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Figure P1. Selected conventional alkyl radical generation methods.
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Scheme P1. Ru-Catalyzed decarboxylative alkyl radical generation.
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Figure P2. General catalytic mechanism of photoredox catalysis [PC].
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Amax=maximum absorption wavelength, A= emission wavelength, ET=triplet energy, Ei»(PC*/PC") = oxidative
potential, E1»(PC*/PC") = reductive potential.

Figure P3. Widely used photoredox catalysts and their photophysical properties.
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Figure P4. Widely used radical precursors in photoredox catalysis and their redox potentials.
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Scheme P2. Schematic pathway of EDA complex (A) and exciplex (B).
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Scheme P3. A radical generation strategy based on LG-installed EDA complex.
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Scheme P4. Enantioselective catalytic a-alkylation of aldehydes.
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Scheme PS. PPh;-catalysed radical generation based on catalytic formation of

a three-component EDA complex.
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Scheme P6. Catalytic formation of EDA complex-mediated decarboxylative a-amidation

using quinuclidine as a catalyst.
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driven formation of an EDA complex.
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Scheme P8. Direct photo-excitation of bioinspired cobalt-based complexes.
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Figure PS. Jablonski diagram of bond cleavage following direct excitation.
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Scheme P9. Alkyl radical generation from direct photo-excitation of Barton ester.
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A ‘ Radical generation from SET oxidation of borate
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Scheme P10. (A) Radical generation from single electron oxidation of alkylborate. (B)

Exchanging the borate countercation enabled direct excitation under visible-light irradiation.

4-TVFN-14-k Frv'y Py (FLF/L-DHP) 1%, Mg o0& e s >
JIVEIBMRTH 52 H 030> 57 (Figure P4) . Melchiorre & (%, 7 /L% /L-DHP 73 ]
RS T CEHERNE S AL RS T 2 IRFBHTLT OOV EERTE D E BRI,
MeCN H D~ P /L-DHP32a % HP > > 2 /L LED (405nm) FR4T F CilE#hiE 45 & .
DHP J 2 Z1 VA VI OFR{b> 5 LT 33(85%) . 1,2-2 7 = =)Lt X 2 34(7%) |
ERMIZE Y VU FBEK 35 84 L7= (Scheme P11A), IURITEWHLOD, 12-V7
TV H U 34 PEIIS NI LD, XUV T I HIVONENTRR SN, 20D
7' b 3 VITIEE IO IR BT 525, Ni fillilz =87 U —n 36 &7 L
F/L-DHP32 D7 v A7 v 7Y 7%, SN ot biE otz nw3ic, —&E+1 7
A A AL PN FESNTHEFTT D (Scheme P11B), SEfbit S 7= 7 /L% L-DHP (&
s 7t Al (E(327/32) = —1.6 Vvs. Ag/Ag" in CH;CN) & LT 572, T LF/L-
DHP 32 Otk AEIC L 5 —FE 1=t (Ep(Ni"/Ni’)=—1.2Vvs. SCEin DMF) %41 L Ci%
PEZR NI fE VIV MER U, IRBEHF LT VAN EOLN D, R LT REBEFLT O H L
& NP il VIV & DI LD . T LF NI 885 X SR L., FWTRALT U —L
36 NERALAOMTINL € XTI 2T 25, XI 25 OESTTHIBEEC L 0 . Ni-Br 85K XII & 7
27y 7N TR LIV, —EERICIC K D IEMEZ N VIV & RFE D
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TNV EEISN D, Z ORI L0 | ONEEE OBEES R Yl ko T,
S iz o 2 W2 WS R A TE 5 2 EINEREE LT,

A ‘ Direct excitation of alkyl-DHPs

EtO,C CO,Et
e
Me

33 (85%) EtO,C X CO,Et
XX
Me

MeCN
M N Me N
® H HP single LED .
32a (405 nm) 34 (79 35 (99%)
Bn-DHP (7%)
direct S HAT
excitation U or oxidation
homocoupling
excited
state Ph *
AN EtO,C CO,Et
EtO,C D CO.Et = homolytic cleavage R z ﬁ 2
| | L ) Me N Me
Me” "N~ "Me H
H vl
B | Application NiCl,-DME (5 mol %)
bpy (10 mol %) =
Br 2,6-lutidine (1 equiv)
+ R-DHP &
32 MeCN
36 HP single LED 37
. (405 nm)
direct =
excitation
—
CONit — | RDHP* | — (Mo N i
N — CN/NI CN/NI—
\ VIV X
/ Oxidative
‘/SET Addition | Ar—Br
~— R-DHP**
Ner . Reductive N, Ar
CN/N'I_Br Elimination N/N'ItBr

XIl YV XI

Ar—

Scheme P11. (A) Radical generation via direct excitation of alkyl-DHPs. (B) Ni-Catalyzed

cross-coupling based on direct excitation of alkyl-DHP.
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Melchiorre 1%, FREDFHEFHZ WL D0 OEHIZIEH L7z (Scheme P12) #, 5
NENEF & LTER(F XY U N2 AT DM EO Ni $5EADFE T, AIFOLRE T
T, Bk P L-DHP32b & 7LV VAR Rk 38 Z FIWC, = T A
W T =T NXN T aRAl 7)o T aETSE, T VERY 39 #1572 (Scheme
P12A) *°, ZD%#, 7 /L% /L-DHP32¢ O EHERIFLIZIE-D < Giese fTMAHE 4L, 2D
A TIE, Ni(bpy)sBFs WA 728 AT 4 =— X — & LTl 2 & T, 2= L <HEITL
“o O Ni $ERIT ARG (405nm) Z1E & A EWRIET, SRS X7z 7 L% L-DHP
ko TETEND (Ep(Ni"/Ni')=—1.35V vs. SCE) (Scheme P12B) **, F7=, 7L
-DHP (37 /L% /L-DHP LV & B KD 460 nm THEHHERE SNDHZ b RN Lz, 7
)L-DHP 32d % 460 nm O R[ENF FTA VF 2 Vo 2 LORISICHEAT 2 &, @
WX R D Minisci JSHEITL, B Ry 7L LAY 43 NELNRD

(Scheme P12C) *¢, 7'm hiAbA V¥ U b EENHIRLT > L-DHP 7 HAER L
TGN EDRISCEY . TN TFA X BESR, HWTH7 o k
ALK Z D R ER o- T X TP ANV XIV LB E N, FD%, AU h
DY 7 MY, BEERIIZE > TXV B &=, DHP 7 /L (DHP') |
£ XV O—EFETIL, e THEY V=g AATF A pyr-H & T =42 XVI & 5
Z, f< 7 hUoBEhE B e R ARIS K0 BHEAERW 43 R LIV,
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A | Ni-catalysed enantioselective alkyl-acyl cross-coupling

NiCl, (10 mol %) 0
ligand (12 mol %) )J\
O O 2,6-lutidine (1 equiv) nPr
EtO,C CO,Et +
| | nPr)j\OJ\nPr _THF
HP single LED
Me N Me (405 nm)
32b 38 oM 39
li _ j)k( 66% yield
igand &Ll ,\} 95% ee
Ph

B ‘ Electron mediator-promoted Giese addtion

Ni(bpy)2(BF4)2
MeO,C
EtOZCHCOZEt . o2 jl\ (10 mol %) CO,Me
| MeCN [
Me” N7 “Me COMe  yp single LED CO,Me
H (405 nm)
32¢ 40 a1

85% yield
34% yield w/o Ni
C | Hydroxyalkylation of isoquinolines

EtO,C CO,Et | SN TFA (2.0 equiv)
+
Me” >N~ Me HP single LED |
(460 nm) Z

32d 42 43
o
= direct TEA 72% yield
v excitation
N
N
O~ _P ot NH
NI — .
DHP DHP /
Xl XIv
spin center | 4+
shift
<y ET :
—_H+t
43 «— g SNH E:Q | SNH
pyr-H* =
XV

Scheme P12. Applications of alkyl-DHP protocol. (A) Ni-catalyzed enantioselective
alkylation of carbonate ester. (B) Electron mediator-promoted Giese addition. (C)

Hydroxyalkylation of isoquinoline via spin center shift.
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A Gt L

AEXRESR VRT — MEERORFHE 70X v 7Y VIIRIE~OER (81%E)
TTICHR T # A2 AT 5 IERMEEE8,9-dioxa-8a-borabenzo[fg]tetracene (boracene)

MOEONDRTET — FMEERZRE - G LT, AR U FET — MERIL, boracenell

LT, A F I LHLWNE ) = — AV RICKIZERHSE S Z & T, EENIZED
. Wk%?kEPT%HXV)*&U\T ECHD, b, AIHOLEZRHNT2 2 k“@lﬁ%%ﬁbt

N Z Y | FHERREIC IS W T, BN RE L T A VAR L O —E B ERE
(EERAYt R mv7/7w%wm&m Giese[Jix, ¥ K ONififi & V7= sy

O =H ﬁ/7)/7ﬁmﬁkﬁﬁ®rﬁ;fﬁﬁAﬂmﬁ@mk%%T%t(m@m

P6) .

y A/. M+ direct
excitation
P 3’ - .
- boracene

1/2 Mg

boracene boracene-based (recyclable)  aikyj radical
alkylborate

strong reductant

Figure P6. Generation of an alkyl radical through direct excitation of boracene-based

alkylborates.

AR R VY RT — FEEEZ AW N-~T e BN UG (52 &)

HREAR T HET — MERORIEDERIRL 215 Lz, N-~T g v (NHC) fillftf<
% BRRE Uz, RIS T, NHCiE A2 -5 2 & C, RV HET — MR R
BB THLTINAIZS—AD I a Al PV TREIT L. hEEWT %

o] N\ (0]
oy O >ﬁ. e
% - <.
/// ’%/‘ * N=N,
_ Lt | . _ R

radical-radical coupling acylation

ited OE:O e N A
e ) Ve ;
- TR S e &
A, R

N \?[ radical relay alkylacylation

Figure P7. Light-driven N-Heterocyclic carbene catalysis using alkylborates.
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B2 %, AR TIE, NHCiE & 7 v A S 4 — ARG L, T 3vT /) o A
AN T D, ZOT7 2T Y U o AR L s S WicR U327 — FEED
MC—B/BIBENEZD, FFLTIANETAINLNT IHIVRENTNER S NS,
NG ZFEOTONED T IIN-F NIy T 7L B & 5
A% &L BT NHCAEE DS BAET 2, AESRIZ, RURT — MEEET A IFY
—NEHWET NV DT VLT BIZ bl RIBETH - 7= (Figure P7),

AR EEREN T N-~T B VSRR W =T A7 07 2 7 VbR (83
=)

AARSEERENR 7 a B8 (PCET) (255 < NHC fil iz 2 Wiz, 77
YDT I RTUMEBRISZBASE LT, FIGDGRRS T, SR iR ol & 2 v 5 2
LT, Wb PCET IS & . DTFNICT AT v 28T 57 2 Medo szl
2T AR AET D, ECTEEHRFLT VH TRy TINEE BT T L, 7L
XNVTOAINERZDL, =T, TINAIFY—)LE& NHC 64T 57 T
VU AR DB TCIREE O R LR T B O — B FETTIC LY ST T
CHANPELD, TN A OB A 7 v BAE U 2 EO R % T Uk VR +
WTIAN=F Ny TN TR IT T, DEIEWB-T I KT FARB YT
AT UAERICE BN S (Figure P8)

NHC cat.
photoredox cat. Ar O
1 0 Ox N RS
o] R phosphate base Y

Ar< )J\ /\% > * Z>N )J\ R3 > X 41”’R2

l}l X R N\/’ R
H = B-amido ketone

A
@ PCET

radical-radical coupling

Figure P8. N-Heterocyclic carbene-catalyzed radical-radical coupling incorporating PCET
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U YU REE WD & EEE R S v, LR LRSS E OO A LR 5 Z &
2 RBHROLT I ANEELD Z ERRESNTHD (FF#, Scheme P11,12), i
IREEA) TSR R RSB T T PNV ERIETH D b OO, AR ATRERIKF LT A

WZHIRRN S 0 | FToR I 72 EDB B ThH ST,
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K ORIET DREHLT CHNADBIEET D, LLR D, ZORIGEATIEA A%t
MCOEFBIERHT L7720, ZOEFBEDNESCTEFBEZBZET LILERH -
770

ORI REmERE R, HFNICKR T RRF &G LIRS P8,9-dioxa-8a-
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boracene-based alkylborate

R2 5 « excited by visible light
R R (A =>370 nm)
T_ Li*

« alkyl radical source

ﬁ OiB‘O,
O 5 * stable under air/moisture

boracene .
1 direct
excitation
9 R2 Giese addition
boracene + 1 _—
a <R3 Ni-catalyzed
alkyl C-C bond fomations
radical

Figure 1-1. An alkyl radical from direct excitation of boron-based precursor.

F281 A URT — MEROHEER L O IEET

A7 1 1L benzo[fg]tetracene ‘B DN T HIICIEZ R UV - BEM S ICEB I N
HETHY . @ FmtE EMIEE, (L ERE AT 2, £T. A7 1 & e7F0
UFULE0FELZE=RT VTR THERT — FMEROREGER L ORI
LIRNT AT o7 'y ZORTUHET — MEK 2a 13, HFES X SSRGS 0 AU H#
JRF2IUENALT — SR L 720 Z & TUmMAHEZ A L TWD Z LA LTz, Fiz,
ZORTFET — MK 2a D2 OOMEIRFNY FULADTF AL TR, £0O
VFOAANTFAAH LT 2FEIEL3 G FDOT T R 77 0 5Fnlfiid 52 &
T, ZOKROLEMICEHELS LTS Z ERE SN (Figure 1-2),

Top view Side view

= “
$ .Li’o/oo \é
R

Figure 1-2. X-ray structure of boracene-based alkylborate 2a.

ZDORTHFET — MEE 2a PIHEERISICB W CHEIARRISEE Th 52T 5
XL IERRAT 2 AT o Too SENATHRIOE AT R UIZEBW T, R CR S LeR 7
1 OUEIABRIEF (X 335 nm (20 mM in DMA) THh 25— T, HRTORSNTIZHRUET
— FEEIR 22 OWINALY MVITEBEZ 370 nm [ZEHER Y7 FLTEY ., ZOHREN
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Figure 1-3. Photophysical property of 2a.

ZDORUERT — MR 2a O R ORIEE Y7 MEOER ZFHA 2 <<, DFT
FHEIZ LY HOMO 3 XV LUMO % £ 21U E H L7z (Figure 1-4) , £ D%, HOMO-
LUMO DT R /LXF—FX v v 78 4451 eV £ D /NSVERSE LLZ, 2T Eiko
RS X BRSSO R A E 2 D L. AR UHET — MERNFEMEEZ R LT
BEEZA LTSI, HOMO P RF-HURFEIC, —5 T LUMO AREEHE O
benzo[fg]tetracene {7 RTEILT 5. T b Loy FWNEMBEISEARE L THIET S Z &
T, REECONXFENREL 725 EHEIS D %

HOMO LUMO

-5.038 eV —-0.587 eV
Figure 1-4. Kohn—Sham orbitals of 2a in the SO states, calculated at the B3LYP/6-
31++G(d,p) level.
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ZDORUET — NEK 22 OFHERBICE T 2 ~ETBEREICET 2R EG D -0,
PA 7V 7 RNVE AN =2 XD ETENORIEZTT>7- (Figure1-5), Z D

RUFRET — MR 2a OF R TEMIT A EVME (+0.78 V vs. SCE in MeCN) # 5

Z ARG VDTS T %L U 7b A a R L— M (<+1.26 Vvs. SCE
inMeCN) & T, BEERBICBONTHEmWVIETTRELA R Lz, R L7zt A~<7 |

NWEY ATV THRNVE AN —DfER %2 VT, Rehm—Weller 2L 0 | i RAEIC

BIFDHRUET — FEIK 2a OFR(LIEITTEN[EQRa™2a)IT22 VIRETH L Z & B HETE

Iz,

Cyclic Voltammogram of 2a
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Figure 1-5. Cyclic voltammogram of 2a.

FI3H A VRT — MERDORNEIREEIZ 1T D UG O FEAIR SR

NIV HROT VIR NVARTFET — MNEKRORST DT VXTI OAREE
FHl DR, WS OO FEREI T, AN T, AUET— &K 2a LT
TV AICTH D TEMPO & UG ST L 2 A, -7 F )T DAV S ik
3a % 64%INHETH L2 (Schemel-1), S HIZ, RT7E 1 EXRUVVINLw TR T A
7ual REDOKIGIZE D AT ET — MG 2b DN E RIS DAL, HRE S X Bk

e 7 5
’ >EJ< MeCN, rt, 14 h >LNJ<

2a TEMPO 3a

Scheme 1-1. Radical trap experiment.
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AT LD 155FD Mg IR LT, 250 FDRT U BENL LT HEEEHT D 2 & DR
ST, ZOXRUUNKRTHRT — MERIZK LT, I E N2 TITRBRAE EITo72 &
ZAH, ZEEKRTH DL ERUVNERICE LV (Scheme 1-2), 2L b OFER X
D, ZORYFET— MERITIFTENERNOAL T, ST DREFLT N EERKT S
T ERBE T,

1 Ph”™ ~MgCl Ph/\l
THF, —78 °C to rt THF, 14 h Ph
1 h, then dried
quant. quant.

Scheme 1-2. Dimerization via direct excitation.

FNWT R URT — MR 2a O—EFBEREZ T 5 << 4-27 /U P 4(Ein
=-1.75Vvs.SCEin MeCN) & DN ZEIT-T2 4, AIBDEIRS N, 7& b= MU AR
AR CRTRET — MR 2a L 40T )V DU 4 B SETZE A, T /) TV
X ULIK 5a & 80%DINRTH 2. RT ¥ 1 NEEMICHEIN S 72 (Scheme1-3), 7
f@zb% ﬁ’ﬁbﬁbtéhkt UFERT— MMELK2a 05 43T UV 41 LT B
RHEITL, TNENREHFEMRL T )V OV TUHNT =4 UL EEMIR -7 TV

NC | N
t-Buli \, 4 _N
1 B(OAr)Li N+
THF, =78 “C to rt (OANL MeoN, 14 h N
1 h, then dried 2a
quant. 5a, 80% quant.
---------------------------- Possible pathway ---------------------~------.
NC _ |
excited
state . 4 N o /N/C_\ 2
. — 7 +
XB(OZAr)Li SET < N~Li* + B(OAr
2a* persustent
radical anion 1
T radical-radical coup//ng
X
B(O5Ar)Li
N-LI™ _icN

2a

Scheme 1-3. Decyanoalkylation of 4-cyanopyridine.
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FIUNNNEL, ENEDTUANELTTVIN-TFG T INT T o THREITT S
LT, AW Sam Gl EHEESND S,

F7o. ZOTINRIKRTFET — KL Giese fIMNG~E A L7z 7, AR
T -7 F2a, -7 F V2, n-T FIRURT — MR 2d ZENENT v VEEY AT
Vba LRSS ETIZE A HIET D LAATIED EOIERES K OVR 7 & U BIER T
5417~ (Scheme 1-4), bkﬁof\:@TW%?~F%%W%@7»%»?Vﬁw@
BRI, —EB LD DV RE I L CH#IT T 5 2 E R S T,

MeO,C
8025 co,Me
R 6a
“B(O,AN)Li Y coMe  +
MeCN/MeOH (10/1) CO,Me
14 h
R = t-Bu (2a) 7aa, 69% 78%
s-Bu (2c) 7ca, 56% (d.r. = 1:1) 85%
n-Bu (2d) 7da, 31% 57%
------------------------------------- Possible pathway -------------------------- -
1st step excited

/\< state X * | homolytic cleavage .
B(OANLI ~('B(OA)Li — o t [BH(OANLI

2a 2a*

2nd step
[ = \
%i r/A\cone — ~coMe CO,Me //<T/A\C°2Me
CO,Me CO,Me CO,Me MeOH CO,Me
6a > seT
™~ 7aa
excited
state >< * '< + B(0,AN)
~("B(O,Ar)Li
2a* 1

Scheme 1-4. Giese addition.

HA Niftic L7020 07V I ROG~Di#H

FRROWER LOFERERICESE, AIHEIRE T, AU FET — MER 2 2 Ni fitfi
ka7 V=D a7 RIS~ ERB LTz, AIEOGREAE T
DMA & H C Ni(acac): (5 mol %) fF7E T, AUHKET — Fffk 2a (0.3 mmol), 4-7' 12
FE 7 x=/L8a (02mmol) ZHSH7mE A, BID -7 F VALK 9aa 7Y BN R
76% T/ 5417z (Table 1-1, Entry 1), ASUGNZIBWT, BT 2R E LTL 0 ERE
@ 390 nm DR E WS EITITCEAME T L, IR &2 S L WS Tided K
WS HEST L7e v o> 7= (Table1-1,Entries2and3) . £7-. W2 7 VW NVE%E -7 F v b
U7t aRl— MEREAE a7 — RV oHE LRV RT — MR E A
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Ni(acac), (5 mol %)

Br
Mo @
B(O2ANL Ph DMA, 14 h

2a 8a 9aa
Entry Deviation from standard conditions? Yield (%)

1 none 76
2 390 nm light instead of 440 nm 40°
3 no light 0
4 tert-BuBF;K instead of 2a 0

5 tert-BuBF;K instead of 2a° 0
6 [tert-Bu(Ph)Bpin]Li, instead of 2a 0

7 Ni(cod); instead of Ni(acac), trace
8 Ni(cod),, acetylacetone®, KOtBu®, instead of Ni(acac), 590
9 Ni(HFPD),  instead of Ni(acac), 9b
10 Ni(TMHD),¢ instead of Ni(acac), 74P
11 Fe(acac), instead of Ni(acac), 0
12 Pd(acac); instead of Ni(acac), 0
13 Co(acac); instead of Ni(acac), 0
14 Cu(acac), instead of Ni(acac), 0

dReaction was carried out with 2a (0.12 mmol), 8a (0.1 mmol), catalyst (5.0 umol) in DMA (1 mL) under Kessil
PR160L 440 nm irradiation for 14 h. ®'H NMR yield based on 8a. °10 mol % of Ni(TMHD),, ZnBr, and, 1.0 equiv of
K,HPO, were used. “The borate was prepared from precomplexation of tert-BuBpin with PhLi. ©10 mol % was used.
HFPD = 1,1,1,5,5,5-hexafluoropentane-2,4-dione. STMHD = 2,2,6,6-tetramethyl-3,5-heptanedione.

Table 1-1. Optimization of Ni-catalyzed alkylation.

WA, &< ISBETT L7es > 7 (Table 1-1, Entries 4-6) , Ni fitfif & L Cfhiod
Ni $5RIZAEE L7244 . Ni(cod), X Ni(acac), R A, XV &+ A2 7 Ni(HFPD), % H
W2 BRI R ME T L7= (Table 1-1, Entries 7-9), — 7 C. Ni(TMHD), & W\ 722
I3, B SR & RSOOSR CTHMIO N v 7V > F RS H#EST L7= (Table 1-1, Entry 10) ,
il & U CZOMOEREBIERZ HWEREICIEERO T VX ABIER 2SR
7> 7= (Table 1-1, Entries 11-14) .

FROFGMRF CH LN REFMHICESE NIl ic k57 v -7 — Lo n
AH TV TRIGCBTD ., ~aZ AbT V=L B LT VXA T HRET — MERD
FE MNP ORET 21T > 72 (Table 1-2), 3, EFEEBIUOCETF IR ulr v
E7 V= E AW TREZITo 72, BEIZL > TUE 7 FNEBA Y T F IR

29



LCTHEASNED TV U TIERPBRICGER PN ORIV E L THE LD, Ni fillliiic
Ni(TMHD), Z i\ % Z & T, ZORIFISPIHI S D720, BRI A BB S
% BT OW T, Ni(TMHD), A LT\ 5 3, ZiuE TIZ Molander 5%, Ni/lr
i TR IC L 27 AT A-T U — xR h v 7Y U IS EHRE L TS
S ARBUSIE, Ni/lr Yo b ettt xR ChH B T2 E R ar b7
U=zt LT, BIERTHBO T VX ABIENE S (9ab—9ae), F7-, B F =
— VR U NVEERT L5 EIIRF-REM BRI O » 7V 7 FOSHHETT
L7z Qal), S5, B-7REAFLUR2-7ue T 74 L OGETHIERS BN
DT NF AL H#ELT L= (9am—9an)

FNT, e DT VX NANIEEFT LR TET — MEEOBEHHEIZ OV TRETZ1T -
oo A7 EHROARKY) TULRELRIGSEDHZ & T, ST 28 =k, ik
BLOMOTNINEEGET LT VXN KRTET — MERSHEETCH -7, £

Scope of Aryl-X with 2a® Scope of alkylborates
tertiary
3 ) Ni(TMHD), oroNi(acac)2 Ni(TMHD), R2 R3
>< - \AJ ©mot%) Zn RLI R2 RO Emal%) g OMe
r _
B(OArLi N DMA, 14 h ) 1 — o — X — S
5 Blue LED 9 R "B(OANLI  pma, 241
2a RX/LiDBB 2 Blue LED 9 OMe

electron-rich @ DaC CDa @\
>< Q< DEC Ar

N M owe M8
X ,:ﬂ*” “ 7 93d,80/"(trace) 9ed, 73% 9fd, 53% 9g9d, 41%  ohd, 64%°

~ N UNEt, T ) secondary / primary
OMe “ OMe +Bu
9ab, 73%" (8%) 9ac, 61%° (12%)  9ad, 80%” (trace) 9ae, 70%° (10%) NiBry-diglyme (5 mol %)
X =Br X =Br X =Br X =Br RLi dtbpy (6 mol %) R
_ R. 8a or 8i
electron-deficient 1 or B(OANM THF, 14-24 h
RMgBr 2 Blue LED

>§ . e ~ ><{‘ (M= Lior ,Mg) 9
s _H
7 ock NN - ! \/LAr /LAr O\Ar O\Ar |:kAr

(6]
9af, 69%°¢ 9ag, 42%° 9ah, 40%" (5%) ; . ; i acof , f
X = Br X = Br X=0Cl 9ca, 59% 9ia, 63%! 9ja, 35%' 9ka, 49% 9la, 69%'
Ar
M M N A~ D, 2w U5
N ‘,,w S,Me ~~_OMe 9di, 51%9 9mi, 42%9 9ni 31%9 9bi, 88%9
-8 Y
O (eye) [e] methylation
9ai, 72%P (10% i 579%C o
7% L10%) 93, 57% 9ak, 61% (trace) NiBr-diglyme (5 mol %)
X=Cl X=Br =Br
dtbpy (6 mol %)
MeLi Me.. ) Ar-X Me
chemoselective r-conjugated 1 —— B(OANLI —
THF, 24-40 h
>< >< >< 20 Blue LED
Qi ah CO Me
~ g0 ‘ ,‘_ o0._0 Me ?
o/ \©\ \(\/Q \©/\j
9al, 52%P (4%) 9am, 65%°7 9an, 57%b
X=Br X=Br X=Br 90i, 73% 90,56%  %0p, 76% 9oq 8% O

X=Cl X=Br X =B

aNumber in parentheses is NMR yield of isobutylated arenes. °Ni(TMHD), was used as a catalyst. TMHD = 2,2.6,6-
tetramethyl-3,5-heptanedionate. °Ni(acac), was used as a catalyst. “NMR yield. °NiBr,-diglyme (5 mol %), 4,4'-di-tert-
butyl-2,2'-bipyridyl (dtbpy) (6 mol %) and THF solvent were used. ‘Ar = 4-biphenyl. 9Ar = 4-acetylphenyl.
Table 1-2. Substrate scope of Ni-catalyzed alkylation.
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TR CAFREER T LX) F 0 LARIEOBE X, ST D a7 Ak T vF el
F I NAA-V-7FNET7 == K (LIDBB) ([CL VR END ) FULREKER T+
VIERISESEDZETHETEEY, CnO0HEES L ITARFAR L7258 =% T v
FNRTRT — MEEREZAWD Z & T RIS T DI L OBRIR O =R FEAE AT
HECTH-o7- (9ed9hd), F7-, FH BB LOE R T7 VX AKRTHRT — MERIZENT
AT EXIET DT AFNT Y = — VRS Z ORI E D 2 & THR-FEET
Hole, TNHDOHE MBI OE RO T VX NERTHET — MERE ORI, fif
fi: & L C NiBry(diglyme) & 4,4'-F-tert-7 F1-22-E U 2L (dtbpy) Z#ABDED Z
LT, RIS KINT DT AT ALK E LI (9ea9bi), I HIT, ARISHTIE—
AR AED IR A TN T IR LERTED, LEN-T, AIEBRIZENT
HERA=y NCHOLATFNEE @0+ Tho s~ o RERLEEME CH LA
VRABZ VAT NZ ATV EDAAT T L— IR L THIER LS EAREETH
>7- (90i-90q) ',

RUFET — MR 2 OFEDEERRNER IS NI il ic X537 v -T U —L s
T AH 7Y T RO OHEE KGR 2 7~ 3 (Scheme 1-5), Y SvizdR v #ET —
NER 2137 I VRIBRATE T Tl —BEAl & L THHERET 5720 RIGBA MR EE
BEO Ni' $ERB LN Ni' 661K D 28 xT 201+ —EFBHRELALTVD
([E(2a™/2a")]=—2.2 Vvs. SCEin MeCN) '»°, L7ch3 o> T, JhEIRIED AR T HET — M
EK2NOO—EFBENICLY  HEHERENCSHAA ZELD L L HIT, RUFET — FMER

ArBr
8
excited . B
> 53 state R2 R3 Ni® Ar\Ni” '
R= R * A E
X - 1>< ; B
R TB(O,Ar)Li R" "B(O2Ar)Li E
2 2* \/
R2 RS
\
SET R1/<Ni| 8
A N
1 °<R2 Ri/\R3 . R? RS
R'— Br-
3 ; \
. R R TB(ORAnLi Ni_Br S B
1 + LiBr 2+ D Ar
v7_/ c
R2 R3
%
R1>\Ar
9

Scheme 1-5. Possible pathway.
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DTIPHANIFAFEL2TDIER L, $i 7T 7 A MUIZK W IRFET LT AV E B
EULHEELIC, RT7® 1 BHAET S, Ni il A 70 LTE, LFOZ2DK
JERERE A HEE LT D, 1) NiYSEIR A IZx9 28467 Y —/L 8 oL L v

Ni'"$&K B AU, # TAAFIT O HV E DNMINT 5, 2) RICIRETLT I HIVE
NP EER A TR LTHRIINL, Ni'$5A F 2 L7z biz, BbT U —/L 8 ORI
FEMMH#ELT3 5, EBLOKIGREEEIZIBWTE NI $5A C AT, ErahEEc kv
HEYD 7 a A7) 7K & Ni'SHAD BN E LD,

Nififfific kb7 v 25 v 70 v 7K & Giese MBS DOFER: (Scheme 1-4) %5
R RUBET — MEK2 2T AT U ~DERRSE STV T LF LT U — ARG~ & il
L7 (Table1-3) ', AIFEIRET N, THF AT, Nifilfiiz v, AU ET— k

R2 T A6, BALT U — L8 EKINSHTIZEZ A, BIO =fm vy 7 o
10 G LN, AFEIR B RBIOE RO T VX NIEE T U — VA RF-R
ROEMEGITH L TENENLERINAITEATE D720 BHERES 2 — BT T
x5, Thbb, mUET— MMER2NOAECTERBRLTCHIVRT NV 6127
TINATIN L. TSR LT R BT T P A VA Ni il 7 SBT3 % 2 & T,
HEIO D v 7 ) o TR E SN D, T LT, 727 VLVER -7 F L 6b %=
BRI T 2 7 X T U — AR 72 < 5 54072 (10aba, 10cba, 10abd, and
10abi), E=/LAR VB a—/L = 2T )L 6¢ W TR, REFE-FUEKAEHE
o 2, MInTDHEG N TV U TIERE L (10aca and 10aed) . = Ui
HFRARLE LTAELD a-RU LTI HNOBIERICIE S LEDT- . T AL

PRI HETLIEbDEBZbND, AR, 77 LTEFBERE S LVEEE
=V 6d & HWEBRICIE, B-T v Ui fE D 2 UM NI 5 % U I e
M T&7= (10ada, 10add, 10adi, and 10eda), FX&7203 5, F—RT VX NLRTHET — K
PRI EARNEECH > T2,
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R2 R3 Br @ Ni cat. @
+

X + /\ R — R2 R3
R'" “B(O,Ar)Li THF, 14 h ;
Blue LED R R
2a or 2e 6 8 10
Ph Ac
MeO OMe
R Ot-Bu (Of-Bu ]/Ot—Bu
0 O O
R = t-Bu (10aba), 35%2 10abd, 26%2 10abi, 56%2
R = s-Bu (10cba), 64%"°
Ph
MeO OMe Ph
o}
Bpin
Bpin 0 0t
10aca, 67%°7 10acd, 38%7 10ada, 72%?
Ac Ph
MeO OMe
o)
L i hi
+B
© . O)J\ -Bu O J\1‘—Bu
10add, 52%9 10adi, 52%%¢ 10eda, 40%?

aNiBr;, (5 mol %) and bipyridine (6 mol %) were used as catalysts. °NiBr,-diglyme (5 mol %) and dtbpy (6 mol %)
were used as catalysts. °Diastereomeric ratio (1:1). “Ni(cod), (5 mol %) and 1,10-phenanthroline (6 mol %) were used
as catalysts. °4'-Chloroacetophenone was used.

Table 1-3. Substrate scope of three-component alkylarylation of alkenes.

o5 8 A

JROn- A IEE T T 5 AR UV RILAEY. A7 B P oFHEINLT VX AR T HR
7 — MEEARO FESCE BRI L0 | LR LE TR Z O O TINAZ LB 5
LR EBEk/, CHRBIO—ROT VRN T DA INDRE - AL, 20
TR IRTET — MEROEHERIE L, BEIREO R TR T — MEHAO—E B E)
BED D VNIIRFE TN T VI NRAERICIESE | BT /) TIFALKIE, Gieseft XK
oy BIONfiEc X AT AZA-T U — AT aRx P TRIGRT VA D =h
DETT AT NFNT V= ACRG7: E O 2 ORFE-IRFER GRS~ L ATHE T
Sz, IHIT, KISBIZAR T XML - BRIANARETH 579, BRERMEICEN
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5 1 O RBRIA

m Instrumentation and Chemicals m

NMR spectra were recorded on a INM-ECS400 or a JEOL 400SS, operating at 400 MHz for
'H NMR, 100.5 MHz for *C NMR, and, 127 MHz for ''B NMR, and INM-ECA600, operating
at 600 MHz for '"H NMR and 150.9 MHz for '>*C NMR. Chemical shift values for 'H, °C, and,
"B NMR are referenced to MesSi, the residual solvent resonances, and BF3;-OEt, (8 0.0 ppm in
CDCls), respectively. Chemical shifts are reported in 6 ppm. Mass spectra were obtained with a
Thermo Scientific Exactive Plus Orbitrap or JMS-T100TD (DART). TLC analyses were
performed on commercial glass plates bearing 0.25-mm layer of Merck Silica gel 60Fs4. Silica
gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was used for column chromatography.
IR spectra were measured with a Thermo Scientific iD7 ATR Accessory for the Thermo Scientific
Nicolet iS5 FT-IR Spectrometer. Melting points were measured on a Yanaco MP-500D apparatus.
CV measurements were recorded with a CH Instruments: BAS Model 600E Series
Electrochemical Analyzer. UV-Vis absorption spectra were recorded on a Shimadzu UV-1900.
Fluorescence spectra were recorded on a Shimadzu RF-6000. Kessil PR160L 440 nm (highest
blue and intensity setting) was used as a light source. Single-crystal X-ray diffraction data were
collected on a Rigaku AFC-8 diffractometer equippted with Saturn70 CCD detector. The
structures were solved by dual space method (SHELXT-2018)' and refined by the full-matrix
least-squares on F*> (SHELXL-2018)>. CCDC 1871613 (compounds 2a) contain the
supplementary crystallographic data for these structures. These data can be obtained free of charge
from the Cambridge Crystallographic Data Centre (CCDC) via
www.ccdc.cam.ac.uk/data_request/cif.

All reactions were carried out under nitrogen or argon atmosphere. Materials were obtained
from commercial suppliers stored under nitrogen, and used as received or prepared according to
standard procedures unless otherwise noted. 8,9-Dioxa-8a-borabenzo[fg]tetracene (boracene) 1
was prepared by the reported procedure® * or purchased by Sumika Technoservice Corporation,
and used as received. Dimethylacetoamide was purchased from Nacalai Tesque Inc. Dehydrated
tetrahydrofuran, acetonitrile, and methanol were purchased from FUJIFILM Wako Pure Chemical
Co. tert-Butyllithium (in n-pentane, 1.6 mol/L) was purchased from Kanto Chemical Co. Inc.
Ni(acac),, Ni(TMHD),, NiBr-diglyme, 4,4'-di-tert-butylbiphenyl, lithium wire (in mineral oil,
diam. 3.2 mm, 99.9% trace metals basis), and dtbpy, were purchased from Sigma-Aldrich. THF-
ds was purchased from Eurisotop. 2-Chloro-2-methylpropane-ds (99.3%D) was purchased from
CDN isotopes.
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m Characterization Data for 2a m

tert-Butylborate 2a

O O\B’O O t-BuLi (1 equiv) ﬁgigﬁ
THF, 78 °C to 1t 2 7
‘ 10 min O

1 2a

To a suspension of boracene (270 mg, 1.00 mmol) in THF (10 mL) was added #-butyllithium
(1.6 M in n-pentane, 0.6 mL, 1.0 mmol) at —78 °C. After warming to room temperature, the
mixture was stirred for 10 min at the same temperature. The mixture was concentrated under
reduced pressure to give 2a (475 mg, 993 umol, 99.3%) as a colorless solid.

The molecular weight of 2a was calculated as [t-Bu(boracene)]Li-2THF (MW: 478.36)
determined from 'H NMR and the X-ray structure, for the use of the experiments.

M.p. 163 °C (decomp.).

IR (ZnSe, cm™'): 731, 754, 899, 918, 947, 1042, 1130, 1234, 1290, 1406, 1447, 1578, 2843,
2884, 2920; The number of coordinated THF was determined from the integral value of "H NMR.

'"H NMR (400 MHz, CD,Cl,) 6 0.46 (s, 9H), 1.61-1.72 (m, THF), 3.54-3.65 (m, THF), 6.80—
6.89 (m, 4H), 7.10 (ddd, J = 1.6, 8.0, 8.0 Hz, 2H), 7.31 (t, J = 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz,
2H), 7.76 (dd, J = 1.6, 8.0 Hz, 2H)

BC NMR (100 MHz, CD,Cl,) § 25.6 (THF), 27.3 (3C), 68.6 (THF), 119.0 (2C), 119.5 (2C),
120.4 (2C), 124.0 (2C), 127.1, 128.4 (2C), 128.6 (2C), 135.7 (2C), 156.7 (2C). The signals for
the carbons attached to the boron atom were not observed.

"B NMR (127 MHz, CD,Cl,) 6 7.49 (br).

HRMS (EST m/z): [M—(Li+2THF)] calcd for C»H»0BO> ", 327.1562; found, 327.1564.
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m Procedure for Radical Trap Experiment (Scheme 1-1) m

* ~
© 0
+ N N
>LJ< MeCN, rt, 14 h >U<
2a TEMPO 3a

In a glovebox, to an oven-dried vial with a stirring bar was added tert-butylborate 2a (95.7 mg,
0.20 mmol), 2,2,6,6-tetramethylpiperidine 1-oxyl, (TEMPO, 15.6 mg, 0.20 mmol) and MeCN
(400 pl). After sealing the vial with parafilm, the reaction was placed in EvoluChem photoreactor
(PhotoRedOx Duo) equiped with a 45W blue LED. After stirred for 14 h, the reaction was
quenched with a short plug of silica gel using ethyl acetate. After volatiles were removed under
reduced pressure, purification by flash column chromatography on silica gel gave the 3a (27.5

mg, 64% isolated yield) with the recovery of boracene 1 as a colorless solid.

m Dimerization via direct excitaion (Scheme 1-2) m

~N
O B(O,Ar)'/,Mg
THF, 78 ‘C to rt 2 THF, 14 h
1 h, then dried 2b bibenzyl

1

To a suspension of boracene 1 (54 mg, 0.2 mmol) in THF (200 pl) was added benzyl magnesium
chloride solution (300 pl, 0.22 mmol) in THF (0.75 M) prepared by conventional method at —78
°C and then allowed to warm up to room temperature. After stirred for 2 h, passed through a short
plug of N-H silica gel to give benzyl borate 2b in THF solution. the reaction was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equiped with a 45W blue LED. After stirred for 14
h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After volatiles
were removed under reduced pressure, the residue was dissolved in CDCI; (500 pl) and added
1,1,2,2-tetrachloroethane (11 pL, 10.5 pmol) as an internal standard. "H NMR (400 MHz) yield
(quantitative) was obtained by comparing the relative value of integration for the doublet peak

observed at 2.92 ppm of bibenzyl with that of 1,1,2,2-tetrachloroethane observed at 5.95 ppm.
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m Procedure for Decyanoalkylation (Scheme 1-3) m

=
+ lN | N
NS
MeCN, rt, 14 h N
4 5a

In a glovebox, to an oven-dried vial with a stirring bar was added tert-butyl borate 2a (71.8 mg,
0.15 mmol), 4-cyanopyridine 4 (10.4 mg, 0.1 mmol) and MeCN (100 pl). After sealing the vial
with parafilm, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo) equiped
with a 45W blue LED. After stirred for 14 h, the reaction was quenched with a short plug of silica
gel using ethyl acetate. After volatiles were removed under reduced pressure, the residue was
dissolved in CDCIls (500 pL) and added 1,1,2,2-tetrachloroethane (11 pL, 10.5 pmol) as an
internal standard. '"H NMR (400 MHz) yield (80%) was obtained by comparing the relative value
of integration for the doublet peak observed at 8.40 ppm of Sa with that of 1,1,2,2-
tetrachloroethane observed at 5.96 ppm. The generation of 5a was also confirmed by observation

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

m Procedure for Giese Addition (Scheme 1-4) m

L MeOC-co,Me
6a
7 CoMe
MeCN/MeOH (10/1) CO,Me
rt, 14 h
2a 7aa

In a glovebox, to an oven-dried vial with a stirring bar was added ferz-butyl borate 2a (71.8 mg,
0.15 mmol), dimethyl fumarate 6a (14.4 mg, 0.1 mmol) and MeCN/MeOH (9/1, 100 pl). After
sealing the vial with parafilm, the reaction was placed in EvoluChem photoreactor (PhotoRedOx
Duo) equiped with a 45W blue LED. After stirred for 14 h, the reaction was quenched with a short
plug of silica gel using ethyl acetate. After volatiles were removed under reduced pressure,
purification by flash column chromatography on silica gel gave the 7aa (14.0 mg, 69% isolated

yield) with the recovery of boracene 1 as a colorless solid.
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m Protocols for Ni-Catalyzed Alkylation (Table 1-1 and 1-2) m

~\r Lit \/
B OI Ni(acac), (5 mol %) O
oB—
' DMA, 14 h O
9aa

2a

Method A (synthesis of 9aa as a representative): In a glovebox, to an oven-dried vial with a
stirring bar was added Ni(acac), (2.6 mg, 0.01 mmol), pre-prepared tert-butyl borate 2a (143.5
mg, 0.3 mmol), aryl bromide 8a (46.6 mg, 0.2 mmol) and DMA (500 pl). After sealing the vial
with parafilm, the reaction was placed in EvoluChem photoreactor (PhotoRedOx Duo) equiped
with a 45W blue LED. After stirred for 14 h, the reaction was quenched with water and extracted
with diethyl ether (ca. 2 mL x 3). The combined organic extract was dried over Na>,SOj and after
filtration, the filtrate was concentrated under reduced pressure. The residue was washed with
MeOH to remove most of boracene and after MeOH were removed under reduced pressure,

purified by flash column chromatography on silica gel gave 9aa (32.0 mg, 76%) as a white solid.

boracene 1 (1 equiv)
‘ Li (metal) (10 equiv) EtMe,Br (1 equiv) \
1) LiDBB \XB O.ANL
O THF, 1, 2 h THF, -78°Ctort, 2 h (GANL
then N-H silica pass
2e
di-tert-butylbiphenyl (DBB)
(2 equiv)
Br OMe . \/ OMe
\ Ni(TMHD), (5 mol %)
B(OANLI DMA, 14 h
OMe OMe
2e 8d 9ed

Method B (synthesis of 9ed as a representative): To a suspension of boracene 1 (54 mg, 0.2
mmol) and 2-bromo-2-methylbutane (25 pl, 0.2 mmol) in THF (1.0 ml) was added LiDBB
solution in THF (0.4 M), prepared from 4,4’-di-tert-butylbiphenyl (DBB, 107 mg, 0.4 mmol, 4
equiv) and lithium wire (13.9 mg, 2.0 mmol, 20 equiv) by according to the literature’, at —78 °C
and then allowed to warm up to room temperature. After stirred for 2 h, passed through a short
plug of N-H silica gel and THF was removed by spraying nitrogen gas to give fert-pentyl borate
2e. The borate was used without further purification.

In a glovebox, to an oven-dried vial with a stirring bar was added Ni(TMHD), (2.1 mg, 5.0
pumol) and 1-bromo-3,5-dimethoxybenzene 8d (21.7 mg, 0.100 mmol). To the mixture was added
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tert-pentyl borate 2e dissolved in DMA (1.0 ml). After sealing the vial with parafilm, the reaction
was placed in EvoluChem photoreactor (PhotoRedOx Duo) equiped with a 45W blue LED. After
stirred for 24 h, the reaction was quenched with water and extracted with diethyl ether (ca. 2 mL
% 3). The combined organic extract was dried over Na,SO4 and after filtration, the filtrate was
concentrated under reduced pressure. The residue was washed with MeOH to remove most of
boracene and after MeOH were removed under reduced pressure, purified by flash column

chromatography on silica gel gave 9ed (15.3 mg, 73%) as a colorless oil.

s Vah
0. .0 | :} MgCl
N
) O ~ [ TBOAY Mg
THF, -78°Ctort, 2 h NS
then N—H silica pass
1 2b

NiBry(diglyme) (5 mol %)

cl dtbpy (6 mol %) P
) \/ ‘/\B(OzAr)'1/2M9 . ]
§ DMA, 14 h N
o}

2b 8i 9bi ©

\_7

\_7

Method C (synthesis of 9bi as a representative): To a suspension of boracene 1 in THF (1.0
ml) was added benzylmagnesium chloride solution in THF (1.0 M) prepared by conventional
method at —78 °C and then allowed to warm up to room temperature. After stirred for 2 h, passed
through a short plug of N-H silica gel to give benzyl borate 2b in THF solution. The mixture was
used without further purification.

In a glovebox, to an oven-dried vial with a stirring bar was added NiBr,-diglyme (1.5 mg, 5.0
umol), dtbpy (4,4'-di-fert-butyl-2,2'-bipyridyl) (1.6 mg, 6.0 umol) and 4'-chloroacetophenone 8i
(15.5 mg, 0.1 mmol). To the mixture was added benzyl borate 2b in THF solution (1.0 mL). After
sealing the vial with parafilm, the reaction was placed in EvoluChem photoreactor (PhotoRedOx
Duo) equiped with a 45W blue LED. After stirred for 24 h, the reaction was quenched with water
and extracted with diethyl ether (ca. 2 mL x 3). The combined organic extract was dried over
Na,SOs and after filtration, the filtrate was concentrated under reduced pressure. The residue was
washed with MeOH to remove most of boracene and after MeOH were removed under reduced
pressure, purified by flash column chromatography on silica gel gave 9bi (18.8 mg, 89%) as a

colorless oil.
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m Procedure for Ni-Catalyzed Three-Cmponent Coupling (Table 1-3) m
Ph

Br Ni(cod), (5 mol %)
‘ (0] 1,10-phen (6 mol %)
>< * * )k
B(O,ANLi O >0 StBu THR. it 14 h 0
2 )k
(0] t-Bu

2a 8a 6d 10ada

In a glovebox, to an oven-dried vial with a stirring bar was added Ni(cod), (1.4 mg, 5.0 umol)
and 1,10-phenanthroline (1.1 mg, 6.0 pmol). To the mixture was added tert-butylborate 2a (71.8
mg, 0.15 mmol), vinyl pivalate 6d (25.6 mg, 29.1 ul, 0.2 mmol), 4-bromo-1,1’-biphenyl 8a (23.3
mg, 0.1 mmol) and THF (1.0 ml). After sealing the vial with parafilm, the reaction was placed in
EvoluChem photoreactor (PhotoRedOx Duo) equiped with a 45W blue LED. After stirred for 14
h, the reaction was quenched with a short plug of silica gel using ethyl acetate. After volatiles
were removed under reduced pressure, purification by flash column chromatography on silica gel

gave the 10ada (24.5 mg, 72%) with the recovery of boracene 1 as a colorless solid.
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m Characterization Data for Alkylation Products m

1-(tert-Butoxy)-2,2,6,6-tetramethylpiperidine (3a)

UK

The product 3a was purified by flash chromatography on silica gel (100:0-90:10,
hexane/CH>Cl») (Scheme 1-1; 27.5 mg, 0.129 mmol, 64% isolated yield).

'"H NMR (400 MHz, CDCl;) § 1.07 (s, 6H), 1.12 (s, 6H), 1.26 (s, 9H), 1.23-1.28 (m, 1H),
1.30-1.61 (m, SH).

3C NMR (100.5 MHz, CDCl;3) 6 17.2, 20.4 (2C), 29.4 (3C), 34.8 (2C), 40.8 (2C), 59.0 (2C),
77.1.
The 'H and *C NMR spectra data of 3a were consistent with the literature.®

Dimethyl 2-(tert-Butyl)succinate (7aa)

XK\COQMe

COgMe

The product 7aa was purified by flash chromatography on silica gel (100:0-10:1,
hexane/EtOAc) (Scheme 1-4; 14.0 mg, 0.069 mmol, 69% isolated yield).

'"H NMR (400 MHz, CDCls) 6 0.96 (s, 9H), 2.48 (dd, J = 2.0, 11.2 Hz, 1H), 2.65 (dd, J = 2.0,
8.0 Hz, 1H), 2.80 (dd, J = 8.0, 11.2 Hz, 1H), 3.66 (s, 3H), 3.70 (s, 3H).

3C NMR (100.5 MHz, CDCl;) 6 27.8 (4C), 32.6, 51.2, 51.4, 51.8, 173.2, 174.7.

The 'H and >C NMR spectra data of 7aa were consistent with the literature.”
Dimethyl 2-(sec-Butyl)succinate (7ca)

CO,Me
CO,Me

The product 7ca (1:1 mixture of diastereomers) was purified by flash chromatography on silica
gel (100:0-10:1, hexane/EtOAc) (Scheme 1-4; 11.3 mg, 0.056 mmol, 56% isolated yield).
Colorless oil.

IR (neat) 754, 845, 1005, 1165, 1253, 1347, 1437, 1734, 2961 cm .

'"H NMR (600 MHz, CDCl;) 6 0.85-0.93 (m, 3H), 1.14-1.46 (m, 5H), 1.70 (m, 0.5H), 1.83 (m,
0.5H), 2.35 (dd, J = 3.6, 16.8 Hz, 0.5H), 2.40 (dd, J = 3.6, 16.8 Hz, 0.5H), 2.75 (m, 1H), 2.88 (m,
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1H), 3.67 (d,J = 1.2 Hz, 3H), 3.70 (d, J = 3.0 Hz, 3H).

13C NMR (150.9 MHz, CDCl3) 6 11.6, 11.7, 15.8, 16.4, 26.7, 27.2, 31.4, 33.4, 36.3, 36.9, 45.5,
45.8,51.6,51.7,51.8 (2C), 173.0, 173.1, 174.7, 175.2.

HRMS-DART (m/z): [M+H]" caled for C1oH1904", 203.1283; found, 203.1286.

Dimethyl 2-Butylsuccinate (7da)

CO,Me
CO,Me

The product 7da was purified by flash chromatography on silica gel (100:0-10:1,
hexane/EtOAc) (Scheme 1-4; 6.3 mg, 0.031 mmol, 31% isolated yield).

'"H NMR (600 MHz, CDCl;) 6 0.88 (t,J = 7.2 Hz, 3H), 1.14-1.38 (m, 4H), 1.51 (m, 1H), 1.64
(m, 1H), 2.44 (dd, J = 4.8, 16.8 Hz, 1H), 2.72 (dd, J = 9.0, 16.8 Hz, 1H), 2.84 (m, 1H), 3.67 (s,
3H), 3.70 (s, 3H).

BC NMR (150.9 MHz, CDCl;) § 13.8, 21.0, 29.1, 31.6, 35.8, 41.1, 51.7, 51.8, 172.5, 175.5.
The 'H and *C NMR spectra data of 7da were consistent with the literature.®

Q.

The product 9aa was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 32.0 mg, 0.15 mmol,
76% isolated yield).

'"H NMR (400 MHz, CDCl3) § 1.37 (s, 9H), 7.32 (m, 1H), 7.41-7.48 (m, 4H), 7.53-7.55 (m,
2H), 7.58-7.60 (m, 2H).

BC NMR (100.5 MHz, CDCls) 6 31.4 (3C), 34.5, 125.7 (2C), 126.8 (2C), 127.0, 127.0 (2C),
128.7 (2C), 138.3, 141.0, 150.2.

The 'H and ">C NMR spectra data of 9aa were consistent with the literature.’

4-(tert-Butyl)-1,1'-biphenyl (9aa)

1-(tert-Butyl)-4-methoxybenzene (9ab)

X@we

The product 9ab was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 23.9 mg, 0.15 mmol,

73% isolated yield, including isomerization product).
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"H NMR (400 MHz, CDCl3) 6 130 (s, 9H), 3.80 (s, 3H), 6.85 (d, J = 9.2 Hz, 2H), 7.31 (d, J
= 9.2 Hz, 2H),

13C NMR (100.5 MHz, CDCL5) 6 31.5 (3C), 34.0, 55.2, 113.3 (2C), 1262 (2C), 1433, 157.3.

The 'H and ">C NMR spectra data of product 9ab were consistent with the literature.’

4-(tert-Butyl)- NV, N-diethylaniline (9ac)

X@NBZ

The product 9ac was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 25.2 mg, 0.12 mmol,
61% isolated yield, including isomerization product). Pale orange oil.

IR (neat) 812, 1205, 1263, 1361, 1373, 1518, 1614, 2962 cm ™.

'"H NMR (600 MHz, CDCl3) § 1.15 (t,J = 7.2 Hz, 6H), 1.28 (s, 9H), 3.32 (q, J = 7.2 Hz, 4H),
6.64 (d, J = 9.0 Hz, 2H), 7.24 (d, J = 9.0 Hz, 2H).

BC NMR (150.9 MHz, CDCl3) 6 12.7 (2C), 31.6 (3C), 33.6, 44.3 (2C), 111.5 (2C), 126.0 (2C),
137.9, 145.6.

HRMS-DART (m/z): [M+H]" caled for C14H24N", 206.1903; found, 206.1907.

1-(tert-Butyl)-3,5-dimethoxybenzene (9ad)

OMe

OMe

The product 9ad was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 31.0 mg, 0.16 mmol,
80% isolated yield).

'"H NMR (400 MHz, CDCls) 6 1.30 (s, 9H), 3.80 (s, 6H), 6.31 (t, /= 2.0 Hz, 1H), 6.55 (d, J =
2.0 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 31.2 (3C), 34.9, 55.2 (2C), 96.7, 104.0 (2C), 153.8, 160.5
(2C).

The 'H and ">C NMR spectra data of product 9ad were consistent with the literature.’

1,3,5-Tri-tert-butylbenzene (9ae)
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t-Bu

t-Bu

The product 9ae was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 34.3 mg, 0.14 mmol,
70% isolated yield, including isomerization product).

'"H NMR (400 MHz, CDCl;) 6 1.34 (s, 27H), 7.26 (s, 3H).

BC NMR (100.5 MHz, CDCl5) 6 31.6 (9C), 35.0 (3C), 119.5 (3C), 149.9 (3C).

The 'H and ">C NMR spectra data of product 9ae were consistent with the literature."

1-(tert-Butyl)-4-(trifluoromethoxy)benzene (9af)

X@o%

The product 9af synthesized according to Method A (Table 1-2; 69% 'H NMR yield).

'H NMR (600 MHz, CDCL3) 6 1.32 (s, 9H), 7.13 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H).

13C NMR (150.9 MHz, CDCl3) 6 31.3, (3C), 34.5, 120.4 (2C), 120.4 (q, J = 270.0 Hz), 126.6
(2C), 146.9, 149.8.

YFNMR (376 MHz, CDCls) 6 —56.6.

The 'H, °C, and, "’F NMR spectra data of product 9af were consistent with the literature. "’

.,

The product 9ag was syntheesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 13.3 mg, 0.084
mmol, 42% isolated yield).

'"H NMR (600 MHz, CDCls) 6 1.33 (s, 9H), 7.48 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 30.9 (3C), 35.3, 109.3, 119.2, 126.2 (2C), 132.0 (2C), 156.6.

The 'H and ">C NMR spectra data of product 9ag were consistent with the literature.'?

4-(tert-Butyl)benzonitrile (9ag)

4-(tert-Butyl)benzaldehyde (9ah)
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0]

The product 9ah was synthesized according to Method A, and purified by flash
chromatography on silica gel (100:0-80:20, hexane/CH,Cl,)) (Table 1-2; 13.0 mg, 0.080 mmol,
40% isolated yield, including isomerization product and inseparable impurity).

'"H NMR (400 MHz, CDCl3) 6 1.36 (s, 9H), 7.56 (d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H),
9.99 (s, 1H).

BC NMR (100.5 MHz, CDCl3) 6 31.1 (3C), 35.3, 126.0 (2C), 129.7 (2C), 134.1, 158.4, 192.1.

The 'H and ">C NMR spectra data of product 9ah were consistent with the literature.'?

1-[4-(tert-Butyl)phenyl]ethan-1-one (9ai)

0]

The product 9ai was synthesized according to Method A, and purified by flash chromatography
on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 25.4 mg, 0.14 mmol, 72% isolated
yield, including isomerization product).

'"H NMR (400 MHz, CDCl3) 6 1.35 (s, 9H), 2.59 (s, 3H), 7.48 (d, J = 8.4 Hz, 2H), 7.90 (d, J
= 8.4 Hz, 2H).

BC NMR (100.5 MHz, CDCl;) § 26.5, 31.1 (3C), 35.1, 125.5 (2C), 128.3 (2C), 134.6, 156.8,
197.9.

The 'H and ">C NMR spectra data of product 9ai were consistent with the literature.'*

1-(tert-Butyl)-4-(methylsulfonyl)benzene (9aj)

><©\ _Me

77\

The product 9aj was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH»Cl,) (Table 1-2; 24.1 mg, 0.11 mmol,
57% isolated yield).

'"H NMR (400 MHz, CDCl3) 6 1.36 (s, 9H), 3.05 (s, 3H), 7.58 (d, J = 8.4 Hz, 2H), 7.87 (d, J
= 8.4 Hz, 2H).

46



13C NMR (100.5 MHz, CDCL5) 6 31.0 (3C), 35.2, 4.6, 126.3 (2C), 127.2 (2C), 137.6, 157.6.
The 'H and ">C NMR spectra data of product 9aj were consistent with the literature."

Methyl 4-(tert-Butyl)benzoate (9ak)

OMe
(0]

The product 9ak was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 23.5 mg, 0.12 mmol,
61 % isolated yield).

'"H NMR (400 MHz, CDCl3) 6 1.34 (s, 9H), 3.90 (s, 3H), 7.45 (d, J = 8.8 Hz, 2H), 7.97 (d, J
= 8.8 Hz, 2H).

BC NMR (100.5 MHz, CDCl;) § 31.1 (3C), 35.0, 51.9, 125.3 (2C), 127.3, 129.4 (2C), 156.5,
167.1.

The 'H and ">C NMR spectra data of product 9ak were consistent with the literature."

2-[4-(tert-Butyl)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (9al)

The product 9al was synthesized according to Method A, and purified by flash chromatography
on silica gel (100:0-85:15, hexane/toluene) (Table 1-2; 27.0 mg, 0.10 mmol, 52 % isolated yield,
including isomerization product).

'"H NMR (400 MHz, CDCl3) 6 1.32 (s, 9H), 1.33 (s, 12H), 7.41 (d, J = 8.0 Hz, 2H), 7.76 (d, J
= 8.0 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 24.8 (4C), 31.2 (3C), 34.9, 83.6 (2C), 124.7 (2C), 134.7 (2C),
154.5. The signal for the carbon attached to the boron atom was not observed.

The 'H and ">C NMR spectra data of product 9al were consistent with the literature.'*
(E)-(3,3-Dimethylbut-1-en-1-yl)benzene (9am)
></\©
The product 9am synthesized according to Method A (Table 1-2; 65 % "H NMR yield).
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'H NMR (400 MHz, CDCls) § 1.12 (s, 9H), 6.25 (d, J = 16.4 Hz, 1H), 6.31 (d, J = 16.4 Hz,
1H), 7.19 (m, 1H), 7.24-7.31 (m, 2H), 7.36 (d, J = 7.6 Hz, 2H).

13C NMR (100.5 MHz, CDCls) 6 29.6 (3C), 33.3, 124.5, 126.0 (2C), 126.7, 128.5 (2C), 138.0,
141.8.

The 'H and >C NMR spectra data of product 9am were consistent with the literature."

The product 9an was synthesized according to Method A, and purified by flash
chromatography on NH-silica gel (100:0-90:10, hexane/CH>Cl,) (Table 1-2; 21.1 mg, 0.11 mmol,
57 % isolated yield).

'"H NMR (400 MHz, CDCl;) 6 1.42 (s, 9H), 7.41— 7.45 (m, 2H), 7.58 (m, 1H), 7.76-7.82 (m,
4H).

3C NMR (100.5 MHz, CDCl3) 6 31.2 (3C), 34.8, 122.8, 124.8, 125.2, 125.8, 127.3, 127.5,
127.9, 131.6, 133.3, 148.5.

The 'H and ">C NMR spectra data of product 9an were consistent with the literature.’

2-(tert-Butyl)naphthalene (9an)

1,3-Dimethoxy-5-(fert-pentyl)benzene (9ed)

OMe

OMe

The product 9ed was synthesized according to Method B using 2-bromo-2-methylbutane with
LiDBB, and purified by flash chromatography on silica gel (100:0-80:20, hexane/CH»Cl,) (Table
1-2; 15.2 mg, 0.073 mmol, 73 % isolated yield). Colorless oil.

IR (neat) 831, 1155, 1205, 1422, 1456, 1595, 2835, 2962 cm ™.

'"H NMR (400 MHz, CDCl3) 6§ 0.69 (t, J = 7.2 Hz, 3H), 1.25 (s, 6H), 1.61 (q, J = 7.2 Hz, 2H),
3.80 (s, 6H), 6.30 (t, J = 2.4 Hz, 1H), 6.49 (d, J = 2.4 Hz, 2H).

BC NMR (150.9 MHz, CDCl5) 6 9.1, 28.4 (2C), 36.8, 38.2, 55.2 (2C), 96.6, 104.8 (2C), 152.2,
160.4 (2C).

HRMS-DART (m/z): [M+H]" caled for Ci3H210,", 209.1536; found, 209.1545.

1,3-Dimethoxy-5-(2-methyl-1-phenylpropan-2-yl)benzene (9fd)
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The product 9fd was synthesized according to Method B using 2-bromo-2-methyl-1-
phenylpropane with LiDBB, and purified by flash chromatography on silica gel (100:0-80:20,
hexane/CH>Cl,) (Table 1-2; 14.4 mg, 0.053 mmol, 53 % isolated yield). Colorless oil.

IR (neat) 702, 831, 1056, 1155, 1204, 1341, 1422, 1455, 1495, 2961 cm .

'"H NMR (600 MHz, CDCl) 6 1.28 (s, 6H), 2.84 (s, 2H), 3.77 (s, 6H), 6.33 (s, 1H), 6.45 (s,
2H), 6.87-6.89 (m, 2H), 7.14-7.17 (m, 3H).

BC NMR (150.9 MHz, CDCls) 6 28.2 (2C), 39.0, 50.8, 55.2 (2C), 97.1, 105.0 (2C), 125.9,
127.5 (2C), 130.4 (2C), 138.8, 151.8, 160.3 (2C).

HRMS-DART (m/z): [M]" caled for CisH2,0,", 270.1614; found, 270.1616.

1,3-Dimethoxy-5-[2-(methyl-ds)propan-2-yl-1,1,1,3,3,3-ds]|benzene (9gd)
D,C. CD;

OMe
DsC

OMe

The product 9gd was synthesized according to Method B using 2-chloro-2-methylpropane-ds
(99.3%D) with LiDBB, and purified by flash chromatography on silica gel (100:0-80:10,
hexane/CH>Cl,) (Table 1-2; 8.3 mg, 0.041 mmol, 41 % isolated yield, 98.9%D). Colorless oil.

IR (neat) 852, 1072, 1154, 1204, 1456, 1595, 2215, 2937 cm .

'"H NMR (400 MHz, CDCls) 6 3.80 (s, 6H), 6.31 (t, J= 2.4 Hz, 1H), 6.54 (t,J = 2.4 Hz, 2H).

BC NMR (100.5 MHz, CDCl;) § 55.2 (2C), 96.7, 104.1 (2C), 160.5 (2C).

HRMS-DART (m/z): [M+H]" calcd for C12H10DoO5", 204.1944; found, 204.1951.

(3r,51,7r)-1-(3,5-Dimethoxyphenyl)adamantane (9hd)

OMe

OMe
The product 9hd was synthesized according to Method B using 1-bromoadamantane with
LiDBB, and purified by flash chromatography on silica gel (100:0-80:10, hexane/CH>Cl,) (Table
1-2; 17.5 mg, 0.064 mmol, 64 % isolated yield). Pale yellow oil.
IR (neat) 694, 1150, 1203, 1453, 1593, 2846, 2899 cm .
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'H NMR (400 MHz, CDCls) § 1.72-1.80 (m, 6H), 1.90 (s, 6H), 2.08 (s, 3H), 3.80 (s, 6H), 6.31
(t,J = 2.4 Hz, 1H), 6.53 (d, J = 2.4 Hz, 2H).

13C NMR (150.9 MHz, CDCLs) 6 28.9 (3C), 36.5, 36.8 (3C), 43.1 (3C), 55.2 (2C), 97.0, 103.5
(2C), 154.1, 160.5 (2C).

HRMS-DART (m/z): [M+H]" caled for C15HasO,", 273.1849; found, 273.1850.

4-(sec-Butyl)-1,1'-biphenyl (9ca)

The product 9ca was synthesized according to Method A using sec-butyllithium, and purified
by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 12.4 mg, 0.059
mmol, 59% isolated yield).

"H NMR (400 MHz, CDCl;) 6 0.86 (t,J = 7.8 Hz, 3H), 1.27 (d, J = 7.3 Hz, 3H), 1.63 (dq, J =
6.9, 7.8 Hz, 2H), 2.64 (tq, J = 6.9, 7.3 Hz, 1H), 7.26 (d, J = 8.2 Hz, 2H), 7.32 (dd, J = 7.3, 7.3
Hz, 1H), 7.43 (dd, J = 7.3, 7.8 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H).

3C NMR (100.5 MHz, CDCl3) 6 12.3, 21.8, 31.2, 41.3, 126.9, 127.0 (4C), 127.4 (2C), 128.7
(2C), 138.7, 141.2, 146.8.

The 'H and ">C NMR spectra data of product 9ca were consistent with the literature.'®

4-Isopropyl-1,1'-biphenyl (9ia)

The product 9ia was synthesized according to Method C using iso-propyl magnesium bromide,
and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2;
12.3 mg, 0.063 mmol, 63% isolated yield).

'"H NMR (400 MHz, CDCl5) § 1.29 (d, J = 6.9 Hz, 6H), 2.96 (sep, J = 6.9 Hz, 1H), 7.28-7.35
(m, 3H), 7.43 (dd, J = 7.3, 7.8 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) 6 24.0 (2C), 33.8, 126.8 (2C), 126.9 (2C), 127.0 (2C), 127.1,
128.7 (2C), 138.7, 141.2, 148.0.

The 'H and ">C NMR spectra data of product 9ia were consistent with the literature.'®
4-Cyclohexyl-1,1'-biphenyl (9ja)
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The product 9ja was synthesized according to Method C using cyclohexyl magnesium
bromide, and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,)
(Table 1-2; 8.3 mg, 0.035 mmol, 35% isolated yield).

'"H NMR (400 MHz, CDCl3) 6 1.22-1.48 (m, 5H), 1.77 (m, 1H), 1.82-195 (m, 4H), 2.55 (m,
1H), 7.28 (d, J = 8.2 Hz, 2H), 7.32 (dd, J = 7.3, 7.3 Hz, 1H), 7.42 (dd, J = 7.3, 7.8 Hz, 2H), 7.52
(d, J =7.3 Hz, 2H), 7.58 (d, J = 7.8 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) § 26.2, 26.9 (2C), 34.4 (2C), 44,2, 126.9, 127.0 (4C), 127.2 (2C),

128.7 (2C), 138.7, 141.2, 147.2.
The 'H and ">C NMR spectra data of product 9ja were consistent with the literature.'’

4-Cyclopentyl-1,1'-biphenyl (9ka)

e

The product 9ka was synthesized according to Method C using cyclopentyl magnesium
chloride, and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,)
(Table 1-2; 10.9 mg, 0.049 mmol, 49% isolated yield).

'"H NMR (400 MHz, CDCl3) 6 1.58-1.75 (m, 4H), 1.78-1.85 (m, 2H), 2.05-2.30 (m, 2H), 3.03
(quint., J = 7.8 Hz, 1H), 7.30-7.34 (m, 3H), 7.39 (dd, J = 7.8, 7.8 Hz, 2H), 7.54 (d, J = 8.2 Hz,
2H), 7.58 (d, J = 7.3 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) § 25.5 (2C), 34.6 (2C), 45.6, 126.97, 126.99 (4C), 127.5 (2C),

128.7 (2C), 138.6, 141.2, 145.7.
The 'H and >C NMR spectra data of product 9ka were consistent with the literature.'’

4-Cyclobutyl-1,1'-biphenyl (9ia)

i

The product 9ia was synthesized according to Method C using cyclobutyl magnesium bromide,

and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2;
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14.3 mg, 0.069 mmol, 69% isolated yield).

'H NMR (400 MHz, CDCL3) 6 1.88 (m, 1H), 2.04 (m, 1H), 2.15-2.25 (m, 2H), 2.34-2.44 (m,
2H), 3.59 (quint., J = 8.7 Hz, 1H), 7.30-7.34 (m, 3H), 7.39 (dd, J = 7.8, 7.8 Hz, 2H), 7.54 (d, J
8.2 Hz, 2H), 7.58 (d, J = 7.3 Hz, 2H).

BC NMR (100.5 MHz, CDCls) § 18.3, 29.8 (2C), 40.1, 126.7, 126.95 (2C), 126.99 (2C), 127.0
(2C), 128.7 (2C), 138.7, 141.2, 145 4.

The 'H and ">C NMR spectra data of product 9ia were consistent with the literature."’

1-(4-Butylphenyl)ethan-1-one (9di)

Yy

o]

The product 9di was synthesized according to Method A using n-butyl lithium, and purified
by flash chromatography on NH-silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 18.0 mg,
0.10 mmol, 51% isolated yield).

'"H NMR (400 MHz, CDCl3) § 0.93 (t,J = 7.2 Hz, 3H), 1.31-1.40 (m, 2H), 1.58-1.65 (m, 2H),
2.58 (s, 3H), 2.66 (t,J = 7.2 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H).

BC NMR (150.9 MHz, CDCl3) § 13.9, 22.3, 26.6, 33.2, 35.7, 128.5 (2C), 128.6 (2C), 134.9,
148.8, 197.9.

The 'H and ">C NMR spectra data of product 9di were consistent with the literature.'®

1-(4-Phenethylphenyl)ethan-1-one (9mi)

o

The product 9mi was synthesized according to Method C using phenylethyl magnesium
bromide, and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,)
(Table 1-2; 9.4 mg, 0.042 mmol, 42% isolated yield).

'"H NMR (400 MHz, CDCls) 6 2.59 (s, 3H), 2.91— .01 (m, 4H), 7.15-7.30 (m, 7H), 7.87 (d, J
= 8.4 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 26.6, 37.4,37.8, 126.1, 128.39 (2C), 128.42 (2C), 128.5 (2C),
128.7 (2C), 135.1, 141.1, 147.5, 197.9.

The 'H and >C NMR spectra data of product 9mi were consistent with the literature."”
1-[4-(But-3-en-1-yl)phenyl]ethan-1-one (9ni)
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The product 9ni was synthesized according to Method C using 3-buten-1-ylmagnesium
bromide, and purified by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,)
(Table 1-2; 5.4 mg, 0.031 mmol, 31% isolated yield, including inseparable isomerization product).
Colorless oil.

IR (neat) 818, 956, 1268, 1358, 1607, 1683, 2358, 2926 cm .

'"H NMR (600 MHz, CDCls) § 2.39 (q, J = 7.2 Hz, 2H), 2.59 (s, 3H), 2.77 (t,J = 7.2 Hz, 2H),
4.98-5.05 (m, 2H), 5.83 (m, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H).

BC NMR (150.9 MHz, CDCls) § 26.5, 35.0, 35.3, 115.4, 128.5 (2C), 128.6 (2C), 135.0, 137.5,
147.6, 197.9.

HRMS-DART (m/z): [M+H]" calcd for C1oH;s0", 175.1117; found, 175.1121.

1-(4-Benzylphenyl)ethan-1-one (9bi)

(0]

The product 9bi was synthesized according to Method C, and purified by flash
chromatography on silica gel (100:0-90:10, hexane/CH>Cl,) (Table 1-2; 18.8 mg, 0.089 mmol,
89% isolated yield).

'"H NMR (400 MHz, CDCl5) 6 2.58 (s, 3H), 4.04 (s, 2H), 7.18-7.30 (m, 7H), 7.89 (d, J = 8.0
Hz, 2H).

3C NMR (100.5 MHz, CDCls) 6 26.6, 41.9, 126.4 (2C), 128.6 (2C), 128.9 (2C), 129.0, 129.1
(2C), 135.2, 140.0, 146.8, 197.9.

The 'H and ">C NMR spectra data of product 9bi were consistent with the literature."

Uy

0]

1-(p-Tolyl)ethan-1-one (9oi)

The product 9o0i was synthesized according to Method C using methyl lithium, and purified by
flash chromatography on silica gel (100:0-90:10, hexane/CH>Cl,) (Table 1-2; 9.8 mg, 0.073
mmol, 73% isolated yield).

'"H NMR (600 MHz, CDCl3) 6 2.41 (s, 3H), 2.58 (s, 3H), 7.26 (d, J = 8.0 Hz, 2H), 7.86 (d, J
= 8.0 Hz, 2H).
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BC NMR (100.5 MHz, CDCl3) § 22.1, 26.9, 128.8 (2C), 129.6, 129.7, 135.1, 144.3, 198.3.

The 'H and ">C NMR spectra data of product 9oi were consistent with the literature.*’

3-Methylquinoline (900)
X

=

N

The product 900 was synthesized according to Method C using methyl lithium, and purified
by flash chromatography on silica gel (100:0-90:10, hexane/CH,Cl,) (Table 1-2; 16.0 mg, 0.112
mmol, 56% isolated yield).

'"H NMR (400 MHz, CDCl3) 6 2.53 (s, 3H), 7.51 (m, 1H), 7.65 (m, 1H), 7.75 (d, J = 8.4 Hz,
1H), 7.93 (s, 1H), 8.07 (d, J = 8.4 Hz, 1H), 8.78 (d, J = 2.0 Hz, 1H).

BC NMR (100.5 MHz, CDCls) 6 18.8, 126.5, 127.1, 128.1, 128.4, 129.2, 130.5, 134.7, 146.6,
152.4.

The 'H and >C NMR spectra data of product 900 were consistent with the literature.”'

7-Methyl-2H-chromen-2-one (9op)
o_0O
o
The product 9op was synthesized according to Method C using methyl lithium, and purified
by flash chromatography on silica gel (100:0-95:5, CH,Cl,/MeOH) (Table 1-2; 24.3 mg, 0.152

mmol, 76% isolated yield, including impurity).

The 'H spectra data of product 9op was consistent with the literature.**

Methyl 2-[5-Methoxy-2-methyl-1-(4-methylbenzoyl)-1H-indol-3-yl]acetate (9op)
COzMe

@YN
OMe

)

The product 9op was synthesized according to Method C using methyl lithium, and purified
by flash chromatography on silica gel (100:0-90:10, hexane/EtOAc) (Table 1-2; 28.2 mg, 0.08
mmol, 80% isolated yield).

'"H NMR (600 MHz, CDCls) 6 2.40 (s, 3H), 2.47 (s, 3H), 3.68 (s, 2H), 3.71 (s, 3H), 3.85 (s,
3H), 6.66 (dd, J = 2.4, 8.9 Hz, 1H), 6.89 (d, J = 8.9 Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H), 7.29 (d, J
= 8.2 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H).

BC NMR (150.9 MHz, CDCl3) 6 13.2,21.7,30.2, 52.1, 55.7,101.0, 111.4, 111.8, 115.0, 129.4
(2C), 130.0 (2C), 130.4, 131.0, 132.7, 136.1, 143.7, 155.8, 169.4, 171.5.
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The 'H and *C NMR spectra data of product 9ep were consistent with the literature.”'

tert-Butyl 2-[(1,1'-Biphenyl)-4-yl]-4,4-dimethylpentanoate (9aba)
Ph

Ot-Bu
0]

The product 9aba was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH>Cl,) (Table 1-3; 11.7 mg, 0.035 mmol, 35% isolated yield). White solid.

M.p. :84-86 °C

IR (neat) 669, 1142, 1731, 2341, 2957, 3734 cm ™.

'"H NMR (400 MHz, CDCl5) 6 0.93 (s, 9H), 1.39 (s, 9H), 1.53 (dd, J = 3.6, 14.4 Hz, 1H), 2.30
(dd, J =9.2, 14.4 Hz, 1H), 3.58 (dd, J = 3.6, 9.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.37 (d, J =
8.4 Hz, 2H), 7.43 (dd, J = 7.2, 7.8 Hz, 2H) 7.53 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 7.8 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) § 27.9 (3C), 29.5 (3C), 31.1, 47.3, 48.9, 80.4, 127.0 (4C), 128.0
(4C), 128.7 (2C), 139.5, 140.7, 173.9.

HRMS-DART (m/z): [M+H]" calcd for C»3H310,", 339.2319; found, 339.2317.

tert-Butyl 2-[(1,1'-Biphenyl)-4-yl]-4-methylhexanoate (10cba)
Ph

Ot-Bu
6}

The product 10cba was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH>Cl,) (Table 1-3; 21.8 mg, 0.64 mmol, 64% isolated yield, 1:1 diastereomixture and
including impurity). Colorless oil.

IR (neat) 506, 561, 648, 697, 732, 759, 843, 908, 1145, 1258, 1367, 1457, 1487, 1726, 2874,
2928,2961 cm™.

'"H NMR (400 MHz, CDCls) § 0.82-0.95 (m, 7H), 1.12-1.35 (m, 1.5H), 1.37-1.51 (m, 1H),
1.41 (s, 4.5H), 1.42 (s, 4.5H), 1.83 (t, J = 6.7 Hz, 1H), 2.11-2.17 (m, 0.5H), 3.57-3.64 (m, 1H),
7.31-7.46 (m, 5H), 7.55 (d, J = 8.2 Hz, 2H), 7.60 (dd, J = 1.8, 6.0 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) 6 11.13 (0.5C), 11.14 (0.5C), 18.9 (0.5C), 19.1 (0.5C), 27.97
(1.5C), 27.99 (1.5C), 29.4 (0.5C), 29.5 (0.5C), 32.0 (0.5C), 32.4 (0.5C), 40.2 (0.5C), 40.9 (0.5C),
50.09 (0.5C), 50.14 (0.5C), 80.50 (0.5C), 80.54 (0.5C), 127.00 (2C), 127.09 (2C), 127.12 (1C),

55



128.2 (1C), 128.3 (1C), 128.7 (1C), 138.9 (1C), 139.4 (1C), 139.64 (0.5C), 139.66 (0.5C), 140.8
(1C), 173.4 (0.5C), 173.7 (0.5C).
HRMS-DART (m/z): [M]" calcd for C23H300,", 338.2252; found, 338.2240.

tert-Butyl 2-(3,5-Dimethoxyphenyl)-4,4-dimethylpentanoate (10abd)
MeO OMe

Ot-Bu
o

The product 10abd was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH>Cl,) (Table 1-3; 8.3 mg, 0.026 mmol, 26% isolated yield, including inseparable
impurity). Colorless oil.

IR (neat) 669, 1142, 1206, 1596, 1729, 2341, 2928 cm ™.

'"H NMR (400 MHz, CDCl5) § 0.91 (s, 9H), 1.39 (s, 9H), 1.46 (dd, J = 2.8, 15.6 Hz, 1H), 2.23
(dd, J =9.2, 14.2 Hz, 1H), 3.45 (dd, J = 3.2, 9.6 Hz, 1H), 3.78 (s, 6H), 6.33 (t, J/ = 1.8 Hz, 1H),
6.46 (d, J = 2.4 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 27.9 (3C), 29.5 (3C), 29.7, 31.0, 47.2, 55.3 (2C), 80.4, 98.7,
105.7 (2C), 139.4, 160.7 (2C), 173.5.

HRMS-DART (m/z): [M+H]" calcd for C19H3104", 323.2222; found, 323.2214.

tert-Butyl 2-(4-Acetylphenyl)-4,4-dimethylpentanoate (10abi)
Ac

Ot-Bu
(0]

The product 10abi was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH»Cl,) (Table 1-3; 16.9 mg, 0.056 mmol, 56% isolated yield). Pale orange solid.

M.p. :54-56 °C

IR (neat) 669, 1144, 1685, 1732, 2341, 2957, 3733 cm ™.

'"H NMR (400 MHz, CDCl5) § 0.91 (s, 9H), 1.37 (s, 9H), 1.50 (dd, J = 3.6, 14.0 Hz, 1H), 2.28
(dd, J = 8.8, 14.0 Hz, 1H), 2.59 (s, 3H), 3.60 (dd, J = 3.6, 8.8 Hz, 1H), 7.40 (d, J = 8.4 Hz, 2H),
7.90 (d, J = 8.4 Hz, 2H).

BC NMR (100.5 MHz, CDCl5) 6 26.6, 27.8 (3C), 29.5 (3C), 31.1, 47.0, 49.4, 80.8, 127.9 (2C),
128.6 (2C), 135.7, 147.1, 173.1, 197.8.

HRMS-DART (m/z): [M+H]" caled for C19H205", 305.2111; found, 305.2106.
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2-{1-[(1,1'-Biphenyl)-4-yl]-3,3-dimethylbutyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

(10aca)
Ph

Bpin

The product 10aca was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH»Cl,) (Table 1-3; 24.4 mg, 0.067 mmol, 67% isolated yield, including inseparable
impurity).

'"H NMR (400 MHz, CDCI;) 6 0.92 (s, 9H), 1.157 (s, 6H), 1.160 (s, 6H), 1.53 (dd, J = 3.6,
13.6 Hz, 1H), 2.04 (dd, J = 3.2, 6.8 Hz, 1H), 2.44 (dd, J = 3.6, 10.0 Hz, 1H), 7.29-7.32 (m, 3H),
7.41 (t,J = 7.6 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 7.2 Hz, 2H).

BC NMR (100.5 MHz, CDCls) § 24.4 (2C), 24.6 (2C), 29.7 (3C), 30.2, 46.6, 83.3 (2C), 127.07,
127.12 (2C), 127.3 (2C), 128.6 (2C), 128.8 (2C), 137.7, 141.2, 144.1.

The 'H and >C NMR spectra data of product 10aca were consistent with the literature®.

2-[1-(3,5-Dimethoxyphenyl)-3,3-dimethylbutyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(10acd)

MeO OMe

Bpin

The product 10acd was purified by flash chromatography on silica gel (100:0-1:1,
hexane/CH»Cl,) (Table 1-3; 13.3 mg, 0.038 mmol, 38% isolated yield).

'"H NMR (400 MHz, CDCls) 6 0.90 (s, 9H), 1.165 (s, 6H), 1.168 (s, 6H), 1.47 (dd, J = 3.6,
13.2 Hz, 1H), 1.98 (dd, J = 10.0, 13.2 Hz, 1H), 2.32 (dd, J = 3.2, 10.0 Hz, 1H), 3.77 (s, 6H), 6.24
(t,J =2.4Hz, 1H), 6.41 (d, J = 2.4 Hz, 2H).

BC NMR (100.5 MHz, CDCl3) 6 24.4 (2C), 24.7 (2C), 29.6 (3C), 31.3, 46.6, 55.2 (2C), 83.2
(2C), 97.4,106.1 (2C), 147.3, 160.5 (2C).

The 'H and >C NMR spectra data of product 10acd were consistent with the literature.*

1-[(1,1'-Biphenyl)-4-yl]-3,3-dimethylbutyl Pivalate (10ada)
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O
OJ\t—Bu

The product 10ada was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH»Cl,) (Table 1-3; 24.5 mg, 0.072 mmol, 72% isolated yield). White solid.

M.p. :93-95 °C

IR (neat) 405, 669, 1151, 1728, 1978, 2342, 2359, 2959 cm ™.

"H NMR (400 MHz, CDCl5) 6 0.98 (s, 9H), 1.20 (s, 9H), 1.61 (dd, J = 2.8, 14.8 Hz, 1H), 2.01
(dd,J=9.2,14.8 Hz, 1H), 5.85 (dd, J = 2.8, 9.2 Hz, 1H), 7.31-7.37 (m, 3H), 7.34 (t,J = 7.6 Hz,
2H), 7.55-7.58 (m, 4H).

BC NMR (100.5 MHz, CDCl5) § 27.1 (3C), 30.0 (3C), 30.5, 38.6, 50.4, 73.7, 126.3, 127.1 (2C),

127.2 (4C), 128.7 (2C), 140.3, 140.8, 142.1, 177.6.
HRMS-DART (m/z): [M+NH4]" calcd for C23H34N 102", 356.2590; found, 356.2593.

1-(3,5-Dimethoxyphenyl)-3,3-dimethylbutyl Pivalate (10add)

MeO OMe
x\?"
O)kt-Bu

The product 10add was purified by flash chromatography on silica gel (100:0-7:3,
hexane/CH»Cl,) (Table 1-3; 16.7 mg, 0.052 mmol, 52% isolated yield). Pale yellow oil.

IR (neat) 669, 1155, 1205, 1598, 1729, 2341, 2957 cm ™.

'"H NMR (400 MHz, CDCl5) 6 0.96 (s, 9H), 1.20 (s, 9H), 1.55 (dd, J = 2.4, 14.8 Hz, 1H), 1.92
(dd, J = 9.6, 14.8 Hz, 1H), 3.77 (s, 6H), 5.72 (dd, J = 2.4, 9.6 Hz, 1H), 6.33 (t, J/ = 2.4 Hz, 1H),
6.43 (d, J = 2.4 Hz, 2H).

BC NMR (100.5 MHz, CDCls) 6 27.1 (3C), 29.9 (3C), 30.5, 38.6, 50.5, 55.3 (2C), 73.8,99.2,
103.6 (2C), 145.7, 160.8 (2C), 177.5.

HRMS-DART (m/z): [M+H]" calcd for C19H3104", 323.2217; found, 323.2219.

1-(4-Acetylphenyl)-3,3-dimethylbutyl Pivalate (10adi)
Ac

0]

O)J\t-Bu

The product 10adi was purified by flash chromatography on silica gel (100:0-7:3,
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hexane/CH>Cl,) (Table 1-3; 15.8 mg, 0.052 mmol, 52% isolated yield). Colorless oil.

IR (neat) 669, 1151, 1267, 1689, 1729, 2340, 2958 cm .

'"H NMR (600 MHz, CDCl;) § 0.97 (s, 9H), 1.19 (s, 9H), 1.55 (dd, J = 2.4, 7.2 Hz, 1H), 1.97
(dd, J =9.0, 15.0 Hz, 1H), 2.58 (s, 3H), 5.82 (dd, J = 3.0, 9.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H),
7.92 (d, J = 8.0 Hz, 2H).

BC NMR (150.9 MHz, CDCl5) 6 26.6, 27.0 (3C), 29.9 (3C), 30.5, 38.5, 50.1, 73.5, 125.9 (20),
128.7 (2C), 136.3, 148.3, 177.5, 197.6.

HRMS-DART (m/z): [M+NH4]" calcd for C1oH32N;O5", 322.2382; found, 322.2376.

1-[(1,1'-Biphenyl)-4-yl]-3,3-dimethylpentyl Pivalate (10bda)
Ph

O
Okt-Bu

The product 10bda was purified by flash chromatography on silica gel (100:0-10:1,
hexane/CH>Cl,) (Table 1-3; 14.0 mg, 0.040 mmol, 40% isolated yield). Pale yellow solid.

M.p. :54-56 °C

IR (neat) 697, 836, 1280, 1487, 1727, 2360, 2961 cm .

'"H NMR (400 MHz, CDCl3) 6 0.85 (t,J = 7.6 Hz, 3H), 0.93 (d, J = 9.2 Hz, 6H), 1.20 (s, 9H),
1.23-1.39 (m, 2H), 1.59 (dd, J = 2.8, 15.2 Hz, 1H), 2.00 (dd, J = 9.2, 14.8 Hz, 1H), 5.84 (dd, J =
2.8,9.2 Hz, 1H),7.31-7.37 (m, 3H), 7.43 (t,J = 7.6 Hz, 2H), 7.44-7.58 (m, 4H).

BC NMR (100.5 MHz, CDCl;) 6 8.5, 27.0 (3C), 27.1 (2C), 33.0, 34.7, 38.6, 47.8, 73.5, 126.2,
127.1 (2C), 127.2 (4C), 128.7 (2C), 140.3, 140.8, 142.3, 177.6.

HRMS-DART (m/z): [M]" caled for C24H3,05", 352.2402; found, 352.2407.
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HorE AR S R T — R A I No~T 0B L AR

18 AT RIS K OMERERE

SEARENC s E O =y bR OREE TR T, BIFEFIERS 7 X L A— A DHEK
DBLIN O BERFERTIEH DO, AHEEHICE O TR L L CHikr 72 iR E
Thbd, 82D 2ODTVANENRRIET DT IN~F TN T 77, K
WEHEMRR L D 570 ATHD V2 BRD 2 >OT7 PHNVENRF CEETERLTH
T %6 KBF 77 2 71V (persistent radical) & %ﬁ'# 7% 771 )V (transient radical)
DT IAN~F NIy TV TH, mEIRICHEITT 5 (Persistent Radical Effect =
HEVO:@H&K%6<?%MV59WWﬁnyV7%%ﬁLk\ﬁﬁ%@@ﬂ
DFEETEREOGH, IEFHZ < ®EIN TS, LinL, Z0IZEAEDN, bz
filii &> 2 W T E RIS IATE R A LB L T D T2, %&5@%%@@%L<iiZW%
—BENEZY, ST e A2 T 5, Licdio T, AERLETO—E %X
EoT, 2 DOFVANFEERKISE, TN TANT TV ‘/7%@;?‘; &
N TEIE, EEMD ORI EOL T vt ADOBFRICEN S (Figure 2-1),

transient
electron

donor “_ / .—.<: radical-radical
i
///—SET\\\\ coliphe '5*'*%
electron sp-rich
accepter persistent structure

Potent strategy for construction of congested structure

Figure 2-1. Radical—radical coupling based on the persistent radical effect.

2019 =LA MAFFERIZ PREICEE S TGV AN=-FG PN T v 7V 7 RIER Lz,
N-~T 1B VX (NHC) fillitf )% BA%E L C & 7= (Figure2-2, LBt *° ARFIET
X, 7T e REE 3 ki KO 2 AR VAR CEEHER (B LiEitEo 27
V) DR 7 v A~ 7Y o T ROGSHEIT L Em W7 b a5 25 HIEFE T,
NHC fiifft - 7 v B KX VIR S5 Breslow T A D= ) F— MEWL, BFZE
RTHLBLETCIEET AT VIR L T EBENEZ 52 LT REMRTITF LT
DIV ERFMBRT VRN T DANDENENERIIND, TN T I INFED T T
N=TFGANTI TV 70 v v 2D E L HIZNHC iEn /e 5, £,

T, AR FIE S LT, L EE ST A W e VAR U EERER (T LA I X
SN IR E) LT UHNEIMED 7 v ATy TV TR, D 7 N—T Ko T
a7 (Figure2-2, FE) '8 NHC fillif & VR U EEHEAR L VR EhD T Vv
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7YV AHEE IS L CEBENE YRR T AT AN ET IR LT
CANPNEL, TVIN=-F VNI T TITEDND, L L, AW EECr,
JERCIRTTRARE L T O A NRIBEER & O— BT BN L D2RET LTI NALNAEL DT
D, BATFRERARIEICHIRR & 5,

Oxidative Process
(Our previous work) X(NHPI
(0] NHC Q o} well explored
X \%\‘ _
—e ; )
H )k. base <\Y N \ radical-radical

‘R Ogoupling
Breslow int. X > \'
enolate form <\ ] \
y-N \+R . :
Reductive Process persistent
0 O 'BZ transient
NHC X RP _
N//\ N)ko — <\ W)ko +e
— ~N. =
= YR v explored
acyl azolium
E,y=-0.8~-1.0V RP = Radical Precursors

Figure 2-2. Radical NHC catalysis. Oxidative process (upper) and

reductive process (bottom).

ZOXORERERE 2, MGEERTO BT RZEN LIZETT VB NHC
fbBEROS A R CE AR, EREOMEE RIRTE 5 LE L, BARMIZIL, Erits
K& LT, IRK AFEGDPOETFEE TR THLAWA T FLEMITER L. 2,
LIAL2RR G, 2V E THE SN AEE VR EawiE, —KICX D ETFEE 7 4 5L
RUHET — MEEROWREICHBNTE, 73T YU 7 AFEE (Bip=ca. —0.8~-1.0V
vs. SCEin MeCN) (24 % —E BB A Z T DI+ 7 BAnicE L2V (Figure
2-3) M, —H T, RK@E 1 ECTHLIMAEY . EERE AR AR T B HkOR Y
F7 — FER 1a 1TRMEIRIEIZER W T, 887 —&E &Kl ([EQa™/2a")] = 2.2 V vs.
SCEinMeCN) & U CHEEET 5, £7-. UAFE=ETIiL, AR v E AW & 2,2 -(pyridine-
2,6-diyl)diphenol (PDP) X VB LNLHARTFET — MEK 2a & AL TEETH U |
JIEDIRREIC W T 1a RO S EZ R T Z E 2 R LT 5 2% Z @ PDP HED
RUFRT — MERT, ST AR VEBREIT MY T A a R L— MEDLFRATEET
BT, BRREEZAT D L0 REMRAGWT PO NVHEOERNRFIRETH D, Licio
T, #EILHY T ¥ 1V NHC BSOSkt LT, TR YR T — MNEiRE — B & oAl
OFHET P AVHIBERE U CGEAT 5 2 & T BN 7 AL SIS AT
2% LHHE L= (Figure 2-4),
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Figure 2-3. Redox potential of the reported alkylborates.
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AN O— (o)
o TN ST T KT
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Figure 2-4. Merging radical N-heterocyclic carbene catalysis with

direct photoexcitation of alkylborates.
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FoHi AURT—REERLETINAITS—ND 7 a ARy 7V T RIG
FIROVEEMGICESE R UERT — MHEE T I NAA IF =L DTN T 1
2Ty TV T ERRGE Llc, FIHDEIST . DMF 884, ~ U 7Y — L8 NHC fitfi
N1 &t iRfEE DA (15mol %) FET., AUFET— hfifA 1a (0.12 mmol), 7 /LA
I XV —)3a (02mmol) ZESEZEZ A, BIO k2 4aa 53 NMR ILE 58% T
F 517 (Table2-1,Entry1), NHC filifi: e UC, VARED LV /S22 N2, £213 &
DEWVRERERET DA IX = ABINI BXOTFT 7 Y — 8 N Z W, 7
UIVBIRDULRIFAL T L7z (Table2-1, Entries 2—4), ZiUlX, 7 /v7 V' U 7 AFREK
DHGRE D I A~ v FRoFF T P HNDOLERICTERT S LM EN S, TR
FT—E LT, TVNT oW AL T IV R T Vv A2 Z W BRI DT 0 e n
SINRIFETFT L, XX 7407 x=)LT 27 )L A3 OEAITITRIEICINR AL T &
72 (Table 2-1, Entries 5-7) , {5 & L Cid, DMF Oft 0 |2 MeCN = HWZERIZ H .
ZOICRITIR T T 5 OO DT VAL HEST L7 (Table2-1,Entry8), 7 /L% /L7
CANEIEEERE LT, IR HWSNTWS R U 7 vd R L— MEEZRWEZEIZIE, B
BID 7 B ARNRELE SN0 > 72 (Table2-1, Entry 9) , AIfE % B U7V RE Tl
L RSP HEIT Lo 72— T, NHC it 2RI L 7e WIGEIZiX, TR b H
BIDT 2 IWALIENEE S 407~ (Table 2-1, Entries 10and 11), R 7 B U HEDER T HET — k
SEIR 1a DRIV I PDP HSED AR 7 FET — MK 2a 2 I WZBRICIE. D P72 HIL
FIFETTH2H00, FARICEHNOZ a2 Hh v 7V > 7 {K% 5 2 7= (Table 2-1, Entry 12) ,

oo
v+
NVN“Q
~“BF,
—)T:LP O cat. N1 o

oB—o0 cat. Cs,CO
= DMF

1a 3a 4aa
NHC catalyst
N —
/: v+ N \7 N e
N A N S. _N
- Cl- o
ClO4
N2 N3 N4
acyl donor E
0 0 F F
N O
F s N
<N§J F o
F
A1l A2 A3
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Entry Deviation from standard conditions? Yield (%)® of 4aa

1 none 58
2 N2 instead of N1 14
3 N3 instead of N1 17
4 N4 instead of N1 15
5 Al instead of 3a 39
6 A2 instead of 3a 39
7 A3 instead of 3a 10
8 MeCN instead of DMF 44
9 t-BuBF;K instead of 1a 0
10 no light irradiation 0
11 without N1 16
12¢ 2a instead of 1a 35

dReaction was carried out with 1a (0.12 mmol), 3a (0.1 mmol), N1 (0.015 mmol), and Cs>CO3 (0.015 mmol) in DMF
(1 mL) under Kessil PR160L 440 nm irradiation at ambient temperature for 6 h. ®"H NMR yield. “MeCN was used as
a solvent.

Table 2-1. Screening of reaction conditions.

FRROFHERF TR O N RESIFIC KRS E, TAF AR Y FET — MEAR (1 and 2)
BELOT A I XY —)v 3 OFRE M OMRGT 21T -7 (Table 2-2), £7, A7
T UHRORTET — MER 1 B I OPDP RO T — FMEK 2 2TV TG
EAToT, KA v 7Y T RUSMIEWT, B =8k, 5 kB L0 T L% v
TIUANDEMBARETH >7= (4ab—deb), £72= MV VEEZHFT LT VFILRUET
— REEA 2f HUCRIFE FT Db 0D, BHOT VLK 4fb % 5 272, Z OIEOK
X, PDP H2RD T — RER 2 127 ANV RAEZRORSITER T2 Ll S D, A
RURT — MERIL, TOEKT OO NVEREOR S DX, AIBDERRF T, AFLT Y
ANVEBLOEKBZAT IV CHNORENARETH D, LIN->T, 7V HANER
NHC i 2@ A2 2 & Ty JInT 2 WK BN E T 2T (4gb—4gd) B L
FKRFET T/ ([2H]4gb-[2H]4gd) == M ZEEARRETH > T=,

FENT, T3 A 22— LOREAFHEICOWT b Bi21T-o 72, ZEEMFHEICE
WT, FER LICEFEEED DWITEFRIIEGT 256, EHHICB0WTHHENOD
T ARG B L7z (4ae—4ah), FrlC, —RICEBE BB L TEFPEIRMEDR
WETFa— R Y VIR m R, R < T v A 1T L2 (4ad, 4ag, and
4ah), ZEEREFHEIR L NT T TFVT OHNVHEIKRTO A BN TR 5 NI 7 V7R
VR 3IICBWT S, IRITERN S DD T ALY 4ai B 5272 12
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; o=
R3 \ +
R1J(_ Lit N\?N
oB—o0 “BF,
2 77w, 0 ! o)
O gi--R g cat. N1
o -\/_ . N cat. Cs,CO4 R% R

OP—0 N
1 T e I = DMF R2 R
7 3 4
=
2
Scope of alkylborate®
tertiary secondary primary
o} 0} 0 o
%Ar A Aﬁk \/\)I\Ar NC/\)kAr
4ab 62% (72%) 4bb® 27% 4cb 52% (64%)  4db 43% (54%) 4eb 44% 4fbb 26%

methylation / deuteriomethylation

o) o 0
H,C 4gb° 26% H3C = 4gc® 18% H,;C 4gd° 22%
C O, C (o) [ 0,
(DC) o [2H]4gb® 44% (DsC) HN [2H]4gc® 21% (DC) Boin [2H]4gd® 22%

Scope of carboxylic acid derivative
O O O O
N <J N g

OMe h Bpin
4ae 46% (63%) 4af 58% (67%) 4ad 48% (67%) 4ag 48% (57%) 4ah 40% (54%) 4ai? 29%

Reaction was carried out with 1 or 2 (0.12 mmol), 3 (0.1 mmol), N1 (0.015 mmol), and Cs»CO3 (0.015 mmol) in DMF
(1 mL) for 6 h under Kessil PR160L 440 nm irradiation. ?Ar = 4-biphenyl. '"H NMR yield in parentheses. Borate 2 and
MeCN were used instead of 1 and DMF. °The reaction time was 24 h for methylation and deuteriomethylation. was

used as a solvent. “N2 was used instead of N1.

Table 2-2. Substrate scope of radical cross-coupling.

F3H TN DOETFANTINFRAT VIALKIE

ABOSOE R Z @D D20, TV O =/ By IRFEFREE RS E B
L7 23 Tl oV RFBEERSNEL, ZODRFE-RFEEH % 2T
BT E D72 AFEG IR DM B ARG RE & T DI R FIETH 5,
INE CERBSREABE A N2, IIVR A Z Az R b LTAL AL B S
T3, L s, 2oRIGSOMWE . B-KkHE HR%E’@T»#‘/@EAWK%;E@EIJ
FOSISBEE T Z LN TH o 1o, H. iR 7 D2 R+ 25, 7
AN =R TS < AR L, B R AR Iﬂﬂ?%@F‘n‘ﬂL)ﬁ’i’lﬁlJﬁi“@% %
72, FEFITEENEE > TWND, YHFEETO NHC ikl W=7 v o7 n
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TIVF ARG OE A BB 0, BRLRYZ 277 L NHC RO 3-S5 < = ioy 77
7V T ROSITIAS BHFE R HEA TN D 75323 — T It T 210 NHC il iSOG
WS TG U HINY L—2 N LB F L0 T REBEREITIZE A FHEI AT
7200

ZOXRI B RERE X, TNV AT DR TRET — MERET A IX =
AN T VX ANT ARG AT LTz, FIHDEHS T, DMF i, R 7Y
— /LA NHC filt#it N1 & kg v A (15 mol %) fFfE T, A UHET — MEA 1a (0.12
mmol), AF L > 5a (0.2mmol), 7 /LA I # Y —/L3j (0.2mmol) ZKjLSHoE Z
Ay BHIO =Ry 5~ 7Y > 71K 6aaj 78 NMR 3R 51% T 5 i17- (Table 2-3, Entry
1), NHC filft & UC, SAEEO LV /NS 7e N2, 72T L0 @V RE®REZET LA
2= NIN3 BLOT TV — B Na & VT BRICIE, 727 v U bR OICEEIX
fiXF L7z (Table 2-3, Entries 2—4), & L CiX, DMF Oft Y (2 DMSO X° DMA %
PV ERIZIE R L7= (Table 2-3, Entries 5 and 6), DMF OGN EEIZH E 0V K
R B2 7075 7= (Table 2-3,Entry 7), A7 HRKDAR T FET — FEEK 1a DR
HYIZPDP HRDHE T HRT — MK 2a 2 AV BRIZIE, RIZEOIECTHRNOZ o A d
v Y TR % G- % 7= (Table 2-3, Entry 8), S 52, Z D PDP HEKDKR T ET — Mot
K 2a W FRIFIZBWT, il h v 7V U T ORERTHES B, AV
MeCN [ZZ5 8 L 72 BRICUN R 232k # L (Table2-3, Entry9) . A F L ORMESL 5 Y& F
THMUTZBRZ 79% CTEBO = oy B v 770 » ZIR3ME: Hiv7- (Table 2-3, Entry 10)

—\( Lit 0] cat. N1 O
_ Li cat. Cs,CO4 PN
O O'B\O + \ + N//\N)K‘./ﬁ e —— - \
O Ph = L MeCN Ph X
1a 5a 3j 6aaj
NHC catalyst
=N =N [\
07 v+ N/_ \N+ N /N Q
N. N NN o
~“BF, - crr SVN\Q
Clo4~
N1 N2 N3 N4
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Entry Deviation from standard conditions? Yield (%)® of 6aaj

1 none 51
2 N2 instead of N1 29
3 N3 instead of N1 14
4 N4 instead of N1 17
5 DMSO instead of DMF 13
6 DMA instead of DMF 41
7 DMF (0.33 M) 50
8¢ 2a instead of 1a 45
99 2a instead of 1a 68
10® 2a instead of 1a 79

dReaction was carried out with 1a (0.12 mmol), 3j (0.1 mmol), Sa (0.2 mmol), catalyst (0.015 mmol) in DMF (1 mL)
under Kessil PR160L 440 nm irradiation equiped with PhotoRedOx Duo for 14 h. ®'"H NMR yield. °Reaction was
carried out in DMF (300 pL) for 6 h. Reaction was carried out with 2a (0.12 mmol), styrene (5a) (0.2 mmol), 3j (0.10
mmol), N1 catalyst (0.015 mmol) in MeCN (300 pL) under blue LED (440 nm) irradiation for 6 h. 5 equiv of styrene
was used.

Table 2-3. Optimization of reaction conditions.

FRROEHERF TR LN RESEIFIC K SE, TAFNRURT — MEKk2, T
V5 T IA I Y —)v 3 OB P OMET 41T -7 (Table2-4), 7, PDP H
DT — FEIK 2 ZHWTHETZ1T>7- (Table 2-4, EE¥), PDP HRDAKR T HET — k
PEIRIE, RS T AR U LMY 7t e R L— MENGIHRRETH AT, B
REIRA AT DA DT NXNVEEDEANNARE TH o7z, B FrAR Ui LU 1 4- 4%
RUFEIC LY KHET 26RO FEEMRES GO ARAFEICHEAT 5 2 & T,
5T VX AL EIT LT (6aaa—6jaa), —fXIZ, B BB L OB R T X NLT Y
AMIZRG Ty T TISBAET 5120, 7V ) bR E~O5 X R EE T H
Do =T, KRFEOLHEITIT. TNODZWin 1y 7V TR T VXTI D
RED TV o TIERPEE A ETRETIZ, 5 k. F—RB I ORATF LT OB
FNTTRETH > 7= (6caa—6gaa), K7 1& ADT ILF)LT A )V R 7250 PP I,
S FTREZR AR U 3R T — MEEIROROSHEICERS 2 LHE S D,

BWT, TIA 2 E Y — )L Ol A#EEICHOWT SRt Z21T - 72 (Table2-4, H1E%),
ZRBBFHEMIZB N T, HHR LICE TGRS 2 WIEE RS EEZ AT 554,
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o) cat. N1

cat. Cs,CO3
\ + N//\ N~ R —_—
R* N MeCN
5 3
Alkylborate
tertiary

R2ZR! ge

6aaa® 76% (81%) 6baa 63% (71%) 6haa®° 34% (51%)

secondary primary

CO,Et

oL TR oL

6caa® 45% 6kaa 48% 6eaa® 42% 6faa® 25%

Acyl imidazole

Aromatic acyl imidazole

6iaa® 64%

6jaa’9 59%

methylation

oda

6laa® (8%) 6gaal 29%

Aliphatic acyl imidazole

N
6aam 63% (76%)
o

\ N\\ W A

) Ph g Ph g

6aan 51% (58%)

6aac 63% (67%)

6aao 67% (73%) 6aap 62% (81%)

Alkene

63% 50% 64% 63% 70% 67% 88%
Me Cl Br O,Me

6aha®
60% (81 %) 49% (63%)

6aar 69% (quant)

Ph

6aas? 58% (79%) 6aat 43% (68%)

Bioactive molecule

6aau 58% (73%)
loxoprofen analog

6aav 33% (47%)
gemfibrozil analog

6afa
52% (70%)

CFs
m 6aja
MeO” SO 12%

Reaction was carried out with 2 (0.24 mmol), 5 (1 mmol), 3 (0.2 mmol), N1 (0.03 mmol), and Cs,COs3 (0.03 mmol) in

MeCN (0.6 mL) for 6 h under Kessil PR160L 440 nm irradiation equipped with a PhotoRedOx Duo. 'H NMR yield in
parentheses. ?2 equiv of styrene was used. °The reaction was carried out in a 0.1 mmol scale of acyl imidazole. °The

reaction time was 43 h. “Borate (0.15 mmol) and MeCN (1 mL) were used. ®4 equiv of styrene was used.

Table 2-4. Substrate scope of radical relay-type alkylacylation of alkenens.
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HHIZBWTHHIDO =gl v 7 U TIRDBE B T (6aaf, 6aaj, 6aag, and 6aak)
TFNT D ANRED RSER 2 D LR o MRS A AT 5 EIZEB W T
B, TIFAT IOUBERBRE W T 517z (6aab and 6aaj) A TIEDO(LFR D
mEpz, S a— AR Y VERLARFREFOLEATLEEOLEICH, ME e < #H
AR CTd -7 (6aad and 6aam), F7-, FEIEI VR A BHEKDOT A I 2 —L (3Bi
and 3q—3t) &, ABLRIZEBWTEMAFEETH 7= (6aai and 6aaq—6aat) , FFlZ, il
FTHEIN TS T P /0 NHC RS Tl H T & R o To L RBEEFE O R W
ZRANR R OT VOB AN L ARETH o7 (6aat), FH kIS L O kM5
MR NR B FGT 50X Y 77 0 A7 0 7 a e EOAIELE ST b
HHATHE TH -7 (6aau and 6aav), Z D HEIFHILKOER L, BUKBIfEIZIZ/2 > T
WRWD | AFEORYFET — FERO @O —EFBEIREE U] 72 NHC il g iRz
ELRT 2 EHERI SN D,

RIZ, T OEAFEHIZOWT S E 21T -7 (Table2-4, TE), AFIET, X
F L OFHEFR LI OBBEZFT 556100, RIFRIGETHRO T VX LT &
JALIRDMS: BT (6aba—6aga), 5 U EDT N7 L EHANSZ LT, HoRINERTHY
D=3y 7V o TEPGELNLD OO, BIZERY & U CRERIREEZ: “plior > 7Y
VIRINRIET AR L ot FA TV 2 v AT A= AT e T L— O ]
RETd o7z (6aha), A F L U HHRIELISMC G, 77 U ALEEA TV S b FEETH Y |
1,3-7 h = A7 )L 6aia DMENRZ2 N B 5 B LT,

04 8 SOCHERE T

RUFET — A 1a, T A I XY =) 3a, BIORISTBETH LT LT VY
U AHFRME INT-P 2% U COMMfRIT 217> 72, ZOFRUHET — MR E HWZiET
07 2 J1 VAR NHC bR, MF2EGR CAE L7, AR U ET — FMERO L
RIS L LRGSR L R 7 av 2N BESN D %, Thbb, 74T U DA
PEIR INT-1 25 ATHEIC K 0 hEIRAEICERE D | AR U KT — MERICH L C—E gk
L. ENENTTFILTINBLIOT AL T DOV EARTARSRE TH S, L
DL, SR AT RUIZRBWT, TV T Y U o AEER INT-T OWLINGRE 1T,
BURT — MEEK 1a OWINGREE & g LT, D THIH NI &b, FURT— A
BRI S D Z LR S D (Figure2-5), S5, AU FET — MEE 1a
ETINT YU T AP INT-I £720137 S b A 2 &Y =)L 3a TN ENDIRERIRIC
BT WIROE AR KOS AR AT SO —7 OIRIRISRE R Z L 2%
&35 &, EDA SERDIERIC L 5 MG G E 347 (Figure 2-6) ,
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Figure 2-5. Overlaid UV/visible spectra of borate 1a, acyl imidazole 3a, and acyl azolium
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Figure 2-6. UV/vis absorption spectra of mixed solution (borate 1a : acyl azolium INT-I = 1:1 or

borate 1a : acyl imidazole 3a = 1:1). Red line: mixed solution (borate 1a : acyl azolium INT-I =

1:1) in 0.1 mM DMF. Blue line: mixed solution (borate 1a : acyl imidazole 3a =1:1) in 0.1 mM

DMF.

WUFT — MR D DO—EBFBEEREICEBIT S

A A D <L BB SRR

HAiT7-72 (Figure2-7), RN UFET — &K 1a (2 LT, HHAIELTT AT D
LAHFEAINT-I B LT LA 22 —)L 3a ZIRINL7ZBRD. Stern-Volmer 7' 12 v k
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2157, TROMENSL, 7Iv7 Y U U AFRIKINT-L 378 U FET — MK 1la 2 %)
FHINZHENT D Z ERRB Iz, —H. TIA I XY =)L 3a DGE, hRITEN
HLOD, FURT — MEA 1la BHESND 2 EREREINTZ, TNOHORENS, fib
FRBED R TR T — MEERN OISR F TR LT VAT VU U AR E~D—E
FREORAEN RSN, E£72. NHC 2 3 I KOS RS 3a D4 TR
RS BHROT VI IACKRIE O N ERRRIL, Bllllshiz7 ey FORERE b —
% L7= (Table 2-1, Entry 11),

Stern-Volmer Plot

20 1a with
18 O BF,~
16 ° QN
N
14 N-NF
Mes
12
INT-I
®
~10
8 1a with
6
Z>N
4 N
, o =
3a
0
0 500 1000 1500

Quencher Concentration [uM]

Figure 2-7. Photoquenching experiment of borate 1a (in 2mM MeCN) with acyl azolium
INT-I or acyl imidazole 3a.

TIH OMEERICE ST, HEE SN D oHELZ T (Scheme 2-1), RUHET — b
PERL T NA I XS =D Ry 0 A v ) 7Tk, NHC filfit & 7311
Y= NIBRIS L. TIT Y U T SRR INT-L 3BT 5, Z O F A INT-I
Wt LCL AR it SN oAm o R T — MR 1 £7213 2 0D — BT BENDELT
L. BHEGRTIFNT NN EEEHEMBRT IVELTSALNENETNAEL S, 2 b
ODTIHANED T I HN-F NIy T 7IZEY, BROT R ALEY 4 & 5
Z25 & & BT, NHC N 43425 (Scheme 2-1, WA 7 V), TV x4 5 =
T VFRIT MRS N TIZ, T S OIRINC LY, R #ET — MR
KDTINXNT O HIVNT VI 58T AN, Friz g RFBH LT ¥ IV
T2, ZOREFLTZHNETTFNTIHINVEDTHN=F AN T 7R
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HITT 5, THbbI3V Y L—RTFat 22k, TLXLT I MEERY 6 %5
2% (Scheme2-1, F% A 7).,

i i
~ 7 ~Np5
NN TR N\/J N7 R
= 3 — 3
RN )\R 0 ex;:ited R (‘) A/A B
.. \ te \
0 hE N S sta * N\H .
\ RS RS
v Sen e bY% e o
-NF y- Y-
R? R! R R BXs R R2R! g4
4 INT-I \/ 1or2 \/ INT-I
- Two-component Three-component
R3 (\) R coupling SET SET coupling
N
e
21 RN \
R°R E‘N N Rmzx RE(N R
INT-lI from 1: BX3 + LiY N INT-II’
P M from 2: Y-BX3 R3 9 _h L0
w0 e ol 8%
R N e v N7y RER R (¢ ORs
R" ¢ dLow — R N-N
N R " 1
R~ ZORe

Scheme 2-1. Possible reaction pathways.

o5 i A

AR U HET — MNEEROBEEREZIEH Lz, 7 ¥ AN TER NHC il )i % B
LTz, K7 AT, AIHOLRR T, JChEREBOR Y FET — MERE T LT Y
Vo LR E ORITO, —E 2 aiims LT, PREICES BRI T 21—
FIOANT TV TBEITT D, TOJERENR T 2 0 NHC filRIC K D, AU
TR ERETINAIF =D aRT TV 7 BIOKRUET — MR E
TINAIFS =KD T NI DTN =T VX LT AL FIRE & 72
STz, KRS, TN DT NFAT AL, ZAVE Tl 2R EE T o o 7o ii AW EVE
W2 FEB U, KAFEE 7 P eIz T 2N a 7 vt 2 224k L,
BITHY T ¥ 10 NHC SRS 381 2 87 7 OGS R A = LTz,
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5 2 O RBRIA

m Instrumentation and Chemicals m

NMR spectra were recorded on Bruker AVANCE NEO 400N spectrometer, operating at 400
MHz for 'H NMR, 61.4 MHz for ?H NMR, 100.6 MHz for '*C NMR, 376.5 MHz for '°F NMR
and 128.4 MHz for ''B NMR. Chemical shifts were reported in ¢ ppm. Chloroform-d; (CDCl;)
containing 0.03% tetramethylsilane (TMS) (>99.8%D, Cambridge Isotope Laboratories, Inc., Cat.
No. DLM-7), acetone-ds (99.96%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-38)
and dimethyl sulfoxide-ds (99.9%D, Cambridge Isotope Laboratories, Inc., Cat. No. DLM-10)
were used as solvents for NMR measurements at ambient temperature. Chemical shifts (5) for 'H
NMR are given in parts per million (ppm) relative to relative to TMS (J 0.00 ppm in CDCl3), or
residual acetone (6 2.07 ppm). Chemical shifts (J) for *C NMR are given in ppm relative to
CDCls (6 77.0 ppm), or residual acetone (6 30.6 ppm) or residual dimethyl sulfoxide (6 39.5 ppm).
Chemical shifts (&) for '’F NMR are given in ppm relative to o,a,a-trifluorotoluene (6 —63.0 ppm
in CDCl;) used as the external standard. Chemical shifts () for "B NMR are given in ppm relative
to BF3-OEt, (6 0.0 ppm in CDCls) used as the external standard. Chemical shifts () for ‘"H NMR
are given in ppm relative to CHCIs (6 7.26 ppm). The abbreviations s, d, t, g, br s, and m signify
singlet, doublet, triplet, quartet, heptet, broad singlet, and multiplet, respectively.

DART-Mass (HRMS) were measured with JIMS-T100TD (JEOL Ltd.).

TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck
Silica gel 60F2s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was used for
column chromatography.

IR spectra were measured with a Thermo Scientific iD7 ATR Accessory for the Thermo
Scientific Nicolet iS5 FT-IR Spectrometer.

Melting points were measured on an OptiMelt MPA100 automated melting point apparatus
(Stanford Research Systems).

CV measurements were recorded with a CH Instruments: BAS Model 600E Series
Electrochemical Analyzer.

UV-Vis absorption spectra were recorded on a Shimadzu UV-1900.

Fluorescence spectra were recorded on a Shimadzu RF-6000.

Reaction set-up and materials

Kessil PR160L 440 nm (highest blue and intensity setting) was used as a light source.
TEKNOS MG9 was used as a fan.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from
commercial suppliers listed as below and stored under nitrogen, and used as received or prepared

according to standard procedures unless otherwise noted. 8,9-Dioxa-8a-borabenzo[fg]tetracene
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(boracene) was prepared by the reported procedure'? Triazolium salts (N1, N5-N11) were
prepared according to the literature.’ Imidazolium salt N3 was prepared according to tha
literature.* Thiazolium salt N4 was prepared according to tha literature.” Acyl donors (A1° and
A37) were prepared according to the literatures. Alkenes (5e, 5f and 5g) were prepared according

to the literature.®
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m General Procedure for Synthesis of PDP-Alkylborates m
Method A (synthesis of 2a as a representative)’

oNH HO >< TMSCI (7 equiv) 0B=0

O O a + 0

a * BFsK  toluene, 130 °C, 14 h W
—

PDP 2a

Under an ambient atmosphere, to an oven-dried screw-top 20 mL vial with a stirring bar was
added 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), r~-BuBF;K (164.0 mg, 1.0 mmol).
The vial was brought to a globebox, and added toluene (10 mL) and TMSCI (884 uL, 7.0 mmol).
After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in
aluminum heating block at 130 °C and stirred for 14 h. After cooling to room temperature, the
reaction crude was passed through a short pad of N—H silica gel with toluene followed by
evaporation and vacuum pump to remove the solvent to give PDP-borate 2a as a yellow solid
(315.9 mg, 0.960 mmol, 96% yield).

Method B (synthesis of 2¢ as a representative)’

OHHO NEt; (7 eq)
3AMS BZ
0ob—-0
O N, O + 0 v T
/ toluene, 130 °C 3
— B(OH), o4 h //

PDP 2¢c

Under an ambient atmosphere, to an oven-dried screw-top 20 mL vial with a stirring bar was
added 2,2'-(pyridine-2,6-diyl)diphenol (263.3 mg, 1.0 mmol), cyclohexylboronic acid (114.0 mg,
1.0 mmol). The vial was brought to a globebox, and added molecular sieve 3A (100 mg), toluene
(3.3 mL) and triethylamine (976 pL, 7.0 mmol). After the vial was removed from the glovebox
and sealed with Teflon tape, the vial was placed in aluminum heating block at 130 °C and stirred
for 24 h. After cooling to room temperature, the reaction crude was passed through a short pad of
Celite followed by evaporation and vacuum pump remove the solvent to give PDP-borate 2¢ as a
yellow solid (344 mg, 0.968 mmol, 97%).
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m General Procedure for Two-Component Coupling m

0] o)

O
(1) HO + //\NJ\N/% 7N
N N N
\?] \Q/ DCM, rt., 12 h \¢]
carbonyldiimidazole 3a
G
v+
NVN\Q
“BF,

(CDI)
"\\/ Li+ 0] cat. N1
R cat. Cs,COg3

0
Kenel QL
= DMF
4aa

The reaction to produce 4aa in Table 2-1 is representative. According to the literature,'® acyl

imidazole 3a was prepared. To a suspension of p-toluic acid (13.6 mg, 0.1 mmol) in dry
dichloromethane (333 uL.) was added slowly carbonyldiimidazole (CDI, 24.3 mg, 0.15 mmol, 1.5
equiv) (caution, exothermic). After stirring for 12 h at room temperature, the resulting solution
was transferred to separatory funnel and washed with deionized water (ca. 5 mL). The organic
extract was dried over Na,SOs and after filtration, the filtrate was concentrated under reduced
pressure to afford the acyl imidazole 3a (18.6 mg, 0.1 mmol, quantitative). The acyl imidazole
was used without further purification.

Triazolium salt N1 (4.7 mg, 15 umol), borate 1a (57.4 mg, 0.12 mmol), Cs,CO; (4.9 mg, 15
umol), and acyl imidazole 3a (18.6 mg, 0.1 mmol) were placed in an oven-dried screw-top 5 mL
vial containing a magnetic stirring bar. The vial was sealed by a hole cap with rubber septum, and
then sparged with nitrogen, followed by addition of degassed DMF (1 mL). After 6 h stirring at
ambient temperature under photoirradiation (440 nm), the reaction mixture was quenched with
water (1 mL), then extracted with diethyl ether (4 times) and dried over sodium sulfate. After
filtration was evaporated under reduced pressure. After the volatiles were removed under reduced
pressure, flash column chromatography on silica gel (100:0-98:2, hexane/Et,O) gave 4aa (9.2
mg, 0.052 mmol) in 52% yield.
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m Characterization Data for Acylation Products m

2,2-Dimethyl-1-(p-tolyl)propan-1-one (4aa)
O

QL

The product 4aa was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,O)
(Table 2-1; 9.2 mg, 0.052 mmol, 52% isolated yield).

'"H NMR (400 MHz, CDCls) 67.66 (d, J= 7.6 Hz, 2H), 7.20 (d, J = 7.6 Hz, 2H), 2.38 (s, 3H),
1.35 (s, 9H).

BC NMR (100.6 MHz, CDCl3) 5208.3, 141.4, 135.4, 128.7 (2C), 128.3 (2C), 44.0, 28.1 (3C),
21.4.

The 'H and ">C NMR spectra data of product 4aa were consistent with the literature."

1-[(1,1'-Biphenyl)-4-yl]-2,2-dimethylpropan-1-one (4ab)
O

QL

The product 4ab was purified by flash chromatography on silica gel (100:0-95:5, hexane/Et,O)
(Table 2-2; 14.8 mg, 0.062 mmol, 62% isolated yield).

'"H NMR (400 MHz, CDCls) 57.82 (d,J= 7.6 Hz, 2H), 7.63-7.61 (m, 4H), 7.46 (t,J= 7.2 Hz,
2H), 7.38 (m, 1H), 1.39 (s, 9H).

BC NMR (100.6 MHz, CDCls) §208.3, 143.7, 140.0, 136.9, 128.9 (2C), 128.7 (2C), 127.9,
127.1 (2C), 126.7 (2C), 44.2, 28.1 (3C).

The 'H and >C NMR spectra data of product 4ab were consistent with the literature.'?

1-[(1,1'-Biphenyl)-4-yl]-2,2,3-trimethylbutan-1-one (4bb)
0]

Ph
The product 4bb was purified by flash chromatography on silica gel (100:0-80:20,
hexane/Et,O) (Table 2-2; 7.3 mg, 0.027 mmol, 27% isolated yield). Yellow solid.
M.p. 6466 °C.
IR (neat) 669, 751, 970, 1172, 1260, 1395, 1464, 1603, 1670, 2360, 2966 cm '
'"H NMR (400 MHz, CDCl3) §7.79 (d, J = 7.6 Hz, 2H), 7.61 (d, J = 7.6 Hz, 4H), 7.46 (t,J =
7.6, 2H), 7.38 (m, 1H), 2.42 (m, 1H), 1.26 (s, 6H), 0.90 (d, J = 6.4 Hz, 6H).
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BC NMR (100.6 MHz, CDCls) §209.2, 143.5, 140.1, 137.9, 128.9 (2C), 128.5 (2C), 127.9,
127.2 (2C), 126.7 (2C), 51.3, 34.1, 22.0 (2C), 17.7 (2C).
HRMS-DART (m/z): [M+H]" calcd for C19H»30", 267.1743; found, 267.1742.

(1,1'-Biphenyl)-4-yl(cyclohexyl)methanone (4cb)
O

Q.

The product 4cb was purified by flash chromatography on silica gel (100:0-95:5, hexane/Et,0)
(Table 2-2; 13.8 mg, 0.052 mmol, 52% isolated yield).

'"H NMR (400 MHz, CDCl;) 68.02 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.6 Hz, 2H), 7.63 (d, J =
7.2 Hz, 2H), 7.47 (t, J = 7.2 Hz, 2H), 7.40 (m, 1H), 3.30 (m, 1H), 1.94-1.85 (m, 4H), 1.76 (m,
1H), 1.55-1.26 (m, 5H).

BC NMR (100.6 MHz, CDCls) §203.5, 145.4, 140.0, 135.0, 128.93 (2C), 128.86 (2C), 128.1,
127.2 (2C x 2), 45.7,29.5 (2C), 26.0, 25.9 (2C).

The 'H and ">C NMR spectra data of product 4cb were consistent with the literature."

1-[(1,1'-Biphenyl)-4-yl]-2-methylbutan-1-one (4db)
O

O,

The product 4db was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,O)
(Table 2-2; 10.1 mg, 0.042 mmol, 42% isolated yield).

'"H NMR (400 MHz, CDCl;) 68.04 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.63 (d, J =
7.2 Hz, 2H), 7.47 (t, J = 7.2 Hz, 2H), 7.40 (m, 1H), 3.44 (m, 1H), 1.87 (m, 1H), 1.52 (m, 1H),
1.22 (d, J= 6.8 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H).

BC NMR (100.6 MHz, CDCls) §204.0, 145.5, 139.9, 135.5, 128.9 (2C), 128.8 (2C), 128.1,
127.2 (2C x 2), 42.1,26.7, 16.8, 11.8.

The 'H and >C NMR spectra data of product 4db were consistent with the literature.'*

1-[(1,1'-Biphenyl)-4-yl|pentan-1-one (4eb)
O

V\)k@%

The product 4eb was purified by flash chromatography on silica gel (100:0-95:5, hexane/Et,0)
(Table 2-2; 10.5 mg, 0.044 mmol, 44% isolated yield).
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'"H NMR (400 MHz, CDCl;) 58.04 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.6 Hz, 2H), 7.63 (d, J =
7.2 Hz, 2H), 7.47 (t, J = 7.2 Hz, 2H), 7.40 (m, 1H), 3.00 (t, J = 7.2 Hz, 2H), 1.75 (m, 2H), 1.48—
1.41 (m, 2H), 0.97 (t, /= 7.2 Hz, 3H).

3C NMR (100.6 MHz, CDCls) §200.2, 145.5, 139.9, 135.8, 128.9 (2C), 128.7 (2C), 128.2,
127.3 (20), 127.2 (2C), 38.4, 26.6, 22.5, 14.0.

The 'H and ">C NMR spectra data of product 4eb were consistent with the literature.'

4-[(1,1'-Biphenyl)-4-yl]-4-oxobutanenitrile (4fb)
O

NCV*@L
Ph

The product 4fb was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 2-2; 6.1 mg, 0.026 mmol, 26% isolated yield).

'"H NMR (400 MHz, CDCl;) 68.03 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.64 (d, J =
7.2 Hz, 2H), 7.49 (t, J = 7.2 Hz, 2H), 7.42 (m, 1H), 3.42 (t, /= 7.2 Hz, 2H), 2.81 (t, /= 7.2 Hz,
2H).

BC NMR (100.6 MHz, CDCls) §194.9, 146.6, 139.5, 134.3, 129.0 (2C), 128.6 (2C), 128.5,
127.5 (2C), 127.3 (2C), 119.2,34.3, 11.8.

The 'H and ">C NMR spectra data of product 4fb were consistent with the literature.'®

1-[(1,1'-Biphenyl)-4-yl]ethan-1-one (4gb)
O

HSC)KCL
Ph

The product 4gb was purified by flash chromatography on silica gel (100:0-95:5, hexane/Et,O)
(Table 2-2; 5.0 mg, 0.026 mmol, 26% isolated yield).

'"H NMR (400 MHz, CDCl;) 68.04 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.63 (d, J =
7.6 Hz, 2H), 7.43 (t,J = 7.6 Hz, 2H), 7.41 (m, 1H), 2.65 (s, 3H).

B3C NMR (100.6 MHz, CDCls) §197.8, 145.8, 139.9, 135.8, 128.95 (2C), 128.91 (2C), 128.2,
127.3 (2C), 127.2 (2C), 26.7.

The 'H and ">C NMR spectra data of product 4gb were consistent with the literature.'’

1-[(1,1'-Biphenyl)-4-yl]ethan-1-one-2,2,2-d; (|2H]4gb)
(0]

Ph
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The product [2H]4gb was purified by flash chromatography on silica gel (100:0-95:5,
hexane/Et,O) (Table 2-2; 5.0 mg, 0.026 mmol, 26% isolated yield, 93%D). Pale yellow solid.

M.p. 113-115 °C.

IR (neat) 690, 760, 827, 1117, 1269, 1405, 1602, 1677, 2359, 2922 cm™".

'"H NMR (400 MHz, CDCl;) 68.04 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.63 (d, J =
7.2 Hz, 2H), 7.48 (t,J= 7.2 Hz, 2H), 7.40 (m, 1H).

’H NMR (61.4 MHz, CDCl;) 62.62.

BC NMR (100.6 MHz, CDCl3) §197.9, 145.8, 139.9, 135.8, 128.94 (2C), 128.89 (2C), 128.2,
127.3 (2C), 127.2 (2C), 29.7 (m).

HRMS-DART (m/z): [M+H]" caled for C14H;0D30", 200.1149; found, 200.1150.

The 'H and *H NMR spectra data of product [2H]4gb were consistent with the literature.'®

1-(1H-Indol-2-yl)ethan-1-one (4gc)

HN

The product 4gc was purified by flash chromatography on silica gel (100:0-80:20,
hexane/Et,O) (Table 2-2; 2.9 mg, 0.018 mmol, 18% isolated yield).

'"H NMR (400 MHz, CDCl3) §9.00 (br s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.4 Hz,
1H), 7.35 (t, J="7.2 Hz, 1H), 7.21 (s, 1H), 7.16 (t, /= 7.2 Hz, 1H), 2.60 (s, 3H).

BC NMR (100.6 MHz, CDCl;) §190.4, 137.2, 135.4, 127.6, 126.4, 123.1, 121.0, 112.1, 109.8,
25.8.

The 'H and ">C NMR spectra data of product 4ge were consistent with the literature."

1-(1H-Indol-2-yl)ethan-1-one-2,2,2-d; (|2H]4gc)
O

DsC” N
HN

The product [2H]4gc was purified by flash chromatography on silica gel (100:0-80:20,
hexane/Et,O) (Table 2-2; 3.8 mg, 0.025 mmol, 25% isolated yield, containing 93%D). Pale
yellow solid.

M.p. 140-142 °C.

IR (neat) 692, 754, 813, 1230, 1344, 1523, 1681, 2924, 3335 cm .

'"H NMR (400 MHz, CDCl3) §8.99 (br s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.4 Hz,

83



1H), 7.35 (t,J= 7.2 Hz, 1H), 7.21 (s, 1H), 7.16 (d, J= 7.2 Hz, 1H).

’H NMR (61.4 MHz, CDCl;) 62.57.

BC NMR (100.6 MHz, CDCl;) §190.5,137.2, 135.4, 127.6, 126.4, 123.1, 121.0, 112.1, 109.8,
30.9 (m).

HRMS-DART (m/z): [M]" calcd for C1o0HsDsNO", 162.0867; found, 162.0867.

1-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethan-1-one (4gd)
(0]

Bpin

The product 4gd was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-2; 5.3 mg, 0.022 mmol, 22% isolated yield).

'"H NMR (400 MHz, CDCls) 67.94 (d, J = 8.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 2H), 2.62 (s, 3H),
1.36 (s, 12H).

BC NMR (100.6 MHz, CDCl3) 6198.5, 139.0, 134.9 (2C), 127.3 (2C), 84.2 (2C), 26.8, 24.9
(4C). A signal connected directly to boron was not observed.

"B NMR (128.4 MHz, CDCls) §30.9.

The 'H, C and "B NMR spectra data of product 4gd were consistent with the literature."’

1-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethan-1-one-2,2,2-d; ([2H]4gd)
(0]

Bpin

The product [2H]4gd was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-2; 5.5 mg, 0.022 mmol, 22% isolated yield, containing 93%D). Orange
oil.

IR (neat) 653, 857, 1086, 1144, 1266, 1360, 1398, 1684, 2360, 2979 cm .

'"H NMR (400 MHz, CDCls) 67.94 (d, J = 8.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 2H), 1.36 (s, 9H).

BC NMR (100.6 MHz, CDCls) & 198.6, 139.0, 134.9 (2C), 127.3 (2C), 84.2 (2C), 29.7 (m),
24.9 (4C). A signal connected directly to boron was not observed.

"B NMR (128.4 MHz, CDCls) §31.1.

’H NMR (61.4 MHz, CDCl;) 62.59.

HRMS-DART (m/z): [M+H]" caled for C14H;7D3BOs", 250.1688; found, 250.1683.

1-(4-Methoxyphenyl)-2,2-dimethylpropan-1-one (4ae)
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o)

mwe

The product 4ae was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-2; 8.8 mg, 0.046 mmol, 46% isolated yield).

'"H NMR (400 MHz, CDCls) 67.85 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 3.85 (s, 3H),
1.37 (s, 9H).

BC NMR (100.6 MHz, CDCl;) §206.3, 162.0, 130.9 (2C), 130.1, 113.2 (2C), 55.3, 43.9, 28.4
(3C).

The 'H and ">C NMR spectra data of product 4ae were consistent with the literature."

1-(3,5-Dimethylphenyl)-2,2-dimethylpropan-1-one (4af)
o

The product 4af was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,0)
(Table 2-2; 11.0 mg, 0.058 mmol, 58% isolated yield).

'"H NMR (400 MHz, CDCl3) §7.24 (s, 2H), 7.08 (s, 1H), 2.34 (s, 6H), 1.33 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §210.1, 139.0, 137.6, 132.2 (2C), 125.3 (2C), 44.2, 28.0 (3C),
21.3 (20).

The 'H and ">C NMR spectra data of product 4af were consistent with the literature.*

2,2-Dimethyl-1-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|propan-1-one (4ad)
0]

mmn

The product 4ad was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-2; 13.8 mg, 0.048 mmol, 48% isolated yield). Pale yellow solid.

M.p. 148-151 °C.

IR (neat) 661, 858, 955, 1087, 1143, 1326, 1357, 1396, 1685, 2359, 2972 cm ',

'"H NMR (400 MHz, CDCls) 67.83 (d, J= 7.6 Hz, 2H), 7.61 (d, J= 7.6 Hz, 2H), 1.35 (s, 12H),
1.33 (s, 9H).

3C NMR (100.6 MHz, CDCl3) §209.9, 141.2, 134.4 (2C), 126.6 (2C), 84.1 (2C), 44.2, 27.8
(30), 24.9 (4C). A signal connected directly to boron was not observed.

"B NMR (128.4 MHz, CDCls) §30.3.
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HRMS-DART (m/z): [M]" caled for C17H2sBOs", 288.1891; found, 288.1893.

1-(4-Chlorophenyl)-2,2-dimethylpropan-1-one (4ag)
O

Q,

The product 4ag was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,O)
(Table 2-2; 9.5 mg, 0.048 mmol, 48% isolated yield).

'"H NMR (400 MHz, CDCls) 67.67 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 1.34 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §207.7, 137.2, 136.5, 129.5 (2C), 128.3 (2C), 44.2, 28.0 (3C).

The 'H and ">C NMR spectra data of product 4ag were consistent with the literature. "

1-(3-Bromophenyl)-2,2-dimethylpropan-1-one (4ah)
O

mBr

The product 4ah was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,O)
(Table 2-2; 9.6 mg, 0.040 mmol, 40% isolated yield). Orange oil.

IR (neat) 722, 750,977, 1181, 1279, 1476, 1562, 1677, 2968 cm .

'"H NMR (400 MHz, CDCl3) §7.78 (s, 1H), 7.59 (d, J = 8.0 Hz, 2H), 7.28 (t, J = 8.0 Hz, 1H),
1.37 (s, 9H).

BC NMR (100.6 MHz, CDCls) §207.9, 140.5, 133.7, 130.8, 129.6, 126.2, 122.4, 44.3, 27.8
(3C).

HRMS-DART (m/z): [M+H]" calcd for C11H4BrO", 241.0223; found, 241.0223.

4,4-Dimethyl-1-phenylpentan-3-one (4ai)
O

LORs

The product 4ai was purified by flash chromatography on silica gel (100:0-98:2, hexane/Et,O)
(Table 2-2; 5.5 mg, 0.029 mmol, 29% isolated yield).

'"H NMR (400 MHz, CDCl5) §7.29-7.26 (m, 2H), 7.20-7.18 (m, 3H), 2.88 (d, /= 7.2 Hz, 2H),
2.79 (d,J=17.2 Hz, 2H), 1.11 (s, 9H).

BC NMR (100.6 MHz, CDCls) §214.9, 141.6, 128.41 (2C), 128.38, 126.0 (2C), 44.1, 38.5,
30.1,26.3 (3C).

The 'H and ">C NMR spectra data of product 4ai were consistent with the literature.'
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m General Procedure for Three-Component Coupling m

(0] 0 0]
(1 HO + //\NJ\N/\\ N7ON
NN DCM, r.t., 12 h \_J
carbonyldiimidazole 3a
(CDI)
Q!
v+
NVN@
“BF,
(0] cat. N1 (0]
cat. Cs,CO
@ + \Ph b AN 222
=/ DMF Ph
5a 3a 6aaa

(The reaction to produce 6aaa in Table 2-4 is representative.) To a suspension of 4-toluic acid
(27.2 mg, 0.2 mmol) in dry dichloromethane (667 ulL) was added slowly carbonyldiimidazole
(CDI, 48.6 mg, 0.30 mmol, 1.5 equiv) (caution, exothermic). After stirring for 12 h at room
temperature, the resulting solution was transferred to separatory funnel and washed with
deionized water (ca. 5 mL). The organic extract was dried over Na;SOs and after filtration, the
filtrate was concentrated under reduced pressure to afford the acyl imidazole 3a. The acyl
imidazole was used without further purification.

Triazolium salt N1 (9.5 mg, 30 umol), borate 2a (79.0 mg, 0.24 mmol), Cs,COs (9.8 mg, 30
pmol), and acyl imidazole 3a (37.2 mg, 0.2 mmol) were placed in an oven-dried screw-top 5 mL
vial containing a magnetic stirring bar. The vial was sealed by a hole cap with rubber septum, and
then sparging with nitrogen, followed by addition of alkene 5a (46.0 uL, 41.7 mg, 0.4 mmol) and
degassed MeCN (600 pL). After 6 h stirring at ambient temperature under photoirradiation (440
nm), the reaction mixture was evaporated under reduced pressure. After the volatiles were
removed under reduced pressure, flash column chromatography on silica gel (100:0-96.5:3.5,
hexane/Et,0) gave 6aaa (42.4 mg, 0.15 mmol) in 76% yield.
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m Characterization Data for Alkylacylation Products m

4,4-Dimethyl-1-(4-methylphenyl)-2-phenylpentan-1-one (6aaa)
0

R

The product 6aaa was purified by flash chromatography on silica gel (100:0-96.5:3.5,
hexane/Et,O) (Table 2-4; 42.4 mg, 0.15 mmol, 76% isolated yield, containing 2% impurity of
two component coupling product). White solid.

M.p. 90-93 °C.

IR (neat) 699, 731, 1176, 1222, 1281, 1365, 1456, 1474, 1558, 1606, 1681, 2954 cm ™.

'"H NMR (400 MHz, CDCl5) 67.91 (d, J= 7.6 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 7.25 (dd, J =
7.2,7.2 Hz, 2H), 7.20 (d, J= 7.2 Hz, 2H), 7.15 (t, J= 7.2 Hz, 1H), 4.70 (d, J = 9.2 Hz, 1H), 2.62
(dd, J=14.0,9.2 Hz, 1H), 2.36 (s, 3H), 1.57 (d, J = 14.0 Hz, 1H), 0.88 (s, 9H).

BC NMR (100.6 MHz, CDCl3) 6 199.5, 143.5, 141.3, 134.4, 129.3 (2C), 128.8 (2C), 128.7
(2C), 128.1 (2C), 126.6, 49.4, 47.5,31.2, 29.8 (3C), 21.5.

HRMS-DART (m/z): [M+H]" caled for C20HasO", 281.1900; found, 281.1898.

4,4,5-Trimethyl-2-phenyl-1-(p-tolyl)hexan-1-one (6baa)
O

Ph

The product 6baa was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 38.7 mg, 0.13 mmol, 63 % isolated yield). Colorless oil.

IR (neat) 702, 750, 809, 1175, 1269, 1452, 1605, 1678, 2873, 2959 cm .

'"H NMR (400 MHz, CDCl3) §7.91 (d, J = 8.0 Hz, 2H), 7.33-7.14 (m, 7H), 4.71 (d, J = 8.8
Hz, 1H), 2.65 (dd, J = 14.0, 8.8 Hz, 1H), 2.36 (s, 3H), 1.60—-1.48 (m, 2H), 0.85-0.81 (m, 9H),
0.72 (s, 3H).

BC NMR (100.6 MHz, CDCl3) 6 199.6, 143.5, 141.6, 134.5, 129.3 (2C), 128.8 (2C), 128.7
(2C), 128.1 (2C), 126.6, 48.7, 43.5, 36.3, 36.0, 24.7,24.2,21.5, 17.6, 17.5.

HRMS-DART (m/z): [M+H]" caled for C22H20", 309.2213; found, 309.2222.

3-[(3r,51,7r)-Adamantan-1-yl]-2-phenyl-1-(p-tolyl)propan-1-one (6haa)
O

SR
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The product 6haa was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 12.1 mg, 0.034 mmol, 34 % isolated yield). White solid.

M.p. 98-100 °C.

IR (neat) 699, 807, 966, 1176, 1232, 1450, 1605, 1679, 2844, 2898 cm .

'"H NMR (400 MHz, CDCl3) §7.91 (d, J = 7.6 Hz, 2H), 7.30-7.13 (m, 7H), 4.75 (d, J = 9.2
Hz, 1H), 2.52 (dd, J = 13.6, 9.2 Hz, 1H), 2.36 (s, 3H), 1.89 (s, 3H), 1.66—1.53 (m, 10H), 1.42—
1.36 (m, 3H).

BC NMR (100.6 MHz, CDCl3) & 199.4, 143.5, 141.5, 134.3, 129.3 (2C), 128.8 (2C + 10),
128.1 (2C), 126.5 (2C), 48.3,47.3,42.7 (3C), 36.9 (3C), 33.1, 28.6 (3C), 21.6.

HRMS-DART (m/z): [M+H]" calcd for C26H3,07, 359.2369; found, 359.2369.

Ethyl 3,3-Dimethyl-6-oxo-5-phenyl-6-(p-tolyl)hexanoate (6iaa)
O

EtO,C
Ph

The product 6iaa was purified by flash chromatography on silica gel (100:0-50:50,
hexane/EtOAc) (Table 2-4; 22.5 mg, 0.064 mmol, 64 % isolated yield). Colourless oil.

IR (neat) 700, 1036, 1175, 1224, 1368, 1452, 1605, 1677, 1727, 2959 cm™'.

'"H NMR (400 MHz, CDCl3) §7.91 (d, J = 7.6 Hz, 2H), 7.33-7.14 (m, 7H), 4.75 (d, J = 8.4
Hz, 1H), 4.07 (q,J = 6.8 Hz, 2H), 2.68 (dd, J = 14.4, 8.4 Hz, 1H), 2.36 (s, 3H), 2.22 (s, 2H), 1.74
(d,J=14.4 Hz, 1H), 1.20 (t, J = 6.8 Hz, 3H), 0.97 (s, 6H).

BC NMR (100.6 MHz, CDCls) §199.2, 172.0, 143.7, 140.8, 134.2, 129.3 (2C), 128.9 (20),
128.8 (2C), 128.2 (2C), 126.8, 60.0, 49.0, 46.4, 45.5, 34.0, 27.8, 27.7, 21.6, 14.2.

HRMS-DART (m/z): [M+H]" calcd for C23H290;5", 353.2111; found, 353.2115.

4,4-Dimethyl-2-phenyl-1-(p-tolyl)heptane-1,6-dione (6jaa)
O

O Ph

The product 6jaa was purified by flash chromatography on silica gel (100:0-50:50,
hexane/EtOAc) (Table 2-4; 18.9 mg, 0.059 mmol, 59 % isolated yield). Pale yellow solid.

M.p. 71-73 °C.

IR (neat) 701, 733, 974, 1175, 1362, 1605, 1677, 1712, 2871, 2956 cm .

'"H NMR (400 MHz, CDCl3) §7.90 (d, J = 7.6 Hz, 2H), 7.31-7.14 (m, 7H), 4.73 (d, J = 8.8
Hz, 1H), 2.63 (dd, J = 14.0, 8.8 Hz, 1H), 2.36 (s, 3H), 2.34 (d,J = 15.2 Hz, 1H), 2.23 (d,J = 15.2
Hz, 1H), 2.05 (s, 3H), 1.77 (d, J = 14.0 Hz, 1H), 1.01 (s, 3H), 0.98 (s, 3H).
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BC NMR (100.6 MHz, CDCl3) 6208.5, 199.2, 143.7, 140.8, 134.2, 129.3 (2C), 128.9 (20),
128.7 (2C), 128.2 (2C), 126.8, 54.3,49.0, 45.7, 34.1, 32.4, 27.6, 27.5, 21.6.
HRMS-DART (m/z): [M+H]" caled for C2,H»705", 323.2006; found, 323.2012.

3-Cyclohexyl-2-phenyl-1-(p-tolyl)propan-1-one (6caa)
0]

Safel

The product 6caa was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 13.9 mg, 0.045 mmol, 45 % isolated yield). White solid.

M.p. 89-91 °C.

IR (neat) 700, 739, 940, 1176, 1448, 1493, 1606, 1677, 2850, 2920 cm .

'"H NMR (400 MHz, CDCl3) §7.88 (d, J = 7.6 Hz, 2H), 7.31-7.26 (m, 4H), 7.19 (d, J = 7.6
Hz, 3H), 4.69 (t, J = 7.2 Hz, 1H), 2.36 (s, 3H), 2.13 (m, 1H), 1.82 (d, J = 12.4 Hz, 1H), 1.72—
1.60 (m, 5H), 1.26—-1.06 (m, 4H), 0.95-0.84 (m, 2H).

3C NMR (100.6 MHz, CDCl3) §199.6, 143.6, 140.2, 134.4, 129.2 (2C), 128.78 (2C), 128.76
(2C), 128.2 (2C), 126.8, 50.3, 41.7, 35.3, 33.6, 33.3, 26.5, 26.14, 26.13, 21.6.

HRMS-DART (m/z): [M+H]" caled for C»2H»70", 307.2056; found, 307.2053.

Ethyl 3-Methyl-6-oxo-5-phenyl-6-(p-tolyl)hexanoate (6kaa)
COEt O

Ph

The product 6kaa was purified by flash chromatography on silica gel (100:0-60:40,
hexane/EtOAc) (Table 2-4; 32.2 mg, 0.095 mmol, 48 % isolated yield). The diastereomeric ratio
is 1:1 determined by '"H NMR. Pale orange oil.

IR (neat) 701, 741, 1030, 1175, 1265, 1453, 1605, 1676, 1728, 2959 cm'.

'"H NMR (400 MHz, CDCl3) §7.87 (d, J = 8.0 Hz, 2H), 7.29-7.26 (m, 4H), 7.19 (d, J = 7.6
Hz, 3H), 4.69-4.63 (m, 1H), 4.14-4.03 (m, 2H), 2.35 (s, 3H), 2.40-2.24 (m, 0.5 x 3H), 2.17-2.12
(m, 1H), 2.04 (m, 0.5 x 1H), 1.94-1.86 (m, 0.5 x 3H), 1.68 (m, 0.5 x 1H), 1.25-1.18 (m, 3H),
1.00 (d, J=6.0 Hz, 0.5 x 3H), 0.94 (d, J = 7.2 Hz, 0.5 x 3H).

B3C NMR (100.6 MHz, CDCl5) 6 199.1, 198.9, 172.74, 172.68, 143.69, 143.66, 139.8, 139.4,
134.2, 134.1, 129.22 (2C), 129.21 (2C), 128.91 (2C), 128.89 (2C), 128.8 (2C x 2), 128.2 (2C),
128.1 (2C), 127.00, 126.97, 60.2, 60.1, 50.9, 50.8, 42.0, 41.7, 40.9, 40.4, 28.5, 28.2, 21.6 (2C),
20.0, 19.7, 14.23, 14.19.

HRMS-DART (m/z): [M+H]" calcd for CxH»,0;5", 339.1955; found, 339.1959.
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2-Phenyl-1-(p-tolyl)heptan-1-one (6eaa)
O

TR

The product 6eaa was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 11.8 mg, 0.042 mmol, 42 % isolated yield). Colorless oil.

IR (neat) 700, 799, 1030, 1176, 1453, 1493, 1606, 1677, 2857, 2926 cm'.

'"H NMR (400 MHz, CDCl3) §7.87 (d, J = 7.6 Hz, 2H), 7.31-7.26 (m, 4H), 7.18 (d, J = 6.8
Hz, 3H), 4.51 (t,J = 7.2 Hz, 1H), 2.35 (s, 3H), 2.17 (m, 1H), 1.79 (m, 1H), 1.28-1.24 (m, 6H),
0.84-0.83 (m, 3H).

BC NMR (100.6 MHz, CDCl3) & 199.7, 143.5, 140.1, 134.5, 129.2 (2C), 128.8 (2C + 1C),
128.2 (2C), 126.8 (2C), 53.5, 34.0, 31.8, 27.4, 22.5, 21.6, 14.0.

HRMS-DART (m/z): [M+H]" caled for C20HasO", 281.1900; found, 281.1905.

6-Oxo0-5-phenyl-6-(p-tolyl)hexanenitrile (6faa)
(0]

NC
Ph

The product 6faa was purified by flash chromatography on silica gel (95:5-60:40,
hexane/EtOAc) (Table 2-4; 6.9 mg, 0.025 mmol, 25 % isolated yield). Pale yellow oil.

IR (neat) 701, 755, 1176, 1230, 1453, 1605, 1675, 2360, 2850, 2921 cm'.

'"H NMR (400 MHz, CDCl;) 57.84 (d,J = 7.6 Hz, 2H), 7.32-7.26 (m, 4H), 7.23-7.12 (m, 3H),
4.53 (t,J = 6.8 Hz, 1H), 2.40-2.24 (m, 6H), 1.99 (m, 1H), 1.73—1.58 (m, 2H).

B3C NMR (100.6 MHz, CDCl3) 6 198.5, 144.0, 139.0, 133.9, 129.3 (2C), 129.1 (2C), 128.8
(2C), 128.0 (2C), 127.3,119.4, 52.9, 32.9, 23.6, 21.6, 17.3.

HRMS-DART (m/z): [M+H]" caled for C19H2NO", 278.1539; found, 278.1537.

2-Phenyl-1-(p-tolyl)butan-1-one (6gaa)
O

gt

The product 6gaa was purified by flash chromatography on silica gel (100:0-80:20,
hexane/EtOAc) (Table 2-4; 6.9 mg, 0.029 mmol, 29 % isolated yield).

"H NMR (400 MHz, CDCl3) §7.87 (d, J = 7.6 Hz, 2H), 7.29-7.25 (m, 4H), 7.18 (d, J = 7.6 Hz,
3H), 4.42 (t,J = 7.2 Hz, 1H), 2.35 (s, 3H), 2.19 (m, 1H), 1.85 (m, 1H), 0.90 (t, J = 7.2 Hz, 3H).
BC NMR (100.6 MHz, CDCl3) §199.7, 143.5, 139.9, 134.5, 129.2 (2C), 128.8 (3C), 128.2 (2C),
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126.8 (2C), 55.3,27.1,21.5, 12.3.
The 'H and *C NMR spectra data of product 6gaa was consistent with the literature.*

1-(3,5-Dimethylphenyl)-4,4-dimethyl-2-phenylpentan-1-one (6aaf)
o

Ph

The product 6aaf was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 33.3 mg, 0.11 mmol, 57 % isolated yield). White solid.

M.p. 31-33 °C.

IR (neat) 700, 832, 1153, 1297, 1452, 1492, 1605, 1681, 2866, 2952 cm .

'"H NMR (400 MHz, CDCl;) §7.59 (s, 2H), 7.32-7.24 (m, 4H), 7.18-7.13 (m, 2H), 4.70 (dd,
J=28.8,2.4Hz, 1H), 2.61 (dd, J = 14.0, 8.8 Hz, 1H), 2.33 (s, 6H), 1.56 (m, 1H), 0.89 (s, 9H).

BC NMR (100.6 MHz, CDCls) 6200.3, 141.3, 138.1, 137.1, 134.5 (2C), 128.8 (2C), 128.1
(2C), 126.6, 126.4 (2C), 49.6, 47.7, 31.2, 29.8 (3C), 21.3 (2C).

HRMS-DART (m/z): [M+H]" caled for C21H,70", 295.2056; found, 295.2054.

4,4-Dimethyl-1,2-diphenylpentan-1-one (6aaj)
O

R0

The product 6aaj was purified by flash chromatography on silica gel (100:0-85:15,
hexane/EtOAc) (Table 2-4; 30.0 mg, 0.11 mmol, 56 % isolated yield).

'"H NMR (400 MHz, CDCl3) & 8.00 (d, J = 7.2 Hz, 2H), 7.50 (m, 1H), 7.43-7.39 (m, 2H),
7.33-7.25 (m, 4H), 7.17 (m, 1H), 4.72 (dd, J = 8.8, 3.2 Hz, 1H), 2.63 (dd, J = 14.0, 8.8 Hz, 1H),
1.58 (dd, J = 14.0, 3.2 Hz, 1H), 0.89 (s, 9H).

BC NMR (100.6 MHz, CDCls) 6200.0, 141.1, 137.0, 132.8, 128.9 (2C), 128.6 (2C), 128.5
(2C), 128.1 (2C), 126.7, 49.6, 47.6, 31.2,29.8 (3C).

The 'H and ">C NMR spectra data of product 6aa was consistent with the literature.”

1-(4-Chlorophenyl)-4,4-dimethyl-2-phenylpentan-1-one (6aag)
The product 6aag was purified by flash chromatography on silica gel (100:0-90:10,
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hexane/EtOAc) (Table 2-4; 50.4 mg, 0.164 mmol, 82% isolated yield, containing 3% impurity of
two component coupling product). Pale yellow solid.

M.p. 106-109 °C.

IR (neat) 698, 974, 1093, 1217, 1280, 1365, 1399, 1588, 1683, 2954 cm ™.

'"H NMR (400 MHz, CDCl5) §7.93 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.28-7.26
(m, 4H), 7.18 (m, 1H), 4.64 (d, J = 8.8 Hz, 1H), 2.61 (dd, J= 14.0, 8.8 Hz, 1H), 1.57 (d, /= 14.0
Hz, 1H), 0.88 (s, 9H).

BC NMR (100.6 MHz, CDCls) 6 198.7, 140.8, 139.2, 135.3, 130.0 (2C), 129.0 (2C), 128.9
(2C), 128.0 (2C), 126.9, 49.7,47.4, 31.2,29.8 (3C).

HRMS-DART (m/z): [M+H]" caled for C19H2,ClO", 301.1354; found, 301.1349.

1-(3-Methoxyphenyl)-4,4-dimethyl-2-phenylpentan-1-one (6aak)
0

OMe
Ph

The product 6aak was purified by flash chromatography on silica gel (100:0-95:5,
hexane/EtOAc) (Table 2-4; 31.5 mg, 0.102 mmol, 54% isolated yield, containing 7% impurity).
Pale yellow solid.

M.p. 65-67 °C.

IR (neat) 700, 729, 774, 1044, 1259, 1429, 1489, 1596, 1684, 2359, 2955 cm .

'"H NMR (400 MHz, CDCls) §7.53 (d, J = 7.6 Hz, 1H), 7.43 (s, 1H), 7.26-7.17 (m, 5H), 7.09
(t,J=7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 4.62 (d, J = 8.8 Hz, 1H), 3.74 (s, 3H), 2.55 (dd, J =
14.0, 8.8 Hz, 1H), 1.50 (d, J = 14.0 Hz, 1H), 0.81 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §199.8, 159.8, 141.1, 138.4, 129.5, 128.9 (2C), 128.1 (20),
126.7,121.1, 119.1, 113.1, 55.3, 49.7, 47.6, 31.2, 29.8 (3C).

HRMS-DART (m/z): [M+H]" calcd for C20Has0,", 297.1849; found, 297.1849.

1-[(1,1’-Biphenyl)-4-yl]-4,4-dimethyl-2-phenylpentan-1-one (6aab)
o

The product 6aab was purified by flash chromatography on silica gel (100:0-98:2,
hexane/Et,O) (Table 2-4; 41.7 mg, 0.120 mmol, 62% isolated yield, containing 1% impurity).
White solid.

M.p. 138-141 °C.

IR (neat) 697, 719, 734, 762, 1218, 1281, 1365, 1602, 1676, 2953 cm .
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'H NMR (400 MHz, CDCls) 58.08 (d, J = 7.6 Hz, 2H), 7.63 (d, J = 7.6Hz, 2H), 7.58 (d, J =
7.6 Hz, 2H), 7.4 (t, J =7.2 Hz, 2H), 7.39-7.34 (m, 3H), 7.30~7.16 (m, 3H), 4.75 (d, J = 9.2 Hz,
1H), 2.66 (dd, J = 14.0, 9.2 Hz, 1H), 1.60 (d, J = 14.0 Hz, 1H), 0.91 (s, 9H).

3C NMR (100.6 MHz, CDCl;) §199.5, 145.5, 141.2, 139.9, 135.6, 129.2 (2C), 128.9 (2C x
2), 128.1 (2C + 1C), 127.25 (2C), 127.21 (2C), 126.7, 49.6, 47.5, 31.2, 29.8 (3C).

HRMS-DART (m/z): [M+H]" calcd for C2sH»,0", 343.2056; found, 343.2058.

4,4-Dimethyl-1-(naphthalen-2-yl)-2-phenylpentan-1-one (6aal)
o]

L

The product 6aal was purified by flash chromatography on silica gel (100:0-95:5,
hexane/EtOAc) (Table 2-4; 46.9 mg, 0.15 mmol, 74 % isolated yield). White solid.

M.p. 106-108 °C.

IR (neat) 698, 726, 821, 1171, 1280, 1393, 1467, 1677, 2953, 3060 cm .

'"H NMR (400 MHz, CDCls) §8.54 (s, 1H), 8.05 (d,J = 8.4 Hz, 1H), 7.95 (d, J = 7.6 Hz, 1H),
7.84 (t, J = 7.2 Hz, 2H), 7.58-7.50 (m, 2H), 7.38 (d, J = 7.6 Hz, 2H), 7.29-7.25 (m, 2H), 7.16
(m, 1H), 4.88 (d, J = 8.8 Hz, 1H), 2.69 (dd, J = 14.0, 8.8 Hz, 1H), 1.63 (d, J = 14.0 Hz, 1H), 0.92
(s, 9H). ®C NMR (100.6 MHz, CDCl;) 6 199.9, 141.2, 135.4, 134.3, 132.5, 130.0, 129.6, 128.9
(2C), 128.4,128.3, 128.1 (2C), 127.7, 126.7, 126.6, 124.5,49.7, 47.6, 31.2, 29.8 (3C).

HRMS-DART (m/z): [M+H]" caled for C23Has0", 317.1900; found, 317.1901.

4,4-Dimethyl-1-[4-(4,4,5,5-tetramethy-1,3,2-dioxaborolan-2-yl)phenyl]-2-phenylpentan-1-

one (6aad)
0]

Ph
X\*@Bpin

The product 6aad was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-4; 34.2 mg, 0.0872 mmol, 44% isolated yield). Pale yellow solid.

M.p. 157-161 °C.

IR (neat) 651, 696, 858, 1090, 1144, 1215, 1364, 1399, 1675, 2950 cm .

'"H NMR (400 MHz, CDCl3) §7.96 (d, J = 7.6 Hz, 2H), 7.84 (d, J = 7.6 Hz, 2H), 7.31-7.23
(m, 4H), 7.15 (t, J = 7.2 Hz, 1H), 4.72 (d, J = 8.8 Hz, 1H), 2.62 (dd, J = 13.6 Hz, 8.8 Hz, 1H),
1.58 (d,J=13.6 Hz, 1H), 1.33 (s, 12H), 0.88 (s, 9H).

BC NMR (100.6 MHz, CDCls) & 200.3, 141.0, 138.9, 134.9 (2C), 128.8 (2C), 128.2 (20),
127.6 (20), 126.7, 84.1 (2C), 49.7, 47.4, 31.2, 29.8 (3C), 24.84 (2C), 24.82 (2C). A signal
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connected directly to boron was not observed.
"B NMR (128.4 MHz, CDCls) §30.8.
HRMS-DART (m/z): [M+H]" caled for C2sH34BO;5", 393.2596; found, 393.2601.

1-[4-(trans-4-Ethylcyclohexyl)phenyl]-4,4-dimethyl-2-phenylpentan-1-one (6aam)

The product 6aam was purified by flash chromatography on silica gel (100:0-98:2,
hexane/Et,O) (Table 2-4; 47.8 mg, 0.126 mmol, 63% isolated yield). White solid.

M.p. 77-80 °C.

IR (neat) 700, 1176, 1218, 1281, 1365, 1448, 1474, 1605, 1681, 2851, 2922, 2956 cm .

'"H NMR (400 MHz, CDCl3) §7.94 (d, J = 7.6 Hz, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.28-7.23
(m, 4H), 7.16 (t, /= 7.2 Hz, 1H), 4.71 (d, J = 8.8 Hz, 1H), 2.62 (dd, J = 13.6, 8.8 Hz, 1H), 2.48
(t, J=11.6 Hz, 1H), 1.86 (d, J = 10.0 Hz, 4H), 1.56 (d, J = 13.6 Hz, 1H), 1.42 (q, J = 11.6 Hz,
2H), 1.25 (q, J = 7.2 Hz, 2H), 1.18 (m, 1H), 1.02 (q, J = 11.6 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H),
0.88 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §199.5, 153.2, 141.4, 134.8, 128.82 (2C), 128.79 (2C), 128.1
(2C), 127.1 (2C), 126.6, 49.4, 47.6, 44.7, 39.0, 33.9 (2C), 33.0 (2C), 31.2, 29.9, 29.8 (3C), 11.5.

HRMS-DART (m/z): [M+H]" calcd for Co7H3,0", 377.2839; found, 377.2842.

4,4-Dimethyl-2-phenyl-1-(pyridin-2-yl)pentan-1-one (6aan)
O

=
Ph N

The product 6aan was purified by flash chromatography on silica gel (100:0-95:5,
hexane/Et,O) (Table 2-4; 27.6 mg, 0.103 mmol, 51% isolated yield, containing trace inpurity of
two component coupling product). Pale yellow solid.

M.p. 6466 °C.

IR (neat) 703, 739, 978, 995, 1218, 1365, 1493, 1582, 1697, 2954 cm ™.

'"H NMR (400 MHz, CDCl5) 68.70 (d, J=4.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.74 (dd, J =
8.0, 8.0 Hz, 1H), 7.41-7.39 (m, 3H), 7.22 (dd, J= 7.2, 7.2 Hz, 2H), 7.13 (t, J = 7.2 Hz, 1H), 5.66
(d, J=9.2 Hz, 1H), 2.59 (dd, J=13.6, 9.2 Hz, 1H), 1.66 (d, J= 13.6 Hz, 1H), 0.89 (s, 9H).

BC NMR (100.6 MHz, CDCls) §201.5, 152.9, 148.9, 141.0, 136.7, 128.9 (2C), 128.4 (20),
126.8, 126.4, 122.9, 46.9, 46.4, 31.3, 29.8 (3C).
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HRMS-DART (m/z): [M+H]" calcd for Ci;sH»NO", 268.1696; found, 268.1703.

1-(1H-Indol-2-yl)-4,4-dimethyl-2-phenylpentan-1-one (6aac)
o

=
Ph HN

The product 6aac was purified by flash chromatography on silica gel (100:0-88:12,
hexane/Et,O) (Table 2-4; 38.8 mg, 0.127 mmol, 63% isolated yield, containing trace impurity of
two component coupling product). Pale yellow solid.

M.p. 145-147 °C.

IR (neat) 698, 739, 752, 1137, 1166, 1343, 1520, 1647, 2954, 3317 cm™".

'"H NMR (400 MHz, CDCl3) 69.04 (br s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.40-7.26 (m, 7H),
7.19-7.13 (m, 2H), 4.63 (d, J=9.2 Hz, 1H), 2.61 (dd, J=13.6,9.2 Hz, 1H), 1.65 (d, J=13.6 Hz,
1H), 0.92 (s, 9H).

BC NMR (100.6 MHz, CDCls) §192.9, 141.2, 137.4, 134.9, 128.8 (2C), 128.0 (2C), 127.6,
126.8, 126.3, 123.1, 120.9, 112.1, 109.3, 50.2, 47.0, 31.2, 29.7 (3C).

HRMS-DART (m/z): [M+H]" calcd for C21H24NO", 306.1852; found, 306.1854.

4,4-Dimethyl-2-phenyl-1-(thiophen-3-yl)pentan-1-one (6aao)
0]

O
Ph S

The product 6aao was purified by flash chromatography on silica gel (100:0-97:3,
hexane/Et,O) (Table 2-4; 36.8 mg, 0.133 mmol, 67% isolated yield, containing 1% impurity of
two component coupling product). White solid.

M.p. 132-134 °C.

IR (neat) 698, 865, 1178, 1226, 1453, 1508, 1660, 2865, 2956, 3092 cm .

'"H NMR (400 MHz, CDCl3) §8.10 (s, 1H), 7.56 (d, J = 4.8 Hz, 1H), 7.32-7.26 (m, 5H), 7.18
(t,J=7.2 Hz, 1H), 4.49 (d, J= 8.8 Hz, 1H), 2.58 (dd, J= 14.0, 8.8 Hz, 1H), 1.56 (d, J=14.0 Hz,
1H), 0.89 (s, 9H).

3C NMR (100.6 MHz, CDCls) §194.2, 142.1, 141.2, 132.2, 128.9 (2C), 128.1 (2C), 127.5,
126.8, 126.2, 51.7,47.1, 31.1, 29.7 (3C).

HRMS-DART (m/z): [M+H]" caled for C17H,;0S", 273.1308; found, 273.1312.

1-(Furan-3-yl)-4,4-dimethyl-2-phenylpentan-1-one (6aap)
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0]

I
Ph 0

The product 6aap was purified by flash chromatography on silica gel (100:0-96.5:3.5,
hexane/Et,0O) (Table 2-4; 31.9 mg, 0.124 mmol, 62% isolated yield). White solid.

M.p. 123-126 °C.

IR (neat) 600, 697, 713, 727, 745, 872, 1154, 1452, 1514, 1666, 2959, 3131 cm .

'"H NMR (400 MHz, CDCl;) &8.05 (s, 1H), 7.37 (s, 1H), 7.28-7.27 (m, 4H), 7.20 (m, 1H),
6.75 (s, 1H), 4.22 (d, J= 8.8 Hz, 1H), 2.56 (dd, J = 14.0, 8.8 Hz, 1H), 1.54 (d, /= 14.0 Hz, 1H),
0.88 (s, 9H).

3C NMR (100.6 MHz, CDCls) §194.7, 147.1, 144.1, 141.1, 128.9 (2C), 128.0 (2C), 127.5,
126.9, 109.2, 52.8, 46.7, 31.1, 29.7 (3C).

HRMS-DART (m/z): [M+H]" calcd for C17H»10,", 257.1536; found, 257.1536.

6,6-Dimethyl-1,4-diphenylheptan-3-one (6aai)
o]

X0

The product 6aai was purified by flash chromatography on silica gel (100:0-98:2,
hexane/Et,O) (Table 2-4; 38.4 mg, 0.129 mmol, 64% isolated yield, containing 2% impurity of
two component coupling product). White solid.

M.p. 71-74 °C.

IR (neat) 699, 747, 1030, 1090, 1365, 1453, 1475, 1494, 1714, 2865, 2953 cm .

'"H NMR (400 MHz, CDCl5) §7.29-7.26 (m, 2H), 7.23-7.12 (m, 6H), 7.05 (d, /= 7.2 Hz, 2H),
3.71 (dd, J=17.6, 4.0 Hz, 1H), 2.86-2.73 (m, 4H), 2.34 (dd, J = 14.0, 7.6 Hz, 1H), 1.49 (dd, J =
14.0, 4.0 Hz, 1H), 0.81 (s, 9H).

3C NMR (100.6 MHz, CDCl3) §209.1, 141.0, 140.6, 128.8 (2C), 128.3 (2C), 128.2 (2C x 2)
126.9, 125.9, 55.7,45.3, 43.3, 30.9, 29.9, 29.7 (3C).

HRMS-DART (m/z): [M+H]" caled for C21H270", 295.2056; found, 295.2054.

8,8-Dimethyl-1,6-diphenylnonan-1,5-dione (6aaq)

K0

The product 6aaq was purified by flash chromatography on silica gel (100:0-90:10,
hexane/Et,O) (Table 2-4; 45.8 mg, 0.134 mmol, 67% isolated yield, containing 2% impurity of
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two component coupling product). Pale yellow solid.

M.p. 6266 °C.

IR (neat) 691, 701, 732, 753, 1225, 1365, 1449, 1684, 1712, 2952 cm ™.

'"H NMR (400 MHz, CDCls) §7.85 (d, J = 7.2 Hz, 2H), 7.53 (t,J = 7.2 Hz, 1H), 7.42 (dd, J =
7.2, 7.2 Hz, 2H), 7.28-7.15 (m, 5H), 3.76 (d, J = 7.6 Hz, 1H), 2.83 (m, 1H), 2.74 (m, 1H), 2.57
(t,J=6.8 Hz, 2H), 2.36 (dd, /= 14.0, 7.6 Hz, 1H), 1.96-1.88 (m, 2H), 1.50 (d, J = 14.0 Hz, 1H),
0.83 (s, 9H).

BC NMR (100.6 MHz, CDCls) §209.8, 199.7, 140.5, 136.7, 132.9, 128.8 (2C), 128.5 (20),
128.2 (2C), 128.0 (2C), 127.0, 55.7, 45.3, 40.6, 37.2, 30.9, 29.7 (3C), 18.2.

HRMS-DART (m/z): [M+H]" calcd for C23H290,", 337.2162; found, 337.2167.

4,4-Dimethyl-1-(oxan-4-yl)-2-phenylpentan-1-one (6aar)
O

The product 6aar was purified by flash chromatography on silica gel (100:0-85:15,
hexane/Et,O) (Table 2-4; 37.9 mg, 0.138 mmol, 69% isolated yield). Pale yellow solid.

M.p. 77-81 °C.

IR (neat) 700, 723, 1023, 1093, 1115, 1240, 1365, 1708, 2846, 2951 cm .

'"H NMR (400 MHz, CDCl3) 6 7.31-7.26 (m, 2H), 7.24-7.19 (m, 3H), 3.97 (d, J = 11.2 Hz,
1H), 3.90 (dd, J=7.6, 4.0 Hz, 1H), 3.85 (d, /= 11.2 Hz, 1H), 3.37 (t, /= 11.6 Hz, 1H), 3.25 (t,J
=11.6 Hz, 1H), 2.63 (m, 1H), 2.35 (dd, J = 14.0, 7.6 Hz, 1H), 1.77-1.58 (m, 3H), 1.45 (dd, J =
14.0, 4.0 Hz, 1H), 1.29 (d, J = 13.6 Hz, 1H), 0.84 (s, 9H).

BC NMR (100.6 MHz, CDCl3) 6211.0, 140.6, 128.9 (2C), 128.3 (2C), 127.0, 67.3, 67.1, 53.5,
47.1,45.9,30.9,29.7 (3C), 29.1, 28 4.

HRMS-DART (m/z): [M+H]" caled for CisH270,", 275.2006; found, 275.2004.

1-Cyclohexyl-4,4-dimethyl-2-phenylpentan-1-one (6aas)
O

KL

The product 6aas was purified by flash chromatography on silica gel (100:0-97.5:2.5,
hexane/EtOAc) (Table 2-4; 32.3 mg, 0.117 mmol, 58% isolated yield, containing 1% impurity of
two component coupling product). Pale yellow solid.

M.p. 55-56 °C.

IR (neat) 699, 721, 989, 1365, 1451, 1474, 1492, 1708, 2855, 2931 cm .
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'H NMR (400 MHz, CDCls) §7.30-7.26 (m, 2H), 7.22-7.19 (m, 3H), 3.89 (dd, J = 7.2, 4.0
Hz, 1H), 2.41 (t,J = 10.8 Hz, 1H), 2.32 (dd, J= 14.0, 7.2 Hz, 1H), 1.87 (d, /= 10.8 Hz, 1H), 1.76
(d, J=10.8 Hz, 1H), 1.65-1.57 (m, 2H), 1.45-1.06 (m, 7H), 0.83 (s, 9H).

13C NMR (100.6 MHz, CDCLs) 6212.9, 141.0, 128.7 (2C), 128.4 (2C), 126.7, 53.8, 50.4, 46.0,
31.0,29.7 (3C), 29.6, 28.7, 25.9, 25.7, 25.4.

HRMS-DART (m/z): [M+H]" calcd for CioHx0O", 273.2213; found, 273.2218.

4,4-Dimethyl-1-(1-methylcyclohexyl)-2-phenylpentan-1-one (6aat)
O

KL RS

The product 6aat was purified by flash chromatography on silica gel (100:0-98:2,
hexane/Et,O) (Table 2-4; 24.4 mg, 0.0852 mmol, 43% isolated yield, containing inpurity). White
solid.

M.p. 4043 °C.

IR (neat) 700, 730, 1012, 1364, 1456, 1493, 1558, 1699, 2864, 2933 cm .

'"H NMR (400 MHz, CDCl;) 67.32 (d,J= 7.2 Hz, 2H), 7.25 (dd, J= 7.2, 7.2 Hz, 2H), 7.17 (t,
J=7.2 Hz, 1H), 4.28 (dd, J= 8.4, 4.4 Hz, 1H), 1.94-1.86 (m, 2H), 1.82—1.74 (m, 2H), 1.45-1.41
(m, 2H), 1.34-1.21 (m, 6H), 1.05 (s, 3H), 0.79 (s, 9H).

BC NMR (100.6 MHz, CDCl5) 6215.6, 141.1, 128.8 (2C), 128.4 (2C), 126.5, 49.3, 49.0, 48.3,
34.8,34.5,31.3,30.0 (30), 25.8, 23.8, 22.5, 22.4.

HRMS-DART (m/z): [M+H]" caled for C20H3,0", 287.2369; found, 287.2380.

6,6-Dimethyl-2-{4-[(2-oxocyclopentan-1-yl)methyl]phenyl}-4-phenylheptan-3-one (6aau)
O

Ph

The product 6aau was purified by flash chromatography on silica gel (100:0-85:15,
hexane/Et,O) (Table 2-4; 45.6 mg, 0.117 mmol, 58% isolated yield). Yellow oil.

IR (neat) 700, 1154, 1366, 1453, 1474, 1492, 1511, 1713, 1739, 2868, 2956 cm .
Signals for two diastereomers (54:46) were given:

'"H NMR (400 MHz, CDCl3) 67.33-7.08 (m, 6H), 6.93-6.91 (m, 2H), 6.84 (m, 1H), 3.89-3.70
(m, 2H), 3.08 (m, 1H), 2.61-1.41 (m, 10H), 1.37 (d, /= 6.8 Hz, 0.54 x 3H), 1.22 (d, /= 6.8 Hz,
0.46 x 3H), 0.81 (s, 0.54 x 9H), 0.53 (s, 0.46 x 9H).

Signals for diastereomers were given:
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BC NMR (100.6 MHz, CDCl;) 6 220.1, 210.7, 209.3, 141.25, 141.22, 140.7, 139.0, 138.9,
138.6, 138.5, 138.34, 138.32, 137.75, 137.72, 129.5, 129.4, 129.0, 128.8, 128.5, 128.28, 128.26,
128.1,126.9,126.4,126.3, 54.1, 54.0, 53.2, 52.61, 52.58, 50.99, 50.94, 50.89, 50.87, 47.00, 46.95,
45.2, 38.3, 38.23, 38.21, 38.18, 35.11, 35.07, 35.04, 31.1, 30.9, 30.8, 29.7, 29.3, 29.10, 29.06,
28.9,28.8,25.0, 20.5, 18.12, 18.08, 17.51, 17.46 (only observed peaks).

HRMS-DART (m/z): [M+H]" calcd for C27H350,", 391.2632; found, 391.2628.

4,4,8,8-Tetramethyl-1-(2,5-dimethylphenoxy)-6-phenylnonan-5-one (6aav)
Lo
A T
Ph

The product 6aav was purified by flash chromatography on silica gel (95:5, hexane/Et,O)
(Table 2-4; 26.0 mg, 0.0659 mmol, 33% isolated yield). Colourless oil.

IR (neat) 700, 732, 1028, 1130, 1157, 1265, 1365, 1472, 1509, 1699, 2954 cm .

'"H NMR (400 MHz, CDCl;) 67.31 (d,J= 7.2 Hz, 2H), 7.25 (dd, J= 7.2, 7.2 Hz, 2H), 7.17 (t,
J=17.2 Hz, 1H), 6.99 (d, J=7.2 Hz, 1H), 6.65 (d, /= 7.2 Hz, 1H), 6.54 (s, 1H), 4.27 (dd, J=7.2,
4.8 Hz, 1H), 3.77-3.69 (m, 2H), 2.30 (s, 3H), 2.14 (s, 3H), 1.99 (dd, J = 14.4, 4.8 Hz, 1H), 1.71
(dd, J=14.4,7.2 Hz, 1H), 1.65-1.52 (m, 3H), 1.33 (m, 1H), 1.13 (s, 6H), 0.80 (s, 9H).

BC NMR (100.6 MHz, CDCls) §214.9, 156.9, 140.8, 136.4, 130.2, 128.7 (2C), 128.5 (20),
126.6, 123.6, 120.6, 112.0, 68.0, 49.3, 48.6, 48.2, 36.5, 31.3, 29.9 (3C), 25.2, 24.74, 24.69, 21 .4,

15.8.
HRMS-DART (m/z): [M+H]" calcd for C27H300,", 395.2945; found, 395.2940.

2-(4-Methoxyphenyl)-4,4-dimethyl-1-(4-methylphenyl)pentan-1-one (6aba)
o
OMe
The product 6aba was purified by flash chromatography on silica gel (100:0-95:5,
hexane/Et,0O) (Table 2-4; 39.3 mg, 0.126 mmol, 63% isolated yield, containing trace inpurity of
two component coupling product). Pale yellow solid.
M.p. 78-82 °C.
IR (neat) 1177, 1251, 1457, 1473, 1508, 1541, 1558, 1607, 1653, 1683, 2953 cm .

'H NMR (400 MHz, CDCl) 67.90 (d, J = 7.6 Hz, 2H), 7.23-7.20 (m, 4H), 6.79 (d, J = 7.6
Hz, 2H), 4.65 (d, J=9.2 Hz, 1H), 3.74 (s, 3H), 2.57 (dd, J = 14.0, 9.2 Hz, 1H), 2.36 (s, 3H), 1.54
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(d, J=14.0 Hz, 1H), 0.87 (s, 9H).

13C NMR (100.6 MHz, CDCls) 6 199.8, 158.3, 143.5, 134.5, 133.3, 129.2 (2C), 129.1 (2C),
128.7 (2C), 114.2 (2C), 55.2, 48.4, 47.5, 31.1, 29.8 (3C), 21.6.

HRMS-DART (m/z): [M+H]" caled for Ca1Hy70,", 311.2006; found, 311.2003.

2-(4-Chlorophenyl)-4,4-dimethyl-1-(4-methylphenyl)pentan-1-one (6aca)
0

Cl

The product 6aca was purified by flash chromatography on silica gel (100:0-95:5,
hexane/Et,O) (Table 2-4; 31.5 mg, 0.0993 mmol, 50% isolated yield, containing trace impurity
of two component coupling product). Pale yellow solid.

M.p. 96-97 °C.

IR (neat) 753, 828, 1015, 1092, 1175, 1365, 1489, 1607, 1681, 2955 cm™'.

'"H NMR (400 MHz, CDCls) &7.88 (d, J = 7.6 Hz, 2H), 7.24-7.21 (m, 6H), 4.68 (d, J = 8.8
Hz, 1H), 2.57 (dd, J = 14.0, 8.8 Hz, 1H), 2.37 (s, 3H), 1.54 (d, J= 14.0 Hz, 1H), 0.87 (s, 9H).

BC NMR (100.6 MHz, CDCls) §199.3, 143.8, 139.8, 134.2, 132.5, 129.5 (2C), 129.4 (20),
128.9 (2C), 128.7 (2C), 48.7,47.5, 31.2, 29.8 (3C), 21.6.

HRMS-DART (m/z): [M+H]" caled for C20H24C10", 315.1510; found, 315.1508.

2-(4-Bromophenyl)-4,4-dimethyl-1-(4-methylphenyl)pentan-1-one (6ada)
(0]
Br

The product 6ada was purified by flash chromatography on silica gel (100:0-97.5:2.5,
hexane/Et,O) (Table 2-4; 45.7 mg, 0.126 mmol, 63% isolated yield, containing 1% impurity of
two component coupling product). White solid.

M.p. 91-93 °C.

IR (neat) 1011, 1175, 1487, 1507, 1540, 1558, 1607, 1653, 1683, 2955 cm ™.

'"H NMR (400 MHz, CDCl;) &§7.88 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.23-7.18

(m, 4H), 4.67 (d, J = 8.8 Hz, 1H), 2.57 (dd, J = 14.0, 8.8 Hz, 1H), 2.37 (s, 3H), 1.54 (d, J = 14.0
Hz, 1H), 0.87 (s, 9H).
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BC NMR (100.6 MHz, CDCl3) & 199.2, 143.9, 140.3, 134.1, 131.9 (2C), 129.8 (2C), 129.4
(20), 128.7 (2C), 120.6, 48.7,47.4,31.2,29.8 (3C), 21.6.
HRMS-DART (m/z): [M+H]" caled for C20H24BrO", 359.1005; found, 359.1009.

2-[4-(Methoxycarbonyl)phenyl]-4,4-dimethyl-1-(4-methylphenyl)pentan-1-one (6aea)
O

CO,Me

The product 6aea was purified by flash chromatography on silica gel (100:0-85:15,
hexane/Et,O) (Table 2-4; 45.6 mg, 0.135 mmol, 67% isolated yield). White solid.

M.p. 103-105 °C.

IR (neat) 741,1112, 1180, 1250, 1280, 1435, 1607, 1682, 1722, 2952 cm™".

'"H NMR (400 MHz, CDCl;) 67.93 (d, J = 8.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 2H), 7.39 (d, J =
8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.76 (d, J = 8.4 Hz, 1H), 3.87 (s, 3H), 2.61 (dd, J = 14.0,
8.4 Hz, 1H), 2.37 (s, 3H), 1.57 (d, J= 14.0 Hz, 1H), 0.88 (s, 9H).

BC NMR (100.6 MHz, CDCls) §198.9, 166.8, 146.5, 143.9, 134.2, 130.1 (2C), 129.4 (20),
128.7 (2C), 128.6, 128.2 (2C), 52.0,49.5,47.4, 31.3, 29.8 (3C), 21.6.

HRMS-DART (m/z): [M+H]" calcd for CxH»,05", 339.1955; found, 339.1965.

2-[4-(Trifluoromethyl)phenyl]-4,4-dimethyl-1-(4-methylphenyl)pentan-1-one (6afa)
O

CF3

The product 6afa was purified by flash chromatography on silica gel (100:0-98:2,
hexane/Et,0O) (Table 2-4; 36.0 mg, 0.103 mmol, 52% isolated yield, containing trace amount of
impurity of two component coupling product). White solid.

M.p. 80-83 °C.

IR (neat) 1019, 1069, 1110, 1126, 1165, 1325, 1607, 1615, 1681, 2958 cm ™.

'"H NMR (400 MHz, CDCl;) 67.89 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.44 (d, J =
8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 4.78 (d, /= 9.2 Hz, 1H), 2.62 (dd, J = 13.6, 9.2 Hz, 1H),
2.38 (s, 3H), 1.56 (d, J = 13.6 Hz, 1H), 0.89 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §198.9, 145.3, 144.1, 134.0, 129.4 (2C), 129.0 (q, Jcr = 32.3
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Hz, 1C), 128.7 (2C), 128.4 (2C), 125.7 (q, Jcr = 3.5 Hz, 2C), 124.1 (q, Jcr = 272.0 Hz, 1C),
49.1,47.5,31.3,29.8 (3C), 21.6.

YF NMR (376.5 MHz, CDCl;) 6-62.5.

HRMS-DART (m/z): [M+H]" calcd for C21Hx4F;0", 349.1774; found, 349.1768.

4,4-Dimethyl-1-(4-methylphenyl)-2-(2-naphthyl)pentan-1-one (6aga)
O

The product 6aga was purified by flash chromatography on silica gel (100:0-97:3, hexane/Et.
»0) (Table 2-4; 39.5 mg, 0.120 mmol, 60% isolated yield). Pale pink solid.

M.p. 118-121 °C.

IR (neat) 755, 818, 975, 1181, 1222, 1282, 1365, 1475, 1606, 1678, 2954 cm ™",

'"H NMR (400 MHz, CDCls) §7.94 (d, J = 7.6 Hz, 2H), 7.77-7.75 (m, 3H), 7.72 (s, 1H), 7.47
(d, J= 8.4 Hz, 1H), 7.44-7.38 (m, 2H), 7.19 (d, J = 7.6 Hz, 2H), 4.86 (d, J = 8.8 Hz, 1H), 2.71
(dd, J=14.0, 8.8 Hz, 1H), 2.34 (s, 3H), 1.64 (d, J = 14.0 Hz, 1H), 0.91 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §199.5, 143.6, 138.8, 134.5, 133.6, 132.3, 129.3 (2C), 128.8
(2C), 128.6, 127.7, 127.6, 126.7, 126.3, 126.1, 125.6, 49.6, 47.5, 31.3, 29.8 (3C), 21.5.

HRMS-DART (m/z): [M+H]" caled for C24H,70", 331.2056; found, 331.2053.

4,4-Dimethyl-1-(4-methylphenyl)-2-(thiophen-2-yl)pentan-1-one (6aha)
O

(SN

The product 6aha was purified by flash chromatography on silica gel (100:0-97:3,
hexane/Et,O) (Table 2-4; 28.1 mg, 0.0977 mmol, 49% isolated yield, containing trace amount of
impurity of two component coupling product). Pale yellow solid.

M.p. 65-67 °C.

IR (neat) 695, 1181, 1228, 1280, 1365, 1475, 1606, 1682, 2865, 2954 cm'.

'"H NMR (400 MHz, CDCl3) §7.94 (d,J=7.6 Hz, 2H), 7.25 (d, J= 7.6 Hz, 2H), 7.13 (m, 1H),
6.86 (s, 2H), 5.00 (d, J = 8.8 Hz, 1H), 2.58 (dd, J = 14.0, 8.8 Hz, 1H), 2.39 (s, 3H), 1.72 (d, J =
14.0 Hz, 1H), 0.89 (s, 9H).

BC NMR (100.6 MHz, CDCls) §198.4, 143.92, 143.91, 133.8, 129.4 (2C), 128.8 (2C), 126.8,
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125.0, 124.4,48.2,43.9, 31.1, 29.7 (3C), 21.6.
HRMS-DART (m/z): [M+H]" calcd for CisH230S", 287.1464; found, 287.1471.

Methyl 4,4-Dimethyl-2-(4-methylbenzoyl)pentanoate (6aia)
O

The product 6aia was purified by flash chromatography on silica gel (85:15, hexane/Et,0O)
(Table 2-4; 6.2 mg, 0.024 mmol, 12% isolated yield, containing unidentified impurity).
Colourless oil.

IR (neat) 1077, 1155, 1182, 1230, 1284, 1367, 1608, 1683, 1740, 2953 cm ™.

'"H NMR (400 MHz, CDCl3) §7.91 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 4.40 (t,J =
6.0 Hz, 1H), 3.67 (s, 3H), 2.42 (s, 3H), 2.03 (d, J = 6.0 Hz, 2H), 0.90 (s, 9H).

BCNMR (100.6 MHz, CDCl3) §195.0, 171.1, 144.4, 133.5,129.5 (2C), 128.9 (2C), 52.5, 50.5,
42.0,30.9,29.3 (3C), 21.7.

HRMS-DART (m/z): [M+H]" calcd for C16H230;5", 263.1642; found, 263.1641.
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m Cyclic Voltammetry of Acyl Azolium Intermediates m

The preparation of INT-I is representative. In a glovebox, to an oven-dried vial with a stirring
bar was added acyl imidazole 3a (1.86 mg, 10 umol ), N1 (3.15 mg, 10 umol) and Cs>COs (3.26
mg, 10 pumol). To the vial, 5.0 mL of MeCN with tetrabutylammonium hexafluorophosphate

([N(nBu)]4PFs) (193.7 mg, 0.5 mmol, 0.1 M) dissolved as a supporting electrolyte was added, and

the mixture was stirred for 2 h at room temperature. Then, the ressulting solution was transffered

to the measuring vessel, and the electrochemical property of the ground state acyl azolium INT-I

was mesured.

Measurements used a glassy carbon working electrode (area = 0.07 cm?), a Ag/AgCl reference

electrode (SCE), and a Pt wire counter electrode. The concentration of the sample solution was

fixed at 2 mM and the sweep rates were set to 100 mV/s.
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Figure 2-8. Cyclic voltammogram of acyl azolium intermediates.
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Figure 3-1. Natural products and pharmaceuticals including B-amido ketones and alcohols.
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& PC °~ H-base+
§ i
Ar< ’}l R Ar N )J\ R
H PCET .
Base amidyl radical

Figure 3-2. Photoredox-catalysis-promoted oxidative concerted PCET.

K2 mCHIRARTo B0 —EFBEIZ I L7272 AV TERINHC il s 13
SRR AT 2= N AR D200 A R TH D, = 2T, IR
LC, AIHIEBRENR PCET IC -5 < NHC iR 2 W27 2 MEEW O T v ALKS
Z 77~ (Scheme3-1), ~V 7 — LA NHC filifii s L OVEWER(E ) 2 A1 2 el bz
TEAETFAE N, BREFHLT UHAREREKE LTT I K1, 7T fliGikE LCTT7 oA
Y = 2a HEHNTRUREAT R o T3, BRIOT bR 3a 8T & A BB/ BNe
ST, TOFRKE LT, LW PCETIZXVALT I VT Vv & NHC fillfi bk
DT FNT I ANDRIEME, FBERESCEED I A~ v FHEE SN,

(15 mol %)
%3
SCZCHPN (2 mol %)
032003 (15 mol °/o)

Q 9 Bu4N[PO,(OBuU),] (1.0 equiv) Q
ph. JL Ph.
N“oMe * NN N
\ e N |
Y \—/ MeCN MeO,C
amide 1 2a 3a
1.0 equiv 1.0 equiv 2%

Scheme 3-1. Preliminary study for merging photoredox PCET with NHC Catalysis.

T T, INODORERZRRT DT I UV T VHEIIAE LT, o FHIicA
V74 v EATHT I NMeaa @R L, rIEEEREVR PCET (2255 < NHC filtiit % %
ﬂﬂb\f:\ TN DT 2 RT3V IALRIG & ER LUz, ATERGHRS T, B{LA) PCET 7' 1

RWZEY ., BFRCTNAT o 2HTDHT I MEEMOERZF LI T VR FRAE L,
@%ﬁ)iﬁ STHRBRLEZR T TAIVT O INEE X D, ZO/EHMT Y HVFEN NHC
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kR D REFHMRr TFNT VANV ERIRNC T CAN-F AN v T Y T a2
TZET, DEEWB-T I RT M ARBEOND, T2, BRSO IEHWNT VXL
TN ETFNT DI E OBONARBFHBEAERIZ LY T AT VABRR R T Y
NIy Y o TINFEBLTE L EMEEL, (Figure 3-3),

cat. NHC
cat. photoredox complex

o] R? 0 phosphate base o : 5
N R
Ar“|\rﬂ\x”\f§L\RZ * LG/M\RS g Qﬁi;)>_1gi

|'4 R
PC* | PCET l '
R O - Ar o~
1 \
o R N PC N VA
Ar L /\/\ + < | R3 Y * R? :
N™ X R? \ + X \)\< N 4+
N’N\ SET 1 ( N}
e R R \No R
working hypothesis transient persistent
NHC catalysis / PCET diastereoselective radical-radical coupling 2°/ 3°

Challenges - Generation ratio of transient and persistent radical species
- Redox potentials of amide and acylazolium intemediate with photo catalyst

Figure 3-3. NHC-catalyzed radical-radical coupling incorporating PCET.

ZOWEN) PCET 7t RS TGV IN-FG NI v TV o TOEBDIZDIC
X, EHEMR TN EEFMRT AN DERLBRORERENLETHS L Kk
ZIRET LT ORKEIEE SIS (Figure 3-4) ,

1) BHREFLT P NVOEIRIT, RO L R L Tt O e bE T BN
W AFT D, HODHEREOEEMEEN G T E D551, K EDOEWT I K7 =4
TN S, T YA I F S — )V ET 2T V) o ARRURO iR 5 &k 29,

2) BHRPLT PN EGFNOT N AL E DR FNERIC LD . RFE
LT AN ERT D, LI, ZOTAXLNTIHNErFILNTIHNDT I
—T NIy T TRNEANCHELT L WS, o rNBRIT e 7 e AT
HHTD, FHBRNEZ > TCoOERFP LT VNN FETSE, b LITIREHLT U
NNEBICEBFRTINT, RET =AFENEL, BIAERMTHL 7 1 b ABIKIC
B IND,

3) WA tE BT L, BREPLT O INERETH DI Rt haH L,
TYNT YU LAHEE (Eip=ca.—0.8~-1.0 Vvs. SCE in MeCN) ¥ 2385 C& % 7
T, Bk L72RIVAERM DT DRI D IRE T = A AR L Wil g /1 &2 A
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T HMEND D, KR ITAREIE, EICATEE & B LAOYE YLD G A 2 AT REMEDS
BV R bETCAEE O LR ITEN & ROSRRIKICR E UKfFT 5, EITHITEE TIE,
BA AR EERE CRA(LAY PCET 282 2 0 | EEHE PO T D AANAERT 5, [FIRFICAE Coioik
BB LB T IX, TN T N ETERST 2T AT VU U AR DIR LA &
L CHeReT % (Figure3-4, £9A 7 V), BLBOEIGIET v 7 v U o AR DO—E
FIBICIZ L > TSNS (Figure3-4, 594 7 V), EH 5O A 7 12BN T
b, FREOTREB I ONERMZE 25 D0, WA 7 VRET 5846, RIGRT
THEUDEFMRT VhNERFMLT OHNOAERLROHENREL 225, L)
ST, F{LB PCET 7t RZHSL TP WNH v TV v 7 RERT H-0I2iE, Bt
BICENAREEICHIET 5 Z EngEL 25,

(@] R (@]

XJ\ITI’Ar <N%R3
—_— *— \
SET PC Nt PC

SN

Reductive Oxidative
PC Quenching PCET SET Quenching PC

AV 2o
pc* OYNl e T fRS pc*

X \)\<R1 4N N=R

Figure 3-4. Two possible pathways for radical-radical coupling.

2 8 USSR O FIEAL

B OVEEAGIC IS & AIHRDEERENE PCET 12E-3< NHC filtit Rz /=, 7v
DT I RT VMRS ERE LT, b U 7Y — VB NHC il D fFE T, R0
FONNHERE LTy FINBANAT— | la, TFILTIHLREMEE LTT >
A IEY —)v 2a EHIWEERIZ, flix OfB{LIETTENM 2 AT 5 CE bR ST D KOG
PEAFEAN L7= (Table 3-1), JEfg{biE ot s L CHHAIND, @V ITEME AT 5
Ir(dFppy)s (PC1) **Z W RUGTiX, FrEDERSY) 3aa 135017, BIAERD O 7 v
K AUAK 4aa DA ST (Table 3-1, Entry 1), 3#tENM 2 PC1 LD b3 K
WA HOEER LR STl 3DPA2FBN (PC2) # W= & 2 A, HRVARY) 3aa 135G 67
3. BIERY) 4aa DMEIEAICAS B 7z (Table 3-1, Entry 2) . X 0 (b1 O & WHHE
FeER LI T Cdh 5 PC3 X° PC4 1L, 7 X K7 /LR 3aa DI IIIK T L7 (Table
3-1, Entries 3 and 4) >, Ir XER{LIRICAREE PCS & PC6 1%, ZERH) 3aa DI % )
EHELDOD, Fu kALK 4aa D3 EWOILER T/ S 407 (Table 3-1, Entries 5 and 6)

110



U UG T TOT X ROBLEND (Eip=1.27 Vvs. SCEin MeCN) Th b Z &
BEETDHE, PCOICLDNROUFEIZ Y TH -7, WWIEVELRTTENEZ AT D
4CzIPN (PC7) % HWi=54A. HEOY 3aa DU PC6 & [RI% TH - 7=28. BIAEKRY)
4aa DR KIEICHNH] & 4u7= (Table3-1, Entry7) %, 5L LT, BALBMA LD &
<\ IBETTBENLA PR O YR LI TR 3C2CIUPN (PC8) % AW ZERIC, & b mW IR
TPB-7 2 F7 b AK%& 5 %27 (Table 3-1, Entries 8 and 9) %,

(15 mol %)

Cless”

Photo cat (2 mol %)

o Cs,CO3 (15 mol %) 0 0
0 BUNPOL(OBU),l (1.0 equiv) Y\ P11 N
Py o~ pn NN o + g ’
G \—/ MeCN \/‘\(
Ph Ph
1a 2a 3aa 4aa
1.0 equiv 1.0 equiv
Redox potential Yield (%)% © of
Entry Photoredox catalyst
(Ered” / Brea) 3aa (dr) / 4aa
1 Ir(dFppy)s (PC1) 0.77/-2.0 N.D./85
2 3DPA2FBN (PC2) 0.92/-1.92 15(3.3/1)/ 54
3 3DPAFIPN (PC3) 1.09/-1.59 11 (1/1.1)/ 48
4 4DPAIPN (PC4) 1.10/-1.52 5(1/1.5)/ 68
5 [Ir {dF(CF3)ppy}dtbpy]PFs (PC5) 121/-137 21(2.5/1) /59
6 [Ir {dF(CF3)ppy}2bpy]PFs (PC6) 1.32/-1.37 51(2.4/1)/ 44
7 4CzIPN (PC7) 1.43/-1.24 48 (2.7/1) /13
8 3CzCIIPN (PCS) 1.56/-1.16 72 (2.8/1) /15
9 3CzCIIPN (PCS8) 1.56/-1.16 80 (2.8/1) / trace®

dReaction was carried out with 1a (0.1 mmol), acyl imidazole 2a (0.1 mmol), Photoredox catalyst (2 mol %), NHC
catalyst (15 mol %), Cs,COs3 (0.015 mmol), and BusN[PO,(OBu)] (0.1 mmol) in MeCN (1.0 mL) under 440 nm (Kessil
lamp equipped with PhotoRedOx Duo) irradiation for 12 h. »"H NMR yield. °2a (1.5 equiv), NHC catalyst (30 mol %),
and Cs,COs3 (0.03 mmol) were used.

Table 3-1. Optimization of photoredox catalysts.
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5 3 Ei JREGE AR K OVER) OFFEAL

FROFGHRF CHONT BRI ESE G FRICT AT 2/ T5T7 IR ET
A IEY =) 2 OIE A OMEF 21T 572 (Table 3-2), 7, Z{@#7 V7
YERETLT I R2EHWTHRHZITo 70, TN T PNV EBRIERISIZ K Y XD LT
CANERT DN~ — |k (lad) 1L, TINAIFY—)b2a ERIGL, 3T
% afLICH 3 MkRFEEETH B-7 X K b Ak E BRI T2 (3aa-3da),
OSSR ZET E) 3da DY T AT VA~ —%2 T A u~ ST T 4 —TH
BERSELL . BREAR 21T 9 2 & T X MR E M ic K 0 8 LT, £ 7AW oFaxt
Bl L, S Tiie & Ll Sz NHC fltic K5 U7 A7 VAR 72 7 2 1 L —
TIOANT TV T DEBYOSE LT E B L2, LIzho T, A7 rtERIZE
WCh, FVIN-TTANH TV T OEMBETYT AT LATRRIEN BT 2 &
WEND, FHEHRTNVFNLTIHNETERT D 1e TIHEMET L7 Bea), 7 UL
P AT NAVEEZFFD If TIEY T AT VABEIEON EIXR 6N - 7o—F T, 446
W&EZ AT 5 1g TIEEWY T AT LA RIRMECTHMOBRILAERY 3ga & 5272, K%
1th, BRI K (liand1j), 7V —/A7 I R 1k THREZR S KIS EITL, @Y
T AT UARIRMETHSY (3ha-3ka) BNENENGE OGN, RFEX, BB AR
VEENBBEINDT VA I X — 2B X212k LCHiEH FEE TH o 7= (3ab
and 3ac) .

T, ZERT NV B ET DT I UNT VA IVEIBEER 1 & WO RS RE
fliL7z, & 2a ZRIESED L a4 RIRFZHT D B-7 I 7 M ALEY) 3la 73
BN T AT LARIME D ORI THE LN, E2RFF LO7T U — L EOEIKEE
IZBR{LA) PCET ' 0 B A DRSHEICRET 2 EHEHI SN 203, HEEROEHIREBICED
5T, BWTT AT VAR TR E 5 272 (3ma-3qa), AR OSSR FITA
B4 3na D X AR RS EAT X 0 MR T E 7o, RIRRIC, 7 v v REHEIZ BV T,
AFNVELD EDSE N FAVEEZAGT S 1t, 7V — L B~ OB RIS ERR L
(luand1v), ~7T a7 UV —/Li (Qwand 1x) 2H T A BFRERENE LN
23 (3ta—3xa), VA TFI/VENER L7 Ir TIHRIMEF L7,

RRBFBFERBROT ONAIFXY —NMIZBNTIE, EFHEEEZET 2T
(2d-2f) CEFKIFEE2ETHHEE 2gand2h), R U Y S a2 —/L= 271 2i T
OISR LS #IT L Bd-3l), ~T a7 U—/LhLR gl LTFL 72 2jxR
Y2k, BN VAR VBN GRFE LIZHE (2b and 2¢) IZBWWTH, mWY
T AT UARIMETHTED B-7 X N7 b kx5 %7 (3l1j-3lc),

S FNBGIC L O REERE—RT NFNT O HAFRENERT 5. — BT L7 1y
DEEIITNERITIEN b OO, BRO T v 7Y 71K 3ya BWE LT, ZE#T Vv
OE LRIk, MaRAEMmE 525 (1zand1A) RV 3~— KNPSO T 2 N bLEW)
IBRU LTEEMIC IZBW TS, KIS T 2B Z mWTT AT LA RRMETE 2
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N2
BF,~

CFN‘ (15 mol %)
L

PC8 (2 mol %) ' PCs O O
" o Cs,CO3 (15 mol %) o) ’ !
o R BusN[PO,(OBuU),] (1.0 equiv) R ' N
N |
YRS UG N 4\NJ\ " x>\\ 2 ! NG cN
NoX R N_J R MeCN R* !
H = |
T 2 R2 R® I 0 N N O
1.0 equiv 1.0 equiv 3 i O cl O
disubstituted alkenes?® !
R OPh
0
o o
- - 54
N o R=H 3aa 72% (dr 3:1) N O o
° I§ OMe  3ba59% (dr3:1) 0\)§,,k p—tol mol
ptol  CONEt  3cad1% (dr3:1) o Pl
H Ph H Ph
3da
84% (dr 2:1) 34% (dr2 1) 49% (dr31 1) 35% (dr>20 1)
0 o)
o>\\ Ph 2 Ph Q Ph 2 Ph >L Ph >\\ Ph
N O N O N O N O N O N O
U\ || § L 'S O P O, P
p-tol .;’ p-tol L ptol . p-tol 5 %
H h H Ph H Ph H Ph H Ph H Ph
3ha 3ia 3ja 3ka 3ab 3ac
62% (dr 5:1) 31% (dr 1.3:1) 29%?P (dr > 20:1) 74% (dr 13:1) 21%?P (dr 5:1) 44%P (dr 2:1)
trisubstituted alkenes?

[e] R! OMe Bu OPh cl Br CO,Et
s
>LN Q /©/ /©/ /© /©/ /©/ /©/
0\)\ I \ \ \ \ N \
p-tol
s Ph 3la 3ma 3na 30a 3pa 3qa
84% (dr > 20:1) 59% (dr >20:1) 80% (dr 20:1) 51% (dr >20:1)  48% (dr > 20:1) 30% (dr >20:1)

o OWN’Ph o]
0
>LN e >LN'Ph o =l o

QA ph
S LR s
\)\A U\ptol O\)>\ prol J\ U\‘Ho' \)_\ P

0
oA

p-tol

R2R®
3ra 3sa 3ta
o, o, . o .
22% 63% (dr >20:1) 41% (dr > 20:1) 3ua: R = OMe, 23% (dr > 20:1) awa 3xa
3va: R =Br, 80% (dr 19:1) 56% (dr > 20:1) 48% (dr 15:1)
[0}
PMP NN NN N
>LN o OMe cl
(0] [k 3id 3le 3If 3lg
X R* 61% (dr > 20:1) 64% (dr > 20:1) 56% (dr > 20:1) 79% (dr > 20:1) 75% (dr > 20:1)
o / / / / /
“Bpin —S
3li 3lj 3lk 3lb 3lc
49% (dr > 20:1) 51% (dr > 20:1) 49% (dr 19:1) 21% b(dr > 20:1) 40%P (dr 19:1)
other examples?
Q Q PMP Q  pwp
JJ\ tol J\p-tol \)\:\'"kptol
P > Ph
3ya 3za 3Aa 3Ba 3Ca
19% 25% (dr > 20:1) 27% (dr 19:1) 41% (dr > 20:1) 44% (dr > 20:1)

dReaction was carried out with 1 (0.1 mmol), acyl imidazole 2 (0.1 mmol), PC8 (2 mol %), NHC catalyst (15 mol %),
Cs2CO3 (0.015 mmol), and BusN[PO,(OBu),] (0.1 mmol) in MeCN (1.0 mL) under 440 nm (Kessil lamp equipped
with PhotoRedOx Duo) irradiation for 12 h. 2 (1.5 equiv), NHC catalyst (30 mol %), and Cs,COs (0.03 mmol) were
used.

Table 3-2. Scope of NHC-catalyzed radical-radical coupling incorporating PCET.
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7= (3za-3Ca), T LD o (LIl 4 FIRFBEZHT DL ORI EWEMER B-7 I R b
ALEWIE, AL e A RRIEO RIS S L7 Nile YeR LR T i @ARsR1 X 5 &6k
B CIIEREETH Y . KRFEOFREN RSN,

Wiz, B oFEE e LT- (Scheme3-2), B-7 2 K47 b 3lai2xf LT, llg
U T LATUE=T L (CAN) CTEB{LT DL, EFE LD p-A FX V7 = = VD BifA#E
SNTALEW S BELTZ Y, 3la ZKFE(LY FULT VI =T ATELT D L, Hik
T2 3 ODORFRFEFTLERTD B-7 X TIVa— UK T BREWDT AT LA @Rk
TR O Z OMRRLE L X RS SR IZ K > THERR S 7z,

Oxidative Deprotection / Boc-Protection

Boc,0 (1.5 equiv)
EtsN (1.2 equiv)
CAN (3.0 equiv) DMAP 10 mol %)

Boc

MeCN/H2 5/1) CH,Cl,

OMe \)\(P\h‘\©\ rt, 12 h
70 % 85 %

"o
o
Reductive Ring-Opening
T Ph MeO
3la L|AIH4 (3.1 equiv)
THF, 80 C 12h X'ray‘f}r;"c‘ure
< pn ""\ P
7
55%
Scheme 3-2. Transformation of the synthesized product of 3la.
04 8 SOCHEE T

o

St bIE ST ORR LR ITF ukﬁfﬂéwﬁﬁd:%ﬁ@ﬁ@%ﬂkbfﬁ%f%
5T T DT IHN=T T HNH T o TR D R & Rl 2 72
LE%ﬁi/%/ﬁk%ﬁ%7i/%/?%h%ﬂ@%m“ﬁ@u’ﬂféi%%@
W% 7 1 b L7z (Figure 3-5) . x $illi X phiEd IR RE O Y it 038 SudE Az & 7o 1 XE L BEAL
z BTV O LIEITTEMN Th 5, BICAEITH T 5 7 1 > ME, SRR bz h
DOIAvIEITEN & AW 3aa DIGEROMIZ B WHEBE2E H 472 (Figure 3-5, £[X), —
ﬁf LB ICT 57 ey M, HEBRECHENR LN OO, BFE D

iz (Figure 3-5, £AX), ZHODORIENG | BidRBO I R otiiin 7T I ¥
W7/ﬁWWﬁ%Lﬁﬁé&m%P&H7uﬂx#%ﬁﬁ6\ﬁﬁ%ﬁt#47WT@
ITLTWD ZEDmsiiz, —J5, ki To&EcEM MR DEfE PC2 & PC3
X, ERPOWEZ DT M ST (Bed =0.92~1.10V) 3, @WELEMEZ AT
LN EGE T OSEITIE, BBV A 7 VMBI T D L HEII S D,
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. . 2 idative nchin, |
Reductive quenching cycle B Oxidative quenching cycle
80 80
7 70
@ 60
50 o 50 <
® £ 40
>
%o : ;
3 Uu
» T 15 9
d |
20 5 = . 20 5 '
= 10 12 EPCYPC™)
10 - 15
0 1 E(PC™'/PC) 0 !
06 01 e 1M L1 1A IR 18 1S 14 Beont e e e s
E(PCHPC) E(PC™'/PC)

Figure 3-5. Correlation of reaction yield of 3aa with redox potential of photoredox catalysts.

1 MR & 7R G ER LR STAREE PC6 & PC8 IZx L TIHIEERZ1T\V, EIThyiH
e EERERIEYED £ B B ORISR CHEITT 5 &2 A L7- (Figure3-6), PC6 (2%t L
T, SHE 1a &V VRS (BwN[PO2(OBu)]) OIS, W77 ) v
AR ZIEEAlE LTI L2, Stern-Volmer 7' 12 v FOFERIL, EHLDOGEAE
HIFIEIRAED PC6 % Zh=RANCIENT 5 2 LAVURB S iz, — 5, PC8 (3 b @ W IE
THERKY) 3aa & 5% 5 LIETHE TH DI H 00 53, 1a & BuN[PO2(OBu),]»
RIS X DI NTH Y . 77V ) o AhERI S L CTTIE S A ETEER
R oo oi=, Stern-Volmer 7’1 > FiL, PC6 & PC8 DOz T, 1a &
BwN[PO(OBu), ] DI AN L DI T LT V' U o ARRBHAIZ L A6 L 0 L3R
FINTHE Z B, TR BEMEAY PCET 7t AT 5 2 LK a7, £Ii2 PC6
TIET TV U U LAHFRERIZ X HTEE BRI Z 525, PC8 T Z 5720, Z
DT NT VT SRR 2 —E BB OZEROEND LR 3aa & EIERY
daa DAERLLRIZ OB ST B2 b D, ARLER LR TTAE PC8 13, bl i35

55
Stern—Volmer plot o
45
o .-
PC6
35 L e 1a w/ BuyN[PO,(OBu),]
3 . e acyl azolium
25 1 .. bcs
N e 1a w/ Bu,;N[PO,(OBu),]
1.5 Wi P USETEN, daatins ° .
! e acyl azolium
°
0.5

0 2 4 6 8 10 12 14
Quencher Concentration [mM]

Figure 3-6. Photo-quenching analysis.
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WH DD, Stern-Volmer U (Io/1=1+kqto[Q]) 75 KRERHEELZFFH, BT 70T
TRNX—BEIORNE N EPNRB I T,

—E MO G2 BT 2 LTIORT WS O ORBREITo 72, 77w b
(C¥ 7 a7 aENVERERT L IDICH L TRIGEIT27eE 2A, V7 r7 v eV
B L7 3Da B LT v R AR 3Da" RN AR & L THE LN (Scheme 3-3),
FIBOHE ST T VI VIR TH D TEMPO 2RI L., S E1T - 7=Bcid, BERIO
B-7 X F7 R ALEW BlalXZ L A EHGELNT. FUVINVBRILTAE LR ULTUh
NVAEDHE S U725 3l-tempo % 5- % 7= (Scheme 3-4) , = 315 O FBRFER N A
JRE T P ANFEDOTER &R L CROGAEIT L TS Z &V S iz,

(15 mol %)

b\ O>\\ _Ph
PC8 (2 mol %) \)\(\/\’p/ S N
Cs,C0O3 (15 mol %) = \)\(\AH
Bu4N[PO,(OBuU),] (1.0 equiv)
Ph. J\ /\I

Ph (¢] Ph
MeCN 3Da 3Da'
21% (E only, dr > 20:1) 38% (E only, dr > 20:1)
2a (0}
1 Oequw 1.0 equiv >\\N’Pho

O,

trace

Scheme 3-3. Radical clock experiment.

(15 mol %)

ey

PC8 (2 mol %)
Cs,C03 (15 mol %)

o Bu,N[PO,(OBU),] (1.0 equiv) @ g o g

MeO o TEMPO (4.0 equiv) | -

J\ A)\ * Né\N 0 * 0
o
N~ o Ph =l MeCN \)\< “N
S Ph

11 2a 3la 3l-tempo
1.0 equiv 1.0 equiv 6% 23%

Scheme 3-4. TEMPO trappinig experiment.

Molander & O & L7z Ni/lr FERLIESTC @A RIZ LD B-7 X 7 U ARkClIE

TR CEERER L Y VRIS SOR U, L0 BUSHEO @ T SRR T 5 2
EBRHMBINTND Y RRISIZEBWT, U LS EE{LA) PCET 7'k 2 LSMC b
HLTWa0ailET 2, UTICRT T YA IFY —)b2a LDORISERHF LT
(Scheme 3-5), FIfAYCHRGT T 6 L <ITMBASRMET T, RIGZEIT-2T0 & A, Hilee T
IV RFT—8 BIEE L TN 2 L R S vz,
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0] o)

BuN " o
N7 N + PeiOBU —_— [P + 2a +  base
=/ O™ “oBu MeCN

light or heat, 12 h
2a base 8

1 . . .
0 equiv 1.0 equiv N R. 100% 94%

60°C N.D. 84% 98%
Scheme 3-5. Elucidation of the role of phosphate base.

ARFETEHELND o (LZHE 3 MRFEZATDHB-TI KT M ALEMOTT AT LA
EIRMEDOER S OBER 2 PRIET 5~ < ARk 3aa OZEMEZ T L7 (Table 3-3), &
) 3aa DT AT VAN —E T AIavw NI T T 4 —CHEER L Ex ORGSR
RICfT LIz 2A MBARFOHLTHLELSHIZZEAVNEZ L Z LRI

(Table3-3,Entry 6), L7273> T, #5EEAERE ORI L 0 &/ Nl ST 5 Al
REMED R ST,

>\\N'Ph o) addtive >\\N’Ph 0 >\N’Ph o]

o o + O
Ph MeCN Ph Ph

(S*,R*)-3aa (S*,R*)-3aa (8*,S*)-3aa
Entry Additive Yield (%)@ of 3aa (dr)
2a (1.0 equiv), PC8 (2 mol %), N1 (15 mol %), Cs2CO3 (15 mol %)
100 (3.1/1)
and BuuN[OP(O)(OBu):] (1.0 equiv)
2 Cs2CO;3 (1.0 equiv) 100 (3.5/1)
3 BusN[OP(O)(OBu),] (1.0 equiv) 100 (3.4/1)
4 2a (1.0 equiv.), N1 (1.0 equiv.) and Cs,COs3 (1.0 equiv) 100 (3.1/1)
5 none 100 (24/1)
6° none 100 (11/1)
7° none 100 (> 20/1)

dReaction was carried out with 3aa (0.10 mmol) and additive in MeCN (1 mL) under Kessil PR160L 440 nm irradiation
at ambient temperature for 12 h. ®Reaction was carried out at 60°C for 12 h. °Reaction was carried out at room

temperature for 12 h.

Table 3-3. Epimerization experiment of product 3aa.

EE D SRS RRNT OFE AT S & | HEE SN D BUGCERE 2 LU IZRk L7 (Scheme 3-
6). FhECIRAE CHEE A B W ERLEENT (Brea =1.56 Vvs. SCE) * #A42% PC8 & U gt
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Bz, LM PCET 7t 22 LTT 2 1 WLERFLT VH/VINTINAED
HE e bz, EBIREBOEMEETTAMEE (Ex=-1.16 Vvs.SCE) * BB T 5, EHRH
b??ﬁwanﬂ%%ﬁ@?m#/kL%ﬂK%mﬁm%Lﬁb RFEHINT TV
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Scheme 3-6. Plausible mechanism.
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Reaction Coordinate
(U)B3LYP/6-31G // (U)B3LYP-D3/6-311G+(d,p) SMD(MeCN) (hartree)

Figure 3-7. Reaction coordinate of the radical-radical coupling.
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5 3 O RBRIA

m Instrumentation and Chemicals m

NMR spectra were recorded on Bruker AVANCE NEO 400N spectrometer, operating at 400
MHz for 'H NMR, 100.6 MHz for *C NMR and 128.4 MHz for ''B NMR. Chemical shifts were
reported in o ppm. Chloroform-d; (CDCl;3) containing 0.03% tetramethylsilane (TMS) (>99.8%D,
Cambridge Isotope Laboratories, Inc., Cat. No. DLM-7) and acetone-d6 (99.96%D, Cambridge
Isotope Laboratories, Inc., Cat. No. DLM-38) were used as solvents for NMR measurements at
ambient temperature. Chemical shifts (5) for 'H NMR are given in parts per million (ppm) relative
to relative to TMS (J 0.00 ppm in CDCls), or residual acetone (6 2.07 ppm). Chemical shifts (J)
for *C NMR are given in ppm relative to CDCl; (6 77.0 ppm), or residual acetone (J 30.6 ppm).
Chemical shifts (5) for ''B NMR are given in ppm relative to BF3-OEt, (6 0.0 ppm in CDCls) used
as the external standard. The abbreviations s, d, t, q, quin, br s, and m signify singlet, doublet,
triplet, quartet, quintet, broad singlet, and multiplet, respectively.

ESI-Mass (HRMS) were measured with a Bruker Impact HD mass spectrometer, a Bruker
micrOTOF mass spectrometer or Bruker solari X mass spectrometer.

TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck
Silica gel 60F2s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was used for
column chromatography.

IR spectra were measured with a Thermo Scientific iD7 ATR Accessory for the Thermo
Scientific Nicolet iS5 FT-IR Spectrometer.

Melting points were measured on an OptiMelt MPA100 automated melting point apparatus
(Stanford Research Systems).

UV-Vis absorption spectra were recorded on a Shimadzu UV-1900.

Fluorescence spectra were recorded on a Shimadzu RF-6000.

Reaction set-up and materials

Kessil PR160L 440 nm (highest blue and intensity setting) was used as a light source. The light
was equipped with PhotoRedOx Box Duo (EvoluChem).

All reactions were carried out under nitrogen atmosphere. Materials were obtained from
commercial suppliers listed as below and stored under nitrogen and used as received or prepared
according to standard procedures unless otherwise noted. Photoredox catalysts (P1-P8) were
prepared according to the literature.' Triazolium salts (N1-N5) were prepared according to the
literature.* Imidazolium salt N6 was prepared according to the literature.” Thiazolium salt N7 was
prepared according to the literature.® BusN[PO(OBu),]” and BusN[PO»(OBn),]* were prepared

according to the literatures. Acyl donors (A2—A4) were prepared according to the literatures. "'
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m General Procedure for Synthesis of Amidyl Radical Precursors m
Method A (synthesis of phenyl carbamate/urea)'’

EtsN i
Ph.

N~ S0 N ph
DCM, rt H

Ph—NCO + Ho/\/\ Ph

1a

Synthesis of 1a as a representative. An oven-dried round-bottomed flask with a stirring bar
was degassed, flushed with nitrogen, and was added phenyl isocyanate (543 uL, 5.0 mmol, 1.0
equiv), DCM (5.0 mL, 1.0 M), EtzN (2.09 mL, 15 mmol, 3.0 equiv) and (£)-3-phenylprop-2-en-
1-0l (642.5 pL, 5.0 mmol, 1.0 equiv). The reaction mixture was stirred at room temperature until
the alcohol was fully consumed by TLC. The reaction mixture was then diluted with DCM (10
mL), washed with IM HCI (10 mL), water (10 mL), and brine (10 mL), and then dried by Na,SO4
and concentrated. The crude product was purified by flash chromatography on silica gel (100:0—
91:9, hexane/AcOEt) to afford 1a (1.153 g, 4.55 mmol) in 91% yield.

Method B (synthesis of aryl carbamate/urea)'

1) Me0\©\
NH

EtsN

o THF, 1t, 2 h Meo\@\ o)
)J\ NJ\O/\/\ Ph

Cl3CO” "OCCly
triphosgene Et.N 1ib
3

MeCN, 70 °C, 8 h

2

Synthesis of 1b as a representative. An oven-dried round-bottomed flask was degassed,
flushed with nitrogen, and was added triphosgene (593.5 mg, 2.0 mmol, 1.0 equiv) in THF (4.0
mL). Then, a solution of 4-methoxyaniline (246.3 mg, 2.0 mmol, 1.0 equiv) dissolved in THF (16
mL) was slowly dripped into the triphosgene solution. EtsN (585 pL, 4.2 mmol, 2.1 equiv) was
then added slowly to the reaction mixture after the aniline was added. The reaction mixture was
stirred at room temperature for 2 hours. The reaction mixture was then concentrated and the flask
containing the resulting residue was degassed and acetonitrile (32 mL, 0.125 M), Et;N (585.4 uL,
4.2 mmol, 2.1 equiv), and (£)-3-phenylprop-2-en-1-ol (322 mg, 2.4 mmol, 1.2 equiv) were added.
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The reaction mixture was then stirred at 70 °C for 8 hours. The crude product was purified by
flash chromatography on silica gel (100:0-91:9, hexane/AcOEt) to afford 1b (510 mg, 1.80
mmol) in 90% yield.

Method C (synthesis of amide)'*

EDC-HCI o)
DMAP N PN
Ph—NH2 + HOOCMPI‘] \[}l Ph
DCM,0°Ctort H

1i

Synthesis of 1i as a representative. An oven-dried round-bottomed flask was degassed,
flushed with nitrogen, and was added DCM (2.8 mL, 04 M), EDC-HCl (1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; 281.1 mg, 1.47 mmol, 1.3 equiv.), and
DMAP (193.0 mg, 1.58 mmol, 1.4 equiv). The reaction flask was cooled to 0 °C in an ice bath
and (£)-5-phenylpent-4-enoic acid (200 mg, 1.13 mmol, 1.0 equiv) was added. After five minutes
of stirring, aniline (124.2 pL, 1.36 mmol, 1.2 equiv) was added. The ice bath was then removed,
and the reaction allowed to stir until the carboxylic acid was consumed by TLC. The reaction was
quenched with 1M HCI (5.0 mL) and the organics separated. The aqueous layer was then extracted
with DCM (2 x 5.0 mL). The organic layers were combined and dried over Na,SO4 and
concentrated. The crude product was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) to afford 1i (240.5 mg, 0.957 mmol) in 87% yield (dr = 9:1).

124



m Characterization Data for Amidyl Radical Precursors m

Cinnamyl Phenylcarbamate (1a)

o
Ph\NJ\O/\/\Ph

H

Synthesized using Method A starting from (£)-3-phenylprop-2-en-1-ol on a 5.0 mmol scale
with respect to the alcohol.

The product 1la was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (1.153 g, 4.55 mmol, 91% isolated yield). White solid.

'"H NMR (400 MHz, CDCl;) §7.40 (d, J= 7.2 Hz, 4H), 7.34-7.24 (m, 5H), 7.09-7.05 (m, 2H),
6.33 (dt, J = 15.6, 6.4 Hz, 1H), 4.83 (dd, J = 6.4, 0.8 Hz, 2H) (the signal for the proton of N-H
was not observed).

BC NMR (100.6 MHz, CDCls) 6 153.3, 137.8, 136.2, 134.2, 129.1 (2C), 128.6 (2C), 128.1
(2C), 126.6 (2C), 123.5,123.3, 118.7, 65.8.

The 'H and ">C NMR spectra data of product 1a were consistent with the literature.'

Cinnamyl (4-Methoxyphenyl)carbamate (1b)

'}l J\O/\/\ Ph

H

Synthesized using Method B starting from (£)-3-phenylprop-2-en-1-ol and 4-methoxyaniline
on a 2.0 mmol scale with respect to the amine.

The product 1b was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (510.0 mg, 1.80 mmol, 90% isolated yield). Pale yellow solid.

'"H NMR (400 MHz, CDCls) 67.41-7.39 (m, 2H), 7.34-7.24 (m, 5H), 6.87-6.83 (m, 2H), 6.68
(d, J=16.0 Hz, 1H), 6.56 (br s, 1H), 6.33 (dt, J = 16.0, 6.4 Hz, 1H), 4.81 (dd, J = 6.4, 1.2 Hz,
2H), 3.78 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §156.0, 153.7, 136.2, 134.1 (2C), 130.8, 128.6 (2C), 128.0,
126.6 (2C), 123.5, 120.7, 114.2 (2C), 65.7, 55.5.

The 'H and ">C NMR spectra data of product 1b were consistent with the literature."

Ethyl 4-{[(Cinnamyloxy)carbonyl]amino}benzoate (1¢)
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O

EtOJ\©\ o)

H

Synthesized using Method B starting from (F)-3-phenylprop-2-en-1-ol and ethyl 4-
aminobenzoate on a 2.0 mmol scale with respect to the amine.

The product 1lc¢ was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (553.1 mg, 1.70 mmol, 85% isolated yield). Pale yellow solid.

M.p. 114-116 °C.

IR (neat) 770, 1050, 1108, 1276, 1412, 1532, 1692 cm ™.

'"H NMR (400 MHz, CDCl;) 68.00 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.40 (d, J =
8.8 Hz, 2H), 7.35-7.31 (m, 2H), 7.27 (m, 1H), 6.94 (br s, 1H), 6.70 (d, /= 16.0 Hz, 1H), 6.32 (dt,
J=16.0,6.4 Hz, 1H), 4.84 (dd, /= 6.4, 1.2 Hz, 2H), 4.36 (q, /= 7.2 Hz, 2H), 1.38 (d, /= 7.2 Hz,
3H).

BC NMR (100.6 MHz, CDCls) §166.2, 152.8, 142.0, 136.0, 134.6, 130.9 (2C), 128.6 (2C),
128.2, 126.6 (2C), 125.2, 122.9 (2C), 117.6, 66.3, 60.8, 14.3.

HRMS-ESI (m/z): [M+NH.4]" caled for CisHa3N>O4", 343.1652; found, 343.1633.

Cinnamyl (4-Phenoxyphenyl)carbamate (1d)
PRGE
H

Synthesized using Method B starting from (£)-3-phenylprop-2-en-1-ol and 4-phenoxyaniline

on a 2.0 mmol scale with respect to the amine.

The product 1d was purified by flash chromatography on silica gel (100:0-91:9,

hexane/AcOEt) (601.0 mg, 1.74 mmol, 87% isolated yield). White solid.

M.p. 121-123 °C.

IR (neat) 691, 741, 972, 1227, 1488, 1508, 1590, 1696 cm ',

"H NMR (400 MHz, CDCl3) §7.42-7.25 (m, 9H), 7.07 (t,J = 7.6 Hz, 1H), 7.00-6.97 (m, 4H),
6.70 (d, J=16.0 Hz, 1H), 6.60 (br s, 1H), 6.33 (dt, J=16.0, 6.4 Hz, 1H), 4.83 (dd, /= 6.4, 0.8
Hz, 2H).

BC NMR (100.6 MHz, CDCls) §157.7, 153.5, 153.0, 136.2, 134.3 (2C), 133.3, 129.7 (20),

128.6 (2C), 128.1, 126.6 (2C), 123.3, 123.0, 120.6, 119.9 (2C), 118.3 (2C), 65.8.

HRMS-ESI (m/z): [M+H]" caled for C22H20NOs", 346.1438; found, 346.1451.

(E)-But-2-en-1-yl Phenylcarbamate (1e)
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(0]

H

Synthesized using Method A starting from (£)-but-2-en-1-ol on a 1.0 mmol scale with respect
to the alcohol.

The product le was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (79.8 mg, 0.94 mmol, 94% isolated yield). White solid.

'"H NMR (400 MHz, CDCl3) §7.37 (d, J= 7.6 Hz, 2H), 7.31-7.28 (m, 2H), 7.05 (m, 1H), 6.65
(brs, 1H), 5.84 (m, 1H), 5.64 (m, 1H), 4.59 (d, J = 6.8 Hz, 2H), 1.74 (dd, J= 6.8, 1.2 Hz, 3H).

BC NMR (100.6 MHz, CDCl3) §153.4, 137.9, 131.6, 129.0 (2C), 125.3 (2C), 123.4, 118.6,
65.9, 17.8.

The 'H and "°C NMR spectra data of product 1e were consistent with the literature.'

(E)-4-Phenylbut-3-en-2-yl Phenylcarbamate (1f)

(0]
Ph‘NJJ\OJ\/\Ph

H

Synthesized using Method A starting from (E)-pent-3-en-2-ol'> on a 2.0 mmol scale with
respect to the alcohol.

The product 1f was purified by flash chromatography on silica gel (100:0-91:9, hexane/AcOEt)
(465.2 mg, 1.74 mmol, 87% isolated yield). Orange solid.

M.p. 83-86 °C.

IR (neat) 691, 747, 1048, 1312, 1442, 1599, 1700 cm ™.

"H NMR (400 MHz, CDCl3) §7.39-7.37 (m, 4H), 7.32-7.22 (m, 5H), 7.05 (t,J = 7.2 Hz, 1H),

6.68-6.63 (m, 2H), 6.23 (dd, J = 16.0, 6.8 Hz, 1H), 5.54 (m, 1H), 1.47 (d, J = 6.8 Hz, 3H).

BC NMR (100.6 MHz, CDCls3) 6 152.9, 137.9, 136.3, 131.6 (2C), 129.0 (2C), 128.8, 128.5
(2C), 127.9,126.6 (2C), 123.3, 118.6, 71.9, 20.6.

HRMS-ESI (m/z): [M+H]" caled for C17HisNO>", 268.1332; found, 268.1332.

(18,25,45)-N-Phenylbicyclo[2.2.1]hept-5-ene-2-carboxamide (1g)

o
Ph—N
H
Synthesized using Method C starting from bicyclo[2.2.1]hept-5-ene-2-carboxylic acid and

aniline on a 2.0 mmol scale with respect to the carboxylic acid.
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The product 1g was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (Figure 3; 302.9 mg, 1.42 mmol, 71% isolated yield). White solid.

'"H NMR (400 MHz, CDCl3) §7.47 (d,J = 8.0 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.12-7.06 (m,
2H), 6.30 (m, 1H), 6.05 (m, 1H), 3.24 (s, 1H), 3.04-2.98 (m, 2H), 2.02 (m, 1H), 1.52-1.46 (m,
2H), 1.35 (d, J= 8.0 Hz, 1H).

BCNMR (100.6 MHz, CDCl3) 6172.5,138.1, 132.1 (2C), 128.9 (x 2), 124.0, 119.6 (2C), 50.2,
46.5,45.9,42.8, 30.0.

The 'H and ">C NMR spectra data of product 1g were consistent with the literature.'

1-Cinnamyl-1-methyl-3-phenylurea (1h)
O
Ph‘NJ\N/\/\Ph
oo

Synthesized using Method A starting from (£)-N-methylbut-2-en-1-amine'® on a 1.2 mmol
scale with respect to the amine.

The product 1h was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (258.9 mg, 0.972 mmol, 81% isolated yield). White solid.

M.p. 122-123 °C.

IR (neat) 692, 750, 1240, 1440, 1478, 1595, 1641 cm™'.

'"H NMR (400 MHz, CDCl3) §7.40-7.31 (m, 6H), 7.29-7.24 (m, 3H), 7.02 (t,J= 7.2 Hz, 1H),
6.58 (t, J=16.0 Hz, 1H), 6.42 (br s, 1H), 6.23 (dt, J = 16.0, 1.2 Hz, 1H), 4.14 (dd, /= 6.0, 1.2
Hz, 2H), 3.05 (s, 3H).

BC NMR (100.6 MHz, CDCls) §155.5, 139.1, 136.2, 132.3, 128.8 (2C), 128.7 (2C), 127.9,
126.4 (20), 124.8, 123.0, 119.8 (2C), 51.0, 34.5.

HRMS-ESI (m/z): [M+H]" caled for C17H1oN2O", 267.1492; found, 267.1477.

(E)-N,5-Diphenylpent-4-enamide (1i)
O
Ph, N W Ph
H

Synthesized using Method C starting from (E)-5-phenylpent-4-enoic acid'” and aniline on a
1.1 mmol scale with respect to the carboxylic acid.

The product 1i was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (240.5 mg, 0.957 mmol, 87% isolated yield, dr = 9:1). Pale yellow solid.

M.p. 108-110 °C.

IR (neat) 692, 759, 966, 1253, 1441, 1498, 1599, 1700 cm ',
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"H NMR (400 MHz, CDCls) §7.51-7.46 (m, 2H), 7.34-7.25 (m, 7H), 7.21 (m, 1H), 7.10 (t, J
=17.2 Hz, 1H), 6.49 (m, 1H), 6.25 (m, 0.9H), 5.69 (m, 0.1H), 2.77 (m, 0.2H), 2.67-2.62 (m, 1.8H),
2.54-2.46 (m, 2H).

3C NMR (100.6 MHz, CDCl3) 6 170.4 (x 2), 137.8 (x 2), 137.2 (x 2), 131.3 (x 2), 130.5,
130.3, 129.0 (2C), 128.7, 128.52 (2C x 2), 128.48 (2C), 128.3, 127.2 (2C), 126.9, 126.1 (2C),
124.3,119.9 (2C x 2), 37.6, 37.3, 28.8, 24.5.

HRMS-ESI (m/z): [M+H]" calcd for C17H;sNO,", 252.1383; found, 252.1364.

(E)-2,2-Dimethyl-/V,5-diphenylpent-4-enamide (1j)
O

Ph\NWPh

H

Synthesized using Method C starting from (E)-2,2-dimethyl-5-phenylpent-4-enoic acid'® and
aniline on a 2.5 mmol scale with respect to the carboxylic acid.

The product 1j was purified by flash chromatography on silica gel (100:0-95:5, hexane/AcOEt)
(475.0 mg, 1.70 mmol, 68% isolated yield). Brown solid.

M.p. 92-94 °C.

IR (neat) 691, 747,967, 1313, 1437, 1497, 1597, 1654, 1701 cm ™.

'"H NMR (400 MHz, CDCl3) 67.49 (d, J = 8.0 Hz, 2H), 7.38 (br s, 1H), 7.34-7.22 (m, 6H),
7.19 (m, 1H), 7.09 (t, J= 7.6 Hz, 1H), 6.47 (d, /= 16.0 Hz, 1H), 6.21 (m, 1H), 2.52 (dd, J= 7.6,
0.8 Hz, 2H), 1.34 (s, 6H).

BC NMR (100.6 MHz, CDCls) §175.4, 137.8, 137.1, 133.5, 128.9 (2C), 128.5 (2C), 127.3,
126.1 (2C), 125.8, 124.3, 120.1 (2C), 44.3, 43.3, 25.4 (2C).

HRMS-ESI (m/z): [M+H]" calcd for C19H22N>04", 280.1696; found, 280.1679.

(E)-N-Phenyl-2-styrylbenzamide (1k)
Ph

o =

Ph \'}l
H
Synthesized using Method C starting from (E)-2-styrylbenzoic acid'® and aniline on a 2.8
mmol scale with respect to the carboxylic acid.
The product 1k was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Figure. 3; 762.8 mg, 2.55 mmol, 91% isolated yield). White solid.
'"H NMR (400 MHz, CDCl;) §7.73 (d, J= 8.0 Hz, 1H), 7.61-7.46 (m, 8H), 7.37-7.31 (m, 5H),
7.25 (m, 1H), 7.17-7.08 (m, 2H).
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3C NMR (100.6 MHz, CDCl;) §167.4, 137.9, 136.8, 135.8, 135.4, 132.1, 130.7, 129.1 (2C),
128.7 (2C), 128.1, 127.8, 127.6, 126.8 (2C), 126.5, 125.6, 124.7, 119.9 (2C).
The 'H and ">C NMR spectra data of product 1k were consistent with the literature.*’

(E)-3-Phenylbut-2-en-1-yl (4-Methoxyphenyl)carbamate (11)

NJ\O Z>ph

H

Synthesized using Method B starting from (£)-3-phenylbut-2-en-1-0l*° and 4-methoxyaniline
on a 10 mmol scale with respect to the amine.

The product 11 was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (2.589 g, 8.70 mmol, 87% isolated yield). pale yellow solid.

M.p. 74-76 °C.

IR (neat) 702, 758, 830, 1030, 1135, 1220, 1247, 1412, 1729 cm ™.

'"H NMR (400 MHz, CDCl3) § 7.41 (d, J = 7.2 Hz, 2H), 7.34-7.25 (m, 5H), 6.85 (d, J = 8.8
Hz, 2H), 6.55 (br s, 1H), 5.94 (t,J = 6.8 Hz, 1H), 4.87 (d, J= 6.8 Hz, 2H), 3.76 (s, 3H), 2.14 (s,
3H).

BC NMR (100.6 MHz, CDCls) §156.0, 142.5, 140.2, 130.9, 128.3 (2C), 127.7, 127.5 (2C),
125.8 (20), 121.6, 120.7, 114.2 (2C), 62.2, 55.5, 16.2.

HRMS-ESI (m/z): [M+Na]" calcd for CisH19NNaO;", 320.1257; found, 320.1251.

(E)-3-Phenylbut-2-en-1-yl [4-(tert-Butyl)phenyl]carbamate (1m)

o)
><©\ JJ\O/\/LPh

N
H

Synthesized using Method B starting from (E)-3-phenylbut-2-en-1-01* and 4-(tert-
butyl)aniline on a 1.5 mmol scale with respect to the amine.

The product 1m was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (407.5 mg, 1.26 mmol, 84% isolated yield). Orange solid.

M.p. 85-86 °C.

IR (neat) 696, 835, 1048, 1220, 1318, 1495, 1597, 1704 cm ™.

'"H NMR (400 MHz, CDCl3) 67.41 (d, J = 7.6 Hz, 2H), 7.35-7.27 (m, 7H), 6.58 (br s, 1H),
5.94 (t,J=6.8 Hz, 1H), 4.88 (d, J = 6.8, 2H), 2.14 (s, 3H), 1.30 (s, 9H).

BC NMR (100.6 MHz, CDCls) §153.6, 146.4, 142.6, 140.3, 135.2, 128.3 (2C), 127.5 (20),
125.87 (2C), 125.86, 121.5 (2C), 118.6, 62.2, 34.3, 31.4 (3C), 16.2.
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HRMS-ESI (m/z): [M+H]" caled for Co1H26NO> ", 324.1958; found, 324.1955.

(E)-3-Phenylbut-2-en-1-yl (4-Phenoxyphenyl)carbamate (1n)
AW B
ITIJ\O Zph
H

Synthesized using Method B starting from (£)-3-phenylbut-2-en-1-01*" and 4-phenoxyaniline
on a 1.5 mmol scale with respect to the amine.

The product 1n was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (463.7 mg, 1.29 mmol, 86% isolated yield). Orange oil.

IR (neat) 691, 750, 849, 1045, 1166, 1411, 1487, 1507, 1699 cm™".

'"H NMR (400 MHz, CDCl3) 6 7.40 (d, J = 7.6 Hz, 2H), 7.36-7.24 (m, 7H), 7.06 (d, J = 7.2
Hz, 1H), 6.97 (d, J = 8.8 Hz, 4H), 6.68 (br s, 1H), 5.94 (t, /= 7.2 Hz, 1H), 4.88 (d, J= 7.2 Hz,
2H), 2.14 (s, 3H).

BC NMR (100.6 MHz, CDCls) §157.7, 153.7, 152.8, 142.5, 140.4, 133.4, 129.7 (2C), 128.3
(2C), 127.5 (2C), 125.8 (2C), 122.9, 121.4 (2C), 120.5, 119.8, 118.2 (2C), 62.3, 16.2.

HRMS-ESI (m/z): [M+H]" calcd for C23sH22NOs", 360.1594; found, 360.1581.

(E)-3-Phenylbut-2-en-1-yl (4-Chlorophenyl)carbamate (10)

CI\©\ o
N)J\O/\)\ Ph

H

Synthesized using Method B starting from (E)-3-phenylbut-2-en-1-01*’ and 4-chloroaniline on
a 1.5 mmol scale with respect to the amine.

The product lo was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (366.7 mg, 1.21 mmol, 81% isolated yield). Orange solid.

M.p. 84-87 °C.

IR (neat) 695, 827, 1046, 1119, 1306, 1401, 1493, 1522, 1700 cm™".

'"H NMR (400 MHz, CDCl;) §7.41 (d, J=7.6 Hz, 2H), 7.35-7.31 (m, 4H), 7.29-7.25 (m, 3H),
6.65 (brs, 1H), 5.93 (t,J = 6.8 Hz, 1H), 4.88 (d, /= 6.8 Hz, 2H), 2.15 (s, 3H).

BC NMR (100.6 MHz, CDCls) §153.4, 142.4, 140.6, 136.5, 129.0 (2C), 128.4, 128.3 (20),
127.6, 125.8 (2C), 121.2 (2C), 119.9, 62.4, 16.2.
HRMS-ESI (m/z): [M+Na]" caled for Ci7H;sCINNaO,", 324.0762; found, 324.0755.

(E)-3-Phenylbut-2-en-1-yl (4-Bromophenyl)carbamate (1p)
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Br\Q\NE\O“A\ Ph

H

Synthesized using Method B starting from (E)-3-phenylbut-2-en-1-0l*” and 4-bromoaniline on
a 1.5 mmol scale with respect to the amine.

The product 1p was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (399.9 mg, 1.16 mmol, 77% isolated yield). Pale orange solid

M.p. 92-94 °C.

IR (neat) 695, 823, 1045, 1074, 1306, 1398, 1490, 1520, 1700 cm ™.

'"H NMR (400 MHz, CDCl3) §7.41-7.39 (m, 4H), 7.35-7.25 (m, 5H), 6.67 (br s, 1H), 5.93 (t,
J=06.8 Hz, 1H), 4.88 (d, /= 6.8 Hz, 2H), 2.14 (s, 3H).

BC NMR (100.6 MHz, CDCls) §153.3, 142.4, 140.7, 137.0, 132.0 (2C), 128.3 (2C), 127.6,
125.8 (2C), 121.2 (2C), 120.2, 115.9, 62.5, 16.2.

HRMS-ESI (m/z): [M+Na]" calcd for Ci7Hi1sBrNNaO,", 368.0257; found, 368.0250.

Ethyl (E)-4-({|(3-Phenylbut-2-en-1-yl)oxy]carbonyl}amino)benzoate (1q)

Synthesized using Method B starting from (E)-3-phenylbut-2-en-1-01*" and ethyl 4-
aminobenzoate on a 2.0 mmol scale with respect to the amine.

The product 1q was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (556.6 mg, 1.64 mmol, 82% isolated yield). Pale yellow solid.

M.p. 120-121 °C.

IR (neat) 770, 1108, 1175, 1277, 1412, 1532, 1596, 1693, 1710 cm ™.

'"H NMR (400 MHz, CDCl;) 68.00 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.42 (d, J =
7.2 Hz, 2H), 7.36-7.32 (m, 2H), 7.29 (d, /= 7.2 Hz, 2H), 6.85 (br s, 1H), 5.94 (t, /= 7.2 Hz, 1H),
490 (d,J=17.2 Hz, 2H), 4.36 (q, J= 7.2 Hz, 2H), 2.16 (s, 3H), 1.38 (t, /= 7.2 Hz, 3H),.

BC NMR (100.6 MHz, CDCls) §166.2, 153.0, 142.4, 142.0, 140.8, 130.9 (2C), 128.3 (20),
127.6 (2C), 125.9 (2C), 125.2, 121.0, 117.5, 62.6, 60.8, 16.3, 14.3.

HRMS-ESI (m/z): [M+NH4]" caled for C20HasN>O4", 357.1809; found, 357.1807.

3-Methylbut-2-en-1-yl Phenylcarbamate (1r)
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i /\)\
Ph‘l}lJ\O =
H

Synthesized using Method A starting from 3-methylbut-2-en-1-ol on a 1.0 mmol scale with
respect to the alcohol.

The product 1r was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (188.8 mg, 0.92 mmol, 92% isolated yield). White solid.

'"H NMR (400 MHz, CDCl3) §7.37 (d,J = 8.0 Hz, 2H), 7.32-7.26 (m, 2H), 7.05 (t,J= 7.2 Hz,
1H), 6.63 (brs, 1H), 5.40 (m, 1H), 4.67 (d, J= 7.2 Hz, 2H), 1.78 (s, 3H), 1.75 (s, 3H).

BC NMR (100.6 MHz, CDCls) §153.6, 139.4, 137.9, 129.0 (2C), 123.3, 118.7 (2C), 118.6,
62.0, 25.8, 18.0.

The 'H and >C NMR spectra data of product 1r were consistent with the literature."

(E)-3-Phenylbut-2-en-1-yl Phenylcarbamate (1s)

i /\)\
o gy
H

Synthesized using Method A starting from (E)-3-phenylbut-2-en-1-01*" on a 4.2 mmol scale
with respect to the alcohol.

The product 1s was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (Figure 3; 999.3 mg, 3.73 mmol, 89% isolated yield). pale yellow solid.

'"H NMR (400 MHz, CDCl3) §7.43-7.35 (m, 4H), 7.33-7.27 (m, 5H), 7.06 (t,J= 7.2 Hz, 1H),
6.23 (brs, 1H), 5.95 (t, J = 6.8 Hz, 1H), 4.89 (d, /= 6.8 Hz, 2H), 2.15 (s, 3H).

BC NMR (100.6 MHz, CDCls) §153.5, 142.5, 140.4, 137.8, 129.1 (2C), 128.3 (2C), 127.5,
125.9 (2C), 123.5, 121.4 (2C), 118.7, 62.3, 16.2.

The 'H and ">C NMR spectra data of product 1s were consistent with the literature.'*

(E)-3-Phenylpent-2-en-1-yl Phenylcarbamate (1t)

1° on a 1.0 mmol scale

Synthesized using Method A starting from (£)-3-phenylpent-2-en-1-0
with respect to the alcohol.

The product 1t was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (227.9 mg, 0.81 mmol, 81% isolated yield, dr = 13:1). Pale yellow solid.

M.p. 68-70 °C.
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IR (neat) 650, 907, 1209, 1311, 1443, 1524, 1728 cm™".

'"H NMR (400 MHz, CDCl;) & 7.53 (m, 0.07H), 7.39-7.27 (m, 8.79H), 7.16 (d, J = 7.2 Hz,
0.14H), 7.16 (t, J = 7.2 Hz, 1H), 6.61 (m, 1H), 5.81 (t, /= 7.2 Hz, 0.93H), 5.67 (t, J = 7.2 Hz,
0.07H), 4.88 (d, /= 7.2 Hz, 1.86H), 4.57 (d, J= 7.2 Hz, 0.14H), 2.61 (q, /= 7.6 Hz, 1.86H), 2.42
(g, J= 7.6 Hz, 0.14H), 1.03-0.99 (m, 3H).

BC NMR (100.6 MHz, CDCl3) 6153.5 (x 2), 147.3 (x 2), 141.6 (x 2), 137.8 (x 2), 129.0 (2C),
128.3 (2C), 128.2 (2C), 128.0 (2C), 127.5, 127.3, 126.5 (2C x 2), 123.4, 123.3, 121.1 (2C x 2),
119.5,118.7, 62.0, 61.5, 31.9, 23.4, 13.8, 12.6.

HRMS-ESI (m/z): [M+Na]" caled for CisH1oNNaO,", 304.1308; found, 304.1305.

(E)-3-(4-Methoxyphenyl)but-2-en-1-yl Phenylcarbamate (1u)
0

OMe

Synthesized using Method A starting from (E)-3-(4-methoxyphenyl)but-2-en-1-01*" on a 1.4
mmol scale with respect to the alcohol.

The product lu was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (353.9 mg, 1.19 mmol, 85% isolated yield). Yellow solid.

M.p. 86-87 °C.

IR (neat) 755, 1047, 1181, 1313, 1443, 1518, 1601, 1704 cm .

'"H NMR (400 MHz, CDCl3) §7.40-7.35 (m, 4H), 7.32-7.28 (m, 2H), 7.06 (t,J= 7.2 Hz, 1H),
6.88-6.83 (m, 2H), 6.64 (br s, 1H), 5.89 (td, /= 7.2, 1.2 Hz, 1H), 4.87 (d, J = 7.2 Hz, 2H), 3.81
(s, 3H), 2.12 (s, 3H).

BC NMR (100.6 MHz, CDCls) §159.2, 153.5, 140.0, 137.9, 134.9, 129.0 (2C), 126.9 (20),
123.4, 119.7 (2C), 118.7, 113.6 (2C), 62.3, 55.3, 16.2.

HRMS-ESI (m/z): [M+Na]" caled for CisH1oNNaOs', 320.1257; found, 320.1255.

(E)-3-(4-Bromophenyl)but-2-en-1-yl Phenylcarbamate (1v)

Br
Synthesized using Method A starting from (E)-3-(4-bromophenyl)but-2-en-1-0l*' on a 2.5
mmol scale with respect to the alcohol.
The product 1v was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (683.8 mg, 1.98 mmol, 79% isolated yield). White solid.
M.p. 121-122 °C.
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IR (neat) 734, 910, 1047, 1089, 1378, 1446, 1701 cm™".

'"H NMR (400 MHz, CDCl;) 67.45 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.33-7.26
(m, 4H), 7.07 (t, J = 7.2 Hz, 1H), 6.63 (br s, 1H), 5.93 (t, J = 6.8 Hz, 1H), 4.86 (d, J = 6.8 Hz,
2H), 2.1 (s, 3H).

3C NMR (100.6 MHz, CDCl3) §153.4, 141.4, 139.2, 137.8, 131.4 (2C), 129.1 (2C), 127.5
(20), 123.5, 122.1 (2C), 121.5, 118.7, 62.1, 16.1.

HRMS-ESI (m/z): [M+Na]" caled for Ci7H;sBrNNaO,", 368.0257; found, 368.0249.

(E)-3-(Pyridin-2-yl)but-2-en-1-yl Phenylcarbamate (1w)

Synthesized using Method A starting from (£)-3-(pyridin-2-yl)but-2-en-1-0l** on a 1.3 mmol
scale with respect to the alcohol.

The product 1w was purified by flash chromatography on silica gel (100:0-84:16,
hexane/AcOEt) (326 mg, 1.21 mmol, 92% isolated yield). White solid.

M.p. 56-59 °C.

IR (neat) 692, 753, 1028, 1046, 1313, 1444, 1541, 1597, 1705 cm ™.

'"H NMR (400 MHz, CDCls) 58.57 (m, 1H), 7.63 (td, /= 7.8, 2.0 Hz, 1H), 7.43-7.38 (m, 3H),
7.30-7.26 (m, 2H), 7.15 (m, 1H), 7.09 (br s, 1H), 7.04 (m, 1H), 6.50 (td, J = 6.8, 1.2 Hz, 1H),
493 (d,J= 6.8 Hz, 2H), 2.18 (s, 3H).

3C NMR (100.6 MHz, CDCl3) 5158.6, 153.6, 148.8, 138.8, 137.9, 136.4, 128.9 (2C), 124.7,
123.3, 122.2, 120.0 (2C), 118.6, 62.1, 14.6.

HRMS-ESI (m/z): [M+Na]" caled for Ci6HsN2NaO,", 291.1104; found, 291.1106.

(E)-3-(Thiophen-2-yl)but-2-en-1-yl Phenylcarbamate (1x)
0]
Ph. N J\ o N
H s/

Synthesized using Method A starting from (E)-3-(thiophen-2-yl)but-2-en-1-0l* on a 4.0 mmol
scale with respect to the alcohol.

The product 1x was purified by flash chromatography on silica gel (100:0-91:9,
hexane/AcOEt) (869 mg, 3.16 mmol, 79% isolated yield, dr = 6:1). Orange solid.

M.p. 80-82 °C.

IR (neat) 691, 1046, 1212, 1313, 1444, 1501, 1527, 1600, 1701 cm".

'"H NMR (400 MHz, CDCl;) 67.38 (d, J = 8.0 Hz, 1.68H), 7.31-7.27 (m, 2.32H), 7.17 (dd, J
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= 5.0, 1.2 Hz, 0.84H), 7.12-6.96 (m, 3.16H), 6.73 (br s, 1H), 6.08 (td, J = 7.2, 1.2 Hz, 0.84H),
471 (td, J = 6.8, 1.2 Hz, 0.16H), 4.88-4.84 (m, 2H), 2.17-2.15 (m, 3H).

3C NMR (100.6 MHz, CDCl;) §153.4 (x 2), 146.2, 141.8, 137.8, 134.2, 133.9, 132.5, 129.3
(2C), 129.0 (2C), 128.1 (2C), 127.3 (2C), 127.0, 126.2, 125.5, 124.4 (x 2), 123.7, 123.4, 122.1,
119.5, 118.7, 62.8, 61.8, 25.8, 16.0.

HRMS-ESI (m/z): [M+Na]" caled for CisHsNNaO,S", 296.0716; found, 296.0718.

N-Phenylpent-4-enamide (1y)

Ph\NJW

H

Synthesized using Method C starting from pent-4-enoic acid and aniline on a 2.0 mmol scale
with respect to the carboxylic acid.

The product 1y was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (318.9 mg, 1.82 mmol, 91% isolated yield). White solid.

'"H NMR (400 MHz, CDCl3) 6 7.50 (d, J = 7.6 Hz, 2H), 7.41 (br s, 1H), 7.30 (t, J = 7.6 Hz,
2H), 7.10 (t, J="7.6 Hz, 1H), 5.87 (m, 1H), 5.14-5.04 (m, 2H), 2.05-2.43 (m, 4H).

BC NMR (100.6 MHz, CDCls) §170.6, 137.8, 136.8, 128.9 (2C), 124.2, 119.9 (2C), 115.9,
36.8,29.4.

The 'H and ">C NMR spectra data of product 1y were consistent with the literature."*

3,4,5,6-Tetrahydro-[1,1'-biphenyl]-3-yl Phenylcarbamate (1z)

Synthesized using Method A starting from 3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-0l** on a 2.4
mmol scale with respect to the alcohol.

The product 1z was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (612.5 mg, 2.09 mmol, 87% isolated yield). Pale yellow solid.

M.p. 138-140 °C.

IR (neat) 696, 752, 1230, 1316, 1441, 1488, 1597, 1690 cm '

'"H NMR (400 MHz, CDCls) §7.44-7.38 (m, 4H), 7.35-7.27 (m, 5H), 7.06 (m, 1H), 6.62 (br
s, 1H), 6.17 (m, 1H), 5.48 (m, 1H), 2.54 (m, 1H), 2.40 (m, 1H), 2.03—1.78 (m, 4H).

BC NMR (100.6 MHz, CDCls) §153.3, 142.3, 141.0, 138.0, 129.0 (2C), 128.3 (2C), 127.7,
125.4 (2C), 123.3, 122.3 (2C), 118.6, 69.7, 28.2, 27.4, 19.3.

HRMS-ESI (m/z): [M+Na]" caled for C1oH9NNaO,", 316.1308; found, 316.1302.
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(E)-N-Phenyl-2-(2-phenylprop-1-en-1-yl)benzamide (1A)
Ph

Synthesized using Method C starting from (E)-2-(2-phenylprop-1-en-1-yl)benzoic acid*’ and
aniline on a 1.0 mmol scale with respect to the carboxylic acid.

The product 1A was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (285.2 mg, 0.91 mmol, 91% isolated yield). Orange oil.

M.p. 132-134 °C.

IR (neat) 648, 794, 906, 1045, 1091, 1259, 1443, 1530, 1660,1699 cm .

'"H NMR (400 MHz, CDCl3) & 7.95-7.91 (m, 2H), 7.54-7.49 (m, 5H), 7.44-7.26 (m, 7H),
7.12-7.08 (m, 2H), 2.22 (s, 3H).

BC NMR (100.6 MHz, CDCl;) §166.5, 142.2,140.1, 137.9, 135.8, 135.0, 130.6, 130.5, 129.2,
129.0 (2C), 128.5 (2C), 127.9, 127.5, 125.9 (2C), 125.5, 124.4, 119.7 (2C), 17.4.

HRMS-ESI (m/z): [M+H]" caled for C2H20NO", 314.1539; found, 314.1530.

(E)-N-(4-Methoxyphenyl)-5-phenylhex-4-enamide (1B)

N Zph

H

Synthesized using Method C starting from (E)-5-phenylhex-4-enoic acid®® and 4-
methoxyaniline on a 2.0 mmol scale with respect to the carboxylic acid.

The product 1B was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (490.3 mg, 1.66 mmol, 83% isolated yield). White solid.

'"H NMR (400 MHz, CDCl3) §7.40-7.21 (m, 8H), 6.84 (d, J= 8.4 Hz, 2H), 5.79 (t,J= 7.2 Hz,
1H), 3.77 (s, 3H), 2.64-2.61 (m, 2H), 2.47 (d, /= 7.2 Hz, 2H), 2.07 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §170.5, 156.4, 143.5, 136.6, 131.0, 128.2 (2C), 126.8, 126.1,
125.6 (x 2), 121.7 (2C), 114.1 (2C), 55.4, 37.2, 24.9, 15.9.

The 'H and ">C NMR spectra data of product 1B were consistent with the literature.*’
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Synthesis of Amine S1C'°

/\)\ Me—NH, &)\ Method B
~ =
Br™ N7 pp N Ph

o |
EtOH, 0°Ctort H s1c

An oven-dried round-bottomed flask was degassed, flushed with nitrogen, and was added
methylamine in ethanol (33 wt%, 4.663 mL, 37.3 mmol, 10 equiv). The reaction flask was cooled
to 0 °C in an ice bath and (£)-(4-bromobut-2-en-2-yl)benzene (839.1 mg, 3.73 mmol, 1.0 equiv)
was added in one portion with rapid stirring. The reaction was stirred for 1 hour at 0 °C then
warmed to room temperature for 2 hours. The reaction was quenched with 1M sodium hydroxide
and the aqueous layer was then extracted with Et;O (2 x 10 mL). The organic layers were
combined and washed with brine (10 mL), and then dried by Na,SO, and concentrated. The crude
product was purified by flash chromatography on silica gel (80:20-0:100, hexane/AcOEt) to
afford S1C (589.4 mg, 3.66 mmol) in 98% yield.

(E)-N-Methyl-3-phenylbut-2-en-1-amine (S1C)

\N/\/LPh

H

The product S1C was purified by flash chromatography on silica gel (80:20-0:100,

hexane/AcOEt) (589.4 mg, 3.66 mmol, 98% isolated yield). Orange oil.

IR (neat) 697, 757, 881, 924, 1048, 1093, 1327, 1445 cm .

"H NMR (400 MHz, CDCl;) §7.40 (d, J = 8.0 Hz, 2H), 7.31 (t,J = 7.6 Hz, 2H), 7.24 (m, 1H),
5.87 (td, J= 6.4, 1.2 Hz, 1H), 3.42 (d, J = 6.4 Hz, 2H), 2.49 (s, 3H), 2.07 (s, 3H) (the signal for
the proton of N—H was not observed).

BCNMR (100.6 MHz, CDCl3) 5143.2,137.1,128.2 (2C), 126.9, 125.8, 125.7 (2C), 49.6, 35.9,

16.1.
HRMS-ESI (m/z): [M+H]" caled for C11HigN", 162.1277; found, 162.1286.

(E)-3-(4-Methoxyphenyl)-1-methyl-1-(3-phenylbut-2-en-1-yl)urea (1C)

NJ\N Zph

g
Synthesized using Method B starting from (£)-N-methyl-3-phenylbut-2-en-1-amine (S1C) and
4-methoxyaniline on a 1.8 mmol scale with respect to the aniline derivative.

The product 1C was purified by flash chromatography on silica gel (100:0-91:9,
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hexane/AcOEt) (402.3 mg, 1.30 mmol, 72% isolated yield). Pale orange solid.

M.p. 107-110 °C.

IR (neat) 756, 825, 1029, 1229, 1412, 1464, 1508, 1634, 1705 cm™".

"H NMR (400 MHz, CDCls) §7.40 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.25 (d, J =
8.0 Hz, 3H), 6.81 (d, J = 8.4 Hz, 2H), 6.37 (br s, 1H), 5.81 (t, /= 6.4 Hz, 1H), 4.16 (d, J = 6.4
Hz, 2H), 3.75 (s, 3H), 3.00 (s, 3H), 2.13 (s, 3H).

B3C NMR (100.6 MHz, CDCl3) 6 156.0, 155.6, 142.6, 138.3, 132.2, 128.3 (2C), 127.3, 125.7

(2C), 123.6, 122.1 (2C), 114.0 (2C), 55.4,47.1,34.4, 15.9.
HRMS-ESI (m/z): [M+H]" calcd for C19H23N>05", 311.1754; found, 311.1741.
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m General Procedure for Amidoacylation of Alkenes m

O 0 (0]
M Ho + //\NJ\NA 7N
N N Nv’
= = DCM, tt, 12 h
carbonyldiimidazole 2a
(CDI)
O:N (15 mol %)
NVN:@\
BF,
PC8(2 mol %)
Cs,CO3 (15 mol %) 0 Ph
0 Q BuN[POL(OBU),] (1.0 equiv) Y~N" " O
@) Ph‘NJkO/\/\Ph + Z~N O
N
Y —/ MeCN .
Ph
1a 2a 3aa

The reaction to produce 3aa in Table 3-2 is representative. According to the literature,”® acyl
imidazole was prepared. To a suspension of p-toluic acid (13.6 mg, 0.1 mmol) in dry
dichloromethane (333 uL.) was added slowly carbonyldiimidazole (CDI, 24.3 mg, 0.15 mmol, 1.5
equiv) (caution, exothermic). After stirring for 12 h at room temperature, the resulting solution
was transferred to separatory funnel and washed with deionized water (ca. 5 mL). The organic
extract was dried over Na,SOs and after filtration, the filtrate was concentrated under reduced
pressure to afford the acyl imidazole 2a (18.6 mg, 0.1 mmol, quantitative). The acyl imidazole
was used without further purification.

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was
added Photo catalyst PC8 (1.32 mg, 2 umol), triazolium salt NHC (4.73 mg, 15 umol), carbamate
1a (35.3 mg, 0.10 mmol) and acyl imidazole 2a (18.6 mg, 0.1 mmol). The vial was brought to a
globebox, and added MeCN (1.0 mL), Cs2COs3 (4.89 mg, 15 umol) and BusN[PO»(OBu),] (45.2
mg, 0.10 mmol). After the vial was removed from the glovebox and sealed with Teflon tape, the
vial was placed in Photoreodox Duo. After 12 h stirring at ambient temperature under
photoirradiation (440 nm), the reaction mixture was passed through a short pad of silica gel with
AcOEt followed by evaporation and flash column chromatography on silica gel (100:0-75:25,
hexane/AcOEt) gave 3aa (26.7 mg, 0.72 mmol) in 72% yield (dr = 3:1).
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m Characterization Date for Amidoacylation Products m

(5")-4-[(R")-2-Ox0-1-phenyl-2-(p-tolyl)ethyl]-3-phenyloxazolidin-2-one (3aa)

3

0]

o
H Ph

The product 3aa was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 26.7 mg, 0.72 mmol, 72% isolated yield, dr = 3:1). Pale yellow solid.
The stereochemistry of 3aa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 159-161 °C.

IR (neat) 666, 734, 753, 879, 1046, 1087, 1380, 1704 cm™".

'"H NMR (400 MHz, CDCl3) 67.73 (d, J = 8.4 Hz, 0.48H), 7.62 (d, J = 8.4 Hz, 1.52H), 7.56
(d, J=17.6 Hz, 1.52H), 7.44 (t, J = 7.6 Hz, 1.52H), 7.33-7.26 (m, 2.28H), 7.22 (t, J = 7.6 Hz,
0.76H), 7.14-6.96 (m, 5.68H), 6.92 (m, 0.24H), 5.24 (m, 1H), 5.03 (d, /= 3.2 Hz, 0.76H), 4.92
(d, J=8.4 Hz, 0.24H), 4.66 (m, 1H), 4.44 (dd, J=9.6, 4.0 Hz, 0.76H), 4.31 (dd, J = 9.6, 4.0 Hz,
0.24H), 2.31 (s, 3H).

3C NMR (100.6 MHz, CDCl3) §198.1, 197.2, 156.2, 155.5, 144.7 (x 2), 136.9, 136.6, 134.3,
133.1, 132.8, 132.7, 129.5 (2C), 129.4 (2C), 129.31 (2C), 129.27 (2C), 129.1 (2C), 129.0 (2C),
128.94 (2C), 128.87 (2C), 128.8 (2C), 128.4, 127.8 (2C), 125.2, 125.0, 123.3, 121.6 (2C x 2),
67.1,64.1, 59.6, 57.4, 56.5, 52.8, 21.6 (% 2).

HRMS-ESI (m/z): [M+H]" calcd for C24H,2NOs", 372.1594; found, 372.1587.

(5")-3-(4-Methoxyphenyl)-4-[(R")-2-0x0-1-phenyl-2-(p-tolyl)ethyl] oxazolidin-2-one (3ba)
OMe

el

(0]
H Ph
The product 3ba was purified by flash chromatography on silica gel (100:0-85:15,
hexane/AcOEt) (Table 3-2; 23.7 mg, 0.59 mmol, 59% isolated yield, dr = 3:1). Pale orange solid.
The stereochemistry of 3ba was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 118-120 °C.
IR (neat) 665, 756, 880, 1087, 1273, 1326, 1701 cm .
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'"H NMR (400 MHz, CDCls) 67.73 (d, J = 8.0 Hz, 0.50H), 7.60 (d, J = 8.0 Hz, 1.50H), 7.41—
7.37 (m, 1.50H), 7.34-7.29 (m, 2.25H), 7.14 (d, J = 8.0 Hz, 0.50H), 7.10~7.00 (m, 4.25H), 6.96—
6.91 (m, 2H), 6.58 (m, 0.50H), 5.18 (quin, J = 4.4 Hz, 0.75H), 5.12 (m, 0.25H), 4.96 (d, J = 4.0
Hz, 0.75H), 4.88 (d, J = 8.4 Hz, 0.25H), 4.64 (m, 1H), 4.37 (dd, J = 9.6, 4.8 Hz, 0.75H), 4.30 (dd,
J=9.6,4.8 Hz, 0.25H), 3.82 (s, 2.25H), 3.69 (s, 0.75H), 2.33 (s, 0.75H), 2.32 (s, 2.25H).

13C NMR (100.6 MHz, CDCL3) & 197.9, 197.2, 157.3, 157.1, 156.6, 155.9, 144.64, 144.56,
134.5, 133.2, 132.92, 132.86, 129.7, 129.4 (2C), 129.32 (2C), 129.28 (2C), 129.26 (2C), 129.1
(2C), 129.0 (2C), 128.9 (2C), 128.87 (2C), 128.76, 128.4, 127.7, 125.4 (2C), 124.2 (2C), 114.7
(2C), 113.9 (2C), 67.0, 64.2, 60.3, 57.4, 57.3, 55.5, 55.4, 53.4, 21.6 (x 2).

HRMS—ESI (m/z): [M+H]" caled for CasHasNO4", 402.1700; found, 402.1694.

Ethyl 4-{(S")-2-Ox0-4-[(R")-2-0x0-1-phenyl-2-(p-tolyl)ethyl]oxazolidin-3-yl}benzoate (3ca)
CO,Et

>N o

H Ph

The product 3ca was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 18.2 mg, 0.41 mmol, 41% isolated yield, dr = 3:1). Pale yellow solid.
The stereochemistry of 3ca was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 138-140 °C.

IR (neat) 669, 878, 909, 1046, 1215, 1392, 1706 cm ™.

'"H NMR (400 MHz, CDCl;) §8.16-8.12 (m, 1.50H), 7.74-7.68 (m, 2.50H), 7.62 (d, J = 8.0
Hz, 1.50H), 7.32-7.28 (m, 2.25H), 7.19 (m, 0.50H), 7.15-7.08 (m, 2.50H), 7.01 (m, 0.75H), 6.96—
6.92 (m, 1.50H), 5.32 (td, J = 8.8, 3.6 Hz, 0.25H), 5.26 (m, 0.75H), 5.06 (d, J = 2.8 Hz, 0.75H),
493 (d,J=8.8 Hz, 0.25H), 4.72 (t, J = 8.8 Hz, 0.75H), 4.65 (d, J = 8.8 Hz, 0.25H), 4.52 (dd, J =
9.6,3.6 Hz, 0.75H), 4.40 (q, /= 7.2 Hz, 1.50H), 4.31 (m, 0.75H), 2.32 (s, 3H), 1.42 (t,J="7.2 Hz,
2.25H), 1.36 (t,J= 7.2 Hz, 0.75H).

BC NMR (100.6 MHz, CDCl3) §198.1, 197.1, 165.9 (x 2), 155.5, 154.9, 144.9, 144.1, 141.2,
140.8, 134.2, 132.9, 132.53, 132.46, 131.1 (2C), 129.8 (2C), 129.4 (2C % 2), 129.2, 129.14 (2C),
129.08 (2C), 129.0 (2C), 128.9 (2C), 128.6 (2C), 128.1 (2C), 126.6, 126.0, 121.3, 119.9 (2C x 2),
67.3,64.1,61.1, 60.9, 59.0, 57.5, 56.1, 52.2, 21.7 (x 2), 14.4, 14.3.

HRMS-ESI (m/z): [M+H]" calcd for C27H,6NOs ", 444.1805; found, 444.1795.

(5")-4-[(R")-2-Ox0-1-phenyl-2-(p-tolyl)ethyl]-3-(4-phenoxyphenyl)oxazolidin-2-one (3da)
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OPh

The product 3da was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 38.9 mg, 0.84 mmol, 84% isolated yield, dr = 2:1). Yellow solid. The
stereochemistry for both diastereomers were assigned by X-ray diffraction analysis. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 168-170 °C.

IR (neat) 668, 756, 880, 1087, 1328, 1379, 1701 cm'.

'"H NMR (400 MHz, CDCl3) 67.76 (d, J = 8.0 Hz, 0.60H), 7.63 (d, J = 8.0 Hz, 1.40H), 7.44
(d, J=8.8 Hz, 1.40H), 7.37-7.25 (m, 4.10H), 7.16—7.00 (m, 9.30H), 6.86 (d, J = 8.0 Hz, 0.60H),
6.68 (d, /= 8.8 Hz, 0.60H), 5.23 (m, 1H), 4.98 (d, /J=4.4 Hz, 0.70H), 4.92 (d, /= 8.8 Hz, 0.30H),
4.65 (m, 1H), 4.37 (dd, /= 9.6, 4.0 Hz, 0.70H), 4.26 (dd, J = 9.6, 4.0 Hz, 0.30H), 2.32 (s, 3H).

BC NMR (100.6 MHz, CDCl;) §197.8, 197.2, 157.4,156.8, 156.3, 155.8, 154.8, 154.0, 144.7,
144.6, 134.5, 133.0, 132.9, 132.8, 132.3, 131.5, 129.8 (2C), 129.6 (2C), 129.4 (2C x 2), 129.3
(2C x 2),129.1 (2C), 129.0 (2C), 128.94 (2C), 128.90 (2C), 128.4, 127.7, 125.2 (2C), 124.2 (2C),
123.5, 123.1, 119.5 (2C), 119.2 (2C), 118.9 (2C), 118.3 (2C), 67.3, 64.3, 59.9, 57.9, 57.2, 53.5,
21.6 (x 2).

HRMS-ESI (m/z): [M+H]" caled for C30H26NO4", 464.1856; found, 464.1855.

(5")-4-[(R")-1-Ox0-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one (3ea)
(0]

WN’Pho

(0]
e

The product 3ea was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 10.5 mg, 0.34 mmol, 34% isolated yield, dr =2:1). Colorless oil. The
stereochemistry of 3ea was assigned by consideration of the sterecochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

IR (neat) 651, 668, 732, 908, 1214, 1752 cm ™.

'"H NMR (400 MHz, CDCls) §7.70 (d, J = 8.0 Hz, 1.34H), 7.60 (d, J = 8.0 Hz, 0.67H), 7.49—
7.35 (m, 4H), 7.24-7.17 (m, 3H), 4.91 (m, 0.67H), 4.83 (m, 0.33H), 4.69 (t, J = 9.2 Hz, 0.67H),
4.53 (m, 1H), 4.40 (dd, /=9.2,4.0 Hz, 0.33H), 3.88 (m, 0.33H), 3.86 (qd, /= 7.2, 3.2 Hz, 0.67H),
2.41-2.39 (m, 3H), 1.25 (d, J= 7.2 Hz, 2.0H), 1.12 (d, /= 7.2 Hz, 1.0H).
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BC NMR (100.6 MHz, CDCl3) 5201.2,201.1, 156.0, 155.7, 144.8, 144.6, 137.4, 136.2, 133.4,
132.7,129.6 (2C), 129.5 (2C), 129.4 (2C), 129.2 (2C), 128.5 (2C), 128.4 (2C), 125.7,125.5,122.5
(2C), 122.4 (2C), 65.6, 63.8, 58.8, 56.4, 42.9, 40.6, 21.7, 21.6, 15.2, 10.5.

HRMS-ESI (m/z): [M+H]" calced for C19H2NO3", 310.1438; found, 310.1441.

(45")-5-Methyl-4-[(R")-2-0x0-1-phenyl-2-(p-tolyl)ethyl]-3-phenyloxazolidin-2-one (3fa)
o)

WN’Pho

o
H Ph

The product 3fa was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 18.9 mg, 0.49 mmol, 49% isolated yield, dr = 3:1:1). Yellow solid.
The stereochemistry of of 3fa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 155-157 °C.

IR (neat) 668, 747, 879, 1047, 1215, 1395, 1457, 1712 cm ™',

'"H NMR (400 MHz, CDCl3) §7.77 (d, J = 8.4 Hz, 0.40H), 7.66 (d, J = 8.4 Hz, 0.40H), 7.54—
7.42 (m, 2.40H), 7.39-7.29 (m, 1.40H), 7.28-7.20 (m, 1.80H), 7.13 (t,J=7.6 Hz, 1H), 7.07-6.91
(m, 4.80H), 6.89 (d, J = 4.4 Hz, 0.80H), 6.81 (m, 1H), 5.43 (dd, /= 10.0, 6.4 Hz, 0.20H), 4.97—
4.85 (m, 1.20H), 4.73 (m, 0.80H), 4.60 (qd, J = 6.4, 2.4 Hz, 0.60H), 4.49 (qd, J = 6.4, 2.4 Hz,
0.20H), 2.27-2.24 (m, 3H), 1.52 (d, J = 6.4 Hz, 1.80H), 1.40 (d, J= 6.4 Hz, 0.60H), 1.25 (d, J =
6.4 Hz, 0.60H).

3C NMR (100.6 MHz, CDCls) § 198.3, 197.3, 196.8, 155.9, 155.4, 154.7, 144.7, 144.61,
144.57,137.6,137.2,136.9, 134.1, 133.33,133.26, 133.2, 132.8, 132.7, 129.52 (2C), 129.48 (2C),
129.4 (2C), 129.3 (2C), 128.94 (2C), 128.92 (2C), 128.89 (2C), 128.83 (2C), 128.80 (2C), 128.6
(2C), 128.4 (2C), 128.1 (2C), 127.8 (2C), 127.7 (2C), 126.9 (2C), 125.0, 124.8, 124.6, 123.5 (2C),
122.9 (20), 122.1, 121.4 (2C), 121.3, 121.2, 75.2,75.0, 72.1, 65.7, 63.2, 62.1, 56.9, 53.14, 53.06,
21.6,21.1,21.0 (x 2), 18.6, 15.3.

HRMS-ESI (m/z): [M+H]" calcd for C2sH»4NOs", 386.1751; found, 386.1743.

6-(4-Methylbenzoyl)-1-phenylhexahydro-3,5-methanocyclopenta|b]pyrrol-2(1H)-one (3ga)

The product 3ga was purified by flash chromatography on silica gel (100:0-83:17,
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hexane/AcOEt) (Table 3-2; 11.6 mg, 0.35 mmol, 35% isolated yield, dr >20:1). Pale orange solid.
The stereochemistry of 3ga was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 216-218 °C.

IR (neat) 666, 879, 1047, 1066, 1216, 1394, 1702 cm ™.

'"H NMR (400 MHz, CDCl5) §7.85 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.30-7.26
(m, 4H), 7.06 (t, J= 7.6 Hz, 1H), 4.92 (d, /= 5.2 Hz, 1H), 3.32 (s, 1H), 3.17 (t, J = 4.4 Hz, 1H),
2.73-2.69 (m, 2H), 2.42 (s, 3H), 2.10 (m, 1H), 1.87 (d, J = 13.2 Hz, 1H), 1.76 (dd, J=10.8, 1.2
Hz, 1H), 1.47 (dd, J=10.8, 1.2 Hz, 1H).

BC NMR (100.6 MHz, CDCls) §198.8, 178.1, 144.5, 138.9, 132.7, 129.5 (2C), 129.1 (20),
128.8 (2C), 123.8, 118.6 (2C), 61.4, 55.7, 44.0, 43.6, 43.1, 35.3, 34.0, 21.7.

HRMS-ESI (m/z): [M+H]" calcd for C2oH22NO,", 332.1645; found, 332.1646.

(8")-1-Methyl-4-[(R")-2-0x0-1-phenyl-2-(p-tolyl)ethyl]-3-phenylimidazolidin-2-one (3ha)
o)

>\\N’Pho

—N
H Ph

The product 3ha was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 23.8 mg, 0.62 mmol, 62% isolated yield, dr = 5:1). White solid. The
stereochemistry of 3ha was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 154-156 °C.

IR (neat) 666, 754, 879, 1087, 1217, 1380, 1449, 1700 cm ™',

'"H NMR (400 MHz, CDCl3) 67.72 (d, J = 8.4 Hz, 0.34H), 7.63 (d, J = 8.4 Hz, 1.66H), 7.56
(d, J=8.4 Hz, 1.66H), 7.39-7.35 (m, 1.66H), 7.29-7.22 (m, 3H), 7.16-6.96 (m, 5.51H), 6.83 (t,
J=17.6 Hz, 0.17H), 5.08 (m, 1H), 5.02 (d, J = 3.2 Hz, 0.83H), 4.96 (d, J = 8.4 Hz, 0.17H), 3.74
(t,J=9.6 Hz, 0.83H), 3.68 (t, J=9.6 Hz, 0.17H), 3.37 (m, 1H), 2.86 (s, 0.51H), 2.45 (s, 2.49H),
2.32 (s, 2.49H), 2.31 (s, 0.51H).

BC NMR (100.6 MHz, CDCl;) §198.7, 198.0, 158.6, 157.6, 144.3, 143.8, 139.0, 138.8, 135.1,
133.9, 133.8, 133.1, 129.3 (2C), 129.23 (2C), 129.19 (2C), 129.04 (2C), 128.98 (2C x 2), 128.8
(2C), 128.7 (2C x 2), 128.1 (2C), 127.8, 127.5, 123.4, 123.3, 122.6 (2C), 120.7 (2C), 57.0, 56.6,
53.6,52.9,50.3,46.7, 31.6, 31.1, 30.1, 21.6.

HRMS-ESI (m/z): [M+H]" caled for C2sHasN2O,", 385.1911; found, 385.1901.

(R)-5-[(R")-5-(2-Oxo0-1-phenyl-2-(p-tolyl)ethyl]-1-phenylpyrrolidin-2-one (3ia)
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The product 3ia was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 11.5 mg, 0.31 mmol, 31% isolated yield, dr = 1.3:1). Pale yellow
solid. The stereochemistry of 3ia was assigned by consideration of the stereochemical pathway.
The diastereomeric ratio was determined by 'H NMR of the crude material.

M.p. 167-169 °C.

IR (neat) 665, 756, 880, 1046, 1087, 1328, 1379, 1699 cm ',

'"H NMR (400 MHz, CDCl3) 67.66 (d, J = 8.4 Hz, 0.86H), 7.59-7.55 (m, 2.28H), 7.42-7.38
(m, 1H), 7.33-7.27 (m, 2H), 7.20 (t, J = 7.6 Hz, 0.57H), 7.16-7.05 (m, 6.86H), 7.00 (m, 0.43H),
5.15 (dt, J = 8.0, 3.2 Hz, 0.57H), 4.99 (td, J = 8.0, 3.2 Hz, 0.43H), 4.85 (d, J = 7.6 Hz, 0.43H),
4.85 (d, J=17.6 Hz, 0.57H), 2.89 (m, 0.43H), 2.53 (m, 0.43H), 2.45-2.20 (m, 4.43H), 2.19-2.11
(m, 1.14H), 1.44 (m, 0.57H).

BC NMR (100.6 MHz, CDCls) §198.3,197.7,174.8,174.7, 144.2, 144.1,137.7,137.4, 135.2,
134.6, 134.0, 133.2, 129.33 (2C), 129.26 (2C), 129.2 (2C), 129.13 (2C), 129.11 (2C), 129.0 (2C),
128.9 (2C), 128.8 (2C), 128.62 (2C), 128.57 (2C), 127.9, 127.5,125.73, 125.68, 124.9 (2C), 123.7
(2C), 70.6, 63.5, 60.3, 55.7, 54.2, 31.0, 30.9, 22.8, 21.6, 21 .4.

HRMS-ESI (m/z): [M+H]" caled for CosH2sNO> ", 370.1802; found, 370.1792.

(R")-3,3-Dimethyl-5-[(R")-2-0x0-1-phenyl-2-(p-tolyl)ethyl]-1-phenylpyrrolidin-2-one (3ja)

The product 3ja was purified by flash chromatography on silica gel (100:0-85:15,
hexane/AcOEt) (Table 3-2; 9.94 mg, 0.25 mmol, 25% isolated yield, dr > 20:1). Pale yellow solid.
The stereochemistry of 3ja was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 171-173 °C.

IR (neat) 666, 734, 879, 1046, 1087, 1217, 1380, 1702 cm ™',

'"H NMR (400 MHz, CDCl;) §7.51 (d,J = 8.4 Hz, 2H), 7.33-7.20 (m, 7H), 7.15-7.07 (m, 3H),
7.04 (d, J= 8.0 Hz, 2H), 5.12 (m, 1H), 4.82 (d, J = 5.2 Hz, 1H), 2.29 (s 3H), 2.09 (dd, /= 13.2,
7.6 Hz, 1H), 1.72 (dd, /= 13.2, 7.6 Hz, 1H), 1.19 (s, 3H), 0.87 (s, 3H).

B3C NMR (100.6 MHz, CDCl;) 6198.0, 179.6, 143.8, 137.4, 134.8, 133.5, 129.5 (2C), 129.00
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(20), 128.97 (2C), 128.9 (2C), 128.5 (2C), 127.7, 126.4, 125.8 (2C), 57.3, 55.7, 40.3, 37.5, 25.8,
25.3,21.5.
HRMS-ESI (m/z): [M+H]" calcd for C27H,sNO, ", 398.2115; found, 398.2102.

(5")-3-[(R")-2-Ox0-1-phenyl-2-(p-tolyl)ethyl]-2-phenylisoindolin-1-one (3ka)

The product 3ka was purified by flash chromatography on silica gel (100:0-88:12,
hexane/AcOEt) (Table 3-2; 30.9 mg, 0.74 mmol, 74% isolated yield, dr = 13:1). White solid. The
stereochemistry of 3ka was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 184-186 °C.

IR (neat) 666, 734, 879, 1046, 1087, 1217, 1380, 1712 cm ™',

'"H NMR (400 MHz, CDCl3) 6 7.94 (m, 0.14H), 7.85 (d, J = 8.4 Hz, 0.07H), 7.75 (d, J = 7.6
Hz, 0.93H), 7.69 (d, J= 8.0 Hz, 1.86H), 7.65-7.61 (m, 2.79H), 7.56 (d, J= 8.0 Hz, 0.21H), 7.51—
7.39 (m, 3H), 7.33 (t,J = 7.6 Hz, 1H), 7.26 (t, J= 7.6 Hz, 1H), 7.19 (m, 0.35H), 7.11 (m, 0.14H),
7.06 (d, J = 8.4 Hz, 1.86H), 7.01-6.96 (m, 2.79H), 6.75-6.72 (m, 1.86H), 6.18 (d, J = 3.2 Hz,
0.93H), 6.00 (d, /= 7.2 Hz, 0.07H), 5.04 (d, J= 3.2 Hz, 0.93H), 4.99 (d, /= 7.2 Hz, 0.07H), 2.29
(s 3H).

3C NMR (100.6 MHz, CDCl3) §198.4, 196.7, 167.3 (x 2), 144.4, 144.2, 142.3, 142.0, 137.3,
136.9, 134.3,133.9, 133.6, 133.1, 132.7, 132.1, 131.7, 131.4, 129.5 (2C), 129.4 (2C), 129.3 (2C),
129.2 (2C), 129.14 (2C), 129.10 (2C), 128.7 (2C), 128.58 (2C), 128.56 (2C), 128.5, 128.3, 128.2
(2C), 127.9,127.4,125.7, 125.6, 125.5,125.1, 124.2 (2C), 123.62 (2C), 123.56, 123.3,63.9, 61.8,
56.6,55.7,21.6, 13.6.

HRMS-ESI (m/z): [M+H]" caled for CooH2sNO>", 418.1802; found, 418.1792.

(5")-4-[(R")-2-Ox0-1,4-diphenylbutyl]-3-phenyloxazolidin-2-one (3ab)
(0]

>\N’Ph o

)

H Ph

The product 3ab was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 8.09 mg, 0.21 mmol, 21% isolated yield, including small amount of
inpurity, dr = 5:1). White solid. The stereochemistry of 3ab was assigned by consideration of the
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stereochemical pathway. The diastereomeric ratio was determined by 'H NMR of the crude
material.

M.p. 99-101 °C.

IR (neat) 647, 756, 907, 1046, 1087, 1216, 1380, 1708 cm ',

'"H NMR (400 MHz, CDCl3) 67.45-7.38 (m, 3H), 7.35-7.14 (m, 6.49H), 7.09-6.94 (m, 3.51H),
6.90—6.85 (m, 2H), 5.10 (m, 0.83H), 4.98 (td, /= 8.4, 4.8 Hz, 0.17H), 4.54 (m, 1H), 4.22 (dd, J =
9.6, 4.8 Hz, 0.83H), 4.17 (dd, J = 9.6, 4.8 Hz, 0.17H), 4.08 (d, J = 4.8 Hz, 0.83H), 4.00 (d, J =
4.8 Hz, 0.17H), 2.85-2.45 (m, 4H).

3C NMR (100.6 MHz, CDCl3) 6208.5 (x 2), 155.4 (x 2), 141.4, 140.2, 136.3 (x 2), 131.7 (x
2), 129.4 (2C), 129.3 (2C), 129.2 (2C), 129.0 (2C), 128.9 (2C), 128.7, 128.6 (2C), 128.50 (2C),
128.48 (2C), 128.24 (2C), 128.21 (2C), 128.1, 126.3 (x 2), 125.6, 125.4, 123.7 (2C), 122.4 (2C),
64.0 (% 2), 58.4 (x 2),56.1 (x 2),43.6,43.4,29.7, 29.6.

HRMS-ESI (m/z): [M+H]" calcd for C2sH»4NOs", 386.1751; found, 386.1754.

(5")-4-|(R")-2-Cyclohexyl-2-oxo-1-phenylethyl]-3-phenyloxazolidin-2-one (3ac)
o

>\N,Ph o

o)

H Ph

The product 3ac was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 16.0 mg, 0.44 mmol, 44% isolated yield, dr = 2:1). Orange oil. The
stereochemistry of 3ac was assigned by consideration of the sterecochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

IR (neat) 666, 736, 759, 881, 1089, 1217, 1379, 1454, 1701 cm™".

'"H NMR (400 MHz, CDCl;) & 7.50-7.43 (m, 2.66H), 7.36-7.31 (m, 2H), 7.24 (m, 0.66H),
7.10-7.05 (m, 2.34H), 7.00-6.93 (m, 2.34H), 5.09 (m, 0.66H), 5.00 (td, J = 8.8, 4.4 Hz, 0.34H),
4.56 (t,J=8.8 Hz, 0.34H), 4.49 (t, /= 8.8 Hz, 0.66H), 4.35 (d, /= 4.4 Hz, 0.66H), 4.27—4.20 (m,
1.34H), 2.20 (m, 1H), 1.70-1.50 (m, 5.34H), 1.36-1.22 (m, 1.66H), 1.13-0.99 (m, 4H).

BC NMR (100.6 MHz, CDCl3) §212.3,211.6, 156.1, 155.5, 136.7, 136.4, 133.3, 131.9, 129.4
(2C), 129.3 (2C), 129.2 (2C), 129.0 (2C), 128.9 (2C), 128.6 (2C), 128.5, 128.0, 125.4, 125.2,
123.4 (20), 122.2 (2C), 66.7, 64.0, 59.9, 58.5, 56.2, 56.0, 50.2, 49.9, 29.9, 29.2, 27.9, 27.8, 25.7,
25.6,25.5 (% 2), 25.0, 24.9.

HRMS-ESI (m/z): [M+H]" calcd for C23sH26NOs", 364.1907; found, 364.1915.

(8")-3-(4-Methoxyphenyl)-4-[(S")-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidin-2-one
(3la)
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The product 3la was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 34.9 mg, 0.84 mmol, 84% isolated yield, dr > 20:1). Yellow solid.
The stereochemistry of 3la was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 136-138 °C.

IR (neat) 688, 879, 1046, 1086, 1247, 1472, 1750 cm ™.

'"H NMR (400 MHz, CDCl3) & 7.25 (d, J = 8.0 Hz, 2H), 7.06-7.00 (m, 7H), 6.80 (d, J = 8.8
Hz, 2H), 6.46 (d, J = 8.8 Hz, 2H), 5.30 (dd, J = 8.8, 4.0 Hz, 1H), 4.87 (t, J = 9.6 Hz, 1H), 4.28
(dd, J=10.4, 4.0 Hz, 1H), 3.68 (s, 3H), 2.27 (s, 3H), 1.83 (s, 3H).

3C NMR (100.6 MHz, CDCl3) 6202.0, 157.2, 156.6, 143.2, 138.6, 133.1, 130.1, 129.5 (2C),
128.9 (2C), 128.7 (2C), 127.4, 126.8 (2C), 125.4 (2C), 113.6 (2C), 66.8, 64.3, 58.8, 55.4, 21.4,
14.7.

HRMS-ESI (m/z): [M+H]" caled for CosH26NO4", 416.1856; found, 416.1839.

(5")-3-[4-(tert-Butyl)phenyl]-4-[(S*)-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidin-2-one

(3ma)
o
N

Bu

0]

The product 3ma was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 26.1 mg, 0.59 mmol, 59% isolated yield, dr > 20:1). Yellow solid.
The stereochemistry of 3ma was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 178-180 °C.

IR (neat) 667, 899, 909, 1047, 1087, 1216, 1380, 1453, 1723 cm ™.

'"H NMR (400 MHz, CDCl;) §7.25 (d, J = 7.6 Hz, 2H), 7.00 (d, J = 7.6 Hz, 4H), 6.93-6.91
(m, 5H), 6.80 (d, J = 8.0 Hz, 2H), 5.35 (dd, J = 9.2, 3.6 Hz, 1H), 4.88 (t, /= 9.2 Hz, 1H), 4.28
(dd, J=10.0, 3.6 Hz, 1H), 2.27 (s, 3H), 1.83 (s, 3H), 1.20 (s, 9H).

3C NMR (100.6 MHz, CDCl3) 6202.1, 157.0, 147.3, 143.2, 138.6, 134.3, 133.1, 129.6 (2C),
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128.9 (2C), 128.7 (2C), 127.3, 126.8 (2C), 125.1 (2C), 123.5 (2C), 66.8, 64.0, 58.9, 34.2, 31.1
(3C), 214, 14.6.
HRMS-ESI (m/z): [M+H]" caled for CasH3:NOs", 442.2377; found, 442.2396.

(8)-4-[(S")-1-Ox0-2-phenyl-1-(p-tolyl)propan-2-yl|-3-(4-phenoxyphenyl)oxazolidin-2-one
(3na)
OPh

The product 3ma was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 38.2 mg, 0.80 mmol, 80% isolated yield, dr > 20:1). Yellow solid.
The stereochemistry of 3na was assigned by X-ray diffraction analysis. The diastereomeric ratio
was determined by "H NMR of the crude material.

M.p. 185-188 °C.

IR (neat) 667, 879, 909, 1046, 1086, 1215, 1381, 1732 cm ™',

'"H NMR (400 MHz, CDCls) §7.34-7.30 (m, 2H), 7.26 (d, J= 7.6 Hz, 2H), 7.12-7.04 (m, 6H),
7.02 (d, J = 8.0 Hz, 2H), 6.90-6.87 (m, 2H), 6.61-6.57 (m, 2H), 5.35 (dd, J = 9.2, 3.6 Hz, 1H),
4.87 (t,J=9.2 Hz, 1H), 4.34 (dd, J=10.4, 3.6 Hz, 1H), 2.28 (s, 3H), 1.85 (s, 3H).

BC NMR (100.6 MHz, CDCl5) §202.2, 157.3, 157.1, 153.7, 143.3, 138.7, 133.0, 132.6, 129.58
(2C), 129.56 (2C), 128.9 (2C % 2), 127.5, 127.0 (2C), 125.4 (2C), 123.1, 118.9 (2C), 118.4 (2C),
66.9, 64.1, 58.8,21.4, 14.7.

HRMS-ESI (m/z): [M+H]" caled for C31H2sNO4", 478.2013; found, 478.2032.

(8")-3-(4-Chlorophenyl)-4-[(S*)-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidin-2-one
(3oa)
Cl

The product 30a was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 21.4 mg, 0.51 mmol, 51% isolated yield, dr > 20:1). White solid. The
stereochemistry of 30a was assigned by consideration of the stereochemical pathway. The

diastereomeric ratio was determined by '"H NMR of the crude material.
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M.p. 152-154 °C.

IR (neat) 737, 881, 1050, 1089, 1380, 1454, 1703 cm ™.

'H NMR (400 MHz, CDCls) §7.24 (d,J = 7.6 Hz, 2H), 7.07-7.01 (m, 7H), 6.89—6.83 (m, 4H),
533 (dd, J = 8.8, 3.6 Hz, 1H), 4.86 (t, J = 8.8 Hz, 1H), 431 (dd, J = 10.4, 3.6 Hz, 1H), 2.28 (s,
3H), 1.82 (s, 3H).

3C NMR (100.6 MHz, CDCl;) §201.9, 156.7, 143.5, 138.6, 135.9, 132.9, 130.0, 129.6 (2C),
129.0 (2C), 128.9 (2C), 128.1 (2C), 127.7, 126.9 (2C), 124.9 (2C), 66.9, 63.9, 58.9, 21.5, 14.7.

HRMS-ESI (m/z): [M+NH4]" caled for CasHaCIN,Os ", 437.1626; found, 437.1640.

(8")-3-(4-Bromophenyl)-4-[(S")-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl|oxazolidin-2-one
(3pa)

Br
0 /0
"o
0
\)F(P:i\©\

The product 3pa was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 22.3 mg, 0.48 mmol, 48% isolated yield, dr > 20:1). White solid. The
stereochemistry of 3pa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 171-173 °C.

IR (neat) 667, 879, 909, 1046, 1086, 1215, 1381, 1711 cm™".

'"H NMR (400 MHz, CDCl;) §7.27 (d, J = 8.0 Hz, 2H), 7.10-6.99 (m, 9H), 6.81-6.77 (m, 2H),
5.32 (dd, J = 8.8, 4.0 Hz, 1H), 4.86 (t, J = 8.8 Hz, 1H), 4.30 (dd, /= 10.4, 4.0 Hz, 1H), 2.28 (s,
3H), 1.82 (s, 3H).

B3C NMR (100.6 MHz, CDCl3) §201.9, 156.6, 143.5, 138.6, 136.4, 132.9, 131.1 (2C), 129.6
(2C), 129.0 (2C), 128.9 (2C), 127.6, 126.9 (2C), 125.2 (2C), 117.9, 66.9, 63.8, 58.9, 21.5, 14.7.

HRMS-ESI (m/z): [M+H]" calcd for C2sH23BrNOs", 464.0856; found, 464.0875.

Ethyl 4-{(S")-2-Oxo0-4-[(S")-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidin-3-yl}benzoate

(3qa)
o
Y

0]

CO,Et
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The product 3qa was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 13.7 mg, 0.30 mmol, 30% isolated yield, dr > 20:1). Pale yellow solid.
The stereochemistry of 3qa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 177-179 °C.

IR (neat) 669, 880, 1046, 1087, 1379, 1457, 1705 cm™".

'"H NMR (400 MHz, CDCls) §7.60 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.06-6.93
(m, 9H), 5.42 (dd, J= 8.8, 3.6 Hz, 1H), 4.85 (t, J = 8.8 Hz, 1H), 4.43-4.28 (m, 3H), 2.29 (s, 3H),
1.84 (s, 3H), 1.37 (t, J="7.2 Hz, 3H).

3C NMR (100.6 MHz, CDCl3) 6202.0, 165.9, 156.4, 143.5, 141.6, 138.5, 132.8, 129.7 (2C),
129.5 (2C), 128.97 (2C), 128.95 (2C), 127.9, 126.9 (2C), 126.0, 122.5 (2C), 66.9, 63.4, 60.8, 58.9,
21.5,14.9, 14.3.

HRMS-ESI (m/z): [M+H]" calcd for CosHosNOs ", 458.1962; found, 458.1959.

(8")-4-[2-Methyl-1-0x0-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one (3ra)
o]

_Ph

The product 3ra was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 7.11 mg, 0.22 mmol, 22% isolated yield). Pale yellow oil.

IR (neat) 668, 732, 899, 908, 1047, 1215, 1394, 1653, 1701 cm™".

'"H NMR (400 MHz, CDCl3) §7.41-7.35 (m, 6H), 7.23 (m, 1H), 7.17 (d, J = 8.0 Hz, 2H), 5.20
(dd, J=9.2, 3.6 Hz, 1H), 4.63 (t, J = 9.2 Hz, 1H), 4.15 (dd, J = 9.6, 3.6 Hz, 1H), 2.38 (s, 3H),
1.45 (s, 3H), 1.17 (s, 3H).

BC NMR (100.6 MHz, CDCls) §206.5, 142.6, 138.7, 137.9, 134.6, 129.2 (2C), 129.0 (20),

128.0 (20), 126.5, 125.0 (2C), 65.8, 61.9, 52.5, 24.0, 21.5, 19.7.
HRMS-ESI (m/z): [M+H]" caled for C20H22NOs", 324.1594; found, 324.1607.

(8)-4-[(S")-1-Ox0-2-phenyl-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one (3sa)
0]

>LN/Ph o

)

< 'Ph

The product 3sa was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 24.3 mg, 0.63 mmol, 63% isolated yield, dr > 20:1) White solid. The
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stereochemistry of 3sa was assigned by consideration of the stercochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 159-161 °C.

IR (neat) 693, 755, 1214, 1256, 1401, 1500, 1605, 1663, 1735 cm™".

'"H NMR (400 MHz, CDCl;) §7.26-7.25 (m, 2H), 7.06-7.04 (m, 2H), 7.01 (d, J= 8.0 Hz, 2H),
6.97-6.90 (m, 7H), 6.84 (m, 1H), 5.38 (dd, /=9.2, 3.6 Hz, 1H), 4.87 (t,/=9.2 Hz, 1H), 4.30 (dd,
J=10.4,3.6 Hz, 1H), 2.28 (s, 3H), 1.84 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §202.1, 157.0, 143.3, 138.5, 137.2, 133.1, 129.6 (2C), 128.9
(2C), 128.8 (2C), 128.2 (2C), 127.6, 126.8 (2C), 124.8, 123.8 (2C), 66.9, 63.8, 58.9, 21.5, 14.8.

HRMS-ESI (m/z): [M+H]" caled for CosH2sNOs", 386.1751; found, 386.1733.

(5")-4-[(S")-1-Ox0-2-phenyl-1-(p-tolyl)butan-2-yl]-3-phenyloxazolidin-2-one (3ta)
0]

>LN/Ph o

o)

— 'Ph

The product 3ta was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 16.4 mg, 0.41 mmol, 41% isolated yield, dr > 20:1). White solid. The
stereochemistry of 3ta was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 189-192 °C.

IR (neat) 668, 732, 879, 1087, 1380, 1456, 1757 cm™".

'"H NMR (400 MHz, CDCl;) §7.21 (d, J= 8.0 Hz, 2H), 7.06-6.88 (m, 12H), 5.33 (dd, J= 9.6,
3.6 Hz, 1H), 4.84 (t,J=9.6 Hz, 1H), 4.63 (dd, J=10.4, 3.6 Hz, 1H), 2.66-2.43 (m, 2H), 2.28 (s,
3H), 1.02 (t, /= 7.6 Hz, 3H).

BC NMR (100.6 MHz, CDCls) §202.1, 140.1, 137.3, 134.3, 131.1, 129.3 (2C), 128.9 (20),
128.6 (2C), 128.2 (2C), 127.4 (2C), 126.0, 124.9, 124.5, 124.0 (2C), 66.7, 64.1, 62.3, 24.5, 21.5,
10.3.

HRMS-ESI (m/z): [M+H]" calcd for CosH26NO5 ", 400.1907; found, 400.1907.

(8")-4-[(S")-2-(4-Methoxyphenyl)-1-oxo-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one
(Bua)
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The product 3ua was purified by flash chromatography on silica gel (100:0-80:20,

hexane/AcOEt) (Table 3-2; 9.56 mg, 0.23 mmol, 23% isolated yield, dr > 20:1). White solid. The
stereochemistry of 3ua was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 154-156 °C.

IR (neat) 669, 760, 1036, 1125, 1258, 1507, 1751 cm™".

'"H NMR (400 MHz, CDCl;) §7.29 (d, J = 8.0 Hz, 2H), 7.05-7.01 (m, 2H), 6.99-6.91 (m, 6H),
6.86 (t,J=7.2 Hz, 1H), 6.47 (d, J= 7.2 Hz, 2H), 5.32 (dd, J = 8.8, 3.6 Hz, 1H), 4.85 (t,J=9.6
Hz, 1H), 4.28 (dd, J=9.6, 3.6 Hz, 1H), 3.67 (s, 3H), 2.29 (s, 3H), 1.81 (s, 3H).

B3C NMR (100.6 MHz, CDCl3) §202.3, 158.8, 157.0, 143.2, 137.4, 130.5, 129.6 (2C), 128.9
(2C), 128.1 (2C), 128.0 (2C), 127.5, 124.6, 123.9 (2C), 114.3 (2C), 66.8, 63.9, 58.2, 55.2, 21.5,
14.9.

HRMS-ESI (m/z): [M+H]" caled for CosH26NO4", 416.1856; found, 416.1850.

(8")-4-[(S")-2-(4-Bromophenyl)-1-oxo-1-(p-tolyl)propan-2-yl|-3-phenyloxazolidin-2-one
(va)

The product 3va was purified by flash chromatography on silica gel (100:0-80:20,
hexane/AcOEt) (Table 3-2; 37.1 mg, 0.80 mmol, 80% isolated yield, dr=19:1). Pale yellow solid.
The stereochemistry of 3va was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material. 'H and *C NMR data
described the major diastercomer.

M.p. 177-179 °C.

IR (neat) 692, 760, 1087, 1124, 1213, 1400, 1500, 1662, 1741 cm™".

'"H NMR (400 MHz, CDCls) 57.28 (d,J = 8.0 Hz, 2H), 7.04 (t, J = 8.4 Hz, 4H), 7.01-6.94 (m,
3H), 6.90-6.88 (m, 4H), 5.31 (dd, /=9.2, 3.6 Hz, 1H), 4.85 (t,/=9.2 Hz, 1H), 4.28 (dd, /=104,
3.6 Hz, 1H), 2.29 (s, 3H), 1.82 (s, 3H).
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3C NMR (100.6 MHz, CDCls) 6201.5, 156.7, 143.6, 137.9, 137.0, 132.6, 131.8 (2C), 129.6
(20), 129.0 (20), 128.4 (2C), 128.3 (2C), 124.7, 123.8 (2C), 121.9, 66.7, 63.8, 58.5, 21.4, 14.7.
HRMS-ESI (m/z): [M+H]" calcd for C2sH23BrNOs", 464.0856; found, 464.0868.

(5")-4-[(R")-1-Ox0-2-(pyridin-2-yl)-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one (3wa)

The product 3wa was purified by flash chromatography on silica gel (91:9-67:33,
hexane/AcOEt) (Table 3-2; 21.6 mg, 0.56 mmol, 56% isolated yield, dr >20:1). Pale yellow solid.
The stereochemistry of 3wa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 156159 °C.

IR (neat) 692, 751, 1123, 1209, 1402, 1501, 1668, 1748 cm™".

'"H NMR (400 MHz, CDCls) §8.28 (m, 1H), 7.23 (d, /= 8.4 Hz, 2H), 7.17 (td, J= 7.8, 2.0 Hz,
1H), 7.03 (d, J = 8.0 Hz, 1H), 7.01-6.96 (m, 2H), 6.95-6.92 (m, 4H), 6.86-6.82 (m, 2H), 5.60
(dd, J=9.0,3.6 Hz, 1H), 4.93 (m, 1H), 4.43 (dd, J=10.4, 3.6 Hz, 1H), 2.26 (s, 3H), 1.91 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §199.9, 158.8, 156.9, 149.2, 143.1, 137.3, 136.3, 132.4, 129.4
(2C), 128.9 (2C), 128.2 (2C), 124.6, 123.5 (2C), 122.2, 122.1, 66.7, 62.7, 61.1, 21.3, 14.2.

HRMS-ESI (m/z): [M+Na]" caled for C2aH2N>NaO;', 409.1523; found, 409.1535.

(5")-4-[(S")-1-Ox0-2-(thiophen-2-yl)-1-(p-tolyl)propan-2-yl]-3-phenyloxazolidin-2-one(3xa)

The product 3xa was purified by flash chromatography on silica gel (91:9-75:25,
hexane/AcOEt) (Table 3-2; 18.8 mg, 0.48 mmol, 48% isolated yield, dr = 15:1). Orange oil. The
stereochemistry of 3xa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

IR (neat) 747, 1135, 1214, 1297, 1405, 1446, 1501, 1604, 1627, 1748 cm ™.

'"H NMR (400 MHz, CDCl3) 6 7.75-7.73 (m, 1.88H), 7.60 (d, J = 8.0 Hz, 0.12H), 7.56-7.54
(m, 1.88H), 7.47-7.40 (m, 3H), 7.29 (d, J = 8.0 Hz, 2H), 7.21 (m, 1H), 7.15 (m, 0.12H), 7.03 (d,
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J= 1.6 Hz, 0.06H), 6.72 (dd, J = 3.6, 0.4 Hz, 0.94H), 5.06 (m, 0.06H), 4.73 (m, 0.94H), 4.58 (t,
J=9.2 Hz, 0.06H), 4.48 (t, J = 9.2 Hz, 0.94H), 4.42 (dd, J = 10.2, 4.0 Hz, 0.06H), 4.31 (dd, J =
9.2, 4.4 Hz, 0.94H), 3.67 (m, 1H), 2.44 (s, 3H), 1.40 (d, J = 7.6 Hz, 3H).

13C NMR (100.6 MHz, CDCly) 5 187.4 (x 2), 155.3, 152.9, 151.2 (x 2), 143.6, 143.0, 142.8 (x
2), 136.4, 136.0, 135.1 (x 2), 134.5 (x 2), 129.8 (2C), 129.4 (2C), 129.3 (2C), 129.0 (2C), 128.9
(2C), 128.7 (2C), 126.6, 125.2, 124.9, 122.8, 121.9 (2C), 121.5 (2C), 63.0, 60.6, 59.9, 58.5, 35.4,
23.7,21.6,19.5, 17.0, 13.5.

HRMS-ESI (m/z): [M+Na]" calcd for CsH2NNaOsS*, 414.1134; found, 414.1136.

(5")-3-(4-Methoxyphenyl)-4-[(S*)-1-(4-methoxyphenyl)-1-0xo0-2-phenylpropan-2-
ylJoxazolidin-2-one (31d)
OMe

OMe

The product 3ld was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 26.3 mg, 0.61 mmol, 61% isolated yield, dr > 20:1). Colorless oil.
The stereochemistry of 3ld was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

IR (neat) 669, 754, 1047, 1249, 1405, 1541, 1653, 1750 cm ™.

'"H NMR (400 MHz, CDCls3) 67.39 (d, J = 8.0 Hz, 2H), 7.05-6.99 (m, 5H), 6.80 (d, J = 8.0
Hz, 2H), 6.69 (d, J= 8.0 Hz, 2H), 6.46 (d, J = 8.4 Hz, 2H), 5.28 (dd, J=9.6, 4.0 Hz, 1H), 4.88 (t,
J=9.6 Hz, 1H), 4.30 (dd, /= 10.4, 4.0 Hz, 1H), 3.75 (s, 3H), 3.68 (s, 3H), 1.85 (s, 3H).

BC NMR (100.6 MHz, CDCls) §200.7, 162.8, 157.3, 156.6, 139.0, 131.9 (2C), 130.2, 128.7
(2C), 128.1, 127.3, 126.8 (2C), 125.4 (2C), 113.6 (2C), 113.4 (2C), 66.9, 64.4, 58.7, 55.4, 55.3,
14.9.

HRMS-ESI (m/z): [M+H]" caled for CosH26NOs ", 432.1805; found, 432.1794.

(8")-4-{(S")-1-[(1,1'-Biphenyl)-4-yl]-1-0x0-2-phenylpropan-2-yl}-3-(4-
methoxyphenyl)oxazolidin-2-one (3le)
OMe

N o
o
<n
Ph
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The product 3le was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 30.6 mg, 0.64 mmol, 64% isolated yield, dr >20:1). Pale yellow solid.
The stereochemistry of 3le was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 203-205 °C.

IR (neat) 668, 756, 880, 1087, 1379, 1456, 1741 cm™'.

'"H NMR (400 MHz, CDCl;) §7.50 (d, J= 8.0 Hz, 2H), 7.45-7.33 (m, 7H), 7.10-7.03 (m, 5H),
6.82 (d, J= 8.4 Hz, 2H), 6.47 (d, J = 8.4 Hz, 2H), 5.33 (dd, /= 9.0, 3.6 Hz, 1H), 4.90 (t, J = 10
Hz, 1H), 4.31 (dd, J=10.4, 3.6 Hz, 1H), 3.69 (s, 3H), 1.88 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §202.0, 157.2, 156.6, 145.1, 139.5, 138.5, 134.5, 130.1, 130.0
(2C), 128.9 (2C x 2),128.2,127.5,127.1 (2C), 126.83 (2C), 126.80 (2C), 125.5 (2C), 113.7 (2C),
66.8, 64.3, 59.0, 55.4, 14.7.

HRMS-ESI (m/z): [M+H]" calcd for C31H,sNO4", 478.2013; found, 478.2003.

(5")-3-(4-Methoxyphenyl)-4-[(S*)-1-(naphthalen-2-yl)-1-0xo0-2-phenylpropan-2-
yl]oxazolidin-2-one (3If)
OMe

<

o)

S I

The product 3If was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Figure 3; 25.3 mg, 0.56 mmol, 56% isolated yield, dr > 20:1). Yellow solid. The
stereochemistry of 3If was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 157-159 °C.

IR (neat) 668, 752, 879, 1045, 1086, 1217, 1457, 1721 cm ™',

'"H NMR (400 MHz, CDCls) 67.86 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H),
7.52 (t,J=17.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.38 (d, J = 8.8 Hz, 1H), 7.14-7.04 (m, 5H),
6.83 (d, J= 8.8 Hz, 2H), 6.48 (d, J = 8.8 Hz, 2H), 5.37 (dd, /= 9.6, 4.0 Hz, 1H), 4.93 (t,/=9.6
Hz, 1H), 4.34 (dd, J=10.4, 4.0 Hz, 1H), 3.70 (s, 3H), 1.89 (s, 3H).

BC NMR (100.6 MHz, CDCls) §202.5, 157.3, 156.7, 138.6, 134.8, 133.2, 132.1, 131.1, 130.1,
129.4, 128.9 (2C), 128.5, 127.9, 127.6, 127.5, 126.9 (2C), 126.7, 125.5 (2C), 124.9, 113.7 (2C),
66.8, 64.4,59.1,55.4, 14.7.

HRMS-ESI (m/z): [M+H]" calcd for CooH,6NO4", 452.1856; found, 452.1850.
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(5")-4-[(S")-1-(4-Chlorophenyl)-1-oxo-2-phenylpropan-2-yl]|-3-(4-
methoxyphenyl)oxazolidin-2-one (31g)
OMe

e

0)

//"

Ph
Cl

The product 3lg was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 34.4 mg, 0.79 mmol, 79% isolated yield, dr > 20:1). Pale orange solid.
The stereochemistry of 3lg was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 158-161 °C.

IR (neat) 668, 751, 908, 1046, 1215, 1514, 1669, 1748 cm ™',

'"H NMR (400 MHz, CDCl3) §7.28-7.26 (m, 2H), 7.18 (d, J= 7.2 Hz, 2H), 7.03 (m, 5H), 6.80
(d, J= 8.0 Hz, 2H), 6.46 (d, J = 8.0 Hz, 2H), 5.29 (dd, J=9.2, 4.0 Hz, 1H), 4.87 (t, /= 9.2 Hz,
1H), 4.26 (dd, J=10.4, 4.0 Hz, 1H), 3.68 (s, 3H), 1.81 (s, 3H).

B3C NMR (100.6 MHz, CDCl3) 6201.2, 157.2, 156.7, 138.8, 138.1, 134.1, 130.8 (2C), 130.0,
129.0 (20), 128.5 (2C), 127.7, 126.7 (2C), 125.5 (2C), 113.7 (2C), 66.7, 64.2, 58.9, 55.4, 14.5.

HRMS-ESI (m/z): [M+H]" caled for CosHa3CINO4", 436.1310; found, 436.1303.

(5")-4-[(S")-1-(3-Bromophenyl)-1-o0xo-2-phenylpropan-2-yl]-3-(4-
methoxyphenyl)oxazolidin-2-one (31h)
OMe

Br

The product 3lh was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 36.0 mg, 0.75 mmol, 75% isolated yield, dr > 20:1). Pale yellow solid.
The stereochemistry of 3lh was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 147-149 °C.

IR (neat) 668, 732, 879, 908, 1046, 1087, 1215, 1753 cm .

'"H NMR (400 MHz, CDCl3) §7.55 (s, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.10-7.02 (m, 7H), 6.80
(d, J= 8.4 Hz, 2H), 6.47 (d, J = 8.4 Hz, 2H), 5.30 (dd, /=9.2, 4.0 Hz, 1H), 4.87 (t, /= 9.2 Hz,
1H), 4.25 (dd, J=10.0, 4.0 Hz, 1H), 3.69 (s, 3H), 1.81 (s, 3H).
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B¢ NMR (100.6 MHz, CDCl3) 6201.2, 157.1, 156.7, 137.8, 137.7, 135.2, 132.3, 129.9, 129.6,
129.0 (2C), 127.8, 127.6, 126.8 (2C), 125.5 (2C), 122.5, 113.7 (2C), 66.6, 64.1, 59.0, 55.4, 14.4.
HRMS-ESI (m/z): [M+H]" calcd for CsH23BrNO4", 480.0805; found, 480.0797.

(5")-3-(4-Methoxyphenyl)-4-{(S")-1-0x0-2-phenyl-1-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]|propan-2-yl}oxazolidin-2-one (3li)
OMe

<

o)

< Ph
Bpin

The product 3li was purified by flash chromatography on silica gel (100:0-67:33,
hexane/AcOEt) (Table 3-2; 25.8 mg, 0.49 mmol, 49% isolated yield, dr > 20:1). Yellow solid.
The stereochemistry of 3li was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 207-209 °C.

IR (neat) 689, 750, 899, 909, 1046, 1087, 1216, 1381, 1722 cm™".

'"H NMR (400 MHz, CDCl;) §7.63 (d,J = 8.4 Hz, 2H), 7.27-7.25 (m, 2H), 7.06-7.00 (m, SH),
6.82-6.78 (m, 2H), 6.48-6.44 (m, 2H), 5.32 (dd, J = 9.0, 4.0 Hz, 1H), 4.88 (t, J = 9.6 Hz, 1H),
4.27 (dd, J=9.6,4.0 Hz, 1H), 3.69 (s, 3H), 1.80 (s, 3H), 1.29 (s, 6H), 1.28 (s, 6H).

BC NMR (100.6 MHz, CDCl3) §202.9, 157.2, 156.7, 138.2, 138.1, 134.5 (2C), 130.0, 128.8
(2C), 128.2 (20), 127.5, 126.8 (2C), 125.5 (2C), 113.7 (2C), 84.1, 66.7, 64.2, 59.0, 55.4, 29.7,
24.81 (2C), 24.77 (2C), 14.4. A signal connected directly to boron was not observed.

"B NMR (128.4 MHz, CDCls) §22.5.

HRMS-ESI (m/z): [M+H]" caled for C31H3sBNOg", 528.2552; found, 528.2545.

(8")-3-(4-Methoxyphenyl)-4-[(S”)-1-0x0-2-phenyl-1-(thiophen-3-yl)propan-2-yl]oxazolidin-
2-one (31j)
OMe

0]
>N o

O
S \ N
<~ Ph g

The product 3lj was purified by flash chromatography on silica gel (91:9-70:30,
hexane/AcOEt) (Table 3-2; 20.8 mg, 0.51 mmol, 51% isolated yield, dr >20:1). Pale yellow solid.

The stereochemistry of 3lj was assigned by consideration of the stereochemical pathway. The
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diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 135-137 °C.

IR (neat) 665, 879, 1046, 1087, 1217, 1327, 1380, 1741 cm ™.

'"H NMR (400 MHz, CDCl3) 67.39 (dd, J = 2.8, 1.2 Hz, 1H), 7.09 (dd, J = 5.2, 2.8 Hz, 1H),
7.04-6.99 (m, 6H), 6.79 (dd, J = 7.0, 2.4 Hz, 2H), 6.46 (dd, J = 7.0, 2.4 Hz, 2H), 5.24 (dd, J =
9.2,4.4 Hz, 1H), 491 (t,J=9.2 Hz, 1H), 4.38 (dd, J = 10.4, 4.4 Hz, 1H), 3.68 (s, 3H), 1.86 (s,
3H).

3C NMR (100.6 MHz, CDCl3) 6196.4, 157.3, 156.7, 138.9, 138.7, 133.4, 130.0, 128.8 (2C),
128.1, 127.6, 127.1 (2C), 125.6 (2C), 125.4, 113.6 (2C), 66.7, 64.0, 58.9, 55.4, 14.7.

HRMS-ESI (m/z): [M+H]" caled for C23H2NO4S™, 408.1264; found, 408.1265.

(8")-3-(4-Methoxyphenyl)-4-[(S")-1-0x0-2-phenyl-1-(pyridin-2-yl)propan-2-yl]oxazolidin-2-
one (31k)
OMe

0)
>N o
O

' X

SPhN.

The product 3lk was purified by flash chromatography on silica gel (91:9-70:30,
hexane/AcOEt) (Table 3-2; 19.7 mg, 0.49 mmol, 49% isolated yield, dr = 19:1). Pale orange solid.
The stereochemistry of 31k was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material. 'H and *C NMR data
described the major diastercomer.

M.p. 130-132 °C.

IR (neat) 666, 756, 800, 1088, 1217, 1379, 1454, 1744 cm ™',

'"H NMR (400 MHz, CDCl;) §8.33 (dd, J = 4.4, 0.8 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.68
(td, J=9.6, 1.6 Hz, 1H), 7.23 (qd, J = 7.6, 1.2 Hz, 1H), 7.01-6.98 (m, 2H), 6.93-6.86 (m, 3H),
6.82-6.78 (m, 2H), 6.48-6.44 (m, 2H), 5.35 (dd, J= 9.2, 4.0 Hz, 1H), 4.90 (t, J/ = 9.2 Hz, 1H),
4.36 (dd, J=10.0, 4.0 Hz, 1H), 3.68 (s, 3H), 2.14 (s, 3H).

BC NMR (100.6 MHz, CDCl3) 5201.2, 157.4, 156.7, 152.6, 148.2, 138.8, 136.5, 129.9, 128.1
(2C), 126.8 (2C), 126.6, 126.2, 125.8 (2C), 124.3, 113.6 (2C), 66.8, 64.2, 58.8, 55.4, 13.5.

HRMS-ESI (m/z): [M+H]" calcd for C24H»3N>04", 403.1652; found, 403.1667.

(5")-3-(4-Methoxyphenyl)-4-[(S*)-3-0x0-2,5-diphenylpentan-2-yl]oxazolidin-2-one (31b)
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The product 3lb was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 9.02 mg, 0.21 mmol, 21% isolated yield, dr > 20:1). Yellow oil. The
stereochemistry of 3lb was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

IR (neat) 667, 737, 879, 909, 1047, 1087, 1216, 1381, 1702 cm .

'"H NMR (400 MHz, CDCls) §7.20-7.12 (m, 3H), 7.00-6.91 (m, 5H), 6.79 (d, J= 8.0, 1.2 Hz,
2H), 6.73-6.69 (m, 2H), 6.43-6.39 (m, 2H), 5.14 (dd, J =9.2, 4.4 Hz, 1H), 4.81 (t, /= 9.2 Hz,
1H), 4.17 (dd, J=10.4, 4.4 Hz, 1H), 3.65 (s, 3H), 2.85 (m, 1H), 2.64 (m, 1H), 2.50 (m, 1H), 2.35
(m, 1H), 1.62 (s, 3H).

BC NMR (100.6 MHz, CDCl3) §210.3, 157.0, 156.8, 140.3, 137.3, 129.5, 128.6 (2C), 128.4
(2C), 128.3 (2C), 127.3, 126.5 (2C), 126.2, 125.8 (2C), 113.6 (2C), 66.4, 63.1, 59.8, 55.4, 39.4,
30.0, 12.3.

HRMS-ESI (m/z): [M+K]" caled for Co7H27KNO,", 468.1572; found, 468.1554.

(8)-4-[(S")-1-Cyclohexyl-1-o0xo0-2-phenylpropan-2-yl]-3-(4-methoxyphenyl)oxazolidin-2-
one (3lc)
OMe

o)
N o

0
< n

The product 3lc was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 16.3 mg, 0.40 mmol, 40% isolated yield, dr = 19:1). Yellow solid.
The stereochemistry of 3lc was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material. 'H and *C NMR data
described the major diastercomer.

M.p. 163165 °C.

IR (neat) 651, 669, 736, 908, 1046, 1215, 1715 cm ™.

'"H NMR (400 MHz, CDCl3) & 7.03-6.99 (m, 3H), 6.93-6.90 (m, 2H), 6.75-6.71 (m, 2H),
6.44-6.40 (m, 2H), 5.17 (dd, J=9.2, 4.4 Hz, 1H), 4.83 (t, /= 9.2 Hz, 1H), 4.16 (dd, /= 10.4, 4.4
Hz, 1H), 3.66 (s, 3H), 2.02 (tt, /= 12.0, 3.2 Hz, 1H), 1.74-1.70 (m, 4H), 1.55-1.48 (m, 2H), 1.44—
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1.24 (m, 3H), 1.15-1.09 (m, 2H), 0.96-0.81 (m, 2H).
13C NMR (100.6 MHz, CDCls) §214.4, 156.8, 136.7, 129.5, 128.4 (2C), 127.5, 127.0 (2C),

126.0 (2C), 122.5, 113.7 (2C), 66.7, 63.1, 60.4, 55.4, 46.7, 30.7, 30.4, 25.5, 25.4,25.2, 12.1.
HRMS-ESI (m/z): [M+H]" caled for CasH30NO4", 408.2169; found, 408.2158.

5-[2-Oxo-2-(p-tolyl)ethyl]-1-phenylpyrrolidin-2-one (3ya)

The product 3ya was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Table 3-2; 5.57 mg, 0.19 mmol, 19% isolated yield). Pale orange solid.

M.p. 124-126 °C.

IR (neat) 667, 879, 909, 1046, 1086, 1215, 1727 cm™".

'"H NMR (400 MHz, CDCl;) §7.74 (d, J = 8.4 Hz, 2H), 7.46-7.43 (m, 2H), 7.41-7.37 (m, 2H),
7.26-7.19 (m, 3H), 4.89 (m, 1H), 3.30 (dd, J=17.4, 2.8 Hz, 1H), 3.07 (dd, J=17.4, 9.6 Hz, 1H),
2.70-2.55 (m, 3H), 2.40 (s, 3H), 1.84 (m, 1H).

3C NMR (100.6 MHz, CDCls) §197.2, 174.2, 144.5, 137.2, 134.1, 129.4 (2C), 129.2 (2C),
128.0 (20), 125.9, 123.7 (2C), 56.2,42.1, 31.0, 25.0, 21.6.

HRMS-ESI (m/z): [M+H]" calcd for C19H0NO,", 294.1489; found, 294.1488.

(3aS",45")-4-(4-Methylbenzoyl)-3,4-diphenylhexahydrobenzo[d]oxazol-2(3H)-one (3za)
o

>LN'Pho

)
Ph

The product 3za was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 10.3 mg, 0.25 mmol, 25% isolated yield, dr > 20:1). White solid. The
stereochemistry of 3za was assigned by consideration of the sterecochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 242-244 °C.

IR (neat) 669, 758, 879, 1047, 1394, 1473, 1750 cm ™.

'"H NMR (400 MHz, CDCl;) §7.28-7.26 (m, 4H), 7.01 (d, J = 8.4 Hz, 2H), 6.96-6.89 (m, 4H),
6.86—6.83 (m, 4H), 5.64 (d, J = 7.6 Hz, 1H), 5.16 (m, 1H), 2.70 (m, 1H), 2.47 (m, 1H), 2.29 (s,
3H), 2.05-1.85 (m, 4H).

B3C NMR (100.6 MHz, CDCl3) §203.1, 196.0, 143.2, 138.2, 137.1, 133.7, 129.2 (2C), 128.9
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(2C), 128.0 (2C), 127.8 (20), 125.5, 125.0, 124.9 (2C), 124.8 (2C), 75.0, 61.6, 57.4, 24.5, 21.7,
21.5, 15.3.
HRMS-ESI (m/z): [M+H]" caled for Co7Ha6NOs", 412.1907; found, 412.1905.

(R")-3-[(S")-1-Ox0-1,2-diphenylpropan-2-yl]-2-phenylisoindolin-1-one (3Aa)

The product 3Aa was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 11.7 mg, 0.27 mmol, 27% isolated yield, dr = 19:1). White solid. The
stereochemistry of 3Aa was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material. 'H and *C NMR data
described the major diastercomer.

M.p. 108-110 °C.

IR (neat) 668, 733, 839, 1046, 1086, 1216, 1456, 1736 cm ™',

'"H NMR (400 MHz, CDCl;) §7.91 (m, 1H), 7.74 (m, 1H), 7.65 (d, J= 7.6 Hz, 1H), 7.59 (d, J
= 8.0 Hz, 1H), 7.54-7.50 (m, 2H), 7.48-7.26 (m, 6H), 7.23-7.15 (m, 3H), 7.12-7.08 (m, 2H),
6.94 (d, J=17.6 Hz, 1H), 6.80 (s, 1H), 2.28 (s, 3H), 2.22 (s, 3H).

BC NMR (100.6 MHz, CDCl;) 6195.0, 166.8, 141.1, 140.6, 138.1, 135.8, 135.0, 131.2, 130.5,
129.10 (2C), 129.06 (2C), 128.5, 128.3 (2C), 128.24 (2C), 128.17,127.9,127.2,125.9 (2C), 124 4,
119.7 (2C), 62.2,29.7, 26.0, 17.4.

HRMS-ESI (m/z): [M+H]" caled for C30H26NO>", 432.1958; found, 432.1956.

(R")-1-(4-Methoxyphenyl)-5-[(S*)-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl|pyrrolidin-2-one
(3Ba)

The product 3Ba was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 17.0 mg, 0.41 mmol, 41% isolated yield, dr > 20:1). Yellow solid.
The stereochemistry of 3Ba was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 124-126 °C.
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IR (neat) 443, 651, 669, 908, 1047, 1214, 1751 cm™".

'H NMR (400 MHz, CDCL3) & 7.15-7.10 (m, 4H), 7.05-6.92 (m, 5H), 6.82-6.78 (m, 2H),
6.50-6.46 (m, 2H), 5.29 (dd, J=9.0, 2.4 Hz, 1H), 3.69 (s, 3H), 2.68 (m, 1H), 2.56-2.39 (m, 2H),
2.27 (s, 3H), 2.01 (m, 1H), 1.74 (s, 3H).

3C NMR (100.6 MHz, CDCl3) §202.9, 175.7, 156.7, 142.3, 138.8, 134.7, 131.3, 128.9 (2C),
128.7 (2C), 128.6 (2C), 127.3 (2C), 127.1, 126.6 (2C), 113.5 (2C), 67.6, 59.4, 5.4, 30.9, 23.7,
21.4,16.1.

HRMS-ESI (m/z): [M+H]" calcd for Co7H,sNOs ", 414.2064; found, 414.2064.

(5")-3-(4-Methoxyphenyl)-1-methyl-4-[(S*)-1-0x0-2-phenyl-1-(p-tolyl)propan-2-
yllimidazolidin-2-one (3Ca)
OMe

>LN )

—N
< ph

The product 3Ca was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Table 3-2; 18.9 mg, 0.44 mmol, 44% isolated yield, dr > 20:1). White solid. The
stereochemistry of 3Ca was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 150-152 °C.

IR (neat) 647, 757,907, 1046, 1087, 1217, 1380, 1722 cm ™',

'"H NMR (400 MHz, CDCl;) §7.23 (d, J = 8.4 Hz, 2H), 7.20-7.08 (m, 2H), 7.01-6.97 (m, 5H),
6.77-6.73 (m, 2H), 6.44-6.40 (m, 2H), 5.18 (dd, /= 10.0, 4.0 Hz, 1H), 3.96 (t, J = 10.0 Hz, 1H),
3.67 (s, 3H), 3.25 (dd, J=10.4, 4.0 Hz, 1H), 2.84 (s, 3H), 2.28 (s, 3H), 1.76 (s, 3H).

BC NMR (100.6 MHz, CDCl3) 6202.9, 159.5, 155.7, 142.7, 139.2, 134.0, 132.5, 129.4 (2C),
128.8 (2C), 128.6 (2C), 127.2, 127.1 (2C), 125.5 (2C), 113.4 (2C), 61.3, 59.3, 55.4, 50.0, 30.7,
21.4,15.0.

HRMS-ESI (m/z): [M+H]" caled for Co7H20N205", 429.2173; found, 429.2173.
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m Tarnsformation of Products m

Ocxidative Deprotection of 3la / Boc-Protection of 5

OMe Boc,0O

0 Et;N 0
H 3 B
o) g CAN " o DMAP 0B
N o - of o
0 MeCN/H,0 (5/1) 3 DCM 3
' 0°C, 2h < ph t, 12 h < h
< ph
3ja 5 6

Oxidative Deprotection of 3la.” Under an ambient atmosphere, screw-top 5 mL vial
containing a magnetic stirring bar was added 3la (83.1 mg, 0.20 mmol, 1.0 equiv) and MeCN /
H,0 (2.732 mL, 546 pL, 0.061 M). The reaction mixture was cooled to 0 °C in an ice bath and
diammonium cerium (I'V) nitrate (CAN; 328.9 mg, 3.0 mmol, 3.0 equiv) was added. The reaction
mixture was stirred at 0 °C for 2 h. The reaction was quenched with H,O (5.0 mL) and extracted
with AcOEt (10 mL). The organic layer was washed with sat. NaHCO; (10 mL X 2), and extracted
with AcOEt (10 mL x 3). The organic layers were combined, washed with brine (10 mL) and
dried over Na>SOs. After filtration was evaporated under reduced pressure and the crude product
was purified by flash chromatography on silica gel (100:0-67:33, hexane/AcOEt) to afford 5 (47.0
mg, 0.152 mmol) in 76% yield (dr > 20:1).

Boc-Protection of 5.°° An oven-dried screw-top 5 mL vial with a stirring bar was degassed,
flushed with nitrogen, and was added 5 (47.0 mg, 0.15 mmol, 1.0 equiv) and DCM (2.239 mL,
0.067 M). The reaction mixture was added triethylamine (25.1 pL, 0.18 mmol, 1.2 equiv), 4-
dimethylaminopyridine (1.83 mg, 0.015 mmol, 0.10 equiv) and di-tert-butyl decarbonate (49.1
mg, 0.225 mmol, 1.5 equiv). The reaction mixture was stirred at room temperature until the
carbamoyl 5 was fully consumed by TLC. The reaction mixture was evaporated under reduced
pressure and the crude product was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) to afford 6 (52.2 mg, 0.128 mmol) in 85% yield (dr > 20:1).

(5")-4-[(S")-1-Ox0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidin-2-one (5)

>\\N’H 0

o)

< Ph

The product 5 was purified by flash chromatography on silica gel (100:0-67:33,
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hexane/AcOEt) (Scheme 3-1; 47.0 mg, 0.152 mmol, 76% isolated yield, dr > 20:1). Pale orange
solid. The stereochemistry of 5 was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 197-199 °C.

IR (neat) 666, 879, 910, 1046, 1088, 1217, 1379, 1732 cm ™',

'"H NMR (400 MHz, CDCls) & 7.44-7.35 (m, 5H), 7.29 (d, J = 7.2 Hz, 2H), 7.05 (d, J = 8.4
Hz, 2H), 4.83 (br s, 1H), 4.68 (t,J=9.2 Hz, 1H), 4.49 (dd, /=9.2, 5.2 Hz, 1H), 4.23 (dd, /=9.2,
5.2 Hz, 1H), 2.30 (s, 3H), 1.71 (s, 3H).

BC NMR (100.6 MHz, CDCls) §201.6, 158.7, 143.8, 138.7, 131.9, 130.1 (2C), 129.6 (2C),
129.0 (20), 128.3, 126.8 (2C), 67.3, 59.5, 57.5, 21.5, 16.7.

HRMS-ESI (m/z): [M+H]" caled for C19H20NOs", 310.1438; found, 310.1442.

tert-Butyl (8")-2-Ox0-4-[(S")-1-0x0-2-phenyl-1-(p-tolyl)propan-2-yl]oxazolidine-3-
carboxylate (6)
2 _Boc
PN 0
0]
S

The product 6 was purified by flash chromatography on silica gel (100:0-83:17,
hexane/AcOEt) (Scheme 3-1; 52.2 mg, 0.128 mmol, 85% isolated yield, dr > 20:1). White solid.
The stereochemistry of 6 was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by '"H NMR of the crude material.

M.p. 128-130 °C.

IR (neat) 667, 751, 879, 1046, 1087, 1216, 1380, 1741 cm ™',

'"H NMR (400 MHz, CDCls) & 7.38-7.30 (m, 7H), 7.04 (d, J = 8.0 Hz, 2H), 5.21 (d, J = 7.4
Hz, 1H), 4.60 (dd, J = 10.0, 7.4 Hz, 1H), 4.23 (dd, J = 10.0, 1.6 Hz, 1H), 2.30 (s, 3H), 1.74 (s,
3H), 1.19 (s, 9H).

BC NMR (100.6 MHz, CDCl3) §202.1, 153.5, 149.1, 143.6, 139.1, 132.5, 130.0 (2C), 129.2
(2C), 128.9 (2C), 128.0 (2C), 127.2, 83.6, 67.0, 60.8, 58.5, 27.5 (3C), 21.5, 15.9.

HRMS-ESI (m/z): [M+H]" caled for C24H2sNOs ", 410.1962; found, 410.1967.
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Reductive Ring-Opening of 31a’!

OMe

MeO
~
N0 N~ OH
¢ HO
: THF
Shy 80°C, 12 h <%
3la 7

An oven-dried round-bottomed flask with a stirring bar was degassed, flushed with nitrogen,
and was added lithium aluminum hydride (23.9 mg, 0.63 mmol, 3.1 equiv), THF (8.3 mL, 0.024
M) and 3la (83.1 mg, 0.20 mmol, 1.0 equiv). The reaction mixture was stirred and refluxed at
80 °C for 12 h. The reaction was added dropwise H>O (5.0 mL) and 4.0 M NaOH aq. (5.0 mL) at
0 °C and the reaction mixture was stirred vigorously for 15 min at 0 °C. The reaction mixture was
then diluted with Et,O (10 mL) and dried by Na,SO4 and concentrated. The crude product was
purified by flash chromatography on silica gel (100:0-91:9, hexane/AcOEt) to afford 7 (38.3 mg,
0.102 mmol) in 51% yield (dr > 20:1).

(15,28,35)-3-[(4-Methoxyphenyl)(methyl)amino|-2-methyl-2-phenyl-1-(p-tolyl)butane-1,4-

diol (7)
L.
N~ OH

HO

< Ph

The product 7 was purified by flash chromatography on silica gel (100:0-75:25,
hexane/AcOEt) (Scheme 3-1; 38.3 mg, 0.102 mmol, 51% isolated yield, dr > 20:1). Pale orange
solid. The stereochemistry of 7 was assigned by X-ray diffraction analysis.

M.p. 133-135 °C.

IR (neat) 647, 879, 909, 1046, 1087, 1217, 1380, 1711 cm™".

'"H NMR (400 MHz, CDCl3) §7.15 (d,J=7.6 Hz, 2H), 7.09 (t, J = 7.2 Hz, 1H), 7.00-6.93 (m,
4H), 6.72—6.68 (m, 4H), 6.54 (d, J = 9.2 Hz, 2H), 4.95 (dd, J = 10.8, 4.0 Hz, 1H), 4.73 (s, 1H),
3.84 (t,J=10.0 Hz, 1H), 3.75 (s, 3H), 3.65 (dd, J = 10.8, 3.2 Hz, 1H), 2.42 (s, 3H), 2.26 (s, 3H),
2.16-2.04 (m, 2H), 1.31 (s, 3H).

BC NMR (100.6 MHz, CDCls) §151.9, 147.4, 140.3, 137.54, 137.47, 128.8 (2C), 128.3 (20),
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128.0 (2C), 126.9 (2C), 126.4, 116.0 (2C), 114.3 (2C), 80.8, 64.8, 59.4, 55.8, 50.4, 32.6, 21.0,
17.5.
HRMS-ESI (m/z): [M+H]" calcd for CosH32NOs", 406.2377; found, 406.2384.
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m Radical Process Experiment m

- Radical clock experiment

O:N (15 mol %)

o+

NV/Nb\ 0 0

BF, ™ ™
PC8 (2 mol %) g N N N
o Cs,CO; (15 mol %) _ \)\/\AH
O /\z Buy4N[PO,(OBuU),] (1.0 equiv)
o >>pn "

Ph. J\ N/\N Ph (o] Ph
N \?[ MeCN 3Da 3Da'
H 21% (E only, dr > 20:1) 38% (E only, dr > 20:1)
1D 2a (0}
1.0 equiv 1.0 equiv >¥N'Ph 0

O,

trace

Protocol

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
Photo catalyst PC8 (1.32 mg, 2 pmol), triazolium salt NHC (4.73 mg, 15 pmol), carbamate 1D (29.3
mg, 0.10 mmol) and acyl imidazole 2a (18.6 mg, 0.1 mmol). The vial was brought to a globebox, and
added MeCN (1.0 mL), Cs2COs3 (4.89 mg, 15 umol) and BusN[PO2(OBu):] (45.2 mg, 0.10 mmol).
After the vial was removed from the glovebox and sealed with Teflon tape, the vial was placed in
Photoreodox Duo. After 12 h stirring at ambient temperature under photoirradiation (440 nm), the
reaction mixture was passed through a short pad of silica gel with AcOEt followed by evaporation and
flash column chromatography on silica gel (100:0-83:17, hexane/AcOEt) gave 3Da (8.63 mg, 0.21
mmol) in 21% yield (dr > 20:1).

(E)-3-Cyclopropyl-3-phenylallyl Phenylcarbamate (1D)

i /\I
Ph\NJ\O o

H

Synthesized using Method A starting from (E)-3-cyclopropyl-3-phenylprop-2-en-1-0l** on a
1.2mmol scale with respect to the alcohol.

The product 1D was purified by flash chromatography on silica gel (100:0-95:5, hexane/AcOEt)
(324 mg, 1.10 mmol, 92% isolated yield). White solid

M.p. 48-51 °C.

IR (neat) 692, 754, 1028, 1053, 1313, 1444, 1501, 1600, 1702 cm™".

'"H NMR (400 MHz, CDCl3) & 7.34-7.21 (m, 9H), 7.05 (tt, J = 7.2, 1.2 Hz, 1H), 6.75 (br s, 1H),
5.85(td, J=6.8, 1.6 Hz, 1H), 5.06 (d, J = 6.8 Hz, 2H), 1.80 (m, 1H), 0.87-0.83 (m, 2H), 0.40-0.36
(m, 2H).
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13C NMR (100.6 MHz, CDCl3) 5 153.6, 145.5, 140.9, 137.9, 129.0 (2C), 127.8 (2C), 127.3 (2C),
127.1 (2C), 124.3, 123.4, 118.6, 62.3, 11.5, 6.6 (2C).
HRMS-ESI (m/z): [M+Na]" calcd for C10H19NNaO;", 310.1438; found, 310.1442.

(8",E)-4-|5-Ox0-1-phenyl-5-(p-tolyl)pent-1-en-1-yl]-3-phenyloxazolidin-2-one (3Da)
o)

_Ph
OW
=

Ph o]

The product 3Da was purified by flash chromatography on silica gel (100:0-67:33, hexane/AcOEt)
(Scheme 3-2; 8.63 mg, 0.21 mmol, 21% isolated yield, dr >20:1). Pale yellow oil. The stereochemistry
of 3Ha was assigned by consideration of the stereochemical pathway. The diastereomeric ratio was
determined by "H NMR of the crude material.

IR (neat) 754, 1214, 1270, 1399, 1501, 1653, 1683, 1735, 1757 cm™.

'"H NMR (400 MHz, CDCl3) 67.72 (d, J = 8.4 Hz, 2H), 7.62 (dd, J = 8.0, 1.6 Hz, 1H), 7.56 (m,
1H), 7.53-7.50 (m, 2H), 7.35-7.30 (m, 7H), 7.11 (m, 1H), 6.09 (t,J=4.4 Hz, 1H), 5.44 (m, 1H), 4.73
(t,J=8.4Hz, 1H),4.16 (dd, /= 8.4, 4.0 Hz, 1H), 2.85-2.81 (m, 2H), 2.46 (s, 3H), 2.35-2.30 (m, 2H).

3C NMR (100.6 MHz, CDCls) & 195.9, 155.4, 143.4, 141.9, 137.4, 136.5, 134.8, 132.1, 131.7,
130.1 (2C), 129.9, 129.1 (2C), 129.0 (2C), 128.1, 127.6, 124.1, 122.5, 119.1 (2C), 68.1, 56.5, 27.9,
22.3,21.7.

HRMS-MALDI (m/z): [M+H]" caled for C27H26NO3", 412.1907; found, 412.1907.

- TEMPO trapping experiment

GN (15 mol %)
o
BF,~

PC8 (2 mol %)

Cs,CO05 (15 mol %) OMe OMe
o BUN[PO,(OBU);] (1.0 equiv) o g o g
MeO TEMPO (4.0 equiv
o (4.0 equiv) >\\N o >\\N
PGP S d + 0
P N (o]
N“To Ph = MeCN \)\< Y
* Ph < h
11 2a 3la 3l-tempo
1.0 equiv 1.0 equiv 6% 23%

Protocol

Under an ambient atmosphere, to an oven-dried screw-top 5 mL vial with a stirring bar was added
Photo catalyst PC8 (1.32 mg, 2 pmol), triazolium salt NHC (4.73 mg, 15 pmol), carbamate 11 (29.7
mg, 0.10 mmol) and acyl imidazole 2a (18.6 mg, 0.1 mmol). The vial was brought to a globebox, and
added MeCN (1.0 mL), 2,2,6,6-Tetramethylpiperidine 1-Oxyl Free Radical (TEMPO, 62.5 mg, 0.4
mmol), Cs2CO3 (4.89 mg, 15 pmol) and BusN[PO>(OBu)2] (45.2 mg, 0.10 mmol). After the vial was
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removed from the glovebox and sealed with Teflon tape, the vial was placed in Photoreodox Duo.
After 12 h stirring at ambient temperature under photoirradiation (440 nm), the reaction mixture was
passed through a short pad of silica gel with AcOEt followed by evaporation and flash column
chromatography on silica gel (91:9-75:25, hexane/AcOEt) gave 3l-tempo (8.59 mg, 0.19 mmol) in
19% yield (dr = 3:1).

(8")-4-((S")-1-Oxo0-2-phenyl-1-(p-tolyl)propan-2-yl)oxazolidin-2-one (31-tempo)

OMe
o
SN
O\N

The product 3l-tempo was purified by flash chromatography on silica gel (91:9-75:25,
hexane/AcOEt) (Scheme 3-3; 8.59 mg, 0.19 mmol, 19% isolated yield, dr > 20:1). Orange oil. The
stereochemistry of 3l-tempo was assigned by consideration of the stereochemical pathway. The
diastereomeric ratio was determined by 'H NMR of the crude material.

IR (neat) 756, 829, 1033, 1132, 1215, 1248, 1403, 1512, 1751 cm ™.

'"H NMR (400 MHz, CDCl3) §7.97-7.24 (m, 5H), 7.19-7.15 (m, 2H), 6.93-6.89 (m, 2H), 5.11 (dd,
J=9.6,2.8 Hz, 1H), 4.88 (dd, J=9.6, 2.8 Hz, 1H), 4.44 (t, J= 9.6 Hz, 1H), 3.82 (s, 3H), 1.62-1.26
(m, 9H), 1.23-1.22 (m, 6H), 1.15 (s, 3H), 0.49 (s, 3H).

3C NMR (100.6 MHz, CDCl3) §157.1, 156.2, 141.5, 130.3, 127.6 (2C), 127.4, 126.5 (2C), 125.3
(2C), 113.8 (2C), 82.1, 64.0, 62.7, 59.8 (x 2), 55.2, 40.8, 40.5, 34.0, 32.8, 22.3, 21.2, 20.8, 16.6.

HRMS-ESI (m/z): [M+Na]" caled for Co7H3¢N2NaO4", 475.2567; found, 475.2581.
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