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Tertiary alkyl radical generation with carbon-oxygen bond cleavage and
development of stereoselective tertiary alkylation reactions
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1-1. ZEPufpse ofEE

LAY KA LTSN, ETHRE LB A LTy, #
HAKDO NI I BV TIZZ NS DMRA» DA RERSEER TS, Zhb DA
TR T 7 Ok A BB AR I T N T 2 —75C, FHCOZEICE VW
TOREARRICIZIZ DEROHR LD =D TEBIRINTE Y, Zh b OF SRR (IBLE
Th 5.

BV RR &R LSO DIRFEREA CEIA I N EZ G L, KAWL T
oA R, TAAOQAFR, TAVEELL OEREEYE ICEL SN 2 EE LG T —
7 T % (Fig. 1\,
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Lo L, REFET EBNODRFERIECEINS LEEL R Lh b, Bk
BAIARIFEIC X0 SEPURR IR B L 2 AR IR T 2 Z TR IR C B 2 2L gy
BEERIETH 2 KIGERSIGEFICE 2 &, ZDVARRFED =D GITHET LRy, H
23RN TH 5. £ D DEFCTILEBREAMOMHCEE OGN X Y, HM
WRF O H T 25 RS L OIEERRILEY 2GR E LT 5 (Fig. 2)BL
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N DFFEIRAY)CAEMEEDE 2 &3 2 otk 2 52 Fike LTI RTT
ETHL ), Z0% IFEETRCHANCERILZIT ) LERDH 2 L v ) KIcB N T
MR TS, LT, HF=EMTAFAEO LS o=y P2 EE-BRECEAT S Z
LSRN, AR ORERANCBIURR B O RS L Z L AlREL A 2 e, B
=T N FNFLOEREN B ATE ORI EE A MEHRETH S,

INLOERPOLE=ZRT I AT AtIE-T2hy 7Y v I RIS E iR
—IRFERE B R T LD DU R B O 2 BT RE A B 2 )G TH 5. L L Aad D
BT v xosa s AP ARIICE R O 720, B RAG o flii FRR)G - o REE
32 X L5 (Fig. 3).
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elimination addition
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. elimination
*+. (undesired)
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transmetalation R1J\|/ + H-PdL -X
n
H
Fig. 3

Pdfititic k32 axhy 7Y v 7 %Eic e B, PABTAF AT ALicxt L Clig
fbftmzi e+ ¢, o7 AFANT Y LERERINSG. 20K, F 7R

B LrIfnEs X O pRKRIEERZH T o s, FmTrd~ar AiZig i, —
T T v o a At LT INE T YV —aosm o e b i 3 &
C(sp?)- X FEA 23 C(sp?)-X Fir & W b BT EE LD, VAT EES W20 RETH 5. Fric
T F v s AL 3 BRILAIAHINE Sn2 BRI CRISAHEIT T 5 & & 2 b L IKEEE
DRERTAF AT T AP T 2L L WL 205 x, BN
ICHEC 2R IARRETH Y, BALICKRETFBHFIET 2856, 0T BKHENHED HE
fiL, EEhVEIEEY L OBREPBEI N0, UTETArFralr Aty i KET
FleE LTHB LAYy 7Y v ZRIGIC D W T3 516,



1-2. F—kTrFroar s ftakErHlE L<HHALA Yy 7Y v 7k
ﬁ?w%w»uﬁ/k%%* mAlE LRI 2 R BB REAMEAAAET, 7
w#w77%97Aﬁ%(®gmmﬁ%)Cl%ﬁv?Jy7ﬁm#m%¢MmCﬁ%é
LT\ % (Scheme 1)1,
Li,CuCly (0.3 mol%)

Me BT+ BrMg-"Hex > Mo\ AHex
THF, 0°C

Scheme 1

—RDTAFAT T A ERETH L L CHHAARERERTW I RISTH Y, KA
%@é/‘\lﬂiﬁ FiChIeHEINTWBE, —JC, Grignard il3EIZ 7V R =L EVFED %
DEREICHEHATE AW L AREA L LTBF LN 0, 1990 FERICITT A F AR
ﬁ&%TW#wﬁ%ﬁ%%mmfﬂﬁyﬁA%ﬁ%:77»%ﬁﬂi5%*&7»#»
~uarufeeohy 7Y v I RKISOERIC XY, BREFETFAMEDME K E 1172 (Scheme 2)

[10]

Pd(PPh3)4 (3 mol%)
Me(CHz)a~_-! +  (9-BBN)—(CH,);qCO,Me »  Me(CHa)y~_-(CH2)1,COMe
KsPO,
dioxane/THF, 60°C

= =
COEt Ni(acac), (7.5 mol%) CO,Et
| +  Zn((CH3)s0Ac), >
THF/NMP, -35°C (CH,),0Ac

Scheme 2

2000 FELARE, BT v FAKEFH L RN ARSEREA E Dy 7Y v I RIGOE
BIED o 72, Hlz 1, 2001 41 Fu & 3RICE <, BMEERTLVFARRAT 4V
EHT ATV LR EMHT S Lic XY, Tw#w*f%ﬂkTw#wfvﬁﬁ%
DAy 7Y v IRIGIE BAKFENEE L BT 5 & 7 <ERK L 72 (Scheme 3)1,

Pd(OAc), (4 mol%)
Br PCy; (8 mol%)
NC(HZC)4/\/ +  (9-BBN)—(CH,);,CO,Me ~—————= A~ (CH2)10COzMe
K5P0O4+H,0 NC(H2C)
THF, rt.

Scheme 3

PERFEDOTAFAL I TN L DB CE R 572X TV YL/ Y T2 ZVFRAT 4 VD
FOGHREITRRD, XTI TL/TAFARZAT 4 VEHKICX 2 hy 7Y v P RIGTIERT VM
FARBBYT L AERY, o BBE T CHREAEAIERECTH . i
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FRALRIBT N DA, 35 X OSBRSS ® < 7o 72 2 & T, BIKRIAED I & 52T r ik 2
eI N7 D TH 3.

Z D%, HMBEE 72 XSRS E — R T A FAKEFRI L T AF AR T RAED S v 7Y
VI RIGICHERTH 5 Z & 23S X 172 (Scheme 4) 112,

Cul (10 mol%
P "o+ (9-BBN)~ _~ ;)» A
"Bu LiO'Bu Ph "Bu

DMF, 80°C

Fe(acac)s (3 mol%)

) xantphos (6 mol%)
NC(HC)” "+ [(PB("Bu)IIMgCI] sl B
THF, 25°C NC(H,C)4
Scheme 4

TR EESCETEERRN TEHWE LT, TAFAFYRYZ T TR S
TV LM X BT AR A ERH L 220X by Y v I BR[REL o T, T
hic kv av{etn, 24y, W, b o & OEA A WE— R T L F LR ETH
EDhy 7Y v IRIGHATHEL 7o 72081, X S ICHAfidiic X 2 7 F A HighiEE & D 71 v
7Y v 7RG H WHE & 7z o 72(Scheme 5) [14],

N Pd,(dba); (2 mol%) N
| 5 Cl . BBy P(cyclopentyl); (8 mol%») | S By
7 1-methylimidazole Z
THF/NMP, 80°C

pr SN iy
Q/NVN\@
Pr Y Pr

/

CI—PId—CI
N cl
O
X
N
Me Me PEPPSI-IPr (1 mol% N 5 "Bu
Ph/\/\OTs + ( °)> |
BrZn Z
CN THF/NMP, r.t.
4
Cul (20 mol%)
ngu” Br +  [Zn("Bu)sIMgBr » "Bu” By
THF, 65°C
Scheme 5



1-3. M:%&T/Vﬁ?/v/\uﬁ‘/ﬂf,%%j? mIAlE LCRHL Ry 7Y v 7k

Lot EY —RT I RKETAIE LER LAYy 7Y VIR
INES VL) uﬁﬁn@ﬁbnf Wb, RLEIC BT R TIEN TV LA/ P Y T VR
NARRT 4 VIS X 2T AFA—TAFAD Y 7Y v 2%, BRLIIAHIIDERIC SN2 ik
THETL TS 2 &R X N7~ (Scheme 6) 'S, §72b b AR TIIE T T L F 1
KETFHITCOTAFA—TAFAZOZRA Yy 7)) v IPREETH 2 2 EIRBEI N

overall
inversion D H

= &Ph
Bu R

D ‘ H
“, Pd/P‘Bu,Me cat. >6
tBu/k.(OTS + (9-BBN)—Ph :

T
O

H D NaOH (1.2 equiv.) 1
dioxane, 70°C overall D H
retention - ~ Ph
tBU/%
H D
Scheme 6

ZDOHE T A FAKEFAIORBEMBIC X 27y 7 ) v IRIGIZHE BT L F L
KRETHIOBE L 1Z R R 2T 7o —F R0 n 5, FE BT L AKE A OBBEAME I
K20y 7Y v I RIGEE BT N FAKEFH & FRICERSEAME L L Cifll, =
v VIR, SRR, HEESEREE L L C Grignard i3 7L F L EREREASE, T F oLk

¥ FaHE & 72 BOG2SEES & 1T B (Scheme 7) 1),

transition metal
R [Cu], [Ni], [Fe] R

+ R3-M '
RZJ\X RZJ\

X=1,Br,CI M=Mg,Zn,B

Scheme 7

Ni iz R L 724REH v 7Y v i s nT, BT A FAKE LR ZF L 2B
FE(LIIAT N CHEFT T 2 D TlE7e K, TV AN AR L -HEEBIRIE I w307, —ffio
Ni s 7 v A HSHRIIC X > TEIEENBZ 2 L T, —flioT v F =y 7 LViRERE
I b, 20Kk, TrdFasar e —ETETT5I8T, TALEFLIVALL
Ao Ni TAFAKSEL S, LTI AAMICKH LT, i Ni k2L Ic
L, =ik 2 2Rk, fi < EIohliEtic X o CTHRERY 23S 5 1L 5 (Fig. 4).
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1-4. H=BT7rFrrur Az REFHIE LCHLZ2A v 7Y v 7k

BT I AR KRETFHIE LT LAy 7Y v 7 RIGIE, Bk
X EZWT X KETHZ 7T 5G L FREIC, kAL LT Grignard SEEC 7 v ¥
NN R W72 T ES G I Tw s, aovh, )], MRS ORERAR s v Ry
TV v TOMIEE L CHET 223, TIALST AT T LRV YA 2y v L7k EFH
AlRE 7 AR ICIR Y 23% - 72 (Scheme 8) %,

' R? 1 R2
AV . [Co], [Ag], [Cu] cat. R R
R > MR > P Nge

R* = allyl, benzyl
M = MgX, ZnX
Scheme 8

¥72, Fu bIFE=ZMTAFA v A ERKE TR E LTHALZ, dv#Ebs X OH
KEHA v 70 v 7% #RK L 72(Scheme 9) [1%-b],

| S
NiBr,+diglyme (10 mol%)
R! R2 _ Pybox (13 mol%) 0 NZ 0
)4 + Bopin, > R—Bpin </’ |
R® TBr KOEt (1.4 equiv.) N N
'Pr,O/DMA, r.t. ipr Pybox iPr
NiBry+diglyme (10 mol%)
R' R? dtbbpy (11 mol%)
. +  (9-BBN)—Ph » R—Ph
R Br LiOBu (2.4 equiv.)

'BUOH (2.4 equiv.)
benzene, 40-60°C

Scheme 9

TN O BRI 2 gE % YT DI Ni i, 7213 Pd A FIH L 72(~7 v) 7 U — e
kgHle D raxhy 7Y vy, YL EBRIRE I NBD M0 Larl, ThHHDK
JOCIEATRE R AR RS ICIR Y 235 5 i, HAAREARE =ZMT LrFrn s vl
PNC gl 7 A F AT A v FAl L o REICHIRSH 2 2 L2, ZOHBOE
BSOGICHRIAIGH T2 2 e B TE R o7z, 2D, XY EBMPEY) R FE UM E
DEEFEATRER T L W HEROHREARD bz, 2 CHEHINEZDOPE = Ma v )
VNRZNMEEYITH 5. Matyjaszewski b B X PEAR S IEIH = a~a h LR LEY &

JE MR % R L 72 1 7B 7 A VEGKISATRP) % Z L2 4L 1995 SFici L T b
(Scheme 10) 201,



0
Br
o EtO
+ Cu(l) ATRP
+  Cu()
EtO
Br dormant species
\ n J
X
T n (0] T
0
. —_—
Eto)‘\‘./ + Cu(l)-Br ———» EtO +  Cu(ll)-Br
‘ n-1 living polymerization
Scheme 10

a 7HEZATAREEILIND &, BERTAFATIANEERT 5. KTVN
WRAFL VIR LTI 2L, RVYIATIAVBEL S, BV ILTIVAN
B F—~v Ml (fRIEED) 2IBRL, HEXFL Y ERIET S 2 & TRY v — (L2 T+
5. Z4H D RIGIT Kharasch (1 RG % JGH U 72 )G & W 2 % (Scheme 11) 21,

Cu' or Ru" Cl ci_ cl
R + cel, - L X

R Cl
M

c. ¢ | "X o

—_p\n*1 cl —N\nt+2
Cl—M Cl—M M

Scheme 11
Cu(D)*° Ru(I)7x & DRIF T SEEEA e RY ~u Z LT A FAZRIGEE L ET LT v

RENTEANAMNMPBET 5. KOCITERITTF2BAL 74 v afi~BEIL w3
D OIETEE T A NATIIG(ATRA) & 7232 L3 CTE 5,
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INLDORIGEIGH L, 2012 i Lei H513E = a 70T h AR ALEW % KET-H|
& LT, Nift#fic X % Heck B871 v 7'V v 7 % %K L 7z(Scheme 12) 222,

R R1 R2 NISJPPh3)4 R R1 R2
ppp
At S - I X
Ar Br EWG K3POy4 Ar EWG
toluene

60-100°C, 16 h

Mn+1 Mn

Scheme 12
ATRP @0 THLHST~EIEHT 22 Lick Y, AF L viFEh~ 0@ G % E K
L7z, &5 ICYWFFEERY S X U8 Thomas & 223 % L2 Wifl 35 X OBkl % Fvs <[]
BED Heck Bl v 7V v 7R EH LT, SR DRIEE LYV IC a v HAE= LY
ZRIH L 2 KICBEFEE N IciTbLd X5k, (~Fn) 7Y —ARELHELELGED
71y 7YV I ROGE EDFFE I A, BRI L R RS ISR AT RE e T iR & L CfE T
XA
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1-5. BEEMTAFATVHANERR L KIS ICE T 2 fE

BT AVFALT I ANDECRICERZMM T 2 2 ik b, RIITIAR A - 7250
MRFHLEREEST 2 Z L3 AREL oz, — 7, HBEMT Y ANERA L 72 IGHT I
L OOFERKIN TS,

AL ST VRS S ANTRROREE, RAFHE

TN ERAL 72 IGBEFIZIEFED 7 + L F v 7 ARIGEDFRELAG M £ - THERM
L T\ 3. HHEOROIE % T 2 72 084 7 T L %15 9 7 AREA 2 EI% X <
WA, EEBESHTAEALT S AAGEKIE BT E BRI EZT, T
¥ ARDERL ST X 5 FEHE T 5 (Scheme 13) )

1 R2 1 R2
LG~ "R® " OR®
LG = leaving group
LG
R—BF3K R—SnBuj R—SO,Na '

a

S
R \o)l\o

fe) O,
(0]
S
() o ey 0

-~

EtO,C CO,Et

Me Me

/
(@)
(@]
(@]
(@]
N
@]
w
)
=
C)\
;3
(@)
y=o
Pl

Scheme 13

Bl Z X FEHI NI HE WM T A F AT AAFEADO D EDE L CaZBEALR= L
fb&PnZE T ons. Z 0ik3id Hell-Volhard-Zelinsky KISIC XV Vv KRy b Ta7rES
N =NMACEYZ AEATRETH 525, fEMARFLMNT 2 2 & REBY D HBr Bl &
BT x0T YA NFTRIROLEN, REFEXEES IS, (Scheme 14) 129,

PBrs NuH

R' R? Br, DMAP cat. R' R?
X > > )4 _Nu
H CO,H 110°C, 1 h Et;N Br C
then CH,Cl, I
cyclohexene 0°Ctort
Scheme 14
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Scheme 13, 14 IR L7z X 9 CNOOHAKIB AT LI N T VAN EERAIRETH 2 5,
BIRDO TR 2 5 P B L I N5y, TAFA TV ANDOERE L ERED
FEEMINRAEC DB T A v P LTHETFLNE, Ko THMAMEL X OREWENFL, B
FEMHBY T AFN T HNAERORHAZREEchH Y, k) Bl EHwz%¥
B TEBIICDRF KD b3,

T 2 SR PURRR R ORI D TR

TAFLTIANEZNML ZRFZ—IRBZHAIERCTE L F Y F A=Y T AT LA
—, VA-FIVRABEMERPERT A EPEINDE, TSV FAT—PCY T AT LAY
—DHIHIC O WTIENEETIEH 2D DD, AABEIHERL AP 7 & AF 22 [H % Al
Hc xR zofElizrgEcd 2. —5 T, FEMTAIAITOALERHLZK
JGHAFEIC BTy A= b T v REBER & GG AT RE 22 TR I MEZ T T le v, FRC ROGHE2S
RGCHERA L 7 4 v ~DH TR WT, ¥ Z-F 7 v 2 BYEEOFIHEITTRE 7 B Ha G
VT AL A~ — &V RE R SIS I3 CHREECH 5. T EEAGKRT 27201Iciin
o O BPA % IR RE 2 RO BT kD b 5,
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2. Kits
AR ClE Bl U 738 % e 3 = BUF o WFFEIc i Y fHA 72,

91 B TIAEBOCAEATE T, Csp’)-0 Mia DA ZME S 727 b v ARIC O W TG %
To7. BEMTAFAFEGEE L THEBRNLERLATVMICERHLEZ, T X7V ED
C(sp?)-0 FEADHRKISIT W 22 ME I N T W22, EITEMNDE T2 0 2> (Ered = >-2.3
W,%@M&Ak#ﬁﬁﬁmf%b,7»%»7vﬁW%ﬁ& M L 7= %% 75 JOGE 56

WFEERE I N TW S, 2 2 TR T, BILEMOEVWERY T Y =L T I/ XY
Y VRBER A S L, AT C»sp?)-0 A DK EMES 77 PV ERICET L

(Scheme 15).
QS
& o

0 Ph BNPB (1 mol%) 0
J\>< * }= > Ph
Ph 0" "COzMe Ph 365 nm

Ph

Scheme 15

02 EC IR A V72 B/Z-IRAWERA L 7 4 v icH T B SREIRIE =R T L 3L
LRIGDERFE Ic D WTik_ 2, KA L 7 4 v Icnf 3 2 BHSOG130% 2 AK-Heck K6 % 1A
0 & LALEIR I 7 SOGAE A TR E LT 228, A L 7 4 ikt 3 a2 s iR
BSOS N Ty, 22 TERE ZERPERAELZNEA L 7 4 Vit d 5057
RERN BSOS Z BHfE L, BT v F AL DFAFEICE T L 72(Scheme 16).

Fe
R!' R? R' R?

Ar/\“"R + X >
Br R3 ArT N R3

R

R!' R? |
L’ Ar/\“‘R \4

[ ) R3

Scheme 16
WIECTHAMAL 7 4 VICHT 37 A FA T VA% RE L0 THEHLRIGIC D0
Tih~3., FH2E TR L 20 FRIEICE b L12, FRRIGIC DWW TORE 21T o

TR, ATV VFEEERD afLic T A F AT Y A OBERSICHHET S B &\ o 72 BIR
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WHEIR MR D Tz ARSI T C D JE 58 7 & 7 VB RUG(ATRA: Atom-
Transfer Radical Cyclization) ¥ & OBk SEE T C D Ji1158) 7 & 71 v BRALIBL iSOG
(ATRCE: Atom-Transfer Radical Cyclization Elimination) D BiF& 12D W CTRET 21TV, FJfFDZ
I X 21F Y 901712 F L 72(Scheme 17).

Scheme 17

WATETIE ERE ZEPBEA LENEEAL 7 4 VT 2 KRB y T 7 % LARKIC
DWTIRRE, WAL 74 Vit $2 7 7 2 LE5RICENTRY T AT LA~ —D Y
ERBERT 2, CNFETEHMEINTOL IR, ERE ZRPBEAELZNHA L
7 4 VN T BB 7 7 2 AERIIHEL S LTy, 2 T2, 3T
R LAEB=ZRMTAFIAVNZATADRKINMEERFE=ZMT X7 I FICsH L, $kliiiic X
ZNERA L 7 4 v ~DYARER y T 7 X LERDFAFE % MG L 72(Scheme 18).

F R 7
e N
R R! R2 N R!
AT * X > R2
r

B CONHR? Ar :
trans
1
R2 R R3
N/
| .n+2
R4‘ Fe
R5
Scheme 18

95 T TBEHIE A S ER v S AL~ LG 5 T L Bl Az, AL F
v 7 AfEEL UC Ir B % Tl 72 A4 v R 2k v RUSOGIC D W TR 5. FEE
a7 AN B B 7 FCSICIIRR i E E ZTeT\2 o, ESSE AT
BLURKEEEDOFTROEAICE LT, AT EfE X O 2EBROLAY L kT
% LA FEROAEY CRRIEICKICHEME T T 5. Zokzom5FR A n T o+
b ISR U CREBRIICHET TS 5 h v RIS OMESITERCH 2. A+ v RIT
Ao ML UCREINICET T2 2 L b, KIbRE oA T 5 Y m 7 vLEwicst
+ 23BN 7 7 BLSGDRAFEIC DT b ST L 72 (Scheme 19).
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F1E WS

e ﬂﬁﬁmiﬁ&Aﬁ BOTREELRIGTH 2728, HWEFS & & OUMIE &k

x BRI #Onﬁ%KWMﬂ“k?%ﬁﬁ%ﬁﬁmigﬁﬁnr~vf%éﬂ.7»:—
i arve R vl RT3 L RACTHIRI N33 & L CEERET 2T
Bbod, Tra—iod Csp)-OfiaDERSIGIET v F a7 ALY o C-X e, 7
VR VIED C-CREGDELIC L KT 2 LINEETH 5. —MRIC C(sp?)-O FEE IR ETH
- 0UBBHL <, HHlWAFERTETLra BRI (e s (k) T3
C b CIHEERE A A b L C(sp®)-O fir DYINT, ¥z rlfigl 35, Lo LAanbT7ra—u
DBE I, BHFAIICd XY —RATFESRD LN TE Y, ZOZBHI)GIT AN &
=LA S LA B ZE T DO T W BB 7L a — L DEEN 7 C(sp?)-0 F & D]
Wi & LCIdF 2 v R R T 4 v TV ANEL RY AT I HMOEEEREE L, C(spd)-
Oftier % 7 Y ANINCYIMI T 2 FESEFRE S No0H 223, VAT Va3 —Hh
RYTNTNA=ART Y AT AT =), FERRT V3 — v 7s ERVEE R EIPH I B AR
INTW 2 DRHIRTH 5 (Scheme 1).

OH [Ti],"PR3," BR,

> ,?\
R1jz\R3 C(sp®)-0 clevage R1R2 RS

Scheme 1

T v a— L DEE 7 Csp®)-O fier DYIWT % {1 5 K38 7 ¥ A % I U 72 SO 13 BB
MR & b H Y, BEETIREIC Csp)-O G OUIMKISICE W T T v a— L%
HOGEMEAL) L CORIRIICYIB 3 & v 5 Tk E 5N Tus 3 (Scheme 2).

OH O(LG) C(sp®)-0O clevage

activation H
—_— —
R1J\R3 R1’)\R3 R1J\R3
R? R?

RZ

Scheme 2

Barton 3 & OF McCombie 1 1975 4FiIcT Ara— Az X3 v FF v~ FHEENLL, Y 75
LA ZXE FY FH-SnBu)B L U7 VERA Y 7Fr=t VIL(AIBN)DTLE F, MEL -
119 L C(sp))-O FiG Ul & 1, BTG ETS 5 Z & Z#idi L CTu> 5(Scheme 3) 7).

S
)]\ AIBN _SnBuj
0" X H-SnBu, H S
> +
R1J\R2 benzene R1J\R2 O)\X

A

Scheme 3

21



Barton-McCombie )i D SGHERE % Scheme 4 IC7R 3. IEAT 7 2 A A BIEAI(AIBN)IC X -
TARIVANPEL B, ELERAXIVANEFF Y P VBBORER T~ 7L
ML 72t2ic, LRI VAN LHREZE I L TCsp)-Ofaaulian, 71+
NI HAVEELDEEHIC, FAZRTADPEETS, ZLETAFATI AT
TFNAXE FY FooKBRRTE5EKL 2 & TRILKCHBETT 2.

AIBN
H-SnBu; ——— > °SnBuj
A
B
Sf‘snBU::, S/Sn Us
g]\ . H-SnBuj

JO\ X j)\ X p-scission /\ !
_> —>
R1
1 2 1 2 _SnBu
R R R R s~ 3 - SnBu,
OJ\X

Scheme 4

AL 58 72 C(sp?)-O FE S 2 UIMIR[RETH 2 720, T oRSRe FeF oz x4
VN VEE~EFEE L, Barton-McCombi IGIC X W BB ICIRET 2 Z L 3n[feTH 5. %
DD R—=7 v Mt EEKT 5% BRERIGCD—ERICHEH 115 (Scheme 5%, Scheme 6[).

\\/N HSNnBuj3 H
— é
Me ~ A Me -
Me Me Me ~ Me Me ~ Me
Scheme 5

NHBz
FN
\8\\( AIBN oL .\ NHBz
,, NN HSnBu 773
4 620 :< —
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Barton-McCombie JifE 2 LSS IE 7 & A AVBYICIH - 72 C(sp?)-O i & 2 VIMTnlRECTH 5 72 0
L SOG LA L e\ & ) RICB W TENZKIGTH 2—77, FHV b7 VBRI
VYT ATTHBE I 2, HEOECI Y TFARIe F Y FER{LERmEGET L AT
BHRvRESHEEAEI NS,

Barton (% 1985 4F1C Barton ester!'NC 4 ¥V LA fHAA L 2 & T, TALa— A2 L
TBICRIE R CT A XA T AAREL B 2 & W L Ty % (Scheme 7)1

O
AIBN
R. O. CO,Et H-SnBu, CO,Et N
0 N . - " | + 2CO
b R Bu,Sn y 2
o) . _ sBu enzene 4PN <g
Scheme 7

ARZZATNMFVLFy 7 2EWTH Y, —FEFEITLING L ThKIEL v Y v vtk
BlETALLHICTAIASUANLEELE., ARIGTIRELLZTAIASI S ALNA L
T7AVICE Ty TEINDG T ETRAIRBMAEKITKII L T 20, KFETH#ED
BWERY)Z7FAZE FY FE AIBN Ofla&bE CRIGCHETTT 5.

IS 3FEOE W F ) 7F 42X e FY Fofbhicyy 7 v ZETHlE L THWS Z
ET, ¥V VINTFVBIATADLTAZIAI IS ANLEZEL BT L % 2000 FICHE L 7-
(Scheme 8)[121,

> R-H
AIBN
ji\ Ar,(H)Si-Si(H)Ar, A LR
R >
~0” “sMe AcOEt 4
A
Ar
R@CF:,CO?» @
R SN

Scheme 8

AFERFEOESLEV ZER L AW TH 525, KAL LTHFI v 7 VERIZGIC
VU T AT EVIREPERINT NS,
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Overman b (7 /L 2 — ) & chloro N-phthalimidoyl oxalate % )& X &5 L 72 T R T V723,
VT = Ll GEFE{LERTTili) & Hantzsch = 2 7 AAEFE FYCIRES %17 5 & R EE % #E
TTAFATIHABEL B2 & & L 72 (Scheme 9)13],

o [Ru(bpy)s](PFe)2 (1.5 mol%)
o 'ProNEt HBF, (1 equiv.) o
Hantzsch ester (1.5 equiv.)
Rl__O N R!
)I/ o~ methyl vinyl ketone (1 equiv.) Me
R2 e R2
R O o THF/CH,CI, R3

23°C, blue LEDs
Scheme 9

AR JE1E Hantzsch TR T AT X VBT INE U2 Lilior T =7 LfilllEss, =251 % 1
BTIEICL, MRBEALECREZOTAIA T AAREL S, EUETAFAT IR
T2 RTR—=THDIALT7 4 VI Ty 7TEN, BTG 5.

2015 4F Overman & X I MacMillan 13 X W AT AL F A4 FH L - Z2HWTA VYT
LHBRAGETTAEAATE S, B FETICE VIRRBER CTAFAIAABEL S L
% FLH L 72 (Scheme 10) ['4],

Me Ir[dF(CF3)ppyl2(dtbbpy)PFg
Y
(1 mol%) Y
OCOCO,Cs + =
Z TEWG DME/DMF, H,0 EWG
M 40°C, blue LEDs Me
Scheme 10

2019 4E1C1F Gong H I ARTIRIC Ni il s X N5 HE v 7 vt Efllatgbe s ik
DIV ANERHALZZa Al y 7Y v 7 %ER L 72 (Scheme 11)1),

Ni(TMHD), (10 mol%)
Me Me MgCl, (3.0 equiv.) .~ Me Me
+ Ar-Cl 4-MeO-Py (3.0 equiv.)
BzO OCOCOSR LiCI (3.0 equiv.) 820
Zn (3.0 equiv.)
DMA, 25°C

Ar

Scheme 11
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2019 451 MacMillan &1 72— & NHC (N-~T 0% 4 7 U v 7 A V) Filkik%
v 2 Tk L7206 e 7 v a —n &Rl 2 )G & 2 % & C(sp?)-0 FE & 23 E
E N, ECLEWHA )Yy afildilic X 3 —~EERLEZTC, Bi7 v b ik, BB
XY COMBDBELTAFA IO AARELNS, BOoNEZTAXFAL TS AT
flio Niic b7y 7& 4, ETHREEC X Y By 7Y v 7 {Kk% 5 2 % (Scheme 12).

Ir(ppy)2(dtbbpy)PFg (1.5 mol%)

Ph
Bu N><H B NiBry+dtbbpy (5 mol%) R
+ r
E;EO (I) U quinuclidine U
¢ R MeO,C N 1:1 t-BuOMe/DMA MeO,C N
Bu
blue LEDs, 2 h

Scheme 12

INFE TIRFZ—MBREAZICL Y T T 9 H L% A BATRE 2 BB (AR 38R 4 B &
NCwr—hHTcubobtEYolzt A LTI TEs o3, HTCHT 2 0E 1 H
ZE MR IR E DS Z L > (Scheme 13).

iy A

Barton-McCombie (1975) Barton (1975) Overman (2011)

e} Ph

R oy Bu N><H

\OJY E;EO ?

o Y =H, Cs, Me By R
Overman, MacMillan (2015) & Gong (2019) MacMillan (2019)

Scheme 13
—J, TATNEIBEICEET 5 A AR VB T 2 — L DR IC X D RS IS AT HE

n%@%b,wﬁmﬁ%ﬁ%%<mw%#m.ixTw@qw%omé%me EL g
B OG0 1968 FELA Lee HIC X o TP Y 7F VL ZAX F Y FZ&HWZFRIIN, 1989 41
fiizk 5081, 1992 41T Enholm SUNC X o> TI 7L ¥~V 7 A= Fikifis s -
(Scheme 14).

"Bu3Sn-H
O or O

1 ———————» R-H .
R)j\o’R Smis R)l\OH
HMPA

Scheme 14
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ARFRFFH Y P VREIKT 5 & XY ZEWDOE T X T A DR 7 C(sp?)-O i &
PIKTAIRECH 2 7= O GHALARNICH TS 5.

Marko ¥ & UF Lam & (7K, Enholm & 23 L7 AT V2 H T 215 Z Y AL721F T
<, KOFEMBPFT IV T AN EFHTRER G % HE L7z (Marko-Lam B35
{LIE) (Scheme 15)20),

Sm|2
R” Yo~ RS TEF H R3 R” “OH
Scheme 15

L LR e LCHEEoE I vy~ v azfbZEREmEU FERA L R TiER S Rn
W) HICEBWTREAPERI N TV S,

—J7 7l © 1% N-methylcarbazole (MCZ)TEAE ¥, e MH 32 & X7 AR —FEFEITI
NTAFLTSHANREL BT & & LTV 5 (Scheme 16) 211,

07 “R® R' R?
> X
THF : H,0 =10: 1 H” "R3
400 W high pressure Hg lamp
rt,~15h
Scheme 16

AFFEIAY TR Z2LAF FELMEACALT 4 v 277 ay 208 O I TE 28K
J&C & % (Scheme 17)122),

oy ~

$ % N HO
BzO—" =0 Me N\\(
> (o]
'ProH, H,0 )
rt, Hg lamp BzO—"
CF,4
Scheme 17
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AFERIHMC P EREDONIGEF] N-AFAANNY =) BRUETH DD, ZEN-AF
WHNNS = NDAFF VTV HABRHKRINALZETH 57-0 8t LCTL T WiEITEN
PMETT 22 EDHFETH S &H 2 54T\ 5 (Scheme 18) 2,

- O J

Scheme 18

INLDOHEEZTIRT 2728, Rizzo HIEN-TAFAL ALY =D 3600 % T L F Al
T 5 LT kY it c oW SR R)IG IS L T\ 5 (Scheme 19)23],

Me
O
F5;C R
3 - N

Me

© N (10 mol%)
R-H
'PrOH, H,0
rt, Hg lamp
Scheme 19

UEDXdico 2Tzl LT, ANV — VIR Z Sl & U < BifeE L0
DARETH B, RFEIINICALELRF VY VT VBRHEDOE WA ZHH L W=D
Barton-McCombi g U0 & ek 2 LIER M FETch b L vz b,

—7J7, 2020 ££IC 1 FLP (Frustrated Lewis Pairs)% Fl W 7= FEd MG S TH D, AT L%
T L 7= Bl 2 AL SO o I YE 2346 2 5 (Scheme 20)124)

R’ PMes; (1.0 equiv.) R’
B(CgFs)s (1.0 equiv.)

R
A )l\O/R + ¢
r THF (0.2 M)
70°C, 7 h

Scheme 20
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2014 4F Reiser H (I AIHIE 2RI U 72 i RE RV G % #i75 L 72(Scheme 21)12%),

0]

FsC _R  [irppy)2(dtbbpy)]PFg (2 mol%)
@) 'Pr,NEt (2.0 equiv.), H,O (100 equiv.)
ot

R-H
MeCN
40°C, 455 nm, 1 h

Scheme 21

FOUHERE % Scheme 22 ISR T, S L 7= =flio 4 Y v AR THI chHhIr e 2 —=»
eiiic X 0EI I i b, ZMliof VYV LABIATALE B TEITTSI LI
XY EfliDA Y Py LR EHAEST S, Tod v I VANEE ol AT AT T B b
LI N7=DBIC C(sp)-OFEEDBFHHL, TAHFATCAABEL S, ELEZTAFALTY
HNFIAFF Y FZVANVIREDO L 2 —=y e D a/kFEZF EikE, BILEIEFOLND.

0 O 1

|rIII H*

Pri® fPr IPr\KIi"Pr /
P Et

Pr,NEt Ir*

!S { o 1
" Ty Ao R

ArCO,H

Scheme 22

KL TIEZATADT =AY IV AAEN 70 b v bEn s T & T, Csp?)-0 FEia 235
HInzeEzZoNT0EH, ZNEFEHEEHRICXVHEHINA TS, [ )Y Lfi
PC X ) BRI NET=F Y IV INVIZETBRY VANVDHEFERICFHEL T3,
— T, T=AvIavarhrsabfbdnditensd &, BT Cspd)-0fiHoKitEs
TEHuE~ L HH3 52 LT, AP L 7 Y IADFEAET S,
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2022 4F: Nappi © | Hantzsch ester f7-7E I, HENCZRS3 2 & Csp))-OfaFHAL, v

CveDhy 7Y Y IRIEHHEITT B Z & & WS LTy 5 (Scheme 23)2,

F 0
R CN Hantzsch ester (2.0 equiv.) R
o~ X NaOAc (2.0 equiv.) X
+ ' o
NG A DMSO A
N rt, blue LED, 17 h N
Scheme 23

¥ 7z, 2023 4F Wickens D I3 PTH HAMEAAAE T, FWE7 O AA05RICAlE L@, =X 7
NEFRICL, Csp)-OMADBBRT 2L TCTAFATIIAAREL B L ZHEL T

% (Scheme 24)127,

R PTH (2.5 mol%), mensa (5 mol%)
o) Zn(CHO,), (1 equiv.), HCO5H (2 equiv.)
»  R-H

DMSO
rt, 395nm, 24 h

Scheme 24

INFECICHlE I NRBR G TICR Y VAV Eo S FRITEFRGIMERIC X )&
faxhad e, BILEMZ FTF2 205 FiERE LN T W72 Wickens HIZFFET ¥ H
ND X5 TIEITCEM DS EV L FRE(-2.2 Vvs. SCE)YBZFIf4 3 2 & ClRICEN O &\l
RV A N(-2.2Vvs. SCE)PNCHT L CTHEITAIREL 7o 723, TAFA TV A%
L7z MG % D% L ETCIKIG IS > T Y, ABILFEMICIE X S% i TR &

HWCThblwnwz b,
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280 1SRG
M, MES IR T Y =T I RyEVIFERBIER IR WETTEMEA L T
% Z & i LT % (Scheme 25).

Ph, Ph Ph, Ph Ph, Ph
S o e
Ph Q Ph Ph Ph Ph Ph

BDALO BDNB BDB[E2
-1.94 V vs. CpyFe -2.40 V vs. CpyFe -2.91V vs. CpyFe
Scheme 25

I RATFNMIEEITCENRE VN T2®, EXAYT Y —=AT I/ XRUELYDX ) REviEicEiiz
3 20 E v, &% Cspd)-0 G HARfER Z LB EZLND.
FarH, /i, %556 5 12 BDB(1,4-bis(diphenylamino)benzene) % Yefiliit & 42 &, =71 %
—ETEILL, TALFALTIIAADBEL B2 & EHiE L T % (Scheme 26)52,

0 R1 R2 OH R1 RZ
X BDB (5 mool%)
_—
(o) CF3 + Ar/\ Ar CF3
acetone/H,0O
rt, 365 nm, 5 h
2.0 equiv. 1.0 equiv.
Scheme 26

AT ETIIEVCEICHT%ZHET % BDB(2.91 Vvs. Fo)lc X Y TRAF A D —FE R ICEER L
THY, M e w2z, SERE TREELZIT ORI Y IV BRRIGRTH 5.

LA INE TR a-TREIATAE TV HARFEKE L, BEEEME M &
Bk % Itz O C—EEITIC X W SR TR R L C & 2B, 2 2 TR T
BEHDa FrRFLIAT AR MAGICL ) T A7 L&+, BDBHEMKREZ MM S L
THO D TEERR I, FVAN Ty THIELTAL 7 4 VEHWS Z L TEIEK
e 7 7 b AL O B RIGH & R 7o v & 2 72 (Scheme 27).

S S

N—D-N
(@] R1 R2 ) i D (e}
)]\ X + Ar BNPB (1 mol%) - 0
Ph (0] CO,Me 1& Ar! R!
Ar 2

Ar? R

Scheme 27
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LN (Ve SEROS T4

P 75T & L C Scheme 28 12783 X 5 B CSRMHCTHRET 21T 272, L2 L7 5,
FOG 34 GETE S, BRI E 7.

0
j\ X Ph BDB (1 mol%)
+
P N0 ;

COZMG

0]
> ph
PH MeCN/H,0 (9/1) (0.25 M)
2.0 equiv. 1.0 equiv. 365 nm, rt, 20 h Ph
0%
Scheme 28

RGHMEE T2 b VICEE L L 25, 16%OIETT 7 b v afEbns 2 Lk RLIL7
(Scheme 29).

@)
)OI\ >< Ph BDB (1 mol%)
+ ;
Ph 0]

0
> ph
COMe PH acetone/H,0 (9/1) (0.25 M)
2.0 equiv. 1.0 equiv. 365 nm, rt, 20 h

Ph
aNMR yield

76%°

Scheme 29

BRI BT 2 KD R %ZMET L 72(Table 1). 7K 35 X U acetone D IEFETE T ClIAE W I LIEI &
LRI NS, ARIGRIZKDBICLY YT 47 THBET Libhorl.

Table 1

0
)OI\ X Ph BDB (1 mol%)
+ >=
Ph” Yo

0
> ph
COMe Ph acetone/H,0 (X/Y) (0.25 M)
2.0 equiv. 1.0 equiv. 365 nm, rt, 24 h

Ph
X:Y GC-MS yield?
w/o H0 trace
w/o acetone trace
1:1 4%
9:1 76%®
19:1 81%
45:1 trace
99:1

trace
aDecane was used as internal standard. °NMR-yield
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RIEARET % Table 2 IS/ 9. FEA DG Z2ITo7-& 2 A, MIEOEWIAEI I F L L,
7 & b YBFRRICRWZ EDBb o 7. KBGO S K DR PRk L L
THEIND A F A VHRIEDEEICEHE G L T30 TlEhRnwhrbEZLNS.

Table 2
(0}
Q Ph BDB (1 mol%) o
R —TeC
Ph™ "0" "CO,Me PH solvent/H,0 (X/Y) (0.25 M)
2.0 equiv. 1.0 equiv. 365 nm, rt, 24 h Ph

solvent GC-MS yield?
acetone 81%
MeOH 3%
MeCN 4%,
toluene 3%,
hexane 2%
Et,0 4%
1,4-dioxane 3%
THF 229%
DMF 3%,
DMSO 39,
DMA 57%
NMP 64%

4Decane was used as internal standard.
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SO #E % Table 3 10T, ERAYT Y =T I ) Ry ¥ VFHERE PLICHE 24T
27t A, F7FNEEHT L BNPB BREDMBTH 2 Z L h3bho Tz, —HICHE
A& 43 4CzIPN ®° EosinY, PDI® T 7 VY =v LD X 5 hfilicli= 27 1% —&
EILT D720 DENBED I Z ERBEE T,

Table 3
O
@) Ph photocatalyst (1 mol%) 10
A X ¥ >= > Ph
Ph 0™ "COy,Me Ph acetone/H,0 (19/1) (0.25 M)
2.0 equiv. 1.0 equiv. 365nm, rt, 24 h Ph
photocatalyst GC-MS yield?

BDB 70%

BNPB 85%
N,N'-Diphenyl-N,N'-bis(p-tolyl)-1,4-phenylenediamine 17%
N,N'-Diphenyl-N,N'-bis(m-tolyl)-1,4-phenylenediamine 15%
4,4'4"-Tris(diphenylamino)triphenylamine trace
N,N'-Bis{4-(diphenylamino)phenyl}-N,N'-diphenylbenzene 3%
N,N,N',N'-Tetrakis{4-(diisobuthylamino)phenyl}-1,4-phenylenediamine 3%
4CzIPN trace

Eosin Y trace

PDI trace

Mes-Acr-Me+CIO, trace

4Decane was used as internal standard.

ot X 7= 5% Scheme 30 ICF £ 5.

YN =

N—D-N

. & o
O BNPB (1 mol%) o
Ph)l\o>< ' >= > Ph
Ph

COMe PH acetone/H,0 (19/1) (0.25 M)
2.0 equiv. 1.0 equiv. 365 nm, rt, 24 h
Scheme 30
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—RINIC R Y A NI E T RGPS EI L T 2 EE ch L, EITEMNB T2 72
OEWTEILARDICH 2, EETIELIZLIE m-CRiBid Xy V4 VEREH I
5. 20—, BTHGHEIPERL ZEEchiniX, ELEMIZ LA b0D, T=F
VI ANDARLEN.D T2 C(sp’)-O i T DFAZLHED LA 2 2 EAMFFEI D, RV
SANEDOWE BT o 72b DD, EHNTH - R EREoHEmAET Z L2 TE b o

7ele®, RODPMCTEELRR Y VA NVEEZRE L L 72(Table 4).

Table 4
o
9 Ph BNPB (1 mol%) \/ﬁ<
A X ' >= > ph
Ar® 70" "COMe PH acetone/H,0 (19/1) (0.25 M)
2.0 equiv. 1.0 equiv. rt, 365 nm, 24 h Ph
Ar NMR vyield?

p-NO, 0%
p-CF3 85%

p-Ac 0%

p-I 0%

p-Br 0%

p-Cl 85%

p-F 0%

H 85%

p-Pr 53%

p-Me 36%

p-OMe 0%

p-NMe; 1%

a1 ,1,2,2-tetrachloroethane was used as internal standard.
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B o N mol S o CREFREOMHR % 1T o 72(Table 5). ¥ 7 = =L TF L Vil
RCIIIEINR CER R L TELD DD, AF L VHEARTIHEIGE &
BB EBbH ot FRIATAORGTE, HAKROLAYILIS TS RN &
ofz, Z T TRIGHEDIRWEEICER L, BSMFIORMEZITS 2 & L.

Table 5
o

Q Ph BDB (1 mol%) o

)j\ >< + > > Ph
Ph™ "0" “CO,Me PH acetone/H,0 (95/5) (0.25 M)
2.0 equiv. 1.0 equiv. 365nm, rt, 24 h Ph
MeO
MeO cl MeOCHN
58% 28% 30% 8%
o) o o o
? 0
Me MeO FsC MeO,C
82% 79% 7% 5%
F, o cl o
@ L) P P 0
0 o)
7 ? Ph 0 Ph
Ph Ph Ph
IO Q Ph
PH
F cl 6% Ph 13% Ph o
39% 92%
0 0
0 o)
Ph Ph
PH
0% PR ga9
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% Z T 4,4 -fluoro-diphenyl ethylene % € 7 VILH & L, WHIFIOME 21T - 7. L BHEED
RIED & AEDOMET Tl R F L v & “FEE L L CTHRET%Z1T > T\ 5 (Table 6).
Table 6

O

F Q o)
BNPB (1 mol%)

)I\ >< * >
Ph o CO,Me additive (1.0 equiv.)
F F acetone/H,0 (95/5) (0.25 M)
1.0 equiv. 2.0 equiv. rt, 365 nm, 24 h c
additive NMR yield
none 49%
acetic acid 39%
Zn(OTH), >99%, 83%°
ZnBry 76%, 97%°
PTSA+<H,O 58%
AgOTf 0%
AICIl3 68%
&>—coH 42%

>99%, 86%°

43%

>99%, mixture

73%

>99%, 88%°

trace

>99%, 86%°

54%

trace

0%

gisolated yield
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IINFIEFAE T Tl 49%D IR ¢4 iy 235
B 2535 2 & Db o7,
232 R3boo7. W,

N7z 28,

=
—HE

DA %M Z 2 LY
FEIT Zn(OTA)y, ZnBry, 7 L 7 Z AEED B WICR TR Y) %
ANKUVBIINVA AL LCZ AT AT 2 2 & T

THEMNETTF TV 20 TRAVLEERL TS, IEALVRVBICEL TG 7L v 2T
v Fig& LC{EH L, PCET(Proton Coupled Electron Transfer)341° 7 =4 v 7 ¥ AV DRIE

BICHEE L TWADTIIARWAELEZTHS,

M IZFEDL D 2 720, GG T 2D
T 5 ARV ETIEEWIEETEEY % 5 2 7223,
D HEED BT A BRI L 72,
Nz, BIRZENZ LicT L 7 Z AT R WG
FUOREHRT T TIRITEAERIEPHEIT LRV L 23D o 7.
EKRME L2 2 n, s COME %1T - 72(Table 7).

Table 7

(0]
)j\ BNPB (1 mol%)
Ph™ "0 "COxMe additive (1.0 equiv.)
acetone/H,0 (95/5) (0.25 M)
1.0 equiv. 2.0 equiv. rt, 365 nm, 24 h

CEHSINA DR 24T - 7=
ERPNC AN RV EERIRALTL %7
TIBTHEZY L vERAGCTH HWINECEEYBES
NNFICTHo7-—HTH AR AT AL N1

TR FANEE

gga
ST E

D IIATUL

Fo
W

F
none: 49%

additive

HO,C——_D—CO,H

NMR-yield (%)

ZnBry (1.0 equiv.)
ZnBr; (50 mol%)

ZnBry (10 mol%)

additive

76%, 97%*
92%, 86%*
>99%, 97 %2

additive NMR-yield (%) .
Zn(OTf), (1.0 equiv.) >99%, 83%?2
10 mol% 9 %2
o >99%, 86% Zn(OTf), (50 mol%) >09%, 92%3
50 mol% >99%, 87%°2 Zn(OTf); (10 mol%) >99%, 88%3
1.0 equiv. >99%, 86%2 glycine (1.0 equiv.) >99%. 88%32
2.0 equiv. >99%, 86%° glycine (50 mol%) 42%
isolated yield glycine (10 mol%) 9%
disolated yield
TL 72N EEXCHNIRINT 282 LT mwINEcESME 5 272, —7, 7

I ¢

WNEZ DT 5L, PERMET T 2MH@23DH o 72, BRETORIE, o]

LHIEEDB L O T L 7 A A EREOGINA L LCEHTE 2L & L.
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BRI IESAF DI L % £ L 8 7z(Table 8).

Table 8

0.5 mmol scale Q\l—@—. ; (0]
& O
i 9 BNPB (1 mol%)

A X, -
Ph™ "O0” "COyMe - 0 O . terephthalic acid (10 mol%) O

acetone/H,0 (95/5) (2.0 mL)
1.0 equiv. 2.0 equiv. rt, 365 nm, 24 h

Ereq = - 2.61V vs. Cp,Fe F
Modification NMR-yield (%)
none >99%, 86%°
BDB used insted of BNPB 61% Ph2N—©—NPh2
PC1 used insted of BNPB 0%
PC2 used insted of BNPB 49%
PC3 used insted of BNPB 40% BDB () 3
PTH (365 nm) used insted of BNPB 33% N‘@‘“
4CzIPN (450 nm) used insted of BNPB 0% O O
Ir(ppy)s (450 nm) used insted of BNPB 0% Q PC1
Ru(bpy)3(PFg), (450 nm) used insted of BNPB 0% s N D NPh
MeCN used insted of acetone 87% 2
dioxane used insted of acetone 0% @
CH,Cl, used insted of acetone 0% PC2
toluene used insted of acetone 0% Q Q

DMF used insted of actone 0% S N—@—N S
w/o BNPB 0% @

w/o 365 nm 0%

PC3
w/o H,0 78%
w/o terephthalic acid 49%
in the air 0%
reaction time: 18 h >99%, 86%°
2isolated yield n.r. = no reaction
A
N I “
~ N ™
| N -
N z ' r‘N 2 = N'RIU'N D
& N SH N
s I ) oprg
E*ox= -2.1 V vs. SCE E*ox=-1.04 V vs. SCE Ir(1N)*/Ir(IV) = -1.73V vs. SCE Ru(l)*/Ru(lll) = -0.81V vs. SCE

BT DDA ETH D, BNPB DR TH o 7. IWBRENCBWTd T2 b v
B TH 0, Sfllts X USRS OIEFFTE N TR HET Lie o 72, AL L
THATWBIKPLT L 7 ZABEDOIEFE N CTIRICEIME T L7z, ARISIFERFH LUK
JGEFT- T 208, ZERH TR RICBET LT LB b o7z, wEZICKIGKN %
BEtL7z& 25, 18 2Rl & LIHERGT 2175 2 & & L7,
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FHAH IEFPATEOMERE

5 o NSt 2 o CREEFPA TR O HERE %2 1T > 72(Table 9).

0.5 mmol scale

Table 9

@ﬁ

O R!R? ‘ O 0
)]\ pYe . Ar? BNPB (1 mol%) o
1
Ph™ "O" "COMe Ar1& terephthalic acid (10 mol%) AT’ R
acetone/H,0 (95/5) (2.0 mL) A2 R?
1.0 equiv. 2.0 equiv. rt, 365 nm, 18 h
O (o] (o]
F 0 o o
Me o Ph Me Ph Me
Me o Me Me
S eC
PH Me
F MeO Me

3a: 99% MR g6, 3b: 96%NMR 919, 3c: 96%NMR 839, 3d: 98%"MR 949,

O 0
0 o O 0
Ph Me Ph Me MeO 0 cl 0
Me Me
Me Me
Me Me
o o F cl 3h: >99%NMR 90
>
3e: >99%NMR 820, 3f: 80%NMR, 77%32 3g: 79%"MR, 72% : 0, 90%
o ) o) o
o} ° o
Ph Me Me ] Me Me Me
Me Me Me O Me
OMe <
MeO MeO (o]
3i: 72%NMR 579 3j: 88%NMR 829, 3k: 70%NMR 629, 31: 77%NMR 68%
0
o] Me 0
MeO Me fo) Me
Me
MeO
OMe Cl
3m: 81%NMR 829, 3n: 28%

43%NMR 4890
@24 h, ®ZnBr, (10 mol%) was used instead of terephthalic acid



AR 1,1-7 ) — AT L yEFEERSEHRETH Y, REFRIEETHIGT 77 v
%5 %2 7-(3a-3i). FRC 3L 3hD X ) BRFEp)- 0T Vit kA T 3 REE I —E TR
Ihde, AVIT4 v I2HEZREIL, TV—AIFTVAVEEL D 5. AT E W
BILEMNEZALTW2 20, ARiE A7 AtE -+ @ L2, 7= 797
NTHET BB EIZRONAR»ro7-2 s, METBENECH IR Z 2
NG, 1,17V =LA FLVYIEMAT, a7ArFALRAFL Y HHEHAETH D
82% D HHEINCR THRIGT 2 7 7 b v %25 27-(3)). & bICHE TG F 72 139 705 [P
EETHATLVFEEELEHEETH Y, FRED S BRIFRIEETCHIGT 2727 v ik
5. % 72(3k-3n).

RIT T AT N DFEFFAHFIFH I D\ CTHET % 1T - 72(Table 10).

Table 10

-,
0.5 mmol scale Q\]_@_
O R!R2? @ 0O

. Ar? BNPB (1 mol%) o
1
Ph™ "O" "CO;Me A r1/§ terephthalic acid (10 mol%)  Ar' R
acetone/H,0 (95/5) (2.0 mL) Ar2 R?
1.0 equiv. 2.0 equiv. rt, 365 nm, 18 h
0 0 o) 0
0 o) o) o)
Ph Me Ph Me Ph Ph
PH Et PH CFs PH PH
30: 25%NMR 3p: 84%NMR 759, 3q: 93%"MR 85% 3r: 99%NMR 859,
99%NMR ' 86%2
o) 0 0
o) o) 0
Ph Me Ph Ph Ph
PH PH PH
3s: 84%"MR 80% 3t: 0% 3u: 0%

51%, 43%P

aZnBr, (10 mol%) was used instead of terephthalic acid.
5BNPB (5 mol%), ZnBr, (1.0 equiv.) instead of terephthalic acid were used at 32°C, 48 h

Et 2 HT2HEL M) Irdn XA FAEEE T 2REERTR SN, RIFRINECHIGT
577 vi527230,3p). 7z, BRIROT AV FAEZ AT 2HEE L EARET, A n
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BEHT277 b vEk 85%DHEHNFETRZ3q, 3r). £/, 2O AT AIFEIN,
PR 2 O RAFAICECTHIGT 2 T AT A% 5 2 723s, 30—/ T, 1O AT NVITIRFHE
—EREAS UM E S, FRRIPICHE £ - 72

RIELNTZT 7 b v D% T 5 72(Scheme 31).

(0]
0 LAH (1.5 equiv.) 0o
Ph Me > Ph Me
Me THF (0.5 M) Me
Ph rt, 12 h Ph
2b (0.5 mmol) 95%
Scheme 31

IATNEKBVFILTAI =T AKX VIREILT S L, THE HEARE 95%D IR TH
7=,
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55 Hf BRI JE SR

KRG E D X 5 B CHEITL T2 0% RS 5729, BEHRIHERE T - 72,
ARG ICECTETEHIEEG L TCWE 2RI 220 -ETHEME LT 14-
dinitrobenzene Ml 272 & 2 A, HWAEBYLA LGN o722 o b, —B B
BTETLTWw3 ZenE2ZLNS., RICT P HABHEHR L T TEMPO & X O BHT %7/
LizeZh, IEMEKTFTBRONZZ e ORKIGIETZ YV AHLVREG T 2HETCH L L W»
% % (Table 11).

Table 11
BNPB (1 mol%) 2
molo
Ph (@) Me Me agn .
additive (1.0 equiv. o)
/& ¥ )I\ X ( . ~ e
Ph Ph ] CO,Me terephthalic acid (10 mol%) Ph Me
acetone/H,0 (95/5) Ph
; (0.25 M)
1b (2.0 equiv.) 2a (0.5 mmol) rt, 365 nm, 18 h 3b
additive yield
none 96%NMR 91%
1,4-dinitrobenzene 0%
TEMPO 0%
BHT 84%NMR

42



RIZZ 4 b ON-OFF EB#&% 1T - 7-(Fig. 1).

0O
BNPB (1 mol%)
Ph )OI\MG Me decane (50 mol%) - 0o Me
+
ph/& Ph”” Y07 CO,Me terephthalic acid (10 mol%) Ph Me
acetone/H,0 (95/5) Ph
. (0.25 M)
1b (2.0 equiv.) 2a (0.5 mmol) rt, 365 nm. ¢ h 3b
on off on off on off
60
50 49 49
< 40
©
o 30
” 20
20 19
10 7 10
0 2 4 6 8 10 12
time (h)
Fig. 1

Fig. 1 OFE»OHZHEE L COBBICOBRICBEITL TWE I ehRbhorz. Thbd
HARKIGIE T Y A VBT K, I X 3 BT BREIEE B L MEl 2 5.

KRIIHTIE Scheme 32 I3 X 95, JCHEENC X o THE E 7z et o x5 v % —8
BILT A LT, TATABRT AV IVAANELE ho20bIC, RE-BEHEEHLA VY

T4 ZICHAL, EERTAIATOAANEL 2HEMEEZHEELTWS,

¥ le\(:yﬂceozlvle +
Qe T 9
& N &

BzO CO,Me
Scheme 32
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ZZCHMIER T ATV %RIC LG 2 0 2R T 2 -0 DFEEZ{To72. £ Fig.21cH
A7V 7HRALZ ALY —DFEREZRT.

-2.61Vvs. Fc

O Me Me

P 4

(0] CO,Me
2a

Ph

Ptentials [V vs. Fc]
Fig. 2
THREELTTFFITFATVES Y ANFF IAABHRT 2= b £ OIM, TAFA
Z10mM &7 2 X957 b= F UAMEREFEEL, ERFMSULERZIT - 7.

BonzR» S, AT ADRICENMIZ-2.61 V(vs. Fo) L FEHICEWEMEZALTWS C
Ehho T,
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RICHAIE D NERF D BN Z KD 5720, TITHA 7YV v 7R AEZ vy A Y —%HIEL 7%
(Fig. 3).

0.24 V vs. Fc

1.5

0.17 Vvs. Fc
Ptentials [V vs. Fc]

Fig. 3

BT v — 27 L ARNAMIE OB CEITTEN 1Z 0.205 V (vs. Fo) TH 5 T L 23b 0 - 7z,
KU BNPB DIIN A~ 7 b v X NHIHE AR 7 b L% Fig. 4 ISR L7z,

(a) (b)

0.2 3500
491 nm
0.18 322 nm
HHI

absorbance
tensity

=
a
&

£ 1500

0,06 1000

300 350 400 450 SO0 350 A00 450 500 550 600

wavelength [nm] wavelength [nm]

Fig. 4

A D IR R & R ZIE T 2 2 & ick b, WINGE & R EDRE R L %
R, BIUORKBLCEEZHELZLE ZAH, ZNZN400nm,491nm TH 2 Z & 3D H
> 7. o 7zfli%Z Rehm-Weller equation®*1% Fl > TR D EITEMEZ R B L 2L Z 5,
232V 528 V(vs. FO)DRICH B 2 L b o7z, T AT LDIRITENH3-2.61 V(vs. Fc)
THEHZ ehb, ARMBICX o C—EBFETAETHLZ RTINS,
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ICSEBRIIC BNPB & T X 7 AV CEFEBEINEZ V152 20%, HEFEBRICX VIEREL &
(Fig. 5).

(a) (b)
2000 2000
1800 1800
1600
1o —0mM
1400 1400
— 10 mM
z 1200 z 1200 i
£ 1000 2 1000 m
o )
£ goo E g0 30 m
600 600 \ 40 mM
400 400 50 mM
200 200 \
o - 0
350 400 450 500 550 600 350 400 450 500 550 600
Wavelength (nm) Wavelengh (nm)
(e} 2
y =0.0083x + 0.9804
R*=0.9201
15
pu— o ... . - .
=
= a v
§ % i ester2a
y =0.0034x + 0.5598 "
3 & styrene 2
R*=0.9716 % 1
05
o
4] 10 20 30 40 50 60

Quencher (mM)

Fig. 5

HHEREI T2 2 h, TATA@)E 4-X FFLRF L Y (b)DITICE W T HER
X7z, Stern-Volmer plot 25 R Td bbbt B0, HXOKRZILOLIZATLDTH X
D ZNEAIC BNPB 2L CwWa 2 ez b, 2bolREL2S BNPB IZT AT V% X
DRI B REITERE T T, AFLVFERICH L C-EFBEIITECLS 3
bDOD, T=AvI7TVhMCHKT 2LEY, B2 4-Ethylanisole 72 & 23F ST
b, BRI~ OME THE) (BET) METL T3 B3 EZLND.
FEMFHT B T D C(sp?)-Br i A (Erea = -1.76 V vs. SCE)*° C(sp?)-Cl i 3 (Erea = -2.09 V vs.
SCE)2H ¥ 2 HE 2 n[fECTH > 72. BNPB (Z-2.32V 5> 5-2.89 V (vs. Fc) & & W iEIGHE
fizHLCnb I hbRkF—ur viiGre AT 2EZETLGS. —H, TUV—n
FYANMCHKT BRICIKR R EBHR S N A o722 L 2D, x%bV%ﬁ%£ﬁﬁC~
ERICIIVEETSH 2 25, ML ICHE TN BEPEZ o T2 2 LA NS,
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RIZT 7 b ALDBREIC O W THERR S 2 728, 180 BEa 8% % T - 7= (Fig. 6).

Ph O Me Me 18
BNPB (1 mol% (0]
/& * )I\ X ( °) r Me
Ph Ph (0] CO,Me terephthalic acid (10 mol%) Ph Me

acetone/H,'80 (95/5) Ph
1b (2.0 equiv.) 2a (0.2 mmol) (0.25 M) 3b 93%
rt, 365 nm, 18 h 160 - 180 =3.7 - 1

Single Mass Analysis

Tolerance = 5.0 PPM ( DBE min=-1,5, max = 200,0
Element prediction: Of

Number of isotope peaks used for i-FIT = 4

Monoisolopic Mass, Even Electron lons

301 formulafe) evaluated with 1 resuls wathin limits (up 1o 10 bast isolopic malches for each mass)

Elements Used

C:0-100 H:0-200 160.0-20 180:0-20

No YNC202_20240117

H0240197_4_3 1038 {3808) Cro (1025. 1055-2835 2865 000} 1: TOF M5 ASAP=
31.47e+006

We 271385 +—— CyaHy5"°0, (M+H)

66,1430 ¢— C,.H,, 1% 0¥0 (M+H)

o 266.1306 270.1460 _ -
1 aus 1362 AT pug \215asarans amngry TOTI aa4ia 1J ¢ 751410 2601333 283134y 2051967 BN g5y 1py 2041591 206.1307
OS5 B iR o . RO T 2 R At G- S, T B N DRSS .0 ... - -3 W B SRl - - N coulieatetir st

[ T T T 1 T miz
2400 450 2500 2550 2800 2850 70 50 280.0 850 2800 /50 3000

Fig. 6

BO RV v 7 EIN=KEHCTRIGEIT272825, 77 P VyHICBOBEAINZZ L
MR L 72, AFERDP LT 27 b v OHEHCIZHFML TW 2 KBEE5 L Tw3 2 L&
biLd., —7, BOOKELRBHTVEL I b, TATNVEOWRIFTFHRT 7 b v
DEICHLE LT WE L HETE R,
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6 A HEE RICHERE
PLEDFESD & HEE SRS % Scheme 33 1ICF &9 5.

O R'R?

J X

Ph” Y07 “Cco,Me ~  Ph
BNPB*K\

X
@ BNPB_I * '\

o
%
I

S NN PhCO,H
W,
&
BNPB
(0] lactonization
o 1 H,0 MeO (0] D MeO (0] Ar/\ .
R 7 « . B E—
2 @ R1 R1 0\4
Ar R MeOH  Ar R2 Ar 2 CO,Me

Scheme 33

ke & A A T AT —ETRILT 5 2T, WIGT 2 T YV ANAF VI RIEK
T3, COBRBEAMN TS S S ENTHEINEY, ELEZRATADT =4 IV HL
exfLcre b vyafiing s 2 &C, A FRRIC K D AR VR E B =T v F
NTYANHEET D, T OBERER Reiser®! 5 iC X o TREALYEHRZ W TR T
BY, TRAFAS—EFEICIND L, By Y- LOFFRICRELT S, —
77, e b ALiIc KO R T AN b I ERICRTEL L T2 E T IR RE R
iAo REEEEEZ A2 2 8T, RE—BEMEVHAT 5. NSRRI E CE
EWTAFNTIANEIATFL VIFERD BALICH LTHINE S, ELRVYIALT TR
WAEBNPBD A FA4 Y TV ANMIC L > C—EBFHLINDE Z & ThFAVHEIEKT 2
L HITHIES A IADTET TS, AFAVICH L TOKEZRZRT A EDEBERIE T
JGI B2 LT, 77 FVYBEONIEMEHEE L T2,
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HTHT NE
KRIOGTREERTATNVE 7V ANFRMKRE L, @ei@cEliz A3 2 AReftitic
L2 —EFEITTICE Y 22TV LORB—WBHREGVBUIM S, HEMTArFr7 000
PERL, 77 b vBRERARERZ L ERB LA BEMT X7 AR IE—E
THRED L2V —ETETICI > TEZRTAFA T AANMER LT VL ) ICKET&
NTW5 L2 oA REELHREEICERL D572, —H, KERIATVMITE
WL EET 5720, TAFALI VO ANEERT 57038 mRcHlz e 45
ZEDL, D% BBEILKIGICHIHAE N2 7 ERIGHITEHAREETH > 72. KL TidHE
BRI L L, ZXTA%E I ANVEEMEE LCHIFST 2 2L TE, IHITITR
F—REEOTER 7 EORUGHIE 21T 5 2 L ASA[HETH 5. BENSMIIERRCIZH A4 2 U v
JARNZ AP Y —RHENERICK Y, L MR T AT AR —BTRITL TWw 5
& RERAL 7.

AMFRIILEEDE T AT AEZEZMT VX7 Y AR E L CHITRETH 5
729, RIFEDRCHT L WwiEdE e LCHHAETH 5. - AHOLANEIC X o TROGHITH
EITHCLDHRETH 5720, 77 MLUNDLE RIS DORFEBIAFI NS,
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% 8 Hfi FERIH
1. General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses precoated
Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column chromatography Silica
Flash® P60 (SiliCycle, 40-63 um) was used. Visualization was accomplished by UV light (254 nm),
'H, '3C, and '°F NMR spectra were obtained using a JEOL 500 MHz NMR spectrometer. Chemical
shifts for "H NMR were described in parts per million (chloroform as an internal standard § = 7.26)
in CDCl3, unless otherwise noted. Chemical shifts for *C NMR were expressed in parts per million
in CDCls as an internal standard (6 = 77.16), unless otherwise noted. High resolution mass analyses
(HRMS) were obtained using an ACQUITY UPLC/TOF-MS for ESI. Infrared spectra were recorded
on Agilent Technologies Cary 630 FTIR. Anhydrous solvents were purchased from Kanto Chemical
Co., Ltd. Other chemicals were purchased from TCI, Aldrich, and Wako and directly used without
further purification. UV-visible absorption spectra were recorded on a JASCO V-750 spectrometer.

Fluorescence spectra were recorded on a JASCO FP-8250 fluorescence spectrometer.

The light source and the material of the irradiation vessel

Hepatochem EvoluChemTM PhotoRedOx Device, equipped with EvoluChem™ LED 18W light. A
cardboard cover was placed over the reactor during reactions. Capable of carrying out up to 8
reactions at one time (4 mL vials).
LED light manufacture: EvoluChem™
Model: EvoluChem LED 18W, P205-18-1 365 nm

el i B @008 N0 MEN wOle 000 MMM M0 MIO! MGG MO MGG AN M MG GRM RS TR TN MO0 I MO LRI B M M0N0 MOM

Figure S1. Spectral distribution and intensity
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Material of the irradiation vessel: borosilicate reaction vial

Not use any filters

Figure S2. Photoredox reaction set-up.

General procedure for the synthesis of 3

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding ester 2 (0.5 mmol, 1.0 equiv.), BNPB(N,N'-Di(2-naphthyl)-N,N'-diphenyl-1,4-
phenylenediamine) (2.6 mg, 5.0 umol, 1.0 mol%) and terephthalic acid (8.3 mg, 50.0 pmol, 10.0
mol%). After flashing nitrogen gas (purity 99.95%), Styrene 1 (1.0 mmol, 2.0 equiv.), H2O (0.1 mL)
and dried acetone (1.9 mL) were added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred under irradiation of 18W 365 nm LED at room temperature
for 24 h. After this time, the reaction mixture was dried over MgSO4 and then concentrated by rotary
evaporation. Yield was determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as an
internal standard. After the mixture was concentrated by evaporation, the residue was purified by

flash chromatography, eluting hexane/EtOAc to afford the product 3.
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2. Optimization and Comparison of Reaction Conditions

Table S1. Optimization of photocatalyst

O Me Me Photocatalyst
. )j\ X (1 mol%) -
Ph™ "0" "CO;Me terephthalic acid (10 mol%)
F F acetone/H,0 (95/5) (2.0 mL)
1a (2.0 equiv.) 2a (0.5 mmol) rt, 365 nm, 24 h 3a

photocatalyst

NMR-yield (%)?

BNPB

BDB
PC1
PC2
PC3
PTH

4CzIPN°

Ir(ppy)s®
Ru(bpy)3(PFg),°

>99, 86°

61
0
49
40
33
0
0
0

NMR yields were determined using 1,1,2,2-tetrachloroethane as an internal standard.
bisolated yield. °Irradiation of 18W 450 nm LED

4CzIPN

thN—©—NPh2

D O
oG

PTH

N

I,
T NI
2N, l‘\N/

Ru
P I

Z>N'

2PFg

Ru(bpy)s(PFg)2



Table S2. Optimization of solvent

OO

a (2.0 equiv.)

%Z@

<=

e

F 0]
Me

o Me Me
BNPB (1 mol%)
O COzMe terephthalic acid (10 mol%)
solvent/H,0O (95/5) (2.0 mL)
2a (0.5 mmol) rt, 365 nm, 24 h .
solvent NMR-yield (%)@
acetone >99, 86°
MeCN (18 h) 87
1,4-dioxane 0
CH,Cl, 0
toluene 0
DMF 0

NMR vyields were determined using 1,1,2,2-tetrachloroethane as an internal standard.

bisolated yield

Table S3. Optimization of additive (stoichiometric amount)

LT

a (2.0 equiv.)

ﬁ

~ A e

0 Me Me '
BNPB (1 mol%
0 CO,Me additive (1.0 equiv.)
acetone/H,0 (95/5) (2.0 mL)
a (0.5 mmol) rt, 365 nm, 24 h .
additive NMR-yield (%)@
none 49
acetic acid 39
PTSA<H,O 58
glycine >99, 88°
benzoic acid 42
terephthalic acid >99, 86°
1,3,5-benzenetricarboxylic acid 43
Zn(OTf), >99, 83°
ZnBry 76, 97
AgOTf 0
AICl3 68

NMR yields were determined using 1,1,2,2-tetrachloroethane as an internal standard.

bisolated yield
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Table S4. Optimization of additive (catalytic amount)

O Me Me

O Q i Ph)I\OXCOZMe

1a (2.0 equiv.) 2a (0.5 mmol)

& S 0
N—C>_N€> F Q o) "
. BNPB (1 mol%) Me

additive
acetone/H,0 (95/5) (2.0 mL)
rt, 365 nm, 24 h

additive

NMR-yield (%)

glycine (50 mol%)
glycine (10 mol%)
terephthalic acid (50 mol%)
terephthalic acid (10 mol%)
ZnBr, (50 mol%)
ZnBr; (10 mol%)
Zn(OTf), (50 mol%)
Zn(OTf), (10 mol%)

42
9
>99, 87°
>99, 86°
92, 86°
>99, 87°
>99, 920
>99, 88°

NMR vyields were determined using 1,1,2,2-tetrachloroethane as an internal standard.

bisolated yield

54



3. Mechanistic Studies
#1: Radical inhibitor test

Following the general procedure for esterification, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.),
1b (175 pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg,
0.05 mmol, 10 mol%), H,O (0.1 mL), acetone (1.9 mL) and 1,4-dinitrobenzene (84.1 mg, 0.5 mmol,
1.0 equiv.) as single electron transfer inhibitor or TEMPO (78.1 mg, 0.5 mmol, 1.0 equiv.) or BHT
(110.2 mg, 0.5 mmol, 1.0 equiv.) as radical inhibitor. The reaction mixture was stirred at room
temperature and irradiated with 365nm LED (18 W). After this time, the reaction mixture was dried
over MgSO, and then concentrated by rotary evaporation. Yield was determined by '"H NMR

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

Ph O Me M BNPB (1 mol%)
e Me additive (1.0 equiv. o
/& * )I\ X Lo o) > Me
Ph Ph” O Ph

CO,Me terephthalic acid (10 mol%) Me
acetone/H,0 (95/5) Ph
0.25 M
1b (2.0 equiv.) 2a (0.5 mmol) rt, 3(65 nm, )18 h 3b
additive yield
none 96%"MR 919%
TEMPO 0%
BHT 84%NMR
1,4-dinitrobenzene 0%

Figure S1. Radical inhibitor test
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#2: Light switched on-off experiment

Following the general procedure for esterification, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.),
1b (175 pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg,
0.05 mmol, 10 mol%), H,O (0.1 mL), acetone (1.9 mL) and decane (35.6 mg, 50 mol%) as an
internal standard. The reaction mixture was stirred at room temperature and irradiated with 365nm

LED (18 W). The product yields were determined by GC-MS analysis using decane as an internal
standard.

0
BNPB (1 mol%)
/'l . )OI\MBQMG decane (50 mol%) - O Me
Ph Ph”” N0~ NCo,Me terephthalic acid (10 mol%) PN Me
acetone/H,0 (95/5) Ph
1b (2.0 equiv.) 2a (0.5 mmol) f, é%‘?ir“f,)t h 3b
on off on off on off
60
50 49 49
;\'o‘ 40
©
3 30
>
20 19 20
10 7 10
0 5 4 6 8 10 12
time (h)

Figure S2. The time profile of light switched on-off experiment
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#3: Photophysical and Electrochemical Measurements
Cyclic Voltammograms for Alkyl Benzoates

Cyclic voltammetry was performed using Hokutodenkou HZ-5000 analyzer under N, at room
temperature. The measurement was performed in acetonitrile ([compound] = 1.0 mM, [(NBu4)PF¢] =
0.10 M) with platinum disk (working electrode), wire electrode (counter electrode), and a Ag/AgNO3

reference electrode. The scan rate was 100 mV/s. Ferrocene (Fc) was used as a reference.

-2.61Vvs. Fc

O Me Me

Ph (@] CO,Me
2a

Ptentials [V vs. Fc]

Figure S3. Cyclic Voltammograms for Alkyl Benzoates

The reduction potential of ester 2a: Eox =-2.61 V vs. Fc
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Electrochemical properties of BNPB

The measurements of cyclic voltammetry (CV) of 1,4-bis(diphenylamino)benzene (BDB) were
performed in acetonitrile ((BNPB] = 1.0 mM, [(NBus)PFs] = 0.10 M) with platinum disk (working
electrode), wire electrodes (counter electrode) and a Ag/AgNOj; reference electrode. The scan rates

were 100 mV/s. Ferrocene (Fc) was used as a reference. BNPB; Ejnox = +0.21 V vs. Fc

0.24 V vs, Fc

1.5

0.17 Vvs. Fc
Ptentials [V vs. Fc]

Figure S4. Cyclic Voltammogram for BNPB.

Photochemical properties
The measurement of UV-vis spectra of BDB was performed in acetonitrile ((BNPB] = 1.0 x 1075 M)
under air at room temperature. The emission measurement ( A &: 365 nm) of BNPB was performed

in acetonitrile ((BNPB] = 1.0 x 107 M) under N, at room temperature.
(a) {b)

0.2 1500
491 nm
0,18 322 nm
3000
0.16
014 2500
g 012 3
£ Z 2000
2 61 i
£ 0 S
2 £ 1500
2 n.os =
i 1000
0.0
00
0.02
0 a
300 350 00 450 500 350 400 450 500 550 00
wavelength [nm] wavelength [nm]

Figure S5. (a)UV-Vis Spectrum of BNPB. (b) Emission Spectrum for BNPB.

The reducing power of BNPB in the excited state was estimated from the equation below.

E*gx = E]/zgx - Eo,o (Eo,o = hc/lem) =-2.89 Vvs. Fc
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#4: Luminescence quenching experiment

All BNPB solutions were excited at 365.0 nm and the emission intensity at 486.5 nm was observed.
In a typical experiment, the acetone solution of BNPB was added the appropriate amount of
quencher in a 1.0 cm quartz cuvette. After preparing the solution, the emission spectra of the samples
were collected. Stern—Volmer quenching experiments of 1k and 2a were performed by using BNPB
in acetone. The emission intensity of BNPB, which was excited at 365.0 nm, was weakened more
efficiently in the presence of ester 2a than in the presence of styrene 1Kk, suggesting that a SET

process was efficiently occured between BNPB and ester 2a.

(a) (b)
2000 O Me Me 2000
| IEX
100 | Ph O CO;Me —_—mM 1600 p-Anis -
4 —_—0m
1400 —10mM 1400
28 3 S0 1k —10mMm
1200 = > 12
2 G —20mM
£ 1000 somm 5 1000
£ = 30 mM
£ 500 N diwi =
600 " 600 '\ 40 mi
s mi
400 400 50 mh
200 200
] - 0 -
3so 400 450 500 550 600 3s0 400 450 500 550 600
Wavelength [nm) wavelengh (nm)
(e} 2

y = 0.0083x + 0.9804
R*=0.9201

13
o
£ 1m &

0.5

ester 2a
y = 0.0034x + 0.9998

@ styrene 2j
R*=0.9716 *

0 10 20 30 40 50 a0
quencher (mn)

Figure S6. Luminescenece spectral changes of BNPB (5.0 X 10°® M, A & = 365 nm) upon the

addition of (a) 1k (b) 2a as quencher in degassed acetone, and (c¢) Stern-Volmer plot.
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#5: 180-Isotopic labeling experiment

Following the general procedure above, using ester 2a (44.4 mg, 0.2 mmol, 1.0 equiv.), 1b (70 pL,
0.4 mmol, 2.0 equiv.), BNPB (1.0 mg, 2.0 pmol, 1.0 mol%), terephthalic acid (3.3 mg, 0.02 mmol,
10 mol%), H>'80 (40 pL) and acetone (0.76 mL) under irradiation of 18W 365 nm LED at room
temperature for 18 h, yielded the product 3b (49.8 mg, 93%).

0
Ph 9 Me, Me BNPB (1 mol% 180
/& * )I\ X : - > Me
Ph Ph (0] CO,Me terephthalic acid (10 mol%) Ph Me
acetone/H,'80 (95/5) Ph
1b (2.0 equiv.) 2a (0.2 mmol) (0.25 M) 3b 93%

rt, 365 nm, 18 h 160 : 180 =3.7:1

Single Mass Analysis

Tolerance = 5.0 PPM | DBE min = -1.5, max = 200.0
Element prediction: Off

MNumber of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Eleciron lons

301 formadafe) evaluated with 1 results within limits (up to 10 best isotopic maiches for each mass)
Elements Used

C: 04100 H:0-200 160:0-20 180:0-20

No YNCH_F02400117

20240117 _4_3 1036 (3.806) Cm (1025 1055-2835 28652 000}

1: TOF WS ASAP
5 Jate+006
100- 267.1385 cltiHlﬁ1 02{M+HJ

5

260 1430 4—— C o H, o 190170 (M+H)

- s 20505,1308 2701460
| 2010 PH7SH s arsano i smanary 2010 omp e | (g D510 2001333 2831347 JIS VBT IR NOY 051005 3951891 2081087

s - L ; B TS R S R PR [EARa . gt AL
2400 2450 250 2550 2600 265.0 7.0 #7750 0 285.0 800 2950 300.0

Figure S7. ACQUITY UPLC/TOF-MS for ESI for the '80-Isotopic labeled 3b as H+ adducts.
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4. General procedure
General procedure for the synthesis of 1

Styrene deirvatives (1) were synthesized by Wittig reactions.

Ar 0 ® o 'BuOK (2.0 equiv.) Ar
\f +  PPhsMel - \(

R THF (0.33 M) R
0°C to rt, overnight

1.0 equiv. 2.0 equiv.

An oven-dried 200 mL round-bottom flask equipped with magnetic stir bar was charged with
methyltriphenylphosphonium iodide (2.0 equiv.) and ‘BuOK (2.0 equiv.). After flashing nitrogen gas
(purity 99.95%), THF was added into the vial by syringe under nitrogen atmosphere. The reaction
mixture was vigorously stirred at 0°C for 1 h. After stirring, ketone (1.0 equiv,) was added to the
mixture. The resulting mixture vigorously stirred overnight at room temperature. After this time, the
contents of the flask were washed with brine, and extracted with EtOAc. The combined organic layer
was dried over MgSO4 and evaporated. The crude residue was purified by flash chromatography,

eluting hexane-EtOAc to afford the product 1.
Commercially available materials: 1b, 1k

1,1-bis(4-fluorophenyl)ethene (1a)

Following the general procedure above, methyltriphenylphosphonium iodide (16.1692 g, 40 mmol,
2.0 equiv.) and ‘BuOK (4.4884 g, 40 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (60 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4,4'-difluorobenzophenone
(4364.0 mg, 20 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at room temperature, yielded the 1,1-Bis(4-fluorophenyl)ethene 1a (3416.5 mg, 79%); 'H
NMR (CDCl3) &: 5.39 (s, 2H), 7.02 (t, J = 8.7 Hz, 4H), 7.27-7.31 (m, 4H). '*C NMR (CDCl;) &:
1143, 1152 (d, J = 21.4 Hz), 129.9 (d, J = 8.0 Hz), 137.5, 148.2, 162.7 (d, J = 247 Hz). "°F NMR
(CDCl3) 6: -114.3.

1-methoxy-4-(1-phenylethenyl)benzene (1¢)?
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AT

1c

Following the general procedure above, methyltriphenylphosphonium iodide (8084.6 mg, 20 mmol,
2.0 equiv.) and ‘BuOK (2244.2 mg, 20 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (30 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-methoxybenzophenone
(2122.5 mg, 10 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at room temperature, yielded the 1-Methoxy-4-(1-phenylethenyl)benzene 1c (1907.9 mg,
91%); '"H NMR (CDCls) 8: 3.82 (s, 3H), 5.35 (s, 1H), 5.39 (s, 1H), 6.86 (d, J = 8.7 Hz, 2H), 7.27 (d,
J = 8.8 Hz, 2H), 7.30-7.35 (m, 5H). '3C NMR (CDCls) &: 55.4, 113.1, 113.7, 127.8, 128.3, 128.5,
129.5, 134.1, 142.0, 149.7, 159.5.

1-methyl-4-(1-phenylethenyl)benzene (1d)?

J T

1d

Me'

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-methylbenzophenone (981.3
mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred overnight
at reflux temperature, yielded the 1-Methyl-4-(1-phenylethenyl)benzene 1d (744.0 mg, 77%); 'H
NMR (CDCl3) 6: 2.38 (s, 3H), 5.41 (s, 1H), 5.44 (s, 1H), 7.15 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.2
Hz, 2H), 7.31-7.36 (m, 5H). '3*C NMR (CDCls) &: 21.3, 113.8, 127.8, 128.3, 128.3, 128.4, 129.0.
137.7, 138.7, 141.8, 150.0.

1-(1-phenylvinyl)-4-(trifluoromethyl)benzene (1e)?

AT T

1e

Following the general procedure above, methyltriphenylphosphonium iodide (8084.6 mg, 20 mmol,
2.0 equiv.) and ‘BuOK (2244.2 mg, 20 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
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(purity 99.95%), THF (30 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-methylbenzophenone (2502.2
mg, 10 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at room temperature, yielded the 1-(1-phenylvinyl)-4-(trifluoromethyl)benzene 1e (1106.9
mg, 45%); '"H NMR (CDCl3) &: 5.52 (s, 1H), 5.57 (s, 1H), 7.30-7.32 (m, 2H), 7.34-7.37 (m, 3H),
7.45 (d, J=7.9 Hz, 2H), 7.59 (m, J = 8.2 Hz, 2H). '3C NMR (CDCl;) &: 116.1, 124 (q, J = 272 Hz),
125 (q,J = 3.7 Hz), 128.3, 128.3, 128.5, 128.7, 130.0 (q, J = 32 Hz), 140.8, 145.3, 149.1. '°F NMR
(CDCls) 6: -62.4.

1-bromo-4-(1-phenylvinyl)benzene (1f)!

JI T

1f

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-bromobenzophenone (1305.6
mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred overnight
at reflux temperature, yielded the 1-bromo-4-(1-phenylvinyl)benzene 1f (801.6 mg, 62%); '"H NMR
(CDCl3) 6: 545 (s, 1H), 5.47 (s, 1H), 7.21 (d, J = 8.5 Hz, 2H), 7.30-7.35 (m, 5H), 7.46 (d, J = 8.6 Hz,
2H). 3C NMR (CDCls) 8: 114.9, 121.9, 128.1, 128.3, 128.4, 130.0, 131.4, 140.5, 141.0, 149.1.

1-fluoro-4-(1-(4-methoxyphenyl)vinyl)benzene (1g)*

MeO I I F
19

Following the general procedure above, methyltriphenylphosphonium iodide (8084.6 mg, 20 mmol,
2.0 equiv.) and ‘BuOK (2244.2 mg, 20 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (30 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-Fluoro-4'-
methoxybenzophenone (2300.7 mg, 10 mmol, 1.0 equiv.) was added to the mixture. The resulting
mixture vigorously stirred overnight at reflux temperature, yielded the 1-fluoro-4-(1-(4-
methoxyphenyl)vinyl)benzene 1g (2191.8 mg, 96%); 'H NMR (CDCI3) : 3.83 (s, 3H), 5.31 (s, 1H),
5.38 (s, 1H), 6.87 (d, J= 8.8 Hz, 2H), 7.02 (t, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 7.31 (dd, J =
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5.5 and 8.8 Hz, 2H). 1*C NMR (CDCl) 8: 55.4, 113.0, 113.7, 115.1 (d, J=21.3 Hz), 129.5, 130.0 (d,
J=28.0 Hz, 4H), 133.9, 138 (d, /= 3.1 Hz), 148.7, 159.6, 162 (d, J = 247 Hz). "’F NMR (CDCls) §: -
114.8.

1,1-bis(4-chlorophenyl)ethene (1h)!

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4,4'-Dichlorobenzophenone
(1255.6 mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at reflux temperature, yielded the 1,1-bis(4-chlorophenyl)ethene 1h (651.7 mg, 52%); 'H
NMR (CDCl3) &: 5.45 (s, 2H), 7.24 (d, J = 8.7 Hz, 4H), 7.31 (d, J = 8.7 Hz, 4H). '3C NMR (CDCls)
8:115.3, 128.6, 129.6, 134.0, 139.6, 148.1.

1-methoxy-2-(1-phenylvinyl)benzene (1i)’
OMe

T

1i

Following the general procedure above, methyltriphenylphosphonium iodide (8084.6 mg, 20 mmol,
2.0 equiv.) and ‘BuOK (2244.2 mg, 20 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (30 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 2-methoxybenzophenone
(2122.5 mg, 10 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at room temperature, yielded the 1-methoxy-2-(1-phenylvinyl)benzene 1i (2068.4 mg,
99%); 'H NMR (CDCl;) &: 3.64 (s, 3H), 5.33 (s, 1H), 5.74 (s, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.99 (t,
J =174 Hz, 1H), 7.23-7.35 (m, 7H). 3C NMR (CDCl;) &: 55.7, 111.3, 115.5, 120.7, 126.5, 127.4,
128.1,129.1,131.2,131.4, 141.2, 147.1, 157 2.

1-isopropenyl-4-methoxybenzene (1j)°
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Me

MeO
1j

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-methoxybenzophenone (750.9
mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred overnight
at room temperature, yielded the 1-isopropenyl-4-methoxybenzene 1j (737.0 mg, 99%); '"H NMR
(CDCl) 6: 2.13 (s, 3H), 3.82 (s, 3H), 4.99 (s, 1H), 5.29 (s, 1H), 6.87 (d, /= 9.0 Hz, 2H), 7.42 (d, J =
9.0 Hz, 2H). *C NMR (CDCls) §: 22.0, 55.4, 110.8, 113.7, 126.7, 133.9, 142.7, 159.2.

5-vinylbenzo[d][1,3]dioxole (11)’

O X
eoh

1k

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, piperonal (750.7 mg, 5 mmol,
1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred overnight at room
temperature, yielded the 5-vinylbenzo[d][1,3]dioxole 11 (834.5 mg, 113%); '"H NMR (CDCl;) §:
5.13 (d, J = 10.8 Hz, 1H), 5.58 (d, J = 17.5 Hz, 1H), 5.96 (s, 2H), 6.63 (dd, J = 10.9 and 17.5 Hz,

1H), 6.77 (d, J = 7.9 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 6.97 (s, 1H). '*C NMR (CDCL) &: 101.2,
105.5,108.3, 112.1, 121.4, 132.2, 136.5, 147.5, 148.1.

3,4,5-trimethoxystyrene (1m)3

MeO N

MeO
OMe

11
Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The

reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 3,4,5-trimethoxybenzaldehyde
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(981.0 mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred
overnight at room temperature, yielded the 3,4,5-trimethoxystyrene 1m (977.5 mg, 101%); '"H NMR
(CDCls) 8: 3.84 (s, 3H), 3.87 (s, 6H), 5.21 (d, J=10.8 Hz, 1H), 5.66 (d, J = 17.6 Hz, 1H), 6.60-6.66
(m, 3H). 3C NMR (CDCls) 6: 56.1,61.0,103.2, 113.4, 133.4, 136.8, 137.9, 153.3.

4-chlorostyrene (1n)°

AT

1n

Following the general procedure above, methyltriphenylphosphonium iodide (4042.3 mg, 10 mmol,
2.0 equiv.) and ‘BuOK (1122.1 mg, 10 mmol, 2.0 equiv.) were added. After flashing nitrogen gas
(purity 99.95%), THF (15 mL) was added into the vial by syringe under nitrogen atmosphere. The
reaction mixture was vigorously stirred at 0°C for 1 h. After stirring, 4-chlorobenzaldehyde (702.9
mg, 5 mmol, 1.0 equiv.) was added to the mixture. The resulting mixture vigorously stirred overnight
at room temperature, yielded the 4-chlorostyrene 1m (342.2 mg, 49%); 'H NMR (CDCls) &: 5.28 (d,
J=10.9 Hz, 1H), 5.73 (d, /= 17.6 Hz, 1H), 6.67 (dd, /= 11.0 and 17.5 Hz, 1H), 7.30 (d, /= 8.6 Hz,
2H), 7.34 (d, J = 8.5 Hz, 2H). *C NMR (CDCls) 8: 114.6, 127.6, 128.8, 113.5, 135.8, 136.1.

General procedure for the synthesis of 2

Ester deirvatives (2) were synthesized by condensation.

DCC (1.0 equiv.)
R! R? H,S0O, cat. o R! R2 DMAP (1.0 equiv.)» )o]\ IS(RZ
HOXCOzH MeOH (1.0 M) HOXCOzMe CH3Cl; (0.5 M) Ph” ~07 TCO,R®
reflux, overnight

rt, overnight

A 50 mL round-bottom flask equipped with magnetic stir bar was charged with Glycolic Acid
derivatives (1.0 equiv.), H2SO4 (5 drops) and methanol were added. The reaction mixture was
vigorously stirred at 80°C for overnight. After this time, the reaction mixture was concentrated by
rotary evaporation. the contents of the flask were washed with brine, and extracted with EtOAc. The
combined organic layer was dried over MgSQO4 and evaporated.

A 50 mL vial equipped with magnetic stir bar was charged with benzoic acid (1.0 equiv.),
corresponding alcohol (1.0 equiv.), DCC (N,N'-Dicyclohexylcarbodiimide) (1.0 equiv.), DMAP (4-
Dimethylaminopyridine) and CH>Cl, were added. The reaction mixture was vigorously stirred at
room temperature for overnight. After this time, the reaction mixture was filtered through the plug of
silica gel, and then concentrated by rotary evaporation. The residue was purified by flash

chromatography, eluting hexane/EtOAc to afford the corresponding ester 2.
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1-methoxy-2-methyl-1-oxopropan-2-yl benzoate (2a)'°
O Me Me

XK

(0] CO,Me
2a

Ph

Following the general procedure above, benzoic acid (2442.2 mg, 20 mmol, 1.0 equiv.), alcohol
(2.3 mL, 20 mmol, 1.0 equiv.), DCC (4126.6 mg, 20 mmol, 1.0 equiv.), DMAP (2443.4 mg, 20
mmol, 1.0 equiv.) and CH,Cl, (40 mL) were added. The reaction mixture was vigorously stirred
overnight at room temperature, yielded the 1-methoxy-2-methyl-1-oxopropan-2-yl benzoate 2a
(4090.4 mg, 92%); 'H NMR (CDCls) &: 1.70 (s, 6H), 3.75 (s, 3H), 7.44 (t, J = 8.0 Hz, 2H), 7.57 (t, J
= 7.5 Hz, 1H), 8.04 (d, J = 8.3 Hz, 2H). '*C NMR (CDCl;) &: 24.8, 52.5, 78.7, 128.4, 129.8, 130.1,
133.2, 165.5,173.2.

1-methoxy-2-methyl-1-oxobutan-2-yl benzoate (2b)
O Me_ Et

J X

0~ co,Me
2b

Ph

Following the general procedure above, 2-Hydroxy-2-methylbutyric Acid (236.2 mg, 20 mmol, 1.0
equiv.), HoSO4 (0.1 mL) and methanol (40 mL) were added. The reaction mixture was vigorously
stirred at 80°C for overnight. After this time, the reaction mixture was concentrated by rotary
evaporation. the contents of the flask were washed with brine, and extracted with EtOAc. The
combined organic layer was dried over MgSO4 and evaporated, yielded the corresponding alcohol.
Then, benzoic acid (854.8 mg, 7 mmol, 1.0 equiv.), alcohol (925.1 mg, 7 mmol, 1.0 equiv.), DCC
(1444.3 mg, 7 mmol, 1.0 equiv.), DMAP (855.2 mg, 7 mmol, 1.0 equiv.) and CH,Cl, (35 mL) were
added. The reaction mixture was vigorously stirred overnight at room temperature, yielded the 1-
methoxy-2-methyl-1-oxobutan-2-yl benzoate 2b (1308.6 mg, 79%); IR (neat) v 2948, 1716, 1451,
1277, 1107 cm’!; "H NMR (CDCl3) 8: 1.02 (t, J = 7.6 Hz, 3H), 1.69 (s, 3H), 1.97 (dq, J = 7.5 and
14.0 Hz, 1H), 2.10 (dq, J = 7.5 and 14.0 Hz, 1H), 3.75 (s, 3H), 7.44 (t, J = 7.9 Hz, 2H), 7.57 (t, J =
7.5 Hz, 1H), 8.04 (d, J = 7.9 Hz, 2H). 1*C NMR (CDCl) &: 7.9, 21.0, 31.5, 52.4, 81.6, 128.5, 129.8,
130.2, 133.2, 165.5, 172.9.; HRMS (TOF-MS) calcd. for Ci3H1704 (M+H"): 237.1127; found
237.1127.

1,1,1-trifluoro-3-methoxy-2-methyl-3-oxopropan-2-yl benzoate (2¢)
O Me, CF,4

X

(@) CO,Me
2c

Ph

Following the general procedure above, 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid (1580.8
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mg, 10 mmol, 1.0 equiv.), H,SO4 (5 drops) and methanol (20 mL) were added. The reaction mixture
was vigorously stirred at 80°C for overnight. After this time, the reaction mixture was concentrated
by rotary evaporation. the contents of the flask were washed with brine, and extracted with EtOAc.
The combined organic layer was dried over MgSO4 and evaporated, yielded the corresponding
alcohol. Then, benzoic acid (1221.2 mg, 10 mmol, 1.0 equiv.), DCC (2063.3 mg, 10 mmol, 1.0
equiv.), DMAP (1221.7 mg, 10 mmol, 1.0 equiv.) and CH,Cl, (20 mL) were added. The reaction
mixture was vigorously stirred overnight at reflux temperature, yielded the 1,1,1-trifluoro-3-
methoxy-2-methyl-3-oxopropan-2-yl benzoate 2¢ (1618.8 mg, 59%); IR (neat) v 2958, 2118, 1759,
1731, 1451, 1265, 1101 cm’'; 'TH NMR (CDCl5) 6: 1.94 (s, 3H), 3.84 (s, 3H), 7.48 (t, J = 7.6 Hz, 2H),
7.63 (t, J = 7.2 Hz, 1H), 8.05 (d, J = 8.2 Hz, 2H). '*C NMR (CDCls) &: 16.8, 53.7, 80 (q, J = 30.4
Hz), 123 (q, J = 284 Hz), 128.7, 128.7, 130.2, 134.1, 164.3, 165.7. ’F NMR (CDCl) §: -78.3.;
HRMS (TOF-MS) calcd. for Ci2H2F304 (M+H"): 277.0688; found 277.0689.

1-(methoxycarbonyl)cyclopentyl benzoate (2d)

o)
Ph)l\o CO,Me

2d

Following the general procedure above, 1-Hydroxycyclopentanecarboxylic acid (1301.4 mg, 10
mmol, 1.0 equiv.), HoSO4 (0.1 mL) and methanol (20 mL) were added. The reaction mixture was
vigorously stirred at 80°C for overnight. After this time, the reaction mixture was concentrated by
rotary evaporation. the contents of the flask were washed with brine, and extracted with EtOAc. The
combined organic layer was dried over MgSO4 and evaporated, yielded the corresponding alcohol.
Then, benzoic acid (610.6 mg, 5 mmol, 1.0 equiv.), alcohol (720.9 mg, 5 mmol, 1.0 equiv.), DCC
(1031.7 mg, 5 mmol, 1.0 equiv.), DMAP (610.9 mg, 5 mmol, 1.0 equiv.) and CH,Cl, (25 mL) were
added. The reaction mixture was vigorously stirred overnight at reflux temperature, yielded the 1-
(methoxycarbonyl)cyclopentyl benzoate 2d (434.8 mg, 35%); IR (neat) v 2953, 2875, 1742, 1715,
1450, 1284, 1167, 1107, 1069, 709 cm™'; '"H NMR (CDCl3) 6: 1.80-1.88 (m, 4H), 2.17-2.22 (m, 2H),
2.35-2.41 (m, 2H), 3.74 (s, 3H), 7.45 (t, J="7.7 Hz, 2H), 7.57 (t,J = 7.3 Hz, 1H), 8.04 (d, /= 8.2 Hz,
2H). 3C NMR (CDCl;s) 8: 24.9, 37.3, 52.6, 88.2, 128.5, 129.9, 130.1, 133.3, 166.0, 173.0.; HRMS
(TOF-MS) calcd. for C14H;704 (M+H"): 249.1127; found 249.1129.

1-(methoxycarbonyl)cyclohexyl benzoate (2e)
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P h)l\O

2e

COzMe

Following the general procedure above, 1-Hydroxycyclohexanecarboxylic acid (2883.4 mg, 20
mmol, 1.0 equiv.), H,SO4 (0.2 mL) and methanol (20 mL) were added. The reaction mixture was
vigorously stirred at 80°C for overnight. After this time, the reaction mixture was concentrated by
rotary evaporation. the contents of the flask were washed with brine, and extracted with EtOAc. The
combined organic layer was dried over MgSO4 and evaporated, yielded the corresponding alcohol.
Then, benzoic acid (610.6 mg, 5 mmol, 1.0 equiv.), alcohol (791.0 mg, 5 mmol, 1.0 equiv.), DCC
(1031.7 mg, 5 mmol, 1.0 equiv.), DMAP (610.9 mg, 5 mmol, 1.0 equiv.) and CH,Cl, (25 mL) were
added. The reaction mixture was vigorously stirred overnight at reflux temperature, yielded the 1-
(methoxycarbonyl)cyclohexyl benzoate 2e (738.6 mg, 56%); IR (neat) v 2941, 2857, 1743, 1710,
1450, 1235, 1068 cm™; '"H NMR (CDCls) &: 1.31-1.41 (m, 1H), 1.60-1.75 (m, 5H), 1.88 (dt, J = 4.2
and 12.3 Hz, 2H), 2.32 (d, J = 14.1 Hz, 2H), 3.73 (s, 3H), 7.46 (t, J= 8.0 Hz, 2H), 7.58 (t, /= 7.4 Hz,
1H), 8.07 (d, J = 8.4 Hz, 2H). '3C NMR (CDCls) &: 21.6, 25.2,32.4, 52.5, 80.4, 128.5, 129.9, 130.3,
133.3, 165.3, 173.4.; HRMS (TOF-MS) calcd. for CisH1904 (M+H"): 263.1283; found 263.1286.

1-(methoxycarbonyl)cyclohexyl benzoate (2f)!!
0] Me

Ph” S0 “Co,Me
2f

Following the general procedure above, lactic acid (900.8 mg, 10 mmol, 1.0 equiv.), H>SO4 (5
drops) and methanol (20 mL) were added. The reaction mixture was vigorously stirred at 80°C for
overnight. After this time, the reaction mixture was concentrated by rotary evaporation. the contents
of the flask were washed with brine, and extracted with EtOAc. The combined organic layer was
dried over MgSO4 and evaporated, yielded the corresponding alcohol. Then, benzoic acid (1221.2
mg, 10 mmol, 1.0 equiv.), DCC (2063.3 mg, 10 mmol, 1.0 equiv.), DMAP (1221.7 mg, 10 mmol, 1.0
equiv.) and CH>Cl, (20 mL) were added. The reaction mixture was vigorously stirred overnight at
reflux temperature, yielded the 1-methoxy-1-oxopropan-2-yl benzoate 2f (868.1 mg, 42%); 'H NMR
(CDCl3) 8: 1.63 (d, J= 7.1 Hz, 3H), 3.78 (s, 3H), 5.34 (q, J = 7.1 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H),
7.59 (t,J=7.5 Hz, 1H), 8.09 (d, J = 8.0 Hz, 2H). 1*C NMR (CDCl3) 8: 17.2, 52.5, 69.1, 128.5, 129.5,
129.9, 1334, 166.0, 171 4.

2-ethoxy-2-0x0-1-phenylethyl benzoate (2g)'?
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2g

CO,Et

Following the general procedure above, benzoic acid (610.6 mg, 5 mmol, 1.0 equiv.), alcohol
(610.6 mg, 5 mmol, 1.0 equiv.), DCC (1031.7 mg, 5 mmol, 1.0 equiv.), DMAP (610.9 mg, 5 mmol,
1.0 equiv.) and CH,Cl, (25 mL) were added. The reaction mixture was vigorously stirred overnight
at reflux temperature, yielded the 2-ethoxy-2-oxo-1-phenylethyl benzoate 2g (1195.4 mg, 84%); 'H
NMR (CDCls) 8: 1.24 (t, J =7.1 Hz, 3H), 4.15-4.29 (m, 2H), 6.15 (s, 1H), 7.39-7.48 (m, 5H), 7.57-
7.60 (m, 3H), 8.14 (d, J = 8.5 Hz, 2H). *C NMR (CDCl) &: 14.1, 61.9, 75.1, 127.8, 128.6, 129.0,
129.4,129.4, 130.1, 133.6, 134.2, 166.0, 168.9.

General procedure for the synthesis of 3
5,5-bis(4-fluorophenyl)-3,3-dimethyldihydrofuran-2(3 H)-one (3a)
0

F (0] Me
Me

F 3a

Following the general procedure above, using ester 2a ( 111.1 mg, 0.5 mmol, 1.0 equiv.), 1a (216.2
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3a (129.5 mg, 86%); IR (neat) v 2979, 2933, 1779,
1599, 1505, 1223, 1152, 1046 cm’!; "H NMR (CDCls) &: 1.15 (s, 6H), 2.87 (s, 2H), 7.02 (t, J = 8.6
Hz, 4H), 7.37-7.41 (m, 4H). '*C NMR (CDCl) §: 25.8, 40.7, 50.1, 85.4, 115.6 (d, J = 21.6 Hz),
126.9 (d, J = 8.2 Hz), 140.5 (d, J = 3.2 Hz), 162.0 (d, J = 247 Hz), 181.0. ’F NMR (CDCl) 3: -

114.3.; HRMS (TOF-MS) calcd. for CigH;7F20, (M+H"): 303.1197; found 303.1198.

3,3-dimethyl-5,5-diphenyldihydrofuran-2(3 H)-one (3b)"?

O
(@] Me
Me

Following the general procedure above, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.), 1b (175

3b
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pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3b (121.0 mg, 91%); '"H NMR (CDCl3) §: 1.14 (s,
6H), 2.93 (s, 2H), 7.24 (t, J = 7.4 Hz, 2H), 7.33 (t, J = 8.0 Hz, 4H), 7.46 (d, J = 7.5 Hz, 4H). 13C
NMR (CDCl) &: 25.9,40.7, 50.0, 86.3, 125.1, 127.7, 128.7, 144.8, 181.4.

5-(4-methoxyphenyl)-3,3-dimethyl-5-phenyldihydrofuran-2(3 H)-one (3¢)
0O

O
C)

MeO 3

Following the general procedure above, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.), 1c (210.3
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3¢ (122.4 mg, 83%); IR (neat) v 2969, 1762, 1510,
1234, 1151, 1032 cm’!; '"H NMR (CDCl3) &: 1.14 (s, 3H), 1.16 (s, 3H), 2.85-2.93 (m, 2H), 3.77 (s,
3H), 6.85 (d, J = 8.7 Hz, 2H), 7.22-7.25 (m, 1H), 7.31-7.43 (m, 6H). '*C NMR (CDCl3) &: 25.9, 40.8,
50.0, 55.3, 86.2, 113.9, 125.0, 126.5, 127.6, 128.7, 136.8, 145.1, 159.0, 181.5; HRMS (TOF-MS)
caled. for C19H2003 (M+H"): 297.1491; found 297.1492.

3,3-dimethyl-5-phenyl-5-(p-tolyl)dihydrofuran-2(3 H)-one (3d)'4
0

s
CJ

Me 3d

Following the general procedure above, using ester 2a (111.3 mg, 0.5 mmol, 1.0 equiv.), 1d (194.3
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3¢ (131.6 mg, 94%); 'H NMR (CDCl5) &: 1.07 (s,
3H), 1.08 (s, 3H), 2.23 (s, 3H), 2.80-2.87 (m, 2H), 7.06 (d, J = 8.3 Hz, 2H), 7.14-7.18 (m, 1H), 7.23-
7.28 (m, 4H), 7.36-7.39 (m, 2H). '3C NMR (CDCl;) &: 21.1, 25.9, 40.7, 50.0, 86.3, 125.0, 125.1,
127.6, 128.7,129.4,137.4, 141.8, 145.0, 181.5.
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3,3-dimethyl-5-phenyl-5-(4-(trifluoromethyl)phenyl)dihydrofuran-2(3 H)-one (3e)
]

O o<
CJ

FaC 3e

Following the general procedure above, using ester 2a (111.3 mg, 0.5 mmol, 1.0 equiv.), le (248.3
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3e (137.2 mg, 82%); IR (neat) v 2975, 1773, 1617,
1323, 1234, 1110, 1068 ¢cm™'; '"H NMR (CDCls) &: 1.15 (s, 3H), 1.15 (s, 3H), 2.87 (d, J = 13.0 Hz,
1H), 3.00 (d, J=13.0 Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 7.35 (t,J = 7.4 Hz, 2H), 7.44-7.47 (m, 2H),
7.59 (s, 4H). *C NMR (CDCls) &: 25.7, 25.9, 40.6, 49.8, 85.7, 124 (d, J = 212 Hz), 125.0, 125.4,
125.8 (d, J = 3.7 Hz), 128.1, 128.9, 130 (q, J = 32.6 Hz), 143.9, 148.9, 180.9. °F NMR (CDCl5) §: -

62.5.; HRMS (TOF-MS) calcd. for Ci9HisF30, (M+H"): 335.1259; found 335.1261.

5-(4-bromophenyl)-3,3-dimethyl-5-phenyldihydrofuran-2(3 H)-one (3f)
0

o<
G

B/ 3f

Following the general procedure above, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.), 1f (259.2
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 pmol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 24 h, yielded the product 3f (133.7 mg, 77%); IR (neat) v 2972, 2935, 2872,
1768, 1487, 1447, 1233, 1150 cm™'; "H NMR (CDCl;5) &: 1.14 (s, 3H), 1.15 (s, 3H), 2.85 (d,J = 13.2
Hz, 1H), 2.92 (d, J = 13.0 Hz, 1H), 7.25 (t,J = 7.3 Hz, 1H), 7.32-7.35 (m, 4H), 7.42 (d, J = 8.0 Hz,
2H), 7.45 (d, J = 8.7 Hz, 2H). '3*C NMR (CDCls) 8: 25.8, 25.9, 40.7, 49.8, 85.7, 121.8, 125.0, 126.9,
1279, 128.8, 131.8, 144.0, 144.2, 181.0; HRMS (TOF-MS) caled. for CisHisBrO, (M+H"):

345.0490; found 345.0492.
5-(4-fluorophenyl)-5-(4-methoxyphenyl)-3,3-dimethyldihydrofuran-2(3 H)-one (3g)
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Following the general procedure above, using ester 2a (111.0 mg, 0.5 mmol, 1.0 equiv.), 1g (228.3
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3g (113.8 mg, 72%); IR (neat) v 2974, 1764, 1609,
1506, 1224, 1153, 1048 cm™'; "H NMR (CDCls) &: 1.15 (s, 3H), 1.15 (s, 3H), 2.81 (d, J = 13.0 Hz,
1H), 2.90 (d, J = 13.0 Hz, 1H), 3.78 (s, 3H), 6.86 (d, J = 8.9 Hz, 2H), 7.01 (t, J = 8.6 Hz, 2H), 7.32
(d, J =9.0 Hz, 2H), 7.38 (dd, J = 5.2 and 8.9 Hz, 2H). '3C NMR (CDCls) &: 25.8, 26.0, 40.8, 50.1,
554,858, 114.0, 115.5 (d, J=21.5 Hz), 126.5, 126.9 (d, J = 8.1 Hz), 136.5, 141.0 (d, J = 3.3 Hz),
159.1, 162.0 (d, J = 247 Hz), 181.3. F NMR (CDCl;) &: -114.8.; HRMS (TOF-MS) calcd. for
Ci9H20FO3 (M+H"): 315.1396; found 315.1398.

5,5-bis(4-chlorophenyl)-3,3-dimethyldihydrofuran-2(3 H)-one (3h)
0

Cl (0] Me
Me

ci 3h

Following the general procedure above, using ester 2a (110.8 mg, 0.5 mmol, 1.0 equiv.), 1h (249.1
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3h (150.9 mg, 90%); IR (neat) v 2974, 1768, 1488,
1230, 1152, 1091 cm!; "TH NMR (CDCI3) 6: 1.15 (s, 6H), 2.86 (s, 2H), 7.31 (d, J = 8.9 Hz, 4H), 7.36
(d, J = 8.9 Hz, 4H). *C NMR (CDCls) §: 25.9, 40.7, 49.9, 85.2, 126.5, 129.1, 133.9, 143.0, 180.8;

HRMS (TOF-MS) calcd. for CigHi7C1,0, (M+H"): 335.0606; found 335.0606.

5-(2-methoxyphenyl)-3,3-dimethyl-5-phenyldihydrofuran-2(3 H)-one (3i)
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3i

Following the general procedure above, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.), 1i (210.3
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3i (84.8 mg, 57%); IR (neat) v 2971, 1765, 1487,
1457, 1283, 1239, 1149 cm™'; '"H NMR (CDCl5) é: 1.11 (s, 3H), 1.18 (s, 3H), 2.99 (d, J = 13.4 Hz,
1H), 3.06 (d, J= 13.6 Hz, 1H), 3.78 (s, 3H), 6.86 (d, J = 8.3 Hz, 1H), 6.91 (t, /= 7.5 Hz, 1H), 7.24-
7.27 (m, 2H), 7.32 (t, J= 7.2 Hz, 2H), 7.42 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 7.9 Hz, 2H). 3C NMR
(CDCl3) 8: 25.7,26.2,40.4, 47.8, 55.4, 85.7, 111.8, 120.8, 126.4, 126.4, 127.6, 128.1, 129.4, 133.0,
143.3, 155.8, 181.9; HRMS (TOF-MS) calcd. for Ci19H2003 (M+H): 294.1491; found 297.1491.

5-(4-methoxyphenyl)-3,3,5-trimethyldihydrofuran-2(3 H)-one (3j)'°

0]
MeO

Me

Me

MeO 3]

Following the general procedure above, using ester 2a (111.0 mg, 0.5 mmol, 1.0 equiv.), 1j (148.2
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3j (95.6 mg, 82%); 'H NMR (CDCl;s) 3: 0.98 (s, 3H),
1.33 (s, 3H), 1.68 (s, 3H), 2.31 (d, J=12.9 Hz, 1H), 2.53 (d, J = 13.1 Hz, 1H), 3.80 (s, 3H), 6.88 (d,
J = 8.9 Hz, 2H), 7.29 (d, J = 9.0 Hz, 2H). '3C NMR (CDCls) &: 26.0, 26.8, 32.3, 41.0, 50.7, 55 .4,
83.5,114.0, 125.3, 138.1, 158.8, 182.0.

5-(4-methoxyphenyl)-3,3-dimethyldihydrofuran-2(3 H)-one (3k)'®
0]

Me

MeO 3K

Following the general procedure above, using ester 2a (111.3 mg, 0.5 mmol, 1.0 equiv.), 1k (134.2
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pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H,O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3k (68.6 mg, 62%); '"H NMR (CDCl5) §: 1.32 (s,
3H), 1.36 (s, 3H), 2.08 (dd, J = 10.1 and 12.8 Hz, 1H), 2.43 (dd, J = 6.1 and 12.9 Hz, 1H), 3.81 (s,
3H), 5.40 (dd, J = 6.3 and 10.1 Hz, 1H), 6.91 (d, J = 8.8 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H). 1*C
NMR (CDCl) &:24.2,25.0,41.0,46.0,55.4,77.8, 114.2,127.1, 131.2, 159.8, 181.9.

5-(benzo[d][1,3]dioxol-5-y1)-3,3-dimethyldihydrofuran-2(3 H)-one (31)"”

0
% Me
O Me
<O

3l

Following the general procedure above, using ester 2a (111.3 mg, 0.5 mmol, 1.0 equiv.), 11 (148.2
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 31 (80.0 mg, 68%); 'H NMR (CDCls) 6: 1.31 (s, 3H),
1.35 (s, 3H), 2.04 (dd, J = 6.7 and 12.8 Hz, 1H), 2.42 (dd,J= 6.2 and 12.9 Hz, 1H), 5.36 (dd, /= 6.1
and 10.0 Hz, 1H), 5.98 (s, 2H), 6.77-6.85 (m, 3H). '3C NMR (CDCl;) : 24.2, 25.0, 40.9, 46.1, 77.7,
101.4, 106.1, 108.4, 119.3, 133.2, 147.8, 148.1, 181.7.

3,3-dimethyl-5-(3,4,5-trimethoxyphenyl)dihydrofuran-2(3H)-one (3m)'’
0

% Me
MeO Me

MeO 3m

OMe

Following the general procedure above, using ester 2a (111.2 mg, 0.5 mmol, 1.0 equiv.), 1m (194.2
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3m (115.5 mg, 82%); '"H NMR (CDCl;3) &: 1.33 (s,
3H), 1.37 (s, 3H), 2.06 (dd, J=10.1 and 12.9 Hz, 1H), 2.48 (dd, J = 6.2 and 12.8 Hz, 1H), 3.84 (s,
3H), 3.87 (s, 6H), 5.40 (dd, J = 6.2 and 10.0 Hz, 1H), 6.54 (s, 2H). '3C NMR (CDCl) &: 24.2, 25.0,
40.9,46.2,56.2,60.9, 77.7,102.1, 135.2, 137.7, 153.6, 181.7.

5-(4-chlorophenyl)-3,3-dimethyldihydrofuran-2(3 H)-one (3n)'®
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Me

Cl 3n

Following the general procedure above, using ester 2a (111.1 mg, 0.5 mmol, 1.0 equiv.), In (138.6
mg, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) at room temperature under irradiation of 18W
365 nm LED at room temperature for 18 h, yielded the product 3n (54.5 mg, 48%); 'H NMR
(CDCl3) 6: 1.31 (s, 3H), 1.37 (s, 3H), 2.02 (dd, J=10.1 and 12.9 Hz, 1H), 2.48 (dd, /= 6.2 and 12.9
Hz, 1H), 5.42 (dd, J = 6.2 and 9.7 Hz, 1H), 7.28 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H). 1*C
NMR (CDCl) 6: 24.3,25.0,40.9,46.1, 77.0, 126.8, 129.1, 134.3, 138.1, 181.6.

3-ethyl-3-methyl-5,5-diphenyldihydrofuran-2(3H)-one (30)
0]

0 Me
Ph Et

Ph
3o

Following the general procedure above, using ester 2b (118.2 mg, 0.5 mmol, 1.0 equiv.), 1b (175
pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 30 (120.3 mg, 86%); IR (neat) v 2968, 1763, 1449,
1217, 1085 cm’!; 'TH NMR (CDCls) 8: 0.87 (t, J = 7.5 Hz, 3H), 1.06 (s, 3H), 1.48-1.56 (m, 2H), 2.83
(d, J=13.2 Hz, 1H), 2.94 (d, J = 13.1 Hz, 1H), 7.22-7.26 (m, 2H), 7.29-7.35 (m, 4H), 7.43 (d, J =
7.3 Hz, 2H), 7.48 (d, J = 7.3 Hz, 2H). 3C NMR (CDCls) &: 8.7, 23.0, 30.9, 44.6, 46.9, 86.3, 125.0,
125.1, 127.6, 127.6, 128.6, 128.7, 144.8, 145.0, 181.0; HRMS (TOF-MS) calcd. for CioH2102
(M+H"): 281.1542; found 281.1544.

3-methyl-5,5-diphenyl-3-(trifluoromethyl)dihydrofuran-2(3 H)-one (3p)
O

(0] Me
CF3

3p

Following the general procedure above, using ester 2¢ (138.1 mg, 0.5 mmol, 1.0 equiv.), 1b (175
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puL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3p (120.5 mg, 75%); IR (neat) v 1777, 1451, 1292,
1167, 1150, 1081, 1044, 993 cm™'; "H NMR (CDCl;) &: 1.25 (s, 3H), 3.10 (d, J = 13.8 Hz, 1H), 3.27
(d,J=13.5 Hz, 1H), 7.26-7.37 (m, 6H), 7.40 (t, J = 7.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H). *C NMR
(CDCl) 6: 18.0, 43.7, 50.2 (q, J = 28.6 Hz), 86.9, 125.2 (d, J = 4.6 Hz,), 125.4 (d, J = 281.1 Hz),
128.3 (d, J=12.6 Hz), 128.9 (d, J = 31.4 Hz), 143.3 (d, J = 73.8 Hz), 172.0. ’F NMR (CDCl) §: -
75.0.; HRMS (TOF-MS) calcd. for CigHisF30, (M+H"): 321.1102; found 321.1103.

3,3-diphenyl-2-oxaspiro[4.4]nonan-1-one (3q)'®
(0]

O
Ph

Ph
3q

Following the general procedure above, using ester 2d (123.9 mg, 0.5 mmol, 1.0 equiv.), 1b (175
pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3q (124.6 mg, 85%); '"H NMR (CDCls) §: 1.39-1.44
(m, 2H), 1.57-1.62 (m, 2H), 1.72-1.80 (m, 2H), 1.87-1.92 (m, 2H), 2.94 (s, 2H), 7.24 (t, /= 7.3 Hz,
2H), 7.32 (t, J = 7.4 Hz, 4H), 7.45 (d, J = 8.3 Hz, 4H). '3*C NMR (CDCl) é: 25.7, 38.3, 50.2, 86.8,
125.2,127.7,128.7, 144.6, 182.1.

3,3-diphenyl-2-oxaspiro[4.5]decan-1-one (3r)'?
(0]

O
Ph

Ph
3r

Following the general procedure above, using ester 2d (123.9 mg, 0.5 mmol, 1.0 equiv.), 1b (175
pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3r (129.6 mg, 85%); '"H NMR (CDCls) &: 1.23-1.37
(m, SH), 1.58-1.69 (m, SH), 2.95 (s, 2H), 7.24 (t, /= 7.4 Hz, 2H), 7.32 (t, J = 8.1 Hz, 4H), 7.45 (d, J
= 8.1 Hz, 4H). 3*C NMR (CDCls) &: 22.1, 25.2, 33.7, 45.3, 46.2, 86.7, 125.1, 127.6, 128.7, 145.0,
180.9.

3-methyl-5,5-diphenyldihydrofuran-2(3 H)-one (3s)'3
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Following the general procedure above, using ester 2f (103.9 mg, 0.5 mmol, 1.0 equiv.), 1b (175
pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3s (101.3 mg, 80%); IR (neat) v 2994, 2954, 1753,
1718, 1451, 1266, 1209, 1108 cm!; "H NMR (CDCls) 8: 1.29 (d, J = 7.0 Hz, 3H), 2.47 (t,J = 12.2
Hz, 1H), 2.63-2.71 (m, 1H), 3.23 (dd, J = 7.8 and 12.5 Hz, 1H), 7.27-7.29 (m, 2H), 7.32-7.36 (m,
4H), 7.41 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H). *C NMR (CDCls) &: 14.7, 35.3, 44.0, 87 4,
125.4,125.4,127.9, 128.0, 128.7, 128.8, 142.8, 144.0, 178.8; HRMS (TOF-MS) calcd. for C17H;70;
(M+H"): 253.1229; found 253.1229.

3,5,5-triphenyldihydrofuran-2(3 H)-one (3t)"?
(0]

o}
Ph Ph

Ph
3t

Following the general procedure above, using ester 2g (142.4 mg, 0.5 mmol, 1.0 equiv.), 1b (175
pL, 1.0 mmol, 2.0 equiv.), BNPB (2.6 mg, 5.0 umol, 1.0 mol%), terephthalic acid (8.3 mg, 0.05
mmol, 10 mol%), H>O (0.1 mL) and acetone (1.9 mL) under irradiation of 18W 365 nm LED at
room temperature for 18 h, yielded the product 3t (67.8 mg, 43%); '"H NMR (CDCl3) 8: 2.99 (t, J =
12.9 Hz, 1H), 3.50 (dd, J= 7.9 and 12.7 Hz, 1H), 3.84 (dd, J = 8.0 and 12.9 Hz, 1H), 7.27-7.32 (m,
4H), 7.33-7.37 (m, 5H), 7.41 (t, J = 7.4 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H).
3C NMR (CDCls) 8: 44.7, 46.6, 87.3, 125.4, 125.5, 127.9, 128.1, 128.2, 128 .4, 128.8, 129.0, 129.0,
136.0, 142.3,143.7,176.2.
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Synthetic applications

Reduction of ester

4,4-dimethyl-2,2-diphenyltetrahydrofuran (4)°
O

Q o) Me Q o) Me
Me LiAlH, (1.5 equiv.) Me
-
O THF (0.5 M) O
i, 12 h

3b (0.5 mmol) 495%

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with lactone 3b

(0.5 mmol, 133.2 mg, 1.0 equiv.), lithium aluminum hydride (0.75 mmol, 28.5 mg, 1.5 equiv.) and

THF (1 mL). The reaction mixture was vigorously stirred at room temperature for12 h. After this

time, the reaction mixture was carefully quenched with H,O at 0 °C and extracted with AcOEt. The

combined organic layers were filtered through MgSOj4, and then concentrated by rotary evaporation.

The residue was purified by flash chromatography, eluting hexane/EtOAc to afford the THF
derivative 4 (120.1 mg, 95%). 'H NMR (CDCls) &: 0.69 (s, 6H), 2.48 (s, 2H), 3.40 (s, 2H), 7.20 (t, J
= 7.3 Hz, 2H), 7.29 (t, J = 7.5 Hz, 4H), 7.47 (d, J = 8.3 Hz, 4H). *C NMR (CDCl5) §: 24.5, 36.7,

50.7,71.6,77.8,126.1, 126.8, 128.2, 148.2.
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19F NMR (471 MHz, CDCls)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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19F NMR (471 MHz, CDCls)

“114.76

AT

19

F

T T T T T T T T
-0 i -a0 &0 -100 1o 120 130

'H NMR (500 MHz, CDCl)

=142

T
-150

T
160

-170

T
-180

T
—180

T
200

T
=210

T
220

HESR
G

SAS |

Cl Cl
1h

A

L
2 il 10 9 8 7

88

=1



13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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19F NMR (471 MHz, CDCls)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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19F NMR (471 MHz, CDCly)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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19F NMR (471 MHz, CDCls)
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13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)

= z gig = 23 = 3o
g £ = = 2= @ =
/ \ | I

Ph

Ph
3r

T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 M0 100 90 B0 0 50 50 40 30 20 n

'H NMR (500 MHz, CDCl5)

23383835 S%a5=28%s 23
Lk wnnnr‘!ﬂr‘lwr\l -
e e i o W
|
| |
(0]
|
(0] L, W
Ph Me | [ ]
|” J ;! |
Ph
3s
1
i
i | 1 L
ot g | T |
Zg== g =g =
- - - -
2 " 0 s 8 7 § 5 4 3 2 1 )

122



13C NMR (125 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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'H NMR (500 MHz, CDCl5)
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7 4 v EMEE, NEA L7 4 VI EEAOMMNCEIEEZ G LT 5720 2 O AREE
I & o TEMEARBFEL, “EEG TN L O ofE icEiik 269 25 7% E{k (b
7 v AR, RUCHhcEREZHT207F% 20k (2K &R (Figl). &t Lr 7 4
VOARRICE VT, ERB X ZRDi) 0 BIERAE U 3 AIGEMEA S 2 72 0 3K % il
Wl U 7200 281 3 B S e i el © & 2 14,

H H H R2 H H
R H R' H R R?
E-isomer Z-isomer
terminal olefine internal olefine

Figl AL 74 v &%kl

AL 7 4 v ORI A E L LT Wittig GBS Horner-Wadsworth-Emmons (HWE) X
WO EDAHNR=NEEE Y VA Y FIcE DAL 7 4 AL I B2 FERLLAMLNT NS
(Scheme 1). AKF713) v 4 U FOREMIC X 0 AAERES SR L, VU v o FIk5]
WRICXVAVRT A v 2 LEI 724 ) FEREAD F, HEERTRER A U FE2 R
TEAY F MR, BEA) FEHOEZSAECEERDOTL 7 4 vIERT 2 —/T, R
LEA) FEHWEGATR ZRKOoA L 7 4 Y IERT 5. HWE G Tld— &I E{k
DAV 7 4 VB L THEBRE NS T, Still-Gennnari IE7LLREEBITIX Z{ko 4L 7
4 VMBI CTERT 3.

Wittig reaction

2
o] . ® S base j\,.rR3
R1JLR2 R3PCH,R3 X — X
| o R O—PR,
R3PH2é — > R
R2 R3
ylide O=PR,

Scheme 1
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Peterson + L 7 4 VALOICE T AT F7Z byt L Ca-v Y LA LRT =4 v &40
T8, HonhERE R E 2 IZIEECUE T L T —ARlEEL, AL T4 v L
Z % (Scheme 2). ¥ 7/ — VOGEHIVARFENTH Y, BUESAFTIE T e P v LEREH
LTI —ABT vFHEEL ZhkotLv 74 veb5z2 5. —), EEMESECRTAL2
F— b YNIEEA~ADGTFTHAKBICLY) S VRBEL, EADFL 74 v EEZ L. KFiE
Y INANKT =4 Vv ORIGHED E X %, HREDRIERY R E LT wRASHETH
5.

Peterson olefination ™S anti
H30" WH elimination
> H\\‘ \ @ — R/ﬁ
™S R, R OH R'
w%_{ ]
R OH syn
KH elimination

a ﬂ 1
) ‘ R/\/ R
Scheme 2

FANKZ KT 241 7 4 ALIC X W NERA L 7 4 v 2 GRCATRER SUGIE Y T4 R Lok
v % f\7z Julia-Lythgoe 4 L 7 4 VALIOIRKEFliF 2 vick b TArTe FEREET F v
Ay 7YV ITEED McMurry 1y 7Y v U FAx T e 2=k 2lioF X 7 v &R
WA L 7 4 B2 gem-oNm T v F 2 vk v 72 EHE—Lombardo SUGH?]
R E% L DIFEDENCHIFR TN T VB8, 100% D& R METHL 7 4 v DKL % ]
H+ 2z &3 CHEETH 2.

ZOMDOAL T 4 VEKELTHL 7 4 vV A XE Y ADET LIS (Scheme 3) 14, KTk
BT XY T UEERMBEET, 2FoF L 7 4 v OREGOMAIEI K Y, Hi
BAVLT 4 VHBERT BRIGTH 5.

Olefine metathesis

M=
R+ RN e LS

Y,
/

M} R?

Scheme 3
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X Ry ARG TIEE B oA 71T X o TEERME 2 HIEmTeldd 14T B 2 23, 100%
DERETCHINTE2FL 74 v EEKT 52 L 13m0 CHEETH 5.

F L7 4 v OEWIG T AR —Heck IG5 (Scheme 4)1'3), J# 7 K—Heck
FOCIZRF—IRAM ARG D i d BE R FEDO—D>TH Y, Pd A T4 Rl
L7 4 VERKAGETH 5. IHLICAFETGVERETCERKOF L 74 v 225,

Pd cat. 2
R'—X + R : R1/\/R
base
X = (pseudo) halogene
Scheme 4
5 R—Heck KGNS % Scheme 5 1IC78 9,
H_X 1
)/r LnPd° R=X
reductive oxidative X
X elimination addition /
‘“ LnPd"
LnPd \
\ R’
H
insertion S R2
R B-H R'  Pd'LnX
\=\ elimination H“H"
R? HoRZ
H_J Pd"Ly
W%L¥'
H RZH
Scheme 5

0 flid> Pd il C(spd)-X FEA~DERALIIFTM D, AL 7 4 v ~DFADBRLT 5. % Dk,
BKENEEA R CELEAL 7 4 VBRI S L L i 2flio PA2SEL 5. AU 72 21l
Pd (ZiRITCHIBEEIC X b, WEMERECH B 0 fili Pd R FHET B & TS A4 2 A3 5ERE T 5.
ARFFIC X B THERE A L 7 4 Vil A% D BIKFEREED TE X ITHAE T 5 (Scheme 6).
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Pd(ll) H Pd(ll) H

...... —_—
R = R2 - H o R YR
R2 HH Rlisy¢ HR2 R
Scheme 6

B KFENIREL Pd & H 2% syn DELE & 7R o FRICO R Z Y, KA L 7 4 v L DRIGIC
BTl Scheme 6 IC/RT X H ICEMIRFEL L ClZ 2 DD VAKEEZELY 5 5. BIKZ=NEHE
DERDBRETE D IARE TH VL Z IR %, HOVAREECTHNIT ERDFL 7 4 v
BEKT L. EOVARRETHITEIREE R & ROV EDLORFET L L0,
SIARBCPE 3G DIRFEDLIE L 725, Z DNARECED BISIRAE & 72 b BIKENIRES R Z 5 2
L CERDOERY ZRIRNICE 22 2 EXnREL 2 5.

B AK—Heck BIGIE TV —araZ At 7 7 = a7 At & v o 72 C(sp?)-X
it zHT2EME I RE% —RICiE 328, Tardansalr Ao X5 7%
C(sp))-X #itr B T 2LEWZ H 7 R —Heck &G  #iE: 1T % (Scheme 7)1,

M-cat.
Alkyl—X + /\R - AIkyI\/\R
Alkyl Heck Type Reactions
MP oxidf:lltive B-H
addition elimination
. /\R Mn+2_x Mn+1_x
Alkyl—M™2-X 22 Alkyl MM 1X | —— \)\ - .
—~ migratory | AlKY! R —~ AIkyI\/\R
insertion
Scheme 7

—fICT v F v Heck iz~ a7 v ALT ) — e Ty Vo e~y 7 K L R

UAN=Z XL E TS, Lal, TY—araZF Ao~y 7 KI5 & 3B 7
VF a7 ALY D Heck BKEIE 7 ¥ iR 2 BT 2 2 L 8%\, ¥ 1L b

Z v 7EBRVIL I A m y 7 ZERISL ESRIFR R &D A A =X LRIC L ) Trd L
Heck BUK)IGIC BT 5 7 ¥ ANFEDOIEEN G ST LT 5.

TaFxaoa s A% 7z Heck BUKEIZ I &R 1 77 v L% H > 7238 5 K -Heck X
I & LR B FSEIRHEA TR0, IEFETIIERICE R WESR T A X e m S
b % KETH & LRI L 72 7 v F 4 Heck TG  BAFE & LTy % (Scheme 8)1')
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R R
"X - AN
N/i§> Br EWG JRE EWG

MP Mn+1
R \4
; m)\-' EWG ;

Mn+1 MP

Reaction conditions

Lei's group Thomas's group Our group
i Cul
Ni(PPh3), FeCl,
dppp Na,COs PMDETA
K3PO4 DMF TBABr
toluene _100° toluene
60-100°C, 16 h 80-100°C, 16 h 80-100°C, 16 h
Scheme 8

SRS NI T DRSS IR /N E W T & T B L 2 o REE O 7
DEBECH D, BT A F AT AL B ZERIT G C 5 ISR & B O
ALEIRI N SZ AR IC T 5 0, BALEINIIASEST L 72858 I B W T h gD SALIcEE
e KU NESHET 570, BAKBMEC X 5 RIERPIO LRI X Y B
L N, 2 C T ICEE AT OBHSIE L L T2 OEES 2L 25 Y
AAREDFIAENCT 0B, 7 VA RIS EE CIEERETH S 2 LB bRT
Y, il x 1 Matyjaszewski & & A S (ZJEFHE) 7 ¥ H VEAKIGATRP)Z Z 1L E 1
1995 4F I # L T\ 5 (Scheme 9)120),

e N
(0]
Br
o EtO
+ Cu(l) ATRP
+ Cu(l)
EtO
Br dormant species
\. n J
A
T n (0] T
(0]
EtO)H./ + Cu(l)-Br ——— EtO * + Cu(ll)-Br »
O n-1 living polymerization
Scheme 9
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ATRP (3@ EMIED a RBEANF = MLEY 2 —FETRILT L2 LT, HEMTAFAZ
CHANDFRET L, BTV IVEEIAFL Y ERIGT S Z T, BEARIGHETT S
JRTBE 7 Y ANEEKIEOIIE F—~ v MEICEH T2 L BEF 7BV Ifi~t
FERPNCBE LT\ 237-20Th 5.
Lei, Thomas, I 4 ® 7' v — 713 Z 112 3L Ni i, Fe i, Cu filiiiiic X 2 —&E =70 % Fl
MLZZ7 Y Aanrosic XY@t L 7 4 YOEKITHEII L Tw 223, KRFETIE 100%D
BERECTEROA L7 4 VEAKT 22 LBARETH 219, KIGHEHIZLITTHh 2. &8
fliE S 7T v N BB — BT RILL HRICEC LT AFAL T AR RTF L v iFEAK
DB T VAT 2, Ry IAICE L7 Y ANMT—EB BRI A F A4 v B
H L 72121 Bl 2 4 7 ONiBERIC % 32 F 5 2>, ATRA(Atom Transfer Radical Addition) {42315
b7 tic B2 it ic X 0 A & 5 2 2B E 2 5 LT 5 (Scheme 10). KA L 7
xS B EESETEB T 2 b AL ATRE A KRR 728 2 OTFAE L, MRS %8 )
619&J%mﬁ%kot%k%7uL/W#Lﬁ?5tb,f%&E%®ké%ﬁ%ﬂ
MicfEons,

E1 type reaction (cation intermediate)

R R
I R Ar —> A R — )\/R1
Ar R 1 H R‘l)Q( - H R1 Ar
zix R Etk
E2 type reaction (ATRA)
H H
R R Br AR R R
S — - A
Ar R 1 - 1 R
H R H R
7tk R R Br Etk

Scheme 10

—77, WEA L 7 4 v DG CIRIRIRRD ROGHN 2 1EE U 7= B i nl e 2K R 125 1
DL, VRERNICEILEY 2G5 2 LrNEETh s EL LN .
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WAL 7 4 vid KA L 7 4 v eI T 2 & E L A IGEMRCC ERAL T WS
(Scheme 11) 211,

R R
— H_e CN Keo. y
+ Y _— CN
CN 20 °C NC
R krel.
H 1000
CHj 110
C,Hs 20
i-C3Hy <1
Scheme 11

KiiAL 74 velbiET5L, BAFARFLVYTIRI0fF1EE, BAY TR ELAFL VY
TiZ 1000 (5 A ESOCEHEDSE C, BRI ERE LI Nz 25 L VIFEMRITE L < SOCHES
KW e ARZT LN,

WAL 7 4 v o IGHERE L, B2 EH L v b 0 0BEE M E v 72 KA+ L
ZAvET)—nAruar Ao s a2y 7Y v IR, PEAL 7 4 v R
Mizoroki-Heck S b W { O FFEE T3, FubliZBAF LT 27V AET R 7 LIkt
L CHFERFEY % Pd I RSS2 &, BEIEAET L, 20:1 LR 7R
RYECEBYIBE LN 5 T & % LTV 5 (Scheme 12)22],

Pd,(dba)s NMe
NMe, P(t-Bu)
\ - 3
MeO,c” X + > 0,07
Br Cy,NMe
dioxane, rt 68%
E:Z=>20:1
Scheme 12
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£7z, Néjera D BFRIFRIC S 7 == AT 7 Y MEET R T MK LT AR-Heck SUG % 321K
LCHY, E:Z=74:26 DFERMUETEBNEZ G5 Z % 2 & Z#iih L Ty 5 (Scheme 13)73,

\/N—OH o
e
OMe HO Cllpdé
Ph
E10,67 X +/£:j/ > 10,07
I Cy,NMe bh
H,0, 120 °C
T7%
E:Z=74:26

Scheme 13

Shang 6 2%) Iﬁ‘l%@}im %%ﬁlﬁil: L$}imli BWLWTIX 100%@12,{2':%*){155,6%&%%)3‘?% fQ j/]_,z)
(Scheme 14) 24,

Pd(OAc),
Ligand
/\/Ph + 9 > N
F10,C NaOAc, TBABr EtO,C
! H,0, 100 °C Ph
( N 83%
@ E:Z=100:0
R ’ \ R R = Fe
o-N N~¢
9 Ligand @ )
Scheme 14

WNERA L 7 4 v DO ISEDE 7282, NEA L 7 4 v ick 3 3 BRERAL )G D H & 1%
A, 2095 2RKEA V7 4 VI3 27 ) —a AL L Bk % & Scheme 12,13 12785
LIV REREDE L UKT 35, WAL 74 Vet d 27 ) —nfbofilz Hcdh %
DIZLA LD EZIRE Y TRENT 3B, Shang & DHIO & 512 &<k EEREYICT
Y — L ZZR L T2 6D G I T\ 3238, WEA L 7 4 vicx s 2 HeER Lic s
F 2 SREIRE A BRI REHI DD 7 X 0 L EESER I N T B,
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—J7, WAL 74 vie 327 v LI I NE TR L CERRIGE KT 2 &
AL 74 VORIGHEDIK IR ZI NG, N4 L 7 4 vicxwd 2 7 rF A bicBad 3%

I35 U il a3 72 v, 2014 4E Alexanian & 1% Scheme 15 1IC783 X 9 ICNEA L
7 4 VT 5T FAACRIGITHE Y L T 5120,

Pd(PPhj), cat. Alkyl
™ ] —————» EWG™

o . PhCF;
E:Z=100:0 100 °C. 14 h
X
EtOC” N NCT X

55 % (E:Z=66:33) X = CH, 80% (E:Z=66:33)
X = NTs 79% (E:Z=66:33)

Scheme 15
L2 L7235, Alexanian 5 1T X 2 7V F WML G D AAGEIRPE I L <K,
DEoBgsE e s L, VEG#EIZAES AEAL 7 4 Vo3 2 BRERLIGIE 1L
¥ CHEFIDIEFE IR, 20T TAF ARG EER L 72 5 2 TUAREGIET 2

T EIEEICER S G, CONBIEEELANEREDO —DOTH L LI T LBELD
ns.
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280 1SRG

AWFETIEE 1 i R7= X 5 ICHE A L 7 4 v iew 3 2 AREIRE RS G, FRiC
TAFMEBHEL WE WIS BER2L INLOEREHNE L. FThRALDMIENLRT
HHBE=MT A F v AR TR IS E B T L 3 R RS DR Y
AL 7 4 VICH LTI VAANTEAL, VAER T VX UG D BT % 54 7.
ek & 350 T & I EAEE, AINF, AL TIEEROFET, Rt L 74 vEAT LR
FLVFEEARD BALICHRH L CEZMTAFAEEZ T AAMICEAL, EERUT L F L
L BOG % ZERK L T 09,
FRE OB BMBEET, BT Ar I ar v es e EimtEa 7L L 5
CHNERER L, RIGHEDIRGHERA L 7 4 vicH L CORE—REMATE 2T & &
Hic, BERTAFARDO AN ARES XL Y EVCIEREZRHTCE 30Tl
7 & BATE L CAWIFE 24T o 72(Scheme 16).

Previous work

R' R? Cul, TBABr R! R2
AT + X o A
3 3
Br R PMDETA Ar/\)(R
R!' R2 |
L» Ar/\ \4
[ ] R3
This work
R R? M cat. R! R?
Ar/\-“"R + X .
Br R3 ArT N R3
E/Z-mixed R

internal olefin

1 2
L’ Ar/\!‘pR R\<R J

° R3

Scheme 16
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3T RGBS o iaEb
tEt e £ L 7/~ b D% Table 1 I/,

Table 1
X FeCl, (10 mol%) .
EtO,C Pr,NEt (2.0 equiv.) E10;C ~
1,4-dioxane (0.5 M) N/
0.5 mmol 2.0 equiv. 110 °C, 24 h I
E:Z=25:75 E:Z=100:0
Entry  deviation from standard conditions yield®
1 none 82%(81%)°
2 PMDETA® 80%(79%)°
3 bpy® 73%
4 PPh;°¢ 73%
5 toluene 75%
6 DMF 36%
7 EtsN 68%
8 K,CO3 n.d.
9 FeBry 74%(74%)°
10 FeClj 79%(77%)°
11 Fe(OAc), 59%
12 80 °C 57%

aYields were determined by GC-MS using decane as internal standard.

bisolated yield.10 mol% add. 10 mol% add.
BT rFar AP LT Ethyl 2-bromoisobuthyrate # Fivy, WAL 7 4 v & L

T pMICYAFAT IV HEEETIAF L VFER (E:2=25:75) ZH\Wwiz,

Entry 1 TlI<@ftl L L T FeCl, 10 mol%, ProNEt 2 &, 1,4-dioxane 1 mL % fill 2,
110 °C T 24 FFEIMEL, #2132 L HWE T2 E8% GC ULE 82%, HHEIE 81% TfF7-.
B REZLICHEMONTEAL 7 4 VIZNRP E:Z=25:75 DRAF L VHEREZH T
%55, HEVEBYE 100%D ZAREIRME T ERD R %G5 2 L3 TE 72, Entry 24 Tld#k
fllic T AL FRAML, ZYANREEERa v br—A T Bl A. T2
VERBALT, ©Y Y VRENIF, U VRN TEBIML CTAIZDH DD Entry 1 & RT3 uz
LHMET L7z, Entry 5-6 CIXIABOMRE 21T 5 7223, 1,4-dioxane % F > 72 BRIC i =i IR
t%tmﬁ:aﬁﬁ#ot.&WIMi%mm%KELt%®@ﬂ,mmaniﬁmﬁ
() ZZEH L 2BOME 21T > 7225, ARIGICE T 2 R 72313 PrNEt TH b &)@
e LCisk ) chsewnd 2 einr ol mEBEICEES 80°C TR TR
EZARIBICHCEMET LzZ &b, Stz WCa 7 v VR LAY S T
UHNMEEREI R DD, M ANLNX-PEETHLEEZOLND, HADEMMHR
AT XD Entry 1| ZARJISICE T B H0#ESEFEL L7z,

140



%4 EFFA O MR

50 NS 2 W CRICEE AT IC O LTIz, £ DFERIT O W T Table
2-Table51CE L 03, ABFERDa7vEAALR=AEE 1, AL T4 v %2,
EE % 3 LFE ST % L, Table 110 3 OEBEDEZINE, 2 OB I Z FE O NEE
AL T4 VDEZILE LT,

Table 2
1R2 R R?
R)<R - FeCl, (10 mol%) , )S/\
- ’
R30,C” “Br w2 FG PrNEt (2.0 equiv) O f FG

1 2 1,4-dioxane (0.5 M) 3 R

0.5 mmol 2.0 equiv. 110 °C, 24 h E-major

E/Z-mixture

Yield of 3/ 2 (E:Z)

Etozc>§4\p-An R%é\p-An PhOZC&\p-An

R=,D-ACC6H402C-

3b: 50% / 2b (100:0) 3c: 61% / 2b (100:0) 3d: 67% / 2b (100:0)
R™ A
RN 0
> R=0-An0,C- OMe
o
R=p-(t-Bu)CH40,C- MeO,C _~© R=p-An0,C- O'V'e
3e: 72 % | 2¢ (38:62) 3f. 71% / 2d (14:86) 3g: 52 % / 26 (38:62)

-A
NG\ NMe, N
\\) Et

3h: 83% / 2f (13:87) 3i: 76% / 2g (30:70) 3j: 75% / 2h (30:70)

2b D X I IC 100%ERDOHNEAL 7 4 v ER W& T APREDIE CHNAERY %215 5
:kﬁ@%t@mm.ﬂ%WKN%®;5:E%kz%ﬁ@ébﬁx%VV%ﬁﬁ%ﬁ
WizBE I, PRED D RIFRICECHNAERY 2155 2 L 23 TX 72(3e-3g). EIEM
“CAiﬂ547F—wﬂ%%ﬁ?5W%ﬁv74/@ﬂ?pMuVXTNT:/%\m
fric p-7 = AR T 2 HEQg), BIMEALICEEINE AN — L EKEHT 2
WAL 7 4 v@ehE w8, 2oE 5o - HWERY) 3h-3j % 2z i
IR G5 2 BT,
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Table 3

R' R? FeCly (10 mol%) RE
eCl, mol%

X + R4 - » 3 )y\
R%0,C” “Br w2 FG ProNEt (2.0 equiv.)  ~ O2C f FG
1 2 1,4-dioxane (0.5 M) 5 R
0.5 mmol 2.0 equiv. 110 °C, 24 h E-major

E/Z-mixture

Yield of 3/ 2 (E:2)

NEt, NEt,

NPh,
R=p-ACCGH402C- R=m-CHOC6H402C R=p-MeOZCC6H402C-
3k: 75% / 2i (22:78) 3l: 72% / 2i (22:78) 3m: 71% / 2j (39:61)

OMe
OMe

R=p-(t-Bu)CgH ozc-

3n: 71%/2k (44:56) 30: 68% / 21 (16:84) 3p: 71% / 2b (100:0)
Nk/}) NMe2
3q: 84% / 2m (44:56) 3r:61% / 2i (30:70) 3s: 56% / 2n (34:66)

p MICERIFRTEETLINTAL 7 4 vQi2kZH T, K47k o 78T 2T VARG
L7zl 2aE80nd RIFAICRCHAERYIGK-3n) 2152 C LA TE 7z, HERCNERY
92 a 7rEZRXTAEHCESE, TRED? O EWICETHNARY %2155 2 &3 T
%7-(303r). ERVANICERCIFAUEEAET S o T REZRT AR HWZEA S FE
S HREO HINAEBRY %1525 T & 53T % 72(3s).
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Table 4

R' R? RE
M e R FeCl, (10 mol%) ,
, =
R30,C” “Br Z “FG PrNEt (2.0 equiv) 02 4 FG
1 2 1,4-dioxane (0.5 M) 3R
0.5 mmol 2.0 equiv. 110 °C, 24 h E-major
E/Z-mixture

Yield of 3/2 (E:2)

NMe, NBn, NMe,

R= =p- MeOzCC6H402C-
3t: 31% / 2i (30:70) 3u: 64% / 20 (15:85) 3v: 62% / 2i (9:91)

EtO,C7 Y H%;Q;fj::L >ﬂ/\E:I
NMe, Ph NEt, NMe;

—p-ACCGH4020-
3w: 58% / 2i (30:70) 3x: 56% / 2p (21:79) 3y: 63% / 2q (24:76)

Br
CN
O
R=,D-BI"CE;H4OZC-

3z: 56% / 2r (26:74) 3aa: 83% / 2t (30:70)
(FeBrs used insted of FeCls)

7 e kE AT iEEva 7 BT RAT AR WIS A 1% RIGRIC”EE Y, K
SGIAREEDHEZZ TR T VW E WS T EHAEZOLNE(B). KRICAF L VFHFEED
BlikE R T2 2L TCAFLVFHFERICE T 2 AKEEDHE O WTHNE -
FNRAF L V(200 [-7 B ENLZAF L V(20), ﬁ—&yﬁ—zvx§vyé@ﬁ—7l:zvx§—l/‘/
HERE W50, IAREEOMELR 2T 5 b O OHRRE OICE T H AR % 15
EMTE, KERNEORNITR S N0 572, M%Uw@ijmmmmiﬁﬁ%%ﬁ?
DAFVVHEERSL YT AT ZEEEH GG, BReEEEL ) & A
RETHY, XOLRIEEPTEETH S, 32a DX 5 I CBr#id2EBET291d Briff
NEERDTICEBAETH Y, REED IR LMmABTETH L. OB ICHL T
IEEHESECH B FeCh x 72856, BRI —HERFE I a7 vl 72t &
Vi E 7=72 8, FeCl, DX Y I FeBry % > 7=,
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Table 5

R1 RZ R1 RZ
X + R4,.,./\ FeCl, (10 mol%) _ )S/\
- 7
R%0,C” “Br ~ 'FG ProNEt (2.0 equiv.)  ~ 02C f FG
1 2 1,4-dioxane (0.5 M) 3 R
0.5 mmol 2.0 equiv. 110 °C, 24 h E-major
E/Z-mixture

Yield of 3/2 (E:2)

PhO.C™ N Et02C>ﬂ4\ NHCOPh PhO,C” \Z ~NHCOPh

Br
3bb: 43% / 2t (99:1) 3cc: 40%7 / 2i (48:52) 3dd: 57%" / 2i (48:52)
PhO,C” & “OEt PhO.C™ N
NMe,
3ee: 42%(E:Z = 83:17)° / 2i (48:52) 3ff: 80%(E:Z = 91:9) / 2i (30:70)

43.0 equiv. of 1 and 1.0 equiv. of 2u.
52.0 equiv. of 1 and 1.0 equiv. of 2u.
€3.0 equiv. of 2v and 1.0 equiv. of 1.

C(sp?)-BrD X 5 BETARLEAF L VAP TS I P2 WG4, ICRIIPREL
7% b DO DONVFERWICENEA L 7 4 ¥ %1572 3bb-3dd). £ = LT —FT L2 HKDTAT
NE TG IITRR DRGNS K 72 572D b, ZIRDS 10%FEEE AL L 72 (3ee,
3ff).

144



5T BRI SR
ARG DONE G TR R I N 720, RICED X S5 ICKIEBHEITL TW B D0

IO W TSR R 2 1T - 72, ok S N ARRIGSEFICR LTI VAl LT

TEMPO & BHT % ZNZ 4L 1 ZEE A L 72 (Scheme 17).

X FeCl, (10 mol%)
additive (1.0 equiv.) a
Et0,C » EtO,C
Pr,NEt (2.0 equiv.) N/

1,4-dioxane (0.5 M) 81% |
"o 4 h none : (]
0.5 mmol 2.0 equiv. 0°C, TEMPO : not detected
g BHT : 53%
Scheme 17

HlBnT um%@m CHWEBR 2S5 R TE S
CIHHWERYAES Z LIZTES, BHT 2%
7 ¥ VR EERIC BT RS 1T

T ANRANERML 72\
ARIGTH 325, TEMPO ZINL 7235
MLfFAEWEWW#imkW$@ﬁ3<ﬁTLﬁ

LAY @i b T5H 5 (Scheme 18).
TEMPO

o EtOZC%
TEMPO

BHT

EtO,C

Et02C>< ALIH’ >|\E>/\<_» Etozc>< >|\E>/k

Scheme 18

TEMPO % Fl\> 7235145, Skl 23 Ethyl 2-bromoisobutyrate % —f T-EELL 7L F AL 7 P A

DL 2, TEMPO ZKET P HNTH B0, FVAN—FANAy T ) vk
WTNAIFATI AR EINS, T 72 TEMPO LAl & LTl 7=, $kfihit

p —=

D=
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ERBLL, RICZEHEL T2 2L 3F 2615, BHT 2754 b [RIERIC SR A
Ethyl 2-bromoisobutyrate # —f T#ILL 7LV F VTV AAEREL D, ZOTALFALTY
FINDBHT DKRIRF 25 Eh 2 TIVAARHEINS., WTFhoffficsnTd
SYUANHREEZRIET 22 & IFTETHARWVY, KIERINEOE T 200 T MR
fli XL Heck A v 7Y v AR E LN WE WS T enEZLND,

AIIEHIEF W@ LR R CHEIT S 2 720, ARIGO RS LThF A+ v iEh
LCW3DTIEAR\ 2 &% 2 72(Scheme 19).

Fe" Felll Felll Fe"
R X :
AI'/\'J‘ Br COZRZ Ar C02R2 COZR2
R1

cation species

Scheme 19

T DHFA VKD EFIE %A S 2 7= D8k % 7 kil 2 din L 7 74 v itk o + 2
v 7% i A 72(Scheme 20). 7 a—LT IV, KREEMLE AT 5 ~T7 v B Sk A K
Bl dsimL 7z28, A4 vz b7 v 7L bR S nmd o7, Zhidh
F A VBE L T2RICGECH IS HEOPIER I NDE o hF A ViR KA TN 7 v T
XhhoclEZLND.

Nu
X FeCl, (10 mol%)
, P EtO,C
EtO,C iPr,NEt (2.0 equiv.)
1.0 equiv. 2.0 equiv. 3.0 equiv. 1,4-dioxane (0.5 M) N/
E:Z=48:52 110 °C, 24 h not detected I

Nu: "BuOH, aniline, indole, N,N-dimethylaniline

Scheme 20

RICHE A BARIGIC B CTAT L VFERD EZ kS ED X 5 %{HTH > T b ARFER
ITHEITL T2 L WSR2 L, JFRECh 2NEAL 7 4 vABIC X » Bk L,
EL L STOVMUEERE L2RIC, FEEMTAFATIIOANLERIET S LT
FRRIC)GDBHETL TR D TR R W»EER Lz, ZZTEZ=17:83DAFL Vi
BARE O CARBOGEMICR L, REZLZ 8L L 72 (Table 6). #FicEs»Td, KiF
&E/Ztl:@"ﬂﬁ RSN 072720, REIGFEMICECTRERCH 2 25 L vafEdkix

X0 B LT 2 2 & CHRRRRINICICSHETT L T2 D TRV E WD T L0 H
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> 7.

7L
N/

Table 6

FeCl, (5 mol%)

Pro,NEt (1.0 equiv.)
1,4-dioxane (1.0 M)

L“\/\@\
'
N/

E:Z=17:83 110 °C, time E:Z
time (h) yield ratio (E : Z2)
Oh 17 . 83
1h 95% 20:80
3h 95% 21: 79
6 h 95% 22:78
12 h 91% 22:78
24 h 91% 23:77

BIEEH T B BT H A F L VB DR RIRICZELT 2 2 i3, FESERIC XY
B L 2wt WO RERE N0, EZHBE50:50 100 b0ZFEL, EfkE 2
RO G D 7212 D s TR~ 72 (Scheme 21).

X ‘w/\@\ FeCl, (10 mol%) .
+ EtO,C =
EtO,C” “Br N~ PraNE (2.0 equiv. 2
_ |  1,4-dioxane (0.5 M) NT
0.25 mmol 2.0 equiv. . |
E:.Z=48:52 10 °C. th E:Z=100:0
styrene 2
——
y4 E
Z:E product (E-isomer)
Oh ------ N L .(.5.2...4.8.) ......... R
0.5 N -emmnes NN REEP N ) [.28%. ..
1 h ...... ofle d e ..(52..4.8). ...... - J..36(YQ..
R A Y 62:48).. |l 68%. .
6N ----mmeed-boaa}dll (81:49)......... L. 70%. ..
DY TSP I Pt 60:40).......... Bl ..
Scheme 21
KREERI A A7 a7 77 2 HGCRIGHEDZEIC O WTIRE] & L ICE % fTo 72, & D

B IC B WTd EZ Lo KIELRZIZR NG o72720, ERE Z Ko Kotk iL R
FEThbrl i epnEILLNS. TAAFERICE T O KMEZRZEIIHER I L
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o7z,

¥ 72 ZIR DA 2 R ROCSEMFITAR L, EIEALSOCHEE & 5 2:HERE % 1T - 72(Scheme 22).
NMez

FeCl, (10 mol%)
_— Z-3a
i-ProNEt (2 equiv.)

Z 1,4-dioxane
EtO,C 23 110°C.24 h No isomerization
- a ]

Scheme 22

KAERD O ZRDB AR L T, ER~ERIEET 2 A = XL I3EE S, MIGH I AE
R ERDLEII 2 52 % 2 L300 o 7z,
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RIT 100%E A LT 100% Z Aok 2HH L, 2 Z BRI OWEEREIT- 72
(Scheme 23).

Z-2a  FeCl, (10 mol%)
or

1a + » EtO,C =
E-2a -PryNEt (2 equiv.)
1equiv. 2equiv. 1 4-dioxane 3a NMe,
110°C, time
3a: 83% from Z, 81% from E—
[e]

S m ©

~ 607

S 3a: 31% from Z, 29% from E

‘5 407 .

_g @® : Yield 3a from Z-2a

o 207 ] : Yield 3a from E-2a

> g

I | I | H |
0 05 1 3 6 12 24
time (h)
from E-2a from Z-2a
GC-yield GC-yield

time time

exp 1 exp 2 exp 3 average exp 1 exp 2 exp 3 average
05h 7% 12% 19% 12% 05h 16% 5% 19% 13%
1h 27% 29% 30% 29% 1h 31% 25% 36% 31%
3h 61% 67% 68% 65% 3h 65% 68% 68% 67%
6h 73% 75% 75% 75% 6h 71% 71% 70% 71%
12 h 80% - - 80% 12 h 77% 77% 78% 77%
24 h 82% 84% 81% 82% 24 h 91% 7% 81% 82%

Scheme 23

EfRE ZARTIIBIGEEICIZ & A DR L, VBRI FER O AR 13K L 72\,
B UG T EERD Heck B A v 7Y v IR E 52 52 EB3bd o7z,

149



AJOGIC 5  THALSR IR I8 > T B 23, Fb b 7 ¥ A VEHBARIG TET L T
LHENE R FRE L 72, SRR 2 Z5th 0 SEUY B, 7 VLAY (Dimethyl 2,2°-Azobis(2-
methylpropionate)) % F\»CFER% 1T > 72 (Scheme 24).

(0]

(Meo/l% Nz
2
X (X equiv.)
) P> RO,C z
EtO,C N~ PraNE (2.0 equiv.) 2

1,4-dioxane (0.5 M) N
Y equiv. 2.0 equiv. . R = Me or Et |
E.Z=22:78 10 °C, th 0% (X=0.5, Y=0)

0% (X=0.1, Y=1)

Scheme 24

T IAEEWIMASLT, xE VT4 v 2oy Arf@lT 23 bNTWSE, 20D
G DO HEERERE % Scheme 25 IC78T,

COzEt M AN
EtOzC>ﬂ/\ EtOZC%)\

coa
a%c Ar

Scheme 25

T VA BIC I D FEY T4y ZICHAT R EEEMTAFA T AAEEEL B.

CDIZVANER a 7T AT VDORFBFRT 2L ZIRK Z LT, FERTAFALION
AMERBAELC B, ZOTVANMEBRF L VIFRARICHIIL, <Xv 2T YA Vhiiiks»G
bd., ZORVILITALFRIENR e 7RI R T AL RBF L2 2K LT
BT AFALTHNENRFET S E L HIC, ATRAKRDE S N B IEEC X b HIWA K
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Vinfaoid., TORX A= XL TRIGHBET L 5E, RISIC I T gk il i
BG 32 0EBR0WE WS ZEREZLNE, L2 LS, oSN TIXEAER
Vel fJonkdrol®, REOGZECEA MBI > Tw 5 v ) 2L &R
WCRBS 52 EMNTE T,

HEBSANCORLEZE I ICARIGD a-Ta T ALK AALEY & LTl XTIV B %M

LTWw3, REIOEFICa-78ET7 I F2{RL7ZE A Scheme26 1C/RT X577 7 XL
LT L 7=,

X FeCl, (10 mol%) NPh
> .,
PhHNOC ~ Pr,NEt (2.0 equiv.) '@\
N/

1,4-dioxane (0.5 M)

0.25 mmol 2.0 equiv.
110 °C, th

E:Z=22:78

Ph
(@) N
N [Felll]
R

Scheme 26

52% l

a7 BEIRATAEHWESSE, “HEAZIEKT 5D Tld kS BLRICHHETL 2. Z
DEMLICIINEE L 0OBZD 2BV AEZOLNDD, BCNMRA2OLNEETHE I LA
Do 7=,

T HICHIEE N Z EICEBYIO AT 100% T YV RRDOBRTH B L5 T EDHL
PIinodz, TNODFERDPLEZMT AF TV ANFER AT L v FHFEERD LA
L7zBRICE L 2 7 ¥ AV RBIRICERAE DSBS L C w3 DTl R wd b v ) T L AR X
N5, ZAuC X0 AT X 2 TAGEIR 2 BEIUOGE B K EEEZ #RH L CEfTL T w»
ZAREME D E 2 b N 5.
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6 A HEE RICHERE
Scheme 27 IZ 1 FF v % fe 3 2 #EE OOHERE # 7~ 9.

R2 R3 R2 R3
1
R10,C™ N7 “Ar WOﬁ)L&
R4
Fe''Cl
R? R3 ® 2 R2 R3
R'0,C Ar R'0,C” ®
R4
4
Br— FelCl R 2NAr
R? R3
[}
WO§)<T/\N
R4
Scheme 27

iR a 7uE AL R=ALEY % —FEEITL, TAFAL TV ANVEBEL 5.

BCTTAFNTIANMEERT L VIFHERD AL LAIGS 2 7 2 v hblfk s34
U3, 207 Yaiiiikid 3ok X > Tt h s 54 vtk RhE L, #

T 2l ~C B LIk DA A4 2o LB, AFAvHRRIZ T e F voli
BEIC X O BRI HWEBY 2152 28 TE b EELLNS.
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72, I ODAH=ALE L CHMBNIC X 2 BAKGEIBAEE 2 5 5 B 2 Scheme
28 ISR

RZ R3 |§LR3
]
R'0,C Z Ar R'0,C Br
R4
n+2
V H-Fe -Br \base

Fem? Fe; R? R?

R'O,c  H ] .uH i

Rzﬁlln. Ar R1O2C °

R3 R4

R4
Scheme 28
BUTH=ZRTNAFANTIANBRTF L VFHEERD LA Z2Ic_ v P T YA
DFRAIEIC X 5 THIE INS., Ar e FE=MT A IAEOVIREELZ T TRV IALTIT A

NERIRT 2729, EREZERNICE 2 5., &ICIEHIC X > C HBr 2= eI B % 5| %
T, iy 4 2 AnB%ET T3,
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HTHT NE

LA E, ATl BOGHEDIR N A L 7 4 v ich 3 2 VAREIRE =W 7 v ALK
JGOBFICEII L 7z, 2 E CORICEFE TIRIEBNKSED S WERA L 7 4 v &2 v
b D%, RICHEDK T DD hNEAL 7 4 vicxhd 2 BReE b o mE il IER i
Yirwv. 2D ZWEA L 7 4 vicHd 2 EReELICE W TZARERICET L TWw 2 %
DIFIFEAERL, IFRICHLVWHETh 7 wH 2 epnE2 NS, FAIRICEDE
W ZRT VR T AN ER UL, OGEDIRGAEA L 7 4 g LT T vk
ARETIE R WA FZ, ZD ) A TRIGHIEUATH 2 1 F4 il X OHE=ZHRT 1 F 5
DV S @S S ICEH T 5 2 & CUMREREZRBICE 20 Cldhwvr e EEL, At
FICHY MHA 72, Z oS, EREAEO T Tb IFFIC iz kz i L 25 2 & T
HHICE R R T AL, ROSHEDRGHEA L 7 4 Vi LTRIGI 5 2 &
KL, XL IIEFHICEOCRERIECT AR AT 2 2 LRI Lz, ARKIGIRZ N
FCOFETIENETD o 72 EIZIBRAENTA L 7 4 VITHT 2T F AL L 72 & W
I MBI UIEFICECREREARHATE 2 8w mdr b, chEcicHkadr >N
WAL 7 4 VIS 2 BRI T v F Al X ORSE AR % 5 & § 3 55 C OIS ]
fFEhs,
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8 Hi SREH

General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses precoated

Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column chromatography Silica
Flash® P60 (SiliCycle, 40-63 um) was used. Visualization was accomplished by UV light (254 nm),
'H and '3C NMR spectra were obtained using a JEOL 400 MHz NMR spectrometer. Chemical shifts

for 'TH NMR were described in parts per million (chloroform as an internal standard & = 7.26) in

CDCls, unless otherwise noted. Chemical shifts for 3*C NMR were expressed in parts per million in

CDCls as an internal standard (6 = 77.16), unless otherwise noted. High resolution mass analyses

were obtained using a ACQUITY UPLC/ TOF-

MS for ESI. Anhydrous toluene and dichloromethane

were purchased from Kanto Chemical Co., Ltd. Other chemicals were purchased from TCI, Aldrich

and Wako and directly used from the bottles.
purchased from Kishida chemicals Co., Ltd.

1. General procedure

Copper iodide (first grade; Lot. No. H28682K) was

X

Et0,C~ “Br

(o]
o
Ac

1a 1b
OHC o
o o
MeO
1f 19
Et FEt Pr. Pr
PhO,C Br PhO,C Br
1k 11
(o]
Ph” \ﬂf EBr
(o]
10

Br (o]
1m 1n
H
0 N
Ph” Br Ph” \n><3r
o o
1p 6
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NMe, oMe o Meozc\/\/O
2a 2b 2c

2d

NC\J NEt,
2f 2g 2h 2i
o %
z z OMe A/\©\
P “\1/\©\ ‘1‘/\@[ N/\ NEn,
D OMe k/o
NPh,
2j 2k 21 2m 2n
Ph Z > C
NMe, NMe, NMe,
20 2p 2q 2r 2s
X
= LN
"\—\_/\©\ <~ N Ph %‘/\O/\
H
Br
2t 2u 2v

Figure 1. Starting materials.
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General procedure for the synthesis of 3.

Substrate 1 (0.50 mmol), substrate 2 (1.00 mmol, 2.0 equiv) and FeCl, (6.3 mg, 0.05 mmol, 0.10
equiv) were sequentially added under air to a drum vial equipped with a stir bar and a screw cap.
After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL) and Pr,NEt (0.17 mL, 1.00
mmol, 2.0 equiv) were added by syringe and the resulting mixture was vigorously stirred under
nitrogen atmosphere for 24 h at 110 °C. After this time, the contents of the flask were filtered
through the plug of silica gel, and then concentrated by rotary evaporation. The residue was purified

by flash chromatography, eluting hexane/EtOAc to afford the product 3.

Ethyl (E)-4-(4-(dimethylamino)phenyl)-2,2,3-trimethylbut-3-enoate (3a)

EtO,C =~

NMez
3a

Following the general procedure above, using 1a (97.5 mg, 0.50 mmol), styrene 2a (0.16 mL, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3a (111.5 mg,
81%); IR (neat) v 2975, 2799, 1722, 1607, 1517 cm™'; '"H NMR (CDCls) 8: 1.23 (t, J = 7.0 Hz, 3H),
1.39 (s, 6H), 1.83 (s, 3H), 2.95 (s, 6H), 4.13 (q, J = 7.0 Hz, 2H), 6.32 (s, 1H), 6.70 (d, J = 8.7 Hz,
2H), 7.16 (d, J = 8.4 Hz, 2H). '3C NMR (CDCls) &: 14.3, 15.8, 24.8, 40.7, 49.1, 60.6, 112.3, 123.8,
126.8, 130.1, 137.9, 149.0, 177.2; HRMS (EI-MS) calcd. for C17H26NO, (M+H"): 276.1964; found
276.1964

Ethyl (E)-4-(4-methoxyphenyl)-2,2,3-trimethylbut-3-enoate (3b)

Et0,C z

OMe
3b

Following the general procedure above, using 1a (97.5 mg, 0.50 mmol), styrene 2b (0.15 mL, 1.00
mmol, 2.0 equiv, £ : Z =100 : 0), FeCl, (6.4 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3b (65.4 mg,
50%); IR (neat) v 2976, 1722, 1606, 1508, 1244 cm™'; 'H NMR (CDCls) 8: 1.24 (t, J = 6.9 Hz, 3H),
1.40 (s, 6H), 1.81 (s, 3H), 3.81 (s, 3H), 4.15 (q, J = 7.1 Hz, 2H), 6.36 (s, 1H), 6.87 (d, J = 8.9 Hz,
2H), 7.19 (d, J = 8.7 Hz, 1H), '3C NMR (CDCl3) 8:14.3, 15.7, 24.8, 49.1, 55.3, 60.7, 113.55, 123.5,
130.3, 130.8, 139.5, 158.0, 177.0; HRMS (EI-MS) calcd. for CigH2303 (M+H"): 263.1647; found
263.1648
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4-acetylphenyl (£)-4-(4-methoxyphenyl)-2,2,3-trimethylbut-3-enoate (3c)

Ac © OMe

3c

Following the general procedure above, using 1b 142.5 mg, 0.50 mmol), styrene 2b(0.15 mL, 1.00
mmol, 2.0 equiv, £ : Z = 100 : 0), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3¢(107.7 mg,
61%); IR (neat) v 2975, 2935, 1750, 1682, 1508, 1246, 1199 cm™'; "H NMR (CDCl;) &: 1.56 (s, 6H),
1.96 (s, 3H), 2.60 (s, 3H), 3.82 (s, 3H), 6.50 (s, 1H), 6.89 (d, J=8.7 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H),
7.22 (d, J = 8.6 Hz, 2H), 7.98 (d, J = 8.9 Hz, 2H). *C NMR (CDCls) 8: 15.8, 24.7, 26.7, 49.5, 55.3,
113.6, 121.7, 124.6, 130.0, 130.3, 130.4, 134.7, 138.3, 154.9, 158.2, 175.1, 197.0; HRMS (EI-MS)
caled. for CH,504 (M+H™): 353.1753; found 353.1755

Phenyl (E)-4-(4-methoxyphenyl)-2,2,3-trimethylbut-3-enoate (3d)

(0]
OMe

3d

Following the general procedure above, using 1¢ (21.6 mg, 0.50 mmol), styrene 2b (0.15 mL, 1.00
mmol, 2.0 equiv, £ : Z = 100 : 0), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3d (103.7 mg,
67%); IR (neat) v 2975, 2935, 1746, 1508, 1192, 1092 cm™!; '"H NMR (CDCl3) 8: 1.56 (s, 6H), 1.96
(s, 3H), 3.82 (s, 3H), 6.50 (s, 1H), 6.89 (d, J = 8.9 Hz, 2H), 7.04 (d, J = 7.7 Hz, 2H), 7.20-7.24 (m,
3H), 7.37 (t,J = 7.9 Hz, 2H). *C NMR (CDCl3) 8:15.8, 24.7,49.4, 55.3, 113.6, 121.5, 124.3, 125.7,
1294, 130.3, 130.6, 138.7, 151.2, 158.1, 175.6; HRMS (EI-MS) caled. for CyH»303 (M+H"):
311.1647; found 311.1647

4-(tert-butyl)phenyl (£)-4-(benzo[d][ 1,3 ]dioxol-5-yI)-2,2,3-trimethylbut-3-enoate (3e)

/©/ 7
(e}
tBu

3e

6]
o/

Following the general procedure above, using 1d (149.6 mg, 0.50 mmol), styrene 2¢ (161.3 mg, 1.00
mmol, 2.0 equiv, £ : Z = 38 : 62), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3e (150.7 mg,
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72%); IR (neat) v 2959, 2874, 1748, 1485, 1427, 1208, 1091 cm™!; '"H NMR (CDCls) &: 1.31 (s, 9H),
1.53 (s, 6H), 1.93 (s, 3H), 5.96 (s, 2H), 6.45 (s, 1H), 6.73 (d, J =7.7 Hz, 1H), 6.78-6.80 (m, 2H),
6.95-6.98 (m, 2H), 7.35-7.38 (m, 2H). *C NMR (CDCls) 8: 15.8, 24.7, 31.5, 34.5, 49.4, 100.9, 108.1,
109.5, 120.7, 122.8, 124.5, 126.3, 132.2, 139.5, 146.1, 147.5, 148.6, 148.8, 175.6; HRMS (EI-MS)
caled. for CoaHz904 (M+H™): 381.2066; found 381.2069

2-methoxyphenyl (£)-4-(4-methoxy-3-(4-methoxy-4-oxobutoxy)phenyl)-2,2,3-trimethylbut-3-enoate
(3f)

OMe
O

(¢]
OMe

MeOzC\/\/O
3f

Following the general procedure above, using 1e (136.7 mg, 0.50 mmol), styrene 2d (278.4 mg, 1.00
mmol, 2.0 equiv, £ : Z = 14 : 86), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3f (104.7 mg,
52%); IR (neat) v 2948, 1733, 1499, 1236, 1092, 1024 cm™!; 'H NMR (CDCl;3) &: 1.56 (s, 6H), 1.99
(s, 3H), 2.16 (quint, J = 6.8 Hz, 2H), 2.56 (t, J=7.3 Hz, 2H), 3.68 (s, 3H), 3.79 (s, 3H), 3.86 (s, 3H),
4.07 (t, J = 6.4 Hz, 2H), 6.49 (s, 1H), 6.83-6.88 (m, 3H), 6.91-6.98 (m, 3H), 7.16-7.20 (m, 1H). 13C
NMR (CDCl) 6: 15.9,24.7.24.9, 30.6, 49.5, 51.6, 55.8, 56.0, 68.0, 111.5, 112.5, 114.8, 120.8, 122.1,
122.7, 124.3, 126.8, 131.2, 139.4, 140.2, 147.8, 148.1, 151.4, 173.7, 175.0; HRMS (EI-MS) calcd.
for CosH3307 (M+H): 457.2226; found 457.2226

4-methoxyphenyl (E)-2,2,3-trimethyl-4-(3,4,5-trimethoxyphenyl)but-3-enoate (3g)

/©/O = OMe
MeO © OMe
OMe
39

Following the general procedure above, using 1f (136.6 mg, 0.50 mmol), styrene 2e (0.20 mL, 1.00
mmol, 2.0 equiv, £ : Z = 38 : 62), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3g (150.7 mg,
52%); IR (neat) v 2935, 1745, 1503, 1190, 1119, 1092 cm™'; 'H NMR (CDCl3) 8: 1.55 (s, 6H), 1.97
(s, 3H), 3.79 (s, 3H), 3.86 (s,3H), 3.87 (s, 6H), 6.48 (s, 1H), 6.49 (s, 2H), 6.88 (d, J = 9.1 Hz, 2H),
6.96 (d, J=9.1 Hz, 2H), *C NMR (CDCl;) &: 15.9, 24.7, 49.3, 55.6, 56.1, 60.9, 106,3, 114.4, 122.1,
124.8,133.7, 136.7, 140.1, 144.5, 152.9, 157.2, 175.7; HRMS (EI-MS) calcd. for C23H2006 (M+H"):
401.1964; found 401.1965

Phenyl (E£)-4-(1-(3-cyanopropyl)-1H-indol-3-yl)-2,2 3-trimethylbut-3-enoate (3h)
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Ph~o

C—

4
N

NC NV
3h
Following the general procedure above, using 1c (121.6 mg, 0.50 mmol), styrene 2f (224.3 mg, 1.00
mmol, 2.0 equiv, £ : Z = 13 : 87), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3h (159.9 mg,
83%); IR (neat) v 2973, 2935, 1742, 1466, 1192, 1092 cm™!; 'H NMR (CDCl;3) 6: 1.62 (s, 6H), 2.06
(s, 3H), 2.21-2.29 (m, 4H), 4.35 (t, J = 6.3 Hz, 2H), 6.73 (s, 1H), 7.06 (d, J = 8.5 Hz, 2H), 7.17-7.23
(m, 3H), 7.28 (d, J = 6.5 Hz, 2H), 7.28-7.29 (m, 1H), 7.34-7.37 (m, 3H), 7.71 (d, J = 8.0 Hz, 1H).
3C NMR (CDCly) 8: 14.5, 17.3, 24.8, 25.9, 44.3, 49.6, 109.0, 113.3, 114.7, 118.8, 119.3, 119.8,
121.4, 122.5, 125.7, 126.0, 128.4, 129.3, 135.4, 137.1, 151.1, 178.6; HRMS (EI-MS) calcd. for

CasH27N20, (M+H™): 387.2073; found 387.2073

Phenyl (E)-4-(6-(dimethylamino)-4'-methoxy-[1,1'-biphenyl]-3-y1)-2,2,3-trimethylbut-3-enoate (3i)

OMe
PhO,C z O !
3i

NMe,

Following the general procedure above, using 1c (121.6 mg, 0.50 mmol), styrene 2g (267.4 mg, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3i (164.4 mg,
76%); IR (neat) v 2935, 2830, 1746, 1491, 1240, 1092 cm™!; 'H NMR (CDCl;3) &: 1.54 (s, 6H), 2.00
(s, 3H), 2.55 (s, 6H), 3.84 (s, 3H), 6.49 (s, 1H), 6.93 (d, J = 8.7 Hz, 2H), 6.98 (d, J = 8.5 Hz, IH) ,
7.03 (d, J=9.5 Hz, 2H), 7.15 (d, J = 18.8, 1H), 7.18-7.22 (m, 2H), 7.35 (t, J = 8.6 Hz, 2H), 7.52 (d,
J = 8.7 Hz, 2H). *C NMR (CDCls) 6: 16.0, 24.7, 43.3, 49.4, 55.2, 113.7, 117.2, 121.5, 124.4, 125.7,
128.3, 129.4, 129.7, 131.1, 132.6, 133.3, 134.2, 138.5, 149.7, 151.1, 158.4, 175.6; HRMS (EI-MS)
caled. for CogH3:NOs (M+H"): 430.2382; found 430.2385

Ethyl (E)-4-(9-ethyl-9H-carbazol-3-yl)-2,2,3-trimethylbut-3-enoate (3j)

Et0,C

—_—

s

3 Ef
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Following the general procedure above, using 1a (97.2 mg, 0.50 mmol), styrene 2h (235.3 mg, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (6.5 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3j (130.4 mg,
75 %); IR (neat) v 2973, 1720, 1469, 1229, 1139, 1102 cm™'; '"H NMR (CDCl;) : 1.27 (t, J = 7.2 Hz,
3H), 1.44 (t, J=7.4 Hz, 3H), 1.47 (s, 6H), 1.91 (s, 3H), 4.19 (g, /= 7.1 Hz, 2H), 4.37 (q, J=7.3 Hz,
2H), 6.63 (s, 1H), 7.22 (t, J = 7.3 Hz, 2H) 7.37-7.48 (m, 4H), 7.99 (s, 1H), 8.09 (d, J = 7.2 Hz, 1H)
BC NMR (CDCls) 8: 13.9, 14.3, 15.8, 24.9, 37.6, 49.1, 60.7, 108.0, 108.6, 118.8, 120.4, 120.9, 122.8,
123.0, 124.8, 125.7, 127.3, 129.1, 138.6, 139.1, 14.3, 177.1; HRMS (EI-MS) calcd. for C23H2sNO;
(M+H"): 350.2120; found 350.2119

4-acetylphenyl (£)-4-(4-(ethyl(methyl)amino)phenyl)-2,2, 3-trimethylbut-3-enoate (3k)

Ac o NEt,

3k

Following the general procedure above, using 1b (142.5 mg, 0.50 mmol), styrene 2i (189.3 mg, 1.00
mmol, 2.0 equiv, £ : Z = 22 : 78), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3k (137.1 mg,
75 %); IR (neat) v 2969, 1750, 1682, 1598, 1516, 1089 cm™'; '"H NMR (CDCls) 8: 1.17 (t,J = 7.0 Hz,
6H), 1.55 (s, 6H), 1.99 (s, 3H), 2.59 (s, 3H), 3.36 (q, J = 7.0 Hz, 4H), 6.43 (s, 1H), 6.66 (d, J = 8.6
Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.98 (d, J = 7.8 Hz, 2H). '3*C NMR
(CDCl3) 8: 12.6, 16.0, 24.7, 26.7, 44.4, 49.6, 111.3, 121.7, 124.9, 129.9, 130.3, 134.6, 135.7, 146.3,
155.0, 175.4, 197.0; HRMS (EI-MS) calcd. for C,5sH3,NO3; (M+H"): 394.2382; found 394.2383

4-formylphenyl (£)-4-(4-(diethylamino)phenyl)-2,2,3-trimethylbut-3-enoate (31)

OHC@O%é\@\
° NEt,

3l

Following the general procedure above, using 1g (134.3 mg, 0.50 mmol), styrene 2i (189.1 mg, 1.00
mmol, 2.0 equiv, £ : Z = 22 : 78), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 31 (130.9 mg,
72%); IR (neat) v 2972, 2918, 1744, 1516, 1131, 1088 cm™'; '"H NMR (CDCl3) 8: 1.17 (t, J = 4.7Hz,
6H), 1.56 (s, 6H), 2.01 (s, 3H), 3.37 (q, J = 7.0 Hz, 4H), 6.45(s, 1H), 6.67 (d, J = 8.8 Hz, 2H), 7.20
(d, J= 8.6 Hz 2H), 7.33-7.30 (m, 1H), 7.53-7.58 (m, 2H), 7.73-7.75 (m, 1H), 10.0 (s, 1H). *C NMR
(CDCl3) 6: 12.7,16.1,24.8,44.4,49.6, 111.4, 122.3, 1249, 127.2, 127.8, 130.1, 130.3, 135.7, 137.7,
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146.3, 151.8, 175.7, 191.4; HRMS (EI-MS) caled. for CuH3oNOs; (M+H"): 380.2226; found
380.2226

Methyl (E)-4-((4-(4-(diphenylamino)phenyl)-2,2,3-trimethylbut-3-enoyl)oxy)benzoate (3m)

/@/OM
(0] .Ph
Me0,C N

]

Following the general procedure above, using 1h (150.4 mg, 0.50 mmol), styrene 2j (285.5 mg, 1.00
mmol, 2.0 equiv E : Z = 39 : 61), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), PrNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3m (179.5 mg,
71%); IR (neat) v 2983, 1753, 1716, 1273, 1084 cm™!; '"H NMR (CDCls) &: 1.56 (s, 6H), 2.00 (s, 3H),
3.91 (s, 3H), 6.49 (s, 1H), 7.26-7.00 (m, 18H), 8.06 (d, J = 8.6 Hz, 2H). '*C NMR (CDCI;) é: 16.1,
247, 49.6, 52.2, 121.5, 122.8, 123.4, 124.3, 124.5, 127.6, 129.2, 130.0, 131.1, 132.0, 138.7, 146.2,
147.6, 154.8, 166.3, 175.0; HRMS (EI-MS) calcd. for C33H3NOs4 (M+H'): 506.2331; found
506.2331

4-(tert-butyl)phenyl (£)-2,2,3-trimethyl-4-(4-(pyrrolidin-1-yl)phenyl)but-3-enoate (3n)

Om
tBu

N

. O
Following the general procedure above, using 1d (155.6 mg, 0.50 mmol), styrene 2k (188.0 mg, 1.00
mmol, 2.0 equiv, £ : Z = 44 : 56), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3n (148.3 mg,
71 %); IR (neat) v 2962, 2867, 1746, 1517, 1086 cm™!; 'H NMR (CDCls) &: 1.30 (s, 9H), 1.54 (s,
6H), 1.97 (d, J = 1.29 Hz, 3H), 1.99-2.02 (m, 4H), 3.29-3.31 (m, 4H), 6.44 (s, 1H), 6.55 (d, /= 8.5
Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.36 (d, J = 8.7 Hz, 2H). '3*C NMR
(CDCl3) 6: 15.9, 24.8, 25.5, 31.5, 34.5, 47.6, 49.4, 111.3, 120.8, 124.7, 125.2, 126.3, 130.2, 136.4,
146.4, 148.4, 148.8, 176.0; HRMS (EI-MS) calcd. for Cy7H3sNO, (M+H"): 406.2746; found
406.2749

Ethyl (E)-1-(1-(3,4-dimethoxyphenyl)prop-1-en-2-yl)cyclobutane-1-carboxylate (30)
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Et0,C7 W& °

OMe
30

Following the general procedure above, using 1i (103.5 mg, 0.50 mmol), styrene 21 (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z = 16 : 84), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 30 (102.8 mg,
68 %); IR (neat) v 2942, 1717, 1510, 1237, 1195, 1118, 1024cm™!; '"H NMR (CDCls) &: 1.25 (t, J =
7.1 Hz, 3H), 1.81 (s, 3H), 1.80-1.81 (m, 1H), 1.92-2.01 (m, 1H), 2.31-2.37 (m, 2H), 2.54-2.59 (m,
2H), 3.88 (s, 6H), 4.17 (q, J = 7.2 Hz, 2H), 6.34(s, 1H), 6.80 (s, 1H), 6.85 (s, 2H), 3C NMR (CDCls)
5: 14.2, 14.5, 15.9, 30.6, 55.6, 55.90, 55.96, 60.8, 110.8, 112.3, 121.3, 125.0, 130.9, 137.8, 147.5,
148.4,175.9; HRMS (EI-MS) calcd. for CisH2504 (M+H): 305.1753; found 305.1753

Ethyl (F)-1-(1-(4-methoxyphenyl)prop-1-en-2-yl)cyclobutane-1-carboxylate (3p)

Et0,C7 NZ

OMe
3p

Following the general procedure above, using 1i (103.5 mg, 0.50 mmol), styrene 2b (0.15 mL, 1.00
mmol, 2.0 equiv, £ : Z = 100 : 0), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3p (97.2 mg,
71%); IR (neat) v 2979, 2945, 1718, 1508, 1245 cm™!; 'H NMR (CDCls) &: 1.25 (t, J = 6.9 Hz, 3H),
1.79 (s, 3H), 1.79-1.80 (m, 1H), 1.91- 2.01 (m, 1H), 2.30-2.36 (m, 2H), 2.53-2.58 (m, 2H), 3.81 (s,
3H), 4.17 (q, J = 7.2 Hz, 2H), 6.34(s, 1H), 6.88 (d, J = 7.6 Hz, 2H), 7.22 (d, J = 7.6 Hz, 2H). 13C
NMR (CDCh) 6: 14.3, 14.5, 16.0, 30.7, 55.3, 55.6, 60.8, 113.6, 124.8, 130.1, 130.6, 137.5, 158.1,
176.0; HRMS (EI-MS) calcd. for C17H2303 (M+H"): 275.1647; found 275.1647

Ethyl (E)-1-(1-(4-morpholinophenyl)prop-1-en-2-yl)cyclobutane-1-carboxylate (3q)

Et0,C7

N
o]
3q
Following the general procedure above, using 1i(103.6 mg, 0.50 mmol), styrene 2m (0.19 mL, 1.00
mmol, 2.0 equiv, £ : Z =21 : 79), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3q (138.7 mg,

84%); IR (neat) v 2971, 1749, 1718, 1516, 1274, 1085 cm™'; 'TH NMR (CDCl;) &: 1.24 (t, J = 7.1 Hz,
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3H), 1.80 (s, 3H), 1.80-1.81 (m, 1H), 1.91-2.00 (m, 1H), 2.30-2.36 (m, 2H), 2.53-2.58 (m, 2H), 3.16
(t,J = 4.8 Hz, 4H), 3.87 (t,J = 4.8 Hz, 4H), 4.17 (q, J = 7.1 Hz, 2H), 6.32 (s, 1H), 6.88 (d, /= 8.9
Hz, 2H), 7.22(d, J = 8.8 Hz, 2H). *C NMR (CDCl) &: 14.3, 14.6, 16.0, 30.7, 49.3, 55.7, 60.8, 67.0,
115.2, 124.9, 129.8, 129.9, 137.2, 149.6, 176.0; HRMS (EI-MS) calcd. for CyH2303 (M+H"):
330.2069; found 330.2069

Methyl (E)-1-(1-(4-(dimethylamino)phenyl)prop-1-en-2-yl)cyclohexane-1-carboxylate (3r)

Me0,C~ YA

NMez
3r

Following the general procedure above, using 1j (110.5 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3r (92.5 mg,
61%); IR (neat) v 2926, 2854, 1713, 1189, 1127 cm™!; '"H NMR (CDCls) §:1.20-1.29 (m, 1H), 1.37-
1.44 (m, 2H), 1.55-1.60 (m, 3H), 1.65-1.68 (m, 2H), 1.82 (s, 3H), 2.25-2.28 (m, 2H), 2.94 (s, 6H),
3.67 (s, 3H), 6.36 (s, 1H), 6.70 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H). '*C NMR (CDCl;) §:
15.0, 23.6, 25.9, 33.2, 40.6, 51.8, 53.4, 112.1, 125.4, 126.7, 130.0, 137.1, 149.0, 175.9; HRMS (EI-
MS) calcd. for CioH2sNO> (M+H™): 302.2120; found 302.2122

Namephenyl (£)-4-(benzo[d][1,3]dioxol-5-yl)-2,2-diethyl-3-methylbut-3-enoate (3s)
Et_Et
PhO,C” YA O>

(0]
3s

Following the general procedure above, using 1k (135.4 mg, 0.50 mmol), styrene 2¢ ( 162.5 mg,
1.00 mmol, 2.0 equiv, E : Z = 34 :66), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL,
1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3s (58.2 mg,
33%); IR (neat) v 2967, 2877, 1743, 1487, 1187 cm™'; '"H NMR (CDCls) &: 0.90 (t, J = 7.5 Hz, 6H),
1.88 (s, 3H), 2.07-1.90 (m, 4H), 5.96 (s, 2H), 6.42 (s, 1H), 6.74 (d, J = 8.1 Hz, 1H), 6.79-6.81 (m,
2H), 7.03 (d, J = 7.4Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H), '3*C NMR (CDCl5) &:
8.5, 16.3, 24.0, 57.1, 101.0, 108.1, 109.5, 121.6, 122.7, 125.8, 126.6, 129.5, 132.3, 136.9, 146.0,
147.4,151.1, 174.7, HRMS (EI-MS) caled. for C2oHy504 (M+H"): 353.1753; found 353.1754

Phenyl (E)-2-(1-(4-(dimethylamino)phenyl)prop-1-en-2-yl)-2-propylpentanoate (3t)
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NMe,

3t

Following the general procedure above, using 11 (149.4 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3t (58.5 mg,
31%); IR (neat) v 2956, 2871, 1713, 1741, 1518, 1185 cm™'; '"H NMR (CDCl3) 8:0.99 (t, J = 7.3 Hz,
6H), 1.22-1.36 (m, 4H), 1.85-1.99 (m, 4H), 1.92 (s, 3H), 2.96 (s, 6H), 6.41 (s, 1H), 6.72 (d, J = 8.9
Hz, 2H), 7.00-7.02 (m, 2H), 7.20-7.22 (m, 2H), 7.36 (t, J = 8.0 Hz, 2H). '*C NMR (CDCl;) §: 14.9,
16.3, 17.6, 34.5, 40.7, 56.6, 112.2, 121.7, 125.7, 126.3, 126.6, 129.4, 130.1, 135.1, 149.1, 151.2,
175.1; HRMS (EI-MS) calcd. for CosH34NO, (M+H"): 380.2590; found 380.2591

Methyl (E)-4-((3-(4-(dibenzylamino)benzylidene)-2,2-dimethylpentanoyl)oxy)benzoate (3u)

0%4\©\

/E j (e}

MBOQC NBI'IQ
3u

Following the general procedure above, using 1h (150.7 mg, 0.50 mmol), styrene 2n (327.5 mg, 1.00
mmol, 2.0 equiv, £ : Z = 15 : 85), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3u (182.4 mg,
64%); IR (neat) v 2971, 1718, 1274, 1085 cm™!; 'TH NMR (CDCl3) &: 1.14 (t, J = 7.5 Hz, 3H), 1.55 (s,
6H), 2.44 (q, J = 7.5 Hz, 2H), 3.91 (s, 3H), 4.67 (s, 4H), 6.40 (s, 1H), 6.72 (d, J = 8.9 Hz, 2H), 7.11
(d, J = 8.6 Hz, 2H), 7.18 (d, J = 8.6 Hz, 2H), 7.27-7.24 (m, 4H), 7.35-7.32 (m, 4H), 8.05 (d, /= 8.5
Hz, 2H). *C NMR (CDCls) é: 14.5, 22.6, 25.4, 49.5, 52.2, 54.2, 112.3, 121.5, 125.6, 126.2, 126.7,
127.0, 127.5, 128.7, 129.9, 131.2, 138.5, 142.3, 147.8, 155.0, 166.4, 175.5; HRMS (EI-MS) calcd.
for C3sH3sNO4 (M+H"): 548.2801; found 548.2801

Ethyl (E)-3-(4-(dimethylamino)benzylidene)-2,2-dimethylhexanoate (3v)

NMe,

3v
Following the general procedure above, using 1a (97.2 mg, 0.50 mmol), styrene 20 (0.20 mL, 1.00
mmol, 2.0 equiv, £ : Z=9 : 91), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3v (86.4 mg,
57%); IR (neat) v 2958, 1723, 1517, 1139, 1027 cm™'; '"H NMR (CDCl3) §: 0.87 (t, J = 7.5 Hz, 3H),
1.23 (t,J =7.1 Hz, 3H), 1.38-1.44 (m, 2H), 1.39 (s, 6H), 2.20-2.23 (m 2H), 2.95 (s, 6H), 4.12 (q, J =
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7.1 Hz, 2H), 6.31 (s, 1H), 6.70 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H). *C NMR (CDCl;) &:
14.2,14.7,22.6,25.4,32.1,40.7, 49.1, 60.6, 112.4, 124.8, 126.7, 129.6, 142.4, 149.0, 177.4; HRMS
(EI-MS) calcd. for C19H30NO, (M+H"): 304.2277; found 304.2278

Ethyl (E)-3-(4-(dimethylamino)benzylidene)-2,2-dimethyloctanoate (3w)

EtO,C =
NM62

3w

Following the general procedure above, using 1a (97.4 mg, 0.50 mmol), styrene 2p (0.23 mL, 1.00
mmol, 2.0 equiv, £ : Z = 17 : 83), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), 'ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3w (95.6 mg,
57%); IR (neat) v 2930, 1723, 1517, 1139, 1026 cm™'; '"H NMR (CDCls) 8: 0.85 (t, J = 6.9 Hz, 3H),
1.23 (t,J =7.1 Hz, 3H), 1.22-1.27 (m, 4H), 1.37-1.42 (m, 2H), 1.39 (s, 3H), 2.21-2.25 (m, 2H), 2.95
(s, 6H), 2.13 (q, J = 7.1 Hz, 1H), 6.30 (s, 1H), 6.70 (d, J = 8.8 Hz, 2H), 7.16 (d, ] = 8.7 Hz, 2H). 1*C
NMR (CDCl3) &: 14.20, 14.25, 22.4, 25.5, 28.9, 29.9, 32.5, 40.7, 49.1, 60.5, 112.4, 124.7, 126,7,
129.6, 142.5, 149.0, 177.4; HRMS (EI-MS) calcd. for CyH3sNO, (M+H"): 332.2590; found
332.2589

Ethyl (E)-1-(2-(4-(diethylamino)phenyl)-1-phenylvinyl)cyclobutane-1-carboxylate (3x)

Et0,C7 NZ
Ph

3x

NEt,

Following the general procedure above, using 1i (103.4 mg, 0.50 mmol), styrene 2q (0.24 mL, 1.00
mmol, 2.0 equiv, £ : Z = 44 : 56), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3x (105.6 mg,
56%); IR (neat) v 2965, 1720, 1515, 1190 1010 cm™'; 'H NMR (CDCI3) 8: 1.08 (t, J = 7.2 Hz, 6H),
1.21 (t, J = 7.2 Hz, 6H), 1.75-1.96 (m, 2H), 2.33-2.39 (m, 2H), 2.46-2.52 (m, 2H), 3.27 (q, J = 7.4
Hz, 4H), 4.14 (q, J = 7.6 Hz, 2H), 6.39 (d, J = 9.1 Hz, 2H), 6.44 (s, 1H), 6.74 (d, J = 8.9 Hz, 2H),
7.12-7.14 (m, 2H), 7.24-7.32 (m, 3H). 3C NMR (CDCl) &: 12.7, 14.2, 16.1, 31.7, 44.2, 55.3, 60.8,
110.5, 124.0, 126.9, 127.5, 128.5, 129.4, 130.5, 138.6, 139.8, 146.5, 176.2; HRMS (EI-MS) calcd.
for CosH3,NO, (M+H™): 378.2433; found 378.2433

4-acetylphenyl (£)-4-(3-bromo-4-(dimethylamino)phenyl)-2,2,3-trimethylbut-3-enoate (3y)
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Following the general procedure above, using 1b (142.3 mg, 0.50 mmol), styrene 2r (240.2 mg, 1.00
mmol, 2.0 equiv, £ : Z = 24 : 76), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3y (140.8 mg,
63%); IR (neat) v 2940, 2780, 1750, 1682, 1088 cm™'; "H NMR (CDCl;) 8:1.56 (s, 6H), 1.96 (s, 3H),
2.60 (s, 3H), 2.81 (s, 6H), 6.43 (s, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.13-7.20 (m, 3H), 7.50 (s, 1H),
7.97-8.00 (m, 2H)."*C NMR (CDCl;) &: 15.9, 24.6, 26.6, 44.2, 49.5, 118.6, 119.9, 121.6, 123 .4,
128.8, 129.9, 133.7, 134.4, 134.7, 139.9, 150.2, 154.8, 174.8, 196.9; HRMS (EI-MS) calcd. for
C23Hy7NO3;Br (M+H): 444.1174; found 444.1177

4-bromophenyl (£)-4-(4-(3-cyanopropoxy)phenyl)-2,2,3-trimethylbut-3-enoate (3z)

Br © (0]
3z NC/\)

Following the general procedure above, using 1m (161.3 mg, 0.50 mmol), styrene 2s (0.14 mL, 1.00
mmol, 2.0 equiv, £ : Z = 26 : 74), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3z (112.5 mg,
56%); IR (neat) v 2974, 2235, 1748, 1482, 1195, 1091, 1064 cm™'; 'H NMR (CDCl;) 8:1.54 (s, 6H),
1.93 (s, 3H), 2.15 (quint, J = 8.5 Hz, 2H), 2.61 (t, J = 7.1 Hz, 2H), 4.09 (t, J = 5.7 Hz, 2H), 6.47 (s,
1H), 6.87 (d, J= 8.6 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 7.21 (d, J= 8.9 Hz, 2H), 7.48 (d, /= 8.7 Hz,
2H) . *C NMR (CDCls) 6: 14.2,15.7,24.7,25.5,49.4,65.3, 114.2, 118.8, 119.3, 123.3, 124.3, 130.4,
131.0, 1324, 138.7, 150.1, 156.9, 175.2; HRMS (EI-MS) calcd. for Cy3HpsNO3;Br (M+H"):
442.1018; found 442.1018

3-Bromo-2,2-bis(bromomethyl)propyl (E)-4-(4-(dimethylamino)phenyl)-2,2,3 -trimethyl-but-3-
enoate (3aa)
Br Br

(o
Br O
NMe,

3aa

Following the general procedure above, using 1n (229.9 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z= 30 : 70), FeBr; (10.3 mg, 0.05 mmol, 0.10 equiv), Pr,NEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3aa (216.0 mg,
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80%); IR (neat) v 2971, 1733, 1607, 1517, 1135, 1100 cm'; "H NMR (CDCls) &:1.42 (s, 6H), 1.85 (s,
3H), 2.96 (s, 6H), 3.47 (s, 6H), 4.14 (s, 2H), 6.36 (s, 1H), 6.71-6.72 (m, 2H), 7.15 (d, J = 8.9 Hz, 2H).
13C NMR (CDCls) 8: 15.9, 24.6, 33.9, 40.6, 43.1, 49.3, 63.7, 112.2, 124.5, 126.1, 130.0, 137.2, 149.1,
176.0; HRMS (EI-MS) calcd. for C2oHyoNO,Brs (M+H"): 551.9748; found 551.9749

Phenyl (E)-1-(1-(4-bromophenyl)prop-1-en-2-yl)cyclobutane-1-carboxylate

PhO,C” P

Br
3bb

Following the general procedure above, using 10 (127.2 mg, 0.50 mmol), styrene 2t (197.9 mg, 1.00
mmol, 2.0 equiv, £ : Z =94 : 6), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3bb (61.8 mg,
33%); IR (neat) v 2982, 2945, 1740, 1485, 1180, 108 cm™'; 'H NMR (CDCl;) 8:1.86-1.94 (m, 1H),
1.89 (s, 3H), 2.43-2.49 (m, 2H), 2.71-2.76 (m, 2H), 6.46 (s, 1H), 7.06-7.14 (m, 2H), 7.16 (d, J = 8.5
Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H), 7.36-7.41 (m, 2H), 7.47 (d, ] = 8.2 Hz, 2H). *C NMR (CDCls) &:
13.7,15.1,20.6,29.7, 31.3, 52.6, 54.8, 119.4, 120.4, 124.2, 124.8, 125.6, 128.5, 129.7, 129.9, 130.3,
135.7, 138.4, 150.2, 173.3; HRMS (EI-MS) calcd. for CyH200,Br (M+H): 371.0647; found
371.0647

Ethyl (E)-4-benzamido-2,2,3-trimethylbut-3-enoate (3cc)

Etogc%é\NHCOPh

3cc

Following the general procedure above, using 1a (0.22 mL, 1.50 mmol, 3.0 equiv), enamide 2u (80.6
mg, 0.50 mmol, 1.0 equiv, E : Z= 82 : 18), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL,
1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3ce (55.4 mg,
40%); IR (neat) v 3240, 2977, 2930, 1725, 1613, 1517, 1250, 1127 cm™'; "H NMR (CDCls) 8:1.23 (t,
J=6.8 Hz, 3H), 1.38 (s, 6H), 1.70 (s, 3H), 4.12 (q, /= 7.1 Hz, 2H), 7.00 (d, J = 10.6 Hz, 2H), 7.45-
7.55 (m, 4H), 7.80 (d, J = 7.09 Hz, 2H). '3C NMR (CDCls) &: 13.1, 14.3, 24.5, 47.3, 60.9, 118.0,
121.9, 127.0, 128.9, 132.0, 134.2, 164.4, 176.5; HRMS (EI-MS) calcd. for CisH22NO3 (M+H"):
276.1600; found 276.1600

phenyl (£)-1-(1-benzamidoprop-1-en-2-yl)cyclobutane-1-carboxylate (3dd)
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PhOzC%é\ NHCOPh

3dd

Following the general procedure above, using 1o (255.1 mg, 1.00 mmol, 2.0 equiv), enamide 2u
(80.6 mg, 0.50 mmol, 1.0 equiv, E : Z = 82 : 18), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt
(0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product
3dd (95.2 mg, 57%); IR (neat) v 3252, 2941, 1739, 1635, 1482, 1182 cm'; 'H NMR (CDCls)
5:1.89-1.97 (m, 1H), 2.04-2.13 (m, 1H), 2.37-2.43 (m, 2H), 2.67-2.72 (m, 2H), 7.05 (d, /= 7.7 Hz,
2H), 7.13 (d,J=10.6 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.37 (t, J = 8.1 Hz, 2H), 7.47 (t, J= 7.8 Hz, 2H),
7.54 (d, J = 7.2 Hz, 1H), 7.60 (d, J = 10.9 Hz, 1H), 7.82 (d, J = 8.6 Hz, 2 H). '*C NMR (CDCl;) &:
12.1, 16.2, 30.2, 53.3, 119.0, 119.6, 121.4, 125.8, 127.1, 128.9, 129.4, 132.1, 134.0, 151.1, 164.5,
174.3; HRMS (EI-MS) calcd. for C21H2,NO3 (M+H"): 336.1600; found 336.1601

Phenyl (E)-1-(1-ethoxyprop-1-en-2-yl)cyclobutane-1-carboxylate (3ee)

Phozc%%oa

3ee

Following the general procedure above, using 10 (127.9 mg, 0.50 mmol), vinyl ether 2v (0.17 mL,
1.00 mmol, 3.0 equiv, E : Z= 18 : 82), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL,
1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3ee (E : Z =
83 : 17) (54.8 mg, 42%); IR (neat) v 2978, 2944, 2873, 1742, 1491, 1096 cm™'; '"H NMR (CDCl;)
6:1.28 (t, J = 7.02 Hz, 3H), 1.66 (s, 3H), 1.85-1.93 (m, 1H), 1.97-2.08 (m, 1H), 2.25-2.30 (m, 2H),
2.59-2.66 (m, 2H), 3.84 (q, J = 7.1 Hz, 2H), 6.13 (s, 1H), 7.05 (d, J = 7.6 Hz, 2H), 7.21 (t,J=7.4 Hz,
1H), 7.37 (t, J = 10.5 Hz, 2H). '3C NMR (CDCl) &: 10.2, 15.4, 16.6, 17.4, 25.4, 30.2, 38.2, 51.7,
67.8,114.1, 121.5, 125.6, 129.4, 143.2, 151.3, 175.0; HRMS (EI-MS) calcd. for Ci¢H2103 (M+H"):
261.1491; found 261.1493

Phenyl (E£)-4-(4-(dimethylamino)phenyl)-2,3-dimethylbut-3-enoate (3ff)

PhO,C7 Y
NMe,
3ff
Following the general procedure above, using 1p (114.8 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z = 20 : 80), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 3ff (£ : Z=91:9)
(123.9 mg, 80%); IR (neat) v 2985, 2973, 1704, 1606, 1517, 1322, 1135, 1073, 801 cm™!; '"H NMR
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(CDCls) 8:1.47 (d, J = 6.8 Hz, 3H), 2.01 (s, 3H), 2.97 (s, 6H), 3.52 (q, J = 7.1 Hz, 1H), 6.45 (s, 1H),
6.72 (d, J = 7.88, 2H), 7.07 (d, J = 8.5 Hz, 2H), 7.20-7.23 (m, 3H), 7.37 (t, J = 8.0 Hz, 2H). 3C
NMR (CDCls) 8: 40.6, 49.3, 112.2, 121.6, 125.7, 127.8, 129.4, 129.9, 149.2, 151.0, 173.3; HRMS
(EI-MS) caled. for CaoHasNO (M+H*): 310.1807; found 310.1807
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Control experiments

#1: E-Z isomerization test for 2a

time yield EZ

FeCl, (5 mol%) Oh - 17 : 83

- —>> 2a 1h 95% 20:80

i-ProNEt (1 equiv.) ] 3h 95%2 21:79
E:Z=17:83 1,4-dioxane Ez 6h 95% 22:78
110°C, time 12h  91% 22:78

24h  91% 23:77

Substrate 2a (32.3 mg, 0.2 mmol) and FeCl, (1.3 mg, 0.01 mmol, 0.05 equiv) were sequentially
added under air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas
(purity 99.95%), dried 1,4-dioxane (0.2 mL) and ProNEt (0.03 mL, 0.2 mmol, 1.0 equiv) were added
by syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 1-24 h at
110 °C. After this time, the contents of the flask were filtered through the plug of silica gel, and then
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting
hexane/EtOAc to afford the product 2a.E/Z ratios were determined by NMR spectroscopic analysis
of the isolated products.

#2: E-Z isomerization test for 2a during the reaction

FeCl; (10 mol%)
1a + 2a ——— > Et0,C z
. _i-ProNEt (2 equiv.)
1 equiv. 2 equiv. 3 NMe,

E:7-48:50 1,4-dioxane a

110°C, time
3a: 81%, 2a: E:Z=40:60 ————3m | m
80 2.0 N
X o
~ 60 =
8 ANDAATAA X 109
5 40 )
k) ®: Yield (3a)
2 20 L
> \ 3a: 36%, 2a: £:Z=48:52 A Ratio (2a) 05
I H T
0 1. 2 4 8 24
time (h)

Substrate 1a (58.5 mg, 0.30 mmol), substrate 2a (0.10mL, 0.60 mmol, 2.0 equiv, £ : Z =48 : 52) and
FeCl, (3.8 mg, 0.03 mmol, 0.10 equiv) were sequentially added under air to a drum vial equipped
with a stir bar and a screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (0.6
mL) and Pr,NEt (0.10 mL, 0.60 mmol, 2.0 equiv) were added by syringe and the resulting mixture
was vigorously stirred under nitrogen atmosphere for 0.5-24 h at 110 °C. After this time, the contents
of the flask were filtered through the plug of silica gel. Yields and £/Z ratios were determined by GC

of the crude reaction mixture.
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#3: Reactivities of Z- and E-2b

Z-2a  FeCl, (10 mol%)
1a + O —  3=Fi{0,C z
E-2a j-Pr,NEt (2 equiv.)

1 equiv. 2 equiv. 1,4-dioxane 3a NMe,
110°C, time
3a: 83% from Z, 81% from E~—g,
. [®
.80 ®
> 607 = -
S | 3a: 31% from Z, 29% from E
540 @ Yield 3a from Z-2a
2207 g O: vield 3a from E-2a
> H
I | | | H |
0 051 3 6 12 24
time (h)
from E-2a from Z-2a
GC-yield GC-yield
time time
exp 1 exp 2 exp 3 average exp 1 exp 2 exp 3 average

05h 7% 12% 19% 12% 0.5h 16% 5% 19% 13%

1h 27% 29% 30% 29% 1h 31% 25% 36% 31%

3h 61% 67% 68% 65% 3h 65% 68% 68% 67%

6h 73% 75% 75% 75% 6h 71% 71% 70% 71%

12h 80% - - 80% 12 h 7% 7% 78% 7%

24 h 82% 84% 81% 82% 24 h 91% 7% 81% 82%

from E-2a

Substrate 1a (97.5 mg, 0.50 mmol), substrate 2a (0.17mL, 1.0 mmol, 2.0 equiv, £ : Z = 100 : 0),
decane (213.4 mg, 1.5 mmol) and FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv) were sequentially added
under air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas (purity
99.95%), dried 1,4-dioxane (1.0 mL) and ProNEt (0.10 mL, 0.60 mmol, 2.0 equiv) were added by
syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 0.5-24 h at

110 °C. After each reaction time, the yields were determined by GLC analysis.

from Z-2a

Substrate 1a (97.5 mg, 0.50 mmol), substrate 2a (0.17mL, 1.0 mmol, 2.0 equiv, £ : Z = 0 : 100),
decane (213.4 mg, 1.5 mmol) and FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv) were sequentially added
under air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas (purity
99.95%), dried 1,4-dioxane (1.0 mL) and ProNEt (0.10 mL, 0.60 mmol, 2.0 equiv) were added by
syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 0.5-24 h at

110 °C. After each reaction time, the yields were determined by GLC analysis.
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#4: Isomerization test

NM92
FeCl, (10 mol%)
EETEE— Z-3a
i-ProNEt (2 equiv.)
Z 1,4-dioxane
EtOzC ’ . . .
7.3a 110°C.24 h No isomerization

Substrate Z-31 (68.6 mg, 0.25 mmol), and FeCl, (3.2 mg, 0.025 mmol, 0.10 equiv) were sequentially
added under air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas
(purity 99.95%), dried 1,4-dioxane (0.5 mL) and ProNEt (0.09 mL, 0.50 mmol, 2.0 equiv) were
added by syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 24
h at 110 °C. After this time, the contents of the flask were filtered through the plug of silica gel.

Yields and E/Z ratios were determined by GC of the crude reaction mixture.

#5: Radical inhibitor test

FeCl, (10 mol%)
additive (1.0 equiv.)
1a + 2a =———————3 FtO,C ~
. _ I-ProNEt (2 equiv.)
Tequiv.  2equiv. % o ne 3a NMe,
E:Z=22:78 . 890

110°C, 24 h none : 82%

BHT : 53%

TEMPO : not detected

Substrate 1a (0.50 mmol), substrate 2a (1.00 mmol, 2.0 equiv), radical inhibitor(TEMPO : 78.1 mg,
0.5 mmol, 1.0 equiv, BHT : 110.2 mg, 0.5 mmol, 1.0 equiv) and FeCl, (6.3 mg, 0.05 mmol, 0.10
equiv) were sequentially added under air to a drum vial equipped with a stir bar and a screw cap.
After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL) and Pr,NEt (0.17 mL, 1.00
mmol, 2.0 equiv) were added by syringe and the resulting mixture was vigorously stirred under
nitrogen atmosphere for 24 h at 110 °C. After this time, the contents of the flask were filtered
through the plug of silica gel, and then concentrated by rotary evaporation. The residue was purified

by flash chromatography, eluting hexane/EtOAc to afford the product 3a.

#6: Radical chain mechanism test

(0]
N>

(MeOJj><)'
(X equiv) o RO,C =
1a + 2a
~ I-ProNEt (2 equiv.) NMe,

Yequiv. 2equiv. 44 dioxane R=Me (3a-Me) or Et (3a)
E.Z=22:78 110°C, 24 h 0% (X=0.5, Y=0)
0% (X=0.05, Y=1)

Substrate 2a (0.17 mL, 1.00 mmol) and Dimethyl 2,2'-Azobis(2-methylpropionate) (57.8 mg, 0.25

mmol, 0.5 equiv) were sequentially added under air to a drum vial equipped with a stir bar and a
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screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL) and ‘ProNEt (0.17
mL, 1.00 mmol, 2.0 equiv) were added by syringe and the resulting mixture was vigorously stirred

under nitrogen atmosphere for 24 h at 110 °C. But desired product 3a-Me was not obtained.

Substrate 1a (97.7 mg, 0.50 mmol), substrate 2a (0.17 mL, 1.00 mmol, 2.0 equiv) and Dimethyl 2,2'-
Azobis(2-methylpropionate) (6.2 mg, 0.025 mmol, 0.05 equiv) were sequentially added under air to
a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas (purity 99.95%),
dried 1,4-dioxane (1.0 mL) and ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv) were added by syringe and
the resulting mixture was vigorously stirred under nitrogen atmosphere for 24 h at 110 °C. But

desired product 3a-Me or 3a was not obtained.

#7: Cation trap test

FeCl, (10 mol%) Nu

Nu (1 to 6 equiv

Nu (1 tobequiv) gto,c

i-ProNEt (2 equiv.)
1,4-dioxane 3a-Nu: 0%
110°C, 24 h

Nu: n-BuOH, indole, N,N-dimethylaniline

1a + 2a

1 equiv. 2 equiv.
E:7=22:78

NMe2

Substrate 1 (0.50 mmol), substrate 2 (1.00 mmol, 2.0 equiv), Nu (n-BuOH : 0.27 mL, 3.00 mmol, 6
equiv, Diphenylamine : 253.9 mg, 1.5 mmol, 3.0 equiv, indole : 0.19 mL, 1.5 mmol, 3.0 equiv, N,N-
dimethylaniline : 0.19 mL, 1.5 mmol, 3.0 equiv) and FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv) were
sequentially added under air to a drum vial equipped with a stir bar and a screw cap. After flashing
nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL) and ‘Pr,NEt (0.17 mL, 1.00 mmol, 2.0
equiv) were added by syringe and the resulting mixture was vigorously stirred under nitrogen
atmosphere for 24 h at 110 °C. After this time, the contents of the flask were filtered through the

plug of silica gel. But desired product 3a-Nu was not obtained.

#8: Cyclization test

2a E:7=22:78
2 equiv.
+ FeCl, (10 mol%)
_—
PhHNOCXBr i-PryN E.t (2 equiv.)
1,4-dioxane
6 110°C, 24 h
1 equiv.
Ph
O N
H Ar
Int-Fe-I

Trans-5-(4-(dimethylamino)phenyl)-3,3,4-trimethyl-1-phenylpyrrolidin-2-one (7)
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Following the general procedure above, using 6 (121. mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv), FeCl, (6.3 mg, 0.05 mmol, 0.10 equiv), ‘PrpNEt (0.17 mL, 1.00 mmol, 2.0 equiv),
and dried 1,4-dioxane (1.00 mL) at 110 °C, yielded the product 7 (83.9 mg, 52%); IR (neat) v 2972,
2872,2804, 1691, 1367, 1221 cm™'; '"H NMR (CDCl;3) &: 1.00 (d, J = 6.9 Hz, 3H), 1.09 (s, 3H), 1.29
(s, 3H), 1.82-1.98 (m, 1H), 2.98 (s, 6H), 4.53 (d, /= 9.4 Hz, 1H), 6.58 (d, J=9.0 Hz, 2H), 6.99 (t, J
= 7.3 Hz, 1H), 7.02 (d, J = 8.5 Hz, 2H), 7.19 (t, J = 8.5 Hz, 2H), 7.28-7.30 (m, 2H). *C NMR
(CDCl3) 6: 10.3, 18.9, 23.9, 40.5, 44.0, 49.2, 67.3, 112.4, 123.4, 124.7, 126.7, 128.1, 128.3, 138.2,
150.0, 179.9; HRMS (EI-MS) caled. for C>1H27NO> (M+H"): 323.2123; found 323.2123
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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k2L, MAERICLVELETAFAI O AE v s v DfEEICX YR
F—rur Uikt EaiEt 35, VVFRy P CRFERFHOBLVKE— 0T VS
ZFRIRFICIZEC L, BH72 2 BREERZIA~DO R 2{LEW & G ARERIKICTH 5 7280, H<
D O B ANCHFIE D3 TH T > 5 (Scheme 1),

-7 Initiator

Atom-Transfer Radical Cyclization

Scheme 1

FAaaAl & L CITARA X, @y, ESeEmE, Sem(Enhbi s ST hTn
%[, ATRC (% Kharasch % 4 7' D518 7 & 71 M I(ATRA: Atom-Transfer Radical
Addition) BGHWR L 72 D TH B2, ATRC IHHEAR ICEWTHERARTERTHY, K
WY B S E O G R EIR L LTl T ¥ 28k4 IRk~ v 7 AR kT 5
EBTE BB

JA T8 7 2 ANATIMBISICHEE, HX OBEERIGZAT, BRRA LV 7 4 v 2 EKT 5 X
JO IR T F5E) 7 & 1 AV IEE(ATRCE: Atom-Transfer Radical Cyclization Addition) St & PRI 4
% (Scheme 2).

Atom-Transfer Radical Cyclization Elimination
Scheme 2
ATRCE [J& 1% ATRC OGO EISOG & LCRlik I b 2 & 03% <, ATRC G & e~ 2 &
Bz, BE T 20 FRIMIGE L Tid 7 ¥ A ABID Heck SOGHE 72 13 i 18 7

71 VB G(ATRS: Atom-Transfer Radical Substitution)1& L CHIH LT\ 5,
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Scheme 3
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Scheme 4
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Scheme 5
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LU 2 B0,

2 3
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xR R2 R3 > 4
@ X Pr,NEt (2.0 equiv.) @ Y TCOR
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Scheme 6

% ZTARRICD TN SIS E ] T & 2 28857 %2 1T - 72(Scheme 7).

Oﬁ)T FeCl, (10 mol%)
o iPr,NEt (2.0 equiv. )
1,4-dioxane (0.5 M)

= 110°C, 24 h

67%NMR 5%NMR 0%

Scheme 7
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Br 23t B L ATRC (13553 5 T EBEEA D A3 51 5 28, Koy MNERLRIG T 138 B 5
WKHRAZRAF LY D affic 7Y ANMMMBET 2 2 &C, AL 72 ATRC (23 I 28
TH Y ATRCIRDBHBEERRECH o7z E 2 b b, ZOMED» O RICEKEE#HETT 5 &
TRZICER I LT VE—LEYD 5 ATRC AL ATRCERZIED 73105 L 8T &
5 DTIE R\ & F ZARWFRICHL Y #A 72 (Scheme 8).

ATRC
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93T OGS ik
TR & 3 2 G ZEK T~ RO {217 > 72, % Diffi ATRC & & ATRCE 14
#EV T2 LBAEETH D LB b -7z, 9 ATRC RO &IFEHET % Table 1 1T/
ER
Table 1
Br

catalyst (10 mol%)
Oﬁ)v Ligand (20 mol%) 0 ° 0 °
r
(0] base (1.5 equiv.) +
1,4-dioxane (0.5 M)
—Z t°C, 24 h 5
r

1 2 3
E:Z=27:73

Entry catalyst t°C base Ligand ’2\”2/,!/?) 3(/(|jelrd) gj '2{! /?) {;;?:Ig)
1 FeCl, 110 Pr,NEt - 5 (100:0) 67 (86:14)
2 FeCl, 90 Pr,NEt - 35 (75:25) 15 (83:17)
3 Cu(OTf), 90 Pr,NEt  PMDETA 4 (87:13) 39 (90:10)
4 Cu(OTf), 75 Pr,NEt  PMDETA 2 (69:31) n.d.
5 Cu(Otf), 75 - PMDETA 4 (71:39) n.d.
6 Cu(OTf), 75 Et;N PMDETA 2 (74:26) trace
7 Cu(OTf), 75 NaHCO;  PMDETA 74 (62:38) n.d.
82 Cu(OTf), 75 NaHCO; PMDETA 80, 707 (62:38) n.d.

0.5 equiv. base was used. Pisolated yield

DA R L7=2NEA L 7 4 VIcHN T2 a-7 BT X7V E D TEERRIGSLE T I
TRIGEITo 728 25 5%D ATRC K& 67% D ATRCE K75 NMR INE T4 5 417 (Entry 1).
ZZcony v oRiEEE IS S % 72 0 KOG Z 90°CIC P RIS ZfT - 72 & 2 A, ATRC
R & ATRCE I35 bR T S0%RER L T2 oD, JFEESESFLTWwb I L% NMR ICT
{78 L 72(Entry 2). 90°C O STl e T v a7 LGP L OO ETH
BT X B 7Y ANERBERN TR W EBRHEZEEZ, FERTOASDICaT B
TIRATADPL TV AAEERTZZER LN TS Hfliic it 22 H L, &5
75°CE CRIGHIRE % FiF 72 & 25 ATRCE R IE1S 5 113, ATRC (KD B3 EIRAIC 72% D
NMR IR TS 5N 7z (Entry 3). RICHERD 77 v 7 EEi% &0k 4 Gk oGt 217 - 72
ETAH05YREDKIEKFET MV 7 L%EHOZERIC 80%D NMR YUK I X U 70%D HEEIL
KT ATRC (K255 & 172 72 @ Entry 8 D% ATRC (AD RS & L 7=,
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RIZ ATRCE 1K D S5 #i51 % Table 2 1783

Table 2

Br

O catalyst (10 mol%) 0 20 0.0
0] base (1.5 equiv.) +
©i/\“ solvent (0.5 M)
t°C,24 h
7 Br

1 2 3
E:Z=27:73

NMRyield  NMR yield

Entry catalyst t°C base solvent 2 (%) (d.r.) 3 (%) (E:2)

1 FeCl, 110  Pr,NEt  14-dioxane 5 (100:0) 67 (86:14)
9 FeCl, 110 'Pr,NEt DME 3 (100:0) 83 (80:20)
10 FeCl, 110 Pr,NEt tolueme 2 (100:0) 82 (85:15)
11 FeCl, 135  iPr,NEt DME trace 91, 907 (83:17)
12 FeBr, 135  'Pr,NEt DME n.d. 82 (83:17)
13 FeCl, 135  Pr,NEt DME n.d. 93, 907 (82:18)

gisolated yield

Al DAL EE D KBS T Tlix 67% D ATRCE A3 NMR IR CfF 5 1172 (Entry 1). % 2T
SOCTEIEORET 21T > 72 & &5 DME % & L TRV 72BRIC 83%® NMR IXZ T ATRCE
K255 5 N 7= A3 (Entry 9), ATRCADFELEL T3 2 L MR L 72, »~a s v ik (e <
#3579 135CE CINIREZ ER X2, BEt2iTo72 8 25 90% D HEENA T ATRCE
ERHMF 5 NT=(Entry 11). X HICHMBEORGT %2175 72 & & 2 =Efi oI t#kdimEcH %
&35, Entry 13 DA% ATRCE (A D flideff & L 72,
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HA EIIAMEOMERR
BoNT S % b L ICEE PRI IC O W TH 7z, ATRC RO FEMETOFE R %
Table3 ICF ¢ ® 3., EEYOHEICEL T 257 LA~ —HEA2 L 7.

Table 3
Br
o) R*  Cu(OTf), (10 mol%)
R®  PMDETA (20 mol%)
0o
Rl N NaHCOj; (0.5 equiv.)
! 1,4-dioxane (0.5 M)
PNF R2 75°C, 24 h
1 2
yield of 2
OMe
o__0 o__0
Br Br
2b: 73% (61:39)%" 2c: 58% (57:43)%" 2d: 71% 6436wr 2e: 73%(5842Wf
o__0 o__0 : ;;?
Et Br Ph Br E :
2f: 67% (60:40)°" 29: 53% (61:39)%" 2h: 76% 6040W’ 2i: 73% (57:43)%"

HEREOEFHEEICEHL, Sy, ErSEaE, ET AR AEEZ
HeTlEZ21ro728 25, %Eﬁcbtlﬂliisctv § R 7 BB (2D, 2d, 2e) TR RAF7RIX
KCEEMHBBEONZD 0D, BTHEELEEQ)TRETONEIE T AALNZ, A
G C(sp?)-X A b G AT HE T H D, ANBT VRS T RABRLRICEITY T LA
AJRETH 5(2d,2e). AT L VD B ALDOVAEFEEDIKE < 722 IO THERIPMET 3 2 #5H1
Llotz(2,2g). ThTAF AT VENOTAICED S S 20, 20 D & 5 7 A v n Bk
DA BIFR IEE CfR b Tz,
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2\ C ATRCE RO JE ST DFE R % Table 4 ICF & 0 5. Yo HEHINE L E/7 R
ZELELL 72,

Table 4
Br
o) R4
3 FeCls (10 mol%)
0 ‘ >
N AN 'ProNEt (1.5 equiv.)
RS
P DME (0.5 M)
R 135°C, 24 h
1 3
yield of 2
3b: 70% (85:15)F% 3c: 77% (87:13)FZ 3d: 87% (80:20)EZ 3e: 94% (82:18)FZ
3f: 86% (89:11)E7 3g: 89% (100:0)FZ 3h: 80% (74:26)FZ 3i: 78% (80:20)F7

HEREOEFHEEICEHL, EXAMmchia iy, Er8ELEE, S EREE
a2 7oL 25, HEREOETHELICED b3 REF 2GR CEA i 23 IR 1
fFH072(3b-3e). L7 AF L v D LA D VARREEPLEIE R, RO VAKICED &3 RBEf
IR A B 235 & 1172 (3£-30).

Sl L 728 13 ATRC (KO B MG CHW 23 O(Table 3) L A —TH v, KIS
REWET LI EITLY ATRCHA L ATRCEWAZEYD 5315 2 & 8T % 7=,
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oM 7TV -y av
FNCRRIEDT 7V r—vavifiol., ETARIGEIDTHRICTS 225, KRIG%E
D HRICICEH T 7 &L & 25 %47 5 72(Scheme 9).

Br
OH 0 Cu(OTf), (10 mol%) 0. .0
+ Br PMDETA (20 mol%)
P (0] ) >
'ProNEt (1.5 equiv.)
DME (0.5 M) B
E:Z=38:62 75°C,24h r

50% 85:15%"

_ Br -
in situ esterification o ATRC
S

Scheme 9

AEIETIEAALMTlce Fux s A3 232xFL v a7 BT A TARNIGRPCT
ATFNAHX G, L TG AABELICL VT viE Y FCD ATRCHEDEKICKIIL 72. A
FOG T3 % B A D B 72 RN & HATNICTHEAE B 5 720, AALFINCHE R e K6
THh 5.

RICNARER 2 DT D a T A FVEWA L 7 4 v DA% 5 72 (Scheme 10).

(0] (0] ,
'ProNEt (1.5 equiv.) © o KOH (5.0 equiv.) OH
.
DME (0.5 M) EtOH:H,0 (1:1) CO,H
135°C, 72 h 90°C. 4 h |
Br
single diasteromer 91% 64%
Scheme 10

HHL 2B DY T AT LA~—%HT % ATRC (R EHGFET 2 HREKEESE5 2L T
VRERN AL 7 4 VAR LN, Z D%, NKDRERCAFL YD afiic T LvF L
HABANLZVRERN AL 7 4 vOARKEZER L2, —RNCOTFEITRAFL YD a
PLCT A FNIZEAT 2 2 L3 CTHREECH 525, ARG TIELZEBTIIH2b0D
TS E A L COREIRIIC a T VB E NALEY O AR ER L 7-.
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6 fi BRI SR

ARIJETIE ATRC RH3 AL L 72 1% H-Br i35 Z & T ATRCE (K234 5 3~ % Bkl % #fE
ELTHY, H-Br o3 iffid 2 BRI EDORICHIABEG L T2 DR 257-0I1c7 7 v 7 5E
¥% % 1T 7% > 7=(Table 5).

Table 5
o (0] o O
FeClz (10 mol%)
: r
'ProNEt (1.5 equiv.)
DME (0.5 M)
Br 135°C, 24 h
2a 3a
modified condition NMR yield (3a) NMR yield (2a)
none 100% 0%
w/o FeClj 86% 5%
w/o 'Pr,NEt 59% 0%

PRAMIETAAE T IR TS 2 2SO ICFRI A HER & L7z 72 D BRI AL 4 A gL L
Tour oz et L CTwpafRetES B I N, 427 I VIFFE T CIRERY O
PERAIRIFITART L 721 S BD & TR L e b2 o 7. THITH L H 7~ v 5 v i
PR B, FRASRLZC ERREZEFEZLND., b DR 2 5 ATRCE (ki
ATRC DL DEMC X 2 a7 v Oific K D AR L T2 2 b o,
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7 ET HEE RS

KIS DHEE SICHERE % Scheme 11 1IC73 3

T a7 v XTIV LHIED 5\ IT SR — B ETT AR C 3 L TIRERE =K
TAXILITIHANMERERL, R LT AR SBERERREZRHL T AT v
Dafflicfing s 2 & THi7z 7 ANHRIEBERT 2. 22Tzt
it & 7 O AN EIAS BT 2 2 32 & T ATRC AR AR T 5. Hflid 2 v 72
W 78 BOBSAE T Cld ATRC RSB & I RIGHHEITT 2 & &k A3, SR A Fvs 72
IS T T T T vic X b HBr O ETT L, ATRCERMEON S EEZ b3,

Br— M"

Scheme 11
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%58 /NE

LIk, B423mp7HNic ar vy 2635 TA7vhbRIGCGEHEREHT % 2 LT ATRC
AL ATRCERZAED 43135 LIl L7z, JRFBE) 7 & A ARG 1350 < ol
B2 e 3 %5 —77 T, ATRC{K& ATRCE A% BLE KA, RISSEMFDATIEY 7017 2 K
JSE Z N E T & A EHEDID R, KRG TARIGTIED 20D, TArFr7
CHANEF LT 4 VRINEROBHIREICX VT 2 LT, BESTRKETIRES
LBBRVAFL Y afi~DI I ANMNMABR 2 AL $A2T7 7V 75— a v T
EARKISEIEHT 2 Z LIk ) affICE=ERT A FABEBRI WAL RSS2 LB TE
7o, ARRIJGIE ATRC R & ATRCE AR & % RIGSIFED A4 v 5 v 7 X O REEIHE Y 73 A]
HETH 270, BMEAKDGI COIGHICHffIn 5.
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HoH SEERH

1. General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses precoated
Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column chromatography Silica
Flash® P60 (SiliCycle, 40-63 um) was used. Visualization was accomplished by UV light (254 nm),
'H and '*C NMR spectra were obtained using a JEOL 500 MHz NMR spectrometer. Chemical shifts
for "TH NMR were described in parts per million (chloroform as an internal standard & = 7.26) in
CDCI3, unless otherwise noted. Chemical shifts for '*C NMR were expressed in parts per million in
CDCls as an internal standard (6 = 77.16), unless otherwise noted. E/Z ratios were determined by
NOESY analysis. High resolution mass analyses were obtained using an ACQUITY UPLC/ TOF-
MS for EI. Anhydrous solvents were purchased from Kanto Chemical Co., Ltd. Other chemicals
were purchased from TCI, Sigma and Wako and used after distillation or from the bottles (solid).

Iron chloride was purchased from Sigma Co., Ltd.

2. General procedure

General procedure for the synthesis of 2.

Substrate 1 (0.30 mmol), Cu(OT*), (10.9 mg, 0.03 mmol, 0.10 equiv) and NaHCO3; (12.6 mg, 0.15
mmol, 0.5 equiv) were sequentially added under air to a drum vial equipped with a stir bar and a
screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (0.6 mL) and
N,N,N’,N**,N”’- Pentamethyldiethylenetriamine (10.4 mg, 0.06 mmol, 0.2 equiv) were added by
syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 24 h at 75°C.
After this time, the contents of the flask were filtered through the plug of silica gel, and then
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting

hexane/EtOAc to afford the product 2.

General procedure for the synthesis of 3.

Substrate 1 (0.30 mmol) and FeCls (4.9 mg, 0.03 mmol, 0.10 equiv) were sequentially added under
air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas (purity
99.95%), dried 1,2-dimethoxyethane (0.6 mL) and ‘ProNEt (0.075 mL, 0.45 mmol, 1.5 equiv) were
added by syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 24
h at 135°C. After this time, the contents of the flask were filtered through the plug of silica gel, and
then concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting

hexane/EtOAc to afford the product 3.
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4-(1-bromoethyl)-3,3,6-trimethylchroman-2-one (2a) (major)

o} 0}

2a
Br

Following the general procedure above, using 1a (85.2 mg, 0.30 mmol, £ : Z =25 : 75), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.20 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2a (36.5 mg, 43%); IR (neat) v 2977, 1751, 1494, 1394, 1321,
1211, 1102 cm™; "H NMR (CDCls) 8: 1.20 (s, 3H), 1.40 (d, J = 6.9 Hz, 3H), 1.46 (s, 3H), 3.18 (d, J
=3.3 Hz, 1H), 4.71 (dq, J = 3.2 and 6.9 Hz, 1H), 7.06 (dd, J= 1.0 and 8.0 Hz, 1H), 7.17 (dt, J=1.2
and 7.5 Hz, 1H), 7.36 (dt, J = 1.6 and 7.6 Hz, 1H), 7.51 (dd, J = 1.6 and 7.6 Hz, 1H). *C NMR
(CDCl3) 6: 19.9,21.9,27.2,40.5,49.2, 54.5, 116.3, 120.2, 124.1, 129.6, 132.0, 151.7, 173.6; HRMS
(EI-MS) calcd. for Ci3H;6BrO, (M+H"): 283.0034; found 283.0036

4-(1-bromoethyl)-3,3,6-trimethylchroman-2-one (2a) (minor)

6} O

2a
Br

Following the general procedure above, using 1a (85.2 mg, 0.30 mmol, £ : Z =25 : 75), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2a (22.6 mg, 27%); IR (neat) v 2993, 1742, 1446, 1221, 1178 cm’!;
"H NMR (CDCl3) &: 1.20 (s, 3H), 1.52 (s, 3H), 1.71 (d, J = 6.8 Hz, 3H), 2.72 (d, J = 2.5 Hz, 1H),
4.51 (dq, J= 2.4 and 6.9 Hz, 1H), 7.09 (d, J = 8.5 Hz, 1H), 7.10-7.15 (m, 2H), 7.33-7.37 (m, 1H).
3C NMR (CDCl) &: 21.5, 25.0, 27.0, 40.9, 49.2, 54.8, 117.1, 119.7, 123.7, 129.6, 130.8, 151.9,
173.4;

4-(1-bromoethyl)-3,3,6-trimethylchroman-2-one (2b) (major)
(0] (0]

2b
Br

Following the general procedure above, using 1b (89.0 mg, 0.30 mmol, £ : Z = 30 : 70), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
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mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2b (39.7 mg, 45%); IR (neat) v 2977, 1751, 1494, 1394, 1321,
1211, 1102 cm™'; 'H NMR (CDCls) &: 1.18 (s, 3H), 1.39 (d, J = 6.8 Hz, 3H), 1.44 (s, 3H), 2.37 (s,
3H), 3.12 (d, J = 3.0 Hz, 1H), 4.69 (dq, J =3.1 and 6.9 Hz, 1H), 6.94 (d, ] = 8.3 Hz, 1H), 7.13 (d, ] =
8.5 Hz, 1H), 7.28 (s, 3H). 1*C NMR (CDCls) : 20.0, 21.0, 22.0, 27.2, 40.5, 49.3, 54.6, 116.0, 120.0,
130.1, 132.3, 133.7, 149.6, 173.8; HRMS (EI-MS) calcd. for Ci4HisBrO, (M+H"): 297.0490; found
297.0490

4-(1-bromoethyl)-3,3,6-trimethylchroman-2-one (2b) (minor)
O 0}

2b
Br

Following the general procedure above, using 1b (89.0 mg, 0.30 mmol, £ : Z = 30 : 70), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2b (25.6 mg, 30%); IR (neat) v 2979, 2914, 1740, 1495, 1251,
1212 em; 'TH NMR (CDCls) 6: 1.20 (s, 3H), 1.51 (s, 3H), 1.72 (d, J = 6.9 Hz, 3H), 2.35 (s, 3H),
2.66 (d, J=2.5 Hz, 1H), 4.50 (dq, J = 2.5 and 6.8 Hz, 1H), 6.90 (d, J=2.0 Hz, 1H), 6.98 (d, /=84
Hz, 1H), 7.14 (dd, J = 2.1 and 8.1 Hz, 1H). 3C NMR (CDCl) &: 21.0, 21.5, 25.0, 27.0, 40.9, 49.2,
54.9,116.8, 119.4, 130.1, 131.2, 133.2, 149.8, 173.6;

4-(1-bromoethyl)-8-methoxy-3,3-dimethylchroman-2-one (2¢) (major)

OMe
(0] (0]

2c
Br

Following the general procedure above, using 1¢ (94.3 mg, 0.30 mmol, £ : Z = 34 : 66), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2¢ (28.5 mg, 30%); IR (neat) v 2919, 1760, 1587, 1480, 1269 cm’!;
"H NMR (CDCl3) &: 1.21 (s, 3H), 1.42 (d, J = 6.8 Hz, 3H), 1.46 (s, 3H), 3.19 (d, J = 3.2 Hz, 1H),
3.91 (s,3H),4.71 (dq, J= 3.3 and 7.0 Hz, 1H), 6.96 (dd, J= 1.5 and 7.8 Hz, 1H), 7.08-7.14 (m, 2H).
BC NMR (CDCls) 8: 20.1, 22.0, 27.2, 40.3, 49.1, 54.8, 56.1, 112.0, 121.3, 123.4, 123.9, 140.8, 147.0,
172.8; HRMS (EI-MS) calcd. for C14HisBrO, (M+H"): 297.0490; found 297.0491
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4-(1-bromoethyl)-8-methoxy-3,3-dimethylchroman-2-one (2¢) (minor)

OMe
(0] (0]

2c
Br

Following the general procedure above, using 1¢ (94.3 mg, 0.30 mmol, £ : Z = 34 : 66), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.1
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2¢ (26.0 mg, 28%); IR (neat) v 2975, 2930, 1271, 1587, 1481,
1271 cm!; 'TH NMR (CDCl3) 8: 1.22 (s, 3H), 1.52 (s, 3H), 1.72 (d, J = 6.6 Hz, 3H), 2.74 (d, J = 2.4
Hz, 1H), 3.90 (s, 3H), 4.51 (dq, J = 2.6 and 6.9 Hz, 1H), 6.70 (dd, J = 1.3 and 7.7 Hz, 1H), 6.95 (dd,
J=1.3 and 8.3 Hz, 1H), 7.08 (t, J = 7.9 Hz, 1H). '*C NMR (CDCls) §:21.5, 25.1, 26.9, 40.7, 49.1,
55.0,55.2,112.0, 120.5, 122.4, 123.5, 141.1, 147.5, 172.5;

4-(1-bromoethyl)-6-chloro-3,3-dimethylchroman-2-one (2d) (major)
(0] (0]
Cl

2d
Br

Following the general procedure above, using 1d (95.4 mg, 0.30 mmol, £ : Z =25 : 75), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2d (39.9 mg, 42%); IR (neat) v 2969, 2927, 1763, 1478, 1411 cm’;
"H NMR (CDCl3) &: 1.20 (s, 3H), 1.40 (d, J = 6.9 Hz, 3H), 1.45 (s, 3H), 3.14 (d, J = 3.3 Hz, 1H),
4.67 (dq, J=3.3 and 6.9 Hz, 1H), 7.01 (d, J = 8.6 Hz, 1H), 7.32 (dd, J = 2.5 and 8.7 Hz, 1H), 7.51 (d,
J =2.6 Hz, 1H). *C NMR (CDCl;3) &: 19.9, 21.8, 27.2, 40.3, 48.5, 54.4, 117.6, 122.0, 129.2, 129.6,
131.7,150.3, 172.9; HRMS (EI-MS) calcd. for Ci3H;sBrClO, (M+H"): 316.9944; found 316.9944

4-(1-bromoethyl)-6-chloro-3,3-dimethylchroman-2-one (2d) (minor)

o O

Cl
2d
Br

Following the general procedure above, using 1d (95.4 mg, 0.30 mmol, £ : Z =25 : 75), Cu(OTf),
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(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2d (27.9 mg, 29%); IR (neat) v 2980, 1762, 1481, 1414, 1081 cm’;
"H NMR (CDCls) 8: 1.22 (s, 3H), 1.52 (s, 3H), 1.73 (d, J = 6.9 Hz, 3H), 2.69 (d, J = 2.6 Hz, 1H),
4.49

(dq,J=2.6 and 6.8 Hz, 1H), 7.04 (d, J = 8.7 Hz, 1H), 7.10 (d, J = 2.6 Hz, 1H), 7.33 (dd, J=2.6 and
8.6 Hz, 1H). 1*C NMR (CDCls) &: 23.4, 24.9, 26.9, 40.7, 48.5, 54.8, 118.5, 121.4, 128.8, 129.7,
130.5,

150.5, 172.6;

6-bromo-4-(1-bromoethyl)-3,3-dimethylchroman-2-one (2e) (major)
o} O

Br
2e
Br

Following the general procedure above, using 1e (109.0 mg, 0.30 mmol, £ : Z =21 : 79), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2e (41.7 mg, 38%); IR (neat) v 2968, 2924, 1763, 1474, 1406,
1230 cm’!; 'TH NMR (CDCl3) 8: 1.21 (s, 3H), 1.52 (s, 3H), 1.73 (d, J = 6.9 Hz, 3H), 2.69 (d, J=2.5
Hz, 1H), 4.49 (dq, J = 2.4 and 6.8 Hz, 1H), 6.99 (d, J = 8.8 Hz, 1H), 7.25 (d, /=2.4 Hz, 1H), 7.47
(dd,J=23

and 8.6 Hz, 1H). 3C NMR (CDCl) 8: 19.9, 21.8,27.2,40.2,48.5, 54.3, 116.7, 118.0, 122.4, 132.6,
134.5, 150.8, 172.8; HRMS (EI-MS) calcd. for Ci3H;5Br,O, (M+H"): 360.9439; found 360.9439

6-bromo-4-(1-bromoethyl)-3,3-dimethylchroman-2-one (2¢) (minor)
o} O

Br
2e
Br

Following the general procedure above, using 1e (109.0 mg, 0.30 mmol, £ : Z =21 : 79), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2e (37.9 mg, 35%); IR (neat) v 2982, 1768, 1479, 1410, 1224,
1077 cm!; 'TH NMR (CDCl3) 8: 1.21 (s, 3H), 1.51 (s, 3H), 1.73 (d, J = 6.9 Hz, 3H), 2.69 (d, J = 2.6
Hz, 1H) 4.49 (dq, J = 2.6 and 6.8 Hz, 1H), 6.98 (d, J= 8.5 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 7.47
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(dd, J = 2.3 and 8.6 Hz, 1H). *C NMR (CDCl;) 8: 21.3, 24.9, 26.9, 40.7, 48.5, 54.7, 116.2, 118.9,
121.8,132.6, 133.4, 151.0, 172.6;

4-(1-bromopropyl)-3,3-dimethylchroman-2-one (2f) (major)

O O

2f
Br

Following the general procedure above, using 1f (89.0 mg, 0.30 mmol, £ : Z= 31 : 69), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2f (35.4 mg, 40%); IR (neat) v 2982, 2879, 1748, 1122, 1452, 1225
cm!; 'TH NMR (CDCl3) 8: 0.97 (t, J = 7.2 Hz, 3H), 1.21 (s, 3H), 1.22-1.31 (m, 1H), 1.46 (s, 3H),
1.63 (dsext, J = 2.5 and 6.9 Hz, 1H), 3.26 (d, J= 3.1 Hz, 1H), 4.45 (dt, J = 2.6 and 12.2 Hz, 1H),
7.04 (dd, J= 1.2 and 8.4 Hz, 1H), 7.16 (dt,J= 3.9 and 7.4 Hz, 1H), 7.34 (dt, J= 1.9 and 7.8 Hz, 1H),
7.54 (dd, J= 1.5 and 7.6 Hz, 1H). 3C NMR (CDCl) &: 13.5,22.1,25.6, 27.4, 40.6, 54.7, 59.8, 116.3,
120.9, 124.1, 129.4, 131.9, 151.5, 173.7; HRMS (EI-MS) calcd. for C14HisBrO, (M+H"): 297.0490;
found 297.0490

4-(1-bromopropyl)-3,3-dimethylchroman-2-one (2f) (minor)

O (@)

2f
Br

Following the general procedure above, using 1f (89.0 mg, 0.30 mmol, £ : Z= 31 : 69), Cu(OTf)
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2f (24.3 mg, 27%); IR (neat) v 2984, 2879, 1748, 1586, 1453, 1226
cm!; 'TH NMR (CDCl3) 8: 0.99 (t, J = 7.1 Hz, 3H), 1.11 (s, 3H), 1.41 (s, 3H), 1.69-1.83 (m, 2H),
2.77 (d, J = 2.3 Hz, 1H), 4.10 (dq, J = 2.6 and 9.9 Hz, 1H), 6.98 (d, J = 7.8 Hz, 1H), 7.01-7.04 (m,
2H), 7.22-7.26 (m, 1H). *C NMR (CDCl;) &: 12.9, 21.5, 27.0, 30.9, 40.7, 53.7, 58.2, 117.1, 120.2,
123.8, 129.5, 130.6, 151.9, 173.5;

4-(bromo(phenyl)methyl)-3,3-dimethylchroman-2-one (2g) (major)
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2g
Br Ph

Following the general procedure above, using 1g (172.7 mg, 0.50 mmol, £ : Z =31 : 69), Cu(OTf),
(18.1 mg, 0.05 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (0.02 mL, 0.1
mmol, 0.2 equiv.), NaHCOs (21.0 mg, 0.25 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (1.0
mL) at 75°C, yielded the product 2g (33.8 mg, 20%); IR (neat) v 2981, 1755, 1488, 1456, 1392,
1238, 1173 em’'; 'TH NMR (CDCls) 8: 1.16 (s, 3H), 1.64 (s, 3H), 3.42 (d, J = 3.0 Hz, 1H), 5.57 (d, J
= 3.0 Hz, 3H), 6.78-6.81 (m, 3H), 7.09 (t, J = 8.2 Hz, 2H), 7.21-7.25 (m, 2H), 7.36 (dt, J= 1.7 and
7.4 Hz, 1H), 7.22 (dd, J = 1.6 and 7.5 Hz, 1H). '*C NMR (CDCl;) &: 22.5, 27.2, 40.7, 53.1, 55.3,
116.2, 120.7, 123.9, 127.9, 128.8, 129.6, 129.8, 131.4, 135.8, 152.2, 171.6; HRMS (EI-MS) calcd.
for CisHi3BrO, (M+H"): 345.0490; found 345.0490

4-(bromo(phenyl)methyl)-3,3-dimethylchroman-2-one (2g) (minor)
o} 0}

29
Br” “Ph

Following the general procedure above, using 1g (172.7 mg, 0.50 mmol, £ : Z =31 : 69), Cu(OTf)
(18.1 mg, 0.05 mmol, 0.10 equiv.), N,N,N’,N”,N’-Pentamethyldiethylenetriamine (0.02 mL, 0.1
mmol, 0.2 equiv.), NaHCO3 (21.0 mg, 0.25 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (1.0
mL) at 75°C, yielded the product 2g (57.6 mg, 33%); IR (neat) v 2981, 1742, 1488, 1449, 1226,
1180 cm™'; '"H NMR (CDCls) &: 1.23 (s, 3H), 1.69 (s, 3H), 2.97 (d, J = 3.1 Hz, 1H), 5.46 (d, J = 3.0
Hz, 1H), 5.92 (dd, J = 1.6 and 7.6 Hz, 1H), 6.80 (dt, J = 1.3 and 7.5 Hz, 1H), 7.07-7.12 (m, 3H),
7.27-7.31 (m, 4H). *C NMR (CDCls) &: 21.8, 27.0, 41.1, 55.7, 56.7, 116.7, 118.7, 123.0, 128.3,
128.5,129.1, 129.5,131.5, 138.6, 152.0, 173.3;

4-(1-bromoethyl)spiro[chromane-3,1'-cyclobutan]-2-one (2h) (major)
0] (0}

2h
Br

Following the general procedure above, using 1h (88.6 mg, 0.30 mmol, £ : Z =19 : 81), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”’-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
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mL) at 75°C, yielded the product 2h (43.5 mg, 49%); IR (neat) v 2983, 2946, 1749, 1484, 1453,
1335 cm!; "TH NMR (CDCl3) 6: 1.40 (d, J = 6.9 Hz, 3H), 1.90-2.28 (m, 5H), 2.85-2.90 (m, 1H), 3.52
(d,J=4.0 Hz, 1H), 4.39 (dq, /= 4.2 and 7.0 Hz, 1H), 7.05 (dd, J= 1.2 and 8.3 Hz, 1H), 7.16 (dt, J =
1.2 and 7.5 Hz, 1H), 7.34 (dt, J = 1.7 and 7.6 Hz, 1H), 7.44 (dd, J = 1.5 and 7.5 Hz, 1H). '*C NMR
(CDCl) 6: 14.7, 20.6, 24.9, 33.0, 45.0, 46.9, 53.7, 115.5, 119.0, 123.2, 128.6, 130.4, 150.5, 171.1;
HRMS (EI-MS) calcd. for C14H;¢BrO, (M+H"): 295.0334; found 295.0034

4-(1-bromoethyl)spiro[chromane-3,1'-cyclobutan]-2-one (2h) (minor)
(0] (0}

2h
Br

Following the general procedure above, using 1h (88.6 mg, 0.30 mmol, £ : Z =19 : 81), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2h (24.3 mg, 27%); IR (neat) v 2981, 2938, 1762, 1484, 1443,
1324 cm!; "TH NMR (CDCls) 6: 1.74 (d, J = 6.9 Hz, 3H), 1.89-2.24 (m, 5H), 2.90-2.97 (m, 1H), 3.15
(d, J=3.7 Hz, 1H), 436 (dq, J = 3.7 and 6.9 Hz, 1H), 7.07 (d, J=8.2 Hz, 1H), 7.13 (t, /= 7.3 Hz,
1H), 7.17 (d, J = 7.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H). '3C NMR (CDCls) 6:15.5, 24.8, 25.5, 34.0,
46.3,48.6,54.7,117.1, 120.1, 123.9, 129.6, 130.8, 151.7, 172.0;

4-(1-bromoethyl)spiro[chromane-3,1'-cyclopentan]-2-one (2i) (major)

0] 0]

2i
Br

Following the general procedure above, using 1i (93.4 mg, 0.30 mmol, £ : Z = 28 : 72), Cu(OTf)
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCO3 (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2i (44.3 mg, 48%); IR (neat) v 3041, 2945, 2870, 1758, 1586, 1451,
1355 cm’!; 'H NMR (CDCls) 8: 1.41 (d, J = 6.8 Hz, 3H), 1.54-1.59 (m, 1H), 1.61-1.70 (m, 3H),
1.72-1.88 (m, 3H), 1.94-2.03 (m, 1H), 2.44-2.49 (m, 1H), 3.25 (d, J = 2.9 Hz, 1H), 4.58 (dq, J=3.2
and 6.6 Hz, 1H), 7.06 (dd, /= 1.2 and 7.9 Hz, 1H), 7.16 (dt, J= 1.2 and 7.4 Hz, 1H), 7.35 (dt, J =
1.6 and 7.9 Hz, 1H), 7.49 (dd, J = 1.6 and 7.3 Hz, 1H). '*C NMR (CDCl3) 8:20.4, 24.3, 25.9, 32.4,
40.0, 49.8, 51.7, 549, 116.3, 121.2, 123.9, 129.5, 131.4, 152.1, 173.3; HRMS (EI-MS) calcd. for
Ci5HisBrO> (M+H"): 309.0490; found 309.0490
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4-(1-bromoethyl)spiro[chromane-3,1'-cyclopentan]-2-one (2i) (minor)

0] (0]

2i
Br

Following the general procedure above, using 1i (93.4 mg, 0.30 mmol, £ : Z = 28 : 72), Cu(OTf),
(10.9 mg, 0.03 mmol, 0.10 equiv.), N,N,N’,N”,N”-Pentamethyldiethylenetriamine (10.4 mg, 0.06
mmol, 0.2 equiv.), NaHCOs (12.6 mg, 0.15 mmol, 0.5 equiv.) and dried 1,2-dimethoxyethane (0.6
mL) at 75°C, yielded the product 2i (23.4 mg, 25%); IR (neat) v 2966, 2870, 1752, 1612, 1586, 1488,
1446, 1225 cm™'; '"H NMR (CDCls) 6: 1.58-1.68 (m, 3H), 1.72 (d, J = 7.0 Hz, 1H), 1.76-1.86 (m,
3H), 1.99-2.07 (m, 1H), 2.59-2.64 (m, 1H), 2.76 (d, J = 2.5 Hz, 1H), 4.46 (dq, J = 2.3 and 6.8 Hz,
1H), 7.08 (d, J = 7.7 Hz, 1H), 7.11-7.14 (m, 2H), 7.32-7.37 (m, 1H). '3C NMR (CDCls) §:24.3, 25.1,
25.7,32.1,39.2,50.0, 52.3, 54.9, 117.0, 120.7, 123.6, 129.5, 130.4, 152.2, 172.9;

4-ethylidene-3,3-dimethylchroman-2-one (3a)

0] O

3a

Following the general procedure above, using 1a (85.2 mg, 0.30 mmol, £ : Z =25 : 75), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), ProNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3a (49.2 mg, 81 %, 82F:187), The major
isomer Z was determined by NOESY after HPLC (YMC chiral art SA column) isolation; IR (neat) v
2979, 936, 2862, 1764, 1610, 1450, 1223 cm!; 'H NMR (CDCls) 8: 1.34 (s, 6H), 1.95 (d, J = 7.2 Hz,
3H), 5.88 (q, J = 7.2 Hz, 1H), 7.07 (dd, J = 1.2 and 8.1 Hz, 1H), 7.15 (dt, /= 1.2 and 7.5 Hz, 1H),
7.28 (dd, J=1.8 and 7.5 Hz, 1H), 7.40 (dd, J = 1.7 and 7.5 Hz, 1H). *C NMR (CDCl;) &: 15.3, 23.9,
439, 116.3, 122.3, 123.1, 123.8, 128.8, 129.0, 133.8, 150.0, 172.9; HRMS (EI-MS) calcd. for
Ci3Hi50, (M+H"): 203.1072; found 203.1072

4-ethylidene-3,3,6-trimethylchroman-2-one (3b)

o} O

3b

Following the general procedure above, using 1b (89.0 mg, 0.30 mmol, £ : Z= 30 : 70), FeCl; (4.9
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mg, 0.03 mmol, 0.10 equiv.), PruNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3b (45.2 mg, 70%, 85E:157); IR (neat) v
2978, 2931, 2864, 1756, 1486, 1239, 1210 cm™'; '"H NMR (CDCls) &: 1.34 (s, 5.0H), 1.56 (s, 1H),
1.96 (d, J=17.2 Hz, 2.5H), 2.02 (d, J = 7.5 Hz, 0.5H), 2.33 (s, 0.5H), 2.36 (s, 2.5H), 5.87 (q, J= 7.1
Hz, 0.8H), 6.10 (q, J = 7.5 Hz, 0.1H), 6.88 (d, J = 8.5 Hz, 0.1H), 6.96 (d, J = 8.0 Hz, 0.9H), 7.03-
7.10 (m, 1H), 7.17-7.20 (m, 1H). 3*C NMR (CDCb) &: 15.3, 15.4,21.1, 21.2, 23.0, 23.9, 25.7, 44.0,
45.0,115.9, 116.0, 116.1, 122.0, 122.8, 125.4, 125.7, 125.9, 129.0, 129.4, 129.5, 133.3, 133.6, 134.0,
134.1, 146.9, 147.9, 173.2; HRMS (EI-MS) calcd. for C14H,70, (M+H"): 217.1229; found 217.1230

4-ethylidene-8-methoxy-3,3-dimethylchroman-2-one (3¢)

OMe
(0] (¢}

3c

Following the general procedure above, using 1c¢ (93.7 mg, 0.30 mmol, £ : Z = 34 : 66), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), PruNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3¢ (53.5 mg, 77%, 87E:132); IR (neat) v
2978, 2937, 1753, 1610, 1579, 1483, 1273, 1230 cm’!; '"H NMR (CDCl) &: 1.36 (s, 5.0H), 1.57 (s,
1H), 1.95 (d, J= 7.2 Hz, 2.5H), 2.02 (d, J = 7.4 Hz, 0.5H), 3.89 (s, 0.5H), 3.90 (s, 2.5H), 5.87 (q, J =
7.2 Hz, 0.8H), 6.12 (q, J = 7.7 Hz, 0.1H), 6.85 (dd, /= 1.5 and 8.1 Hz, 0.1H), 6.90 (dd, J= 1.5 and
8.0 Hz, 0.9H), 6.95 (dd, J = 1.4 and 8.1 Hz, 0.1H), 6.99 (dd, J= 1.5 and 7.9 Hz, 0.9H), 7.04 (t, J =
8.0 Hz, 0.1H), 7.10 (t, J = 8.0 Hz, 0.9H). '3C NMR (CDCls) &: 14.3, 15.3, 15.4, 21.2, 23.8, 25.6,
437, 44.8, 56.2, 60.5, 111.1, 111.6, 117.2, 120.4, 123.2, 123.6, 123.7, 124.3, 126.6, 126.7, 133 .4,
133.9, 138.1, 139.1, 146.9, 147.1, 172.1, 172.2; HRMS (EI-MS) caled. for Ci4sHi703 (M+H"):
233.1178; found 233.1178

6-chloro-4-ethylidene-3,3-dimethylchroman-2-one (3d)
0._.0

Cl
I

3d
Following the general procedure above, using 1d (95.7 mg, 0.30 mmol, E : Z= 25 : 75), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), ProNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3d (61.7 mg, 87%, 80F:202); IR (neat) v
2979, 2112, 1763, 1474, 1417, 1225 cm™'; '"H NMR (CDCls) &: 1.35 (s, 5.0H), 1.56 (s, 1H), 1.97 (d,
J=172 Hz, 2.4H), 2.04 (d, J= 7.8 Hz, 0.6H), 5.94 (q, /= 7.2 Hz, 0.8H), 6.11 (q, J = 7.5 Hz, 0.1H),
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6.94 (d, J = 8.6 Hz, 0.2H), 7.02 (d, J = 8.6 Hz, 0.8H), 7.20 (dd, J= 2.3 and 8.6 Hz, 0.2H), 7.26 (dd, J
=24 and 8.6 Hz, 0.8H), 7.36 (d, J = 8.1 Hz, 0.2H), 7.37 (d, J = 8.1 Hz, 0.8H). '*C NMR (CDCl;) :
15.3, 23.8, 25.6, 43.7, 44.8, 117.6, 117.7, 123.8, 124.5, 125.4, 127.2, 127.5, 128.4, 128.6, 128.8,
129.0, 129.7, 132.6, 132.9, 147.4, 128.5, 172.2; HRMS (EI-MS) calcd. for C13H;4ClO, (M+H"):
237.0682; found 237.0682

6-bromo-4-ethylidene-3,3-dimethylchroman-2-one (3e)

o} O

Br
I

3e

Following the general procedure above, using 1d (108.5 mg, 0.30 mmol, £ : Z=21 :79), FeCls (4.9
mg, 0.03 mmol, 0.10 equiv.), PruNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3e (79.1 mg, 94%, 82F:187); IR (neat) v
2978, 2934, 1764, 1470, 1413, 1387, 1225 cm’!; 'TH NMR (CDCls) 8: 1.35 (s, 5H), 1.56 (s, 1H), 1.97
(d, J=17.3 Hz, 2.4H), 2.04 (d, J = 7.9 Hz, 0.6H), 5.94 (q, /= 7.1 Hz, 0.7H), 6.11 (q, J = 7.7 Hz,
0.1H), 6.88 (d, J = 8.6 Hz, 0.1H), 6.97 (d, J = 8.6 Hz, 0.8H), 7.34 (dd, J = 2.2 and 8.6 Hz, 0.2H),
7.41 (dd, J =2.2 and 8.6 Hz, 0.8H), 7.50 (d, J = 2.3 Hz, 0.2H), 7.52 (d, J = 2.3 Hz, 0.8H). 3C NMR
(CDCl3) 0: 15.3,23.8,25.6,43.7,44.8, 116.5, 117.2, 117.9, 118.1, 124.2, 124.5, 127.6, 127.7, 128.3,
131.2, 131.5, 131.8, 132.4, 132.7, 147.9, 149.0, 172.1; HRMS (EI-MS) calcd. for Ci3Hi4BrO;
(M+H"): 281.9177; found 281.9177

3,3-dimethyl-4-propylidenechroman-2-one (3f)

6} O

3f

Following the general procedure above, using 1f (89.6 mg, 0.30 mmol, £ : Z =31 : 69), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), ProNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3f (55.4 mg, 86%, 89F:112); IR (neat) v
2884, 1754, 1450, 1281, 1082 cm’!; '"H NMR (CDCls) &: 1.08 (t, J = 7.5 Hz, 3H), 1.36 (s, 5.3H),
1.55 (s, 0.7H), 2.39 (quint, J = 7.4 Hz, 1.8H), 2.47 (quint, J = 7.3 Hz, 0.2H), 5.72 (t, J = 7.2 Hz,
0.9H), 5.93 (t, J = 7.4 Hz, 0.1H), 6.99 (dd, J = 1.0 and 8.0 Hz, 0.1H), 7.06 (dd, J = 1.2 and 8.1 Hz,
0.9H), 7.09-7.12 (m, 0.1H), 7.14 (dt, J= 1.3 and 7.4 Hz, 0.9H), 7.21-7.25 (m, 0.1H), 7.29 (dt, /= 1.6
and 7.8 Hz, 0.9H), 7.35 (dd, J = 1.6 and 7.6 Hz, 0.9H), 7.40 (dd, J = 1.6 and 7.8 Hz, 0.1H). *C
NMR (CDCls) ¢6: 14.7, 15.2, 22.3, 22.6, 23.9, 25.7, 43.8, 45.0, 50.1, 116.2, 116.3, 122.6, 123.9,
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124.6, 125.6, 128.4, 128.6, 128.8, 129.0, 130.1, 130.8, 131.9, 132.4, 134.3, 149.0, 149.9, 172.9,
173.0; HRMS (EI-MS) calcd. for C14Hi70, (M+H): 217.1229; found 217.1229

4-benzylidene-3,3-dimethylchroman-2-one (3g)

6} O

Ph 39

Following the general procedure above, using 1g (103.6 mg, 0.30 mmol, £ : Z= 31 : 69), FeCls (4.9
mg, 0.03 mmol, 0.10 equiv.), ProNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3g (72.7 mg, 89%, 100E); IR (neat) v 2884,
1754, 1450, 1218, 1082 cm’!; "H NMR (CDCls) §: 1.47 (s, 6H), 6.73 (s, 1H), 6.84 (dt, J = 1.2 and
7.5 Hz, 1H), 7.06 (dd, J = 7.5 and 8.0 Hz, 2H), 7.20-7.56 (m, 6H). *C NMR (CDCls) §: 23.9, 44.4,
116.6, 121.6, 123.7, 126.7, 127.6, 128.5, 129.4, 129.5, 129.7, 134.9, 136.7, 150.3, 172.4; HRMS (EI-
MS) calcd. for CisHi70, (M+H"): 265.1229; found 265.1231

4-propylidenespiro[chromane-3,1'-cyclobutan]-2-one (3h)

o (0]

3h

Following the general procedure above, using 1h (88.5 mg, 0.30 mmol, £ : Z= 19 : 81), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), PruNEt (0.075 mL, 0.45 mmol, 1.5 equiv.), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3h (51.2 mg, 80%, 74E:267); IR (neat) v
2951, 2860, 1757, 1608, 1451 cm™; 'H NMR (CDCls) 8: 1.80-1.88 (m, 1H), 1.93 (d, J = 7.6 Hz,
0.7H), 1.97 (d, J = 7.3 Hz, 2.3H), 2.05-2.22 (m, 3H), 2.45-2.53 (m, 2H), 5.86 (q, J = 7.2 Hz, 1H),
6.99-7.11 (m, 1H), 7.15 (dt, J= 1.2 and 7.5 Hz, 0.8H), 7.23 (dt, /= 1.7 and 7.6 Hz, 0.2H), 7.26-7.33
(m, 1H), 7.41 (dd, J = 1.7 and 7.4 Hz, 1H). 3C NMR (CDCl;) 8:14.2, 14.8, 15.5, 17.3, 28.5, 31.6,
494,498, 116.0, 116.6, 122.1, 122.7, 123.8, 124.5, 124.8, 125.5, 126.3, 128.6, 128.7, 129.0, 131.3,
132.4, 149.1, 150.1, 171.5, 171.6; HRMS (EI-MS) calcd. for Ci4H;50, (M+H"): 215.1072; found
215.1072

4-propylidenespiro[chromane-3,1'-cyclopentan]-2-one (3i)

268



Following the general procedure above, using 1i (93.2 mg, 0.30 mmol, £ : Z= 28 : 72), FeCl; (4.9
mg, 0.03 mmol, 0.10 equiv.), Pr,NEt (0.075 mL, 0.45 mmol, 1.5 equiv), and dried 1,2-
dimethoxyethane (0.6 mL) at 135°C, yielded the product 3i (53.2 mg, 78%, 80E:202); IR (neat) v
2956, 1750, 1483, 1445, 1239, 1203, 1160 cm™; '"H NMR (CDCl;) 8: 1.66-1.73 (m, 2H), 1.76-1.84
(m, 4H), 1.94 (d, J = 7.2 Hz, 3H), 2.07-2.13 (m, 2H), 2.45-2.53 (m, 2H), 5.86 (q, J = 7.1 Hz, 1H),
7.07 (dd, J= 1.1 and 8.0 Hz, 1H), 7.14 (dt, J = 1.3 and 7.6 Hz, 1H), 7.28 (dt, J= 1.5 and 7.8 Hz, 1H),
7.38 (dd, J = 1.6 and 7.5 Hz, 1H), 7.41 (d, J = 7.4 Hz, 1H). 3C NMR (CDCl3) é: 15.2, 24.1, 33.9,
552, 1164, 122.8, 123.5, 123.6, 128.5, 1289, 131.7, 150.4, 172.6; HRMS (EI-MS) calcd. for
CisH170, (M+H"): 229.1229; found 229.1228
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl)
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H1E WS

y 77 ZLEKIEL S ORRT A AR, E3RG, EIEERAD 7B L OCIERRY
T OaT7HEEERT 2Rk BEEAERKRO —>TH % (Fig. 1). Hiaihs 2 o015
ODAFREROEM T £ CRA RILEYPHLNTE Y, HEcAbEZEERE
BEDOBFRREETH 2 L V2 5, I HICFDONVALEIC X Y ERNCOENBRAR S 72
0, VARERN R OREEZE T2 2 & 13 CEELFETH 2,

ph ©Q
~Me
HO N
=\
Me/N 7
cynometrine clausenamide pramanicin
0o O
BN/ NH NH
O Ph
HO OH
Azaspirene dI-NBP Salinosporamide A
Fig 1
Yy 727 RLHGEDABIZ I NE CILE L OERTEBREI N T2, ZohoRfplic
#o CRtH3 5.

1987 SR IUS 1L, v 7o €T I Pl E P oRIGTE2 2L THIST S v 77 %
LEED AT L T % (Scheme 1)

o 0
Br\/\Hj\N/OMe NaH BrW://(
—_—
N—OMe
Br H 0°C, 2h
Scheme 1

ARIGTIRT I FOERPRRIFT % SN2 IS X VL 228000 FRELZR S 3 C
LTNIET 2y 77 2003605,
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1993 fFICNEE D X (PhS), FTAHE T, 7 Y ANMTMBLRIGCZITS 2 & T Y ARG TORE
FEICERK L 72 (Scheme 2) B,

e} O
Ph’4§§//u\N’B” (PhS), Ph N—Bn
_——

PhSH
, hv
SPh
Scheme 2

VANT 4 P ZIANMGRRIE L, 7Y ANVICBHLROS BTS2 2 & T, MIET 2
Yy 77 RLBEOND.

2002 7 1C Barnes 35 X UM Ji 5 1% Raney Ni 2R LAl & L CTHW A 2 & T= b v R LR % FEIR
ey 2 7 BIGEITL, TIVIRKX 2 THMEZIT) 2L Ty 77 X LDAMICHKIIL
T > % (Scheme 3)[4],

0

O R _
Eto)l\('\/ NO, —>Raney N Etc)Zc\dj_\/NH
H4PO, )
CO.Et THF, 50°C =
Scheme 3

2004 fFIC Dominguez Hlf 3-=tm 7=V v f XavgzEmii it s Licky,
[A+H1BULRIGCTD v 7 7 % L5 % FIREIC L 72 (Scheme 4) ¥,

NO, o O
OH
* HO —> N@
110°C
HLN o) HO
o

Scheme 4

2008 fEIC Krawezyk © 13 tert-7 F VT ATV EFH T I Vv EGURED» L v 77 X LF
FDARICHKYI L CTvr 5 (Scheme 5) ©),

309



()

i Na,CO3, MeOH i
(OEt),P,,, oJ< 2 > (OEt)P,.
NH

reflux, 4 h

NH,

Scheme 5

ARIGITREEF YV v a2 LCER S, 7TIviRE 30 THAMEEZMHAT2 2L
THICT By 77 2 L0005,

2016 4F1C Zhu B 1 fac-Ir(ppy)s IR L By 7 AMIAZZE T, a7mvE®y 70407 I
KA L 7 4 i X0 [3R21BR{L G % #i s L 72 (Scheme 6) 7],

0
5 F
-R
fac-| F N
&\)<ﬂ\N’R . ac-Ir(ppy)s
H s Nal, NaOAc
F F DMF, rt

455 nm blueLEDs

Scheme 6

Ir il a 7vEey 70407 IV E—ETFEITL, TLFLITALBELNE, T
FANTUALBRAFLVICHIIL7Z2IC, XY ST AAD Ir fillliic X gt 2 ih +
F VIR S N RIS E TS 5.

ZofhoFiEeE L CEBSEME L ilmEZFHAL, C-H #HEEOHmEN A 2 b—Ri 7
o b VABCMD)Z B L 7= TR b T b,
Yu 5137 I FEREAEE L, Pd MEICX 3 Csp’)-HFEABDRAZMMLEES 727 F VAKX
% IER L T\ % (Scheme 7)1,
(0] R1

R A Pd(OAc) (10 mol%) ) Ar
P + PAS > o R N—
R2 N 7 “COzBn LiCl (2.0 equiv.)
Cu(OAc)2 (1.1 equiv.)
H AgOAc (1.1 equiv.)
DMF, 120°C, 12 h BnO,C

Scheme 7

KREIGEA L 7 4 v OBEHSIGZRER L 728I1c7 3 F oo FHERIC X0 IGd 2 425K
BRoND.
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Li 5% Yu & & FIBRIC Rhfilliic X 2 7 7 & 258 % #if5 LTy % (Scheme 8).

0
(0] R1
R’ N [RhCp*Cly, (4 mol%) j N
- + PAS > R N~
R2 N 7~ “COR Ag,CO; (2.0 equiv.)
] MeCN, 120°C, 12
RO,C

Scheme 8

Li 5 X " Wang 5 3 [FIERIC PAdfliic X 2 C-H A 2 Wb BRI L7z 7 7 2 LK EERK L
T > % (Scheme 9)[1%,

(0] (6] R1 o
R! J]\ Pd(OAc) (10 mol%) R2 H
> N—
R? ﬂ CFCRCI /\CO2R AgOAc (2.0 equiv.)
N32CO3 (20 EQUiV.)
H HFIP, 120°C, 12 h
RO,C

Scheme 9

CORIETIEHALF= AT I FARMEE L CEREL, RICERE TR & = VR iaE S
2L T7V—BNHA2ET Dy 727200580605,

e BY v 772 LGBOGHRTFERIIZIEICH 2 —77T, 7 FARLKIETHKT
2HAICIETORESES ) 2T wERPREZAET 2 BEOAKBSETHY, 7T
[ SG D G E i i EE I EP ICHIR 2 H 2 2 KPVEE D H 2. £72, XYL L Dk
TORBERVARNTEHRGVHERKFEEZE L y 727 2 LD6K, 513 LEYOAE
HIEEICE 2 & 5 B ICOWMEHIRIZICP R CDOBEIRNTH 5.

U7 AT mERERLIGICE H$ % &, 2021 41 Song & 1% Rh il % v CH BB D
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AN Mk A L7 4 AL L 22 BRICBILRIG & 1T 9 Tk % W L 72(Scheme 10)!'],

O
[Cp*RACl,]5 (5 mol%)

0] ICI) /O
i /
N/S":, . CO,R Cu(OAc), (1.0 equiv) . N—S"
H |< =/ Ag,CO;3 (2.0 equiv) N

HFIP, 80°C, 16 h
RO,C

‘ [ o o d.r=1.9:1~5.5:1
11
S.
N/ “
y
i ] & <

A
CO,R

Scheme 10

CORIGTRIBENICAFHIHELEAT 22 LT, H52L0 1 DHOF I APLEH
EL, GRICAEL 2 2 DHOF 7V 74— LD TYTATLAY—%24E LI T 5,
LoL, RRIGTRONS VT AF LA = —HIZ 1.9:1 55 551 & RIS E L & 13

ELR 13

2021 4E1C Han 35 X U° Shi H 13X 7 7 Al % T, ¥ 7 AT L AR 7 A 680% % B
L C\» % (Scheme 11) 112,
Pdl, (10 mol%)

(0] (S)-3,3'-F,-BINOL (20 mol%)
_PIP Ar K,CO3 (2.5 equiv)
R N TS
H t-BuOH (1.5 mL)
R 100°C, 24 h, N,
Ar
Scheme 11

KGN ST 20 Ll e RERGL T2 T B-AFL v D C-HEGZTF v F 48R
ICBIZT 32 2 L CTAFARZER LTS, LaL, T FchaTy )y zidmkk
ELTHW L REDRD 5 7- O R EHHEIPH B RE X Tw 3,

2020 fFIC Lautens O (ZHFflAEIC X 2+ v FUSICZED a, Bl A y 77 X LOEK %
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L T\ 5 (Scheme 12)13],

R® O Cu(MeCN),PF¢ (4 mol%) R?
.
R! dppe (6 mol%) N —XR
Y NJI\CI : —> \ /
| ' B,pin, (1.5 equiv) R3
% R NaOtBu (1.5 equiv)
THF (0.05 M), rt, 16 h

Bpin
(d.r>20:1)
[Cul R® O T

» | Ph” N7 cl
H\ 1
B] R?

Scheme 12

ARG TIEI—F 7 FBFER AL 7 4 Vit L CTsyn L, xHied 2 AR
ERTHNEL AR T L TYT AT LABERNICERYRBEAINLT 7 X2 L3 E60
%.

TV ANEFL T4 VERCEY T AT L AERNKCOAEPEA TR TS,
2013 fE1T Ghelfi & IZHMBLAFE T, a7 VAT I FEHWT ATRC (R TB#H 7Y L
BALEOD) B ¥ 7 2 7 L A E RIS 2 i L T % (Scheme 13)14],

o CuCl, (0.5 mol%) R CI p—ci
PMDETA (0.5 mol%) .
]
R%I\N/\/ _ OIK‘
1

) ascorbic acid (2.5 mol%) N
ch ¢ R Na,COj (5.0 mol%) R2
AcOEt:EtOH = 3:1,4 mL

35°C,8h

Scheme 13
2013 4FIC Onitsuka & |3 Ru itz ¢, L7 I a8 T7 IV axB T UALT

IFEBHLZ%IC ATRC LS Z 2 28 CY 7 AT L AERNAEKIELZER L T3
(Scheme 14)[15],
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4
Ru cat (5 ymol RL Bu
R+ RE J\/X o), TN ' Q
E K2COj3 (0.6 mmol) B MeCN.-Bu\ J

3A MS, 30°C, 15 h Ar, 6

F5 O IR S

Scheme 14

CORIGTRAKEZEMZH T2 RutsiAz2fEH T2 2 T7 VAT I FALDBRIC AR
BTV, RAEAREERL TS, LA2ALIDOKIGTHOLNT WA AIISMch v,
POLEBRED BB ED 5.

2018 fFIC Hull & BHIAMHFIE T, SO COT T v DANKT I /LA TET AT
L AR 72 A FTEIC L 72 (Scheme 15)19),

NR3
o A Ph Cu(OTf), (5 mol%)
bpy (5 mol%)
Br + or + RSONH, —_— (@)
EtO K5PO,, DCE, 80°C /
AN B
/\ -

‘ Ph OEt (d.r>10:1)

\O+ -I

Scheme 15

APOGIESAfISIFE T, a 70 R ATADLL IV AAMEAERT 2. AL 74 v ER
I X O RISHEDE A F Y A=y affiifk AR L, B—RT I vakkTso e
TEB CORICICHID TR L7z, & DL ORGSO REBRIE XA F Y A=
v LRGED R L FEZ bND, BITFNICKER I VA X VAR LEEAL
21, TIVREBANICXBIGICE D b T v AR R ZEIRNICE S 2 LR TE B,
L LZDORIGTHHATE 24 L7 4 VIZKFEB KA L 74 v THY, FHLTWEN
WAL ZAVIZ B AFARTFLY IHlIOATH S, F2ETHiBR7z X 51T, —HRICHER
AL 74 VIEREAL 7 4 v EHE L CREWSE L, RN Bl 5 BT MOGHES
K720 WE A L 7 4 v & W7 SOSHFE IR REEcH 207,

314



28 R

HETEa v ANEZALEYNICH L C—ETRILZEL TR T YA NEE A
L7 4 A& ¢ 3 MG (R 788 7 2 A ARG 28 IciTbhTwb. 2o MG
TREZRTAFIATCHAEERAMNIMNE 2 Z LB TE 5720, GELEITFICECTH
HLEINTWIEMURRBZZHRTEZ L WS HTENLTHS, LarLfnEes4+1L 7
4 VPVEREEDOKE CHIEAL 7 4 vEERIGERZFE LK T T 5. ZofEs e L,
B IBAEAFAE T a 7R EZ AT VL EIZIRAENTA L 7 4 vERKIGEE L LT, K
AL 7 4 v D BALICIANR DR E WHE =T v F 2 SRR IICE AT 5 Z &
%Y1 L C\» % (Scheme 16 35 X UV 2 &) 18],

FeCl, (10 mol%) o R?

R' R? o AT PPr,NEt (2.0 equiv)
+ > 3
WOﬁ)(Br RES 1,4-dioxane (0.5 M) Roﬁ)ij4”mr

E/Z-mixture 110°C, 24 h

R
E-product

L s

[ R30,C7 ™ Ar J
R

R! R?
R3ozc’><‘ar
amine-HX [Fe]”
amine%(
R!' R?2
H-4Fe|™2x A
[ )
Rl R? R%0,C
[Fe]™x
R302C Z Ar A
R R
pro (E
® R1 R2 [Fe n+2y R1 R2
“H " ||H
R3OZC R30,C ‘/\Ar
or
R1W
R30,C f”‘
Scheme 16
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Scheme 16 TIIFKfHIERT AL FAANT 4 Ve BBz T TTAIALTI VAL
A)ZEL, NEAL 74 YIET AT 5 2 T AAdllilk B E2ERT 5. X
2, 2o AAPE B)sEE K63 2 itk ¢ 24U, BAKEMECLY E
RO % EIRICF 2 2 3 CTE 5., Wil L 28X 7 S vickoTETEI N5
OIS A 2 ADPKEREST 2. $FEALND DS 1 DDRT v 7L LT, SR T Y
WN% —BTHEIET 22 THTF AV DEFERTI2HEELEZEZOLNE. ZoRIGICE
WCERP D SR ARIE S B B RRAR ¢ @ pkENEtch b EZOLND. T Ta
7uETIFNEHWS Z & TRIRFEEZIZ L, BITBEEC X o T 7 27 L AERY
BALIGZIT 5 & L B TE ) & & 2 5T %17 - 72(Scheme 17).

FeCl, (10 mol%) Q R
R? Rt iPr,NEt (2.0 equiv)  R! N
X + R4’\/Ar . > )
R3HNOC Br 1,4-dioxane (0.5 M) R\ Ar
E/Z-mixture 110°C, 24 h 24
trans
R' 2
3
R2 N’R
| .n+2
R4\‘ Fe]
R5
Scheme 17
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F3ET MDA ORIEL
2-bromo-2-methyl-N-phenylpropanamide & X7/ iICT A FALT I )V EEZHT L L AF VA

FLYRETARE L U CEMEE, IGR, AIEOWMEIZ 1T > 72, Table 1 ICIGHEMET DG
LTz,

Table 1

>< f\©\ FeCl, (10 mol%)
+ - >
PhHNOC Br NMe, base (2.0 equiv.)

1,4-dioxane (0.5 M)

E:Z=30:70
1.0 equiv. 2.0 equiv. 110°C, 24 h
entry amine GC yield (%)

1 PrNH,

2 Et,NH

3 Pr,NEt 33

4 DBU 0

5 DABCO 0

6 Cs,CO3 trace

7 K3PO4 27

FTHEMWT IV OEEMT IV ERHCTRET %17 o 7Z(entry 1-3). F—R7T I v, H
BT Iy TIROTNHEINRICHE R LR, VARNCESCE=RT I vEHVE
BICINEKR O[] 2R & 7z, RIT DABCO % DBU & o 725l ol RBRA T 1 v
TR 21T o 7z(entry 4-5). LA LWINDOEFTHOEBMIZIZLALHRL LT
Ehhote., FREEEROBMET DT 72208, KICIZIE & A EHEFT L 72> o 7z (entry 6-7).
LA E DRSS S b IR D E 702 - 72 PrNEt Z el ok b L 72,

317



e\ CTHCAL - DIRET % 1T - 72 (Table 2).

=z
"
PhHNOC Br NMe,

Table 2

FeCl, (10 mol%)
ligand (10 mol%)

'Pr,NEt (2 equiv)

E:Z=30:70 1,4-dioxane (0.5 M)
1.0 equiv 2.0 equiv 110°C, 24 h NMe,
GC yield (%)
Z
N |
| | X = P P.
p At T o G
| I N N
d o O/ \O

N =
L1 L2 L3 L4 L5 L6
1" 0 45 58 55 (58)2 53

F
Y @
XX She

v i P /© @\ O Bl -
Fi j P F ©/ ™ 1 B4 I Pr i iPr
F FF F @ (ﬁ O ,

F F L12 o

L8 (n=1)36 L11 L13
I&Z L9 (n=2)52 (57)? 53 65 35

L10 (n= 3) 64 (62)°

e e

L18

L15 L16 L17 53

52 61 79

©\ O\ /@ Ph F';Bu 4
Bu
Ph Ph P p H S /

[}
. £
w o/
c—-7
“'- H
°= Q Q
Z—
/

: P
P, P ) Fe Ph Fe Ph Fe _ ‘Bu
Ph” " Ph P. P
|/\r <& en <= By
Ph Ph Ph Bu
Ph
L19 L20 L21 L22 L23
34 55 68 (86)° 58 75 (79)2
Ph..Ph Ph Ph Ph
Pa~p P P.
- ~
Ph\?/\E Ph P Ph @[ Ph PPh,
Ph PPh
Ph Ph - 2
b ) : 99
Ph Ph” “Ph Ph
L25
L24 Tt L26 L27
61 72 (90)'s o pos
78 (78)2"d
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97 I VRN TR TR 21T o 72 03RRI IGRIE B35 22> 5 7z (entry 1-3). #i\ T,
FRAT7 4 VIRV & 2A R RIERZ{G2 Z & AT &/ (entry 4-27). 3 ffio ) v
ft&nEEIchiii s 28, UV VvETOINIE A ICE T 253 2 HAEH & &
JE2 S PRy D o*~Dififlt 51 X 2 AL E Z b5, SR 7 4 VRS OBEIRATHE
ODMHAFRAPHE LY D RE VLD EFRGHERMN & L. Fhtx7 4 VRN T
DEFEE L B S IR T 2 BEEOICIEICKE (ST 5. —RICEFHEERE
R R 7 4 VBTN E OB IO RIS % E o, EE WAL T IC R B EIEITH
sz fetE s 5. WY HEEORE TR VRT EOERILICKE CEELRZT -0 FE R
I TAFARZAT 4 VTV —AFRAT 4 V>F A7 74 e, BIFoEE iR
P8 (0)PHLNIEA (@) TRINMEAKE VI EEE VI T L AT LA TE, &
TR 2SS 2 b 3 < 72 % (Fig. 2).

‘\Cg%af' U
FO ® @ W@

Fig. 2

L8-L10 D52 & Bhr T OB A 23K E < 72 21T O NNEDIEM L T2 Z & 235302 -
7. Z DO KRFOCERECIEITIBE OB S 3E 2 b5, /2P Y TAFAKRAT 4
YOX)BETHEEOREAFTRAT 4 VHECIEEEG2 LA TEZ(LI2, L14). 2ol
PORIGICHE L CO BN T IIETEELSLEEVIOBENTHE EZLNS,
i 2 ORCHLF ORGSR X 0 125 Z et & L7z,
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Fe s TR %2 1T > 72 (Table 3). BRI TIEEMTFL LTI 72 =R R T 4V
ZHEHAL TS,
Table 3

FeCl, (10 mol%)

>< f\@\ PPh3 (10 mol%)
+
PhHNOC™ ~Br NMe, 'ProNEt (2 equiv)

E:Z=30:70 solvent (0.5 M)
1.0 equiv 2.0 equiv 110°C, 24 h
entry solvent GC yield (%)
1 Hexane 4
2 toluene 50
3 1,4-dioxane 55 (58)?
4 THF 53
5 CH,Cl, 32
6 Acetone 19
7 DMF 21
8 DMA 9
9 NMP 34
10 DMSO 2
1" MeOH 28
12 EtOH 14

a : Isolated yield

PRI C O 2T o728 25, HERMRIFRINEEZ1S2 2 L 25T % /2 (entry 1-5).
Hexane D UMK R IZ3E 525 70°CTH b, KIGHEE 110°C & ik L CIEF /K 72
D SOGHICIEEDSRIE L 72 2 L PRI FIK & LT T oS, RicHETm b vk
MRS D MR % 1T o 72 (entry 6-10). FEMRMEIEE & LR L 72 & & A2 2RI DK T A3
Rohiz., 2D EdoARKIEDEBIRE IMIEASBIC X - TLEL S vz 0B BIK
ot/ 2 AEZLNS. FKOBEETT v b v P PEAE © b IR DK
THAE LN (entry 11-12). MA L DFER D5 1,4-dioxane % xS & L 7=,
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R PRI DO FIET % 1T > 72 (Table 4).
Table 4

Fe cat. (10 mol%)

X f\@\ L25 (10 mol%)
+
PhHNOC Br NMe, Pr,NEt (2 equiv)

E:Z=30:70 1,4-dioxane (0.5 M)
1.0 equiv 2.0 equiv 110°C, 24 h
Ph Ph

Ph” “Ph
entry Fe GC yield (%)
1 FeCl, 782
2 Fe(OTf), 0
3 FeBr, 2
4 Fe(OAc), 28
5 FeClj 29

a : Isolated yield

k4 7o SR 2 FH W CRET 21T o728 & A, FeClh 23 d RIFARINE L o 72729, 2 i
D IGEAVEE % il D fifthi & L 7z (entry 1-5).
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RN RGHE 35 & OB DA D IRET % 1T - 72 (Table 5).
Table 5

Fe cat. (10 mol%)

X f\@\ L25 (10 mol%)
+
PhHNOC Br NMe, Pr,NEt (2 equiv)

E:Z=30:70 1,4-dioxane (0.5 M)

1.0 equiv 2.0 equiv t°C, 24 h
: Ph PR
b phe NNy

(w/ ligand) (w/o ligand)

entry temperature ] .
GC yield (%) GC yield (%)

1 140°C 21 29
2 110°C 789 33
3 80°C 728 trace
4 60°C 9

a : Isolated yield

ZNZENDOIRE I T RN T O RZ MR L 72, REZ 140°CICKET % LB O FH
ICBD O FTUCEME T L7z (entry 1), KICHREA LR35 2L TFY ~—{bth L oK
JGOHETHHFE Z D, F72 110°CH HIEZ K T2 ICONTHIEEDIK T2 S 7z
(entry 2-4). SUGHE 60°C TR D o 707 I F23% K-> TH Y, BILERYTH S o
7ue7 I FOBLEBIZE A TR INGP o2, Lo THEEZMTALFALIVAINLD
AR 60°CLA OB T AN F—BRETH B B EZLNS, B FOFMBEL T
80°CCHUAZ AN A BEE ICH 72, 2D &bl T2kl o B 7 HE 2 LiFs 2T
KNGO SOCENH 2 E o, WREZHENE -2 o5,
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KA SRR 35 X OECL T D IR IS D W THRRET % 1T - 72 (Table 6).
Table 6

FeCl, (XX mol%)

= L25 (YY mol%)
>< + : >
PhHNOC Br NMe, 'Pr,NEt (2 equiv)

E:Z=30:70 1,4-dioxane (0.5 M)
1.0 equiv 2.0 equiv 110°C, 24 h
Ph Ph

Ph” “Ph
entry FeCly (XX mol %)  L25 (YY mol %) GC yield (%)
1 5 5 80, 812
2 10 10 782
3 15 15 97, 852
4 20 20 88, 87°
5 5 10 75, 812
6 5 15 71,778
7 10 15 74
8 10 5 82
9 20 10 91, 822
10 20 5 91, 802
11 20 3 78
12 20 1 70

a: Isolated yield

TP & AL o MBI E 1:112 LT 10 mol% 2 HIEIR & ¥ 72 & & AR A s
LINHEIT DT AT B L 7z (entry 1-4).  TICERARMEHICT L CRUOZ O Y B A BEC L TG %
1T o 7= SPCRIEIEN L 72 2> o 7z (entry 5-7). % & CERAML O Y EZ NI F L V%L Lz
(entry 8-12). SKfilit & FUfiz 1~ DY BHAS 4:1 T CIRICKITHEEI 0> o 7258 20:1 T TS
T LRSI LA LIc K 2728, RAINEME T L2 E 2N,
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RICIRERRRT % 1T - 72(Table 7).
Table 7

FeCl, (10 mol%)

:¥< §4ﬁ\[::1\ L25 (10 mol%)
+
PhHNOC” “Br NMe, iPr,NEt (2 equiv)

E:Z=30:70 1,4-dioxane (XX M)
1.0 equiv 2.0 equiv 110°C, 24 h
Ph Ph

P
Ph” “Ph
entry 1,4-dioxane GC yield (%)
1 0.25 M 76°
2 05M 788
3 1.0M 744
4 20M 70

a : Isolated yield

BIE 025M 25 1.0M O TIIAKIG~DFE T 12T & A L p> o 7z(entry 1-3). LA L
B 20M & LRIGIREZ EA X745, BIRISTH S a7 €T I Fo m{biks
AL 7= (entry 4). AR %Z T 5 2 & CRIGCDEGEE X 0 b RIS GO 4 RGHE D )5 23
WML 7z7=0eE2bn5, Lzl THRERIZ05M & L7
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B DOMET % 1T o 72(Table 8).
Table 8

FeCl, (10 mol%)

X f\©\ L25 (10 mol%)
+ - ¢
PhHNOC Br NMe, 'ProNEt (XX equiv)

E:Z=30:70 1,4-dioxane (0.5 M)
1.0 equiv 2.0 equiv 110°C, 24 h
: Ph A
' P P ;
t ph” \/\P;\/ Sph i
5 P :
: Ph” “Ph 5
entry ProNEt (XX equiv) NMR yield (%)
1 w/o base 30
2 1.0 equiv 79
3 2.0 equiv 787
4 3.0 equiv 78

a : Isolated yield

T IV ERMNL WS ZIESKIGICED Lizentry 1), $72 1.0 48 LIx % & —E
DINEZIE2 T & BHERTE 7=(entry 2-4). D Z & 2> b AKIGD HEITICIZIEIEA LT H
2T LRGN D.
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HAHE HEHFPATEOMER
SRR TR LB R & D L IT FeCly (5 mol%), L25 (5 mol%), ProNEt (2.0 equiv.), 1,4-
dioxane (0.5 M), 110°C, 24 Fffi] Z fadd & L CHUEMES % 1T o 72(Table 9).
Table 9

R! R2 FeCl, (5 mol%)

R
= e L25 (5 mol%)
R3HNOCXBr * s | R — > RTN '

R Pz 'Pr,NEt (2 equiv) 3 A Rras
1,4-dioxane (0.5 M) :

1: 1.0 equiv 2: 2.0 equiv 110°C, 24 h

NMe, NMe, NMe, NMe,

1b / 2b (22:78) / 3b: 80 1c/2b (22:78) / 3¢: 46 1d/2a (23:77)/ 3d: 39 1e/2a (23:77)/ 3e: 84

MeO

NE,

1h / 2e (30:70) / 3h: 74 1i/2b (22:78) / 3j: 77

NEt, NE, NMe NMe;

1j/2b (22:78) / 3j: 59 1k / 2b (22:78) / 3k: 40 1a/2f (13:87)/ 31: 65 19/ 2g (12:88) / 3m: 60

3b-3d CTIEHERROT AL FAREMY 2T Lz e 25, VAREEPKE K AR 213 EIEER
KT 2 eI sz, 7 IV LoFERIIET G, ETRGI1EREOM 7255
HIN7z(3e-3h). 7z, N L7 A F A EOS D THIHAINLZGi3k). fTLF LR
FL YD B EMEL LAY RSN, RIFRIERCAEBRY %5 2 72(31, 3m).
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—77, N EOHEEIEEL 22 LRILKRIZIZE A LE LT, Heck (R(EHAEKYN D F
LR L LTS 4172 (Scheme 18).

FeCl, (10 mol%)

NEt,
O = L25 (10 mol%)
Br +
N NEt, iPr,NEt (2 equiv)
H 1,4-dioxane (0.5 M)

110°C, 24h 66 % (E:Z = 100:0)

Scheme 18

AEEICEL T, VERNICEEWZORY AT ANOEMBIC X 2 N Ty FaET
IS, ERCPELLZEEZ TS

72, BTAFAAFLYBRTAFAT IVERIIRLCEFRELRSE, A1/ 7 7}
VHBRLNDE I EITMA, YT AT VAFERIESK TS 5 Z L 23572 o 72 (Scheme 19).

CI\Q\
N
H = OMe FeCl, (10 mol%) \
Br><n/N . L25 (10 mol%) >
le) \©\ ‘/\@om Pr,NEt (2 equiv)
cl OMe

1,4-dioxane (0.5 M)

.10 eas 220 000 110°C, 24 h 4
:1.0 equiv 12,0 equiv 55% (d.r. = 84 : 16) OMe

OMe

OMe

Scheme 19
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55T PERRRIT SRR
AL D LA RS < B X BRISRT 2 1T - 72 (Fig. 3).

Ve H FeCl, (10 mol%)
e Br > L25 (10 mol%)
+ >
o iPr,NEt (2 equiv)
OMe

NMe; 1 4-dioxane (0.5 M)

E:Z=22:78 110°C, 24 h

1.0 equiv 2.0 equiv
e e e e 3n 84%
; Ph Ph A -

P P “}

Ph” PN Npy rt - <
: ~
H i % " 1 v v
P. : = -
Ph” “Ph : - -
Fig. 3

FER L LT 7V REEIRINICHE SN T WD T & 239505 7.

RKICT I ANFRAIE LT TEMPO AT T Y AADBIGICES T 2% H%2 T3 7=
DIEET % 1T - 72(Scheme 20).

FeCl, (10 mol%)

L25 (10 mol%)
PhHN\n><B . @\ TEMPO (1.0 eauv) g
.

Pr,NEt (2 equiv)
o NMe; 1 4-dioxane (0.5 M)
E:Z=22:78 110°C, 24 h
1.0 equiv 2.0 equiv
0%
Scheme 20

TEMPO % 1 %8Nz 728, HIEBRYR &GO NR»r o722 &6, ST L T

WALAlE L@ c e b PRINE D, ARRISITIFEHEY TLFAL TS AABEL T
LB EZLNT NS,
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IGHPICAE L TWwWE EEZONIATFF VR VT T T5720, RVIALTLa—L%S5
LRSI L CHET 217 - 72(Scheme 21).

FeCl, (10 mol%)
L25 (10 mol%)

BnOH (5.0 equiv.

PhHN : . Va (5.0 equiv.) -
r iPr,NEt (2 equiv)
o NMe> 1 4-dioxane (0.5 M)

E:Z=22:78 110°C, 24 h
1.0 equiv 2.0 equiv 0%

Scheme 21

SHEBANZICHEDLL T, AFFAVICHLTRYIAT AT ARG LT &9 AR
Vi Bonnhr o720, BFAvhEROERZTRICIIRETE b o7,

KOG TI EIZIRERNTA L 7 4 VERGZZZFTOVERERNICy 727 24035605

720, KIGHTHEO BT AFAZF L VEREERBEML T 3D TRAVAEEZ,
&) % 1T - 72(Scheme 22).

FeCl, (5 mol%)

f\©\ — (5 m0|%) {\©\
.
i :
NMe, ProNEt (1 equiv.) NMe,

1,4-dioxane
E:Z=22:78 110°C, time EZ
time (h) yield (%) EZ time (h) yield (%) EZ
0 - 2278 6 >99 21:79
1 >99 21:79 : 12 >99 21:79
3 >99 2179 : 24 >99 21:79
Scheme 22

WL LR o BYUAL IR I NS, EZIEEDOIEEPEEMICIREIRN R T 7 &
LRI L TR eBbho Tz,
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ERE ZIRKOWNE AL 7 4 v ORISHED Z %2 HER T <L, 100%DARMEZH T2 4-2 2
FALT ) BAFARFL Y ZHWTENE NG %1T > 72(Scheme 23).

=
FeCl, (5 mol%)
NMez

L25 (5 mol%)

X

+ or
PRHNOC™ Br iPr,NEt (2 equiv)
1 equiv. = 1,4-dioxane
110°C, 24 h
NMe,
2 equiv.

3a: 80% from Z, 86% from E ~
[e]
g © [

AN

3a: 51% from Z

Qo
o
]

60 7] r:l

@ : Yield 3a from Z-2a

Yield of 3a (%)
AN
o
1

20 62% from £ O Yieéld 3a from E-2a
[ [ [ [ $ [
0 1 3 6 12 24
time (h)
Scheme 23

Z DGR, ERB XU ZIEEBICTEICER RN 2 b Do 7z,

F AR, ZERAL 7 4 v EHCTHIERNETIED 5 b OMEIRICHIN T 5 7
7 2 I B ATHE T % (Scheme 24).

FeCl, (5 mol%)

X z L25 (5 mol%)
phHNOC” Br  * PrNEL (2 ooui >

NMe, r (2 equiv)

1,4-dioxane
E:Z=22:78 1100C,24h
1 equiv. 2 equiv. 30: 29%
Scheme 24
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056 H HEE SOCHEE
LA ED#EHR D S HEE & 5 RGO SCHERE % 7k 37 (Scheme 25).

0
Br N,R2
R' R" H
n
[Fel
0
R2
HBr n+1 | N/
[Fe|Br R' R

Scheme 25

¥ a7 mET I FBPMBIC L 2 B HETERZ T 7V AAEEERL 215, NEA L
TAVERIGT B L TRYIATIANTREEREZAE L 5. ZD% T VAN EME % b
v 7L, T IVFEREORMNFRIEATON, NEROEBEBIKEL & 5 5%ICETI
B 2 & CHAED I 4 2 p3m B L L ICEBYIBEL NS,

331



HTHT NE

LE, B4 FRIGHEDMRCHE AL 7 4 v icxw 3 2 BRI y 527 2 L&A ER L
2. TNETICy 772663 DRIGICX VERINT WD, VRERNy 77
Z LDEITE G 23D 70,  DICRIGHER A A L 7 4 v 272 b & Z oiEHlIE R
ISR T 2720, EZ BAWEAL 7 4 VI3 2 2HGERN y 7 7 2 2838 L w
HHEThomEILLND, RAFFE2ECRBLAZSMEIC X 2H=MTAELT SN
ADRIGHE, SRERECERHL, a7v®7 I FEHAOIEVHRERNICy 727 2 0%
B2 PHEKZDOTERVD EFEZARRICET Lz, #EE L TARKIGT D Skl %
W22 TYTRATUAERNG T 7 2 AR L7z, I B AR5 L
TEY, VRN ARLEEDLO 7 v ROVREEE &Y 525, T I FEROF 7R
%D L CURBIRINICKIGOE TS 2 2E 20N, £/, AFETCRETEED
TR F L VFEEREHAWEZRRICEA 27 727 b yRAEL, SREREOIKT 2R L 7.
AWFEIE N E TICWEETH o7z EIZ IBRENERAL 7 4 Vic T2y 77 X LG E#HL
W S Ll 2 il X0 MBMBIE 1T 9 720 T F 7 v A KB SLAGEIRIICAE R ATRE T B B /-
O, WMEAKZLIEL T 25 COERPIRAFFEINS.
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1. General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses precoated
Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column chromatography Silica
Flash® P60 (SiliCycle, 40-63 um) was used. Visualization was accomplished by UV light (254 nm),
'H and '3C NMR spectra were obtained using a JEOL 500 MHz NMR spectrometer. Chemical shifts
for 'TH NMR were described in parts per million (chloroform as an internal standard & = 7.26) in
CDCls, unless otherwise noted. Chemical shifts for *C NMR were expressed in parts per million in
CDCl; as an internal standard (8 = 77.16), unless otherwise noted. E/Z ratios were determined by
NOESY analysis. High resolution mass analyses were obtained using an ACQUITY UPLC/ TOF-
MS for EI. Anhydrous solvents were purchased from Kanto Chemical Co., Ltd. Other chemicals
were purchased from TCI, Sigma and Wako and used after distillation or from the bottles (solid).

Iron chloride was purchased from Sigma Co., Ltd.

Starting Material Information

1 2

i\ o g O
Y Q ; f© 5
o o oL, S

S o Qo

1d 1j 2d 2h
H
N
N
0 o X Br
o o
1e 1k
n 0. N
Br - Br
(o] (o]
Br
1f 11
/0

Figure S1. Starting materials.
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Reported materials: 1a, 1i, 1Kk, 11, 2a, 2b, 2¢, 2d, 2e, 2g

1a, 2a, 2b, 2c¢, 2d, 2e, 2g: Nakashima, Y.; Matsumoto, J.; Nishikata, T. ACS Catal. 2021, 11, 11526-
11531.

1i: Cavicchioni, G. Tetrahedron Letters 1987, 28, 2427-2430.

1k: Tomasik, C. A.; Mitra, A.; West, R. Organometallics 2009, 28, 378-381.

11: Miwa, N.; Yamane,Y.; Nishikata, T. Chem. Lett. 2017, 46, 563-565.

2-bromocarbonyls (1) were synthesized from reported procedures: Murata, Y.; Takeuchi, K.;

Nishikata, T. Tetrahedron 2019, 75, 2726-2736.

2-bromo-2-methyl-N-phenylpropanamide (1a)
H
N
Br

o)

IR (neat) v 3282, 2977, 1653, 1440, 1105 cm™'; '"H NMR (CDCls) 8: 2.06 (s, 6H), 7.15 (t,J = 7.4 Hz,
1H), 7.36 (t, J= 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 8.46 (s, 1H). 3*C NMR (CDCls) 8: 32.7, 63.3,
120.0, 125.0, 129.2, 137.5, 170.0

1-bromo-N-phenylcyclobutane-1-carboxamide (1b)

ZT

Br
(o]

IR (neat) v 3287, 2991, 1655, 1438, 1251, 752 cm™'; 'H NMR (CDCL) &: 2.01-2.09 (m, 1H), 2.30-
2.38 (m, 1H), 2.64-2.70 (m, 2H), 3.09-3.15 (m, 2H), 7.15 (t, /= 7.5 Hz, 1H), 7.36 (t, J = 8.2 Hz, 2H),
7.55 (d, J = 8.6 Hz, 2H), 7.99 (s, 1H). 3C NMR (CDCL) &: 17.2, 38.0, 60.7, 119.9, 124.9, 129.1,
137.5, 169.0; HRMS (EI-MS) calcd. for C1,H;3BrNO (M+H"): 254.0181; found 254.0181

1-bromo-N-phenylcyclopentane-1-carboxamide (1¢)

ZI

Br
(0]

IR (neat) v 3371, 2875, 1668, 1529, 1436, 747 cm™'; 'H NMR (CDCl3) 8: 1.90-1.97 (m, 2H), 2.00-
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2.07 (m, 2H), 2.32-2.36 (m, 2H), 2.52-2.58 (m, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.5 Hz, 2H),
7.56 (d, J = 8.6 Hz, 2H), 8.52 (s, 1H). *C NMR (CDCl;) &: 24.0, 42.7, 74.4, 120.0, 124.9, 129.1,
137.5, 169.1; HRMS (EI-MS) calcd. for C1oH;sBrNO (M+H"): 268.0337; found 268.0337

1-bromo-N-phenylcyclohexane-1-carboxamide (1d)

ZI

Br
(0]

IR (neat) v 3311, 2934, 1649, 1536, 1441, 1119, 750 cm™; '"H NMR (CDCl) §: 1.32-1.41 (m, 1H),
1.69-1.85 (m, 5H), 2.14-2.25 (m, 4H), 7.15 (t, /= 7.4 Hz, 1H), 7.36 (t, J = 8.6 Hz, 2H), 7.55 (d, J =
8.7 Hz, 2H), 8.37 (s, 1H). '3C NMR (CDCls) &: 22.9, 24.8, 31.0, 38.2, 120.1, 124.9, 129.2, 137.6,
169.8; HRMS (EI-MS) calcd. for Ci3H;7BrNO (M+H"): 282.0494; found 282.0494

methyl 4-(2-bromo-2-methylpropanamido)benzoate (1e)

H
N
o
o)

IR (neat) v 3341, 2948, 1684, 1524, 1170, 1100, 772 cm™'; 'H NMR (CDCl;) &: 2.06 (s, 6H), 3.91 (s,
3H), 7.64 (d, J = 8.8 Hz, 2H), 8.04 (d, J = 8.8 Hz, 2H), 8.59 (s, 1H). *C NMR (CDCls) 8: 32.6, 52.2,
62.9, 119.1, 126.3, 130.9, 141.6, 166.6, 170.3; HRMS (EI-MS) calcd. for C;2H;sBrNO; (M+H"):
300.0235; found 300.0236

4-bromophenyl-2-bromo-2-methylpropanamide (1f)
H
N
Br

(o]
Br

IR (neat) v 3310, 2983, 1659, 1485, 1109, 819 cm™'; '"H NMR (CDCls) &: 2.04 (s, 6H), 7.43-7.48 (m,
4H), 8.44 (s, 1H). 3C NMR (CDCls) &: 32.6, 63.1, 117.7, 121.6, 132.1, 136.6, 170.1; HRMS (EI-
MS) calcd. for CioH2BraNO (M+H"): 319.9286; found 319.9287

4-chlorophenyl-2-bromo-2-methylpropanamide (1g)
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ZT

Br

o
Cl

IR (neat) v 3328, 2930, 1637, 1527, 1106, 825 cm™'; 'H NMR (CDCls) &: 2.04 (s, 6H), 7.32 (d, J =
8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 8.45 (s, 1H). 1*C NMR (CDCl;) &: 32.6, 63.1, 121.3, 129.2,
130.0, 136.0, 170.1; HRMS (EI-MS) calcd. for CioH2BrCINO (M+H"): 275.9791; found 275.9792

2-bromo-N-(3-methoxyphenyl)-2-methylpropanamide (1h)

0 N
- Br
(o)

IR (neat) v 3290, 2931, 1655, 1447, 1276, 1032, 788 cm™'; 'H NMR (CDCls) &: 2.05 (s, 6H), 3.82 (s,
3H), 6.70 (dd, J=2.5 and 8.4 Hz, 1H), 7.00 (dd, J = 2.0, and 8.0 Hz, 1H), 7.24 (t, /= 8.2, 1H), 7.32
(t, J =2.3 Hz, 1H), 8.44 (s, 1H). *C NMR (CDCl3) &: 32.6, 55.4, 63.2, 105.4, 111.0, 112.0, 129.8,
138.7,160.3, 170.1

N-benzyl-2-bromo-2-methylpropanamide (1i)

GMX

IR (neat) v 3298, 2918, 1641, 1532, 1100, 728 cm™'; '"H NMR (CDCl5) 8: 2.00 (s, 6H), 4.46 (d, J =
5.7 Hz, 2H), 7.00 (s, 1H), 7.27-7.32 (m, 3H), 7.34-7.38 (m, 2H). '3C NMR (CDCl;) &: 32.7, 44.5,
63.1,127.6,127.7,128.9, 137.8, 172.0

2-bromo-N-cyclohexyl-2-methylpropanamide (1j)

ShNy

IR (neat) v 3329, 2930, 2850, 1636, 1528, 1105, 891 cm™!; '"H NMR (CDCls) &: 1.17-1.24 (m, 3H),
1.34-1.42 (m, 2H), 1.58-1.64 (m, 1H), 1.69-1.74 (m, 2H), 1.89-1.93 (m, 2H), 1.94 (s, 6H), 3.66-3.74
(m, 1H), 6.60 (s, 1H). '*C NMR (CDCl;) &: 24.7, 25.6, 32.7, 32.7,49.1, 63.9, 171.1; HRMS (EI-MS)
caled. for C1oH19BrNO (M+H"): 248.0650; found 248.0652
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2-bromo-N-(tert-butyl)-2-methylpropanamide (1k)

IR (neat) v 3371, 2969, 1650, 1516, 1108, 868 cm™'; 'H NMR (CDCl3) &: 1.37 (s, 9H), 1.92 (s, 6H),
6.57 (s, 1H). *C NMR (CDCl) &: 28.4, 32.6, 51.7, 64.0, 171.3

2-bromo-N-(3,5-dimethoxyphenyl)-2-methylpropanamide (11)

H
MeO N%
Br
Q I
OMe

IR (neat) v 3346, 2962, 1662, 1598, 1541, 1197, 818 cm™'; 'H NMR (CDCls) &: 2.04 (s, 6H), 3.79 (s,
6H), 6.27 (t, J =2.2 Hz, 1H), 6.78 (d, J= 2.2 Hz, 2H), 8.40 (s, 1H). 3*C NMR (CDCls) &: 32.6, 55.5,
3.2,97.6,98.1,139.2, 161.2,170.1

Styrene deirvatives (2) were synthesized by Wittig reactions.

‘BuOK (2 equiv) was added to THF solution of ethyltriphenylphosphonium bromide (2 equiv) at 0
°C and the resulting solution was stirred for several hours. After stirring, aldehyde (1 equiv) was
added to the mixture. The resulting mixture vigorously stirred overnight at room temperature. After
this time, the contents of the flask were washed with brine, and extracted with EtOAc. The combined
organic layer was dried over MgSO4 and evaporated. The crude residue was purified by flash

chromatography, eluting hexane-EtOAc to afford the product 2.

N,N-dimethyl-4-(prop-1-en-1-yl)aniline (£ : Z= 23 : 77) (2a)
z

NMe,
IR (neat) v 3010, 2796, 1607, 1517, 1347, 1161, 824 cm™'; 'H NMR (CDCls) 6: 1.85 (dd, J = 1.6 and
6.7 Hz, 0.6H), 1.92 (dd, J = 1.7 and 7.1 Hz, 2.4H), 2.94 (s, 1.2H), 2.96 (s, 4.8H), 5.62 (dq, /= 7.1
and 11.4 Hz, 0.8H), 6.03 (dq, J = 6.6 and 15.6 Hz, 0.2H), 6.30-6.36 (m, 1H), 6.67 (d, J = 8.9 Hz,
0.4H), 6.72 (d, J = 9.0 Hz, 1.6H), 7.21-7.25 (m, 2H). *C NMR (CDCls) &: 14.8, 18.5, 40.5, 40.5,
112.1, 112.6,121.2,123.3, 126.2, 126.7, 126.7, 129.7, 129.8, 130.8, 149.1, 149.6
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N,N-diethyl-4-(prop-1-en-1-yl)aniline (£ : Z=22 : 78) (2b)
=

NEt,
IR (neat) v 3009, 2966, 1605, 1516, 1353, 1264, 822 cm™'; 'H NMR (CDCls) &: 1.17 (t, J = 7.0 Hz,
6H), 1.84 (dd, J=1.8 and 6.6 Hz, 0.7H), 1.92 (d, /= 1.7 and 7.1 Hz, 2.3H), 3.36 (q, /= 7.0 Hz, 4H),
5.58 (dq, J=7.2 and 11.6 Hz, 0.8H), 5.99 (dq, J = 6.6 and 15.6 Hz, 0.2H), 6.29-6.33 (m, 1H), 6.61
(d, J=8.0 Hz, 0.5H), 6.66 (d, J = 8.5 Hz, 1.5H), 7.19-7.22 (m, 2H). 3C NMR (CDCl;) &: 12.7, 14.8,
18.5,44.4,111.4,111.9,120.7, 122.8,125.2, 125.7, 126.9, 129.7, 130.1, 130.8, 146.3, 146.8

4-(4-(prop-1-en-1-yl)phenyl)morpholine (£ : Z= 21 :79) (2¢)

=z

@

IR (neat) v 3268, 2958, 2824, 1604, 1512, 1231, 1119, 922, 835 cm™!; 'H NMR (CDCls) &: 1.85 (dd,
J=1.6 and 6.5 Hz, 0.6H), 1.90 (dd, /= 1.8 and 7.0 Hz, 2.4H), 3.15 (t, /= 4.8 Hz, 1H), 3.16 (t,J =
4.9 Hz, 3H), 3.84-3.87 (m, 4H), 5.67 (dq, J = 7.2 and 11.6 Hz, 0.7H), 6.09 (dq, J = 6.6 and 15.7Hz,
0.2H), 6.31-6.35 (m, 1H), 6.84 (d, /= 8.7 Hz, 0.4H), 6.88 (d, J = 8.8 Hz, 1.6H), 7.24 (d, J = 8.6 Hz,
2H). 3C NMR (CDCls) &: 14.8, 18.5, 49.3, 49.4, 67.0, 115.2, 115.7, 123.2, 124.9, 126.7, 129.4,
129.6, 129.9, 130.1, 130.5, 149.7, 150.2

1-(4-(prop-1-en-1-yl)phenyl)pyrrolidine (£ : Z=17 : 83) (2d)
z
i
IR (neat) v 2962, 2877, 1608, 1518, 1363, 1179, 820 cm™!; 'H NMR (CDCls) 8: 1.84 (dd, J = 1.5 and
6.5 Hz, 0.5H), 1.91 (dd, J = 1.8 and 7.1 Hz, 2.4H), 1.99-2.04 (m, 4H), 3.27-3.34 (m, 4H), 5.58 (dq, J
=7.2 and 11.6 Hz, 0.8H), 6.01 (dq, J = 6.6 and 15.6 Hz, 0.2H), 6.29-6.37 (m, 1H), 6.50 (d, /= 8.0
Hz, 0.4H), 6.54 (d,J = 8.5 Hz, 1.6H), 7.21-7.23 (m, 2H). *C NMR (CDCl;) &: 14.8, 18.5,25.5,47.7,

111.3, 111.7,120.6, 122.8, 125.2, 126.8, 130.0, 131.0, 146.6

9-ethyl-3-(prop-1-en-1-yl)-9H-carbazole (£ : Z=30:70) (2e)

338



A~

N

)

IR (neat) v 2973, 1734, 1597, 1469, 1229, 738 cm™'; 'H NMR (CDCls) &: 1.45 (t, J = 7.3 Hz, 3H),
1.94 (dd, J= 1.7 and 6.6 Hz, 0.9H), 2.02 (dd, J = 1.8 and 7.1 Hz, 2H), 4.33-4.40 (m, 2H), 5.79 (dq, J
=7.1 and 11.5 Hz, 0.7H), 6.26 (dq, J = 6.6 and 15.6 Hz, 0.3H), 6.59-6.66 (m, 1H), 7.21-7.25 (m, 1H),
7.32-7.51 (m, 4H), 8.06 (s, 1H), 8.09-8.12 (m, 1H). 3C NMR (CDCL) 5: 13.7, 14.8, 18.6,21.0,37.4,
60.3, 108.0, 108.4, 108.5, 117.8, 118.7, 118.8, 120.4, 120.6, 122.7, 122.8, 123.0, 123.1, 123.8, 124.5,
125.6, 125.6, 127.0, 128.6, 129.2, 130.6, 131.7, 138.6, 139.2, 140.2

N,N-dimethyl-4-(but-1-en-1-yl)aniline (£ : Z= 13 : 87) (2f)
=

NMe,
IR (neat) v 2959, 2871, 1608, 1518, 1347, 1161, 946, 824 cm™'; '"H NMR (CDCl;) &: 1.08-1.12 (m,
3H), 2.23 (dquin, J = 1.6 and 7.4 Hz, 0.2H), 2.40 (dquin, J = 1.9 and 7.4 Hz, 1.8H), 2.96 (s, 0.7H),
2.98 (s, 5.3H), 5.50 (dt, J = 7.2 and 11.4 Hz, 0.9H), 6.09 (dt, /= 6.5 and 15.7 Hz, 0.1H), 6.30-6.34
(m, 1H), 6.70-6.75 (m, 2H), 7.23-7.28 (m, 2H). *C NMR (CDCl;) &: 14.0, 14.7, 22.1, 26.1, 40.4,
40.5, 112.1, 112.6, 126.3, 126.7, 128.2, 128.7, 129.7, 131.3, 149.1, 149.6; HRMS (EI-MS) calcd. for
Ci2HisN (M+H"): 176.1439; found 176.1440

N,N-dimethyl-4-(pent-1-en-1-yl)aniline (£ : Z=12 : 88) (2g)

=z

NMe2

IR (neat) v 2954, 2868, 1608, 1518, 1347, 1161, 946, 822 cm™'; 'H NMR (CDCLs) &: 0.97 (t, J = 7.4
Hz, 3H), 1.49 (sext, J = 7.3 Hz, 2H), 2.15-2.19 (m, 0.2H), 2.33-2.38 (m, 1.8H), 2.95 (s, 2H), 2.97 (s,
6H), 5.50 (dt, J= 7.2 and 11.6 Hz, 0.9 H), 6.04 (dt, J = 6.6 and 15.6 Hz, 0.1 H), 6.29-6.34 (m, 1H),
6.69-6.73 (m, 2H), 7.22-7.26 (m, 2H). 13C NMR (CDCL) &: 13.8, 14.0, 22.9, 23.4, 31.0, 35.3, 40.7,
40.8,112.3, 112.8, 126.6, 126.8, 126.0, 126.8, 127.0, 128.8, 129.9, 130.0, 148.2, 148.7

4-(but-2-en-2-yl)-N,N-dimethylaniline (£ : Z= 15 : 85) (2h)
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NMGz

IR (neat) v 2961, 2796, 1609, 1519, 1345, 1165, 946, 823 cm™'; 'H NMR (CDCL) §: 1.65 (d, J = 6.8
Hz, 2.5H), 1.78 (d, J = 6.8 Hz, 0.5H), 2.00-2.02 (m, 3H), 2.94 (s, 1H), 2.96 (s, SH), 5.48 (dq, J= 1.3
and 6.8 Hz, 0.8H), 5.76 (dq, J = 1.3 and 6.7 Hz, 0.1H), 6.71 (d, J= 8.9 Hz, 0.4H), 6.72 (d, J= 8.7 Hz,
2H), 7.13 (d, J = 8.6 Hz, 1.6H), 7.29 (d, J = 8.8 Hz, 0.3H). '3C NMR (CDCls) 5:14.3, 15.1, 15.4,
25.4,40.6,40.7, 112.1, 112.5, 119.2, 120.3, 123.2, 128.9, 129.9, 136.4, 149.2; HRMS (EI-MS) calcd.
for C1oH;sN (M+H"): 176.1439; found 176.1439
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2. General procedure

General procedure for the synthesis of 3.

Substrate 1 (0.50 mmol), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv) and L13 (16.8 mg, 0.025 mmol,
0.05 equiv) were sequentially added under air to a drum vial equipped with a stir bar and a screw cap.
After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL), ‘ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv) and substrate 2 (1.00 mmol, 2.0 equiv) were added by syringe and the resulting
mixture was vigorously stirred under nitrogen atmosphere for 24 h at 110 °C. After this time, the
contents of the flask were filtered through the plug of silica gel, and then concentrated by rotary
evaporation. The residue was purified by flash chromatography, eluting hexane/EtOAc to afford the
product 3.

5-(4-(dimethylamino)phenyl)-3,3,4-trimethyl-1-phenylpyrrolidin-2-one (3a)
o

Ph
,

NMQZ

Following the general procedure above, using 1a (121.4 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z =23 : 77), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3a (132.2 mg, 82%); IR (neat) v 3316, 2968, 2871, 1780, 1686, 1617,
1521, 1354, 1175, 948, 804, 753 cm™'; '"H NMR (CDCl3) 8: 1.00 (d, J = 6.8 Hz, 3H), 1.10 (s, 3H),
1.29 (s,3H), 1.93-1.99 (m, 1H), 2.88 (s, 6H), 4.53 (d, /= 9.4 Hz, 1H), 6.59 (d, J = 8.6 Hz, 2H), 7.00
(t,J = 7.4 Hz, 1H), 7.03 (d, J = 8.6 Hz, 2H), 7.19 (t, J = 8.6 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H). 13C
NMR (CDCl) 6: 10.3, 19.0, 23.9, 40.5, 44.0, 49.2, 67.3, 112.4, 123.4, 124.7, 126.6, 128.1, 128.3,
138.3, 150.0, 179.9; HRMS (EI-MS) calcd. for C»5sH33N,O (M+H"): 377.2593; found 377.2593

7-(4-(diethylamino)phenyl)-8-methyl-6-phenyl-6-azaspiro[3.4]octan-5-one (3b)
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Following the general procedure above, using 2b (127.1 mg, 0.50 mmol), styrene 2b (0.20 mL, 1.00
mmol, 2.0 equiv, £ : Z =22 : 78), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3b (144.7 mg, 80%); IR (neat) v 2968, 2109, 1686, 1518, 1352, 1265,
1187, 1154, 1079, 801 cm™'; '"H NMR (CDCl5) 8: 1.10 (t, J = 7.1 Hz, 6H), 1.20 (d, J = 6.9 Hz, 3H),
1.82-1.91 (m, 2H), 2.05-2.28 (m, 4H), 2.58-2.66 (m, 1H), 3.26 (q, J = 6.9 Hz, 4H), 447 (d, /= 6.9
Hz, 1H), 6.52 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 7.00 (t, J = 7.4 Hz, 1H), 7.21 (t, J=8.2
Hz, 2H), 7.39 (d, J = 8.2 Hz, 2H). 3C NMR (CDCls) 8: 12.7, 13.0, 16.6, 24.9,29.4, 44.2, 47.2, 50.1,
679, 111.6, 122.7, 1244, 126.0, 127.8, 128.4, 138.7, 147.3, 178.8; HRMS (EI-MS) calcd. for
C24H31N20 (M+H"): 363.2436; found 363.2436

3-(4-(diethylamino)phenyl)-4-methyl-2-phenyl-2-azaspiro[4.4 nonan-1-one (3¢)

o)

"I,..

NEt,

Following the general procedure above, using 1¢ (134.1 mg, 0.50 mmol), styrene 2b (0.20 mL, 1.00
mmol, 2.0 equiv, £ : Z =22 : 78), FeCl, (3.1 mg, 0.025 mmol, 0.05 equiv), L13 (16.8 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3¢ (87.3 mg, 46%); IR (neat) v 2963, 2086, 1685, 1518, 1352, 1188,
1071, 800, 689 cm™; 'H NMR (CDCls) &: 1.02 (d, J = 6.8 Hz, 3H), 1.10 (t, J = 7.0 Hz, 6H), 1.48-
1.54 (m, 1H), 1.63-1.73 (m, 2H), 1.82-1.96 (m, 4H), 2.04-2.10 (m, 1H), 2.32-2.37 (m, 1H), 3.26 (q, J
= 7.0 Hz, 4H), 4.50 (d, J = 8.8 Hz, 1H), 6.52 (d, J = 8.7 Hz, 2H), 6.98-7.01 (m, 3H), 7.20 (t, J= 8.0
Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H). 3*C NMR (CDCls) &: 11.6, 12.6, 26.3, 26.5, 30.6, 35.6, 44.2, 48.5,
54.5,68.0, 111.5, 123.1, 124.4, 125.5, 128.1, 128.3, 138.5, 147.3, 180.7; HRMS (EI-MS) calcd. for
C25H33N,0 (M+HY): 377.2593; found 377.2593

3-(4-(dimethylamino)phenyl)-4-methyl-2-phenyl-2-azaspiro[4.5]decan-1-one (3d)
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NMe2

Following the general procedure above, using 1d (128.1 mg, 0.50 mmol), styrene 2a (0.20 mL, 1.00
mmol, 2.0 equiv, E : Z =23 : 77), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3d (71.4 mg, 39%); IR (neat) v 2926, 2364, 1688, 1356, 1201, 1081, 800,
742, 689 cm™'; 'TH NMR (CDCl3) 6: 1.03 (d, J = 6.9 Hz, 3H), 1.25-1.32 (m, 1H), 1.44-1.56 (m, 4H),
1.67-1.76 (m, 3H), 1.84-1.96 (m, 2H), 2.26-2.33 (m, 1H), 2.88 (s, 6H), 4.57 (d, J = 8.8 Hz, 1H), 6.58
(d, J=8.9 Hz, 2H), 6.99 (t, /= 7.4 Hz, 1H), 7.02 (d, J = 8.7 Hz, 2H), 7.19 (t, J = 8.0 Hz, 2H), 7.32
(d, J = 8.3 Hz, 2H). '3C NMR (CDCl) §: 11.6, 21.7, 22.1, 25.9, 28.1, 33.8, 40.5, 45.9, 49.4, 67.0,
112.4,123.2, 124.5, 127.3, 127.9, 128.3, 138.4, 149.9, 179.3; HRMS (EI-MS) calcd. for C24H31N>O
(M+H"): 363.2436; found 363.2436

methyl 4-(5-(4-(dimethylamino)phenyl)-3,3,4-trimethyl-2-oxopyrrolidin-1-yl)benzoate (3e)

CO,Me
o

I[,".

NMEZ

Following the general procedure above, using 1e (150.4 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, E : Z =23 : 77), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.8 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3e (149.9 mg, 79%); IR (neat) v 3303, 2956, 2110, 1697, 1603, 1523,
1351, 1275, 1176, 1108, 794, 762, 697 cm™'; 'TH NMR (CDCI;5) 8: 1.00 (d, J = 6.8 Hz, 3H), 1.09 (s,
3H), 1.29 (s, 3H), 1.93-1.99 (m, 1H), 2.87 (s, 6H), 3.81 (s, 3H), 4.56 (d, J=9.4 Hz, 1H), 6.56 (d, J =
8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 7.41 (d, J = 8.7 Hz, 2H), 7.86 (d, J = 8.8 Hz, 2H). *C NMR
(CDCl3) 6: 10.3, 19.0, 23.8, 40.4, 44.2, 49.1, 52.0, 67.1, 112.4, 122.4, 125.6, 126.0, 127.9, 129.9,
142.5, 150.1, 166.8, 180.1; HRMS (EI-MS) calcd. for Cz3H2oN>O3 (M+H"): 381.2178; found
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381.2179

1-(4-bromophenyl)-3,3,4-trimethyl-5-(4-morpholinophenyl)pyrrolidin-2-one (3f)
Br

(o)

Following the general procedure above, using 1f (160.5 mg, 0.50 mmol), styrene 2e (0.19 mL, 1.00
mmol, 2.0 equiv, £ : Z =21 :79), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3f (188.5 mg, 85%); IR (neat) v 2961, 2855, 1693, 1488, 1348, 1222,
1113, 924, 822, 726 cm™'; 'H NMR (CDCls) §: 0.98 (d, J = 6.8 Hz, 3H), 1.08 (s, 3H), 1.27 (s, 3H),
1.93 (dq, J = 6.8 and 9.4 Hz, 1H), 3.10-3.11 (m, 4H), 3.80-3.82 (m, 4H), 4.51 (d, J = 9.4 Hz, 1H),
6.78 (d, J=8.2 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 7.17 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H).
3C NMR (CDCl3) 6: 10.2, 18.9, 23.7, 44.0, 49.0, 49.1, 66.8, 67.0, 115.6, 117.7, 124.7, 128.0, 131.4,
131.9, 137.1, 150.6, 179.8; HRMS (EI-MS) calcd. for Cz3H2sN>O, (M+H"): 433.1334; found
433.1333

1-(4-chlorophenyl)-3,3,4-trimethyl-5-(4-(pyrrolidin-1-yl)phenyl)pyrrolidin-2-one (3g)

Cl
o

I[,".

D
Following the general procedure above, using 1g (138.4 mg, 0.50 mmol), styrene 2d (0.18 mL, 1.00

mmol, 2.0 equiv, £ : Z =17 : 83), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
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110 °C, yielded the product 3g (138.6 mg, 72%); IR (neat) v 2961, 2094, 1686, 1524, 1491, 1366,
1185, 1079, 833, 792 cm’'; 'H NMR (CDCls) 8: 0.98 (d, J = 6.8 Hz, 3H), 1.08 (s, 3H), 1.28 (s, 3H),
1.91-1.98 (m, 5H), 3.21 (t, J = 6.5 Hz, 4H), 4.47 (d, J = 9.4 Hz, 1H), 6.42 (d, J = 8.5 Hz, 2H), 6.98
(d, J= 8.5 Hz, 2H), 7.14 (d, J = 8.9 Hz, 2H), 7.24 (d, J = 8.9 Hz, 2H). '3C NMR (CDCL) &: 10.2,
18.9,23.8,25.5, 44.0, 47.5, 49.2, 67.4, 111.6, 124.5, 124.8, 128.2, 128.4, 129.8, 136.8, 147.5, 179.9;
HRMS (EI-MS) caled. for Co3HasCIN,O (M+H*): 383.1890; found 323.1890

5-(9-ethyl-9H-carbazol-3-yl)-1-(3-methoxyphenyl)-3,3,4-trimethylpyrrolidin-2-one (3h)

o

Following the general procedure above, using 1h (136.2 mg, 0.50 mmol), styrene 2e (0.20 mL, 1.00
mmol, 2.0 equiv, £ : Z = 30 : 70), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.8 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3h (157.9 mg, 74%); IR (neat) v 3555, 2959, 1707, 1688, 1604, 1491,
1345, 1231, 1050, 774, 755, 687 cm™; '"H NMR (CDCl3) &: 1.04 (d, J = 6.5 Hz, 3H), 1.15 (s, 3H),
1.34 (s, 3H), 1.39 (t, /= 7.2 Hz, 3H), 2.06-2.12 (m, 1H), 3.67 (s, 3H), 4.28 (q, J = 7.2 Hz, 2H), 4.79
(d,J=9.1 Hz, 1H), 6.49 (d, J = 8.1 Hz, 1H), 6.88 (d, /= 8.1 Hz, 1H), 7.01 (t, J= 8.1 Hz, 1H), 7.10
(s, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.25 (d, J = 6.8 Hz, 2H), 7.36 (d, J = 8.1 Hz, 1H), 7.45 (t, /= 7.6
Hz, 1H), 7.93 (s, 1H), 8.05 (d, J = 7.8 Hz, 1H). 3C NMR (CDCl) &: 10.3, 13.9, 19.1, 23.9, 37.7,
442, 49.6, 55.2, 68.2, 108.6, 108.8, 109.2, 110.7, 115.4, 118.9, 119.4, 120.4, 122.5, 122.9, 1244,
125.9, 1289, 129.8, 139.4, 139.6, 140.3, 159.5, 180.1; HRMS (EI-MS) calcd. for CzsH31N>O;
(M+H"): 427.2386; found 427.2387

1-benzyl-5-(4-(diethylamino)phenyl)-3,3,4-trimethylpyrrolidin-2-one (3i)
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Following the general procedure above, using 1i (128.1 mg, 0.50 mmol), styrene 2b (0.20 mL, 1.00
mmol, 2.0 equiv, E : Z =22 : 78), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3i (139.8 mg, 77%); IR (neat) v 3358, 2966, 1682, 1518, 1399, 1357,
1263, 1195, 1075, 803, 697 cm™!; '"H NMR (CDCls) 3: 0.81 (d, J = 6.9 Hz, 3H), 0.94 (s, 3H), 1.19 (¢,
J=17.0 Hz, 6H), 1.23 (s, 3H), 1.85-1.91 (m, 1H), 3.37 (q, /= 7.0 Hz, 4H), 3.45 (d, /= 14.3 Hz, 1H),
3.60 (d,J=9.4 Hz, 1H), 5.03 (d, J= 14.3 Hz, 1H), 6.64 (d, J= 8.8 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H),
7.00 (dd, J = 2.4 and 7.6 Hz, 2H), 7.21-7.25 (m, 3H). *C NMR (CDCls) 3: 10.3, 12.7, 18.6, 23.5,
433, 44.1, 444, 48.7, 653, 111.7, 124.4, 127.3, 128.4, 128.7, 129.0, 137.1, 147.8, 180.5; HRMS
(EI-MS) calcd. for C24H33N20 (M+H"): 365.2593; found 365.2593

1-cyclohexyl-5-(4-(diethylamino)phenyl)-3,3,4-trimethylpyrrolidin-2-one (3j)

o)

h, ",

NEt,

Following the general procedure above, using 1j (124.1 mg, 0.50 mmol), styrene 2b (0.20 mL, 1.00
mmol, 2.0 equiv, E : Z =22 : 78), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.8 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3j (105.6 mg, 59%); IR (neat) v 2962, 2856, 1678, 1518, 1356, 1265,
1075, 798 cm’'; 'TH NMR (CDCls) 8: 0.83 (d, J = 6.8 Hz, 3H), 0.94 (s, 3H), 0.95-1.01 (m, 1H), 1.05-
1.13 (m, 2H), 1.16 (s, 3H), 1.17 (t,J = 7.1 Hz, 6H), 1.36 (dq, J = 3.5 and 12.4 Hz, 1H), 1.48 (t, J =
12.7 Hz, 2H), 1.59-1.67 (m, 3H), 1.80 (dq, J = 6.9 and 9.3 Hz, 1H), 1.97 (dq, J = 3.2 and 12.0 Hz,
1H), 3.23 (t,J=12.0 Hz, 1H), 3.35 (q, /= 7.0 Hz, 4H), 3.86 (d, /= 9.3 Hz, 1H), 6.63 (d, J= 8.7 Hz,
2H)2, 7.05 (d, J = 8.7 Hz, 2H). *C NMR (CDCl) &: 10.4, 12.7, 18.8, 23.7, 25.5, 26.0, 29.8, 30.1,
43.3,44.4,489,54.3,66.8, 111.6, 126.8, 128.9, 147.7, 181.2; HRMS (EI-MS) calcd. for C»3H37N>O
(M+H"): 357.2906; found 357.2904

1-(tert-butyl)-5-(4-(dimethylamino)phenyl)-3,3,4-trimethylpyrrolidin-2-one (3k)
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NEt,

Following the general procedure above, using 1k (111.2 mg, 0.50 mmol), styrene 2b (0.20 mL, 1.00
mmol, 2.0 equiv, E : Z =23 : 77), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (17.0 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3k (65.3 mg, 40%); IR (neat) v 2958, 1672, 1613, 1519, 1387, 1348,
1195, 790 cm’'; '"H NMR (CDCl3) 6: 0.87 (d, J = 6.9 Hz, 3H), 0.94 (s, 3H), 1.11 (s, 3H), 1.16 (t, J =
7.0 Hz, 6H), 1.25 (s, 9H), 1.68-1.74 (m, 1H), 3.34 (q, /= 7.0 Hz, 4H), 4.00 (d, J = 8.1 Hz, 1H), 6.62
(d,J=8.7 Hz, 2H), 7.03 (d, J = 8.3 Hz, 2H). '3C NMR (CDCls) §: 11.0, 12.7, 19.6, 23.8, 28.7, 43.6,
444, 493, 55.7, 674, 111.7, 127.6, 131.8, 147.2, 182.3; HRMS (EI-MS) calcd. for C»H3sN,O
(M+H"): 331.2749; found 331.2749

5-(4-(dimethylamino)phenyl)-4-ethyl-3,3-dimethyl-1-phenylpyrrolidin-2-one (31)

NMGZ

Following the general procedure above, using 1a (121.1 mg, 0.50 mmol), styrene 2f (0.18 mL, 1.00
mmol, 2.0 equiv, £ : Z =13 : 87), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3m (109.1 mg, 65%); IR (neat) v 2965, 2929, 1876, 1696, 1524, 1348,
1171, 1114, 813, 791, 754, 691 cm™'; "H NMR (CDCls) &: 0.85 (t, J = 7.5 Hz, 3H), 1.15 (s, 3H), 1.39
(s, 3H), 1.52-1.59 (m, 2H), 1.86-1.90 (m, 1H), 2.88 (s, 6H), 4.53 (d, /= 9.1 Hz, 1H), 6.57 (d, J=8.7
Hz, 2H), 6.99 (t,J = 7.3 Hz, 1H), 7.04 (d, J = 8.5 Hz, 2H), 7.18 (t, /= 8.4 Hz, 2H), 7.26 (d, /= 7.9
Hz, 2H). *C NMR (CDCls) &: 13.2, 19.0, 20.7, 25.7, 40.5, 44.1, 55.5, 66.6, 112.3, 123.7, 124.8,
127.2, 128.3, 128.5, 138.2, 149.9, 179.8; HRMS (EI-MS) calcd. for C22H2oN>O (M+H"): 337.2280;
found 337.2280

1-(4-chlorophenyl)-5-(4-(dimethylamino)phenyl)-3,3-dimethyl-4-propylpyrrolidin-2-one (3m)
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Cl

NMeZ

Following the general procedure above, using 1g (138.4 mg, 0.50 mmol), styrene 2g (0.18 mL, 1.00
mmol, 2.0 equiv, £ : Z =12 : 88), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3m (114.9 mg, 60%); IR (neat) v 2965, 2931, 2868, 1684, 1528, 1359,
1172, 1083, 1013, 817, 780 cm™'; 'H NMR (CDCls) &: 0.80 (t, J = 7.3 Hz, 3H), 1.10-1.17 (m, 1H),
1.13 (s, 3H), 1.24-1.30 (m, 1H), 1.36 (s, 3H), 1.41-1.53 (m, 2H), 1.94-1.98 (m, 1H), 2.90 (s, 6H),
448 (d,J=9.2 Hz, 1H), 6.57 (d, J=8.7 Hz, 2H), 7.01 (d, /= 8.7 Hz, 2H), 7.13 (d, / = 9.0 Hz, 2H),
7.20 (d, J = 9.0 Hz, 2H). 13C NMR (CDCl;) §: 14.6, 19.0, 21.5, 25.4, 30.1, 40.4, 44.2, 53.5, 66.7,
112.3, 124.8, 126.5, 128.4, 128.5, 129.9, 136.7, 150.0, 179.8; HRMS (EI-MS) calcd. for C»3H30N,O
(M+H"): 385.2047; found 385.2047

1-(3,5-dimethoxyphenyl)-5-(4-(dimethylamino)phenyl)-3,3,4-trimethylpyrrolidin-2-one (3n)

MeO

OMe

NMGZ

Following the general procedure above, using 11 (136.2 mg, 0.50 mmol), styrene 2a (0.17 mL, 1.00
mmol, 2.0 equiv, £ : Z= 23 : 77), FeCl» (3.2 mg, 0.025 mmol, 0.05 equiv), ligand (16.8 mg, 0.025
mmol, 0.05 equiv), ProNEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the product 3o (160.6 mg, 84%); IR (neat) v 3466, 2960, 1666, 1593, 1470, 1203,
1151, 1051, 831, 806, 685 cm™'; 'H NMR (CDCls) &: 0.98 (d, J = 6.8 Hz, 3H), 1.08 (s, 3H), 1.28 (s,
3H), 1.93 (dq, J = 6.8, and 9.3 Hz, 1H), 2.89 (s, 6H), 3.67 (s, 6H), 4.47 (d, /J=9.3 Hz, 1H), 6.13 (t,J
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=2.2 Hz, 1H), 6.54 (d, J = 2.2 Hz, 2H), 6.60 (d, J = 8.6 Hz, 2H), 7.04 (t, J = 8.7 Hz, 2H). *C NMR
(CDCls) &: 10.3, 19.0, 23.8, 40.5, 44.2, 49.0, 55.4, 67.5, 97.6, 101.7, 112.6, 127.0, 127.9, 140.0,
150.1, 160.3, 180.1; HRMS (EI-MS) calcd. for C23H31N>O3 (M+H"): 383.2335; found 383.2335

5-(4-(dimethylamino)phenyl)-3,3,4,5-tetramethyl-1-phenylpyrrolidin-2-one (30)
o)

Ph
’

NMe,

Following the general procedure above, using 1a (121.1 mg, 0.50 mmol), styrene 2h (0.19 mL, 1.00
mmol, 2.0 equiv, £ : Z=15: 85), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), Pr,NEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at

110 °C, yielded the product 3n (48.4 mg, 29%); IR (neat) v 3351, 2969, 1685, 1520, 1351, 1198,
1130, 798, 754, 692 cm’'; "TH NMR (CDCls) 8: 0.93 (d, J = 7.2 Hz, 3H), 1.26 (s, 3H), 1.33 (s, 3H),
1.57 (s, 3H), 2.48 (q,J="7.5 Hz, 1H), 2.95 (s, 6H), 6.65 (d, J = 8.9 Hz, 2H), 6.96-6.97 (m, 2H), 7.12
(d, J=17.3 Hz, 1H), 7.16-7.19 (m, 2H), 7.23 (d, J = 8.9 Hz, 2H). *C NMR (CDCl;) §: 8.8, 19.8, 21.5,
26.7,40.5,42.8,52.1,68.4, 111.8, 126.7, 127.8, 128.1, 128.5, 132.8, 137.8, 149.5, 180.7; HRMS
(EI-MS) calcd. for CH29N,0 (M+H"): 337.2280; found 337.2280

N-(4-chlorophenyl)-3,3,4,5-tetramethyl-5-(3,4,5-trimethoxyphenyl)dihydrofuran-2(3 H)-imine 4

OMe

OMe

OMe

Following the general procedure above, using 1g (188.3 mg, 0.50 mmol), styrene 2i (208.2 mg,
1.00 mmol, 2.0 equiv, £ : Z =38 : 62), FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv), L13 (16.9 mg, 0.025
mmol, 0.05 equiv), Pr,NEt (0.17 mL, 1.00 mmol, 2.0 equiv), and dried 1,4-dioxane (1.00 mL) at
110 °C, yielded the corresponding iminolactone 4 (111.1 mg, 55%); '"H NMR (CDCls) &: 1.00 (d, J
= 6.6 Hz, 3H), 1.29 (s, 3H), 1.35 (s, 3H), 2.00-2.06 (m, 1H), 3.84 (s, 3H), 3.85 (s, 3H), 4.76 (d, /=
10.3 Hz, 1H), 6.47 (s, 2H), 7.05 (d, J= 8.7 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H). 3*C NMR (CDCl5) &:
9.7,20.4,24.5,44.2, 50.6, 56.3, 61.0, 86.8, 103.3, 124.3, 128.7, 134.2, 138.2, 145.9, 153.5, 168.9.
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3. Control experiments

#1: Radical inhibitor test

FeCl, (5 mol%)
~L13 (5 mol%)
) 'ProNEt (2 equiv)
1a (1.0 equiv.) *  2a (2.0 equiv.) » 3a:0%
TEMPO (1 equiv)
1,4-dioxane
110°C, 24 h

Substrate 1a (0.50 mmol), substrate 2a (1.00 mmol, 2.0 equiv), radical inhibitor (TEMPO : 78.1 mg,
0.5 mmol, 1.0 equiv, BHT : 110.2 mg, 0.5 mmol, 1.0 equiv) and FeCl, (3.2 mg, 0.025 mmol, 0.05
equiv) were sequentially added under air to a drum vial equipped with a stir bar and a screw cap.
After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0 mL) and ProNEt (0.17 mL, 1.00
mmol, 2.0 equiv) were added by syringe and the resulting mixture was vigorously stirred under
nitrogen atmosphere for 24 h at 110 °C. After this time, the contents of the flask were filtered
through the plug of silica gel, and then concentrated by rotary evaporation. The residue was purified

by flash chromatography, eluting hexane/EtOAc to afford the product 3a.

#2: Cation trapping test

‘FeCly (5 mol%)
0 'ProNEt (2 equiv)

z BnOH (5 equiv)
.Ph 4 >
N 1,4-dioxane
Br H NMez 155 (5 mol%)
o NMe,
1 (1.0 equiv.) 2 (2.0 equiv.) 110°C, 24 h not detected

Substrate 1a (0.50 mmol), substrate 2a (1.00 mmol, 2.0 equiv), BnOH (0.26 mL, 2.5 mmol, 5 equiv)
and FeCl, (3.2 mg, 0.025 mmol, 0.05 equiv) were sequentially added under air to a drum vial
equipped with a stir bar and a screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-
dioxane (1.0 mL) and Pr,NEt (0.17 mL, 1.00 mmol, 2.0 equiv) were added by syringe and the
resulting mixture was vigorously stirred under nitrogen atmosphere for 24 h at 110 °C. After this
time, the contents of the flask were filtered through the plug of silica gel. But desired product 3a-Nu

was not obtained.
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#3: E-Z isomerization test for 2a

FeCl, (5 mol%)
L13 (5 mol%)

2a - —> 2a
i-ProNEt (1 equiv.)
E:7=22:78 1,4-dioxane EZ
110°C, time
time (h)  vield (%) E:Z E time (h)  vield (%) E:Z
0 - 2278 | 6 >99 21:79
1 >99 21:79 12 >99 21:79
3 >99 21:79 | 24 >99 21:79

Substrate 2a (161.2 mg, 1.0 mmol) and FeCl, (3.2 mg, 0.05 mmol, 0.05 equiv) were sequentially
added under air to a drum vial equipped with a stir bar and a screw cap. After flashing nitrogen gas
(purity 99.95%), dried 1,4-dioxane (1.0 mL) and ‘Pr,NEt (0.17 mL, 1.0 mmol, 1.0 equiv) were added
by syringe and the resulting mixture was vigorously stirred under nitrogen atmosphere for 1-24 h at
110 °C. After this time, the contents of the flask were filtered through the plug of silica gel, and then
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting
hexane/EtOAc to afford the product 2a. E/Z ratios were determined by '"H NMR analysis of the

isolated products.

#4: Reactivities of Z- and E-2a

FeCl, (5 mol%)

Z-2a o
1a  + or ‘ L13 (5 mol%) - 3a
_ E-2a 'ProNEt (2 equiv)
(1 equiv.) (2 equiv.) 1 4-dioxane
110°C, 24 h
3a: 80% from Z, 86% from E\
807 0l [ [ 1
> 607
DN NG
< 40 32 51% from 2 @ : Yield 3a from Z-2a
i p— . (o) .
2 20 62% from E O: Yle§|d 3a from E-2a
| | | [ H |
0 1 3 6 12 24
time (h)

From E-2a

Substrate 1a (121.1 mg, 0.50 mmol), substrate 2a (0.17mL, 1.0 mmol, 2.0 equiv, £ : Z=100 : 0) and
FeCl; (3.2 mg, 0.025 mmol, 0.05 equiv) were sequentially added under air to a drum vial equipped
with a stir bar and a screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0
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mL) and Pr,NEt (0.17 mL, 1.0 mmol, 2.0 equiv) were added by syringe and the resulting mixture
was vigorously stirred under nitrogen atmosphere for 1-24 h at 110 °C. After each reaction time, the

yields were determined by NMR analysis.

From Z-2a

Substrate 1a (121.1 mg, 0.50 mmol), substrate 2a (0.17mL, 1.0 mmol, 2.0 equiv, £ : Z=0: 100) and
FeCl; (3.2 mg, 0.025 mmol, 0.05 equiv) were sequentially added under air to a drum vial equipped
with a stir bar and a screw cap. After flashing nitrogen gas (purity 99.95%), dried 1,4-dioxane (1.0
mL) and Pr,NEt (0.17 mL, 1.0 mmol, 2.0 equiv) were added by syringe and the resulting mixture
was vigorously stirred under nitrogen atmosphere for 1-24 h at 110 °C. After each reaction time, the

yields were determined by NMR analysis.
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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'HNMR (500 MHz, CDCl;)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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"H NMR (500 MHz, CDCl3)
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"H NMR (500 MHz, CDCl3)
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'HNMR (500 MHz, CDCl;)
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B1H S

FEGE Y FCAPIERE K ik d BEE AR GBPEEO—D>Th b, BLRIGIK X 3
THAIT—=A~DEWRLT AT R, 7 hv~D7 ) dvH#Hlh EES L 057 Ef ]
RETH 5. FRCERSEMELFIHA L Z8AR—EH2sexny 7Y v RIS TEHEBREN
o 7 ALEYHAE T, KFE(spH)— KR pHft a2 IBKAIRETH 5. ALY orhC
b FHBF v REEPIEZELR PR KICLE T v, #ENERY, BB 2ES)
CBREABER EORiB A B LT3, $7-x v ER T LEOZDOHED 7-», % DOETKIE
PEZ M L 7= BERE A RIS A BIE Y E 72 &0 b 72 V 15 5 (Fig. 1).

N
fosin <Wes!

Tavaborole Crisaborole Functional material

Fig. 1

T EER T RCEWNINER, FHRE v 7 ALEWICH LT Mg % Li 7 & D& @R %
& #2% 2 &CGrignard ilBEZFE L, WST 2 FvRIEEMED T v 2 X 20 Alic X
D AKX LTV 72(Scheme 1), & @ Grignard 538 IZK L L K RIGT 2728, 1997
H o, NEEAA~DER L EHEEEON Y - IEET 20823 H 5.

—_— —_—

X = halogene

2
Grignard reagent

Scheme 1

—J7, BEESEMBCL 37020y 7Y v IRISDREICE Y, Z0EGEFIHL
7= H 7 TEA 7 BACEY O GEIESIRE 2. 1995 FICEH, A5 1387 20 AT
N, A&HE vt ex (¥Frag—F) VRuyBpim)x IG5 &, Xt
THEHERERFVRICEWE G 25 2 & 2@t Lz(ERi—A1U+ 7 ZE{L)(Scheme 2)B, 3
0 i D7 2w LI DTT Tl v 7 ALY B LRI AN g 5. L & B R &k ©
L 72812, Bopinp & D+ 7 VR X X AALKIGIC X 0 k% 5 2 5. % o= ICHIHEE
L ORGSR EEFRF T RENE R G525 & & OIS 4 7 A% 5. Coft%
FeY) 0 IS AT A S B R RCYN(Ar-Cl)~ D & 7 B GHRE A v 7 ALt § 3 &
T FACEE 7 EARE IS M T b T v B,
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Pd(dppf)Cl, (3 mol%)
+ B,pin, '
X KOACc (3.0 equiv.) Bpin

DMSO
(X =1, Br, Cl, OTf) 1.1 equiv. 80°C,1h
Ar-Bpin L2Pd° Ar-X
reductive OXidalfive
elimination addition
Ar Ar
Lpd' LPd"_
> Bpin X
KOAc
nipB-OAc el Ar
nipB-Bpin 2 N0Ac KX
transmetalation
Scheme 2

EH— AL AR VRG-S 7 27 LMD C(sp)-X K ~FRILHIN N2 BRE) /) & 3 5
72, FHHCA BTV EET 3 HERILAMZHU ST 2B8ELH 2 Lo/ T A v b A3
H5.
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—77 2002 FFiC Smith 50135 X T Hartwig, B OTIC X O A4 U 7 Ll % F v 72 C(sp?)-H

fEa~D T v RCLRICH R X 4172 (Scheme 3).

[Ir(cod)(OMe)], (cat.)

. X
FG=—Ar + B,pin,
ANy Bu Bu

1 N
> FG—Ar
s .
Bpin

(cat.)

\ \_/ m-, p-directing
N N (0:m:p=0:2:1)
[Ir(cod)(OMe)]»
¢ ¢ —_
Bu _ Bu (Nu I \\Bpln
\ ¢ \ / —_— N’ r\Bpm
N N |
B.pin, Bpin
+coe 1} -coe
( N, wBpin
- g
B . H N l Bp|n AI‘-H
n_
Ligand P! Bpin Oxidative
metathesis addition
Bopiny
Ar H
N ‘:“\\Bpin
N, wH SN
(o N | VBpin
N i Bpin Bpin
Bpin
Reductive Ar-Bpin
elimination
Scheme 3

AV Yy L, BALF, YRTVDBOLEL D fac-b VALY Uy LEHATEER S X
5. AL 74 VEMLTFAREINTTE AZEENIGIC, HERLED Cisp?)-H G0 BLr
AAERRIC X DML En g, ARFEITED Hiffik Csp?)-H 2 BRE(LT 22 LA TE S
DI EEICENTTIETH B30, HEHELOVKRDEELZIEEICZITRPT VI LAAISbN
TWwd, BHEFGICH L CTA X s XA FNRFAMEERZTR L, AT A X467 T4
X LT2 1 OHEROERMECTHRY REHETL, D IRWITES AL FTH L
TIHIF L AERIGHHET L W EBHILNT WS
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Bl 21X Smith & DIREONCEH T B L, T—FRVELVYDRXZALE TR LTIE 79
21 DR THY RO ETT 52— T, AN MLick L TR EED 2o kY
FALDHETT L 7> Z & A3 FLAZ T & 4 5 (Scheme 4).

1
Ir
/ \
o = A/O\ /O\L @j (cat.) \
— + —
1 P B—B / .
Bpin

' o
H _:7\\C{ XD’IKC_ dppe (cat.)

79%
(0:m:p=0:79:21)
Scheme 4

—77 Hartwig, =il © OFI7S [FERIC C(sp?)-H kv {LRIGIE A 2, ~TEMZRL, &b
SARBEE DK & I A PALICH LTI & A ERICHETT L 72\ > (Scheme 5).

X N\ o o/ lrcod)OMe); (cat) X
FG-Ar + B—B t t >  FGi-Ar
/7 \
/ H 7\0 O/v Bu _ _ Bu Z Bpin
Wy (cat.)
N N

X AN X
/GBpin /GBpin /@Bpin
eO Z Me Z F5;C Z

95% 82% 80%
(0:m:p=1:74:25) (0:m:p=0:69:31) (0:m:p=0:70:30)
Scheme 5

P LEDEFED O & 7RISR L E L2 Z T2 T W LBRZTOND.
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EREEMIEC X 2 HEFE a7 ALY D C(spH)-X fEaH v RLICICEH 3 % & Rk
WV ARDHEEZ TR T W LA %, Buchwald 5 OHFIC L 2 LB X 2@ <5
EROIEAT UV —ricif L Tl ECIE CRIGAHETTT 2 b 00, 4 b EoET Y
— NV TIRIGEEPME N % (Scheme 6). FEERICH O OFLNTD “A L MEW IO T ) —ovm
AR NEE AR Ch A T AL N T WA kR b T W 5,

Pd,dbaj cat.

: N A/o\ /O\L Xphos cat. I N
R=y + /B—B\ . > Ry
= - 7\0 O/T KOAc (3.0 equiv.) Z Bpin

1,4-dioxane
1.1 equiv. 110 °C, th
(@) NH, Me
Meo\©\
Bpin
Bpin P
Bpin Me
10min 30 min 5h
97% 89% 62%
Scheme 6

¥ 72 2008 4£ D Buchwald & D #if5(Scheme 7)815°, 2010 4D Percec & D it (Scheme 8)11C
FEMEARZ O THET L Tw 225, wWInopflics T 3 7 iEfie 2 2 B0 L
3% & A0 b EROMEY CTIIRIBICIEMET LCE Y, T vRICKIGDRIGHERT
BB ERGPB.

PdCI,(MeCN), (3 mol%)
FG 2 2 FG
| A ,O\L SPhos (12 mol%) .~ | X
+ H-B
N \o— EtsN (1 M) N
Cl \ 110 °C, 24 h Bpin
1.5 equiv.

MeO OMe
T = O o
Bpin Bpin

@ [Pd]: 4mol%, Ligand: 16 mol%

Scheme 7

395



NiCl,(dppp) (5 mol%) ¢

| X H_B/O dppf (10 mol%) . Q/
\O EtsN, toluene > Bnep

OMs 100 °C
(OTs)
: @ Me0\©\ @OMe
Bnep Bnep Bnep Bnep
62% (68 h) 10% (68 h) 65% (65 h) 40% (65 h)
Scheme 8

PLE &0 @ mmiiic X 237/ v 7 AW~ D+ 7 RLKIG b [FIRRIC 2R I8
WAL MENDF T RUIEHNEETH 5 2 L BRZToNS.

EZATHFEREFHAL 20 TERPEH I NTWE DS, RBEE TS 25 &E v
T ALt 3 & 7 B S MGG 2 00 H 200, SRR L 724 v UG D
ANZARLFIREL DT eRTEL, —DHE TV =AYV AR L -
FETHY, a7+ P L Fy 72 ARG CERGRITKIG) 12 XY & v RS AHET 3
%, RIREhC X0 i X A S BN v S A R — B ETT T 5 & Tkt
BT V=T IHNENEREND., ELET VAT hrFlerickyRLEh,
WG F 2 v F#LRD 5 5 41 5 (Schem 9)!11],

[ RO OR fac-Ir(ppy)3 cat. ]
1 \ 4 1
R y * /B_B\ "BuaN > Ry =
X RO OR U3 B(OR)

CH3CN/H,0 (19 : 1)

2

(X =1, Br) 23 W CFL, Ar, rt
/rwmee

I R OH
Ir! 1 _oRrR

> __ Ar' B—B~—

@ \
RO OR

Scheme 9
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b ) —ODFRIZEARZERME S 2 FETH Y, NS 28 13 C(spd)-X FEd
BHREY T4 v 7 IKBERL, TV —=1LT7 Y hADBEL 5 (Scheme 10). KTFIATIIAE % E
B ie S 2 BB H 2720, BT AALF—DONFEEMLEL §5 2 & RFHETH 502,

R RO\ /OR TN

R = ¥ /B_B\ MeOH > RY S
X RO OR B(OR
15 °C, 254 nm (OR)z

(X = (pseudo) halogen)
‘ Ar-x* RO, QR l
Ar ,B_B\
RO OR
Scheme 10

HZFIH L 725w RO D FERICT KD EEZ TP T W RN TEY, Fubd
WEINCEHT 2 ST EE, A XEBROFEFED 7 HZLWISN L TdEnPER TR Y 5
k%5 2 3 D1t LT, VARMISES WAL FEROEE CIRICROE TARZ T b

% (Scheme 11).

B RO\ /OR fac-Ir(ppy); cat. R
R=y _ + /B - B\ BN » R-—+ P
X RO OR us B(OR),

CH3CN/H,0 (19 : 1)

(X=1,8Br) 23 W CFL, Ar, rt
Me
Me i
\©\Bpin Bpin (:[Bpm
82% (X =1) 75% (X =1) 62% (X =
Scheme 11
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W2H (R
BT X 5 1A b EICIT B F 9 LRSI Z OB S & T 5 &

FLAWHTH 2, L2ATTIFNEFvEDpluEICEN L, ®YHEMURICEZRET S
TEDBHILN T BB Aggarwal H I AF VT 7 I N LELOBERETVRFVEDLED
pHLEICELLL, TAFA T AN T E2HF RIS EIGET 2 2 & 2EL TED

(Scheme 12) 1'%, Studer & (X DMF 235 &~ v 7 v {tWEB L T v rar ALY o+

v FLICEEHET 5 Z L B3RS L T\ % (Scheme 13) 130,

0]
)I\ _Me
(0] Me N
o) Me (0.1 M) 0
R! N + B,cat, > o1 B
%I\O’ blue LEDs, 14 h X o
R2 RS o} 1.25 equiv. then pinacol, Et;N R2 R3
B NMe, 7
D
Me)\g )Ni/lez R! B?_@
o) =0 \ ~0
\B,B\ :@ —>» Me 0 X
O/ - O .- ,O R2 RS
R B‘o:©
R2 R3 DMAc-stabilized boryl radical
Scheme 12
X
R
Me
H” N7 N
B.© O
Ar—I| I\I/Ie (03 M) Ar—Bpln gol '~B:O©
or + Bscaty or H o)
z
Alkyl—I blue LED, rt Alkyl—Bpin Y
) then pinacol, EtsN NMe,
4.0 equiv. intermediate
Scheme 13
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Z ZTCRAFHEHRAA T AOFEFEREICT I FERETIE, TN OEELE
T%%%&*?%kﬁm%ﬁiu&#f%5®fiﬁw#kﬁxf@mmmM)$7$K

HLTT 3 Fﬁ@ﬂﬁ?% ET, RFE— BT VREEICH L TRy FRMEREST S, 7 IF
MBI XY BTS2 2 LA TEN, m{él$&7/7wﬁi%ﬁ/ﬁkj‘é & 25H]

BEL 72 5. &Lf’ RB— BT UEGE R RBIGTIIE, TIFA LMo as
VENRRICFEYELTE S DTIE W L HIFL, AFRICETL 7.

(6]
Photocatalyst N
> H
0O

H\ﬁ),Ph N’Ph —e

I | PC
S PC*
O— ¢ 0 o+
A /O \/o PC

OL B~o base OL B~o

-~ pc** °
(¢} (¢}
L _ PC = Photocatalyst
Scheme 14
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93T OGS ik

—FRVEVOFNVMMIUCT I V2R T2HEZEGRL, 77204 I FiFEREk
fildt e LTI A MG L Ca L 23, HOEY &Y R UKICHETT 5 2 L 2R L 7=
(Table 1).

Table 1
(0]
/Cy
N 1 1% N
H + Bypin, (Tmol%) o H
| 2.0 equiv. baosgn;Big.Zgulxl/\llj) Bpin
rt, 365 nm, 24 h

base yield

'BuOK 59%

K3PO, 39%

052003 41%

COBEMTT 7 v 7 EREIT Y, KRS E R RICH OMR%Z 1T > 72(Table 2).  JGfilik
JEFTE R CRIGDSEIT L7228, SHUZHE A 365 nm DHEWINL, 7V =N T h At
L 727208 7 FURIEARET L7z 8 B2 Tnwb, —J7, HH, NHHOIEFE F il
SIBDHEAT L 220 72 2 E DO ARFIGICBWTHIEIHEATH L L I T e BEZLNS.

Table 2
O
oy
i O J i QO
N (1 mol%) N
H + szinZ ; > H
. BuOK (3.0 equiv.) .
| 2.0 equiv. DCM (0.25 M) Bpin
rt, 365 nm, 24 h
modified conditions NMR vyield
none 40%
w/o PC 41%
w/o 'BuOK n.r.
w/o light n.r.
w/o PC & 'BuOK n.r.
w/o PC & light n.r.
w/o/ PC & 'BuOK & light n.r.

n.r. = no reaciton, PC = photocatalyst
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RITIHIEDIRES 21T - 7= (Table 3). T — 7 VR P EIALE, IFRMAE 7 L8R 4 i %
Bat L7ess, ~u 2y SIEEARINTH Y, FIC 12-Y 7 v 2 2 v REHARE TS
2Zlbhol. FReo v LT I PRt L TR WIABEE R L 72,

Table 3
(0]

N/Cy
0.25 mmol scale O
CONHPh CONHPh
+ ) (1 mol%)
szlnz " : >
| BuOK (3.0 equiv.) Bpin

solvent (0.25 M)

2.0 equiv. rt, 365 nm, 24 h
solvent NMR vyield solvent NMR vyield
1,4-dioxane n.d. PhCI 19%
THF n.d. DCM 49
DMF n.d. °
o,
NMP n.d. DCE 56%
DMA n.d. MeCN 12%
DMSO n.d. acetone 12%
Hexane n.d. toluene 7%
DME n.d. AcOEt 51%
Etzo n.d. DCM 52%
CPME trace

n.d. = not detected
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few CTHEELDWRET %2 1T 5 7-(Table 4). fli4 ORFIOFER, o v 2R RD R, Wikt

U LEREOEE L L CHREL 7.

Table 4

ON/Cy
OO

CONHPh (1 mol%) CONHPh
+ szinz >
Base (3.0 equiv.) .
! _ DCE (0.25 M) Bpin
2.0 equiv. rt, 365 nm, 24 h
Base NMR yield Base NMR yield
BuOK 40%, 27%3
K,HPO, 6%
0,
K2COs 22% KH,PO, trace
0,
AcOK 22% K4P,O, 9904
KsPOy4 41%° K5S,04 trace
Cs2C05 trace CsOAC 75%, 70%3
t 0,
NaO'Bu 9% CsHCO, 399, NMR
Na,CO trace
Zres CsOPiv 299%NMR
KHCO, 26%
i . CsF 63%, 61%?2
race

disolated yield
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KA AR D ¥ET % 4T o 72(Table 5). FRILEENL, FRITENLD B 27 4 G % #ET L
7ol A, HHIELT D&\ [Ir{dF(CF3)ppy} 2 (dtbbpy)|PFe % fiid D it & L 72,

Table 5
PC (5 mol%)

CONHPh CONHPh
+ ; v
@E Bapin; CsOAc (3.0 equiv.) ©:
I DCE (0.25 M)

Bpin
2.0 equiv. rt, XXX nm, 24 h
PC wavelength NMR yield
Pigment Red 224 450 nm 2%
PDI 450 nm 46%
4CzIPN 450 nm 65%
Ir(ppy)s 450 nm 42%
Riboflavin 450 nm 13%
PTH 365 nm 30%
Phen (100 mol%) & 1,4-DCB (30 mol%) 365 nm 81%
9,10-Dicyanoanthracene 365 nm 14%
BDB 365 nm 0%
EosinY 530 nm 6%
Acid Red 87 530 nm 5%
Acid Red 94 530 nm 2%
Rhodamine B 530 nm 9%
Mes-Acr-Me+CIO, 450 nm 37%
[Ir{dF(CF3)ppy}s(dtbbpy)IPFg (1 mol%) 450 nm 93%, 82%°

gisolated yield
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i X Nz &b %2 T 7 7 v 7 FEi% 1T - 7=(Table 6). Table 2 T3 J¢AMEIEFEE T,
365 nm DR ZIRG 32 & RIS HEST L 72— T, Ir AEIEGRTE T, 450 nm DR % 18
W32 L2 RGHBHETL RV LR o7, TIITFED 450 nm DPERZWINTE 7
WD THDLHEZLND, Eiz, BWEEREZ 2f5ICHmIML T UG Ef TS 2 2 Lasb
220, ROSKRE S b3 20 3 CIREM T2 2 LB b b o7z,

Table 6

[I{dF(CF3)ppy}.(dtbbpy)]PFg

CONHPh (tmol%) CONHPh
+ B H
@( 2Pinz CsOAc (3.0 equiv.) ©i
| DCE (0.25 M)

Bpin
2.0 equiv. rt, 450 nm, 24 h

modified conditions NMR vyield
none 93%, 82%°
w/o [Ir{dF(CF3)ppy},(dtbbpy)]PF¢ 0%
w/o CsOAc 0%
w/0 450 nm 0%
0.125M & 3 h 85%

gisolated yield
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90

yield (%)
= o) (V8] f =3 u ()] ~J (o]
o o o o (=] o o (=]

o

[
i EF
i
\H:E

CONHPh

A\

—

LR IC O W TRIEAL 2 TR L 72(Fig. 2). A4 b EHRO R i L TG
SV IR LT, Xﬂaiﬁ@%gi#m CRIGHEEDE N E b, NTED
T IO HET LR > 7=,

[I{dF(CF3)ppy}2(dtbbpy)]PFg CONHPh
o P L (1 mol%) > | N
[O/B_B\O] CsOAc (3.0 equiv.) N
T DCE (0.125 M) Bpin
2.0 equiv. rt, 450 nm, th
85%
@CONHPh
Bpin
ortho
CONHPh meta
para
14%  Bpin CONHPh
0% /O/
0 nipB
2 3 4 5 6

Reaction time (h)

Fig. 2
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% b N7z it S (Condition E) % & & 12, BEfED Pd fil#iic X 2 + v 3L G (Condition A
and B)¥ X UM+ v #EALX)G(Condition C and D) & LLE % 4T - 72 (Table 7).

Table 7
.~ CONHPh Condition A~E - CONHPh
| X + Bapin, N
2 | Bpin
1 2 (2.0 equiv.) 3

NMR yield of 3 (Conditions)

CONHPh CONHPh CONHPh
/©/ >99% (A >99% (A @[ 8%
Bpin Bpin 13%

) ) (A)
96% (B) 92% (B) (B)
99% (C) Bpin 98% (C) 70% (C)
81% (D) 85% (D) 78% (D)
0% (E) 14% (E) 85% (E)
—— Condition A — Condition B Condition C —
Bopin, (1.1 equiv.) Bopin, (2.0 equiv.) B,pin, (2 equiv.)
PdCl, (3 mol%) Pd,(dba)z*CHCI3 (2 mol%) 2 .
dppf (3 mol%) XPhos (4 mol%) Phce:%gaz(g‘% Sq:“is')b)
KOAC (3.0 equiv.) KOAcC (3.0 equiv.) 2N 04 M)
DMSO (0.17 M) 1,4-dioxane (0.5 M) rt 405 nm. 24 h
80 °C, 24 h 110 °C, 24 h ’ '
—— Condition D — Condition E
. ) (our reaction)
B,pin, (2 equiv.
Daping (2 equts) (AR (CF)ppy}(dtbbpy)IPF
r(ppy)3 ( mo 0) (1 mol%)
BusN (5.0 equiv.) CsOAc (3.0 .
MeCN/H,0 (0.1 M) SOAc (3.0 equiv)
rt, 450 nm, 24 h DCE (0.125 M)
rt, 450 nm, 3 h

% b N7z il 5 (Condition E) % & & 1T, fEREE X 117z Pdfililiic X 2 + v R KIG
(Condition A and B)¥& X U4 v LG (Condition C and D) & LI % 1T > 72, Z DFEH,
Condition A-D IC 55\ CVAKEE DD 7508 7 B X BT IR RIG0 EST L 72—
77, VAR EE AL P ERO B CIRICEOK T 234 b vz, P IS Ik
17z e X 5 S AL AN 7 & OB RIS B EIT LIC K o2 Z EBEE & FE 2 b

—77, KA VESIGICECTET ) —v 7 AADNLARI T i & D7z Dk v KR
ERIGLIC K IrolzeEz2 b5, ShlFkc A L 7250 ClRBB{t ) o & o e il %
L T30, Rk VR e B TETTCELWEEZTHSE. $4b5T Y
— VTV ANDANARTFRL, T IFBFEYRO piBICENLL, Seliiiic X b —E 1%
LENd L CRIEDHETLTHEDTIIAAEERLTHE,
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AR EHTRMEOMRR

Fonomoisttz b LI PR OMER Z1To 7. 37 3 Fidfdrk e L Cine
THIEBMEINT VD70, BLAEOME % 1T - 72(Table 8). HIRZR W T L1 o
7&F@ﬁ$7$kﬁﬁﬁ?é@mﬁtf,zx%w%£ﬁ®TiF@ié<&mﬁLﬁ
Liadrote, TR TRE~OENLNMEIC L 27 I VOB TFBILAHLS ko7 C
EBREZOND, FTMMT I FoOBRMARTD FKICK mﬁLﬁLﬁ#ot#,Cﬂi$
7RI BT 2B BIREDNZ L 220 TR AVLEEZ TV,

Table 8
F | N CF3
N* X ‘Bu
DG [I{dF(CF)3(ppy)}.(dtbbpy)IPFg DG .., | N P
(1 mol%) F 'Ir‘ o
+  Bypiny > F NP
CsOAc (3.0 equiv.) . I |
| ) Bpin N S
1,2-dichloroethane (0.125 M) 3 Bu
1a 2 (2.0 equiv. rt, 450 nm, 3 h
( q ) F N CF3 PFG

[I{dFCF3(ppy)}2(dtbbpy)]PFg

2 A A o

Bpin Bpln

85% 0% 0% 0%
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FEIRTEDMER % Table 9 1IC/8d. N EOFFHFERICEAL Tid Me % MeO 3, =7
VLT FHEL CEF GRS X E TG MR OM T AR SN, RIFRIGET
v#EMEE G 272, C EOFERICBEILTD Ph L FHT, MeO & fiik @Eﬁ%#ﬁ
RIn, PRED» O RIFRIECHRY FEE G272, oBr RVXT7 I FIIANLTHYER
CEIEZEITS &, 29% & KIBICPCRAME T L 72, ik Cspd)-I f5é e C(spd)-Br #ir DK
I ZERT 2 LEINIHRTH D, —F, A XiEHh, ~JEROLE e Ko
DT L 7R\ 2 & D3 ds o 72,

Table 9
CONHR [I{dF(CF3)ppy}2(dtbbpy)IPFg CONHR

(1 mol%) > | =

CsOAc (3.0 equiv.) o N\
DCE (0.125 M) Bpin
1 (0 5 mmol) 2 (2.0 equiv.) rt, 450 nm, 3 h 3
: /©/ /©/C02Et Ac
: Bpin : Bpin : Bpin : Bpin 41%
86% 70% >99% 93% (12 h)

/( j Ji ] i Ji ] i /©
| | H | H
Bpin Bpin MeO Bpin N

Bpin
o 0 ortho: 29%
82% 99% 36% meta: 0%, para: 0%
Ar-Br used instead of Ar-I
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ARG, NTEFOTOER VXTI FTHYECSICHET L RD o iRl r b, ¥
~a g AbEPEx L Cb o ~a 7 vEN Tl s v R ERICAETTEFTIC AL Mo 3
7 RIR T DR EERNICH YR TE 2 DTIIAR VD L E 2 W5 % 1T - 72(Table 10).

Table 10
CONHR [I{dF(CF3)ppy}.(dtbbpy)IPFg CONHR
(1 mol%) > | =
CsOAc (3.0 equiv.) o N
DCE (0.125 M) Bpin
1 (O 5 mmol) 2 (2.0 equiv.) rt, 450 nm, 3 h 3
: Bpin 48% : Bpin : Bpin : Bpin
>99% (6 h) >99% >99% 78%
QO i J@ O
Br
N N
Bpin Cl Bpin Bpin 53% Bpin
91% >99% >99% (6 h) 75%
Br: :
Bpin Bpin Bpin
20% 26%
94% 70% (20 h) >99% (20 h)

A b 7 v RIFET, WHERT, RRFETFE2AT2HE L cchsoififizEi S C
L, ANMIOIVRFETORAEERNCFTRILTE N TER, BARE L
Y a—MMeawERCTH Ffllo 3 7 RBEHIE v B LI ndIiC, Fu ko s zER
Mic kv RIARECH o 7. ML EKERE T2V ar vikEWEH»Cd 7 I F
DAN MDA YRR DOHREEEICEYFRLT DL HBHEETH B L2350 h o T,
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—7i, fEkREEH T u LAY O & 7 FACRIGZAT 0 725 B W IE A O+ v 3k
ERIEAHEIT L7 2 & 2 C-XAEADIRIC R I X W BMERIREAY % 5 2 7-(Table 11). T

R
D

R O SRS AV L% & v LATRE A E R O k2 /R § 2 L BT & T,

X
i Y
N
H + szinz
|

4c (X =Br)
4e (X=Cl)
3d(X=1)

—— Condition A'—
Bopin, (1.1 equiv.)

Table 11

X = Br: Condition A
X = Cl: Condition B

Bpin/X
N
- dﬁ
1/Bpin

X = |: Condition C
X =1: Condition D + oligomer
2 (2.0 equiv.) 5¢c (X =Br)
5e (X =Cl)
5a(X=1)
complex mixture or low yoeld
Condition B2 Condition C3—— —— Condition D*—

Bapin; (2.0 equiv.) B,pin, (2 equiv.) B,pin, (2 equiv.)

PdCl, (3 mol%)
dppf (3 mol%)
KOACc (3.0 equiv.)

XPhos (4 mol%)
KOACc (3.0 equiv.)

Pd,(dba)z*CHCl3 (2 mol%)

Phenothiazine (1 mol%)
Cs,CO3 (2.0 equiv.)

Ir(ppy)s (1 mol%)
Bu3N (5.0 equiv.)
MeCN/H,0 (0.1 M)

DMSO (0.17 M)
80 °C, 24 h

MeCN (0.1 M)

1,4-dioxane (0.5 M) rt 405 nm. 24 h

rt, 450 nm, 24 h

110 °C, 24 h
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Wh5HT TV —vav
RIIGTRONIZEFMEHCCTEI LR 281k {To 72, £ 3ROk v#E%E 8
KEEH Y 7V v 7L €T Y — % 91%D K Tf5 72 (Scheme 15).

o Br Pd(OAC), (5 mol%) o
RuPhos (10 mol%)
N + > N
H OMe KsPO, (2.0 equiv.) H
Bpin dioxane/H,O (4/1) (0.5 M) O
. . rt, 24 h
(1.0 equiv.) (1.5 equiv.) 91%

OMe

Scheme 15

Ricy~ar ACHEYOERE T o 72, Ry v RICRKISIE Y ~v 7 LGP & 4 i
DAV RFTOAREERNCAYEMARETH S, ThbbI ar v LaWsr o —BRE
HeAnr Mioa vEEFZ+ 7 #EE, —KREHTERY D a7 v 22y 3 L3 TE
Wi, WHEAKEITS eyl d. 3, 8AREHMA v 7Y v 7 %35 72 (Scheme
16). Z DR, 3%NDICECTHMARERA v 7Y v /K E2H2 2 B TE 720, BEAK
DEBATRENE 2R T2 L3 TE 2,

jom
L Oy i 1 S
(3.0 equiv.)
@f‘\N —_— e » @6‘\'\]
H H
B B

pin

(1.0 equiv.) o 63%

Pd(OAc), (7 mol%)
SPhos (14 mol%)
K3POy4 (2.0 equiv.)
DCM (0.5 M), 50 °C, 24 h
then pinacol (5.0 equiv.)
rt, 6 h

Scheme 16
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KITHE R K-Heck KL% To72& 25, TN%DWETH v 7V v 7R3 5 37z (Scheme
17). BAREFEYCBEL CIHEEOHE L, O THF v R EZ 7 v Ry + CRR{EL
2. KRB Th Y w LBV b F v HE, AL 7 4 vEREBEICHAAL Z &P

T& 7=,
o Br  Z>Co,Bu o A _CO,Bu
@/ (2.0 equiv.) /@/\/
N —_—— N
H

H
Bpin OH
1.0 equiv. 1%
°

Pdsdbas*CHCI; (1 mol%), P‘BusHBF, (2 mol%)
Cyo,NMe (2.0 equiv.), 1,4-dioxane (0.5 M)
110 °C, 24 h, 90% (NMR-yield)
then H,0, (10.0 equiv.), 5 M NaOH (5 mL)
THF (5mL),0°Ctort, 1h

Scheme 17
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%o f BRI SEER

RIHEREFRIA SRR 21T o 7. 7 Y A APHEAI L L TEMPO &5 X Uf BHT % —S &R0 L 7=
& T 5 TEMPO ZiMA7BRICIGB LT L Rl hd b wH T ehbhodd, 71U —
N TP HNNDHIEITIEE > T 724> (Scheme 18).

Ir{dF(CF3)ppy}»(dtbbpy)]PF
CONHR [ 3)PPY}2 6 CONHR
A o P L (1 mol%)
* [B_B] CsOAc (3.0 equiv.) >
/ \ sOAc (3.0 equiv. )
: /7o o7\ DCE (0.125 M) Bpin
1 (0.5 mmol) 2 (2.0 equiv.) rt, 450 nm, 3 h 3
Entry modified conditions NMR yield of 3

1 none 85%

2 w/ TEMPO (1.0 equiv.) 0%

3 w/ BHT (1.0 equiv.) 76%

Scheme 18

RICKFIGD T =4 VENCHET L C W W2 R T 2 7, Stfitiis X OO o IR
TE N CHEMRIES 2 2 L TR YRR O N2 DR ZIT o 72208, AT ES
75 %> > 7z(Scheme 19).

CsOAc (3.0 equiv.)

CONHR CONHR

A o ° L DCE (0.125 M)
* E ’B_B\ ] 90°C, 12 h >

| 0] (0] ’ Bpin

7 T ambient light P
1 (0.5 mmol) 2 (2.0 equiv.) in sealed tube 3: 0%

‘ CONHPh T

Scheme 19
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RIZ ON-OFF FEEi% AT o 72(Fig. 3). % OfR, 7 AV EHER IIRE I, el
T BRI IC D BB EFT LT 2 & & R L 72,

CONHPh [Ir{dF(CF3)ppy},(dtbbpy)]PFe CONHPh
(1 mol%)
+ Bopin, ) -
| CsOAc (3.0 equiv.) Bpin

DCE (0.125 M)
rt, 450 nm, th

2.0 equiv.

light || dark || light || dark | light || dark || light || dark | light || dark || light || dark
100 — : 5

L T

S T A JE 1 B

80 — . H ' i ' . i : i - i .
: : : : : P 74p 73! : : : :

A R S 7 S S P

L S N A S T T T S S
S S S L P
s R A A
>~ 40 : : ; i : : : : : i ]
24; 24! i ; : E : : E : : :

20 — : ' : H H ' ' i : i .
0 : | : | : | : | : | : J

0 1 2 3 4 5 6

reaction time [h]

Fig. 3
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KITEMBENEEAD L 9 AR I N TR W 2R T 2720, WINAR<7 F
ZHIE L 72 (Fig. 4). HERRE Y 7 28I SN 572720, REERTIIH 72 by fE
DL EMERT D LT TE Do 7.

i O
1
N
d“
| Bspins CsOAc

1a
0.1 mM 2.0 equiv. 3.0 equiv.
3
% — 1la
-f:)
g' 0.5
é —— 1la+B,pin, DCE:MeOH=1:3
) — 1la+ B,pin, +CsOAc
0
200 250 300 350 400 450 500 550 600

Wavelength (nm)

Fig. 4

AL TIEARZ P AVHIE DRI RIEARECTH S 12- 788 X VITHIZATALX ) —
NEIMATZREEEEZHCCHE L T35, ZHEFFEEY Y LR 12-¥7rB TR Y
KR FIC W= THB, —f, AR —NALDARTIII—FRXVAT I FBEFIC Wiz
O, BOBEEZRHAL V3. b, KEGEEZHCCH AU ETT ST L
12 RZ A A T B % (Scheme 20).

CONHPh [Ir{dF (CF3)ppy,}(dtbbpy)IPFg CONHPh
(1 mol%)
>
CsOAc (3.0 equiv.) Bpin

DCE : MeOH = 1: (0.125 M)
0.5 mmol 2.0 equiv. rt, 450 nm, 3 h 27%

Scheme 20
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RICHE TR 1T 572, Z DGR % Stern-Volmer 7’2 » F & LT Fig. 5 I3, flA Dl
AEbE BT 27272, 3—FXVYXT7TIF, vxvFay—tr Koy, [
Wty v L2 MA7ZBRCORFFRIICEET 2 2 dbroi. Tabb 3 EHOLEY
DHAMERZ I LTI THEAE S 5 2 & 2 RKR LT3,

Stern-Volmer plot Stern-Volmer plot
N i /@ B i /@
3 N Bapina CsOAc . N Bspin;
H H
15 I 1.0 equiv. 20equiv. g 3.0equiv. * 15 | 1.0 equiv. 2.0 equiv.
2 . ¢ T T — . -
l1Le vy =0.0207x + 0.8984 1 s » g L]
R®=0.934 y =0.003x + 0.9153
0 B R =0.4738
a Q
0 10 20 30 a0 50 il 10 0 0 a0 50
quencher (mM) quencher [mM]
Stern-Volmer plot Stern-Volmer plot
25 25
2 N 2 N CsOAc
H H
=1 1 1.0 equiv. =18 1 1.0 equiv. 3.0 equiv.
> e
= = . - T e e nmnaanais -
1 e . = o VN . U padiiaie -
05 y =-0.0004x + 1.0074 0.5 y =0.0022x + 1.0692
R?=0.1844 R*=0.3843
0 0
i 10 20 0 40 50 0 10 20 30 40 50
quencher [mM] quencher [mM)]
Fig. 5
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2T DFT sHR TR L N2 fE % Fig. 6 1IR3, M7 v b v {LA 1.2 keal/mol DiF
FUEMPALL, INT2 2K T 5. Sefili
k2 —ErRILDO®E, FYERPLBROEBBIRELRET, 7IF0A 7V ALicx LTk
TERBKIET ST ET, INTR3 2K 5. 2Dk, G OEBIRER T Csp)-1 e
~DFYFRCRICPHETL, I UERINET 2 2L CEBRYRELNS.

VEAURREE 2 3 CHEfT L, INT1 2B L 7218,

Level: B3PW91/BS2 BS2: 6-311G(d), LANL2DZ

IB S O@

B‘ -
I AcOH

A TS3 Cs
]
B—B
\O .
0 0 @d\\ _Ph S TS3
\ / N K \
B—B | AcOH K
4 \ ®
e e INT2 Cs
B—B ;
3 B—B-..© B -
E S Jog o
3 \N’Ph g - =, _Ph
g B=B 0O I AcOH N~
s Ph D I AcOH
) @dL“-‘ Ts2 CS Tsea Cs¥
c | }:I @
;:: 0, 28.2 27.1
> L Trsz 2280 228 TSg3
° INT2 INTR2
c
)
81| o0 12 . 2.1 . .
“ | REA TS1 INT4 BB~y 1
Qo i
B-B %9 ! ACO@)H @E\\N,Ph
o @i‘\N‘Ph INTR2 Cs | AcOH
N
@iLH | AcO@I)—I INTg3 Cs
CsOAc INT1 Cs
REA
Fig. 6
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B
50~
©:§N,Ph
D~ AcOH
INT3 Cs
INT3
B
g o7
&N,Ph
o | AcOH 5 O/B =
TSp4 Cs d\\N,F‘h
15.4 | AcOH
TSr4 INTg4' Cs
10. 3.7
271 0.8 —
TSp4 INTR4'
INTR3
B
& o]
| AcOH
c o
TSga' Cs
Sw 395 < o
INTR4 @:k“"
R 5, _AcOH
INTga ©S



FTHT SO
PLER & N7 R & SN 2 F1g 7ICRT.

ArN i ArN
o (o]
\B \B
NHA .
r 7‘? ‘B e B
| |

CsOAc Cs [
[0.0] HOAc [22.5] [22.5] [-1.6]
AG [kcal/mol]
II
|rIII
ArN .
r o\_l
B
NHA .
@\* r "N T
AcO-B HOAc Csl Cs® |
[-39.5] [15.4]1s
Fig.7

kst 7w b ko, FYROBNIAES 5. JilE X iz emiic X —E T
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HOf FEH

1. General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses precoated
Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column chromatography Silica
Flash® P60 (SiliCycle, 40-63 um) was used. Visualization was accomplished by UV light (254 nm),
1H, 13C, and 19F NMR spectra were obtained using a JEOL 500 MHz NMR spectrometer.
Chemical shifts for 1H NMR were described in parts per million (chloroform as an internal standard
6 =7.26) in CDCI3, unless otherwise noted. Chemical shifts for 13C NMR were expressed in parts
per million in CDCI3 as an internal standard (6 = 77.16), unless otherwise noted. High resolution
mass analyses (HRMS) were obtained using an ACQUITY UPLC/TOF-MS for ESI. Infrared spectra
were recorded on Agilent Technologies Cary 630 FTIR. Anhydrous solvents were purchased from
Kanto Chemical Co., Ltd. Other chemicals were purchased from TCI, Aldrich, and Wako and
directly used without further purification. UV-visible absorption spectra were recorded on a JASCO
V-750 spectrometer. Fluorescence spectra were recorded on a JASCO FP-8250 fluorescence

spectrometer.

The light source and the material of the irradiation vessel

Hepatochem EvoluChemTM PhotoRedOx Device, equipped with EvoluChemTM LED 18W light. A
cardboard cover was placed over the reactor during reactions. Capable of carrying out up to 8
reactions at one time (4 mL vials).

LED light manufacture: EvoluChemTM

Model: EvoluChem LED 18W, P201-18-2 450-455 nm

E— - — o -
| Description Part number LED | Balch Number SiN [ Performed By | Date |

| EvoluChem 450PF | HCK1012-01-002 CREE EXP I 2208203 LEDOOO2029 | MT 812012022

L]

Figure S1. Spectral distribution and intensity
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Material of the irradiation vessel: borosilicate reaction vial

Not use any filters

Figure S2. Photoredox reaction set-up.
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2. Optimization and Comparison of Reaction Conditions

Table S1. Optimization

E | N CF3
Ni B
CONHPh l'r{dF(CF)s((QJPY)}I%/(d)tbbPY)IPFe CONHPh e, | N
mol% ORI
+ szinz L F. IT\N A
| CsOAc (3.0 equiv.) Boin | -
1,2-dichloroethane (0.25 M) P N : By
1a 2 (2.0 equiv. rt, 450 nm, 24 h 3a
( quiv.) F NS CFs PFg
[I{dFCF3(ppy)}2(dtbbpy)]PFe

Entry modification NMR vyield?
1 none 93%, (82%)
2 PTH (at 365 nm) insted of Ir-F 30%
3 4CzIPN (at 450 nm) insted of Ir-F 66%
4 Mes-Acr-Me-ClO, (at 450 nm) insted of I-F  59%
5 fac-Ir(ppy)s (at 450 nm) insted of Ir-F 37%
6 w/o Ir-F (at 365 nm) 40%
7 w/o Ir-F (at 450 nm) 0%
8 w/o CsOAc 0%
9 w/o hv 0%
10 concentration 0.125 M & time 3 h 85%

Ir-F = [I{dF (CF 3)ppy}(dtobpy)IPFg

gsolated yields were given in parenthesis.

Me

Me

Mes-Acr-Me+ClO4

PTH 4CzIPN
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Table S2. Screening of solvents (anhydrous)

‘Bu
CONHPh [I{dF(CF)3(ppy)i2(dtbbpy)IPFg CONHPh
(1 mol%)
+  Bypiny >
| CsOAc (3.0 equiv.) Boin
solvent (0.125 M) P By
1a 2 (2.0 equiv.) rt, 450 nm, 3 h 3a
PFg
[I{dFCF3(ppy)}2(dtbbpy)]PFe
Entry solvent NMR vyield
1 1,2-dichloroethane 85%
2 Hexane 24%
3 toluene 51%
4 MeCN 43%
5 THF trace
6 AcOEt 68%
7 DMF 0%
Table S3. Screening of bases
F
CONHPh [IdF (CF)5(ppy)}(dtbbpy)IPFg CONHPh
(1 mol%) F
+ szinz > F.
| base (3.0 equiv.) Boin
1,2-dichloroethane (0.125 M) P
1a 2 (2.0 equiv.) rt, 450 nm, 3 h 3a F
[I{dFCF3(ppy)}2(dtbbpy)]PFg
Entry base NMR vyield
1 CsOAc 85%
2 KOAc 1%
3 NaOAc 0%
4 KOBu 19%
5 K3PO, 63%
6 K,CO4 9%
7 Cs,CO3 40%
8 EtsN 62%
9 DBU 0%
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Table S4. Monitoring of the reaction progress of regio-isomers

[I{dF(CF3)ppy}.(dtbbpy)]PFe

CONHPh CONHPh
=N (1 mol%)
| + Bopiny . > |
N CsOAc (3.0 equiv.) N
' DCE (0.125 M) Bpin
1 2 (2.0 equiv.) rt, 450 nm, th 3
20 85% _
80 CONHPh
. X
Bpin

60

g 50 «ortho

32 t

.“.;_ 40 CONHPh meta

ara
30 G
%0 1% epin CONHPh
: o
0%
0 Bpin
0 1 2 3 4 5 6
Reaction time (h)
Table S5. Comparison of reaction conditions
X CONHPh Condition A~E N CONHPh
| + szinz > | .
N X
| Bpin

1 2 (2.0 equiv.) 3

NMR vyield of 3 (Conditions)

CONHPHh CONHPh CONHPHh
_ /©/ >99% (A) >99% (A) ©: . 8% (A)
Bpin 96% (B) 92% (B) Bpin 13% (B)
99% (C) Bpin 98% (C) 70% (C)
81% (D) 85% (D) 78% (D)
0% (E) 14% (E) 85% (E)
—— Condition A — Condition B Condition C —
Bopin, (1.1 equiv.) B,pin, (2.0 equiv.) B,pin, (2 equiv.)
PdCl, (3 mol%) Pd,(dba);*CHCl3 (2 mol%) 2N -
dppf (3 Mol%) XPhos (4 mol%) Phgg"‘ggaz('z"% (;q:‘is')ﬁ)
KOAc (3.0 equiv.) KOACc (3.0 equiv.) MeON ©AM)
DMSO (0.17 M) 1,4-dioxane (0.5 M) rt. 405 nm. 24 h
80 °C, 24 h 110 °C, 24 h ’ ’
—— Condition D — Condition E
. . (our reaction)
Bapin; (2 equiv. [IF{dF (CF3)ppy},(dtobpy)IPFg

Bu3N (5.0 equiv.)
MeCN/H,0 (0.1 M)
rt, 450 nm, 24 h

CsOAc (3.0 equiv.)
DCE (0.125 M)
rt, 450 nm, 3 h
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Condition A'

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding aromatic halides 1 (80.8 mg, 0.25 mmol, 1.0 equiv.), Bapin; 2 (69.8 mg, 0.275 mmol,
1.1 equiv.), PdCl, (1.3 mg, 7.5 pmol, 3.0 mol%), dppf (4.2 mg, 7.5 pmol, 3.0 mol%) and KOAc
(73.6 mg, 0.75 mmol, 3.0 equiv.). After flashing nitrogen gas (purity 99.95%), dried DMSO (1.5
mL) and was added by syringe and the resulting mixture was vigorously stirred under nitrogen
atmosphere for 24 h at 80 °C. After this time, the contents of the flask were filtered through the plug
of silica gel, and then concentrated by rotary evaporation. The residue was purified by flash
chromatography, eluting hexane/EtOAc to afford the product 3. fter this time, the reaction mixture
was diluted with H,O and extracted with AcOEt. The combined organic layers were filtered through
MgSOs, and then concentrated by rotary evaporation. Yield was determined by '"H NMR analysis

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

Condition B?

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding aromatic halides 1 (80.8 mg, 0.25 mmol, 1.0 equiv.), Bapin, 2 (127.0 mg, 0.50 mmol,
2.0 equiv.), PdCl,dbas*CHCI; (5.2 mg, 5.0 umol, 2.0 mol%), XPhos (4.8 mg, 10.0 umol, 4.0 mol%)
and KOAc (73.6 mg, 0.75 mmol, 3.0 equiv.). After flashing nitrogen gas (purity 99.95%), dried 1,4-
dioxane (0.5 mL) and was added by syringe and the resulting mixture was vigorously stirred under
nitrogen atmosphere for 24 h at 110 °C. After this time, the reaction mixture was filtered through the
plug of silica gel, and then concentrated by rotary evaporation. Yield was determined by '"H NMR

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

Condition C3

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding aromatic halides 1 (80.8 mg, 0.25 mmol, 1.0 equiv.), Bapin, 2 (127.0 mg, 0.50 mmol,
2.0 equiv.), Phenothiazine (5.0 mg, 0.05 mmol, 10.0 mol%). Cs,CO3 (162.9 mg, 0.50 mmol, 2.0
equiv.) and MeCN (4.0 mL) were added in a nitrogen-filled glovebox. The reaction mixture was
stirred at room temperature and irradiated with 405 nm LED (18 W) for 24 h. After this time, the
reaction mixture was filtered through the plug of silica gel, and then concentrated by rotary
evaporation. Yield was determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as an

internal standard.

Condition D*
An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with

corresponding aromatic halides 1 (80.8 mg, 0.25 mmol, 1.0 equiv.), Bopin, 2 (127.0 mg, 0.50 mmol,
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2.0 equiv.), Ir(ppy)s (1.6 mg, 2.5 umol, 1.0 mol%). "BusN (0.297 mL, 1.25 mmol, 5.0 equiv.) and
MeCN (2.375 mL) were added in a nitrogen-filled glovebox. Finally, H,O (0.125 mL) was added
outside of the GB. The reaction mixture was stirred at room temperature and irradiated with 450 nm
LED (18 W) for 24 h. After this time, the reaction mixture was filtered through the plug of silica gel,
and then concentrated by rotary evaporation. Yield was determined by 'H NMR analysis using

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

Condition E

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding aromatic halides 1 (0.5 mmol, 1.0 equiv.), Bopins 2 (253.9 mg, 1.0 mmol, 2.0 equiv.),
[Ir {dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%). CsOAc (287.9 mg, 1.5 mmol, 3.0
equiv.) and 1,2-dichloroethane (4.0 mL) were added in a nitrogen-filled glovebox. The reaction
mixture was stirred at room temperature and irradiated with 450 nm LED (18 W) for 3 h (see chapter
1 for details of the experimental photochemistry). After this time, the reaction mixture was filtered
through the plug of silica gel, and then concentrated by rotary evaporation. Yield was determined by

"H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

Table S6. Screening of directing groups

For CFj
N* - BU
DG [Ir{dF(CF)3(ppy)}.(dtbbpy)]PFg DG .., | N _
(1 mol%) F oo
+ B2piﬂ2 > F \N 2
| CsOAc (3.0 equiv.) Boin I -
1,2-dichloroethane (0.125 M) P N I Bu
1a 2 (2.0 equiv. rt, 450 nm, 3 h
( q ) F N CF3 PFG

[I{dFCF 3(ppy)}(dtbbpy)]PFg

radiveaivesiive s

Bpin Bpln
85% 0% 0% 0%
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3. General procedures

Synthesis of dF(CF3)ppy (S3)

F CF4

B(OH), CF, Pd(OAc), (2.5 mol%) F
. | N PPh3 (10 mol%) o N
E cl N/ K,COj3 (3.0 equiv.)
1,2-dimethoxyethane (0.5 M) F
$1 (1.2 equiv.) $2 (1.0 equiv.) 90°C, overnight $3 >99%

/

\!

To a large vial equipped with magnetic stir bar was added S1 (379.0 mg, 2.4 mmol, 1.2 equiv.), S2
(363.1 mg, 2.0 mmol, 1.0 equiv.), Pd(OAc), (11.2 mg, 0.05 mmol, 2.5 mol%), PPhs (52.5 mg, 6.0
mmol) and K,COs; (8293 mg, 6.0 mmol). After flashing nitrogen gas (purity 99.95%), 1,2-
dimethoxyethane (4.0 mL) were added by syringe and the resulting mixture was vigorously stirred
under nitrogen atmosphere for overnight at 90°C. After this time, the reaction mixture was diluted
with H,O and extracted with AcOEt. The combined organic layers were filtered through MgSQO4, and
then concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting
hexane/EtOAc to afford the lignad S3 (530.4 mg, >99%). Characterization data for this compound

matched that reported in the literature.’

Synthesis of [{dF(CF3)ppy}:-Ir-u-Cl],

. - CF3
N/
IrCly » xH,O + 2-methoxyethanol (4 mL)'
E H,0 (2 mL)
i i 120°C, overnight
1.0 equiv. S3 (2.26 equiv.)

To a 20 mL round-bottom flask equipped with magnetic stir bar was added IrCl3*H>O (89.6 mg, 0.3
mmol, 1.0 equiv.), S3 (175.7 mg, 2.6 mmol). After flashing nitrogen gas (purity 99.95%), 2-
methoxyethanol (4.0 mL) and H>O (2 mL) were added by syringe and the resulting mixture was
vigorously stirred under nitrogen atmosphere for overnight at 120°C. After cooling to rt, the
precipitate was collected by vacuum filtration. The filter cake was washed copiously with H,O and
hexanes to afford iridium p-Cl-dimer S4 as a fine yellow powder (125.8 mg, 56%). Characterization

data for this compound matched that reported in the literature. 3
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Synthesis of [Ir{dF(CF3)ppy}.(dtbbpy)]|PFs

8 ey
N N ethylenglycol (0.015 M)
N 150°C, 15 h

S5 (2.2 equiv.)

To a 10 mL round-bottom flask equipped with a magnetic stir bar was added iridium dimer S4
(74.7 mg, 0.05 mmol) and 4,4'-Di-tert-butyl-2,2"-bipyridyl S5 (29.5 mg, 0.11 mmol, 2.2 equiv.).
After flashing nitrogen gas (purity 99.95%), ethyleneglycol (3.3 mL) was added by syringe and the
resulting mixture was vigorously stirred under nitrogen atmosphere for 15 h at 150°C. Upon cooling
to rt, the reaction mixture was diluted with deionized H>O and transferred to a separatory funnel. The
aqueous phase was washed three times with hexanes, then drained into an Erlenmeyer flask and
heated to 80 °C for 15 min to remove residual hexanes. Upon cooling to rt, an aq. soln. of NH4PFs
(10 mL, 0.1 g/mL) was added, resulting in the formation of a fine yellow precipitate that was
isolated by vacuum filtration and then washing with H>O (20 mL) and hexanes (15 mL). The solid
was dried under high vacuum to remove residual H,O and then dissolved in acetone and
recrystallized by vapor diffusion with hexane to yield S6 as large yellow crystals (75.2 mg, 67%).

Characterization data for this compound matched that reported in the literature. 3

General procedure for the synthesis of 3

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with
corresponding aromatic halides 1 (0.5 mmol, 1.0 equiv.), Bopins 2 (253.9 mg, 1.0 mmol, 2.0 equiv.),
[Ir {dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%). CsOAc (287.9 mg, 1.5 mmol, 3.0
equiv.) and 1,2-dichloroethane (4.0 mL) were added in a nitrogen-filled glovebox. The reaction
mixture was stirred at room temperature and irradiated with 450 nm LED (18 W) for 3 h (see chapter
1 for details of the experimental photochemistry). After this time, the reaction mixture was filtered
through the plug of silica gel, and then concentrated by rotary evaporation. Yield was determined by
'"H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. After the mixture was
concentrated by evaporation, the residue was purified by flash chromatography, eluting

hexane/EtOAc to afford the product 3.

N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3a)
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N

H

o)

B~
|
O%

Following the general procedure above, using 1a (161.6 mg, 0.50 mmol), B,pin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, "H NMR yielded the product 3a (85%); IR (neat) v 3263, 2973, 1610, 1556,
1446, 1354,1101, 1028 cm’!; 'H NMR (CDCl3) 8: 1.34 (s, 12H), 7.13 (t, J = 7.3 Hz, 1H), 7.30 (t, J =
7.7 Hz, 2H), 7.34 (d, J = 7.6 Hz, 1H), 7.44 (t, J= 7.4 Hz, 1H), 7.59 (d, J= 7.9 Hz, 2H), 7.65 (d, J =
7.4 Hz, 1H), 7.74 (d, J = 7.7 Hz, 1H), 8.65 (s, 1H). '3C NMR (CDCls) &: 25.0, 83.7, 120.8, 124.8,
125.6, 129.0, 129.5, 131.2, 133.4, 137.8, 138.5, 167.9; HRMS (TOF-MS) calcd. for Ci9H23BNO;
(M+H"): 324.1771; found 324.1775

N-(4-methoxyphenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3b)

OMe
O /©/
B/
\
sz<

Following the general procedure above, using 1b (176.5 mg, 0.50 mmol), B2pins 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 3b (89%); IR (neat) v 3310, 2972, 1605, 1513,
1254, 1033, 860 cm™'; '"H NMR (CDCls) 8: 1.31 (s, 12H), 3.79 (s, 3H), 6.72 (d, J= 9.0 Hz, 2H), 7.11
(t, J=7.8 Hz, 1H), 7.38-7.43 (m, 3H), 7.63 (d, /= 7.2 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 9.57 (brs,
1H). 3C NMR (CDCl) &: 25.1, 55.4, 81.9, 113.6, 124.3, 124.5, 128.2, 129.4, 131.0, 132.3, 134.5,
157.4,169.9; HRMS (TOF-MS) calcd. for CoH2sBNOs (M+H™): 354.1877; found 354.1880

oOI=

2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-N-(p-tolyl)benzamide (3c¢)

Me
i T
N
H
(0]

B/
|
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Following the general procedure above, using 1¢ (168.6 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, 'H NMR yielded the product 3¢ (86%); IR (neat) v 3260, 2973, 1618, 1558,
1514, 1228, 1101 cm™; '"H NMR (CDCl3) &: 1.31 (s, 12H), 2.32 (s, 3H), 6.96 (d, J = 8.0 Hz, 2H),
7.06 (t, J = 7.6 Hz, 1H), 7.34-7.37 (m, 3H), 7.60 (d, J = 7.2 Hz, 1H), 7.76 (d, J= 7.7 Hz, 1H), 9.73
(brs, 1H). 3C NMR (CDCl;s) &: 21.1, 25.0, 82.6, 122.1, 124.8, 128.7, 129.2, 131.8, 132.0, 134 .4,
135.0, 136.2, 169.1; HRMS (TOF-MS) calcd. for C20H2sBNO3; (M+H™): 338.1927; found 338.1930

N-(4-fluorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3d)
F
T
N
H
B/O
|
Following the general procedure above, using 1d (170.8 mg, 0.50 mmol), B2pin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF;3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 3d (99%); IR (neat) v 2973, 1625, 1509, 1361,
1150, 1096, 1027 cm™'; '"H NMR (CDCl;3) 8: 1.34 (s, 12H), 7.00 (t, J = 8.8 Hz, 2H), 7.33 (t, J = 7.5
Hz, 1H), 7.46 (t, J = 1.5 Hz, 1H), 7.55-7.52 (m, 2H), 7.67 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 7.8 Hz,
1H), 8.77 (brs, 1H). 3C NMR (DMSO-d¢) &: 24.7, 79.2, 82.7, 115.2, 115.4, 122.1, 122.1, 125.8,

129.0, 130.6, 132.3, 135.3, 138.9, 157.5, 159.4, 167.3; HRMS (TOF-MS) calcd. for C19H2BFNO3
(M+H"): 342.1677; found 342.1680

Ethyl 4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)benzoate (3e)

CO,Et

N
H
O,

B/
\

Following the general procedure above, using 1e (197.4 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, 'H NMR yielded the product 3e (91%); IR (neat) v 3057, 2976, 1720, 1603,
1552, 1414, 1283, 1100 cm’!; '"H NMR (CDCl3) &: 1.35 (s, 12H), 1.39 (t, J = 7.2 Hz, 3H), 4.35 (q, J
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= 7.2 Hz, 2H), 7.33-7.37 (m, 1H), 7.43 (t, /= 7.5 Hz, 1H), 7.65 (d, /= 7.3 Hz, 1H), 7.69 (d, /= 8.4
Hz, 2H), 7.77 (d, J = 7.7 Hz, 1H), 8.89 (brs, 1H). *C NMR (CDCl;) : 14.5, 24.9, 61.0, 84.1, 119.7,
126.1, 126.3, 129.7, 130.7, 131.2, 133.7, 138.5, 142.1, 166.3, 168.0; HRMS (TOF-MS) calcd. for
C2oH7BNOs (M+H™): 396.1982; found 396.1985

N-(4-acetylphenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3f)
0O

N
H
O

B/
\

Following the general procedure above, using 1f (180.4 mg, 0.50 mmol), Bypin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 12 h, "H NMR yielded the product 3f (93%); IR (neat) v 3303, 2974, 1678, 1591,
1321, 1269, 1138 cm™'; '"H NMR (CDCls) &: 1.36 (s, 12H), 2.59 (s, 3H), 7.48 (dq, J = 1.43 and 7.4
Hz, 2H), 7.72 (d, J = 7.1 Hz, 1H), 7.76-7.77 (m, 3H), 7.97 (d, J = 8.8 Hz, 2H), 8.56 (brs, 1H). 13C
NMR (CDCl3) 6: 24.9, 26.6, 84.1, 119.8, 126.2, 129.6, 129.8, 131.2, 133.1, 133.8, 138.5, 142.4,
168.0, 197.3; HRMS (TOF-MS) calcd. for C21H2sBNOs (M+H™): 366.1877; found 366.1877

N-(3-fluorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3g)

OQF

N
H
(0]

B/
]

Following the general procedure above, using 1g (170.6 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 3g (99%); IR (neat) v 3326, 2990, 1662, 1541,
1344, 1292, 1148, 1054 cm™'; 'TH NMR (CDCls) &: 1.36 (s, 12H), 6.80-6.88 (m, 1H), 7.22-7.27 (m,
2H), 7.39 (t, J = 7.8 Hz, 1H), 7.45 (t, J=7.6 Hz, 1H), 7.60 (d, /= 10.9 Hz, 1H), 7.66 (d, J="7.3 Hz,
1H), 7.73 (d, J = 7.8 Hz, 1H), 8.55 (brs, 1H). '*C NMR (CDCls) &: 25.0, 83.9, 108.2, 108.4, 111.4,
111.6, 116.0, 125.9, 129.6, 129.9, 130.0, 131.3, 133.5, 138.2, 139.3, 139.4, 162.0, 164.0, 168.0;
HRMS (TOF-MS) calcd. for Ci9H2,BFNO3 (M+H"): 342.1677; found 342.1680
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4-fluoro-N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3h)
QO
F B~
\

Following the general procedure above, using 1h (170.7 mg, 0.50 mmol), B;pin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 3h (99%); IR (neat) v 3348, 2969, 1641, 1584,
1369, 1150, 1024, 884 cm™; '"H NMR (CDCl;5) 6: 1.30 (s, 12H), 6.68 (t, J = 8.5 Hz, 1H), 7.15-7.22
(m, 4H), 7.83 (dd, J = 4.6 and 8.6 Hz, 1H), 10.0 (brs, 1H). '3C NMR (CDCls) 6:25.0, 82.0, 115.4,
115.6, 117.6, 117.8, 123.1, 1264, 126.8, 126.9, 128.7, 129.8, 135.8, 165.1, 167.2, 169.4; HRMS
(TOF-MS) caled. for C19H2BFNO3; (M+H"): 342.1677; found 342.1681

oIz

N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)benzamide (3i)
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Following the general procedure above, using 1i (195.4 mg, 0.50 mmol), Bypin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, '"H NMR yielded the product 3i (99%); IR (neat) v 2968, 1628, 1578, 1332,
1118, 1068, 1019 cm™; '"H NMR (CDCl;3) &: 1.36 (s, 12H), 7.18 (t, J = 7.4 Hz, 1H), 7.36 (t, J= 7.6
Hz, 2H), 7.63 (d, J = 7.8 Hz, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.95 (s, 1H),
8.37 (brs, 1H). 3C NMR (DMSO-d¢) 8:24.7, 83.1, 120.5, 123.0, 124.5, 125.2, 126.2, 126.8, 127.3,
128.4, 128.8, 130.3, 130.6, 130.8, 131.2, 138.4, 142.6, 166.4; HRMS (TOF-MS) calcd. for
C20H2,BF3NO3 (M+H"): 392.1645; found 392.1648

oOIZ

N-(3,5-dimethoxyphenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3j)
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Following the general procedure above, using 1j (191.6 mg, 0.50 mmol), Bopin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 3j (99%); IR (neat) v 2934, 1625, 1584, 1460,
1345, 1203, 1152, 1104, 831 cm’!; "H NMR (CDCls) &: 1.37 (s, 12H), 3.77 (s, 6H), 6.26 (t, J = 2.2
Hz, 1H), 8.89 (d, J=2.2 Hz, 2H), 7.38 (t,J=7.7 Hz, 1H), 7.45 (t,J= 7.4 Hz, 1H), 7.65 (d, J= 7.6
Hz, 1H), 7.72 (d, J = 7.5 Hz, 1H), 8.45 (brs, 1H). '3C NMR (CDCls) 6:25.0, 55.5, 77.4, 83.8, 97.3,
98.8, 125.6, 129.6, 131.1, 133.5, 138.6, 139.6, 161.0, 167.7; HRMS (TOF-MS) calcd. for
C21H27BNOs (M+H™): 384.1982; found 384.1984

N-cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3k)
e
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Following the general procedure above, using 1k (164.5 mg, 0.50 mmol), B,pin; 2 (380.9 mg, 1.5
mmol, 3.0 equiv.), [Ir {dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,

OI=

1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 48 h, '"H NMR yielded the product 3k (97%); IR (neat) v 3284, 2967, 1650,
1580, 1475, 1346, 1258, 1054, 856 ¢cm™'; 'H NMR (CDCl3) &: 1.15-1.28 (m, 3H), 1.37 (s, 12H),
1.55-1.59 (m, 1H), 1.63-1.67 (m, 1H), 1.73-1.76 (m, 2H), 2.00 (brs, 2H), 3.98 (brs, 1H), 6.41 (brs,
1H), 7.33 (t, J="7.2 Hz, 1H), 7.46 (t, J = 7.3 Hz, 1H), 7.50 (brd, J = 7.8 Hz, 1H), 7.62 (d, J = 7.0 Hz,
1H). C NMR (CDCl) §: 25.0, 25.2, 25.5, 32.6, 50.4, 82.1, 123.3, 128.1, 131.9, 131.9, 135.7,
169.9; HRMS (TOF-MS) caled. for Ci9H20BNO; (M+H"): 330.2240; found 330.2240

N-benzyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (31)
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Following the general procedure above, using 11 (168.5 mg, 0.50 mmol), Bopin, 2 (380.9 mg, 1.5
mmol, 3.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (2.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 48 h, '"H NMR yielded the product 31 (58%); IR (neat) v 2969, 1635, 1366, 1149,
1014 cm™'; "TH NMR (CDCls) &: 1.26 (s, 12H), 4.13 (brs, 2H), 7.22-7.31 (m, 6H), 7.48 (t,J = 7.3 Hz,
1H), 7.63 (d, J = 7.2 Hz, 1H), 7.85-7.91 (m, 1H), 9.08 (brs, 1H). '3C NMR (CDCl;) &: 25.0, 44.7,
82.1,124.2, 1279, 128.2, 128.8, 131.5, 131.7, 132.2, 132.3, 137.2, 171.0; HRMS (TOF-MS) calcd.
for CoH2sBNOs (M+H"): 338.1927; found 338.1927

N-allyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (3m)
(0]
N
B/O
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Following the general procedure above, using 1m (143.7 mg, 0.50 mmol), B2pin, 2 (380.9 mg, 1.5
mmol, 3.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (2.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 48 h, 'H NMR yielded the product 3m (61%); IR (neat) v 2968, 1632, 1366,
1151, 1106, 1013 cm™; '"H NMR (CDCls) &: 1.37 (s, 12H), 3.98 (s, 2H), 5.17 (d, J = 10.1 Hz, 1H),
5.25(d,J=16.9 Hz, 1H), 5.82-5.90 (m, 1H), 7.12 (brs, 1H), 7.34 (t, /= 7.5 Hz, 1H), 7.46 (t,J = 8.0
Hz, 1H), 7.61 (t, J = 6.6 Hz, 2H). 3C NMR (CDCl) &: 25.2, 43.6, 81.6, 117.8, 123.9, 127.8, 130.8,
132.6, 132.7, 134.0, 171.6; HRMS (TOF-MS) calcd. for CisH3BNO; (M+H"): 288.1771; found
288.1771

N-(4-iodophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5a)
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H
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Following the general procedure above, using 4a (224.6 mg, 0.50 mmol), B,pin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 5a (75%); IR (neat) v 3363, 2967, 1627, 1561,
1561, 1488, 1358, 1149, 1094, 1034, 815 cm™'; 'H NMR (CDCl5) &8: 1.33 (s, 12H), 7.23 (t, J = 7.5 Hz,
1H), 7.30 (d, J = 8.6 Hz, 2H), 7.54 (d, J= 8.7 Hz, 2H), 7.63 (d, J= 7.4 Hz, 1H), 7.74 (d, J= 8.0 Hz,
1H), 9.20 (brs, 1H). '*C NMR (CDCls) §: 25.0, 83.5, 88.8, 123.2, 125.6, 129.3, 131.6, 133.0, 137.2,
137.3,137.9, 168.5; HRMS (TOF-MS) calcd. for C19H22BINO; (M+H"): 450.0737; found 450.0737

N-(3-iodophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5b)

0 Q|
S

Following the general procedure above, using 4b (224.5 mg, 0.50 mmol), B;pins 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 9 h, "H NMR yielded the product 5b (62%); IR (neat) v 3051, 2937, 2857, 1626,
1532, 1382,1356, 1151, 1011, 742 cm™'; '"H NMR (CDCl3) &: 1.38 (s, 12H), 7.08 (t, J = 8.0 Hz, 1H),
7.46-7.52 (m, 3H), 7.67 (d, J = 8.3 Hz, 1H), 7.71-7.76 (m, 2H), 8.04 (s, 1H), 8.34 (brs, 1H). '3C
NMR (CDCl3) 6: 25.0, 84.4, 94.1, 119.5, 126.5, 129.1, 130.1, 130.6, 131.0, 133.5, 134.3, 139.3,
167.5; HRMS (TOF-MS) calcd. for Ci9H,2BINO3; (M+H™): 450.0737; found 450.0739

(@)= b4

N-(4-bromophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5¢)
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Following the general procedure above, using 4¢ (201.2 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, 'H NMR yielded the product 5¢ (99%); IR (neat) v 3268, 2972, 1605, 1546,
1490, 1329, 1258, 1140, 1102, 828 cm™'; "H NMR (CDCl;s) &: 1.36 (s, 12H), 7.48-7.52 (m, 4H), 7.56
(d, J=8.9 Hz, 2H), 7.70-7.74 (m, 2H), 8.26 (brs, 1H). '*C NMR (CDCl;) §: 25.0, 82.6, 118.7, 123.9,

oOI=
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124.9, 128.6, 131.6, 131.8, 132.2, 135.3, 135.7, 169.6; HRMS (TOF-MS) calcd. for C19H2:BBrNO;
(M+H"): 402.0876; found 402.0878

N-(3-bromophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5d)

Following the general procedure above, using 4d (201.0 mg, 0.50 mmol), B2pins 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 12 h, '"H NMR yielded the product 5d (99%); IR (neat) v 3268, 2972, 1605,
1546, 1490, 1329, 1258, 1140, 1102, 828 cm™'; 'H NMR (CDCls) &: 1.37 (s, 12H), 7.17-7.21 (m,
1H), 7.25-7.27 (m, 2H), 7.40-7.48 (m, 2H), 7.55-7.57 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 7.4 Hz, 1H),
7.76 (d, J = 7.6 Hz, 1H), 7.88 (s, 1H), 8.50 (brs, 1H). '3*C NMR (CDCl;) §:25.0, 83.7, 119.5, 122.4,
124.0, 125.8, 1279, 129.4, 130.2, 131.5, 133.3, 138.8, 168.4; HRMS (TOF-MS) calcd. for
Ci9H2,BBrNO3 (M+H"): 402.0876; found 402.0877

N-(4-chlorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (Se)
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Following the general procedure above, using 4e (178.8 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, 'H NMR yielded the product 5e (99%); IR (neat) v 3270, 3198, 2972, 1609,
1551, 1494, 1342, 1230, 1140, 1101 cm™!; "H NMR (CDCls) 8: 1.36 (s, 12H), 7.31 (d, J = 8.9 Hz,
2H), 7.45 (dt, J= 1.4 and 7.5 Hz, 1H), 7.50 (dt, J = 1.4 and 7.3 Hz, 1H), 7.60 (d, J = 8.8 Hz, 2H),
7.70 (d, J = 7.0 Hz, 1H), 7.73 (d, J = 7.1 Hz, 1H), 8.33 (brs, 1H). 3C NMR (CDCl;) $:25.0, 83.0,
123.1, 125.2, 128.8, 128.9, 130.6, 131.9, 132.4, 135.6, 136.3, 169.1; HRMS (TOF-MS) calcd. for
Ci9H22BCINO3 (M+H"): 358.1381; found 358.1384

N-(4-chlorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5f)
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Following the general procedure above, using 4f (178.8 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, '"H NMR yielded the product 5f (92%); IR (neat) v 3301, 2970, 1637, 1542,
1483, 1353, 1151, 1098, 1036 cm™'; 'H NMR (CDCls) 8: 1.37 (s, 12H), 7.11-7.13 (m, 1H), 7.28 (t, J
= 8.1 Hz, 1H), 7.47-7.53 (m, 3H), 7.71-7.76 (m, 2H), 7.79 (t, J = 2.0 Hz, 1H), 8.30 (brs, 1H). 13C
NMR (CDCl3) 6:25.0, 83.9, 118.8, 121.0, 124.9, 126.0, 129.6, 129.9, 131.4, 133.5, 134.6, 138.2,
138.9, 168.2; HRMS (TOF-MS) calcd. for Ci9H2,BCINO3 (M+H"): 358.1381; found 358.1383

4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)phenyl trifluoromethanesulfonate (5g)

OTf
T
Following the general procedure above, using 4g (236.2 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
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1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 6 h, "H NMR yielded the product 5g (82%); IR (neat) v 3313, 2981, 1556, 1503,
1437, 1201, 1138, 886 cm’!; '"H NMR (CDCls) 8: 1.36 (s, 12H), 7.26-7.27 (m, 2H), 7.46-7.52 (m,
2H), 7.71 (d, J = 7.0 Hz, 1H), 7.74-7.76 (m, 3H), 8.47 (brs, 1H). 3C NMR (CDCl;) &: 25.0, 84.2,
115.0, 117.6, 120.2, 121.8, 122.0, 122.7, 126.2, 130.0, 131.2, 134.0, 138.1, 138.6, 145.6, 167.9;
HRMS (TOF-MS) calcd. for C20H22BF3NOgS (M+H"): 472.1213; found 472.1213

4-bromophenyl 4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)benzoate (5h)
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Following the general procedure above, using 4h (261.3 mg, 0.50 mmol), B;pin, 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 20 h, '"H NMR yielded the product 5h (70%); IR (neat) v 3055, 2975, 1732,
1561, 1267, 1197, 1034, 1011, 743 cm’!; 'TH NMR (CDCls) 6: 1.37 (s, 12H), 7.12 (d, J = 8.8 Hz, 1H),
7.51-7.56 (m, 4H), 7.74-7.76 (m, 1H), 7.78-7.80 (m, 1H), 7.83 (d, J = 9.0 Hz, 2H), 8.20 (d, /= 8.7
Hz, 2H), 8.50 (brs, 1H). 3C NMR (CDCls) 6:25.0, 84.4, 119.1, 119.7, 123.7, 124.6, 126.5, 130.0,
131.2, 131.5, 132.6, 134.2, 1389, 143.1, 150.1, 164.5, 167.9.; HRMS (TOF-MS) calcd. for
C2H26BBrNOs (M+H"): 522.1087; found 522.1089

4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)phenyl 2-bromobenzoate (5i)
Br

Following the general procedure above, using 4i (261.0 mg, 0.50 mmol), Bypin; 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 18 h, "H NMR yielded the product 5i (99%); IR (neat) v 3053, 1748, 1507, 1348,
1193, 1016, 740 cm™'; '"H NMR (CDCl) &8: 1.31 (s, 12H), 7.06 (t, J = 7.3 Hz, 1H), 7.12 (d, J = 8.6
Hz, 2H), 7.33 (t, J= 7.5 Hz, 1H), 7.40 (t,J = 7.33 Hz, 1H), 7.52 (d, /= 8.5 Hz, 2H), 7.62 (d, J= 7.3
Hz, 1H), 7.66 (d, J= 7.9 Hz, 1H), 7.78 (d, J= 7.7 Hz, 1H), 7.92 (d, J = 7.4 Hz, 1H), 10.18 (brs, 1H).
BC NMR (CDCls) 8: 25.1, 82.6, 122.0, 122.3, 123.4, 125.0, 127.3, 128.7, 130.2, 131.3, 131.9, 132.0,
132.2, 133.1, 134.6, 135.6, 148.0, 164.6, 169.6.; HRMS (TOF-MS) calcd. for CysH2sBBrNOs
(M+H"): 522.1087; found 522.1088

N-(4-bromo-3-methoxyphenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5j)

Following the general procedure above, using 4j (215.8 mg, 0.50 mmol), Bopinz 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
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1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, "H NMR yielded the product 5j (94%); IR (neat) v 3278, 2973, 1566, 1535,
1489, 1347, 1147, 1099, 1047, 1018, 842, 745 cm™'; 'TH NMR (CDCls) 8: 1.37 (s, 12H), 3.83 (s, 3H),
6.86 (dd, J=2.4 and 8.5 Hz, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.50 (quin, J= 8.3 Hz, 2H), 7.70-7.76 (m,
3H), 8.29 (brs, 1H). 3C NMR (CDCls) §: 25.0, 56.3, 84.1, 104.9, 106.4, 113.2, 126.0, 129.8, 131.2,
133.0, 133.9, 138.6, 138.7, 156.2, 167.6.; HRMS (TOF-MS) calcd. for C,0H4BBrNOs (M+H"):
432.0982; found 432.0984

5-bromo-N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5k)
O

Br

B/

|

Following the general procedure above, using 4k (201.2 mg, 0.50 mmol), B2pins 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, '"H NMR yielded the product 5k (91%); IR (neat) v 3059, 2970, 1638, 1580,
1540, 1359, 1150, 1024, 910 cm™'; '"H NMR (CDCls) 8: 1.35 (s, 12H), 7.16 (t, J = 7.4 Hz, 1H), 7.37
(t,J = 8.4 Hz, 1H), 7.57-7.64 (m, 4H), 7.90 (s, 1H), 8.24 (brs, 1H). 3C NMR (CDCl;) &: 25.0, 83.9,
121.1, 124.0, 125.3, 128.8, 129.0, 134.2, 134.9, 137.2, 140.2, 168.9.; HRMS (TOF-MS) calcd. for
Ci9H2,BBrNO3 (M+H"): 402.0876; found 402.0878

OI=

4-chloro-N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (51)
i
N
H
)

Cl B"

Following the general procedure above, using 41 (178.6 mg, 0.50 mmol), Bopinz 2 (253.9 mg, 1.0
mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 3 h, '"H NMR yielded the product 51 (99%); IR (neat) v 2972, 1638, 1582, 1360,
1153, 1030, 874 cm’!; '"H NMR (CDCls) 8: 1.29 (s, 12H), 7.17-7.23 (m, 3H), 7.36 (d, J = 8.1 Hz,
2H), 7.51 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 10.4 (brs, 1H). *C NMR (CDCl) &: 25.1,
82.3, 1229, 125.8, 126.5, 128.6, 128.8, 131.6, 135.7, 139.9, 169.3.; HRMS (TOF-MS) calcd. for
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Ci9H2,BCINO3; (M+H"): 358.1381; found 358.1384

5-iodo-N-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (5m)

0 [ ]
|
N
H

B/O
e{<
Following the general procedure above, using 4m (224.4 mg, 0.50 mmol), Bopin, 2 (253.9 mg, 1.0

mmol, 2.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (4.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 18 h, 'H NMR yielded the product Sm (78%); IR (neat) v 2971, 1637, 1578,
1357, 1152, 1022 cm™!; '"H NMR (CDCls) &: 1.35 (s, 12H), 7.15 (t, J = 6.7 Hz, 1H), 7.34 (t, J= 6.4
Hz, 2H), 7.40 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 7.5 Hz, 2H), 7.78 (d, J = 7.5 Hz, 1H), 8.08 (s, 1H),
8.33 (brs, 1H). '*C NMR (CDCl;) §: 25.0, 84.4, 96.3, 120.5, 124.9, 129.1, 135.1, 135.5, 137.7, 139.6,
141.3, 166.0.; HRMS (TOF-MS) calcd. for C19H22BINO3; (M+H"): 450.0737; found 450.0737
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Reaction with bromoarene 6

[I{dF(CF3)ppy}2(dtbbpy)IPFg

CONHPh CONHPh
(1 mol%)
+ szinz
CsOAc (3.0 equiv.) )
Br Bpin

DCE (0.25 M)
6 (0.5 mmol) 2 (3.0 equiv.) rt, 450 nm, 96 h 3:54%

Following the general procedure above, using 6 (139.6 mg, 0.50 mmol), Bspin, 2 (380.9 mg, 1.5
mmol, 3.0 equiv.), [Ir{dF(CF3)ppy}2(dtbbpy)]PFs (5.6 mg, 5.0 umol, 1.0 mol%), CsOAc (287.9 mg,
1.5 mmol, 3.0 equiv.) and 1,2-dichloroethane (2.0 mL) at room temperature and irradiated with 450
nm LED (18 W) for 96 h, 'H NMR yielded the product 3a (54%).

Synthetic applications

Suzuki-Miyaura cross coupling of 3a

o /@ . PA(OAC), (5 mol%)
\ \©\ RuPhos (10 mol%) ‘
+ v
@6‘\*’ OMe K3POy (2.0 equiv.)
Bpin dioxane/H,O (4/1) (0.5 M)
. ) rt, 24 h
3a (1.0 equiv.) (1.5 equiv.)

General procedure for the synthesis of 8

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with 3a (64.8
mg, 0.2 mmol, 1.0 equiv.), 4-Bromoanisole (56.1 mg, 0.3 mmol, 1.5 equiv.), Pd(OAc), (2.2 mg, 10
pmol, 5.0 mol%), RuPhos (9.3 mg, 20 pmol, 10 mol%) and K3PO4 (84.9 mg, 0.4 mmol, 2.0 equiv.).
1,4-Dioxane (0.32 mL) were added in a nitrogen-filled glovebox. H>O (0.08 mL) was added outside
of GB. The reaction mixture was stirred at room temperature for 24 h. After this time, the reaction
mixture was filtered through the plug of silica gel, and then concentrated by rotary evaporation. The
residue was purified by flash chromatography, eluting hexane/EtOAc to afford the product 8 (55.5
mg, 91%).; IR (neat) v 3236, 3058, 1653, 1598, 1529, 1434, 1322, 1237 cm™'; '"H NMR (CDCl;) &:
3.83 (s, 3H), 6.97 (d, J = 8.8 Hz, 3H), 7.06 (t,J = 7.2 Hz, 1H), 7.17 (d, J= 7.6 Hz, 2H), 7.23 (d, J =
7.5 Hz, 2H), 7.40-7.47 (m, 4H), 7.52 (t, J= 7.8 Hz, 1H), 7.87 (d, J= 7.8 Hz, 1H). *C NMR (CDCl3)
5: 55.5, 114.5, 120.1, 124.5, 127.6, 129.0, 129.6, 130.2, 130.5, 130.8, 132.2, 135.3, 137.8, 139.3,
159.7, 167.5.; HRMS (TOF-MS) calcd. for C2oHisNO, (M+H"): 304.1338; found 304.1338
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Suzuki-Miyaura cross coupling of S¢

o
(3.0 equiv.)
N —_— N

H H
Bpin Bpin
5¢ (1.0 equiv.) o 9: 63%

Pd(OAc), (7 mol%)
SPhos (14 mol%)
K3POy4 (2.0 equiv.)
DCM (0.5 M), 50 °C, 24 h
then pinacol (5.0 equiv.)
rt, 6 h

General procedure for the synthesis of 9

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with Sc (80.6
mg, 0.2 mmol, 1.0 equiv.), 4-Methoxyphenylboronic Acid (91.2 mg, 0.6 mmol, 3.0 equiv.),
Pd(OAc): (3.1 mg, 14.0 umol, 7 mol%), SPhos (11.5 mg, 28 umol, 14 mol%) and K3PO4 (84.9 mg,
0.4 mmol, 2.0 equiv.). Then, Dichloromethane (0.4 mL) were added in a nitrogen-filled glovebox.
The reaction mixture was stirred at 50°C for 24 h. After this time, pinacol (118.2 mg, 1.0 mmol, 5.0
equiv.) were added. The reaction mixture was stirred at room temperature for 6 h. After this time, the
reaction mixture was filtered through the plug of silica gel, and then concentrated by rotary
evaporation. The residue was purified by flash chromatography, eluting hexane/EtOAc to afford the
product 9 (54.0 mg, 63%).; IR (neat) v 2970, 1606, 1558, 1499, 1351, 1148 cm™'; 'H NMR (CDCls)
6: 1.33 (s, 12H), 3.84 (s, 3H), 6.85 (d, J = 8.3 Hz, 2H), 7.17 (t, J = 7.6 Hz, 1H), 7.39-7.44 (m, 5H),
7.60 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 7.2 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H) 9.60 (brs, 1H). *C NMR
(DMSO-ds) 8: 24.8, 55.2, 82.6, 114.4, 120.8, 125.8, 126.4, 127.5, 128.9, 130.8, 132.0, 132.2, 135.5,
137.6, 138.6, 158.8, 167.4.; HRMS (TOF-MS) calcd. for C2sH20BNO4 (M+H"): 430.2190; found
430.2190
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Mizoroki-Heck Reaction of 5S¢

Br A co,Bu X _CO,Bu
7 /©/ (2.0 equiv.) 7 Q/\/
H T H
Bpin OH

5¢ (1.0 equiv.) 10: 71%
[ ]

Pdsdbaz*CHCI; (1 mol%), PBBusHBF 4 (2 mol%)
Cyo,NMe (2.0 equiv.), 1,4-dioxane (0.5 M)
110 °C, 24 h, 90% (NMR-yield)
then H,0, (10.0 equiv.), 5 M NaOH (5 mL)
THF (5mL),0°Ctort, 1h

General procedure for the synthesis of 10

An oven-dried 5.0 mL screw-cap vial equipped with magnetic stir bar was charged with Sc (200.9
mg, 0.5 mmol, 1.0 equiv.), fert-Butyl Acrylate (145.6 uL, 1.0 mmol, 2.0 equiv.), and Pd>dbaz*CHCI3
(5.2 mg, 5.0 umol, 1 mol%). [[BusBH]PFs (2.9 mg, 10 umol, 2 mol%) and 1,4-dioxane (1.0 mL)
were added in a nitrogen-filled glovebox. The reaction mixture was stirred at 110°C for 24 h. After
this time, 35 % H»0, aq. (486 mg, 10.0 equiv.), 1 M NaOH aq. (5 mL) and THF (5 mL) were added
at 0°C. The reaction mixture was stirred at room temperature for 1 h. the reaction was quenched with
1 M HCI (100 mL), phases were separated, and the organic phase was extracted with AcOEt (5 x 10
mL). The combined organic phases were dried over anhydrous MgSOQ,, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography, eluting hexane/EtOAc to
afford the product 10 (120.9 mg, 71%).; IR (neat) v 3337, 2975, 1674, 1590, 1533, 1304, 1152 cm™;
"H NMR (CDCl3) &: 1.54 (s, 9H), 6.34 (d, J = 16.0 Hz, 1H), 6.39 (t, J = 8.1 Hz, 1H), 7.04 (d, J= 8.0
Hz, 1H), 7.46 (t, J = 8.2 Hz, 1H), 7.52-7.57 (m, 4H), 7.63 (d, J = 8.9 Hz, 2H), 8.10 (brs, 1H), 11.86
(s, 1H). *C NMR (CDCls) &: 28.3, 80.8, 114.6, 119.2, 119.2, 119.9, 121.1, 125.6, 129.1, 131.6,
135.1, 1384, 142.7, 162.0, 166.6, 168.4.; HRMS (TOF-MS) calcd. for CyH22NOs (M+H):
340.1549; found 340.1550

Details of calculations

All geometry optimizations and energy changes were calculated at the B3LYPD3 level of theory [6-
8]. We ascertained that each equilibrium structure exhibited no imaginary frequencies, and each
transition state had only one imaginary frequency. In these calculations, the following basis set
system was used. The 6-311G(d) basis sets for C, N and O atoms and the 6-31G(d) basis set for H
atom were employed. The LANL2DZ basis sets for B and I atoms were used to represent the valence

electrons, where the effective core potentials (ECPs) were employed to replace core electrons.
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Additionally, the d-polarization and the diffuse functions were added for I atom. The relative
energies of all reactions were calculated by the Gibbs free energies in each optimized geometry. All

of these calculations were carried out with the Gaussian 16 program package [9].

Level: BALYPD3/BS2 BS2: 6-311G(d). LANL2DZ

Neutral, Singlet
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o= MY = a9 e .o 9 .
/ 220 ? @9 9 @ y e é
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Figure S6. Ionic pathway through five-membered ring transition states TS3 (not feasible).
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Level: BSLYPD3/BS2  BS2: 6-311G(d), LANL2DZ

Neutral, Singlet = Cation, Doublet(Radical) ‘
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Figure S7. Radical pathway INTgr2 to INTRr3 through five-membered ring transition state TSr3.
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Level: B3PW91/BS2 BS2: 6-311G(d), LANL2DZ

Figure S8. Overview of possible reaction pathways.

Cartesian Coordination and Heat of Formation

REA (E =-1714.365077, G = -1713.836642)
C 5.68002200 0.48642700 -0.42684400
4.36758900 0.62938800 0.02149100
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240699700 -0.15763700 1.48291900
1.79483300 -1.35580300 1.68998300
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-0.24672800
-1.32861800

0.53493000
-1.52377600

0.17493500
-2.07406100
-1.73639200
-2.08634500
-3.05935400

1.89582000
-5.22376300
-3.96212700
-3.89866700
-3.10931500
-5.17448700
-3.06644100
-1.63688500
-3.26017700
-3.93651300
-1.93707100
-5.11293100
-5.91874500
-5.19939000
-4.16332000
-6.56095000
-6.60656500
-7.36715700
-6.72905700
-3.19129400
-3.83569300
-2.35397200
-2.79197200
-4.25447300
-3.31000300
-4.85467100
-4.78028800

-0.57562700
-3.12158300
-3.59254100
-0.87882600
0.40322800
-2.14575400
-4.11637100
-0.11348000
-2.37459700

0.94264000
-1.76089500
-1.99828900

0.10865000
-0.86195500
-0.31873800

3.84854000

3.21024500

1.63406900

2.67107500

1.93532000
-2.42848400
-2.05764400
-3.51397000
-2.18379100
-2.09348100
-3.15372400
-1.87768500
-1.50213000
-3.28193300
-4.15384500
-3.37881300
-3.28692100
-1.86643600
-1.86021900
-2.70206200
-0.93512800

2.87509500
2.50025300
1.51579500
3.34309600
3.02763500
3.16520500
2.36246900
3.86535300
3.55128000
1.68879300
-0.41645200
-1.32693400
-0.39043400
-0.97335300
-0.17393800
0.53665500
0.41435900
-0.00568400
0.56427600
-0.25335000
0.95545200
1.59040800
0.87927200
1.43068000
-1.06628800
-1.32632200
-0.36381900
-1.96493600
-1.03981200
-1.17284100
-1.73445600
-0.02661600
-2.82334500
-3.37115800
-3.18711900
-3.03884600

447



orrTrTOOOITXTIIIOIIITO ITIIOITITIO

Cs

-1.00169000
-0.09646800
-0.72867600
-1.68761600
-0.65057300
-0.48991600
0.31174000
-1.00369800
-3.30621600
-2.61729300
-4.32676100
-3.17588600
-3.47877700
-4.54225100
-2.92077100
-3.31644400
2.22146600
2.76327200
2.61901800
3.42038300
2.93618900
4.40915200
3.55893800
1.91581500
0.01646800

2.86118000
2.27570300
3.76458600
2.27239400
3.98628200
4.98515100
3.47091700
4.08380700
4.65295900
5.49936500
5.03885500
4.03879300
4.65734400
4.88890600
5.59298600
4.08497600
-2.22429900
-3.52506700
-3.47068900
-4.49111600
-4.69177000
-4.06705800
-5.41351200
-2.63977600
-0.41154500

1.76028800
1.59944100
2.30868000
2.37173300
-0.44909200
-0.03710000
-0.45516600
-1.47514100
1.80718300
1.85916600
1.80626100
2.69635100
-0.69638300
-0.62484800
-0.76353900
-1.61128900
1.22991600
0.52463500
-0.73625300
-1.54803200
-2.50425900
-1.74789900
-0.98346900
-1.35464900
-1.23444200

TS1 (E =-1714.360563, G = -1713.834428, 379.2i cm™")

C

I T T OO O O O

5.77389700
4.38889500
3.80994700
4.67963800
6.05852700
6.60873300
6.20092300
4.24023900
6.69785100

0.91003600
0.77260300
-0.08460300
-0.79750300
-0.65544800
0.20298400
1.56354100
-1.47579700
-1.21755200

0.07589900
0.17823600
1.12141400
1.96079900
1.88290800
0.93621000
-0.67259700
2.67963700
2.55203600
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7.68216900
3.26936800
2.31940400
1.97671700
0.68976100
0.32306700
-0.26073700
-0.94125900
1.04994800
-1.52393100
0.00010300
-1.88043300
-1.19131600
-2.23351500
-2.85982500
1.57175800
-5.54167200
-4.42273200
-4.07039000
-3.43660000
-5.35155200
-2.69475500
-1.41902900
-3.23813000
-3.77689800
-1.86357500
-5.31307300
-6.00465400
-5.48856800
-4.29577200
-6.96904300
-7.12444900
-7.66554900
-7.20072500
-3.74353200
-4.47591600

0.32341500
1.88726700
-0.26202100
-1.55030700
-1.95914500
-3.28733400
-1.15412700
-3.77354700
-3.92553300
-1.65491400
-0.14338300
-2.96166000
-4.79832100
-1.01456100
-3.34801900
0.73021100
-1.33112900
-1.66182700
0.41802400
-0.61218700
0.10149000
4.00536700
3.10063200
1.84443800
3.01762100
1.88298600
-2.00495500
-1.57384000
-3.08105300
-1.83311700
-1.56182300
-2.61522700
-1.28804000
-0.95750500
-3.01411900
-3.82225600

0.85560000
-1.25770200
1.34222900
1.53919400
1.89636300
1.58445600
2.55962500
1.89305000
1.09900000
2.86436900
2.82646100
2.53209400
1.64251000
3.37688000
2.78489400
1.31777500
-0.13707800
-1.19064800
-0.26039400
-0.92865600
0.08494500
0.63737900
0.75083500
0.12686200
0.56510400
0.05539800
1.21824900
1.94324800
1.16483900
1.57070300
-0.61608000
-0.86133900
0.17759900
-1.49161900
-1.00521000
-1.06754300
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-3.00864800
-3.22988000
-4.87680300
-4.00543300
-5.58254500
-5.34569300
-1.08428600
-0.29933000
-0.71821900
-1.96051700
-0.17019200
0.11265700
0.65643400
-0.32611400
-2.95082100
-2.11921500
-3.86093100
-3.07753700
-2.75357800
-3.74894300
-2.01708500
-2.57116600
2.71767100
3.32328900
3.00940500
3.92270900
3.51965000
4.90668700
4.05495300
2.07964300

-0.22901500

-3.17257500
-3.07550600
-1.47743700
-1.53492600
-2.25459300
-0.50264000
2.68348500
1.92926300
3.53407500
2.26873700
3.62769000
4.59696100
2.93590800
3.74652000
4.91008900
5.60561400
5.48858400
4.33164100
4.80655900
5.24098800
5.61195900
4.16248800
-2.45787700
-3.19931100
-3.15968800
-3.99787800
-4.07202900
-3.52352400
-4.98965800
-2.50856700
-0.57758400

-1.79823500
-0.04639000
-2.64029000
-3.29559800
-2.93860600
-2.78180400
2.18377600
2.14614400
2.76164700
2.68602100
0.05841000
0.47629100
0.22421700
-1.01408000
1.83468700
1.97034900
1.66813000
2.74808500
-0.66567300
-0.76845000
-0.66881000
-1.52763700
0.84381400
0.21077300
-1.05051800
-1.92681000
-2.93541500
-1.96141000
-1.49161300
-1.52902900
-1.16741800

INT1 (E =-1714.360677, G = -1713.832640)
5.76928100 0.95686500 0.13281000
4.38554900 0.78835500 0.20355800

C
C
C

3.80103200

-0.05492000

1.156511500

450



I T T T O O O

I T T O OO0 W OO 00O WwWoOoOOoOITTITITOoOo I oOIOonOonIaonaozo

4.66476600
6.04162600
6.59716200
6.20046200
4.21996800
6.67600900
7.66923100
3.27666200
2.30859700
1.99319800
0.70670300
0.35291300
-0.26295700
-0.91215500
1.09176100
-1.52614900
-0.01524700
-1.86815400
-1.14991200
-2.24843400
-2.84837300
1.54489800
-5.56204100
-4.46322200
-4.08310000
-3.46591700
-5.36063000
-2.66577500
-1.40037100
-3.23567600
-3.75986100
-1.86131900
-5.31346500
-5.98946300
-5.49652500
-4.28902600

-0.72346500
-0.55008800
0.29518800
1.59919200
-1.39269100
-1.07714300
0.43976000
1.82975900
-0.26276400
-1.55219900
-1.97041200
-3.30168300
-1.17612800
-3.79934800
-3.93440100
-1.68763800
-0.16321200
-2.99639800
-4.82576100
-1.05422000
-3.39092100
0.71877500
-1.29981400
-1.63990100
0.44035600
-0.59648300
0.13253400
4.02007200
3.10147800
1.86196300
3.04449400
1.88439200
-1.97006200
-1.53205700
-3.04523900
-1.80339300

2.03621700
1.99067000
1.03485600
-0.62302500
2.76045100
2.69239600
0.97948000
-1.29548900
1.34403200
1.556420600
1.89296900
1.57619000
2.54465800
1.86320200
1.10125000
2.82997900
2.81681400
2.48871500
1.60704000
3.33361200
2.72532100
1.27893100
-0.09608500
-1.16734500
-0.24951100
-0.92358100
0.11700700
0.61429700
0.73138700
0.12197300
0.55278600
0.04519900
1.25757200
1.99305700
1.21130500
1.59142800
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-6.99858800
-7.16333500
-7.67995400
-7.24234600
-3.79069600
-4.52979000
-3.06998100
-3.26237700
-4.94034700
-4.08031400
-5.65565300
-5.40570300
-1.06767100
-0.29220500
-0.68951900
-1.94809900
-0.14692500

0.14725000

0.67210000
-0.30368800
-2.90782800
-2.06755500
-3.81145600
-3.03871200
-2.71889200
-3.70944500
-1.97307300
-2.54608800

2.81554700

3.40037000

3.04744700

3.96214400

3.54855800

4.94014200

4.10939500

2.09165200

-1.52487700
-2.57822900
-1.24532800
-0.92198000
-2.99670200
-3.79961900
-3.16119600
-3.06100600
-1.45481000
-1.51820700
-2.22811800
-0.47740500
2.68986700
1.92562200
3.53985600
2.29011100
3.60895700
4.57828600
2.90914100
3.72157000
4.93706200
5.62358300
5.52509200
4.36722400
4.81161600
5.25675100
5.60830800
4.15866600
-2.51182100
-3.18088200
-3.14518100
-3.96252700
-4.03264400
-3.47674800
-4.95641700
-2.51879600

-0.54965400
-0.78899700
0.25508400
-1.42289200
-0.99093600
-1.04051500
-1.79570800
-0.04027100
-2.60950400
-3.27906200
-2.89481400
-2.74451300
2.16643500
2.13193300
2.73742300
2.67355900
0.03268800
0.44263000
0.20238300
-1.04037200
1.80512800
1.93305400
1.63655900
2.72332600
-0.69487600
-0.79854500
-0.70627100
-1.565212100
0.76961500
0.15881200
-1.10165600
-1.99058900
-2.99480600
-2.02983200
-1.56511900
-1.54673600
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-0.25220400

-0.60013800

-1.14618300

TS2 (E =-1714.337610, G = -1713.804001, 94.2i cm")

C
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0.23416600
-0.39020800
-0.10860900

0.89185800
1.52647200
1.18159500
0.00086300
1.17393900
2.28927800

1.66106200

-1.62588500

-0.74024100
-2.04811400
-2.67411800
-3.95153400
-2.18241200
-4.70134200
-4.34081800
-2.94079800
-1.18999800
-4.20414200
-5.67656800
-2.52641200
-4.78648700
0.06703000
2.21471100
2.14264400
1.93910200
1.70264900
2.42497200
4.28508700
2.91269000
2.59183100

-3.25510500
-2.29519900
-0.93261700
-0.57623500
-1.52306400
-2.86746400
-4.30289600
0.46660800
-1.20967600
-3.61806500

-3.05632900

0.24303000
0.38491500
1.61471900
1.80200600
2.64831000
2.94390900
1.02437600
3.79160000
2.57228100
3.95112600
3.05097500
4.56978500
4.84347700
1.08333300
3.50233200
3.61468000
1.39425900
2.29932900
2.08794600
-1.57678900
-2.17984200
-0.12120900

2.61376200
1.81393300
1.95606300
2.87859200
3.67095300
3.55496800
2.48239500
2.94589000
4.37238900
4.17123000
0.26175200
1.24452900
1.32046500
1.00087200
1.56735400
0.17559300
1.31856800
2.21105200
-0.07091400
-0.23383800
0.49049000
1.77929200
-0.70308700
0.29617700
0.72524600
1.24771200
-0.32582300
0.34110200
-0.73626200
1.45012300
-0.62005700
-1.08261800
-0.07287300
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3.86771500
2.02072700
0.91748600
1.00813800
0.74193300
0.06111600
3.39210500
3.33203900
3.36761600
4.34443600
1.14947900
1.43567600
1.14035100
0.14111800
3.51539900
3.40921600
3.92118200
4.22160800
2.38889900
1.36143400
2.99046000
2.39016600
2.86695000
3.58701600
1.87105300
3.08740900
5.18178800
5.45139800
6.09840900
4.69261400
5.07173100
5.89752500
5.47899900
4.43994900
-3.38122600
-4.28220100

-0.50326600
-1.02792200
3.90624400
3.63714300
4.98267700
3.37461300
4.24379000
5.31641500
4.09825200
3.86480700
4.65235800
5.65700500
4.63647800
4.45019100
3.83051000
3.72210900
4.82202800
3.07557600
-3.26024700
-3.50421100
-4.16913100
-2.90732600
-2.66702300
-3.47308000
-3.05914900
-1.86239400
-2.53026300
-3.39632000
-2.01154300
-2.87538200
-0.91730900
-0.34945000
-1.65751000
-0.22156900
-0.64160400
-0.90007300

0.26620900
-0.96149800
1.95897300
3.01322400
1.89390600
1.55338900
1.88010700
1.67771500
2.96155200
1.51259700
-0.84276000
-0.52142900
-1.93575000
-0.48489800
-0.97654200
-2.05824300
-0.76538300
-0.62778800
-0.13861000
-0.40749100
-0.20462100
0.89175900
-2.52656900
-2.68545700
-2.74677800
-3.22796900
0.16074200
-0.44903100
0.44614200
1.06992700
-1.75863400
-1.32802700
-2.45058300
-2.31394200
0.74250000
0.37523900
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-4.35459800
-5.75832900
-5.74991300
-6.20424400
-6.36382300
-3.41296900
-0.50593200

-0.71246200
-0.90884900
-0.96852900
-1.80446500
-0.05429400
-0.40478700

0.33669500

-0.93054100
-1.45007800
-2.53637600
-1.01611900
-1.13746700
-1.64160300
-2.31498400

INT2 (E =-1714.339579, G =-1713.809712)

C
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-0.12407100
-0.53417400
0.23761600
1.46020100
1.87695100
1.07883500
-0.72577300
2.08799800
2.82505600
1.39178500
2.31136900
-0.20285200
-1.40636500
-2.07324600
-3.48098000
-1.50965300
-4.28864500
-3.90558400
-2.32752600
-0.43703600
-3.71682300
-5.36494500
-1.86803500
-4.34123800
0.60659500
3.54245600
3.34865400

3.38394600
2.14637000
0.99313800
1.12992700
2.36268600
3.48812800
4.26529500
0.25510500
2.44076800
4.45338600

2.13822300
-0.36903400
-0.69586200
-1.84069200
-1.78869200
-3.02418200
-2.83534700
-0.90925100
-4.06883700
-3.11364600
-3.98071800
-2.75952900
-4.96884700
-4.79875300
-1.10671300
-2.45592100
-2.60360300

-2.49374000
-2.00302900
-2.21024200
-2.88204900
-3.37154700
-3.18933800
-2.31844900
-2.99309700
-3.88820400
-3.56856300

-0.82240200

-1.76317900
-2.10653000
-1.68282000
-1.80028700
-1.15356300
-1.36400800
-2.27073300
-0.72532700
-1.08995600
-0.80725100
-1.46787300
-0.33082600
-0.47040800
-1.05011000
-1.18405200

0.36740500
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2.05172900
2.14947000
3.07023100
3.26058300
1.70950600
2.18777600
3.35581000
1.21341400
2.68031500
2.68293800
3.06312700
1.64976800
4.99320300
5.44065900
5.02875400
5.58751400
3.13936200
3.99622900
3.02468900
2.24283600
4.48585600
4.19109100
5.42043800
4.64955700
1.13498900
0.04681900
1.42072800
1.47695100
1.21369700
1.62751300
0.12478100
1.49049600
4.01944400
3.90375800
5.08140100
3.67118400

-0.80890200
-1.85781100
-1.12641800
2.38015600
2.55120300
0.73134300
1.45929600
1.28520300
-3.44592100
-3.13700400
-4.46777300
-3.42656300
-2.54145300
-3.50057500
-2.44749500
-1.73444200
-4.03658800
-4.66612000
-4.04439500
-4.47114400
-1.93754500
-1.88246100
-2.49925900
-0.92194900
3.66268800
3.58936100
4.64990000
3.55500200
2.70123500
3.60061900
2.79232300
1.84179500
3.65431000
4.40541800
3.42540900
4.07166300

-0.44750900
0.60420400
-1.42080100
1.49919600
1.66048100
0.29985100
0.38098300
1.13630000
-1.98319800
-3.03012500
-1.92056500
-1.63274800
-1.65531900
-1.37965200
-2.74279000
-1.22919000
0.85263300
0.59863500
1.94013200
0.41056100
1.156870600
2.20982700
1.09141500
0.79637100
0.78182300
0.78035100
1.156127800
-0.24662100
3.09498200
3.55719200
3.09456900
3.70608400
1.14729100
1.93302900
1.04343100
0.20406100
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3.91820000
4.94149700
3.94269700
3.39221300
-4.28328300
-4.92295400
-4.57677600
-5.53681200
-5.28236500
-5.47983600
-6.55952200
-3.59737800
-0.58866700

1.68242200
1.41808600
2.32622000
0.75816500
-0.66769300
-0.10804500
-0.01842600
0.84377700
0.81997800
1.86882500
0.49709500
-0.55889400
-1.17773800

2.69561600
2.42580700
3.57754700
2.94150600
-0.00543500
0.47982800
1.76676700
2.54208500
3.59884000
2.16857700
2.38661000
2.23592800
1.95130600

TS3 (E =-1714.264816, G = -1713.730318, 312.6i cm™")

C
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0.77311000
0.16510100
0.43963900
0.96079200
1.50077600
1.49109000
0.65238000
0.99339800
1.93108300
1.94825000
-1.00259700
-0.60345700
-1.86736700
-2.72613700
-3.89013200
-2.52419800
-4.82476600
-4.05156200
-3.46932500
-1.61727500
-4.62322600

-3.36554000
-2.30239500
-0.88758300
-0.81824700
-1.87749200
-3.17965100
-4.36819200
0.16697600
-1.71403100
-4.01800200
-2.91363600
0.20539400
0.07017600
1.21033200
1.10376500
2.37258200
2.13480900
0.19909700
3.39434700
2.49239400
3.28487700

2.00623900
1.33479800
1.66426000
3.08015400
3.73217500
3.17526400
1.61384400
3.52338500
4.71429400
3.68188900
-0.34750700
1.55136300
1.42911600
1.45446200
2.22473900
0.69610300
2.24744600
2.79593900
0.71206500
0.12114500
1.48675000
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-5.71394100
-3.29641200
-5.35316700
-0.03309400
2.35978900
1.69127600
1.04024000
0.70343100
2.14382200
3.96475000
3.04294600
1.80100500
3.02495100
1.83579700
1.63401000
2.02901000
1.78197000
0.56418700
3.85632000
4.06532300
4.22010800
4.40759600
0.96491200
1.65830600
0.53256300
0.15890500
2.65556500
2.11422100
3.45812100
3.07816100
2.63746800
1.89221000
3.49724800
2.19163200
3.60004800
4.52592100

2.03524700
4.28704400
4.08489900
1.41419800
3.65335100
3.29298400
1.80509300
2.30199000
2.45876400
-1.22904900
-1.50361400
-0.52203900
-0.81902500
-0.73796100
4.78976600
4.85186500
5.75323100
4.58574800
3.93383300
4.79482500
4.15564700
3.07168800
4.45587300
5.27155300
4.12477600
4.83627900
2.63752600
2.34649800
3.31353000
1.73863000
-2.97263200
-3.06679900
-3.59612000
-3.34227400
-1.00494400
-1.52937700

2.85841500
0.12149000
1.49848300
1.73622300
0.64487900
-0.74264200
0.91974600
-0.36697800
1.43286100
0.15101100
-1.10582500
0.60040300
1.16204800
-0.79264200
1.37635000
2.39094600
0.88378500
1.44759900
0.58467400
-0.05533800
1.58892900
0.21348600
-1.41521700
-1.63324500
-2.36340800
-0.79025700
-1.73090500
-2.63484900
-2.02898200
-1.29385300
-1.24499700
-2.03539800
-1.49893100
-0.32410600
-2.43646200
-2.68395100
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2.87918000
3.80242600
4.70301100
5.38836800
5.28304300
4.00199700
4.96337100
5.43305000
5.74048300
4.46218200
-3.13475800
-4.05437300
-4.34907000
-5.78877300
-5.95222900
-6.05498900
-6.42461000
-3.56503900
-0.74841200

-1.21084400
0.06381600
-2.46032500
-2.86152300
-2.17466800
-3.23438300
-0.08223300
0.12303500
-0.33275300
0.82914300
-1.11245200
-1.38112200
-0.94474600
-1.21704600
-1.02559400
-2.24388300
-0.55540800
-0.37618700
0.40268500

-3.23250500
-2.42544500
0.67796700
-0.07350800
1.55676800
0.98315000
-0.03400000
0.92869200
-0.75922900
-0.35129000
0.75976700
0.48819700
-0.72526800
-1.08380300
-2.14204100
-0.83052300
-0.49028300
-1.46542400
-2.37209700

INT3 (E=-1714.444774, G = -1713.906746)
2.68799900 0.76540700 2.80764400

C
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1.44047100
0.72984000
1.27003900
2.51468600
3.22945900
3.25637300
0.70256200
2.92031000
4.20827800
4.03711400
-0.60650300
-0.97892900
-2.30161300
-3.38333400

0.67142700
-0.54044700
-1.59819100
-1.48196200
-0.29542900

1.68007500
-2.50983300
-2.31417200
-0.19677500

-0.75414800
-1.92680900
-2.32075200
-1.95714200

2.17554100
2.29947700
3.04600700
3.64729200
3.52455900
2.70566700
3.16252700
4.20830200
3.97663100

-0.45855400 -0.80531900

1.70968700
1.34546700
1.06164600
1.87988300
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-2.50873300
-4.64484100
-3.22709100
-3.77530000
-1.66254400
-4.84897500
-5.46700300
-3.92166100
-5.83024600
-1.39476600
-4.23091200
-3.54958100
-2.35528500
-2.26244100
-3.47350700

0.89755200

0.91539100

1.07236300

1.34982700

0.60008300
-5.69492700
-6.06111300
-6.30484800
-5.81601000
-4.06555100
-4.63145700
-4.43076100
-3.01873000
-4.28511700
-5.24159900
-3.67360700
-4.45925300
-3.27575900
-2.81094400
-4.21131600
-2.61683700

-3.23036800
-2.50132600
-1.27582100
-3.75855400
-3.52289000
-3.40178500
-2.22494200
-4.46403600
-3.82653300
0.35833600
1.71280500
0.83143800
0.69482100
0.46329000
1.36060700
4.13617400
3.26912700
1.92148400
3.17759600
1.93646000
1.37663600
1.99890600
1.57619500
0.33360700
3.22050900
3.57955900
3.72854700
3.49076700
-0.47295900
-0.28287100
-1.08615400
-1.04568900
1.57531100
0.89597500
1.92588900
2.42786400

0.01397100
1.65145900
2.70565600
-0.21039400
-0.59670000
0.60679900
2.30044600
-1.01941800
0.43672200
1.67420800
-0.06431600
-1.20124100
0.74487400
-0.60244800
1.12942000
0.79776900
-0.50616000
1.32495300
1.79343700
0.02596000
0.20170900
1.01941000
-0.68196900
0.48871700
-0.25692400
-1.11803300
0.63634400
-0.38546600
-1.49564700
-1.98545500
-2.15914200
-0.58944800
-2.50416800
-3.22265300
-2.94436000
-2.35988100
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2.29979300
2.30583200
2.57940500
3.06131500
-0.13340900
0.00933000
-0.04386500
-1.13749300
1.85161600
1.59821000
1.77402600
2.88308500
-0.51088500
-0.46455900
-0.91005500
-1.19423100
0.26420600
1.06195300
1.36806700
2.73474500
2.77490400
3.42797500
3.02471900
0.62237100
0.45220600

INTrR2 (E =-1714.114706,

C
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0.37547100
-0.19120200
0.42782000
1.63740000
2.20886600
1.57618600
-0.11213400
2.12812100
3.14273900

3.18493100
2.42428400
4.14086600
2.88252600
3.65337400
4.68876300
3.02137900
3.54539900
5.32259700
6.01708200
5.85416600
4.99811100
4.57000100
4.97669000
5.33783800
3.71897900
-3.21282400
-3.79665000
-3.89776200
-4.46349900
-4.93990700
-3.61223600
-5.15437300
-3.50853900
-0.55429500

-1.15062900
-1.93125000
-1.59776200
-0.43246600
-1.53779800
-1.85435700
-2.42408200
-1.13703200
0.79513900
-0.00964700
1.74480900
0.67010000
1.21646300
2.22734800
0.55067400
1.22968100
1.03719600
0.91901000
-0.36976600
-0.61082800
-1.58867900
-0.60461900
0.17954700
-1.25787000
-2.04253800

G =-1713.587188)

3.45968200
2.24488400
1.02856900
1.05952800
2.26993700
3.46727000
4.39160800
0.12561900
2.27486100

-2.26809900
-1.88731700
-2.21672300
-2.91901100
-3.29615700
-2.97635000
-2.01632600
-3.15328000
-3.84276800
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2.00873400
-1.98551500
-0.20634900
-1.28779500
-2.08453300
-3.47114700
-1.61381700
-4.36593000
-3.81811000
-2.51556600
-0.55136600
-3.89113400
-5.43131500
-2.14022600
-4.58439500
0.32027700
3.32795100
3.12431000
1.68615400
1.85354500
2.60126900
3.54449800
2.11900000
2.25319900
3.35380200
1.52606700
2.64661700
2.65534000
3.16720800
1.60798300
4.77513800
5.37149600
4.81575900
5.21725600
2.95759900
3.84522100

4.41354400
2.30952300
-0.26433300
-0.62581200
-1.69582500
-1.50683700
-2.91171500
-2.47410900
-0.60095100
-3.88305500
-3.09787800
-3.66325700
-2.30770600
-4.82437800
-4.42374500
-0.90492700
-2.69150800
-2.79332900
-1.22163600
-2.09558600
-1.47362500
2.17826800
2.21322900
0.49673200
1.19140800
0.90871600
-3.82503300
-3.58095400
-4.77344200
-3.94789100
-2.53507000
-3.39211400
-2.48060700
-1.62449200
-4.21306900
-4.80902600

-3.27643200
-0.74469000
-1.82103500
-2.36721300
-1.92289000
-2.04856600
-1.39899300
-1.59646100
-2.53177400
-0.96782800
-1.34889800
-1.04268400
-1.69794100
-0.58339900
-0.70681000
-0.73296200
-1.12988200
0.43278900
-0.46427700
0.63354900
-1.47877100
1.22838900
1.91946100
0.43640900
0.13218600
1.50025400
-1.90180500
-2.96439500
-1.75933600
-1.59114100
-1.57637800
-1.25592100
-2.66505700
-1.17574800
0.96270900
0.74112500

462



or"crooozrrrxTrrTOIIxT T O IXTITITOI TITOITITTITO T

Cs

2.83108100
2.08966900
4.20164000
3.87489900
5.14504800
4.37857200
1.19779000
0.18919600
1.53734300
1.15083300
2.14125400
2.63753600
1.11788000
2.65704100
3.97820600
4.06138300
4.95596900
3.27765200
4.64891400
5.54180500
4.89737200
4.36123100
-4.36326900
-5.06756000
-4.83179500
-5.91840600
-5.66627100
-6.05528600
-6.86162100
-3.84309000
-1.00504400

-4.18725600
-4.70468200
-2.05938200
-1.97764100
-2.60657800
-1.05859400
3.29705100
3.14205400
4.28670800
3.26562400
2.23660600
3.14094100
2.24642100
1.37093500
3.48776800
4.27276900
3.35535700
3.80634400
1.61540000
1.45370900
2.31243200
0.66145300
-0.15704000
0.35198900
0.38322400
1.09737100
1.15064200
2.09944400
0.56333600
-0.11519200
-1.16753100

2.04675900
0.52635800
1.23379000
2.27235500
1.21338000
0.84363800
1.37388500
1.75780400
1.68318400
0.28726600
3.44020100
3.79807100
3.82040400
3.85250300
0.58773900
1.34249000
0.12345500
-0.18210100
2.11922800
1.51449000
2.92097000
2.56151500
-0.32161600
0.11965100
1.43710600
2.18761000
3.24354900
1.77702300
2.05448300
1.93685600
2.11396500

TSR3 (E =-1714.105897, G = -1713.579132, 319.8i cm™™)

C
C
C

-3.72243600
-2.40501600
-1.60725700

-1.67960500
-1.56762900
-0.44174000

-1.80635600
-1.37801600
-1.75026800
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-2.16373700
-3.46910300
-4.26134400
-4.32946900
-1.54509100
-3.87195900
-5.28582200
-1.70722400
-0.10423800
0.49134100
1.88799100
2.37561400
2.78996700
3.74554100
1.66485800
4.15805200
2.41163500
4.64402500
4.11238800
4.84693400
5.70599300
0.57859700
0.32475800
0.53015100
0.40597800
0.87675900
-0.05663100
-3.96564000
-2.72748800
-2.09784200
-3.32863300
-1.68345000
1.61574000
1.43250600
1.94864900
2.41591400

0.44276600
0.31533300
-0.73748700
-2.51121600
1.24749800
1.02374600
-0.84485300
-3.08270400

-0.52524000
-1.53198800
-1.69255800
-2.87558800
-0.76101400
-3.11215700
-3.60665000
-1.02042400
0.14041500
-2.19268100
-4.03324100
-0.31326600
-2.40603900
0.44043000
3.95316400
3.91581100
1.80661000
2.50454800
2.56457100
0.89534400
0.48752800
0.72257400
1.26956900
0.17795800
4.21414700
4.03004400
5.24609100
3.54839800

-2.72499500
-3.14740900
-2.67963100
-1.47550000
-3.09420100
-3.85963400
-3.01156900
-0.06259400
-1.67176000
-2.14179700
-2.05984700
-1.48539000
-2.59044400
-1.42611100
-1.12022700
-2.55886800
-3.05455900
-1.97297500
-0.99011500
-3.00526900
-1.97875000
-0.97648500
-1.68061500
-0.11449600
-0.95191000
0.12555800
-1.97957100
1.48389100
2.37940100
0.18168500
0.19807500
1.36603500
-2.45701300
-3.51617200
-2.33793800
-2.12806800
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-0.79187800
-0.58492800
-0.85990500
-1.75463100
1.67010600
1.48710700
1.74013800
2.62513900
-0.75278200
-0.56652000
-1.05689600
-1.57165600
-2.93419100
-2.03394700
-3.75700800
-3.14491300
-2.18023800
-2.87851200
-1.24446400
-1.98193200
-4.90630300
-5.46869700
-5.61025900
-4.36063400
-4.74986800
-5.55746100
-5.19199800
-4.12285400
5.29060900
6.01396400
5.58587300
6.67084600
6.27248000
7.47922300
7.09196100
4.44583000

4.86774800
5.90248100
4.81855800
4.57386700
4.78214300
5.83202700
4.68831100
4.48665400
4.19300800
3.99192300
5.23574700
3.55548800
-0.75717000
-0.95892700
-0.60708300
-1.63151000
1.63274900
1.90272200
1.32306200
2.51370400
-0.26801500
-0.56084800
0.04360700
-1.13416000
2.10257900
2.31658800
1.90033200
2.98970000
-0.68079800
-0.28119600
-0.02564500
0.54904000
0.79600900
-0.17869800
1.43690900
-0.24627500

-2.16108400
-1.88001200
-3.24867100
-1.74636700
0.40104700
0.16310000
1.48606900
-0.02972900
0.66805900
1.72376800
0.56882300
0.33005300
3.23144900
3.81690600
3.93366200
2.61949400
3.22811400
4.02170200
3.69886100
2.62122900
1.17906700
2.06737100
0.40738700
0.80745000
1.97728100
1.27646700
2.95541400
2.05044900
-0.35509900
0.16382700
1.40313800
2.26838100
3.24914600
2.36617100
1.79353600
1.76307400

465



Cs

1.44440800 -0.58579200

INTrR3 (E =-1714.156232,

C
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3.24886000
2.61364800
1.41193200
1.01663300
1.67080000
2.79309300
4.11332000
0.16176700
1.32805000
3.30366000
3.42296900
0.17776300
0.04299200
-1.10852600
-0.96989900
-2.36561700
-2.08318700
0.02088200
-3.46911900
-2.46122100
-3.33956800
-1.96566400
-4.43099400
-4.19960700
-0.72245900
-3.36191000
-3.32822900
-1.76913600
-2.53762100
-2.10189100
2.90312500
1.99012100
1.82238200

1.89862900

G =-1713.623619)
-0.02473300 3.08569800

-0.23426800
0.56967600
1.60122300
1.74621700
0.95043000

-0.62126700
2.22013500
2.49786600
1.08016000

1.71893700

-0.31179000

-1.43213800
-2.22887800
-3.52631200
-1.79582300
-4.35118900

-3.88301800

-2.64273700
-0.81483000
-3.91414000
-5.34978500
-2.30975000
-4.56644600
0.19683000
2.27667000
2.61990200
1.05243400

1.50504300
1.54019100
2.90870900
2.01171400
1.36767200

1.89463300
1.43069800
2.48539600
3.66518200
3.99606500
3.34719100
2.25339200
4.36610000
4.94004900
0.60714400
1.21668600
1.77272200
1.63343400
1.12142000
2.07473000
0.98793900
0.86387500
1.97257300
2.51976700
1.40971500
0.58553100
2.34488600
1.33131800
0.28984700
1.57293300
0.03623600
0.51753500
-0.51643700
1.74490900
-1.17567500
-2.08401700
0.10055200
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2.38854000
1.67685100
4.48958400
4.32011100
5.45805300
4.52300600
3.34227300
4.22417300
3.35496300
-2.45096800
-4.69354200
-5.33027000
-4.58942500
-5.18372500
-2.54524300
-2.38866200
-3.08867000
-1.56876000
2.67301200
1.95959800
3.05001700
3.50564500
0.65355500
0.78913800
-0.01218600
0.16070000
4.37062800
4.85630800
4.89007100
4.46618600
2.77288000
3.43221400
3.06536400
1.75488100
-3.95086200
-4.45178000

2.59732400
0.89075300
1.31559100
0.95924200
1.81671500
0.45773000
3.48064300
4.10299000
3.14116300
4.08843300
2.64418000
3.39145600
2.91712700
1.67467000
3.89505000
3.95352300
4.78489600
3.89127600
1.46408400
0.90405700
2.28261500
0.81111400
2.66787600
3.48266600
1.92804000
3.05808800
2.47660700
2.73032100
2.99429500
1.40259600
4.40620800
4.93866200
4.66061100
4.75210700
-1.78953500
-1.20224300

0.16124400
-1.18082400
1.95157300
2.96879600
1.92285500
1.27904700
2.50249200
2.33676900
3.53898300
2.35502000
-0.63275400
-0.15466400
-1.68405500
-0.57195100
-0.28053100
-1.35855200
0.03949800
0.20848700
-3.32940700
-3.93979700
-3.94564000

-3.07241600
-2.43490800
-3.14744600
-2.88336900
-1.54428000
-1.18237900
-2.12590800
-0.37565700
-1.01096500
-1.40837600
-0.72224700
-2.42959000
-1.23599000
-0.08064700
-0.67893000
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TSr4 (E =-1714.130836, G = -1713.596801, 389.2/ cm"

C

I T T T O OO OO0

O O 0O T IT T O I OIOOOOZO0

-3.79190300
-4.45637100
-4.33821800
-5.50831900
-3.93774000
-2.74796300

0.23104400

-3.62849900
-2.67026900
-1.22533400
-0.91565400
-1.88654800
-3.26229300
-4.66984400

0.12954300
-1.61557800
-4.02142700
3.33102000
-0.10327000
-0.04399700

1.01062800

0.69699000

2.34180000

1.70801800
-0.34470500

3.34232100

2.57505000

3.03573700

1.45500100

4.36322400

3.81705400

0.80125300

3.45304800

3.39570900

-1.09380100
-0.16827000
-0.56137400
-0.01784900
0.79034900
-1.67649800
-1.78253000

1.13405900
0.39985700
0.79392700
1.85701200
2.54044500
2.18299700
0.85101900
2.08043200
3.33422800
2.73386700

-1.62933400
-0.17283100
-1.25981400
-2.18178000
-3.50790400
-1.83929100
-4.45775000
-3.78106200
-2.80686500
-0.83149000
-4.11183500
-5.47862800
-2.54177400
-4.85723400

0.18739600
2.30267900
2.62218300

-1.83648600
-2.81331200
-3.82212200
-2.58089100
-2.74836600
-2.05015700
-2.23199400

-2.18632300
-1.40069100
-1.52101300
-2.46960800
-3.12973900
-2.97611000
-2.10958400
-2.63827200
-3.81365700
-3.51630400

-0.93970500

-1.29482500
-1.92714700
-1.79561100
-1.46753000
-2.07198500
-1.34126900
-1.34540800
-1.98280700
-2.38868800
-1.59231900
-1.08236900
-2.23272900
-1.52098900
-0.30568700
-1.49254000

0.04809200
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1.83677300
2.59177500
2.19069500
-2.65290100
-1.74091900
-1.99179000
-2.32876600
-1.74034500
4.57848500
4.42159600
5.55052500
4.59473700
3.45700700
4.33937500
3.48729700
2.56705600
4.74915300
5.39696000
4.62614300
5.23765900
2.61410200
2.43831400
3.16965200
1.64634400
-2.29094300
-1.56443200
-2.48064000
-3.22008100
-0.29506100
-0.21505200
0.34855900
0.08530900
-4.14718700
-4.48404100
-4.70557500
-4.37434200

1.06882900
1.50205600
1.57616200
2.79850500
1.70388600
1.31579700
2.64055800
0.65859600
1.33720600
0.99531300
1.82977600
0.47068800
3.52048800
4.13472700
3.19738900
4.13151700
2.62796900
3.38262000
2.87927000

1.65831100

3.89647400
3.93874700

4.78732500

3.90681100

1.12046800
0.44360900
1.91713800
0.57868800
2.16968700
2.89378400
1.32042200

2.62419400

2.50114000

2.67450200
3.16217000
1.46974800

-0.47884500
0.56996000
-1.69547800
1.50969000
2.16526900
-0.07455600
0.10095300
1.13468600
-1.86694000
-2.89121000
-1.81737500
-1.20428600
-2.40368600
-2.21253200
-3.44518700
-2.26147500
0.74120900
0.29038000
1.79584100
0.67026100
0.37111300
1.44677300
0.07548900
-0.13447400
3.46067900
3.91898700
4.18269700
3.28916600
2.34552100
3.15800000
2.57889300
1.43250800
1.67012600
2.69349400
1.00660800
1.39366900
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-2.33799300
-3.01879100
-2.46956000
-1.31939900
3.74745300
4.27747400
3.64834500
4.35094900
4.21311400
5.40876100
3.87628600
2.60067100
-0.36107300

INTr4 (E =-1714.213364,

C
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-2.39155900
-1.60993000
-0.94845400
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)

39
S _)IL _ MU _ — J\.L‘]A_ _ il -
Ll S T !
&  =a3zzsz g 3
12 1 10 9 8 7 8 5 4 3 2 1 0 B
1 {(pom}

13C NMR (125 MHz, CDCl3)

o
-n
— 160
Bt

N
H
B~
|
0
39

s

220 210 200 190 180 10 160 150 140 130

479



'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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