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YL v ORNRMERTHEITL TWE 2 R EINT, T2, RE-BRELD
Ul L R FB-+ 7 BEGOTEAGETE X, BB CETL Cwb 2 &R
EN7, pinB-NR, O RIGIHEFICO VTR, —EBTFBEHZRICAELLZT ) =/
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BRLAYOGRTFEL LCrdEELTIED 1 21k, 2 00K FH%{s
e CHERT 2 2 LT REFRT. BRECEREDO~T T2 EBTEDHRE
HEFRCH2EHLAMCEATZ 2L TH B, Lo L LEEAZEET
72D i3% K DG h. FRICHFET 2 #ia 2 UM 2 LE D5 5 720, fiG D
KE LUV IERE—ROBRICSH 2, L ERAOUIMNIL. "D FaET L v )
ARX=YPEOD, BOHEAZ WL ICHIER BRI £ 20 &0 ) fFT, LER
AR 7TavR bR, Thabb, FiE LG OUIB FikoR I X v JFEE
DOEMEMH Z IR T o B 720, AEABALE B ORI ICR D75\,

WK, FEBAY D EREO R O F LHEMCOFHA I NS, JHAEDIEE
CEWHA LAY Th 2720, FERECEREZEATIHAICETHH
AU FEORFE MO THETH 5, HEER LOBEHKIG T, fiao BRI ic
Uranz b o5 L, KFE-—KHKE (C-H) #eEsIUoRF-FH) vr v
(CX) fiazam e T2b00% v, TN RENLRIGH & L Tix, C-H
e zRAICT 250 & L THEBRERRKEFEHSISSR Scholl MG Y, C-X
BAEERSICT2EAL LT uy v — SRR HNIG, TR E G,
Sen 1 ISP ER SR & 2 BALIIFTINBICE R R T o b, D X5, HHEE
ftEVOERELOBRICE#H X ¢ 2 G oA L. Fic C-H G B LU C-X#
HBLm5 I L%, Mg, C-CHia. C-O #iae C-N #a%o Lidllito
Uik 2t 5 BREEAL D S E CIBE K HME I N T3, Lo L, ThE TICEMR
I’ C-H #iAB XU CX #iaxkm & LBELRGHL — b 23 8% WL
INTWE720, LEVDERRIKEEZ ZBICEZENLEZEK L — F OF—
fEEffie L GEIR L. C-C #fifr. C-O fie+ C-N fEaFOYIWnNEE % & A
G FE— I B2 2 2 8135 K v, S EE 2. 2h b DA DU
PO BREHEALD X LA A, HEBEOBEBRMICIZ X V% DJFERHC
BHATE, GRAKOSTFCL VERRAERTEICR S,
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2T, HEELAYo C-H fies X CX A ofasibiitic, ch
F TRV O DOEBTENREI N T EIHEAD D2 LT, HEET IV
D C-N #ianZET o s, AKXNWEFERT I v D C-N &YWz H 5 B
HAeFke LT, 7V v alie 7 ve=y 22 RET 2 FEREHL 2
I N T2, Pl X FERE—RT I v ey Ty =y LIFICEmT 2 &
FA IR EREREAE AT S 2 LS TE %, 1884 4£1C Sandmeyer 287 U — AT Y
= LT LT, CuCl, CuBr % 3 CuCN Z G E 35 L, 2z C-
N GOVl ZES 7 vuft, 7wvElld 2V ide 7 7 LHHETT 5 2 & &2k
% L 7= (Sandmeyer G). Z D, 7 V) — b2 RE & 3 5 RFE — REM AT
CIRFE-~T R R FAEOTE R kA R EREM L~ BRI Tw s, L L,
UINLEREOIEICER T2 &, b id, I d —EFEITR I AR08 E
fTL. 7V =TV =17 hniFRESE 580 (Homolytic Aromatic Substitu-
tion )R EE. ERN) B BHEL 7V — 2 F A4 v 234K T 2 Bl s X O
BRI X 2BRMIEECRO NS, Y7V =y LGSO T v E
—ynlev) Yoy AEEOEE R C-N#EGE 6T 2 K8 2. imkk L&
EIEREEREZMAEGDEZTETH, 2O OUBNERE O I, 1L ALY Eito
3O0DVTNRICHETIEE L, ZLDFEKET I v C-NEAVIMZ 5 BiE
HALSOG I HFE TN T 212 H Bb & 3, R, Z OUIMIHERE IC K % 7t/ 13 AL
b\, TOX) RIIEEFROD &, FEIL L WRICHEKZ &0 &R
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TAFNTIANDENENDEIGHEICER T 2 RIGTH 5, BIFE, F7E1HE
T IvoO—BIHE RN OO, BESCIREIN TS, Lo L., iAo

ICEHT 2 L. C-N UM 285 JOGIZiz e A SlE STy, b
LD HHESECIGCHEZFEODIC S BD 5 3. C-N AN RIS HETS 2
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B X DITIEZ DR 7 T SOCHERED R & v 5 ZANI = bt 9E & L T b R % 4
T, KWIEZAT - 72,
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EDOFERT I vEEEKICH AWML, 2 0% {25, @IS
FHALTW3720, A EL CEMME 2882 5 2 THE
BT I VEPOFEINMEYH DL HONTWS, TYRVEVEX
FHEET I FIEREEEC ERMLAMICE TN S T

VIR, TRENICEGEE= N i fbaY kR ETI
o HEET I VEHORBE D H 2oL (T h
TH Y., FEBERKEFBEIRSOCC YT M, BALRIGH 2 DR EHI L LTHIS
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1.3 FHEET I vo—BETBE M8 FRKIG

BYEEAFEBRT I vid, BIHET 2 v ARk, KRuBLERM(T =1 v:
095V vs SCE%d o, 207, BALHID 2 WIFESILEMFEICLY . &
GHIC—EBTRRILT 2 e BA[RETH Y, NIST 2T =V IV ANAFT AR
AT (K 1-2), 61, 7=V IVAANAFF b 0KELFEREIC
YD, T2V ) I8 AINBBEEa-T=YV ) TAFATISHAABEL S (X 1-
2)e ELOLBERT IR, T I/ EOBIIICIVEL ST 2, a-T =
YI)TANFALTIHALRI LI —EFRILINE L, 1 I =V LAhTF4 v
Lz (X¥1-2),

HEET I vo—BTBHKIETIR, LlLz320 7 Y aAf@ndhies
FERIEWRE L 2 Y . ZNENICKA O UG HETTT 5 720 B4 I ) D
BRDAIREL %22, Licho T, —BFBE 2L 72 CIk. HERT I v
DEMFEL LTHEHTH S, —JiT. TNHD IV INEDREES X ORIG
HiEENENEL 720, ZNOE2HHT 5 2 LIIRICZFHIET 2 L CTHHET
HY, Tz, BL2EBIVEIEZNEINTHRRERICOENZELT 5 LT
HEICh DS, T CTREITIR. 7=V 2 IV ANATFAY TV 7 TV hAA
FAVBIET =V ) 9V ANDENFa-T=Y ) TAFALT I HNDOFEE
BLXUOKGEICO>WTE ED 3,

10



BFERTIY ~__ //////’7:U/59ﬁw

aromatic amine "~ © i\JiRz -H anilino radical
©/ R = alkyl
— < R |
7=/ ZIHI - Ht |
N N
HFAY li:T ~.| -e [:jq\
anilino radical
cation L
a-7 =V /T7ILFIL A2 ULAh
ZIhI NFA>
a-anilino alkyl iminium
radical cation

B 1-2. FEBET I vo—EFBE 2N RSO BEX

131 7=V )79 AnhFFv

T=Y IV ANATFA I, BEWICEEERBET I v E LIk
BLEMTH 2, 75 EHRT I VIE.EFEETDH 2720 BRI, FElS)E.
7 & kA RBCAIFEE T CR G IC—BTBbIn. 7=/ 2V A i F
TV BRET L, BERLFOBIE2 LS FHEBET I vHEOMBLENIL 0.5~1.0
V (7=7 v:0.95VvsSCE) 8 L{k< . EMMEL/eEAlzHw2TT7 =
V) 7Y NANATFF Y 2RHEIELI LN TE S,

RIC,T=V 72 IV hnhFAvyoRIGECoOwWThRE, 7=V /7 7T hn
HF A IICERE ALEETH B 720, —ICZ O KIS OFIEITEEL < |
CORHEERRT 5720, L DMELRRINTE T, ol LT, 7=V
FOANAFF Vv ERRAT LI TNy 7Y v IIRIGHET LN, T=1) v 1-
10k, GREELIC XD T =Y ) SUMNAFA Y RFEEIEE L, RV TVY,
TV AT IVEIRTYRVEVODERDFEN Yy 7 ) v 7Rk BPELNS
ZEBRFMLNTWBE (X 1-3) 9
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NH,
-+ NH
o= foM- oM oo
di N
o "
anilino radical N - @
cation + ©/ N
®1-3. 7=V v OBEELIc X 35EHh v 7Y v SRR O LR

M 1-3 IR X, dxFhy 7)) v RIS TREROERY 52 CL %
e ZTT, TDAy 7Y v RSB L T, FIRW 2 & EE R 1 IR &
%72, BlZiX. Nelson HiZ. V- F 17 =V v 1-2 OGHRIEIC BT,
BRBEAEZBLIET, VPV eI T —AT I voEREAZET 2
EWELTWS (X 1-4)

NHEt
+e
NHEt  -e NHEt | +1-2 O Et
O O o
anodic
EtHN

oxidation

1-2 anilino radical EtAN
cation benzidine diarylamine
high current density:  70-80 % 0%
low current density: 15% 70%

M 1-4. 7=V voBGE{LIc X2 kEhy 7Y v 7 HEEY)OEIRE RO

T HITEAE, Lel o3, FHEBEFB - RDH L VIZHE=HT IV 13T —n
Tiv 14 tor7uxhy 7V IRIGICEXY, PITYV—ATIVvRaELRN
5ZeEMELTCWDE (K1-5) Y, Bz MHEONEET I voliix—&
T CE 2BETCRICEITI) 23, KoZuxAhy 7Y v I RIG%EHE L
CHETE R 27-2DICEETH D, 200HFHET I vE—ETHBLTS&T,
TV ) IV ANATFAYBIOTZV ) JVAABENENTEEL, TbH
DIVHNERTTI ANy TV VRISV EITT 5221k, Z7uxh
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vy 7Y v X AR BRI TS, L L, RRIGEHETICE W T

b, BIAEBYE L THED Yy 7))V ITIROERPERINTEY ., FHEBET IV
—BTEEZE S MOCOFIFEOH L X 23FE 2 %,

[;Tmz Arl. _H C(+)IPt(- /{:T
N
+ |
Ar2

undivided cell
1-3
l ‘e l o

o+ radical-radical
NR; Arll . cross coupling
Oy ] My

Ar2

anilino radical anilino radical

NR,
cation O
| homo-coupling O
RoN

X 1-5. HFHET I v oiEIRK 7 C-H/N-H 2 ux Ay 7V v 7 KiG !

72 BB R L 5 2 LT, HEKSE

—RT I LT IRy R
%ﬁ%KEEM%”Byﬂiﬁ_mo6ﬁ\M%%H%F\%é%%~ﬁ7iy

KX LC CuBrfilllE 2 EFHZ 42 2L T, TYRVEVRELNE Z L2
HLTWB (X 1-6)2, KRIGTIE, AEEE M7 Ivo—ETHBELTcEL 3

TV ANVAhFAIIHN LT, PHEOFHEERE BT I VvBIRIGT S

& T, Z&E T oftit (three-electron sigma bond) #H 3 2 iR Z K L. T
Ry rvrgEosinsd,
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CuBr RN

NH2 Pvridi | _
yridine
2 R:_ : \ N\‘N /
% Toluene, 60 °C, O, R._/
1-5 azobenzene

* 1-5 H
NH, \ +N.\N©
O O

anilino radical three-electron sigma bond
cation

K 1-6. FEET IV bDT VRV E VAKX

b 7= 7 v anhst ookl LT, sEhy 7Y v 7 RIGICD
WTHi Rz, RRIGICEWTIE, BTy TV v I RE 5252800
b, T=V IV ANATFAVYORICHEDHIEPHE L W b2 b, $72. 7
=V 7VAN (122H) BXWa-7I/T7ArFA70h0 (1.231H) |
TV ) I ANATFFYERAT L0, T2V /) IV ANATFFVEED
INoD T VANMERET 5 MCHETIR, ERoFEA Y 7Y VI RIGE

RIRGE U CERBICED R T X e b 7n e,

FRoTEROD &, —EBE BB 2D RICORFE L LT, dTE, A % H
W B BRI R TR —DIchoT w3, zDEARME & LT, ]G
W L 72 REE 0 SR . BELETTENL S 2 Wi ZEIH T 5L ¥ — % b Ok
Alzfws 2 T, iltEcC—B B H 2 it 4 ¥ —158) o fl{H 25 A5k
ERBNHTH D M,

Z 2 C, EMREAI DS 2 AN 5 SUGTER I o Tl R 5 (K 1-7), i
BEHI(PS) X, H2HEROHEFWING 2 2 & T, FEEIRED L —EHIEG K E
(IPS*) & % \» i3 —HIE A b DIEMZ 2 (ISC) T4 U 5 = HIEHHLIRFE CPS*) D
T ONEIREICR 2, 20k, SCHEA ORI, HlonF(—EFits
HD)H 2V IF—BFXERA) L DETEFBEHET)H 2V iFT 4L ¥ -5
H(EnT) 279 2 2 & T, BJEIRABICE 2 (LERAEE~ D JIE X, DK
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GHER P IIGHERIC X o THH T 2), ET OA. PSHTEE» L —E 1t 5
T2 LTIV ANAT A PST (HLHYIE Y Oxidative quenching) 1C, —%&
FZRTHZ LTIV ANLT =4 v PS™ GEICHIIEYE: Reductive quenching) i
5%, TNDLD T I ANAF VI, HO—EBEFHBEREIEZWS 2 & T, JEHEHA
ELTHEINS, 72, EnT o4, PS* b T4 ¥ =81 X Y FE D)
i (sub*) % 5.2 %,

D A PS: Photosensitizer
1pgr ISC D: Electron donar
™ A: Electron accepter
D™+ ET 3pg* ET A sub: Substrate
ET: Electron transfer
sub EnT: Energy transfer
Reductive . ..  Oxidative

EnT ©S™  quenching

PS hv
" * y ’
PS
A

D+

quenching

B 1-7. JesdREA 2B 59 2 ROSTE R (BRALATIHOE /It / = 4 v ¥ — 5 8)h)

1-7 IR LT 0T JCMEANIIAMB L L ClREST 5, 20X
WEHAN % W7 —E P KISIE. 7T=9 7 7Y AvhFHvich v
LNTEHY GEETIR, G LzRERn Y 7Y v 7 RIGE T Tl 7 L fhsr TR T
DG E TN T WS, Hlz21F, Zheng HiF, ¥ 7u 7oA T=Y v 1-6IC
LT, KIEEFITH 2 Rulbpz),(PFe), fFIE T, AFL Vv aOETARAL
74 v 1-7T #{EHlEE2 L, —BFBEHRICELDEZ TV IV ANATF AV
2Dy 7 v e S vERORBREZEWER S, AL 7 4 v e o[3+2]1m
BACKIEAHETT 2 2 L2 ME L T3 (A F -4 1-DS FHEoKIGE LT,
Niggemann & (&, Mn(OAc); TA+EE T\ MIEAGEAFIC X 2 5 &/GET I v o —B 1
bz fEH 3 250N 7 ¥ ANMTIMBLRIG 2 &G L T 5 18,
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H EWG

H Ru(bpz)3(PFe)2 N
Oy e
1-6 1-7 visible light

@HW opz < NQANKEN]

anilino radical
cation

2AF¥—L1-1. 7=V IV hNATFF v EFERT S [3+216MBRAL G 1017

F 72, Willis 513, NN-UAFAT =Y VEEER1-8 L A7 4 Vg 1-9 %
A4 )Y LR ([Ir(dF(CFs)ppy)2dtbbpylPFs) . KoS,0s e F. %t LED
I X2 2 & T 1-8 DAL Miid B\ IF S T LD A I = AL KIG S HEST
TE2ZLEMELTCVE (RF—L41-2) Y, RRIGIEF, KS:0s1C &k W gL
THELDZ (OVFICX Y, FEET I VIZT=V 7 7V hnF 4 v~
NBAELETZV ) I3 ANAF A VI, AT 4 VB ICHERET 2207 4
F—trD—BFRBILICEVELRZALKFZATOANE T IANL—F AR
vy 7YV IRIGTETT2¢EZ LN TS

[Ir(dF(CF3)ppy).dtobpy]PFg

O 292Ug
NMe; & "BuN-HSO, Ly Mez
R R"” ONa R o
= Blue LED ’S\?O
1-8 1-9 Me\ + Me R
7\ o
AN S\
anilino radical squonyI
cation radical

AF—L1-2. 7=V ) G ANATFFH v ERHATEFNL I ALFZ ALY
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¥t LT, Konig blx, ¥4V 7aerxzF 7T v (DIPEA) 77E
T 7=V viEEER1-10 B XU 7 ue~70 7L —> 1-11 128 L T 455 nm @
YAEBE T 22210, 1-10 DAL MET U —MERIGEREL T3 (&
¥—241-3) 2, ZOGHEOMNERIE, 7=V IV ANhF A VR TIR A
ATV =AY AAREBREINTEY, 7ut~707 L —v~D—&
BENCL OV AELZ2T Y —A IV AL 1-12 67V = 1-10 L DT AL A
v 7Y v I RICHETT 5 X, L Eo X o, EHIoOFHL-=2T7=0 /7 7Y
AN T AV T B RICHFEREIICHIFE I T 5,

NR, Br NR,
T @ S
~ DIPEA, MeCN, N, g2 o

R1 =EWG 25 °C, 455 nm R1
1-10 1-11
NR, . NR,
" ) —
1-12
2AF—=L13. ~TaT VATV EREATLET=Y) VOALMMITY —
/I/’fKZO

TV IV ANATFA VORISR, 7T I/ EEoEBREICI > THEL
o Bz X, FHEBERE BT I v EEEMT I v R BB L GG, FERS
—kT7 v (7=V v 1-1) CEEALADFENY TV v IIERE LN B —JTT,
BEBEREZRT IV (NN-YAFAT =Y v 1-13) TiE, afioRFE ICES
DAR ) —=AHBAT B (R F— L4 1-4)2,
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(a) NH,
O O — (‘ SHeN
anodic H,N

141 oxidation

anilino radical

cation + ©/ N\\N
(b)
NMe, anode
©/ Y
MeOH, KOH [::j/

1-13

AF =L 1-4 FEBRET I vo—ETBickshy 7Y v 7 RIGEE—H@)
vs. 5=k (b))*

ZDRIGHEDE NI, Burghart HICX > T, HHEET I vE2“a FF—HE"¢
‘n Fr—MWicpET s e BT TR S (K1-8), K 1-8D X5 ICHE
BRI 7 I 2 K 2 7 7 7 A v MEL., FERIE X7 3 2 Ao
BALBALIC DO W T, ARV MBI —EFIR{La s 2 L 2 EET 5 2 L T,
“a FF—M"t“n FF—M"IcaEL T3, Thbb, HEBEFE W7 IV T
3. HFERTLOMLEM DT MRz s FF—M"c, BEBKRE=MT I v
7 2 B DBRALEAL MR N 72D, “n PP - IcpIng, oL E,
n NP —HOFEBEE—RT I VIIHERET—EFRILIEE 5720, XIG
T2V hATFAVETIE, FERELOREFESALELSEFRLECRIGS
EITT ST My TV vtk E 525, —Ji. n PO EE
FERT I vCiE, EREF ECBESECZ Y T Hicd ) —E LI ng
ETAIZYLATFAVYDPEL, A IZVLAFA VT LTRA LR =53k
Bfns 2, UEo XS CHBFET I voT I HDECTH, T=U /7Y%
NATFF Y DRIGHEDRRE SRR b,
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(a) mtdonar

NH, H
©/ — ©/ + H,NH2

7.69 eV 9.24 eV 10.17 eV
(b) n donar
NMe, H
©/ e— ©/ + H,NM62
714 eV 9.24 eV 8.24 eV

K 1-8. AHEMET I VDT ITITAVFDZEAF AMERTFT v
(F—f%(a) vs. 55 =#(b))*

T IVANATFAYOREEEIOCRIGEICOWTH 1-9 K Loz,
BT 2 VIHECIBLEN2E LT3 720, g, BILHH 3 v 36
A 25 2 b c—FEfBRiLan, BHICT I/ 7V ANATF AV BED
2, T3V ANAFFYDORIGIEICOWTIZ, dFHy TV YV IKIG, 7
AN—=FHANAYy TV VIR T ANIBLRIGR Y. 7Y ARG
HERT, £/, FRBEFEMT IV EE=RT I v e TRAE 2 RISHEZ R THI
bH 5,

/

Rey T=Y/5YNL

/ anilino radical
-H*

. .+
NR, anode, oxidant NR, homo-coupling/
©/ or photosensitizer ©/ radical coupling/cyclization

product
-e
BEHEE I s R = alkyl
HERT 2 =Y/ 5InI e
aromatic amine ey a-7=V/F7ILFI
- . -H* Z3IHI
anilino radical a-anilino alkyl
cation

radical

1-9. 7=V 7 7Y hnhFA+ v oEEE X TRIGHE
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132 7=V 9V AN

T=Y 7 7 YhniE, BRI EBRE WD 5 IEE kT T v o N-H
a2 boKFGEKE ((He) KXW EL2HHOT I IV AT B,
TV IVANDRERE LT, HFHEET I v N-H e o%(<300
nm)BH T CTOFREY L RB3H B 2, L L, BTALF—DREREDZ RS
T 2729, BGOSR L. KICOFIHAEE L | BIECIIERABKISIC B
TREPEVHOON TRV, BFETIE, FEET I V2L, —ETTBEs IV
7o b v ZFRHCH 2 WIZERICHETI R 8ITXY, 7=V /797
NEFEI R ZITER RN TH 5, FTEMHEN-T I P2 b DIKFFIZIREITK
DECZTIVATVANMI, T2V 7900 AL EHEE R RO B
27, RIETENGI T8, 7=V I Aaro¥rihe L, D
20 IFEEEH 2 23 FESRR I w3, L L, LAY
ICf L CGERELETH S Z L, HEZH W 2541013 KOBu @ X 5 il
BERpETH Y, LIEUISEMGRRICHEIIE L %52 720, BREEFAIEICZ L v
Vo R B, ZNICH LT IR AR RISSEHET T =Y 2 IV RAE
ATRE 72 EIEEH % F W B RIS ORIF K T ED S CT\w b, FTHEBET I v
D7 w b v 3 A 23 (PhNH,: pKa = 30.6 (DMSO)*)TdH % DIk L,
FEGET I v BRI B FBE»OEC LTI IV ANVATFA VI
Wzt (PhNH,*: pKa=6.4 (DMSO)?) %/R3 7z® ., §EEMESLMETH 2 v i3
P T okFEF EREDRZ Y, 7=V FVAARERTE (X 1-10) %,

+° weak base

©/NH2 strong base NH ©/NH2 or none NH

aniline amide anion anilino radical anilino radical
oKa = 30.6 cation
Py pKa =6.4
(DMSO) (DMSO)

K1-10. 7=V vEBXOT7=V ) IV ANATFFvofi7a b v
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RIS, T =D IV ANDRIGHEICOWTHRR3, 7=V /7 5 A LDREN
BEIGD—2L LTIV AN—FANTZOR Ay T v IRIGHET LN S,
Yu 53, #EECH 5 KOBu f#7E . 7=V viFgk 1-14 ZiaftE D DMF
H50iE DMA EREEED L, FALLT=) P71 7=V FFHEARIE
N5 EEMELTVE(RF—L4 1-5)%, KRIGTIE, BERSGHETCEL
DERT=AVO—EBFBEINCIVELET=V /) 7V hne, PAFLT I
FO—EBETRITICIVELE IV ANFRKED T AN =T ANy T
VIRIGICE D AP EL B EEZLNT WS

H
KOBu (4. i
N NH, DME OBu (4.0 equiv) N N\n/H/Me
R|—/ + or R|—/ 0
DMA 25°C-130°C
1-14 (solvent)
7\ Me/H

. NH K
via
©/ Me Me

anilino radical
RAF—L1-5. 7=V TV MNVERBATEHEEHEERT I v N-ALE=
/I/'ﬂf, 29

F7-. Cho 3. Hfa LED WH T, facIr(ppy)s & FeHEHI L LT, N-X F
AT7=Y v 115 Ly Ty ~vmtr—F 1-16 2{fHlE ¢ 2L T, 7=

VONXIALERN A v 7Y Vv IORIGHETT A L 2WE L w3 (¥ 1-
1D)%, ARIETIE, (1) ¥Y7V~vut—}F 1-16 o—FEEILE X BFERIC
L5t — b7 =4 VvE1-17T AR, 5L U1-17 & 7=) vo N-Hf5H L
DMTKEBFRTBEIE (HAT) itk 27=Y /7 50 1-18 DL, (2)
7=V 7Y A0 1-18 & 1-17T O—EFEFHLIck W EL s~ —F 7T A0
1-19 LDT AN =T ANAy TV VRIS Y R AT 3 L
EINTW3
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NHM
NHMe N, fac-Ir(ppy)s (2 mol%) e
+ MeO,C
©/ MeOQC)J\COQMe DCM, rt, 12 h 2

115 1-16 white LEDs (18 W) CO,Me
Ir(11)*
HAT [ (1)
Ir(1V)
@ e MeOQC/@\COQMe
1-17 Ir(IV) radical-radical

coupling

‘ E Ir(Ill)
NMe .
g + MeO,C~ >CO,Me
) 1-19

1-18
anilino radical

LML N-AFAT7=Y v 1-15 YTV ~vutr—F 1-16 D7 VANV —F T h
WAy 7Y T ROG

R, 7=V 79 A0E CO LDRIGTHEL BT VT YAk z i
H3 5 RICH R Tw 2 23, iz X, Chu &iF, 4V v LHRAE 3
LU=y 7T VAAFE . COFHAFTT =) v 1-20 5 X UKIGHT V¥ v 1-
21 RIGERB L, T2U ) GV ANERHTET I ALK b3l T5
5 laMELCwd (AF—2L41-6) 2, KRG, iS4V 7 4
tERIcxfLC, 7=V v 120 b 0—BFBEINETTS2L T, 7=V /7
VANATFAV 122D, Gl &R T e P ryREfTTs e TT=0 T
AN 1-23 BERT B, ZOE 1-22 BLW 1-23 20 FND 7Y AT
BnBpin & DA Zfif - WHMAEEHIC X v LElbang, 2ok, 7=V /7
PAN1-2313CO ERIGL, ERLET AT I AN 1-24 3= v 7 A fillit &
s 58T, RICHETT S LEEI AT S,
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[Ir(dF(CF3)bpy),)dtbbpy]PFg (2 mol%)
NiCl,*DME (13 mol%)

di-CF5-bpy (26 mol%) 0
Ar—NH, + R—= + CO \‘)J\N,Ar
BnBPin, K,COg3, ethyl acetate / CH;CN H
1-20 1-21 Blue LED
Ir(11)* + [Ni]
+1-21
Ir(1V)
o+ .
Ar—NH, “H* Ar—NH CcO jl)
- o {
BnBPin BnBPin ArHN
1-22 1-23 1-24
anilino radical anilino radical
cation
AF—AL1-6. T=V /7 VHhHLD COMMERETEZTAFYOT I/ AL
A=Al 32

KETIE. T2V ) IV ANDRIGICO T, ZDFHAEE X ORIGHIC O W
TFed72(M1-12), 7=V 7 SV ANDFEEE LTI, HEET I v o N-
H fGor®) v RCA, GRS 2 VI ERZ vz 7e b vk
C—BTBEIENE HERDH L, £/, 7=V 7 7V AVDRIEMEE LTk, 7
CAN=TF AN R RHy T Y ISP, HETIE CO LHARDbELT
INTUANDEREN) RIG~ R EIN TS, Ll T2V 7900
DEEMLFEEBLVZOHMAA N =X LFREFCHL L ICR>TEL T,
ZORGGHI D Bl iz, LRSI NS,
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Radical

NR, R=H ________________ NR addition/coupling
o .
R=H
BRIEY XY base .
SBI _e (base) F=U ST

aromatic amine - -H* o .
\ NR, anilino radical
F=U/ZIAhI
HNFFA Y

anilino radical
cation

X 1-12. 7=Y / 7 AN DRI
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133 a-T=V ) TAFALIFT AN

a-T=V I TAFNTIANMI TAFAEE D OHFEFBRESE WD 50 ILHE
ST IV afiORFELICTVAALBE LR ED T ANETH DL, N-T
NFEFAT =Y v afi C-H #iG D& MEET 4 v ¥ — (XN < 917
kcal/mol FREETH 5 3, 2 D72, < I1F. C-H v b oKFEET OEER
BEERZFICEY, a-T=YV ) TAXIATTVANEFHEIE T, HlzIE,
FF TN MR EZEHIEPENY S T 2 v B PIc X BKET FKEFIC K
D, a-T=V /) TAFLIIANLERTO, BETIE, X RMaRETE
ELT, a-YIATAIAT I HSPa-T I/ Bo—EFBLERHT 5, It

UMD B IIRIE D FTESHI O L Tw» B (K 1-13)%%, LA L, &
5DFETIEH, BREHD afifik FOBHESREI NS L v FEIKSE, Zh
i LTl ol S ANE & o e RS I IC R T T v 5, BARIIC
I ABBET I Vv O—BTFBLICIV. 7=V ) IV ANATF AV ERFHESE,
Zot, afii C-H f&oli7a b itk a- T2V ) TAXIAL TN EFH
hExe3, 2OFEIR. MacMillan 51T X 2 HEMBEA VW2 T AT
IVRNTAFAT =Y D alfiERELOME B2 KU1V Iic, HeAmT IV
D apifERLICER & ¥, HAHEKET I vEREL T IRICHHFEINTE L

40,41
o

R1 R1 R1
' -e L+ paseor N
NY X _e> \( ase or Nu Nﬁ . product
R2 R2
F=U/SIHI e
X= H, CHQOHy ~ Q'T:U/T)IJ$}I/ \ ;
COH, SiMe, NFA ) "
anilino radical ZIHI +
cation a-anilino alkyl N
radical

AZZTOLAFAY
iminium cation

X 1-13. a- 7=V 2 T7AFA I ANDOREEE L OKIGH
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fl 2 12, Nishibayashi 513, 4 V) ¥ v L EHIEAE T, IS T, 77
BT 2121 LBEBTARRAL 74 v 122 2 RIGEH 22 & T, EFFTD
afifkF ECRFE-RBEEDEKENE Z L 2MEL WD (RF—2L4 1-7)
0o zofliic, HFEBET I vErZ=) vOBKEIZO XAy TV IRIG 2R
FRIG B, BRI 7% EICERE N TW 5,

R7
Flp . \i [Ir(bpy)odtbbpy]BF4 (1 mol%) R EWG
_N__R? R~ Are
Ar” EWG NMP, 25 °C. 18 h "N R2
1-25 1-26 visible light F|{1

NMP: N-methylpyrrolidone
RAF— L 1-7. A7 EFERT L v O afiBEReRAL ©

DX, a-T=V I TAFATIIS AN ERBALEZTER, HHEKRT IV
D afifgffiftiie LCERAFETH S, L2l a-T=V I/ TAFALTIVA
M ST 2 HEFRT I v ORBLEMN L VKW, 5Bl .
A= LA FAHVETHILINE RS H B P4, LdoT, a-T=
JTNFNT I ANERET B RICHEEICE T, —B RO M 2EYIIc
ERT 2 0HEHD 5,

LLEDIHTIRRCE 25 H/HET I v o—B BB %S KGO %X 1-
14 1TRT, AEET I Vid, N-HEEGORE) v A% RE, ~ET7THHICLY
BLBT=V 3V ANATFEYy, BXOT =V I3V AVAET AV LHRE
TE3T7=V )7V ANRa-T=V ) TAIALTIALDT NI DL EREK
JOEMRE L e 2 2 LT AEBET I VBRI NG, BTl B %
vz licky, cndo bzl L ICoflHszcE 2050, 20
HEBET I vo—BTBEZME KGR, BEABKIGE LTE 5745 ER
HfF T & %,
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Radical
addition/coupling

NR, =R NR
e
R=H
EEHTIY / E=DPES
aromatic amine \ -H* anilino radical

homo-coupling (R = H)

o+
©/ NR, radical coupling/cyclization
7=y 5L 2 =ak
NFAY -H* R Radical

anilino radical N addition/coupling

cation O/ ~.

-e
a-7=1/ 7)1/:\=}I/\«
ZIHII
a-anilino alkyl
radical = LHFAY
iminiumcation

B 1-14. F5&EBET 2 v Oo—BFBEZHE S G EE)

+Z—
V4
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1.4 FHEKET I v o C-NHEAUIN 2845 KIS

HEBET I v O—EBFBE LM KSIE, HEET IVv»oEL 2720/
FVHANAHTFF Y, T2V )TV HANHDEINEa-T=V ) TALFALIIHLD
SRR RIGTEW 2 10, FERGET 2 v ok L TELLZICTH 5, ZD—T7
T, FERET IV ORBRIGE LTiE, ZDIRE AL, HFHREL 520IET
I EDafio CH#EAS N-HEAGOZTH 2 (M 1-15 T, T4bb,
HEBET IV O CN#EEGEZRE LG ERT I v OERRMMUIGTH S5, Z2D
—Ji T, HERT I vo—&fBEEHS toh T, C-N #a 2 Ukl .
HL 72 BOEBEIz & A 8w (X 1-15 TE). 7. —EFBEIC X 2 &K C-
N #E & DI % 5 KISHNZ, 7V = N-7 3 FRIE & L0 FHNRIGICHR
HILT U B 4748

BT HE Z N L7 C-N &G OVINT % 1 5 RICHI 258D TH 7 Hf &

LC il Lzkoic, AHEBET I vo—@BfBEcELET=V /) 7V hLh
FHY, TV )T ANNBEINNTa-T=V ) TALFELT I HALRZNZ NG
WERIBHEEB LT3 Z eI A, C-N &2 E Wik AREE T 4 L ¥ — (BDE)
(7=Y v® C-N#& D BDE: 1022 kecal/mol) ZH L TkEH ¥, ZDFEY 7
4y 2 IR Z IS WAL TH L, FELORELEDH L DD, FHEKT IV
D C-N i AVIM RIS X, ARAEROBIEI»OEHTH 2, Bk b, HEET
IVERSEICHFELATFA G RMtEYMTh s 2 icma. AEAKTOFHE
REEIGC D% 13, Z DRISHABRF-— a7 Ve d 5w IdRE-SE A
TH27-0, ZRUINDEHL— FD—2DFERTE LT, C-N fAazits s
LS EMAAL Z EBTE 00 TH D,

/
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transformation

o+ ' ¥ 1
NR; | NR NR |
© retention of 1y 2 :
C—Nbond %
anilino radical |
cation ! |
. ! B o
NR ;[;r\r :
[:Tmb-&Wﬂ [:T e X |
anilino radical reported
aromatic R
amine N_R
Ej . cleavageof /77T "T !
C-Nbond ! X
a-anilino alkyl 5 :
radical b

rarely reported

1-15. F&HET I v o—ETBEZ M5 kI (C-N #EEUIN 2 b 7 WA
vs. C-N FE &YW % £ 5 &)

T/, ~BIBENCESSHFHEET I voRISIE. #@E,. C-N HaZEHL
D0, FEREDREZBIRTF., 73/ EROERKT. H20IEafOREBIRT K
JER & 72 20153% < . C-N #EE VI 244 5 RIGTERIZHMEFI 213 L A &,
ZDo, —EBTBEEMN BEET I v OO OFIHIC S 8285, M
5. —BIHENICX 3 FEEFRT I v D C-NEEOUIN 2L 5 KIGIZ, BHEEK
7B R 2 . ROSHREIC b B3 Ff 7 5, U EoBERE b L i, EHIX
CHLETHEZ AT ERT I v o C-NEGOUIN 2> RV AfLKIED
FFEICETF L 72,

F2ETIE, RFEETFBREICL 2 HEET I v o C-NEGOUIK 25 K
U AMLRIBIC D WTIRR %, REFITH 5 v L v IFE T, CO.FHA T, 5k
BT Iv2-1BXORIMEEIchEeREFaT—F VKo v (Byping) ik L
TEHE (365nm) DHEBHF 2 2 & T, C-N AN %ML R ) ALK
JEHHETT 5 2 e R R L 72( 1-16), RETlX, {ERDFEET I v D C-N
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fii U 2 £ 9 BHESML D FiE D bt~ ARG D 5 D Feati U AEE i H i b
B L ISR ICOWTERC %,

hv (365 nm)
o2,
\ NR> . CO, cat. Bpin
+  Bppiny pyrene
2-1 2-2

via

o+
‘/z NR,
anilino radical cation

1-16. NXFEETHENC L3 EET 2 v DO C-NFEEOUIN /S RV v
Lt (56 2 5&)

3T T, MEFEETHENIC L 2HFBEE BT I v o C-NEGOUIN %
5 R I AMUSITIC DTN B, 5 2 WD UGS T, FHEBRE KT I v %
HE L L7256 ARICE» DRIAEBYI S KEICEL 2 L wWH MER D 72, Th
IR LT A OGS 2 R L 72658, Z5GEHR T, FERE—RT7 v
AL F 2T — b YRE Y (Byping) i L TR (427 nm) 2 X+ 252 L
T, C-N #EAOUIM 2> R ) LRISHHETT 5 2 e 2 B L 72 (K 1-17),
ARETIE, C-N G otz > BRefticownwc, HEBEE KT I vick
REZEEZOFEILCOCTERDS, Z D%, KRISDWIHIBET, S D st
FEEFH#EIP 5 X CBOCHIBITIC OV CER L 5,

o Blue LED (427 nm)
O\

N .
NH; air f Bpin
RI_\ + Bypin, R—@/
| ! >
o1 NH
) via

anilino radical

1-17. JEHEETFHENC X 2 5EEFE W7 I v o C-N &G oIk z 15
R Y ALEGE 3 &2)

3-2
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FB2E AFEETBHCIIFEERBE=-BRBIVCERT I vORE-ER
o O Z M S K Y M LRIE

2.1 ¥%S

Hl1ETHRREZX I, FEKRT 2 v C-N HEAYIKRIG I A A RO SH
POFHTH 20, ZORIGEZEKT S ERIRG TR, b, HHEE
7 v o C-NEG Tl ez 4+ L ¥ —BDE) 2 — BRI ZafEE L D KX
C (7=V v C-Ni#k# : BDE: 102 2 kcal/mol) ' ZDFEY 7 4 v 7 A
DR DTH D, COREEZRRT 2720, ZnF Tickkk 7 C-N#AY]
B F LI N TE 72, 205l (1) C-N #EEHL 2Rl L 72Tk, (2)E
BaEiAc X 2 EEVIN. Q)SEEITIC X 2UIMFEL, O3 0DFEICHHE

(1) C-N EEEEL 2 BH L = Fik

HEET IveroT7vEZVLE U7V v Al vy a7 IF
o Llc—HAEL C-N#EAZEELT 2 2 & T . C-N AU & X VB R
EIRIGHZERR & LT 5 (% 2-1),
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AorhvorM

2-1 active
C-N bond
l'salt (X = counter anion) )'(_' .
+ - - + -
$NRyX $N,X N
ammonium diazonium pyridinium
s—INI = L IITIITIITIIITIITIIITIITIIooIITiiiii
amide
Oy H 0]
R’ I
2 —N-S-CF
N tN-8-CFy
R O

B 2-1. MLz 25 /KET I v o C-N Kia Ul xIG

Bz, 7=y s3513, FHFEBET 2 v L CHlMBE 2 EH X e 5 2 b
T.RBHICHMT 208 TE D720, 7 17 RoiFEbFike LIRS
W, VTV LEOEKIGE LT, < 25 1E Sandmeyer KIG 2% R
Schiemann G ' BE 4 R IG & LCTET b5, ITE Tl ESS Rl % H
W72 BRALRIATIN &2 RS 3 2 ]G 50 2. RITAI S 5 W IR & v e —F
BILBLUOMERICIET Y —A I ANDRERBER L7206 7° 256 1
FFE I N T3 10,

TYV—=ATvea=y LFICEREL CN#EEEEELLL Zo b 12, C-NfEAY)
W& S RIGH BFE S T2, il 21X, Taniguchi 5. 14 E®D Pd(OAc):
FIETN. B/ O A X VIBAEEP, 7=V viFiEk2-3 L 251V 2-4 %5
M CRIETE2 L, CNHAUWNZMES 77 = LRI EITT 5 2 & %
WE LTV (RF—L4 2-1)1112
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A~ NHe o Pd(OAc), (1 equiv) “
R— | + =
X AcOH/1,4-dioxane, reflux, air R? |

2-3 2-4 up to 40%

2% —A452-1.1 48D Pd(OAc), W=7 vE= Y LIEZRAT 2 HEET
v D C-NFEGUIWN 2> 7 v = LG 112

Jenny 5%, NiCl(dppp)fiEfEEET. PUXAFAT Y =T vE= Y LI
xf L C Grignard KIGHIZ MBAGEE T CRICE &5 &, C-N #E&EVIN 21 - 72
C-C ¥ A vy 77 v FRICHHETT 5 2 e i L7z B, I HICARRIGR
iX. Grignard RUCHILASMIC S . K e VBT X7 v UWCFRRIERICH] B &L
DAy 7Y v TRIGPHE ) MURIEG 1 ~ERI N TW S, i Tid, NHEhkEE
FREBERHALET vE=y LEOZBKIGD SN T2, Jiang & i3, fil
MED U0(NO;)26H,O, HED Y 74+ v FEiE(TFA) B X EFE & 0 /K7
TET., ZRPTT =) VBEAR 2-3 18 LT 460 nm DA 25 2 LT,
NH, O # o7z Fr ¥ LRGP ETT 2 2 L 2HME L T B (X ¥ —
L 2-2)7, REOGOHEREZ, eile s hizy 7 vaF VEUO (V)2 b, EU
7 VvEZV LB L C-EBFBEISRI LT, FVAINMATFA VL
52 %, 20k, UVDA* Y "Bkt ofRFETBEI0ETT 52 LT T
VEZT O RS OH RS EAINS, AF —L42-1 PAF— L 2-
2 DRIGIEZNZE N, YEDESREIHESC AFRE» OB Y 7 v & v
THEYH, EREOBLE,» O IIRELRLETH D,
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TFA (1 equiv)
H50 (3 equiv)

F+EZ:rNH2 UO,(NOz6H;0 (B mol%) OH
NS

MeCN, hv(460 nm), air

2-3

AF—L5 22, KFHETEBIICL T vE=y LEEREBET 7= viFE
EWOWLT I/ e Fax i fLKRIG Y

INHICHR LT RE, FHERSH 5 IR TCRAERS RimEEERE L 72
SO I N T WS, HlziE, ¥V =y a2 Ehiike LRI
5, Y=y LIEIX BT I LA LT ) Dy LSRR ER X 5
e cfFondbamcd . wek. BEWIET I v o C-N#EAaEE L FiRe L
THFEINTE 72 181, Cornella I, ZNOZEFHEBHET I VicH L TEMATE
52 EL(AF—242-3), iR OBEEFET. P4y 7o r7x b
7 I F(Pr.NC(O)Me)i&#ir, H/EBEH KT I v 2-3 »oiillanizv) v
S L 2-5 1T LT3 YBEDOEAANT 2= KT V(Bocaty) & 130 °CTKIG
32l T, C-NEADOYINI S R ) MUKIEHHETT 5 2, REUGCHRE
X, vV Y=y AEO—EFREILrLELE 7V =TV =T VAR EERE
THBLRBINTW S,
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/8-” terpyridine (20 mol%)

S~
o~ NH2 Scpyry-OTf _ @ B,cat, (3 equiv) = BMIDA
" ey
X

1 R—“ |
' Pr,NC(O)Me, 130 °C X

NaOPiv, EtOH
2-3 2-5 then MIDA

e S Sy O

free aryl
radical

AF—Ah2-3. vY=w LD C-NFEEVIE 2L 5 B U ARG 20

FEE N-T I F2REICH W72 C-N #AEVIBTFEbREI N T 5, flx
i¥. Chatani, Tobisu &%, Ni(cod)./PCys itz £ F. 7 FA-N-7 I ¥ 2-6
L CcEeFa—nK7 v (HBpin) 2FHE 25 2 & T T I ML TS 5
e EHELTWDS 2, 72, Ni(cod), B X U IMes Behz 1% il & L, JmiGHE:
FIEF. F7FAL-NT IF2-6 L CERAARYFALLSY 53—} VEnR
v (Bonep) Z G & ¥ % Z & T, C-N YW &5 728 U MERIE A HEFT T 2 (R
¥ — L 2-4),

cat. Ni(0)/PCys H
R
,{l\n/ R H-Bpin
!
cat. Ni(0)/IMes
oM
Bonep,
l - \
N_ N

N

o} o ©O
HBpin = BH Bonep, = ><: B-B, :>< IMes =
o O O

RA¥— L 2-4. HFEBEN-TIFOWT I /{ts XV C-N#EEUIKZH# 5
R YA

-
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Z Dk, FFEKE N-T 2 F & Grignard KIGHI & D C-CHESTEEKAH » 7Y v 7
RG22 N-F Y 77— F(NHTHEZREEE L Lk vy 70 v I RIG 2 5365
SNz, £, FHEHECNHEGOUIMZER L TV EEH L LT, ficizT Y
—n ke FZ7Y v (Ar-NHNH,)#%, 7 ) =+ ) 7Y ¥ (Ar-N=N-NR;,) % A4 3
K —v N-BH T ) VR T RE I Tw 5

(2) BESREHEEIC X 2 EEUMFE

FHEGET I v oGt Al e PoRRT 2Ll HEKET Ivo C-
N #5&OEBN RYIM 2 5 JOGb I NTE 72, EESEZ M W72 EEY]
Wi Rk, Bl E S OREZ AW RIEAIT LA ETH %, BREAHAVL N
ZEHE LT, EREERREICKM T2 LT, EFREICHT 5 C-N

GO mAREENE 20 Th s, il 21F. Kakiuchi o 1%,
RuH,(CO) (PPhy)s il lEAFFE T, P AT VTS T, vovm 4 AV Ep A
ICEE N FEFRT IV 2-7T I LT 7 2= R a VBT 27 2-8 % Kb
X452 &T, C-NAEEOBLIMINZ R L 72 C-C #HATEHRIS A HETS 2
Z e L7z (R ¥ — L4 2-5)%,

0
0 RUH,(CO)(PPhg)s (4-12 mol%) 0
O e K S
o
NR, toluene, reflux, 20 h Ph
2-7 2-8
(1.2-3.0 equiv)
By
RU,
NR,

2F—AL2-5. v o f A EARAELE T AT =y AT X B3 RIET
v D C-Nfi&xntE> C-C ARG 28

/171
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AEGGIE, a4 ez ilEE e LTwad 2, 73 Ro@EERicEH T 5
LB B OEERT I TR L CRIGHETT 5, Rt &2 KUY
T, HEBEHE=ZRT I vo CNEGUKZES 7o ®, v ) oz id
MFEL L7zT v F Al 00l R = LIS 3 D FAFE S L7z, X 51T, Zeng b
3. CrCLRFE T, 7oy 3 viEfi kit e Lz BEBEHE KT I v 2-9
i3} L € Grignard KIGH] 2-10 2 K5 &8 % 2 & T, C-NEAEUIB %> C-C
ARG ZZER L T2 (2 F — 4 2-6)%2, KRIGIZERFC#ETL. KE
ZHCHAT 2 0ffio 7 v AgEHAICKH LT C-N S 0S B LI ftms 3,

H H
CrCl, (10 mol%)
NBu THF, rt, 15 h N'Bu
+  Ar2-MgBr
NMe, then HCI aq Ar2
29 2-1 S H
“NBu
- G — Gl
\ 1
.-Cr0 Cr
MeoN M e2l\'l

RF—=NL2-6. TAY I VENZIEME L T2 70 Ll X3 5F/KET I v
D C-N &z 9> C-CHEAERIG 2

7o, T, BUREE D 2R ERE ZMT L vIicd 5 C-N A UINiK
JES R E T3, Shi 51, Ni(cod), 35 & O IMesMe tf; T-1#7E . Ak
7 ) —DOFFHEEZRT I v 2-11IcH L GRREDO A A AV F ALY aF
bR m v 2-12 % THF &g, 135 ‘CTRIGE ¥ 3% &, C-N #EAvIm % £k 5
RO NMMURKIEDHETT 2 e MG L72(R ¥ —4 2-7)%, %72, Shi biZ% D
%, v/ 2y aEEEEGCHIET LT, T —ARe VBT AT L 2-13
LD C-CHAIEKEMNS> Hy 7)) v I RIG~E BB L TWw3 3,
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o O
B-B . .
><:O/ \O:>< cat. Ni(cod), or NiBr,

IMesMe
2-12 (excess Mg)
O THF, 135°C, >36 h
Ar—B :><
2-11 o)

2-13

O
:><,Ar

R2 = §—B:
= ’
- -

RA¥—L42-7 EHHE7 Y —7 Ni EIC X2 75E&HET I v o CN#EEZHD
R YL L C-CHREGIBKA v 7Y v 7RG 3334

PLED X 5ic, EBEEAE L o 2B Hmz f b3 2 EEYEFE D
AR EINTE R, Lo L, EICERAEZHEL 32 b0, &l - KF
Mo X 5 Il GtEE2 0B TERIGTH Y . BN X 2 5&ET 3
v D C-N #EE DY G B W T HFRED R > T 5,

(3) &EBTic X 32U FEE

FEBET IVEEZSBICXVRITT S LT, CN #HAVIKZ o727 U —
NEJEEE LT 2 FETH 2, ATEIZ. FHEET I v OBtBMAIERICH
W7z RITICIE T v ) @RS O T 7@ A A b 4 B, il 2 1F Dietrich
Slt. THE B, EHTIO-7 2= ALY — L 2-14 1T LT 6 YEDY
F U LEEE G B, RIGRIC LKA CTRIMEIET 5 2 & T, RERMS
LAY = ADBELENDE T EEREL TWB(RF— L4 2-8)%,
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Li (6 i
[;:] Tﬁﬁ%%ﬂg,Sh o N
N OH +
then CO, (dry ice)

50% 35%

2-14
2F—Ah2-8 &EETICEE9-7 2= ANV — LD C-N 5EESTIWRIG 3

Pisano &%, FiR L 7z Dietrich 5 DU T O 7 2=V T I vdH b0 (T A
— 7 2=V T IV 2-15 0T I LG, A DORETHIEDRIGICL D E
HEHAL G Z3RE LT B (R F — L 2-9)36.37,

Li (2 equiv) electrophiles (E)
(i E’
THF, rt

2-15 E = H,0, PhCHO
R-X

= biphenyl or terphenyl

=

AF—AL29 EEETTICEIBAL 72T IVEBINE—Tz2=AT I VD
C-N #E &YW s 3637

F /2. T4FE, Yorimitsu H I, V7 z oA —VEREETAEEET IV
2-16 W2 Z L COMRA R EBRT I VIR LTRAF =4 2-10 IR L 72 K6
DHEIT T 22 L ZfE L T a3, KRJGTIE, Y7 x= v — L HoEAIC
L0, HEBET I voEtEME T3 LT, Li BT ICET L 2T
Hb, WiEET 2T I HAEZ S LE w2 2T, HEBKET I v oA E
KiEXVIEBoT WS,
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Li E!
@ Li powder (3 equiv) . @ electrophiles (E) _
R+— — R
X THF, 0°C, 4 h X 0°C,2h \\|

2-16 .
E = SiR5;, PhCHO, DMF

B(O'Pr);...
Z2F—A52-10. @JFREITCICLE NV 7 z=rvue—17=Y b C-N el

Wit S s 38

PLE, 5&GT I vHoeEEH (V5 v aeE) itk s CNUWFEE
BB~ Tz o RFFETE, VF v L2E8BPEE N L GEBRESECTHE E. Y
FULEBICL o GREILI NI BRRELZ D DORHICEHTE vz e, VT
vV ARBICXETTERES S -0 EHoETTENZIEMIcy 7 P I 57
D OEWILDEBARMBHATH 5, 7t EOHEIKD,

(1) ~ (3) T, C-N #E0Ukl s X OVERMLLISICOVWTE DT,
INETCOFHETIE, BEOFEMLHNIC X 3 C-N G OiEELe. BAHe 7
R L B DEAD X 5 HEEOBMiAMLETH Y, 205 ITMA., EBE
JB R A SR e T 25 A0H 5, HERT I VvEO C-N#GOE
B 7R UM % 58 2 2RI IZ R EO R WG TH 5 7= » . Fii i R)IGEKEHC
Honi WEIHEDE CmM 7RGt T ClEfT 3 2 WS oFEIE I 5,

KREFTOFHE TRz X o ic, FEKET I vEOBTHEEZMHS CN LD
Wi SOGDBF L, BBEAR EERRRIGICR VG2 e bic, FHEKET I VEHD
—BIBEZES G THiLWRISTERXTH Y, EIk2rb =2, L
L. B L 72 X 9 ic C-N A DYIHTIc iz C-N 5 & DG TEL - MIGHEE O &
BREDBARTH S, 2T, FEII B—HECERLEGTEET I vOo—ET%
A RICICER L, Fric, 7=V 7Y ArhF 4 voRIGEICEE T
X, COREEZFRTE L LEZL(X2-2), HFEBET I VERETEE LA
Vicd s -0 @Y Rt e B FBLIn. 7=V /7 7V a0
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hFAVRECIEZ LN TE (X 2-2(a), £72, PHEOFEBRT I VLT
=V IVANATFA TR ENENRIGHERKRE S B 5 Ric, RIGICEES

ZOTHEICEH LZEAICD KEREVDED 5, BRI, o &k
v Cli. KIGICB5 3 28584 HOMO 3 X ' LUMO ¢ 43—/, 7=
) 7Y AINAF A i SOMO F X X HOMO (47 o HOMO-1 Xt 3
ZELEHEN) 23 Z b IR T 5 (K 2-2(b))s ZDORIGICHFH G T % 5 THEDE
Wb, FHAREECIIREECH o 72 IEH, T =V 7 TV AN A F 4 v CHTT
LWL (ZVANATFA YOG TFHED 2 I RIGHICEH L 72 )IGH
FBEAT K D E T T B ¥4,

7

/171

@ S \
PS : o+

oo 11 -NR
SET ! ' cleavage of

! ' C—-N bond

________________

. (R'=B)
TIVZ/)ZIAINAFAY
anilino radical cation

PS: Photosensitizer, SET: Single electron transfe

_________________

LUMO ————i LUMO ——
somo ||
iowo-1 |- wovo |-

neutral - radlcal catlon )

_____

: Reaction orbital

l22¢ﬁﬁ09%£ivéﬁ5(@7 V) IV HhANATFF U ERERT S
FET I VO C-N#E&UIN, b))t e 7Y hvhF4 sy
THE
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HEREHRMICBIL Tk, R ALK EREIRL 72, Boh 26 v R/ LAY
1%, Suzuki-Miyaura 7 @ 271 v 7 ) v 7 KIG 2 2R3 T 2 KGO A R B 2,
HFe vy —, BEXALFE 2 v —oMEL X UREED ) — Meebay L
LTHwbN TS, Aty RUEAYOGKIZ. AEAK. MEEY S X O
O THERTH S 5, ChoOFEMAELZERL. AL TRITEET I v
O C-N fEGYIW % 5 RV MELRIGICET L 72,

BEET I v OB FEEBEOKICOFIEIC OV, BFEFEHEINL TV
HIEAN 2 V5 2 L TRIRETH % L HF 2 Te. I AN, FH/IGET I v
Lo—B I BERREZ -0, LY Py)BZHWE I EiCLEZ®, LYV
FAFAEZTHLDICMA, Z DFBEDOEBIENFHELIN TS 1T, BEFT
X, LY B XU0Z 0FEEREEMEA E L THWZZICDORFERTHOR T Y
28, vLYoRE LT, ZDOAF - AKOREZ T T 2. BRI EBERALK
FLAY(PAH) © v © b LRI R IR O S RIN (~365 nm) % 2 & & %, i@k
WIR{LEICE N (Py/Py =-2.1V, Py/Py"=12Vvs. SCE) 2 532 L 5t - &
SULERER BT O N5, HERET I VL OB B2 2 2856, BLE
TLBEMOBE, O, FHEKRT I VORI, FIRETH 5 (Py*/Py =12V, 7=
Y v:0.95VysSCE)Y, X nic, YL v, FEKT I v Lo
IXTT Ly 7 ABEMBARETH Y O, $72, YLV EFHRIET I VL DLk
BaEftHT 2 B FEEIICEL T HE I TE ) 992 gl s e
LY ENN-IYTAFALT =) VEE TR IC—ESBEI»ETS 2 2 L3R5
NTwg %5 PLE vryodt- ER(UAREICinA. Ll &/ET 2 v
DR L BTREHSUFECE 2720, HHMEFIELTrL Yy ZHVwE L
& L7,

PLED OGEREHEE O b &0 IHE T, v L v EHZ A e LTl T, 75
FET I v O C-N#HEHEVINT S R ) ULRIGZE#ET L 72 (R ¥ — 4 2-11),
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e Pyrene

A hv
(wpfn o+ xoone —T— (a)—s:
- 2

2-1 2-2
2% —Ah2-11. RFEREBETEINCL25EBRET 2 VO C-NHEAVIK 245
R YAt
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2.2 RIS OBRE

PIRGEMEE LT, 20 mol%d 'L VIEIE T, BHEFEMAT. NN-V A F
N-4-T73IE7 220 2-laB LU 2EOEREF 3T — VK r Y (Bypiny)

IZx L CERSE (365 nm) % 18 WIS 3~ 2 Sff <. WG (0.10M) %17
> 72(F 2-1), JFEl 2-1a D LE S X OF U LAY 2-2a DI 3, NEHE
HEFHT 2 A0~ 2777 4 —(GO) DERDHTICE Y EH L 72, 5,
MeCN % DMF o X 5 ZEitatiatd iz, HWEBRYITH e 7 2 =K
VIBEFa— LT ATV 2-2a BME LN o7z (entries 1and 2), T DR, R
Bl g X 725, BIAERYIE GC-MS EoBllld s otz, ZOHEE L
T. MeCN  DMF Tli3% D& EefiPEic X V. Boping iICEfZLCLE S Z &

. —BIBEBICELRT Y ) SV AINATF AV DEREFEFD R Y EFET
bE~oEfAHEZI N, TV ) IV AN TF Ay ERALEZERO% B
E AR H 5 (RIS DOFEM 2 REIC DWW T, 24 ficii~2), F7z,
CH.CL, D & 9 % v 7 ViR T b HIND KIGHHEIT L 722> > 72 (entry 3), £ D
— /T R_RVEVYLCY I u~FH VIRBERCRICEToE 2 A HINDO R Y v
LG AHEST L, 2-2a 232 NENINEK 49% B X N 50% THON D 2 & R L
7= (entries4and5), TN O DFEREZZIF T, I LA 2BEOREFTF L 2 5,
THF, DME % 14-VA X% v A DT —F AREEZHWCRKIEEITY T & T,
INERE HicH EL (entries6and 7). AEWICL 7BV FARAF LT —TFT L
(CPME)AEH CRIGHITS 2 & T2-2a BSEK 6T% TR ON DS Z L b o7z
(entry 8),
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NMe, Bpin
pyrene (20 mol%)
O + szinz
. solvent (0.1 M), 30 °C, UV (365 nm) O
(2.0 equiv) 15’y "N, (close)

2-1a 2-2a
o)y
1 MeCN 68 0
2 DMF 49 0
3 CH,Cl, 37 0
4 CeHs 59 50
5 cyclohexane 66 49
6 THF 80 58
7 1,4-dioxane 71 66
8 CPME 85 67

4Determined by GC
& 2-1. IBHBET

RiZ, o770 LA BHIEL, ey R v o FHER o i
WhFloMEt 21T o572, £, €L v B XU Bypin, DM B 2R L 72 (K 2-2),
HHEHCTH B v L v DR % 20 mol%2> 5 10 mol%d % (% 15 mol% I ik
L3 VINDPEIET AR L, 72, 30mol%ictle LGAaTH, IEK
DIKT AR S N7- (entries 1, 2 and 4), ¥'L v % 1 YBHWIKIGEZIT- 72
& A, EBYIDOICED 32% % TKRIEICIE T L7z (entry 5), ¥ L v OfiifiiEc
B 23l 2 £ %13, 241 HTIRR 23, RIT, Boping DY BEICOWTHE L 72
EZ A, Bpinp & 15 YRICHDO T, B3 YUEICHEC LTI NLOEAIC
FLThH, IWKDOETAR SN (entries6and 7), ML EOREHERLS, vL
v XU Bopiny DY E X Z N Z N 20 mol% ks X O 2 B EICHEHE L CLAM O ET
EiToC bl L, BEICODWTHEL ORI 21To 7225 0.10 M o KIGHRE
DD ROAERZ G 2 72 (£ 2-3),
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NMe, Bpin
O pyrene (Y mol%) O
+ szinz
O X .. CPME (0.1 M), 30 °C, UV (365 nm) O
(X equiv) 18 h, N, (close)

2-1a 2-2a
conv (%) yield (%)
entry X Y of 2-1a% of 2-2a%
1 2.0 10 62 53
2 2.0 15 66 56
3 2.0 20 85 67
4 2.0 30 63 55
5 2.0 100 42 32
6 1.5 20 56 51
7 3.0 20 64 52

4Determined by GC.
* 2-2. Bopin, D WEB IO L v OfiEE OBt

NMe, Bpin
O pyrene (20 mol%) O
+ szinz
O 5 .. CPME (X M), 30 °C, UV (365 nm) O
(2 equiv) 18 h, N, (close)

2-1a 2-2a
conv (%) yield (%)
entry X of 2-1a% of 2-2a°
1 0.05 65 57
2 0.10 85 67
3 0.20 40 40

4Determined by GC.
K 2-3. RERGT

KICHHEANC O TR 21T o7z (R 2-4), £, —EBIRD 5 IT &k
DEL VHEEREFH TR L, 1-7 37 v L v (PS1) ZHWAGAIRICK
72% T, l-e Fafr Ly (PS2) #EEANICH WG IINE 71% T, %
NENERYIBEON, vL v L RREEDINET o 72 (entries 2 and 3), ZD—
HT.1->v7/7vLy (PS3) ¥ NN-VAFAT /vl y (PS4) ZH w728
H. WTNDH IR IME T L 7z (entries 4 and 5), PS3 Z W 7= 55 IR KIS
KT LZBhE LT, BFHEKRT I v2by 7/ Ly ~oBEMBEI%IcEL
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B3 ANAFYRNTIE, T /L VDI ALT A VEOFEMHEE L B,
RETH %720 Bopin, & OERBKIGOHET L OB hofcbEZAOND, Ty
PS4 iI2 B W THICKIEHHET L 7 o 72 JRIKNIZ, e L 72 PS4 DR ITE A
El. HEBET IV BB ELCET Lk o270 TH B EH
Zbid (2R PS4 © C-N &Y &£ 5 R ) AL YIRS s
Potz)e Tl 1-AvFrer vy (PS5) 250k 1,6-Y A F L v (PS6)
AMEA & LTV 256, IEEOZIZIZ L A LR 5175 5 7z (entries 6
and7), Ric, ©L PR BERI L LT, vy 7=/ v (PST) % 9,10-
7x=NT v b7 (PS8), AT H 2 [Rulbpy)s]Cle6H.O (PS9)
F X U[Ir(dF(CF;)ppy)-bpy] PFs (PS10) Gt % 365 nm 2> & FH 1 LED(456 nm)

ICETH) L7z 25, KiERIEEDEK T2 6 7z (entries 8-11), <V
V7)) VPSTRI 7= T v Tk v PS8 DfifiefElz v b =HEIE T &
WX =R Tz 0T HE~D=ZHHL AN F BRI LTV, Zh
O &AL L CHOW 256, IEEBMMET L2720 RARIGIZ=ZHEZ AL ¥
— BB RheFICETL w3 2 LRI N,

¥ 72, BRI 2 LT, SRR R W R WA T T O ARG ASETT L, ICR
13% ClLEaW) 2-2a 2 52 2 2 & B3bh o7z (entry 12), T D4, E 2-1a %
Db DHPNIEANI & LTl &, RICHHET L - vREMED D 5, 2-1a D UV-vis It
A7 b (K 2-3 ZH)ICE T, PR O#EA 365 nm L E TIAA - T
570 REHTICBWTRE O AIEETH b | FE O s 23 1 Al
LTI e C—BIBEHSETLZEEZObNS, B, 2-1a © UV-vis
INA~= 27 P VEIEDER, 248D Bopiny ZMATH A7+ DBIRICHEE 72
ZALIXR N2 D> o 7720, FHRIGEFRIC Boping 23885 L T 5 AlREME XKW &
Ezibihd,
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NMe, Bpin
O PS (20 mol%) O
+ szinz
O > cauiyy  CPME (0.1 M), 30 °C, UV (365 nm) O
(2equiv) 481 N, (close)

2-1a 2-2a
0 1 (O PS1 R'=H R2=NH
entry PS 2?2Y1‘£) ﬁ'fefz(a/z) PS2 R'=H R2=OH
R2PS3 R'=H R2=CN
1 pyrene 85 67 PS4 R'=H R2=NMe,
2 PS1 76 72 PS5 R'=H R2=Mes
3 PS2 88 71 PS6 R'=R?= Mes
4 PS3 24 17 Bh
5 PS4 48 42
- e
7 PS6 81 67
8 PS7 63 33 Ph)J\ph
9 PS8 25 16 Ph
10® PS9 13 3 PS7 PS8
11° ps10 - 7
12 none 13 13

4Determined by GC.
bBlue LED (456 nm) instead of UV

-

PS9 PS10
K 2-4. S O RRET
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35

25

15

absorbance

0.5

0

300 320 340 360 380 400 420 440 460 480 500
wavelength / nm

X 2-3.2-1a ® UV-vis A< 2 + (10 mM in CPME)

K, EHBBMBAAAE T, BT T, SRSt e LoDy rcenz
NG & BT L7z (38 2-5), filult & L <, 'L v Db Y ic Ni(cod)., Pd(OAc),
# X U Pt(PPhs)y OB BB AR OWRET % 1T o 72 (entries 2-4), W I DT
CBEWTH, T EAERICIFETT L 570, T2, HIEF L A WEHT., =l
B % \VIIME L CTRICEAT 2 7228, £ 2-2a 134 < 15 5 75 0> > 7z (entries 5
and6), F 7z, L L TEISE (365nm) Db Y ici LED(456 nm) IA4
TCRIGEITo72 L 2A, BRIGERD O RICOETT 2 2 L 3b2 o7 (entry
7,
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NMe, Bpin
O pyrene (20 mol%) O
+ szinz >
O .. CPME (0.1 M), 30 °C, UV (365 nm) O
(2 equiv) 18 h, N, (close)

2-1a 2-2a

conv (%) yield (%)

entry reaction conditions of 2-1a2 of 2-2a7
1 standard 85 67
2 Ni(cod), (1 mol%) instead of pyrene 8 7
3 Pd(OAc), (1 mol%) instead of pyrene 16 9
4 Pt(PPhs)4 (1 mol%) instead of pyrene 12 7
5 without UV 0 0
6 100 °C instead of UV 0 0
7 blue LED instead of UV 32 19

@Determined by GC.
K 2-5. % Ofth oSGt

FRED XS ICHE A DA 21T o 7225, HEAIB L AL LcxhZhy
L v & CPME Z WG 0OIEEZ K& S 5 IGEA 2 RwiZdhh o7z,
Z T EHFITZoOMELRRT 5 Ll BIAERYPENORICZHEFEL TWw 2
AREMEZE 2 7o ARV LIS TR, R Y MLEBPIICZ, 7/ K7 v
(pinB-NMez) U 2 A[HEM23H 2, KIGEH TR T % pinB-NMe 23, 7
I/ 7 2=vdH 5\ Boping & Lewis fE - EMAEH T 2 2 L TR Y 1l
RIGZHAFL T2 LAGE L 72, WG E LT, pinB-NMe, 255HEZE T T
WEHIAEER C & 225, G T T pinB-NMe, # K T2 &2 E 272, Th¥
TOREEM T T 15 RIS S ¢ 2%, WMEToRias28E L. BE.
CPME itz 8 L, WS T ¢ 3RHRIGZ T 272 (RF — 24 2-12), Z Dff
B WHEREET 2 ERTOLB) 2-2a DINHED 57% TH 5 72DICK L, WMET T
DR L, IWHEOEMEB X O 3 Ko REZIC I, IED 69% % ClA L3
Ll bhotz, ZTORERD L KIGHEF T pinB-NMe, 23E4E L. & D pinB-
NMe; I KOGHESRD B 5 D Tld7nnh L E L 72,
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concentrated CPME (0.6 mL)
2-1a (0.60 mmol) (in vacuum for 2 h) \

+

Bopin, (2 equiv) — > 2-2a
+ Condition A (15 h) Condition A (3 h)

pyrene (20 mol%)

Condition A: CPME (0.6 mL, 0.1 M), rt GC yield

UV (365 nm), N, (close) before concentraion (15 h): 57%

after concentraion(18 h) : 69%

R % — A 2-12. PRI T O K ) LI 2-2a DIGK

% ZC, pinB-NMe; 3@ LT w3 2 & %fiEd 0 5729, 'H-NMR ic X b K
FOG%BHFL 72 (2 F — 24 2-13), 20mol% D v’ L V{77 N, THF-ds %A & L
T, 2-1a & 14 ED Bypin, DK% NMR EH TIT 5 72, 18 Fi] 0 848 I8 5+
. RIGEIR D "B-NMR HIE #{To72 & 2 A, AW 2-2a 23K 37% THE S
N3eedic, "B-NMR i THEEY 2-2a & Boping LM H 72723 7 F 23 2
DM I N 2 eBbhro7(X 2-4), 2D 5 b, BEDHR ¥ 5 XV pinB-
NMe; DHLEAKIC X V. 22.9 ppm 1% pinB-NMe, HiskTH 3 2 & b d o 7=,
b5 —HD 20.3 ppm ICEHI & /2> 2 F i3 pinBOBpin ICHKT % %, pin-
BOBpin 234 U 727K 132> Tld 723, THF-ds FOMEDKIC X Y, pinB-
NMe, 23K S 7z mlgeErE 2 b b, £z, 'H-NMR ZA_27 F b
pinB-NMe, UK ZHH 32 & 37%TH Y,  DMEIZERY) 2-2a OPCEK I
JGLTWB Z ERHL 2T 572, BLED NMR B X Y, pinB-NMe, 254
RIV MG DEIERY E LTELTWE T L Bbh o7,

NMe, pyrene (20 mol%) Bpin
O N, (1 atm, close) O
+  Bypiny + pinB-NMe,
O i THF-dg, 30 °C, O
(1.0equiv)  1gh UV (365 nm)

2-1a 2-2a
37%*2 37%*2
aDetermined by "H-NMR.
R ¥ — L 2-13. pinB-NMe, D[EE 5 L N E =

54



S .kOa-816-2_IIB-l-Z.jdf
2
pinB-NMe,
- 2-2a, B,pin, —»
8 (overlapped) ) .
pinBOBpiIn

=}

=

=) ¥ LU L PA Wi A, ¥ 2 e
g
g
3

50.0 40.0 30.0 ‘ 20.0 ‘ 10.0 0 -10.0
X : parts per Million : Boronl1 & a8

2-4. 2% — L 2-13 DRISHED 1B-NMR

RIT, pinB-NR, 28 YV ML G % HE 3 % 2> %2 fifE02 D 5 72, pinB-NMe, %
RIGHRICTORM L CTRIGZAT > 72 (3R 2-6) . Bl RIGSMET (Table 2-1, entry
8, INK: 67%) T. 1 HE®D pinB-NMe; ZHIM L CRIGEITo728 25, AR
Y) 2-2a DINED 35% % THEF MK T L 72 (entry 2), ZDFERD L, AKIGHR
Tl pinB-NR. S —ERFIAET S &, SV MLKICAHEI NS Z L 23H L 2

Iz o7,
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pyrene (20 mol%)

NMez N, (1 atm, close) Bpin
additive
+ Bopin,
O (2.0 equiv) CPME, 30 °C, 18 h, UV (365 nm) O

2-1a 2-2a
entry additive yield (%) of 2-2a%
1 none 67%
2 pinB-NMe, (1.0 equiv) 35%

@Determined by GC.

5K 2-6. pinB-NMe, D fHEZIE

RIZERY @ pinB-NMe, I & 2 SUGCHER DAL 221078 0 Fe 7280, Riz 210
#f & LT, pinB-NMe, ZiH#e§ % & & TRV M LAEKY) 2-2a DINEK A % Hig
L7ze 73787 V(RB-NR)DKIGHEIC O W T b S hTEh @O
EFETIE a,B-REEMALVRZELED BT AT e F oo ity T
DRIEPHE I NT WD, £ T, TNHDXHKEZZSEIC, pinB-NMe, OHifd
Ale LCiiAx offthnF 2L CRIGEIT- 72 (K 2-T), £3. ArK=n
LAV ZiRA L L TG 21T o7, YBOY VY F IANTATE FH D W0IL B-
TREA T b vERNNILCRIGEIT> 725, WT b IEEPMET L 7 (entries
2 and 3), KiT. BED CS: H % LG ED HO &ML 7250 T TG %
Az, LD KIFICIEEDMET L 72 (entries 4 and 5), RICHHEA & LT
CO %fatd bzt L, ARIREEREHAT2HHED CO, FHHSTIC
EZTCRIG%EITo7z(entry 6), T2 &, L REZ LT, IUFED 67%0 5 82%
ECHETEZ e bhrol, IDIC, KIGAGRE A7 ) 2 —BBELL RV A
XABE ICE 2, BIER DS COy N L— v R EEE L= KIGRIC L CRIB%RFT -
el 2 A, ERW) 2-2a B 93% T L LT (entry 7) (CO2IC X 2 M) I
I3 2 FEMl 2 RET 1E 2.4 Biici R B),
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NMe, pyrene (20 mol%]) Bpin
‘ N, (1 atm, close) O
+ B,pin, + pinB-NMe,
O 20 : CPME (0.1 M), 30 °C O
(2.0 equiv) ~ “4g'1 Uv (365 nm)
2-1a 2-2a
0, 1 o,
entry conditions g?;‘_q;/;’) glfegz(aé)

1 - 85 67
2 + cinnamaldehyde (1.0 equiv) 94 35
3 + B-propiolactone (1.0 equiv) 78 62
4 + CS; (1.0 equiv) 6 0
5 + H,O (10 equiv) 79 24
6 under CO5, (1 atm, close) instead of N, 90 82
7 under CO, (1 atm, balloon) instead of N, 97 93

4Determined by GC.

3% 2-7. pinB-NMe, D fifi e Flt 5t

DI EOREHER X O KRICTIEHEEBRET I VIcH LT, 2 4820 Bypine B &
X 20mol%d 'L v CPME &#Ad (0.10 M), CO, FHA T . 48 (365 nm)

B9 2 RffF e e L.

57



2.3 EHEEAREOKE

2.2.f1IC B VTRl b L 72 OGS %2 & Lo, BB E FH#HIFH %2 3~ 72 (X 2-
5. X 2-7), AkEtcid, 0.15 mmol DFERET I v 2-1 ZHWTRIEET-
. BonNETY) —ArrFa—LRe VBT 2-2 1Kk L, BEED
KHF, Z{EH &2 T, 7Y —A Y 7AFtaRL — FE(Ar-BF:K)2-2 10 25 2 X
22T, WET 2RI MMAEIEREEL 7, (VAT NVA T L u< b
7774 —=CkVT )= Fa— AR uVET AT 2-2 OHEAAZ L C
A2FECH 2 EFRT I v OBt CH 5270, P Tt RL —
ML LCERYIE BEEL 720)

T ANN-YAFAT I 7 220D A OBEILICOWCTRETL 72,
WEROIE (2-1a) 1 2, Bt GHETH 5 7o F 1 5(2-1b), X b F o5
(2-1c), vZ7u7rEA X FLREQ-1)ZETIHEZHWEZL A, XST
% R Y ML) (2-2’a-2-2’d) 3% L 4L 82%., 90%. 74% 3 X U8 76% & &l
HCFONTz, T, 72 /) —AMMWKBEEXFE T 2 HEBET I vIC LT KG
DSELT L. SHET 2 R Y M LAERY) 2-2e g b7z, Ric~a7 VETE2HT
ZHBERT IvDIL, 7y RFTFPEIBRTFE2ET2H5EHET 1 v Tid@Eil
KO BRI (2-2fand 2-2g) ¥ 5 2 7= icxnf L, BREFF&2 b oG ClE, M7
o e LT L. HIE T2 R Y ULAERPI GO o7z, 72, TAF =
MBI X ) R ABILE S N B 2-1Th ioh L ClBIE 2 R L 22 £ £
FOGHET L. MIGT 2K ) LAY 2-2°h 2 72%CThH 272, £72. &
TRIMEELIETHZ Y I AFu AFAREE D OHFFHKET I v 2-11 THRIE
23EFT L. NMR IR 35% C R U A LAY 2-21 235 oz, Gl 3R L —
MEDIBMEESE L, BRI T E R oTz,) P AFALYAEEET S
E 2-1j °b., MEE S RICIEHET L. ST 2 K Y ULERY) 2-2) 2 I
53% TH5 2720 RIC, VAKKFHEDT-DIC 2 2D FHFEANR LN B XL FAkpE
WL BBEGET I ve, AF LYy EB RS R I N7 AF L =T
T L TH RIS FFICET L, 202 hxics 3 K U LA (2-2’k and

58



2- 2D ENFETHE LNz, £72, F-A P F U AAFR=AED X 5 RETFRKGME
BIEAHET27 177 220 TlE, WIET 28 ) LAY 2-2 m ALK
0% TEOLNTZ, THIC, HFEBROAN MLEATD AT AFAT I/
A ORE 2-1n ik L Cid, N MLERIC C-N#Eastir i, KU
L5HEFT Ly 2R 2-2’n K 54% CTH 272, £/, NATEBTI /v 7=
SANEHA ARBERRT 2787 2= icxnf LT RIGHBHET L. R YU LA
Y 2-20 BEONTZ, EOICARMIGIIE 7 2 2 VBB E D 2R OWHHIET I VIC
HDHEAREETH D Bbh ol 2-F 47 2=V EEHT2HEKRT IV IC
X LCRIGZATS & WIS 58 U AALERY) 2-2p 23K 54% TR b5
EBbhol, ¥ u~FAEEHT2HEERT IV TH R Y AMALRIGH
AT L 72, SOCK R Z 12 BRI B L7234, AL 74 vEficRd e Ko
RIMERIGBHETLC L E 572720, 12 BB CRIEEKR TS5, L
LD BIRIGNEH X . BB 2-2'q UK 38% CTifz, 7z, TI/F 7 X
L VBRI L COARRICITERAIRETH . 2-NN-Y AF VT I/ F 7 X
LYBIR2-NN-VAFA(6-AFF)T I/ F 72 /I LTHEIET
FNEFNHIGT AP (2-2Tand 2-2's) 2 52 B Z L b b o T,
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N |
AN pyrene (20 mol%)
2.1 CO,, (1 atm, balloon) = KHF, = BF3K
0.15 mmol R | R |
. CPME (0.1 M), 30 °C X X
UV (365 nm), 24 h :
B,pin, 2-2 2-2
(2.0 equiv)
BF;K R'=H (2-2’a) 82% =OH (2-2’¢) 36%
O Me (2-2’b)  90% F (2-2f) 74%
O OMe (2-2’c) 74% Cl (2-2'g) quant.

2-
%‘6%

%"Bu(z-z’h)a 72%

e S %8s

=CF, (2-2i) 35%b) (2-2°k)? 78%

SiMes (2-2§)° 53%

l BF3K ‘\/‘/] BF3K
,/‘/C l NMe,

COzMe
_2 m a70% 2 2’ n 54%
©/©/8F3K l BF3K

(2-2'p) 57% (2-2°q) 38%¢

(2-2'1) 81%

O ‘ BF;K

(2-2°0)7 52%

R

R= H(2-2r2 quant.
OMe (2-2’s) 70%

3.0 equiv. of Bopin, and 30 mol% of pyrene for 36 h. ’Determined by "H NMR.
°lsolated yield as pinacol ester without the treatment with KHF,. 912 h.

B 2-5. FFHEET I v OFRERET-1

Ric, BFEFF EoBEBEIcOW TS 2T (X 2-6),
ERYAEAETRBET IV 2-1t 3L 2-1u DK VY b xIGHHE
Fl2e NNAFAT I REZ2ETEE NT I v 2-1v
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B3 3RV ULEBYI BRSO T, T2, (RIEKECTIEH 55, HEBFEE RT3
VTCHBA-T I 7 2= 2-1lw i LTH KIGHHET L 7=,

/©/NR1R2
Ph pyrene (20 mol%)
2-1 CO, (1 atm, balloon) Bpin | KHF, BF3K
0.15 mmol /©/ 2 @/
+ CPME (0.1 M), 30 °C |Ph Ph

UV (365 nm), 24 h

Bapin, 2-2a 2-2a’
(2.0 equiv)
‘/‘/ ‘/‘/NHMe ‘/‘/NH2
=0 2-1t 46% 2-Av77% 2-1wP 16%°
=1 2-1u? 75%

@ B,pin, (3.0 equiv.), pyrene (30 mol%), 36 h. © Bypin, (3.0 equiv). °GC yield of 2-2a.
B 2-6. I7EET I v OEEBGE-2: 7 3 7 okEt

FEBRTOBR, RICHEIT L h o 72 88E . & L IHMERIEE T L 2 HIAERY
BEONGE P -HEZK 2-TIT/RLT W5, 7aEHpEWEL 2HE 2-1x ©
F 7 eeflick VELZ e 7 2= ABEEBY E D R Y AALERYII S
SN H 0Tz, THFAEESLHKL INEZESHE(2-1y and 2-12) TlERJEH
EHET Lo, TNLOHEIX, FF—-T 7272 -Moxs 5% H
5720 RS O DIEHELE ICPIN T Wy FNERIBE) 0 E U 72720 JOGHS
WEIT Lol bEZ2 TS, (3% :2-1y BX W 2-1z ® UV-vis TN R~
PV X 2-8)F 7, U AEDBRBEINEFE/ET IV 2-laallBnTh, KIG
ZHEIT L 720 o 72, JFEL 2-1aa 13582 IC#S L TH D, 2-1aa HSk D EIA ) 23
GC-MS LCcBllllanZed o/l b b, BREPEA L -AlREMESH 2, A1 T
LIS A FAENBEIR S NAHFHRT I v 2-1ab ® 2-7 1/ £ 7 = =)L 2-lac,
1-73 747210V 2-1ad R THRIRICIZET L D o7k, T0LbDHE
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Tk, EHRFEFILEEOVEEEICL ) RICBETLA» o728 FEZXT0w5,
7oy - ) VBRI N E 2-1ae o~T R A FRICT IV EEE T AHEE
2-1af TH RV IMUERPIIRONE» 72, ZOHEEE LT, KIGKICEE 2
HELTCWEZ Erb, HED~T v i 7HA725 Byping IS L T Lewis Hikk &
LT, o AFAT I B CORICHETET. 7=V ) IV ANAFF
VHICHKRT 2 ELETT Lz ThBEEEZLNS, T2, NN-V T
NTI/-4-€7x2=02-lagH b0 IiZ N-¥7 2 = AFE)NLFKRY v 2-1ah Tl xf
J63 % R Y MEAEBYIOIER ZNE N 11%, 18%TH H ., KIETH 5 7=,
¥72.Shi b=y Al ZH W2 ISR TLWHERZRITE 7= v m —
)V 2-1ai% Tk, RRIGHR TER VUL ERYIBR/ONED 572, Z ORERIIEE
LI % & LB SRR DR R L IR Th 5, S i, 7=Y v 2-
laj 20 iE NN-PAF LT =Y v 2-lak # HE & LTRGBS L 7225,
MICT 2HEBEITIEE A LEON o7, TNHDOT =Y VIVE CRIGHHE
17 L 78 V36 72 B B 2 & BT (2-1n, 2-21, 2-1¢, 2-1ab, 2-1ac, 2-1ad, 2-1ag ) Ic
T EMAHRICONTIE, 242 THTHRIBT 5,
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pyrene (20 mol%)

Z NMe, CO5 (1 atm, balloon)
N | + szinz
A (2.0 equiv) CPME (0.1 M), 30°C
R 0.1 UV (365 nm), 24 h
0.15 mmol
NMe; R =Br 2-1x n.d.=? NMe;
COCH; 2-1y n.d.2 O
CHO 21z nd?
R CH=CH, 2-1aan.d.? O NMe,
2-1abn.d.2 2-1ac trace?
NMe2 NM92 NM82 NEt2
4 L
N S
2-1ad n.d.? 2-1ae n.d.?@ 2-1af nd.@ 2-1g 11%°

»

o g”

2-1ah 18%° 2-1ai traced 2-1aj trace®d 2-1ak trace?

v

Standard conditions : B,pin, (2.0 equiv), pyrene (20 mol%), CPME (0.1 M), 30 °C, 24 h
UV(365 nm). @Not detected. PDetermined by '"H NMR. The compound could not be
isolated because starting material was poor solubility and the separation was difficult.
€42 h. 9The product was detected by GC-MS ¢Determined by GC.

B 2-7. HEBET I v OEMG-4: @A N R EE
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(az)5 (b)

o
N
G

N
o
[N}

absorbance
N
= [
absorbaonce
- ¢
o &

o
[
o
=)
5

0 0
300 320 340 360 380 400 420 440 460 480 500 300 320 340 360 38 400 420 440 460 480 500

wavelength / nm wavelength / nm

X 2-8. &K T I v D UV-vis A= 7Z b1 (10*M in CPME) (a)2-1y, (b) 2-1z
D UV-vis 27 kL

PLEDIERGHI R &, A DEWEEZHST 2 NN-UAFAT I/ EfRY
T ARF TRV VICEHATE b ot 72, T I/ EOEHR LD
BB L Tk, 2R BB LR T I vicx LARRIGAETS 5
TeBbohroT,
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2.4 RCHERERET
REICIE, HHFEETHEIC L 25ERET I v HO C-NRBEEUIN 2 R Y

IALSOG D JRIGEEREIC DWW TS %0 ARG ICO WX, Tk 4 M oMEt
BLUOEREZTo T,

() FEET IvevL vBcokHie —E T3

(I FFEKET I v D C-N#EEYIN B X U C-B ARk

(D) 73 /&7 voHEME

(IV) CO. D%hE

241 BEHFET IveivL vEcoRHRE—EFHE

FEBET I vevLry DM CtHRETHBEINETT 5 2 &5, LITiis
LV HoNTWD 5 AREI T, FEBRT IveivL vt oto—&E1%
B DM AR IC O WTHL 2 Ic T 3720, BIRE 21T -7z, £, HEET
IvECL YD ETBENAEETH B3 RHERT 2720, NN-VAF L
4-v7 2= VT I VEIVEL Y ORBRLETTEMEZ L 72, NN-Y A F )L-
4-v7 2= V7 I v 2-1a OE(LEM(2-1a/2-1a)1FH A4 27V v 2RV RV A b
U—(CVHEIEIC X W EH L, vLr v opteEcEM(Py*/Py ) I SCikiE © 25
Bl A, FNFN Ep(2-1a/2-1a1) = +0.87 V(vs. SCE) & E(Py*/Py"
vs. SCE)=+12V TH o7z, ZOFERIY . 2-la DFLEM L Y &L v D
BITEMAEL. TIvhbiiReL vy ~0—EBFHREINRETH 2 Z L 1ib
0o Tz,

RICFHFEBET I vevL v ol TolEER%EITS 72® 12, Stern-Volmer-
plot Z{ER L 7z, ¥ L viE# (10mM, cyclopentyl methyl ether (CPME)) i
LT, NN-PAFN-4-E 7 2= AT IV 2-1la DFFMEEZ 27255, 365 nm
DR VT L YEERDOIE R~ 7 P A ZBIHIL 72 (K 2-9(a)), 2-1a JE
FETTIZ, YL Y OFHIT 394nm 5 X O 480 nm 3T & b v, SFefT3C0k
EDHBD DL, TNETNE L VORBERBIVZF v —ICHRT 2L TH
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ZERETE R, L VRIS LT, 2-1a OFMEEHECL T\ &,
FHORNWPERE -7 3L DICHEL T T b, ¥ L v OifEs 2-1a
Vit ng e BRTcExz (M2-9(b-1), £/, EEEFHICL, X5
I 2-1a DRIMEZHE LT &, 484 nm FHADFL Y — 7 TR L 72, 20
484 nm fHEDOFEN v — 2713, iEEvL v e 2-laoxx o 7Ly 7 RICHERT
2boTchbreEZOLNS (X2-9(b-2))
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2-9.

350
300
250
200
3
©
150
100
50
0
375 400 425 450 475 500 525 550
wavelength (nm)
(b-1)
350
2-1a
Oe
300 . 0 zq
eximer e
—0.4eq
250 l —0.8¢eq
—12eq
monomer
200
5
©
150
100
50
0
375 400 425 450 475 500 525 550
wavelength (nm)
(b-2)
250
2-1a
Oeq
200 —leq
—2eq
—4eq
150 —oe
exiplex —8eq
Ei
3 !
100
50
]

375 400 425 450 475 500 525 550 575 600
wavelength (nm)

L VYDA~ Z P (AL v (10 mM in CPME), (b) 2-1a % Zsil
L7zBov L v oFir~27 b vz ((b-1) 0~1.2 equiv, 10 mM in
CPME), (b-2) 0~8.0 equiv, 1.0 mM in CPME)).
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KIENEHD 5572 394 nm B X U480 nm D v — 7 (¥ 2-9(a) F L UK
2-9(b-1)) ® Stern-Volmer-plot GE YA (2-1a) IR I L T, HARE D 1o/1

(Io: JEIEREAN BB, T AR IS 3 2 A o g mEE) % 7w
v P LEdD) %, TRENIK2-10(a) 5 X K 2-10(b) ISRT, W& dEL Y
ICHRT 2 RAEDBELIN TR, AHFEET IvEEL VyO)EHE
DEC, —ETHHDH LI ALF—BHFHOVWTLrBEE TV LEZL
N3, 22T ORIz L v e AFAT =) VY OE T OB ZE)
ICBI3 2 BT ® B LU, LROFHRBET I v e v¥L vDENENDELE
TLEMICE S 3 7 — & (E»(2-1a/2-1a*) = +0.87 V(vs. SCE), E (Py*/Py" vs.
SCE)=+12V)» b, HFHEET I v bliliEe L v~ —B BBl TH 5
2o, REKEFZZAALF-BH TR, —EFBHTRETCWVWIEEILN
%,

Pyrene(394nm)+2-1a Pyrene(480nm)+2-1a
2.5 2.5
y = 89.328x + 1 0.
2.0 2.0
= R? = 0.988 -
=2 =2 y =37.859x + 1
15 e r R? = 0.9699
’ T e "
* 8
‘ I
1.0 e~ 1.0 e
0 0.005 0.01 0.015 0 0.005 0.01 0.015
2-1a [M] 2-1a [M]

Xl 2-10. Stern-Volmer-plot: (a) 394 nm, (b) 480 nm

Stern-Volmer ®3X(Io/1 = 1+ Key[QJ, Kev: M. [Q]: el (2-1a) i)
A5 2-10 1277 T Stern-Volmer-plot ® % W Z NOWHERE KD L = 2,
89.3 (395 nm)F X f 37.9 (480 nm) & KD H i, 2-la il X Bl L v DN
HELYDIFo~v—k0bERETHEEL TEETT 2 2 L ARBS Rz,
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Wiz 2L ER/ET I v LY L v~ —ET BT LYo F v
— XV E/ e —LEBRLTETL TR LR RBINE, ZOELYDE
)~ —%RHL B TEBONIL., 2.3 fiofkFRE{lLTco v L v ofiiiE
T LAY DIEIMET L 72 FEH IR (K 2-2) 226 d3FfI Nz, 20
fFIE. RIGRDOE L Y OIRENRGEL %5 LT, ¥LYDE )/ v — O
X, FEBET I vileo—~BFEHZRITIVIDI IpToOrLvEDT
Fov LT h b0, HNOKIEAHE S INEMET Lz7zo 7
LEZOLND, THIT, T OREHUTEEGmIANT DAER & b —3F 5. ARG DIHE
FEER R B L 28R, ARICOMEE IR v L v O I L <A OMBERE%I
HHZEBRbho(K 2-11), ZOFRIY, RRKISHRTIZ, ©L v OREN
FlRbIcoNL VYo Frv—EBELINDE 20, HAHEBET I VEE
O—EFBEHBIMFI S, HRELICEEIMET LzdD0eEZ LN,

1.2
1 o y =-28.271x + 1.3422

2=
0.8 R?=0.8802

0.6
0.4
0.2

0

initial rate: A[2-2a ]J/At

0 001 002 003 004 005
[Pyrene] (M)

B 2-11. v L ViR L VIR OB 775 7

KRIIEDHFHEEE FEEREFRICEA L T, BT I v & Bypiny & D Lewis [ -
WHMAEERIC X 2FHH/BET I voREEY 7 Mo X 2 RH OBEEE DK S
BEZbND, LirL, Bypin f71E Fy 2-1a @ UV-vis I Z~< 2 b L ZHIE L
725, Bopino EFEE T D b D L B IR b N hr o 72720, Eitof5 13k we
FZraovbind (K2-3),
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242 BHEIET I v C-NFEEVINE XU C-B AT IGER

AREOGTIE, FEET I VO C-N GOl z v, K ) T L <
W3, HEKET I D C-N fESYINE X C-B FATEAERZH S 22107 3
7o, AR E{To7z, TTT, (RO BB FHEET I v oD C-
N #EATEE L ERET 2 R ) UHELRIGIE. 2 0HE. 70V =TIV =1 7VA
) (free aryl radical, Are) Z#8H L CRICAETTL TW3 ERIBIN TS, T
bbb, TV =1Ly 7V =vsl(diazonium salt) 2 W ET7 ) — )=
235 (pyridinium salt) 28 —F @ IC S 7%, Wit ch 2 E2EZ 0T LY
VO URHENE ZETT7 ) =T ) — AT I H A (free aryl radical) A2
FE L. Z offRICxH L TR L — b (borate) B RIGT 5 2 & T, A+ U AAAERK
Maeh 2%, EEZbNTWE(RF— L4 2-14)206,

X. OR
No , "B~ X=RO,F...
Ar” 2 heat R O\B/ OR’
/
diazonium salt or - . R'O
! hv | borate
oo L Are - Ar—B(OR’),
Rng SET \ :
N | S O;\
Arm+ N7 free aryl radical X_B
1 \OR1

pyridinium salt

2F—L2-14. 7V =TV —NIF AN EREATEENER C-NESOYK %
5 R ) AL RIG

fEkoFEMALREBOKIGTIE, ERD X517 =TV =17 A AREHD
BRECHEITT L T b 2. KRG D FIFROBME CHET L T 2 ATREMEAE 2 5
N5, 72, MORIGHEREL LT, a-T=V ) TAFATZIAVERFHRT HH
HbEZONS, H1ETHBRRD, FERB=NT I Vi, 598EED 5 v
FHESETCES IR T v b vy 3T L, WET b a-T=V ) TAFALTY
NG 25, LizhBoT, KIEH ArebbWida-T=U /) TALIALTITA
AR CTH 2 0> il T 5 X, BAEZHE - el 2{To7z, £3. 2-3fioRE
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BEHHEIFHOREHCBWT, v Z7u 7 v X o E2FTE27I /v 7=
VL 2-1d et 3 B KBTI, WIS d 5 R Y ALY 2-2d DA %G 2, BED
afido C-HE|2hkxick s 7u7uyofBRichkt248Pigonik
2072 (K 2-5), AEBAER L O, FFIZ. RGO C-N #i&tikis X O C-B
HEATEEOBIED AreR a-T =V J TAFXATIANED T Y —F Y A VFE% R
HEFIGETTL T2 L E X, ORI ZEIDE XL, TNHbD T VA NTE
DR ER 21T o7, Wl IC, Bl L2 IGHEMIC, 1 HED 2,2,6,6-
tetramethylpiperidine 1-oxyl(TEMPO) % i L. 7 ¥ A AR EBR % 1T - 72 (R
F—24 2-15), FERE LT, ICR 62%THIGT 2 R ) LB % 5 2 7-—
T, Z7V=TIV =TV AINBHLEVIEa-T=Y ) TArFATYhry TEMPO
I X D & L&Y 2-17 - 2-18 13 GC-MS T#Ull & iz 2> » 72, (TEMPO
DU AL L TR 21T o 72356, KIBRIEEOMK T 23/ & iz 23, filife s
2-17 < 2-18 IFEH & N 7n D> 5 72 (38 2-8), KIGHE THRIC Bopine 235E2ICTHA L
TWwaZ thb, WEEBMET L72EKIZ, TEMPO & Bpin, & BSRIEL 722 &
TR Y MUSGIC 2 FE 7 Boping B3 ICEREL T o722 LR EZ LN S,

pyrene (20 mol%)
TEMPO (1.0 equiv)

NMe, Bpin
CO, (1 atm, ballon)
+ szinz
O CPME, 30 °C, 18 h, UV (365 nm) O
(2.0 equiv)

2-1a 2-2a
62% (GC yield)

\

O

Ar o - Ar N
217 > not detected by GC-MS
o 0
Ar” NS ’\gﬂ N

_ A e

Ar = 4-biphenyl 218 J

Z F— L 2-15. TEMPO oRINick 2 79 —7 Y — 5 2 A Ao iitest
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RICIYED 1,1-V 7 2= VT F L v i TV NIRRT 25T %2175 72
(AF— L4 2-16), RWETTIE. K Y AACERY) 2-2a B 81% THK L. IX
KOMT G LA AR oN D o7, £/, 7V =TV =AY ANBH DI NIFa
STV I)TAFATIIOAAN 1,1-V 7 2=V F L VICHIE I N AR 2-
20,2-21 & GC-MS Tl 1Lz o 72 (ABFTORE, 1,1-¥Y 7 2=z F1L v
DERIFA L 7 4 VALK U AL & =B 2-19 K 65% TR b7z, K
ERBE S NHBIEHAL 2o TRy, HUOREL LT, v 7 o~*
Lo AVEEETBHEEBET IV 2-1p TRV EEERTOBIC, L7 4 vickt
LT Bpin 28I L 2L AV EONT VB Z 2R LT3, T DFEE
XY, Bopiny® 3V ZEIAET ST 2 /K7 v (pinB-NMe,) 7 billfid X Y L5
CAHNDPERL, ELERIATIALBAL T 4 VIIX LTIV AL
AR E Z b D), 2. 7Y AAIRAITH 5 2,6-di-tert-butyl- p-cresol
(BHT) ZiisN L 72855 & 1B Th, RICHHETTT 5 2 & 23 d o 72 (3K 2-8, en-

try 6),

pyrene (20 mol%)
1,1-diphenylethylene (1.0 equiv)

NMe, COy, (1 atm, ballon) Bpin Bpin
/©/ + Bypin, /©/ + J:
Ph CPME, 30 °C, 18 h, UV (365 nm
(2.0 equiv) ( ) Ph Ph™ "Ph
2-1a 2-2a 2-19
81%? 65%2P
a Determined by "H-NMR.
b Based on 1,1-diphenylethylene.

K\(Ph Ph
g
N. Ph

Ar” "Me Ph
2-20 2-21

not detected by GC-MS
2F—=5L216.1,1-V 7 2= VIZFLVDRMICELE7) =TV —=LFT AL
D e KR
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pyrene (20 mol%)

NMe, scavenger (X equiv) Bpin
/@/ CO, (1 atm, balloon) /@/
Ph + Boping Ph

CPME (0.1 M), 30 °C

o1a (2.0equiv) "4, UV (365 nm) 0.9a
entry X scavenger yield (%) of 2-2a?
1 none 93
2 1 TEMPO 62
3 2 TEMPO 14
4 3 TEMPO 3
5 1 1,1-diphenylethlene 81
6 2 BHT 45

4Determined by GC.

£2-8. 7V =7 V=L 7Y NALOHHEHIE K UM R

AN MIICKEA L 7 4 VLA BT A EBRET v 2-1alickL T, 77
Nray gEBICEE7) =T ) —A I ALDIRERR (R F— L4 2-17),
L2 L. HNO R ) MLKIGD & HEFT L 7 o T 7280, ARGETIRBIE L 72, K
JEASEIT L a2 o TR & LT, A v MBI IC X 2 iREEREZ 5N D,
KRR, BEMRET OB, AV MLICEE G T2 ERT 1 v 2-1ab ® 2-1ac
ZBOGHE K ET L a2 2 72 (K1 2-7), & DOVAREEFIC X 2 8BIC D 0w Tid, X
O N-B #i& DT B ©#%2(2.4.2-2) TR 5,

standard

/@[NMGZ conditions
+ Bopin, 4
Ph O/\/

(2.0 equiv)

2-1al

AF—A5L2-17.2-1dl Z2HE L LT AN vy 7 EE

PED T ANHRERDIER 2L, KARIGTE 7V =TIV =TV hLd
Z20ita-T=V 7 TAFALITIAAREIRINIALEYIEON R o727
HEWBET I v D C-N #EAUINE X CB MAEIERIZ 7)) —T7 ) -1 T
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ANBEFa-T=V) ) TAFEALISALERBEL TRV, HE0IX, Th
DT VANERIY HHELHPICHEMAELZETL T D 2 EIRRI N
726

C-N fEAUIBERRICN L CE b a2 2ITH 720, TV =L AF 4 VD
IR 2 AT o 720 0 O RUCSEMAICH LT @EIED A % ) — VEE T TR
DG E G L7z (A F — L4 2-18), Z DFER, INEOKT IR L1725 (yield:
46%)., TV —nAAhFF VEBIHRINZE T s A F AT —T L 2-22 (18]
WE ot RIETIRT I —AAFAVvEEIRAL AW &R
BRI,

pyrene (20 mol%)
NMe, MeOH (10 equiv)

CO, (1 atm, ballon) Bpin
+ szinz O
O _ CPME, 30 °C, 18 h, UV (365 nm)
(2.0 equiv)

2-1a 2-2a

46% (GC vyield)
/©+ QOMG
Ph Ph

2-22
“not detected by GC-MS”

2% — AL 2-18. MeOH iiSINIC X 32 7 V) — A FF v O EER

P lbo—#omitiERL v, FEKET I v C-N #EAYIBiE X C-B A
ERERR R, RO 7Y =TI b s wnizhFAvREiTidn . JlokEc
EO DAL ST L CTW 3 2 EARBE Nz, £ & TEF T ABE oA
Bz DIGEBECHEITL TV EIE L, Tabb, HHEET I vEvL Ve
DRI TCO—BFBINCIVEL LT =Y ) 7Y ANVAF A v E Bopin & HHHA
ER94 % 2 & T, C-N #&Ulis XL O C-B #ATEEAEITL Tnw3 & 27
(K 2-12), B#EF 238G E LT, F¥V VA FA VL T F v OpRKIG
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WHEBZNFYFRa vy ZHWEA Y X7 ) vyo BbKGICBWT, R C K
JOBHEITT 5 Z L BRIEI N T B o4

o ot
Me Me
: ,\’l\—Me—l /,\'liMe_\
/\Bpin Q\ _.Bpin
pinB pinB”

B 2-12. {2zt X 2 C-N#iaYIlis X O C-B Ak

A DM A2 DS H BN CHET LT w3 e onT, B8 (DFT,
B3LYP-D3BJ(PCM)/6-311++G**//B3LYP-D3BJ/6-31+G*)Ic X W ZHE L =7
=V 7Y ANhTF AL Bping & ORIGFREEE K 2-13 1R T, Fodft L 7= 4%
cld, EU7=T7=0 7 PN HFF v L Boping i3 Lewis g - HEAH A EH
IC X Y 4.5 kcal/mol ERENT 5, Z D%, 31.4 kcal/mol DiEMELT AL ¥
— DEBBIRE LT, Bopine D B ERFET RICENL L, EFR—+ v HE HEEGH
R E N3, %0tk C-NEAVIN B X O C-BIEATEK 25201 HEITT 5 45,
Z DiEFEIZ 5.9 kcal/mol DIEMEALIERECTH 2 -0 H e ICH#EfTT 2 EE LN
%, ZOBE, EEDOHAZBD I ANIF A VBRI AMERYH B vk
pinB-NMe, DWW HICEL 22 FHL 210> Tonev, fHAERZ RO R v
LA Ar-Bpin I X O pinB-NMe ICFERTE(L L CTv» 2 728 (IX] 2-14), Ar-Bpin
BL U pinB-NMe; &R T P hnhFAviEE LTHEL, eo—ETBHIC
SVELDIELVYDIVANT =Fvhro—E %22 TIN5 2L T, Ar-Bpin
X OF pinB-NMe, 234 B L 72 ATREME Y B %
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AGT ,4-dioxane(kca|/m0|)

_ -t — -1
M ot M o+
e e
',Me_‘ ’zMe_\
N Ph N
Ar AN \Q .
o Bpin w_.Bpin
Me | pinB pinB
N L _ L J
Ar” "Me / \
+ S 269 26.2
Bopin ’ pvead " o
2PNz ; 20.3 " ' Me —l
0.0 ! +Me —\ X N-Me
—_— N-Me \ \
\-4.5 ot e . Ar
\e— |Y|e _‘ Ar N ' \Bpianm
N,’Me Bpin ‘ int2-3
Ar 'S pinB -22.5
Bpin int2-2

Ar = 4-biphenyl  pinB
int2-1
B3LYP-D3BJ(PCM)/6-311++G**// B3LYP-D3BJ/6-31+G*

2-13. DFT 5 X 2 C-N #i&YIkr s X Of C-B FE AT D H#f € oS

Me o+ oF ¥ o+
" Me Me |
/l\’l’Me ,,\'rMe—l N-Me
Ar SB ] Ar \ Ar \
pin . _.Bpin \.  Bpin
pinB pinB” pinB

spin density ratio

Ar—Bpin  :0.44
Me

pinB-N  :0.53
Me

X 2-14. S ANAF AV ERYIO A v B

C-N #iAUIW o IEICBEIL <, 7=V ) IV AVATFA b, TV =R
FAVYBIOT I FVAANRERT HEEN R C-NEGHALDELONG
O, FEFEOTEWALT AN T —AE SFHHEICK Y AfED o 72(K2-15), Z Df
B, AE =109.4kcal/mol &FER ICENERE O N2, EHERZR C-NiEdE
FAZITET L R RS vz, EREORHRFERIZ. A ¥ —22-18 D7 ) —
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NHFF v D MeOH 1T X BHIeEER DB, WHGd 2 A28l s Nk -
7o EKBAER L — T 5,

o+

] NMe, l

A E-4-dioxane — 109 4 (kcal/mol)

+ NMe,

B3LYP-D3BJ(PCM)/6-311++G**// B3LYP-D3BJ/6-31+G*

K 2-15.DFTHEic X 23 7=V ) 9 hAhF4+ v OEER: C-N k&%)
DIEH L= L ¥ —

T2, K2-13 OFIRFER LY. FiA oM A ZEEIC VT, FEEEIET
=V IV ANAF A B XD Bypiny & D N-B A TH 272, N-B f
BDOIEREBESAIGICKE S FET L E2bN5, 2D N-BiEADMKD
AUREECH 2 2 L DR UMW 2D D D720, FiLD 3 fHiconT, Lk - %
ZiTo 72,

(a) HEWET I v OBRRFETREY O AZhE

(b) 32 & G b

(c) 7=V I ANHTFF vDLHTFilE

24.2-a HFHEKET I voBRFETRE Y OSEHE

N-B # & DIEHEE SRR TH 2 56, ERE T Y O VARMRBIARK
JCDOFERICKRELSHET L E 2 ONS, [fErIC, Lo EFEHHEF OGO
B, BEHRE T OVAREBERY OISR E SR L T 5 ([ 2-16),
Bl IZ, AN BB AFAT I €7 221 2-1ab % 2-lac TIEKIGIE4 L
WATEFEREIN S b, A b fr, TR B Y T I v EE 2-1n DA
NIPDT I FHDOBRE ) LB E 7z (K 2-16(a), /oo NN-Y X F
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-1-F7 2L v 2-lad BEX WY NN-Y A FN-2-F7 XL v 2-1r TlX, VARRYICZE
WTW 3 2-1r TRIGHHETL2d 0D, VREEDH 5 2-1ad Tl EH
HETEFTEESEIN X = (3 2-16(b)), ¥ u ) A Z WIS ZFLT I/
ERERIN-FE 2-1s 5 X O 2-1ag Tld, 2-1s TG ICEST L PR
EDWNETERY GO N0 L, 2-1ag TIZAEBPIBIE 11% L 2455
Nixdo72(X2-16(c)), TNLDFER2L, BIROTAFAETCHZem ) Y
NEX Y, BYMEOHBER LY REVWIZFAT IV EHDI3 ) BEREFHFD
VARBEEA K E W2, N-B G OB HETLO6 < IEBPKIRICIET L
72eEZ oD, U EORBER D O EFRIEG O AR ARICICE 2 %57
BIIRZ 0GR o5,
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(@)
2-1ab

(‘CCWGQ
NM62

2-1n

NMe2  standard
conditions

—_— >

standard
conditions

(b) NMe;

2-1ad

&NR, = —N

standard
conditions

L VBN

standard
condlt/ons

(2-1¢)

—NEt, (2-1ag)

2-16. FEMGHC 31T 2 VARREE

(b) NN-¥ A F-
2LV,

E 2-1ac

NMe,

2-2'n 54%

o™

2-1r

46% (from 2-1t)
11% (from 2- 1ag)

standard
conditions

_—

79

standard
conditions

NM92

quant.

DRE: (a) A FEBRTEKRT I V.
1-7I7F 72 vs. NN- AFN-2-T /) F7
(c) vulynftvsyzFry /i



2.4.2-b B ERRHT

IS DR ETMANT 2 AT > T MR, HFEIET 1 v B XV Byping DX NEND
BRI LT —ROMEER & o772 (K 2-17(A) B L (b)), Z DFERIFIA
KIGHS, N-B #i&TERAHGEE RS TH b . C-N #Eiatilis X O C-B AT
DRZRBERE CHEIT T 2 L v ) BB R L Tw 3,

a b

( )1‘5 ( ) 2

5 =4.7191x _ =15 y =3.3416x )

=3 Ri-09835 o S R2 = 0.9882 //

< _— S 1

a & _- a8

g _ 8 e

E o — B o -

£ o0 0.1 02 03 E 0 0.2 0.4 0.6
£ E

[1a] (mM) [B2pin,] (mM)

2-17. EE L PIHEEDMEES 77 7: (a) NN-V AFNL-4-© 7 2=V T IV
2'13.\ (b) szil’lz,

242-cT7=Y ) IV ANAFF Y OHTFHE

RIZ, T2V TV ANATFHYDORFHEDOBIRED L. N-B #ifs DIZHE
a2 EE L2, TV 7 7NN FF v BRIGHEICES T 29081k, PrRee
Db o (HOMO # X LUMO) &i3#E7z Y, SOMO X HOMO & 7& b,
INo DB IR ENEF R, PHEREED HOMO 3 X & HOMO-1 ixfitd %, L
T2l oT, 7= TP HNHF A4 B XN Bping & D N-B #hie DIEELRE i
BT, Lewis B8 - M AERHIC X V#ETT25E, 7=V 7V hvhF 4
v ®» HOMO B A& 5% Ficofi L, %72, Bypin, ® LUMO OB & 7 3% L
A>T\ 5 2 EDBNETH S (X 2-18),
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i"%i
LUMO

X 2-18. N-B fE AT IC B T 2 e — 7 0&EZL Y o

FERICARSE 2072 L C w2 02l T 272010, NN-Y AFN-4-T I/ &
7= 2-1aD 5 Y HNHF A v 2-1a"D SOMO F X WHOMO B8 & Bypin,
® LUMO % X 1 HOMO #iE % % 112 412 51 5. (B3LYP/6-31G(d)) ic & b fiF
B L 7z(2-1a+: [X] 2-19, Byping: X 2-20), Z OFGHE, D> 1< 2-1a+D HOMO i

X2 HFEF 11T/ A6 L, Bopin, @ LUMO Dl id + v HFH T Lic /34 LT
3B bhrolz, £7-. 2-1aD SOMO #iiE & Bypin, ® HOMO D8 D 4%
o—7ICEHT S L, 2-1a*D SOMO DI ERLEAL TV 3 EERLED
KRBT B L OERFETOM I L, Bpine ® HOMO D #fiE X B-B &
Rl Tnd, LER> T, 2O OWESHAEERTE 22 bbh Y,
2SS TR A DRI X 2SHETATRECH 2 & & 2 FFT 2R TH 5,
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8884 °208¢

HOMO SOMO
-10.3 eV .. r8ev
Mo |
OO~
Me
2-1a™*

K 2-19. NN-XAFNA4-T I )7 2= 0D TP ANLATA v DO4FlaE(K
FIRTI3ERE)

4 18

HOMO LUMO
-71eV 1.2eV

O\
,B—Bigjﬁ:
0

Bopin,
] 2-20. Bypin, D 4> FHE KR T 134 1)

o, ARIGICHE L LCGEATE R o772 NN-VAFAT =Y v 2-1ak D
TP ANHF A v 2-1ak+D SOMO F X O HOMO D534 ic 2T b [AFR I iR
BrL72(K 2-21), SOMO (% 2-la* & REDIEA Y Z/R LT3 DIk L,
HOMO TREREF ECTEARSFHFRLICHMLTnEZ Lhbhrolz, 2-
la” X U 2-1ak™*® HOMO O Z % 1O LE O EIRETFE R 2 & . RIS %
DHETT 21 20RERFL LT, T2V 7 TV hAHhF 4 v & Bpin & D N-
B & DI AMET T 2 BB . EE D7 =) ) YA B F 4 v D HOMO #
ERERLICOMLTWE I LREETH LI LRI N,
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HOMO

-11.7eV
(N
2-1ak™*
K 2-21. NN-AFAT =V vDIIHVHFA YOS FHEOKERTITE
H)

ZZTC, 7O, BTHRICX 20 THERITICIY, 7=V ) IV AVATFF
v ® HOMO HJEAEH FICHA L T3 IE 28T L, % OHE %2 EKICA
FOG TR 725G IS RICHSEIT T 2 DRET L 7o FVE & U T, ARG 158 FH A
TholeT =) ViFEKICERHL, BTEHIVT =V ) IV ANV ATFAH VD
HOMO 28EF L Twd 3-A Xy NN-VAFAT7=Y v 2-1am %
EE L2, (2-lam DT HNHF A ¥ DY FHLE: X 2-22)

HOMO
-10.7 eV

MeO
2-1am™

K 2-22.3-A Y NN-CAFAT =V VYDT I HADFA Y DLFinaEOoK
RT3 EH%)
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FRRIC 2-1am #FBE ICH W TRIGZEIT 2 72, 20 mol% dD v L Y #£7E T, 2-1am
& 148D Bhex, @ CPME BT LT, EEFHL T, 365 nm O%I5ED
Bz 12 Bz 2 o2 (RF— 4 2-19), (KREtcid, YFevilTtex
~FoLvrYas— YR v (Bhex) ZHz, VR0 Y OBRETRE DR)E
DML 243 TH TR 2, ) ZDHFFHE. C-N #EAUIN 2 5 K U LA 2-
2am 7° NMR LK 20% B/ O N7z, T OfRIZ, KIGOETICIE, 7Y
FA v D HOMO MR ERIEF LML CWE I REETHL I L2 X
Fi3 20D THh %, KET, Bohex, D Y& D I SICKEHE D IE R 1< D\ Tk
ML A, EEYWTH 2 2-2am 1T 2RV MUK HHETLTL F W,
NMR UKD SN TH - 72720, R Fx — L4 2-19 IR TS CRIGETT-

726
NMe, pyrene (20 mol%) Bhex
+ BzheXZ
10 ; CPME, 30 °C, UV (365 nm)
OMe (1.0 equiv) 12 h, N, (close) OMe

2-1am 2-2am
20%

o o (NMR yield)
BzheXZ = ,B_B\
0] 0]

AF—NL2-19.3- A+ FL NN-AFAT =Y v C-N#HEEGOUIW Z1E 5 F
U AL G

LLE. C-N #i& Ui X O° C-B #i & TEMGERR ORI T, 7V 700 h
F A4 VIO FER B X VR AL ERE T o 72, T DORER, AETR 23 17 2S A
THETLTWEZL, H2VIE 7Y =TIV =TV ANDFHAELD bEHET
LTWBZewmBIng, £/, Z0BROWMHEch 2T I 7V hrn
FAVEBIOY R v LD N-B AT, RIS T b Gt = 4
AF—=REZ EpRBI N, (THIREOFTFEKRT I v XU Bypin, WD
Lewis [ - R AR IC X 2 N-B HAMFHICDWT, 2-1a ® UV-vis IR
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<7 b (R 2-3) Tl L 72 & 912, BURA <2 b v TSR IC B B 2L 75
272720, FHAREEDFHHET I v & Bopiny L 1ZIZ A ELHAEHL Tk L7,
ARG #EEX R DICEELRERTIIAWEEZLLONS, )

243 71K OREHER
2.2 fiio&rofatftolEfEc, BlET 27 I 7 K7 (pinB-NMey) 12X Y
RYMURIGHHE S NE Z L 2L Lz (B 2-6), 2 2 Tid, #Ml7AMA
ENMREAHOICT 2720, RO LX) BERE LG 21T 72,
() FEETIveEvL v oloB T BEhafaoHE
Gi)) 7=V 9V ANAFF LU Bpin, & D N-BFEATEKDIHE
(i) ¥Y&F v vEoME

() FEERET7 IvivL vBcoEFSEEROMRE

KEOGIE. HEBET I vroD—EFfBEICK-TELEZT=V /) IV 00
HFAVERELTKICHKEITL TS EELZLNS, 200, ZO—ETH
BEFRIC BT, pinB-NMe, OHERBBH L e EZ2 NS, Thbb,
il e L g 2 —EFHBENI, HFRET I V5 TIiE7 <. pinB-NMe, 2
LHETT 5 & TRIBVHEI N, LW RFHTH D, LA L, ZOAREHEIL
EzITl v, ERL, YTAFAT I/ ¥F 27— bR 7V (pinB-NR,) D
LB IX+1.2VIESTh Y, —MRAEFTERE=ZRT IV (<1.0V)X Y b &
Wi, HEBET I v HEFClE. pinB-NMe, I X 3l v L v DIRICAIH
BRIV ILWhrLTHDL, Lz -> T, pinB-NMe, 25 —E T FEHEFE ICEES
LCWwaA[EEIRERVWEF R %,

Gi) 7=V 7 IV AnNHFF L Bpin, B TD N-B AR DEE
b9 1 ool e LT, pinB-NMe: 237 V =/ ¥ A F 4 v & Boping
& D N-BAEETEAKICEEG L HEL T2 R[EELREZ NS, T b b, pinB-
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NMe; D+ 7 ZJFF 3 . Boping & FFEIC Lewis lE & L TEMS 3 729, N-B ey
DIEHERE I BT, Bopiny TiZ 72 pinB-NMex; BB L TT =V /) TV A0
HFA v EHEERL, R MMURIGZEE L 7278035 5, & Oz i
D570, BLFEEICLY, T2V IV AT A4 v ED N-BEAK
WEFRIC W T, Boping & pinB-NMe, DiFHAL = ANV ¥F — A Ep & AEns Z Z 1
FREHL, L= (82-23), 20#ER, R AALRKIGOREKD N-B fié
DIERLEEIE D A Egy 12 31.4 keal/mol 7z @izt L, pinB-NMe, & @ N-B #& D
TERELRS D A Exg 1% 24.8 kcal/mol TH b [ 2EF DIEENL T AV F —DIT 5 53 5.8
kcal/mol {2 & 23225 72, T T T, £ U 72 PREHE int2-2b 20 5 X S I KGH
HEAT L 7 2 BOSZMRIGHEST I 2 AIREME D B % 23, BETLEEI R Ot ©
X, ZNLAREORBSIITEE L= AL F =R ICE L, ETLAVwEE b
3, EBIc. v ) A7 e 2-1s & NN-VAFAEFa—ART V2
W, 7 1 EOZWRIGHSEITT T 2 Rt L 72 & 2 A RIGIE A T L e
o7 (A ¥ —2L 2-20), RERERIZ, 71/ HoRBREKOEEL = 4L F —
D BOGDSEIT L7 v & v ) B RES R & —30d 3,
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AG! ,4-dioxane(kca|/m0|) B 3

o+
Me
e
ey .
/ Bpin / \ o =5em
ot I |
, 1 R = NM
Me | LT : | ez
IS ,’ not “.
Ar”Me /269 accessible
) / 3 int2-2a due to high NE
R-Bpin S 222 \‘_& |
0.0 int2-1b " 180 l:\—-int2-3b
00 y, o+ int2-2b
==, 26 ./ IYIG _\ .t i
— N-Me Me o
-4.5 Ar/ \\ +'\’|’Me ,\’I’Me
int2-1a Bpin AN\ AN
R/ /—Bpin \ Bpin
Ar = 4-b|pheny| int2-1 R g
int2-2 R =NMe,

int2-3
2-23. DFT FtH.IC X 5 N-B fi&3TEHERE D Byping & pinB-NMe; & @ HHL

pyrene (20 mol%)
'D CO, (1 atm, ballon) NMe;
+ pinB-NMe, 17
Ph  CPME, 30°C, 18 h, UV (365 nm) "1
(2.0 equiv)

2-1s 2-1a
R ¥ — A 2-20. pinB-NMe; Z i3 7 3 VD227 5 v T ARG

o b¥itlofiRrb, 7=V 7 7Y hriF 4+ v L pinB-NMe; &
D N-B AR OE ML= AN F =N Wic, 7=V 7 TV hvhFF
V3. Bepiny & ® N-B fEABICHE~, pinB-NMe, & & N-B fE& K 85
LCH#EfTL 722 & T, pinB-NMe, DIHERRARILL 72 £ £ 2 b 5 (K 2-24),
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o+ o+ ot

Me Me Me
e ] _ e I Me ]
/N R = NMe, /N\ R = Bpin /N
Ar \ ~— Ar — Ar \ ]
- Bpin Bpin ~Bpin
/ / .
Me—ll\l R pinB
Me
favorable unfavorable

[ 2-24. pinB-NMe; O FE5h R o 2K

(i) YR e v RO

N-B f&& DL 12 3 1F 3 pinB-NMe, D HERNE 2 T~ 2 720, “ELKR
FHEAXT TR AL ERFHAT YR u v olat 2172 72(F£2-9), € 244
Ry FLEFaF b VRn v (Bumep) k72 & Z A, Boping & FIFREE QUL
(63%) THIET 2 RV MLERKYE S iz (entry 2), — . ~F L v 7Y 2
7 FYARB Vv (Bhex) FHV 2L 25, WIET 5 R U MLERYIL 86% T D
BB 2 2T, Boping X 0 b WIERTR Y MEUAEBYI % 52 5 2 L A3
Ll o7z (entry3), £/, ¥AATa—AYFua vientryd) T FJ e F
n¥yIRu v(entry5), 7 F I AFAT I PR u v (entry 6) BT L 7225,
I FNbIGT 5KV ULERYIIRONad o7, K 2-9 OFFRO
fRIRE LT, ¥YFRavh L5737 K7V (RB-NMey) DR v FHEDEHE L
DHEMEH DR E BHENRICHEL CWEEEZDTENTE S, Bpin, ¥
Bonep, Z W72 HEIT TN FREDINE TH 72—/ T, Bhex, ZH 72
Bra i i mIER (87%) TGS 2 F ) LAY S b Tz, T ORFFICEIL T,
AIE I D W T ARIEGE Y . RB-NMe, 287 =V /) 7 A A F4 v EAHAEEH
T2 L CHEMNR?MEE . UCOETEH 2ERETIFILLZLEZbNS, %
D77, HBHEZ. Bshex: 254 L 27 3 7 K7 v ((hex)B-NMe)) & 7=V /) 53
HANAFAVEDKIGICE LT, 7=V 7Y ANhFF+ v BBERET O
B e d v REFOEYPEL DM DD, =77 ) T ALH D O
MEREET, T F T AL LD, ZDFE 1,3-V7 F o T AAERIC X
HALRRFEDME K (K1 2-25), Z D72, (hex)B-NMex & 7=V /) F VAN F
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F VAR LI £ 7% 72 (hex) B-NMe, DFHEMEAFTE b . EICRT
KUY MEEEIIBRONEbDEEZONE, TDX) YRRy ORGSR
2> 5 b | pinB-NMe; 28 N-B f§ & OJEE IS IC BV CHE L TW 5 2 L 2RE &
N,

Lk, (). () XD DEE - GHEM~EFRE2 S, pinB-NMe, DFHEZD R I1Z—
EBIBERER TR, T2V /) 2V ALAF 4 v E LU Bypin, & O N-B &
ERAEHELCWE EEZ LN,

pyrene (20 mol%)

NMe; N, (1 atm, close) BR;
/@/ + ByRy /@/
Ph Ph

.. CPME (0.1 M), 30 °C
(2.0 equiv) 4a'p Yy (365 nm)

2-1a 2-2

entry B,R, yield (%) of 2-2

1 B,pin, 672
2 B,nep, 63°
3 B,hex, 86°
4 Bocat, 0
5 Bo(OH), 0
6 Bo(NMe,), 0

4Determined by GC.
bDetermined by "H-NMR.

o 0 o 0 o 0
SCHE TS Xl
0] 0] @) @) (0] 0]

anepz BthXz Bzcatz

£ 2-9. VK Bv O

steric ot
replusion  M&2N-Ar

ve T\ NMe,
Me O\/l
Me hyt
K 2-25. (hex)B-NMe2 & 7=V ) S AN A TFF v & DIARKF
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2.4.4 CO; D{RERIE

CO, DARIGIC BT 2EENRICOWTHIR 2L 720, HAEZ2{T> 72,
2.3 fiioFK 2-T(entries 6 and 7) DREIHER L H . ARG IE COL FPHK T TIT 9
ZEIXVREI N Z L EHALAIC LT, T ORERNRICOWTIX, TiED 3
DOAREMEAE 2 b5 1 () HEOEME L, ()—& BB Ic 51 2 filus
PeRE DIETE(L. (i) pinB-NMe, D HEZNR MG, 2 b OGO FIC O
TS 2 IC TR 21T 2 72,

DEE DEHAL

CO IZFHE=MRT I v L DA ENE Z B ONT WD Sz, %
DI L 7 I HoBi#RED L3 Y EEL S Wz RlREERE 2 b b, &
D CO I X 2 HE OIEMALNROFEAIAL 2 ICT 2720, Wil%{To72, &
T OCHIEF 2 T ICERERLAT & CO,HIA T ToRIG% Hik L 72 (3 2-
10), Z DR, EBRFHQT & COL FEHA T TORIEG TIZZ N2 IR 13%.
15% CLEBPIAE O L, 1ZIEFE CAERE 5 2 72, ZORER2 L, COz I X 2 HH
DIEMELARIZIZ LA R W EZ bR,

NMe, Bpin
O + szinz O
O 20 eau CPME, 30 °C O
(2.0 equiv) 451, UV (365 nm)

21a 2-2a
t t h conv (%) yield (%)
entry  atmosphere of 2143 F 2249
1 N, 13 13
2 CO, 15 15

4Determined by GC.
2 2-10. JEWEAPERAE T T O SIG(N2 vs. COs)
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F7. 20 COLIC X BEEEILIc O WTIREERMAT & CO, ZHAT T
D JEHR O A & b BE SN2 (K 2-21), ERFFHKXTH 5\ 1% CO, FH
AT CRIEIZALIC B 2 KD LB ZBIF L 72 25, WIFROFAETIEB
T JUSHIHA(t < 60 min) Tld, IGERICEAL TIZIZFE Uiz B2 0 CTRIGHEST
T2 EeBbroT, ZOFENPS CO, ZFHEOWEMLICES L TE LT, 5
DMEHER L GbE 2 L, CO TR DB CRIGEIREL T &
ANV W

100 m— e 2-1a under N,
2-1a under CO,
2-2a under N,
2-2a under CO,

80

60
conc.

(mM)

40

20

0 50 100 150 200 250 300 350
time(min)

K 2-26. JxJGiBE#R (N2 v.s. CO,): reaction conditions: B2pin, (2.0 equiv), pyrene
(20 mol%), CPME (0.1 M), 30 °C, UV (365 nm)

(i) —EFBEERICE T 5 MESEEOFEAL
CO, DRI R & L <. —BETBENERICH T 2 v L v il EERE O G
NEZbNS, Thbb, FEKET I vivL v iollco—ETHEIC X v E
L3LvyoIy ATy (Py") I LT, COBRPICHFET S &IC
IO, CO,B—FBYT 77 x2—¢ LTHET S LT L Y OERHE %R
L. KIGMREX N T 2 A[REWEL B 5 (X 2-27),
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SET
Py
Py* COZ
SET

uv
light P _

y CO,

Py = pyrene

K 2-27. v'L v (Py)k LU CO, & Do —%E THENC X 2 IGHEE D FEE HE

Z Z TPy 5 XU CO, DRITEN & I L 72, ik EZ SH 1T 5 &, CO;,
1 Bea=-2.21V (vs.SCE)*, L V% Bea=-21V (vs.SCE)“TH Y, b
IC CO, DBICEMDIZ ) RN b2 b, TS DEIEER, S, Py 25 CO,
~DO—BYBENIR V1G22, MICRESE 2138 DBEICENMNEDL RN
D, CO lFv L vofiEy 4 7 VDI ALTFLG L TWhnetEZIbN
%,

(i) 7 2 7 K 5 v O BRESE O INH]

CO; D FUMEERNF D 3 DH D A[REM: & L T, pinB-NMe, @ FHE IS D )1
BEZ NS, RIIGTIE, BIET 2 pinB-NMe ICHEMRLEH 2 2 & 205
L7z (2437H), ZhicHo T, CO, D IGIGER R & LT, pinB-NMe;
DIHERZMF L T2 AEEEEZEZ 272, T RE PO 5 EA B 21T
270

¥ 3. CO; D pinB-NMe, i X 2 [HECIIHFIIROG AL D 5720, 14
B pinB-NMe, 777F F. ERFHAT & CO FHA T TRIGZ TV, kgt
L7z (F2-11),
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NM62 Bpln
pyrene (20 mol%)
+ Bopin,
O 20 6quiyy CPME: 30 °C, 18 h, UV (365 nm) O

2-1a 2-2a
entry  atmosphere additive yield (%) of 2-2a?
N none 67%
2 2 pinB-NMe, (1.0 equiv) 35%
3 Cco, pinB-NMe, (1.0 equiv) 45%

4Determined by GC.
52 2-11. pinB-NMe, [HEZ R <X 575 CO, DFHR

Z DGR BRFHELDT TIEF Y LA 2-2a DIGEIL 35% TH o 72D IC
%t L (entry 2). CO, FHFAS T TILINED 45% TH - 72, (entry 3), LU L okat
i 2> 5, CO2 2% pinB-NMe, DFHES R ZHIHI L T2 2 & AL IR o 72,
REMHT TA5%ICE E o 7B i & LC, @A L L CD pinB-NMe, Il 2, K
JGDHESTICHE - T pinB-NMe, 234 U, EFRDORIGICH R TEED pinB-NMe,
BIRICRFICHFIEL 72720 TH B EEZTWDE, T2, 2D CO, DFIRITO W
TiE, ERFHXAT & CO FHXAT TORICEIFERD? S FE7% AT E
% (K2-26), Thbb, BREMAT & CO FHRA T CRRIZ LICE T 2GR
DEBEZBI L2 A, WTNOZEETICE T IGHIIATIRFERDIZS
B30 B X N —T7 . RIS CIRICR O IMER IC 2 2 A0 /L o
CO; FHRA T TORIGDTT IR OMEMABBEE IC R oz, Tt Ficah~
72X 51 CO, 3IE DiHMEALIcIZBESE L <k b, BIEBPIC X 2 IHE % 1]
LT3 ZLzRBddbDTH 5,

Pk ()~Gi) 0 &% 5 L OREHESR L 0. COz 13 pinB-NMe, DHERNR %
MHL . %2 OMIHZIRIC X O RRJSHRE S LT WD 2 LD 278 - 72,
(pinB-NMe: i X 2 FHEFICX 32 CO, DMIHIFIFIC DT, FElll B 120 &
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ICTR o TR\, CO LV ZFAT I AT a— VKT vHIERT I VT
TCTRIGL, WIETEHAANEANRT VEEZ D LRHREINTHS B, %
D72, pinB-NMe, & CO, 3G L 7= FIHEMED H 2 b5, LA L, CO, %
ST, CPME @, pinB-NMe, Z 7l L NMR I TRIGZ B L 7228, XS
TEINANREANLRT VICHET I -2 3BT, REGTH 72, F
7z A&, pinB-NMe f77E T CO, 2 XAA D, MIGT B2 HANEA LK
Y IE NMR i THIHl 9, pinB-NMex (ZRKIETH - 72,)

2.4.5 HEERICHHE

KRGO L <, FEBET IvevL v ol cokFt S 7B
(24.11) A5 EHET I v o C-NEGYIKE X O C-BEATEHOETRE (2.4.21H)

TI/RT7volE (243MH), BXECO,DME (2441H) oW TZNE
NEZ - il % T o7, TND DFERD OHEE L 72 K% X 2-23 1TR7,
(A) HFEBET I v InzvLr v oflc—ETBEnETL, 7=
) ICHANATFFYBEL B, B) Ric, HLET=) ) I8 IAATFF VI
Bopin, & G L, N-B G E NG, OB, BIAEEKY ©H % pinB-NR, 23
T=V 7V ANATAvE N-B G EKT 5 L CRRISZHES 2203,
ARiEFE X COiIc X Wil E 5 (B), (C) Z0fk, C-N#if e B-B fiaob)
i 35 X Y C-B #5 & DT HEINICHETS 2, (D) 2 b Offé OfH A4 2 28
HETL 72k, RO —BFBEIICLVELZEL YOIV ALT =4 VLS T
CANKF A VE~OBFBEBETL, R MULEBRIBREONDE L D
i, pinB-NR, 28@EI4: L. vL v ifEInsg,
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o+

o

N Bpin
pinB— NR2 RZN/
(suppress
under COy)
\nglng
o+
SET(A) |
,,—Bpin
o+ \B_
B — R, N/ pin
Bp|n
B (C)
N/ pin concerted

Ilght
Bpin + pinB—NR,
SET. —ETF#B&  Py=pyrene

[ 2-28. H#EE S ICHERE
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2.5. ¥&5
RETIE, AFAREFBENC L 25EET I vEORBE-ERGEE UM IC
WTIRR e, FERT I VO RF-ERMEG OV &0 5 BHSS 1T, KRB
DIEGDEE TH 2 0 HEL < ki, BEE O EELANIC X 2L T
. BlAts X EBSEAE A HAGbE R FHRICL Y. oA MR L T
&7, AWIZETIE, MR O v L YIFE T, COFHA T, HEET I v e X
vraJ7—byARu o CPME ERICH LT 365nm DEEIEEZ RS S22 C
2XY. C-NHEDUIMZME > RV MURKIESETT 2 L 2R L, A
G PERMEET B o 7= C-N #i &5 DIEHALCHC LSS O FE ~ D R 72 fE A
FRE LT KB O D & AFRG ¢ L v EHEHIEE T AR &F T T
FOCHETT 2R THEHTS 2, $7-. RRIGIFHE A DFEBET I vIick L i
FAFRETH O . HEBRE=ZRT IV ITA, MR L Th RKIGHET 2
ZERbhol, RKGIE, €7 2 =A% EFRICFOBEHET I v 2O,
TI)F 72V VECGERNTLRTEDL, 2D, NN-YVAFALT =Y
YEEGDLT = VFEERICIARKICIGET T & R o 7z, 2 O ERFRIE, G
TET7=V )T HNATFF DT HEIC TN IV ANATFF
¢ Bypiny & O N-B#EAEEERICE VT, ERFT LIcT=Y /) I AT
4 v ® HOMO WA 0 L TW»W5 2 & BBETH 5, T DORBELMFIT, ARG
IR R I OFIRCTH 2 L B X 2. RO, ZOT =V /) 797
VA1 F A4 v o HOMO #iB i, #5 cli~7z X 5 i EkEED HOMO-1 o
BT M 72 0 P EREE T — RIS SOGICBI S LR wuBEIc 2 2 720, T =Y
TYANNFF VREORIGHICHE DI KIGIC R 505 Th D, L L, Kiff
FDICHEREIENT D R ¥ — L 2-19 THWRETL72ds, 7=V /) IV AnhTFA4 Y
» HOMO $UBEAEHEF T Ficofi LCuwhiE, 7=V vHEERICH L@
AIRETH O, ARG CH W n JRZDOHFEHET I v AN hEH T2 2 L
BTERD, PLb, EHREERGT S X O 4 o KSEEEric v, 7=/
7Y ANHTFF v OROGHEICHE-D W CEEE I Z BT 5 2 28T 7,

>E
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F 7z A DRJCHEREfRITIC X 0 FRIET I v eiiEe L v L D c—%&
BEETT 2 2 L 2L IC L, KBE-EREAOVIME X O HE—F 7 HFfb
B O B CHEIT 3 2 C L ARE S iz, RERDTEELRB TO IR
MR F-EREGUIN OB, 7 Vv 2 IicREINZ L5 7) =T
— N TIANRT V=N AFAVRERHTH Y BRI ISR O Wi D 1%,
TYANED B LT = A VRO (BiEE— RS & v o BT H o 72,
ZD—J7, RRIGICE T 5 RFE-ERM G OYIN B X CKFE-—F v FiE DK
. —BFBECELET=Y 7 IV AAAF A VIR L Boping BIGT 3
L THRICN-BREAWER I N 0L, mHBENICHEOMAMEX 2HETL T b
TR E N (BEEE) . <0 X 5 ICHRIRIKE-EREE O UM B
LT REREIIREC EAZBBCHEITL TR 2 RET LR TEZ, K
WBEEEIL. 2N AT IREEZRHAT 5 2 & THEOHICHETT 5720, 7
V)G HAINATF AV EREL T ANATF A ORRLGE. 2ot Ty
FRic, 2V AN NDTF A v oz FIf L7z 24 2] )IGIC X 2 #5172 0 724
TS DT D AFC & B,

XHIC, KRIGTOEIERYTHZT I /K7~ (pinB-NMe,) ZI[AE L. &l
49 % pinB-NMe, (3K V MURIGZHFE ST 2 2 L L2 IC L, £, CO;
28 pinB-NMe; D KISIHEMREZMFI T2 2 L ZH LI L7z, 2D CO, DEIE
YA OIHIZI R IE. AEAEKICE T 5 CO, DHi7- mAHEIC R V155, CO,
DEMEK EOEARAMERZ. IR F O MURIEE O —RFERIRIGH & L
THW LTS 28, COx ARIEBPIFHEOMHIA & LW Z28EFNIZIZ L
Ao TR\ T KREITIE, T I AR T v OHESREIH T2 Z L ARSI
o2, ShOHF 727 CO,ORAKE LT, 73 /K7D X ) 7 Lewis i -
R O RS2 2 bEYEIE L, KISEAET 2 RISk LT, 2 ofl
Hlf & LCcofAzitrE s,
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hv (365 nm)

NR2 . COz cat Bpln
+ Bypiny pyreﬁe
o+
NR,
via

anilino radical cation
2-29. 55 2 SEE: EHEBEBTEEIIC X3 AEET I v o C-N #EEYIw 2tk
2 R U MERIG

¥ X 2-13. X 2-14, X 2-15, X 2-23 B3 3 &7 U¥FErEI1T. Ak ol
YIEALEW 2T 0 THRBCFEEM B TRMED R & (B R,
B 3E B T TR0,
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2.7.1. General

NMR spectra were recorded on JEOL JNM- ECA600 (600 MHz for 'H NMR, 150
MHz for 13C NMR), JEOL ECZ-400 (400 MHz for '"H NMR, 100 MHz for '*C NMR)
spectrometers. Proton and carbon chemical shifts are reported relative to tetrame-
thylsilane (TMS, & 0.00 (‘H NMR, '*C NMR) or the residual solvent (CHCIs (8 7.26 for
"H NMR or 8 77.16 for 3C NMR), dimethyl sulfoxide (8 2.50 for '"H NMR or & 39.52 for
13C NMR), acetone (8 2.05 for 'H NMR or & 29.84 for *C NMR) used as an internal
reference. ESI-MS or EI-MS spectra were measured on a spectrometer for HRMS (JEOL
JIMS-T100CS AccuTOF (for ESI-MS), or JMS-700 (for EI-MS)). IR spectra were rec-
orded on Fourier transform infrared spectrophotometer (JASCO FT/IR-4600). UV-vis ab-
sorption spectra were recorded on a V650 spectrophotometer (JASCO). Fluorescence
spectra were recorded on C9920-02 (Hamamatsu Photonics).

All reactions were carried out under N> or CO» atmosphere. An oil bath was used for
heating the reactions. All reagents were purchased from commercial sources and used
without further purification or prepared according to standard procedures unless other-
wise noted. Cyclopentyl methyl ether (CPME) was distilled from sodium benzophenone
ketyl before used. Bis(pinacolato)diboron (B:piny) was purchased from KISHIDA
CHEMICAL Co., Ltd. Pyrene and 1-aminopyrene was purchased from Tokyo Chemical
Industry Co. Controller 8332A and light head AC8361 (CCS Inc.) were used as a light
source (A = 365 nm, the distance from light source to the irradiation vessel: 0.5 cm).
Spectral distribution of the light source is as shown in the following figure provided by
CCS Inc.
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2.7.2. Preparation of Aromatic Amines and Aminoborane

NMe, R=H 21a

/©/NMe2 /©/ (OH), O Me 2-1b
F o 24f

Pd(PPhs), (3.0 mol%) O Cl 24g

base (3.0 equiv) SiMe3 2-1j

MeOH/H,0 NMe,
NMe, B(OH)2  reflux, overnight O /@\
Q T e,
OMe CO,Me 2-1m 210
1 .0-1.5 equiv)
NMeZ

General Procedure-1 (GP-1)

To an oven dried two-necked round bottom flask or Schlenk flask equipped with a
magnetic stir bar and a dimroth condenser, bromo-N,N-dimethylaniline, aryl boronic acid,
base, and MeOH/H2O (1:1 v/v) were added. Then, the suspension was degassed by nitro-
gen bubbling. After bubbling over 15 min, Pd(PPhs)s was added to the solution, and the
mixture was heated under reflux with stirring overnight. The reaction mixture was cooled
to room temperature, filtered over Celite (eluent: CH>Cly), and the filtrate was concen-
trated in vacuo. The crude product was then purified by flash column chromatography on

silica gel to give the corresponding biaryl compound.

! NMe2
O 2-1a

Compound 2-1a was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline
(2.00 g, 10.0 mmol, 1.0 equiv), phenylboronic acid (1.83 g, 15.0 mmol, 1.5 equiv),
Pd(PPh3)s (112 mg, 0.500 mmol, 3.0 mol%), and K3PO4 (6.30 g, 30.0 mmol, 3.0 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 30:1) gave 2-1a (white solid, 1.64 g, 8.31 mmol, 83%). The spectral data were in
good agreement with the previous literature.S!

'"H NMR (CDCl3, 400 MHz): 8 = 7.57-7.50 (m, 4H), 7.40 (dd, J = 7.2 Hz, 6.4 Hz, 2H),
7.26 (t,J = 7.2 Hz, 1H), 6.83 (br, 2H), 3.00 (s, 6H).
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! NMe2
O 2-1b

Compound 2-1b was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline (500
mg, 2.50 mmol, 1.0 equiv), 4-methylphenylboronic acid (426 mg, 3.10 mmol, 1.3 equiv),
Pd(PPh3)s (86.7 mg, 0.0750 mmol, 3.0 mol%), and K>CO3 (795 mg, 7.50 mmol, 3.0
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 100:0 to 20:1) gave 2-1b (white crystal solid, 278 mg, 1.32 mmol,
53%). The spectral data were in good agreement with the previous literature.5?

'"H NMR (CDCl3, 400 MHz): § = 7.51-7.44 (m, 4H), 7.19 (d, J = 6.8 Hz, 2H), 6.81 (br,
2H), 3.00 (s, 6H), 2.38 (s, 3H).

! NMe,
F l 2-1f

Compound 2-1f was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline (148
mg, 0.740 mmol, 1.0 equiv), 4-fluorophenylboronic acid (124 mg, 0.890 mmol, 1.2 equiv),
Pd(PPh3)4 (17.1 mg, 0.0150 mmol, 3.0 mol%), and K3PO4 (470 mg, 2.20 mmol, 3.0 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 30:1) gave 2-1f (white solid, 95.0 mg, 0.440 mmol, 59%). The spectral data were
in good agreement with the previous literature.5?

'"H NMR (CDCl3, 400 MHz): 8 = 7.49-7.43 (m, 4H), 7.20 (d, J = 4.2 Hz, 2H), 6.81 (br,

2H), 2.98 (s, 6H).
l NMe2

Cl O 219
Compound 2-1g was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline (129
mg, 0.650 mmol, 1.0 equiv), 4-chlorophenylboronic acid (126 mg, 0.810 mmol, 1.25
equiv), Pd(PPhs)4 (86.7 mg, 0.0200 mmol, 3.0 mol%), and Na>CO3 (205 mg, 1.93 mmol,
3.0 equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 20:1) gave 2-1g (white solid, 42.1 mg, 0.180 mmol, 28%). The spec-

tral data were in good agreement with the previous literature.?

105



'H NMR (CDCls, 400 MHz): & = 7.48-7.46 (m, 4H), 7.35 (d, J = 4.0 Hz, 2H), 6.81 (br,
2H), 3.01 (s, 6H).

] NM62
Me;;Si

2-1

Compound 2-1j was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline (247
mg, 1.24 mmol, 1.0 equiv), 4-(trimethylsilyl)phenylboronic acid (300 mg, 1.54 mmol,
1.25 equiv), Pd(PPh3)s (42.9 mg, 0.0400 mmol, 3.0 mol%), and KoCOs3 (513 mg, 3.70
mmol, 3.0 equiv) were used. Purification by flash column chromatography on silica gel
(hexane/ethyl acetate = 20:1) gave 1j (white solid, 192 mg, 0.710 mmol, 57%).

'"H NMR (CDCls, 400 MHz): & = 7.56-7.50 (m, 6H), 6.82 (d, J = 7.6 Hz, 2H), 3.00 (s,
6H), 0.29 (s, 9H).

BC NMR (CDCls, 100 MHz): 6 = 150.1, 141.8, 137.6, 133.9, 129.3, 127.9, 125.8, 112.9,
40.7,-0.9.

IR (ATR, v/em™): 2954, 1737, 1594, 1530, 1490, 1355, 1233, 1115, 949, 828, 803, 754.

HRMS (EI) m/z: [M]" Calcd for C17H23NSi 269.1594; Found 269.1598.

! NMe2

CO,Me
2-1m

Compound 2-1m was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline
(282 mg, 1.40 mmol, 1.0 equiv), 3-(methoxycarbonyl)phenylboronic acid (278 mg, 1.55
mmol, 1.1 equiv), Pd(PPh3)4 (48.9 mg, 0.0420 mmol, 3.0 mol%), and K3PO4 (817 mg,
6.00 mmol, 4.3 equiv) were used. Purification by flash column chromatography on silica
gel (hexane/ethyl acetate = 30:1 to 10:1) gave 2-1m (off-white solid, 145 mg, 0.570 mmol,
40%). The spectral data were in good agreement with the previous literature.5*

'"H NMR (CDCls, 400 MHz): & = 8.25 (s, 1H), 7.91 (dd, J = 8.0, 1.6 Hz, 1H), 7.74 (dd, J
= 8.0, 0.8 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.46 (dd, J = 8.0, 8.0 Hz, 1H), 6.81 (d, J =
8.0 Hz, 2H), 3.94 (s, 3H), 3.01 (s, 6H).
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NMez

2-10

Compound 2-10 was synthesized according to GP-1. 3-Bromo-N,N-dimethylaniline (300
mg, 1.50 mmol, 1.0 equiv), phenylboronic acid (229 mg, 1.88 mmol, 1.25 equiv),
Pd(PPh3)4 (48.7 mg, 0.0450 mmol, 3.0 mol%), and K3PO4 (955 mg, 4.50 mmol, 3.0 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 30:1) gave 2-10 (colorless liquid, 253 mg, 1.28 mmol, 85%). The spectral data were
in good agreement with the previous literature.>

'"H NMR (CDCl3, 600 MHz): 8 =7.61 (d, J= 6.6 Hz, 2H), 7.43 (d, J = 7.5 Hz, 2H), 7.35—
7.31 (m, 2H), 6.95 (br, 2H), 6.76 (br, 1H), 3.01 (s, 6H).

NMe2
NMe, OMQBF cat. Ni(acac),/TMEDA O
+
Br/©/ MeO toluene/THF O
MeO

60 °C, overnight 2-1¢

Compound 2-1¢ was synthesized according to the modified procedure.>¢ To an oven dried
two-necked round bottom flask equipped with a magnetic stir bar and a dimroth conden-
ser, activated magnesium turnings (167 mg, 6.88 mmol, 2.75 equiv) were suspended in
THF (1.0 mL) under nitrogen atmosphere. After the addition of iodine (1 piece) to the
flask, the solution of 4-bromoanisole (0.78 mL, 6.25 mmol, 2.5 equiv) in toluene (5.0
mL) was added dropwise. The solution was heated at 80 °C for 1 h. The reaction mixture
was cooled to room temperature, giving brownish green solution of the corresponding
Grignard reagent. To another oven dried two-necked round bottom flask charged with 4-
bromo-N,N-dimethylaniline (500 mg, 2.50 mmol, 1.0 equiv), Ni(acac), (32.1 mg, 2.50
mmol, 5.0 mol%), TMEDA (0.94 mL, 6.25 mmol, 2.5 equiv), and toluene (2.5 mL) was
added dropwise the above Grignard reagent by cannula. After completion of dropwise,
the mixture was heated at 60 °C for 1h. The reaction mixture was cooled to room temper-
ature, and quenched with water. After extraction with toluene (3 x 15 mL), the combined
organic layers were washed with water and brine, dried over anhydrous MgSQOys, filtered,
and concentrated under reduced pressure. The residue was purified by flash column chro-
matography on silica gel (eluent: hexane/ethyl acetate = 30:1 to 10:1) to give 2-1¢ (light
yellow solid, 279 mg, 1.23 mmol, 49%). The spectral data were in good agreement with

the previous literature.>?
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'H NMR (CDCls, 400 MHz): & = 7.48 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 6.95
(d, J= 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 2.98 (s, 6H).

General Procedure-2 (GP-2)
Pd(PPh3)4 (3.0 mol%) NMe;
_~Br NMe;  Na,COj5 (3.0 equiv)
R— | + =
X i EtOH/toluene/H,0 R-— |
(pin)B
. reflux, overnight X
(1.1 equiv) 2-1d, 2-1k, 2-1n

To an oven dried two-necked round bottom flask equipped with a magnetic stir bar and a
dimroth condenser, aryl bromide (1.0 equiv), 4-(dimethylamino)phenylboronic acid pi-
nacol ester (1.1 equiv), Na,COs3 (3.0 equiv), and EtOH/toluene/H,O (1:4:2 v/v) were
added. Then, the suspension was degassed by nitrogen bubbling. After bubbling over 15
min, Pd(PPh3)s (3.0 mol%) was added to the suspension, and the mixture was heated
under reflux with stirring overnight. The reaction mixture was cooled to room tempera-
ture, and extracted with CH>Cl,, The combine solution was washed with brine, dried over
anhydrous MgSO4, and concentrated under reduced pressure. The crude product was then
purified by flash column chromatography on silica gel to give the corresponding biaryl

compound.

NM62
o

2-1d

Compound 2-1d was synthesized according to GP-2. 1-Bromo-4-(cyclopropyl-
methoxy)benzene (341 mg, 1.50 mmol, 1.0 equiv), 4-(dimethylamino)phenylboronic acid
pinacol ester (408 mg, 1.70 mmol, 1.1 equiv), Pd(PPh3)4 (52.0 mg, 0.0450 mmol, 3 mol%),
and NaxCOs (477 mg, 4.50 mmol, 3.0 equiv) were used. Purification by flash column
chromatography on silica gel (hexane/ethyl acetate = 30:1 to 20:1), and washed with hex-
ane gave 2-1d (white solid, 109 mg, 0.410 mmol, 27%).

'"H NMR (CDCl3, 400 MHz): 6 = 7.47-7.44 (m, 4H), 6.94 (d, J = 8.0 Hz, 2H), 6.81 (d, J
= 8.0 Hz, 2H), 3.82 (d, J = 6.8 Hz, 2H), 2.97 (s, 6H), 1.34-1.24 (m, 1H), 0.67-0.63 (m,
2H), 0.37-0.34 (m, 2H).

BC NMR (CDCls, 100 MHz): § = 157.9, 149.5, 133.9, 130.0, 127.5, 127.4, 114.9, 113.2,
73.0,41.0, 10.5, 3.3.
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IR (ATR, viem): 2796, 1605, 1498, 1407, 1345, 1273, 1230, 1183, 1031, 1011, 948, 838,
803, 761.
HRMS (EI) m/z: [M]* Calcd for C1sH21NO 267.1618; Found 267.1623.

l NMe2
2-1k

Compound 2-1k was synthesized according to GP-2. Mesityl bromide (299 mg, 1.50
mmol, 1.0 equiv), 4-(dimethylamino)phenylboronic acid pinacol ester (408 mg, 1.70
mmol, 1.1 equiv), Pd(PPh3)s (52.0 mg, 0.0450 mmol, 3.0 mol%), and Na,COs3 (477 mg,
4.50 mmol, 3.0 equiv) were used. Purification by flash column chromatography on silica
gel (hexane/ethyl acetate = 30:1) gave the product 2-1k (white solid, 325 mg, 1.36 mmol,
91%). The spectral data were in good agreement with the previous literature.S’

'"H NMR (CDCl3, 600 MHz):8 = 7.02-7.01 (m, 2H), 6.93 (s, 2H), 6.80 (br, 2H), 3.00 (s,
6H), 2.32 (s, 3H), 2.04 (s, 6H).

! NMe2
NM62

2-1n

Compound 2-1n was synthesized according to GP-2. 2-Bromo-N,N-dimethylaniline (300
mg, 1.50 mmol, 1.0 equiv), 4-(dimethylamino)phenylboronic acid pinacol ester (389 mg,
1.57 mmol, 1.1 equiv), Pd(PPhs)4 (52.0 mg, 0.0450 mmol, 3.0 mol%), and Na,COs3 (477
mg, 4.50 mmol, 3.0 equiv) were used. Purification by flash column chromatography on
silica gel (hexane/ethyl acetate = 30:1) gave the product 2-1n (white solid, 108 mg, 0.450
mmol, 30%).

'"H NMR (DMSO-ds, 600 MHz): & = 7.39-7.37 (m, 2H), 7.17 (dd, J = 7.8, 7.8 Hz, 1H),
7.10 (d,J=7.8 Hz, 1H), 7.00 (d, /= 7.8 Hz, 1H), 6.97-6.94 (m, 1H), 6.76 (d, /= 7.8 Hz,
2H), 2.92 (s, 6H), 2.46 (s, 6H).

3C NMR (DMSO-ds, 100 MHz): & = 150.8, 149.1, 133.8, 130.9, 129.0, 128.7, 127.1,
121.6, 117.5, 112.3, 43.0, 40.1.

IR (ATR, v/em™): 2951, 2792, 1726, 1610, 1523, 1485, 1444, 1349, 1316, 1222, 1191,
1155, 1123, 1050, 945, 813, 755, 722.

HRMS (EI) m/z: [M]" Calcd for CisH20N2 240.1621; Found 240.1625.
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Pd(OAc), (4.0 mol%)
Acetylacetone (2.0 mol%)

. NMe2
/©/NMe2 B(OH), K,CO3 (2.0 equiv) O
+
Br HO/< j DMF/H,0 O
HO

(1.5 equiv) 100 °C, overnight 2-1e

Compound 2-1e was synthesized according to the reported procedure.5® 4-Bromo-N,N-
dimethylaniline (400 mg, 2.0 mmol, 1.0 equiv), 4-hydroxyphenylboronic acid (414 mg,
3.0 mmol, 1.5 equiv), Pd(OAc): (9.0 mg, 0.04 mmol, 2.0 mol%), acetylacetone (8.0 uL,
0.08 mmol, 4.0 mol%), and K.CO3 (553 mg, 4.0 mmol, 2.0 equiv) were used. Purification
by flash column chromatography on silica gel (hexane/ethyl acetate = 10:1 to 4:1) gave
the product 2-1e (pale yellow solid, 283 mg, 1.33 mmol, 66%).

'"H NMR (CDCls, 6 00 MHz): & = 7.45-7.42 (m, 4H), 6.87 (d, J = 8.4 Hz, 2H), 6.82 (br,
2H), 2.99 (s, 6H). The spectral data were in good agreement with the previous litera-

ture.S8

NMe; Cul (2.8 mol%) NMe,
O Pd(PPhs), (3.0 mol%)
‘ + By——=
1.5 equiv piperidine
Br ( auw) 80 °C, overnight Z
"Bu 2-1h

Compound 2-1h was synthesized according to the reported procedure.>® 4'-Bromo-N,N-
dimethyl[1,1"-biphenyl]-4-amine (240 mg, 0.870 mmol, 1.0 equiv), 1-hexyne (150 pL,
1.30 mmol, 1.5 equiv), Cul (4.6 mg, 0.041 mmol, 2.8 mol%), Pd(PPh3)4(30.2 mg, 0.0450
mmol, 3.0 mol%), and piperidine (4.0 mL) were used. Purification by flash column chro-
matography on silica gel (hexane/ethyl acetate = 100:0 to 20:1) gave the product 2-1h
(pale yellow solid, 187 mg, 0.680 mmol, 78%).

"H NMR (CDCls, 400 MHz): = 7.50-7.46 (m, 4H), 7.42-7.40 (m, 2H), 6.79 (d, J = 8.8
Hz, 2H), 2.99 (s, 6H), 2.42 (t, J = 7.2 Hz, 2H), 1.64—1.44 (m, 4H), 0.95 (t, J = 7.2 Hz,
3H).

BC NMR (CDCls, 100 MHz): & = 150.1, 140.3, 132.0, 128.8, 127.7, 126.0, 121.7, 113.0,
90.7, 80.8, 40.9, 31.1,22.2, 19.4, 13.8.

IR (ATR, v/cm™): 2929, 1600, 1536, 1497, 1354, 1287, 1212, 1166, 1061, 944, 846, 809,
761, 714.

HRMS (EI) m/z: [M]" Calcd for C20H23N 277.1825; Found 277.1830.
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NaH3B(CN) (3.0 equiv)

AcOH (3.5 equiv
O™ 120, ey~ -0
(10 equiv) CH3CN/THF (2:1)

25 °C, overnight 211

Compound 2-11 was synthesized according to the reported procedure.5!? 2-Aminofluo-
rene (544 mg, 3.00 mmol, 1.0 equiv), formaldehyde (37% aqueous, 2.43 g, 30.0 mmol,
10 equiv), NaBH3CN (566 mg, 9.00 mmol, 3.0 equiv.), AcOH (6.3 mL, 10.5 mmol, 3.5
equiv), CH3CN (10 mL) and THF (5.0 mL) were used to give the product 11 (white solid,
357 mg, 1.70 mmol, 57%). The spectral data were in good agreement with the previous
literature.5!?

'"H NMR (CDCls, 400 MHz): 6 = 7.64 (d, J= 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 1H), 7.31
(dd, J=7.6,7.6 Hz, 1H), 7.18 (dd, J=7.6, 7.6 Hz, 1H), 6.98 (br, 1H), 6.83 (br, 1H), 3.85
(s, 2H), 3.02 (s, 6H).

Pd,(dba);*CHCI3 (2.0 mol%)
PBug (4.0 mol%)
KF (3.5 equiv)

NMe2
™ Goom :
Br s THF, 25°C, 12 h

(1.2 equiv) \ S

NMez

2-1p

Compound 2-1p was synthesized according to the reported procedure.5!! 4-Bromo-N,N-
dimethylaniline (300 mg, 1.50 mmol, 1.0 equiv), 2-thiopheneboronic acid (230 mg, 1.80
mmol, 1.2 equiv), Pd2(dba);*CHCI; (31.1 mg, 0.0300 mmol, 2.0 mol%), P'Bus (15 pL,
0.060 mmol, 4.0 mol%), KF (305 mg, 5.30 mmol, 3.5 equiv), and THF (3.0 mL) were
used to give the product 2-1p (white solid, 281 mg, 1.38 mmol, 92%). The spectral data
were in good agreement with the previous literature.5!!

'"H NMR (CDCls, 400 MHz): & = 7.50 (d, J = 7.2 Hz, 2H), 7.16-7.15 (m, 2H), 7.05-7.02

(m, 1H), 6.75 (br, 2H), 2.9 (s, 6H).

(1.2 equiv) NMe NMe;
NMe2 (1 piece) OH TFA O
(1.3 equiv) i 2-1q

Compound 2-1q was synthesized according to the reported procedureS!2. Cyclohexanone

(310 pL, 3.00 mmol, 1.0 equiv), 4-bromo-N,N-dimethylaniline (720 mg, 3.60 mmol, 1.3
equiv), Mg (91.9 mg, 3.80 mmol, 1.2 equiv), THF (3.0 mL), and TFA (3.0 mL) were used
to give the product 2-1q (white solid, 336 mg, 1.67 mmol, 56% in 2 steps). The spectral

data were in good agreement with the previous literature.5!2
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'H NMR (CDCls, 400 MHz): § = 7.30 (d, J = 8.8 Hz 2H), 6.73 (d, J = 8.8 Hz, 2H), 6.01
(s, 1H), 2.95 (s, 6H), 2.39-2.18 (m, 4H), 1.80-1.63 (m, 4H).

Pd(PBus), (2.0 mol%)

Br KO™Bu (1.5 equiv) NMe;
(1.5 equiv) toluene

reflux, overnight 2-1r

Compound 2-1r was synthesized according to the reported procedure.5!3 2-Bromo-naph-
thalene (810 mg, 4.00 mmol, 1.0 equiv), dimethylamine (2.0 M THF solution, 3.0 mL,
6.00 mmol, 1.5 equiv), Pd(P'Bus)2 (61.0 mg, 0.0800 mmol, 2.0 mol%), KO'Bu (658 mg,
6.00 mmol, 1.5 equiv), and toluene (10 mL) were used to give the product 2-1r (white
solid, 690 mg, 4.00 mmol, >99%). The spectral data were in good agreement with the
previous literature.5!3

'"H NMR (CDCls, 400 MHz): & = 7.73-7.66 (m, 3H), 7.39-7.36 (m, 1H), 7.24-7.18 (m,

2H), 6.96 (br, 1H), 3.06 (s, 6H).

Pd(OAC), (2.0 mol%)
PBus (2.5 mol%)

Br KO™Bu (1.5 equiv) NMe,
o
MeO toluene MeO

(1.5 equiv) .
reflux, overnight 215

Compound 2-1s was synthesized according to the modified procedure.!* To an oven
dried Schlenk flask equipped with a magnetic stir bar, 2-bromo-6-methoxynaphthalene
(711 mg, 3.00 mmol, 1.0 equiv), dimethylamine (2.0 M THF solution, 2.3 mL, 4.5 mmol,
1.5 equiv), KOBu (505 mg, 4.50 mmol, 1.5 equiv), and toluene (9.0 mL) were added.
Then, the suspension was degassed by nitrogen bubbling. After bubbling over 15 min,
Pd(OAc): (13.5 mg, 0.0600 mmol, 2.0 mol%) and P'Bus (19 pL, 0.075 mmol, 2.5 mol%)
were added to the suspension, and the mixture was heated under reflux with stirring over-
night. The reaction mixture was cooled to room temperature, quenched with water (20
mL), and extracted with ethyl acetate three times. The combined organic layer was
washed with brain, dried over anhydrous MgSQg, filtered, and concentrated under re-
duced pressure. The residue was purified by flash column chromatography on silica gel
(eluent: hexane/ethyl acetate = 20:1) to give the product 2-1s (light yellow solid, 243 mg,
1.21 mmol, 40%).

'"H NMR (CDCls, 400 MHz): 6 = 7.63 (d, J= 9.6 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.18
(dd, J=28.4,2.4 Hz, 1H), 7.09-7.04 (m, 2H), 6.95 (br, 1H), 3.89 (s, 3H), 3.01 (s, 6H).
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BC NMR (CDCls, 100 MHz) & = 155.4, 147.4, 130.3, 128.0, 127.9, 127.6, 119.0, 117.5,
107.8, 105.9, 55.4, 41.5.

IR (ATR, v/em™): 1601, 1508, 1460, 1391, 1255, 1205, 1156, 1114, 1031, 969, 9512, 837,
803, 743.

HRMS (EI) m/z: [M]" Calcd for Ci13HisNO 201.1148; Found 201.1155.

0
K,COj3 (1.1 equiv) N
+ Br/\/\/Br O
. DMF, 80 °C, 14 h
(1.1 equiv) O

Compound 2-1t was synthesized according to the reported procedure.5'* 4-Aminobi-
phenyl (300 mg, 1.80 mmol, 1.0 equiv), 1,4-dibromobutane (421 mg, 2.00 mmol, 1.1
equiv), KoCOs3 (270 mg, 2.00 mmol, 1.1 equiv), DMF (1.2 mL) were used to give the

product 2-1t (white solid, 123 mg, 0.550 mmol, 31%). The spectral data were in good
S15

21t

agreement with the previous literature.
'"H NMR (CDCl3, 400 MHz): 6 = 7.55 (dd, J= 8.4, 1.2 Hz, 2H), 7.54 (d, J= 8.8 Hz, 2H),
7.39 (t, J = 8.0 Hz, 2H), 7.24 (t, J = 8.0 Hz, 1H), 6.66 (br, 2H), 3.34 (br, 4H), 2.03 (br,
4H).

Pd,(dba)3*CHCl5 (3.0 mol%)

Br SPhos (8.0 mol%)
NaOBu (2.0 equiv) N
HO toluene, reflux, 11 h O
(2.0 equiv) O

2-1u
Compound 2-1u was synthesized according to the reported procedure.>'® 4-Bromo-

biphenyl (699 mg, 3.00 mmol, 1.0 equiv), piperidine (600 pL, 6.00 mmol, 2.0 equiv),
Pd»(dba)3;*CHCI3 (93.2 mg, 0.0900 mmol, 3.0 mol%), SPhos (98.4 mg, 0.240 mmol, 8.0
mol%), NaO'Bu (577 mg, 6.00 mmol, 2.0 equiv), and toluene (9.0 mL) were used to give
the product 2-1u (white solid, 383 mg, 1.62 mmol, 54%). The spectral data were in good
agreement with the literature values.5!”

'"H NMR (CDCls, 400 MHz): 6 = 7.56 (d, J= 7.2 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.40
(dd,J=7.2,7.2 Hz, 2H), 7.28 (t,J = 8.4 Hz, 1H), 7.04 (br, 2H), 3.23 (br, 4H), 1.75-1.61

(m, 6H).
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NH, NaOH (1.4 equiv) NHMe
NaBH, (1.0 equiv) O
s o
O (1.4 equiv) MeOH,40°C O
overnight 2-1v

Compound 2-1v was synthesized according to the reported procedure.5'® 4-Aminobi-
phenyl (250 mg, 1.48 mmol, 1.0 equiv), paraformaldehyde (62.1 mg, 2.07 mmol, 1.4
equiv), NaOH (112 mg, 2.07 mmol, 1.4 equiv), NaBH4 (56.0 mg, 1.48 mmol, 1.0 equiv),
and MeOH (3.7 mL) were used to give the product 2-1v (white solid, 210 mg, 1.15 mmol,
78%). The spectral data were in good agreement with the previous literature.S!8

"H NMR (CDCls, 400 MHz): § = 7.61 (d, J = 7.2 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.45

(dd, J=7.2 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 8.0 Hz, 2H), 2.91 (s, 6H).

Pd(PPhs), (2.0 mol%) NH,
/©/NH2 ©/B(OH)2 K,CO3 (3.0 equiv) ‘
+
Br DMF/H,0 (1:1) ‘

(1.1 equiv) 100 °C, overnight 24x

Compound 2-1x was synthesized according to the reported procedure.5!*- 4-Bromo-N,N-
dimethylaniline (2.58 g, 15.0 mmol, 1.0 equiv), phenylboronic acid (2.01 g, 16.5 mmol,
1.1 equiv), Pd(OAc)> (67.3 mg, 0.300 mmol, 2.0 mol%), and K»COs3 (6.22 g, 45.0 mmol,
3.0 equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 3:1) gave 2-1x (pale yellow solid, 2.53 g, 14.9 mmol, quant.). The
spectral data were in good agreement with the previous literature.52°

'"H NMR (CDCl3, 400 MHz): = 7.55 (d, J = 8.0 Hz, 2H), 7.44-7.39 (m, 4H), 7.29 (t, J
= 8.0 Hz, 1H), 6.77 (d, J = 8.8 Hz, 2H), 3.74 (brs, 2H).

K[N(SiMes3)5] (5.0 mol%)
HBpin + HNMe, pinB-NMe,
(1.1 equiv) THF, 60 °C, 3 h

pinB-NMe, was synthesized according to the modified procedure.5?! The reaction and
manipulation were carried out under nitrogen atmosphere using Schlenk-type techniques.
To an oven dried pressure resistant test tube, K[N(SiMe3)>] (40.0 mg, 0.200 mmol, 5.0
equiv) was added. Dimethylamine (2.0 M THF solution, 2.2 mL, 4.40 mmol, 1.1 equiv),
HBpin (580 pL, 4.00 mmol) were sequentially added by syringe. The mixture was heated
to 80 °C for 3 h. Immediately after heated, H> gas was generated, and white solid was
precipitated. The reaction mixture was cooled to room temperature, and the precipitate

was filtrated. The solvent in filtration was removed by evaporation, and the residue was
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distillated by a Kugelrohr apparatus to give the product (colorless liquid, 157 mg, 0.920
mmol, 23%). The spectral data were in good agreement with the previous literature.5??
'"H NMR (CDCls, 600 MHz): 6 = 2.56 (s, 6H), 1.21 (s, 12H).

"B NMR (CDCl3, 193 MHz): 6 = 22.9.
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2.7.3. Procedure for C-N Borylation of Aromatic Amines
2.7.3.1 Screening of Reaction Conditions

Representative Procedure -Closed System-

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.06 mmol, 1.0 equiv),
Bopinz (30.5 mg, 0.12 mmol, 2.0 equiv.), pyrene (2.4 mg, 0.012 mmol, 20 mol%) and
dodecane (15 pL) as an internal standard in CPME (0.6 mL, 0.1 M) was placed in a pyrex
tube (inner diameter: 9 mm, length: 97 mm). The solution was degassed by freeze-pump-
thaw in three times, backfilled with corresponding atmosphere (N2 or CO»), and irradiated
with lamp (365 nm, the distance from light source to the irradiation vessel: 0.5 cm) with
a fan to keep the temperature around 30 °C (Figure S1). After 18 h, the reaction mixture
was analyzed by GC.

Figure S1. Light Set Up (closed system).

Representative Procedure -Balloon system-

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.0600 mmol, 1.0 equiv),
Bopinz (30.5 mg, 0.120 mmol, 2.0 equiv), pyrene (2.4 mg, 0.012 mmol, 20 mol%) and
dodecane (15 pL) as an internal standard in CPME (0.6 mL, 0.10 M) was placed in a
quartz test tube (inner diameter: 16 mm, length: 172 mm) equipped with a three-way
stopcock and balloon filled with CO; gas. The solution was degassed by freeze-pump-
thaw three times, backfilled with CO> gas, and irradiated with light (365 nm, the distance
from light source to the irradiation vessel: 0.5 cm) with a fan to keep the temperature

around 30 °C (Figure S2). After 18 h, the reaction mixture was analyzed by GC.
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Figure S2. Light Set Up (balloon system).
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2.7.3.2 Substrate Scope

Aryl Trifluoroborate (2-2’a—2-2’r)

A solution of an aromatic amine (0.150 mmol, 1.0 equiv), B2pinz (0.300 mmol, 2.0 equiv),
and pyrene (0.0300 mmol, 20 mol%) in CPME (1.5 mL, 0.10 M) was placed in a quartz
test tube (inner diameter: 16 mm, length: 172 mm) equipped with a three-way stopcock
and balloon filled with CO; gas. The solution was degassed by freeze-pump-thaw three
times, backfilled with CO> gas and irradiated with light (365 nm, the distance from light
source to the irradiation vessel: 0.5 cm) with a fan to keep the temperature around 30 °C.
After 24 h, the reaction mixture was quenched with a short plug of silica gel using Et,0O.
After volatiles were removed under reduced pressure, aq. KHF> (3.0 M, 0.5 mL) and
MeOH (1.0 mL) were added to the residue, and the mixture was stirred at room temper-
ature overnight. The suspension was evaporated at 55 °C for 5 h, and residual solids were
dissolved in hot acetone. After insoluble salt were filtered, the filtrate was concentrated
in vacuo. The resulting solid was washed with Et;O three times and a small amount of
MeOH to give aryl trifluoroborate 2-2°. Several products contained less than 5% of KBF4

salt in ’F NMR integration ratio.

Representative procedure

A solution of N,N-dimethyl-4-biphenylamine (9.6 mg, 0.150 mmol, 1.0 equiv), Bopinz
(76.2 mg, 0.300 mmol, 2.0 equiv), and pyrene (6.1 mg, 0.0300 mmol, 20 mol%) in CPME
(1.5 mL, 0.10 M) was placed in a quartz test tube equipped with a three-way stopcock
and balloon filled with CO; gas. The solution was degassed by freeze-pump-thaw three
times, backfilled with CO> gas and irradiated with light with a fan to keep the temperature
around 30 °C. After 24 h, the reaction mixture was quenched with a short pad of silica gel
using Et,O. After volatiles were removed under reduced pressure, aq. KHF> (3.0 M, 0.5
mL) and MeOH (1.0 mL) were added to the residue, and the mixture was stirred at room
temperature overnight. The suspension was evaporated at 55 °C for 5 h, and residual sol-
ids were dissolved in hot acetone. After insoluble salt were filtered, the filtrate was con-
centrated in vacuo. The resulting solid was washed with Et;O three times and a small
amount of MeOH to give aryl trifluoroborate 2-2’a (white solid, 33.1 mg, 0.122 mmol,
82%), containing a small amount of KBF4 (2-2°a: KBF4 = ca. 100:2 in '°F NMR).

Aryl boronic Acid Pinacol Ester (2-2a, 2-2i)
A solution of an aromatic amine (0.150 mmol, 1.0 equiv), B2pinz (0.300 mmol, 2.0 equiv),
and pyrene (0.0300 mmol, 20 mol%) in CPME (1.5 mL, 0.10 M) was placed in a quartz

test tube (inner diameter: 16 mm, length: 172 mm) equipped with a three-way stopcock
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and balloon filled with CO; gas. The solution was degassed by freeze-pump-thaw three
times, backfilled with CO> gas and irradiated with light (365 nm, the distance from light
source to the irradiation vessel: 0.5 cm) with a fan to keep the temperature around 30 °C.
After 24 h, the reaction mixture was passed through a short plug of silica gel using Et,0O.
After volatiles were removed under reduced pressure, the purification by flash column

chromatography on silica gel gave aryl boronic acid pinacol ester 2-2.

Representative procedure

A solution of N,N-dimethyl-4-biphenylamine (29.6 mg, 0.150 mmol, 1.0 equiv), B2pinz
(76.2 mg, 0.300 mmol, 2.0 equiv), and pyrene (6.1 mg, 0.0300 mmol, 20 mol%) in CPME
(1.5 mL, 0.10 M) was placed in a quartz test tube equipped with a three-way stopcock
and balloon filled with CO; gas. The solution was degassed by freeze-pump-thaw three
times, backfilled with CO> gas and irradiated with light with a fan to keep the temperature
around 30 °C. After 24 h, the reaction mixture was passed through a short plug of silica
gel using Et,0. After volatiles were removed under reduced pressure, the purification by
flash column chromatography on silica gel (hexane/ethyl acetate = 20:1) gave aryl bo-
ronic acid pinacol ester 2-2a (white solid, 34.4 mg, 0.123 mmol, 80%). Due to the limi-
tation on the size of our quartz test tubes, it is technically difficult to carry out the reaction

at more than 1 mmol scale.

Spectral Data of Products

! Bpin
O 2-2a

2-2a (white solid, 34.4 mg, 0.123 mmol, 80%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
"H NMR (CDCl3, 600 MHz): 6 = 7.89 (d, J= 7.8 Hz, 2H), 7.63-7.61 (m, 4H), 7.45 (dd, J
=7.8, 7.8 Hz, 2H), 7.36 (t,J= 7.8 Hz, 1H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5?*

BF4K

119



2-1a (29.6 mg, 0.150 mmol) provided 2-2’a (white solid, 33.1 mg, 0.122 mmol, 82%)
containing a small amount of KBF4 (2-2’a: KBF4 = ca. 100:2 in '°F NMR)

'H NMR (DMSO-ds, 600 MHz): & =7.59 (d, J = 7.8 Hz, 2H), 7.42-7.37 (m, 6H), 7.28 (,
J=17.8 Hz 1H).

The spectral data were in good agreement with the previous literature.5?*

BF3K

2-2’b
2-2°b (white solid, 36.9 mg, 0.135 mmol, 90%)
"H NMR (DMSO-ds, 600 MHz): 8 = 7.49 (d, J = 7.2 Hz, 2H), 7.39-7.35 (m, 4H), 7.22 (d,
J=17.2 Hz, 2H), 2.32 (s, 3H).

The spectral data were in good agreement with the previous literature.

] BF,K

o 2-2c

2-2’c (white solid, 32.2 mg, 0.111 mmol, 74%)

'"H NMR (DMSO-ds, 600 MHz): & = 7.53 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H),
7.33 (d, J=8.4 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 3.78 (s, 3H).

BC NMR (DMSO-ds, 100 MHz): & = 158.2, 136.5, 133.9, 131.9, 127.3, 124.2, 114.2,
55.1 [The boron-bound carbon was not detected dur to quadrupolar relaxation.].

F NMR (DMSO-ds, 376 MHz): 6 =—138.79.

'B NMR (DMSO-ds, 128 MHz): & = 2.3.

IR (ATR, v/em'): 3335, 1606, 1524, 1497, 1282, 1224, 1180, 1025, 972, 918, 848, 817,
731.

HRMS (ESI) m/z: [M — K]~ Calcd for C13H11BF30 251.0861; Found 251.0828.

l BF3K

S25

~

.

2-2°d
2-2°d (beige solid, 37.5 mg, 0.114 mmol, 76%)
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'"H NMR (DMSO-ds, 600 MHz): 8 = 7.50 (d, J = 6.6 Hz, 2H), 7.35-7.32 (m, 4H), 6.95
(d, J=6.6 Hz, 2H), 3.83-3.82 (m, 2H), 1.24-1.22 (m, 1H), 0.58-0.57 (m, 2H), 0.34-0.33
(m, 2H).

3C NMR (DMSO-ds, 100 MHz): & = 157.6, 136.4, 133.8, 131.9, 127.3, 124.2, 114.7,
72.0,10.2, 3.1 [The boron-bound carbon was not detected due to quadrupolar relaxation.].
F NMR (DMSO-ds, 376 MHz): § = —138.8.

'B NMR (DMSO-ds, 193 MHz): & = 2.3.

IR (ATR, v/cm™): 1606, 1523, 1497, 1408, 1280, 1224, 1198, 1181, 1010, 972, 921, 848,
820, 740.

HRMS (ESI) m/z: [M — K]~ Calcd for CisHisBF30 291.1174; Found 291.1168.

] BF3K

HO 2-2%
2-2’e (white solid, 15.0 mg, 0.054 mmol, 36%) containing a small amount of KBF, (2-
2°e:KBF4 = ca. 100:5 in 'F NMR)
"H NMR (acetone-ds + DMSO-ds, 600 MHz): & = 9.43 (br, 1H), 7.41-7.35 (m, 2H),7.35
(d,J=6.0,2H), 7.28 (d, J= 6.0 Hz, 2H), 6.81-6.79 (m, 2H).

The spectral data were in good agreement with the previous literature

l BF3K

2-2’f

2-2°f (white solid, 30.4 mg, 0.109 mmol, 73%) containing a small amount of KBF; (2-
2°f:KBF4 = ca. 100:1 in 'F NMR)

'"H NMR (DMSO-ds, 600 MHz): & = 7.64-7.61 (m, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.36
(d,J=8.4 Hz, 2H), 7.25-7.22 (m, 2H).

3C NMR (DMSO-ds, 100 MHz): & = 161.4 (d, J = 241 Hz), 138.0, 135.8, 132.0, 128.2
(d,J=17.6 Hz), 124.6, 115.6 (d, J = 21.1 Hz) [The boron-bound carbon was not detected
due to quadrupolar relaxation.].

F NMR (DMSO-ds, 376 MHz): § =-116.9, —138.9.

B NMR (DMSO-ds, 193 MHz): & = 2.3.

IR (ATR, v/em™): 1605, 1523, 1497, 1389, 1221, 1160, 1028, 961, 916, 817.

HRMS (ESI) m/z: [M — K] Calcd for C12HsBF4239.0661; Found 239.0654.

S26

F
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l BF4K
cl g 2-2'g

2-2’g (white solid, 43.7 mg, 0.150 mmol, >99%)

'"H NMR (DMSO-ds, 600 MHz): & = 7.63 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H),
7.42—-7.38 (m, 4H).

BC NMR (DMSO-ds, 100 MHz): § = 140.3, 135.5, 132.1, 131.4, 128.8, 128.1, 124.7 [The
boron-bound carbon was not detected due to quadrupolar relaxation.].

F NMR (DMSO-ds, 376 MHz): = 139.0.

B NMR (DMSO-ds, 128 MHz): & = 2.3.

IR (ATR, v/em™): 1606, 1484, 1387, 1225, 1098, 971, 814, 743.

HRMS (ESI) m/z: [M — K]~ Calcd for C12HsBCIF3 255.0365; Found 255.0356.

] BF,K

"Bu 2-2’h

With Bopins (114 mg, 0.45 mmol, 3.0 equiv) and pyrene (9.1 mg, 0.045 mmol, 30 mol%),
2-1h provided 2-2’h (pale yellow solid, 36.8 mg, 0.110 mmol, 72%) containing a small
amount of KBF4 (2-2’h:KBF, = ca. 100:2 in '°F NMR).

"H NMR (DMSO-ds, 600 MHz): 6 = 7.58 (d, J = 8.4 Hz, 2H), 7.42-7.40 (m, 6H), 2.44 (t,
J=17.2 Hz, 2H), 1.55-1.44 (m, 4H), 0.92 (t, /= 7.2 Hz, 3H).

3C NMR (DMSO-ds, 100 MHz): & = 141.3, 136.4, 132.6, 132.2, 129.3, 126.9, 125.1,
121.9,91.4, 81.1, 30.9, 22.0, 18.9, 14.1

F NMR (DMSO-ds, 376 MHz): § =—139.0.

B NMR (DMSO-ds, 193 MHz): & = 2.3.

IR (ATR, v/em™): 1606, 1495, 1390, 1223, 1029, 964, 923, 819, 763.

HRMS (ESI) m/z: [M — K]~ Calcd for Ci1sHi7BF3 301.1381; Found 301.1371.
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! Bpin
Me3Si

2-2j

2-2j(white solid, 28.2 mg, 0.0800 mmol, 53%)
'H NMR (CDCls, 600 MHz): & = 7.88 (d, J = 8.4 Hz, 2H), 7.62-7.61 (m, 6H), 1.36 (s,
12H), 0.30 (s, 9H).

The spectral data were in good agreement with the previous literature.

l BF4K
2-2’k

With Bopins (114 mg, 0.45 mmol, 3.0 equiv) and pyrene (9.1 mg, 0.045 mmol, 30 mol%),
the reaction of 2-1kprovided 2-2°k (white solid, 35.3 mg, 0.120 mmol, 78%) containing
a small amount of KBF4 (2-2°k:KBF4 = ca. 100:1 in 1F NMR).

'"H NMR (DMSO-ds, 400 MHz): & = 7.37 (d, J = 7.6 Hz, 2H), 6.87 (s, 2H), 6.80 (d, J =
7.6 Hz, 2H), 2.24 (s, 3H), 1.92 (s, 6H).

3C NMR (DMSO-ds, 100 MHz): & = 139.8, 136.9, 135.2, 135.1, 131.4, 127.8, 126.8,
20.64, 20.60 [ The boron-bound carbon was not detected due to quadrupolar relaxation.].
F NMR (DMSO-ds, 376 MHz): § = —138.8.

"B NMR (DMSO-ds, 128 MHz): 6 = 2.7.

IR (ATR, v/em™): 1613, 1214, 1118, 956, 829, 739.

HRMS (ESI) m/z: [M — K]~ Calcd for CisHi5sBF3 263.1224; Found 263.1224.

Oy
2-2’|
2-2’1 (white solid, 32.9 mg, 0.121 mmol, 81%)
'"H NMR (DMSO-ds, 600 MHz): & = 7.76 (d, J= 7.2 Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H),
7.53-7.51 (m, 2H), 7.34 (d, /= 7.2 Hz, 1H), 7.31 (d, J= 7.2 Hz, 1H), 7.22 (dd, J = 7.2,
7.2 Hz, 1H), 3.79 (s, 2H).

The spectral data were in good agreement with the previous literature.

S27

S25
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] BF,K

CO,Me

2-2’m
With Bopins (114 mg, 0.45 mmol, 3.0 equiv) and pyrene (9.1 mg, 0.045 mmol, 30 mol%),
the reaction of 2-1m provided 2-2°m (white solid, 33.2 mg, 0.100 mmol, 70%) containing
a small amount of KBF4 (2-2°’m:KBF; = ca. 100:2 in 'F NMR).
"H NMR (DMSO-ds, 400 MHz): 8 = 8.16 (s, 1H), 7.91-7.89 (m, 2H), 7.58 (dd, J = 8.0,
8.0 Hz 1H), 7.47-7.43 (m, 4H), 3.89 (s, 3H).
13C NMR (DMSO-ds, 100 MHz): 6 = 166.4, 141.9, 135.6, 132.2, 131.2, 130.2, 129.4,
127.3, 126.7, 124.7, 52.3 [ The boron-bound carbon was not detected due to quadrupolar
relaxation.].
F NMR (DMSO-ds, 376 MHz): § =—139.0.
1B NMR (DMSO-ds, 128 MHz): & = 2.1.
IR (ATR, v/em™): 1712.5, 1309, 1249, 1208, 1114, 958, 826, 814, 756, 738.
HRMS (ESI) m/z: [M — K] Caled for Ci16H15BF30 279.0810; Found 279.0810.

l BF4K
NMe,

2-2’n

2-2°n (white solid, 25.7 mg, 0.0850 mmol, 57%)

'"H NMR (DMSO-ds, 400 MHz): & = 7.38 (d, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 2H),
7.23 (dd, J= 8.0, 8.0 Hz, 1H), 7.13 (d, /= 7.6 Hz, 1H), 7.04—6.97 (m, 2H), 2.54 (s, 6H).
3C NMR (DMSO-ds, 100 MHz): & = 150.8, 138.1, 134.6, 131.4, 131.4, 127.3, 126.1,
121.3, 117.3, 43.1 [The boron-bound carbon was not detected due to quadrupolar relaxa-
tion.].

F NMR (DMSO-ds, 376 MHz): § = —138.8.

1B NMR (DMSO-de, 128 MHz): & = 2.2.

IR (ATR, v/em™): 1593, 1485, 1212, 1158, 1108, 947, 830, 752, 738, 720.

HRMS (ESI) m/z: [M — K]~ Calcd for C14H14BF3N 264.1177; Found 264.1193.
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g BF3K

‘ 2-2’o

With Bopins (114 mg, 0.45 mmol, 3.0 equiv) and pyrene (9.1 mg, 0.045 mmol, 30 mol%),
the reaction of 1-20 provided 2-2’0 (white solid, 20.3 mg, 0.0780 mmol, 52%).

This compound was pre-purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 100:1 to 30:1) before the treatment with KHF>.

'"H NMR (DMSO-ds, 400 MHz): & = 7.58-7.56 (m, 3H), 7.42 (dd, J = 7.6, 7.6 Hz, 2H),
7.31-7.28 (m, 3H), 7.18 (t, J= 7.6 Hz, 1H).

The spectral data were in good agreement with the previous literature.5**

BF3K

~
S 22p

2-2’p (beige solid, 21.6 mg, 0.0810 mmol, 54%) containing a small amount of KBF4 (2-
2°p:KBF; = ca. 100:2 in F NMR).
'"H NMR (DMSO-ds, 600 MHz): 6 = 7.43-7.34 (m, 6H), 7.09-7.07 (m, 1H).
BBC NMR (DMSO-ds, 100 MHz): § = 145.1, 132.0, 130.5, 128.3, 124.2, 123.6, 122.1 [The
boron-bound carbon was not detected due to quadrupolar relaxation.].
F NMR (DMSO-ds, 376 MHz): & = 139.0.
1B NMR (DMSO-ds, 128 MHz): § = 2.1.
IR (ATR, v/em™): 1394, 1264, 1221, 1023, 968, 918, 838, 820, 706.
HRMS (ESI) m/z: [M — K]~ Calcd for Ci0H7BF3S 227.0319; Found 227.0324.

BF3K

2-2'q
2-2’q (white solid, 15.0 mg, 0.0570 mmol, 38%) containing a small amount of KBF (2-
2°q:KBF4 = ca. 100:2 in ’F NMR)

'"H NMR (DMSO-ds, 600 MHz): 6 = 7.24 (d, J=7.2 Hz, 2H), 7.11 (d, J = 7.2 Hz, 2H),
6.01 (s, 1H), 2.33 (br, 2H), 2.15 (br, 2H), 1.71-1.58 (m, 4H).

BC NMR (DMSO-ds, 100 MHz): & = 138.4, 136.7, 131.3, 122.7, 121.9, 26.9, 25.3, 22.8,
21.9 [The boron-bound carbon was not detected due to quadrupolar relaxation.].
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I9F NMR (DMSO-ds, 565 MHz): § = —138.7.

"B NMR (DMSO-ds, 193 MHz): & = 2.3.

IR (ATR, v/em™): 1395, 1217, 1023, 965, 915, 818, 800, 756.

HRMS (ESI) m/z: [M — K]~ Calcd for C10H7BF3S 225.1068; Found 225.1071.

2-2'r
1-2r (34.2 mg, 0.200 mmol) provided 2-2°r (white solid, 46.9 mg, 0.200 mmol, >99%)
"H NMR (acetone-ds, 600 MHz): 8 =7.95 (s, 1H), 7.74-7.62 (m, 3H), 7.62 (d, J=7.2 Hz,
1H), 7.34-7.29 (m, 2H).

The spectral data were in good agreement with the previous literature.

BF4K
ST

2-2’s
2-2’s (beige solid, 27.8 mg, 0.105 mmol, 70%) containing a small amount of KBF4 (2-
2°s:KBF4 = ca. 100:6 in '’F NMR)
'"H NMR (DMSO-ds, 600 MHz): & = 7.71 (s, 1H), 7.75 (d, J = 9.0 Hz, 1H), 7.53 (d, J =
8.4 Hz, 1H), 7.47 (d, J= 8.4 Hz, 1H), 7.14 (d, /= 2.4 Hz, 1H), 7.00 (dd, J=9.0, 2.4 Hz,
1H), 3.83 (s, 3H).
The spectral data were in good agreement with the previous literature.

S24

S28

2.7.3.3 Direct Borylation from Other Amino Groups in Aromatic Amines

A solution of an aromatic amine (0.150 mmol), B2pin, (0.300 mmol, 2.0 equiv), and py-
rene (0.0300 mmol, 20 mol%) in CPME (1.5 mL, 0.10 M) was placed in a quartz test tube
(inner diameter: 16 mm, length: 172 mm) equipped with a three-way stopcock and bal-
loon filled with CO> gas. The solution was degassed by freeze-pump-thaw tree times,
backfilled with CO> gas, and irradiated with light (365 nm) with a cooling fan to keep the
temperature around 30 °C. After 24 h or 36 h, the reaction mixture was quenched with a
short plug of silica gel using Et;O. After volatiles were removed under reduced pressure,
aq. KHF> (3.0 M, 0.50 mL) and MeOH (1.0 mL) were added to the residue, and the reac-
tion mixture was stirred at room temperature overnight. The suspension was evaporated
at 55 °C for 5 h, and the residual solid was dissolved in hot acetone. After insoluble salts
were filtered, the filtrate was concentrated in vacuo. The resulting solid was washed with

Et;0 three times and a small amount of MeOH to give the product 2-2’a.
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2-1t (33.5 mg, 0.150 mmol) provided 3a (white solid, 18.0 mg, 0.0690 mmol, 46%)

With Bopins (114 mg, 0.45 mmol, 3.0 equiv) and pyrene (9.1 mg, 0.045 mmol, 30 mol%),
the reaction of 2-1u (35.6 mg, 0.150 mmol) provided 2-2’a (white solid, 29.1 mg, 0.112
mmol, 75%).

The reaction of 2-1v (27.5 mg, 0.150 mmol) provided 2-2’a (white solid, 30.2 mg,
0.116 mmol, 77%) containing a small amount of KBF4 (2-2’a:KBF4 = ca. 100:4 in '°F
NMR).
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2.7.4. Control Experiments with Radical Trap Reagents
2.7.4.1 Borylation with 1,1-Diphenylethylene

pyrene (20 mol%)
1,1-diphenylethylene (1.0 equiv)

NMe, CO, (1 atm, ballon) Bpin Bpin
/@/ +  Bypin, /©/ + J:
Ph CPME, 30 °C, 18 h, UV (365 nm
(2.0 equiv) ( ) Ph Ph™ ~“Ph
2-1a 2-2a 2-19
81%*2 65%3P
@ Determined by 'H-NMR.
b Based on 1,1-diphenylethylene.

Scheme S1. Borylation with 1,1-Diphenylethylene

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.06 mmol, 1.0 equiv),
Bopinz (30.5 mg, 0.12 mmol, 2.0 equiv), pyrene (2.4 mg, 0.012 mmol, 20 mol%) and 1,1-
diphenylethylene (10.8 mg, 0.06 mmol, 1.0 equiv) in CPME (0.60 mL, 0.10 M) was
placed in a quartz test tube (inner diameter: 16 mm, length: 172 mm) equipped with a
three-way stopcock and balloon filled with CO; gas. The solution was degassed by freeze-
pump-thaw three times, backfilled with CO; atmosphere, and irradiated with light (365
nm) with a cooling fan to keep the temperature around 30 °C. After 18 h, the reaction
mixture was quenched with a short plug of silica gel using Et;O. After volatiles were
removed under reduced pressure, 1,1,2,2-tetrachloroethane (10.7 mg) was added as an
internal standard to the residue, and the yield were determined by 'H NMR.
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Chromatogram AS633 D:\023_shiozuka\old\AS633.qgd
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Spectrum
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100 — e — - ————————
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Figure S3. GC-MS analysis of the borylation with 1,1-diphenylethylene.
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2.7.4.2 Borylation with TEMPO

pyrene (20 mol%)
TEMPO (1.0 equiv)

NMe, Bpin
CO, (1 atm, ballon)
+ szinz
O CPME, 30 °C, 18 h, UV (365 nm) O
(2.0 equiv)

2-1a 2-2a
62% (GC yield)

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.0600 mmol, 1.0 equiv),
Bopinz (30.5 mg, 0.120 mmol, 2.0 equiv), pyrene (2.4 mg, 0.012 mmol, 20 mol%),
TEMPO (9.4 mg, 0.060 mmol, 1.0 equiv), and dodecane (15 pL) in CPME (0.60 mL,
0.10 M) was placed in a quartz test tube (inner diameter: 16 mm, length: 172 mm)
equipped with a three-way stopcock and balloon filled with CO, gas. The solution was
degassed by freeze-pump-thaw three times, backfilled with CO, atmosphere, and irradi-
ated with light (365 nm) with a fan to keep the temperature around 30 °C. After 18 h, the

reaction mixture was analyzed by GC.

Chromatogram AS611 D:\023_shiozuka\old\AS611.qgd

_ S B ) (&
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min
Spectrum
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Figure S4. GC-MS Analysis of Borylation with TEMPO.
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2.7.5. Kinetic analysis

Typical procedure

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 19.7 mg, 0.100 mmol, 0.10 M),
Bopinz (50.8 mg, 0.200 mmol, 2.0 equiv, 0.20 M), pyrene (0.10 M CPME solution of 0.20
mL, 0.020 mmol, 20 mol%, 0.020 M), and dodecane (25 pL) as an internal standard in
CPME (1.0 mL (total volume)) was placed in a pyrex tube (inner diameter: 9 mm, length:
97 mm) equipped with rubber septum. The solution was degassed by freeze-pump-thaw
three times, backfilled with CO, atmosphere, and irradiated with light (365 nm) with a
fan to keep the temperature around 30 °C. At appropriate time, the samples (ca. 1.0 puL)
were obtained from the reaction mixture by micro syringe and analyzed by GC.

(a 12
1 ° y=-28271x+1.3422
- .
%0.8 R2=0.8802
GV 0.6
304
.'g 0.2 ?
=0
Zg 0 0.0l 0.02 0.03 0.04 0.05
- [Pyrene] (M)
®) 50 © 50
c
40 40 y=0.5969x
y =0.2462x R?=0.9976
[22a] 30 paZ00s [2-2a] 30
(mM) 20 (mM) 20
o / ¢ 10
0 0
0 20 40 60 0 20 40 60
time (min) time (min)

[2-1a]=0.1 M, [B,pin,]= 0.2 M, [pyrene] = 0.040 M [2-1a] =0.1 M, [B,pin,]= 0.2 M, [pyrene] = 0.020 M

@ 30 @ 50
40  y=1.0692x o ® 40 y=1.0536x-26.464
30  R*=0.9902 « o o’ R2=(.9885 .
[2-2a] e [2-2a] 30
(mM) 20 . (mM) 2o -
10 g 10 — o
0 0 ° ® o
0 20 40 60 0 20 40 60
time (min) time(min)

Figure SS. Kinetic Analysis of Borylation. (a) Correlation of between [pyrene] and ini-
tial rate, (b)-(e) time-course of [2-2a] ((b) [pyrene] = 0.040 M, (c) [pyrene] = 0.020 M,
(d) [pyrene] = 0.015 M, (e) [pyrene] = 0.010 M).
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[2-1a] = 0.1 M, [B,pin,]= 0.40 M, [pyrene] =0.02M  [2-1a]=0.1 M, [B,pin,]= 0.20 M, [pyrene] = 0.02 M
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Figure S6. Kinetic Analysis of Borylation. (a) Correlation of between [B2pinz] and initial
rate, (b)-(d) time-course of [2-2a] ((b) [B2pinz] = 0.40 M, (c) [Bzpinz] = 0.20 M, (d)
[B2pinz] = 0.10 M).
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Figure S7. Kinetic Analysis of Borylation (a) Correlation of between [2-1a] and initial

rate, (b)-(d) time-course of [2-2a] ((b) [2-1a] = 0.20 M, (c) [2-1a] = 0.10 M, (d) [2-1a] =
0.050 M).
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2.7.6. Stern-Volmer Plots
The appropriate amount of N,N-dimethyl-4-biphenylamine (2-1a, quencher) was sequen-

tially added to a 10 mM solution of pyrene in CPME in a quartz cuvette. Fluorescence
spectra were measured at the excitation wavelength of 365 nm.

Pyrene(394nm)+2-1a

25
y = 89.328x + 1 0.

2.0
_ R? = 0.988
3
= v

15

..-..'.
1.0 &=
0 0.005 0.01 0.015
2-1a [M]

Figure S8. Stern-Volmer Plot (394 nm).

Pyrene(480nm)+2-1a

2.5

2.0
=
_o y = 37.859x + 1

1.5 R2 ] 019699 ...........

......... .
e
P
I B
1.0 e
0 0.005 0.01 o
2-1a [M]

Figure S9. Stern-Volmer Plot (480 nm).
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2.7.7. NMR Experiment of Borylation

NMe, pyrene (20 mol%) Bpin
O N, (1 atm, close) O
+  Bopiny + pinB-NMe,
O i THF-dg, 30 °C, O
(1.0equiv) 134 UV (365 nm)

2-1a 2-2a
37%*2 37%*2
aDetermined by "H-NMR.

Scheme S2. NMR Experiment of Borylation.

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.0600 mmol, 1.0 equiv),
Bopins (15.3 mg, 0.0600 mmol, 1.0 equiv), pyrene (2.4 mg, 0.012 mmol, 20 mol%), and
mesitylene (15 pL) as an internal standard in THF-dg (0.60 mL, 0.10 M) was placed in a
NMR tube with J. Young valve. The solution was degassed by freeze-pump-thaw three
times, backfilled with N, atmosphere, and irradiated with light (365 nm) with a fan to
keep the temperature around 30 °C. After 18 h, the reaction mixture was analyzed by 'H
NMR (Figure S10) and "B NMR (Figure S11).

In this NMR experiment, pinBOBpin was also detected by GC-MS and NMR. The
oxygen atom might derive from THF or small amount of H>O or O in solution. However,
when this reaction was conducted in CPME, pinBOBpin was not detected by GC-MS.
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2.7.8. Experiment of Byproduct-inhibition Effect

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 11.8 mg, 0.0600 mmol, 1.0 equiv),
Bopinz (30.5 mg, 0.120 mmol, 2.0 equiv), pyrene (2.4 mg, 0.012 mmol, 20 mol%), and
N,N-dimethyl-pinacolborane (10.3 mg, 0.0600 mmol, 1.0 equiv) in CPME (0.60 mL, 0.10
M) was placed in a pyrex tube (inner diameter: 9 mm, length: 97 mm) . The solution was
degassed by freeze-pump-thaw three times, backfilled with corresponding atmosphere,
and irradiated with light (365 nm) with a fan to keep the temperature around 30 °C. After

18 h, the reaction mixture was analyzed by GC.

2.7.9. Monitoring of Borylation

A solution of N,N-dimethyl-4-biphenylamine (2-1a, 19.7 mg, 0.100 mmol, 1.0 equiv),
Bopinz (50.8 mg, 0.200 mmol, 2.0 equiv), pyrene (0.10 M CPME solution, 0.20 mL, 0.020
mmol, 20 mol%), and dodecane (25 pL) as an internal standard in CPME (1.0 mL, 0.10
M) was placed in a (inner diameter: 9 mm, length: 97 mm) equipped with rubber septum.
The solution was degassed by freeze-pump-thaw three times, backfilled with correspond-
ing atmosphere, and irradiated with light (365 nm) with a fan to keep the temperature
around 30 °C. At appropriate time, the samples (ca. 1.0 pL) were obtained from the reac-

tion mixture by micro syringe, and then immediately analyzed by GC.

100 2-1a under N,
2-1a under CO,
2-2a under N,
2-2a under CO,

80

60
conc.

(mM)
40

20

0 50 100 150 200 250 300 350

time(min)

Figure S12. Monitoring of Borylation (under N> vs under CO»).
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2.7.10. "B NMR Experiment of reaction with aminoborane under CO>

A solution of N,N-dimethyl-pinacolborane (10.3 mg, 0.0600 mmol, 1.0 equiv) in THF-
dg (0.60 mL, 0.10 M) was placed in a NMR tube with J. Young valve. The solution was
degassed by freeze-pump-thaw three times, backfilled with CO; atmosphere and then the
reaction mixture was analyzed by !'B NMR (Figure S13).

“k0a-AS786-1_11B-1-2.jdf

30.0 40.0 50.0

20.0

10.0
il
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100.0 9.0 800 700 600 500 40.0 300 200 10.0 0 -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0

22.896

X : parts per Million : Boron11

Figure S13. "B NMR of Aminoborane under CO> (128 Hz).
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2.7.11. Cyclic Voltammetry of 2-1a

Electrochemical data was obtained at a scan rate of 0.10 V s7! using 2.0 mM of the com-
pound in MeCN containing 0.10 M "BusNPFs on a platinum working electrode, a plati-
num wire auxiliary electrode, and a silver wire reference electrode. All potentials are
given versus the Fc/Fc* used as an internal standard, giving 0.61 V as a value of the oxi-
dation potential (vs. Fc/Fc*) of 2-1a (Figure S14). Conversion of the potentials from vs.
Fc/Fc* to vs. SCE is done by adding 0.38 V to the potential vs. Fc/Fc™.5%° The calculated
value of the oxidation potential of 2-1a was 0.99 V (vs. SCE).

8.00

NMe,
6.00 - O
2 O 2-1a

2.00

1[pA]

0.00

-2.00 A

-4.00

-0.50 -0.30 -0.10 0.10 0.30 0.50 0.70 0.90 1.10
E[V] vs Fc'/Fe

Figure S14. A cyclic voltammogram of 2-1a.
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BIE FEEBERT I VORB-Z2RESOVINTZH S K UELRIG
3.1 %8

RETIE, HEBEF—WT I v ORF-LBHRHEAOUIM 25 RV LIS
DNTHRE, FiB L WHE 2E TR~ L5, HEKET I VED CN #4
Uil & £ S RISIIEHARRISICR VRS, Z o TH R, FHRES —RT I v
EAFAESDTH 270 ANFIRMESE . Lo L, HEBEE—HRT I it
FoctEssEv N-H fiaz b o720, FEKET I vEHobTth C-N #avik %
0 BREEALRSIZEE L v e vz B,

B ESEERE A OSBRSS )T I v o C-NEGUINZ S Kt LT
i¥. Tado Kakiuchi 5 OWEFIDALTH Y (X F—24 3-1(a)) ', Shi &G L
7= RIGEME T CREBBFE—NT I v RIGHHET L 2w (2 F — 24 3-1(b))%
B EAIC X B ITFEEE KT I v D C-NES YIS 2% L Wl o —
2t LT, 7/ ((NHy) oIGHERGE . £F EcEREHENL (Buch-
wald—Hartwig 7 3 /ALK 25T LCLE S 2 BT o3 3, ERLE
fildiiic X 2 BALRIAT N &2 ¥ 3 2 5 B/ —T I v o C-N S YIBHILEE L v
20, Y FEDIZLAERE 28D 2.1 HiCl~7=iEHEILFiEICL 3 Dic
%, bbb BEROIEEHEH T, HEBESE-RT IveTVvE=Y
L, VTV =y aee ) Vo g A~ Afix g, C-N e EiEtEs e 5
FikTdh 5 (K 3-1),

bl
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Bu._ O
NH, O RuH,(CO)(PPhg); (8 mol%) Ph
+ Ph-B :><
o) toluene reflux, 20 h
2 equiv
(2 equiv) 82%
(b)

Ni(cod), (10 mol%)

NH, IMesMe (35 mol%) Bnep

, THF, 135°C, 48 h
(2.5 equiv)

Me Me
ae ety ot

R ¥ — 4 3-1. BEEREAEGZ W72 5B RE T 1 v o C-N AN 2 H
) ERERAL 12

AorhvorM

0%

active
C-N bond
l'salt (X = counter anion) X-
E N + = SN
=Nl = | §-NHyX £ Ri,X =N 5
! ammonium diazonium pyridinium
§

B 3-1. HEBEH—HT I v o C-N fEETEA 2 /b3 2 Uk

WA, FT L WIEMAL oS T b TE b Bl Tl Rl s5t:
TTo CN FHAVIMRIGAIRE T hTwb, FHlzlE, Levin it fEHiET 2
VOBEBBET I vIE LT, T/ ~—=T I FEEEEEREE 5 L, 25 °C,
THRefEI©, W7 2 2ALIG T3 2 2 2 /RHL7Z (R¥—243-2) % ZOK
JGTE FHEBET IV T 7 2—=TIFBRIGTEIL T, ZHFTI VY TEY

HEEZE T, A Y T2 R o ORERFEE ) &R T I UK
JEDHEITT B,
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0]

.OB
LT v
Pi (1.2 equiv)

FAC OPiv

anomeric amide

R-NH, R-H
MeCN, 25°C, 1 h
R = alkyl, aryl
R’ \\N@
primary
isodiazene

AF =532 F—TIvoL YT VHEKRERBAT AT I 2LRIC

7. Oh 613, KIGHR P CHBERICY 7 V= LRk E REXE 25 E
BEHE—RT I v oliT I UG ERE L T2 (AF—24 3-3)% At F7
N ¥ UIEYEZE T, DMF i, 110 °C, 25 F ¢, FEEH—HT I vic
SLUTEFED 2-=be 7w v 2 x4 5 2 LT, 7 I/ LRISHHET
T3, KRIGTIR, AV EF 7 X vick o, fENcY 7Y = ahFF Y
BEL, 20k, MEHT L ELOlT I /{LEEYBELNS,

@)

0]
O‘ (7.5 mol%)
NH, Ar (Ar = 4-fluorophenyl) H
R~©/ PrNO,, (25 equiv) R@
DMF, 110 °C, air
®f,,N
N -Np
Z
diazonium cation
2AF¥—L4h 33 HHEIEF T IvorT )=y LG EFRET 5 AR 2 i 7
I AURIE S
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DXy, HEEE T I voT I RolEt it A RE T 3 FiENEE
THHEAICHFEIN TV I, HFHEBEE—-HT I v o C-NEAOUIN %25 &
PRI Tl WA SRR LB 72 B g, £ OYIWIHERE2 B BB I X 21
LI, 2070 =7V —A I ANZRBTERIGICBOATHS L
WO T, REFMFEORMEERL T b, 22T, EFIZ, F2HEOLFHREET
BENC X 25 ERET I v D C-N#EGOUIN 2> R ) LIS IC D WT, J
FEHE—RT I v D C-NAEADOUIW %t 5 MR R LB % EK T E Zp
LE T B FTEEE T I v OB BEE S KIGTIRITERE =R

IVICHANTEBORIGRB S E 2 oD -0, KIGZHT 2008 L,
Hlzix, B 1 EZEchx~EXS5ic, 7=V /2 7V AarnFAvhiikr o7 a
FYICKVAELZTZY 2 7VAME, FYVAAFEE L CRVWRIGHEEZH LT
Wb, ZOT=V ) IVANEERLEDDZVIIFTERO AN MMLH E\VIENT
MDORFEETHESCPICT VY AND Yy T v IRICHHET L, 21 b DRIGICH
6T 2B R G52 CLE S 720, RISEFI#ET 2 0238 L (X 3-2)07,
T, B 2B CBARERIGRITENTD, FRBELE=RT I vBIUOE HRT IV
I L CRBHZNECHNO S Y #UAVE G272 0D, HHEBES KT
IVTHB 4TI/ 72 EREE L CHO GG ICIEINECL2HI
Vit o s do7-(K2-7), 22T, FEGHE KT IvicwL <, —ETFH
B&fE S RV ALKIG % SR IICHETT S 2 2 ROGR OMEE Bfg L. Riffsic
BF Lz, EFEPARE TR RICEMNS O RELE 2 7-EIC, Zhang b ic X
. BEREAE T COEUO RV LIS ME S s, L L, HEBRE R
T IVORBEIINL T IKHREI N CTOaWy Bic, RICHER D 7 1@
INThdrot, )
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o+
NHy e NHy H+ NH
©/ —_— ©/ B —— —_— prOdUCt

anilino radical

= reaction site

K 3-2. AEGEFE KT I vo—EBTBE»rLELEZT=U ) 7V HANVDRIGS

7
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3.2 wIHARES
F2ETHRAREFHFHRT I v o C-NEGUIN &5 RV MLRIG Tk, 5K
JEEH—RT I v icx L CTld R ) UAEAEBPI DI 16% (GC INEK) &Ko - 7=
(K 2-7) % 2 CTHEHIEF., HEBEFE T I vo C-NEGOUINEHES R
LRIGDEhFEAEHIE L, & 6745 RIGEEOWES 217072, £, H 2D
R EZSZIC, PIIRETE LT, 20mol%d v'L VIFE T, No BEHA T, 4-7 2
JE 7= 3-1at 248D Bypin, ® CPME (0.1 M) AHKICH LT, %408
(365 nm) ZMWEHIL 72(RF—2L4 3-4), 1SRG EEZ &, 4-ET7 2=y
Fa—nFro VBT ZTA 3-2a BINEK 10%THEONSE Z Laibh b, EEFEH
AFTORYAMUEBIIDRONE Z b h oz, ZoLE, HAEER 3-1a
DHEALEK (48%) 25+ v FLEY) 3-2a DICE (10%) ITh L TRKEWETH -
7720 JGRI DS ED 5 CIFRIRICHBE L T B T EREZL LN, ZDTdD,
BoNBEAIEEMICOVWTHELZE A, 3-1la DT I /fbickvAEL s e
7 x =V 3-3a K 22% TR O N T WD Z &b b o 7z,

NH; pyrene (20 mol%) Bpin H
Bh CPME (0.1 M),N,  pp Ph

(2 equiv) 24 h, hv (365 nm)
3-1a 3-2a 3-3a

(0.06 mmol) conv. of 3-1a: 48% 10% 22%
AF—L3-4.4-7 377 221D C-N AV &S K Y AALRIG

ZIT, €7 2= VOERENHIT 2720, & OFEIKICDRKIGFREEIC DWW TR
BIBZEiC L, 5. €7 2V OERICHLERKZRZHEST 2720, B
IR KR 2 AT - 7o WH D JSSEMICAZ T, CPME/D;O & % \» |3 THE-
d KR RIS EIT V. 7 2 ka7 s = v o@EKkFELEE NMR #E
frick v zhzhkdz (R¥—2L4 3-5), ZofiHE, CPME/D:O RARE T
X, BRIz 7233 A LB E N o7z Dicxf LT, THF-
& BHERDORIETIZ, BonE 7 2 = hoXGT 2 KERTFDIEE A LW
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FAREINTHBZ B bd o7z, ZORER.L . KERIZIAHD THE TH
5Z ERHLNITTR S 7,

NH, pyrene (20 mol%) Bpin H/D
Ph solv (0.1 M), N, Ph Ph

(2 equiv) 18 h, hv (365 nm)

3-1a 3-2a 3-3a
(0.15 mmol) THF-dg 19% 19% (>95% D)
CPME/D,O 8% 26% (< 5% D)

(10:1)
A ¥ — LA 3-5. THF-d 5 X I D,O %\ 7= /K EE R

FROWE b, T T AVRBHLUNOBEELH T 7 = v
REIH L, HROKR Y MEAERPIOICECEREZ M ETE 20 Tldkwh
EE X T £ T T, =T VRIBBLSL DIKFRG] & K % (HAT) 258 % 15 2 /KRR
TREERVBEE LT XYY Y I7AF Y FBTRH ZHWTELAZEZ A
(3 3-1). &FMITNERET L, RYALERY) 3-2a L €7 2= 3-3a
DFEPIEDHHL L (3-2a :3-3a = 60:40), H DK v RILAVBTEEE YL LT
BonzdzdBbrorz (entry2), X 51T, Bypiny DY EF X UEREE 2L
728 2 A, 448D Bypin, I\ 0.33M TRIGEITS T & T, IR 26%F T
[ k32 enbh o7 (entry3), LA EOWIHIMETIC X v BTF A#H < RIS
ZITHZ LT, BIKGTHZ 7 2= 3-3a D Z G cE, K Y AALKIG
~OFEREDWE S Nz, REITIE, X5 A2 % HiEL TfT- -4 &

i onwThR 3,
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NH, pyrene (20 mol%) Bpin H
/@/ + Boypin, /©/ + /©/
Ph solvent, N,, 18 h Ph Ph

(X equiv) hv (365 nm)

3-1a 3-2a 3-3a
(0.06 mmol)
conv. (%) yleld(%)a ______ ratio
sntry  solvent of3-1a®  3.203 3-2a (3-2a:3-3a)
1 CPME (0.10 M) 2 48 10 22 31:69
2 BTF (0.10 M) 2 44 6 4 60 : 40
3 BTF (0.33 M) 4 73 26 8 76:24

4Determined by GC. CPME: cyclopentyl methyl ether
BTF: benzotrifluoride.

& 3-1. WIHIRRET O RER
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3.3. RIG&HREL

3.2 fiTid. BTF B2 3 2 & TR ) UG MR IICEST L. BIRE
EUIFICE 3 2 b dbhoiz, 22T DM EEHIEL. RIS oREL
T2 72,

FFOEMEA L L L vEFER R 4 MET L 72 (K 3-2), Bpin % [@itkic
oL Y PS2 % NN-VAF LT I FEZERILICH DL v PS3 % Mk
Fle LTHwzEZ A, WEBDT 2 ICH LT3 2 & 2b - 7 (entries 2 and
3o BL v EHWEGEIC, RIS TRICE L VORI EZI N TH 22 &
O, L vonfEoifllZHIE LT, I EmATFAREZ YL VERICEA
L 72 Y6 PS4 5 X UF PS5 % TR % 4T - 7z (entries 4 and 5) (¥'L v
DRERRIC OV T, GC-MS IZ T ¥ L v O/KFERITCAR DB & iz, EITHES
BoNZFRIZAL IR o TRV, 4-T I )7 2= A& ITHIE 2D,
L v OKFIRICHHEST L 72w REME DS 2 9). PS4 %W 72 B8 13K DS 38%
F Tl E L7225, PS5 2RV 725A I 3R 13% TR T L7z, Ric, vL
VIS ORI L LT, YT /T v v (DCA) RS LEE Z A, I
Ko FIXHER X i o 7z (entry 6), BEZE W Z &1, SEIEH A VFITAR
FRIGZERET L7z 25, 5 ToOMToh TR RufiRze 5 2. R ) LEK
YD 40% TR b N7z, LA EORERZ T, DR OGO 2 v i
WEHETITYI T e LT,
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NH, PS (20 mol%) Bpin H
/©/ + Bypin, /©/ + /©/
Ph BTF (0.33 M), N2, 18h  p,, Ph

(4 equiv) hv (365 nm)

3-1a 3-2a 3-3a
conv. (%) yield (%) yield (%)
entry PS of 3-1a% of 3-2a% of 3-3a%
1 PS1 73 26 8
2 PS2 53 28 4
3 PS3 62 37 trace
4 PS4 62 38 trace
5 PS5 46 13 2
6 DCA 47 23 5
7 74 40 5

4Determined by GC. BTF: benzotrifluoride.
DCA: 9,10-dicyanoanthracene

PS1 R'=H R2?=H

R2 PS2 R'=H R2 = Bpin
PS3 R'=H R2= CONMe,
PS4 R'=Mes RZ=Mes

& 3-2. JEHRGA O BT

RIT, FEREE—WT I v o—EFBIICE (EE S € 3 Hiyc, —E 7k
Ale U ClgsRz A, IR T CRIGZIT o 72 1% ERRIC, RIGH & E R
AP LEKFEHATICLTRIGETo 728 &5, RO A L2 HER X 2, IR
55% TA UV AALERY) 3-2a 55N 25 2 L3 bh - 72 (K 3-3), BEHFHETT
HEET I vERAC 2 EUONFEEFBBIKICE LT, FEET I v D afi
BALKIE 127 Ry vy ~oBLKIG 228G I nTw5b, LarL, 2ih
DRIGIE. EFPIE LTINS HEHEET I vicwIn T 2 BILERYM % 5 2 5
DICH Ly RIGE, BLICBES L WERMZ 52 5 & v 5 fc, BRZE O
RTH 3,
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NH»> atmosphere Bpin H
Ph BTF (0.33 M), N,, 18 h Ph Ph

(4 equiv) hv (365 nm)
3-1a

3-2a 3-3a
conv. (%) yield (%) yield (%)
entry - atmosphere of 3-1a° of 3-2a? of 3-3a?
1 N, (close) 74 40
2 air (open) 89 55

@Determined by GC.

& 3-3. ERFHAT B LUOEKEMSAT CoMgt

ERDOBESCHR O R EING 2 T 5 72012, 365 nm X b vzt
LF— (RERM) oXIEZH TR 2To72 GR 3-4), AIDEHIE TS 2
405 nm & %\ 3 427 nm O EFRFF X CRICETTo 7L 25, Eb LA
i B IR A L L 72 (entries2and 3), $FiC, 427 nm TlAE 7 2 = (33 L A
CARE S, WHEIEARES NS 2L bh o7 (entry 3),

NH, Bpin H
Ph BTF (0.33 M), 18 h Ph Ph

(4 equiv)  air (open), hv

3-1a 3-2a 3-33
conv. (%) ___Yield (%) ratio
entry hv Faap LTI
of3-12° 323  3-3a (3-2a:3-3a)
T semmo 7 55 6  90:10
2 405 nm 86 62 6 91: ©
3 427 nm 64 54 1 98: 2

4Determined by GC.
% 3-4. i oRE

oK EZHIEL., 427nm ONFEAZH W TEE B X ORIGEEICD
WTHD TR 21T 572 (K 3-5,3-6), 3. 0.67M ¥ CEE% FIFCK
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IGEATo 722 A, WEHED 67%FE TH L35 Z &hbh o7 (3K 3-5, entry 2),
L22L, LOM ECiEER B2 L ERIFLAEHERT, ©7 2= LDERK
23D L 72 (58 3-5, entry 3),

NH, Bpin H
/©/ + Bopiny /©/ + /©/
Ph BTF, 18 h, air (open)  py, Ph

(4 equiv) Blue LED (427 nm)

3-1a 3-2a 3-3a
conv. (%) yield (%)@ ratio
entry conc. 31 o) T
ors-1a® 3.2  3-3a (3-2a:3-3a)
1 0.33 M 64 54 1 98: 2
2 0.67 M 76 67 3 97: 3
1.0M 75 69 5 93: 7

@Determined by GC.
& 3-5. REMGT

IREE % 5ot 7: 0.67 M & L, IO ME 21T 2 72(FK 3-6), T3, FEMRMEALE
LLChATvdd iy stz 2y zflnCclatLze 2 A, RIGIRET
L. ERlSHE I N2 d o0, DM FICIZE S %25 7 (entries 2 and 3),
oA s 2y TR EEOBMBESE ., RICDEITOEL 75 o - A[REMED B
%2, $£7-. CPME Y 27°) L&D —F VR Z 723854, VIR of
R ERIRRIC, D S ORFRTN EIREPHFEL 72 BFEZA BN, €7 2 =L DILE
DI L 7z (entries 4 and 5), & 7z, WRPEABE TH 2 MeCN BB T b RIS IFHEST
L7-d 0DIED [ I 3% 5 $ (entry 6). DMF ° DMSO % 7285412 13
& RIEDHEFTE . RN AN & 717z (entries 7 and 8), LEE o BN AL C
G284 K HEAT L e o 72 B & LT, Bopine @ 7K 7 38 O ZE W8 I VAL S AL fir
T3 LICX Y, Bopin, @ Lewis i & L COMIGTERET L, FHRMEE T 2
VERIGTE o727 THBLEZ LN, £ T T, WA M CEAMED
OB E X Ve S 2 LWL, KT AT B 2FEE LRtz
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fTofe 2, WERHLEL, KEEY T F 1 (DEC)TIIUE 83%, KEEY X F
)V (DMOC) T I 88% T U MUAE I 53153 & 417z (entries 9 and 10), & 51T
REHET T, BIEBRYTHIZE 7 220 3-3a 28T LA EELRT., EEIN
IR Y MEAEEM %S5 2 &R TE 2,

NH»> Bpin H
/@ + Bypin, /@/ N /@/
Ph solvent (0.67 M) Ph Ph

(4 equiv) 18 h, air (open)

3-1a Blue LED (427 nm) 3-2a 3-3a
ety sowent  comv (%) . YIRLURT mlo
of3-1a° 3.2  3-3a (3-2a: 3-3a)
1 BTF 82 68 4 94: 6
2 toluene 92 70 4 95: 5
3 c-octane 76 46 12 79 : 21
4 CPME 77 69 8 90:10
5 diglyme 93 56 19 66 : 34
6 MeCN 74 58 5 92: 8
7 DMF 12 trace 0 -
8 DMSO 24 trace 0 -
9 DEC 92 83 2 92: 8
10 DMC 91 88 <1 >098:<2

4Determined by GC. BTF:benzotrifluoride. CPME: cyclopentyl methyl
ether. DEC: diethyl carbonate. DMC: dimethyl carbonate.

# 3-6. L]

LLED X 5 i, HEBRFE T I v D C-NESOYIN 25 K Y A AfLRGED
SR EIT o7z, FEFIZ, ZRFEHKXT. 473 /v 7x2=13-1at 4
WD Bypin, ® DMC &K (0.67M) icxf L CTrIfESE (427 nm) ZREI$ 2
LT, mIGE - EEIRICR Y MUAERY) 3-2a S o bR RILE, C
D FOGFAF X, R 2 BFE e 23, BRFEAST T 5 720, flifExgEEc
RIG#EITH T EBTE B,
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REFSIE R ) MERIEDRIFEZ R E LT w5720, FEHllicowTIZEIE S
L0, €725 2 5T I 2 ALRIGICOWT b ol 75 OGS & B L
TWw3, Ir[(dF(Me)ppy):bpylPFs % H:IEEA & L, ¥ 2V L (diglyme) A
SERFFWALRT, ELF 27 —v =7 4AZHFML, AL (456 nm) % WG & ¢
5 e, BT I RIS ERERINICET L, mINETEe 72 =1 3-3a% 52 %
(R ¥ — 2L 3-6),

NH, [Ir(dF(Me)ppy)-bpy]PFg (5 mol%) Bpin H
Ph ) diglme (0.05 M), MS4A, N2 Ph Ph
3-1 (2 equiv) 48 h, Blue LED (456 nm)
-1a 3-2a 3-3a

8% 76%

[Ir(dF(Me)ppy)obpy]PFg

R F— A4 3-6. JEHEFBENIC X 2 RBEH BT I v o7 I /LG
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3.4 RISEMICBET % 2 ofttoRRET
AL L 72 ROIGSEE D &I, RICSKED ZERZ B ERY DUILE < F# IR I 5
ZAELIALPICT B0, A 21T 72,

3.4.1 RIGIBE & Bopin, D4R

BEZEZ CRIGEBRE Lz 25, BE% 0.67TM 205 0.33M % 0.10M I
T2 ENERKIFHS L2 2o, BEMNRICKESEET, LR
Do 72(F 3-7, entries 1-3), GREZ 0.67 M X Y L7254, RO
DT, EZNCROBHE M LD MR I N CThr o272, IREICBET 2 5T
TN EfToTwiavy,) 72, Bpine DY EAZ 4 MBI VDR LT, IX
KD KIERAE T 255 5 17 (entries 4 and 5) , Boping @48 ICBE 3 2 #5413 3.5.2
JHTuhR 3,

NH, Bpin H
/@ + Bypin, /@/ N /@/
Ph DMC, 18 h, air (open)  pp, Ph

(X equiv) Blue LED (427 nm)
3-1a 3-2a 3-3a

conv. (%
eniry X eone: of 3'1(36) 3-2a 3-3a (3-2a: 3-3a)
1 4  067M 91 88 <1  >08: <2
2 4 033M 85 70 1 >08: <2
3 4 010M 83 42 0 100: 0
4 3 067M 69 61 1 >98: <2
5 2 067M 39 34 <1

4Determined by GC.
# 3-7. %5 X U Boping O Y &G
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342 RIEROFHR
R EFH DFHRIC O W TR 21T o 72 (£ 3-8), fdifl L 25T,

ZLREMAT. PR CRIGETo CWi—A T, ZREFRT. BRIl
SIGEBETT % &, IR KIFITIE T L 7z (entries 1 and 2), ¥ 72, KGR %
FREHFS T TIT o 25A I RICIT RIFICHETT L, IR 66% THEBPIBE O L
7z(entry3), ZD—} T, ERFEHATTRIEETo72L A, KIGIXIFE AL
HEAT L7222 o 7z (entry 4), £ 7o, EBHRFFSXT 9-Mesityl-10-methylacridinium
tetrafluoroborate(Mes-Acr-MeBF,) % [Ir (dF(CFs).ppy)bpyl PFs ® X 5 72 Y&
HITFE T COMET 21T o 7228, HIDOAEBMIZIZ L A EHF D ) > 7= (entries
5and6), M Eokitrs, ARIETR —ERBOBES THLETH L LD
2o 7o (BEFRICBE 3 % GE 2 RE AT 12 3.6 THCIR~ %),
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NH, atmosphere Bpin H
@/ + Bypin, /©/ + /©/
Ph DMC (0.67 M), 18 h  pp, Ph

(4 equiv) Blue LED (427 nm)

3-1a 3-2a 3-3a
conv. (%) yield (%) yield (%)
entry atmosphere of 3-1a? of 3-2a? of 3-3a?
1 air (open) 91 88 <1
2 air (close) 25 22 <1
3 O, (close) 76 62 <1
4 N, (close) 2 2
5b N, (close) 6 2
6° N, (close) 23 10

aDetermined by GC. ®With Acr-Me-BF4 (5 mol%).
°With [Ir(dF(CF3)ppy)-bpy]PFg (2 mol%)

Acr-Me-BF, [Ir(dF(CF3)ppy) bpy]PFg
* 3-8. M4 OFHX T commEt

KT, ARG TIREEE S THBIF & LCofE2H-T w3 L E L, BHE
LA o BELA % F TR %2 1T 2 72 (K 3-9), ERFHEKAT. vV ¥/ v Tt
SEFEHAT (£ 3-8, entry 4) 2ONKOKEZRONGL272b DD,
TEMPO TN 25% TH U MUAERKY) 3-2a % 5 2 7z (entries 1 and 2), % 7=,
HEFHONRD Y ic, CuCly 2 —FEFEELAIE L, ZXAFEHK Y. MEASH T oK
JIEEMRET L7z & A, LA 3% L 215 5 e 5> o 7 (entry 3), BEHRFPAST
Tld 3-2a DULEIZ 8N TH o= b, AV BILA L L CRBRIRD R
WA 5.2 5 2 L 2D o 7z (entry 4),
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NH; oxidant Bpin H
Ph DMC (0.67 M), 18h  pp, Ph

(4 equiv) Blue LED (427 nm)

3-1a 3-2a 3-3a
entry odant  Ciad ofa2e® of 33a0
1 BQ (1.2 equiv), N, (close) 23 4 0
2 TEMPO (1.2 equiv), N, (close) 41 25 trace
30 CuCl, (10 mol%), O, (air) 14 3 0
4 O, (air, open) 91 88 <1

aDetermined by GC. Y60 °C instead of photoirradiation.

& 3-9. —HE T RRALADRET

343 YERwuv
HAaDy R vyolirs{to7 (£3-10), ¥A~FL VY7V aF byFnm
v (Bothex)) P ERSA ARV FALZY) 3T —FIFu Y (Bynep),) Tl Bopiny
ERBRIC RIS A ST L, IRIME T L2 b 0D, Wed 2 R U bk Ar-
B 235 b7 (entries 1-3), —Ji. Y Fua v & LT Lewis BBED L h HWwwe 2 A
FaA—AYERBY Byat, HZVFT P I FuFrYRn v (B.(OH).) %A
A, YRS 5 R U LAY Ar-B 1215 5 7z 9> - 7= (entries 4 and 5),
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NH, (B]
/©/ + diboron /©/
Ph DMC (0.67 M), 18 h Ph

4 .
(4 quv) - ir (open), Blue LED (427 nm)
3-1a Ar-B
. conv. (%) yield (%)
entry diboron of 3-1a of Ar-B
1 szinz 91@ 882
2 Bohex, 690 630
3 B,ynep, g7b 65
4¢ Bzcatz - 0
5¢ B,(OH),4 - 0

4Determined by GC.

bDetermined by '"H NMR used 1,1,2,2-tetracholoroethane
as an internal standard.

“Treatment with pinacol and Et3;N after the reaction.

O\ /O O\ /O O\ /O
B-B ><: B-B :>< @: B—B_ j@
o o g o o o

Bohex, Bonep, Bocat,

% 3-10. ¥ K v v ofEt

3.4.4 % DfioRREt

RIEIGIZH LT, 2Dt &tE%2 % 2 THRET 1T - 72 (& 3-11), BEFTF T}
AREOGIE4 T L 7> o 7z (entry 2), KRIC, 427 nm X Y RIEEMI<H % 456
nm OHIFEEFHCRIGEITo72 & &5, WEBKIEITET L, RV A b4l
3-2a 13 21% L 2158 5 7z 2 o 7 (entry 3),

T2, o mRBARICEMHFICMZ T, HEEA TH %5 9-Mesityl-10-
methylacridinium tetrafluoroborate(Mes-Acr-MeBF,, 5 mol%) # #il4 3 &, 3-
2a DICEBE T T 22 &b olz, ZOMEIELNAZEBLE LT, 3-2a0
IIEDFE Z 6D, FEERIC, Mes-Acr-MeBF4 f77E T CTARRIG D is{t# I X TNIX
Fa GCICXVBIFL- & 2 A, KIGHIEE 2 K CEBAWHE L. & 7L
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W) 3-2a DK T5%RE TR LNz, ZD—J7 T, RIGK R Z X o icffud L
72 A, 3-2a DIRBHAITET LTwoazd, EFPONED L < 13
RIIEHATR I N (M 3-3), #Ta—ARo vy 27 AICH LT, EHEgE
HEWEAFTIVANERIGEED L, RE-FUVEMEDFE) T4 v 21
AT 2 C B EI N T B Y FRLoMET Tl 3-2a DRF—F VRS
DFRE Y v RICHRT ZEIEHKY X GC-MS TBUl X iz - 72,

RAER D & HIEANIC X 2 KIS OIEHE L HER T E 2 28, HEHIFEET T
X RICBRIICEBII O 53D L RG2S EFT 3 2 720 | SHEIEA % v
BWSICEEDP RS L WHiRE 5272 E 2T 5,

Brgnsted % - ¥ik® 2\ (3 Lewis HEAFET Tld, IEOKTAR SN
(entries 5-7), Bronsted % V72 5 & ICIGEEAME T L2 JHIK & L <, FHEE
BT Ivora ALtk Y T e AERER L. —BBEIRK
JIEBEFTL OB ol b HE 2 bND, F7z, Lewis HFAAE T Cid, i+
VHERFOEPEICHMLCLESI LT, YR v ORICHEPET L2729
EEEZLND,
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NH> Bpin H
/©/ + Bopiny /©/ + /©/
Ph DMC (0.67 M) Ph Ph

(4 equiv) 18 h, air (open)
3-1a Blue LED (427 nm) 3-2a 3-3a

ield (%)@ ratio
entry variations conv. (%) .___ yiex _(_ _0_) _____________

1 no change 91 88 <1 >08 : <2
2 in dark - 0 0 -

3 456 nm instead of 427 nm 29 21 1 95: 5
4 addition of Acr-Me-BF4 (5 mol%) 91 68 7 91: 9
5 addition of AcOH (1.0 equiv) 56 37 <1 >08 : <2
6 addition of DBU (1.0 equiv) 77 46 6 88:12
7 addition of DABCO (1.0 equiv) 63 44 4 92: 8

4Determined by GC. Acr-Me-BF4: 9-mesityl-10-methylacridinium tetrafluoroborate.

%+ 3-11. Zz oftho st

100
—o— Ar-NH,
90
Ar-Bpin
80
Ar-H
70
X nging
~ 60
o
o
Z 50
c )
o
S 40 \
[J]
>
c
S 30
20
10 > < o
o |
0 1 2 6 8 12

time (4h)

3-3. &JtIB#ER Reaction conditions: 4-amimobiphenyl (0.20 mmol), Bspin,
(0.80 mmol, 4.0 equiv), Mes-Acr-MeBF,, (0.01 mmol, 5mol%), DMC
(0.30 mL, 0.67 M), Blue LED (427 nm), air (open)
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3.5. EEEAHH

3.3 HiC TRIBEAL L 72 KIGEHE 2 v €L ARG o 528 8 A #EBH % 3~ 72 (X
3-4 & 3-5), ABRTTHOLN DRV MLAERY) 3-2 13, KIGKE TR, v ) A7
WL 2t, 77 vvahTrra~b /77 4 —CHEELZ, $3.4-T 3/
E7 2= 310 foBEBEICOWTHS Lz, 4-7I/E7x2=13-1aT
X, HEEIGE 83% TR T % R U ALAERY) 3-2a AfE b7z, 72, 3-la D&
% 0.20 mmol 7*5 1.0 mmol IC A7 — T v 7 L CRIGEIT 5 72, UK 70%
T3-2aZHEfT 2 N TE, TAFE (3-1b,3-1c) 4 b ¥ v H(3-1d)
DI BBTHEEPERLZLEZHCTH, WNWEDOLETEHo2dbDDYE
HDRICDBEIT Lo Ee. ERIEERE L2 EDEAE b ICETL, b
VIAABAFAIA L DOT I 787 2= (3-le) g Iind 3 KU b4k
3-2e ZNEST%THEZR B Bbh o7, DXL, vruruerlie b R
F L ) AEE ST (3-1f, 3-1g)iconTlt, FnboEfuEriEL S 2 &
2 <L G B R ) AALEEY)(3-2f, 3-2g) IR TR o Nz, ~u T VT
0737722 B-1h-1))iconTli, 7 vHE, HESIVREFRFW
Tho arvETED OEEICEWTCHEHAGETH Y, NIeT 2 EBY R
FREDOIERCE LN, 3-1j IC oW T, HHEFI DL TH - 72 OLH A
ICB 2B 13,646, ¥/, IAAnET, MERTFEETLEE3-1h ©
3-1i ZH WA, B a7r ALET LR - 7228, 3-1j 2FEE LTHV
75 E 18 RIS X € 5 & ) MUAEBRYI Ol 7" v BACSIC O HEST L7272
RIGK % 8 Wi & CRIffid 2 2 & THREDIGE TR Y MUERY %155
CWCHRIN L7z, T2, F7FARICKY aifiRENZHE 3-Ike 7 v AL v E
WERTAZHE 3L AV FAEEET 27 =Y V8 3-Im IC B W T RE
72 K ROGDSHEFT Ly WG T 2 RV AL % 102 R 66%. 60% CTfF 5
Nz, Ibic, 7/ Ko MicEliEEZ b -7 I/ €7 2= (3-1n, 3-
10) 2V THhHEI%EFTo72, T2L., £ AFABHRAZ-In BIL LY X F L
BA 3-lo WTFNDOT I/ €7 2 = AT RIEET L. EmIECERY %5
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ZTeo TDX T, HEBEHERT I VIZERRFEFICOIAREERYEC 240
P AT S N7 BB L C b AR T B T & b D ARERIE, 5 2

HOBREHEZMT 3 v 0K ) MRS L IR A ERTS 2 (2420055

B, 3-7 3/ €7 == 3-1p T, A E 5 C & TRIGAET L7
(eRaREH I B3 2 252 3.6.4 fili),

o NH: Bapin, (4 equiv) - Bpin
| |
£ T
= DMC (0.67 M), air (open), Blue LED (427 nm) =

3-1 3-2

BpinR= H 3-2a83% (18 h Bpin
O (70%)° (36 h
O Me  3-2b69% (48 h O

tBu  3-2¢>99% (24 h .

R OMe 3-2d58% (48h 3-2k 62% (24 h)
CF; 32e57% ( Bpin
$—<] 3-2f 73%
SiMe; 3-g 64%
F 3-h 54%
cl 34 69%
Br 3-j9 43%

Bpin R
C e
O Bpin
oy

3-2p° 34% (48 h)

~— — — — — ~—

CEERN N
o 0 A~ b
>0 3 35 T
= = = <=

3-21 66% (48 h)

32m60% (24h) R=H 3-2n >99% (24 h)
Me 3-20 69% (24 h)

dsolated yield. PConditions: primary aromatic amine (0.20 mmol), Bypin, (0.80 mmol, 4.0
equiv), DMC (0.30 mL, 0.67 M), Blue LED (427 nm), air (open). 1.0 mmol scale of 3-1a in
parentheses. “Bopin, (6.0 equiv), 9-mesityl -10-methylacridinium tetrafluoroborate (0.50
mol%). B,pin, (6.0 equiv), 9-mesityl-10-methylacridinium tetrafluoroborate (2.0 mol%).

3-4. BLEMRGT 120

ARG 7 = = VBRI O B EREERE BT I vic L Ch#EHEETH
22 enbhrolz (M35), 1-F77FAT73Iv 3-1qgBXN2-F7FLT IV
3-Ir WTFNICBWTHKIGHKETL., 2z, IR 57%F X f56% CTHRIGT
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2R ULEBYIBEO N, F o=, v 7ua~Fro i TAF= i
HT 57 =0 (315,31, 3-10) TH KIEAHETTT 2 2 L Bbh o7, 3-1t kB
L O 3-1u TUCERBMEVFK & LT, 3-1t 1B L TR > TH Y Boping 23
IZEAEHRLTWE 220, I KIGHIDE > Tnied > 72 aREED &
2 (ZDEE, BE2HD NN-VAFALY Z7u~Fw= AT =) v 2-1q TDOK
GO XS ICTATrv~De FaR ) AfURIZBI S e do7), £72. 3-1uic
AL <, BEAZERICHEL TE Y, GC-MS TIAERY L 28l & hixd >
722 nb, RROEGPET L 2R EDH 5, I oI, FFERHEBEL 2
LA, V7Y ARIEAMERHVS Z LT, 7=V VBERTH R ) ARG
DAET L7ze 7=V v TlE, HEEIGE 42%(GC K 51%) T7 = =L ¥ a—
LARB VBT AT 32v RO NT, £, BTHEGRERTH L T FHPL A
FEUEELOT =) VIBEAEG-Iw, 3- 1) PEFKIEDOH L Y Tt n
AFNEPEIL 727 =V ViFEEK 3-1y TH R I MURICHETT 5 2 L 23b
ot. T=0 VEEEKROKIGICET 2E%I1L, 3.6 1THTHARS, /. K
TGS — T I v DA R IR O F M B I HE o s FH #i B 1 B
TE3EREONWTIE, 3.64THTHERT S,
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N NH, Bopin, (4 equiv) N Bpin
R—— R——
= DMC (0.67 M), air (open), Blue LED (427 nm) =

3'1 3_2
Bpin Bpin Bpin
BDpi
. C
! 9
3-29°57% (24 h)  3-2r°56% (18 h) 3-2s 57% (24 h) 3-2t 36% (36 h)

"B

/©/Bpin [:/Bpin BF3;K : BF3K
= R ; FsC
u ~ ) OMe

R=H 3-2v¢ 42% (48h
(51%)° 3-2x%7 59%  3-2y%f 62%

3-2u 25% (24 h)
t-Bu 3-2w 54% (48 h) (48 h) (48 h)

a)solated yield. ’Conditions: primary aromatic amine (0.20 mmol), B,pin, (0.80 mmol, 4.0
equiv), DMC (0.30 mL, 0.67 M), Blue LED (427 nm), air (open). °Bopin, (6.0 equiv), 9-
mesityl-10-methylacridinium tetrafluoroborate (2.0 mol%). 9Diglyme (0.20 mL, 1.0 M). éGC
yield in parentheses. Treatment with KHF,

[ 3-5. FERES 2ab
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3.6. RGBT

KINEH D JICHERE % B & 5103 5 72 0 LBl — B EhEfE (3.6.1 1H) .
RIERYI O FIE (3.6.2 1H), C-N #iA VIl & X O C-B #E AT HGER (3.6.3 1H).
FUEGE T HEIPH I BA S 2 £ 42(3.6.4 TH) @ 4 FUCO T, SUCHEMNT - BE 21T

277,

3.6.1 AFE—ETFBEEBARE

HFRETBHOBEICOWTHL 2T 2720, BAWRS21To72, H 2%
TR G T, ¥ L v 2SR & Lo Tuvz (K 3-6(1), —4. 3.3
i —MT I vIiT s 2 OGSO s ic BTt JEHEAZ v 7Zan
GtEs, CNYIM 215 R LG TR RUiRze 527, £72. 3.4.24
T L 72 ROGHR QAT OfEClid, ARG OMFEN 2T I —ER DM
FNTHRETHDLEPHL2ICTR o7z, L EDHERD L, FEFH L, ARIED
—ETHELER XX 3-6(2)ICRT Lo, MESMLA L LB Lo
W7 I v OMEST~O—BFBIPETL T2 EHE T,
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(1)EERA - EL Y by
under N, or CO, /

Py*

Py \e‘
Py
Py
SET/ o

species involved

Py = pyrene
y=ry ArNMe,™

Py* Py

ArNMe, ArNMe, " SET
amino radical cation
(@)FIBREA - 2L . .
under air Oz Oz ArNH,  ArNH,™*
SET/ .
t NH, ’ o o, o
hv _
ArNH, ArNH,™* ©:

amino radical cation possible species

involved in SET
M 3-6. AEET I v oRFREFFEER(DEL v vs. (2)0,)

Z CCHEHIZ, AEBEE M7 IvEBESTHE OB TBEHOX =X
LEWOL DT 2720, LIRS P CA UF 2 LFEMEIC O WTHRE L 72, T &S
—h T I vicownTid, 2Dl AINH) B X T A T4 v iE
(ArNH;™*) % | Be35 0 122 T, e —E IR (10,), K =EIHEF (CO,)
BLUORA=N—=FF L V7 =4V (0")DZENENO BT HEHERE~ DS
ICDOWTHH G T 5,

I KRICPHEA 2 2 W T CRICPET L2 L 2FET S
LRI N RE D DR T~ DO BT BEINETT 5 & T A RIGEE
— BT I VDI HANANFAVEPELTCB L BPEEINS, TR,
WBEWIT, 4-T7 3787 2= 3-1a ® UV-vis BINZ =27 + A ZHIE L 72 (X
3-T)e Z DR, FICICH T WA (¥ —2 b v 753427 nm) 1% 3-1a @
WY DFEIRIC B 5 Z L 3 h Y . BE DN EETH 5 2 L 2sb o 7z,
Bopin, (4 equiv)HEFE T CHIEZITo72& 2 A, WHEIMET 2 b D DI 2
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R MPVDOFEBIFIE LA EZ L o7zl Db, FE DN ~D Boping
DB IIIE AL EEZOLND,

2
1.6
— 3-1a
g 12 3-1a + B,pin, (4 equiv)
3
§ 0.8
Q0
©
0.4
O — -
350 400 450 500 550 600

wavelength / nm

K 3-7.4-7 /b7 =1 3-1a ® UV-vis RINAZ <2 + 1(0.67 M in DMC)

FHEORFRICEALC. 7=V YD X 57 427 nm X 0 FERE IR 2 b DX
H 3-1v~3-1ly THOARRICITHETL 2, ZOHH L LC, BHEICHEKRT 2 EI4EK
MicksdboEzrzond, 7= v 3-1v 2 HEL LGE, Gk, I
R (365 nm) T X 2 SOGTAIR D F M MilERE < & . RUGHITZIC 35> T UV-vis BRI
A7 PAVEREDE L A RIGRIC, Z oS REEMICY 7 F LTw
%2 Db - 72(K3-8(a),(b), L72285 T, 3-1v 20 & JedEIEH & L CTfih < &l
EEDBE L, FMS—BTBBICES L CnwbEELLND, kb, ZOHEIE
) DRGE IZTEE CT& T v, IS, RIGEAGY%Z GC-MS THofrL 7z &
25, 3-lv O =BEBHERL 20 FREMw: 27D BRI hCw 5, JHIRE L 2
ELTwhRnizo, BEfZREETH Y | BEREIZTE v o7z, M EOMEHE
Rro. 3-Iv 0L BLICHK T 2RIEKYI L2 I L . 2 W2 EHEA & 7
D, RIGHEITL T3 EEZX b D, EERIC, HIRD 427 nm IS D375 >
FHEBEE T I VT LCh SBHEAGELE T CRICBETT 5 2 & &R
LT3 GEMlIE 3.6.4 Hio(2): NIEREANCBI T 2E %), £/, 7=V viFEk
DHEICHL T, 3-1z DL BHBFREDOAFAHKICK Y L EAETL W
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HE ik, KICHSHETE T, BERENTH > 72 (RF—2L4 3-7). KER»L B,
7= VEEROHE IR L ik, B oL ELIc kT 2 RIZERYI2, SRk
e LT e oRICHBEITLTWD Z 3T FfFans,

—
&

(b)

w
wn
w
w0

w
w

~
n
~
n

absorbance
R =
absorbance
O =

=}
in
=}
in

0 0
300 320 340 360 380 400 420 440 460 480 s50C 300 320 340 360 380 400 420 440 460 480 500

wavelength / nm wavelength / nm

X 3-8. 3-1v @ UV-vis X2 ~< 27 + (o) ST, (b)YeHES (10 mM in

MeCN)
NH,
+ szinz 7
diglyme (1.0 M)

(4 equiv) 48 h, air (open)
3-1z Blue LED (427 nm)

2 F— A 3-7.3-1z DRV ML KIG

MEDO—BEFBIMPETL T2 ERETNIE, A—N—FFT FT7=FV
Oy BRAEL TS EHEINE 20, O OFfEERE T - 72 (X F — 4 3-8),
TEREHAT. 4-7 1 /77 2= 3-1labs L4 BED Bypiny DXV VIER
i LRI (427nm) B % 5 R[HITT o 7282, BOGIEIICH L T 5,5- 2 F v
-l1-vm Y v NAF o F (DMPO) % 1 Y@L, O BRI L THEL 5
ZYANTE 3-4 ofii% ESR HIEIC X D {To 72, ERRIC, KIGEWRICH L T
DMPO Z@HM L 72RO V1§ oz RIGEAGY © ESR A~ 27 F vz HlE L
RER, Fim oIy 7 (g =2.0089, AN = 15.5, AH = 10.8) 3.
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XHkMEZ SZICRET 5L, O ICHKRT 2D TH - 72(IX3-9)1%, Z DfER K
D. Oy BRILZRPFTHRELTWB I ERHL IR > T,

NH; DMPO (1 equiv) ?
Ph CeHs (0.67 M) o

(4 equiv) 5 h, air (open) i

3-1a Blue LED (427 nm) N+ 3-4
><_\7 detected by ESR
(

not detected without 3-1a)
DMPO

Z % — A 3-8. DMPO i X 3 O, O #i et

400

T\> OOH
N
0

DMPO-OOH

200

Intensity
o

-200

-400
3250 3300 3350

Field [G]

3-9. KJG#% D ESR 2= 7 t v (DMPO-OOH: g = 2.0089, AN = 15.5, AH
=10.8)

3-1la ® UV-vis INA <27 s A2 bHE DN EETH S &, BLW
Oy M I N L 2T 2 5 & HWHDNENRE D b TR~ —BTH
AT LTV EBEZLNE, T, BEHREDREITTENM(O2/0:7) 28 -0.33
V (vs.SCE) "¢ KW Z &b b FYTH D,

R0 713, —HEEE (CO,) X —EERECO)DREEZ LY 55, %
TR X0 AR U 2 B HSROLAARIC O W TRET L 72, I L 72 4-
T/ 7 2o Ve BESTFRTCOIAALF—BHEDARRID 5232 &h
O, 1O BRI RFTHRAEL T3 ATREN 2 5 2 72 CUNEE L 72 B 2 b RSy
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FA~NDIANF I L) —HIERR 2RI 5L T, AU —HIERE
RO —BFBEICEG T IRIEBR WL OPMEIN TS 108), CNEFERET
5701, HRFERZIT o7, 10, DIHRAIE LTI HEDOR VIV AF LA
74 FENERWT, BEFEMASAT., 4-7 31/ 7 = 3-1a ® DMC ##IC
f L CRIHRYE (427nm) Z RS L 72 (R — 4 3-9), IS T, RIGHER % GC-
MSCHIELZLZA RVINAAFAZRLFFY NICHKRT S TFREROE — 72
B X (X 3-10). 10%D NMR ICRTR Y 2L A F L AT F 2 PB4
L7zl ebrolz, TDE &, 3-1a ETEL I WERIET, JEIRE B 5 W I3l
FIFCRIGEITI) &L RYVNAAFALZAALKFFL FIEONGLo/722 L2256,
10, DFAEICIE, BEEB X OAHEDEREF OM 7T B30 ETH 5 2 L b ol

NH, Ph _S._ (1.0 equiv) 9
[ :] Ph_ _S
Ph DMC (0.67 M), 18 h, O, (close) i

31a Blue LED (427 nm) 10% (1H-NMR yield)
(not detected without 3-1a)

Z2F—AL39 RYISAAFAZIALT 4 FICL B 10, e R
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Chromatogram AS2151 D:\023_shiozuka\AS2151-1.qgd

R Tc
15,623,525 Ph
\/S\
| / | 31a
[ /
1
Ph._ S
20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
min
Spectrum
Line#:1 R.Time:3.733(Scan#:293)
MassPeaks:218
RawMode:Single 3.733(293) BasePeak:91(391662)
BG Mode:3.692(288) Group 1 - Event 1
100 3 —
I
\/S\
(Mw: 154.23)
40 i' o7 ) e 121 '3"” 154 179 193 208 223 247 269 292 316 336 366 386 411 425 443 456 469 488
20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470 500

X 3-10. & ¥ — 24 3-8 )tk D GC-MS

—ETHENEREEY LY FEIcERT 220, REONREE 10, MH 5\
1330, [ & D —BFBEHZRD ¥ 7 AT 4V F —AE, AE % B 1L 515 (B3LYP-
D3BJ(PCM)/6-311++G**//B3LYP-D3BJ/6-31+G*) ic X Y RiEd v, 2 h b %
e U 72 (K1 3-11), % DGR, AE, 23T 4L F —HYIC 10.3 keal/mol HH|TH %
LR o T,
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T EPTF (caimo) A=

0.0
ArNH,

3-11. DFT 58I X % 3-1a L EFE (0, vs. 300 —B T BEIHZO X 72 T
IV F — D HER

HEREBO I ERE BT I v e, HEBEH BT I v oL © EnT <
EU%Z 10 e TBFEEHL TV 2RSS 3 (K 3-12), ERRIC, A
DX TXTAHLF—DZl AANG % B TL¥EIHE (B3LYP-D3BJ(PCM)/6-
311++G**//B3LYP-D3BJ/6-31+G*) ic X » b 272 & T A, AAG = 80.2
kcal/mol & IEH ICEWEAF LNz L 25, ARKOEEG O R[FEM I KW &
Ezibihd,

302 102 02
AAG = 80.2 kcal/mol
3-12.3-1a & 'O, [l —BTFHBEIZRO X T AT A V¥ —DZEA

INFTHRTZXA 3-1a D UV-vis INZA=RZ P, 1O, BX RO FNLF N
DR EROME RS X UOGIEEE» OHEE I N2 —E T HH O %X 3-13 1
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AT T VABGEE KT I RS2 2 & CilifE AINH* % 5.2 5,
0%, 20DRAEZLNE . 12HI: AINH*% & HEJE = HIHIE S 50,
~DO—BFBE (SET) itk V., 7=V ) IV IANFAVEIRR——F *
YT =AY Oy BEL TS 5 (X 3-13(a), 2 0HIE. ArNH* & B =
HIAMH SO fH & D = A4 N F =SB (EnT)IC & b il —EIHEER 10, 23 E L 5,
KITINEE 102 2> & AINH*~0—BTHH) (SET) ICk V7=V /7Y hrhF
FVBIPRA—N—FF L FT7 =AY Or 3L 285 % (K3-13(b), -
LD 2 D DOHEERE X, 1O, DG ORMD R TR 5, AREHICHE VT, 10,
DR & 2 EEREE R B X OEEE R 2 S ArNH*E 10, TO SET 2R X
73, REB X OEMOBIADL O, FIGERTTIE 30234 G Te ., Bz
TCEMOBAED B S AINH 25 30, ~D—B 1 HEILARETH S, 2D/,
30, & ArNH,*[E] T SET AMESERNICHET L T\ 2 AalREE S & b | MiE O HEHE
FDEELTw3E, 50Ty —HFoMEIEENICESLCnwseH
Zbhd,

(a)

SET
ANH,  ArNH,* 7 ANH,*

N

hv

(b)

302 EnT —

0, O,
N\ SET .
ArNH, ArNH,* ArNH,™

NS

hv

EnT: energy transfer, SET: single electron transfer

K 3-13. FHEBRE —RT I v L EE L DT —E T BEOHEE SO
(2) 'O, D54 L (b) 'O, DRSS H Y

T 7o, RGO KISEFINELEE Lz, KIGHEAEE LT, BT, 4-7 37
7 x=3-laBs X4 48D Byping® DMCERICH L, 405 nm D HIF %
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FW-COERS L, ERICFHICE T 2 TR X CF ) MLEEY o B %
KD TRIGEFINEZRHL 72 (X% —24 3-10), ZoFic, Kb~ Y
DIT-RIT, PIEERE (K3[Fe(C.04)3] *3H,0) % T UV-vis UL R~ 27 F
NOWFE»LHSEE L, RV AR OE L EIX, NEMEE (FT7 A v) 2 H
WT GCICTRM L 72, ERICCETINEoZ RkD-E 25, 0=0.0649 & 1
L OVIFFEINEETH D, RRIGIE T ¥ A VEBKIG TR R & 2RIE X
niz,

NH, Bpin
/©/ +  Bopin, /@/
Ph DMC (0.67 M), air (open) Ph

(4 equiv) hv (405
3-1a v (405 nm) 3-2a

@ = 0.0649
@: quantum yield

R F — L4 3-10. KGEFIEE

B, RRIGO—EFHERERRICE L <, BLETEMOBA»r b, ERTIC
BT, HEBEHERT v &AM & HFEE T2 I HE % Mes-Act-
MeBF, # [Ir(dF(CFs).ppy):bpy|PFs T et %17 > 7225, &+ U b mdi31s
EAETEL N D o 72(FK 3-8, enties 5 and 6), AFEHR X V. BERS TIINHI
BIHENC A, ZNUHNOERICBE L CHBETH LI L¥bh o7z, ZDFE
flicowTix, 3.6.3fiTii~%,
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NH, = | _
N+
|
Me

2-1a Acr-Me-BF, [Ir(dF(CF3)ppy).bpy]PFg
Eox =0.99 V E*eq=1.88V E*eq=1.32V

X 3-14. 2-1a DL EN I X O Acr-Me-BF4 & X 8[Ir(dF(CF3).ppy):bpy] PFs
D kSR T EAL 2

PLE. RGO WIABFS 1< 35 1) 5 —EFHBEREREICO VT, EERIFIE, 708
FUIE B L OCETFEIRAAIC X D BERET 5 72, BRTofBR, KRGO —E T
R . BVE Ol & —BEIHEER & OfDH 5 I ZEIAIESR L Do v
TN THETL TR 2 L, BXO KGR TIEEOHEEIC XY 7 ¥ A VK
JGTIE W &, BENENREI NI,

3.5.2 Bl D [ E

RENGETHEL 2 R Y bl 3-2 Ao EBIc oW, EME - ERBIITEAT
o7z, 1ZU®IT, C-N #EEYIMTIC X v i3 2 7 I 7 Hichsk I 2 E8IEKY
FIE % To7z0 73 7 ICHRT 2EIERY E LTI, FE2HOKIBICEWTT
I/ K7 (pinB-NMey) BAEK L CT1B L2 EETE L, ARIGD FTELES
— T I VST AT I KT v (pinB-NH) 23 U CTw3 2 e BEEEI
2, 22T, pinB-NH BSE LT W23 Z L 2IEDPD 5720, IS THICKES
Wa{To7e 73R VB BEHETTHIGT 27 vE=T LAY RLAEYIC
DT EEBMONT WS 720 2 FRIUHIC XY pinB-NH, Bk 7 vE=
v LIEOBM AT S & LI LT, il IGEFD 5 b ERFEHR T ORBGR
2 HIEFR TR T ORISR ICEE L CRIGEfT ., RIGK T . B (HCD) T
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L7zd &z, 'HNMREIEZ#FT - 72 (R ¥ — L4 3-11), Z OfE%., NHAHKD v
srEABBH I, it pinB-NH, OFENKSETHEL7-2bDTH 2 LER
55 (¥3-15), ARIGTIE. K Y MEEBPIHIE 65% TH O L7z, M
N7 NHot 2 ER L7728 ZAICED 67%ERE D, Y AALERY DI I
JIGLCT VEZ Y LZEBHE LN TS Z &b o T,

NH, 1 M HCI Bpin
/©/ + szinz /©/ + NH4C|
Ph DMC (0.67 M), O, (close) Ph

(4 equiv) Bjue LED (427 nm), 18 h

3-1a _ 3-2a
0.20 mmol 0.80 mmol conversion of 1a: 76% 0.131 mmol  0.133 mmol
65% 67%
2 ¥ — L 3-11. BB O T vE=Y LEOFETE - T8
ES . pinacol
H,O \
CH,Cl, ~
< | “ \
| \
I I |
§ | DSS
! NH,* | i
o1 \: | |
S J o | |
E ‘ ‘\ | ‘ '
go,‘ i A\ S P R ) A o) |
10{0 9‘.0 X{O 7fo 6.0 5j0 4i0 3i0 2?0 1fo 0
LI | | | |
X : parts per Million : Proton meE - : § g

}.3-15 K)ok T #. BBULEE L 72 'TH-NMR(DMSO-d;).(DSS (Sodium trime-
thylsilylpropanesulfonate) as internal standard)
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RIT, Bopinz ICHZK T 2 BIAEIC O WTCEE - ERONTZIT 2 72, BIZERY
DIEMEREFT D=0, 4-7 I /€7 2= 3-1alcx LT 1 4 & D Bypin, &
TR (427 nm) 217 5 72 (R ¥ — 4 3-12),

NH; Bpin _
S o T o
Ph . DMC (0.67 M), air (open) pp, pin pin

(1€quiv) g6 LED (427 nm), 12 h

3-1a conversion of 1a;: 23% 3-2a
0.200 mmol 0.200 mmol ) ° 0.037 mmol 0.363 mmol
18% 91%

(based on B atom)

Z % — L 3-12. pinBOH ¥ X ¥ pinBOBpin iR&Y D E &

FIGH T . G % GC-MS, 'H-NMR # X 18 "B-NMR #IE Ci# % 17
2728 T A, Bopinp IZFERICHI L, R Y MLERY) 3-2a iz, e Fe ¥
vra—rFe gz 27 )L pinBOH B X % Offié A pinBOBpin 235 5 i1
T3 EMbro72(X3-16 3 X UK 3-17), pinBOH 3 X ¥ pinBOBpin @
HeRiE, kD 2 WIMRERIGSEITL TB Y, BilT 2 0AKNEETH o
720 ¥ 72.pinBOH 3 X 1% pinBOBpin % 32 Z L ML 22072, 2 D728

INHD20DLEYDEEDICEE H-NMR IC X 0 RS o7z & 25, IR
91%(based on B atom) TIEOLNTW3 Z &b o7z, KV AALERYOYE
HEIRL T, SIEREBREHEELCCWE I b o,
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abundance
0

il
‘\ \h}\

\
i "J r

HH
\\‘w

0.2
i

0.1
i

DMC

Mesitylene
(internal
standard)

9.00

20.20

T
10.0

X : parts per Million : Proton

NNNNNN
mmmmmm
’.’."’."?"‘:“!“‘

nnnnnnn

T
5.0

.\mv
823
Eng
R

/J \\\

23888038
AASSRA==

mmmmmmmm

2.1374.“

—meee

B13-16. A ¥ — 2 3-12 O RIGH T # D 'H-NMR (in CsDs)

abundance

015 017 019 021 0.23
TN P P VT PPN T TP

0.13
Lol

0.11

0.09
Lol

!

0.03 005 0.07
TP PR T A TP

-0.01  0.01
1 I

P— L

3-2a | \

A
WLN f ! \
M MWMM \

gt

(pin)BOH + (pin)BOBpin

X : parts per Million : Boron

T
40.0

11

T
20.0

30.598 —
22401 ——
21.829 —

T
10.0

B 3-17. A% — 24 3-11 DRIGHE T %D "B-NMR (in CeDe)
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Boping 20 542 U 72 EI4 )< H % pinBOH /LRI, kT vE=ZY A
BoOFEDL ZATHMmML7ZE B ARICOEIERYITH % pinB-NH, DZEX
hoKIC X BIKDRORIETHE L TnwBE EEZLNS, LA L, pinB-NH, D
MoK RS S L2 RIZE L v E{REST % &, pinBOH 1x, K U LAt
LTIYBLP2EAELRZVIRTTH LA, AF¥—243-12 oFEEHERTIX, 55
N7= RV AL L CiafEE o pinBOH ¥ X OF pinBOBpin 2842 U T
727z, TORFUIFIEST 5, 207D, o H D pinBOH I LU pin-
BOBpin 3FAEL T3 &EZ27-, 2D—>o& LT, NEIRED 4-7 I/ &
7 = ZVIETE T C Boping 2825 OEFRIC K Y ofE L. pinBOH 5 X ¥ pin-
BOBpin 23EL T3 AHE L7z, T DORRRIR R TED® 5 728, R
(9-Mesityl-10-methylacridinium tetrafluoroborate (Acr-Me-BF,)) fE7E . 22555
P4 T C Bopin, D MG % T2 72 (A F — 4 3-13), §5 &, KIS TH#IC Boping
1213215 pinBOH & 3 i3 pinBOBpin ICZ#a L TW3 Z L A3ba b AEE@ Y |
SEHAEHITAAE T C Boping 2850 LT3 2 & 3D o 72, ARG 2 & 72
LOSHTITS &, Bopimp 1X1Z & A ETHBE I NI 572, T D Boping 43I,
3.3 HiTD Bopin, DY RICO VT DMK E —E T %, T4abb, LilDn#
FEREIC L 0 Bopime 23iHE SN2 720, FEICKH LT 4 HEDLED Boping 23005
ThbrLEEZLND,

w/o or with Acr-Me-BF, (2 mol%)
Bopin, pinBOH or pinBOBpin
DMC (0.67 M), air (open)
Blue LED (427 nm), 18 h

conversion of Bopin,
< 5% (w/o Acr-Me-BF,)
79% (with Acr-Me-BF,)

A ¥ — A 3-13. AN X 5 Bypin, DR

¥/, ARICERMEARICSEET@-TI /e 7= 3-la it LT 4 Y&
D Baping) T, &k DEz{LEK B X O D UK D R AL % JOGEARE 2> & 12
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IRF[E1T% & CIBBR L 72 (X 3-18), 3-la Dinfb¥(FH ) & Bopin, (F AR Ofx
(EERZNENIZIT L BEEZ R T Enbhr o7z, ZOMERIL, FH 1
LEORIGICH LT, @EED Bpiny BHEINT WD Z LBRBI N, KK
I & B4 3 % pinB-NH, DK R ICHN 2T Boping DEEFRIC X 3 005 b
pinBOH 234 U L T\ 3 Z L AR X N7z,

100

9 =& 3-1a
80 3-2a

70 3-3a

60 Bopin,
50
40
30

20

10 \
p

0 1 2 4 6 8 12
time (h)

conv.of 3-1a and B,pin, /yield of 3-2a (%)

X.3-18 K J&iEHf : Reaction condition: 4-aminobiphenyl (0.20 mmol), B.pin,
(0.80 mmol, 4.0 equiv), DMC (0.30 mL, 0.67 M), Blue LED (427 nm),
air (open)

DLE, M4 FEERG B X O 21T 2 2k b, RRIEH DEIAERY) % [FH
EER LT, T HICHRT 2EIERYIE. KISZRICE LS5 L TT
vEZLBFELTREL, R MMLAEBYIOERBICNIET 2T I/ K7V
(pinB-NH) 3 LT3 Z e b o7, 72, Bopin, KD HEIERKYIC O W
Tt RIGEAY O GC-MS, NMRHIEIC X v, F Y MALEEY I L CGEE
B o pinBOH % X O pinBOBpin 2545 LT3 2 & AL AT - 72,
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3.6.3 C-N#AYINE X U C-B EATEERER

KIJGIC BT 2HEFHRE KT I v D C-N FEEYIk s X O C-B #EATEEE
FEDOBERERITICOWTER S, H2ETHBANZ2, ERDIFEET I v D C-
N #&E AT 2 5 R U MRS IE C-N G 2 G L GER I T E 223,
DIEEFIEIC X 2RI MERIEDE L Tk, 70 =7 V=7 ¥ Ak
AreZ R T 2B IRIBEN TV B (R F — 4 3-14)5.2,

No B~ X=ROF..
Ar 2 heat R O‘B/ OR’
diazonium salt or - . RO
hv | ! borate
. ' 3 i Are — Ar—B(OR’),
hhd SET l ;
e L .
Arm+ X7 free aryl radical X—B
1 \OR!

pyridinium salt
2F—L3-14. 7V =TV AT ANERETZEER CNESDORY L
LB

LAaL, 242THOFEFET 2 v O C-N #E&UIN B X F C-B fEATEBERE D
PRI ORISR > &, T b OBRRIL, Are 2 BH L Tz, & 2\ id Are
DHRELVECHIGETL TWB I LRRKRINTTD, REDFHFEE K
TIveEEL LEKGICEWTH, FAROEETEITLCns L EIND,
ZNEWERT 27201, 7V =TV —L7YhroffeEE ()& FitHEl
AT X 2 SOCHIBRT 2 1T - 72,

D7 Y =TV =7 N OHRER
7YV =TV =LA T CAAFREE Are BSRAEL TW B 585 2o 5720 0C,
2 R ERRZ 1T 5 72, 1010, B ORKIGSMA IR LT, 7 VD fifF e L
T 1 48D 2,2,6,6-tetramethylpiperidine 1-oxyl(TEMPO) % fill 2 T )&% 1T -
7o (R ¥ — L 3-15), Z DR, KV ALEEYHBIGE 4% b, 70 —7
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Y =7 Y7 TEMPO IC X Y e & 7= ik 3-5 i3 S e 2 o 72,
R U MMUERPIOICEDME T L2 H K & LT, TEMPO & KJEd % C & T Bspine
DIHE I N7z BV MERISICRE 7 Boping 23 ICHFTEL T e o 7z
EEZLND, ERRIC, EREMKT. TEMPO F1E T, Boping iX} L TR
(427 nm) ZWH X ¢ 2 L. RAIC Bopiny BB I N B 2 L 2HEAL TV 3,

(I).
N
(1.0 equiv)
NH» Bpin
Q + Bypiny (TEMPO) /©/
Ph Ph

(4 equiv) DMC (0.67 M), 18 h
3-1a q air (open), Blue LED (427 nm) 3-2a

44%
i . TEMPO /@/ﬁ
Ph

not detected by GC-MS
2% — A4 3-15. TEMPO SIMIC X 37 ) —7 U — AT 2 A D ER

AT, 7V =TV =T PANAiRFERLE LT, AF—L3-15IRT T
NI a oy PR D E{Tolz, T I HEOA N MLICKTA LV 7 4 VELE D
DT IVFVPEPERR L 2T FEFE BT I v 3-laa KK LT, R LRIGE
e L 72 (R F— 24 3-16), FoN7=EBPIL. CNELEOUIW ZE-7-F D L
LAY 3-2aa DATHY, 7V =T V=L ITVALVDEREF EHEL TV H
NEALICK D AT 24P 3-6 85X O 3-7 138 7ad o7,
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NH> Bpin
/©/\/\/ Mk /©/\/\/
Ph Z DMC (0.67 M) Ph =

(4 equiv) 8 n, air (open)

3-1aa Blue LED (427 nm) 31-;?:
R R
/©.\/\/ .
Ph 7 eh o
3.6 3-7
R =H or Bpin

not detected by GC-MS
AF¥F—L3-16. FVAINIuy JEBRICLEZT7 ) =TV =TT hLOHIRE

LED7 Y =7V =07 Y70 OffifRFERTIE, G 2 iifek iz il s n
. C-N G0 UMW &2 o 72 R Y MELEBPIO A bz, ZOREED L,
KRIJED C-N e otlkis X O C-B EHGERIX, 7V =TV =17 Th
NERHL TV, 5507 =TV =7 VA VOfifR)c L b bEe
PICHEITL T3 Z LRI NI,

(i) BFEHE LRI X 3 RICHERERRT

C-N #itr o ¥l X O C-B #EATEHGETRIC DWW T B LFEHE < X D FE
ICERL T2, T2 TIRILEBEIE S X 0EJERI% & L < B3LYP-D3BJ(PCM)/6-
311++G**//B3LYP-D3BJ]/6-31+G*% i\ 7=,

C-B #AEBERRICE T 2 KOO T AVF —X A4 T 77 L %K 3-17 I
. 9. K3-19 0BFCORKICRT L i, FHEBEE KT I v LU0
REOMTO—BFBENCIVELET =Y ) IV AVATF A4 Ar-NH ISR
LT, ZNIHE-STHELZ A= =FF S FT7 =4 v O 28 e LCIER L.
7o b TS5z, 7=V /7 7Y AL (Ar-NHe) 234 U % (intAl-
intA2), ZDk, EL7=T =V 5V HNE Bpine BRIET % 2 & TN-B #Eé&r
DIEHK X 41, A intAd4 % 5. 2 % (intA3- intAd), XIC. B-BfE&an+tE ) 7
4y ZIcYIliE NG Z &G, Bpin 7V AAEEDFRA intA6-A7 %5 2 5
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(intA5- intA6), intA6-A7 ICE W T, BRFEFICHE L2 HEHR LoRERTIC
Bpin 7 Y AA0MIIIS 2 2 & T C-B A S L. HIEAK intA8 252 5,
LU E ORI, BRIREDEEL I AL F -2 R L E VDX, Ar-NH O 7
v b VIBRETH Y % OfEIT 14.4kcal/mol TH 5, Z OiEMACIERE XER T
SICFEVRZ ONB EEZOND, /2. COBBRMIHETT 5 2 it pKa Dl
R bFHHTE 2, T2 VICHRKRT 7=V 7V AnhFA+ D pKad
flil3 6.4 (DMSO)*%TH H, ZA—r—FF F7 =4 v OHEEE(HO.*) D pKa
DL 4.8 OKH)T TH 2, Ko T, FiIC 7w P v BEINRKE 2 2 LT, Ar-
NHy 2> 5 Ar-NHe%2 52 5 2L B CTE B LEx b5, ZDHD C-BiH O
KE COFEMLT 3 F—13/hE (9.4 keal/mol), ZY 7 RIGREIETH 5 &
Ezibihd,

T HORIGREIEL LCUE2BCTHELZT=V /) IV AVhTF4vE
9 2 OGRS D BT LFRHHIC X O EHEi L 72 (K 3-19 o4 L vV taofk
J%: int A3'— int A8’), 7=V I HNHhFF+ I XU Bping, & D N-B iy
FERE I DG AL = F L ¥ — 28 26.4 keal/mol & BAED b7z, T OfEIZ. 7=
V7 Y ANREOBEBOR D & OIEELL T AL ¥ — (144 keal/mol) X Y b
BILHW, KRG T7=) 7 2 ANhTFFH U BRTiE R T=9 /7Y
AN LRI CTEITL T2 eE XN,
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AGBTF (4 caiimol)

T

Bpln\

$ot Bpin i
_"] Bpin " N/Bpin
Bpin et —N )

! Bpin y
Ar—NH . /B\o TSAz4 ; ’ / TSA7s8
! Bpin : intA4 Ar—NH intA7’ )
: : 22.8 J 2 26.3 Bpin +
H H 18.9 197 Qo
6\0 Ar—NH E— e N/ pin
Bypin,  intA3’ Bpin t Bpin Ph H
3.6 ‘8ot “Boi
—_— TSAs4 ; pin pin| TSAz7.s Boi
0.0 .. TSA12  Bypin, 132 [Ar—NH. TSAse | A\ NH | -12.6/ intA®’ P
reactant (02 -19.8 — 173 — 176 Ph _Bpin
- — T A74 I T ——— HzN
| -19.3 intA3 -18.8 -18.8 221 220
Ar—NH . intA4  intA5 - .
* __/  IntA2 400 - intA6  intA7
342 ArNH Bpin,  Bpin_ | A -37.8
intA1 : “8oi Bpin intA8
H Ar—NH ppin Bpin

.| |
Ar-NH 0O- Ar—NH / Bpin

H 0. Ar—NH _Bpin
: N
0-o. Ph :

— via anilino radical cation
— via anilino radical

deprotonation B,pin, Bpin borylation
addition dissociation

X 3-19. DFT Et5IC X 2 #EE IO 73/ 7Y hF4 v ~C-B AT

i T. C-N GO UINHERRIC B 1) 2 RKIGREED T ANV X — XA T 77 Lk
4 3-20 107" T, N-B#ATERCAEL 72 intA8 I LT FE_AtF o 597
HOO)BMERT 2 2 & TRV IMELEFI B LT I =T IANET v
JFonsd, LitoBdfEcii2 o0oRErEx N5, 12HG L YY)
intA8 D EZRH I L T, HOO*D/KFF T 2KFE AT 5 2 & T, C-N
BHREYV T Ay ZICHHEL, RINMUEBYET I=ZATIANVKT V2GS
N, 7I=ZAT7YHART i HOODKFER T %5 & { LT pinB-NH, ~
LI NG, (RB-BHREAFHE KRG EHKE) 2 o HORKGER) & LT,
intA8 1Zxf L T HOO* & @ /KFHEAE A ICHI 2 T .HOO DIERIE 23+ v FIFE T D
B ICET T AR D E 2 b NB, T D, HOODEEHEFH T D 7+ 7 HH T~
DOffICA, 72 7 EOERF T HOOIc L b v b vk & h 3 (intAl3
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—intAl4), = D%, 6 EBERIRAE(TSAs 6) % 78T, B, BiZ 5 X O pinB-
NH. 2343 & 71 % (intA15—intA16), (7'u  vfb—-KE-E2REAFHZED)

C-N #E&oUWnEfE cld, Eab L 72“C-N &AM - /KEF &R E "B XIT
0 b ML REBE-EHREEAHAL D2 00BN E 2 b0, BT LFEHET
HED o B EH AN F—DERFIZEALERWED, &5 5 DORIETDH i
fTLY2eExbN5,

T AGPTF (caumol) Ar=

o. T . ¥ . . 3
VAt Bpin O. O..
ping H . Bpin pinB ’,O pinB’ ,’O
g | R :
L Ph y . O NH O \\N,H
Ph Bpin HOO Ph !|3pin Ph épin
. TSheu intA14 intA15  TSAs1e
HOO -28.4 -30.3
{ . -325 -32.5 0
-29.8
" TSAy31s -35.5 -36.2 -36.1
-37.8 -39.6 , .
intA8 i intA10 * intA11  TSAj.i. .
In intA9 . ArBpin p ArBpin
Bpin intA13 ArBpin . Bpin | . Bpin o)
P o . /Bpin HN” HN intA16
,opIn Bpin HNT . h NH,Bpin
N Bpin b Hoo” | H._ . -77.0
Ph O NH HOO 00 795
Ph U . ) .
HOO tA12  ————
TR 918
NH,Bpin product
0,
protonation deamination
deamination hydrogen atom
transfer

X 3-20. DFT H&IC X 2 H#E5E OGN C-B fi & B ~C-N #5 &YW

Db, Btk v, CNES YN S X O C-B A TBORFEIC D W
T, RUGRICHEIEEHRR LTz, ZOfER, CB #ialciE, 737797
AMAFF BT =) ) TP ANPEL, Dk, Bpin: L IGT 52 & THRY
VT IANBET, RINTIANHTHFER EORFERFICT I AMMMT
L T.C-BREAVIERINDG Z LB RBI Nz, £/, C-NFEGOYINI <t
b bt Fo 7Y A0 HOO G 3 5 2 D DRI R X L7z,
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AIETIE, C-N#A YN E L O C-B EATEEGAREICO W, )7V =T
— IV ANOHRER. B X CGETFHEAYIC X 2 RICEEEORERIC X
FOSHENT 24T 2 720 2 D DMETHER 2 b, C-N #5& oVIlis X O C-B # &K
X, WM C-NESOUIB CIRIBIN TV EHERD 7YV =T IV —A TV A%
BRHALAZKIG TR, T2V 2 99V RarypbhELzR Y AT 970
VICX 2 7 VAN - BEEOBRECHEIT L T2 Z e 2R I N7z,

3.6.4 EEFEREHICB 3 52 EE

3.5 MiCOREMANICET 2ER RS, RKIETIH, HHIZ, HAERSe
UIWHERE 72 Tl . RSP ZHEBER L O x4V ¥ —Bljks L —HIH
R D —BIBHICES LT3 7z0, BREOMEZiERT 2D IEL W,
ZD®, T CEHBEFERERESNRENECZEFEZONLERT — X ICT
E5w (DA, QOEHEAR., oFEOBlE» bk~ 2,

(1) SZthshR

REDGIE, 56 2 B & [FRRIC, #EE ROCRIRIC T BIEE —WT I voERFETL
YARu v oryRETEOEEER(K.3-19: intA3—intAD) ¥ E TN 5729
FRIEE DLRENR DB E DIRICKRE S HET 2 eE2z N HlZIE, T 2
JREDFN MIIC A FAFESE L2310 1-7 I/ F 7 &L v 3-1qg ZHw
=56, RIFICRICOEIT L, NIGT 58 ) LAY = %2 2 I 69%.
57% CT5 2720 ZD—J7T, 3-10 ° 3-1qDZTNFNICHRIGT B AF AT I )
H:(-NMey) % b OFFEBEH =M T I v 2-1ab I X OF 2-1ad T34 < KIS HEST
Lidorz E2ETHE)., %72, 2-7 3/ €7 2 = 3-laa TRAKIGITE
Tl (RAF—L43-17), LEDORERIY BERT Ivor I 7 e ikl
THEBEE—RT I v 0T I 7 FEENH) BVARINITNS Wiz ERFEFEH
DIARFEEIT/NZ VWA, A M7 7 = = VS ER L 72508 3-1ab Tl 4
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N MLDOVAREESBEH T 2R, EHE-FY

{lrolzlE 23 7,

Me Me
O NR2  standard condition O Bpin

oy oy
R=H 3-10 69% from 3-10
Me 2-1ab 0% from 2-1ab

NR2 Bpin

standard condition
R=H 3-1q 57% from 3-10
Me 2-1ad 0% from 2-1ab

O standard condition
O NH,

3-1ab
R F =4 3-17. HEEE—WT I v OARRNE

(2) WA DF &

RIS DFEE B TIE, EAIAE T TG % 1T » 72 4H (3-1j, 3-1p, 3-1q,
3-IN2H 5, 2N b DEEICE L T OEEEA 2w W CRIGEITS &
EEPIZIEE A LB b D o (AF— 4 3-18), RIGHEITL R WBERR e L
<. OEEoEEMEERE, ()L F—BEnatkE, () —E7FEEhEiEo 3
DOBIED VTN, b LIFEBET L kot E2 LN,
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NH,
NH,
standard condition

w/o Acr-Me-BF,
Ha

3-1q 3-1r
Z ¥ — L 3-18. 3-1j, 3-1p, 3-1q, 3-1r D EIEFIIELELE T @ K

() HEEoEEREER

HE oS = AL F—BEICEG L Cw 2o, BN TE FIc
FOGHHET L TR WR[EEHED H 5, EFRIC 3-1p 35 L U 3-1q @ UV-vis P A
RZMLVEHEST S L, 3-1p FRICICHWZNIECTH 5 427am (TS Z O
WiAE238% 5 —75. 3-1q 13 427nm (ISR 23720 2 & 232 5 (K 3-21),
Z OWEEERD S, 427Tnm ONIF TIHEEME S e WHE D 5 5,

(b)

0.45

=

—
o

NH
1.4 O 0.4 2
0.35
1.2
3 S0.25
& 0.8 S 05
= 3-1p 5 3-1q
37 20.15
© ©
0.4 0.1
0.2 0.05
0 0
360 400 440 480 520 560 600 380 420 460 500
wavelength /nm wavelength /nm

X 3-21. HF&HEBESE /T I v D UV-vis 222 F 1(0.67 M in DMC)
(a)3-1p. (b) 3-1q

(i) =ALV¥F-—-BEHRR
KRGO —BFHERE T, FEBEE W7 I v o)l s Z&HIAKE &
DETOZANF—BEEZRFZHBEL 5728, 3-15,3-1p, 3-1q, 3-1r DFHE Tl
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ITALE—BEINETL T AWML D 2, ZHIEEE L ~FEHEBERO
A ¥ —Bs L0 7=) voOSEHEEREI ALY -2 L 2848, 1
Z30.98eV B LUN090eV S IhTH Y, HEERL T3, fito
T, BRI L > TE, FHEBRE W7 I vo=ZEHITAALF - DfEI/NE {7k
BT FEEERT I o SRR - ERRCHECE 218 Y
T ENEEIEL AL F — R o T\ d o AR D 5

(i) —ETFBEhHRER

b —oDu[EEMEE LT, HREE —WT I v DO & —HIHKRR & DfH
TOBIHBEPET L o ic, RICHETL Wi WAL 5, Lo
L. ZOHREMEIZEFE 21T v, ek b, R ITEITENMH-0.33V (vs. SCE) T
W1 2358 < . HEBEFE KT I v ol (7 =V v (PhNH,) O il & L7,
Eox *(PhNH,*/ PhNH,*)= -3.03 V (—HEJAJi#Z) and -2.37 V(ZEIEIE) (vs.
SCE)* )%+t TE 22006 TH 5,

P EDG)~Gi) DEZE D 6, —iDFE (3-11, 3-1j, 3-1p, 3-1q) I B\ T, i
EANBLETHZHBRE LT, HAHEBEF W7 I v OEEEERED 2 i3
FEE—WT I v ol & ZHIEMER L Ol To AL ¥ —BE) 0@t
TLIC Wizd, —ETBEIETE T IR D 70 Stk TS AHET L
o T2 AlRetED B B

Eo, A2 ERE QIR DORERICBE L TH 5 1 OFE ST & %D
X, AN X 2B DN IRTH 5, KRR, HHBEHIFET. 3-1a 2K
JGER7GE, —BHEBED LI VIEAF LTI AAE DORIGICHIT B EKY)
DBFSIEHTHER T T B (X 3-3), L7ddo T, HEEAIFE T CRIGZT
o 7B, BRISUCIC XY PERB T2 o 72 a[RetED 5 5,

Pk BE o EHIEIR IO VT, (DIZAFRIR & ) A D 2 > DBlris
LERELT, Lol ERdD 2 gbShicd | REOERMESCT =V 7 Z 9
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FAVORZTe b v, BLXUOCNEEVIKD 7 b MUEREEDEEL T
X0 T, BERERICOWTICHHT 2 LW EEZ LN
%o

3.6.5 HEE G HEHE

AR —E A EhERE (3.6.13). EIAEERYORE (3.6.27H) & XU C-N #f
AUl & C-B #E &P HOERE I B3 2 ICHREMNT (3.6.318) %1T-o72, b
D I IGHERERRAT 2 D HEE I N3 RGO RISHRE %X 3-22 1573, (A) &
T —R T I VAR S g 2 & TRl Ar-NHA*24E 3 2, (B)Z Ok,
Ar-NH,* & 30, ¢ —E T HE(SED) 8T+ 22T, 7=) ) IV ANAF
F v Ar-NH B L R = —F F S R 7 =F v Oy 234 L B, %7213, Ar-NH*
YOI ANF—HBE(EnT)IC & h ZEIAMESE 0, 13 —EHIEME 10, ~hit X 1,
Ar-NH,* & 1O, c—E T HE(SED) 5T+ 2 2T, 7= ) IV ANAF
F Y Ar-NHy "B L UPR—A—=FF o FT7=F4 v Or 4L 5, (C) 2Fic,
O/ AL LT 2 o AL 72 Ar-NHy A 7o b vah, 7207 5
/v Ar-NHe% 5.2 32, (D) Ar-NHeIlZ X L C Bopine 28 RIGT 52 & T, 731/
Ko VvhikB L ORI AT VAN pinBeAE L, (B) 732 FF5 vhfitkoz
FHRTFICHE LA ER EORFBIC pinBeSs 7Y AAMINTE2 2 C. 7 I K
INI NPk E S5 25, BE2EOMGED X 5, Ar-NHy+ & Byping 23
K63 5 #% 8% (C) 1k, N-B AR OEE(L = 4+ F =@ <. ARIGIXZ D
BRIETEITLTCwAnEEZoN2 (3.6.3HSBMH), 2% C-NfELUIK O
FIKICBAL iz, F) 737KV A2 VA hfRICR LT~ A F o595
AHOOIc X3 7 b vibickh, 7I=v oo hndilitbz b5 %2, (G) Oy
EDSETICE Y, RIMELEBIE LT I /K7 v pinB-NH, BMEF 515,
7. (H) &l43 2 pinB-NH, 23225 osKIC X Wk afEIhs <, 7
vEZT(NH) B XU FuFsvFra—AFo B 25 4 (pinBOH) 284
KT 5, UELOBWETARICHEITL CnwbLEZLNS,
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3.7 #8

RE T, HFEETBHNIC X 2 HEHES KT I v o C-N#HEAUIM %S
R Y MUSISIC DO W T~ 7o, FFEFBEB T I v D C-NEEYIW 21 5 K6
X, PEK, WETE LA B S E R L I A bE - FECERI LT
2o ZNODFRICH LT IHHELAICER SEIERE T, BBRE A2k
HEBEFHHICLY ., CN FAUINZES R UURICHETT 5 2 & 2 R
L7ze RIBEMEE LT, HHEBRE KT I VIS LT, Bopine 7 T 255 TS
ARG 427nm % BB S 2 2 & TRUGASETT L. Rl 7a SOGH] S RER T IE % 265
LLlAwizo, EEABECKIEERIT) 2R TE, 72, A7 —AT v 7 b
BT e TR0, ARARMICE LTCOEMES XOCFHEDSH
LRIGHRTH 5,

KIGE B4 B BHERE T 2 Ve L CEAAEETH b . GBS %2k
Izl Tc7=) VB AR L ChBEHTE 2 2t Bbhot, £, °E
DRIGEIZHRE Y. T I HOBRFEFEFOAREE LS 2 REFAE I L AR
SG D FEEFEI P LA . 2 DI, SIEF 2 /NS 2 & & RIS HHEST
TEEEDD B 05 WA % v 2 STl K Y LA olnfic X 0 I
HHPET T2 e bhol, ZDRERKIE, HHEEAIC X 2 —HEHKBED 5 I
FFCITUANDRAEICLLZDDTH 5T, TNEAKICROFETH Y | 5%
DXYPAED D 2 G DExEtE LT BEZHCRWKISCRPEEN S, 2D
A TN LT, IEESROCHERE D 0 B R T 2 b Wk L AR D UG 2 R34 %
VIV ANFE ROEHVSE Z L CRERTE L LEZLNS, RO, HHEHKH
—kT I v Ol O —EFBEABARETH Y, 22T =V S TVANNTF
Fvolit7e b vsXUEoko C-N#EAVINNERICHE R 7 e b v LE2{Tx
ROGTEZFFOSDTH B, T 51T, ROFEZEYNIHERL, VKo v L Db
iC X 20 EMz2 5 2 &, Blgm R L © ¥ 5, FEERIC, ERFEPK T RO.
fie LClERS T L HUo ]G %773 TEMPOY # W CIGZBET L7z &
Z A, I 25% TR Y MUEBPIBR R LN Z & bw 572 (FK 3-9, entry 2),
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L7228 T, filt i & ORI KIS HEF T3 % ROH% Rl 3 C & AT & i,
SHO X VBTN DS 3 Kb LTARKIGRZERT 2 LA TE, &
b 7n % FLEGE A HEIPE ORI b BB,

¥ 7o SOCHIEEIT Clt, T4 OG- ZHIC XY —EBFEEITEE Ok
e —HEHD L WIT=HEBRECETL T e R®R I N, 72, 8l4E
EYE L, 737 K7 (pinB-NHy) DHIKSEICE Y, TvE=ZTEH I UL
Fefsvra—nRo VB X7 A0REM LT EEHLLICLE, &
bic, 7Y AR ERD L. C-B A O E L O C-N EEUIBnEfIx, 7
V=TV —AFVANMEIREL TR WI LARBI N, ChikB T bgitE
ko ThHHEIN, BLFHEICX Y, RIA T AARFER~TIH
AL, pinB-NH, 23 i3 2 IICREBE R Z U TH 5 L BIRBI N7z, T D
RYINTIANMCEDBEBRREDRE~D TV AN O T I 7 s+
LR (T O AT — RS ) 12, 2.5 HOME S T b b~ E ki L &
N ERERFB-ERECOUBNEECRBINTVWEZ 7)) =TIV =1 TFY 7
VAT B BB TR & XK E KB 2,7 7 Y A I — RS < 1%
BB (7 2 7 5) 2L e ¢ 2 2 L A A DA A A REE 72 5 720
REERE L, BTz mIRFB-EHREEOUIWN % 5 ATk e L. S%o KGR
CHHFT TR D,

@,@_‘\ Blue LED (427 nm)
TN N air f . opin
R +  Bypin, R
‘ e
. Boping Bpln Bpin
NH | ©/NHBpm @LNHBpm
F=UJISTHI pinB—NH, + O,
X 3-23. % 3 M HFEEFEENICL 2 EBFE KT I v o C-NEAY]
W2 £ 5 A Y ARG
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3.9.1. General

NMR spectra were recorded on JEOL JNM- ECA600 (600 MHz for 'H NMR, 150
MHz for *C NMR), JEOL ECZ-400 (400 MHz for '"H NMR, 100 MHz for '3C NMR)
spectrometers. Proton and carbon chemical shifts are reported relative to tetrame-
thylsilane (TMS, & 0.00 (‘H NMR, '*C NMR) or the residual solvent (CHCIs (8 7.26 for
"H NMR or 8 77.16 for 13C NMR), dimethyl sulfoxide (8 2.50 for 'H NMR or & 39.52 for
13C NMR) used as an internal reference. ESI-MS or EI-MS spectra were measured on a
spectrometer for HRMS (JEOL JMS-T100CS AccuTOF (for ESI-MS) IR spectra were
recorded on Fourier transform infrared spectrophotometer (JASCO FT/IR-4600). UV-vis
absorption spectra were recorded on a V650 spectrophotometer (JASCO). Cyclic Volt-
ammetry spectra were recorded on ALS model 760E. ESR spectra were recorded on JEOL
JES-FA200. Emission spectra were recorded on C9920-02 (Hamamatsu Photonics).

All reactions were carried out under open air or N atmosphere. An oil bath was used
for heating the reactions. All reagents and the substrates (3-11, 3-1q, 3-1v, 3-1w, 3-1x and
3-1y) were purchased from commercial sources and used after Kugel distillation, or pre-
pared according to standard procedures unless otherwise noted. Dimethyl carbonate
(DMC) was distilled without dry before used. Bis(pinacolato)diboron (Bzpinz) was pur-
chased from Angene International Limited and used without purification. Colum chroma-
tography was performed with silica gel (40-50 mesh or 100-210 mesh). Kessil PR160L
(A =427 nm or 456 nm) was used as a blue LED and set to 100% power as the emission
spectrum (the distance from light source to the irradiation vessel: 0.5 cm). Light head
AC8361 (A =405 nm or 365 nm) and controller 8332A (CCS Inc.) were used as a light
source and set to 100% power as the emission spectrum (the distance from light source
to the irradiation vessel: 4.5 cm). The emission spectra of Kessil PR160L are provided by

Kessil Lighting.
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3.9.2. Preparation of Aromatic Amines
3.9.2.1 Synthesis of 3-1a—3-1i, 3-1k, 3-1m, 3-10, 3-1s, 3-1p

NH,
/O/NHz /®/
Br/Bpin XR cat. Pd(OAc), or Pd(PPhg3), Ar g R

K2COs 3-1a-3-1i, 3-1k
or + Ar—B(OH),/Br _ 3-1m, 3-10, 3-1s
DMF/H50, reflux, overnight

/@\ or
Br NH, /@\

Ph

NH,
3-1p

General Procedure 1 (GP-1)

To an oven dried two-necked round bottom flask equipped with a magnetic stir bar,
bromoaniline (1.0 equiv), arylboronic acid (1.1-1.2 equiv), K»COs (3.0-4.6 equiv), and
DMF/H;0 (0.5 M, 1:1 v/v) were added. Then, the suspension was degassed by nitrogen
bubbling. After bubbling over 15 min, Pd(OAc): (2.0-3.0 mol%) was added to the solu-
tion, and the mixture was heated under reflux with stirring overnight. The reaction mix-
ture was cooled to room temperature and extracted with EtOAc three times. Combined
organic layer was washed with brine, dried over MgSOy4, and the solvent was removed by

evaporation. The reside was purified by flash column chromatography.

O NH,

3-1a
Compound 3-1a was synthesized according to GP-1. 4-Bromo-N,N-dimethylaniline
(2.58 g, 15.0 mmol, 1.0 equiv), phenylboronic acid (2.01 g, 16.5 mmol, 1.1 equiv),
Pd(OAc)2 (67.3 mg, 0.300 mmol, 2.0 mol%), and K>CO3 (6.22 g, 45.0 mmol, 3.0 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 3:1) gave 3-1a (pale yellow solid, 2.53 g, 14.9 mmol, quant.). The spectral data
were in good agreement with the previous literature.>!
'"H NMR (CDCl3, 400 MHz): = 7.55 (d, J = 8.0 Hz, 2H), 7.44-7.39 (m, 4H), 7.29 (t, J
= 8.0 Hz, 1H), 6.77 (d, J = 8.8 Hz, 2H), 3.74 (brs, 2H).
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l NH,

3-1b

Compound 3-1b was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 4-methylphenylboronic acid (245 mg, 1.80 mmol, 1.2 equiv),
Pd(OAc), (10.1 mg, 0.0500 mmol, 3.0 mol%), and K>CO3 (963 mg, 7.00 mmol, 4.6
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 10:1 to 4:1) gave 3-1b (pale yellow solid, 230 mg, 1.26 mmol, 84%).
The spectral data were in good agreement with the previous literature.>?

'H NMR (CDCls, 400 MHz): 8 = 7.43 (d, J = 8.0 Hz, 1.2 Hz, 2H), 7.39 (d, J = 8.4 Hz,
2H), 7.20 (d, J= 8.0 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 3.72 (brs, 2H), 2.37(s, 3H).

O NH,
t-Bu I

3-1c

Compound 3-1c¢ was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 4-fert-butylphenylboronic acid (320 mg, 1.80 mmol, 1.2 equiv),
Pd(OAc), (10.1 mg, 0.0500 mmol, 3.0 mol%), and K>CO3 (622 mg, 4.50 mmol, 3.0
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 20:1 to 4:1) gave 3-1¢ (white solid, 317 mg, 1.41 mmol, 94%). The
spectral data were in good agreement with the previous literature.>3

'"H NMR (CDCl3, 400 MHz): 6 = 7.48 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 4H), 6.76 (d, J
= 8.4 Hz, 2H), 3.77 (brs, 2H), 1.35(s, 9H).

O NH,

MeO l

3-1d
Compound 3-1d was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 4-methoxyphenylboronic acid (274 mg, 1.80 mmol, 1.2 equiv),
Pd(OAc), (10.1 mg, 0.0500 mmol, 3.0 mol%), and K>CO3 (622 mg, 4.50 mmol, 3.0
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 10:1, 4:1 to 3:1) gave 3-1d (yellowish brawn solid, 244 mg, 1.22 mmol,

82%). The spectral data were in good agreement with the previous literature.S!
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'H NMR (CDCls, 400 MHz): & = 7.46 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H), 6.94
(d, J= 8.4 Hz 4H), 6.75 (d, J = 7.6 Hz, 2H), 3.84 (s, 3H), 3.70 (brs, 2H).

Compound 3-le was synthesized according to GP-1. 4-Bromoaniline (344 mg, 2.00
mmol, 1.0 equiv), 4-(trifluoromethyl)phenylboronic acid (456 mg, 2.40 mmol, 1.2 equiv),
Pd(OAc): (13.5 mg, 0.0600 mmol, 3.0 mol%), and K>COs3 (829 mg, 6.00 mmol, 3 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 4:1) gave 3-1e (white solid, 402 mg, 1.69 mmol, 85%). The spectral data were in
good agreement with the previous literature.5*

'"H NMR (DMSO-ds, 400 MHz): 6 =7.75 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H),
7.45 (d, J= 8.0 Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 5.40 (brs, 2H).

NH,

Compound 3-1f was synthesized according to GP-1. (4,4,5,5-Tetramethyl-1,3,2-dioxabo-
rolan-2-yl)aniline (329 mg, 1.50 mmol, 1.0 equiv), 1-bromo-4-cyclopropylbenzene (325
mg, 1.70 mmol, 1.1 equiv), Pd(PPhs)s4 (34.7 mg, 0.0300 mmol, 2.0 mol%), and K>CO3
(622 mg, 4.50 mmol, 3.0 equiv) were used. Purification by flash column chromatography
on silica gel (CH2Cly) gave 3-1f (pale yellow solid, 251 mg, 1.20 mmol, 80%).

'"H NMR (CDCl3, 400 MHz): 6 = 7.44 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.11
(d, J=8.4 Hz, 2H), 6.75 (d, J= 8.0 Hz, 2H), 3.71 (brs, 2H), 1.92 (m, 1H), 1.34-1.24 (m,
1H), 1.01-0.96 (m, 2H), 0.75-0.71 (m, 2H).

BC NMR (CDCls, 100 MHz): 6 = 145.7, 142.2, 138.4, 131.6, 127.9, 126.4, 126.0, 115.5,
15.2,9.4.

IR (ATR, v/ecm™): 3001, 1607, 1496, 1262, 1181, 1053, 1043, 1022, 1001, 901, 854, 846,
812.

HRMS (EI) m/z: [M]* Calcd for Ci5HisN 209.1199; Found 209.1203.
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O NH,

Me;Si O 3-1g
Compound 3-1g was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 4-(trimethylsilyl)phenylboronic Acid (349 mg, 1.80 mmol, 1.2 equiv),
Pd(OAc), (10.1 mg, 0.0500 mmol, 3.0 mol%), and K>CO3 (622 mg, 4.50 mmol, 3.0
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 10:1 to 4:1) gave 3-1g (white solid, 334 mg, 1.38 mmol, 92%).

'"H NMR (CDCl3, 400 MHz): 8 = 7.59-7.54 (m, 4H), 7.44 (d, J = 8.0 Hz, 2H), 6.77 (d, J
= 8.4 Hz, 2H), 3.75 (brs, 2H), 0.31 (s, 9H).

BCNMR (CDCls, 100 MHz): 8 = 146.0, 141.7, 138.0, 133.9, 131.6, 128.16, 125.9, 115.5,
-0.9.

IR (ATR, v/em™): 2952, 1616, 1598, 1523, 1491, 1388, 1271, 1244, 1196, 1180, 1115,
834, 809, 755, 727.

HRMS (EI) m/z: [M]" Calcd for Ci1sHi9NSi 241.1281; Found 267.1289.

l NH,

F O 3-1h

Compound 3-1h was synthesized according to GP-1. (4,4,5,5-Tetramethyl-1,3,2-diox-
aborolan-2-yl)aniline (329 mg, 1.50 mmol, 1.0 equiv), 4-bromofluorobenzene (200 pL,
1.80 mmol, 1.2 equiv), Pd(PPh3)s (52.0 mg, 0.0500 mmol, 3.0 mol%), and K.COj3 (622
mg, 4.50 mmol, 3 equiv) were used. Purification by flash column chromatography on
silica gel (hexane/ethyl acetate = 20:1 to 3:1) gave 3-1h (pale yellow solid, 242 mg, 1.29
mmol, 86%). The spectral data were in good agreement with the previous literature.’
'"H NMR (DMSO-ds, 400 MHz): 8 = 7.56-7.53 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.20—
7.16 (m, 2H), 6.63 (d, J = 8.0 Hz, 2H), 5.21 (brs, 2H).

l NH,
cl ‘

3-1i
Compound 3-1i was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50 mmol,
1.0 equiv), 4-chlorophenylboronic Acid (258 mg, 1.65 mmol, 1.1 equiv), Pd(OAc): (6.7
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mg, 0.0300 mmol, 2.0 mol%), and K»COs3 (622 mg, 4.50 mmol, 3.0 equiv) were used.
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1
to 4:1) gave 3-1i (pale yellow solid, 120 mg, 0.590 mmol, 39%). The spectral data were
in good agreement with the previous literature.

'"H NMR (CDCl3, 400 MHz): 6 = 7.45 (d, J = 8.8 Hz, 2H), 7.38-7.34 (m, 4H), 6.75 (d, J
= 8.8 Hz, 2H), 3.77 (brs, 2H).

l NH,

3-1k

Compound 3-1k was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 2-naphthaleneboronic acid (284 mg, 1.70 mmol, 1.1 equiv), Pd(OAc):
(10.1 mg, 0.0450 mmol, 3.0 mol%), and KoCO3 (622 mg, 4.50 mmol, 3.0 equiv) were
used. Purification by flash column chromatography on silica gel (hexane/ethyl acetate
=20:1 to 3:1) gave 3-1k (pale yellow solid, 299 mg, 1.36 mmol, 91%). The spectral data
were in good agreement with the previous literature.>’

'"H NMR (CDCIs, 400 MHz): & = 8.00 (s, 1H), 7.88-7.83 (m, 3H), 7.71 (d, J = 8.0 Hz,
1H), 7.56 (d,J= 7.2 Hz, 2H), 7.50-7.42 (m, 2H), 6.81 (d, J = 8.0 Hz, 2H), 3.77 (brs, 2H).

l NH,

3-1m

Compound 3-1m was synthesized according to GP-1. 4-Bromoaniline (258 mg, 1.50
mmol, 1.0 equiv), 2,4,6-trimethylphenylboronic acid (295 mg, 1.80 mmol, 1.2 equiv),
Pd(PPhs)4 (52.0 mg, 0.0500 mmol, 3.0 mol%), and KoCO3 (622 mg, 4.50 mmol, 3.0
equiv) were used. Purification by flash column chromatography on silica gel (hex-
ane/ethyl acetate = 20:1 to 4:1) gave 3-1m (pale yellow solid, 123 mg, 0.580 mmol, 39%).
The spectral data were in good agreement with the previous literature.®

'H NMR (DMSO-ds, 400 MHz): 8 = 6.86 (s, 2H), 6.73 (d, J= 8.0 Hz, 2H), 6.51 (d, J =
8.0 Hz, 2H), 5.01 (brs, 2H), 2.23 (s, 3H), 1.94 (s, 6H).
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NH,

Ph
3-10

Compound 3-10 was synthesized according to GP-1. 4-Bromo-2,6-dimethylaniline (600
mg, 3.00 mmol, 1.0 equiv), phenylboronic acid (439 mg, 3.60 mmol, 1.2 equiv),
Pd(OAc)2 (20.2 mg, 0.0900 mmol, 3.0 mol%), and K.COs3 (1.24 g, 9.00 mmol, 3.0 equiv)
were used. Purification by flash column chromatography on silica gel (hexane/ethyl ace-
tate = 100:0 to 8:1) gave 3-1o0 (brawn oil, 233 mg, 1.18 mmol, 39%). The spectral data
were in good agreement with the previous literature.>’

'"H NMR (CDCls, 400 MHz): 6 = 7.54 (d, J = 8.0 Hz, 2H), 7.39 (dd, J = 8.0, 8.0 Hz, 2H),
7.26 (t,J = 8.0 Hz, 1H), 7.23 (s, 2H), 4.49 (brs, 2H) 2.30 (s, 6H).

Ph” : “NH,

3-1p

Compound 3-1p was synthesized according to GP-1. 3-Bromoaniline (860 mg, 5.00
mmol, 1.0 equiv), phenylboronic acid (671 mg, 5.50 mmol, 1.1 equiv), Pd(OAc), (22.1
mg, 0.100 mmol, 2.0 mol%), and K>.COs (2.07 g, 150 mmol, 3.0 equiv) were used. Puri-
fication by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1 to
4:1) gave 3-1p (gray solid, 851 mg, 5.00 mmol, quant.). The spectral data were in good
agreement with the previous literature.S!

'"H NMR (CDCls, 400 MHz): 6 = 7.57 (d, J= 7.6 Hz, 1H), 7.43 (dd, J = 7.6, 7.6 Hz, 2H),
7.36 (t,J=7.6 Hz, 1H), 7.24 (dd, J = 8.0, 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H), 6.92 (s,
1H), 6.70 (d, J= 8.0 Hz, 1H), 5.31 (s, 2H).

NH,

S

\
3-1s

Compound 3-1s was synthesized according to GP-1. (4,4,5,5-Tetramethyl-1,3,2-dioxabo-
rolan-2-yl)aniline (214 mg, 1.00 mmol, 1.0 equiv), 2-bromothiophene (243 mg, 1.20
mmol, 1.2 equiv), Pd(OAc); (6.6 mg, 0.0300 mmol, 3.0 mol%), PPhs (15.4 mg, 0.0600
mmol, 6.0 mol%), and K»2CO3 (405 mg, 3.00 mmol, 3.0 equiv) were used. Purification by
flash column chromatography on silica gel (hexane/ethyl acetate = 20:1, 5:1 to 4:1) gave
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3-1s (yellow solid, 137 mg, 0.780 mmol, 80%). The spectral data were in good agreement
with the previous literature.5!°
'"H NMR (CDCl3, 400 MHz): & = 7.42 (d, J = 8.0 Hz, 2H), 7.18-7.15 (m, 2H), 7.04 (dd,

J=4.8,5.2 Hz, 1H), 6.70 (d, J = 8.0 Hz, 2H), 3.75 (brs, 2H).

5.9.2.2 Synthesis of 3-1j and 3-1n

/O/Noz Zn (6.0 equiv ) /®/NH2
Ar X/R Ar = R

AcOH, r.t., 19 h

3-1j, 3-1n

General Procedure 2 (GP-2)

To a round bottom flask equipped with a magnetic stir bar, nitrobiphenyl (1.0 equiv),
zinc powder (6.0 equiv), and AcOH (0.15 M) were added. After the starting material was
consumed, the reaction mixture was passed through celite (eluent: CH>Cl,). The filtrate
was neutralized with sat. aq. NaHCO3, and extracted with CH»Cl, three times, and washed
with brine. The combined organic layer was dried over MgSOs, and the solvent was re-

moved by evaporation. The reside was purified by flash column chromatography.

l NH,
Br ‘ 3-1j

Compound 3-1j was synthesized according to GP-2. 4-Bromo-4'-nitrobiphenyl (278
mg, 1.00 mmol, 1.0 equiv) and zinc powder (392 mg, 6.00 mmol, 6.0 equiv) were used.
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 3:1)
gave 3-1j (pale yellow solid, 197 mg, 0.790 mmol, 79%). The spectral data were in good
agreement with the previous literature.5!!

'"H NMR (CDCl3, 400 MHz): 8§ = 7.50 (d, J = 8.8 Hz, 2H), 7.40-7.36 (m, 4H), 6.75 (d, J
= 8.4 Hz, 2H), 3.77 (brs, 2H).

Ph

3-1n

Compound 3-1n was synthesized according to GP-2. 4-Nitro-3-methylbiphenyl (180

mg, 0.840 mmol, 1.0 equiv) and zinc powder (331 mg, 5.10 mmol, 6.0 equiv) were used.
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Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1
to 3:1) gave 3-1n (brawn oil, 108 mg, 0.590 mmol, 70%). The spectral data were in good
agreement with the previous literature.!

'"H NMR (CDCls, 400 MHz): & = 7.54 (d, J = 7.6 Hz, 2H), 7.41-7.37 (m, 2H), 7.32-7.25
(m, 3H), 6.76 (d, /= 7.6 Hz, 1H), 3.68 (brs, 2H), 2.25 (s, 3H).

3.9.2.3 Synthesis of 3-1r and 3-1t

1) Li-HMDS, NiClo(PPhj),

N Br  Toluene, 60 °C X NH;
R R
2)HCl aq
3-1r, 31t

General Procedure 3 (GP-3)

Compound 3-1r and 3-1t was synthesized according to the modified procedure.>'? To an
oven dried two-necked round bottom flask equipped with a magnetic stir bar, lithium
bis(trimethylsilyl)amide (Li-HMDS) (1.2 equiv, prepared from "BulL.i and HMDS in THF
solution), NiCl2(PPhs) (3.0-5.0 mol%), and toluene (0.25 M) were added. After stirring
for 10 min, aryl bromide (1.0 equiv) was added to the reaction mixture, and the mixture
was heated at 60 °C with stirring. After 2 h, the reaction mixture was quenched with
MeOH/1 M HCI, and the solution was stirred until the corresponding aryl bis(trimethylsi-
lyl)amide was consumed. The solution was neutralized with 1 M aq. NaOH, and the or-
ganic solvent was removed under reduced pressure. The residue was extracted with
CH»Cl», washed with brine, and dried over MgSOa. The solvent was removed by evapo-

ration, and the residue was purified by flash column chromatography.

31r
Compound 3-1r was synthesized according to GP-3. 2-Bromonaphthalene (1.04 g,
5.00 mmol, 1.0 equiv), "BuLi (6.00 mmol, 1.2 equiv), HMDS (1.30 mL, 6.00 mmol, 1.2
equiv) and NiClx(PPhs3); (98.1 mg, 0.150 mmol, 3.0 mol%) were used. Purification by
flash column chromatography on silica gel (hexane/ethyl acetate = 20:1 to 4:1) gave 3-1r
(pale yellow solid, 633 mg, 4.42 mmol, 88%). The spectral data were in good agreement

with the previous literature.5!3
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'H NMR (CDCls, 400 MHz): 8 = 7.70 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.60
(d,J= 8.4 Hz, 1H), 7.37 (dd, J = 8.0, 8.4 Hz, 1H), 7.23 (dd, J = 8.4, 8.4 Hz, 1H), 6.9 (s,
1H), 6.96 (d, J = 8.4 Hz, 1H), 3.85 (brs, 2H).

O NH,
‘ 31t

Compound 3-1t was synthesized according to GP-3. 1-Bromo-4-(1-cyclohexen-1-
yl)benzene (356 mg, 1.50 mmol, 1.0 equiv), "BuLi (1.80 mmol, 1.2 equiv), HMDS (0.37
mL, 1.800 mmol, 1.2 equiv) and NiCly(PPhs) (49.1 mg, 0.075 mmol, 5.0 mol%) were
used. Purification by flash column chromatography on silica gel (hexane/ethyl acetate =
20:1 to 4:1) gave 3-1t (pale yellow oil, 208 mg, 1.20 mmol, 80%).
'"H NMR (CDCl3, 400 MHz): 6 =7.21 (d, J= 8.4 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 6.01—
5.99 (m, 1H), 3.56 (brs, 2H), 2.38-2.34 (m, 2H), 2.20-2.16 (m, 2H), 1.79-1.73 (m, 2H),
1.67-1.61 (m, 2H).
3C NMR (CDCIl3, 100 MHz): 8 = 145.1, 136.1, 133.4, 125.9, 122.1, 115.1, 27.5, 25.9,
23.3,22.4.
IR (ATR, v/em™): 2924, 1618, 1514, 1435, 1275, 1184, 1136, 917, 818, 799.
HRMS (EI) m/z: [M]* Calcd for Ci2HisN 173.1199; Found 173.1206.

3.9.2.4 Synthesis of 3-1u

Cul (10 mol%)
Xantphos (10 mol%)

NH,
NH; Cs,CO3 (2.0 equiv)

o -

| DMF, 180 °C =Z

(1.2 equiv) Microwave, 20 min "Bu

3-1u

Compound 3-1u was synthesized according to the modified procedure. 3'* 4-Todoan-
iline (329 mg, 1.50 mmol, 1.0 equiv), 1-hexyne (210 puL, 1.80 mmol, 1.2 equiv), Cul (28.6
mg, 0.150 mmol, 10 mol%), Xantphos (86.8, 0.150 mmol, 10 mol%) and Cs>COs3 (977
mg, 3.00 mmol, 2.0 equiv) were used, and 3-1u (brawn oil, 116 mg, 0.670 mmol, 44%)
was obtained. The spectral data were in good agreement with the previous literature.5!*
'H NMR (CDCls, 400 MHz): & = 7.20 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H),
238 (t,J = 7.2 Hz, 2H), 1.59—1.44 (m, 4H), 0.94 (t, J = 7.2 Hz, 3H).
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3.9.2.5 Synthesis of 3-1aa

O O
PhB(OH),
PdCl,(PPhs), EtOMOEt NO
/@NOZCSZCO3 /@NOZNaH H20 2
Br F 14-dioxane Ph F DMF, 90 °C pMso Ph
/H50, reflux
S1 2 S2 reflux s3 CO,Et
/\/Br
- - — /©E\lj2\/ - /©LN;2\/
DMF 1,4-dioxane DMF, 50 °C ph Z ACOH, rt Ph =
0°Ctort /H,0,60°C 3-1aa

S4

To a two-necked round bottom flask equipped with a magnetic stir bar, 4-bromo-2-
fluoro-1-nitrobenzene S1 (2.20 g, 10.0 mmol, 1.0 equiv), phenylboronic acid (1.46 g, 12.0
mmol, 1.2 equiv), Cs;CO3 (6.51 g, 20.0 mmol, 2.0 equiv), and 1,4-dioxane/H>O (20
mL/20 mL) were added. Then, the suspension was degassed by nitrogen bubbling. After
bubbling over 30 min, PACl>(PPhs), (140 mg, 0.200 mmol, 2.0 mol%) was added to the
solution, and the mixture was heated under reflux with stirring for 7 h. The reaction mix-
ture was cooled to room temperature and extracted with CH>Cl, three times. Combined
organic layer was washed with brine, dried over MgSOy4, and the solvent was removed by
evaporation. The reside was purified by flash column chromatography (hexane/ethyl ac-
etate = 20:1), giving 4-phenyl-2-fluoro-1-nitrobenzene S2 as pale yellow solid (1.72 g,
0.800 mmol, 80%).

To an oven dried two-necked round bottom flask equipped with a magnetic stir bar,
sodium hydride (dispersion in paraffin liquid, >55wt%, 510 mg, 10.3 mmol, 1.3 equiv)
and DMF (20 mL). Diethyl malonate (1.42 g, 8.70 mmol, 1.1 equiv) was added to the
suspension, and the reaction mixture was stirred for 0.5 h. S2 (1.72 g, 7.90 mmol, 1.0
equiv) was added to the reaction mixture, and the mixture was heated at 90 °C with stir-
ring for 1.5 h. The reaction mixture was diluted with water. The crude mixture was ex-
tracted with EtO three times, washed with brine, and dried over MgSQOj4. The solvent was
then removed by evaporation. The residue was purified by flash column chromatography
(hexane/ethyl acetate = 10:1 to 3:1). The purified product was dissolved with DMSO/H>O
(8.0 mL/0.3 mL) and the mixture was heated under reflux. The reaction was cooled to
room temperature, diluted with ethyl acetate, and the solution was washed with water and

brine, then dried over MgSQOs. The solvent then was removed by evaporation. The residue

211



was purified by flash column chromatography (hexane/ethyl acetate = 10:1 to 5:1), giving
ethyl 5-phenyl-2-nitrobenzeneacetate S3 as yellow oil (1.50 g, 5.27 mmol, 67%).

To an oven dried two-necked round bottom flask equipped with a magnetic stir bar,
sodium hydride (dispersion in paraffin liquid, >55%, 273 mg, 5.50 mmol, 1.1 equiv) and
DMF (10 mL). The suspension was cooled to 0 °C, S3 (1.43 g, 5.00 mmol, 1.0 equiv) was
added to the suspension, and the reaction mixture was then stirred for 0.5 h. Allyl bromide
(680 mg, 5.50 mmol, 1.1 equiv) was added to the reaction mixture, and the mixture was
stirred for 4 h. The reaction mixture was quenched with water and extracted with Et;O.
The combined organic layer was washed with brine and dried over MgSO4. The solvent
was then removed by evaporation. The residue was purified by flash column chromatog-
raphy (hexane/ethyl acetate = 10:1). The purified product was dissolved with 1,4-diox-
ane/H>0 (15 mL/5 mL) and NaOH (200 mg) was added to the solution. The mixture was
stirred at 60 °C for 1 h. The reaction mixture was cooled to room temperature and acidified
with 6 M HCI to pH 2.0. The crude solution was extracted with Et;O three times. The
combined organic layer was washed with brine and dried over MgSQOa. The solvent was
then removed by evaporation. The residue was added to a round bottom flask equipped
with a magnetic stir bar containing K2COs (1.38 g) in DMF (10 mL). The mixture was
heated at 50 °C with stirring. The reaction was cooled to room temperature and extracted
with ethyl acetate. The combined organic layer was washed with water and brine then
dried over MgSOs. The solvent then was removed by evaporation. The residue was puri-
fied by flash column chromatography (hexane/ethyl acetate = 20:1), giving 4-phenyl-2-
(3-butenyl)-nitrobenzene S4 as yellow oil (311 mg, 1.23 mmol, 25%).

To a round bottom flask equipped with a magnetic stir bar, S4 (311mg, 1.25 mmol, 1.0
equiv), zinc powder (481 mg, 7.36 mmol, 6.0 equiv) and AcOH (12 mL, 0.10 M) were
added. After S4 was completely consumed, the reaction mixture was passed through celite
(eluent: CH2Cl>). The filtration was neutralized with sat. agq. NaHCOs, extracted with
CH:Cl: three times, and washed with brine. The combined organic layer was dried over
MgSOs, and the solvent was removed by evaporation. The residue was purified by flash
column chromatography (hexane/ethyl acetate = 20:1 to 5:1), giving 3-1aa as a brawn oil
(222 mg, 1.00 mmol, 80% (10% from S1)).

/©/\'\t2\/
Ph 7

3-1aa
'H NMR (CDCl3, 400 MHz): 6 =7.55 (d, J= 8.0 Hz, 2H), 6.94 (dd, /=8.0, 7.4 Hz, 2H),
7.32-7.28 (m, 3H), 6.77 (d, J= 7.4 Hz, 1H), 5.94 (ddt, /J=17.6 , 10.0, 7.2 Hz, 1H), 5.12
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(d, J=17.6 Hz, 1H), 5.04 (d, J = 10.0 Hz, 1H), 3.75 (brs, 2H), 2.66 (t, J = 7.2 Hz, 2H),
2.44 (dt, J= 8.0, 7.2 Hz, 2H).

13C NMR (CDCls, 100 MHz): & = 143.6, 141.4, 138.1, 131.9, 128.7, 128.5, 128.4, 126.6,
126.3, 125.9, 116.1, 115.3, 33.0, 31.0.

IR (ATR, v/eml): 3372, 1621, 1513, 1485, 1451, 1412, 1293, 1268, 1182, 997, 911, 822,
760.

HRMS (EI) m/z: [M]* Calcd for C16H7N 223.1356; Found 223.1362.

3.9.3. Procedure for Deaminative Borylation of Primary Aromatic Amines

3.9.3.1 Screening of Reaction Conditions

Representative Procedure 1

A solution of 4-aminobiphenyl (3-1a, 10.2 mg, 0.060 mmol, 1.0 equiv), B2pinz (30.5 mg,
0.120 mmol, 2.0 equiv) in CPME (0.6 mL, 0.10 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). The solution was degassed by freeze-pump-thaw in
three times, backfilled with N». The solution was directly irradiated with lamp (365 nm,
the distance from light source to the irradiation vessel: 0.5 cm) with a fan to keep the
temperature around 30 °C. After 18 h, dodecane as an internal standard was added to the
reaction mixture. The conversion of 3-1a and the yields of the products 3-2a and 3-3a

were analyzed by GC.

Representative Procedure 2

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2pin; (203 mg,
0.800 mmol, 4.0 equiv) in DMC (0.3 mL, 0.67 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). The solution was directly irradiated with lamp (427
nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan to keep the
temperature around 35 °C under air (open system) (Figure S1). After 18 h, dodecane (30
pL) as an internal standard was added to the reaction mixture. The conversion of 3-1a

and the yields of the products 3-2a and 3-3a were analyzed by GC.
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Figure S1. Light Set Up of Deaminative Borylation
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3.9.3.2 Substrate Scope

Representative procedure:

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2pin; (203 mg,
0.800 mmol, 4.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). The solution was directly irradiated with lamp (427
nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan to keep the
temperature around 35 °C under air (open system) (Figure S1). After an appropriate time,
the reaction mixture was directly passed through short silica column (eluent: Et;0O, two
column volume), and the solvent was removed by evaporator. The residue was purified

by flash column chromatography.

1 mmol scale procedure of 3-1a:

A solution of 4-aminobiphenyl (3-1a, 197 mg, 1.00 mmol, 1.0 equiv), Bopinz (1.02 g, 4.00
mmol, 4.0 equiv) in DMC (1.50 mL, 0.67 M) was placed in a quartz test tube (inner
diameter: 16 mm, length: 172 mm). The solution was directly irradiated with lamp (427
nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan to keep the
temperature around 35 °C under air (open system). After 36 h, the reaction mixture was
directly passed through short column chromatography on silica column (eluent: Et,O, two
column volume), and the solvent was removed by evaporator. The residue was purified
by flash column chromatography on silica gel to give 3-2a (white solid, 194 mg, 0.696
mmol, 70%).

Spectral Data of Products

l Bpin

O 3-2a
Reaction time: 18 h
3-2a (white solid, 46.5 mg, 0.166 mmol, 83%)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400MHz): 6 = 7.91 (d, J = 8.0 Hz, 2H), 7.65-7.62 (m, 4H), 7.46 (dd, J
=17.8, 8.0 Hz, 2H), 7.37 (t,J = 7.8 Hz, 1H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5!
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l Bpin

O 3-2b
Reaction time: 48 h
3-2b (white solid, 40.6 mg, 0.138 mmol, 69%)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.88 (d, J= 7.6 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.53
(d, J=7.6 Hz, 2H), 7.26 (d, J =8.0 Hz, 2H), 2.40 (s, 3H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5!

l Bpin
t-Bu I

3-2c
Reaction time: 24 h
3-2¢ (white solid, 65.1 mg, 0.199 mmol, quant.)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.88 (d, J= 7.2 Hz, 2H), 7.61 (d, J = 7.6 Hz, 2H), 7.57
(d, J=7.6 Hz, 2H), 7.48 (d, /= 7.2 Hz, 2H), 1.36 (s, 21H, overlapped).

The spectral data were in good agreement with the previous literature.5!

l Bpin
MeO I

3-2d
Reaction time: 48 h
3-2d (pale yellow solid, 35.6 mg, 0.115 mmol, 58%.)
Purification by flash column chromatography on silica gel (hexane/dichloromethane =
1:1)
'"H NMR (CDCl3, 400 MHz): 6 = 7.86 (d, J = 7.8 Hz, 2H), 7.87-7.55 (m, 4H), 7.98 (d, J
=7.2 Hz, 2H), 7.36 (t,J = 7.8 Hz, 1H), 3.85 (s, 3H), 1.36 (s, 12H).

The spectral data were in good agreement with the previous literature.5!
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l Bpin

CF3 3-2¢
Reaction time: 48 h
3-2e (white solid, 39.6 mg, 0.114 mmol, 57%)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCl3, 400 MHz): 6 = 7.92 (d, J = 8.0 Hz, 2H), 7.73-7.68 (m, 4H), 7.61 (d, J
=8.0 Hz, 2H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5!

Bpin

Reaction time: 24 h

3-2f (white solid, 47.0 mg, 0.147 mmol, 73%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.89 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.54
(d,J=8.4Hz,2H), 7.16 (d, /= 8.4 Hz, 2H), 1.99-1.92 (m, 1H), 1.04-0.99 (m, 2H), 0.78—
0.74 (m, 2H).

BC NMR (CDCl3, 100 MHz): 6 = 143.8, 143.8, 138.2, 135.3, 127.2, 126.3, 126.2, 83.9,
25.0,15.3, 9.6 [The boron-bound carbon was not detected due to quadrupolar relaxation.].
"B NMR (CDCl3, 129 MHz): & = 30.1.

IR (ATR, v/em™): 2977, 1608, 1530, 1469, 1397, 1359, 1324, 1272, 1141, 1092, 1019,
961, 858, 814.

HRMS (EI) m/z: [M]" Caled for C21H25BO2 320.1942; Found 320.1948.

l Bpin

3-2g

Me3Si
Reaction time: 24 h

3-2g (white solid, 45.3 mg, 0.129 mmol, 64%)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
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'H NMR (CDCls, 400 MHz): & = 7.90 (d, J = 7.6 Hz, 2H), 7.64-7.63 (m, 6H), 1.38 (s,
12H), 0.32 (s, 9H).
The spectral data were in good agreement with the previous literature.

l Bpin

3-2h

S17

e
Reaction time: 48 h

3-2h (white solid, 32.4 mg, 0.109 mmol, 54%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.89 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.57
(d,J=8.0Hz, 2H), 7.13 (dd, J= 7.6, 6.6 Hz, 2H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.

l Bpin

Cl 3-2i

S18

Reaction time: 48 h

3-2i (white solid, 43.6 mg, 0.139 mmol, 69%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCl3, 400 MHz): 8 =7.88 (d, J=7.6 Hz, 2H), 7.56 (dd, /= 8.8, 7.6 Hz, 4H ),
7.41 (d, J= 8.8 Hz, 2H), 1.36 (s, 12H).

The spectral data were in good agreement with the previous literature.

l Bpin

Br 3-2j

S18

Reaction time: 8 h

The reaction with 1j (49.6 mg, 0.200 mmol, 1.0 equiv), B2pinz (305 mg, 1.20 mmol, 6.0
equiv) and 9-mesityl-10-methylacridinium tetrafluoroborate (0.4 mg, 0.0010 mmol, 0.5
mol%) afforded 2j (white solid, 31.0 mg, 0.0860 mmol, 43%).

'"H NMR (CDCl3, 400 MHz): 6 = 7.88 (d, J = 8.0 Hz, 2H), 7.58-7.55 (m, 4H), 7.48 (d, J
= 8.0 Hz, 2H), 1.36 (s, 12H).
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The spectral data were in good agreement with the previous literature.>!”

l Bpin

SN
Reaction time: 24 h
3-2k (white solid, 41.0 mg, 0.124 mmol, 62%)
'"H NMR (CDCls, 400 MHz): & = 8.08 (s, 1H), 7.95-7.74 (m, 5H), 7.79-7.74 (m, 3H),
7.52-7.49 (m, 2H), 1.38 (s, 12H).

The spectral data were in good agreement with the previous literature.5?°

Bpin
O 3-21
Reaction time: 48 h

3-21 (white solid, 38.8 mg, 0.133 mmol, 66%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 600 MHz): & = 8.02 (s, 1H), 7.87-7.81 (m, 3H), 7.57 (d, J = 7.6 Hz,
1H), 7.40 (dd, J= 7.6, 7.6 Hz, 1H), 7.34 (dd, J = 7.6, 7.6 Hz, 1H), 3.92 (s, 2H), 1.39 (s,
12H).

The spectral data were in good agreement with the previous literature.5?!

l Bpin

3-2m

Reaction time: 24 h

3-2m (white solid, 38.6 mg, 0.120 mmol, 60%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.87 (d, J= 7.6 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 6.94
(s, 2H), 2.33, (s, 3H), 1.99, (s, 6H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5??
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l Bpin

O 3-2n
Reaction time: 24 h
3-2n (white solid, 58.9 mg, 0.200 mmol, quant.)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCl3, 400 MHz): 8 =7.86 (d, J=7.6 Hz, 1H), 7.62 (d, J= 7.6 Hz, 2H), 7.46—
7.41 (m, 4H), 7.36 (t, J= 7.6 Hz, 1H), 2.62 (s, 3H), 1.37 (s, 12H).

The spectral data were in good agreement with the previous literature.5?*

l Bpin

3-20

Reaction time: 24 h

3-20 (white solid, 42.6 mg, 0.138 mmol, 69%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): § = 7.58 (d, J= 7.2 Hz, 2H), 7.41 (dd, J = 7.2, 7.6 Hz, 2H),
7.32 (t,J=17.6 Hz, 1H), 7.19 (s, 2H), 2.47 (s, 6H), 1.40 (s, 12H).

BC NMR (CDCls, 100 MHz): 6 = 142.6, 142.0, 141.5, 128.7, 127.3, 127.3, 125.5, 83.8,
25.1, 22.6 [The boron-bound carbon was not detected due to quadrupolar relaxation.].
IR (ATR, v/em™): 2973, 1599, 1437, 1369, 1332, 1299, 1213, 1143, 1098, 1055, 960, 852,
766.

HRMS (EI) m/z: [M]" Caled for C20H25BO2 308.1942; Found 308.1947.

Reaction time: 24 h

The reaction with 3-1p (33.8 mg, 0.200 mmol, 1.0 equiv), B2pinz (305 mg, 1.20 mmol,
6.0 equiv) and 9-mesityl-10-methylacridinium tetrafluoroborate (1.6 mg, 0.0040 mmol,
2.0 mol%) afforded 3-2p (white solid, 19.0 mg, 0.068 mmol, 34%).
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Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCl3, 400 MHz): 8 = 8.06 (s, 1H), 7.80 (d, /= 7.6 Hz, 1H), 7.70 (d, /= 7.6
Hz, 1H) 7.64 (d, J = 7.6 Hz, 2H), 7.48-7.42 (m, 3H), 7.34 (dd, /= 7.6, 7.6 Hz, 1H), 1.37
(s, 12H).

The spectral data were in good agreement with the previous literature.5??

Bpin

3-2q
Reaction time: 24 h
The reaction with 3-1q (28.6 mg, 0.200 mmol, 1.0 equiv), B2pinz (305 mg, 1.20 mmol,
6.0 equiv) and 9-mesityl-10-methylacridinium tetrafluoroborate (1.6 mg, 0.0040 mmol,
2.0 mol%) afforded 3-2q (pale red solid, 29.0 mg, 0.110 mmol, 57%, its coloration de-
rived from a very small amount of the chromophore).
'"H NMR (CDCls, 400 MHz): 6 = 8.78 (d, J= 8.4 Hz, 1H), 8.10 (d, J = 6.8 Hz, 1H), 7.95
(d, J=8.4 Hz, 1H), 7.85 (d, J = 7.6 Hz, 1H), 7.85 (dd, J = 8.4, 6.8 Hz, 1H), 7.51-7.47
(m, 2H), 1.44 (s, 12H).
The spectral data were in good agreement with the previous literature.>?

o

3-2r
Reaction time: 24 h
The reaction with 3-1r (28.6 mg, 0.200 mmol, 1.0 equiv), Bopinz (305 mg, 1.20 mmol,
6.0 equiv) and 9-mesityl-10-methylacridinium tetrafluoroborate (1.6 mg, 0.0040 mmol,
2.0 mol%) afforded 3-2r (pale red solid, 28.4 mg, 0.110 mmol, 56%, its coloration derived
from a very small amount of the chromophore).
'"H NMR (CDCIs, 400 MHz): & = 8.38 (s, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.84-7.83 (m,
3H), 7.52-7.48 (m, 2H), 1.40 (s, 12H).
The spectral data were in good agreement with the previous literature.>?

Bpin

3-2s
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Reaction time: 24 h

3-2s (yellow solid, 32.4 mg, 0.113 mmol, 57%)

Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.82 (d, J= 8.0 Hz, 2H), 7.63 (d, J = 8.0 Hz, 2H), 7.38
(d,J=3.6 Hz, 1H), 7.31 (d,J=4.8 Hz, 1H), 7.10 (dd, J = 3.6, 4.8 Hz, 1H), 1.36 (s, 12H).

The spectral data were in good agreement with the previous literature.5**

! Bpin

3-2t
Reaction time: 36 h
The reaction with 3-1t (34.7 mg, 0.200 mmol, 1.0 equiv), Bzpinz (305 mg, 1.20 mmol,
6.0 equiv) afforded 3-2t (white solid, 20.3 mg, 0.0710 mmol, 36%). By-products derived
from the hydroboration or diboration reaction of the alkene moiety in 3-1t were not de-
tected, and 3-1t was recoverd.
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCl3, 600 MHz): 6 =7.75 (d, J=7.8 Hz, 2H), 7.39 (d, /= 7.8 Hz, 2H), 6.19—
6.18 (m, 1H), 2.43-2.41 (m, 2H), 2.22-2.21 (m, 2H), 1.80-1.76 (m, 2H), 1.68—1.64 (m,
2H), 1.34 (s, 12H).
3C NMR (CDCls, 100 MHz): & = 145.6, 136.7, 134.9, 125.9, 124.4, 83.8, 27.4, 26.1,
25.0, 23.1, 22.2 [The boron-bound carbon was not detected due to quadrupolar relaxa-
tion.].
"B NMR (CDCls, 129 MHz): & = 30.5.
IR (ATR, v/em™): 2926, 1606, 1397, 1359, 1318, 1140, 1090, 1018, 962, 858, 821, 799,
737.
HRMS (EI) m/z: [M]" Calcd for C20H25sBO> 284.1942; Found 284.1948.

Bpin
e

3-2u

MBu

Reaction time: 24 h

3-2u (pale yellow oil, 14.4 mg, 0.0500 mmol, 25%)

By-products derived from 3-1u were not detected by GC-MS, and 3-1u was consumed
completely.
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Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.71 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 2.41
(t,J=7.2 Hz, 2H), 1.61-1.46 (m, 4H), 1.34 (s, 12H), 0.94 (t, /= 7.2 Hz, 3H).

The spectral data were in good agreement with the previous literature.5?°

©/Bpin

3-2v
Reaction time: 48 h
The reaction was carried out in diglyme (0.2 mL, 1 M) to afford 3-2v (white solid, 17.2
mg, 0.0840 mmol, 42%).
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 100:0
to 20:1)
'"H NMR (CDCl3, 400 MHz): 6 = 7.81 (d, J = 8.0 Hz, 2H), 7.46 (t, J = 8.0 Hz, 1H), 7.37
(dd, J=8.0, 8.0 Hz, 2H), 1.35 (s, 12H).

The spectral data were in good agreement with the previous literature.>?!

/©/Bpin
t-Bu

3-2w
Reaction time: 48 h
The reaction was carried out in diglyme (0.2 mL, 1 M) to afford 3-2w (white solid, 25.4
mg, 0.0980 mmol, 49%)
Purification by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1)
'"H NMR (CDCls, 400 MHz): 6 = 7.77 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 1.34
(s, 12H), 1.33 (s, 9H).

The spectral data were in good agreement with the previous literature.5?*

MeO~ i “BF,;K

3-2X
Reaction time: 48 h
3-2x (white solid, 25.0 mg, 0.117 mmol, 59%).
The treatment with KHF, was conducted according to our previous procedure;S!” After
the reaction, the reaction mixture was directly passed through short column chromatog-

raphy on silica gel (eluent: Et2O), and the solvent was removed by evaporation. In a
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round-bottom flask, aq. KHF (2.25 M, 2.0 mL) was added to the residue dissolved in
MeOH (3.0 mL) with stirring. After 48 h, the mixture was evaporated at 50 °C for 3 h.
The residue was dissolved in hot acetone, then was filtrated quickly and washed with hot
acetone. The filtration was evaporated. The residue was dissolved in MeOH, then repre-
cipitated with Et,O, and washed with Et,0, giving 3-2x.

'"H NMR (DMSO-ds, 400 MHz): 6 = 7.00 (dd, J = 7.2, 8.0 Hz, 1H), 6.89 (d, J= 7.2 Hz,
1H), 6.86 (s, 1H), 6.57 (d, J = 8.0, 1H), 3.67 (s, 3H).

The spectral data were in good agreement with the previous literature.

FsC

3-2Y

526

Reaction time: 48 h

3-2y (white solid, 31.0 mg, 0.123 mmol, 62%)

'"H NMR (DMSO-ds, 400 MHz): 6 = 7.50 (d, J = 7.6 Hz, 2H), 7.41 (d, J = 7.6 Hz, 2H).
The spectral data were in good agreement with the previous literature.5?’

The treatment with KHF, was conducted according to our previous procedure;S!” After
the reaction, the reaction mixture was directly passed through short column on silica gel
(eluent: Et,0), and the solvent was removed by evaporation. In a round-bottom flask, aq.
KHF (2.25 M, 2.0 mL) was added to the residue dissolved in MeOH (3.0 mL) with stirring.
After 48 h, the mixture was evaporated at 50 °C for 3 h. The residue was dissolved in hot
acetone, then was filtrated quickly and washed with hot acetone. The filtration was evap-
orated. The residue was dissolved in MeOH, then reprecipitated with Et,O, and washed

with Et20, giving 3-2y.
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3.9.4 Deaminative Borylation of 3-1a with TEMPO
o

N
(1.0 equiv)
NH» Bpin
Q + Byping (TEMPO) /@/
Ph DMC (0.67 M), 18 h Ph

3-1a (4 €qulV) i (open), Blue LED (427 nm) 3-2a

44%
/@ . TEMPO /@/ ﬁ
Ph

not detected by GC-MS

Scheme S1 Deaminative Borylation of 3-1a with TEMPO.

Procedure:

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2pin; (203 mg,
0.800 mmol, 4.0 equiv) and TEMPO (37.5 mg, 0.240 mmol, 1.2 equiv) in DMC (0.30
mL, 0.67 M) was placed in a pyrex tube (inner diameter: 9.0 mm, length: 97 mm). The
solution was directly irradiated with lamp (427 nm, the distance from light source to the
irradiation vessel: 4.5 cm) with a fan to keep the temperature around 35 °C under air (open
system). After 18 h, in the reaction mixture sample, the compound 3-5 was not detected
by GC-MS (Figure S2).

Chromatogram AS2138 D:\023_shiozuka\AS2138.qgd
TIC
3089851 |

dodecane | <«
\ \

" (pin)BOBpiIn

/ . 3-2a

3-1a

nginz

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
min

Spectrum

Figure S2. GC-MS analysis in Scheme S1.
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3.9.5 Deaminative Borylation of 3-(3-butenyl)-4-aminobiphenyl (3-1aa)

NH»> Bpin
/©/\/\/ Mk /©/\/\/
Ph 7 DMC (0.67 M) Ph 7

(4 equiv) 8 h, air (open)

3-1aa Blue LED (427 nm) 31;2)"'
R R
/©.\/\/ /©E§ > /©ij
Ph = Ph Ph
3.6 37
R =H or Bpin

not detected by GC-MS

Scheme S2. Deaminative Borylation of 3-1aa.

Procedure:

A solution of 3-(3-butenyl)-4-aminobiphenyl (3-1aa, 44.7 mg, 0.200 mmol, 1.0 equiv),
Bopinz (203 mg, 0.800 mmol, 4.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex
tube (inner diameter: 9.0 mm, length: 97 mm). The solution was directly irradiated with
lamp (427 nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan
to keep the temperature around 35 °C under air (open system). After 8 h, in the reaction
mixture sample, the cyclic compounds 3-6 and 3-7 were not detected by GC-MS (Figure
S3). The reaction mixture was directly passed through short column chromatography on
silica gel (eluent: Et,0), and the solvent was removed by evaporator. The residue was

purified by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1 to

5:1).
Ph =

3-2aa
3-2aa (pale yellow oil, 7.8 mg, 0.023 mmol, 12%)
'"H NMR (CDCl3, 400 MHz): § =7.87 (d, J=7.2 Hz, 1H), 7.62 (d, J= 8.0 Hz, 2H), 7.46—
7.42 (m, 4H), 7.35 (t, J = 8.0 Hz, 1H), 5.93 (ddt, J = 16.0, 10.0, 8.4 Hz, 1H), 5.06 (d, J =
16.0 Hz, 1H), 4.98 (d, /= 10.0 Hz, 1H), 3.04 (t,J= 7.2 Hz, 2H), 2.36 (dt, /= 8.4, 7.2 Hz,
2H), 1.36 (s, 12H).

The spectral data were in good agreement with the previous literature.5??
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Figure S3. GC-MS analysis of the deaminative borylation of 1aa.
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3.9.6 ESR Experiment for Detection of O>"

NH; DMPO (1 equiv) Q
Ph CeHs (0.67 M) _

(4 equiv) 5 h, air (open) 0
3-1a Blue LED (427 nm) N+ 3-4
><_\7 detected by ESR
(not detected without 3-1a)
DMPO

Scheme S3. Trapping of O™ with DMPO.

Procedure for the experiment:

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2pin; (203 mg,
0.800 mmol, 4.0 equiv) in benzene (0.30 mL, 0.67 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). The solution was directly irradiated with lamp (427
nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan to keep the
temperature around 35 °C under air (open system). After 5 h, 5,5-dimethyl-1-pyrroline N-
oxide (DMPO) was added to the reaction mixture with stirring. After 30 min, the reaction
mixture was diluted with benzene (0.30 mL), and transferred into a quartz tube. The so-
lution was degassed by freeze-pump-thaw three times, and then analyzed by ESR. The
ESR analysis of the irradiated rection mixture treated with DMPO gave the new signal
which can be assigned to DMPO-OOH (Figures S4 and S5). This result suggests that

O™ is generated in the deaminative borylation.
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Figure S4. Electron spin resonance (ESR) spectrum of the reaction mixture with DMPO

in benzene (DMPO-OOH: g = 2.0089, Ax = 15.5, Ay = 10.8).
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Figure SS. Electron spin resonance (ESR) spectra of DMPO in benzene (blank).
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3.9.7 Trapping Experiments for !0,

NH, Ph _S._ (1.0 equiv) 9
[ :] Ph_ _S
Ph DMC(0.67 M), 18 h, O, (close) i

3-1a Blue LED (427 nm) 10% (1H-NMR yield)
(not detected without 3-1a)

Scheme S4. Trapping of 'O, with benzyl methyl sulfide.

Procedure for the experiment in Scheme S4:
A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), benzyl methyl
sulfide (54 pL, 0.20 mmol, 1.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex
tube (inner diameter: 9.0 mm, length: 97 mm). Then, the gas phase was replaced by at-
mospheric pressure of Oz, and the pyrex tube was quickly closed by the screw cap. The
solution was irradiated with lamp (427 nm, the distance from light source to the irradia-
tion vessel: 4.5 cm) with a fan to keep the temperature around 35 °C. After 18 h, 1,1,2,2-
tetrachloroethane was added as an internal standard to the reaction mixture and it was
analyzed by GC-MS and 'H-NMR.

In the rection with 3-1a and benzyl methyl sulfide, the corresponding sulfoxide was
detected by GC-MS (Figures S6a and S6b) and obtained in 10% NMR yield. This result

suggests that the singlet excited oxygen is generated in the reaction with 3-1a.
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Chromatogram AS2151 D:\023_shiozuka\AS2151-1.qgd
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Spectrum
Line#:1 R.Time:3.733(Scan#:293)
MassPeaks:218
RawMode:Single 3.733(293) BasePeak:91(391662)
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Figure S6a. GC-MS analysis of the photo reaction of 3-1a and benzyl methyl sulfide.
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Chromatogram AS2151 D:\023_shiozuka\AS2151-0.qgd
TIC
14,939,048

ZjO 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
min

Spectrum

Figure S6b. GC-MS analysis of the photo reaction of benzyl methyl sulfide without 3-
1a.

3.9.8 Identification and Quantification of Byproduct of Deaminative Borylation
(a) Procedure of identification and quantification of NH3:

NH, 1 M HCI Bpin
O + szinz /©/ + NH4C|
Ph DMC (0.67 M), O, (close) Ph

(4 equiv) Bjue LED (427 nm), 18 h

3-1a _ 3-2a
0.20 mmol 0.80 mmol conversion of 1a: 76% 0.131 mmol  0.133 mmol
65% 67%

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), Bzpinz (203
mg, 0.800 mmol, 4.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). Then the gas phase was replaced by atmospheric pres-
sure of O, and the pyrex tube was quickly closed by the screw cap. The solution was
irradiated with lamp (427 nm, the distance from light source to the irradiation vessel: 4.5
cm) with a fan to keep the temperature around 35 °C. After 18 h, the reaction mixture was
neutralized with 1.0 mL of 1 M HCI and the aqueous phase was separated and washed
with CHCl; three times. Sodium trimethylsilylpropanesulfonate (DSS) was added as an
internal standard to the aqueous solution. Then one portion of the solution was dissolved
in DMSO-ds and NH4Cl was identified>?® and quantified by '"H-NMR (Figure S7), giving
NH4Cl1 (0.133 mmol, 67%) The combined organic layer was evaporated. The moles of 3-
1a and 3-2a were also determined by 'H-NMR using tetrachloroethane as an internal
standard, giving 3-2a (0.131 mmol, 65%).
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The formation of NH3 was observed as NH4Cl after the treatment with aq. HCI, and
the yield of NH4Cl was comparable to the yield of 3-2a.
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Figure S7. 'H-NMR (DMSO-de, 400 MHz) of the aqueous phase ('Jxu = 54.0 Hz).

(b) Procedure of identification and quantification of boric acid and pinacol ester:

NH Bpin _
L o SR
Ph DMC (0.67 M), O, (close) pp (pin)BOBpi

(1equiv) e LED (427 nm), 12 h
3-1a 3-2a

. " o
0.200 mmol  0.200 mmol SONVversion of 1a:23% 4 437 mmo 0.363 mmol
18% 91%
(based on B atom)

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2opinz (50.7
mg, 0.200 mmol, 1.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex tube (inner
diameter: 9.0 mm, length: 97 mm). The solution was directly irradiated with lamp (427
nm, the distance from light source to the irradiation vessel: 4.5 cm) with a fan to keep the
temperature around 35 °C under air (open system). After 12 h, mesitylene was added as
an internal standard to the reaction mixture, and then the reaction mixture was diluted
with C¢De analyzed by 'H-NMR (Figure S8) and "B-NMR (Figure S95%°, giving the
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(pin)BOH and (pin)BOBpin (0.352 mmol as the sum of (pin)BOH and (pin)BOBpin, 91%

based on boron atom).

The generation of excess (pin)BOH and (pin)BOBpin compared to the yield of 3-2a

was observed. (pin)BOH is likely to be obtained via the reaction with the singlet oxygen

and Bopinz or hydroperoxyl radical and Bopinz as well as hydrolysis of H2NBpin.

(pin)BOBpin can be generated via the dehydration of (pin)BOH.
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Figure S8. 'H-NMR (CsDs, 400 MHz) of the reaction.
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Figure S9 '"B-NMR (C¢Ds, 100 MHz) of the reaction.

3.9.9 Monitoring of Deaminative Borylation

Procedure:

A solution of 4-aminobiphenyl (3-1a, 33.8 mg, 0.200 mmol, 1.0 equiv), B2pinz (205 mg,
0.800 mmol, 4.0 equiv) and dodecane (22.5 mg) as an internal standard in DMC (0.3 mL,
0.67 M) was placed in a pyrex tube (inner diameter: 9.0 mm, length: 97 mm). The solution
was directly irradiated with lamp (427 nm, the distance from light source to the irradiation
vessel: 4.5 cm) with a fan to keep the temperature around 35 °C under air (open system).
At 1h,2h,4h,6h,and 8 h, the samples (ca. 0.25 pL) were obtained from the reaction
mixture by a micro syringe, and then immediately analyzed by GC (Figure S10 and Figure
S11).
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Figure S10. Monitoring of deaminative borylation.
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Figure S11. Monitoring of deaminative borylation with 9-mesityl-10-methylacridinium

tetrafluoroborate.
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3.9.10 Deaminative Borylation of 4,4''-Azobiphenyl

Ph@vN\ Bpin
‘N@-Ph ’
DMC (0.67 M), air (open)  pn

Blue LED (427 nm) 323

Scheme S5. Deaminative borylation of 4,4"-azobipheny].

Procedure:
A solution of 4,4"-azobiphenyl (0.200 mmol, 1.0 equiv), Bzpinz (203 mg, 0.800 mmol,
4.0 equiv) in DMC (0.30 mL, 0.67 M) was placed in a pyrex tube (inner diameter: 9.0
mm, length: 97 mm). The solution was irradiated with lamp (427 nm, the distance from
light source to the irradiation vessel: 4.5 cm) with a fan to keep the temperature around
35 °C under air (open system). After 18 h, the reaction mixture was analyzed by GC.
Borylation of corresponding oxidized compounds to 3-1a, such as azobenzene, did not
proceed at all. This result suggests that the deaminative borylation does not proceed via
the azobiphenyl intermediate.

3.9.11 UV-vis absorption of 4-aminobiphenyl (3-1a)
The absorption band spread up to ~500 nm (Figure S12), which suggested that 3-1a is
possibly excited under irradiation at 427 nm.

2
1.6 — 3-1a
) T 3-13+szin2
e 1.2
m
£
o
2 0.8
(0]
0.4
O T —_— S
350 400 450 500 550 600

wavelength / nm

Figure S12. UV-vis absorption (blue line) 3-1a in DMC solution (0.67 M) (blue line)
and 3-1a and Bpin; (4.0 equiv) in DMC solution (0.67 M) (orange line) using a cuvette
of pathlength 1 cm.
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3.9.12 Quantum Yield Measurements of Deaminative Borylation

Quantum yield of the deaminative borylation was analyzed according to a modified
procedure reported by Glorius and co-workers.5* Actinometer solution containing potas-
sium ferrioxalate trihydrate measures the photodecomposition of Fe(Il) to Fe(IIl), which
are reacted with 1,10-phenanthroline to form Fe(Phen)s;?*. Its concentration is analyzed
by UV-vis absorbance at 510 nm. The number of moles of Fe(Phen)s;** complex formed
is related to the numbers of photons absorbed by the actinometer solution. Preparation of
the solutions used for the experiments (The following prepared solutions was stored in a
dark):

1. Actinometer solution: Potassium ferrioxalate trihydrate (295 mg) and 95-98%
H>SO4 (140 pL) were added to a 50 mL volumetric flask and filled to the mark
with distilled water.

2. Buffer solution: Sodium acetate (4.94 g) and 95-98% H>SO4 (1.0 mL) were
added to a 100 mL volumetric flask and filled to the mark with distilled water.

3. The reaction solution: The reaction mixture of 3-1a (338 mg, 2.00 mmol), B2pinz
(2.03 g, 8.00 mmol, 4.0 equiv), dodecane (225 mg) and DMC (3.0 mL, 0.67 M)
was prepared in a screw vial. 1 mL of the prepared reaction mixture was transfer

to a quartz cuvette (1= 1 cm)

The actinometer measurement:

1. 1 mL of actinometer solution was added to a quartz cuvette (1= 1 cm). The cuvette
was placed at a distant of 4.5 cm away from a lamp (405 nm) equipped with a
bandpass filter (405 + 2 nm) and irradiated for 5 s. The same procedure was con-
ducted under different irradiated time: 10 s, 15 s and 20 s. The actinometer solu-
tion without irradiation (blank solution) was also prepared by same methods.

2. After irradiation, the actinometer solution was transferred to a 10 mL volumetric
flask containing 9.0 mg of 1,10-phenanthroline in 2 mL of buffer solution. The
flask was filled to the mark with distilled water.

3. The UV-vis spectra of each actinometer samples were analyzed. The absorbance
of the actinometer solution was monitored at 510 nm.

4. According to Beer’s law, the number of moles of Fe?* formed for each sample
was determined by:

Vi -V;+-AA(510 nm)
103 -V, -1 -e(510 nm)

V; = Irradiated volume (1 mL).

Fe?** moles =

238



V, =The aliquot of the irradiated solution taken for the determination of fer-
rous ions (1 mL).
V3 = Final volume of the solution after complexation with 1,10-phenanthro-
line (10 mL).
¢ (510 nm) = Molar extinction coefficient of [Fe(Phen)*]*" complex (11100 L
mol'cm™).
[ = Optical path-length of the cuvette analyzed by UV-vis abs. (0.1 cm)
AA (510 nm) = the optical difference in absorbance between the irradiated
solution and the blank solution.
5. The mole of Fe** formed (x) are plotted as a function of time (t) (Figure S13).
The slope (dx/dt) of the line was correlated to the number of moles of incident

photons per unit time (= F) using the following equation:

dx
dt
(1—10-4D)

) = —

® (1) = The quantum yield for Fe** at 405 nm (1.14)33!

A(4) = Absorbance of the actinometer solution at a wavelength of 405 nm,
which was measured placing the solution in a cuvette of pathlength 1
cm by UV-vis spectrophotometry. We obtained an absorbance value of
0.4551.

F was determined to be 4.71 107 einstein/s.
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8 y = 3.49E-07x
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Figure S13. Mole of Fe(II) per unit of time formed at 405 nm irradiation.
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6. The reaction solution was placed at a distant of 4.5 cm away from a lamp (405
nm) equipped with a bandpass filter (405 = 5 nm) and irradiated. At appropriate
times (1 h, 2 h, 3 h, 4 h and 5 h), the samples (ca. 0.5 pL) were obtained from the
reaction mixture by micro syringe, and then immediately analyzed by GC, deter-
mining the number of moles of the product 3-2a formed. The mole of products
formed are plotted as the moles of incident photons (Figure 14). The slope of the
line was equal to @ - (1 — 10~4(405nm))

® = quantum yield of the photoreaction

A(405 nm) = absorbance value of reaction solution at 405 nm (= 0.2407)

The calculated apparent quantum yield (@) of the photoreaction is 0.0649, suggesting

that the borylation was not involved in the radical chain mechanism.
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Figure S14. Moles of product 3-2a per moles of incident photons.
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3.9.13 Deuterated Experiments of Deaminative Borylation

NH, pyrene (20 mol%) Bpin
/©/ + Bypiny /@/
Ph solv (0.1 M), N, Ph

(2 equiv) 18 h, hv (365 nm)
3-1a 3-2a
(0.15 mmol) THF-dg 19%

CPME/D,O 8%
(10:1)

Scheme S6. Deuterated experiments.

Procedure of deuterated experiments:

H/D
' - C
Ph

3-3a

19% (>95% D)
26% (< 5% D)

A solution of 4-aminobiphenyl (3-1a, 25.4 mg, 0.15 mmol, 1.0 equiv), B2pinz (76.2 mg,

0.30 mmol, 2.0 equiv), and pyrene (6.1 mg, 0.03 mmol, 20 mol%) in the corresponding

solvent (1.5 mL, 0.10 M) was placed in a pyrex tube (inner diameter: 9 mm, length: 97

mm). The solution was degassed by freeze-pump-thaw in three times, backfilled with N»,

and irradiated with lamp (365 nm, the distance from light source to the irradiation vessel:

0.5 cm) with a fan to keep the temperature around 30 °C After 18 h, the reaction mixture

was analyzed by GC for the determination of yield. The reaction mixture was directly

purified by by preparative TLC (eluent: hexane). The obtained fraction was analyzed by
"H-NMR (Figures S15 and S16) for the determination of deuterated ratio.
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Figure S16. 'H-NMR of the deaminative borylation in CPME and D-O.
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3.9.14 Cyclic Voltammetry of 3-1a

Electrochemical data was obtained at a scan rate of 0.10 V s™! using 2.0 mM of the com-
pound in MeCN containing 0.10 M "BusNPFs on a platinum working electrode, a plati-
num wire auxiliary electrode, and a silver wire reference electrode. All potentials are
given versus the Fc/Fc* used as an internal standard, giving 0.61 V as a value of the oxi-
dation potential (vs. Fc/Fc") of 3-1a (Figure S17). Conversion of the potentials from vs.
Fc/Fc* to vs. SCE is done by adding 0.38 V to the potential vs. Fc/Fc™.532 The calculated
value of the oxidation potential of 3-1a was 0.99 V (vs. SCE).

0.600
0.500 -

0.400 -

NH,
0300 - /©/
Ph

0.200 - 3-1a

I [mA]

0.100 -

0.000 -

-0.100 A

-0.200 T T T T
-0.500 0.000 0.500 1.000 1.500
E[V] vs Fc/Fc*

Figure S17. A cyclic voltammogram of 3-1a.
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3.9.15 Computational Studies
Computational Details

All DFT calculations were performed by Gaussian 16 Rev. C.01 program package.5*
Geometry optimizations and normal mode analyses were performed at the UB3LYP-
D3BJ/6-31G(d,p) level.5*+5% After optimizations, single-point energy calculations were
performed using the 6-311++G(d,p) basis set.>* Furthermore, to account for the effects
of BTF and THF solvent polarity, Polarizable continuum model (PCM)3*! was employed
for single-point energy calculations. Translational entropy was corrected by Whitesides’
method.5*? Gibbs free energies were computed at 298.15 K.
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