10-50:50,
hexane/EtOAc) gave 2¢’ (301.8 mg, 0.39 mmol, 38%) as pale yellow oil. Note: The product was
generally eluted with hexane/EtOAc (80:20).

Step 2: preparation of 2¢

A round-bottom flask was charged sequentially with 2¢” (301.8 mg, 0.39 mmol), Pd(OH), on carbon
(30.2 mg, 10% w/w), CH2Cl, (39 mL), dry THF (39 mL) and MeOH (39 mL). The septum capped
round-bottom flask was evacuated over three times, purged with H> and stirred at 32 °C for 25 h. The
reaction mixture was passed through a short pad of Celite and rinsed with CH,Clo,/MeOH (85:15). The
filtrate was concentrated under reduced pressure and washed with CH,Cl»/Et,O (1:1) to give 2¢ (50.8
mg) as a yellow solid. After volatiles were removed under reduced pressure, flash column
chromatography on silica gel (99.9:0.1-90:10, CH>Cl,/MeOH) gave 2¢ (93.0 mg) as a yellow solid.
Note: The product was generally eluted with CH2Clo,/MeOH (95:5). The total amount of 2¢ was 143.8
mg (0.286 mmol, 73%). Rf = 0.27 (90:10, CH>Cl,/MeOH) [a]p*® ~93.9 (¢ = 0.1, MeOH) M.p. 193
198 °C IR (neat) 3408, 1636, 1607, 1586, 1557, 1436, 1373, 1300, 1250, 1191 cm™'. '"H NMR (400
MHz, CD3;0D) 6 8.34 (d, J=10.4 Hz, 2H), 8.07-8.04 (m, 2H), 7.50-7.46 (m, 2H), 7.07-7.00 (m, 4H),
3.60-3.45 (m, 6H), 3.20 (m, 1H). "B NMR (128.4 MHz, CD;0D) ¢ 5.42. *C NMR (100.6 MHz,
CD;OD) ¢ 158.5, 157.6, 152.1, 152.0, 144.0 (q, Jcr = 34.8 Hz), 136.2, 136.1, 127.5, 127.4, 125.0,
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121.6,121.4,121.0,120.9,119.7, 119.1, 115.6, 115.4, 78.0, 74.8, 74.1, 71.9, 62.6, 54.8 (only observed
peaks). F NMR (376.5 MHz, CD;OD) § —62.9. HRMS-ESI (m/z): [M+Na]® caled for
C24H21BF3NO7Na+, 526.1255; found, 526.1283.

(2R,3R,4S,5S,6R)—2-(((2R,3S,4R,6R)-3,4-Dihydroxy-6-(2-(triﬂu0romethyl)-8,9-di0xa-3a‘k"-aza-
8al)*-borabenzo[fg]tetracen-8a-yl)tetrahydro-2H-pyran-2-yl)methoxy)-6-
(hydroxymethyl)tetrahydro-2 H-pyran-3,4,5-triol (2d)

OBn OBn

HO,
oBn 1O KHF,

BnO, . BnO :
o MeOH O
o} OBn 70°C,24h o OBn

BMIDA BFaK
s6 2d”

OBn

L2
Sio,
EtgN

toluene
130°C, 24 h

Pd(OH),
H, balloon

CH,Cly/THF/MeOH
32°C, 24 h

Step 1: preparation of 2d”

A round-bottom flask was charged sequentially with S6 (396.5 mg, 0.43 mmol), MeOH (8.7 mL),
and KHF, (480 puL, 2.2 mmol, 4.5 M in H,0). The septum capped round-bottom flask was degassed
by N> bubbling over 1 min and stirred at 70 °C for 24 h. The reaction mixture was concentrated under
reduced pressure and dissolved in acetone. The suspended solution was passed through a short pad of
Celite and rinsed with acetone. The crude mixture was concentrated under reduced pressure to give
2d” (430.2 mg), which was used without further purification.

Step 2: preparation of 2d’

A screw-top 20 mL vial was charged with a stirring bar, 2d” (430.2 mg, 0.43 mmol), L2 (139.1 mg,
0.43 mmol) and SiO; (50.5 mg, 0.84 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry toluene (4.2 mL) and Etz:N (408 pL, 2.9 mmol) were added. After the vial was
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removed from the glovebox and sealed with Teflon tape, the vial was placed in an aluminum heating
block at 130 °C and stirred for 22 h. The reaction mixture was passed through a short pad of Celite
and rinsed with CH,Clo/MeOH (85:15). The filtrate was concentrated under reduced pressure. After
volatiles were removed, flash column chromatography on silica gel (100:0-75:25, hexane/EtOAc)
gave 2d’ (259.7 mg, 0.236 mmol, 56%, over 2 steps). Note: The product was generally eluted with
hexane/EtOAc (85:15).
Step 3: preparation of 2d

A round-bottom flask was charged sequentially with 2d’ (214.5 mg, 0.195 mmol), Pd(OH), on
carbon (21.5 mg, 10% w/w), CH2Cl, (19.5 mL), dry THF (19.5 mL) and MeOH (19.5 mL). The septum
capped round-bottom flask was evacuated over three times, purged with H, and stirred at 32 °C for 24
h. The reaction mixture was passed through a short pad of Celite and rinsed with CH>Cl./MeOH
(80:20). The filtrate was concentrated under reduced pressure. After volatiles were removed, flash
column chromatography on silica gel (99.9:0.1-85:15, CH,Cl,/MeOH) gave 2d (88.7 mg, 0.137 mmol,
70%) as a yellow solid. Note: The product was generally eluted with CH>Cl,/MeOH (85:15). Rf =
0.25 (80:20, CH2Clo/MeOH) [a]p* +119.7 (¢ = 0.1, MeOH) M.p. 170-175 °C IR (neat) 3383, 2924,
1636, 1607, 1586, 1556, 1491, 1458, 1436, 1300 cm™'. "H NMR (400 MHz, CD;0D) 6 8.34 (m, 2H),
8.09-8.06 (m, 2H), 7.53-7.48 (m, 2H), 7.08-7.02 (m, 4H), 4.05 (d, /=7.6 Hz, 1H), 3.81 (dd, J=12.0,
2.4 Hz, 1H), 3.77-3.46 (m, 5H), 3.28-3.04 (m, 6H), 1.95 (m, 1H), 1.41 (m, 1H). "B NMR (128.4
MHz, CD;OD) 6 6.88. '*C NMR (100.6 MHz, CD;0D) 6 157.9, 157.8, 152.0, 151.3, 136.5, 127.9,
127.8,121.9, 121.7, 121.4, 121.1, 119.1, 118.8, 116.0, 104.4, 99.9, 99.3, 77.9, 77.8, 77.1, 75.4, 75.0,
73.0, 71.5, 71.3, 70.2, 62.7, 33.1 (only observed peaks). Y’F NMR (376.5 MHz, CD;OD) § —66.8.
HRMS-ESI (m/z): [M+Na]" caled for C3oH3BFsNONa', 672.1840; found, 672.1871.

8a-Methoxy-2-(trifluoromethyl)-8aH-8,9-dioxa-3a'A*-aza-8a)*-borabenzo|fg]tetracene (10)

TFA

DCE/MeOH
rt, 20 min

A round-bottom flask was charged with a stirring bar, S7 (30.8 mg, 0.086 mmol), MeOH (3 mL)
and TFA in DCE (0.1 M, 2 mL) under ambient atmosphere and stirred for 20 min. The reaction mixture
was concentrated under reduced pressure to give 10 (29.6 mg, 80.6 umol, 93%) as a yellow solid. The
structure of 10 was confirmed by X-ray diffraction analysis. Note: This compound was gradually
decomposed to S7. ML.p. 242-247 °C IR (neat) 1637, 1607, 1581, 1492, 1458, 1435, 1316, 1301, 1275,
1250 cm™'. "TH NMR (400 MHz, CDCl3) 6 8.01 (s, 2H), 7.84 (dd, J = 8.0, 1.6 Hz, 2H), 7.53 (ddd, J =
8.4,7.2,1.6 Hz, 2H), 7.21 (dd, J = 8.4, 0.8 Hz, 2H), 7.07 (ddd, J= 8.4, 7.2, 0.8 Hz, 2H), 3.26 (s, 3H).
B NMR (128.4 MHz, CDCl3) § 2.77. '*3C NMR (100.6 MHz, CDCl3) § 156.8, 150.4, 142.6 (q, Jc_r
= 34.6 Hz), 135.2, 125.9, 123.2, 120.8, 120.6, 120.5, 117.0, 113.4 (q, Jc—r = 113.4 Hz), 49.1 (only
observed peaks). ’F NMR (376.5 MHz, CDCl3) § —65.5. HRMS-ESI (m/z): [M+Na]" calcd for
C19H13BF3NOsNa', 394.0836; found, 394.0814.
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m Light Set Up m

Figure S3-3. UC Reactor

m Procedure for Giese-type Reaction m
Benzyl 3-((2R,4R,5S,6R)-4,5-Bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-
ylpropanoate (4aa)
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A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 1a-CF3 (60.6 mg, 0.08
mmol) under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.7 mL), dry
MeOH (1.8 mL) and benzyl acrylate 3a (8.1 mg, 0.05 mmol) in dry MeCN (500 pL) were added. After
the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 12 h.
The residue was dissolved in CDCl3 and added 1,1,2,2-tetrachloroethane (19.5 mg, 0.116 mmol) as an
internal standard. '"H NMR (400 MHz) yield of borate 10 (88%) was obtained by comparing the
relative value of integration for the peak observed at 7.98 ppm of 10 with that of 1,1,2,2-
tetrachloroethane observed at 5.94 ppm (Figure S3-4). 'H NMR (400 MHz) yield of 4aa (94%) was
obtained by comparing the relative value of integration for the peak observed at 5.09 ppm of 4aa with
that of 1,1,2,2- tetrachloroethane observed at 5.94 ppm (Figure S3-4).
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Figure S3-4. '"H NMR analysis.

After volatiles were removed under reduced pressure, flash column chromatography on silica gel
(95:5-70:30, hexane/EtOAc) and GPC (eluent: CHCI3) gave 4aa (26.2 mg, 45 pmol, 90%) as colorless
oil. Rf=0.18 (80:20, hexane/EtOAc) [a]p?® +21.1 (c = 0.1, MeOH) IR (neat) 2926, 2865, 1732, 1497,
1454, 1365, 1257, 1207, 1162, 1094 cm™'. "H NMR (400 MHz, CDCl3) 6 7.35-7.18 (m, 20H), 5.09
(s, 2H), 4.77 (d, J=11.2 Hz, 1H), 4.60—4.46 (m, SH), 3.98 (dq, /= 9.6, 4.8 Hz, 1H, H) anomeric H),
3.79 (ddd, J=9.2,7.2,4.4 Hz, 1H, H,), 3.75-3.70 (m, 2H), 3.64 (m, 1H), 3.53 (m, 1H), 2.53-2.36 (im,
2H), 2.06 (dddd, J = 14.4, 10.4, 9.6, 5.6 Hz, 1H, H,), 1.94 (dt, J=13.2, 4.8 Hz, 1H, H,), 1.81 (ddd, J
=13.2,9.2,4.8 Hz, 1H, H,), 1.70 (dddd, J= 14.4, 8.8, 6.8, 4.8 Hz, 1H). 3C NMR (100.6 MHz, CDCl;)
0 173.2, 138.4, 138.3, 138.2, 135.9, 128.5, 128.4, 128.32, 128.29, 128.18, 127.85, 127.76, 127.60,
127.57, 127.53, 76.6, 76.5, 73.9, 73.3, 72.5, 71.4, 69.9, 68.9, 66.2, 33.4, 30.6, 27.1 (only observed
peaks). HRMS-ESI (m/z): [M+NH4]" caled for C37HuuNOs", 598.3163; found, 598.3184.
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Benzyl 3-((2R,4R,5S5,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
y)propanoate (5aa)
H, O

Hp
HO Oy OBn

HO" 7 "H,
HO Ha
A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2a (39.0 mg, 0.08 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.3 mL), dry MeOH
(1.7 mL) and benzyl acrylate 3a (8.1 mg, 0.05 mmol) in dry MeCN/dry MeOH (9:1, 1 mL) were added.
After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 12 h.
After volatiles were removed under reduced pressure, flash column chromatography on silica gel
(100:0-90:10, CH2Clo/ MeOH) and GPC (eluent: CHCl3) gave Saa (11.4 mg, 36.7 umol, 73%) as
colorless oil. Rf = 0.18 (80:20, CH2Clo/MeOH) [a]p2® +43.5 (¢ = 0.2, MeOH) IR (neat) 3397, 2924,
2360, 2341, 1734, 1456, 1260, 1163, 1096, 1067 cm™' '"H NMR (400 MHz, CD;0D) 6 7.37-7.28 (m,
5H), 5.11 (s, 2H), .3.96 (dtd, /= 10.8, 4.8, 2.4 Hz, 1H, H, anomeric H),3.75 (td,J=11.6,2.4 Hz, 1H,
Hg), 3.74 (m, 1H), 3.66 (m, 1H), 3.39 (ddd, /= 8.8, 6.0, 2.8 Hz, 1H), 3.19 (m, 1H), 2.55-2.40 (m, 2H),
2.17 (dddd, J = 14.4, 10.8, 8.0, 6.4 Hz, 1H, H,), 1.87 (ddd, J=13.2, 4.8, 2.4 Hz, 1H, H.), 1.75-1.67
(m, 2H). *C NMR (100.6 MHz, CDs0D) 6 175.0, 137.7, 129.5, 129.24, 129.18, 75.4, 73.4, 72.6, 70.1,
67.3, 63.1, 37.3, 31.7, 27.3. HRMS-ESI (m/z): [M+Na]" calcd for C1¢H2206Na*, 333.1309; found,
333.1313.

tert-Butyl 3-((2R,4R,5S5,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-
yDpropanoate (5ab)

A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2a (60.6 mg, 0.12 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.3 mL), dry MeOH
(1.7 mL) and tert-butyl acrylate 3b (8.1 mg, 0.05 mmol) in dry MeCN/dry MeOH (9:1, 1 mL) were
added. After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed
in EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 14
h. After volatiles were removed under reduced pressure, flash column chromatography on silica gel
(100:0-85:15, CH»Clo/ MeOH) gave Sab (13.9 mg, 50.3 umol, quantitative) as pale yellow oil. Rf =
0.3 (90:10, CH>Cl,/MeOH) [a]p®® +41.3 (¢ = 0.1, MeOH) IR (neat) 3398, 2978, 2934, 1728, 1458,
1367, 1286, 1257, 1155, 1094, 1066 cm™'. "TH NMR (400 MHz, CD;0D) 6 3.94 (dtd, J = 10.4, 5.2,
2.4 Hz, 1H, anomeric H), 3.79-3.64 (m 3H), 3.39 (ddd, /=8.8, 6.0, 2.8 Hz, 1H), 3.19 (m, 1H), 2.41—
2.25 (m, 2H), 2.08 (dddd, J=14.2, 10.4, 8.0, 6.0 Hz, 1H), 1.87 (ddd, /= 13.2, 4.8, 2.4 Hz, 1H), 1.75—
1.60 (m, 2H), 1.45 (s, 9H). '*C NMR (100.6 MHz, CD;OD) 6 174.7, 81.5, 75.4,73.4,72.5, 70.1, 63.1,
37.2, 32.9, 28.3, 27.5. HRMS-ESI (m/z): [M+Na]" calcd for Ci3sH24O6Na", 299.1465; found,
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299.1471.

3-((2R,4R,5S,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)-N-
phenylpropanamide (5ac)

0]

HO © -“‘\)J\NHPh
HO™

OH

A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2a (39.0 mg, 0.08 mmol) and
N-phenylacrylamide 3¢ (8.1 mg, 0.05 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry MeCN (16.2 mL) and dry MeOH (1.8 mL) were added. After the vial was removed
from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 18 h. After volatiles were
removed under reduced pressure, flash column chromatography on silica gel (99.9: 0.1-82:18,
CH2Clo/ MeOH) gave 5ac (19.6 mg, 66 umol, quantitative) as brown oil. Rf = 0.07 (90:10,
CH,Cly/MeOH) [a]p?® +47.2 (c = 0.2, MeOH) IR (neat) 3312, 2930, 1663, 1600, 1545, 1450, 1444,
1092, 1066, 757 cm™'. '"H NMR (400 MHz, CD;0D) § 7.55-7.53 (m, 2H), 7.32-7.27 (m, 2H), 7.08
(m, 1H), 4.00 (dtd, J=12.4, 4.0, 2.4 Hz, 1H, anomeric H), 3.81-3.75 (m, 2H), 3.69 (dd, J=11.6, 6.0
Hz, 1H), 3.46 (m, 1H), 3.20 (t, /= 17.2 Hz, 1H), 2.52-2.39 (m, 2H), 2.22 (m, 1H), 1.91 (ddd, J=13.2,
4.8, 2.4 Hz, 1H), 1.83-1.70 (m, 2H). 3C NMR (100.6 MHz, CD;0OD) 6 174.2, 139.9, 129.8, 125.1,
121.2, 75.4, 73.5, 72.7, 70.2, 63.1, 37.4, 34.5, 28.1. HRMS-ESI (m/z): [M+Na]" calcd for
Ci1sH21NOsNa*, 318.1312; found, 318.1324.

(2R,35,4R,6S5)-2-(Hydroxymethyl)-6-(2-(phenylsulfonyl)ethyl)tetrahydro-2 H-pyran-3,4-diol

(5ad)
HO O._.w~_-SOsPh
HO™
OH

A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2a (39.0 mg, 0.08 mmol) and
vinylsulfonylbenzene 3d (8.4 mg, 0.05 mmol) under ambient atmosphere. The vial was brought to a
glovebox, and dry MeCN (16.2 mL) and dry MeOH (1.8 mL) were added. After the vial was removed
from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 14 h. After volatiles were
removed under reduced pressure, flash column chromatography on silica gel (95:5-70:30,
hexane/EtOAc then 85:15, CH2Clo,/ MeOH) and reverse phase column chromatography on Sfar C18
D —Duo 100 A 30 pm 30 g (100:0-60:40, H,O/MeCN) gave 5ad (3.4 mg, 10.7 pmol, 21%) as a pale
yellow oil. The 'H and '*C NMR spectra data of product Sad were consistent with the literature.® Rf
=0.07 (90:10, CH>Cl,/MeOH), 0.5 (70:30, H,O/MeCN) 'H NMR (400 MHz, CD;0D) 6 7.55-7.53
(m, 2H), 7.32-7.27 (m, 2H), 7.08 (m, 1H), 4.00 (dddd, J = 11.6, 6.0, 3.6, 2.4 Hz, 1H, anomeric H),
3.81-3.75 (m, 2H), 3.69 (dd, J=11.6, 6.0 Hz, 1H), 3.46 (m, 1H), 3.20 (t, /= 17.2 Hz, 1H), 2.52-2.39
(m, 2H), 2.22 (m, 1H), 1.91 (ddd, J = 13.2, 4.8, 2.4 Hz, 1H), 1.83-1.70 (m, 2H). *C NMR (100.6
MHz, CDs;0D) ¢ 140.5, 135.1, 130.6, 129.1, 75.9, 73.1, 71.1, 69.9, 63.0, 53.6, 37.0, 25.6.
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3-((2R,4R,5S,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)propanenitrile

(Sae)
HO O._.~_=CN
HO"
OH

A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2a (60.6 mg, 0.12 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.3 mL), dry MeOH
(1.7 mL) and acrylonitrile 3e (2.7 mg, 0.05 mmol) in dry MeCN/dry MeOH (9:1, 1 mL) were added.
After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 13 h.
After volatiles were removed under reduced pressure, flash column chromatography on silica gel
(99.9:0.1-85:15, CH,Cly/ MeOH) gave Sae (5.5 mg, 27.3 umol, 55%) as pale yellow oil. Rf = 0.06
(90:10, CH2Clo/MeOH) [a]p?® +53.3 (¢ = 0.1, MeOH) IR (neat) 3385, 2930, 2888, 1624, 1609, 1560,
1491, 1458, 1096, 1066 cm™'. "TH NMR (400 MHz, CD;0D) § 4.03 (dddd, J=11.2, 6.0, 3.2, 2.4 Hz,
1H, anomeric H), 3.81 (dd, /= 11.6, 2.8 Hz, 1H), 3.75-3.67 (m, 2H), 3.78 (m, 1H), 3.21, (m, 1H),
2.60-2.46 (m, 2H), 2.21 (m, 1H), 1.89 (ddd, J = 13.2, 4.8, 2.4 Hz, 1H), 1.79-1.66 (m, 2H). '*C NMR
(100.6 MHz, CDs0OD) ¢ 121.1, 75.7, 73.2, 71.6, 70.0, 62.9, 36.9, 28.1, 14.2. HRMS-ESI (m/z):
[M+Na]" caled for CoH1sNOsNa*, 224.0893; found, 224.0905.

Methyl (3-((2R,4R,55,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-
ylpropanoyl)-L-alanyl-L-alaninate (Saf)

HO™

ol b0
HO/\Q“\\)J\NJ\WN\)J\OMe
HoJ
0
OH

A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2a (39.0 mg, 0.08 mmol) and

3f (11.4 mg, 0.05 mmol) under ambient atmosphere. The vial was brought to a glovebox, and MeCN
(16.2 mL) and MeOH (1.8 mL) were added. After the vial was removed from the glovebox and sealed
with Teflon tape, the vial was placed in EvoluChem photoreactor (PhotoRedOx Duo) equipped with
two 45W blue LEDs and stirred for 14 h. After volatiles were removed under reduced pressure, flash
column chromatography on silica gel (99.9:0.1-85:15, CH,Cl,/ MeOH) gave Saf (13.1 mg, 34.8 pmol,
69%) as pale yellow oil. Rf =0.21 (80:20, CH>Cl,/MeOH)
[a]p? —26.9 (¢ = 0.1, MeOH) IR (neat) 3287, 3074, 2917, 1735, 1653, 1541, 1458, 1375, 1286, 1218
cm™'. '"H NMR (400 MHz, CD;OD) 6 4.43-4.32 (m, 2H), 3.99 (dddd, J = 10.4, 7.2, 3.2, 2.4 Hz, 1H,
anomeric H), 3.82 (dd, /= 11.6, 2.4 Hz, 1H), 3.84-3.64 (m, 5H), 3.43 (m, 1H), 3.15 (m, 1H), 2.31
(dd, J=8.0, 6.8 Hz, 2H), 2.13 (m, 1H), 1.87 (ddd, J=13.2, 4.8, 2.4 Hz, 1H), 1.76-1.67 (m, 2H), 1.42—
1.37 (m, 3H), 1.35 (d, J= 7.2 Hz, 3H). 3*C NMR (100.6 MHz, CD;0D) 6 175.6, 175.2, 174.5, 75.5,
73.6,72.2,70.2,63.2,52.7,50.2,49.8,37.3,33.1, 28.0, 18.0, 17.4. HRMS-ESI (m/z): [M+Na]" calcd
for C1sH2sN20sNa", 399.1738; found, 399.1724.

tert-Butyl  3-((2R,3R.4R,5S,6R)-3,4,5-Trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yDpropanoate (Sbb)
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A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2b (40.3 mg, 0.08 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.3 mL), dry MeOH
(1.7 mL) and tert-butyl acrylate 3b (6.4 mg, 0.05 mmol) in dry MeCN/dry MeOH (9:1, 1 mL) were
added. After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed
in EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for
13.5 h. After volatiles were removed under reduced pressure, flash column chromatography on silica
gel (90:10-80:20, CH,Cly/ MeOH) gave 5bb (16.1 mg, 55 pmol, quantitative) as colorless oil. The 'H
and '*C NMR spectra data of product 5bb were consistent with the literature.” '"H NMR (400 MHz,
D,0) 6 3.98 (dt, J=9.6, 5.6 Hz, 1H, H,, anomeric H), 3.82 (dd, /= 12.4, 2.4 Hz, 1H), 3.71 (dd, J =
10.0, 6.0 Hz, 1H), 3.70 (dd, J = 12.4, 5.6 Hz, 1H, H,), 3.63 (dd, J=10.0, 8.8 Hz, 1H), 3.49 (ddd, J =
10.0, 5.6, 2.4 Hz, 1H), 3.35 (dd, J=10.0, 8.8 Hz, 1H), 2.48-2.30 (m, 2H), 1.97-1.90 (m, 2H), 1.45 (s,
9H). 13C NMR (100.6 MHz, D,0) § 175.4, 82.6, 75.0, 73.1, 72.5, 71.0, 70.1, 60.9, 31.2,27.2, 19.5 .

(2R,3S5,4R,5R,6R)-2-(2-Acetamido-3-methoxy-3-oxopropyl)-6-(acetoxymethyl)tetrahydro-2 H-
pyran-3,4,5-triyl Triacetate (Sbg)

0]
i O )G\X)J\OMe
+ HO
OMe MeCN/MeOH . ) NHAc
NHA (911, 2.8 mM) HO OH
blue LED OH
12h
39 5bg’
o)
H,
AcONa H, bH,
(0.8 equiv.) ACO oy% OMe
Ac,0 (0.2 M) A;OTQT H NHAC
80°C,4h I OAc
Ac
5bg

Step 1: Synthesis of Shg’

A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2b (40.3 mg, 0.08 mmol) and
methyl 2-acetamidoacrylate 3g (7.2 mg, 0.05 mmol) under ambient atmosphere. The vial was brought
to a glovebox, and dry MeCN (16.2 mL) and dry MeOH (1.8 mL) were added. After the vial was
removed from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 12 h. The reaction
mixture was passed through a short pad of silica gel and rinsed with CH,Cl,. The crude material was
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washed on a short pad of silica gel with CH»Cl», then dissolved out with CH,Clo/MeOH (8:2). The
filtrate in CH2Clo/MeOH (8:2) was concentrated under reduced pressure and the crude material of Sbg’
was used without further purification.
Step 2: Synthesis of Sbhg

A screw-top 4 mL vial was charged with a stirring bar, the crude of Sbg’, NaOAc (3.3 mg, 0.04
mmol) and Ac,0 (250 pL) under ambient atmosphere. After the vial was filled with nitrogen and sealed
with Teflon tape, the vial was placed in aluminum heating block at 80 °C and stirred for 4 h. The
reaction mixture was diluted with diethyl ether and extracted with diethyl ether over three times. The
organic extract was washed with saturated NaHCOs aq and brine. The organic layer was dried over
sodium sulfate, filtrated and concentrated under reduced pressure. After volatiles were removed, GPC
(eluent: CHCl3) gave Sbg (14.9 mg, 31.3 umol, 63%, dr 3:1) as pale yellow oil. [a]p® +54.0 (c = 0.2,
MeOH) IR (neat) 1747, 1701, 1683, 1558, 1540, 1507, 1436, 1370, 1224, 1036 cm™!. "H NMR (400
MHz, CDCl3) 6 6.30 (d, J= 6.8 Hz, 0.75 x 1H, N-H), 6.17 (d, /= 8.0 Hz, 0.25 x 1H, N-H), 5.23 (t,J
= 8.8 Hz, 0.75 x 1H), 5.22 (t, J = 8.8Hz, 0.25 x 1H), 5.05-4.95 (m, 2H), 4.72 (ddd, /= 14.4, 8.0, 4.4
Hz, 0.25 x 1H, H,), 4.71 (ddd, J = 14.4, 6.8, 4.0 Hz, 0.75 x 1H, H,), 4.39 (ddd, J=11.2, 5.6, 2.8 Hz,
0.75 x 1H, H., anomeric H), 4.35 (dd, /=12.4, 4.8 Hz, 0.75 x 1H), 4.27 (ddd, J=11.2, 5.6, 2.8 Hz,
0.25 x 1H, H., anomeric H), 4.26 (dd, J=12.4, 5.6 Hz, 0.25 x 1H), 4.11 (dd, J=12.4, 2.8 Hz, 0.25
x 1H, Hy), 4.02 (dd, J=11.8, 2.8 Hz, 0.75 x 1H, Hy), 3.99 (ddd, J=9.2,4.4, 2.8 Hz, 0.75 x 1H), 3.93
(ddd, J=11.2, 5.6, 2.8 Hz, 0.25 x 1H), 3.78 (s, 0.75 x 3H), 3.76 (s, 0.25 x 3H), 2.30 (ddd, J = 14.8,
11.2,4.0 Hz, 0.25 x 1H, Hp), 2.29 (ddd, J = 14.8, 11.2, 4.0 Hz, 0.75 x 1H, Hp), 2.13-2.03 (m, 16H).
(Peaks for two diastereomers were given.) 3*C NMR (100.6 MHz, CHCl;) 6 172.1, 172.0, 170.8, 170.7,
169.93,169.99, 169.8, 169.64, 169.61, 169.56, 169.50, 169.47, 69.9, 69.72, 69.68, 69.67, 69.32, 68.62,
68.15, 68.11, 61.8, 61,6, 52.75, 52.69, 49.5, 49.2, 28.0, 27.8, 23.2, 23.1, 20.8, 20.75, 20.68, 20.65
(only observed peaks). HRMS-ESI (m/z): [M+H]" caled for C20H30NO12", 476.1763; found, 476.1779.

Benzyl 3-(2R,3R,4R,S5R,6R)-3,4,5-Trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yD)propanoate (5ca)
O
Ha,
HO ° "\\\)J\OBn
= H,
HO OH
OH

A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2¢ (40.8 mg, 0.08 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.2 mL), dry MeOH
(1.8 mL) and benzyl acrylate 3a (8.1 mg, 0.05 mmol) in dry MeCN (1 mL) were added. After the vial
was removed from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 14 h. The reaction
mixture was passed through a short pad of silica gel and rinsed with CH>Cl, and then dissolved out
with CH>Clo/MeOH (8:2). The crude material in CH,Clo/MeOH (8:2) was concentrated under reduced
pressure. After volatiles were removed, reverse phase column chromatography on Sfar C18 D —Duo
100 A 30 um 12 g (75:25-60:40, H,O/MeCN) gave 5ea (12.0 mg, 36.8 umol, 74%) as colorless oil.
Note: The product was generally eluted with H O/MeCN (73:27). Rf = 0.50 (70:30, H2O/MeCN)
[a]p?® +48.3 (c = 0.1, MeOH) IR (neat) 3390, 2921, 2360, 1734, 1456, 1419, 1387, 1354, 1258, 1168
cm . 'TH NMR (400 MHz, CD;0D) § 7.37-7.29 (m, 5H), 5.12 (s, 2H), 3.90 (dt, J = 9.6, 5.6 Hz, 1H,
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H,, anomeric H), 3.75 (dd, /= 11.6, 2.4 Hz, 1H), 3.61 (dd, J= 7.2, 5.6 Hz, 1H), 3.59 (t, /= 5.6 Hz,
1H, Hp), 3.52 (m, 1H), 3.39 (m, 1H), 3.23 (dd, J=9.6, 8.4 Hz, 1H), 2.56 (m, 1H), 2.43 (m, 1H), 2.03—
1.97 (m, 2H). 3C NMR (100.6 MHz, CD;0D) § 173.1, 135.7, 127.5, 127.22, 127.16, 74.6, 73.2, 72.6,
70.9, 70.3, 65.3, 61.1, 29.3, 19.3. HRMS-ESI (m/z): [M+Na]" caled for CisH2207Na", 349.1258;
found, 349.1262.

Benzyl 3-((2R,4R,5S,6R)-4,5-Dihydroxy-6-((((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2 H-pyran-2-yl)oxy)methyl)tetrahydro-2 H-pyran-2-yl)propanoate
(5da)

A screw-top 20 mL vial was charged with a stirring bar and PDP-borate 2d (52.0 mg, 0.08 mmol)
under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN (15.2 mL), dry MeOH
(1.8 mL) and benzyl acrylate 3a (8.1 mg, 0.05 mmol) in dry MeCN (1 mL) were added. After the vial
was removed from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 14 h. The reaction
mixture was passed through a short pad of silica gel and rinsed with CH,Clo/MeOH (99.9:0.1) and
then dissolved out with CH>Cly/MeOH (1:1). The crude material in CH>Cl/MeOH (1:1) was
concentrated under reduced pressure. After volatiles were removed, reverse phase column
chromatography on Sfir C18 D —Duo 100 A 30 um 12 g (100:0-60:40, H,O/MeCN) gave 5da (12.7
mg, 26.9 umol, 54%) as colorless oil. Note: The product was generally eluted with HoO/MeCN (90:10).
[a]p?6 +8.1 (c = 0.08, MeOH) IR (neat) 3385, 2924, 2358, 1734, 1456, 1419, 1375, 1261, 1165, 1073,
751 cm™'. "TH NMR (400 MHz, CD;0D) 6 7.38-7.29 (m, 5H), 5.12 (s, 2H), 4.31 (d, J= 7.6 Hz, 1H),
4.08 (dd, J=10.8, 2.4 Hz, 1H), 3.96 (m, 1H), 3.88 (m, 1H), 3.79-3.72 (m, 2H), 3.66-3.56 (m, 3H),
3.36 (m, 1H), 3.29-3.25 (m, 3H), 3.21 (dd, J = 9.2, 8.0 Hz, 1H), 2.56-2.41 (m, 2H), 2.17 (m, 1H),
1.88 (m, 1H), 1.77-1.68 (m, 1H). *C NMR (100.6 MHz, CD;0D) 6 174.9, 137.7,129.6, 129.3, 129.2,
104.8, 78.0, 77.9, 75.1, 74.6, 73.1, 72.7, 71.6, 70.4, 69.9, 67.3, 62.8, 37.0, 31.7, 27.4. HRMS-ESI
(m/z): [M+Na]" calcd for CxH32011Na", 495.1860; found, 495.1837.

m Procedure for Minisci-type Reaction m
(2R,35,4R,6S5)-2-(Hydroxymethyl)-6-(isoquinolin-1-yl)tetrahydro-2 H-pyran-3,4-diol (7aa)

A screw-top 4 mL vial was charged with a stirring bar, isoquinoline 6a (6.5 mg, 0.05 mmol), and
TFA (8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
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volatiles were removed under reduced pressure, K2S>0s (27.0 mg, 0.1 mmol), dry DMSO/H,0 (9/1,
500 pL), and 2a (36.5 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 12 h.
The reaction mixture was quenched with saturated Na,S,0s3 aq (81 pL), saturated NaHCOs aq (227
pL) and water (ca. 250 puL) at 0 °C. The residue was purified by reverse phase column chromatography
on Sfir C18 D —Duo 100 A 30 um 30 g (100:0-5:95, H,O/MeCN) to give 7aa (o:f = 10:1, 15.3 mg,
55.6 umol, quantitative) as pale yellow oil. Rf =0.33 (7:3, HO/MeCN) [a]p?® +122.4 (c = 0.2, MeOH)
IR (neat) 3342, 2926, 1587, 1564, 1501, 1456, 1410, 1330, 1093, 1066 cm™'. '"H NMR (400 MHz,
CDs0D) ¢ 8.66 (m, 0.91 x 1H), 8.43 (d, J=5.6 Hz, 0.91 x 1H), 8.37 (m, 0.09 x 1H), 8.31 (m, 0.09 x
1H), 7.94 (m, 0.09 x 1H), 7.89 (d, /= 8.0 Hz, 0.91 x 1H), 7.74-7.62 (m, 3H), 5.86 (dd, J= 5.6, 2.0
Hz, 0.91 x 1H, anomeric H, major), 5.51 (dd, J=11.6, 2.0 Hz, 0.09 x 1H, anomeric H, minor), 4.47
(ddd, J=10.2, 8.4, 5.2 Hz, 0.91 x 1H), 3.99 (ddd, /= 8.8, 4.4, 1.6 Hz, 0.09 x 1H), 3.67 (dd, J = 12.0,
5.2 Hz, 1H), 3.60 (dd, J = 12.0, 2.8 Hz, 1H), 3.43 (m, 1H), 2.96-2.91 (m, 0.91 x 2H), 2.32 (ddd, J =
13.2, 4.8, 2.0 Hz, 0.09 x 1H), 2.10 (m, 0.09 x 1H), 2.00 (m, 1H). (Peaks for two diastercomers were
given.) 3C NMR (100.6 MHz, CD;0D) 6 159.7, 141.6, 138.1, 131.3, 128.41, 128.37, 128.28, 127.6,
122.3,77.0,74.4,73.6, 70.8, 62.8, 35.2. (Signals for the major diastereomer were detected). HRMS—
ESI (m/z): [M+Na]" calcd for Ci1sH17NO4sNa®, 298.1050; found, 298.1035.

(2R,3S5,4R,6S5)-2-(Hydroxymethyl)-6-(4-methylquinolin-2-yl)tetrahydro-2 H-pyran-3,4-diol
(7ab)

A screw-top 4 mL vial was charged with a stirring bar, lepidine 6b (7.2 mg, 0.05 mmol), and TFA
(8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
volatiles were removed under reduced pressure, K2S>0sz (27.0 mg, 0.1 mmol), DMSO/H,0 (9/1, 500
pL), and 2a (36.5 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in UC
reactor equipped with a 45W blue LED to keep temperature 0 °C and stirred for 12 h. The reaction
mixture was quenched with saturated Na>S,0s aq (81 pL), saturated NaHCOj3 aq (227 pL) and water
(ca. 250 pL) at 0 °C. The residue was purified by reverse phase column chromatography on Sfar C18
D —Duo 100 A 30 um 30 g (100:0-5:95, H,O/MeCN) to give 7ab (a:f = 9:1, 19.2 mg, 66.4 umol,
quantitative) as pale yellow oil. Rf = 0.15 (7:3, H,O/MeCN)

[a]p6 +74.5 (c = 0.3, MeOH) IR (neat) 3312, 2923, 2874, 1603, 1566, 1510, 1448, 1413, 1090, 1067
cm . "TH NMR (400 MHz, CD;0D) ¢ 8.07 (m, 1H), 8.02 (m, 1H), 7.71 (m, 1H), 7.67 (s, 0.9 x 1H),
7.62 (s, 0.1 x 1H), 7.58 (m, 1H), 5.22 (dd, J= 5.6, 2.4 Hz, 0.9 x 1H, anomeric H, major), 4.75 (dd, J
=12.0, 2.0 Hz, 0.1 x 1H, anomeric H, minor), 3.97 (dd, J = 12.0, 2.0 Hz, 0.1 x 1H), 3.87 (dd, J =
12.0, 2.4 Hz, 0.9 x 1H), 3.79-3.73 (m, 2H) 3.46 (m, 0.1 x 1H), 3.40, (m, 0.1 x 1H), 3.35 (dd, /=44,
4.4Hz,0.9 x 1H), 3.31 (m, 0.9 x 1H), 3.12 (ddd, J=12.8, 4.8, 2.4 Hz, 0.9 x 1H), 2.751-2.749 (m, 0.1
x 3H), 2.733-2.731 (m, 0.9 x 3H), 2.38 (ddd, J = 12.8, 4.8, 2.0 Hz, 0.1 x 1H), 1.95 (m, 0.9 x 1H),
1.65 (dt, J = 12.8, 11.6 Hz, 0.1 x 1H). (Peaks for two diastereomers were given.) *C NMR (100.6
MHz, CD;0OD) ¢ 161.4, 148.6, 146.8, 130.4, 130.3, 128.5, 127.5, 124.9, 121.1, 77.8, 75.8, 73.4, 70.4,
63.3, 34.9, 18.9. (Signals for the major diastereomer were detected). HRMS-ESI (m/z): [M+Na]*
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caled for Ci6H19NO4sNa®, 312.1206; found, 312.1222.

(2R,3S5,4R,6R)-2-(Hydroxymethyl)-6-(4-methylquinolin-2-yl)tetrahydro-2 H-pyran-3,4-diol
(7ab)

A screw-top 4 mL vial was charged with a stirring bar, lepidine 6b (7.2 mg, 0.05 mmol), and TFA
(8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
volatiles were removed under reduced pressure, K2S>0sz (27.0 mg, 0.1 mmol), DMSO/H,0 (9/1, 500
pL), and 2a (36.5 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in UC
reactor equipped with a 45W blue LED to keep temperature 50 °C and stirred for 13 h. The reaction
mixture was quenched with saturated Na>S,03 aq (81 pL), saturated NaHCO;3 aq (227 pL) at 0 °C.
The residue was purified by reverse phase column chromatography on Sfir C18 D —Duo 100 A 30 um
30 g (100:0-5:95, HoO/MeCN) to give 7ab (a:p = 1:27, 15.0 mg, 51.8 umol, quantitative) as yellow
oil. Rf=0.21 (7:3, H;O/MeCN) [a]p?¢ +71.5 (¢ = 0.2, MeOH) IR (neat) 3337, 2921, 2870, 1603, 1566,
1510, 1448, 1413, 1353, 1300, 1092 cm™'. '"H NMR (400 MHz, CD;0D) 6 8.09 (m, 1H), 8.00 (m,
IH), 7.74 (m, 1H), 7.66 (s, 0.04 x1H), 7.62—7.58 (m, 0.96 x 2H+ 0.04 x 1H), 5.22 (dd, J= 5.6, 2.4
Hz, 0.04 x 1H, anomeric H, minor), 4.75 (dd, J= 11.6, 2.0 Hz, 0.96 x 1H, anomeric H, major), 3.97
(dd, J=12.0, 2.0 Hz, 0.96 x 1H), 3.87-3.78 (m, 0.96 x 2H + 0.04 x 3H), 3.47-3.38 (m, 2H), 3.11 (m,
0.04 x 1H), 2.743-2.741 (m, 0.96 x 3H), 2.708-2.707 (m, 0.04 x 3H), 2.38 (ddd, /= 12.8, 4.8,2.0 Hz,
0.96 x 1H), 1.98 (m, 0.04 x 1H), 1.64 (q, /= 12.0 Hz, 0.96 x1H). (Peaks for two diastereomers were
given.) 3C NMR (100.6 MHz, CD;0D) § 162.2, 147.9, 147.8, 130.8, 129.3, 128.9, 127.6, 125.1,
120.4, 82.2, 79.5, 74.0, 72.9, 63.1, 41.6, 18.8. (Signals for the major diastereomer were detected).
HRMS-ESI (m/z): [M+Na]" caled for Ci1¢H19NOsNa', 312.1206; found, 312.1215.

(2R,3S5,4R,5R,6R)-2-(Hydroxymethyl)-6-(isoquinolin-1-yl)tetrahydro-2 H-pyran-3,4,5-triol (7ba)

N/

O
HO SN
HO™ “'OH

OH

A screw-top 4 mL vial was charged with a stirring bar, isoquinoline 6a (6.5 mg, 0.05 mmol), and
TFA (8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
volatiles were removed under reduced pressure, K2S>0sz (27.0 mg, 0.1 mmol), DMSO/H,0 (9/1, 500
pL), and 2a (37.7 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 13 h.
The reaction mixture was quenched with saturated Na,S,0s3 aq (81 pL), saturated NaHCOs aq (227
pL) and water (ca. 1 mL) at 0 °C. The residue was purified by reverse phase column chromatography
on Sfir C18 D —Duo 100 A 30 um 30 g (100:0-5:95, HoO/MeCN) to give 7ba (only a, 10.8 mg, 37.1
pmol, 74%) as pale yellow oil. Rf = 0.34 (7:3, HO/MeCN) M.p. 104-109 °C (decomp.) [a]p*® +236.6
(c=0.1, MeOH) IR (neat) 3486, 3329, 3245, 1560, 1412, 1324, 1066, 1033, 835, 753 cm . '"H NMR

125



(400 MHz, CD30D) ¢ 8.68 (m, 1H), 8.42 (d, J= 5.6 Hz, 1H), 7.94 (d, /= 8.4 Hz, 1H), 7.79-7.75 (m,
2H), 7.68 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 5.87 (d, J = 6.0 Hz, 1H, anomeric H), 4.47 (t,J=9.2 Hz,
1H), 3.98 (dd, J=9.2, 6.0 Hz, 1H), 3.61-3.59 (m, 2H), 3.46 (dd, J=9.2, 8.6 Hz, 1H), 2.94 (ddd, J =
9.2, 4.4, 3.6 Hz, 1H). *C NMR (100.6 MHz, CD;0D) ¢ 159.4, 140.5, 138.4, 131.9, 129.1, 128.8,
128.5, 127.4, 122.7, 76.9, 76.0, 75.4, 75.3, 72.4, 62.6. HRMS-ESI (m/z): [M+Na]" calcd for
C15H17NOsNa*, 314.0999; found, 314.1012.

(2R,3S5,4R,S5R,6R)-2-(Hydroxymethyl)-6-(4-methylquinolin-2-yl)tetrahydro-2 H-pyran-3,4,5-
triol (7bb)

EvoluChem photoreactor (PhotoRedOx Duo)

A screw-top 4 mL vial was charged with a stirring bar, lepidine 6b (7.2 mg, 0.05 mmol), and TFA
(8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
volatiles were removed under reduced pressure, K2S>0sz (27.0 mg, 0.1 mmol), DMSO/H,0 (9/1, 500
pL), and 2b (37.7 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in
EvoluChem photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 2 h.
The reaction mixture was quenched with saturated Na>S,03 aq (81 pL) and saturated NaHCO3 aq (227
pL) at 0 °C. The residue was purified by reverse phase column chromatography on Sfir C18 D —Duo
100 A 30 pm 30 g (100:0-5:95, H,O/MeCN) and decanted with H>O (ca. 1 mL x 2) to give 7bb (only
a, 11.1 mg, 36.4 umol, 73%) as an off white solid.

UC reactor (50 °C)

A screw-top 4 mL vial was charged with a stirring bar, lepidine 6b (7.2 mg, 0.05 mmol), and TFA
(8.6 mg, 0.075 mmol) in MeOH (500 pL) under ambient atmosphere and stirred for 30 min. After
volatiles were removed under reduced pressure, K2S>0z (27.0 mg, 0.1 mmol), DMSO/H,0 (9/1, 500
pL), and 2b (37.7 mg, 0.075 mmol) were added. The vial was sealed with Teflon tape, placed in UC
reactor equipped with a 45W blue LED to keep temperature 50 °C and stirred for 2 h. The reaction
mixture was quenched with saturated Na,S,0s aq (81 pL) and saturated NaHCOs aq (227 pL) at 0 °C.
The residue was purified by reverse phase column chromatography on Sfir C18 D —Duo 100 A 30 um
30 g (100:0-5:95, H,O/MeCN) to give 7bb (only o, 14.9 mg, 49.0 umol, 98%) as an off white solid.
The structure of 7bb was confirmed by X-ray diffraction analysis. Rf = 0.30 (7:3, HoO/MeCN) M.p.
168-173°C [a]p?® +33.1 (c = 0.1, MeOH) IR (neat) 3357, 2917, 1602, 1560, 1508, 1448, 1412, 1100,
1072, 1030 cm™'. 'H NMR (400 MHz, CD;0D) 6 8.11 (dd, J = 8.4, 0.8 Hz, 1H), 7.97 (m, 1H), 7.75
(ddd, /= 8.4, 6.8, 1.2 Hz, 1H), 7.68 (s, |H), 7.63 (ddd, /= 8.4, 6.8, 1.2 Hz, 1H), 5.26 (d,J= 5.2 Hz,
1H, anomeric H), 3.94-3.83 (m, 3H), 3.71 (m, 1H), 3.39-3.33 (m, 2H), 3.39-3.33 (d, /= 0.8 Hz, 3H).
13C NMR (100.6 MHz, CD;0OD) 6 162.1, 147.9, 147.0, 130.9, 129.8, 128.6, 128.0, 125.1, 122.1, 77.8,
75.9, 75.8, 75.7, 72.4, 63.2, 18.9. HRMS-ESI (m/z): [M+Na]" calcd for CisH19NOsNa", 328.1155;
found, 328.1137.

(2S5,3R,4R,55,6 R)-2-(5-((1,4-Diazepan-1-yl)sulfonyl)isoquinolin-1-yI)-6-
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(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (7bc)

A screw-top 4 mL vial was charged with a stirring bar, Fasudil 6¢ (14.6 mg, 0.05 mmol) in MeOH
(250 pL), and TFA (17.1 mg, 0.15 mmol) in MeOH (750 pL) under ambient atmosphere and stirred
for 30 min. After volatiles were removed under reduced pressure, K»S>Og (27.0 mg, 0.1 mmol),
DMSO/H,0 (9/1, 500 pL), and 2b (37.7 mg, 0.075 mmol) were added. The vial was sealed with Teflon
tape, placed in UC reactor equipped with a 45W blue LED to keep temperature 50 °C and stirred for
2 h. The reaction mixture was quenched with saturated Na>S,03 aq (81 pL) and saturated NaHCOs aq
(227 pL) at 0 °C. The residue was purified by reverse phase column chromatography on Sfir C18 D
—Duo 100 A 30 um 30 g (100:0-5:95, 0.1% TFA in H>0/0.1% TFA in MeCN) to give 7be (a:f = 2:1,
10.8 mg, 23.8 umol, 48%) as brown oil. Rf = 0.42 (7:3, 0.1% TFA in H>O /0.1% TFA in MeCN) [a]p?¢
+60.2 (¢ = 0.2, MeOH) IR (neat) 3368, 1636, 1607, 1586, 1558, 1491, 1436, 1373, 1301, 1192 cm™".
"H NMR (400 MHz, CD;0D) 6 8.92 (m, 1H), 8.79-8.72 (m, 0.67 x 2H), 8.66 (d, J = 6.4 Hz, 0.33 x
2H), 8.55-8.53 (m, 1H), 7.99-7.94 (m, 1H), 6.11 (d, J=4.0 Hz, 0.67 x 1H, anomeric H, major), 5.47
(m, 0.33 x 1H, anomeric H, minor), 4.32 (t, /= 6.8 Hz, 0.67 x 1H), 4.04 (dd, /= 6.8, 4.4 Hz, 0.67 x
1H), 3.94-3.85 (m, 0.67 x 1H +0.33 x 2H), 3.78-3.76 (m, 0.67 x 1H + 0.33 x 5H), 3.73(m, 0.67 x
1H), 3.70-3.66 (m, 0.67 x 2H + 0.33 x 1H), 3.64-3.58 (m, 0.67 x 4H + 0.33 x 3H), 3.41 (m, 4H),
2.21-2.15 (m, 2H). (Peaks for two diastereomers were given.) *C NMR (100.6 MHz, CD;OD) §
160.5, 159.9, 140.0, 139.6, 139.1, 136.4, 136.3, 136.0, 135.9, 135.8, 134.8, 137.4, 133.2, 129.6, 129.0,
128.7, 128.6, 120.8, 120.6, 82.4, 79.4, 79.3, 78.6, 75.8, 74.7, 74.1, 73.0, 71.4, 70.8, 62.2, 61.9, 48.0.
46.1. 45.5. 27.4 (only observed peaks). ’F NMR (376.4 MHz, CD;0D) ¢ —77.2. HRMS-ESI (m/z):
[M+H]" calcd for C20H2sN307S", 454.1642; found, 454.1648.

(2R,3S5,4R,5R,65)-2-(Hydroxymethyl)-6-(phenanthridin-6-yl)tetrahydro-2H-pyran-3,4,5-triol
(7bd)

A screw-top 4 mL vial was charged with a stirring bar, phenanthridine 6d (9.0 mg, 0.05 mmol) in
MeOH (625 pL), and TFA (8.6 mg, 0.075 mmol) in MeOH (375 pL) under ambient atmosphere and
stirred for 30 min. After volatiles were removed under reduced pressure, K2S,0s (27.0 mg, 0.1 mmol),
DMSO/H,0 (9/1, 500 pL), and 2b (37.7 mg, 0.075 mmol) were added. The vial was sealed with Teflon
tape, placed in UC reactor equipped with a 45W blue LED to keep temperature 50 °C and stirred for
2 h. The reaction mixture was quenched with saturated Na>S»03 aq (81 pL) and saturated NaHCOs aq
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(227 pL) at 0 °C. The residue was purified by reverse phase column chromatography on Sfir C18 D
—Duo 100 A 30 pm 30 g (100:0-5:95, HoO/MeCN) to give 7bd (only B, 6.0 mg, 17.6 pmol, 35%) as
pale yellow oil. Rf = 0.27 (7:3, HO/MeCN) [a]p?® 4.5 (c = 0.1, MeOH) IR (neat) 3355, 2077, 2923,
2867, 2360, 2346, 1087, 1063, 1018, 760 cm™'. 'H NMR (400 MHz, CD;OD) 6 8.81 (d, J = 8.0 Hz,
1H), 8.73 (dd, /= 8.0, 1.6 Hz, 1H), 8.57 (d, /= 8.0 Hz, 1H), 8.18 (m, 1H), 7.93 (ddd, /=8.0,7.2, 1.2
Hz, 1H), 7.79-7.71 (m, 3H), 5.23 (d, /= 9.2 Hz, 1H, anomeric H), 4.21 (t, /= 9.2 Hz, 1H), 3.93 (dd,
J=12.4,2.0 Hz, 1H), 3.76 (m, 1H), 3.74 (t, J = 9.2 Hz, 1H), 3.69-3.59 (m, 2H). *C NMR (100.6
MHz, CD;0D) ¢ 159.1, 144.2, 134.6, 132.2, 130.5, 129.9, 128.7, 128.6, 128.3, 126.8, 125.6, 123.4,
82.7, 80.2, 79.6, 74.6, 71.5, 62.9 (only observed peaks). HRMS-ESI (m/z): [M+Na]" caled for
C19H19NOsNa', 364.1155; found, 364.1180.

mProcedure for Acylation m
((2R.4R,58,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)(p-
tolyl)methanone (9aa)

HO"
Hy OH

A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2a (36.5 mg, 0.075 mmol) and
8a (18.2 mg, 0.05 mmol) under ambient atmosphere. The vial was brought to a glovebox, and dry 1,2-
dichloroethane (DCE, 17 mL) and TFA (11.4 mg, 0.1 mmol) in DCE (1 mL) were added. After the
vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 2 h. After volatiles
were removed under reduced pressure, MeOH (1 mL) and TFA (22.8 mg, 0.2 mmol) in dry DCE (2
mL) were added and stirred for 20 min. The crude material was concentrated under reduced pressure
and MeOH (4 mL) and DBU (75 pL, 0.5 mmol) were added. The resulting solution was stirred for 2
h and AcOH (57 pL, 1.0 mmol) was added. After stirring for 1 min, the reaction mixture was
concentrated under reduced pressure. The residue was purified by reverse phase column
chromatography on Sfir C18 D —Duo 100 A 30 pum 30 g (100:0-60:40, H;O/MeCN) and decanted
with MeOH (ca. 500 pL x 2) at —78 °C to room temperature to give 9aa (5.5 mg, 20.7 umol, 41%) as
a white solid. The structure of 9aa was confirmed by X-ray diffraction analysis. Rf = 0.25 (7:3,
H>0/MeCN) [a]p?® +22.0 (c=0.1, MeOH) IR (neat) 3324, 2360, 2343, 1685, 1560, 1508, 1255, 1096,
1067, 1057 cm™'. "TH NMR (400 MHz, CD;0D) 6 7.93 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
5.05(dd, J=12.0, 2.0 Hz, 1H, H,, anomeric H), 3.89 (dd, /= 12.0, 2.4 Hz, 1H), 3.78 (ddd, J = 12.0,
8.8, 4.8 Hz, 1H, Hy), 3.74 (dd, J = 12.4, 5.2 Hz, 1H), 3.41 (ddd, J = 9.6, 5.2, 2.4 Hz, 1H), 3.28 (m,
1H), 2.42 (s, 3H), 2.22 (ddd, J = 12.8, 4.8, 2.0 Hz, 1H, H,), 1.52 (dt, J = 12.8, 12.0 Hz, 1H, H,). 1*C
NMR (100.6 MHz, CDsOD) ¢ 198.9, 146.3, 133.3, 130.5, 130.1, 82.1, 78.1, 73.6, 72.7, 62.8, 38.0,
21.7. HRMS-ESI (m/z): [M+Na]" calcd for C14H1s0sNa", 289.1046; found, 289.1057.

1-((2R,4R,5S,6R)-4,5-Dihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-yl)-3-
phenylpropan-1-one (9ab)
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A screw-top 20 mL vial was charged with a stirring bar, PDP-borate 2a (36.5 mg, 0.075 mmol) and
8b (18.9 mg, 0.05 mmol) under ambient atmosphere. The vial was brought to a glovebox, and 1,2-
dichloroethane (DCE, 17 mL) and TFA (11.4 mg, 0.1 mmol) in DCE (1 mL) were added. After the
vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in EvoluChem
photoreactor (PhotoRedOx Duo) equipped with two 45W blue LEDs and stirred for 2 h. After volatiles
were removed under reduced pressure, MeOH (1 mL) and TFA (22.8 mg, 0.2 mmol) in DCE (2 mL)
were added and stirred for 20 min. The crude material was concentrated under reduced pressure and
MeOH (4 mL) and DBU (75 pL, 0.5 mmol) were added. The resulting solution was stirred for 2 h and
AcOH (57 pL, 1.0 mmol) was added. After stirring for 1 min, the reaction mixture was concentrated
under reduced pressure. The residue was purified by reverse phase column chromatography on Sfir
C18 D —Duo 100 A 30 pm 30 g (100:0-60:40, H;O/MeCN) and passed through a short pad of silica
gel with THF to give 9ab (8.3 mg, 29.6 umol, 59%) as a colorless oil. The anomeric position of 9ab
was easily deuterated in CD30D. The ratio of the non-deuterated compound of 9ab and the deuterated
compound of 9ab was 1:1 analyzed by 'H NMR. All data of 9ab was measured using the mixture of
the non-deuterated 9ab and the deuterated 9ab. Rf = 0.30 (7:3, HoO/MeCN) [a]p?* +18.6 (¢ = 0.1,
MeOH) IR (neat) 3362, 2344, 1718, 1701, 1685, 1653, 1560, 1541, 1507, 1064 cm™'. '"H NMR (400
MHz, CD3;0D) ¢ 7.26-7.13 (m, 5H), 3.99 (dd, /= 12.0, 2.4 Hz, 0.5 x 1H, anomeric H), 3.87 (dd, /=
12.0, 2.4 Hz, 1H), 3.69 (dd, J=12.0, 5.6 Hz, 1H), 3.59 (ddd, J=11.2, 8.4, 5.2 Hz, 1H), 3.23 (ddd, J
=9.6, 5.6, 2.4 Hz, 1H), 3.18-2.96 (3H), 2.88-2.84 (m, 2H), 2.17 (m, 1H), 1.32 (m, 1H). C NMR
(100.6 MHz, CDs;0D) ¢ 210.70, 210.65, 142.6, 129.45, 129.40, 127.0, 81.95, 81.90, 81.5, 73.6, 72.8,
63.0,40.8,36.7,36.6,30.1 (only observed peaks). HRMS-ESI (m/z): [M+Na]" calcd for C1sHx0OsNa®,
303.1203; found, 303.1199. HRMS-ESI (m/2): [M+Na]" (deuterated 9ab) calcd for C;sH19DOsNa",
304.1266; found, 304.1258.

m X-ray Diffraction Analysis m

A suitable crystal obtained by recrystallization was mounted with mineral oil on a Cargille
Immersion Oil Type B and transferred to Bruker Single Crystal CCD X-ray Diffractometer (SMART
APEX 1II) (Graphite-monochromated Mo Ko radiation (1 = 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. Crystallographic data for the structures reported in
this paper have been deposited with the Cambridge Crystallographic Data Centre.
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Molecular structure of 2a (CCDC 2353960)

Figure S3-5. ORTEP diagram of 2a. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from CH>Clo/MeOH (9:1).

2a
CCDC No. 2353960
formula C24H21BF3NO¢
fw 487.23
T (K) 87(2)
A(A) 0.71073
cryst syst orthorhombic
space group P212:12
a(A) 5.099 (2)
b(A) 24.054 (5)
c(A) 33.257(7)
a(deg) 90
B (deg) 90
7 (deg) 90
V(A% 4079 (2)
Z 8
Deac (g-ecm™) 1.587
u(mm™) 0.130
F(000) 2016
cryst size (mm?) 0.04 x 0.144 x 0.186
20@range (deg) 2.50 to 24.83
reflns collected 19621
params 637
GOF on F? 1.024

Ri, wR; (all data)

0.0362, 0.0787

Table S3-1. Crystallographic data and structure refinement details of 2a.

130



Molecular structure of 10 (CCDC 2353968)

F3  fef2 Fs

Figure S3-6. ORTEP diagram of 10. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from hexane and CDCls.

10
CCDC No. 2353968
formula Ci19H13BF3NO3
fw 371.11
T (K) 87 (2)
A(A) 0.71073
cryst syst monoclinic
space group P21/c
a(A) 10.9367 (13)
b(A) 18.470 (2)
c(A) 7.9045 (9)
a(deg) 90
B (deg) 98.987 (2)
7 (deg) 90
V(A3 1577.1 (3)
Z 4
Deac (g-ecm™) 1.563
4 (mm1) 0.128
F(000) 760
cryst size (mm?) 0.068 x 0.149 x 0.233
20@range (deg) 2.83t025.03
reflns collected 7609
params 280
GOF on F? 1.029

Ri, wR; (all data)

0.0376, 0.0992

Table S3-2. Crystallographic data and structure refinement details of 10.
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Molecular structure of 7bb (CCDC 2353969)

Figure S3-7. ORTEP diagram of 7bb. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from MeOH.

7bb
CCDC No. 2353969
formula Ci16H19NOs
fw 305.32
T (K) 87 (2)
A(A) 0.71073
cryst syst orthorhombic
space group P2:2:2,
a(A) 5.216 (3)
b(A) 13.319 (8)
c(A) 20.795 (12)
a(deg) 90
B (deg) 90
7 (deg) 90
V(A% 1444.7 (14)
Z 4
Deale (g-cm™) 1.390
u(mm™) 0.104
F(000) 636
cryst size (mm?) 0.06 x 0.09 x 0.18
26range (deg) 2.49t0 24.73
reflns collected 14104
params 206
GOF on F? 1.023

Ri, wR; (all data)

0.0290, 0.0641

Table S3-3. Crystallographic data and structure refinement details of 7bb.
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Molecular structure of 9aa (CCDC 2353967)

Figure S3-8. ORTEP diagram of 9aa. Ellipsoids are drawn at 50% probability. A single crystal used

for the analysis was obtained by recrystallization from EtOAc and MeOH.

9aa
CCDC No. 2353967
formula Ci14H150s
fw 266.28
T (K) 87 (2)
A(A) 0.71073
cryst syst monoclinic
space group C2
a(A) 15.778 (12)
b(A) 6.366 (5)
c(A) 14.449 (11)
o (deg) 90
S (deg) 115.544 (9)
7 (deg) 90
V(A% 1309.5 (17)
Z 4
Deale (g'cm_3) 1.351
4 (mm) 0.102
F(000) 568
cryst size (mm?®) 0.05 x 0.09 x 0.25
20range (deg) 2.61t0 25.04
reflns collected 3088
params 178
GOF on F* 1.080

Ri, wR» (all data)

0.0301, 0.0706

Table S3-4. Crystallographic data and structure refinement details of 9aa.
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FBINE  EREAN LI IRINEIC & 5 azadipyrromethene (ADP) IR 7 327 — R o
IROEH IR 2RI U7 iR 3R Z > T VAR AR

BH TS IS L OMERERGR

NG U725y TEBSO)SIE, BB 5 FCO T ¥ B IVEIL % FIRRIC T D5 ) 72 F
ETHLHIN, FEEHETRRZLIIZ, TOZALHFEN (390-500nm) D L 9 72 i
BEWT RV F—ZRORITETFEL TV D, | =R AXF—HOF ML, BECERY
DOF R ECRISL B R T DRENH 5720, L0 KT R /X — (<47 keal/mol)
T DR GRS (DRtoNIR, >600nm) FEIEE DA FIFH 32 Ks OB K O
HILTWA, 2DR 225 NIR ik, EREiE D & < BELAS D 7z KBRS RS
AL BHA~OICHICHE L TV 5, 3 ZHE T, Os(DES AL & DR 4 g f o
FREF % H\ 72 DR 76 NIR FEERENVE O SOSR B3 HE STV AR, Z0% < 134k
ERCAR I DO bR IRRE A 1% L 72V EFE 7% E)  (outer-sphere electron transfer) <P (/L ¥
—BENZEESV T D (Figured-1A), * Lo L, DR 725 NIR DD T /L F — [T K
72, PR TTEN OB W IEE OTEELIZNEETH V| W IR/ R SE T ¥ L RIERA
13 LSHIRE TV,

Z ORI L, BE SN E AR AR T D 2 L CHRRIERRERE Y 7 b5

B AR SR O BRI ) BIg2Y, FEEBIZB W THE ST 5 (Figure
4-1B), ° L/ L. ZO¥ME% DR 7>5 NIR f8I~E L., 7V tE~LInH L
BTG STV, 22 TEHIX. AT VR LEmITx L, Y71 A i
A2 E S5 2 & T, DR 75 NIR A I ATREZR TGRSR (R 2 R TIER S &, %
DOEHEMLIZ L > TRFET PN EART HFiEEER L, BRI, 79 0eR
A7 (ADP) B2 AT A A1 A%t L7, JFam Cilk<7z# v | 2023 4F Page
X BODIPY BDFRTFET — MNEERND DIRFT U NVAERERE L THBY, O
5B\ ADP B aikat L7z, © ADP B 11378 VB FICENLT 5 2 8T ER
UL L72WAHER 7 FEEWH DR 25 NIR O AW TE D XL 512785,

AWFIEOVEZEAGL % L FIZ~ 3 (Figure4-1C), 97, ADP fillif A1 2 HEKR v 1k
A EARES L, WENOFEKRTHET — MEK 1T 28T D, ZOFEKUHET
— NEEIK T 1%, DR 25 NIR FEIRICIRU 2 R D, JEPREHZ X - CRbEREE 1 L 725,
b I* X, BB E~O—ETBE) (SET) EIXE#ENRAREY 71 v 7 A
BT, IRBIT P ANEAERT D EBZ T, RFIEDPHELINIUL, BERAHE T FE
{EE I HIRERNN T =W HWTIRET VN EREIE LN TIEE D, &
AVE CTIREETH o 7o iR HEI C O IR F-RFEREATERL. RFE-—~T v F R AT
JRASFRE & 72 D
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A. Reported DR to NIR light-induced photochemical activations

B Quter-sphere electron or energy transfer

Q- @@ e,

B Reported catalysts

Os(Il) polypyridyl complex methylene blue ["Pr-DMQA*][BF 7]

B. DR to NIR light-driven ligand-induced photochemical activation (this work)

® Direct excitation of a substrate—catalyst complex

(@ * | sET .
OO — Qp-p- Qpy = oo,

m Lewis base-catalyzed radical generation strategy via direct excitation

via

DR to
/NIRIIght\
Ph
RZ R’ RN " R?
Moo Ny — R
R “B(OH), N R
N /Ph
Ph__

aza-dipyrromethene catalyst

C. Hypothesis: catalytic carbon radical generation from organoboron

R2 R® o Ph
B(OR
R‘XB(OH)z N TN (OR)s
NN pn
Ph A1

RZ
R] * * o2
TR pn //‘- ri—<P
O0-B__ SET R®
DR to NIR light /- N .
= /( EA H*
~N
Ph EA ROH
Ph I*

EA : electron acceptor

Figure 4-1. DR 7> 5 NIR JEBRENC X 2 il iR 35 7 2 VA= Ak
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B OSSO s K O E T P O Mt

B OMEENFICIEDE, ADP il 2 W= BHEAR T E AN DT 2 A V%
A LW Giese BT VA NATIMBOLSOREFT 21T T2, BT ARIGE LT, Y7 a~Fy
AR 1la LTS ARY ATV 2a AW TS SRTOKIELEZTT > 72 (Table 4-
1), 7=/ — MKz 4a92 ADP filtif A1 (10 mol%) BLOEL F 2T ——7
A 3A DIFET, 78 b= RNV WA K ) — VRGBT 660nm DRt LED % i
L7z Z A, HET DT LXK 3aa & 77%DNETH 2 7= (entry 1), — ., &
DRSO TH D7 = ) — WK Z R VA A2 X A3 2 W56,
SOt T < #EIT Lo 72 (entries 2 and 3), ZAUE., A UE ETONEN A TRT —
NER DI DI A SN THDH Z EHRBE L TCWND, 20D 7 = ) — Vi =67
LfiE A4 WA, 3aa OIERIT 13% E{RINETH 72 (entry 4), £7=. ADP
fif oD 1 SDOBBFAZIRBICEHR LU0 A7 R A5 Z W26, 1T
FIL 15%I2 L EFE o7z (entry 5), F7o, AREEYER 2 FW 220Gt TIEBUG XA T
L72hv> 7~ (entries 6 and 7), FL ¥ o2 T7——T7 R 3A ZIRIMLARWES. IERITK
BEIZAK T L7z (entry 8), ZAUE, SUSHRINTEMT DKD TE2FREL, Ru gL il
[ D it A A A 2 S AT AR ~R D E 5 72012, B AKIBRERSMNE TH D Z & &2 LT
W5, XVEREZ 740 nm @ LED ZHWEBETH, 2%DINEKR TR ZES =
ENTET (entry 9),

EHIZ, v~ L) T FaRb— M 12 L 7R AFL 2a
WSS DRt 21T -7~ (Table 4-2), ADP fififif A1 (10 mol%). SiO, ¥ LU
L¥aT7—v—T7 R 3A ODFEF, 7 =NV W/AX ) —/RGEEEF T 660 nm
O LED S L7 2 A, BIET D7 XK 3aa & 86% DI TH 2 7=

(entry 1), MU Z/bA R L — ML ADP il & OFFA ZeET 572D, 7 v{bA
F o OfHA E L TUED b A F (Si0) ZRMLTE, 7= /) — MoK % Ff
T2 OiiEE A2 0 A3 E WA, EofiE A1 ZHOWRWEA, MISIZIEEA L
HAT L7 vo 7= (entries 2,3 and 6), 2 DD T = / — /LN 2 AT Al A4 % 7=
LEkOvena 27 R A5 2 HWE5E, 3aa OYERIT 58% & HFFREE DU T
o7~ (entries4and5), LV EKEZ 740nm D LED ZH W\ /=354, 85%DINRTH
WMz 25 Z LN TE- (entry 7),
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Table 4-1. 7 /L3 /LR 1 U8 % A5 B D 5544 0 fewd b, @

A1 (10 mol %)

O\B + ML 00,me MeCN/l\l\/:lis: (20:1) COMe
(O 660 nm LED, 48 h COMe
1a 2a 3aa
catalyst
-y .
entry change from standard conditions yield of 3aa (%)*
1 none 81 (77)
2 A2 instead of Al 0
3 A3 instead of Al 0
4 A4 instead of Al 13
5 AS instead of Al 15
6  under dark 0
7  w/oAl 0
8 w/o MS 3A 18
9 740 nm LED instead of 660 nm LED 52

“Each reaction was carried out with 1a (0.15 mmol), 2a (0.10 mmol), A1 (0.01 mmol) and MS
3A (100 mg) in MeCN/MeOH (2.0 mL/100 mL) under red LED (660 nm) irradiation for 48 h. *
'H NMR yields. The number in parenthesis is isolated yield.
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Table 4-2. 7 /L% /L h U 704 R L— hMEE B KGO 50840 Fomdl @

A1 (10 mol %)
MS 3A
O\ SiO, (3 equiv.)
+ MeOC A0 s CO,Me
2V€  MeCN/MeOH (20:1)
BFaK 660 nm LED, 48 h CO-Me
1a’ 2a 3aa
catalyst
%HTQ Ph HB:/? % i%
R=H A1 A5
R = Me A2
entry change from standard conditions yield of 3aa (%)*
1 none 86
2 A2 instead of A1 trace
3 A3 instead of Al 0
4 A4 instead of A1 58
5 A5 instead of Al 51
6 w/o Al 0
7 740 nm LED instead of 660 nm LED 85

*Each reaction was carried out with 1a (0.15 mmol), 2a (0.10 mmol), A1 (0.01 mmol), SiO- (0.3
mmol) and MS 3A (100 mg) in MeCN/MeOH (2.0 mL/100 mL) under red LED (660 nm)
irradiation for 48 h. ®"H NMR yields.

B l SN2 VT, Bl v R LA o E A % it L= (Table 4-
3, £, FUAFALRaFL Y la ZHWEAF AT OO NDOAERKERRTZEZ A,
HREE QIR THPIOIME 3ba DGO, SO E% 740 nm ([ZEH L7-3%
ATH 41%DINENE SN, — BT IIAFNVIEEGET D -7 FARa U 1e R0 2-7

=L FRe U 1d WSS PREOIGE TN 5 Giese AN S
7~ (Beaand 3da), XU RNY TG uaRlL— NE le ZHAWERES. EINETE
ﬁ%3wﬁ%ﬁﬁw; SHIT, FHBRTNAFARTF A, AMAFI= AT LDt
RuR B L0 FEaRER ks ST AFARTEAY. SHIET <X
V%%%ﬁ#é%@b3&7»%»%%ﬁ¢6mﬁﬁmA%;omf% BAF7RINERT
T U HNVERE L ORFIRBRESTERDHEIT L2 (3fa-3la), a-A X T IRHE T ¥ B LA
BRSO G & W o e Mo E 2 AT 5 VR LEME W TH IS HEIT LT
(Bmaand3nb), HENLEZRNT D7~V UEKEAGT HEEIZEBNTY, FREDIL
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FCRICHHEIT LT (3o0a),

WINZ, FIONNZRIRE 727 NV OFEEEAREICOWTHRE LIz, AF e =
N Ry 2b DX RETARET NV v AW E T RRE OWER T Z ¥ A VAN
EnfEons @), AT, TZ VAR AT AT 7 Ua= ) vxHW5GE,
WERIFE T L7z Bleand 31d) . Z4ViX, 2ERT 5 7 ¥ I A IMED RO ITEA DY,
JhEIRABIZ B DR U HET — MMERORETENM LB L TERW D THL LB LD,
Tk RaT 7= FERCBIR T LV U7 BTkt LR, R B BAF 7R IR TR
R3tF 57z (3le-3l5),

ARFEOHRMEEZ S SICHEET 5729, Giese U LA DFE GRSt~ i
Bl %5722 (Figure 4-2), F 4 ANV ERT AT )L 4 X° TEMPO 6 % 7 3 7 VA
ELTHWAZ LT, CSHEAEB IO C-O ARG ET L (5,7band7e), F
T TINT YV N 8 EORIGTIX, FVIN-FG P INT T ) TR Tr b
9 RN ETITHDEINAEMTE T, EHIZ, TIATF=/L ALK 10a LT /LF =)L A
LR 10b & W C(sp?)-C(spH)F LY C(sp’)-C(sp) i BT &2k L 7= (11aa and
11ab) ., 7235, —¥ O SUG TRkt A1 Tid7a < it AS Z VT 5, %Rk 32 X 51z,
fitlfe AS HRDOKRTHET — MEARIT, Al A1 HROFRTFRT — MEER LY HIETT
NEWTZOTH D,
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Table 4-3. Giese %! 7 27 7 VAN s 0D F 85 i FH &t

Giese addition reaction

1-
R'-B(OH), R3 A1 or A5 (10 mol %) R3
or . % MS 3A R Yk
=
~ Fwe MeCN/MeOH (20:1) _ Ene
R1-BF4K R 660 nm LED, 48 h R
1 2 3

alkyl boronic acids or alkyl trifluoroborates?

MGY\COZMe Me” >N Co,Me Ph\/\ACOZMe Ph N CO,Me

CO,Me CO,Me CO,Me CO,Me
3ba, 55%° 3ca, 74%P 3da, 53%° 3ea, 97%%°
(41%P19)
O Me
CO,Me CO,Me N Me EtOWCOZMe
CO,Me CO,Me BuO CO,Me
(0] 0o 2
3fa, 83% 3ga, 42%° 3hb, 96%° 3ia, 38% (dr 1:1)¢¢
OMe Me Me Me
EtOWCOQMe Me)%/\COZMe CO,Me
CO,Me CO,Me CO,Me
3ja, 89%°9%¢ 3ka, 94%°f 3la, 92%°
o]
BnO m
BnO
(o] CO,Me
CO Me
COsMe 2
3ma, 35% (dr 1.2:1)¢9¢ 3nb, >99%%¢ 30a, 60%°°
radical acceptors?

3lb, 58%°¢ @j\ 3lc, 15%° @j\:ﬂd 17%°¢ Ej\
Coan COQMe COan

(Boc),N AcHN CbzHN
3le, 89%° 3If, 57%°¢ 3lg, 31%°
Me e) NC
@\}coga @\g @\X\CN
Ph
3lh, 25%%4 3li, 32%° 3lj, 98%°

*Each Reaction was carried out with 1 (0.15 mmol), 2 (0.10 mmol), A1 (0.01 mmol) and MS 3A
(100 mg) in MeCN/MeOH (2.0 mL/100 mL) under red LED (660 nm) irradiation for 48 h.
"NMR yield. “Trifluoroborate salts (0.15 mmol) with SiO, (0.30 mmol) were used instead of
boronic acids. A5 was used instead of A1. “Reaction time was 72 h. *20 mol % of catalyst was

used. #740 nm LED was used instead of 660 nm LED.
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C-S bond formation

(10 mol %)

B(OH), . 0, 0 MS 3A g
Cf ph-S~g- PN MeCN/MeOH (20:1)

660 nm LED, 48 h
1f 4 5, 77%
1 equiv. 2 equiv. (63%9)

C-0 bond formation

L] R\O
1b (1.5 equiv.) Q A1 (10 mol %) :

N MS 3A N
or +
1e (1.5 equiv) MeCN/MeOH (20:1) [ ]

A f 660 nm LED, 48 h
with SiO, (3 equiv.) 6 7b, 39%b (R =Me)

1 equiv. 7e, 85% (R =Bn)

radical-radical coupling
A5 (10 mol %)
Me o MS 3A O

N 2,6-lutidine-TfOH (1 equiv.) Ph

SiO, (3 equiv.) DBU
1e + <\’N N 2
1.5 equiv. ‘Me CF3 DCE MeOH CF4
A 660 nm LED, 48 h 6h
ot 8 9, 29%
1 equiv. ’

C(sp®)-C(sp?) and C(sp?)-C(sp) bond formation

P A1 (10 mol % NP

mol %

ph S~ py (MS 3A ) O/v .

10a, 1 equiv. SiO, (3 equiv.) 11aa, 34%
or _ > or

+
BF3K 0,0 MeCN/MeOH (20:1) -
12’ _S. 660 nm LED, 48 h Z4
1.5 equiv. Ph \
Ph 11ab, 40%

10b, 1 equiv.

Figure. 4-2. ffi % OFEA RO

o= SOCHEE O AT

FOSHERE . &0 DT RIS RSB T 2 M A 2125 72 BIEAET I X OV LB %K
% (DFT) GHRZEM L7z, ETAERURMEWET VI Er A7 (ADP) fillit: Al
WHAERNRT D EEZLNDGTRIA Bl OBEEZRAT-, fllE A1 (26 LB
BUEO M) AFAFRrX U 1b 202, BT LA, @RSt F RIS S T L
A, Bl BWEEMIZE LN (Figured-3A), HHEL7Z Bl (3255 F Cld o7& E
WEETDHEOD, U B VBRI BT ﬂ*%”ffa%oto Bl Oz 5 )IZ
THT0 . X Bhs RS 21T o 120 T OREHR. ARUEPOLANEREEE & > 788
& B1 O MR S 417 (Figure 4-3B)
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PR B1, fillfE A1, ¥R AT UER AS DDA LA B3 OWIL A~ kv
KOS A~ h V&4 L7= (Figure 4-4, Figure 4-5 and Figure 4-6) , $&%{& B1 DO
WA MV 690 nm VT ISR E 27~ L, & OWIEREIE 800 nm % # % 5 fE ik
FCTIRN -T2, T2, fETDEIEART ML TiE, 720 nm (TSR KR £ 238
B Iz, B8R B3 OWIN AR fLEapt AT ML, 85K Bl & bhi U TR
FETH o7z, UVnis, #l, BEOV A7V v 7R F AR —DFERNG, $EK
Bl L85k B3 OfhEIRREICB T AT NWEZRH LA, BT LTFTO LI
AL b, 7

RUFET — MEA Bl IZOWT, SAATHRIRIRA NS bL @AY ML BRI
YAV ITHRNE AN —=INELNT-T —XIZHEES X, LU F O Rehm-Weller %
HW TR L — s offbigEnEir 2 o tic B i Lz, v, 127V v 7R
> A kU — (Figure 4-9) 2B\ T, AL —F Bl OEXALAHIBRLIBFRIIA AT Wi EFL
Thol=, L2 - T, BR{LEN E(=+1.0671 Vvs.SCE) % E(B1"/Bl) & L CTHW /-,
RUFT — MER B hEIREEICI 1T 5 =R /LF— B (B1*/ B1) [ZWILA T RV K
QAT R LD (707 nm, Figure 4-7)7> HHEE L 1.753666 eV & L7z,

For the excited state of B1*
Rehm-Weller equation:
E (B1*/ B1*) = E (B1*/ B1) — Eo (B1*/ B1)
E (B1*/B1*)=1.0671 —1.753666 = — 0.687 V vs SCE.

IHIT, PEa R T URIORTRT — MEEK B3 IZOWT, FERICEIEREIZIS T D
WL EEH Ule, AN AR Y R v, AT b, BEOY A2V v 7R
B A N =B EL T —ZIZHD X LI O Rehm-Weller 2% W THEbiE &R
U— b obiETCEM AT E N Lz, ek, AUHET — MER B3 OFEMEMEORM
BIND, YA 27V w7 RLZ A Y —TlE72< DPV fi#4T (Figure 4-10) % F\CHg
{LEALZRIE LTz, FM{LENLE (=+ 0.87265 V vs. SCE) % E (B3"/B3) & L CHW /=,
R FET — MEA B3 IR RBIZIS T H =RV — Eg (B3*/ B3) 1ZRINAY MKk
QAT LD (635 nm, Figure 4-8)7 HHEE L 1.9525eV & L7z,

For the excited state of B3*
Rehm-Weller equation:
E (B3"/ B3*) = E (B3""/ B3) — Eo (B3*/ B3)
E (B3 "/ B3*)=0.87265 —1.9525 =—1.07985 V vs SCE.

INHOREREMNS . A B3 138K Bl LV LETHANE NI EADNY | Table4-
3 & Figure4-2 O—HO G TIX, il A1 ORIt A5 ZHW T\ 5,

gER B1 ZHWWTC, RS (NIR) YEHUN NSRBI D RFET VA NVARKDBAETH D
2 E D AT (Figure 4-3C), 740 nm LED HH T, $&5(K B1 L 7~y A FL
2a ZH\WT Giese BT U NATNBUREAT o7& 2 A, BIVERY 3ba 2N 43%
THEOLNZ, 2B, AF LTV HIVOAERKIZIE 740nm OB N R K TH -T2, F
72, 660 nm HH FTOKR Bl & TEMPO ZH\\\ =T U U ERICL Y, T8
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VT 7V TR T 3 fE B iVTe (Figure 4-3D)

A. Isolation of key intermediate B1 Me
- Ph
N B -
N~ + g g EtOAc, 80 °C N
=, ~B..B. c, 80 ° Ph
N N pn Me” "O"  'Me 2 h, under dark
Ph
Ph
A1 1b B1, >99%
0.05 mmol 3.3 equiv.

B. Physical properties of B1
fluorescence

X-ray structure of borate B1 25000
w— €MISSION
= absorption

20000

15000

£
= 10000
5000
0
600 650 700 750 800
wavelength (nm)
C. Giese addition from B1
Me
MeO,C._~ CO,Me
+ 2!
2.5 equi “7OCOMe  MeCNIMeOH (20:1)  CO,Me
’ ’ 740 nm, 24 h
2a 3ba, 43%
0.05 mmol 0% (w/o light)
D. Reation with TEMPO Me
0 "0
1
B1 * N MeCN/MeOH (20:1) N
e e 0:
0.05 mmol 660 nm. 48 h
6 7b, 59%
1 equiv.

Figure 4-3. %525

144



UV/vis of B1

02
0.18
® 0.16
2
& 0.14
K=
S
S 012 X
b ’ N N
N ooos B
— /
[1°}
£ 006 O Me ‘O
s
2 om
0.02
0
300 400 500 600 700 800 900

wavelength (nm)

Figure 4-4. B1 OWUL A7 FL e

*UV-Vis spectra of B1 was measured with 5 uM acetonitrile solution.

UV/vis of A1
0.8

0.7

O O
0.5
N
0.4 \\ TN
NH N=
0.3
D
0.1
A1
0
400 500 600 700 800 900

wavelength (nm)

normalized absorbance

Figure 4-5. A1 OWRIL ALY R L«

*UV-Vis spectra of A1 was measured with 20 uM acetonitrile solution.

145



UV-Vis of B3

0.5
0.45
0.4
0.35
0.3
0.25

0.2

Normalized Absorbance

0.15

0.1
0.0
B3

300 350 400 450 500 550 600 650 700 750 800
wavelength (nm)

Figure 4-6. B3 OWULA~7 L@

AUV-Vis spectra of B3 was measured with 20 uM acetonitrile solution.

Absorption and Emission

25000
20000 .
\ N
SN
B3
Me o
15000 B1
>
=
"
= .
o e aDSOIption
=
10000 ampmm EMISSION
5000
0
600 650 700 750 800

wavelength (nm)

Figure 4-7. B1 OWIX AT F VK ONVEFEART R
?Absorption and emission spectra of B1 was measured with 20 uM acetonitrile solution. The
emission intensity was measured excited by each absorption maximum (Amax = 690 nm).

146



Absorption and Emission

350000
300000
250000
%‘ 200000
S B3
2
£ 150000
100000 @ absorption
® emission

50000

450 500 550 600 650 700 750 800 850
wavelength (nm)

Figure 4-8. B3 OWX AT LK ART kL@
* Absorption and emission spectra of B3 was measured with 20 pM acetonitrile solution. The
fluoresence intensity was measured excited by each absorption maximum (Amax = 610 nm).

Cyclic Voltammogram of B1
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B1: E,, =+ 0.73324 V vs Ag/AgNO; =+ 1.067 V vs. SCE
Calculated according to Fc/Fc” (Ei2=+ 0.046145 V vs Ag/AgNOs)
These peak is not reversible.

Figure 4-9.B1 OY A 7 UV v VRV EZET T ¢
“In an ambient atmosphere, borate (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. Then, the electrochemical property was measured. Measurements used a
glassy carbon working electrode, a Ag/AgNOs reference electrode, and a Pt wire counter electrode.
The sweep rates were set to 100 mV/s. For conversion to the SCE couple, it is known that Fc/F¢*
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is 380 mV more positive than SCE in MeCN and we measured the Fc¢/F¢" in MeCN to determine
potentials against SCE respectively.

Differential Pulse Voltammogram of B3
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B3: E,, =+ 1.0983 V vs Ag/AgCl =+ 0.87265 V vs. SCE
Calculated according to Fc/Fe' (Ep =+ 0.60565 V vs Ag/AgCl)
Figure 4-10. B3 ® DPV fi#ff1

“In an ambient atmosphere, borate (0.5 mM in anhydrous MeCN) and tetrabutylammonium
perchlorate ([N("Bu)]4ClO4) (0.1 M in anhydrous MeCN) as a supporting electrolyte were added
to a measuring vessel. The solution was degassed for 5 min. Then, the electrochemical property
was measured. Measurements used a glassy carbon working electrode, a Ag/AgCl reference
electrode, and a Pt wire counter electrode. The sweep rates were set to 100 mV/s. For conversion
to the SCE couple, it is known that Fc/Fc* is 380 mV more positive than SCE in MeCN and we
measured the Fc/Fc' in MeCN to determine potentials against SCE respectively.

7 U HIVBIEARAI & L CEER Bl 2V T, 660 nm LED OIS T, 77 U Lig= R
TINDEEGEIT> T2, TORER, RN ~— 14 2’55172 (Figure4-114), Z# 5
DFERITEER Bl 2B DORFE T VAN AERETEL TWD, BT &R T REEWN
AR T B E D InE IR D T2, Figure4-11B (2T X 9 s &1 o712, 88
KBl &£ 4-AXANXFvTzoRmariBeET 8 b= N WAX ) — WRATRES ., G
XHBHZ LT, RUEENR4 A N7 2= LT EH L7~ ADP Bk 77 — MK
B2 N3 HhTm, ZOREIL, ADP BN EOFHER U FLEMIISHRARETH D Z &
AL TWD, EENEIZ LD C-B fiA RO TR EZ 7 I3 2 729, $51K B1 O
DFT MR Z1T->7- (Figure 4-11C), —HEBIEIRREIZH 85K Bl @ LUMO (IFEIZ
ADP ‘F# BI04 LT\ b —J7, HOMO 13 C-B #EAfEEFR KON+ EICIFEET D
ZEMbhoT, HOMO-LUMO X v 71 19eV EREHINZ, ZORRIE, RE
SNy C-B AN 8D T AR L TWD, REIL, AT —LT v 7 FER
ZATV, ITmmol A7 — /L CORISHARETH D Z & D3/r S 7z (Figure 4-11D),
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A. Radical polymerization

ot H M, =3047
B1 + = =
0.05 mmol o € EtOAc Me){/j” M, = 4756
y 0 660 nm, 44 h 07 OEt My/M, =1.56

2k 14, 12%
120 equiv.

B. Exchange experiment between borate A and aryl boronic acid

MeO \@\ OMe
B(OH), ©
11, 3 equiv.
it ~ g * rsmB=1 5%
0.05 mmol MeCN/MeOH (20:1)
40°C,3h
B2, 54%
C. Computational analysis : calculated HOMO and LUMO of excited state of B1
HOMO — LUMO LUMO
-3.48 eV
< E
localized on C-B bond not localized on C-B bond

D. Scale up experiment

A1 (5 mol %)
+ 2a MS 3A [
BOH: ™ 4 mmol MeCN/MeOH CO-Me 1

(10 mL/0.5 mL) COzMe
1t 660 nm LED, 72 h

1.5 equiv.

Figure 4-11. BEREERR M N 7 — T v 7 FER

3fa, 68% 1

SFVOE  HEE S

AER £ COEBRFER O . REULCOHEEKSHME%L Figured-12 (279, £9°, ADP
fillfe A1 L RET T HNVRHIBMETH D4 v EILAEMBIBKKES L, AURT — FMEREK
I B SND, RmUET— FER T (X, DR 2>5 NIR fEIO 2 WL L, b i,
JEDIRTE 1% L7025, RFE—HUVHRC-BIEE DAL LORFETZ PNV OERIZE L
Tk, TNFECOEREEND, LITD 2 SORBWTREBEIN TS, FH—ORIKIT,
b ENTAR U HET — MEEA 1I* 2O OEBERNR C-B #FEDREY VARATH D,
ORI, BT EZTIRDT 72 72— BN EET DHAICEIT T R THY | I*
N BFZRE (EA) ~DOEFBEIZHET C-B HANHEAET IRETH D, C-B i
HBORZ%, TAa—ARBKE L, RUET — MEKR T 2RI 5, &&IC, mUE
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7 — FEEIR T DOIEBE R K - Tl A1 2SFAT 5, 7ods, il A1 B CHEg
g efilit & U CER T2 aleEEX. A 2 U v 7R L X A R U — (CV) IZBWTE
T B ENME TR R LR TN A DR N & BROENL T OHENIE LA E
BHICE RN ENLEESNTVD,

Figure 4-12. #£7E M

RUFRENAFIVETERINT B-Me VT, [RFE-HUEBAOBILBEDOE
M7 st R A21T > 7= (Figured4-13), £9°, "V ET — MEK B-Me 232K - Tt &
U, —HEEGBEKED 'B-Me* L7025, TD%, 2 5ORBENREZ LD, 12HIL,
THRAZ 72T L » CZEHIARRED 3B-Me* WU AR TH D, 2 0HIE, 'B-Me* /5
—EBABENELC, TUBNAF A D B-Me THELHRETHDH, D%, TS-1 F
7L TS-2 kI L, AF T UHNANAEL D, B-Me*)> 5 TS-1 Z /(M3 HIEE O
ML R ¥ — (14.7 keal/mol) & B-Me */5 TS-2 M3 D EOTEMAL— 1L ¥
— (15.7kcal/mol) DZiX 1 kcal/mol FEETH D, T D78, BT ZRIENFE LR
BRI ATFNT O HNE 25 TS-1 T 5., BB ERBPFET 56T
BIBEINEICAELD TS2 M TR THL EEZLTVWD,
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Figure 4-13. [RE-F VB A ORZICBIT DX NX =X AT 7T L

2The method TD-B3LYP method with 6-31+G(d,p) basis set with SMD model (MeCN) was used for
the geometry optimization, normal vibrational mode analysis of singlet excited states of B1 (B-Me).
The method (UO)B3LYP functional with the 6-31+G(d,p) basis set with SMD model (MeCN) was
used for the geometry optimization, normal vibrational mode analysis of triplet excited states of B1
(B-Me). The method (U)B3LYP functional with the 6-31+G(d,p) basis set with SMD model (MeCN)
was used for the TS calculations and the geometry optimization, normal vibrational mode analysis
other than singlet and triplet excited states of B1 (B-Me). The IRC calculations were performed for
each transition state to confirm the transition state connecting the reaction pathway between the
starting materials and the products.

CER N i
ADP it 2 F 7o B -5 B R E OB LRI 1 0 TRIRE (DR) 2> S T/R4ME (NIR)
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FHIUE  EERIA

m Instrumentation and Chemicals Synthesis m

NMR spectra were recorded on a Bruker AVANCE NEO 400N spectrometer, operating at 400 MHz
or a IMTC-400/54/J1/YH, operating at 400 MHz for '"H NMR, 100.6 MHz for '*C NMR, 376.5 MHz
for F NMR and 128.4 MHz for "B NMR. Chloroform-d; (CDCl;) containing 0.03%
tetramethylsilane (TMS) (>99.8%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-7),
Methanol-d;s (99.9%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-51) and DMSO-ds
(99.9%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-10-1000) were used as solvents for
NMR measurements at ambient temperature. Chemical shifts () for 'H NMR are given in parts per
million (ppm) relative to TMS (J 0.00 ppm in CDCI3), or residual methanol (6 3.31 ppm in CD;0D),
DMSO (6 2.50 ppm in DMSO-ds). Chemical shifts (5) for '*C NMR are given in ppm relative to CDCl;
(0 77.0 ppm), or residual methanol (6 49.0 ppm in CD30D) or residual DMSO (6 39.5 ppm in DMSO-
ds). Chemical shifts were reported in 6 ppm. The abbreviations s, brs, d, t, g, quin, and m signify singlet,
doublet, triplet, quartet, quintet and multiplet, respectively.

Mass spectra were obtained with a Bruker timsTOF mass spectrometer (ESI), a Thermo Scientific
Exactive Plus orbitrap mass spectrometer (ESI) and a JEOL JMS-MS700 (EI). TLC analyses were
performed on commercial glass plates of Merck Silica gel 60Fs4. Silica gel (Wakosil® 60, 64~210
pm) was used for column chromatography. Biotage® Selekt, Biotage® and LaboACE LC-5060 (for
Gel Permeation Chromatography) and were used for purification. IR spectra were measured with a
ATR Accessory (QATR-S) for the Shimadzu IRSpirit FT-IR Spectrometer. Melting points were
measured on a Stanford Research Systems MPA100. UV-Vis absorption spectra were recorded on a
Shimadzu UV-1900. Fluorescence spectra were recorded on a Shimadzu RF-6000. Cyclic
voltammetry measurements were recorded with a Hokuto Denko HZ-7000 potentiostat. Single-crystal
X-ray diffraction data were collected on a Bruker Single Crystal CCD X-ray Diffractometer (SMART
APEX II). Kessil PR-160 660 nm and Kessil PR-160 740 nm was used as a light source. TEKNOS
MG?9 was used as a fan. Polymer was analyzed by SHIMAZU Model: Prominence5S01AC, LC-20AD,
SIL-20AHT, SPD-20A, CTO-20A, CBM-20A, DAWN HELEOS II AC and ViscoStar III AC.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. Before reactions, liquid
olefines were passed through a short pad of Aluminium oxide 60.

Fujifilm Wako Pure Chemical Co.

Silica gel (Wakosil® 60, 64~210 pm), acetonitrile (super dehydrated), methanol (super dehydrated),
dimethyl fumarate, ethanol, ammonium acetate.

Tokyo Chemical Industry Co., Ltd.

1-Cyclopentenylboronic acid, 4-methoxyphenylboronic Acid, (£)-chalcone, elemental sulfur,

morpholine, 2,6-lutidine, methyl 4-bromobenzoate, 4-bromobenzophenone.

Merk Sigma—Aldrich Japan Inc.

2,4,6-Trimethyl-1,3,5,2,4,6-trioxatriborinane, NiBr,-diglyme, 4,4'-di-fert-butyl-2,2'-bipyridyl, 4'-
bromoacetophenone.

Nacalai Tesque Inc.

Molecular Sieves 3A.
Angene
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(E)-1-(2-Hydroxyphenyl)-3-phenylprop-2-en-1-one, diethyl 1,4-dihydro-2,6-dimethyl-3,5-
pyridinedicarboxylate, 4-bromobenzotrifluoride, potassium cyclohexyltrifluoroborate.

The substrates listed in Figure S4-1 were prepared according to the literatures (S1,' S2,283,° S4,*
A3°A4°1e,7 1815, 1k,7 11" 1m," 1n,'? 5,13 2¢,'* 8,15 S6,'° 10b,').

\ CHO
NH ~N  HN //
0 0
® ) o
O WY w S D
S1 S2 3 sS4 A3

s
O Me O Me Me Me
N BF3K Me
N~ = 3
N HN_Y g EtoMBFSK EtoMBaK Me>J\BF3K
ooy

1i 1j 1k

A4
OBn Me Br
O :
BnO
OBn = Boc.. J\
BF3K 0 o o E CO,Bn
BF4K : oc
© 8 BF,K
1l im 1n S5 2e
M o] -
% ot B 0.0
+X N .S
&m Me” N7 Me PA"
Me CFs H OTF Ph
8 S6 10b

Figure S4-1. Prepared starting materials.
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m Light Set Up m

Figure S4-2. EvoluChem photoreactor

Figure S4-3. Photoreactor (Direct)

m Procedure for Giese-type Reaction m
Reaction optimization using boronic acids

MeO,C A1 (10 mol %)
O\ . ﬂ\ MS 3A COMe
B(OH) MeCN/MeOH (20:1) 2

COsMe
2 2 660 nm LED, 48 h CO:Me

1a 2a 3aa

Al (4.7 mg, 10 umol), 1a (19.2 mg, 0.15 mmol) and dimethyl fumarate 2a (14.4 mg, 0.1 mmol)

were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then
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introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2
mL), and dry MeOH (100 uL). The vial was sealed with Teflon®-coated silicon rubber septum and
Teflon tape, and the vial was then brought outside the glovebox. After 48 h stirring under
photoirradiation (Kessil PR160L 660 nm), the solvent was removed under reduced pressure.

The residue was dissolved in CDCl; and 1,1,2,2-tetrachloroethane (17.8 mg, 0.11 mmol) was added
as an internal standard. The "H NMR (400 MHz) yield of 3aa was obtained in 81% yield by comparing
the relative integration value of the peak observed at 3.67 ppm of 3aa with that of 1,1,2,2-
tetrachloroethane observed at 5.94 ppm (Figure S4-4).

come O
CO,Me

tetrachloroethane
(internal standard)

= e
S| |
~| o]

Figure S4-4. '"H NMR analysis.

Reaction optimization using trifluoroborate salt

A1 (10 mol %)

MS 3A
O\ SiO, (3 equiv.)
+ MeO,C. -~ CO.,Me
BF.K COMe  \eCN/MeOH (20:1) 2

660 nm LED, 48 h COMe
1a’ 2a 3aa

Al (4.7 mg, 10 umol), SiO; (0.3 mmol), 1a’ (28.5 mg, 0.15 mmol) and dimethyl fumarate 2a (14.4
mg, 0.1 mmol) were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar.
The vial was then introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg),
dry MeCN (2 mL), and dry MeOH (100 pL). The vial was sealed with Teflon®-coated silicon rubber
septum and Teflon tape, and the vial was then brought outside the glovebox. After 48 h stirring under
photoirradiation (Kessil PR160L 660 nm), the solvent was removed under reduced pressure.

The residue was dissolved in CDCl; and 1,1,2,2-tetrachloroethane (15.3 mg, 0.091 mmol) was added
as an internal standard. The "H NMR (400 MHz) yield of 3aa was obtained in 86% yield by comparing
the relative integration value of the peak observed at 3.67 ppm of 3aa with that of 1,1,2,2-
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tetrachloroethane observed at 5.94 ppm.

Dimethyl 2-cyclohexylsuccinate (3aa)

COgMe
COgMe

Al (4.7 mg, 10 umol), 1a (19.2 mg, 0.15 mmol) and dimethyl fumarate 2a (14.4 mg, 0.1 mmol)
were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then
introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2
mL), and dry MeOH (100 uL). The vial was sealed with Teflon®-coated silicon rubber septum, and
the vial was then brought outside the glovebox. After 48 h stirring under light irradiation (Figure S4-
2), the solvent was removed under reduced pressure. The crude was purified by flash column
chromatography on silica gel (100:0-85:15, Hexane/Et,0O) to give 3aa (17.6 mg, 77.1 umol, 77%
isolated yield). Pale yellow oil. "H NMR (400 MHz, CDCl3) § 3.70 (s, 3H), 3.67 (s, 3H), 2.77-2.69
(m, 2H), 2.46 (m, 1H), 1.75-1.72 (m, 2H), 1.67-1.58 (m, 4H), 1.28-0.99 (m, 5H). *3C NMR (100.6
MHz, CDCl3) 6 175.0, 173.0, 51.8, 51.6, 47.0, 39.9, 33.2, 30.6, 30.1, 26.3, 26.1. This data is in full
agreement with the data previously published in the literature.'®

Dimethyl 2-methylsuccinate (3ba)

Al (9.3 mg, 20 pmol) and dimethyl fumarate 2a (14.4 mg, 0.1 mmol) were placed in an oven-dried
screw-top 4 mL vial containing a magnetic stirring bar. The vial was then introduced into the nitrogen-
filled glovebox and to this was added MS 3A (100 mg), 1b (13.9 pL, 0.1 mmol), dry MeCN (2 mL),
and dry MeOH (100 pL). The vial was sealed with Teflon®-coated silicon rubber septum, and the vial
was then brought outside the glovebox. After 48 h stirring under light irradiation (Figure S4-3), the
solvent was removed under reduced pressure. The residue was dissolved in CDCl; and 1,1,2,2-
tetrachloroethane (16.9 mg, 0.1 mol) was added as an internal standard. The 'H NMR (400 MHz) yield
of 3ba was obtained by comparing the relative integration value of the peak observed at 3.68 ppm of
3ba with that of 1,1,2,2-tetrachloroethane observed at 5.97 ppm (Figure S4-5). 3ba was obtained in
55% NMR yield (41% yield using 740 nm LED instead of 660 nm LED). This data is in full agreement
with the data previously published in the literature."
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Figure S4-5. '"H NMR analysis.

Me
i A1 (10 mol %) M
e 24% (440 nm)
O’B\O + MeO2C\/\CO Me MS 3A Y\COQMG 20% (525 nm)
[ | 2 o,
B B. MeCN/MeOH (20:1) CO.Me 33% (660 nm)
Me” ~O" "Me LED, 48 h 27% (740 nm)
1b 2a 3ba
3.3 equiv. 1 equiv.

The reaction using 1b, 2a, and 10 mol % of A1l under irradiation at different wavelengths was
demonstrated : 440 nm (24% yield), 525 nm (20% yield), 660 nm (33% yield), and 740 nm (27%
yield).

General procedure A for Giese reaction

R3 A (10 mol %) R3
R-B(OH),  + % MS 3A R %
N =
’ EWG  MeCN/MeOH (20:1) EWG
R? 660 nm LED, 48 h R2
i 3
1 (1.5 equiv.) 2 (1 equiv.)

A (4.7 mg, 10 pmol), 1 (0.15 mmol) and 2 (0.1 mmol) were placed in an oven-dried screw-top 4
mL vial containing a magnetic stirring bar. The vial was then introduced into the nitrogen-filled
glovebox and to this was added MS 3A (100 mg), dry MeCN (2 mL), and dry MeOH (100 pL). The
vial was sealed with Teflon®-coated silicon rubber septum, and the vial was then brought outside the
glovebox. After 48 h stirring under photoirradiation (Kessil PR160L 660 nm), the solvent was removed
under reduced pressure. The volatiles were purified by flash column chromatography on silica gel to
give 3.

General procedure B for Giese reaction
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A (10 mol %)

R3 MS 3A R3
SiO, (3 equiv.) 1
RI-BFK  + %\EWG . R EWG
, MeCN/MeOH (20:1) ,
R 660 nm LED, 48 h R
1 (1.5 equiv.) 2 (1 equiv.) 3

A (10 pmol), 1 (0.15 mmol), SiO (0.3 mmol) and 2 (0.1 mmol) were placed in an oven-dried screw-
top 4 mL vial containing a magnetic stirring bar. The vial was then introduced into the nitrogen-filled
glovebox and to this was added MS 3A (100 mg), dry MeCN (2 mL), and dry MeOH (100 pL). The
vial was sealed with Teflon®-coated silicon rubber septum, and the vial was then brought outside the
glovebox. After 48 h stirring under photoirradiation (Kessil PR160L 660 nm), the solvent was removed
under reduced pressure. The volatiles were purified by flash column chromatography on silica gel to
give 3.

Dimethyl 2-butylsuccinate (3ca)

Me” """ COMe
CO,Me

Following the general procedure A using catalyst A1 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-70:30, Hexane/Et,O)
to give 3ca (6.4 mg, 31.8 umol, 32% isolated yield). Brown oil. "H NMR (400 MHz, CDCl;) 6 3.70
(s, 3H), 3.68 (s, 3H), 2.84 (m, 1H), 2.72 (dd, J = 16.4, 9.2 Hz, 1H), 2.44 (dd, J = 16.4, 5.2 Hz, 1H),
1.64 (m, 1H), 1.51 (m, 1H), 1.34-1.23 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H). 3C NMR (100.6 MHz,
CDCls) 6 175.6, 172.5, 51.80, 51.76, 41.1, 35.8, 31.6, 29.1, 22.5, 13.9. This data is in full agreement
with the data previously published in the literature."

Dimethyl 2-phenethylsuccinate (3da)

Ph \/\ACOZMe

COzMe

Following the general procedure A using catalyst A1 (10 mol %) under light irradiation (Figure S4-
3) (reaction time was changed from 48 h to 72 h), the crude was purified by flash column
chromatography on silica gel (100:0-70:30, Hexane/Et,0O) to give 3da (13.3 mg, 53.1 pumol, 53%
isolated yield). Brown oil. "H NMR (400 MHz, CDCl3) 6 7.30-7.26 (m, 2H), 7.21-7.16 (m, 3H), 3.71
(s, 3H), 3.67 (s, 3H), 2.90 (m, 1H), 2.77 (dd, J = 16.4, 9.2 Hz, 1H), 2.69-2.57 (m, 2H), 2.49 (dd, J =
16.4, 5.2 Hz, 1H), 2.00 (m, 1H), 1.83 (m, 1H). *C NMR (100.6 MHz, CDCl3) 6 175.1, 172.2, 141.0,
128.4, 128.3, 126.1, 51.9, 51.8, 40.8, 35.9, 33.5, 33.2. This data is in full agreement with the data
previously published in the literature.*’

Dimethyl 2-benzylsuccinate (3ea)

Ph” " CO,Me

CO,Me

Following the general procedure B using catalyst A1 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by flash column
chromatography on silica gel (100:0-70:30, Hexane/Et,0) to give 3ea (23.0 mg, 97.2 pumol, 97%
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isolated yield). Blueish oil. '"H NMR (400 MHz, CDCl;) 6 7.31-7.26 (m, 2H), 7.22 (m, 1H), 7.16—
7.14 (m, 2H), 3.67 (s, 3H), 3.64 (s, 3H), 3.14 (m, 1H), 3.05 (dd, J=13.2, 6.0 Hz, 1H), 2.76 (dd, J =
13.2, 8.4 Hz, 1H), 2.68 (dd, J = 16.8, 9.2 Hz, 1H), 2.41 (dd, J = 16.8, 4.8 Hz, 1H). *C NMR (100.6
MHz, CDCl3) 6 174.6, 172.2, 138.1, 129.0, 128.5, 126.7, 51.9, 51.7, 43.0, 37.7, 34.8. This data is in
full agreement with the data previously published in the literature.?

Dimethyl 2-cyclopentylsuccinate (3fa)

CO2Me
COQMe

Following the general procedure A using catalyst A1 (10 mol %) under light irradiation (Figure S4-
2), the crude was purified by flash column chromatography on silica gel (100:0-70:30, Hexane/Et,0)
to give 3fa (17.7 mg, 82.7 umol, 83% isolated yield). Brown oil. "H NMR (400 MHz, CDCl;) § 3.70
(s, 3H), 3.67 (s, 3H), 2.76 (dd, /= 16.0, 10.8 Hz, 1H), 2.68 (ddd, J=10.8, 8.4, 3.2 Hz, 1H), 2.50 (dd,
J=16.0, 3.2 Hz, 1H), 1.96 (m, 1H), 1.78 (m, 1H), 1.72-1.59 (m, 3H), 1.58-1.50 (m, 2H), 1.29 (m,
1H), 1.18 (m, 1H). '*C NMR (100.6 MHz, CDCl3) § 175.4, 172.6, 51.7, 51.6, 46.2, 42.3, 35.4, 30.44,
30.38, 24.9, 24.8. This data is in full agreement with the data previously published in the literature.?!

Dimethyl 2-cyclopropylsuccinate (3ga)

%ﬁcozm

COgMe

Following the general procedure A using catalyst A1 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by flash column
chromatography on silica gel (100:0-80:20, Hexane/Et,O) to give 3ga (6.4 mg, 34.1 umol, 34%
isolated yield). Red oil. IR (neat) 3006, 2953, 2924, 1735, 1436, 1344, 1268, 1204, 1165, 1026, 1000
cm ™. 'TH NMR (400 MHz, CDCl3) 6 3.73 (s, 3H), 3.67 (s, 3H), 2.86 (dd, J = 16.4, 9.6 Hz, 1H), 2.59
(dd, J=16.4,4.8, Hz, 1H), 2.07 (ddd, /= 9.6, 9.6, 4.8 Hz, 1H), 0.90 (m, 1H), 0.59-0.51 (m, 2H), 0.43
(m, 1H), 0.18 (m, 1H). *C NMR (100.6 MHz, CDCl3) 6 174.9, 172.4, 51.9, 51.7, 46.1, 36.3, 13.5,
4.19, 4.16. HRMS-ESI (m/z): [M+Na]" calcd for CoH1404Na", 209.0784, found, 209.0776.

tert-Butyl 2-(3-oxobutyl)pyrrolidine-1-carboxylate (3hb)

N
BuO (j\/»/'\"e
u —<\O )

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
2), the crude was purified by flash column chromatography on silica gel (100:0-88:12,
Hexane/EtOAc) to give 3hb (23.2 mg, 96.1 pmol, 96%, isolated yield). Blue oil. IR (neat) 2973, 2933,
1715, 1688, 1392, 1365, 1255, 1169, 1125, 1103 cm™'. Peaks for two rotamers (56:44) were given. 'H
NMR (400 MHz, CDCl3) 6 3.83 (s, 0.56 x 1H), 3.77 (s, 0.44 x 1H), 3.43-3.30 (m, 2H), 2.47-2.44 (m,
2H), 2.16 (s, 3H), 1.91-1.79 (m, 4H), 1.69-1.60 (m, 2H), 1.46 (s, 9H). (Signals for two rotamers were
given.) 13C NMR (100.6 MHz, CDCls) § 208.8, 208.3, 154.9, 154.7, 79.3, 78.9, 56.5, 46.4, 46.1, 40.7,
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40.5,30.7,30.3,29.9, 28.6, 28.5, 23.6, 23.0. (Only observed peaks) HRMS—ESI (m/z): [M+H]" caled
for C13HNOs", 242.1751, found, 242.1742.

4-Ethyl 1,2-dimethyl 3-methylbutane-1,2,4-tricarboxylate (3ia)
O Me

EtOWCOZMe
CO,Me

Following the general procedure B using catalyst A1 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-2), the crude was purified by flash column
chromatography on silica gel (100:0-80:20, Hexane/EtOAc) and GPC (CHCL) to give 3ia (9.9 mg,
38.0 umol, 38%, isolated yield, dr 1:1). Pale yellow oil. IR (neat) 1732, 1438, 1375, 1301, 1258, 1228,
1166, 1105, 1030, 1000 cm™'. '"H NMR (400 MHz, CDCl3) 6 4.14 (q, J = 7.2 Hz, 2H), 3.71 (s, 3H),
3.68 (s, 3H), 2.93 (m, 1H), 2.82 (dd, /= 16.4, 10.8 Hz, 0.5 x 1H), 2.76 (dd, J = 16.4, 10.8 Hz, 0.5 x
1H), 2.48-2.31 (m, 3H), 2.18 (m, 1H), 1.26 (t, /= 7.2 Hz, 3H), 0.96 (d, J = 6.8 Hz, 3H). (Peaks for
two diastereomers were given.) 3C NMR (100.6 MHz, CDCl;) 6 174.2, 173.9, 172.54, 172.47, 172.24,
172.09, 60.53, 60.47,51.92,51.88, 51.87,51.80, 45.4,45.3,39.13,38.94,33.5,32.11,31.9,31.7, 16.9,
16.7, 14.20, 14.19. HRMS-ESI (m/z): [M+Na]" caled for Ci2H20O6Na", 283.1152, found, 283.1165.

4-Ethyl 1,2-dimethyl 3,3-dimethylbutane-1,2,4-tricarboxylate (3ja)
O Me Me

EtO CO,Me
CO,Me

Following the general procedure B using catalyst A5 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by GPC (CHCL) to give 3ja
(24.5 mg, 89.3 umol, 89% isolated yield). Brown oil. IR (neat) 1728, 1436, 1370, 1352, 1263, 1191,
1159, 1119, 1034, 846 cm™'. '"H NMR (400 MHz, CDCl3) 6 4.13 (q, J = 7.2 Hz, 2H), 3.70 (s, 3H),
3.66 (s, 3H), 2.94 (dd, /= 12.0, 2.8 Hz, 1H), 2.80 (dd, /= 16.4, 12.0 Hz, 1H), 2.53 (m, 1H), 2.37-2.24
(m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.08 (s, 3H), 1.07 (s, 3H). 3*C NMR (100.6 MHz, CDCl3) 6 174.2,
172.7, 171.3, 60.2, 51.8, 51.5, 49.5, 44.4, 34.9, 32.2, 25.3, 25.1, 14.2. HRMS-ESI (m/z): [M+Na]"
caled for Ci3H2,06Na", 297.1309, found, 297.1323.

Dimethyl 2-(fert-butyl)succinate (3ka)
Me Me

Me CO,Me
CO,Me

Following the general procedure B using catalyst A1 (20 mol %) under light irradiation (Figure S4-
3), the crude was purified by GPC (CHCI3) to give 3ka (22.1 mg, 109.3 umol, >99%). Pale purple oil.
"H NMR (400 MHz, CDCl3) 6 3.70 (s, 3H), 3.66 (s, 3H), 2.80 (dd, J = 16.4, 12.0 Hz, 1H), 2.64 (dd,
J=12.0,2.8 Hz, 1H), 2.48 (dd, J = 16.4, 2.8 Hz, 1H), 0.96 (s, 9H). 3C NMR (100.6 MHz, CDCl3) §
174.7, 173.2, 51.8, 51.4, 51.1, 32.6, 27.8. This data is in full agreement with the data previously
published in the literature.'”

162



Dimethyl 2-(adamantan-1-yl)succinate (3la)

COQMe
COgMe

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
2), the crude was purified by flash column chromatography on silica gel (100:0-70:30,
Hexane/AcOEt) to give 3la (25.9 mg, 92.4 umol, 92% isolated yield). Brown oil. '"H NMR (400 MHz,
CDCl3) 6 3.70 (s, 3H), 3.65 (s, 3H), 2.76 (m, 1H), 2.53-2.48 (m, 2H), 1.98 (brs, 3H), 1.71-1.60 (m,
9H), 1.46 (m, 3H). '*C NMR (100.6 MHz, CDCl3) 6 174.3, 173.4, 52.2, 51.7, 51.3, 39.9, 36.7, 34.4,
30.9, 28.4. This data is in full agreement with the data previously published in the literature.??

Dimethyl 2-(2,3-dihydro-4H-1-benzopyran-4-on-2-yl)succinate (3ma)
o}

o} CO,Me
CO,Me

Following the general procedure B using catalyst A5 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by preparative thin layer
chromatography on silica gel (50:50, Hexane/AcOEt) and GPC (eluent: AcOEt) to give 3ma (10.3 mg,
35.2 umol, 35% isolated yield, dr 1.2:1). Colorless oil. IR (neat) 1735, 1695, 1607, 1465, 1438, 1307,
1263, 1227, 1166, 767 cm™. "TH NMR (400 MHz, CDCl3) 6 7.88 (d, J= 8.0 Hz, 1H), 7.49 (dd, J = 8.0,
8.0 Hz, 1H), 7.05 (dd, J=8.0, 8.0 Hz, 1H), 6.99-6.95 (m, 1H), 4.77-4.72 (m, 1H), 3.78 (s, 0.46 x 3H),
3.77 (s, 0.54 x 3H), 3.73 (s, 3H), 3.46-3.41 (m, 0.46 x 1H), 3.32-3.27 (m, 0.54 x 1H), 3.03-2.63 (m,
4H). 3C NMR (100.6 MHz, CDCl3) 6 191.3, 191.1, 172.0, 171.8, 171.7, 171.1, 160.9, 160.8, 136.19,
136.17, 127.04, 127.02, 121.92, 121.87, 120.8, 120.7, 117.9, 117.8, 76.9, 76.8, 52.5, 52.4, 52.1, 45.9,
45.2,41.1,40.2, 31.8, 31.7. (One carbon signal is missing due to the overlapping) HRMS-ESI (m/z):
[M+H]" calcd for C1sH1706", 293.1020, found, 293.1012.

4-((2R,4R,5S,6R)-4,5-Bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2 H-pyran-2-yl)butan-2-
one (3nb)

Hp,, O

H
\@J\Me

Hqg

Hc

Bno/\(OK\I»
BnOH

W H
f oBn®

Following the general procedure B using catalyst A1 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by flash column
chromatography on silica gel (100:0-80:20, Hexane/ EtOAc) to give 3nb (51.5 mg, 105.4 pmol, >99%
isolated yield). IR (neat) 2922, 2865, 1714, 1497, 1363, 1094, 1072, 1028, 735, 697 cm™. '"H NMR
(400 MHz, CDCl3) ¢ 7.32-7.19 (m, 15H), 4.78 (d, J = 11.2 Hz, 1H), 4.62—4.49 (m, 5H), 3.94 (ddt, J
=10.4, 4.8, 4.0 Hz, 1H, H., anomeric H), 3.79 (ddd, J=9.2, 7.2, 4.0 Hz, 1H, Hy), 3.75-3.60 (m, 3H),
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3.49 (t,J=17.2 Hz, 1H), 2.54 (tdd, /= 17.6, 8.4, 6.0 Hz, 1H), 2.50 (tt, J= 18.0, 7.2 Hz, 1H), 2.11 (s,
3H), 1.97 (dddd, J = 14.0, 10.4, 8.0, 6.4 Hz, 1H, H;), 1.95 (dtd, J = 8.8, 4.8, 4.0 Hz, 1H, Hy), 1.80
(ddd, J=14.0,9.2, 4.8 Hz, 1H, H,), 1.64 (ddt, /= 18.0, 6.4, 4.0 Hz, 1H, H,). *C NMR (100.6 MHz,
CDCl3) 6 208.4, 138.4, 138.3, 138.2, 128.35, 128.29, 128.27, 128.26, 127.8, 127.7, 127.57, 127.56,
127.54,76.7,76.6,73.9,73.3,72.3,71.4,70.0, 69.0, 39.6, 33.5, 30.1, 25.6. HRMS-ESI (m/z): [M+H]"
calcd for C31H37,05", 489.2636, found, 489.2641.

Dimethyl 2-(4-((4-methyl-2-0x0-2 H-chromen-7-yl)oxy)butyl)succinate (30a)

0.0 (0)
196

Me CO,Me

COsMe

Following the general procedure B using catalyst A1 (10 mol %) (reaction time was changed from
48 h to 72 h) under light irradiation (Figure S4-3), the crude was purified by flash column
chromatography on silica gel (100:0-0:100, Hexane/DCM and 100:0-90:10, DCM/EtOAc) to give
3o0a (22.7 mg, 60.3 umol, 60% isolated yield). IR (neat) 1735, 1613, 1448, 1436, 1389, 1369, 1294,
1280, 1155, 1072 cm™. "TH NMR (400 MHz, CDCl3) 6 7.49 (d, J = 8.8 Hz, 1H), 6.84 (dd, J = 8.8, 2.0
Hz, 1H), 6.79 (m, 1H), 6.14 (s, 1H), 4.01 (t, J= 6.4 Hz, 2H), 3.71 (s, 3H), 3.68 (s, 3H), 2.89 (m, 1H),
2.75(dd, J=16.4,9.2 Hz, 1H), 2.47 (dd, J= 16.4, 5.2 Hz, 1H), 2.40 (s, 3H), 1.86-1.47 (m, 6H). *C
NMR (100.6 MHz, CDCl3) ¢ 175.2, 172.3, 162.0, 161.4, 155.2, 152.6, 125.5, 113.5, 112.6, 111.9,
101.3, 68.0, 51.9, 51.8, 41.0, 35.8, 31.5, 28.7, 23.5, 18.7. HRMS-ESI (m/z): [M+H]" calcd for
C20H2507", 377.1595, found, 377.1588.

4-((3r,5r,7r)-Adamantan-1-yl)butan-2-one (31b)

JO~
o

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure
S4-3), the crude was purified by flash column chromatography on silica gel (100:0-83:17,
Hexane/AcOEt) to give 3Ib (12.0 mg, 58.3 pmol, 58% isolated yield). Pale purple oil. 'H NMR (400
MHz, CDCl3) 6 2.40-2.36 (m, 2H), 2.15 (s, 3H), 1.95 (s, 3H), 1.70 (d, J= 12.0 Hz, 3H), 1.61 (d, J =
12.0 Hz, 3H), 1.45 (d, J = 2.0 Hz, 6H), 1.37-1.33 (m, 2H). *C NMR (100.6 MHz, CDCl5) § 210.1,
42.1,37.7,37.5,37.0,31.7,29.9, 28.6. This data is in full agreement with the data previously published
in the literature.?

3-(Adamantan-1-yl)propanenitrile (3lc)

@JCN

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-90:10,
Hexane/AcOEt) and GPC (eluent: AcOE?t) to give 3le (2.8 mg, 14.8 umol, 15% isolated yield). White
solid. "TH NMR (400 MHz, CDCls) § 2.30-2.26 (m, 2H), 1.99 (br s, 3H), 1.72 (d, J = 12.4 Hz, 3H),
1.62 (d,J=12.4 Hz, 3H), 1.51-1.47 (m, 8H). *C NMR (100.6 MHz, CDCl3) 6 121.0, 41.6, 39.4, 36.8,
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32.1,28.3, 11.0. This data is in full agreement with the data previously published in the literature.>*

Phenylmethyl 3-(adamantan-1-yl)propanoate (31d)

@ﬂ .
(0]

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-70:30, Hexane/Et,O)
and GPC (eluent: AcOEt) to give 31d (5.0 mg, 16.8 umol, 17% isolated yield). Pink oil. "H NMR (400
MHz, CDCl3) 6 7.39-7.31 (m, 5H), 5.11 (s, 2H), 2.34-2.30 (m, 2H), 1.94 (brs, 3H), 1.69 (d, J = 12.0
Hz, 3H), 1.60 (d, J = 12.0 Hz, 3H), 1.46-1.42 (m, 8H). 3*C NMR (100.6 MHz, CDCl3) 6 174.6, 136.1,
128.5, 128.22, 128.16, 66.1, 42.0, 38.9, 37.0, 31.9, 28.5, 28.2. This data is in full agreement with the
data previously published in the literature.?

Phenylmethyl 3-(adamantan-1-yl)-2-[bis[(1,1-dimethylethoxy)carbonyl]amino]propanoate (3le)

(BOC)2N COan

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure 4-
S2), the crude was purified by flash column chromatography on silica gel (100:0-90:10,
Hexane/AcOEt) to give 3le (45.5 mg, 88.6 umol, 89% isolated yield). Brown oil. "H NMR (400 MHz,
CD30D) ¢ 7.34 (m, 5H), 5.17-5.07 (m, 2H), 5.02 (d, J= 8.0 Hz, 1H), 2.06 (d, /= 15.2 Hz, 1H), 1.94
(brs, 3H), 1.74 (d, J=12.0 Hz, 3H), 1.65 (d, /= 12.4 Hz, 3H), 1.59-1.50 (m, 7H), 1.43(s, 18H).
13C NMR (100.6 MHz, CD;0D) § 172.7, 153.5, 137.2, 129.5, 129.2, 129.1, 84.4, 68.0, 55.6, 45.1,
43.3, 38.0, 33.2, 30.0, 28.3. This data is in full agreement with the data previously published in the

literature.?®

Methyl 2-acetylamino-3-(adamantan-1-yl)propanoate (31f)

AcHN”  CO2Me

Following the general procedure B using catalyst A5 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-0:100,
Hexane/AcOEt) to give 3If (15.9 mg, 56.9 pmol, 57% isolated yield). Dark green oil. IR (neat) 3283,
2901, 2848, 1748, 1653, 1436, 1375, 1219, 1201, 1175 cm™". "H NMR (400 MHz, CDCl3) 6 5.73 (d,
J=28.0 Hz, 1H), 4.66 (ddd, J = 8.8, 8.8, 3.6 Hz, 1H), 3.72 (s, 3H), 2.00 (s, 3H), 1.96 (brs, 3H), 1.70
(d,J=12.0 Hz, 3H), 1.63-1.59 (m, 4H), 1.53 (s, 6H), 1.34 (dd, J= 14.4, 8.8 Hz, 1H). *C NMR (100.6
MHz, CDCl3) § 174.2, 169.4,52.3,48.4,47.0,42.3,36.7,32.7, 28.5, 23.3. HRMS-ESI (m/z2): [M+H]"
caled for Ci6H26NO3", 280.1907, found, 280.1893.

Phenylmethyl 3-(adamantan-1-yl)-2-phenylmethyloxycarbonylaminopropanoate (31g)
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@\)\COZBn

CbzHN

Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure
S4-3), the crude was purified by preparative thin layer chromatography on silica gel (75:25,
Hexane/AcOEt) and GPC (eluent: AcOEt) to give 3lg (13.8 mg, 30.8 umol, 31% isolated yield). Pale
blue oil. IR (neat) 3345, 2901, 2847, 1724, 1454, 1344, 1310, 1214, 1185, 1049 cm™’. 'H NMR (400
MHz, CDCl3) 6 7.34-7.31 (m, 10H), 5.19-5.02 (m, 5H), 4.66 (ddd, J = 8.8, 8.8, 3.2 Hz, 1H), 1.92 (br
s, 3H), 1.67 (d, J=12.0 Hz, 3H), 1.63-1.57 (m, 4H), 1.51 (s, 6H), 1.32 (dd, J = 14.4, 8.8 Hz, 1H). 13C
NMR (100.6 MHz, CDCls) 0 173.5, 155.6, 136.3, 135.4, 128.55, 128.49, 128.3, 128.14, 128.13, 128.0,
67.0, 66.9, 50.4, 46.9, 42.3, 36.7, 32.6, 28.4. HRMS-ESI (m/z): [M+H]" calcd for CosH34NO4",
448.2482, found, 448.2466.

Ethyl 3-(adamantan-1-yl)-2-methylpropanoate (31h)
Me

Following the general procedure B using catalyst A5 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-95:5, Hexane/AcOEt)
and GPC (eluent: AcOEt) to give 3lh (6.3 mg, 25.2 pmol, 25% isolated yield). Pale orange oil. IR
(neat) 2975, 2901, 2848, 1735, 1452, 1377, 1303, 1217, 1184, 1155 cm™'. "H NMR (400 MHz, CDCl3)
04.15-4.08 (m, 2H), 2.57-2.49 (m, 1H), 1.93 (brs, 3H), 1.76-1.59 (m, 7H), 1.50 (dd, J=12.0, 2.0 Hz,
3H), 1.41 (d, J = 12.0 Hz, 3H), 1.26 (t, /= 7.2 Hz, 3H), 1.13 (d, /= 7.2 Hz, 3H), 1.02 (dd, J = 14.0,
3.2 Hz, 1H). C NMR (100.6 MHz, CDCl3) § 178.0, 60.1, 48.5, 42.3, 37.0, 34.3, 32.6, 28.6, 20.5,
14.2. HRMS-ESI (m/z): [M+H]" calcd for Ci6H270", 251.2006, found, 251.2017.

3-((3r,5r,7r)-Adamantan-1-yl)cyclohexan-1-one (3li)
C O
Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
3), the crude was purified by flash column chromatography on silica gel (100:0-70:30,
Hexane/AcOEt) and GPC (AcOE?) to give 3li (7.35 mg, 43.2 umol, 32% isolated yield). White solid.
'"H NMR (400 MHz, CDCl;) 6 2.44 (m, 1H), 2.35 (m, 1H), 2.23 (m, 1H), 2.12-2.03 (m, 2H), 1.98—
1.94 (m, 4H), 1.73-1.70 (m, 3H), 1.64-1.61 (m, 3H), 1.55-1.48 (m, 7H), 1.37-1.29 (m, 2H). 3C NMR

(100.6 MHz, CDCls) 6 213.7, 49.7, 42.1, 41.6, 39.4, 37.2, 34.4, 28.6, 25.7, 24.6. This data is in full
agreement with the data previously published in the literature.?’

2-((Adamantan-1-yl)(phenyl)methyl)malononitrile (31j)
NC

D35

Ph
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Following the general procedure B using catalyst A1 (10 mol %) under light irradiation (Figure S4-
2), the crude was purified by flash column chromatography on silica gel (100:0-50:50, Hexane/Et,0)
give 3li (28.7 mg, 98.8 umol, 98% isolated yield). Reddish brown solid. 'H NMR (400 MHz, CDCl;)
07.39 (brs, 5H), 4.25 (d,J=5.2 Hz, 1H), 2.80 (d, /= 5.2 Hz, 1H), 2.02 (brs, 3H), 1.71-1.58 (m, 12H).
13C NMR (100.6 MHz, CDCl;) 6 135.2, 129.6, 128.6, 128.5, 113.4, 113.3, 58.0, 40.3, 36.5, 36.3, 28.3,
23.7. This data is in full agreement with the data previously published in the literature.?®

m Procedure for C—S bond formation procedure m
Cyclopentyl(phenyl)sulfane (5)
A1 (10 mol %)

B(OH), 0.0 P
g + ¢ _ph
Ph S MeCN/MeOH (20:1)

660 nm LED, 48 h

1f 4 5,77%
1 equiv. 2 equiv.

Al (4.8 mg, 10 pmol), 11 (11.5 mg, 0.1 mmol) and 4 (50.4 mg, 0.2 mmol) were placed in an oven-
dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then introduced into the
nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2 mL), and dry MeOH
(100 pL). The vial was sealed with Teflon®-coated silicon rubber septum, and the vial was then brought
outside the glovebox. After 48 h stirring under photoirradiation (Kessil PR160L 660 nm) (Figure S4-
2), the solvent was removed under reduced pressure. The volatiles were purified by flash column
chromatography on silica gel (100:0-95:5, Hexane/AcOEt) to give 5 (13.9 mg, 78.0 umol, 77%
isolated yield). (63% isolated yield using 740 nm LED instead of 660 nm LED) Pink oil. '"H NMR
(400 MHz, CDCl3) 6 7.36 (d, J = 8.0 Hz, 2H), 7.28 (t, /= 7.6 Hz, 2H), 7.17 (t, /= 7.6 Hz, 1H), 3.60
(quin, J = 6.4 Hz, 1H), 2.09-2.03 (m, 2H), 1.81-1.75 (m, 2H), 1.66—1.60 (m, 4H). 3C NMR (100.6
MHz, CDCl3) o 137.2, 129.9, 128.7, 125.8, 45.8, 33.5, 24.8. This data is in full agreement with the
data previously published in the literature.?

m Procedure for C—O bond formation procedure m
1-Methoxy-2,2,6,6-tetramethylpiperidine (7b)

Me ’ A1 (10 mol %) Me .
B Q MS 3A 0
00 + N N
BB MeCN/MeOH (20:1)
Me” 0" Me 660 nm LED, 48 h
1b 6 7b

A screw-top 4 mL vial was charged with a stirring bar and A1 (4.7 mg, 10 pmol) under ambient
atmosphere. The vial was brought to a glovebox, MS 3A (100 mg), TEMPO 6 (15.6 mg, 0.1 mmol),
dry MeCN (2 mL), and dry MeOH (100 pL) and trimethylboroxine 1b (13.9 pL, 0.1 mmol) were
added. After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed
in EvoluChem photoreactor equipped with two red LEDs (660 nm) and stirred for 48 h. The volatiles
were removed under reduced pressure. The residue was dissolved in CDCl; and added 1,1,2,2-
tetrachloroethane (14.3 mg, 85.2 umol) as an internal standard. "H NMR (400 MHz) yield of 7b (40%)
was obtained by comparing the relative value of integration for the peak observed at 3.61 ppm of 7b
with that of 1,1,2,2- tetrachloroethane observed at 5.98 ppm (Figure S4-6).*°
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Figure S4-6. '"H NMR analysis.
1-(Benzyloxy)-2,2,6,6-tetramethylpiperidine (7e)
A1 (10 mol %) Pl\h
0 MS 3A o

Ph/\BFaK . \_N_/ SiO, (3 equiv.) N
MeCN/MeOH (20:1)
660 nm LED, 48 h
1e 6
Te
A screw-top 4 mL vial was charged with a stirring bar, Al (4.7 mg, 10 umol), 1e (24.6 mg, 0.15
mmol) and SiO; (18.0 mg, 0.30 mmol) under ambient atmosphere. The vial was brought to a glovebox,
MS 3A (100 mg), TEMPO 6 (15.6 mg, 0.1 mmol), dry MeCN (2 mL), and dry MeOH (100 pL) were
added. After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed
in EvoluChem photoreactor equipped with two red LEDs (660 nm) and stirred for 48 h. The volatiles
were purified by flash column chromatography on silica gel (100:0-85:15, Hexane/Et,O) to give 5
(21.0 mg, 85.0 umol, 85% isolated yield). Colorless oil. 'H NMR (400 MHz, CDCl3) 6 7.37-7.26 (m,
5H), 4.83 (s, 2H), 1.60-1.46 (m, SH), 1.34 (m, 1H), 1.26 (s, 6H), 1.15 (s, 6H). '*C NMR (100.6 MHz,
CDCls) 6 138.3, 128.2, 127.4, 127.3, 78.7, 60.0, 39.7, 33.1, 20.3, 17.1. This data is in full agreement

with the data previously published in the literature.>!

m Procedure for Radical-radical Coupling Reaction m
2-Phenyl-1-(4-(trifluoromethyl)phenyl)ethan-1-one (9)

168



A5 (10 mol %)

Me © MS 3A 0
N S6 (1 equiv.)
o~ I SiO, (3 equiv.) DBU Ph
Ph” "BFK %t <\,N\+
Me CF, DCE MeOH
o 660 nmLED,48h  6h CF3
1e 8 9

A5 (4.4 mg, 10 pmol), 1e (29.7 mg, 0.15 mmol), 8 (41.8 mg, 0.1 mmol), and SiO, (18.0 mg, 0.3
mmol) were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial
was then introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), S6 (25.7
mg, 0.1 mmol), and dry DCE (2 mL). The vial was sealed with Teflon®-coated silicon rubber septum
and Teflon tape, and the vial was then brought outside the glovebox. After 48 h stirring under
photoirradiation (Kessil PR160L 660 nm), the reaction was then added MeOH (2 mL) and stirred for
20 min. The reaction mixture was azeotroped twice with MeOH. Then, this was added MeOH (8 mL)
and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 1 mmol). After 6 h stirring, the reaction mixture was
quenched with AcOH (2 mmol), then the solvent was removed under reduced pressure. The crude was
purified by flash column chromatography on silica gel (100:0-95:5, Hexane/AcOEt) to give 9 in 29%
yield. Pale orange solid. "H NMR (400 MHz, CDCls) § 8.11 (d, J= 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz,
2H), 7.36-7.33 (m, 2H), 7.29-7.25 (m, 2H), 4.31 (s, 3H). 3C NMR (100.6 MHz, CDCl3) 6 196.6,
139.1, 134.4 (d, Jcr = 32.7 Hz), 133.7, 129.4, 128.9, 128.8, 127.2, 125.7 (q, Jcr = 3.7 Hz), 123.5 (d,
Jor=272.6 Hz), 45.8. YF NMR (376.5 MHz, CDCl3) § —63.1. This data is in full agreement with the
data previously published in the literature.*?

m Procedure for C(sp?)—C(sp’) and C(sp)—C(sp®) bonds formation m
C(sp?)—C(sp’) bond formation procedure
(E)-(2-Cyclohexylvinyl)benzene (11aa)

A1 (10 mol %)
MS 3A

00 Si0, (3 equiv.) x-Ph
oS ANy,
BF3K Ph Ph MeCN/MeOH (20:1)

660 nm LED, 48 h
1a’ 10a 11aa
1.5 equiv. 1 equiv.

1a’ (28.5 mg, 0.15 mmol), 10a (24.4 mg, 0.1 mmol), Al (4.8 mg, 10 pmol), and SiO; (0.3 mmol)
were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then
introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2
mL), and dry MeOH (100 uL). The vial was sealed with Teflon®-coated silicon rubber septum, and
the vial was then brought outside the glovebox. After 48 h stirring under photoirradiation (Kessil
PR160L 660 nm) (Figure S4-3), the solvent was removed under reduced pressure. The volatiles were
purified by flash column chromatography on silica gel (Hexane only) to give 11aa (6.3 mg, 33.8 pmol,
34% isolated yield). Colorless oil. '"H NMR (400 MHz, CDCl;) 6 7.36-7.26 (m, 4H), 7.18 (m, 1H),
6.34(d, /J=16.0 Hz, 1H), 6.17 (dd, J=16.0, 6.8 Hz, 1H), 2.13 (m, 1H), 1.82—1.65 (m, 5H), 1.38-1.13
(m, 5H). 3C NMR (100.6 MHz, CDCls) § 138.0, 136.9, 128.4, 127.2, 126.7, 125.9, 41.1, 32.9, 26.2,
26.0. This data is in full agreement with the data previously published in the literature.**
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C(sp?)—C(sp) bond formation procedure
1-Cyclohexyl-2-phenylethyne (11ab)

A1 (10 mol %)
00 MS 3A Ph
O\ \\S// SiO, (3 equiv.) =
+ Ph”
BF3K xPh MeCN/MeOH (20:1)
660 nm LED, 48 h
1a’ . 10b 11ab
1.5 equiv. 1 equiv.

1a’ (28.5 mg, 0.15 mmol), 10b (24.2 mg, 0.1 mmol), Al (4.8 mg, 10 pmol), and SiO; (0.3 mmol)
were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then
introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2
mL), and dry MeOH (100 uL). The vial was sealed with Teflon®-coated silicon rubber septum, and
the vial was then brought outside the glovebox. After 48 h stirring under photoirradiation (Kessil
PR160L 660 nm) (Figure S4-3), the solvent was removed under reduced pressure. The volatiles were
purified by flash column chromatography on silica gel (Hexane only) to give 11ab (7.37 mg, 40.0
umol, 40% isolated yield). Colorless oil. "H NMR (400 MHz, CDCl3) 6 7.41-7.38 (m, 2H), 7.30-7.25
(m, 3H), 2.58 (m, 1H), 1.89-1.86 (m, 2H), 1.78-1.74 (m, 2H), 1.58-1.50 (m, 3H), 1.38-1.33 (m, 3H).
13C NMR (100.6 MHz, CDCl3) § 131.6, 128.1, 127.4, 124.1, 94.5, 80.5, 32.7, 29.7, 25.9, 24.9.
This data is in full agreement with the data previously published in the literature.*

m Mechanistic Studies m
Giese addition from B1

Me
+ MeOZC\/\COZMe Y\COzMe
MeCN/MeOH (9:1) CO,Me
660 nm, 20 °C, 48 h

2a 3ba

A screw-top 4 mL vial was charged with a stirring bar and borate B1 (24.5 mg, 50 pmol) and 2a
(2.9 mg, 20 umol) under ambient atmosphere. The vial was brought to a glovebox, and dry MeCN
(400 pL) and dry MeOH (20 pL) were added. After the vial was removed from the glovebox and sealed
with Teflon tape, the vial was placed in UC Reactor equipped with two red LEDs (740 nm) and stirred
for 48 h at 20 °C. The volatiles were removed under reduced pressure. The residue was dissolved in
CDCl; and added 1,1,2,2-tetrachloroethane (12.2 mg, 72.7 pumol) as an internal standard. '"H NMR
(400 MHz) yield of 3ba (46%) was obtained by comparing the relative value of integration for the
peak observed at 3.70 ppm of 3ba with that of 1,1,2,2- tetrachloroethane observed at 5.98 ppm (Figure
S4-7)." The generation of 3ba was also confirmed by observation of the corresponding molecular ion
peak with GC-MS analysis.
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Figure S4-7. '"H NMR analysis.

C-0 bond formation using B1 and TEMPO

A screw-top 4 mL vial was charged with a stirring bar and B1 (24.5 mg, 50 umol) under ambient
atmosphere. The vial was brought to a glovebox, TEMPO (7.8 mg, 50 umol), dry MeCN (1 mL), and
dry MeOH (50 pL) were added. After the vial was removed from the glovebox and sealed with Teflon
tape, the vial was placed in EvoluChem photoreactor equipped with two red LEDs (660 nm) and stirred
for 48 h. The volatiles were removed under reduced pressure. The residue was dissolved in CDCl; and
added 1,1,2,2-tetrachloroethane (17.5 mg, 104.3 pmol) as an internal standard. "H NMR (400 MHz)
yield of 7b (59%) was obtained by comparing the relative value of integration for the peak observed
at 3.61 ppm of 7b with that of 1,1,2,2- tetrachloroethane observed at 6.03 ppm (Figure S4-8).>° The
generation of 3aa was also confirmed by observation of the corresponding molecular ion peak with

GC-MS analysis.
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Figure S4-8. 'H NMR analysis.

Radical polymerization
\\ N\ N O H Me
— +
NN S A og EtOAG n
Bo 660 nm,44h  EtO” O
O whe D

B1 2k 14

A screw-top 4 mL vial was charged with a stirring bar and borate B1 (23.3 mg, 0.05 mmol) and 2k
(636 pL, 6.0 mmol) under ambient atmosphere. The vial was brought to a glovebox, and dry EtOAc
(400 pL) was added. After the vial was removed from the glovebox and sealed with Teflon tape, the
vial was placed in EvoluChem photoreactor equipped with two red LEDs (660 nm) for 44 h. The
volatiles were removed under reduced pressure. GPC (CHCL3) to give 14 (17.8 mg, 6.0 umol, 12%,

isolated yield). M, and My, are determined by GPC analysis.
M, = 3047

M,, = 4756

Mw/M, = 1.56
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Figure S4-9. GPC analysis.

Exchange experiment between Bland ary boronic acid 1b.

OMe
\ N iN= + (HO),B MeCN/MeOH (20:1)

Nz/ 40°C,3h

B1 15

I\ 807

60

MeO
B2

B1 (24.5 mg, 50 umol) and 4-methoxyphenyl boronic acid 15 (22.8 mg, 150 umol) were placed in
an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then introduced
into the nitrogen-filled glovebox and to this was added dry MeCN (2 mL), and dry MeOH (100 pL).
The vial was sealed with Teflon®-coated silicon rubber septum and Teflon tape, and the vial was then
brought outside the glovebox. The vial was placed in aluminum heating block at 40 °C and stirred for
3 h. After cooling to room temperature, the reaction crude was concentrated under reduced pressure.
The residue was dissolved in CDCl; and added 1,1,2,2-tetrachloroethane (14.5 mg, 86.4 pmol) as an
internal standard. "H NMR (400 MHz) yield of B2 (54%) was obtained by comparing the relative
value of integration for the peak observed at 3.60 ppm of 7b with that of 1,1,2,2- tetrachloroethane

observed at 5.95 ppm (Figure S4-10).
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Figure S4-10. "H NMR analysis.

m Large-scale Experiments m

MeO,C A1 (5 mol %)
<j MS 3A
" \|L MeCN/MeOH (20:1) COMe
B(OH CO,Me eCN/Me :
(O 2 660 nm LED, 72 h COMe
1f (1 mmol) 2a 3fa

Al (23.3 mg, 50 pmol), 1f (170.9 mg, 1.5 mmol) and dimethyl fumarate 2a (144.1 mg, 1.0 mmol)
were placed in an oven-dried screw-top 4 mL vial containing a magnetic stirring bar. The vial was then
introduced into the nitrogen-filled glovebox and to this was added MS 3A (100 mg), dry MeCN (2
mL), and dry MeOH (100 uL). The vial was sealed with Teflon®-coated silicon rubber septum and
Teflon tape, and the vial was then brought outside the glovebox. After 72 h stirring under

photoirradiation (Kessil PR160L 660 nm), the solvent was removed under reduced pressure. The crude

was purified by flash column chromatography on silica gel (95:5-85:15, Hexane/Et,O) to give 3fa

(145.2 mg, 677.7 pmol, 68% isolated yield).

Figure S4-11. Light set up for large-scale reaction.
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m X-ray Diffraction Analysis m

A suitable crystal obtained by recrystallization was mounted with mineral oil on a Cargille
Immersion Oil Type B and transferred to Bruker Single Crystal CCD X-ray Diffractometer (SMART
APEX 1I) (Graphite-monochromated Mo Ko radiation (1 = 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. Crystallographic data for the structures reported in
this paper have been deposited with the Cambridge Crystallographic Data Centre.

Molecular structure of borate B1 (CCDC2455734)

Figure S4-12. ORTEP diagram of borate B1. Ellipsoids are drawn at 50% probability. A single
crystal used for the analysis was obtained by recrystallization from Hexane/DCM.

borate B1
CCDC No. 2455734
formula C33H24BN;0
fw 489.36
T (K) 87(2)
A(A) 0.71073
cryst syst monoclinic
space group P21/n
a(A) 10.46(2)
b(A) 15.06(3)
c(A) 15.58(3)
o (deg) 90
S (deg) 104.32(3)
7 (deg) 90
V(A3 2378(8)
Z 4
Dearc (g'cm_3) 1.367
4 (mm) 0.083
F(000) 1024
cryst size (mm?®) 0.050 x0.120 x 0.170
2 0range (deg) 2.39 to 24.94
reflns collected 9299
params 349
GOF on F* 1.075
Ri1, wR; (all data) 0.1067, 0.2460

Table S4-1. Crystallographic data and structure refinement details of borate B1.
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Molecular structure of A2 (CCDC2455736)

Figure S4-13. ORTEP diagram of A2. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from DCM.

A2
CCDC No. 2455736
formula C33H2sN30
fw 479.56
T (K) 86(2)
A(A) 0.71073
cryst syst monoclinic
space group Cc
a(A) 38.421(11)
b(A) 9.881(3)
c(A) 25.891(8)
a(deg) 90
S (deg) 98.581(4)
7 (deg) 90
V(A% 9719(5)
Z 4
Deate (g-cm™) 1.311
4 (mm) 0.080
F(000) 4032
cryst size (mm?®) 0.080 x0.100 x0.130
2 0range (deg) 2.48 t0 25.02
reflns collected 22936
params 1381
GOF on F? 0.804
Ri, wR; (all data) 0.0683, 0.2440

Table S4-2. Crystallographic data and structure refinement details of A2.

Molecular structure of A5 (CCDC 2455735)
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Figure S4-14. ORTEP diagram of AS. Ellipsoids are drawn at 50% probability. A single crystal used
for the analysis was obtained by recrystallization from DCM.

A5
CCDC No. 2455735
formula C31H2N20
fw 438.51
T (K) 86(2)
AA) 0.71073
cryst syst triclinic
space group P-1
a(A) 7.4678(8)
b(A) 11.6036(13)
c(A) 13.0974(15)
o (deg) 82.6550(10)
pF(deg) 74.6990(10)
7 (deg) 87.6980(10)
V(A3 1085.7(2)
VA 2
Deae (gcm ™) 1.341
4 (mm™) 0.081
F(000) 460
cryst size (mm?®) 0.082 x0.236 x 0.254
20range (deg) 2.25t025.10
reflns collected 10707
params 316
GOF on F? 1.028
Ri, wR; (all data) 0.0326, 0.0841

Table S4-3. Crystallographic data and structure refinement details of AS.

m Computational Analysis m

To gain the deep mechanistic insight into C—B bond cleavage, the computational studies were
performed. All the restricted and unrestricted density functional theory (DFT) calculations were
performed with the Gaussian 16 package.>®

mComputational Study of the excited singlet state of B1 m
Kohn-Sham orbitals of singlet excited state of B1 was calculated using the TD-B3LYP*” method

with 6-311++G(d,p) basis set with SMD model (MeCN).

HOMO — LUMO LUMO
-3.48 eV
AE=19eV
\&N ’
localized on C-B bond not localized on C-B bond -5.36 eV
HOMO
Figure S4-15. Kohn—Sham orbitals of B1 in the singlet excited states,calculated at the TD-B3LYP/6-

311++G(d,p) level.
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Cartesian coordinates of excited singlet state of B1

TTTITITTITTTTITIIZIOOOO0O0O0O0O00OO00OOTIOOOOO0O0O0O0ONZOZOOOOZAO

1.07453300
1.43729800
0.47024100
1.87660800
0.95810900
-0.33826900
-0.22438700
0.67489600
-0.91055200
-1.55436600
-0.59740900
-1.65271900
-1.91338500
-3.19356400
-4.26052700
-4.04312100
-2.75123300
-2.58982500
-1.39409400
-1.69390900
-2.98638600
-3.80905600
-5.16249900
-5.73012500
-4.92595600
-3.57183000
1.94307700
1.99933600
3.18469200
4.35090000
4.31297200
3.12905700
3.32572900
4.17306300
5.55563300
6.13369500
5.30916400
3.92857000
1.18338900
-0.83797700
-1.08789800
-3.38029700
-5.26430300
-4.85857100
-3.37650500
-5.77647200
-6.78676900
-5.35889800
-2.96008300
1.10845200
3.20243000

-1.04635400
0.24872400
1.15758700

-2.25893300

-3.31702100

-2.77719700

-1.41015400
2.59292400

0.89627800
2.11643600
3.15216500

-3.32173500

-4.70940100

-5.18364700

-4.27677100

-2.91092100

-2.40224000

-1.08159800

-0.47097100

-0.31935300
2.32541600
1.46759200
1.74285300
2.87309200
3.73843300
3.47517400
3.31267400
4.66153400
5.38362800
4.78363900
3.45210200
2.72320300

-2.35083900

-1.27181500

-1.38904000

-2.57940600

-3.65808900

-3.54757700

-4.36634600

4.19666300

-5.40155200

-6.25053700

-4.65253400

-2.20781400

0.60254600
1.07865000
3.08231900
4.61710700
4.14413200
5.13822800
6.41587600
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0.23470100
0.17797400
0.04947000
0.11591000
0.10194100
0.21513400
0.32745200
-0.03250000
0.02504600
-0.04217900
-0.05555300
0.10436100
0.05048800
-0.15572200
-0.32474100
-0.27347000
-0.05001300
-0.02066600
0.64901800
2.23220600
-0.18465600
-0.94432800
-1.10213100
-0.50980300
0.23801500
0.39380600
-0.08800000
0.32738600
0.26180600
-0.22138800
-0.63845700
-0.57329500
-0.01445500
0.31696100
0.20748500
-0.23571600
-0.56944600
-0.46220600
-0.00616800
-0.18015600
0.17204800
-0.19000400
-0.48958900
-0.39648800
-1.42512000
-1.70061600
-0.63482500
0.70326500
0.98758900
0.71986300
0.59444200
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5.27592300
5.21010600
3.11283200
3.73935500
6.18486900
7.21105900
5.74602700
3.30832400
-0.82982700
-2.53693300
-1.95120700

5.34736700
2.97858100
1.69581100
-0.34516200
-0.54642600
-2.66738400
-4.58682300
-4.39166700
0.07937000
0.35943900
-1.28481100

-0.27076100
-1.02270000
-0.90859100
0.66707100
0.47351500
-0.32186500
-0.92041700
-0.73978800
2.77633700
2.40608100
2.68415300

mComputational Study of TS calculation m

The method TD-B3LYP?” method with 6-31+G(d,p) basis set with SMD model (MeCN) was used
for the geometry optimization, normal vibrational mode analysis of singlet excited states of B1 (B-
Me). The method (UO)B3LYP?’ functional with the 6-31+G(d,p) basis set with SMD model (MeCN)
was used for the geometry optimization, normal vibrational mode analysis of triplet excited states of
B1 (B-Me). The method (U)B3LYP?’ functional with the 6-31+G(d,p) basis set with SMD model
(MeCN) was used for the TS calculations and the geometry optimization, normal vibrational mode
analysis other than singlet and triplet excited states of B1 (B-Me). The IRC calculations were
performed for each transition state to confirm the transition state connecting the reaction pathway

between the starting materials and the products.

AG
(kcal/mol)
+50.0 - TS-2
/(47.2)
+40.0 TS-1 N
Int-2 (35.4) T Me
1B-Me*
TR o A B*
(34.7) ""SET --..__/ B-Me N
+30.0 N (31 5) ) (321)
IsC SET Int-6
\ Int-4 Me SET
\?B—Mef
+20.0 7= direct (20.7) B
excitation Int-3 (17.2)
s Int-5
+10.0
B-Me
0.0 — Int-1
(0.0)
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Figure S4-16. Energy diagram of C-B bond cleavage.
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E (hartree) Georr (hartree)  |Gibbs (hartree) |Gibbs (kcal/mol)| A G (kcal/mol)
B-Me -1536.553085 0.425788| -1536.127297| -963935.2401
EA radical -574.286146 0.133758 -574.152388 -360286.365
Int-1 total -1324221.605 0
IB-Me* -1536.494899 0.422839 -1536.07206| -963900.5784
EA radical -574.286146 0.133758 -574.152388 -360286.365
Int-2 total -1324186.943 34.66176987
3B-Me* -1536.516969 0.422615| -1536.094354| -963914.5681
EA radical -574.286146 0.133758 -574.152388 -360286.365
Int-3 total -1324200.933 20.67206193
TS-1 -1536.491017 0.420093| -1536.070924| -963899.8655
EA radical -574.286146 0.133758 -574.152388 -360286.365
TS-1 total -1324186.231 35.37462123
B-Me " * -1536.365256 0.42502| -1535.940236| -963817.8575
EA anion -574.423027 0.133819 -574.289208| -360372.2209
Int-4 total -1324190.078 31.52672991
TS-2 -1536.337744 0.422416| -1535.915328| -963802.2275
EA anion -574.423027 0.133819 -574.289208| -360372.2209
TS-2 total -1324174.448 47.15674899
B- -1496.655197 0.389476| -1496.265721| -938921.7026
Me radical -39.845686 0.011516 -39.83417| -24996.34002
EA radical -574.286146 0.133758 -574.152388 -360286.365
Int-5 total -1324204.408 17.19753906
B* -1496.49804 0.392811| -1496.105229| -938820.9922
Me radical -39.845686 0.011516 -39.83417( -24996.34002
EA anion -574.423027 0.133819 -574.289208| -360372.2209
Int-6 total -1324189.553 32.05195578

Table S4-4. Gibbs energies of each intermediate.

Cartesian coordinates of B-Me
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1.08887800
1.39879800
0.42235900
1.93004900
1.05480100
-0.27873200
-0.22475200
0.61633600
-0.96258200
-1.60668100
-0.65902400
-1.57662000
-1.78716300
-3.03162500
-4.08567800
-3.90331900
-2.65965300
-2.51801300
-1.46288500
-1.92699400
-3.06144600
-3.95426800
-5.32042300
-5.82144400
-4.94249200
-3.57610400
1.88934600
1.99543000
3.18285300
4.29175100
4.19914100
3.01252500
3.39594000
4.17596800
5.57010600
6.21420700
5.45129100
4.05825400
1.31869900
-0.91076600
-0.95785600
-3.18752900
-5.06021900
-4.71840800
-3.57703200
-5.99395200
-6.88557700
-5.32105000
-2.90239600
1.14664400
3.24398000
5.21651000
5.05111300

-1.01505200
0.25974200
1.15922100

-2.19924400

-3.27893900

-2.76732300

-1.42895400
2.57468300
0.88398300

2.08683700
3.13203300

-3.36834600

-4.76273500

-5.29013100

-4.42018700

-3.03956000

-2.48740600

-1.14849700

-0.52904300

-0.44954500

2.30111300
1.47799500
1.76620700
2.87380800
3.70261100
3.42480800
3.29794400
4.61378500
5.33483600
4.75890100
3.45625200
2.73158000

-2.23704800

-1.22100500

-1.28418800

-2.35989100

-3.37605700

-3.31585500

-4.32325300

4.17431500

-5.42180000

-6.36436100

-4.82641000

-2.36822700
0.62158100
1.12534400
3.09204500

4.56451900
4.06865900
5.06593900
6.34472400
5.32000500
3.00320200
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0.28783000
0.14464400
0.00135300
0.22350300
0.15562400
0.20240300
0.32877700
-0.13940400
0.03364500
-0.03814500
-0.14163100
0.01442200
-0.00009100
-0.31920500
-0.65081900
-0.64773500
-0.29686900
-0.31498200
0.54669200
2.09249700
-0.04172500
-0.75392300
-0.77247600
-0.08121700
0.62583300
0.63990500
-0.26678800
0.23035100
0.10065700
-0.52980400
-1.03128900
-0.90335800
0.17425600
0.76356900
0.72905300
0.10888200
-0.47867800
-0.44800600
0.06562200
-0.27853400
0.24089600
-0.31923100
-0.90771200
-0.90002100
-1.29725400
-1.33473900
-0.09586900
1.16804800
1.19709700
0.73499600
0.49680500
-0.63091200
-1.53081300
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Cartesian coordinates of singlet excited state of B-Me
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2.94913200 1.72880700  -1.30950300

3.68798000  -0.38967100 1.25985200

6.15349900  -0.49410000 1.19361000

729926500  -2.40688100 0.08352200

5.94211000 -4.21294100 -0.96762600

3.47757900  -4.10077400  -0.92313500
-1.13652200  -0.04605200 2.74014100
-2.80800100 0.19474100 2.21280700
-2.19433900  -1.44023900 2.48505800

-
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1.07359800  -1.05252100 0.22836800

1.44268200 0.24440800 0.17684400

0.47588000 1.15866200 0.05133300

1.87178800  -2.26822900 0.10633600

0.94675100  -3.32482500 0.09096400
-0.34863200  -2.77855600 0.20713100
-0.22921000  -1.41026600 0.32053800

0.68559900 2.59466000  -0.02804300
-0.90718700 0.89924700 0.02412900
-1.54861100 2.12214400  -0.04500100
-0.58813300 3.15797400  -0.05465500
-1.66901900  -3.31737900 0.10505200
-1.93803700  -4.70576500 0.05091200
-3.22703300  -5.17393300 -0.14142100
-4.29373800  -4.25924200  -0.29511800
-4.06734300  -2.89106600  -0.24293300
-2.76676200  -2.39098200  -0.03423200
-2.59698400 -1.06786700  -0.00411400
-1.39159100  -0.46623700 0.64956900
-1.67541500  -0.31275800 2.24003200
-2.98220400 2.33161000  -0.19253500
-3.80259500 1.47591100  -0.96282000
-5.15846900 1.75303800  -1.12718900
-5.73003100 2.88433600  -0.53243600
-4.92727000 3.74837700 0.22485300
-3.57077100 3.48228100 0.38784000

1.95736800 3.31240200  -0.07942100

2.01464400 4.66369900 0.33812200

3.20420900 5.38601800 0.27525500

4.37361400 4.78297400  -0.20647100

183



afi=siasiiananfiasfiasiianfanfiasfiasiianfarfiesfiasianfarfasfasfianfarfarfari-HONONONONONONONQ!

4.33434400
3.14598100
3.32245900
4.17635000
5.56178300
6.13594800
5.30425200
3.92068700
1.16805200
-0.82654500
-1.11334600
-3.41940900
-5.30330300
-4.88125500
-3.36643100
-5.77012700
-6.78762200
-5.36222000
-2.96008100
1.12215400
3.22220900
5.30137400
5.23286700
3.12833700
3.74617800
6.19549300
7.21481600
5.73682100
3.29537900
-0.80182400
-2.51339500
-1.93540600

3.44825400
2.71962600
-2.36620900
-1.28880300
-1.41250800
-2.60794500
-3.68503500
-3.56801700
-4.37701300
4.20479100
-5.40365400
-6.24176900
-4.62956100
-2.18144400
0.61153300
1.09007600
3.09531100
4.62756400
4.14922800
5.14175700
6.41983000
5.34615800
2.97212600
1.69074400
-0.35908300
-0.57139100
-2.70072600
-4.61723500
-4.41009700
0.08013500
0.37272700
-1.27875200

Cartesian coordinates of triplet excited state of B-Me

-0.62504600
-0.56341900
-0.02415400
0.30913600
0.19901500
-0.24682300
-0.58236600
-0.47390800
-0.01811500
-0.18210900
0.16121200
-0.17615300
-0.44880400
-0.35386500
-1.44625900
-1.73284500
-0.66309400
0.69172300
0.98850400
0.73056000
0.60930900
-0.25346300
-1.00826700
-0.90051800
0.66152100
0.46699100
-0.33367800
-0.93541000
-0.75347500
2.77663400
2.42258000
2.69337900
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03
C 1.07345400 -1.03905700 0.25558200
N 1.43726200 0.25945200 0.19391900
C 0.45091000 1.15626700 0.05024300
C 1.89485800  -2.24857100 0.14394100
C 0.99200200  -3.31444900 0.12803200
C -0.31769200  -2.78542500 0.23004800
N -0.21836900  -1.41322300 0.34842600
C 0.65250800 2.59575900  -0.05496900
N -0.91947100 0.88731800 0.03004600
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-1.57408300
-0.61994100
-1.62572400
-1.87026900
-3.14262400
-4.20977100
-4.00321500
-2.72192200
-2.56528500
-1.41611200
-1.77133800
-3.01614500
-3.85130900
-5.21098800
-5.76808100
-4.94929600
-3.58829600
1.92570200
1.99352900
3.18139900
4.33457300
4.28318800
3.09622300
3.35133600
4.18328900
5.57237600
6.16677800
5.35458200
3.96757000
1.23042200
-0.86528600
-1.03912300
-3.31997400
-5.20848900
-4.82262100
-3.42849200
-5.83660500
-6.82842100
-5.37252400
-2.96302600
1.11230000
3.20977400
5.26067700
5.16985000
3.06775000
3.73605000
6.19168300
7.24781900
5.80384400
3.35431600
-0.93056100
-2.62746900
-2.03651400

2.11089700
3.15174300
-3.34196000
-4.73710600
-5.22848900
-4.32953800
-2.95581300
-2.43294500
-1.10310400
-0.48780500
-0.34820800
2.31496100
1.46913800
1.74981300
2.87259900
3.72480700
3.45580500
3.31652800
4.65545800
5.38037800
4.78888600
3.46468400
2.73419300
-2.31892200
-1.25510400
-1.35450800
-2.51210000
-3.57560200
-3.48165600
-4.36355600
4.19595000
-5.41863000
-6.29916000
-4.71384400
-2.26198700
0.60547400
1.09363200
3.08495200
4.59790500
4.11652900
5.12245000
6.40616700
5.35338200
2.99774900
1.71244600
-0.35485000
-0.52453500
-2.58588600
-4.47798100
-4.31032500
0.05490900
0.32225400
-1.31879000
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-0.04789500
-0.08423000
0.09317000
0.05146700
-0.18278400
-0.39589600
-0.36198500
-0.10724800
-0.10324500
0.63355200
2.20505200
-0.15886000
-0.91894100
-1.05070500
-0.42830300
0.32296100
0.45055800
-0.12307900
0.32422600
0.24234400
-0.28834000
-0.73621000
-0.65510100
0.02281100
0.43556800
0.33724100
-0.17517400
-0.58977300
-0.49366100
0.02490000
-0.21842100
0.20742200
-0.20554700
-0.58335900
-0.52187300
-1.41496900
-1.64935400
-0.53162300
0.81142800
1.04301100
0.75392700
0.59948300
-0.35030600
-1.15643700
-1.01309300
0.83982700
0.66645200
-0.25289500
-0.99540700
-0.83414200
2.78587800
2.35960500
2.64644200



Cartesian coordinates of EA radical
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0.57519100
0.23854600
-0.53413300
-0.38065500
1.77440100
2.31988200
2.17433000
-1.83622100
-2.14964200
-2.69838800
-4.03015100
-4.56124200
-4.51984800
-3.99817800
3.32157400
4.19991400
3.47392700
3.11308900
1.03525100
0.20875700
1.34913700
1.87162200

Cartesian coordinates of EA anion
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0.95120300  -0.00992800
1.45872700  -0.91599400
0.11375800 0.52922300
-0.47003000 1.43102700
0.09675000  -0.43307000
0.18441200  -1.51908000
-0.73934500 0.53570000
0.07270200  -0.10470200
0.68045700  -1.12928200
-0.72731300 0.57073000
-0.84081400 0.02705300
-1.51429500 0.69979700
0.13628900 0.00440600
-1.26049400  -0.98186100
-1.57606300 0.24788100
-0.95855500 0.04692700
-2.17346700 1.14626600
-2.22105500  -0.60868600
2.01294000 1.02536500
2.69721200 1.23746300
1.54253800 1.96148900
2.59458500 0.62370000

s @ Yo
9
0.60144900 0.97296200 -0.23463700
0.24372000 1.22662700 -1.23724400
-0.55191400 0.35233200 0.52220200
-0.40808700 0.09829700 1.56912900
1.66943600 -0.08663800 -0.46032200
1.83393800 -0.71735000  -1.49842900
2.42482100  -0.31285900 0.64031300
-1.77187700 0.07567500 -0.08240000
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-2.14622200
-2.70405100
-4.00466000
-4.57453100
-4.50439900
-3.98237100
3.39654600
4.12307600
3.89385700
2.90424800
1.17717900
0.41206800
1.47234100
2.05523900

0.27612900
-0.51024100
-0.76230200
-1.20906300

0.15883400
-1.46043000
-1.37479700

-1.17514700
-1.39152000
-2.33318800

2.24032300

3.02460700

2.04691100

2.62331700

Cartesian coordinates of B-Me radical cation
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5

1.06247400

1.36938800

0.38163800

1.94039200

1.08929200
-0.26250500
-0.22762000

0.57740200
-0.99516600
-1.64077400
-0.68403600
-1.52165700
-1.69023400
-2.91007300
-3.99244900
-3.86192100
-2.63869400
-2.54430500
-1.47150300
-1.89915200
-3.07760700
-3.98581500
-5.34650800
-5.82886600
-4.93823100
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-1.27095500
0.81716200
0.29604000
1.11604200

-0.02808900

-0.54897800
0.55787200

-0.23409300

1.52842100
0.37105200
0.42892900
0.43595600
1.46548600
-0.10850300

i
"_‘J Y )J*‘*J
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-1.00891300 0.29760400
0.27558700  0.16603700
1.14862400  0.01476400
-2.19246700 0.23655900
-3.27567700 0.17910800
-2.78229200  0.22068900
-1.43091900 0.35367700
2.59096400  -0.13344500
0.86550700  0.04164300
2.07051700  -0.02146900
3.13350800  -0.11439300
-3.39775400  0.01347700
-4.80584500  -0.06940200
-5.34160800  -0.42102500
-4.47964900  -0.72633900
-3.10156700  -0.66470700
-2.52728400  -0.26945800
-1.20106800  -0.21722200
-0.54972900  0.59973700
-0.44807600  2.14602700
2.29205300  -0.03908300
1.40297400  -0.65492400
1.69676700  -0.67936200
2.86743800  -0.08220300
3.76032100 0.52758900
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Cartesian coordinates of B radical

-3.57464300  3.48759000  0.53608200
1.85167700  3.29603400  -0.27531400
1.96286700  4.62381000  0.19153900
3.15353300  5.33139700  0.04160200
425457800  4.73179000  -0.58234900
415491600  3.41887600  -1.05463800
2.96754600  2.70272500  -0.90214900
3.40173700  -2.18902700  0.18201700
4.15343800  -1.14161000  0.75439600
5.54780400  -1.17475300  0.72418400
6.21562800  -2.24537800  0.12086300
547961700  -3.28996400  -0.45261700
4.08715700  -3.26446300  -0.42284000
136346300  -4.31726000  0.09264200

0.94681200  4.17312100  -0.24555500

-0.84425400  -5.44906600  0.15134300

-3.04412600  -6.41688200  -0.47302000

-4.94928900  -4.90807600  -1.01053500

-4.69534000  -2.44659500  -0.89586600

-3.62062700  0.50442500  -1.13232200

-6.03296000  1.01405100  -1.17094800

-6.89230100  3.08761900  -0.09896100

530824100  4.66912900  0.99215500

2.89207900  4.18182400  1.01444900
1.11930100  5.09152700  0.68993600
322537300  6.34861000  0.41542900
518216200  5.28464200  -0.69997700
500215500  2.95152400  -1.54804500
2.89733100  1.69154800  -1.28435900
3.64664400  -0.31379200  1.23670900
6.11280200  -0.36509600  1.17680400
730139700  -2.26652800  0.09615000
599216400 -4.12066100  -0.92889700
3.52499800  -4.06958800  -0.88576900

-1.09954200  -0.01950100  2.76425900

278789600  0.18342700  2.27095600

2.13974200  -1.43678600  2.55833000

2 )
’ J" @’ ‘.‘Q’
9 J‘ ® J‘J‘J
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-1.10401400  -1.02912800  0.02356600
-1.43349600  0.26557300  0.05012300
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-0.45311400
-1.88404300
-0.95714100
0.33510400
0.22930400
-0.58282700
0.94542300
1.65285200
0.73331700
1.67818200
1.96447400
3.27549300
4.33633900
4.08191300
2.76918200
2.58867500
1.32920300
3.11272200
3.86670300
5.24259300
5.89379600
5.15444100
3.77849100
-1.81945200
-1.82353600
-2.97701100
-4.15925300
-4.17074400
-3.01816500
-3.34517200
-4.18569700
-5.57456800
-6.16328200
-5.34341000
-3.95517900
-1.20736400
0.99975300
1.14087700
3.47401100
5.36059400
4.88963200
3.37432400
5.80544800
6.96492200
5.64951000
3.21331900
-0.91945600
-2.95373400
-5.05781400
-5.07977400
-3.03963800
-3.74401300
-6.19863000
-7.24443300

1.18172200
-2.23080500
-3.31051000
-2.79362800
-1.41320300

2.59397600

0.87434500

2.08054000

3.11625000
-3.32435500
-4.70316900
-5.15894000
-4.24287100
-2.87144100
-2.41631800
-1.04074400
-0.51318300

2.20762700

1.45804400
1.65767000

2.60974600

3.36616700

3.16849200

3.38544500

4.66526200

5.45030100

4.97882200

3.71352800

2.92558700
-2.34957000
-1.26804900
-1.40731800
-2.62546700
-3.70700000
-3.57213900
-4.36092500

4.16428900
-5.41039000
-6.22547100
-4.59468500
-2.14704100

0.73370400
1.07459100
2.76243300
4.10663600
3.75026100

5.04051300

6.42942000

5.58937100

3.33872700

1.95259000
-0.32082500
-0.56062700
-2.73119900
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0.05870000
0.00862800
-0.04243700
-0.06517300
-0.01157800
-0.00504500
0.07148800
0.02488100
-0.04446700
-0.15587900
-0.21543200
-0.31347700
-0.35556400
-0.29704600
-0.19689900
-0.13916600
-0.02497700
0.13029500
1.05462200
1.17686500
0.38444400
-0.53156400
-0.65794300
-0.02374800
-0.62059100
-0.63334400
-0.05104800
0.54620700
0.56201500
0.03356700
-0.30982300
-0.29452000
0.06192200
0.40536600
0.39290000
-0.08972700
-0.04701800
-0.18556500
-0.35841800
-0.43347300
-0.32830900
1.69466500
1.90065100
0.48220800
-1.15378100
-1.38021900
-1.09092200
-1.10423100
-0.06148900
1.00915800
1.03845400
-0.59622200
-0.56790000
0.07260800
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-5.78619100
-3.33933400

Cartesian coordinates of B cation
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-1.07980700
-1.39363000
-0.42923300
-1.87582600
-0.96719200
0.34072000
0.25085000
-0.57483300
0.97284900
1.65460300
0.72289100
1.66578300
1.92219400
3.22337300
4.29858700
4.07640200
2.77114200
2.60701000
1.36163300
3.10860800
3.89414800
5.26744100
5.87867700
5.10580800
3.73023800
-1.82196000
-1.86415100
-3.03288300
-4.18014600
-4.14856400
-2.98350700
-3.33479900
-4.14433700
-5.53310800
-6.14109900
-5.34897000
-3.96068600
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-4.65786800 0.68952000
-4.41946100 0.67811700
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-1.02154400 0.03057700
0.26106100 0.06058300
1.17166200 0.08012000
-2.22723300  -0.00104700
-3.29975000  -0.03324300
-2.78068500  -0.04135600
-1.41400600 0.01221300
2.59223300 0.01597000
0.87407700 0.08548800
2.07726500 0.02515800
3.11840500 -0.04861100
-3.33162300  -0.12271500
-4.71868000  -0.18195600
-5.19083400  -0.27002900
-4.28665800  -0.30306800
-2.91189700  -0.24623500
-2.43594900  -0.15515200
-1.06456400  -0.09715500
-0.51964800 0.00277100
2.22784100 0.10005700
1.46908500 0.99002200
1.69226300 1.07985000
2.66574600 0.28180300
342875100  -0.60084900
3.22030000  -0.68615900
3.35899600 0.02017900
4.61633100 -0.61966600
5.37571000  -0.61843300
4.90035800 0.02770800
3.65923200 0.67297700
2.89225900 0.67046600
-2.32450000  -0.00450100
-1.25793600  -0.45046900
-1.38229500  -0.46413900
-2.56600700  -0.03193500
-3.63095900 0.41379600
-3.51471100 0.42604500
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Cartesian coordinates of metyl radical

T T T Qo

-1.21688800
0.98754200
1.08515400
3.41054700
5.31639100
4.89884400
3.43034500
5.85981400
6.94961100
5.57419700
3.13479200

-0.98372600

-3.05015900

-5.08980200

-5.03170500

-2.96547900

-3.68370100

-6.14144100

-7.22324600

-5.81417800

-3.35873600

Cartesian coordinates of TS1

imaginary frequency (cm-1) =-355.72
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-4.34943700
4.16600300
-5.40935300
-6.25876100
-4.65772700
-2.20481400
0.73165600
1.11039600
2.83298800
4.18576500
3.81021800
4.98704800
6.33653900
5.49404000
3.28965000
1.94052600
-0.34193500
-0.55529800
-2.65917500
-4.55075300
-4.34179900
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e

0.00000000 0.00000000
0.00000000 1.08494700
-0.93959200 -0.54247400
0.93959200 -0.54247400
‘S’
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e,
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1.12580200
1.48331900
0.51760100
1.89343200
0.95169900
-0.33224500
-0.20242700
0.68553100

-1.03713000
0.25336000
1.18780400

-2.25203600

-3.31737500

-2.77711800

-1.39755500
2.59676900
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-0.08527900
-0.06530300
-0.16053500
-0.31523800
-0.37373700
-0.27140400

1.63566700
1.77984300
0.35191300
-1.22287800
-1.37601200
-1.13547100
-1.12462900
0.03101400
1.18618900
1.18812000

-0.80090200
-0.81867300
-0.04321500

0.75608900
0.78883800

0.00000000
0.00000000
0.00000000

0.00000000

9

&
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0.06696500
0.02933000
-0.03806200
0.02443000
0.01693400
0.06563200
0.10167500
-0.05651100
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-0.88344500
-1.55813200
-0.61812000
-1.68016500
-1.97828600
-3.29291400
-4.35024700
-4.08667900
-2.76593600
-2.57604300
-1.31058400
-1.49183900
-3.01573600
-3.78393600
-5.15396500
-5.78489900
-5.03104500
-3.66092400
1.94058800
1.96770700
3.13863300
4.31711800
4.30637200
3.13618000
3.35069100
4.21017500
5.59672000
6.16470300
5.32640200
3.94049600
1.18285000
-0.86197200
-1.15984500
-3.50032200
-5.37800000
-4.89049300
-3.30454000
-5.72797200
-6.85134200
-5.51011900
-3.08461600
1.06692900
3.13153900
5.22918400
5.21207300
3.14109700
3.78441500
6.23551500
7.24419600
5.75318000
3.30976600
-0.52043500
-2.32273700
-1.70792000

0.91157600
2.12884700
3.15141400
-3.29523100
-4.67412200
-5.12286100
-4.19942400
-2.83128300
-2.37469300
-1.01643700
-0.47149100
-0.34961600
2.29010300
1.53764200
1.76868600
2.75655400
3.51691000
3.28738300
3.35920000
4.67738300
5.43595800
4.89967400
3.59585900
2.83426000
-2.38541700
-1.33271600
-1.48566600
-2.68907500
-3.74211000
-3.59371400
-4.37257400
4.20246000
-5.38683600
-6.18866800
-4.54779200
-2.10263100
0.78427900
1.18218600
2.93381000
4.28547000
3.87335100
5.10498300
6.44591800
5.48964200
3.16965400
1.83009700
-0.39737200
-0.66165000
-2.80533400
-4.68066600
-4.41784100
0.02534400
0.34651900
-1.38421600

192

-0.06371900
-0.08681300
-0.06918700
0.04480500
0.04560600
-0.00321500
-0.05477400
-0.05321000
-0.00475300
-0.02207800
0.24974800
2.32402100
-0.20256200
-1.11226200
-1.24710900
-0.48255000
0.41818100
0.55692400
-0.07655100
0.42993700
0.40440700
-0.12731100
-0.63505500
-0.61236400
-0.03653900
0.34876500
0.30064700
-0.13187600
-0.51761500
-0.47196200
-0.01856400
-0.14375500
0.08545300
-0.00066600
-0.09288200
-0.08921500
-1.72731300
-1.95938500
-0.59010800
1.01854500
1.26703800
0.86042200
0.80566900
-0.14663300
-1.05853700
-1.01929000
0.69266200
0.60722400
-0.16881000
-0.86094700
-0.79057700
2.63651500
2.40787300
2.58032400



Cartesian coordinates of TS2

imaginary frequency (cm-1) =-263.42
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1.10485200
1.43513400
0.48546200
1.89566800
0.98076500
-0.32553800
-0.22409200
0.66621100
-0.92218400
-1.57134000
-0.61669600
-1.65321000
-1.91239100
-3.21397100
-4.28819200
-4.06390000
-2.75612400
-2.58999600
-1.34717100
-1.54758600
-3.02247200
-3.84146000
-5.20825600
-5.77978500
-4.97316800
-3.60436900
1.93273100
2.00326600
3.18902000
4.32614300
4.26678400
3.08407500
3.35463000
4.17068100
5.55969400
6.16087000
5.36185900

-1.02846800
0.25006400
1.17247400

-2.23984500

-3.30209800

-2.76753900

-1.40668400
2.59127100
0.90305800

2.11568400
3.14668700

-3.31665800

-4.70424000

-5.17711000

-4.27168300

-2.89786500

-2.41480100

-1.05570500

-0.49068800

-0.35876200

2.30678800
1.52203900
1.78439800
2.82491400
3.61505100
3.36631100
3.32712700
4.62017800
5.35191600
4.81156200
3.53339000
2.79468400

-2.33859400

-1.31760100

-1.44220600

-2.58106600

-3.60104600
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0.08140500
0.01641200
-0.05717100
0.04707200
0.01115600
0.04559300
0.10108800
-0.09139800
-0.06714600
-0.08995300
-0.08461400
0.00744300
-0.00668300
-0.08160200
-0.14908600
-0.13726500
-0.05574500
-0.06015600
0.21874500
2.34224800
-0.16574600
-1.00049600
-1.09270800
-0.35253000
0.47450200
0.56153300
-0.13871000
0.42177600
0.37559200
-0.23632600
-0.80215200
-0.75483500
0.01982400
0.55155300
0.53577500
-0.01114300
-0.54179600
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3.97344400
1.21984400
-0.86052600
-1.07777700
-3.40340600
-5.30639600
-4.88533400
-3.40718700
-5.82623600
-6.84539800
-5.41003800
-2.98390200
1.13080700
3.22709100
5.24903900
5.14189800
3.04512500
3.71550500
6.17340800
7.24301600
5.82169900
3.36438900
-0.57910400
-2.38886500
-1.75001700

-3.48396300
-4.35506600
4.19725100
-5.39644700
-6.24560500
-4.64389300
-2.19076800
0.72915000
1.17959600
3.02289900
4.42467500
3.97899300
5.04218600
6.34229500
5.38322900
3.11183000
1.81267100
-0.43773100
-0.65098600
-2.67436300
-4.48554900
-4.27331300
0.03051700
0.32763400
-1.40076500
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-0.52574800
-0.02611900
-0.15454600
0.04395400
-0.08838500
-0.20830100
-0.18637800
-1.59747800
-1.74991100
-0.42420700
1.05166600
1.20812200
0.91137200
0.82010400
-0.27424700
-1.28845300
-1.21109900
0.99135000
0.95659500
-0.02314700
-0.97296900
-0.95490400
2.64460600
2.39204500
2.57679200
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Fm HOERE TIZEW T, 2,2°«(pyridine-2,6—diyl)diphenol (PDP) % = J#EIN - &
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