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AEPEMEME 7 E R G RT D BT, 7»&/1Kﬂ@@wﬂ%@0&ok@01w
% 1(Scheme 1-1), 7 /L7 & FAWD Z L THIZIE, BHEREREZEMRT D2 &b AlRE
D, ZTOX TN ATIEBEEEME O X O IR R %%Amﬁét@@ig

B THY ., FOERBUITEAIHFEIN TN D,

o EEE
Schemel-1. FEEMEMEGRIZBIT LT VT

TN AT LTCERELAMIML, 2O F EH&EEBDIZ/2> TWHILED L HiL
X, T o e BB ~EEBIL L, BHEREEA~ALFEIN TG H
%o LTORRIZ, TV OB RRELITFHFEFICEZ < OEBEEDEICHN LTV,

151 2 1% (+)-madindoline B (a)lZ interleukin-6 (IL-6) & \ 9 f MR OB IR A FHER] T H
V. TNOEREHREEMT D LT, AHEAE A H 72 Baylis-Hillman )ISIZ K 57
W DT VT IALRIEDR AN B TWD, & 2 TH LIV AR IS EANT AR
DOREEIZH R b, EEEEDE O —mABE#EEHK L TW5b, E7-., Platensimycin (b)
X, FUAEMERZ7RT, ZHUTAEROER T SN2 KIGE > TT Vv r &7 ¥ L
ft. LT\ %, Guanacatapene A (c)id Costa Rican fungus &\ 9 BEZE)> & BB S 7= KA
MThHbH, ZOEWMEERKRT H7=DIZ, Grignard BE A AW 1,42 L > TT
VX ARSI EST LR & AR L T\ D, A T 12 o T2 BRI & Sl X
TERA~FEL, 7AVT7 v EHWD 2L THMERZRAIEMEZEGR L TV D,
Spirangien A (d)/X Hofle 52X > TI 7 /N7 7‘ U 7 J& @ Sorangium cellulosum 7> & B
HESNT-UEME TH D, ZNEERT D101, Fe itz W=7 /1% /L-E=
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catalyst Et
H N H H
o) N0, e, o in-Bu P
FON : N N_
Cs,CO;3 wBU : \ﬂ/ h
wMe . wMe H
X OTBS ———————— .- N\ OTBS | : MeO. N o
Me toluene Me’ : © |
Z
o 120°C, 12h o (+)-madindoline B N
(@) Ar=3,5-(CF3),Cgl;

catalyst

Me
o}

e
1. K, NH3/Et,0, t-BuOH, -78° c OH
—_— Q
2 nh LiBr
3 2,3-dibromopropene HO,C H
c HCVTHF OH

.9
Platensimycin

(b)

1. i-PrMgBr, CuBr-Me,S
TMSCI, THF, HMPA
—_—
Ef 2. MeLi, HMPA,

NN

Spirangiens A
LiDDB = Lithium Di-tert- )

butylbiphenyl

Schemel-2.7 /L WAL s % % 5 SRERTE MW E A AR

OH

PLED X5 ICEEBIEM I E X T V7 o k2 I I Bk 5 Z &, BRkICE
HWHENTWA, TA7 L OEHE L Scheme 1-2 D X 9 IR ESIRIRFZ T DI
ROTERIRILEMZAERT D ETHLEERKIEOUDEDTHD, 20O L 5 ICHEEME
WEEERRT 5 LT, 7AW ERRICITEHELRER G T AT D ED
N ELTHEBRBEZEDNTND,

FEETCRLULIERRIZ, VAT EZHWAZ LT, BHERBRA~LERTXHZ LD
KR &2 72 ROSDIBA% S C & 72, (Scheme 1-2)
A 72 S Tdh % | Friedel-Crafts(a) ¥ 7o IS O)IET V7 v & BRERLT
LTI BEDNTVDERIEDOEDTH D, REIEMDERKR ECTIIERERT IV r
FLZSSED T ENFIRERAT =T A b LITr Py A2 AN A 2y
ARS@DT VR NT N B ETERT D ETEMTH S, -, EREBAMEL A
FAWIERIN@)TIE, 77 o E&RD 17 UVEEREZ R L7127 L L RFER
BAIDY SRCREBIISE T 52 & T, EHRT VI IVEBRT V7 VARG
nNa, Ffc, 7axl v 7Y 7 INe)E. EIT sp? REDEAEE LTHWLNT
WD, FAE TIERIS T 2 7 VT AL RS BIEFRITHZED TN TWD, 77 o
RIFEA~OMIMETZITERLTZT TR, TATXVEREERT S22 EbMESN TN D
. ZOEITTNANT AT BT AR MITEEZ S HEDH Y . KEITIL Scheme
1-2 |2 S 72 SO ARG &2 533 5,



Fridel-Crafts Reaction (a)

Pt B —— BN,

Conjugate addition (b)
/\ + N

Methathesis Reaction (¢)
Metal  °FG

L. .JJ ="

FG'  2FG

Tuji-Trost Reaction (d)
/\/x + NuH —_— /\/NU

Alkylation using Metal catalyst (e)

Metal
AT XM AkyIX - AR
Cyclization (f)
[4+2]cycloaddition
/ | hv or A '
'\ FG FG
[2+1]cycloaddition
CH,
Y+ CHNy — K
[3+2]cycloaddition

z—Y,
\
Xy 7 —— ,k/x
R1/\ + R2 \Y/e R1

Scheme 1-3. 7 /L7 k35 7 X AL £ 7213 BRL G



(a) Friedel-Crafts Reaction

Fridel-Crafts SOSITHEAIRKISOOE S TH Y, EICHEITRED 2 L2 HAWD
(Scheme 1-4)2, Zi% Lewis BB TH D AICL & V5 = & THEERIZEHL S % i
ZLBRET D, £ 2oL BEAYMS LIX. e F AT SRR Ak
TN, FORGEOR S XN EEIRICIGEITY 2 ENREETH D, £72,
DR EIRSGE T OO ZET S50, AICL ZHfEENH S 70, B P
NEEL, M2 T, HWEL LT, PAXIAATF A UEANS Z LR TX e
Wo TZBERNZET BiLs,

COzMe AICI; 1.5 equiv COzMe
CH2C|2, 0°Ctort
OMe 0 overnight

OMe OMe O OMe
Schemel-4. Fridel-Crafts (Z X B 7 /v o DT L= /U1L

(b) Conjugate Addition3

HEMITIEIC~A TNVT 72X —2FFD L 5 RRIEMET IV ATREERID 1,4-F1 0
L, TAVXMbEEITSE D, ZORISIIEREEE OB AW5 2 & T,
RERIEHITI ZENHES, L, ZORIEDOEBEDOT V7 3~ A 7 VT 7%
TR —ZFOLDIZR G, T@@&x?wan&kiﬁmmﬁgckbf%mé &N
HR 720,

o EtO
/ = cat. (20 mol%)
0ot P —
N\ CH,Cl, (0.2M)
Bn Ph 25°C, 72h

&

OH

&

cat

Schemel-5. BREMRELIZ K 2 REF~ A 7 A0
(c) Methathesis Reaction
ARZEVARKIEIZ RURS Mo ZRHWTCT Ay ERIGELERB N AR LT,
4Eﬁ%%h EX R CAERDEEDIETHD (Scheme 1-6) ., Z DNIET Vv
CHHIZRBERELZEAT I EDNHEKDLIN, 7 a R XX ADGE, FENS
%ﬁyfuyﬁbfbiw im%ﬂﬁﬂﬁﬂﬁf%%mﬁw%é%%é
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cat. 1
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bk |

R’ cat. 1
Scheme 1-6. A Z &3 ARG & KSHHE

(d) Tuji-Trost Reaction®

T e EARET D ROSTET Tla . T o 2RI LI R EOWMEF S &
Do ZOit-bu A MUSHERFMOSBENEE THL7 VT A RICERILRY

MU, -7 U ISEEEZRR T 5, £ 0%, REEAIDEAL L T 5RO 5T
1 AR %15 5 (Scheme 1-7),
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------ . 0
OJ\O ANZ Pdy(dba);CHC;
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- R1Jk(\/
Y

R'lJﬁ\‘\\/:R

Ligand, solvent, r.t.

jL '4T> ]
@ L @ L -C02
~N_ 7 L—Pd—L
0~ Yo T —| 7
\ R2 ‘~._,'
R ~~ R1J§/R2

Schemel-7. i+- b2 R MZ XK BT /AF 1L

CORISOEEE LTI, BT EAWS Z & TRERIOKEBEAZHIBT 52 & TR
FEMITZ 5 Z & ZET 515 (Schemel-8),



Ligand

PPh;  PhsP

Ligand

Schemel-8. it- h 2 A NEURIZEIT D REFDOIRAE

T, RREFMOERED a7 ORHUN BB L, Z ORI REH D48 O okt
BN EST 5O T, 2BEICKENBE, fBReE L TOLKRE LA EZHBL 2 &
DHES, ZORERDNN— R D THo-5BE1T. B L TWAHEBFEICERER
AN LB TTRIRBEIC L > TR LTINS 65, RAE LTIE, /Y
T LANRFICFEL TWDHDT, cis/trans BB EITLTLEV, BRIDILK
b OERMESD Z N Z L TH D, (Scheme8)

) R'-NH,

R
Pd, ligand + Pd, ligand R? R3
DA 2 —
( R3M\NR1 R Basc R1HN>V
2 J\/\
R3 OAc
©
Nue Nu

Pd--Nu
7

Scheme 1-9. [\ EERAIE- F 2 X R



(e) Alkylation using Metal catalyst®

WERA 7V T RO spr-sp? IRFBEAE L TER T DU & L THESLS LT &E T, Lo
LT4E, spPsp’ IRB B DI IEDNHE I D L 91T/ o7, PASEREZHWD Z &
T, BEBOFIN, Fe< T O ANRET L, o FNEBRIBITH) Z R TE L B
(Scheme 1-10),

sz(MeO-dba)3
SIMes-HBF,

R K\_X KO‘tBu R_ . _:

> e J

I\\ base ~
\ CH;CN or NMP, A :

Scheme 1-10. 55 FRNT VX)LV h > S o7

INOORNMEIET T U RBEAICEBVPEILAIMINEZITo TR T U A A XL
IbZ2AT - 121% . BICHIBREEIC X > THERY A 15 TV % (Scheme 10),

ZZCRIEIZ2 > TL 200, BRLAIRIN L= B-KEBRBENEST L. £kt
LN WREIEN S - T-, TNEMIT D722 Co $8EE2 AW T=0FBOT Vvir o
T xR LB HRE ST, Zauioae AR Co iR AER S Y2 L TV L
NT DN EFESE, LT 4 AT L7, Co $81EN B-/KFEMEES 2 Z LT
EREIPEHIND,

Me;SiCH,MgCl
A + Alkyl-X cat. C(;iléfdpph) - Alkyl~,‘-~g/\Ar

X =1, Br, Cl
Scheme 1-11. 3R 7/NVFI T T T

(® Cyclization

TN v DT B RSIT A A RICBW TEZL AL TV A KIGEDONE DT
b5, ZNHITHRBESERESVEVHINS O, ARUCBIT 28K E LT
LIFLIEEDLN OIS TH D, FlxiX, 7o o ickt4 5 BRGNS DRI
[2+1],[3+2], (421 B LA IN7e & 8k &2 72 RIS & 2 05, [A218RL N~ % & [2+1]
RPBRIBRCAINIR R R REZ AR T o220, BUF, 2Zhbiz oW TR
Zo

(1) [4+2]cycloaddition’

[AR2]BR AN T, Yo e ) 7 g VBB T ORIGSE S LT, 6 BB
R ESED Z ENRHRED, ZORISTEAEVELT I, Lewis lBEH WD Z &
T, EBIRTRIOIT O Z &K D, £lo, REMELZ W5 Z & T, A5 Diels-Alder
FISHATH> Z &Nk, L, BEICTAVTE RO X 57 Lewis A AT 54
BrEAWDVEND D,
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| I
@ . W]/CHO CF3SO3 OT0| S CHO

Schemel-12. R¥ Diels-Alder }iﬁf\

(2) [2+1]cycloaddition®
RHBRIAINZ BN TITEE A RIS HE STV D08 BARITIZ Y T e %
A= 7 v 7 a /N Aflk(Scheme 1-13) X°, Cu/Zn B& L Ul AvEWE A5

Simmons-Smith &7 723 % % (Scheme 1-14),

I|=G

RZ  R! —cH Metal cat. HG:,
>_<_ + Ny= \ r Rzm,;Z': “x‘l‘““ R’
R4 R3 FG R4 R3

R'-4=H, substituted alkyl and aryl; R5=H, Me, Phenyl
Scheme 1-13. 7 VA bEWIc LA 7 a a4k

H  R®
R2 R'  Et,Zn/ R’CHIL, \Q/
>_< YN 1
R* RS solvent 'A" YR

R* RS
R!*=H, substituted alkyl and aryl, R3=H, Me, Phenyl

Scheme 1-14. Simmons-Smith i

ZAUDIFERMICITEETAMEITIAND, BHEEZFOLO0, BUD OO LWEEE
W2 T X 570, xF L CL Michael (1A #H L7y 7 v 7 a N AUKIGTE,

JFEFCh D ~u VB ERIIZETH Y | KFEEEEFF OB Z W52 L TR
FER S ABETH D (Scheme 1-15), LU T 7 L IFZ AT AR b X 97
Micheal accepter Z £ DFE 2 W2 T LT R &3 {EHT V7 0 T LIS DT 278

WRRDNDH 5,

RO,C, ,CO,R Catlyst
/\EWG .\ 2 >< 2 T . RO,C
EWG

Scheme 1-15. ~A 7 AAINZ LB 7 a7 a /AL

(3) [3+2]cycloaddition’®
BRIFIAAITIEE > E b HAWONLIEDOTEDE LT, 13- BBFER{LAF NN
ZIF o5, ORI, nitrones X2 nitrile oxides, ozones, azomethines <° azides 73 &

8



K& 72 13- V% AW TG EIT) & CREICA~AToRAFEKRTHI LN TE D
(Scheme 1-16), L72L., Tl b ORFIIANLE TEHEEMELFOL O, BHLFF2b

DHdH 5,
R’ C)

J\ (? (-DN/O g (o) R?’\N

N = N NN @
RSN Z e J\ N
&) . / 1 | , R N \\Ne
R3 R R
nitrones nitrile oxides  ozones azomethines azides

Scheme 1-16. 1,3-XHRFERALAHINC AUV 31 5 33

TN OBERBEINE EFRRIZR L@ Y | x2S #E S Tnd, Al
ZL DODRISTERNS HH T, 7707 U —IULRIGEWZEB Lz, Z ORI,
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Scheme 1-17. EE{LHEOAHINRR H O S s 23 IR 8 72 B FR

LWL E, B-KEBEBEER: ERRENTZD, RET VX VEHOE N IREECTH S
(Scheme 1-17), —#k D7 VX NAHOBEAL G FHERILFUNIIHRE SNV TWD 3, 41k
RBIBE LS T RUSOIREBNTIT E A L7220,

Scheme 1-18. BNV R=NVEE BT AT IALFNLT I H L

CNERRT A DI EERMEC L > TAELS T IATEICER LI, 20T
I NVEITEACHIRTINZ /R Le W2, B-/KFEMBER EORERE — TR TE 5
& %& % 72(Scheme 1-18), F CTH I NR=NVEEEFT 5 =D T X v F A
4 RIRBIEREANLFETXHE, WVRNEEZET DL, TV INVEEEITE S

EWV SRR H T BN D,



Scheme 1-19. JRARREENE T o J1 L AHAI G (ATRA)
ZDOTVANFEERWTERIGET TIZHREF N H Y | JFAEBEHE T 0 A S
(UL F ATRA LRE)TITHO T 519 Scheme 1-19), Z O IX & BB X > CT—
BT BILESITETIAIATHARNT A A L TNREEZE . L, B4R
ARG LT PN ERRLTHZ LT rnmimL., £ insd, Zok)
TN AT L CT IV EOMINE ~a 7 OB8 &> 7= S THRW ST
BY, ZOTVANIEEIGRT D Z LT, T AT 584 2 BEREENTZ S
DOTIHEVWNLEEZT-, ERBICEX>THELUEI/T AT N EEFHIE L., Ex
IRROSICIG A TE L, HBEICER EOBNLF 2054 5 2 L CEREEMAKRIZIE
RIDBEIZWAFFELHFTEXDZ 00, ZOEBMEZ B W-T VRSO
BEMEII R &V,

AZG STl EHEEMME SRR IR T LA v OFE 4 7B B AL G O B %
ATl o7, FRICAFERAZBEL L TWDA, ERE2AVWERSICER L, +
NICESTHELD T VHAREIZ L > TT T ATk DA% RGBT o712, &
KEIECTODIANF AL ZENRT D70, it & Bl FICEET 2 A2 RO D VE
MbHHEBZ, 2END S EE THRARRIGERFRE Lo, BZ L7 RIG CIEshfmst X
10 mol %fFEEMETH Y . 60kg FRAIZEN2WVEL L TIE 10 g DEIZ 5-20 ppm FEE
LIRS TR, DF ) TEMICHWAEOICITYELZRBSEALERDH S
EEZ, MEEAZES LEKISRORBICET L, 7T ECEIEEMEORERK L L
THOLNDAF A v R— )L OIKfRE & TOERKRIZKEN LTz,
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2.1 TV DT VX AL DI

S CIRA_ZBY ., TAXNANT VAN ERNTZT VT OBRELEITH) &, TV
TUNEDEET NN EMMEEL T VXIS BICET LT,

BTV TR BWT, T A L TCHAR=VEED L) I BEREREE o
3BT NXNEEZEBATHZ LITRBELVWISEOOESE SN TE, BREEOA
V1R, 2 Bk, 3T VRN m A & VT2 i B R-Heck ik '(Scheme 2-1)%°
7 AJ 7Y 7 23(Scheme 2-2), 1413 IC K > TER SN TNDEN, Bieks
BT DT VXN EOEBENIRZER SN TR, B2 o -1 B LR =LA
&BIZERLEIA N2 Z L7z R W T, B - /KB BB BRI &S T L3k 4
L7 4 U NELNDTZD, MOT VKN EELE RS EEEEITEWE SNLTE T,

Me3SiCH,MgCl
cat. CoCl,(dpph)
Akyl—X + ZAr 2 - Alkyl A~y
X =l, Br, Cl ether

Scheme2-1. & = AR-Heck a2 k5 7 /v 1k

cl NiCly-glyme R
(S)-BnCH,-pybox
R1&(1\R3 +  BrZn—R _ R1/\)\R3
R2 NaCl R?

DMA/DMF, -10°C
Scheme2-2. Ni & 72 7 ¥ 1 V&R H D7 /L% LAk

INDERRT DO, T VANVEHTEMRSRZ AW RKIETh DR T
BE) 7 NV KIRATRA) 3IZE R Lc, ATRA Lix7 vx o a Ak b 7
TFURRIGEE, T A L TCT AT E e F B AI S5 K Z O
FOSIEZ PN ER ST TRISEITo>TWHR, AT VAT LT, T
SEEERBMIENRIST A LT, TAxA T A ~ERI LT, RH
DT VHNREZFETE, BROETOHRCDHEITI Z LN TE D,
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\m/

N N 7 N

\
() R
N N dNbpy (0.6) \
VANWAS \N/—\N/ rll
N[2.3.2] N (\ ’\N VA"
(1 2 x 109) TMEDA (0.042) SN \
PM?A (2.7) MesTREN (4.5 x 102)
I I [ |
1(13 102 101 10° 10 102 103
Kact (M-15-1)
. m )
/N\ N & J [ \L j
PN / \ / \ 7/ / A\ /|\)
N[2,3] (9.2 x107%) N N/ =N

bpy (0.066) N N] Me3TAN (0-38) Cyclam-B

/\ /\ 2
(7.1 x 102)
HMTETA Q_/ b
(0.14)
TPMA (62)

Scheme2-3. Ligand ® 7 ¥ B VI AN

ek, ZDa- "B AT IVTER-T I IR T T O VR AET H Z ERWE I N
TWb, ZOLEXRFOTIVINBEEFREMFICE-~Tarbr—3snTn?
(Scheme 2-3),

—F T, — B BBBIEZ WS T O HIVRIETIE, TOHANREET L L TICE
52 &<, BRDKISTET T < | BIDORKISHEITT HFREMENH Y | RISTEDH]
EAREE L THT N5,

FEETAR L7z ATRA [ HRIR il O @A 2~ 7 A/ ER S5 28 TV
NNVEFRESE, LT 4 ~OMMEEZTRISTHD, £lo, FVINABELTT
b, FRFMOEBREICL S TTVAINEPEDICRILINS D, kDT P H v
D X ol AU ~— k& A ~—fb, BENOLKRFBLZG &R E, Hx REIKG
DTS 5 Eﬁxﬁgﬁu\o Z® ATRA ZHWTC, /\m/7/4t%75>%7/7wv%iué
B, ALV T 0 oL, B2 RBEREIT T UL, BROERMBE LN D D TIXZen
& 3E Z 72, (scheme 2-4)

X RR
EWG

H
R)(R CuX(L) [ R\(R ] @ *r . KRR
—~ - cuxy(L) | _base @A)(EWG
L)
EWG EWG R R

CuxyfL) @/’\f%m
H

Scheme 2-4. ﬂifﬁ: L?‘:}im%%%

X
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22 FERELBL

ATRA TIZEAf 2 AW CRISE T > TW5, TO72%, FERRICERE 2 v, 7
Xa AL E R EIT T8 T A, AT LA LIZALE WD 66%(Table
2-1L,Entry ) THEOLND Z LS hoTo, 2O E0E, S, B 72 & A B
5T ET, BOKISHBEMTZA D EE 2. UIT. Cu ks, BE, ., ~nr
b DY &R EOBRETE1T -7,

FF Cul xHWTHEDOHRF 21T/, HEL LT3 HEDOT I Tho PMDETA
—UEHWZ, ZOFEE Cul DY ELADRFEIZRMD entryl & entry3 75 66%. 61%
CEIRIERTZ L9 RINETH D 7= OfEEE D 10mol% TH I KIS ETT 5 Z L3 b
MoTle, FTEEEIZ toluene DA% FVNTZ entry2 Tl 69% & 03 0272705 BINEE O N
DR BTz, Entryd TIHEEZ X TICRKISZAT - 12D ROSITEITE T AERMDITE S
niginoiz,

Table2-1 Cul DHEOWE* L« o
Zpan EtOzCXBr PMDETA Y equiv g EtOzC></\p-An

2- 1a 2-2a toluene/CH,Cl, (10:1) 2.3a
rt (17-20°C), 20h

entry Cul (mol%) PMDETA yield (%)

1 10 1 66(81% conv.) Me,N MéN—ﬂ>

e 10 1 69(83% conv.) Me,N
PMDETA

3 100 1 61(99% conv.)

4 100 0 0

IR T LB, bR O B2 2 2 L TR LT,

15



22.1 N L ERET

i ~a 7 A OB EDORFI 21T o7z, BARKZMBEO FREMEZZRE L T4 LinEl
WZINZ TV 5D, fEF entry2 D 2.0 ¥ED & X 69%EINENE - & bE L 2o 7, entry3
ICBWTHUEL 3.0 EHITFTH, 57%E IRIH O
WHRUNDOE E TCORBERMEZHWTHE~4 EOT I VIEEORE 21T- 72,

Table 2-3 "7 AL DB EDOIRET?
Cul 10 mol%
s + X > ></\
p-An Et0,C” “Br PMDETA 1 equiv EtO,C p-An

2-1a 2- 2a toluene 2.3a
rt (17-20°C), 20h

Entry 2a(equiv) yield (%)
MeosN - MeN
1 15 55(66% conv.) >
MezN
2 2 69(83% conv.)
PMDETA
3 3 57(63% conv.)

222 WHEICHT ARt

YR\ A R B O L 2 T TR LI C DWW T DOET 21T - 72 (Table 2-4), % D& R
entryl OFEEETH S 3EDT I (PMDETA)Z W= & & 63% R b miNER L 2R
STz, TOMDFER TiL entry2 D 4 JEDOT I > (HMDETA)® 51%. entry3 DA HHE H
CAREREIE L A —FEICH W TS 61%. entryd DO EEREIE F(NaxCO3) DA% W T2 3EE
50%& 72 olz, Filo, TIVNNBENROBENG, EOIERBEY . TV RAE
RO XV i\ PMDETA & AW BRICZER K < UG HEIT LT,

Table 2-4 IEEE DTS2

Cul 10 mol%
~ Y _ N
Z AN Y 0,07 Br Base E10,67 N2 Npan
2.1a 2.2a toluene 2-3a
rt (17-20°C), 20h /\
MesN  MeN
Entry Base (equiv) yield (%) ©2 e _5
1 05 (PMDETA) 63(88%conv)  pypeTa  Me2N
2 05 (HMTETA) 51(92% conv.) Me;N MeN—>
3 0.5 (HMTETA, Na,COs) 61(92% conv.) HMDETA MeN
4 0.5 (NaxCOs) 50(72% conv.) MeN

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (0.75mmol), Cul (10mol%), Conducted at 17-
20°C for 20h in toluene/CH,CI, (10/1), Conversion of 1a in brackets.
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WO BEOBRFT 21T 72, 3 DT I 2 (PMDETA)% VT entryl~3 {235\ T
BEE 0.5, 1.0, 2.0 LHELL TV oo, ZOREE entry2 DY ED 1.0 DFF 69% & H -
EBNENFEL eoTe, TITHRBNEDOEN->72 Entry 2 e SE & LTz,

Table 2-4 MDY EOMRFT?

Cul 10 mol%

7 Tp-An * Et0,C~ “Br EtO,C = p-An

PMDETA 1 equiv

2-1a 2. 2a toluene 2-3a
t (17-20°C), 20h
entry PMDETA (equiv) yield (%) MeN  MeN
1 0.5 61(82% conv.) _>
MezN
2 1 69(83% conv.) PMDETA
3 2 58(67% conv.)

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (1mmol), Cul (10mol%), Conducted at 17-20°C
for 20h in toluene(1mL), Conversion of 1a in brackets.

2.2.3 W o ks

WIS DOVERRE ] L2 A0, WM OGS 21T > 7o, NI GEDT =7
LHE(TBABr, TBAI), E#tE(Nal, KI, LiDZ A2, Z OFIMIIEEE DO IEHRE 25
WG EBHITEITSE D702 TW5, #EE entryl @ TBABr % 0.5 4&H 0
TR 90% L IR - L b EmL o T,

©
Table 2-5 I DOFRES ? KL Br
®

Cul 10 mo 1%
Additive NS

A~ PMDETA 1.0 equiv and
7 “p-An X > =
EtO,C p-An

EtO,C Br toluene/ CH,CI,

rt, 20 h
21a 2-2a 2-3a
entry addition yield(%)
L 0.5eq TBABr 90(90%conv)  MNBU@®, n-Bu e
r
9" 0.5eq TBAI 83(91% conv.) n-By” “\n-Bu
3° 0.5eq TBAI 52(68% conv.) TBABr
d ./
4 0.5e¢q TBAI 60(70% conv.) SRR T
5¢ 0.5eq TBAI 54(99% conv.) N I
6 0.5eq TBAI 64(70%conv)  "BU T’;BA“I
7% 0.5¢q TBAI 72(88% conv.)
g2 leq TBAI 73(89% conv.) MGZN_\—NM
e
92 1eq Nal 51(nd)
10¢ leq KI 46(nd) MezN_;
11 1eq L 32(32% conv.)
PMDETA

17



2.2.4 SRARELZ 3D MET

WIZ Cu fEEDRRFTE LT Cu DAy Z—T =4 LT hasr R CNDOHD
&N TS 24T 5 T2, 2 OFER: entryd O —fifid> Cul Z AWV 7235AILED 90% & U
NH oL BEITT D2 ENDIoT, entry2 O 2 fliOSASER TIISE ST L TN 7
W ENS OSSR NEERE S L CRICEE L TWA Z EnFREINS, ik
DANBFURONREDH T 2 X —T = U3 A A ENRE R HIF LI
T2 DM MITH %, entryl @ CuCl Z FHWZIGEIERIL 81%., entry3 ¢ CuBr Z H\\ 7z
BAEIEIT 83%. entryS @ CuCN % FAWZIHAIERIT 60% & 72~ 7,

Table 2-6  Cu $EIRDOHEFT

[Cu] 10 mol%

TBABr 0.5 equiv
PN . >< > X/\
7 “p-An Et0,c” “Br Et0,C p-An

PMDETA 1 equiv

2-1a 2-2a toluene/CH,Cl;, (4:1) 2-3a
rt (17-20°C), 20h

Entry catalyst Yield (%)

n-Bu\@ /n-Bu o
1 CuCl 81 (91 % conv.) NG Br— TBABr
n-Bu n-Bu
2 CuCl, no reaction
3 CuBr 83 (92 % conv.)
4 Cul 90 (91 % conv.)
MeoN  MeN
5  CuCN 60 (68 % conv.) _\ PMDETA
MEQN

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (0.75mmol), Cu salt (10mol%), TBABr (0.25mmol), PMDETA
(0.5mmol), Conducted at 17-20°C for 20h in toluene/CH,Cl,(4/1), Conversion of 1a in brackets. nr = no
reaction
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FER entry3 D 3 FEEDT I L (PMDETA) & toluene ZIREE L LT 32 CTHWEZHA 94%
EESETTBDOREKRL -7, entry5 D 4 JEOT I (HMTETA) % AW 72 B A IR
NT18%ED U TLTLE D DIXT U HIILRAER) PMDETA(94%)Z KW =8 &
EZ NS, ETEHESC2HEOT 2 v ERWTEBERISHEIT LA 7-HA L LT
EZXONLDX, FLERITEA T DR, BERA FIIEERS 7SR ICEL LT
TR 6T, TNITHANZEORE ., —H0F 08T 5 2 L TERNOSEERNPHETE
Ho TOTEMB, ZEOFH N LV NRAOICEOSEREZFETE LT LD, IR K
RIGZEEITSELND EEZ NS,

Table 2-7. Fm st AW CHEEOFEKRGT®
Cul 10 mol%

TBABr 0.5 equiv
N + >< > ></\
7~ “p-An Et0,c” “Br E0,67 N ) An

base 1 equiv
2-1a 2. 2a toluene / CH,Cl,

2-3a
rt (17-20°C), 20h
entry base yield(%)
1 EtsN nr
2 [
Me,N NMe, e
3 / \ 90(90% conv.)
MeyN MeN—§
4b Me,N 94(99% conv.)
PMDETA
/ N\
MezN MeN—>
5 MeN 78(87% conv.)
Me,N
HMDETA

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (1mmol), Cul (10mol%), Base (0.5mmol),
Conducted at 17-20°C for 20h in toluene/CHClI; (4/1), Conversion of 2-1a in brackets. b: Run
at 32°C in toluene.
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2.2.5 B oFEEt

SHBFIC L TE LN RESEZAW T X VHOBS 21T 71, R4 BB
DEIBRRLBERBEFHOERESC, Fhr AT = b PO F S 2E
A H T HHEEITE VT 73~93% & EWIE T BEDO A 135 5 4172 (3b-3h), 3f
DX THEENZT VT U BFEL THRIGCERII 0 »72, LnL, 3Dk )i
7 REETRILEMOGEERMNE LW E NI FERE R ST, ZHE GCMS (12
KDREEAT T2 ZAFEBHATF L AR S TWD Z &b Ao &
NI o T2, BIRS(F A ~— LT W A2k T %R U < —{b5&) BT LT
HDOTIERWINEE 2T,

Table 2-8 EAbMDORFT?

Cul, PMDETA, TBABr
A p-An + tertalkyl—Br

Y

tert-Alkyl\ _~__
p-An

40 ©
2-1a 2-2 Toluene, 30-40 °C 2.3b-i

Substrate / Yield of 2-2b-i

th>< <><COzEt <:><c02Me EtOzC><
Br
Br Et02C Br

2-2b 84%!P 2-2¢ 78%[: €1 2-2¢ 93%!! 2-2d 84%

Me
Me020><—// EtOzC Bn <:><N°2 r'l\n><
v
Bn Br
o

MeO,C Br EtO, C

2-2f 81%[] 2-2g 73%I® 2-2h 79%(P] 2-2i trace

[a] Conducted at 30°C for 20 h in toluene with 10 mol% Cu salt, TBABr (50 mol%),

PMDETA (1equiv), 2-1a (1 equiv.) and 2-2 (2 equiv.). [b] Run at 40°C. [c] 3 equiv of
1 was used.

226 AF L UEEROKE

WICEESGMEZ RV CREERF AT, FERECSEIEREREDER LA

%vym%%wk&*éamam\x%vyic7 VRRBHDOENT LR VEL

FEEERE L BIEERENMEEL T2 s LTH BEDARMIL 53~92%D IR
TEOLNEWEEHFHEHEZ R L, Ll 23s DL ITHEENIIT VY w i F
THAF VDA, BHRREMNE LN, Flo~TrREDOKIE LTS E

Z A 49~76% EFRIZ EDINER T HBIDERM DG DTz, 2-3x DILEDS 49% & FEU B
HELTEZLNADIX, ZDA 2 R—VFHERPREE CIEE &R LI B 5
RY~— L LTV 2D TH D, ZDTD 2T AFINEEAEANT D Z L TERENL
1% ENEDOF ERH ST,
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Table 2-9 A F L UEFEKOMRF?

o~ Cul, PMDETA, TBABr
Z Ar +  tert-alkyl—Br —— > R\/\
toluene, 30-60°C Ar

2-1 2-2 2-3j-3m

Yield of products 3j-3aa[%]

CO,Et

EtO,C
CO,Et
Ph CO,Et Et0,C._ _CO,Et
/
'CO,Et
CO,Me 2
2 Ph Et0,C 7
0.

Me,N Bn,N OMe

0

2-3j: 92%!¢] 2-3k: 79%!°] 2-31: 81%!°] 2-3m: 80% 2-3n: 70%![]

j Et0,C_ CO,Et EtO,C_ ,CO,Et

MeO. I h cl
N |
O CO,Me CcO,Me
0/\) O/\)

0" "N
2- 3q: 53%[e! 2-3r: 71% 2- 3s: complex mix.[%¢] 2- 3t: 69l

CO,Et MeO,C_ ,CO,Me Et0.C  COLEt
2 2!

o D T

2-30: 73%4] 2- 3p: 62%!! 2-3u: 71%!9!

MeO,C_ CO,Me oj FOaEt
)
_ [ no, =
N
o o N

Ph
2-3v: 73%]c-el 2- 3w: 76%][c-el 2- 3x: 49%!°]

\
C C oo

2-3y: 71% 2-32: 65%[%¢] 2.3aa: 70%M41

[a] Conducted at 30°C for 20 h in toluene with 10 mol% Cu salt, TBABr (50 mol%),
PMDETA (1equiv), 2-1 (1 equiv.) and 2-2 (2 equiv.). [b] Run at 25°C. [c] Run at 40°C. [d]
Run at 60°C. [e] 3 equiv of 2 was used. [f] 4 equiv of 2 was used.
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2.2.7 SHERE OO 7 B
CORISDOR SR L L i, — A2 b N X5 Kc#E & A EEB L
ATRA BHOKIGNEZ HILD,

Feb TN O RE

— A9 72 Heck & DHEIECTH 2B LA X » TRIEDNEITL TCWD EE X D5
GEBZIZS, ®BICLD0 7Y I RIGOBACRIINT TS\2 B, —&E B Eil,
W O 3FEENMRECET ONOIN. 2 2 TIESR B EET L E LTHIAT 5,
FP Al D Cul $ERDFE 3 o AT LRIV DRE— a7 U FEA I Cul $51K
DAL I T T VX VB FEE A 2T 5, RICEBRFRIE A A4 L7
o4 2% LT osyn M ZEITWHEIA B 2T 5, EO®% T VXV HE LRk A & DT
KEEZ RN T DI OICIRE—IREEENEER L C O X 5 7t & 72 b, T D%
K& BhERE FOKFE L BAREMBEELITY) 2 & TEMOERMNELND, £ D%
BRI OB TETHIBBENE Z » —MICR S 2 & THEBLY A 7 V2B T 5,
LD UARKIEDFESE 3 k7T VT /VEOSAKEEC LD ELROMIINR L35< A ©
E O BFRBERER SN TS EITEZIZW, FEEFRBELBRL VLD
AN ESNIZE LTH A LT 4 o ERINT HRNZ BRFEMBEIC L 0 &AL 7 1
WERT 21F 9 ~ISNBELEMICEIT T2 EXONT2O 0O L ) 2HE ClIx
JEDRHEIT LaWn & FREN D,

Rll A

R Cu-Br
IL

Scheme2-5. FRALEIFTINIEH TH 2 5 4L % RSHEAE

TUNNEREDTRINDIGREE LT, 3o ar el L —ioa v
ICERANRIE LT AT A DAL D, ZOTIIVFILT DA IVILREEDKIGSEET
TEMPO |2 X 5 A OFfE T DOFELAMHEIZIERH L Tnb 7,
FORKELTETIHIANA LT 4 I LIRS ER I LT Y LVEB
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ENCESTELUETVINFEB NEKRL, i o xa o RNEOEETH2 LT
C DX )7t L 725 (ATRA), HBWEIC LV a7 OBERSE EOKFEEZF &K<
T L CORBERENE A Z E TRHIOAERMDE NS,

-
DN -

2 Y4

R Br

. ® 1

amine-H
Cu—l
amine 0

R“ Br Rll

R

R’ '
N\Ar Br_(cl:l;'_' >/ .

R
A
C
P Ar
R" 2
R’ [ J
R>H/\Ar

Scheme 2-6. 7 ¥ W1 ViR H TH& 2 6 1L 5D i HEAE
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Cul (X mol%)
>< | PMDETA, TBABr
+ >
Br~ “CO,Et N N

| (]
Toluene, 20°C CO,Et

o o
. ~
1.0 equiv 5.9% (X =10), 42% (X
=100)

Scheme 2-7. TEMPO |2 K 5 7 VXV o B VFEDFH &
2.2.8 fEw

SR LS TAEUD TV AINEOMAEZIRD D T2DDENNY & LT, ARG
\ZELY FHA TS, PERDOERALAI I Z R T 2~ 7 FUS TIE 7 VL F D& AT R #
EINTWED, BEEEEZFT-2W 18k E 2O T VXV FTEE U CIEE S B
S>TWe, UL, ZATAREEZET L6, @i B —7/KRBLBED DS HE X
N, BATEXRVWONREIR TCH- T2, BENXZED T VAN FEEHWNDHET, B-—KEMR
HEZ B L2V, DF 0 7V VRRBEOEE CIIRERN R oh2neEE 2T, £
ZRWT3MT A NVEOZEANRE S NZN, ~arAveme LT —EEO &
DEETH T, T2 T, FANTRFOT P HNVBENFHIETE 5 ATRP £V 95 T U0
IWEISIZEB LTz, R TT VIR ENE < Z2UXRIS A § T, BlRIG 2
ZLTLEIN, ATRP TIXZEDEAT LT VHIREEZRM I > THIETE 2
e, TNETOZVHNVKIEORER (7 HNRFE LK, SN TE )
BRI LR BN TH D, TNEHAWD Z sk, BREIOT V7 O T L
JAELD R D B 272, fEFE LT, dfigt L 7 I VBN T2 HErd 52 & TH
D BEFITREN LTz, BAALF & L TlE. PMDETA W95 3 FEEDOT I VBT %
FAWTEBRIZ R DIED L OSHET L, ST Cul ORFEIE ThH 72, ZDH
Tld, REMEE S SN TW5D 2 ffi Cu ZHWEER, RUCHET Lo T, s
ZRWTEERS Z{To7, e LT, AF L UVHEITIETEE CTHLIMRIC, "y
AMeEHE LTI VEFRER 0T AeEWE AWTZRRICNER M\ BT 52 &
Do dz, BEIIBZLLHFRIETH D 7V INBORENEICEFEE L TV DD TIE
RNEEZD, BRAONDRKIGHEELE LCiX, 9. gRfEN N oAb EmIxt
LCEBEFETEIT, TLYXLTIOONANEL D, TOTIVFILT I HILINAF L
NCEN LNV T UAINVNERT B, & 2Tk L CHRIAREE S —E B L ATV,
B HEEICLAMBESSIC X THBDOT A7 v OT VX AR EITL TS EE
ZTCW5, ZOFEHE LT, TEMPO IZLATNAFILTUHNLDREEIT> TV 5D,
F72. AEIAVTUVWAER / Amine 52 T TEMPO IZHE SN2 & D, KIS T U0
IR TEITL TS EEZX BN D, RRISITIERD L 9 72— & IKFENBEHH =
B L7 BN 92% CRIGDEITT 5, LLEDERIZ, 77 v T v A b 2R
BMIRRHT 2 2 & FVMNBRBTRICEIT 9 2 & TRRBIZHAD LT, 4% D%
AL LT, "ae s b EMoREEAEEHEN B D, Bl AT e R UFETL
ST Z 728, 7 2 RE#EH TX ARRENL T ORFT 2TV 2, £, 4%
L2 BT NFNFESL—HET VX NVFEOEANGITI DI, B TFORBELMLEL 25
TLAHEBZTWD, ZOMREZZEITH A RICZRRT L, SEOIZIREREKICSK
SROLND B ZDIRWBEL TER TE 2R RICR ZRET 5,
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2.3 BECHR

(1) For M-H reaction of alkyl halides with B-hydrogens: (a) Ikeda, Y.; Nakamura,
T.; Yorimitsu, H.; Oshima, K. J. Am. Chem. Soc. 2002, 124, 6514. (b) Terao, J.;
Kambe, N. Bull. Chem. Soc. Jpn. 2006, 79, 663. (c) Firmansjah, L.; Fu, G. C. J.
Am. Chem. Soc. 2007, 129, 11340. (d) Zhou, W.; An, G.; Zhang, G.; Han, J.; Pan,
Y. Org. Biomol. Chem. 2011, 9, 5833. (e) Bloome, K. S.; McMahen, R. L.;
Alexanian, E. J. J. Am. Chem. Soc. 2011, 133, 20146.

(2) For reviews, and leading references: (a) Glasspoole, B. W.; Crudden, C. M. Nat.
Chem. 2011, 3, 912. (b) Rudolph, A.; Lautens, M. Angew. Chem., Int. Ed. 2009,
48, 2656. (d) Frisch, A. C.; Beller, M. Angew. Chem., Int. Ed. 2005, 44, 674

(3) Selected recent examples: (a) Zultanski, S. L.; Fu, G. C. J. Am. Chem. Soc.
2013, 135, 624. (b) Ren, P;; Stern, L.-A.; Hu, X. Angew. Chem., Int. Ed. 2012, 51,
9110. (¢) Yang, C.-T.; Zhang, Z.-Q.; Liang, J.; Liu, J.-H.; Lu, X.-Y.; Chen, H.-H.;
Liu, L. J. Am. Chem. Soc. 2012, 134, 11124.

(4) (@) Lipshutz, B. H.; Huang, S.; Leong, W. W. Y,; Zhong, G.; Isley, N. A. J. Am.
Chem. Soc. 2012, 134, 19985. (b) Shen, Z.-L.; Cheong, H.- L.; Loh, T.-P.
Tetrahedron Lett. 2009, 50, 1051. (c¢) Petrier, C.; Dupuy, C.; Luche, J. L.
Tetrahedron Lett. 1986, 27, 3149.

(5) (@) Iyer, S; Ramersh, C; Sarkar, A; Wadgaonkar, P, P; Tertahedron Lett. 1997,
38, 8113-8116. (b) Phipps, J, R; cMurray, L; Ritter, S, M; Duong, A, H; Gaunt, J,
M. J. Am. Chem. Soc. 2012, 134, 10773-10776.

(6) (@)Tang, W; Kwak, Y; Rraunecker, W; Tsarevsky, V, N; Coote, L, M;
Matyjaszewski, K. J. Am. Chem. Soc. 2008, 130, 10702. (b)Tang, W;
Matyjaszewski, K. Macromolecules 2006, 39, 4953.

(7) Yamago, S; Ukai, Y; Matsumoto, A; Nakamura, Y; J. Am. Chem. Soc. 2009, 131,
2100-2101.
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2.4 FEBrRIA

1. General procedures

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 IH NMR were described in parts per million
(chloroform as an internal standard & = 7.26) in CDCl3, unless otherwise noted. Chemical shifts
for 1>C NMR were expressed in parts per million in CDCls as an internal standard (5 = 77.16),
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd.
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.

Typical Experimental Procedure for Alkylation

Cul (0.05 mmol), TBABr (0.25 mmol), Base (0.5 mmol), and 2 (0.50 mmol) were sequentially
added under air to a dram vial equipped with a stir bar. 1 (1.0 mmol) and dried toluene (1.0 mL)
were added by syringe, and the resulting mixture was vigorously stirred under nitrogen
atmosphere [charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown
in the tables. After this time, the contents of the flask were filtered through a plug of silica gel
and then concentrated by rotary evaporation. The residue was purified by flash chromatography,
eluting with hexane/EtOAc to afford the product 3.

EtO

(@)
p-An
[1];IR (neat) 1724,1510, 1240 cm-1; "H NMR (CDCI3) : 1.23 (t, ] = 7.3 Hz, 3H), 1.37 (s, 6H),
3.78 (s,3H), 4.11(q, ] = 7.3 Hz, 2H), 6.25 (d, J = 16.4 Hz, 1H), 6.34 (d, ] = 16.4 Hz, 1H), 6.82
(d, J = 8.7 Hz,2H), 7.29 (d, J = 8.7 Hz, 2H). '3C NMR (CDCI3) : 14.45, 25.42, 44.58, 55.58,
61.05, 114.30, 127.67, 127.83, 130.31, 132.75, 159.47, 176.85; HRFABMS calcd. for
C15H2003Na (M"): 248.1412; found 248.1413.

Ph

O
p-An
IR (neat) 1674, 1510, 1246 cm-1; '"H NMR (CDCI3) : 1.47 (s, 6H), 3.80 (s, 3H), 3.84 (s, 6H),
6.38 (d, ] = 16.4 Hz, 1H), 6.48 (d, ] = 16.4 Hz, 1H), 6.85 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8
Hz, 2H), 7.36 (t, J = 7.9 Hz, 2H), 7.45 (t, ] = 7.4 Hz, 1H), 7.88 (dd, J = 1.4 and 8.2 Hz, 2H).
13C NMR (CDCI3) : 26.69, 49.63, 55.48, 114.28, 127.6515, 128.2588, 128.7936, 129.4510,
130.0446, 131.8356, 133.2141, 137.3774, 159.5087, 205.0453; HRESIMS calcd for
C19H2002Na (M"Na"): 303.3567; found 303.3566.
CO,Et

p-An
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IR (neat) 1722, 1510, 1244 cm-1; 'H NMR (CDCI3) : 1.27 (t, J = 7.2 Hz, 3H), 1.89-1.96 (m,
2H), 2.22-2.28 (m, 2H), 2.57-2.62 (m, 2H), 3.80 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 6.32 (d, J =
15.9 Hz, 1H), 6.45 (d, J = 15.9 Hz, 1H), 6.86 (d, ] = 8.7 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H). 13C
NMR (CDCI3) : 14.24, 15.97, 30.97, 49.97, 55.33, 60.80, 114.09, 127.59, 128.39, 129.41,
129.93, 159.28, 175.90; HRESIMS caled. for C16H2003Na (M'Na®): 283.3227; found
283.3229.

CO,Et

p-An

IR (neat) 1724, 1510, 1246 cm-1; 'H NMR (CDCI3) : 1.27-1.43 (m, 3H), 1.52-1.64 (m, 5H),
2.17-2.20 (m, 2H), 3.69 (s, 3H), 3.79 (s, 3H), 6.02 (d, J = 16.3 Hz, 1H), 6.37 (d, J = 16.3 Hz,
1H), 6.84 (d, J = 8.7 Hz, 2H), 7.29 (d, ] = 8.7 Hz, 2H). BC NMR (CDCI3) : 23.25, 25.76, 34.13,
49.02, 52.03, 55.38, 114.09, 127.57, 128.89, 130.04, 131.90, 159.33, 175.92; HRESIMS calcd.
For C17H2203Na (M"Na"): 297.3497; found 297.3490.

EtO,C
EtOZC |

p-An

IR (neat) 1732, 1512, 1246, 1228 cm-1; 'H NMR (CDCI3) : 1.26 (t, J = 7.1 Hz, 6H), 1.62 (s,
3H), 3.80 (s, 3H), 4.18-4.25 (m, 4H), 6.42 (d, J = 16.4 Hz, 1H), 6.55 (d, J = 16.4 Hz, 1H), 6.85
(d, ] = 8.7 Hz, 2H), 7.34 (d, J = 8.7 Hz, 2H). 3C NMR (CDCI3) : 14.64, 20.95, 55.86, 55.87,
56.18, 62.22, 114.53, 125.95, 128.39, 129.89, 130.77, 160.01, 171.88; HRESIMS calcd. for
C17H2205Na (M"Na"): 329.3477; found 329.3478.

EtO,C /
p-An

IR (neat) 1732, 1512, 1246, 1228 cm-1; 'H NMR (CDCI3) : 2.89 (d, J = 7.2 Hz, 2H), 3.75 (s,
6H), 3.80 (s, 3H), 5.08 (dd, J = 1.8 and 10.1 Hz, 1H), 5.10 (dd, J = 1.8 and 17.0 Hz, 1H), 5.68-
5.75 (m, 1H), 6.43 (d, ] = 16.6 Hz, 1H), 6.53 (d, J = 16.6 Hz, 1H), 6.85 (d, = 8.8 Hz, 1H), 7.34
(d, ] = 8.8 Hz, 2H). 13C NMR (CDCI3) : 40.12, 52.82, 55.40, 59.69, 114.13, 119.13, 123.59,
127.97, 129.34, 131.41, 132.61, 159.74, 170.89; HRESIMS calcd. for C17H2005Na (M*Na"):
327.1208; found 327.1210.

EtO,C |

p-An

IR (neat) 1728, 1510, 1249, 1174 cm-1; "H NMR (CDCI3) : 1.22 (t, J = 7.1 Hz, 6H), 3.44 (s,
2H), 3.78 (s, 3H), 4.20 (q, ] = 7.1 Hz, 4H), 6.42 (d, ] = 16.7 Hz, 1H), 6.45 (d, J = 16.7 Hz, 1H),
6.82 (d, J = 8.7 Hz, 2H), 7.08-7.10 (m, 2H), 7.17-7.20 (m, 3H), 7.29 (d, J = 8.7 Hz, 2H). 1*C
NMR (CDCI3) : 13.88, 42.59, 55.20, 60.58, 61.52, 113.96, 124.57, 126.88, 127.75, 128.07,
129.36, 130.14, 135.85, 159.48, 170.27; HRESIMS calcd. for C23H2605Na (M*Na"):
405.1677; found 405.1678.

<O NO,
o) | 26
p-An



IR (neat) 1604, 1545, 1512, 1251 cm-1; 'H NMR (CDCI3) : 3.80 (s, 3H), 3.93 (d, J = 12.1 Hz,
2H), 4.73 (d, J = 6.1 Hz, 1H), 4.97 (d, J = 12.1 Hz, 2H), 5.05 (d, J = 6.1 Hz, 1H), 5.85 (d, ] =
16.3 Hz, 1H), 6.63 (d, J = 16.3 Hz, 1H), 6.86 (d, ] = 8.8 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H). 13C
NMR (CDCI3) : 55.31, 70.46, 86.00, 93.76, 114.28, 117.67, 127.02, 128.36, 135.01, 160.67;
HRESIMS calcd. for CI3H15NO5Na (M*Na*): 288.0847; found 288.0849.

=

CO,Et
| CO,Et

(0]

IR (neat) 1730, 1491, 1226, 1205 cm-1; 'H NMR (CDCI3) : 2.89 (d, J = 7.2 Hz, 2H), 3.18 (t, ]
= 8.7 Hz, 2H), 3.74 (s, 6H), 4.56 (t, ] = 8.7 Hz, 2H), 5.08 (dd, J = 1.6 and 10.2 Hz, 1H), 5.10
(dd, J = 1.6 and 17.0 Hz, 1H), 5.67-5.75 (m, 1H), 6.42 (d, J = 16.6 Hz, 1H), 6.49 (d, ] = 16.6
Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 7.12 (dd, J = 1.5 and 8.2 Hz, 1H), 7.30 (s, 1H). 3C NMR
(CDCI3) : 29.57, 40.09, 52.79, 59.64, 71.58, 109.33, 119.08, 122.87, 127.40, 127.69, 129.39,
131.77, 132.63, 160.37, 170.91; HRESIMS calcd. for C18H2005Na (M"Na*): 339.1208; found
339.1209.

I ~o,

(6]
IR (neat) 1606, 1545, 1510, 1251 cm-1; 'H NMR (CDCI3) : 3.17 (t, J = 8.7 Hz, 2H), 3.92 (d, J
= 12.0 Hz, 2H), 4.55 (t, J = 8.7 Hz, 2H), 4.71 (d, J = 6.2 Hz, 1H), 4.95 (d, ] = 12.0 Hz, 2H),
5.03 (d, J = 6.2 Hz, 1H), 5.82 (d, J = 16.3 Hz, 1H), 6.60 (d, J = 16.3 Hz, 1H), 6.71 (d, J = 8.2
Hz, 1H), 7.09 (t, J = 8.2 Hz, 1H), 7.22 (s, IH). 3C NMR (CDCI3) : 29.33, 70.52, 71.74, 86.25,
93.82, 109.58, 117.08, 123.30, 127.21, 128.07, 128.14, 135.45, 161.52; HRESIMS calcd. For
C14H15NO5Na (M*Na"): 300.0847; found 300.0849.

Et0,C_ CO,Et

OMe
IR (neat) 1728, 1483, 1244, 1105 cm-1; '"H NMR (CDCI3): 1.27 (t, J = 7.1 Hz, 6H), 1.69 (s,
3H), 3.87 (s, 3H), 4.23 (q, J = 7.1 Hz, 4H), 6.75 (d, ] = 16.4 Hz, 1H), 6.90 (d, ] = 16.4 Hz, 1H),
6.91 (d,J=8.5Hz, 1H), 7.32 (t, ] =7.7 Hz, 1H), 7.42 (t,J = 7.7 Hz, 2H), 7.43 (dd, J = 2.2 and
8.5Hz, 1H), 7.55(d,J=7.3 Hz,2H), 7.71 (d, ] = 2.3 Hz, 1H); BCNMR (CDCI3): 14.08,20.48,
55.70, 56.12, 61.69, 111.31, 125.68, 125.72, 125.99, 126.91, 127.71, 128.37, 128.85, 133.90,
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140.95, 156.51, 171.46; HRESIMS calcd. for C23H2605Na (M"Na"): 405.1677; found
405.1677.

CO,Et

=

EtO,C

O

IR (neat) 1726, 1510, 1244, 1174, 1138 cm-1; '"H NMR (CDCI3) 1.23 (t, ] = 7.1 Hz, 6H), 1.38
(s, 6H), 1.48-1.52 (m, 2H), 1.71 (q, J = 7.7 Hz, 2H), 1.75 (q, I = 7.7 Hz, 2H), 2.32 (t, ] = 7.5
Hz, 2H), 3.94 (t,J = 6.5 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.14 (q, ] = 7.1 Hz, 2H), 6.23 (d, ] =
16.2 Hz, 1H), 6.36 (d, J = 16.2 Hz, 1H), 6.82 (d, J = 8.6 Hz, 2H), 7.29 (t, J = 8.6 Hz, 2H); 13C
NMR (CDCI3): 14.38, 14.46, 24.92, 25.35, 29.15, 34.45, 44.50, 60.47, 60.96, 67.90, 114.80,
114.82, 127.64, 127.73, 130.11, 132.56, 158.87, 173.95, 176.78; HRESIMS calcd. For
C22H3205Na (M"Na'): 399.2147; found 399.2137.

EtO,C

CO,Et

>

IR (neat) 1726, 1510, 1244, 1174, 1138 cm-1; 'H NMR (CDCI3) 1.25 (t, J = 7.1 Hz, 3H), 1.26
(t, ] = 7.1 Hz, 3H), 1.40 (s, 6H), 1.50-1.56 (m, 2H), 1.71 (q, J = 7.7 Hz, 2H), 1.83 (q, J = 7.7
Hz, 2H), 2.34 (t, ] = 7.7 Hz, 2H), 3.97 (t, J = 6.4 Hz, 2H), 4.12 (q, ] = 7.1 Hz, 2H), 4.14 (q, J =
7.1 Hz, 2H), 6.41 (d, ] = 16.4 Hz, 1H), 6.80 (d, J = 16.4 Hz, 1H), 6.84 (d, ] = 8.2 Hz, 1H), 6.90
(t, ] = 7.6 Hz, 1H), 7.18 (dt, J = 1.7 and 8.2 Hz, 1H), 7.43 (dd, J = 1.7 and 7.6 Hz, 1H); 13C
NMR (CDCI3): 14.49, 14.55, 25.02, 25.44, 29.32, 34.59, 44.98, 60.58, 61.03, 68.32, 112.40,
120.99, 123.10, 126.74, 126.98, 135.20, 156.47, 174.05, 176.92; HRESIMS calcd. for
C22H3305 (M'H"): 377.2328; found377.2326

CO,Et

Ph |
CN

o/\)

IR (neat) 1722, 1469, 1242, 1138, 1126 cm-1; '"H NMR (CDCI3) 1.27 (t, ] = 7.2 Hz, 3H), 1.43
(s, 6H), 2.20 (q, ] = 6.8 Hz, 2H), 2.26 (t, J = 7.2 Hz, 2H), 4.16 (q, ] = 7.2 Hz, 2H), 4.17 (q, ] =
7.2 Hz, 2H), 6.49 (d, ] = 16.4 Hz, 1H), 6.77 (d, ] = 16.4 Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 7.32
(t, ] = 7.6 Hz, 1H), 7.41-7.46 (m, 3H), 7.57 (d, J = 7.3 Hz, 2H), 7.65 (d, J = 2.2 Hz, 1H); 1*C
NMR (CDCI3): 14.26, 14.29, 25.25, 25.66, 44.80, 60.90, 66.06, 112.56, 119.21, 122.60, 125.87,
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126.94, 127.01, 127.05, 127.27, 128.89, 134.68, 136.03, 140.90, 155.05, 176.52; HRESIMS
caled. for C24H27NO3Na (M Na"): 400.1888; found 400.1890.

IR (neat) 1732, 1242 cm-1; 'H NMR (CDCI3) 2.00-2.05 (m, 2H), 2.39 (t, ] = 7.1 Hz, 2H), 2.91
(d, J = 7.2 Hz, 2H), 3.75 (s, 6H), 3.85 (s, 3H), 4.05 (t, J = 5.7 Hz, 2H), 5.07 (dd, J = 1.8 and
10.2 Hz, 1H), 5.10 (dd, J = 1.8 and 17.2 Hz, 1H), 5.68-5.76 (m, 1H), 6.52 (d, J =16.6 Hz, 1H),
6.56 (d, J =16.6 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.56 (d, J = 8.8 Hz, 2H), 7.30 (dd, J = 2.3
and 8.5 Hz, 1H), 7.36 (d, J = 2.3 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H); *C NMR (CDCI3): 14.09,
25.50, 40.06, 52.82, 55.37, 59.72, 66.16, 113.10, 113.60, 119.17, 119.25, 124.34, 126.77,
129.10, 130.16, 130.54, 130.62, 131.27, 131.34, 132.53, 155.35, 159.02, 170.80; HRESIMS
calcd. For C27H29NO6Na (M"Na"): 486.1892; found 486.1893.

O/\/\CN

IR (neat) 1605, 1522 cm-1; 'H NMR (CDCI3) 2.15 (q, J = 7.0 Hz, 2H), 2.60 (t, ] = 7.0 Hz, 2H),
4.11 (d, J =12.3 Hz, 2H), 4.21 (t, ] = 5.7 Hz, 2H), 4.82 (d, ] = 6.2 Hz, 1H), 5.01 (d, J = 12.3
Hz, 2H), 5.06 (d, ] = 6.2 Hz, 1H), 6.13 (d, ] = 16.4 Hz, 1H), 7.15 (d, J = 16.4 Hz, 1H), 7.23 (d,
J=9.0 Hz, 1H), 7.38 (t, J =7.0 Hz, 1H), 7.49 (dt, J=1.1 and 8.4 Hz, 1H), 7.80 (t, ] = 8.4 Hz,
2H), 7.87 (t, ] = 8.5 Hz, 1H); '3C NMR (CDCI3): 14.26, 25.61, 66.90, 70.55, 86.47, 93.94,
114.03, 118.13, 123.38, 124.38, 127.16, 127.54, 128.76, 129.20, 129.44, 130.74, 132.24,
153.68; HRESIMS calcd. for C20H20N205Na (M"Na*): 391.1269; found 391.1270.

EtO,C_ CO,Et

MeO
l O CO,Me
O/\)

IR (neat) 1743, 1728, 1496, 1274, 1247 cm-1; "H NMR (CDCI3) 1.27 (t, ] = 7.1 Hz, 6H), 1.69
(s, 3H), 2.14 (q, J = 7.1 Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 3.68 (s, 3H), 3.84, (s, 3H), 4.06 (q, J
= 6.0 Hz, 2H), 4.18-4.27 (m, 4H), 6.76 (d, J = 16.5 Hz, 1H), 6.86 (d, J = 16.5 Hz, 1H), 6.89 (d,
J=8.5Hz, 1H), 6.96 (d, J = 8.7 Hz, 2H), 7.37 (dd, J = 2.3 and 8.5 Hz, 1H), 7.48 (d, ] = 8.7 Hz,
2H), 7.63 (d, J = 2.3 Hz, 1H); 3C NMR (CDCI3): 14.09, 20.48, 24.73, 30.54, 51.70, 55.43,
56.15, 61.69, 67.36, 112.44, 114.30, 125.54, 125.80, 126.07, 127.29, 127.98, 128.53, 133.53,
133.79, 15530, 159.01, 171.44, 173.76; HRESIMS calcd. for C28H3408Na (M'Na"):
521.2151; found 521.2151.
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IR (neat) 1605, 1522 cm-1; 'H NMR (DMSO) 2.09 (s, 2H), 2.71 (s, 2H), 4.10-4.12 (m, 4H),
4.77-4.97 (m, 4H), 6.28 (d,J = 16.4 Hz, 1H), 6.78 (d, ] = 16.4 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H),
7.28 (d, ] =16.3 Hz, 1H), 7.38-7.40 (m, 3H), 7.47 (d, ] = 16.3 Hz, 1H), 7.62 (d, ] = 7.2 Hz, 2H),
7.87 (m, 1H); 3C NMR (DMSO): 14.60, 25.54, 67.67, 70.33, 88.33, 93.70, 93.71, 113.36,
113.37, 119.88, 121.53, 124.04, 125.62, 126.71, 128.43, 129.14, 129.18, 129.26, 129.64,
132.92, 135.13, 137.22, 157.19; HRESIMS calcd. for C24H24CIN205Na (MH"): 455.1374;
found 455.1378.

EtO,C. CO,Et

T

IR (neat) 1749, 1726, 1498, 1247, 1103 cm-1; '"H NMR (CDCI3) : 1.28 (t,J = 7.1 Hz, 6H), 1.69
(s, 3H), 3.85 (s, 3H), 4.23 (q, J = 7.1 Hz, 4H), 6.74 (d, ] = 16.5 Hz, 1H), 6.85 (d, J = 8.4 Hz,
1H), 6.86 (d, ] = 16.4 Hz, 1H ), 6.86 (d,J = 7.5 Hz, 1H), 6.95 (d, ] = 16.4 Hz, 1H), 7.03 (d,J =
16.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.37 (dd, J = 2.1 and 8.4 Hz, 1H), 7.42 (d, J = 8.4 Hz,
2H), 7.63 (d, J = 2.1 Hz, 1H); '3C NMR (CDCI3) : 14.08, 20.46, 55.64, 56.07, 61.71, 111.39,
124.99, 125.55, 125.64, 125.93, 127.43, 127.54, 128.42, 128.88, 128.91, 129.72, 132.84,
136.26, 156.80, 171.43; HRESIMS calcd. for C25H27C105Na (M"Na®): 465.1444; found
465.1445.

MezN

IR (neat) 2999, 1722, 1605, 1203, 1178 cm-1; 'H NMR (CDCI3) : 1.30-1.45 (m, 3H), 1.52-1.66
(m, 5H), 2.18 (d, ] = 0.6 Hz, 2H), 2.96 (s, 6H), 3.69 (s, 3H), 5.97 (d, ] = 16.2 Hz, 1H), 6.35 (d,
J=16.2 Hz, 1H), 6.60 (brs, 2H), 7.27 (brs, 2H); 13C NMR (CDCI3): 23.26, 25.80, 34.17, 40.61,
48.89, 51.93, 112.61, 125.79, 127.29, 129.26, 129.72, 150.21, 176.12; HRESIMS calcd. For
C18H26NO2 (M'H"): 288.1964; found 288.1955.
Ph CO,Et
|

CO,Et

anN

IR (neat) 2998, 1728, 1606, 1519, 1203, 1178 cm-1; '"H NMR (CDCI3) : 1.26 (t, J = 7.1 Hz,
6H), 3.50 (s, 2H), 4.23 (q, J = 7.1 Hz, 4H), 4.70 (s, 4H), 6.40 (d, ] = 16.5 Hz, 1H), 6.46 (d, J =
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16.5 Hz, 1H), 6.73 (d, J = 8.7 Hz, 2H), 7.16-7.18 (m, 2H), 7.22-7.31 (m, 11H), 7.35-7.38 (m,
4H); 3C NMR (CDCI3): 14.05, 42.71, 54.36, 60.74, 61.57, 112.55, 122.59, 126.79, 126.96,
127.17, 127.89, 128.19, 128.85, 130.32, 131.23, 136.21, 170.60; HRESIMS calcd. for
C36H38NO4 (MH"): 548.2801; found 548.2783.

IR (neat) 2978, 1720, 1465, 1138 cm-1; '"H NMR (CDCI3) : 1.37 (t, J = 7.1 Hz, 3H), 1.53 (s,
6H), 4.25 (q, T =7.1 Hz, 2H), 5.37 (s, 2H), 6.48 (d, ] = 16.4 Hz, 1H), 6.72 (d, J = 16.4 Hz, 1H),
7.22 (d, J = 7.1 Hz, 2H), 7.26-7.31 (m, 3H), 7.35-7.41 (m, 4H), 7.97 (d, J = 7.7 Hz, 1H); '*C
NMR (CDCI3): 14.28, 25.32, 44.62, 50.13, 60.80, 110.05, 114.18, 120.18, 120.33, 120.49,
122.41, 126.56, 127.05, 127.20, 127.89, 128.98, 131.39, 137.35, 137.36, 177.01; HRESIMS
calcd. For C23H25NO2Na (M"Na"): 370.1783; found 370.1783.
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CO,Et

N

N

N

Ph

IR (neat) 2978, 1465, 1454, 1421, 1249, 1138 cm-1; 'H NMR (CDCI3) : 1.27 (t, ] = 7.2 Hz,
3H), 1.47 (s, 6H), 2.37 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 5.31 (s, 2H), 6.39 (d, J = 16.4 Hz, 1H),
6.63 (d, J = 16.4 Hz, 1H), 7.15 (d, ] = 7.1 Hz, 2H), 7.14-7.16(m, 2H), 7.21-7.27 (m, 4H), 7.88
(d,J=7.1 Hz, 1H); *C NMR (CDCI3): 10.71, 14.30, 25.41, 44.82, 46.61, 60.79, 109.40, 110.48,
119.69, 120.25, 120.49, 121.63, 126.14, 126.30, 127.52, 128.97, 132.02, 135.21, 137.12,
137.70, 177.14; HRESIMS calcd. for C24H27NO2Na (M"Na"): 348.1939; found 348.1930.

EtO,C ‘

L,
Et
IR (neat) 2976, 1722, 1232, 1099 cm-1; 'H NMR (CDCI3) : 1.29 (t, J = 7.2 Hz, 3H), 1.41 (t, ]
= 7.2 Hz, 3H), 1.92-1.99 (m, 2H), 2.29-2.36 (m, 2H), 2.60-2.66 (m, 2H), 4.20 (q, J = 7.2 Hz,
2H), 4.36 (q, ] = 7.2 Hz, 2H), 6.47 (d, J = 16.0 Hz, 1H), 6.70 (d, J = 16.0 Hz, 1H), 7.22 (t, ] =
7.3 Hz, 1H), 7.35 (t, ] = 8.4 Hz, 1H), 7.40 (t, J = 8.1 Hz, 1H), 7.46 (t, = 7.8 Hz, 1H), 7.56 (dd,
J=1.3and 8.4 Hz, 1H), 8.10 (d,J = 7.8 Hz, 1H), 8.11 (s, 1H); '*C NMR (CDCI3): 13.84, 14.32,
16.07, 31.12, 37.65, 50.15, 60.86, 108.61, 108.71, 118.60, 119.05, 120.60, 123.12, 123.33,
124.38, 125.89, 128.35, 128.83, 129.78, 139.73, 140.48, 176.16; HRESIMS calcd. for
C23H25N02Na (M*Na'): 370.1783; found 370.1775.
O

Me

N
Et

IR (neat) 2986, 1697, 1489, 1471, 1230 cm-1; 'H NMR (CDCI3) : 1.38 (s, 6H), 1.42 (t, ] = 7.2
Hz, 3H), 2.20 (s, 3H), 4.36 (q, ] = 7.2 Hz, 2H), 6.28 (d, ] = 16.1 Hz, 1H), 6.67 (d, J = 16.1 Hz,
1H), 7.23 (dt, J = 0.8 and 7.6 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.43
(dt, J= 1.1 and 7.6 Hz, 1H), 7.53 (dd, J = 1.6 and 8.4 Hz, 1H), 8.09-8.10 (m, 2H); '*C NMR
(CDCI3): 13.85, 24.24, 25.73, 37.67, 50.62, 108.67, 108.75, 118.57, 119.12, 120.60, 123.07,
123.36, 124.27, 125.97, 128.24, 130.32, 131.37, 139.80, 140.50, 211.73; HRESIMS calcd. for
C21H23NONa (M"Na'): 328.1677.
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3.1 7 a7 a R AR DOER

2 BT 3 #hfbEMERNTCTAFT M EZER LT, £ LT, &£EICxT
HHREIECT 20, T AR LT 2 (bW E AV CRIGE T/ > 72
LA vraTa NGNS Z ERbiroT,

ZovraTaN g, BIERR ERARKISIISANTE 570, KbEE
RED—DOThHbH, H< ML TN AR L THEA RREEZERT5ETCZO
BREESKT HDHEPREINTEBY, R EDER TH > bHNGLLT
WARISDOOEDE LT, CulZn 4% HVv- Simmons-Smith Kin<ey 7 V1l
EE AW EDH 5, (Scheme 3-1)1

Simmons-Smith Reaction

5
R?  R'"  Etzn/RSCHI, H R
R* RS solvent R4 R3

R!"*=H, substituted alkyl and aryl; R’=H, Me, Phenyl

Cyclopropanation using Diazo compounds

FG
2 1 |
R . R . N2=C{‘| Metal cat. " CH o
> < I‘ﬁs‘“\
R RS e R R®

R'4=H, substituted alkyl and aryl; R=H, Me, Pheny!
Scheme 3-1. fiEskD > 7 v 7 A4k

¥7-. Grignard REZH VAR HES L TWD, T OISO
Ti(OiPr)s FET. 2 ¥ED Grignard RE L AT L EHAWASLZ LTy /7o
R EBBRIETH D, F4 L Grignard 33 & KIS Uikt T 4 741 7 1
AR EZTERT S, COFMERT AT L ERIGTH I E T aruaxy v
BRSNS, LU S, ZOKGM CRISZITHh2 L 7e 537, B i Ic
%, (Scheme 3-2)2

0 Ti(OiPr), cat. R’

OH
J]\ + R3/\/MgBr > |/
R3

OR2 Solvent

R1

Scheme 3-2. Kulinkovich il LA v 7 a7 a XAk

TN HIIREREDEWVERESLEREO B WREZ AW ITIEAR LR, Zhbo
RAE SR 2 fRRT 572010, DT bEMD X 5 RBRMOH 5L TR LER
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Nawa UERFEEARE W 7 a T a N AbREHE Sz, (Scheme 3-3)3

RO,C_ ,CO,R o GOR

2 2 Organocatalyst RO,C

A ewe * H><X —> ’ \|>\
EWG

RO,C_ ,COR  pgase RO C_ ,COR A Ewe

H X E é<x

CO,R
Xj\/\ i \b\
RO,C NeEwe EWG

Scheme 3-3. Michael addition (ZX 5> 7 o7/ N Ak

Z 11X Michael acceptor (Z%f LT~ A 7 /L0 L The < 0 F+INERIKIZ & - TARL
WMchdbrruarTuXrn&Gkoind, ZOKIGH T NTIEE R ZES L
EThO, AF VLX) REFHIRY DRELBRWT VT TS EIT 9
ZERTERY, ZOXIICINETOI 7 u S u LIS TR, PT7 VA
MO XD ICTREDREER S DR, NEET VT v IS TE RV EORE
BN o7z, Michael fIITi%, w1 BRDOT =747 Michael acceptor |Z%F L
CREMMZITO, ISR EITLTWDL D EET VT N EThHo T, =2
T, I3 53R EDN L VIEHETHIVUL, NEEZRT VT o2 VT SEa TRk
RIIEDITRZ DD TIE RN EEZER, FUVNNAVEIZER L, 2E TR AT )L
Ik U AR A VEF S BB L IV D ANRE LD NS o TS, Fh4iH
W2 Z & T, EEE Michael SINTCIERICKEE R T Vo o N2 7 a7 a sy
BRRAMTR DO THENNEE X EREITRoT,

AR
B
EWG EWG Cu'/Ligand EWG Br EWG

— L» EWG
XBr EWG)’A\H Ar)\/kH

H C

Base Br EWG EWG
—_— » /d/EWG
Ar EWG A
D r E

H

Scheme 3-4. §ifific L 5> 7 a7 a XA

35



32 HER L EER

3.2.1 AR R & BRI O REt

VEEMFL A & & AZENL . Wi, i, IR EOHER EORFT 2 2o
oo ETHEOBBE21To72L Z A, Table3-1 DL 5 RiERNE LN, AHERLT
HDHT I NIHNCENL L TNB AT NG T U ANV EFRESE ST LT ATRA* &
BT eRmbN TS, 22T, T INLT I VIEEOBRMN LT, Ok
RHEONYTFAT IV, PIZFAT IV, BRYDU 2FEOERT VL,
3 JE® PMDETA %5 L7=& 25, PMDETA 23 L L CTHWZ L X 91% LR bE
WIRE AR L7z, Entryl, 2 TIXHEET > Entry3, 4 TIFE LT I V&2 AW TR
Tl ZANRERIELTWR -T2, 26 DRIED GCMS D B CIEEE O
AF L URNEIFFES T2, ZTHIFATRASRATRP 2 EORIKIEN /20N & &R
LCEY., ZoZ &5 piperidine X2 piperadine @ X 5 728 £ 7 I 3 87ICEANAL L C
B AT AT AN TP HNEFRELRNEEZ OND, WV CERERLZ AV TH
FL72& 2 A, Entry7-10 TIIRIEDEIT LW B30 o7z, 2T b= %
B LCTHWTWA oD, BEENEE LW ERREREZ X 6D, fitl TR
H BEWERZ R L7 PMDETA O Y &/%5f% Entry5,6 CITo72& 2 A, HE D INE|C
BACR 2o ToTcd, BEDDR 1equiv HiESEMHE LTz,
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Table 3-1. ¥EHEDOKET®

CO,Et
EtO,C
=z EtO,C ,COz2Et  cul, zn, Base
+ X >
OMe H™ Br toluene, 20h, r.t. OMe
Entry 15 (1eq) IR =R [%]P
1 BusN 27
2 EtsN 28
3 piperidine nr 7 ~N _ ~
4 Piperazine trace \I\ /r \|\ /r
(o}
0 PMDETA 21(68°) N \) MegTREN PMDETA
PMDETA
6 73°¢
(2eq) H
7 K2CO3 N
8 K3sPO4 E j
Cs2CO i N N
9 82003 H' biperidine H piperazine
10 tBuOK

a4-Methoxystyrene,1equiv,
Diethyloromomaronate 2equiv, Cul 10
mol %, Zn 50 mol % toluene 1ml ©
GCMS ¥z © HEfIvR

3.2.2 WIEORRE

RIS DIRET AT o T2, MR DIV £ TRET L7 & 2 A, FEmMERE
BEDRIEPEDN NN EAVHIBA LTz, 7o b USRI O iPrOH 72, 7L —)L
7u hrOON, KISIERIZEN - 72, ZEEEO PMDETA & K& LR % K
L, $CEBNT A2 EE2ETLIEEZILND, OO GCMS % 4% & Entry3 T
IZ3E7 1 b MEBRMEEEE D DME 2L TR0, bEVRIG Loz, ZIURE
BENERIZBINL L. 7 I U BNEAT DO EHE Lo  IWEMET Lo EZEZ 6D,
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Table 3-2. RO 2

CO,Et
EtO,C
y Cul, Zn
EtO,C_ ,COEt PMDETA
T e o
OMe H Br toluene, 20N, r.t.
OMe
Entry Ay L YR E[%]°
1 toluene 91(68°)
2 iPrOH 15 o]
3 DME 43 E j No O\
4 dioxane 51 0
a dioxane DME

4-Methoxystyrene leq ,
Diethylbromomaronate 2equiv, Cul 10 mol %,
Zn 50 mol % PMDETA lequiv ° GCMS 4%
B BRI
Entryl, 4 TIIIEMMEIEELD toluene & dioxane ZIEHE & L TRV =, [F UIEMIEE

T 5 23 toluene TlE 91% % L C dioxane Tl 51% TH 0 INFRIZ 40% DFEN T T
72, BRI & L CIL. toluene MFEEZRN 2.4 IZ%f L T, dioxane DFFEELIL 22 TH Y,
dioxane D F M3W'E OEEFERETI DMENNTZ D Cul 72 & OVEHEE DRV MEFFED RS E N
RISV RAENRP-T2BEZBND,

\\?/>
i
o\\
Scheme 3-5. ¥A#EFN
3.2.3 BITAIOMEES
DONWT, HEhOFEREZ R L, gy (/30U ¥ —) % 0%. 20%. 50%
ZLT100% EEZTITo72E 2 A50%D & EI29N%DERYNE LT, (Entryl-
HFET, WERORLFERN IV RERLOE[ME D CIEROIKTRA LN, EinTR
FOMERREZID REF, FEERFMEAORTAH L L TOMEEE LTEXH
NTWDN, BT E 200> TuZeny,
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Table 3-3. = ITH| D Y &Mt

CO,Et
EtO,C
Cul, Zn
z EtO,C_ CO,Et PMDETA
/\©\ + >< -
OMe H Br toluene, 20h, r.t.
OMe

Entry Zn [mol%] URZR[%]P

1 0 32

2 20 53

3 50 91(68°)

4 100 28

a

4-Methoxystyrene 1 equiv , Diethylboromomaronate 2 equiv, Cul 10

mol %, PMDETA 1equiv, toluene 1 ml b GCMS 4R3& c© BEfIYR
3.2.4 HEOYERGT

WRITH DB BT OV THRFTA1T > 72, Entryl-4 [Z-241C PMDETA DY &4 L
TWolzl Z A HEVENAR LN -T2, Entryl Tl I1%DINENE LTV D
D, BRI o 7o, 2072 BEMENERL, 723870 DI O E ) 72 Entry2

D FEY E 1.2 equiv ZHRESM & LTz,

Table 3-4. ¥ DY ERET

CO,Et
EtO,C
% CuX, Zn
EtO,C  ,COEt PMDETA
/\@\ + >< .
OMe H Br toluene, 20h, r.t. OMe
Entry IBE L Eeq] IRE[%]?
1 1 91(68)°
2 1.2 85
3 1.5 75
4 2 84

a Diethylboromomaronate 2 equiv, Zn 50 mol % , PMDETA 1equiv, toluene 1 ml

b GCMS YR ¢ EpfIRaR
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3.2.5 SO fEEt

WAL DR Rt 24T > 72, Cul, CuBr, £ L C CuCl £ h v ¥ —T =41 LT
A kL OERERELIEEZ A, Cul B 9% Lol bEWNEEE X T
(Entryl~3) ., —F5, = NIRRT BT —  NREDHI T H—T =4 CIHMENET
bolz, o, 2MMOEEHETH S, CuCh W= L 2 A, 34% LIRINETH - T=,
FOEMREIZ O E Z 2 5 b5, ZDOFR Tl Cu(I) Zn 12XV, Cu(D)IZETT
SN EBEZ LN TN, Entry?,8 TIXHEEN AN 5 Z L 72 < . RIGHEIT LT
DT, HHHLADOEONRETTAIE L THEEEL CWDDTIERW & X 70, LAET, 7
UL BB AITWVETAIE UTHEEET 5 Z LMo TW\W 5, 4 E PMDETA
ZHAWTEY ., 1.2equiv AW TWA DT, PMDETA |2 L - T 2 A8 E L S 72D T
TRV EE X T2, Entry? TITNENFRRED 41% Th > 7225, Entry8 Tidh v v
BT = F VENEREEORENWRTVRICT DI ETHF AU MEEL Li-dE A
Wiz & 2T A 9% & EmINETERMDEONT, ZIUIHO I FF o EhREm< ot
ZET, v BRI Lewis iB & L TCEMIL T~ UEEOBMEE 2L L, HFWNERIL
ZEXVEITLLT L LTWHDOTIEARAWNEEZT-,

Table 3-5. AL DRFT

Et0,C ] 2
/\©\ FO,C_ COEt  PUDETA
+ XX >
OMe H Br toluene, 20h, r.t. OMe
Entry Copper URZR[%]P
1 Cul 91(689)
2 CuBr 47
3 CuCl 35
6 CuOAc 38
5 CuCN 36
4 CuCl2 34
7 CuBr 41°¢
8 [Cu(sH20)](BF4)2 99¢
9 - nr

a Diethylbromomaronate 2 equiv, Zn 50 mol % , PMDETA 1lequiv,
toluene Iml » GCMS UXZFE <TBABr 20 mol %ZEENDKHYIZAHLV-d B
IS

3.2.6 SAflE A T2 2+ 1BV INSUG IZ 38 1 2 FRE Mat
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UL ED @S2 O TCRERM T2, £, AT L UiEp-A XV AT LY
ZREHBOW, TR T AU ORE AT o, v u VEBEEEIE T, 4 Y e
ENLVTRAT L ter-T7 T AT V(3-3e, INBEIMIERFRINENE LN, D5
DOWEPNMENER & LT, MAREENMMMOEEIZIS BRHEERENVTD, T
IVINFEE LTe e D AT L AR T BN BT, R CTHfiE L7729 Tlidaunin
EEZT, FT I REETHREEB3g)THL I DTN UNERET Lo Tz,
ZHUIT X RO M KT ABEBENMRNZ 0, 7 RO N _ES#HICENSL L
T, KISEBEELTWAZ BB LN, £o, BT AT NLVEZRW-YT AT
AR 7 1 7 a NG A(3-3h, 3) Tl Bilg LB L KRE ST IET513E
BPENRTH LWV IFER L 72070, THUIHIEE EO BRI & 5 FEOBEHILN SLIRE
\Z EARDSAREEN D7D, ZOXIITBRIRENRTAHDOTIER VWM EBZ X, F
72, ZORBT AT VTR RINE Ty /a7 a X w2585 2 LIk Lz, KRIC
AF L ATOWTEERFEZB I otz "X I AF A~ LB 2T V5 H
WO 21T 272, EICATF L EOBTFHIRSCAT L2 EOSEZHFIT OV Thgt
L7, iR E LT, ETREIEEZHFETHREEGININENFRE L 0o, ZHUELT
CHNVINKREFRIIMEEEAET DD L TREFHRAF LU 2RV, /G
ﬁ%%%:%ﬁbﬁwot%k%ztoﬁbf BB ONTZREIRETHIT ¥
INEEETEET NG U OBEBTHIRBEGED—ET D2 L0 b, BEFRIENE LI,
j@%&w%uiéﬂé@%iﬁ%h@#ot_kﬁ%\ﬁﬁﬁi@4¢iﬁmuﬁ
HBLZpWEEZ oD,
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Scheme 3-5. FE Mt

O}—R 10 mol% [Cu(H,0)e](BF ), RJC() C})L R’

— . Br_cb_ 1.2 equiv PMDETA _ /&
Ar R' o
o toluene, rt Ar
3-1 3-2 3-3
Product Yields [%]
00 00 00 00
MeOJXLOMe BnOJXLOBn AIIyIOJXLOAIIyI i-ProJXLOi-Pr
p-An p-An p-An p-An
3-3b: 84 3-3c: 88 3-3d: 99 3- 3e: 42
[oX6) 00 MeSO 0] PhSO o
t-BuOJXLOt-Bu Me,N JXL NMe, e ZKO 2, &)‘OEt
p-An
3 3f trace 3- 3g: trace 3 3h 98 3 3i: 86
(E:Z=75:25) (E:Z=85:15)
00 00 00 00
MeO OMe MeO OMe MeO OMe MeO OMe Me
OMe
OMe
3-3j: 73 3-3k: 84 3-31: 78 3-3m: 72 3-3n:79
00 (0)©) [oX6) (o)}
MeO;?f‘OMe MeO;?f‘OMe MeO;?f‘OMe MeO;?f‘OMe MeO;?f‘
F Cl B MeO,C
3-30: 69 3-3p: 74 3-3q:74 3-3r: 44 3-3s:76

[a] All reactions were carried out for 20 h at rt in toluene with 10 mol%
[Cu(II)(HzO)e](BF4) PMDETA (1.2 equiv), 3-2 (1 equiv) and 3-4 (2.0 equiv). Isolated
yields.

3.2.7 ROSHERE DR

ARRISE 7 AW XD ROSHER ., BRACAITING X 5 ROSHEE, VL~ ic X%
FIGHtED 3 DB b D,

ETTUNNEEE R D, OB A 7 V1% Scheme3-6 (2722 & FHISILD,
b, ~ar Al & 1o 3 ks s L. 7 P iE A BEL D,
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Br
. ®
amine-H
Cu—l
amine 0
H Br H

NP
Ar Br—Cu—lI

R (1)

| H/

Scheme 3-6. & 2 5 i1 5 X it
ST VANNELDDOIL, REOHE-T X URESR T TEMPO (255 A Off{E
THBERIIZEER L TV 5 (Scheme 3-7),

Cul, Ligand
EtOzC CO,Et Base, Zn N
N
|
O

Br toluene, 30° C (l) COzEt
H

y

Ar

N

COzEt
1.0 equw

Scheme 3-7. TEMPO | & A i EEBR

FDW%, TVHIVALEATFLU 2N ATRA ZEZI L, CHAEL D, ZD% 2D
ST 1 MICRBIT SN D, VT, RROIBITLOKFEDEEMEE N EWD TEDKZENIE
ETH &N, ZhICEIWAELET =4 iy FHNTRILZEZTZ Ty rn Y
o 3NELND, BIERME LT EDERMEEZ BNDHH, 7 /L— KD NMR
X GCMS TIXZEDAERDIHER TE o772, ZORNMIEE Tkt E X
B d, McEZ SN HMREL LTI, B0 % TR & B e e X 5k
BbEZ26ND,
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TR PFEAE L TV D DMERTT 5728, Doering-Laflamme Allene Synthesis® Tl,
WREAERNCHOAR ZRASE, TAFVERIES®H 2Ty rrTn sy i5
TV, TNESBIIHNRUBEEL CNDEI0 R L, ZORKIETIE MU e
AB NGB E TAONRUBNELDZ ERMLEN TS (Scheme 3-8)
AW CTlL a-m~va U 27 VR RREICEITT 2 Z £ 75 Doering-Laflamme
Allene Synthesis & [FIARIC TN DIFEREDNS, €2 T, a-"B~v B VBT AT
Ve p-A RFVAF L% -BuOK f77E N CRISZ1T> 72 (Scheme 3-9) . Z Z Tl
Scheme 3-8 D X 512, v r UBEDOKFGI ZHRERICHNALRXUDBELD EEXDBND,
L LR, ZORMFCERISIZESEIT LRhoTe, 202 b, \EDOIEA
T TIEINR O LD IiEHREIIRAT T, fnLc L 2R FBE B RS CEITL
TWHAEEEDRFEWNEZE X HiILD,

tBUOKw

X
. |
H%Br E X%? X/\X /<(,: > \=C=
x7 X &\_/4

Scheme 3-8. R L D57 m 7N Ak

CO,Et
CO,Et
/J::::I/4§§ Embé>x<?02Et {BUOK
+
—»
MeO H Br toluene
MeO
Scheme 3-9. HHEZ AW =BILRG .
No Reaction

WIZSAEE R D~ = 2T L ~ORALHIH INBREZ & KSHE LS E 25, £ —1f
? I TSN T 1T AT VO C-BriG G ELBIFH M L, 7 L VR R A £ T 5,
FNT, AIFATF LU ERIGL, BEAL S, BFRFOT v F RN EREIC k> Tl &k
i, CONECAZ T A 7 VKD BNAERKRT D, &EICD NETHREET 2 =
ETCHERMIDA L, A 7 VnseEiET 5, BEOEZ A, TV INAKENE T &
EZTCVDN, TRTOFEFITITN = > TV, (Scheme 3-10)
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CO,Et

EtO,C
S
£ | /—R Et0,C_ ,CO,Et
CuX
H Br
EtO,C
GuX EtO,C_ ,CO,Et
EtO,C
H” CuxBr
A
D
z N
| —R
=
Et0,C CuXBr Eto,c_§O2Et CuxBr

Scheme 3-10. & 2 H L9 D k&

3.2.8 flwm

2ET2HMO T ROV, b L, XUUAMLIIARST URAIIL, F—~
YIMEE RS TWDLOTHNE, B FAREESIERITOTIIRVWMNEZ X, KE
BRAiTo7=E 2 A, FHEEY, v 7uraXvngoni, 2oy a a3
¥, BEEOH LT VLEMER VDD, BEOH L EHEIEL H RIS
ol LinL, BOSAIE LT, na~o Ufed DD RIS #E S, FEF IS
KRB r7aTaNURHETEL LI, LinL, 77 lE LT,
Micheal acceptor & W21 HIE 72 69, FURICHIRA H -7z, £ 2T, REET V7
VCHBKISPTZ D & 5. ARIOKIGEFIZE D AT, SEE2 RV 7 7 Ak
ITEREFEHK T TA L7 4 200.5 mmol), 2 #k= AT /L 7 L AE#%)(1.0 mmol),
[Cu(sH20)](BF4)2 (10 mol%), PMDEAT (0.6 mmol), TBABr(0.1 mmol)Z i L, V&% &
L T toluene 1 ml & VN, =R T 20 RFISUS SHTERFICH - &b TWINERE G,
BREtaiTole A, HmE LTE, BEFHEEEZFTHAF L ZHWERFITI
RBom ETAERN RN, £, T AT VAERMEIIFO N S U DOSREE
WG THZ b ol na U kA E L r VBFEEER LAV D Z L
MTERY, 7 M RAWERE, BOLEMIZR 572D Thd, 7 I Rae Tk,
HEITONLRWN, WREORELE . v o U RSk L ik U ICE T E s T
b, TIOHNFEIC IR S T EEOREMICENRH > T- O TIX W EZ -,
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AN ERTE SOV CTRARENR S, TOMBANESHKOFEE L THIT
55, 2 FEFEIC TEMPO IZL > T UHVREDHRENTEIUZ, 7 VD ARRH
DRI THDHZ ENFERATE 2N, ERIIRICHEBIZE EE->T0ND, £D2H, K
ISR E D D AEEHEITIERW D, TV DAREBE CRISITEITL TWAS EEZX NS,
ARETII2EDOT VX MEEZIGHT A2 LT ERGFOBRKRLE LTI ANV
07 a X OERICKRE LT, 2 ORRICEMZR T VX AT T < BIERIG BT
Z5FEER LIz, S%OMEE L UL, = AT ALSNOEETHRFZIT) 2 &
AL TWELETFHRILTHND 2 BT AT PHILVOMETEEIRETDH I ENEH#
DMETHAH, F1- B FIC L 5 TOT AT LA EIRMICEER 2 W) SET 5.
& FEORNFERERETAHZLET, OT AT UVAERERHEAZ ENRTHITEAT20,
ASBITBNL T OBRF ATV, T AT VA SEIR RSN E N REIC 5 B2 60
a3
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3.4 EERIE

1. General procedures

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 IH 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 (8 = 77.16),
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd.
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.

Typical Experimental Procedure for Cyclization

Cooper sult (0.05 mmol), Base (0.6 mmol), and 2 (0.50 mmol) were sequentially added under
air to a dram vial equipped with a stir bar. 1 (1.0 mmol), and dried toluene (1.0 mL) were added
by syringe, and the resulting mixture was vigorously stirred under nitrogen atmosphere
[charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown in the tables.
After this time, the contents of the flask were filtered through a plug of silica gel and then
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting
with hexane/EtOAc to afford the product 3.

Diethyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate!
00

EtO JXL OEt

p-An

3a 3-3a
TH NMR (500 MHz, CDCls) : 0.92 (t, J= 7.1 Hz, 3H), 1.29 (t,J = 7.1 Hz, 3H), 1.68 (dd, J =
5.1 and 9.3 Hz, 1H), 2.13 (dd, /= 5.1 and 7.9 Hz, 1H), 3.17 (t, J = 8.6 Hz, 1H), 3.77 (s, 3H),
3.80—-3.97 (m, 2H), 4.12 — 4.35 (m, 2H), 6.80 (d, J = 8.7 Hz, 2H), 7.13 (d, J= 8.7 Hz, 2H), 3C
NMR (126 MHz, CDCI) : 13.7, 14.0, 18.8, 31.7, 37.2, 55.2, 61.0, 61.5, 113.5, 126.6, 129.7,
158.9, 166.8, 170.0.

Dimethyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate?

00
MeO OMe

p-An

3 3-3b
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H NMR (500 MHz, CDCL3) : 1.71 (dd, J= 5.2 and 9.3 Hz, 1H), 2.15 (dd, J= 5.1 and 8.0 Hz,
1H), 3.17 (t, J = 8.6 Hz, 1H), 3.38 (s, 3H), 3.77 (s, 3H), 3.78 (s, 3H), 6.77 — 6.82 (m, 2H), 7.08
—7.14 (m, 2H), 3C NMR (126 MHz, CDCls) : 19.2, 32.1, 37.0, 52.2, 52.7, 55.1, 113.5, 126.4,
129.5, 158.8, 167.1, 170.2.

Dibenzyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate
[o)e}
BnoJX‘*OBn
s 3-3c

IR (neat) 3009, 2931, 1719, 1441 cm™'. "TH NMR (500 MHz, CDCl;) : 1.73 (dd, J=5.1 and 9.3
Hz, 1H), 2.18 (dd, /= 5.1 and 8.1 Hz, 1H), 3.22 (t, /= 8.7 Hz, 1H), 3.77 (s, 3H), 4.68 — 4.88
(m, 2H), 5.14 (d, J=12.4, 1H), 5.25 (d, /= 12.4 Hz, 1H), 6.71 — 6.77 (m, 2H), 6.93- 6.99 (m,
2H), 7.07 — 7.12 (m, 2H), 7.17 — 7.27 (m, 3H), 7.28 — 7.35 (m, 5H). *C NMR (126 MHz,
CDCl3): 19.3,32.3,37.3,55.2,67.1,67.3,113.6, 127.9, 128.0, 128.2, 128.3, 128.5, 129.7, 135.3,
135.5, 158.9, 166.6, 169.7. HRESIMS calcd. for C2¢H240sNa (M+Na"): 439.1521; found
439.1530.

Diallyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate

[e)e)

AIIyIOJXLOAIIyI

p-An
3e

3-3d

IR (neat) 3083, 2939, 1720, 1648, 1441 cm’. '"H NMR (500 MHz, CDCls) : 1.73 (dd, J = 5.1
and 9.3 Hz, 1H), 2.18 (dd, J= 5.2 and 8.1 Hz, 1H), 3.22 (t, J = 8.6 Hz, 1H), 3.78 (s, 3H), 4.20
— 4.38 (m, 2H), 4.65 (ddt, J= 1.4, 5.5 and 13.4 Hz, 1H), 4.73 (ddt, /= 1.5, 5.5 and 13.4 Hz,
1H), 5.00 — 5.16 (m, 2H), 5.25 (dt, J= 1.1 and 10.4 Hz, 1H), 5.31 — 5.40 (m, 1H), 5.46 — 5.59
(m, 1H), 5.93 (ddt, J= 5.5, 10.7 and 17.1 Hz, 1H), 6.77 — 6.83 (m, 2H), 7.10 — 7.17 (m, 2H).
13C NMR (126 MHz, CDCl3) : 19.1, 32.1, 37.1, 55.1, 65.8, 66.0, 113.5, 118.1, 118.2, 126.3,
129.7, 131.6, 131.7, 159.0, 166.3, 169.5. HRESIMS calcd. for CisHaoOsNa (M+Na):
339.1208; found 339.1208.

Diisopropyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate

(e ¢)

i—ProJXLo/'-Pr

p-An

3 3-3f

48



IR (neat) 2980, 2936, 1714, 1463 cm™'. '"H NMR (500 MHz, CDCl3) : 0.75 (d, J = 6.3 Hz, 3H),
1.07 (d, J = 6.3 Hz, 3H), 1.26 (d, J = 6.3 Hz, 3H), 1.28 (d, J= 6.3 Hz, 3H), 1.62 (dd, J= 5.1
and 9.2 Hz, 1H), 2.07 (dd, J= 5.1 and 7.9 Hz, 1H), 3.13 (t, J = 8.5 Hz, 1H), 3.76 (s, 3H), 4.73
(hept, J = 6.3 Hz, 1H), 5.08 (hept, J = 6.3 Hz, 1H), 6.74 — 6.84 (m, 2H), 7.09 — 7.18 (m, 2H).
13C NMR (126 MHz, CDCLs) : 18.5, 21.2, 21.3,21.7, 21.7, 31.2, 37.6, 55.2, 68.4, 69.1, 113.4,
126.7, 129.7, 158.8, 166.3, 169.6. HRESIMS calcd. for C1sH24O0sNa (M+Na®): 343.1521;
found 343.1524.

Dimethyl 2-(2-methoxyphenyl)cyclopropane-1,1-dicarboxylate?
00
MeO OOMe

OMe
3h 3-3h
H NMR (500 MHz, CDCL) : 1.73 (dd, J = 5.1 and 9.2 Hz, 1H), 2.20 (dd, J= 5.2 and 8.5 Hz,
1H), 3.30 — 3.34 (m, 1H), 3.33 (s, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 6.76 — 6.90 (m, 2H), 6.98 (d,
J=172Hz, 1H), 7.18 — 7.25 (m, 1H). 3C NMR (126 MHz, CDCls) : 18.7, 28.5, 36.2, 52.0,
52.6,55.5,110.1, 119.9, 123.2, 127.9, 128.6, 159.2, 167.4, 170.5.

Dimethyl 2-(3-methoxyphenyl)cyclopropane-1,1-dicarboxylate
00

MeO OMe

3-3i
II?V&egallt) 3002, 2952, 1721, 1434 cm™'. 'H NMR (500 MHz, CDCl5) : 1.73 (dd, J = 5.1 and
9.3 Hz, 1H), 2.17 (dd, J=dd, J = 5.0 and 8.0 Hz, 1H), 3.20 (t, J= 8.6 Hz, 1H), 3.40 (s, 3H),
3.78 (s, 3H), 3.79 (s, 3H), 6.72 — 6.83 (m, 3H), 7.18 (t,J = 7.9 Hz, 1H). 13C NMR (126 MHz,
CDCl3) : 194, 32.6, 37.3, 52.4, 52.9, 55.3, 113.3, 114.1, 120.7, 129.2, 136.3, 159.5, 167.1,
170.3. HRESIMS calcd. for C14H;60sNa (M+Na"): 287.0895; found 287.0889.

Dimethyl 2-(p-tolyl)cyclopropane-1,1-dicarboxylate’
00

MeO OMe

. 33
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IH NMR (500 MHz, CDCl3) : 1.72 (dd, J = 5.1 and 9.3 Hz, 1H), 2.17 (dd, J = 5.3 and 8.0 Hz,
1H), 2.30 (s, 3H), 3.19 (t, J = 8.6 Hz, 1H), 3.38 (s, 3H), 3.78 (s, 3H), 7.07 (s, 4H). 3C NMR
(126 MHz, CDCls) : 19.3,21.2, 32.5,37.2, 52.3, 52.9, 128.4, 129.0, 131.5, 137.1, 167.2, 170.4.

Dimethyl 2-(o-tolyl)cyclopropane-1,1-dicarboxylate*
00
MeO OMe

« 3-3k
H NMR (500 MHz, CDCL) : 1.72 (dd, J = 5.3 and 9.2 Hz, 1H), 2.31 (dd, J= 5.1 and 8.2 Hz,
1H), 2.36 (s, 3H), 3.18 (t, J= 8.7 Hz, 1H), 3.29 (s, 3H), 3.81 (s, 3H), 7.03 (d, /= 7.5 Hz, 1H),
7.08 — 7.19 (m, 3H). 1*C NMR (126 MHz, CDCL) : 18.6, 19.3, 31.4, 36.2, 52.0, 52.8, 125.5,
127.3, 127.6, 129.7, 132.7, 139.0, 167.1, 170.5.

Dimethyl 2-phenylcyclopropane-1,1-dicarboxylate?
00
MeO OMe

3-31
3l
IH NMR (500 MHz, CDCls) : 1.74 (dd, J = 5.3 and 9.3 H, 1H), 2.20 (dd, J = 5.3 and 8.1 Hz,
1H), 3.23 (t, J = 8.7 Hz, 1H), 3.36 (s, 3H), 3.79 (s, 3H), 7.15 — 7.31 (m, SH). 3C NMR (126
MHz, CDCls) : 19.2, 32.7, 37.3, 52.3, 52.9, 127.5, 128.3, 128.5, 134.7, 167.1, 170.3.

Dimethyl 2-(4-fluorophenyl)cyclopropane-1,1-dicarboxylate?
00
MeO OMe

3-3m
1H31n\1IMR (500 MHz, CDCl3) : 1.74 (dd, J=5.2 and 9.3 Hz, 1H), 2.15 (dd, /= 5.2 and 8.0 Hz,
1H), 3.20 (t, J = 8.6 Hz, 1H), 3.39 (s, 3H), 3.79 (s, 3H), 6.90 — 7.04 (m, 2H), 7.12 — 7.21 (m,
2H). BC NMR (126 MHz, CDCls) : 19.3,31.8,37.2,52.4,52.9, 115.2 (d, J=22 Hz, 2C), 130.2
(d, /=8 Hz, 2C), 130.4 (d, /=3 Hz, 2C), 162.21 (d, J =246 Hz, 2C), 167.0, 170.2.

Dimethyl 2-(4-chlorophenyl)cyclopropane-1,1-dicarboxylate?

00
MeO OMe

Cl

3n 3-3n
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TH NMR (500 MHz, CDCls) : 1.74 (dd, J = 5.2 and 9.2 Hz, 1H), 2.15 (dd, J = 5.3 and 8.0 Hz,
1H), 3.18 (t, J = 8.6 Hz, 1H), 3.41 (s, 3H), 3.79 (s, 3H), 7.11 — 7.15 (m, 2H), 7.23 — 7.26 (m,
2H). 3C NMR (126 MHz, CDCls) : 19.2, 31.8, 37.3, 52.5, 53.0, 128.5, 129.9, 133.2, 133.4,
166.9, 170.1.

Dimethyl 2-(4-bromophenyl)cyclopropane-1,1-dicarboxylate?

[e)¢]
MeO OMe

® 3 3-3p

TH NMR (500 MHz, CDCls) : 1.74 (dd, J = 5.2 and 9.3 Hz, 1H), 2.15 (dd, J = 5.4 and 8.0 Hz,
1H), 3.16 (t, J = 8.6 Hz, 1H), 3.41 (s, 3H), 3.79 (s, 3H), 6.99 — 7.13 (m, 2H), 7.32 — 7.45 (m,
2H). BC NMR (126 MHz, CDCls) : 19.2, 31.9, 37.3, 52.5, 53.0, 121.5, 130.3, 131.4, 133.8,
166.9, 170.1.

Dimethyl 2-(4-(methoxycarbonyl)phenyl)cyclopropane-1,1-dicarboxylate’

00
MeO OMe

MeO,C 3q: 3-3q
TH NMR (500 MHz, CDCls) : 1.78 (dd, J = 5.2 and 9.2 Hz, 1H), 2.22 (dd, J= 5.2 and 8.0 Hz,
1H), 3.25 (t, J = 8.6 Hz, 1H), 3.37 (s, 3H), 3.80 (s, 3H), 3.90 (s, 3H), 7.26 (d, J = 8.2 Hz, 2H),
7.95 (d, J= 8.3 Hz, 2H). 3C NMR (126 MHz, CDCl3) : 19.3,32.2, 37.6, 52.2, 52.5, 53.0, 128.5,
129.3, 129.5, 140.1, 166.8, 170.0.

Dimethyl 2-methyl-2-phenylcyclopropane-1,1-dicarboxylate’

00
MeO OMe

3r 3-3s
TH NMR (500 MHz, CDCl3) : 1.52 (s, 3H), 1.70 (d, J = 5.1 Hz, 1H), 2.22 (d, J= 5.2 Hz, 1H),
3.33 (s, 3H), 3.83 (s, 3H), 7.19 — 7.24 (m, 1H), 7.25 — 7.30 (m, 4H). 3C NMR (126 MHz,
CDClz):24.4,24.9,38.2,40.5,52.2,52.7,127.2, 128.3, 141.2, 168.1, 168.9.

Ethyl 2-(4-methoxyphenyl)-1-(methylsulfonyl)cyclopropanecarboxylate
o

Ms OMe

MeO
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IR (neat) 2934, 1722, 1440, 1303 cm’!. "TH NMR (500 MHz, CDCls, for major isomer) : 0.92
(t,J=17.3 Hz, 3H), 2.27 - 2.36 (m, 2H), 3.11 — 3.18 (m, 1H), 3.34 (s, 3H), 3.79 (s, 3H), 3.84 —
4.00 (m, 2H), 6.81 — 6.85 (m, 2H), 7.11 — 7.18 (m, 2H). *C NMR (126 MHz, CDCl;, for major
isomer) : 13.5, 15.8, 32.1, 41.3, 50.6, 55.2, 62.1, 113.8, 124.6, 129.9, 159.4, 164.4. '"H NMR
(500 MHz, CDCls, for minor isomer) : 1.36 (t, J = 7.1 Hz, 3H), 2.23 (dd, J = 5.8 and 9.6 Hz,
1H), 2.61 (dd, J=5.8 and 8.9 Hz, 1H), 2.79 (s, 3H), 3.07 (t, /= 9.3 Hz, 1H), 3.80 (s, 3H), 4.33
(q,J="7.1 Hz, 2H), 6.85 — 6.89 (m, 2H), 7.23 — 7.28 (m, 2H). '3C NMR (126 MHz, CDCl;, for
minor isomer) : 13.9, 15.4, 35.0,41.4, 49.6, 55.1, 62.5, 113.6, 122.7, 131.0, 159.5, 167.1.
HRESIMS calcd. for C14H;305SNa (M+Na"):321.0773; found 321.0771.

Ethyl 2-(4-methoxyphenyl)-1-(phenylsulfonyl)cyclopropanecarboxylate
o)

PhSOZ:,K\OEt

A e 33s

IR (neat) 2934, 1723, 1444, 1304 cm™. "TH NMR (500 MHz, CDCls, for major isomer) : 0.79
(t,J=7.2 Hz, 3H), 2.36 (dd, J= 5.6 and 8.5 Hz, 1H), 2.43 (dd, /= 5.6 and 10.1 Hz, 1H), 3.37
—3.45 (m, 1H), 3.74 (s, 3H), 3.76 (q, /= 7.1 Hz, 2H), 6.72 — 6.78 (m, 2H), 6.95 — 7.02 (m, 2H),
7.59 — 7.63 (m, 2H), 7.66 — 7.71 (m, 1H), 8.03 — 8.10 (m, 2H). 13C NMR (126 MHz, CDCls,
for major isomer) : 13.4, 17.6, 32.5, 52.1, 55.2, 61.7, 113.7, 124.8, 128.8, 129.3, 129.9, 133.7,
139.9, 159.2, 163.9. "TH NMR (500 MHz, CDCls, for minor isomer) : 1.23 (t,J = 7.1 Hz, 3H),
2.28 (dd, J=5.4 and 9.7 Hz, 1H), 2.79 (dd, J= 5.5 and 9.2 Hz, 1H), 3.13 (t, /= 9.4 Hz, 1H),
3.84 (s, 3H), 4.12 — 4.25 (m, 2H), 6.84 — 6.89 (m, 2H), 7.20 — 7.25 (m, 2H), 7.31 — 7.37 (m,
2H), 7.25 (t,J="7.5 Hz, 1H). 13C NMR (126 MHz, CDCl3, for minor isomer) : 13.8, 18.2, 36.2,
51.1,55.3,62.3,113.4,123.1,128.1, 129.2, 131.5, 133.2, 140.1, 159.5, 167.0. HRESIMS calcd.
for C19H210s SiNa (M+Na"): 361.1110; found 361.1113.

2.1 7 uruaraDBPLiES

[oX¢)

MeO,C
MeO OMe , , 24 COMe
(i-Pr)N=C=N(i-Pr) /F&N( o
—— > ph i-Pr)
Ph Sn(0TH,, rt N
a 94% b

Tin(1I) trifluoromethanesulfonate (0.01 mmol) & dichloromethane (0.23 mL)Z &Y IV | 2
FREHEZ I Z o7z, Z DOF%a(0.25mmol)DIEHE & dichloromethane (0.62 mL) T & 22 L 7=
N,N-diisopropylcarbodiimide (0.28 mmol)% > U > ¥ THl 2 72, Z % FiE C0RFRE 1B
S+47z, dichloromethane (3.0 mL) &MeOH (1.0 mL) CHiIH L7=% ., ~ U W5 /L TAHil
% LIgHE L7=, &% dichloromethane/MeOHT~7 7 v v o/ vu~ N 7T 7 4 —% AW
THRIb(94%) %= 157,
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H NMR (500 MHz, CDCL:) : 0.87 (d, J = 6.9 Hz, 3H), 1.04 (d, J = 5.9 Hz, 3H), 1.10 (d, J =
5.9 Hz, 3H), 1.13 (d, /= 6.8 Hz, 3H), 2.31 (dd, J= 7.3 and 12.8 Hz, 1H), 2.94 (dd, J = 7.0 and
12.8 Hz, 1H), 3.48 (pent, J = 6.0 Hz, 1H), 3.70 (s, 3H), 3.79 (s, 3H), 4.00 (hept, J = 6.9 Hz,
1H), 4.52 (t, J= 7.1 Hz, 1H), 7.22-7.31 (m, 5H). 3C NMR (126 MHz, CDCl) : 19.14, 19.72,

24.32, 24.66, 43.43, 47.31, 47.31, 51.47, 59.85, 60.55, 127.09, 127.85128.61, 143.92, 151.55,
169.35, 169.83.
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22 TAT b REBRWIRERE

00
MeO OMe

p-CIPhCHO MeO:C co,Me

5 mol% Sn(OTf),, rt Ph o p-CIPh

82%
Ph d

Tin(Il) trifluoromethanesulfonate (0.017 mmol) & dichloromethane (0.25 mL)% /XA 7 /L(Z
Mz BRERAEB /o772, & D% c(0.34 mmol) & p-chlorobenzaldehyde (1.0 mmol)
dichloromethane (0.25 mL)IZ{EfE S BN 72, 2 A IR C0RFRIG S &, Bifg— 7
LVTHIHL, UV TAHRE Lz, TORICREL Y Iy var/u~v b7 o7
S — TR L CARBd(0.28 mmol, 82%) % 15:7-,

TH NMR (500 MHz, CDCl3) : 2.75 (dd, J = 6.2 and 13.5 Hz, 1H), 2.99 (dd, J = 10.5 and 13.5
Hz, 1H), 3.18 (s, 3H), 3.84 (s, 3H), 4.95 (dd, J= 6.2 and 10.5 Hz, 1H), 5.74 (s, 1H), 7.28 — 7.33
(m, 2H), 7.33 — 7.38 (m, 1H), 7.39 — 7.47 (m, 4H), 7.52 — 7.57 (m, 2H). 3C NMR (126 MHz,
CDCl) : 42.6, 52.3, 53.0, 66.1, 79.9, 83.8, 126.5, 128.0, 128.2, 128.4, 128.6, 133.9, 136.1,
139.6, 169.2, 171.3.

2.3 SARTRIRE RS RS

o9 [e)¢]
MeO OMe—» MeO .s\\L OH
NaOH, MeOH, rt
Ph 98%

e

3n (0.43 mmol) & NaOH (0.52 mmol) & /XA 7 /LICEVEY | BHEEBREZ B /oT-, ©
D, MeOH(0.3ml) % > U o ¥ CHI X iR C20RF R S ¥ 7-, Kth, HEEE Nz
CTHEFE =TV CTHH L7z, U B 7L TAhlm%E L CiEMEtk. Hexan/EtOAcH V=~
Tyvvasuavw NI 7 4 —TREL, AkP0.42 mmol, 98%) % 157=,

TH NMR (500 MHz, CDCl3) : 2.34 (dd, J = 4.8 and 9.3 Hz, 1H), 2.42 (dd, J= 4.8 and 8.6 Hz,
1H), 3.26 (s, 3H), 3.43 (t, J=9.0 Hz, 1H), 7.21 — 7.36 (m, 5H). 13C NMR (126 MHz, CDCl;) :
21.2,33.6, 40.6, 52.5, 127.9, 128.3, 129.2, 134.0, 170.7, 173 .4.

Ph
f

2.4 Borreverinei5:8 (K CTh 5 PHEEhD G R

Cri
fo) N

OMe 9 ©\/\€_A(C02Me
Bf‘it > N CO,Me
K OMe  [Cu(H20)g](BF4)2 |
TPMA h
9 PMDETA, CH,Cl,

rt, 50%
[Cu(H20)6](BF4)2 (0.050 mmol) & TPMA (0.025 mmol) & /N4 TVl z, EREMHRE B
Z 7o 72, KRIT9(0.50 mmol), g (1.0 mmol), PMDETA (0.60 mmol) & dried toluene (1.0 mL)
) U UTINZ, BRCREBITE Y, TNEFR- T /L THIE L, B
72%. hexane/EtOACT 7 7 v a7 7< N7 77 4 —Z AW THERE L, £Eh(0.25
mmol, 50%)% 157,
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TH NMR (500 MHz, CDCls) : 1.93 (dd, J=4.9 and 9.6 Hz, 1H), 2.32 (s, 3H), 2.52 (dd, /= 4.9
and 8.3 Hz, 1H), 3.15 (t, J = 8.8 Hz, 1H), 3.33 (s, 3H), 3.69 (s, 3H), 3.85 (s, 3H), 7.06 (ddd, J
=1.1,6.8 and 7.8 Hz, 1H), 7.15—7.24 (m, 2H), 7.49 (d, J= 7.9 Hz, IH). 3C NMR (126 MHz,
CDCls) : 9.0, 20.0, 25.0, 29.8, 34.9, 52.3, 53.0, 108.6, 110.0, 118.7, 121.7, 128.2, 128.5, 136.9,
167.0, 170.2
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4.1. FF

k=108
EDS

4.1.1 ZEHRT ) —VERGTEREGROHEINR

AF LKL C2Dxar hraAnbdE 3B )y 7 a7 a X trl,
e a7 T UNERT A NSt S L > TELA T UAAREICL D
TN BB LOMAEZIERD D120, £io, 7T UBKITEREMEHCAV ST
L7280, TOFMAEBIELCRET D20, RICHBEZITRoT-,

ZEW T T 1%, EOBEPEA RAEBIEEMEICE A 720N SRlED &
W ThDb, TNEIZ, L DEBRT 7 U ARIENBR SN CE 2, rERME
RIZHKE L CORWERZ2T 78 AFIEIIHESL L CWRho 7=, ITETIX, 77 2 USo
BRIERICB WD UIMIEERIRPZR T U — VEBEDER ST 5P (Scheme 4-1) |,
Bl Z 1, Ttami DL, 2-AFNF AV IV 2T Ty v T4 —bE LT3 ODENRD
TV —VHESE A AR LTV D (Schemed-1, EBY) . n-v 2T LDIEIRIC L Y R
2 G T 5720, BFT A ZAE~DICHAPEIF SN TS, £72 Fagnou HII,
FT =D C2,C5 C4~DEI DTV —/VIEEAZRE LTS (Scheme 4-1,
B, HEEEAEZF 7Y = A N-FFYRICTHIET, BHEDODF T =L L5 L
HOMO ME T T 5720, ZOMREZFA LI2ENT-FIEE VA D, & I Itami BT,
3-A MK VT AT EFERE LET NI T U=V T AT 2 VO H ZERR LT
W5, B FORIUCEL Y 7V — LV EE AT HEEREZ 2 ho— L LTE
D, B A7) U RIEHABICEITL NS, ZLT, ARLET F TV —u
FAT 2 AP OANTTT U —A_X B A~OFENITH RS LTV % (Scheme 4-1,
T . Z0OX5c, ZOFFOWRIEIHREZIHFEINATNDLEOD, £ED—FT,
WIRLE LCEEBT V=TT 0D7 07T LERIZOWCIREEZ D T,
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K. Itami et al. (2004) 122

A 1
TN sequential assembly Ar'
Z N —
~ (\J\ o~ |
Ar? N SMe  Ar NS )\
' AT SN DA
K. Fagnou et al. (2008) [2°]
P- Ard
H N+ Step A Step B Step C Deoxygenetion N
D > > > > | \>—Ar1
> Ar'—| Ar’=Br  Ar*-Br 27 8
H S Ar

K. Itami et al. (2009) : Synthesis of Tetraarylthiophenes [
K. Itami et al. (2015) : Synthesis of Hexaarylbenzenes ¢!

2 4
Ar "\ y— Ar
H OMe Ar? Art
o
~ U N~ . M
Ard H s H A C-H/C-O Arylation Ard s Ar'!
Ar? Ar? )
i) m-CPBA
BF3+OEt,
Ar® Ar'
i) AP——Arb
Ar® A [4+2] cycloaddition

Scheme 4-1. EEFHHFERIIKT DAL EEIRA) 72T U — LB AE
412 AWIEHNE

AIEI TR _7e L D12, 77 U ~OLERIRAZ2 T )V — VLV EOBEANTERINTE D
T, R TREFE T, ZHCK LAEFHEAIE, ST AF L HEA1 7 b
AT NVIE 42 ORI L 28R e a7 7 VAREORRBEZFE LZ, ZhiZ
X0, B52o07 ) —VEOBEANAREEE X, LI LB XORR AR
T, B/AR—BERIZIvAD ) ITRINEEITSESLZ LT, 3 2BOT7 Y —LED
BANERDT, BB, AT AMKGRE . S BREED v 77 ) T RORITE Y |
A ZBRT V—NT7T7 45 2R TELOTIEHRONEEZ, IERICEFTLE
(Scheme 4-2) .
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Bre_ _CO,Me
;[ 2 M
H 10) Ar2 COQ e COQMG

—_—
Ar'! cycloaddition A O\ A2 OX|dat|on /d\
4-1 4-3
Br co,Me  Pdcat Ard CO,Me
NBS Ar’B(OH),
—_— —_—
bromination 4 1 /O\ A2 coupling Arf /N A2
O
4-6Br 4-4
02H Pd cat. Ar3 AI"4
NaOH/HZO Ar X
hydronS|s A / \ 2
Ar 0 Ar
4-4OH -

Scheme 4-2. ZEHT UV —)L 7 F L DER/LV— b
4.13. (kDY Fu7 I o ERkiE

SERET LT M7 V=T T U ERICBOTRERDDIE, —EERDATF L

1 &7 b 2TV 2 IZX DA RBRIBITIRISIZEY, BERELCVE
Fe7 T HH3 AEMRSELZEPITHL (Scheme 4-2) . TE3R, Yk Fu>r T U 4H
I, 13- NR= b EMIT L T RERIOSREZERIEL 2 & TERINT
%72 (Scheme4-3) ¥, f§l 2|3 Kawabata 513, $tE% 3.2 Y EHAVTEHY (Scheme 4-
3, BB W {15 C Biciocchi Hi%, £V 7 A% 2.1 H&EAH VTS (Scheme 4-3,
TEB) Ml

N. Kawabata et al. (1984) [4c]

[Cu] 3.2 equiv

E. Baciocchi et al. (1991) [4a]
R" 0O O

ce'V 2.1 equiv
)\ * /U\)]\ >
Ar R R'

R = Me; R' = Me, OMe
R" = H, Alkyl
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Scheme 4-3. BERIEOLBEZHAWLI UL a7 7 U ERkiE

ZORBEL RS 720, IrHFETIE, MRS E A5 Fu 7 J o GRUEDB
I, EEEZED TS (Schemed-4) . Kamimura 5%, /37 v Az L 5 A
BELCT VA= bk E AW 23-U Fu 7 7 VEOAREZZERL TV D
(Scheme 4-4, EB¥) B°l UsU7Zeid o (LEBRMEESCEIERD OHIEINEEL <, X
BowmRAGEEANKS o TCLEI LV oS AR TS, /2, Lei HiE, =
DHERLMEE LTV Fr T T UEMAEHE L TN DD, BIEMICIERPMRNTZ 0,
L VR A RIEORELRLETHDH, TONREEZ DL L, ~ur AL LT EE
ERWEAEBIEERBE LIEEN, LVHERNPENEE X T,

A. Kamimura et al. (2014) [0

R
NO,
Pd(OAc),, dppf
\/I\/OAC y \ )
R THF, rt o R

R1
A. Lei et al. (2015) [
0 0 CO,R?
cat. |,
AT+ ’U\)]\ e /d\
TBPB
R1 OR2 Ar 5 R1

Scheme 4-4. filiE A VAT a7 5 A%
4.1.4. VEZEGR

Fox OBFFEE CIILIRTL U . ATRA % AW 728 UGB % 2 8 T & 7= (Scheme 4-
5) 5, 2013 EIi%, SAMEEET. o — 7 0T DIV R=LEY & ATF L U HEE UG
SHHZ LT, AFLUVED I H|MT AT EZER L TWAP F7- 2014 12T,
FROR ST 0 — AFNVAF U ACHEHATH & T, (ESERZR exo— AF L &
BOAERIZHEFI L THBP WTFNoOKISIZE W TH, Tvd oy o 5E L -
T URMBC LY 3BT AT INAEELER L, ZOT U UAEDATF L
~ORINE | #E< T AT KD MBESUREITT 5 2 & TRINITER T 2,
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T. Nishikata et al. (2013) [%a

R? R'
R? R
X . = N I cat. Cu FG Y I
FG'~ “Br X S
FG' = ketone, ester, nitro FG

T. Nishikata et al. (2014) [°*!

R? R' )\ cat. Cu R2 R
X —=>
WG Br Ar EWG Ar
Scheme 4-5. $RAfREEIZ LA XF L U FED 358k 7 L5014k
IO EERAEE L. Fxld n BB L C2-UnESs F AT VER

Wb Z LT, AF LU E OB [BR2])- BRI %hE L < E#EIT T 5D Tidse
WirE#E 272 (Scheme 4-6)

Br:

Scheme 4-6. SHAREEIZ X 2 BRAVAT IS OHEE SOSHERE
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AT FREE A 203 5 A7 ATRAGNCHE- CHETT 5 LHRISN S, £9°.
—ffigR &L 2-7 T AT AFE2ORIGICE D T XN T O ANEAPERT S,
ZDH, ADAFLUUSHL ~OMINZE Y ZT B AFREB BEL S, FREE B I
2l & ST 5 Z & THRME C 2T 570, 2 il L 5 {ba 5175 Z & T
WA CERT D, FEIZ, B MERANEC D720, fEY A1 7 VRERT 5, &
%Iz, FEEC H LT CORFRNEIICHEITT 52 & TIHEDAERY 3 5
25,

42, FERLEE
42.1. SRR Z A T2 [BR2IBRAGA IO IS I 1T B St

EERBUCAIY | RO M L4 B L THRA 2&0OBF 21T o 72, 1ZCDITRIS
IBEORE B L7z (Table 4-1) , {EE% 20CH5 80CETLIF=& 2 A, BE
EHAICHEVIERRE B L, 80°CD & X AR 4-3a 2° 87% TH: H L7z (Table 4-1, entry
1-4) . 2L, BFICEWVWZRAT =005 Z & TIEEOEZERIE N HE ML, 7
ANFEDRE ARG N F R AT LIzl & %zﬂ\éo LU s, BE%
100CETERSEL L, PRICKL, WERDETAAZ LI (Table 4-1, entry 5) .
ETELRETD LA, UCEEOESS FALEZFR L T LE O /iR H v | (RINER
DRREHERITE D,

Table 4-1. {7
[CU(Hzo)G](BF4)2 10 mol%

o TPMA 10 mol%
_ ove i Se
o+ Br—C L0255 M /( »\
0>—t-Bu temp., 20 hrs p-An (o) tBu
4- 1la 4- 2a 4- 3a
1 equiv 2 equiv
entry temp. Yield [%]?
1 20 46
2 40 63
3 60 76
4 80 87
5 100 60
aNMR Yield.
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U EOFREREIY, FEIRES 80 °«CE LT, WIMFHIE 7 (Table 4-2) ., HEARM:
BRI CoH D Fbx ) (toluene) & AW & 2 A INZEIT 33% Td > 7= (Table 4-2, entry
1) , BRRMEEIZITA A M EI TR T 2 W2 WREORIE CIEN [ E LR -
TelEZ NS, KIZ, IET B N MEBRAEEE CH D 1,4~ A F P (1,4-dioxane)
PRAWEEZA, ZHVHNERO R EIXA B 720 > 7= (Table4-2, entry 2) . 1,4-dioxane
WX 2 DOMBIRFNHEET D720, ZOIEEE X NIRICENL T 5 Z & Tl
BEOKRTEZEL, RIGEEELLEEZEZX NS, 71 F MBS CH DL A X /) —
v (MeOH) W358 ThH IERICE kIZ/2 ) > 72 (Table4-2,entry3) . 7’1 |k
UHERIE IO C L LIE OB F A v & EL L TL £V (Scheme 4-6)
ZOHOREHEZEITLIZK K LTWD EHITE S, $/2, ¥ b=/ —VAEE
FMEDONHICE Uik, WO/ NS WE E = ) — Ul ~MED 2 ERE S AT
L7280, MeOH IZHAAE C b LT COEELZTKR L O LIZAREL®H H, —
FC, R CchHL Y 7unr 2 Z2 Yy (CHCL) VD & BIFICIER M L,
FTE DALY 4-3a % 87% CH 2 7= (Table4-2,entryd4) , CH,.CL (ZFE7' v h L HTH
. MeOH D LS ZH FA L HRENT HZ &idiev, £o, W HIRWZ0H, N
RICBREP TS E~FAETE L EZE2 D, BT, V¥ h—= /) —VHEER
PEALEET EE S MeOH 12 E/NE<ITR<, ZTRHEDART U RIZE Y, CHCL 28 RAT
RNEE G270 EZEZ TS, LEORER LY | @iz CH.CL & LT, #shnAlkx
e -7z,

Table 4-2. AR

[CU(H20)61(8F4)2 10 mol%

o TPMA 10 mol%
i-ProNH 1.5 equiv CO,Me
__ OMe BusNNO, 20 mol% <
A / + Br—C y \
p-AN }—t—Bu solvent An )\t-Bu
80 °C, 20 hrs P o
4 4 ° 4-
" 1a T 2a 3a
1 equiv 2 equiv
entry solvent Yield [%]?
1 toluene (0.5 M) 33
2 1,4-dioxane (0.5 M) 29
3 MeOH (0.5 M) 29
4 CH,Cl, (0.25 M) 87
aNMR Yield.
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WAL, RmEiEER L U SRR R T HI R EITo7-, xR T v E=w
LI LN, MR T N7 7 F AT o= A (BwNNO2) ZHRMUEBESICEK
bmENERE 2D | TEOERY) 3a = 87% CH 2 7= (Table4-3,entry1-5) . £7=, &
MENZ N2 PICRE ST & 25 % LOIEROE T A% 5 7= (Table 4-3, entry 6) .
EEROL 25, T o= AMEICE U CEREARARERIZS - TORVS, TR
BeA Ao 3 2 fESAOETEA & LTl . b LSERTTO—BETBEHZREL TV
VoL H B EEZ TS, WTIIZLTH. entry6 DFEEND, 7o E=
U L DOMBEMEITA LN TH D,

Table 4-3. FINAIRET

[Cu(H20)6](BF 4)2 10 mol%

o TPMA 10 mol%
i-ProNH 1.5 equiv CO,Me
= OMe  additive 20 mol% ¢
_An + BF—C > \
p }_FBU CH,Cl, 0.25 M p-An +BU
4 80 °C, 20 hrs o
4-1a 4- 2a 4- 3a
1 equiv 2 equiv
entry additive Yield [%]?
1 BU4NBF4 85
2 BU4NPF6 38
3 BuyNI 19
4 BuyNBr 13
5 BU4NN02 87
6 none 20
aNMR Yield.

> T, RERWIAIZ BUNNO2 & U, B FOBEHIFE 572 (Table 4-4)
F9.EMFELTRI R Q=YL AFIN) T (TPMA) #HW=BEOYE
RETZ1T > 72, 5-20 mol %D EFH 2 et L= R, IWERIZE N 7223 e - 72535,
10 mol % & 1T 87% & /it RWMUER % B2 7= (Table 4-4, entry 1-3) ., TPMA LY
T DOHNAEERNBRENEEIND YA 22— (PAFALTI ) =FA] TIv
(MesTREN) Z#H\\ 5 Z & TIEDOM LK >7-n, FIfFICK L, © LANEORT
Z5| X Z L7- (Table4-4,entry4) U, ZORERNS, &35 7 U AEARNRIT
HEIO ATRA RINICHAT 57 VI NVEERICEZREL, INEDOEKRTEHTH6T &
EZbND, T, BREEFEN 2~3 OENLFE2ANTRIGEITo 728, Wih
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HIKUNFE TH > 7= (Table4-4,entry5-8) . FLAIEEDEELEZ HLNHMN, RIIXVE
PR T AN ERESTELTDICHIRBEOEFHGENLERTT THY, 2D
RUICBWT TPMA IZKIERpo T EHRITE D, £/, RAT ¢ VENLFZ2 VTR
JRZHAT > 7205 WERILA B L7 > 72 (Table 4-4, entry 9-10)
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Table 4-4. BON.FHE5T

[CU(Hzo)G](BF4)2 10 mol%

0 ligand 10 mol%
i-ProNH 1.5 equiv CO,Me
OMe -Fr2 /
f— BusNNO, 20 mol%
_An - + BF—C 4 2 - » g
P Bu CH,Cl, 0.25 M oA )\ CBu
80 °C, 20 hrs Y
o
4-1a 4-2a 4- 3a
1 equiv 2 equiv
entry ligand Yield [%]2
1 TPMA (5 mol%) 82
2 TPMA 87
3 TPMA (20 mol%) 81
4 MegTREN 72
5 A 25
6 bpy 47
7 terpyridine 24
8 TMEDA 22
9 PhP(CH,CH,PPh,), 17
10 P(CH,CH,PPh,); 14
aNMR Yield.
| N
=N N7
N N\ S
| ] N t-Bu
=
= | S
t-Bu
TPMA NF bpy terpyridine
| Ny
N N
\N/\/N\ ENj HN
| K/I!I NN
~ | |
TMEDA A MegTREN

PLEDOFER TV | FolEBiF% TPMA & LT, HEOBREHIC B -T2, E—%7 I
EHWTHHZIToT-E A, AV T T Iy (-PINH) K9 b tert— 7 F LT
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1Y (t-BuNH) OFBRWIEEL 72D T VEONAENSCEEL 525 Z
NI E L7 (Tabled-5,entry1-2) , fitW\WCEHE2H{ET I 2HW- L 2 A, F—fk
T EHET D EREMICEFRINEERL, VA4 Y7 rELT I (i-PrNH) O
EEITRT% R BWINE L7225 7- (Table 4-5, entry 3-5) . BBIRT7 I THHER
7V (piperazine) Z 7o & 1%, IEPMET L7z (Tabled-5,entry 6) . piperazine
2RI LCERAT 2 2 L CRISZELI-AREERH D, Tz, FI3MHET
DY EFT I (EsN) Tl &< RISHHETT L7g)y- 72 (Table 4-5, entry 7) .
WERISHEICB VT, T I VT U ALFREEB S 7 e b 25| X< &5 4
STWAHEEZLND, B3IMT I ANINEBEOT-DICHREE BICHEL LICL <,
ZDTOICIRNEIT LR NSO TRV EEX TS, 2, b ) —D2>D&KE|
ELC2MAEZEILT A ENET oD, RRIGIZEWT, 2 i 2 A C[3+2]-88
(BN ZEAT S 5 72 D11 2 g 2 — il E T L 72 7 UL H 70, ZHICIE
REFMERCA X)), Z7/va—A b RIV0 T AL U BBEORETAIIFE
L2V, L5, Weiss HIZX Y, @RIEDT I 2LV 2 flgANET I —
MSHATERL S D Z ERME SN TWVBE, fE-T, 2o DEEZRFHIHZ 5D
2. i-PoNH Tholz LRI SN D,
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Table 4-5. 5 E AR5t
[Cu(H,0)6](BF 4), 10 mol%

o TPMA 10 mol%
base 1.5 equiv CO,Me
OMe /
f— BuysNNO, 20 mol% C
_An + BF—C 4 2 - > \
p }_FBU CH,Cl, 0.25 M p-An LBU
4 80 °C, 20 hrs 0
4-1a 4- 2a 4-3a
1 equiv 2 equiv
entry base Yield [%]?
1 t-BuNH, 50
2 i-PrNH, 32
3 Et,NH 56
4 Cy,NH 42
5 i-ProNH 87
6 piperazine 1"
7 Et;N 0
aNMR Yield.

INETORMHREFTLY , ARISOFRESRMET, AFLVH 188, 2— 7 0ES
P AT VEE 2 ME, AL L CT T T R v ERER AN S K
([Cu(H20)6](BF4)2) 10 mol%. EifizF & LT TPMA 10 mol%, ¥k & LT i-PrNH 1.5
Y&, WAL LT BuwNNO2 20 mol%, ¥ & LT CH2CL 0.25 M, 80°C T 20 KFfE &
ro7-,
WIZE A 1E, 2 OFKESMEZ AW T, [32)-BRAL AN e 0 H 8w F &6 00 % 5~ 7=
(Table 4-6,7) . FEAMMIIKENZ TRRDH Z L &T 5,
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422, SRR A O [BR21BRAGAINROS IZ 31T D BB et

IZLOIZ, 7rESY FZATABERIZOWVTHRFTLIZEZA, WTIoOREEIZRBW
THRISIEMIEITET L, ST 2 £/ % BRI 72N T 5 % 7 (Table 4-6,3b-3j) .
SNAKROREX 2T o~ o FVHE (1-Adamantyl) #FH T 57 2 €57 F = A7 VIRHET 5
77 UFHERE Q1% THEXTZ LD SR L CUEH ARREDFFAMEN O sz
% (Table 4-6,3b) . F7=, "IN EFHEGHED LIXEFREIMHEETER SN
EEEREETA 70Ty b AT VEIZOWTHORIET A7 7 Vbl s BT
Wﬁfﬁkt;@wm46&moo%of AR NET b= AT VD EFHIERICHE
THEBEEZIFIISNWZ ERgnD, SbIZ, ~"TaEFREZA L TCWEEATHK
JRIX BIFICH#EIT L7 (Table 4-6, 3f-3g) . A /L MIM A FLECEZ CEHRINTT
FREATHEEICEHLTH, %m%nﬁﬁﬁm41/thm77/%%¢mﬁ%m
7= (Table4-6,3h-3i) , L22L72223 6, SMAKBICE WAV TFLEEZHF LTV
Wﬁiﬁ?bn%k&okCHMM6ﬁ)o7ﬁ7y%w%mﬁﬁbtﬁ\%mUL

WZEEmL b e, FREIEB DF U (Schemed-6) #7895 Z & CTRIGZFLEL TV
HDO0E LIV,

N T, ZF P AT VETIERL, 13-V b EARAWTCRIGEZIT> T2, T OfE
B KISETREDOINE THITL, 60% TPt Fu 77 U iFEk% 5 2 7~ (Table 4-6,
3k) , TATNAVEEZFELTCWDLIHEA LMD E, ETREMETHE L7 N EEDOHFN
TN EFRESHIISWEEBZ LN, OB CIENFREICE E -T2 LHEHIT
X5, LL2Rs, FREOINELNO G, 1,3-U7 N EE ARG E A 7l Ee
ThbZ EPNRENT,
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Table 4-6. /~1 77 L BB Rt

'e) 10 mol% [CU(Hzo)B](BF4)2
R 10 mol% TPMA /COR'
p— 1.5 equiv i-ProNH
-An ot Br=C, > %
P . CH,Cl, (shield tube) )\

R o p-An o R

41 & 4 80 °C

- B 4-3
1 equiv 2 equiv

product Yield [%]?

MeQO MeQ MeQ
p-An o) 1-Adamantyl  p-An o p-An p-An o Ph

4- 3b: 91 %P 4- 3c: 84 %P 4-3d: 80 %
MeO MeO
0

p-An o 4-BrCgH,  p-An

4- 3e: 99 %° 4-3£:77%
MeO MeQO
(0] 0]
p-An o p-An 0
Br
4-39:76 % 4-3h: 78 % 4-3i: 83 %
MeQO
(0] t-Bu
\ O
p-An o \
p-An 0 -Bu
4- 3j: 73 %° 4-3k: 60%

aNMR Yield. P(Tris[2-(dimethylamino)ethyllamine) (MegTREN, 10 mol%)

was added. Clsolated Yield.

WIZ, AF U UFHEEIZOWTHREZ{To 7 (Tabled-7) , NTALNEHRI T A
F L HHIZOWTIE, 3q ZFRWNT, WTnvh RIF7RINE % 5 X 7= (Table 4-7,4-31, 3n,
3r,3t) , 47N F B AF LT 602%E FREDOIRIZE E 720, ZUE7 vFEDOTH
WHBEMRICED . ATF VU EEORISHEMET Lic/cd & &2 bivsd (Tabled-7,4-
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3q) o ANV MINEBRINTATF L UHEETIE, A X UEDOLEEIT 80%E RIF72IX
FhoR LTN, AT NESLT v KOGEIIHRE Ch > 7= (Table 4-7,4-3m, 30, 3s) .
Av MLOEHIIL, T B (Scheme 4-6) DT 2 H VIEFEICANET H Z LT, 3L
RHIIR BN S Z D% OGEEHEIT LICK K LTV D AEEER H D, A b VAT ER
FHRETCHEBINTNWEINDELRDZ LT, BICBRIENEKOEELERE L0
L, BEBRORATF L U CRISEIToT2E 2 A, KIGITHFREDOINRIZE E -7
(Table 4-7, 4-3p) . ZHUIBATH T VHNLVEANEITLTCLE 72O EEZD
b, BRI, afLICBEREEZ BT HGEICICDEITT 202N 5720, a-A
FNAF L B HWCRIEZEIT>7- (Table 4-7, 4-3u) , IR 42% &KW ViERIC 7
ST, affOBHELFTFAR L. B4 MRFEENFRETHLZ 2R LT,
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Table 4-7. AF L o B
0 10 mol% [CU(Hzo)e](BF4)2 MeO

> OMe 10 mol% TPMA > o
pu— 1.5 equiv i-ProNH
Ar - + Br—C C
CH,Cl, (shield tube) \
tBu ° Ar t-Bu
J 80 °C (o)
4- 1 4- 2 4- 3
1 equiv 2 equiv

product Yield [%]?

MeQO MeQ MeQO
(0] (0] (0]
p-An 0 t-Bu 0-An 0 t-Bu 0 t-Bu
4-31:82 % 4-3m: 80 % 4- 3n: 85 %P
MeQO MeQ
0 (0]
o t-Bu Ph o) t-Bu
4- 30: 54 %P 4- 3p: 56%
MeQ MeQO MeQO
(0] (@) (@)
4-FC6H4 o) t-Bu 4-C|C6H4 e} t-Bu 2-C|C6H4 e} t-Bu
4-39:62 % 4-3r:82 % 4-3s: 51 %
MeQO MeQO
(0]
(0]
4-BI'C6H4 o) t-Bu Ph ) t-Bu
4- 3t: 81 %P 4-3u: 42%

aNMR Yield. °(Tris[2-(dimethylamino)ethyl]amine) (MegTREN, 10 mol%)
was added.
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423. DT V—NLT T DA

WICF LT, AT VA1 L7 aEr b AT V42 ORIENE . fit < BBkl
X0, OTV—=NAVT T A6 DERERART, Y FrT7 T UEROBRICEEIZ X
STIIRIVERY L U CHOBEREE 2 7 v 7 a R U B8RO AR L7y, HARY %
b L7 7 E CHRETIDBERRECTH D, - T, YE Fu 7T U EatkICH
BECIAT 223, MAERICR L TR LA & LC23-2 7 ra-56-0 7T Jp-_XU Y%
/v (DDQ) ZHWTOY TV —=NVT T EREERT-, "B, AFLVUH41H L
IF7eEs F=ATNVE2 DYEZEINIE, 512 100 CTHONERES) % 4 bar
29 % 2 & T 1 IR B2 BRI 2 W RN L Z S TE 2D, A
XZO&RMEEZHNTNS,

B NTHARYIZDDQ E RIS L, X T25V 7V — V7T UFER6 &
BIFRINRTHE 2 7= (Table4-8) , 7T/ ax I ERT 2 /L Wo B 5 M EH
EEFETHAFLUVEEZRAWESGAIE, WIS BREFRINECHEDY T Y —L 7 5
VIHEEANE ST (Table 4-8,4-6a, 6d, 6e, 6f,6g) , L72>L7223 5, EH#EL LT
07 BT HATF U AEHERAWESGET, BT OIERIK T4 72 (Table 4-8, 4-
6b, 6¢c) . ZOFERIZ., Ve Fe 7T U AROBRB TRIARY LT 7 e 7y
BEERNELCLTLEI D TH D,
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Tabled-8. 7V — /L7 5 &K

Bra_ _CO,Et CO;Me
| 1) [Cu(H20)6](BF 4)2, TPMA
* > \
Ar T Ar i-PryNH, CH,Cl, (shield tube) AN A
100°C, 1 h
4-1 4- 2 4- 3

COzMe

/@\ 2) DDQ, toluene

. -

Ar o Ar 110 °C, 12 h
4- 6

CO,Me CO,Me CO,Me

p-tolyl o p-An o p-An o p-tolyl
F Cl

4- 6a: 67 %P 4- 6b: 58 %P 4- 6¢c: 48 %P

COoMe CO,Me

OMe
p-An 0 Ph o \ /

4- 6d: 62 %° 4- 6e: 80 %°

Co,Me CO,Me
®

4-6f: 70 %° 4-69g: 40 %A

3lsolated yields for two steps. PThree equivalents of 1. °Three equivalents of
2 was used. 9Two equivalents of 2 was used.

424, FNUTVU—LTTDERK

3OHOT U —NHEEANZONWTIE, T V=TT UFFER6 IZXTH N-7uE
274K (NBS) (X227 mEftd, %< Suzuki-Miyaura 7 &0 A% > 7Y > 7
ERE LT, LI, TaEE s DRE T8 25, WTFRICBOTHK
JRIX BAFICH#EIT L7z (Tabled-9) . 71 E{LIZBWTIL, 7 L— v OBERENE T
Gk, B REMEICED O TRICHMER < EITT 2 Z L 3R TE 7= (Table 4-9,
6Br-a, 6Br-b, 6Br-c,6Br-d) , L/>L727235 #t< Suzuki-Miyaura 7 2@ A5 v 7Y 7
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WEIL Tk, MAHICEBWEEZHWIOIIREETHD &S 1% FE2matd s
VBN -T2,

Table4-9. 7 U —/L 75 ¥ 4-6 D7 1 EAL

CO2MG OzMe
/@\ NBS 1.05 equiv m
Ar o Ar MeCN 0.2 M
50 °C, 12 hrs
4-6 4-6Br
COoMe Br CO,Me
4-6Br-a: 92 % 4-6Br-b: 87 %
Br CO,Me COzMe
p-tolyl o Ph
4-6Br-c: 73 % 4-6Br-d: 92 %

BEINEE LI, By 7 I ROSIC IR LIV S NS 8T U 0 ARl 2 Bl
(CFAE L7C (Table 4-10) , HKAT 4 VBN T2HT 537 VU MMl z v e 2
\wfﬂ%%ﬂ%?%)7)—»7?V%§W%5Zt.@wm4wemw1®
ZORISTEEZROIL, BEBMMBEIRN T XX Z 01k, m%%%wﬁ ZH
WBIZAT O TH Y | FFIT E@io&%%v%“@mmﬁ%%w SR DIl
FOSDHEITLIZS W ERMEE WL 5, ED7D, BALFIZ ih7/ﬁbi®$¥
BEAZENSES L) 72EmWEFHEERMNE L W25, > T, BWETFHtEMEE
Hh, B OoBITHIEEZ SR B EITS L7 ODNMAENEEI2FTHHRAT 4
BN 73BN L W F BRI RINEE B X2 EZEX DD, TORIZBNT, [4-
(NNN-Y AFNT 2 )7 = =)V Vtert-7 FIVIR AT > (AMPHOS) 1357 FWHNIZE
HEMEOB tert-7 F NV FHEZLH L TWDH D, BREROFTMAFHBICET L, [1,1°-
EA(P T 2=k A7 /)7 zut ] (dppf) &HE L THLIEFITHWINEZ 5 2
TR TE D, ZOMD/T DT AfREEE U CIIEER N7 7 L (PA(OAc)) T fa
L2, B L= FIC@EE Lo 727200, WRITHFREIZE £ - 72 (Table 4-
10, entry 5) . VA EOFER IV, A4EO Suzuki-Miyaura 7 2 A0 » 7 U o ZWZHW D
fiff1X. (AMPHOS),PdCl, & 7213 Pd(dppH)Cl2 * CH:CL & LT, MU T V=TT &

REIT> 7,
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Table 4-10. Suzuki-Miyaura 7 ©@ A% > 7'V o 7 O filfitigis

Br COzMe
p-tolyl™™ " p-An
4- 6Br 5 mol% [Pd] COo,M
+
2M Na,COj3 aq. -
HO
\ DMF ]\
% CF3 80°C, 12 hrs -tolyl -An
y p-tolyl™ N7 T
1.5 equiv
entry (Pl Yield (%I
1 PdCl,(PPhs), 81
5 PdCl,[P(o-tolyl)s], 8
3 (AMPHOS),PdCl, 54, 972
4 Pd(dppf)Cly*CH,Cl, %
5 Pd(OAc), >4

a2 equiv. Boronic acid, isolated yield.

t-Bu Cl t-Bu

-OHEO

t-Bu Clt-Bu
(AMPHOS),PdCl,

Ph
@—I!’\—Ph
Fe PdCl, + CH,Cl,
P—Ph
b
Pd(dppf)Cl,*CH,Cl,

BTNV TNN—= b F =0T U —/LARn EEICIE. p-CFCsHsB(OH), . p-
CIC¢H4B(OH)2, PhB(OH),. p-CH3C¢Hs4B(OH), % iV 7=, HiEstED & & T Suzuki-
Miyaura 7 B AN » 7V U T RIGEAT T2/ R, BaxeT7 V—NEE2HETH NI TY
— VT T UFERR, WTIOREIZBWTYH BIFRINETE S~ (Table4-11, 4a-
d) . ZORERIZ.3OOBRLLT7V—NVEEZE LN T U —L7 T UFFEROHH
BRGEZER LT L RIRHC, SSERIC R E R EE I L CHIRAWT U — L4 EA
FEETHHLI Ear LT,
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Table 4-11. Suzuki-Miyaura 7 2 AN v 7V 728D YT V=L 7 T Gk
PdCl,(dppf)*CH,Cl, 5 mol%

Br CO,Me Ar"B(OH), 2 equiv Ar’ CO,Me
2 M Na,COs3 4 equiv >
Ar / \ Ar DMF, 80 °C, 12 hrs / \ .
0 Ar o Ar
4-6Br 4- 4
FsC Cl

COQMe O COzMe
/ \ / \
p-tolyl o p-An O o p-An
F

4-4a: 97 %° 4-4b:72 %

Ph CO,Me p-tolyl COoMe

/ \ / \

o p-tolyl p-An o Ph
Cl

4- 4c: 68 % 4-4d:75 %

38(AMPHOS),PdCl, was used.

425. T rITV—ILT T DER

RREREIEL LT, Fix 34807 ) — LB AN CHhA T, HiEICHOWTiE, RV
TU—=NVT T UHEEER A ORGSR BREE » 7Y 72> T, DT
N7 U= T T S ~EFETELDOTIHRWNEEZT, ZUDIC, 7T
BREOT AT NI L COMKDEEIToToE T A, KONERER S ETL, EF
IZEWIETH VAR % 5 272 (Table 4-12, 4OH-a-d) ,
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Table 4-12. = 27 LA/ 53 iR

Ar’ CO,Me Ar’ CO,H
0.5 M NaOH aq. 4 equiv -
Ar /O\ Ar dioxane, 100 °C, 12 hrs Ar / \ Ar
(@)
4- 4 4-40H
F3C, Cl
p-tolyl o p-An O o p-An
F
4- 40H-a: 92 % 4- 40H-b: 87 %
Ph CO,H p-tolyl CO,H
/<:>/Zj£me /ZTX\
4- 40H-c: 73 % 4- 40H-d: 92 %

fRREE 7 >~ 7Y ZIZEE L TiE, WL O EFIIH D H DD, SREEDO KX
FEERY A TORRNEH F VNI T o 20, T, BREED v
Vo TEITOCHTED, KILEHERFTOMNERb 7o, RENAELLTE, 256
5% Suzuki-Miyaura 7 2 A7) > 7Y 7 CORREFEEE, 23X T7 ¥ LRI 2 F0s)| x—ﬁJﬁE
L 72 (Table13) , = DR Pd(OAc) (Z PCys % 40 mol%ishn L 7= BE1Z 82%. Pd(dppf)Cl-
CHCL Z W2 & X1T 83% &, FIERFICHERNETT NI TV —NT7 TV EE 527

(Table4-13,entry 1,5) ., Z DD/ T7 U0 Al A2 V5 & RISRPEHEZ 72 -
Ttz FIERE 2 ER HE LN TLE IR L 72> 7= (Table4-13, entry 2-4,6) ,
FEO RY 7Y — 7 T RS HH;E0>7J<?%M4< IBETE N, ENLSNOEIERY)
WZOWTIEHEAHTH S, LEOFER LIV, HEINE%Z R L7z Pd(dpph)Clz « CH2Cl % it

REE T > 7V TN D e kit & L“C TRITV—=NT T UDEREITST,
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Table 4-13. WLfREE T ~ 7"V o 7 DRl E+

R\ FsC cl

p-tolyl o p-An [Pd] 10 mol%
Cs,CO3 3 equiv
+ '
MS4A, mesitylene
|—©—C| 170 °C, 12 hrs /I
p-tolyl p-An

o)
2 equiv
entry [Pd] ligand NMR Yield [%]?
1 Pd(OAc), PCys (40 mol%) 82
2 Pd(OAc), Qphos (20 mol%) C.M.
3 PdCly(PPh3), - C.M.
4 (AMPHQOS),PdCl, - C.M.
5 Pd(dppf)Cl,*CH,Cl, - 83
6 PdCIl,(DPEphos) - C.M.

aC.M.: Complex Mixture
t—Bu

Ph ‘ ’ Ph @_
—F’h \t-Bu

Ll

Ph
PdClI,(DPEphos) Qphos

Pd(dppf)Cl> * CH:CL fEE T, VAR R 4 (2% L C/R TN B GRS BRI
WEAEAETLI— KT L—EEMNSEZEZ A, POREITBONTHRERL K
JEHETT L7 (Table4-14,5a-d) ., Uk, 2F L BB A HREFEE & LTAR
6 XMETCOHOT NI TV — T T AR EER LT,
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Table 4-14. iifREE Y ~ 7V L X BT I T7 )V —V 7T ARk

PdCl,(dppf) 10 mol%
CO,H Ar"-1 2 equiv Ar’ Ar"

B\ Cs,CO3 3 equiv - b\
MS4A, ityl / \ :
mesitylene Ar Ar

170 °C, 12 hrs

p-tolyl o p-An

4-5a: 63 %

4- 5c: 65 % 4- 5d: 80 %°

8Pd(OAc), / PCy; was used.

426. T RITVU—)LFF Tz ~DFE(

HEZICEZIE, ARISEHANCT R 7 V=L TFF 7 =V EHOBRKERARTZ
(Scheme 4-7) , [32]-BRALATINIZICARKRT ST R 7 T U %F 4-3d [Z%F L. Lawesson
HRENZH WD 2 & CTBHRER T MR OB E 75% CHEITIE 5 2 LT
DL, Ve RaFA4 7 4-3d-S 56T, £DH%IEIDDQ IZL D b%E 5T 51%
TF A7 = UFERTNELN, NBS (2L D7 ekt BIFICH#IT LT 95% T 4-7Br
5.z 7=, %< Suzuki-Miyaura 7 v 7V 7' 81% & mINRTH#EITL, T hT7 T U —
NFFT a8 NELNT, F LT, KDL L OWREED ~ 7 ) 7T nENE
I 95%. 70%& MIBICHEITT 52T, AFLUEHAL DO EETTEBTOT ST
V=V FF7 x> 49 ~OFEb =R LTz,
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[Cu(HzO)G](BF4)2 10 mol%
TPMA 10 mol%

COzMe CcO
J I Bu,NNO, 20 mol% /CS\
p-An i-ProNH 1.5 equiv p-An
4-3d

2Me

CH,Cl, 0.25 M
4-1a 4-2a 80 °C, 20 hrs
2 equiv 71%
Lawesson reagent COyMe CO,Me
0.55 i DDQ 2,4
e, e IL
ry toluene oluene
110°C, 20 hrs ~ P-ANT g7 TPh o qqg0c 12hrs  P-AN
75% 4- 3d-S 51% 4-
Br, CO,Me p-CH3CgH4B(OH), 2 equiv  p-tolyl CO,Me
NBS 1.05 equiv> PdCly(dppf) 5 mol%
MeCN / \ 2 M Na,COg3 aq. 4 equw
-An Ph
50°C,12hrs P S DMF, 80 °C, 12 hrs
95% 4-7Br 81% 4-
CF;
p-CF3Phl 2 equiv
0.5 M NaOH ag. p-tolyl CO,H PdCly(dppf) 10 mol%
2 equiv Cs,CO3 3 equiv p-tolyl
q : > / \ 2LU3 5 €eq >
1,4-dioxane MS4A, mesitylene 7\
100°C, 12 hrs ~ P-AN™ Ng” “Ph 4700 12hrs A Ph
-An
95% 70% p S
4- 80H 4-9

Scheme d4-7. T N7 7 U —/LFF 7 = L ~DFEL
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AODFEEFEBRENVERBLTIZT b7 7 V=NV 7T IMEHMEFED 3B TREICEFE I
TWb, TOHEMBEL UL, I TV —AF AT 2 U NERIBREDRENEFEFL LT
AN TWnA7d, TOFERERTHLHDH 77 IEEEZEDNTWE, TREND
FEREOBREDRLZNWIIBEDERL L VWOHEZREOTOEFEEEZED T
D, LU, TENETNOBMENBRRDILEMEERT 2 Z LIZRETH VO | HEH
X% < 720, REFFETIE, 1) A2 WA F L UE1L L7 eEsr b= 2712
DOFERBIBR2-BRILAIMC LAY Ka 7 Z7 U3 3 OARK. 2) 3 ® DDQ ki kb
CTV—NT T U6 DAL, 3) 6 DEFIIZLLHEATT Y —T T L 4-6Br D
B, 4) SAR—BHI TV T ERAVEZRNI T Y=V T7 I HA DA, 5) =
AT VKRR X D VAR EE 40H DAFL. 6) 40H ORLEREE T ~ 7 ) v 7\Z
LT TTIV—NT TS DAEK. LWV KISFIBRETESE5 2 & T, Nk
EENTWENERIRN AT I 7Y=L 7 7 AEERLIZ, ZOFEZHND
ZETRERAT LV HINOEFH 6 EE T 7 VR RIC4ASORR LT ) — /LA
h SEEE BN CEARRETH D, £7-. b K7 F ¥ 3 13 Lawesson’s i 4
WLZETRBIZVE RuTF 47 = VENEERT D2 ENTE T, BH%IL, B
LIEKIGE Ve RrTF A7 = VEICERT22 LT EHTEBTT NI 7Y —LF
A7 9FELZ LK LI, ARDOKIGOFTHDHYE Fa 7 F U ER ORIt
ML LTIE, 3EDL /7 07 a U AREIBEALRILTHL EELTWD, Kk
DEALDOEMET, 7 b ZRWERCZ ) — VR E L, 200 FNREM NG %
L, BHOERDZE TCVWDIOTIZRWMNEEZ TS, Y a7 I Ao
EERBFHERII S 7 v 7 m N BREFRIRRIC, ATF L HHITE TS E R Z AV
NN L ~a P ALEIEr b= AT V& W T ERCINER AN E VMR S - 7=,
Pl bEog, SfiEA2 AW =C R 77 0 ORISR L=, TV 7r o OERERER%
T9 2 LT, BEHITHELE LTHOWONDAIREEMEO H DLEME TEKRTE =, &
BOBMEL LTI, P Ru 7T U AROBEET, SEEATLZ ERTENIE, —
EEES SN ERE CTX D720, S ERERFT ATV, BT D&M EMEET 5,
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4.4 FEBIA

1. General procedures

General Information

All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses,
precoated Kieselgel 60 F254 plates (0.25 mm thick) were used; for column chromatography,
40—63 pm silica gel was used, and visualization was accomplished by UV light (254 nm). 'H
and 1*C NMR spectra were obtained using a 500 MHz NMR spectrometer. Chemical shifts for
"H NMR were described in parts per million (chloroform as an internal standard § = 7.26) in
CDCls, unless otherwise noted. Chemical shifts for '3C NMR were expressed in parts per
million in CDCI3 as an internal standard (6 = 77.16), unless otherwise noted. High-resolution
mass analyses were obtained using a TOF-MS and ESI. Purification was performed by a gel
permeation chromatography (GPC) system (UV detection at 254 nm).

Typical Experimental Procedure for the Synthesis of 4-3a—3u.

Cu salt (0.05 mmol), TPMA (0.05 mmol), and tetrabutylammonium nitrite (0.1 mmol) were
sequentially added under air to a dram vial equipped with a stir bar and a screw cap (or Biotage
shield tube for microwave). 1 (0.50 mmol), 2 (1.0 mmol), amine (0.75 mmol), and dried CH>Cl,
(2.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen
atmosphere [charged by general N> (99.95%) gas flow] for 20 h at the temperature, as shown
in the tables. After this time, the contents of the flask were filtered through a plug of silica gel
and then concentrated by rotary evaporation. The residue was purified by flash chromatography,
eluting with hexane/EtOAc to afford the product (3a—3u). Further purification was carried out
by using GPC.

Typical Experimental Procedure for the Synthesis of 4-4a—4d.

Pd cat. (5 mol %), bromide 6Br (1 equiv), and boronic acid (2 equiv) were added under air to a
dram vial equipped with a stir bar and a screw cap. DMF and 2 M aq Na,CO3 (2 mL/mmol, 4
equiv) were added to the mixture under nitrogen atmosphere [charged by general N2 (99.95%)
gas flow], and the reaction mixture was stirred at 80 °C for 12 h. 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 with hexane/EtOAc,
and GPC to afford the product (4a—4d).

Typical Experimental Procedure for the Synthesis of 4-4OHa—4OH-d.

Ester (0.25 mmol, 1 equiv) in 0.5 M aq NaOH (2 equiv, 4 mL/mmol) and dioxane was stirred
at 100 °C for 12 h. At this time, the mixture was acidified by concd aq HCI and extracted with
EtOAc to afford the carboxylic acid (4OH-a—40OH-d).
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Typical Experimental Procedure for the Synthesis of 4-5a—5d.

Pd cat. (10 mol %), carboxylic acid 40H (0.25 mmol, 1 equiv), iodide (2 equiv), Cs2COs3 (3
equiv), and MS4A (300 mg/mmol) were added under air to a dram vial equipped with a stir bar
and a screw cap. Mesitylene was added to the mixture under nitrogen atmosphere [charged by
general N> (99.95%) gas flow] and the reaction mixture was stirred at 170 °C for 12 h. 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
with hexane/EtOAc, and GPC to afford the product (5a—5d).

Typical Experimental Procedure for the Synthesis of 4-6Br-a— 6Br-g.

Furan 6 (1 equiv), NBS (1.05 equiv), and CH3CN were added to a dram vial equipped with a
stir bar and a screw cap, and the resulting mixture was stirred at 50 °C for 12 h. After this time,
the contents of the flask were concentrated by rotary evaporation. The residue was purified by

flash chromatography, eluting with hexane/ EtOAc to afford the bromide (6Br-a—6Br-g).

Typical Experimental Procedure for the Synthesis of 6a—6g.

Cu salt (0.05 mmol) was added under air to a dram vial equipped with a stir bar and a screw
cap. 1 (1.50 mmol), 2 (0.50 mmol), amine (0.75 mmol), ligand (0.05 mmol), and dried CH>Cl,
(2.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen
atmosphere [charged by general N2> (99.95%) gas flow] at 100 °C for 1 h (The ratio of 1 and 2
is shown in each compound analysis). After this time, the contents of the flask were filtered
through the plug of silica gel and then concentrated by rotary evaporation. The residue dissolved
in toluene was taken into a dram vial equipped with a stir bar and a screw cap. DDQ (0.60
mmol) was added and the reaction mixture was stirred at 110 °C for 12 h. After this time, the
contents of the flask were concentrated by rotary evaporation. The residue was purified by flash

chromatography, eluting with hexane/ EtOAc to afford the product 6.

MeQO
(0]

\
p-An 0 t-Bu

3a 4-3a
Pale yellow oil (82%, 119 mg). IR (neat) v 2951, 1700, 1598, 1512, 1238, 1099 cm™'; '"H NMR
(500 MHz, CDCl) &: 1.35 (s, 9H), 2.91 (dd, J = 8.3 and 14.5 Hz, 1H), 3.33 (dd, /= 10.9 and
14.5 Hz, 1H), 3.67 (s, 3H), 3.80 (s, 3H), 5.45 (dd, J= 8.3 and 10.9 Hz, 1H), 6.90 (d, J = 8.8 Hz,
2H), 7.23 (d, J= 8.8 Hz, 2H); '*C NMR (125 MHz, CDCls) 8: 27.7, 34.6, 40.1, 50.8, 55.4, 81.7,
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99.1, 114.1, 127.0, 134.3, 159.5, 165.9, 177.4; HRESIMS calcd. for Ci7H2204Na (M+Na"):
313.1494, found 313.1490.

MeQ
(0]

\

p-An 0 1-Adamantyl
3b 4-3b

Pale yellow oil (91%, 168 mg). IR (neat) v 2901, 2848, 1699, 1592, 1512, 1241, 1173, 1074,
1033 em™'; "H NMR (500 MHz, CDCls) 8: 1.69-1.78 (m. 6H). 3.12 (brs, 3H), 2.12 (brs, 6H),
2.90 (dd, J = 8.4 and 14.6 Hz, 1H), 3.33 (dd, J = 10.9 and 14.6 Hz, 1H), 3.67 (s, 3H), 3.80 (s,
3H), 5.43 (dd, J= 8.4 and 10.9 Hz, 1H), 6.89 (d, J= 8.6 Hz, 1H), 7.24 (d, J = 8.6 Hz, 2H); 13C
NMR (125 MHz, CDCls) &: 28.5, 36.8, 37.1, 38.2, 40.1, 50.9, 55.4, 81.5,99.1, 114.2, 127.1,
134.5,159.6, 166.0, 177.4; HRESIMS calcd. for C23H2004 (M+H"): 369.2066, found 369.2074.

MeQO

\

p-An o p-An
3¢ 4-3¢

Pale yellow oil (84%, 143 mg). IR (neat) v 2947, 1694, 1680, 1606, 1511, 1242, 1175, 1081,
1032 em™'; 'H NMR (500 MHz, CDCL3) &: 3.10 (dd, J = 8.7 and 15.1 Hz, 1H), 3.47 (dd, J =
10.6 and 15.1 Hz, 1H), 3.67 (s, 3H), 3.78 (s, 3H), 3.81 (s, 3H), 5.62 (dd, J = 8.7 and 10.6 Hz,
1H), 6.88 (d, J = 9.0 Hz, 2H), 6.88 (d, J= 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 7.87 (d, J =
9.0 Hz, 2H); '*C NMR (125 MHz, CDCls) &: 39.6, 51.1, 55.4, 55.4, 82.4, 100.4, 113.2, 114.2,
122.3, 127.5, 131.4, 133.8, 159.8, 161.5, 165.1, 166.1; HRESIMS calcd. for CaoH200sNa
(M+Na*): 363.1231, found 363.1208.

MeOQO

\
p-An N7 ~Ph

3d 4-3d

Pale yellow oil (80%, 124 mg). IR (neat) v 2948, 1705, 1514, 1244, 1088 cm™'; 'H NMR (500
MHz, CDCL) 8: 3.13 (dd, J= 8.7 and 15.2 Hz, 1H), 3.51 (dd, J = 10.7 and 15.2 Hz, 1H), 3.66
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(s, 3H), 3.79 (s, 3H), 5.66 (dd, J = 8.7 and 10.7 Hz, 1H), 6.89 (d, J = 8.7 Hz, 2H), 7.33 (d, J =
8.7 Hz, 2H), 7.36-7.42 (m, 3H), 7.82 (dd, J= 1.7 and 8.4 Hz, 2H); '*C NMR (125 MHz, CDCl)
8:39.7, 51.1, 55.4, 82.7, 101.8, 114.2, 127.5, 127.8, 129.5, 130.0, 130.6, 133.6, 159.8, 165.2,
165.8; HRESIMS calcd. for C1oHisO4Na (M + Na*): 333.1103, found 333.1097.

MeQO
(0]

\

p-An 0 4-BI'C6H4
3e 43¢

Pale yellow oil (99%, 193 mg). IR (neat) v 2946, 1700, 1610, 1512, 1238, 1081 ecm™'; '"H NMR
(500 MHz, CDCL3) &: 3.12 (dd, J= 8.7 and 15.3 Hz, 1H), 3.48 (dd, /= 10.7 and 15.3 Hz, 1H),
3.67 (s, 3H), 3.78 (s, 3H), 5.55 (dd, J= 8.7 and 10.7 Hz, 1H), 6.89 (d, J= 8.7 Hz, 2H), 7.31 (d,
J=8.7Hz, 2H), 7.50 (d, J= 8.7 Hz, 2H), 7.74 (d, J= 8.6 Hz, 2H); '*C NMR (125 MHz, CDCl)
5:39.6, 51.2, 55.3, 82.7, 102.47, 114.2, 125.0, 127.4, 128.8, 131.0, 131.1, 133.3, 159.8, 163.8,
165.6; HRESIMS calcd. for C1oHi704BrNa (M+Na'): 411.0208, found 411.0210.

MeQ

3f 4-3f

Pale yellow oil (77%, 122 mg). IR (neat) v 2946, 1691, 1597, 1511, 1239, 1174, 1072, 1030
cm™'; 'TH NMR (500 MHz, CDCls) §: 3.10 (dd, J= 8.4 and 15.4 Hz, 1H), 3.49 (dd, J=10.5 and
15.4 Hz, 1H), 3.75 (s, 3H), 3.78 (s, 3H), 5.64 (dd, J = 8.4 and 10.5 Hz, 1H), 6.88 (dd, J = 8.6
Hz, 2H), 7.09 (dd, J = 3.8 and 5.1 Hz, 1H), 7.30 (d, J = 8.6 Hz, 2H), 7.48 (d, J= 1.2 and 5.1
Hz, 1H), 8.22 (d,J=3.7 Hz, 1H); '3C NMR (125 MHz, CDCls) §: 39.8, 51.1, 55.3, 82.4, 100.0,
114.1, 127.2, 127.3, 130.4, 131.4, 132.5, 133.55, 158.67, 159.7, 165.7; HRESIMS calcd. for
C17H1604SNa (M+Na*): 339.0667, found 339.0671.

MeQ
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Pale yellow oil (76%, 114 mg). IR (neat) v 2947, 1690, 1652, 1513, 1231, 1089, 1027 cm™'; 'H
NMR (500 MHz, CDCls) &: 3.11 (dd, J= 8.7 and 15.5 Hz, 1H), 3.45 (dd, /= 10.5 and 14.6 Hz,
1H), 3.73 (s, 3H), 3.78 (s, 3H), 5.67 (dd, J= 8.7 and 10.5 Hz, 1H), 6.51 (dd, J= 1.8 and 3.5 Hz,
1H), 6.88 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 1.2 Hz, 1H), 7.80 (d, J =
3.5 Hz, 1H); '*C NMR (125 MHz, CDCls) &: 39.3, 51.3, 55.5, 83.3, 100.8, 112.1, 114.3, 114.3,

118.0, 127.7, 133.2, 144.4, 144.5, 154.7, 160.0, 165.3; HRESIMS calcd. for C17H1605Na
(M+Na"): 323.0895, found 323.0900.

MeQO

3h 4-3h

Pale yellow oil (78%, 127 mg). IR (neat) v 2947, 1685, 1636, 1513, 1436, 1235, 1077, 1030
cm™'; 'TH NMR (500 MHz, CDCl3) §: 2.31 (s, 3H), 3.16 (dd, J= 8.9 and 15.0 Hz, 1H), 3.49 (dd,
J=10.7 and 15.0 Hz, 1H), 3.57 (s, 3H), 3.79 (s, 3H), 5.72 (dd, J = 8.9 and 10.7 Hz, 1H), 6.91
(d, J=8.8 Hz, 2H), 7.18—7.21 (m, 2H), 7.28 (dt, J= 1.4 and 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz,
1H), 7.36 (d, J = 8.8 Hz, 2H); *C NMR (125 MHz, CDCls) &: 19.7, 38.3, 51.1, 55.4, 83.8,
114.3, 125.3, 127.7, 129.6, 129.8, 130.2, 130.7, 133.4, 137.0, 159.9, 165.6, 166.6; HRESIMS
calcd. for C20H2004Na (M+Na"): 347.1259, found 347.1267.

MeQO

p'An O

Br

3i 4-3i

Pale yellow oil (83%, 162 mg). IR (neat) v 2947, 1690, 1652, 1513, 1231, 1089, 1027 cm ™' 'H
NMR (500 MHz, CDCl3) 6: 3.16 (dd, J=9.2 and 15.2 Hz, 1H), 3.50 (dd, /= 10.7 and 15.2 Hz,
1H), 3.58 (s, 3H), 3.81 (s, 3H), 5.76 (dd, /= 9.2 and 10.7 Hz, 1H), 6.91 (d, J = 8.7 Hz, 2H),
7.24 (m, 1H), 7.32 (dt,J=0.9 and 7.5 Hz, 1H), 7.39 (dd, /= 1.8 and 7.5 Hz, 1H), 7.41 (dd, J =
0.9 and 8.0 Hz, 2H), 7.61 (d, J = 0.9 and 8.7 Hz, 1H); 1*C NMR (125 MHz, CDCl;) §: 38.4,
51.2, 55.5, 84.6, 105.4, 114.3, 122.7, 127.1, 128.0, 131.0, 131.0, 132.9, 133.2, 160.0, 164.5,
165.3; HRESIMS calcd. for C19Hi704BrNa (M+Na"): 411.0208, found 411.0217.
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3 4-3]

Pale yellow oil (73%, 129 mg). IR (neat) v 2948, 1685, 1637, 1513, 1436, 1230, 1076, 1031
em™'; '"H NMR (500 MHz, CDCls) &: 2.18 (s, 3H), 2.25 (s, 6H), 3.16 (dd, J = 9.4 and 14.8 Hz,
1H), 3.45 (dd, J=10.7 and 14.8 Hz, 1H), 3.54 (s, 3H), 3.79 (s, 3H), 5.72 (dd, J = 9.4 and 10.7
Hz, 1H), 6.82 (s, 1H), 6.84 (s, 1H), 6.89 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H); 3C NMR
(125 MHz, CDCls) &: 19.6, 21.3, 37.8, 51.0, 55.4, 83.8, 104.8, 114.2, 127.9, 127.94, 128.1,

128.1, 133.3, 136.2, 136.5, 138.8, 159.8, 165.5, 1664; HRESIMS calcd. for C22H2404Na
(M+Na"): 375.1572, found 375.1578.

t-Bu

\

p-An o t-Bu

3k 4-3k

Pale yellow oil (60%, 95 mg). IR (neat) v 2959, 1514, 1248, 902 cm™'; 'H NMR (500 MHz,
CDCl3) 6: 1.14 (s, 9H), 1.18 (s, 9H), 2.98 (dd, /=9.1 and 13.8 Hz, 1H), 3.33 (dd, /= 10.3 and
13.8 Hz, 1H), 3.79 (s, 3H), 5.38 (dd, /= 9.1 and 10.3 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 7.26
(d, J = 8.7 Hz, 2H); 3C NMR (125 MHz, CDCl5) §: 27.3, 28.4, 34.2, 43.2, 44.2, 55.4, 81.4,

108.0, 114.1, 127.0, 134.5, 159.5, 169.2, 209.4; HRESIMS calcd. for C20H2003 (M+H"):
317.2117, found 317.2109.

MeQ

\

p-An 0 t-Bu

3 4-3]

Pale yellow oil (85%, 117 mg). IR (neat) v 2950, 1701, 1599, 1238, 1100 cm™'; "H NMR (500
MHz, CDCls) §: 1.36 (s, 9H), 2.34 (s, 3H), 2.91 (dd, J = 8.2 and 14.5 Hz, 1H), 3.34 (dd, J =
10.9 and 14.5 Hz, 1H), 3.66 (s, 3H), 5.47 (dd, J = 8.2 and 10.9 Hz, 1H), 7.16 (d, J = 8.2 Hz,
2H), 7.20 (d, J= 8.2 Hz, 2H); '*C NMR (125 MHz, CDCls) 8: 21.8, 27.7, 34.6, 40.1, 50.8, 81.7,
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99.1, 125.5, 129.4, 137.8, 139.3, 165.8, 177.4; HRESIMS calcd. for C17H2203Na (M + Na®)
297.1467, found 297.1473.

MeQO

\

o-An 0 t-Bu

3m 4-3m

Pale yellow oil (54%, 74 mg). IR (neat) v 2951, 1701, 1599, 1238, 1101 cm™!; '"H NMR (500
MHz, CDCIl3) 6: 1.41 (s, 9H), 2.31 (s, 3H), 2.79 (dd, J = 8.7 and 14.3 Hz, 1H), 3.40 (dd, J =
11.1 and 14.3 Hz, 1H), 3.67 (s, 3H), 5.68 (dd, /= 8.7 and 11.1 Hz, 1H), 7.17-7.24 (m, 3H),
7.30-7.32 (m, 1H); 3C NMR (125 MHz, CDCl) §: 19.2, 27.7, 34.7, 39.3, 50.8, 79.6, 99.0,
124.2, 126.2, 127.6, 130.6, 134.1, 140.2, 165.7, 177.4; HRESIMS calcd. for Ci17H2203Na
(M+Na"): 297.1467, found 297.1465.

MeQO

O t-BU

3n 4-3n
Pale yellow oil (56%, 73 mg). IR (neat) v 2951, 1701, 1599, 1238, 1100 cm™; '"H NMR (500
MHz, CDCls) &: 1.36 (s, 9H), 2.90 (dd, J = 8.2 and 14.5 Hz, 1H), 3.34 (dd, J= 11.0 and 14.5
Hz, 1H), 3.67 (s, 3H), 5.47 (dd, J = 8.2 and 11.0 Hz, 1H), 7.29-7.31 (m, 3H), 7.35-7.38 (m,
2H); '3C NMR (125 MHz, CDCls) &: 27.7, 34.7, 40.2, 50.9, 81.7, 125.4, 128.0, 128.8, 142.3,
165.8, 177.4; HRESIMS calcd. for C16H2003Na (M+Na®): 283.1310, found 283.1315.

MeQ
O
O t—BU
30 4-30

Pale yellow oil (62%, 86 mg). IR (neat) v 2952, 1701, 1601, 1509, 1238, 1101 cm™!; '"H NMR
(500 MHz, CDCl) &: 1.35 (s, 9H), 2.91 (dd, J = 8.3 and 14.5 Hz, 1H), 3.33 (dd, /= 10.9 and
14.5 Hz, 1H), 3.67 (s, 3H), 3.80 (s, 3H), 5.45 (dd, J= 8.3 and 10.9 Hz, 1H), 7.06 (t, J= 8.7 Hz,
2H), 7.28 (dd, J= 5.2 and 8.7 Hz, 2H); '3*C NMR (125 MHz, CDCls) &: 27.7, 34.6, 40.2, 50.9,
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81.4,99.1, 115.7 (d, J= 21.5 Hz), 127.3 (d, J = 8.2 Hz), 138.1 (d, J = 3.2 Hz), 162.0 (d, J =
246.2 Hz), 165.7, 177.2; HRESIMS caled. for CisHi9OsFNa (M+Na®): 301.1216, found
301.1211.

MeQ
(0]

\

3p 4-3p

Pale yellow oil (82%, 121 mg). IR (neat) v 2950, 1701, 1601, 1238, 1100 cm™'; '"H NMR (500
MHz, CDCl3) &: 1.35 (s, 9H), 2.87 (dd, J = 8.2 and 14.6 Hz, 1H), 3.35 (dd, /=11.0 and 14.6
Hz, 1H), 3.67 (s, 3H), 5.47 (dd, J=8.2 and 11.0 Hz, 1H), 7.23 (d, /= 8.4 Hz, 2H), 7.33 (d, J =
8.4 Hz, 2H); *C NMR (125 MHz, CDCls) §: 27.7, 34.6, 40.2, 50.9, 80.9, 99.23, 126.9, 128.9,
133.8, 140.8, 165.7, 177.2; HRESIMS calcd. for CisHi9O3CINa (M+Na"): 317.0920, found
317.0927.

MeO
(0]

\

4-FCgH ™ Ng” tBu

3q 4-3q

Pale yellow oil (51%, 75 mg). IR (neat) v 2951, 1702, 1606, 1239, 1101 cm™!; '"H NMR (500
MHz, CDCl3) &: 1.40 (s, 9H), 2.76 (dd, J = 8.0 and 14.8 Hz, 1H), 3.53 (dd, /= 11.2 and 14.8
Hz, 1H), 3.65 (s, 3H), 5.79 (dd, J = 8.0 and 11.2 Hz, 1H), 7.23 (dt, /= 1.8 and 7.5 Hz, 1H),
7.28 (dt,J=1.2and 7.5 Hz, 1H), 7.35 (dt,J= 1.6 and 9.2 Hz, 2H); 1*C NMR (125 MHz, CDCI;)
0: 27.8, 34.7, 39.6, 50.9, 78.8, 99.3, 125.8, 127.1, 128.9, 129.8, 131.3, 140.2, 165.7, 177.1;
HRESIMS calcd. for Ci6H1903CINa (M+Na®): 317.0920, found 317.0914.

MeQO
(0]

\
4-C|C6H4 0) t-Bu
3r 4-3r
Pale yellow oil (81%, 137 mg). IR (neat) v 2951, 1701, 1602, 1239, 1100 cm™'; '"H NMR (500
MHz, CDCIl3) o: 1.35 (s, 9H), 2.87 (dd, J = 8.1 and 14.5 Hz, 1H), 3.35 (dd, /= 10.0 and 14.5
Hz, 1H), 3.67 (s, 3H), 5.46 (dd, /= 8.1 and 10.0 Hz, 1H), 7.18 (d, /= 8.4 Hz, 2H), 7.49 (d, J =
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8.4 Hz, 2H); *C NMR (125 MHz, CDCl;s) 8: 27.7, 34.6, 40.1, 50.9, 80.9, 99.1, 121.8, 127.1,
131.8, 141.2, 165.5, 177.0; HRESIMS calcd. for Ci¢Hi9O3BrNa (M+Na"): 361.0415, found
361.0420.

MeO
(0]

2-CICgHy4 O\ t-Bu

3s 4-3s
Pale yellow oil (42%, 58 mg). IR (neat) v 2951, 1702, 1600, 11242, 1107, 1017 cm™'; 'H NMR
(500 MHz, CDCIl3) 6: 1.34 (s, 9H), 3.04 (d, /= 4.3 Hz, 1H), 3.13 (d, /= 4.3 Hz, 1H), 3.61 (s,
3H), 7.20—7.24 (m, 1H), 7.32 (d, J = 4.8 Hz, 4H); >*C NMR (125 MHz, CDCls) §: 27.6, 29.5,
34.7, 46.1, 50.8, 86.8, 98.7, 124.3, 127.2, 128.5, 147.0, 165.9, 176.3; HRESIMS calcd. for
Ci7H2,03Na (M+Na"): 297.1467, found 297.1465.

F3C,

CO,Me

/ \

p-tolyl o p-An

4a 4-4a

White solid (97%, 113 mg). Mp: 169—170 °C; IR (neat) v 2952, 1717, 1615, 1500, 1331, 1116
cm™'; 'TH NMR (500 MHz, CDCls) 8: 2.32 (s, 3H), 3.59 (s, 3H), 3.89 (s, 3H), 6.97-7.03 (m,
2H), 7.08 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 7.66 (d, J =
8.1 Hz, 2H), 7.84—7.89 (m, 2H); 3*C NMR (125 MHz, CDCl3) §: 21.3,51.5,55.4, 113.8, 114.8,
121.6, 122.4, 124.4 (q, J = 273.0 Hz), 125.4 (q, J = 3.9 Hz), 126.0, 126.9, 129.3, 129.7 (d, J =
32.0 Hz), 129.8, 130.6, 137.6 (q, J = 1.0 Hz), 138.2, 148.7, 155.6, 160.6, 164.6; HRESIMS
calcd. for C27H22F304 (M+H"): 467.1470, found 467.1480.

Cl

O CO,Me
| O 3,

4b 4-4b
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White solid (72%, 79 mg). Mp: 120-121 °C; IR (neat) v 2960, 1704, 1607, 1499, 1228, 829
cm™'; "H NMR (500 MHz, CDCL) §: 3.60 (s, 3H), 3.88 (s, 3H), 6.67-7.01 (m, 4H), 7.27-7.30
(m, 2H), 7.33-7.37 (m, 2H), 7.38— 7.41 (m, 2H), 7.82-7.86 (m, 2H); '*C NMR (125 MHz,
CDCLs) &: 51.5, 55.4, 113.9, 115.0, 115.7 (d, J=21.8 Hz), 122.1, 122.3, 126.2 (d, ] = 3.1 Hz),
127.8 (d,J=8.1 Hz), 128.9, 129.7, 131.5, 131.8, 133.8, 147.5, 155.7, 160.7, 162.4 (d, J = 248.6
Hz), 164.6; HRESIMS calcd. for C2sHisCIFNaO4 (M+Na®): 459.0775, found 459.0769.

Ph CO,Me

/ \
o p-tolyl
Cl

4c 4-4c¢
Colorless oil (68%, 68 mg). IR (neat) v 2947, 1717, 1590, 1500, 820 cm™'; 'H NMR (500 MHz,
CDCl3) 8: 2.42 (s, 3H), 3.59 (s, 3H), 7.19-7.23 (m, 2H), 7.25-7.30 (m, 2H), 7.31-7.37 (m, 4
H), 7.39-7.44 (m, 3H), 7.77 (d, J = 8.3 Hz, 2H): *C NMR (125 MHz, CDCls) 5: 21.6, 51.6,
116.2,124.2,126.0,127.2,128.0, 128.0, 128.7, 128.8, 129.3, 130.0, 133.0, 133.7, 139.7, 147.3,
155.3, 164.8; HRESIMS calcd. for C2sHi9CINaO3 (M+Na"): 425.0920, found 425.0917.

p-tolyl CO,Me

/ \

p-An o Ph

4d 4-4d
White solid (75%, 75 mg). Mp: 127-128 °C; IR (neat) v 2951, 1720, 1606, 1492 cm™'; '"H NMR
(500 MHz, CDCl) 8: 2.41 (s, 3H), 3.62 (s, 3H), 3.78 (s, 3H), 6.76—6.83 (m, 2H), 7.18-7.28 (m,
4H), 7.35-7.42 (m, 3H), 7.42—7.49 (m, 2H), 7.81-7.89 (m, 2H); '3C NMR (125 MHz, CDCl5)
§:21.3,51.5,55.2, 113.8, 116.5, 122.1, 123.0, 127.4, 127.6, 128.3, 128.9, 129.2, 129.8, 130.0,
130.1, 137.2, 148.6, 153.7, 159.2, 165.0; HRESIMS calcd. for C26Ha304 (M+H"): 399.1596,
found 399.1596.
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F3C,

CO,H

/ \

p-tolyl o p-An

40H-a 4-40H-a

White solid (92%, 104 mg). IR (neat) v 2917, 1674, 1609, 1498, 1440, 1328, 1112 em™'; 'H
NMR (500 MHz, DMSO-d6) &: 1.51 (s, 3H), 3.08 (s, 3H), 6.30—6.34 (m, 2H), 6.39 (d, J = 8.2
Hz, 2H), 6.48 (d, J= 8.2 Hz, 2H), 6.81 (d, J= 8.1 Hz, 2H), 7.02 (d, J = 8.2 Hz, 2H), 7.09-7.14
(m, 2H); '3C NMR (125 MHz, DMSO-d6) &: 20.8, 55.3, 114.0, 115.9, 121.4, 121.7, 124.4 (q,J
=273.7 Hz), 125.3 (q, J = 4.0 Hz), 125.8, 126.4, 128.1 (d, J = 31.5 Hz), 129.2, 129.4, 130.8,
137.5 (q, J = 1.9 Hz), 138.0, 147.8, 153.5, 160.1, 164.8; HRESIMS calcd. for Ca6H19F3NaO4
(M+Na"): 475.1133, found 475.1126.

Cl
O COzH
/ \
O o p-An
F
40H-b 4-40H-b

White solid (87%, 92 mg). IR (neat) v 3075, 1674, 1606, 1501, 1441, 833 cm™!; 'H NMR (500
MHz, DMSO-d6) &: 3.08 (s, 3H), 6.29—-6.33 (m, 2H), 6.41-6.46 (m, 2H), 6.59-6.67 (m, 4H),
6.71—6.75 (m, 2H), 7.09—7.13 (m, 2H); '*C NMR (125 MHz, DMS0-d6) &: 55.3, 114.1, 115.9
(d,/=219Hz),116.2,121.7,122.0, 126.0 (d, /= 3.0 Hz), 127.9 (d, J= 8.4 Hz), 128.7, 129.2,
131.7, 131.8, 132.6, 146.5, 153.5, 160.2, 161.8 (d, J = 246.3 Hz), 164.9; HRESIMS calcd. for
C24H16CIFNaO4 (M+Na"): 445.0619, found 445.0621.

Ph CO,H

/ \
o p-tolyl
Cl

40H-c 4-40H-c
White solid (73%, 71 mg). IR (neat) v 3219, 1681, 1613, 1480, 1445, 827 cm™'; 'H NMR (500
MHz, DMSO-d6) &: 1.53 (s, 3H), 6.46-6.63 (m, 11H), 6.95 (d, J= 8.1 Hz, 2H); 13C NMR (125
MHz, DMSO-d6) 8: 20.9, 117.7, 124.0, 126.5, 127.0, 127.2, 128.1, 128.4, 128.7, 128.8, 129.3,
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129.7,132.3,132.7, 139.1, 146.3, 152.5, 165.1; HRESIMS calcd. for C24H;7CINaO3; (M+Na"):
411.0764, found 411.0773.

p-tolyl CO,H

p5e
p-An Ph

o)

40H-d 4.40Hd
White solid (92%, 88 mg). IR (neat) v 2918, 1687, 1606, 1487 cm™!; 'H NMR (500 MHz,
DMSO0-d6) &: 1.51 (s, 3H), 2.89 (s, 3H), 6.01-6.10 (m, 2H), 6.35-6.41 (m, 4H), 6.47-6.52 (m,
2H), 6.56—6.62 (m, 1H), 6.62—6.69 (m, 2H), 7.01 (d, J = 7.4 Hz, 2H); '*C NMR (125 MHz,
DMSO0-d6) 8: 20.9, 55.2, 114.2, 118.3, 121.7, 122.2, 126.7, 127.2, 128.7, 128.9, 129.3, 129.5,
129.6, 129.7, 137.0, 147.9, 150.9, 159.2, 165.5; HRESIMS calcd. for CosH2104 (M+H):
385.1440, found 385.1446.

FsC cl

] D

/ \

p-tolyl o p-An

5a 4-5a

White solid (63%, 82 mg). Mp: 186—187 °C; IR (neat) v 2931, 1612, 1508, 1320, 1254, 831
cm™!; 'TH NMR (500 MHz, CDCls) 8: 2.34 (s, 3H), 3.80 (s, 3H), 6.81-6.85 (m, 2H), 7.02—7.07
(m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.21-7.26 (m, 4H), 7.33 (d, J = 8.2 Hz, 2H), 7.38—7.43 (m,
2H), 7.50 (d, J = 8.1 Hz, 2H); '3*C NMR (125 MHz, CDCl;) é: 21.4, 55.4, 114.1, 121.8, 122.6,
123.3,124.3 (q, J=272.0 Hz), 125.6 (q, J = 4.0 Hz), 126.2, 127.6, 127.6, 129.0, 129.4, 130.8,
131.6, 131.8, 133.4, 137.2 (q, J = 1.7 Hz), 137.9, 148.4, 159.3; HRESIMS calcd. for
C31H22CIF3NaO; (M+Na"): 541.1158, found 541.1160.

Cl
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White solid (78%, 91 mg). Mp: 178179 °C; IR (neat) v 2954, 1594, 1493, 1223, 828 cm™'; 'H
NMR (500 MHz, CDCl3) &: 2.34 (s, 3H), 3.80 (s, 3H), 6.79—6.84 (m, 2H), 6.94-7.02 (m, 4H),
7.04-7.09 (m, 4H), 7.20~7.25 (m, 2H), 7.41-7.47 (m, 4H); °*C NMR (125 MHz, CDCL) &:
21.4,55.4, 114.0, 115.7 (d, J = 21.7 Hz), 123.4, 123.6, 123.7, 127.2, (d, J = 3.1 Hz), 128.7,
128.9, 129.5, 130.0, 130.4, 130.6, 131.8, 132.0, 133.3, 137.1, 146.7, 148.2, 159.2, 162.2 (d, J
= 247.5 Hz); HRESIMS calcd. for C3oH23CIFO, (M+H"): 469.1371, found 469.1374.

4-5¢

White solid (65%, 71 mg). Mp: 190—192 °C; IR (neat) v 2914, 1597, 1492, 1217, 819 cm™!; 'H
NMR (500 MHz, CDCl3) 6: 2.34 (s, 3H), 6.91-6.70 (m, 2H), 7.06—7.17 (m, 6H), 7.20—7.29 (m,
5H), 7.35—7.44 (m, 4H); >*C NMR (125 MHz, CDCl3) §: 21.5, 115.7,115.8,123.7, 126.2, 127.2,
127.7, 128.0, 128.9, 129.3 (d, J = 3.3 Hz), 129.5, 129.6, 130.5, 130.7, 132.3 (d, J = 8.1 Hz),
133.2 (d, J = 21.1 Hz), 137.9, 146.7, 148.7, 162.4 (d, J = 246.2 Hz); HRESIMS calcd. for
C29H2iCIFO (M+H"): 439.1265, found 439.1262.

CF3

p-tolyl

/ \

p-An~" Ny~ ~Ph

5d 4-5d
White solid (80%, 97 mg). Mp: 218—219 °C; IR (neat) v 2925, 1605, 1496, 1327 cm™'; 'H NMR
(500 MHz, CDCIl3) &: 2.33 (s, 3H), 3.79 (s, 3H), 6.78-6.85 (m, 2H), 6.98—7.02 (m, 2H),
7.04—7.08 (m, 2H), 7.21-7.31 (m, 5H). 7.42-7.51 (m, 10 H); 3*C NMR (125 MHz, CDCl;) &:
21.2,55.2,113.9,123.1, 124.3 (q,J =273 Hz), 123.6, 125.3 (q, /=4 Hz), 126.1, 127.4, 127.6,
128.5, 129.1, (q, J = 33 Hz), 129.4, 129.7, 130.2, 130.6, 130.7, 137.0, 137.4, 147.7, 148.3,
159.1; HRESIMS calcd. for C31H24F302 (M+H"): 485.1728, found 485.1724.
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CO,Me

st
p-tolyl p-An

O

6a 4-6a
White solid (67%, 108 mg). Mp: 120—121 °C; IR (neat) v 2950, 1720, 1605, 1494, 1090, 1028,
834,768 cm™'; "H NMR (500 MHz, CDCls) 8: 2.38 (s, 3H), 3.86 (s, 3H), 3.88 (s, 3H), 6.97-7.02
(m, 2H), 7.00 (s, 1H), 7.23 (d, J = 8.1 Hz, 2H), 7.62 (d, J = 7.8 Hz, 2H), 8.04-8.09 (m, 2H);
I3CNMR (125 MHz, CDCl3) 8: 21.5, 51.7,55.5, 107.1, 113.7, 114.1, 122.6, 124.0, 127.3, 129.6,

130.0, 138.0, 152.1, 156.7, 160.5, 164.3; HRESIMS calcd. for C20H1gNaO4 (M+Na"): 345.1103,
found 345.1101.

CO,Me

/ \

o p-An

6b 4-6b
White solid (58%, 95 mg). Mp: 165—166 °C; IR (neat) v 2959, 1722, 1588, 1495, 1215, 1088,
1026, 834, 769 cm™!; 'TH NMR (500 MHz, CDCls) §: 3.86 (s, 3H), 3.88(s, 3H), 6.97-7.01 (m,
2H), 7.00 (s, 1H), 7.09—-7.14 (m, 2H), 7.67—7.72 (m, 2H), 8.03—8.07 (m, 2H); '*C NMR (125
MHz, CDCl3) &: 51.7, 55.3, 107.4 (d, /= 1.3 Hz), 113.7, 114.1, 115.9 (d, /= 22.0 Hz), 122.3,
125.7 (d,J=8.0 Hz), 126.2 (d, /= 3.4 Hz), 129.9, 150.8, 156.9, 160.6, 162.4 (d, J= 248.0 Hz),
164.0; HRESIMS calcd. for CioH6FOs (M+H"): 327.1033, found 327.1036.

CO,Me

/ \
o p-tolyl
Cl
6c 4-6¢

White solid (48%, 78 mg). Mp: 103—104 °C; IR (neat) v 2980, 2936, 1714, 1463 cm™'; 'H NMR
(500 MHz, CDCls) 6: 2.42 (s, 3H), 3.86 (s, 3H), 7.07 (s, 1H), 7.28 (d, /= 8.2 Hz, 2H), 7.37-7.41
(m, 2H), 7.63—7.68 (m, 2H), 7.96 (d, J = 8.2 Hz, 2H); '3C NMR (125 MHz, CDCls) &: 21.6,
51.8,108.4, 115.1, 125.3, 126.9, 128.4, 128.5, 129.1, 129.2, 133.9, 140.0, 151.1, 157.4, 164.1;
HRESIMS caled. for Ci9H6C103 (M+H"): 327.0788, found 327.0787.
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6d 4-6d
White solid (62%, 91 mg). Mp: 88—89 °C; IR (neat) v 2949, 1719, 1596, 1486, 754 cm™'; 'H
NMR (500 MHz, CDCl3) &: 3.85 (s, 3H), 3.86 (s, 3H), 6.95 (s, 1H), 6.92-6.99 (m, 2H),
7.38-7.43 (m, 1H), 7.64—7.70 (m, 2H), 8.03-8.09 (m, 2H); 3C NMR (125 MHz, CDCls) &:
51.6, 55.3, 106.2, 114.3, 115.4, 122.8, 125.5, 128.2, 128.2, 129.2, 129.9, 152.6, 156.1, 159.7,
164.2; HRESIMS caled. for C1oHi704 (M+H"): 309.1127, found 309.1131.

COzMe

]\ s
"\ /

Ge 4-6e

Yellow solid (80%, 126 mg). Mp: 102-103 °C; IR (neat) v 2942, 1704, 1579, 1489, 1248, 1094
cm™'; TH NMR (500 MHz, CDCls) §: 3.92 (s, 3H), 3.99 (s, 3H), 6.99 (d, J = 8.4 Hz, 1H), 7.03—
7.10 (m, 1H), 7.14 (dd, J= 3.9 and 5.1 Hz, 1H), 7.27-7.32 (m, 2H), 7.45 (dd, J= 1.1 and 4.9
Hz, 1H), 7.9 (dd, J = 1.5 and 7.7 Hz, 1H), 8.14 (dd, J= 1.1 and 3.7 Hz, 1H); 3C NMR (125
MHz, CDCls) 8: 51.7, 55.6, 111.1, 112.3, 114.0, 118.6, 120.9, 126.1, 127.7, 128.0, 128.9, 132.0,
148.4, 151.4, 156.0, 164.3; HRESIMS calcd. for C17H14aNaO4S (M+Na*): 337.0511, found
337.0514.

OMe

CO,Me
MeO / \
ORav
BnO F
6f 4-6f
White solid (70%, 151 mg). Mp: 140— 141 °C; IR (neat) v 2952, 1721, 1600, 1497, 1214, 1097
cm™!; 'TH NMR (500 MHz, CDCIs) §: 3.86 (s, 3H), 3.97 (s, 3H), 5.21 (s, 2H), 6.93 (d, J = 8.3
Hz, 1H), 6.95 (s, 1H), 7.12—7.18 (m, 2H), 7.21-7.26 (m, 2H), 7.30—7.35 (m, 1H), 7.38 (t, J =
7.5 Hz, 2H), 7.45 (d, J = 7.4 Hz, 2H), 8.04—8.11 (m, 2H); '3*C NMR (125 MHz, CDCl;) §: 51.8,
56.3,71.2, 106.7, 107.9, 114.3, 115.3, 115.5 (d, /= 21.8 Hz), 117.1, 123.4, 126.2 (d, J=3.3

Hz), 127.5,128.2, 128.8, 130.5 (d, /= 8.5 Hz), 137.0, 148.6, 150.1, 152.6, 155.5, 163.4 (d, J =
250.2 Hz), 164.2; HRESIMS calcd. for C2sH21FNaOs (M+Na'): 455.1271, found 455.1266.
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CO,Me
(A O
O o p-tolyl
N
-/

69 4-6g

Yellow solid (40%, 82 mg). IR (neat) v 2947, 1713, 1594, 1488, 1223, 1090 cm™'; 'H NMR
(500 MHz, CDCl3) &: 1.46 (t, J = 7.2 Hz, 3H), 2.43 (s, 3H), 3.88 (s, 3H), 4.40 (t, J= 7.2 Hz,
2H), 7.07 (s, 1H), 7.26—7.33 (m, 3H), 7.43 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.5 Hz, 1H), 7.50
(td, J=1.1 and 7.7 Hz, 1H), 7.84 (dd, J = 1.8 and 8.5 Hz, 1H), 8.00-8.05 (m, 2H), 8.17 (d, J =
7.8 Hz, 1H), 8.46 (d, J= 1.5 Hz, 1H); >*C NMR (125 MHz, CDCl3) §:13.8,21.5,37.6, 51.6,
105.9,108.8,115.0,116.2, 119.3, 120.7, 121.2, 122.3, 123.0, 123.3, 126.1, 127.3, 128.3, 129.0,
139.4, 139.8, 140.5, 153.6, 156.3, 164.4; HRESIMS calcd. for C27H23NNaOs; (M+Na"):
432.1576, found 432.1579.

Br. CO,Me

B3
p-tolyl p-An

@)

6Br-a 4-6Br-a
White solid (92%, 92 mg). Mp: 131-132 °C; IR (neat) v 2953, 1710, 1609, 1495, 1230, 1119,
1034, 836 cm™; 'H NMR (500 MHz, CDCls) &: 2.40 (s, 3H), 3.87 (s, 3H), 3.88 (s, 3H),
6.95-7.01 (m, 2H), 7.23—7.30 (m, 2H), 7.73—7.78 (m, 2H), 7.88—7.94 (m, 2H); 3C NMR (125
MHz, CDCls) &: 21.5, 51.9, 55.5, 96.6, 113.8, 114.8, 122.0, 126.2, 126.4, 129.3, 129.7, 138.7,
148.8, 155.6, 160.7, 163.6; HRESIMS calcd. for C2oH7BrNaOs (M+Na®): 425.0187, found
425.0183.

Br CO,Me

/ \

o p-An

6Br-b 4-6Br-b
White solid (87%, 88 mg). Mp: 161-162 °C; IR (neat) v 2958, 1713, 1606, 1494, 1220, 1117,
1032, 836 cm™'; 'H NMR (500 MHz, CDCl3) 3: 3.87 (s, 3H), 6.95—7.01 (m, 2H), 7.12—7.19 (m,
2H), 7.72—7.77 (m, 2H), 7.98—8.03 (m, 2H); *C NMR (125 MHz, CDCl;) &: 52.0, 55.5, 97.1,
114.0, 115.0, 115.8 (d, J=21.8 Hz), 121.9, 125.5 (d, J= 3.3 Hz), 128.4 (d, J= 8.2 Hz), 129.9,
147.9, 156.1, 161.1, 162.9 (d, J = 248.8 Hz), 163.6; HRESIMS calcd. for C19H;4BrFNaO4
(M+Na"): 426.9957, found 426.9954.
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Br, COoMe

/ \
o p-tolyl
Cl
6Br-c 4-6Br-c

White solid (73%, 74 mg). Mp: 138—139 °C; IR (neat) v 2956, 1714, 1585, 1502, 1235, 1118,
1035, 816 cm™'; 'H NMR (500 MHz, CDCl3) &: 2.42 (s, 3H), 3.88 (s, 3H), 7.27 (d, J= 7.7 Hz,
2H), 7.41-7.45 (m, 2H), 7.67 (d, J = 8.3 Hz, 2H), 7.96-8.00 (m, 2H); '*C NMR (125 MHz,
CDCl3) 8:21.6,52.1,97.8, 115.9, 126.5, 127.5, 127.7, 128.1, 129.0, 129.3, 134.7, 140.4, 147.9,
156.2, 163.5; HRESIMS calcd. for C1oH14BrCINaOs (M+Na®): 426.9713, found 426.9708.

Br, CO,Me

Pyt
p-An Ph

(0)

6Br-d 4-6Br-d
White solid (92%, 89 mg). Mp: 99-100 °C; IR (neat) v 2949, 1706, 1567, 1486, 1026 cm™; 'H
NMR (500 MHz, CDCls) &: 3.87 (s, 3H), 3.88 (s, 3H), 6.93-7.05 (m, 2H), 7.36-7.52 (m, 3H),
7.71-7.86 (m, 2H), 7.88-8.06 (m, 2H); '*C NMR (125 MHz, CDCl3) 8: 51.9, 55.3, 95.7, 114.0,
116.0, 121.7, 127.9, 127.9, 128.4, 129.4, 129.5, 149.3, 154.8, 160.0, 163.5; HRESIMS calcd.
for C19H16BrO4 (M+H"): 387.0232, found 387.0234.

COzMe

gt
p-An Ph

S
3d-S 4-3d-S

Dihydrofuran (4-3d, 0.25 mmol, 1 equiv), Lawesson reagent (0.55 equiv), and dry toluene were
added to a dram vial equipped with a stir bar and a screw cap, and the resulting mixture was
stirred at 110 °C for 20 h. After this time, the contents of the flask were concentrated by rotary
evaporation. The residue was purified by flash chromatography, eluting with hexane/EtOAc, to
afford the dihydrothiophene 4-3d-S as a yellow oil (75%, 61 mg). IR (neat) v 2947, 1707, 1511,
1249 cm™!; 'H NMR (500 MHz, CDCls) &: 3.49 (dd, J = 8.1 and 16.3 Hz, 1H), 3.57 (s, 3H),
3.70 (dd, J=9.4 and 16.3 Hz, 1H), 3.81 (s, 3H), 4.93 (dd, J = 8.2 and 9.3 Hz, 1H), 6.86—6.93
(m, 2H), 7.34-7.47 (m, 7H); '*C NMR (126 MHz, CDCl;) &: 46.7, 51.0, 51.3, 55.5, 114.3,
118.7, 128.1, 128.4, 128.8, 129.3, 133.9, 134.0, 156.9, 159.4, 164.1; HRESIMS calcd. for
C1oH1003S (M+H"): 327.1055, found 327.1062.
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COzMe

e
p-An Ph

S
7 4-7

The dihydrothiophene 4-3d-S (0.25 mmol, 1 equiv), dissolved in toluene, was taken into a dram
vial equipped with a stir bar and a screw cap. DDQ (0.60 mmol) was added and the reaction
mixture was stirred at 110 °C for 12 h. After this time, the contents of the flask were
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting
with hexane/EtOAc, to afford the product 4-7 as a white solid (51%, 41 mg). Mp: 118—119 °C;
IR (neat) v 2949, 1718, 1608, 1494, 1463, 1252 cm™'; 'H NMR (500 MHz, CDCl;3) &: 3.76 (s,
3H), 3.85 (s, 3H), 6.92—6.96 (m, 2H), 7.39-7.44 (m, 3H), 7.52—7.57 (m, 4H), 7.60 (s, 1H); 1*C
NMR (125 MHz, CDCl3) 6: 51.6, 55.4, 114.5, 124.4, 126.2, 127.1, 128.1, 128.3, 128.7, 129.8,
133.4, 142.7, 149.2, 159.7, 163.9; HRESIMS calcd. for C19HisNaOsS (M+Na"): 347.0718,
found 347.0711.

Br, CO,Me

D3¢
p-An Ph

S
7Br 4-7Br

4-7 (0.25 mmol, 1 equiv), NBS (1.05 equiv), and CH3CN were added to a dram vial equipped
with a stir bar and a screw cap, and the resulting mixture was stirred at 50 °C for 12 h. After
this time, the contents of the flask were concentrated by rotary evaporation. The residue was
purified by flash chromatography, eluting with hexane/EtOAc, to afford the bromide 4-7Br as
a white solid (95%, 95 mg). IR (neat) v 2948, 1718, 1604, 1456, 1437, 1249, 1031 cm™'; 'H
NMR (500 MHz, CDCls) 6: 3.80 (s, 3H), 3.87 (s, 3H), 6.97—7.02 (m, 2H), 7.38—7.49 (m, 5H),
7.55-7.61 (m, 2H); 3C NMR (126 MHz, CDCl3) §: 52.5, 55.4, 106.5, 114.1, 124.5, 128.2,
128.8, 128.9, 130.7, 130.9, 132.6, 138.7, 144.1, 160.0, 165.0; HRESIMS calcd. for
C1oHisBrNaO3S (M+Na"): 424.9823, found 424.9829.

p-toly/lﬁi)zMe
p-An s Ph
8 4-8

PdACI2(dppf) (5 mol %), bromide 7Br (0.25 mmol, 1 equiv), and p-methylphenylboronic acid

(2 equiv) were added under air to a dram vial equipped with a stir bar and a screw cap. DMF
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and 2 M aq NaxCOs3 (2 mL/mmol, 4 equiv) were added to the mixture under nitrogen
atmosphere [charged by general N2 (99.95%) gas flow], and the reaction mixture was stirred at
80 °C for 12 h. After this time, the contents of the flask were filtered through a plug of silica
gel and then concentrated by rotary evaporation. The residue was purified by flash
chromatography, eluting with hexane/EtOAc, and GPC to afford the product 8 as a white solid
(81%, 84 mg). Mp: 174—175 °C; IR (neat) v 2953, 1720, 1603, 1457, 1422 cm~'; 'TH NMR (500
MHz, CDCls) ¢: 2.35 (s, 3H), 3.53 (s, 3H), 3.78 (s, 3H), 6.74—6.79 (m, 2H), 7.08—7.16 (m, 6H),
7.34-7.44 (m, 3H), 7.50—7.55 (m, 2H); 3C NMR (125 MHz, CDCl3) §: 21.4, 52.1, 55.3, 114.0,
126.0, 128.5, 128.7,128.8, 129.1, 129.8, 130.5, 131.8, 132.7, 133.5, 137.1, 137.6, 139.4, 143.1,
159.3, 166.7; HRESIMS calcd. for C26H2303S (M+H"): 415.1368, found 415.1366.

p-tolyl CO,H

.
p-An Ph

S

8OH 4-80H

Ester 4-8 (0.25 mmol, 1 equiv) in 0.5 M aq NaOH (2 equiv, 4 mL/mmol) and 1,4-dioxane were
stirred at 100 °C for 12 h. At this time, the mixture was acidified by concd aq HCI and extracted
with EtOAc to afford the carboxylic acid 4-80H as a white solid (95%, 95 mg). Mp:
243-244 °C; IR (neat) v 2924, 1684, 1603, 1460, 1435 cm~'; '"H NMR (500 MHz, CDCl;) &:
2.35 (s, 3H), 3.77 (s, 3H), 6.74-6.78 (m, 2H), 7.08—7.16 (m, 6H), 7.37-7.43 (m, 3H), 7.53—
7.57 (m, sH); 3C NMR (126 MHz, CDCl3) &: 21.4, 55.3, 114.0, 125.9, 128.7, 128.8, 129.0,
129.2, 129.9, 130.2, 130.6, 132.5, 133.3, 137.2, 137.8, 139.7, 145.1, 159.3, 169.3; HRESIMS
calcd. for C2sHz0NaO3S (M+Na"): 423.1031, found 423.1041.

CF;

p-tolyl

/ \

p-An~"\g~ ~Ph

9 4-9
PdClx(dppf) (10 mol %), carboxylic acid 4-8OH(0.25 mmol, 1 equiv), 1-iodo-4-
(trifluoromethyl)benzene (2 equiv), Cs2COs3 (3 equiv), and MS4A (300 mg/mmol) were added
under air to a dram vial equipped with a stir bar and a screw cap. Mesitylene was added to the
mixture under nitrogen atmosphere [charged by general N> (99.95%) gas flow], and the reaction
mixture was stirred at 170 °C for 12 h. After this time, the contents of the flask were filtered

through a plug of silica gel and then concentrated by rotary evaporation. The residue was
purified by flash chromatography, eluting with hexane/ EtOAc, and GPC to afford the product
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4-9 as a white solid (70%, 84 mg). IR (neat) v 2956, 1605, 1485, 1454, 1327, 1120 cm™'; 'H
NMR (500 MHz, CDCl3) &: 2.28 (s, 3H), 3.79 (s, 3H), 6.75—6.79 (m, 2H), 6.81 (d, J= 8.1 Hz,
2H), 6.94 (d, J=7.9 Hz, 2H), 7.06 (d, J= 8.1 Hz, 2H), 7.14-7.20 (m, 4H), 7.21-7.25 (m, 3H),
7.36 (d, J = 8.2 Hz, 2H); '*C NMR (125 MHz, CDCl3) 8: 21.3, 55.3, 114.0, 124.5 (q, J=271.1
Hz), 124.9 (q, J = 3.8 Hz), 126.7, 127.6, 128.7, 128.7 (d, J = 32.6 Hz), 129.0, 129.5, 130.5,
130.8, 131.4, 133.2, 134.1, 136.6, 138.0, 138.6, 138.8, 139.0, 140.7, 159.1; HRESIMS calcd.
for C31H3F3NaOS (M+Na®): 523.1319, found 523.1311.
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2. Spectral charts for new compounds
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51. Fim
51.1 [RFE—IRFEE OIS OB

INETHIEIT VT DBERE T T VX MMERBRILFEZ ER LT, TA7
EEERELZEANTLHIET TR, TATOBERSE E(T U LD DO ERERELHLIC
LR TCELZ LN TV, A, FA0NEE LTV A8 > TAEL D T
CHNEITENL TN K > TRISHERE DD Z ENghoTWnWbd, TV aFA L,
FOGEDENT O NVFEE WD Z & CTRekbIlr % Z L BREETH - 7= C-C #EE
DU T2 5D TV EB 2, GNBRIZET LI,

Scheme 5-1. RIEVERE & (C-C)Z#LE S DA A

EELOZ—7 v Myt E2EMRT D RINHERE Z [F UK T% OFFEREZ & R R
LEBEEFHTHY  Z< O5E, < B 5FEE BREZ WL NEMENHDH, L,
BTEICIRFB-IRBERE S Z U - BEE DKL O Thiud, [ USRI AZTER LT,
BR2 B8 IR~ET 5 2 ENAIREIZR D | AL TERNKETH > 72bEW b i H
ICHEETE X010 b, ORI ICRF-RFHBEFRAELIST, BIEOGHLF %
RELEZDIEDTEDLRHETHD  BEANIHIENTOIL TS 12 (Scheme 5-1),
RB-IKFBRE A IIMOFE S (RF-— v T U EE%E) LR LGS, MENIZEALL
FEET, AR L —bmNZ L b, LT L2 L OREERKIED—
SDLEINTWS, 2D, HAKIGOT 7o—F L LT, #EFDOZ L DBEAIC
O HhaRl-ElerraraxyHE, a7 AAENOREZ Y- RE—T
U — VEROFES 1Tkt L ToOUWRIETH 5 (Scheme5-2) , 5] 21X Fiirstner 513,
0y A EZRWD Z LT, vy a T a U OmRB—RBE AU AR A L BRYL
K& 2R LT D (Scheme5-2, LB , v 7 v 7" a RUMEHDRE — IRBEETL.
BRI L CHEBMAES ICBLMME T2 3o cRbl, v a7
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N BOREEOE AT LI AMEINIEFICZ<RESNTWBHE, F=, IR
ST I HIT, BRBICISTHEBICHETEX A0, FNOEFIH L AKS
B B AT LT D, EBRIZ Nakao HiL, 7V —/L—o 7 J ERICHF L C=v 7
AR DOFRL I N LV (RFBE—REFMEEZT L, ZNEFIHL T A O T
V=17 b ER L T\ 5 (Scheme 5-2, FE%) . T DIzt Miura 5125 - T,
TN DESICRERMNFORBEZREN 1 & T 5 B-IRERBEKSEZFIRHLIZE
T U= VEBOARELHEESIN TS (Scheme 5-2, TB&) , AV =TV L—v
aVPHEALCLEOMELH DN, S CTHEELAEARIEOOLE DL L THERX
NTWb, —FHT, EHDORNRIENE: sp® IR D RE — RBESTIWICES LTI
THNZ L, BRTAREFETH L0, BRI T, BEADRVRE — KRB
BT DT AFVEBRKIGIE L T, A) L he—=7 U HLEISOFAT, B) &
FRBIMEEOFI B, C) BifEE L LT Hantzsch = 2T )LOF AP, 25 3 DITRS
L TCW5% (Scheme 5-3, A-C) .

A. Firstner et al. (2007) Bl

(PPh3)3RhCI 5 mol%
AgSbFg 7.5 mol%

THF, 120 °C
68%

Y. Nakao et al. (2004) 1@

F3c—®§-CN Ni(cod), 10 mol% —
PMes; 20 mol% > CN

toluene
100 °C, 20 hrs

Pr=—— r
FsC
M. Miura et al. (2007) 140!
Ph—Br 2 equiv
Me  OH Pd(OAC), 5 mol% Me
JT'V'G PPh3 30 mol"/fu > Ph
Me Cs,CO3 3 equiv
o-xylene, reflux
77%
Scheme 5-2. 7 a7V VEERRE —T U — VEMOFEE U 25 H L7 AR
il

Bl 21X, Kang RKBEDOHIETIE, NIV U LB LD 2 BEET VLT )L a—
NFEDIRBE—IRBAERGOIM 20 LT=7 U ML BEREE(L N ZER ST 5 (Scheme 5-3,
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A) UVl 7Tadxe—n_T U0y AEERMR LIRS, NERESRELFIH L CRE
—IRFBAEER O L, FRFICER SIS n-7 VA RT 20 AEERICHT L CRERE A
BATAHFETHD, 72, Nakao Hld, Scheme5-2 |2/ L7 HEHTIEZT V—/1—
VT RO CTH o 7o N, 2 FEZITIE spP TR L—o T B TCTH TN LT
% (Scheme5-3,B) B®1 Hantzsch = A7 VI3/KEBEBNISICBIT5&ETTAIE LTHD
NTCWAN, IBFETIEI 74 MU Ry 7 A L A EDESHZ LT, TAXLEOE
AN 2D Z ERHRE SN, EHEED TWABP), Cheng H1d, 7 /L% L& Hantzsch
TATIE a-TREINVRZNVHEBEIZH L TA U DT A LED #H\\W5 Z & T,
R UNANLD[RFE — RFEFEE YR 2T S, &7 N VD o (LT VS b & #ER L T
% (Scheme5-3,C) PP, LnL7ans, WL T RNEWRIREZE—REHEE
O3 2 FEFIER IR OGN TV D,

A) Retro-Allylation B) Electronic strain C) Hantzsch ester (or nitrile)
[C'P]
OH RO,C CO,R

NJ\ [C]—§—EWG B

Iz

A) Retro-Allylation; Q. Kang et al. (2014) [7®]
Pd(OAc), 10 mol%

J]\ OH Ag,C0O3 1.4-3.0 equiv> )j\
+
R OH Ar)}g\/\ 1,2-dichlorobenzene R O/\/
100 °C
up to 99%

B) Electronic strain; Y. Nakao et al. (2006) [8°!
OSiMe,(t-Bu)

\ c}’z 7 Ni(cod); 10 mol% (t-Bu)Me,SiO CN
X P(4-CF3-CoHa)s 20 mol%._ o P
- MeCN, 80 °C, 5 hrs Pr
Pr—=—=""r 87% Pr

C) Hantzsch ester (or nitrile); X. Cheng et al. (2016) [°®]

Ar fac-Ir(ppy)s
0 0.1 mol% O
. £BuO,C CO,t-Bu  LEDs
S B
RS * | | Cs,CO;4 RS Ar
R1 R2 MeCN R‘l R2

up to 91%

N
H
Scheme 5-3. EHD72MRFE — IRFAESGIWIISIZ KD sp? REDT LF AL

5.12. EBADRWVIRZ —IRFAEETIWEZED 7 U NAALT VI ALRES
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HAIEICH —BFEIT L7228 (Scheme5-3,A) . 7 VU NWANLDRFE —RFFEEIL, IRE—
REFEBUME IS DOSEICB N T, BHORWESE LTS T, 28h %
H T U NN DR — IRBEAYIWNL, & < 13X Tsuji-Trost SRHID R G E LTHEIB I
TWAUBIE . 7T U LEN 0T T A ERINT 5 2 & TRE—REEEY)
WrafBm L Ca-T UNANRT I LGERETERT AN TH L, L LR L, ERIC
DTREFOEME LTCOMEBIXIZEALER L TELT, KR E L TRFE—IRE/ES
I AR L7=7 U AL T XA D — B TFIEITRES. L TV WO RBRTH 5,
ZOREOEFTOER S L ClX, Lambert HU2° Zard SN X ARFFERE D ZET 5
% (Scheme5-4) , Lambert 5%, 0 /X7 U AFET, MBIy 702y
T NVEEWD 2 LT iRAYZR Tsuji-Trost 7 U WAL T VX WAL D s % E#AT S
BT % (Scheme 5-4, EBY¥) . BN T =4 & L CIEFBICETETHD Z & NER
IR DRIEEWR D, £To, Zard BT, WEIEOWET VA VE T TV
WHIE T2 28T, 2REAWTIZT AN RE— REBE TR A2 ZR LT
% (Scheme 5-4, TB) . ZORINIE, HEREREETHD W NVHE=VENBR S L
HZENEEN S L oo TS, T 2 ODBEFNG, BEERETIIELD RV RS
—IRFBEREEZUWT 572D, 1) BELIEERERK., 2) BERT =4 BBk,
DNFRIBUECHS = & iibinsg, LEnoT. L0 EREEERICHE LSS
INBLUANDOKIEEEARIA L=#io /e 7 U AN RE — IRBE S UM RS 2 BT
HMLBEN BT,

T. H. Lambert et al. (2009) ['2

R R R
K \ / Pd(PPh3)4 R
“'z\/ 5 mol% A
R —»_ R + \/\NU
Nu
R R
R R=p-AcPh

EtOAcC, reflux

S o)
R', R® = Alkyl, Aryl R? = Alkyl

Scheme 5-4. THERE SNTZRFE —RBEMEEVIMISZ L 27 VAL T V04

Ho R’ Lauroyl Peroxide R?
R3JI\/S\"/°Et + RZT‘)(%Ph Y » R? R!

5.1.3. 1EZERGER

ATRA R ATRP OGO SEFIC BN T, L o« —7 B o R=/L{E
WNRISTHZ LT 3MTIIVIA T HINFELEZ L NN TS, Fxd
MIEEBICBIT D a—7T BT INRNALEWERBIRE LT T VA IVRIGERR D
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Blck\WTls 7 INVEEFTHIEEL o — 7 0TI NVR =L EW G STz &
ZAH, MIFSNTZ 3BT VI ILAERDITIE LN T, RE - REREE YW AERY )5
537 (Scheme5-5) , ZDZ b, 7 INVENEFICEBVBEERE S LCOXZo0
mEEZBND,

Ph [Cu] cat. Ph ; Pho
M + — > W : M :
o E0,C7 Br EtO,C Ph ! Et0,C :

expected product obtained

Scheme 5-5. 7 I /VHEZH LI-AF L U FEEEZ AWEEORIS

L7IeRoT, 7 INELDSMNTS, FVNNVERLEL 0D L0 RiBEEL AT 27
UMALE 1 IZKF L T3HT AF/T D NFE (tert-alkyl radical) &G S®5H 2 &
T, BHD7RWRFE — RBAEGUINT 2 £ 72 3R T L FAbds KOS 72 4 fhfkFED
WELETTEL0TEHRVNEE X (Scheme 5-6) | Hix RRET 21T o 72,

Catalytic radical C-C bond cleavage

Ar R\ R\R 1
+ O [Cu] cat, o . \<
Br 3 \ °
=z EWG LY EWG

1 stabilized

2 ' Rll 3
R\ R radical species
o
Rll

tert-alkyl radical
Scheme 5-6. AKAFFENE

52. fEREBE
52.1. SHrEt

TEZEWEFUCAIY . INEom L% B L TR 250 0ORE 21T o 72, XU O
kit DR A2 e L7 (Table5-1) , 2 gz FOICHRET 21T o7& 2 A, AN 7 ¥
=27 = (CuPe) ZFRWVT, WIS FREDIE T AR 3 %2 5 % 7- (Table
5-1, entry 1-6) ., F£7-, —fldi & L THEILHHI) (CuCl) % i-Pr,NH 72 L OSFMHET TH
Wil T A, 25% L RINE %2R L7= (Table5-1,entry7) , = &% ARG TIE, —ff
& 3k a-7 BEINVR=IALEDBRIET H T L TIMT VXTI HVFEE 21
SN SIND LAREL TS, o, (EEFGENOER D &, 7 I VRIS
BIE L TCWRWEIIZHRZ DM, 7T I L2 Migi0ETAl & L TIMA T\, il
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DWW TCIE, Weiss Bk, BRIEDT I 2KV 2 MigA0E T S —fliga3 Ak S

o6 ERFEIN TS (Schemes-7, EB) 17, L7223 T, entry 7 123 LTI,

—fli#HTH D CuCl Z VD HEILT 2 AIMER2NE T TH D720, i-PoNH R LT

FIGZEITSETWD, LEDORERLIY | RHRTREI T —MEADIE O BRI

LTHEETHLZ LRI 2, 2SI & b mINER L~ Lz Bk D)
(CuBr) #FRE LT, BEDHMFHIBE ST,

Table 5-1. SFfRERRTTS
[Cu] 1mol% Ph

i EtO,G MegTREN 5mol% EtO,C
M * , —
CO,Et EtO,C gr [-ProNH 1.5equiv Et0,C

toluene 0.5M

S-1a 52 :;'uiv 100°C, 20hrs 5-3a
entry [Cu] NMR Yield [%]
1 CuO 57
2 Cu(acac), 62
3 CuPc 5
4 CuBr, 68
5 CuF, 64
6 Cu(OAc), 56
7° Cucl 25
8No i-PryNH.

N
N N\CU/N\ N i T
2+
» e AW / MeMMe ) e
\ N/ Cu(acac),

CuPc
F2RT I EHOWTREZITo7c 2 2A, WIS FRREDINEZ /R L7z (Table
52,entry 1-4) , £/, FE3IH/TILLELTRIZF LTI (EN) 2HWEEZ
A, INHHREEDOINETH 7= (Table5-2, entry 5) . EtN % 2 gl D= T2 20 E
W THHL—FH, EZTHELLT VNI T AR T IVRINT VI NFEOKFEITEHF
54 57O ERE L IENm E Lo 72EE 2 5 %25 (Scheme 5-7, TE)
U8 UL7=mo T, 2RI LoD, TAXTNT PHARICKH L TOKFEILERZ
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LIZK WON i-PNH 2oz EHERITE 5, LEORER XY | HiEtEAE% i-ProNH &
LT, BN FREcE -T2,

Table 5-2. 5 EAa5T

CuBry; Tmol%

jh\>< Et020>< MegTREN 5mol% EtOzC></Ph§
+ - : »
CO,Et EtO,C Br amine 1.5equiv EtO,C

5- 1a 5-2a toluene 0.5M 5.3a
2 equiv 100°C, 20hrs
entry amine NMR Yield [%]
1 Cy,NH 54
2 i-PrNHE 56
3 i-BuNHMe 63
4 i-ProNH 68
5 EtzN 60

J. F. Weiss et al. (1964) ['7]

cu'c,+2 N —cia | s +cr

l l
2  a +
N NH N
Et/+-\/ Et/+ \/ Et/+v

C. R. J. Stephenson et al. (2009) [8]

)\ H Me
/N - N i
—>
RO,C”O CO,R  Reduction *

2

Scheme 5-7. & TS

3EBNL T THDH NN, N, N, N-RZAF)LP2AF L U7 I (PMDETA)
TlX 14% L BINETH - 7= (Table5-3,entry 1) 73, 4 FEENL T 25T L7- & 2 AULER
EMmEL, NNN, N, N, N, N7’ ~FH2AF )L ) =F L7 87 (HMTETA)
T 28%. TPMA T 49%, Me6TREN T 68% & 72— 7= (Table5-3, entry 2-3,5) . Elfi 1

DI K> TT VAN FRENRPERD LMo TR, 4 ERALTFIZBT S
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FOMElX, MesTREN > TPMA > HMTETA & SR TWAI = OEAITIRIC K &=
KENTEBD, UNIHRILK T UINVEREIELPVREFICEEL V2D, NE
BN F& LCNNN,N-T FT7F 2 Q-BU L AF)) =F LT 3 (TPEN)
ZRAWEGE TIHNROIERTAA LI, Ry REBNEIIEROEFHEELEINIEDS
X0 O UANKRICETFBEEZEEL CLE 7= /REM%NH 5 (Table5-3,entry4) .
&b mEINELZ R L2 MesTREN DL B2 EfLIzE 245, BEDOHINIINEDETIZ
DIRIND T ENGy o7 (Table5-3,entry 6-7) . Z DJRK X, %72 MesTREN /3 7
R ELTERT A Z & T, RO 7 v ViR = VS DK FEARD LR ME
HEINETZDTHD, LD »> T, RIZMeTREN DA TT I L BN T D5 DK
B2 HZ 5D TX Wit E X, i-PNH 22 TG 2T S B8, INRTH
BEICEED., HFE R TII R0 > 7= (Table 5-3, entry 8) . = OFRIZENL T D
A2 %L LI, BHIE 9 585K(Cu : amine = 1 :1 )& & 503, B2 585K (Cu :
amine = 1 3)RNHEOLNL72D, WEOETZHBWVI-EEZ XL TWD, BALF2He)
ST AEIIRICDIE L AV AT LDy > 72 (Table 5-3, entry 9) , LA EDOFER LV |
HRIBENI % MeeTREN & L. BB FHIE - 7=,
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Table 5-3. BN FHET

0,
CuBry; 1mol% Ph

o EtO,C, ligand 5mol% EtO,G,
M * . —>
CO,Et EtO,C Br i-ProNH 1.5equiv EtO,C

toluene 0.5M

5-1a g 2a 100°C, 20hrs >-3a
equiv
entry ligand NMR Yield [%]
1 PMDETA 14
2 HMTETA 28
3 TPMA 49
4 TPEN 39
5 MegTREN 68
6 MegTREN (20 mol%) 9
7 MegTREN (30 mol%) 8
82 MegTREN (30 mol%) 43
9 none trace
@No i-ProNH. ~.

PMDETA HMTETA MegTREN
| <
=N \N N7 |
D OO
| N\ N 2 ~N | N\
A A
TPMA TPEN

T—TVREE AR LIS A, Y a X F N AF L —T )0 (CPME) 13RI
Fra L. 1,4-dioxane [JHERIBAF/RINER % 5-% 7= (Table 5-4, entry 1,5) ., =—7
IVRBEBIINFRNICRERF2H L TV A 720, TOFFLEBEFAERICENLT S5 2
& CESRE AR T S B2 L B 2 T\ 5, 14-dioxane 1345 F &K & L CIddEMmMtETdH
D AREUSIIFEMEABEDIE O 235E L TV D ATREME 2 RIE LT D, FEERIC N, N-¥
AFNLHFENLLT IR (DMFE) R MeCN & W\ o - RREEEE CITRINEZ R L TW5
(Table 5-4, entry 3,6) , MeCN & £7-&RBIZENLT HZ ENFLNTWDH 2D, fil
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HERE AR T S B/ S HEHI T 5, 7o b U MEIREZ2 AW Z8E Tld, IWERIT 30%2
FEIZEEE Y, BWRHTRWNT 0357 - 7= (Table 5-4, entry 4,7) , SZHOEE 72~
g kR, TR VBRSO KEROAERAREL TCLE) EEXD
b, FEMIEIEBELE L C toluene #H W22 A, 68% b BIHFRINEEZ R LT

(Table 5-4, entry8) . & 512, toluene # AWV TIRERFTZIT o722 A, 025M D
EX 47%,. IMDE X 57%E 720 (Table 5-4, entry 9-10) . FERAIIZ05M &L E
WZ EREnTz, U EDORER IV | HiEAE % toluene (0.5 M) & L7z,

Table 5-4. A1
CuBry, 1mol% Ph

Ph EtO,C, MegTREN 5mol% EtO,C,
)\X * . s 3
CO,Et EtO,C Br i-ProNH 1.5equiv EtO,C

solvent 0.5M 5- 3a

> 1a > :;'uiv 100°C, 20hrs
entry solvent NMR Yield [%]
1 CPME 30
2 CH,Cl, 48
3 DMF 36
4 2-propanol 34
5 1,4-dioxane 54
6 MeCN 26
7 HO(CH,),0OH 36
8 toluene 68
9 toluene (0.25 M) 47
10 toluene (1 M) 57

WIZF % 1%, Fu L OFER 2550, HAEOFEEIZL > TAF LD 2 EHE
ARBB LN T BTN NVAR=NVEEDORIGE L LS ED Z ENTEHDOTIE,R
WordE %27~ (Figure 5-1)
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M: co-cat.

Figure 5-1. EfARIEIZ X 5 ROSE L #LE 7V

ZFIT,RNTVTL, A&, =T, AT U AE VWS TERERINT S Z LTI
K\ LA BfE L7z (Table5-5) , INED ETIEHDH, WTHILUZBWTHEIRF L2
RIFH SN2 D 72 (Table5-5,entry1-8) , EIEMMICEL TH, T ETHESN
L2 EDRMEEMBROND L7223 < BIBOSIZHES L TR, b
LFZEBFBEZEE L LHERNSND, LIEK->T ZORMRITASDE ZAFEHRT
XTHLP. MBI Z RV FRENE NS FERIZE 57~ (Table 5-5, entry 9) .
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Table 5-5. Atk st

co-cat. 5 mol%
CuBr, 1mol% Ph

)Ph\>< Etozc>< Moo [REL omol Etozc)%
+ - —
CO,Et EtOzC Br /-PryNH 1.5equiv EtOZC

e s et e
2 equiv
entry co-cat. NMR Yield [%]
1 Pd(acac), 18
2 Pd,(dba); 24
3 Pd(PPhj3)4 39
4 Pd(PhCN),Cl, 51
5 K,PtCl, 49
6 Ni(cod)s 24
7 Ru(PhH)(MeCN)3;PFg 22
8 PdCly(PhzPOPPhj) 54
9 none 68

TN T, RSO OFEME LT D2, A7~ 7T 7 4— (GC) %F
ALTCIEEI LIS EBo7- (Figures-2) , 728, WIEIZIXT b I T2 A0
TW5b, TTEBNGATHDE, a-7TBEN AR NIEE 52a BLOATF L Ui
'H 5-1a 1%, ISBAATE 10 Bl £ T L STEE S, IREIZE DOIHEFITHES) &
o TWND I ENynD, —H T, FT2OERY TH 5 5-3a LSRG 10 FRfE &
TIHMEFICAER SN TSR, ZAU ERIGFRRZIET T &, &9V ) biIFnEES
NTLED ZENmnole, ERINRISEHEITTHZ N T 2L THL00s L
RO, BB TR T E TR, E ISRV, BEO o -7 rE AL
R VEE RO KFEEK 2a-H DWRAICER L TV BEFLBIETX -, BEALER
B DINRERD TR, 7T 7Tt CHEM R EO BT TE 2208,
NMR CTEWERLOLREZ ARV 20h OEMETHEE 5-1a (XL A LTEELTED,
AR &R O NG DR LR o T D, BLEDRERNG | ARk 5-3a D
AR ERK E 2D 10 FER 2 RSO OSREMICERE L, BERKISSREOYEICEE L
THE 1T -7 (Table5-6) , 7235, BHMEOE S D SAFREBEIE 1 mol %2> 5 5mol %
IZHRR L TRET 21T o 7,
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CuBry; 1 mol%

jh\>< E‘°2C>< MesTREN 5 molts B0z Ph E‘°2C><
+
CO,Et EtO,C Br i-ProNH 1.5 equw EtO,C Et02C H

I 05M
5-1a 5. 2a o 5. 3a 5- 2a-H
2 equiv Internal Standard Substance : Tetradecane
1.6
1.4
1.2
-E 1
o]
o
< 0.8
D
<
© 0.6
'M .
3 2
D
A 04
3
0.2
—a 2a-H
! 1
0 5 10 15 20 25 30

Reaction times [h]

Figure 5-2. GC & i\ /- RSB B 52

XU I, SRl Y BfEt 21T - 72 (TableS 6, entry 1-4) , 5mol %7>% 100 mol %
FECTHAELLD, YEOBEIMIISFHEZBEHET L. 10-100 mol % D35 & | LN~ 7T RE
To o7 (Table5-6,entry1-4) , RIZ, B F OB EHRFTAITo72L T A, 10mol %
D & X\ ZHBEIEE 72% & BIFICKISD3EIT L7- (Table 5-6, entry 5) . M & & HINS
5 &, IWRITETEHA Z 7 L= (Table5-6,entry 6-8) . <213V . 7 I VRENLFD
HEINE R SR DK FILIR AR ZMRE L T L E 95 7mOIRINRIZ 2~ 7= R T
%o WBICT I RO Y EREIA{T 7= (Table5-6,entry 9-11) , 7 I VIR O&K
EFNL2MEHOBETLTHY | LB EICEHEXINIE 5 &, KB LEAERDIRR & 72
%o LIERNo> T, INEZLER/NRICIZ 5729 0.5-1 BEEZRHF LS, NI
KT L7z, RRIMZEWTIE, Smol%? 2 flifil %2 FE /7 BT HI2iX 1.5 &S Ol
72 i-PoNH BB THDH & W) FERICR T,

Table 5-6. filtfit, EfZ 36 L OV I REEOY M (HRRIR=R)
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0,
CuBry; X mol% Ph

jh\>< Etozy MegTREN Y mol% Eton
+ - . -
CO,Et EtO,C Br i-Pr,NH Z equiv EtO,C

toluene 0.5 M

5-1a 5-2a 100°C, 10hrs 5- 3a
2 equiv
Entry X Y z NMR Yield [%]
1 5 5 15 29
2 10 5 15 ND
3 50 5 15 ND
4 100 5 15 ND
5 5 10 1.5 67 (72)
6 5 20 15 45
7 5 25 15 46
8 5 50 15 18
9 5 10 0.5 49
10 5 10 0.75 32
11 5 10 1 36

52.2. WHBEEOZHRIZOWT

it SN2 VT, BB O R 42T 4E L= (Table5-7) , ABUGIC
BFLRERBESO—2L LT EMRLIEIREZET P ONEINERMS-3 & K& L,
W > THES S-1 BN TLE I 2 EnETF oD, £Ec, 5-2a 218
FIEHANDZ ENERY 53 ZINKEELBLHEOIHRBEEZ NS, TV
BAZRICBIT 2 RFBT VI NFEOBHE R ONWTERT DI EILEFICRETH D
DU FNTAERRT D IRFE T VN OREMEDRFE — RERE G IR RR 2 [V
TSELTOICEETHL EMAIL, RELT, T 51a0 L HRRE/ ATV
EEHERWD &ERINTIRIFIZEIT L, £ 5-3a & 72% CTH 2 7= (Table 5-7, 1a) .
LU, BBEEN = A7 VB CEATLHENE ) = AT VEEOHE, INEIX
16% & ISR HE D EIT LW Z L 2HEGR L= (Table 5-7,1b/3b) , HAII~rm R
TATINVEE ) ZATNDT P HNOREEZ LB LR, ~ 2 VT AT )LD JFH
K VBERD, FHOT P HNVEBENREAN LT ASAVELYEL holz72D, B
BIDRIENEIT Lo 12D TIEIRWInEe B2 T, 7~ UV EEHET 5855 7T
1L 53%E FREREOINELZ/RL (Table 5-7, 1c) . £7-. AT LVEEOLL LT T &
FIEETH 60%DINETRIGEZEITIED Z LIk L= (Table 5-7,1d) . L2»»
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LM, = heEEaFT 55813 NRE< EIT LR > 72 (Table5-7,1e) , K
TAHZVAINFET= bR L VRS EELEZ T HEEZ L0, ZICZED
TUHNFEDZF COBENRKEL 725 Z LT, WRINHEREICHETL T 5 AEE
MR bH, Fim, 7 2 EEZETHHERAICEBNTH, IWRIT 20%I2F £ >7- (Table
57,1f) . BB L LCr NS5 1g VW BE, £ s53a L bic, a—AF
NAFLVUDORIEEZBE LT, ZTOa—AFNVAF L 0L 5-2a HERD 3 kT
fEENT D2 LT, A 3a (X V1K) L ZDRMIK (= FE) 24AEKT DL
Ez b ERICINEK Y (¥ Y i F=97:3) THLI TS (Table5-7,
1g) . ZORERNG, 7 INEOEOWRIGHIX, 2 BEOENT-NEE (FWRE
M) L a—ATFNVAFLUOAERIZER L TWS EHEEITE 5, 2B, 7 VRS
DFEEICELTE. 77V b— 1D LI R IT 5 a, B —RNafifb &Y ORIE 1185
T&E 7)o 72 (Table 5-7, 1a-1f) . FEMIIARATH 22, BHIZEARIEHETL T
LESTZDOTEHARWMNEEZTCND, I 2 T /ZUBEERIT 7 IVETHDLIN, FE
KOFERERPITZ o220, REDE ) = ZAT )L 5-1a ZHWTHREZ1T72-
72
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Table 5-7. [& 3% i8R D7)
CuBr, 5 mol%
Bh R MesTREN 10 mol% R Ph
)\/[C] * i Vi v [ee
Br CO,Et i-ProNH 1.5 equiv EtO,C

toluene |
5-1 5-2a 100 °C, 10 hrs 5- 3a: R =CO,Et
3b: R =Me

====[C]/ Yields of Products 3

Moo Moo

CO,Et CO,Et -~ Cco,Me ,'B(Ac

5-1a/3a: 72% 5-1b/3b: 16%/@ 5-1c/3a: 53% 5-1d/3a: 60%

U
a" N02 ”’MCN ;M

- Ph
5- 1e/3a: 0% 5- 1f/3a:20% 5-1g/3a: 98%
(97 : 3)lbI

[a] Reaction with BrMe,CCO,Et (2b) instead of 2a.
[b] The ratio of isomers (exo and endo olefins).

523. AFLUEBOBEBEGRIZONT

WIZ, AF L UG @%Eﬁ%w%%nﬂﬁ L7z (Table5-8) , NI EFHGMHEE
RETREIMEEZET L5 IS X FRRE OILER THEIT L 7= (Table 5-8, 3¢-3d)
WRITHFRERNSH, 53¢ iooto“ 53d DULRIZENRN En D, BFHEE - R
SIMEFIZXT L COBDRREDFFRMEN 9 DN 2D, AV ML AT LVEEZF LTINS
FEEHAWZE A, KSTRFICEIT L, 83% CATE DAY 5-3¢ % 5 2. 7= (Table
5-8,3¢) ., L LWL, T7FAEER L TWEEEIX, KT 56% DN F
72 (Table5-8,3f) , A/ MIIZA FFVHESRLRA MF VAT NAEEZFTLHHET,
%&Eﬁﬁﬁwﬁu}z%%ﬁzk (Table5-8,3g-3h) , A /L MIOBEHEN KT THEIZ O

fﬁﬁxﬁ TIEHALICENTWARWA, TP H VRN AL MO BRI S O
ﬁ LXVRENEZ T DI ENEELDT iiﬁu\b:&%@ﬁl ILCW5b, HHEEREIC
E@%Lﬁrﬁ%ioctoﬂ?%*%‘,lrégwﬁjﬁ:ﬁa%1,71 A KW hicsnts B
AT L, HFIC 5-3) 15 89% & FEH | ’.ijmwizrbt (Table 5-8, 3i-31) , Z#L5
DFERIND, KEIEOAF LB, MERBFEEZH LN ENEETH
HERBIND, SERIZE RS %+A A L. T6% DR THTE D LR
B ol (Table 5-8,3m) ., £/o, RICHEICEL YTV EE2FTLHHEIZBNTH,
SR BIT 72 <. 64%DUINR THST LT (Table 5-8,3n) .
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Table 5-8. A F L 3B DOE#HIL)E

CuBr;, 5 mol%

)’\>< Etozy MegTREN 10 mol% Eton
+
COzEt EtOZC Br l"PerH 1.5 equiv EtOZC
-1

toluene
5. 2a 100°C, 10 hrs

Substrates 1/ Yields of Products 3

Br
EtO,C E 3 EtO,C E 3 EtOQC& EtO,C ! !

5-1h/3c: 64% 5-1i/3d: 58% 5- 1j/3e: 83% 5- 1k/3f: 56%
F
OMe
EtO,C EtO,C EtO,C EtO,C
5-11/39: 73% 54m/3h: 65% 5- 1n/3i: 86% 5-10/3j: 89%
EtOZC>E EtOZCE EtOZCj E 3 EtO,C E 3
5. 1p/3k: 76% 5-1q/3| 82% 5-1r/3m 76% 5. 1s/3n: 64%

524. 77V L— FHEEELORR

BWT, BIARRERT 7Y b— FNFEERNARINCHEAFRETH L0 E ) M ERE
L7- (Scheme5-8) , 77 U L — FiFiE(K 4 2 L TCa—7 2D LR=1LEY 2b
H LT 2c ZRINESED & RE—IRFBR/ESUMSNEIT L, PREOIETIE
LN, FNENINTHDERD P ELND Z LA RH L7 (Scheme5-8,5a-b) , L
TemoT, 77U b— FMFEERICOARRISTEHARBETH D, B, 77U L— 1§k
EREAWLHEIL. BT % MeTREN 225 TPEN [ZEFE L, F£7-, CuBr, % 10
mol %. TPEN % 20 mol %|ZHEET 2 LENH - 77,
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CO,t-Bu CuBr; 10 mol%

CO,Et RXR TPEN 10 mol% Ry, R COt-Bu
+ :
R"Ozc Br I'l r2N| I 15 eqU|V R“OzCM

COEt toluene
5-4 5-2 100°C, 20 hrs 5-5

X, W

EtOZC Br t'BUOzC

5- 2b/5a: 54% 5- 2¢/5b: 41%

Scheme5-8. 77 UV L — FNFEK 4 & DKt

52.5.  a-7aEThIVER=)VEE O ISE

a-7aBEINVR=NEEORISHERE L ZA, ETT AR AVEOEHEY —
PRF|TOHER LTV & IERITRT T 5 MmN~ H72 (Table5-9,30-3q) . &5
2. AT ELERLY 7 aNUF R, RUULVEEWSTERVWEREEZA LT
WAEA D, EIEEOMEME D TRIEERICE £ >7- (Table 5-9, 3r-3t) . ZiL5HOfE
Bon, BREIGTIE, a—7 02T VR UULEYMO T VX IVEED & E SR k
S BT HLEEZLND, BT, 7 XU FNERRUNVEERE LWL

TiX, R D GC-MS ST OfER, a-7 mEINVR=VIE @%%E%#*%E%
ICEEHRb ST HEEN S AR L TND D ENHERTE, IR KREL 25 L2 H
FEEDT I NI U COKBURENEIT L CLE D EHERITE 5, K
2. T AT IO SIARD EORRENGRIZEHEZ RIETHETl 5720, £V 7Tuen
TATNAB LN tert-7 FNVTZ AT NVERTHEEEZHANV TR EITo T2, fidke LT,
WTIUCEB W TS SEIRREDINE LY 5. 272720, AT NWAIOE S SIS E L
RN ERIEE - (Table 5-9, 3u-3v)
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Table 5-9. o -7 2 & VK= )VEE O N
CuBr; 5 mol%

R'O,C R MegTREN 10 mol%
* , —®  RO,C R
R'0,C Br i-ProNH 1.5 equiv 2
CO,Et tg'“‘ane R'0,C
5. 1] 5 2 100°C, 10 hrs 5 3

bromides 2 / Yields of Products 3

Etozc)<— Et02c><—/ Et02c><—/_ EtOZC)Z—

EtOZHzc Br EtOZC Br EtOZC Br Et02c Br
5-2d/30: 70% 5-2e/3p: 62% 5-2/3q: 61% 5- 29/3r: 40%
< . X
(o} o
EtO,C EtOZC)<—© o o
Y Br X Br
EtO,C Br EtO,C Br 0 o

5- 2h/3s: 35% 5- 2i/3t: 42% 5- 2j/3u: 79% 5- 2k/3v: 81%

BATHHEEELC, 2200 AT NVEEEFETDHa—7BEILR=ULEY 21X
BWEETHLIN, mATNVEEZ =D LA L TWRWGEIIREE TH - 72 (Table
5-7, 1b/3b) . Table 5-7 DFERMNS . 7 I NVERIIAINZB W CIEF I B W IRBERL C
HoHLEZOND, LENST, 2OV INEEETLIAF LU EE - 1g 2 VD 2
ETCRIEMNRE ) 2 AT VEE 2 OEBARARETIERONEEZ, EREZITo -
(Table5-10) . ZOFER., FREDOINETIEH 5N, MinT 2FFLEOAERM NGB
7= (Table5-10,3b-3x) , S B2, TATAHEELITTlERL ., TEFALEEDOEANC
HEE L7- (Table5-10,3y) . <0130, REMBEEOKBERE O S S 1L, RIS ZZh=R
B EITSHELDICHEFICEETHL LWV D,
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Table 5-10. 7 I VEA BB L L THWD Z &2 X2 RNIGMH R EE OB A
' CuBr, 5 mol%

Bh R\ R MegTREN 10 mol% Ry R FN
AN X, S MO
Ph R"OC Br i-Pr,NH 1.5 equiv R"OC

toluene
3
19 2 100°C, 10 hrs

bromides 2 / Yields of Products 3

Nl

EtO, C Br EtO,C MeO,C Achr
2b/3b: 54% 21/3w: 54% 2m/3x: 44% 2n/3y: 53%

5.2.6. HEE I D KIHERE

AFIEDE 2 55 Rk % Scheme 5-9 |27~ 1, £, —flifiL a-7 T IV

R NVFEERRINT DT ETIH/T XTIV EPNERT D, HtWVTARAF Lk
B2 EREARBAAINTE LTI AFREEZER L, ATV T ¢ v 7 B2
Ko THED 3T NI NMLERME 525, £z, BBEL7ZT7 VX LT 2R 2
filighl & RIS 5 2 & TN HEL, M A 7 ADNERTLHEEILND, ZOD
FOS VIR & SRARIEE D T I NFAENRE WD a7 DT 2 I VI AT FR D
RIGHEICRELS EEELZEZ TWDHEEZEZTWD, BBEL7=T VX107 U nib &
NTRWRHRFRICFEET DL B ORICHEITL, FREHIRE->TLE S, £D7k
D, AW a7 AR BiBEE I X > TERALFOFREE N LB R > T 2 DT )
&%7{@\6 EREROEHNS, SHAELIR IR R T VX ILT Vﬁ/b%ﬁféﬁ
RN OIZHETHY . AIBN O LX) RBAGHICRISE B IR o256, DT V0
NDFMOEIC, MEEEO T VXL T 2 H VO _%%ﬂib\ﬁmﬁoi<L
ITLRVWDOTITEW/NLEEZEZ TV D,

Eo. AN EEEZROE L7202, A s o&%%< LTH, IR
METTDEANA LN, BHIZONGR2WAE, BE L RFO a7 Aok
EREZ -2 & T RIS DA VBE B ROSEIEA TE 2L 20 | BIFS (R
V~—{bRoX A ~v—{b) DT LIZOTITE I EE X T,
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R! R2

EWG Br
R3 R4
BrXEWG'
Cull-x
R! R2
Br—Cu(h-x EWGX
radical
3 4 Ar 3 4
R° R addition RCR
o EWG' EWG'
e Ar }X R' R2 Ar R? R
W
EWG EWG SO Ewe

C-C bond cleavage
allylic substitusion product

Scheme 5-9. HEE S i1 5 AR
53. fEim

B E AL O REM A B 13D LB N B2 57210 C, < B2 WEE2Rd, L
LS, MCE)ZRERERE L TOTHELSE)FER &) RSREZRAW 2T
Fe 6T, RERFHTHL, LL, BECKRFZ-REGEEZUN L, BOKREE
BEREZEANTE D L 9 I iud, BEF O & AR CEIEMLCHREEAM B3 F OB 1%
ZER L., mEORIGEME T, REFE-IRF/EEORINZ -7 BRIDORKRFEEREEEA
175 2 & T, ERICEWKISER TERPITA D, ZOX I ICRNLERREEREE
e ORBEREBICANEZ S Z LN TEIR, BRI ERGREE OBE 2 H K,
BRALRICBWTC, a2 5252 LN TE D, £ 2T, FIEFEELRRIGETH D
FUNNFEIZEB L, TNERIETH LT, BROREB/EENUI CE 20 nEE
2 1o, PEFR, RFE-IRFAREE OB E, 0T A2 FI A U7z IS 85 ST
Wie, ENHERAWRWEEE LTEREZED TWLORHET VL TH D, fkx i
BEEL COMERN LR > TNDHD, ENLBBEEOZRERICKE L T\ d, SE,
2 WD 2 & T BEAORWT UNLIRE —RFBERE & 7 2 VAN OIT 5
ROtz BA%E LTz, EBRFERND, BEADRWRE —IRFFEE TN X0 Briz72 C(sp3)-
CEpI)fE B ZM T H7-DIiE. 1) BAT L o — 7 P NAFED T )L F )V ENSLARRIC
ABBESTNIRNZ &L 2) BT DIREFET PHNENRETHDLZ &, Lo T=5&ft
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MULETHD, £, WERMNOBREL LT, BRHITDO S22V, FEERO oL
WCEREEEZAET LG, INENA LT AEMB RGN, S%OFBEL LT, ofiL
WCERREN D A RFICINE N M LT ABBEOMIA L EATEARIJBEREDI LS
FAESC, Flo, MBEROFAM, SRR EBEM N NELNZ 5, BURTIEX. £7251
DEIECRLUIZERD AR LI FBREETCHH LV THHHN, T O RE I
SBIT L0 BB, OF D Bu ZMEEE L LIS Z BEICHEA~ERIT TR,
ST L EREE AR LIS ROBENMTZNIET b a ) I —0@A
Mo, RFNEORWKISRNDEREH KD EZ X TS
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5.5. FEBIR

1. General procedures

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 400
MHz NMR spectrometer. Chemical shifts for IH 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 (8 = 77.16),
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd.
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.

Typical Experimental Procedure for C-C cleavage

Cu salt (0.05 mmol), ligand (0.1 mmol), and 5-2 (0.50 mmol) were sequentially added under
air to a dram vial equipped with a stir bar. 5-1 (1.0 mmol), amine (0.75 mmol), and dried toluene
(1.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen
atmosphere [charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown
in the tables. After this time, the contents of the flask were filtered through a plug of silica gel
and then concentrated by rotary evaporation. The residue was purified by flash chromatography,
eluting with hexane/EtOAc to afford the product 3. Further purification was carried out by using
GPC.

EtO,C

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1a (0.50 mmol, 116
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3a (104 mg, 72%).
Colorless oil. '"H NMR (CDCls) 8: 1.06 (t,J= 7.1 Hz, 6H), 1.21 (s, 3H), 3.08 (s, 2H), 3.74-3.81
(m, 2H), 3.85-3.91 (m, 2H), 5.03 (s, 1H), 5.18 (d, /= 1.5 Hz, 1H), 7.13-7.25 (m, 5H); *C NMR
(CDCl3) &: 13.89, 19.88, 40.47, 53.46, 61.15, 118.35, 126.96, 127.57, 128.15, 141.86, 144.73,
171.95.
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EtO,C

Following the general procedure above, using 5-1g (1.0 mmol, 148 pL), 5-2b (0.50 mmol, 118
mg), CuBr2 (0.05 mmol, 5.6 mg), i-ProNH (0.75 mmol, 105 pL), MesTREN (0.05 mmol, 13.5
uL), and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3b (63 mg, 54%).

"H NMR (CDCl;) &: 1.11 (s, 6H), 1.09-1.12 (t, J = 7.17 Hz, 3H), 2.79 (s, 2H), 3.71-3.75 (q, J
=7.17 Hz, 2H), 5.05 (d, J = 1.80 Hz, 1H), 5.23 (d, J = 1.80 Hz, 1H), 7.23-7.34 (m, 5H); *C

NMR (CDCls) &: 14.02, 25.57, 42.54, 45.91, 60.24, 117.11, 126.88, 127.40, 128.20, 142.51,
146.34, 177.42.

Et0,C
Et0,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1h (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr,NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3¢ (98 mg, 64%).

Colorless oil. IR (neat) v 3083, 2981, 1728, 1445, 1236, 1107 cm™'; 'H NMR (CDCls) 8: 1.16
(t, J=17.2 Hz, 6H), 1.27 (s, 3H), 2.31 (s, 3H), 3.14 (s, 2H), 3.85-3.92 (m, 2H), 3.95-4.01 (m,
2H), 5.06 (s, 1H), 5.23 (d, J= 1.6 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H);
3BC NMR (CDCls) 8: 13.91, 19.92, 21.11, 40.39, 53.58, 61.15, 117.55, 126.80, 128.84, 137.29,
138.98, 144.55, 172.03; HRESIMS calcd. for C1sH2404Na(M+Na"): 327.1572 found: 327.1576.
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EtO,C,
EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3d (127 mg, 83%).

Colorless oil. IR (neat) v 2980, 1728, 1446, 1234, 1103 cm™'; 'H NMR (CDCl3) &: 1.11 (t, J =
7.2 Hz, 6H), 1.37 (s, 3H), 2.32 (s, 3H), 3.06 (s, 2H), 3.74-3.80 (m, 2H), 3.90-3.96 (m, 2H), 5.04
(d, J=1.8 Hz, 1H), 5.26 (d, J = 1.8 Hz, 1H), 7.05-7.12 (m, 4H); '*C NMR (CDCl;) &: 13.90,
19.86, 20.21, 42.59, 53.17, 61.20, 120.12, 125.43, 127.22, 129.12, 130.27, 135.29, 141.87,
144.96, 171.97, HRESIMS calcd. for C13H2404sNa(M+Na"): 327.1572 found: 327.1573.

Br

EtO,C,

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1j (0.50 mmol, 155
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3e (107 mg, 58%).
Colorless oil. IR (neat) v 3083, 2981, 1726, 1445, 1236, 1107 cm™'; 'H NMR (CDCls) &: 1.16
(t, J=7.2 Hz, 6H), 1.26 (s, 3H), 3.11 (s, 2H), 3.85-3.92 (m, 2H), 3.95-4.02 (m, 2H), 5.12 (s,
1H), 5.25 (d, J= 1.0 Hz, 1H), 7.17-7.19 (d, J = 8.4 Hz, 2H), 7.40-7.41 (d, J = 8.4 Hz, 2H); 1°C
NMR (CDCl3) &: 13.96, 19.97, 40.39, 53.51, 61.33, 119.02, 121.61, 128.67, 131.32, 140.85,
143.71, 171.90; HRESIMS calcd. for C17H2104BrNa(M+Na"): 391.0520 found: 391.0525.

L

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1k (0.50 mmol, 141
mg), CuBr2 (0.025 mmol, 5.6 mg), i-ProNH (0.75 mmol, 106 pL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3f (96 mg, 56%).

Colorless oil. IR (neat) v 3055, 2980, 1726, 1445, 1240, 1105 cm™; '"H NMR (CDCls) &: 1.11
(t, J=7.0 Hz, 6H), 1.31 (s, 3H), 3.28 (s, 2H), 3.78-3.84 (m, 2H), 3.89-3.95 (m, 2H), 5.21 (s,

EtO,C,

EtO,C
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1H), 5.41 (d,J= 1.4 Hz, 1H), 7.42-7.49 (m, 3H), 7.76-7.81 (m, 4H); '3C NMR (CDCls) 5: 13.91,
20.04, 40.47, 53.71, 61.25, 118.92, 125.52, 126.05, 126.33, 127.70, 127.84, 128.26, 132.94,
133.32, 139.25, 144.64, 172.07; HRESIMS calcd. for C21H2404Na(M+Na®): 363.1572 found:
363.1573.

EtO,C OMe

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-11 (0.50 mmol, 131
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3g (116 mg, 73%).

Pale yellow oil. 'TH NMR (CDCls) &: 1.12 (t, J = 7.2 Hz, 6H), 1.31 (s, 3H), 3.19 (s, 2H), 3.75-
3.82 (m, 2H), 3.83 (s, 3H), 3.90-3.96 (m, 2H), 5.12 (d, J=2.2 Hz, 1H), 5.18 (d, J=2.1 Hz, 1H),
6.82 (d, J= 8.4 Hz, 1H), 6.87 (dt, /= 1.0 and 7.4 Hz, 1H), 7.06 (dd, J = 1.6 and 7.4 Hz, 1H),
7.21(dt,J=1.7 and 8.0 Hz, 1H); 3*C NMR (CDCl3) &: 14.05, 19.95, 41.24, 53.45, 55.59, 61.18,
110.50, 120.25, 120.60, 128.92, 130.87, 131.55, 144.26, 156.90, 172.29; HRESIMS calcd. for
C1sH240sNa(M+Na"): 343.151 found: 343.1521.

OMe
EtO,C

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1m (0.50 mmol, 138
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3h (108 mg, 65%).

Pale yellow oil. IR (neat) v 3061, 2981, 2822, 1727, 1446, 1236, 1196 cm™'; 'TH NMR (CDCls)
d: 1.11 (t, J=7.1 Hz, 6H), 1.34 (s, 3H), 3.06 (s, 2H), 3.40 (s, 3H), 3.76-3.83 (m, 2H), 3.92-3.98
(m, 2H), 4.44 (s, 2H), 5.11 (d, J= 1.7 Hz, 1H), 5.27 (d, /= 1.7 Hz, 1H), 7.14 (dd, J= 1.4 and
7.6 Hz, 1H), 7.19-7.26 (m, 2H), 7.42 (dd, J = 1.5 and 7.5 Hz, 1H); 3*C NMR (CDCls) : 13.92,
19.91, 43.04, 53.30, 58.27, 61.24, 72.48, 120.67. 127.24, 127.42, 128.83, 128.89, 135.57,
141.63, 143.48, 171.93; HRESIMS calcd. for C19H260sNa(M+Na"): 357.1677 found: 357.1676.
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Cl

EtO,C OMe
EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 puL), 5-1n (0.50 mmol, 148
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3i (157 mg, 89%).

Pale yellow oil. IR (neat) v 3081, 2981, 1726, 1488, 1241, 1108 cm’!; 'H NMR (CDCl3) &: 1.13
(t,J=7.2 Hz, 6H), 1.30 (s, 3H), 3.14 (s, 2H), 3.80-3.86 (m, 5H), 3.92-3.99 (m, 2H), 5.10 (d, J
=1.9 Hz, 1H), 5.19 (d, J= 2.0 Hz, 1H), 6.80 (d, /= 1.9 Hz, 1H), 6.86 (dd, J = 2.0 and 8.0 Hz,
1H), 6.98 (d, ] = 8.0 Hz, 1H); '3C NMR (CDCls) &: 13.96, 19.87, 41.00, 53.34, 55.78, 61.18,
111.15, 120.47, 120.69, 130.01, 131.40, 134.13, 143.12, 157.40, 172.09; HRESIMS calcd. for
C18H2305CINa(M+Na*): 377.1131 found: 377.1137.

Et0,C

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-10 (0.50 mmol, 178
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3j (157 mg, 76%).
Colorless oil. IR (neat) v 2953, 2863, 1730, 1458, 1233, 1106 cm™'; '"H NMR (CDCls) &: 1.09
(t,J=7.1 Hz, 6H), 1.24 (s, 6H), 1.31 (s, 9H), 1.33 (s, 3H), 1.88 (t, /= 7.1 Hz, 2H), 2.85 (t, J =
7.1 Hz, 2H), 3.08 (s, 2H), 3.74-3.81 (m, 2H), 3.89-3.96 (m, 2H), 5.11 (d, /= 1.9 Hz, 1H), 5.19
(d, J= 1.8 Hz, 1H), 6.98 (d, J = 1.7 Hz, 1H), 7.03 (d, J = 1.7 Hz, 1H); '*C NMR (CDCl5) &:
13.97, 19.88, 28.68, 29.24, 31.71, 34.70, 41.72, 41.98, 44.02, 53.36. 61.00, 117.75, 119.24,
123.30, 137.54, 138.08, 144.78, 149.40, 152.75, 172.06; HRESIMS calcd. for
Ca6H3304Na(M+Na"): 437.2667 found: 437.2669.
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EtO,C OMe
EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1p (0.50 mmol, 140
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3k (145 mg, 86%).

Pale yellow oil. IR (neat) v 3080, 2982, 2874, 1727, 1499, 1233, 1101 cm™'; 'TH NMR (CDCls)
o: 1.12 (t, J= 7.1 Hz, 6H), 1.30 (s, 3H), 3.14 (s, 2H), 3.79-3.85 (m, 5H), 3.92-3.98 (m, 2H),
5.08 (d, J= 1.6 Hz, 1H), 5.17 (d, J = 1.6 Hz, 1H), 6.55 (m, 2H), 6.99 (t, J = 7.5 Hz, 1H); 1*C
NMR (CDCls) &: 13.94, 19.83, 41.08, 53.26, 55.73, 61.13, 98.70 (d, J = 25.7 Hz), 106.57 (d, J
=20.8 Hz), 120.49, 127.26 (d, J = 3.2 Hz), 131.35 (d, /= 9.5 Hz), 143.21, 157.93 (d, /= 9.6
Hz), 163.35 (d, J = 245.6 Hz), 172.10; HRESIMS calcd. for Ci1sH230sFNa(M+Na"): 361.1427
found: 361.1430.

Br:

EtO,C OMe
EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1q (0.50 mmol, 170
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-31 (152 mg, 76%).

Pale yellow oil. IR (neat) v 3081, 2981, 2838, 1726, 1485, 1237, 1105 cm™'; 'H NMR (CDCls)
o: 1.14 (t,J=17.1 Hz, 6H), 1.32 (s, 3H), 3.14 (s, 2H), 3.80 (s, 3H), 3.82-3.89 (m, 2H), 3.92-3.99
(m, 2H), 5.13 (d, /= 1.6 Hz, 1H), 5.12 (d, J= 1.6 Hz, 1H), 6.69 (d, J= 8.7 Hz, 1H), 7.17 (d, J
= 2.5 Hz, 1H), 7.31 (dd, J = 2.5 and 8.5 Hz, 1H); '*C NMR (CDCl;) &: 13.92, 19.84, 41.05,
53.29, 55.76, 61.17, 112.24, 112.49, 120.99, 131.24, 132.90, 133.43, 142.57, 156.02, 172.00;
HRESIMS calcd. for Ci1sH230sBrNa(M-+Na"): 421.0626 found: 421.0631.
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Cl

EtO,C, OMe

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1r (0.50 mmol, 155
mg), CuBr2 (0.025 mmol, 5.5 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3m (151 mg, 82%).

Pale yellow oil. IR (neat) v 3080, 2981, 2846, 1727, 1459, 1239, 1108 cm™'; 'H NMR (CDCls)
o: 1.13 (t, J = 7.1 Hz, 6H), 1.30 (s, 3H), 2.32 (s, 3H), 3.13 (s, 2H), 3.79 (s, 3H), 3.83-3.89 (m,
2H), 3.92-3.98 (m, 2H), 5.10 (d, J = 2.0 Hz, 1H), 5.17 (s, 1H), 6.66 (s, 1H), 7.02 (s, 1H); 1*C
NMR (CDCls) &: 13.91, 19.85, 20.23, 41.11, 53.42, 55.80, 61.15, 113.14, 120.58, 125.22,
130.39, 130.49, 135.97, 142.60, 155.32, 172.09; HRESIMS calcd. for Ci19H250sCINa(M+Na"):
391.1288 found: 391.1288.

CN

EtO,C, O

EtO,C

Following the general procedure above, using 5-2a (1.0 mmol, 191 pL), 5-1s (0.50 mmol, 158
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3n (120 mg, 64%).

Pale yellow oil. IR (neat) v 3079, 2981, 2250, 1725, 1446, 1234, 1102 cm™'; 'H NMR (CDCls)
o: 1.11 (t, J= 7.1 Hz, 6H), 1.31 (s, 3H), 2.13-2.18 (m, 2H), 2.63 (t, J = 7.1 Hz, 2H), 3.14 (s,
2H), 3.75-3.82 (m, 2H), 3.88-3.95 (m, 2H), 4.08 (t, /= 5.5 Hz, 2H), 5.12 (d, /= 2.0 Hz, 1H),
5.18 (d,J=1.6 Hz, 1H), 6.80 (d, /= 8.1 Hz, 1H), 6.90 (t,J = 7.4 Hz, 1H), 7.08 (dd, J= 1.8 and
7.5 Hz, 1H), 7.19 (dt, J= 1.6 and 8.0 Hz, 1H); *C NMR (CDCl5) &: 13.92, 14.36, 19.71, 25.66,
41.46, 53.26, 61.15, 65.64, 111.60, 119.43, 120.34, 121.07, 128.82, 130.74, 131.57, 143.25,
155.49, 172.01; HRESIMS calcd. for C21H27NOsNa(M+Na*): 396.1786 found: 396.1785.
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EtO,C

EtO,C

Following the general procedure above, using 5-2d (1.0 mmol, 266 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-30 (112 mg, 70%).
Colorless oil. IR (neat) v 3077, 2978, 1729, 1444, 1217, 1120 cm™; '"H NMR (CDCls) &: 0.75
(t,J=7.5Hz,3H), 1.12 (t,J="7.1 Hz, 6H), 1.92 (q, /= 7.5 Hz, 2H), 2.23 (s, 3H), 3.08 (s, 2H),
3.75-3.81 (m, 2H), 3.90-3.97 (m, 2H), 5.03 (d, /= 1.9 Hz, 1H), 5.26 (d, /= 1.9 Hz, 1H), 7.07-
7.12 (m, 4H); *C NMR (CDCl;) &: 8.42, 13.93, 20.17, 24.66, 38.50, 57.66, 60.99, 119.79,
125.35, 127.18, 129.12, 130.22, 135.23, 141.81, 145.04, 171.24; HRESIMS calcd. for
C1oH2604Na(M+Na"): 341.1728 found: 341.1733.

Et0,C

EtO,C

Following the general procedure above, using 5-2e (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3p (104 mg, 62%).
Colorless oil. IR (neat) v 3071, 2962, 1729, 1444, 1212, 1123 cm™; '"H NMR (CDCls) &: 0.77
(t,J=7.1 Hz, 3H), 1.04-1.13 (m, 8H), 1.79-1.82 (m, 2H), 2.32 (s, 3H), 3.08 (s, 2H), 3.77-3.83
(m, 2H), 3.91-3.97 (m, 2H), 5.02 (d, J = 1.8 Hz, 1H), 5.24 (d, J = 1.8 Hz, 1H), 7.08-7.12 (m,
4H); *C NMR (CDCls) §&: 13.92, 14.21, 17.36, 20.16, 33.71, 38.94, 57.32, 60.98, 119.74,
125.36, 127.16, 129.08, 130.23, 135.17, 141.87, 145.09, 171.30; HRESIMS calcd. for
C20H2804Na(M+Na"): 355.1885 found: 355.1885.

EtO,C

EtO,C

Following the general procedure above, using 5-2f (1.0 mmol, 294 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-ProNH (0.75 mmol, 106 pL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3q (106 mg, 61%).
Colorless oil. IR (neat) v 3074, 2958, 1729, 1444, 1262, 1182, 1125 cm™; 'TH NMR (CDCl3) &:
0.79 (t, J=7.3 Hz, 3H), 1.00-1.06 (m, 2H), 1.11-1.18 (m, 8H), 1.81-1.84 (m, 2H), 2.33 (s, 3H),
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3.08 (s, 2H), 3.77-3.85 (m, 2H), 3.93-3.99 (m, 2H), 5.03 (d, /= 2.0 Hz, 1H), 5.25 (d, J=1.5
Hz, 1H), 7.09-7.13 (m, 4H); '*C NMR (CDCls) &: 13.88, 13.98, 20.23, 22.85, 26.13, 31.24,
38.89, 57.37, 61.05, 119.83, 125.40, 127.21, 129.14, 130.29, 135.23, 141.93, 145.10, 171.41;
HRESIMS calcd. for C21H3004sNa(M+Na®): 369.2041 found: 369.2042.

EtO,C

EtO,C

Following the general procedure above, using 5-2g (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3r (67 mg, 40%).
Colorless oil. IR (neat) v 3059, 2978, 1723, 1444, 1218, 1048 cm™'; '"H NMR (CDCls) &: 0.94
(d,J=6.7Hz, 6H), 1.17 (t,J = 7.1 Hz, 6H), 2.32 (s, 3H), 2.33-2.38 (m, 1H), 3.07 (s, 2H), 3.87-
4.00 (m, 4H), 4.99 (d, J = 1.9 Hz, 1H), 5.26 (d, J = 1.8 Hz, 1H), 7.08-7.13 (m, 4H); 1*C NMR
(CDCls) &: 14.07, 18.79, 20.07, 31.35, 40.49, 60.70, 61.57, 119.10, 125.38, 127.08, 128.99,
130.16, 135.14, 142.59, 145.42, 170.53; HRESIMS calcd. for C20H2s04Na(M+Na*): 355.1888
found: 355.1885.

EtO,C

EtO,C

Following the general procedure above, using 5-2h (1.0 mmol, 306 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3s (62 mg, 35%).

Pale yellow oil. IR (neat) v 2953, 2869, 1723, 1444, 1217, 1037 cm’!; 'H NMR (CDCl3) &: 1.14
(t,J=7.1 Hz, 6H), 1.34-1.45 (m, 6H), 1.73-1.79 (m, 2H), 2.32 (s, 3H), 2.44-2.53 (m, 1H), 3.07
(s, 2H), 3.79-3.85 (m, 2H), 3.90-3.96 (m, 2H), 5.02 (d, J = 1.9 Hz, 1H), 5.28 (s, 1H), 7.09-7.12
(m, 4H); '*C NMR (CDCI5) &: 14.03, 20.18, 25.55, 28.10, 41.56, 42.06, 60.56, 60.79, 119.63,
125.34, 127.11, 129.12, 130.19, 135.22, 142.27, 145.31, 170.99; HRESIMS calcd. for
C22H3004sNa(M+Na"): 381.2041 found: 381.2044.
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QL C

EtO,C

EtO,C
Following the general procedure above, using 2i (1.0 mmol, 328 mg), 1i (0.50 mmol, 123 mg),
CuBr; (0.025 mmol, 5.7 mg), i-ProNH (0.75 mmol, 106 uL), MesTREN (0.050 mmol, 13.4 pL)
and dried toluene (1.0 mL) at 100 °C, yielded the product 3t (80 mg, 42%).
Pale yellow oil. IR (neat) v 3062, 2979, 1730, 1443, 1203, 1177 cm’'; 'H NMR (CDCl3) &: 1.12
(t, J=17.1 Hz, 6H), 2.30 (s, 3H), 3.00 (s, 2H), 3.23 (s, 2H), 3.81-3.88 (m, 2H), 3.91-3.97 (m,
2H), 5.09 (d, J = 1.9 Hz, 1H), 5.34 (s, 1H), 6.93-6.95 (m, 2H), 7.14-7.20 (m, 7H); 3*C NMR
(CDCls) 8: 13.90, 20.05, 38.00, 39.19, 58.97, 61.23, 120.13, 125.57, 126.93, 127.38, 128.23,
129.29, 130.25, 13543, 136.57, 14231, 145.38, 170.93; HRESIMS calcd. for
C24H2304Na(M+Na"): 403.1885 found: 403.1889.

i-PI'OzC

i-PrO,C

Following the general procedure above, using 5-2j (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 uL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3u (131 mg, 79%).
Colorless oil. IR (neat) v 3059, 2979, 1723, 1454, 1240, 1096 cm™'; '"H NMR (CDCls) &: 0.96
(d, J=6.4 Hz, 6H), 1.05 (d, J = 6.4 Hz, 6H), 1.22 (s, 3H), 2.22 (s, 3H), 2.93 (s, 2H), 4.62-4.69
(m, 2H), 4.92 (d,J= 1.8 Hz, 1H), 5.15 (d,J= 1.8 Hz, 1H), 6.95-7.03 (m, 4H); *C NMR (CDCI;)
o: 19.86, 20.15, 21.41, 21.51, 42.28, 53.33, 68.79, 119.80, 125.47, 127.18, 129.01, 130.33,
135.16, 142.42, 145.11, 171.58; HRESIMS calcd. for C20H2304Na(M+Na®): 355.1885 found:
355.1885.

t—BUOzC

t-BuO,C

Following the general procedure above, using 5-2k (1.0 mmol, 308 mg), 5-1i (0.50 mmol, 123
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pro,NH (0.75 mmol, 106 pL), MesTREN (0.050 mmol,
13.4 pL) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3v (146 mg, 81%).
Colorless oil. IR (neat) v 3070, 2977, 1724, 1367, 1248, 1110 cm™; '"H NMR (CDCls) &: 1.23
(s, 3H), 1.34 (s, 18H), 2.33 (s, 3H), 2.98 (s, 2H), 5.01 (d, /= 1.8 Hz, 1H), 5.26 (d, /= 1.8 Hz,
1H), 7.09-7.12 (m, 4H); 1*C NMR (CDCl3) &: 19.98, 20.29, 27.90, 42.39, 54.71, 81.29, 119.76,
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125.71, 127.23, 129.08, 130.56, 135.22, 142.95, 145.40, 171.51; HRESIMS calcd. for
C2»H3204Na(M+Na"): 383.2198 found: 383.2201.

MeOZC

Following the general procedure above, using 5-1g (1.0 mmol, 237 mg), 5-21 (0.50 mmol, 118
mg), CuBr; (0.05 mmol, 5.6 mg), i-ProNZH (0.75 mmol, 105 pL), MesTREN (0.05 mmol, 13.5
uL), and dried toluene (1.0 mL) at 100 °C, yielded the product, yielded the product 5-3w (150
mg, 54%).

IR (neat) v 1723, 1624, 1132 cm’!; 'H NMR (CDCls) &: 0.73 (t, J = 7.37 Hz, 3H), 0.82 (t, J =
7.37 Hz, 3H), 0.93-1.10 (m, 4H), 1.42-1.66 (m, 4H), 2.79 (s, 2H), 3.28 (s, 3H), 5.05 (s, 1H),
5.18 (d,J=1.80, 1H), 7.23-7.32 (m, 5H). 1*C NMR (CDCls) &: 8.33, 14.01,23.11,25.98, 26.53,
33.04, 40.65, 49.96, 51.09, 117.26, 127.00, 127.29, 128.11, 142.88, 146.55, 177.07; HRESIMS
calcd. for Ci1gH2602Na (M+Na): 297.1830; found 297.1834.

COzMe

Following the general procedure above, using 5-1g (1.0 mmol, 160 pl), 5-2m (0.50 mmol, 118
mg), CuBr2 (0.05 mmol, 5.6 mg), i-ProNH (0.75 mmol, 105 pL), MesTREN (0.05 mmol, 13.5
uL), and dried toluene (1.0 mL) at 100 °C, yielded the product, yielded the product 5-3x (44%).
IR (neat) v 1713, 1625, 1133 cm™'; 'TH NMR (CDCls) 8: 1.12-1.24 (m, 5H), 1.51-1.53 (m, 3H),
2.01-2.04 (m, 2H), 2.71 (s, 2H), 3.16 (s, 3H), 5.00 (s, 1H), 5.19 (d, /= 1.80 Hz, 1H), 7.20 (d, J
= 7.09 Hz, 1H), 7.25-7.31 (m, 4H). *C NMR (CDCls) &: 23.29, 28.76, 34.68, 47.38, 50.81,
116.91, 126.74, 127.24, 142.18, 145.51, 176.10; HRESIMS calcd. for C17H2202Na (M+Na):
281.1517; found 281.1519.

Ac
Following the general procedure above, using 5-1g (1.0 mmol, 122 pL), 5-2n (0.50 mmol, 118

mg), CuBr2 (0.05 mmol, 5.6 mg), i-ProNH (0.75 mmol, 105 pL), MesTREN (0.05 mmol, 13.5
uL), and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3y (54 mg, 53%).
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IR (neat) v 1722, 1449, 1130 cm-1; '"H NMR (CDCls) &: 1.05 (s, 6H), 1.99 (s, 2H), 2.78 (s, 2H),
5.03 (s, 1H), 5.26 (d, J = 1.55 Hz, 1H), 7.25-7.31 (m, 5H) . 3*C NMR (CDCl;) &: 24.91, 25.70,
44.78, 48.24, 117.12, 126.84, 127.58, 128.41, 142.76, 146.13, 213.93; HRESIMS calcd. for
C17H2,0,Na (M+Na): 225.1255; found 225.1259.
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2. Spectral charts for new compounds
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6.1. FFif

5 BEETIZT NI AZKT BRISTET TR, TA7r 28 LR 6 B %
L., SAfEIC Lo CAELA 7 VI NEOHAEZFEDO TX7-, LrrL, EORIRZE
WTHHANDAEEEIL 10 mol BIEELETHY | TENICHWAEE, 2755
TERDHoTWE, DD, KSR E L VERAN, > VSO T4
MWD EHEZ, 5FECIIABEEEZN RO WS RERICETF L,

ERLEZART D ET, By 7V U TIERPERODEIII IR > TWB R, £D
AWk » TiEx 2L xR LTWb, 31 REERYTH 55
B, BEENADERICA->TLE D Z & i)EBAENE < SICRAT S Z &
Pk 2 EREBEZoND, O ERT A7, K AEE 2K =& 5 Hik
NE LA, Pd W ONIIERICHFIE S TR Y . £ OfEERERSR | IIEF I
B D ODFHEI S LTV D (Scheme 6-1),

1
sz\\% Rﬂ% R
Pd
R1—x + or — or
R;-M RS-R1

turn over-number

p-CIPh

b
N—OH

a1

2
TON = 97,000
O, Ph
jou
cl

i)

z
TON = 105

Scheme 6-1. EHZNRA T » 7V 7 %475 128D Pd $&K

LU, By ) TRIGICBWT, TR0 E AT 1) BLAOIN i) B k35
RBEDOB RN ORETH Y | RIEBEMEETOT LI IVEFEAOBEFNITZL < 72
VY,

AT, BFBEALT U VKIS (ATRP) g7 v Ackt LT
NaFURTERFFICEANCTE, ML X 2RO BEREE~EFEHKD
ZEnn, BEARRIGO—DOTH DH(Scheme 2), Z DORHIE. SFfREE L~ 7 L0
Rt L, LT VMK > TRIBNETT 5, e LIt L o
FUNKIET HEBEITEETH Y BN FIZE - TRPO T ¥ A VIR E D HIE T
XL ERBITOND, T2, TIOHART AT oI, A UT=T vt

218



BERORT 22 L TR—<2 MELRD DT, BIEHNZARIGMT A2 % (Scheme
2),

AN
R RS X R

R —> R
- M] —>» R* —>»
R—X + [M] R./\/ 3 R.)\/M
X = Halogen n

Scheme 6-2. ATRP DO#E3E
ZDORINE a - NVR= LGN BRI RS T 52 L TAELD T VL
DT N7 AKX UM ETZIZES %17 9 KIS TH D, 1995 4, Matyjaszeski
WL > THRESINTLEE, < D& BTSN INTE T,

a) Tong, X [2015]
Pd(cod)Cl, 10 mol%

\l\\/ LC' IMes-HCI 20 mol%
Cs,C03; 20 mol% [ ,%
N (o} Nal 4.0 equiv \I\\/ /k |
1 - (0]
PG

N No | > N
o-xylene, 135°C I!’G PG
PG = 4-NO,Ph 1%

b) Weinreb, S et al. [1988]
H H H

Ru(PPh3)3CI3 5 mol%
Cl .
Me PhH.165°C, 72h L me H I~co,me
Cco,Me CO,Me Cllp ™ Me

50%
Scheme 6-3. £k~ 7248 %2 A 7= ATRA

L L, RHETHAND L 9 72 RIEERENERT D720, AWV 2 AREEN 20 (10-
30mol%) & W\ 9 RIE R B - 72,

W, TNERRT 572012, BtEHITH S AIBN 2 A5 ICARMS V270 ©
X9 7—BFE K EH VD ARGETD &L W ) SR HE SN TWVWD, 2O ICAR
WEBRARZ W CA LT T VI » T, RIEWFETH 2 AN 2SI~ & =T
THIET, BEKEEEFR L TODEHR, BAEIEZ AW 57290, BlGEENIHIR L
TRIGRENMLE L 72> T A2, BATE ARISHDV72NWT ENRBLRTH D
(Scheme 6-4),
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Wilson, P et al. [2008]

R2
Br R2
3
7 "R’ Cy(TPMA)Br 0.1 mol% q Br
AIBN 10 mol% 2R3 R®
o~ N > —
R!'=Ts, Bn |IQ1 R!
R2, R® = alkyl, H 8 examples 14-100%

R1:R%R3 = Ts:Me:H dr = 3.5 :1

Scheme 6-4. AIBN % i 72 ATRA(ICAR)

F£7-. ARGET |Z KBHs°T7 A /)L E VD K 9 728 A0 & FWTC, RiEMHE
AN Z BT T H Z & T, FkEL "Fj“?ﬁ#—)iﬁﬁ%éﬁk LTCW5, LA L. ICAR TiLi#E
FRREEIZHIBEDN & 5 Z & . ARGET TILZE AN DOIEMEA Z BN L7 T hid7e &
72T EAEET B LD (Scheme 6-5),

Ghelfi, F et al. [2015]

[Cu(PMDETA)]CI, 0.5 mol% S
¢l cl ascorbic acid 2.5 mol% \
i /(/ Na,COj; 5 mol% j\ /l/
N
07N !
Bn

3:1 EtOAC/EtOH, rt Bn
95%
81:19 cis:trans

Scheme 6-5. 7 A = /L & % V72 ATRA(ARGET)

iz & U U T HEE S U SR 2 DT SR EB L TV L6
HhH, ZOMEFFMELIIHERNMATETDH D,

N N

2N - S T
cu'Cl

Scheme 6-6. 7 X C X 5 —EFETOHEAE

UL ED X 912, ATRA, ATRP D458 T ;‘c#% 2% < OENBERISOHEF D 2
STWDHD, %Tﬁ}iﬂ'}(ATRS)O) FYETCIIRZIC. B TER LTSI 20,
N ERHRT B 72012, ATRA, ATRP OFUGMEZHl L TV D EALF & B TTHI &
LTERT 27 I VBl 2(T9 2L T, LOEROBEWKIGRNFE TE S
D TIEIRWN ) & B 2 7=(Scheme 6-6), 1A 60 kg DR A 10 g DFEZERT 5 ER.
ZZIWZRADRHFEINDIEEL LTCE, PdDHA Sppm, Cu TH 15ppm F TLMFHF
KRENTNRWOL ZDi=w, EF‘%‘J: L., BE#ICx L CTHROBREL 15ppm 2
FEE IR R D KO RBUGRORFELX BfE L. LLT&REREF 21T > 7,

cullcl, +
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6.2. ML BE

6.2.1. ZeMmaEt
BN, RIEIRICE L EEL 52 CTWAERK L E X NN FDOBS 21T
7z (Table 6-1), BifiLFD T VA NFEAENROMER & LT, ZEREDOENL T3 XD
MRMBNEF LN TWDH T, TPMA(Entry )& AV 72, fER L L CONERTHE
ETH DN TON(ﬁEﬁﬁtlEl;ﬁﬂZ) L9500 & BFRMENE LN, ZORRNG LR
JEOZ NN T ERAWEmE, WELM ETHEEXx, LVEZOEFREET D
TPEN(Entry 2)7&%»\(*%#%170@ LU, FRICK L CUERIT 15%FLE & 72
STr, TIUBNDRAEMNBNRGN TN, REDOT PINVIRENREL 2> TLE
STeT2D ) ROSHIEIAREE & 72 0 INEMMET L TOTIE RV EE X 72, IRIZ
X0 T U NVDFRAEHRINE PMDETA(Entry 3)% AW TR 21T/ & 2 A,
WEOE EIZED 72 - 72, 2 H MesTREN(Entry 4), 2,2’ -Bipyridyl(Entry5) % %
L7 E 2 A, RRRICIEDO M EIZRIAD D)oo, RIZED S &3 L CTRAL
FOENZW-H, YEZWO L TRETZITo72E 2 A, 2mol%(Entry )I2E T
OGS EITT D 2 Ebinoiz,
Table 6-1. BT DfRGT

Cul 0.005 mo 1%

COLEt Ligand 20 mol % CO.Et
2 iProNH 1.5 equiv X
toluene1 M
6-1a 1.0 equiv 6-2a 2.0 equiv 20 h, 100 °C 6-3a
GC Yield [%]
| N NMe,
Me,N -
MezN\/\ /\/N\/\ 2 \/\N
N NMe, Me N\)
N = H 2
a: TPMA 45% NMe, b : TPEN 15% c : PMDETA 21%
MeZN\/\N/\/NMEZ /_\ \ /
Me,N__J NN
d : MegTREN 35% e : BiPy nr
f: TPMA 5 mol% 39% g : TPMA 2 mol% 49%
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WRICHEREROBI 2T T2, ETUEREENRKZIVEINTND 3 KT I Z2HN
T 21T - 72 (Entryl-5), &5, DIPEA % AW 2RI ER D BWIER CRIG A ETT
Lz, 7, BB FE LTHVWLRDZ L H S E Y VU (Entry 6)X°
TMEDA(Entry 7)% FV 7228 $RICESAZF L C L EWV, ROSHNEN LIEENMET
L7z, TIVITETHE L THERTALEEZCWDIED, TIVDOEBFEEDE
{LEINRDOMBEAEED -0, 2 #kDT 2 2 (Entry 8-11)DEFT 24T - 7223, ZEN
Rohginoi,

Table 6-2. 7 X > OfaHt
Cul 0.005 mol %

co.er  TPMA2mol % CO,Et
/©/\ >4 2 PaselSeau N
+
B
r toluene1 M

6-1a 1.0 equiv 6-2a 2.0 equiv 20 h, 100 °C
Entry Base GC Yield [%]
1 TEA 42
3
2 \r \l/ 52
3 Hex;N 40
4 H 20
-, \|/\

5 EtNHiPr 43
6 Et,NH 40
7 Cy,NH 6

8 (N_Z) 17
9 O 15

N
10 Me, N~ NMez 7

N
A
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ISR 24T o712 & 2 A, = —T VIR (Entryl,3,4) % VO 72 B, IURAR %
ET HEM R S, BRI E AV -RE, IEENME TS 2BRR R o, B%
O BR~OERMNERS, BROFEREZERTHZEEZHEL TCWLTEDEE X
bbb, TDH, FEHUINERD L) 7- DME AW TCRICHERE GETH) Ot
Z1T-o72,

Table 6-3. VA&t
Cul 0.005 mol %

copr  TPMA2mol % CO,Et
/©/\ >< 2 DIPEA 1.5 equiv X
+
>
Br Solvent1 M

6-1a 1.0 equiv 6-2a 2.0 equiv. 20 h, 100 °C 6-3a
Entry Solvent GC Yield [%]
Cl DCE
1 Cl/\/ 18
o
2 [ j dioxane 33
0]
OMe DME
3 Meo/\/ 55
4 \OD CPME 37
\S/
5 1 nd
5 DMSO
H
6 \N/go DMF 13
I
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RZEEDOY BRI 2T o7, 1.0-2.0 HEE THRFT LA, 1.5 HEAWZERC
BKHBWIECKIENEITT L2 ER¥bholz, ZORKIGTIET 2 I3 EHF=E
TEAIE LTE EBEZXTC0D7D, 1.0 Y& EXNETH D, 2.0 YEEZFH W
NRIE T 2RO, YENZWZ LT, RHTT I UEN T & IFENfRE &
PR AT DM CHA L2720 Tl W n B NS, Lo TINERDME L
DR TT0, 1.5 BBEOFEFEEMEFTE21T o7,

Table 6-4. D)

Cul 0.005 mo 1%

co.gt  TPMA2mol % CO,Et
Q/\ X 2 DIPEA 1.5 equiv N
+ >
. Br . tolene 1 M
6-1a 1.0 equiv 6-2a X equiv 20 h, 100 °C
Entry equiv GC Yield [%]
1 1.0 36
2 1.2 41
3 2.0 35

6.2.2. RBLEIERZHR DO BN T L X AIZ BT 5 FERE

el AR 2 O CHEEBRAT 21T - 72 (Scheme 6-5), k% 72/~ 57 1-(6-3b, 3e) &
WTRRZIT 7L 2 A 4 BR3c 2 AT 2B~ VBT AT L 6-3e 2 H T
D6 CH RIFRIE TSN HEITT 5 2 L binotc, MKEEO KX /AT
Ly 6303 DOMEREEZFTHHETE 7EID S 9 EFRE OULE TR HEST
L7z, £7o. BFER 6-3h HTHHETH 6 HIONEETRIGHEIT Lz, WKIZ,
BRxRa- AT NVAF L ERHWOTRAEZITo 72, MIKEEZEO RSV a7 6-3i
ERVIEHEITABREDONERLE o7, £, v BT ATV 6-3) OF ./ T
ATV 6-3k & HWTZIBE THPRREN G mWIER TRIGET Lc, AF L Ui
NG EETHEE 631, 3m THHREOIE TRISIET L, Livb i
[EIHER 3R < e C 8900 DB D Z & AvbinoTz,
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Table 6-5-1. FEBFHIE

Cul 0.01 mol %

~ copr  TPMA2mol% R COqEt
5 ;
AN + DIPEA 1.5 equiv Ar A R’
R™ “Br DME 1 M
6-1 1.0 equiv 6-2 2.0 equiv 44 h, 60 °C 6-3
Yield [%]
CO,Et
X CO,Et X CO,Et X CO,Et X CO,Et
MeO MeO MeO MeO
6-3b : 89% 6-3c: 70% 6-3d : 88% 6-3e : 81%
TON 8900 TON 7000 TON 8800 TON 8100
MeO
MeO
OMe
6-3f : 69%(20h, 100°C) 6-3g: 87% 6-3h : 61%(20h, 100°C)
TON 6900 TON 8700 TON 6100
i =
Table 6-5-2. FEHRaI#
Cul 0.02 mol %
R cogt TPMA2mol % R COqEt
2 DIPEA 1.5 equiv ,
A o B ———— Ar R
R™ "Br DME 1 M
6-1 1.0 equiv 6-2 2.0 equiv 44 h, 60 °C 6-3 (exo : endo=90:10)
Yield [%]
Et Bu CO,Et
CO,Et CO,Et CO,Et
MeO MeO
6-3i : 43% 6-3j:61% 6-3k : 83%
TON 2150 TON 6100 (Cul 0.01 mol%) TON 4150
CO,Et CO,Et
Cl Br
6-31: 83% 6-3m : 54%
TON 4150 TON 2700
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6.2.3. 7 IV LA LIS 015 51

DFARNRETAF A R=ABREHRIND 2 EiFmonTlsy, SEAFEL
72 B3 C & B )t L 7= (Scheme 6-5), DU EAJ S92 L T, flfEEx
R 25000 THRIGHEITT D2 Enbholz, S FTLOEIEN LR --FHE L
TIE, B FHARIETh o770, SFERICE > TE LT VI ADNEIR IS & 2
T2 &L, BHOKIENEIT L2720 EB X T,

) Cul 0.002 mo 1% o X Yield TON
y TPMA 2 mol % N/
N DIPEA 1.5 equiv 0.02 quant 5000
Br > 0.01 77 7700
DME / MeCN 1 M (9:1)
H 20 h, 100 °C 0.002 50 25000
6-1j 6-30

Scheme 6-5. 73 FIN G (XA > R—I/LEAK)

F 7o, Fx OLBTOMIE CHEERIZ L > TE LT PNV TT U NALDRFE-IR
EREATZUM CEXAZ LR TWVWE, ZORSICELTHEATE A0 e
L7, MR, fBEEIERERT 3650 TR ICINE - 72, ULED X 51T, AR Lk
BRI L 2ROSICHEATE 5 2 &b nol,

~ "Ph Cul X mol % -
TPMA 2 mo 1% X Yield TON
DIPEA 1.5 equiv CO,Et

6-1i : 1.0 equiv o 0.02 73 3650
DME / MeCN 1 M (9:1) 6.3n 0.01 36 3600
X 20 h, 100 °C
Br” “CO,Et
6-2a 2.0 equiv

Scheme 6-6. [XFE—RFEfE A B~ D1 A
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6.2.5. fEiE

Ty 7Y TR E LETITOHE. ERYA~DOEMICKZ ST 2 id7e o7
W, — BAERCEINL LIZ35A . BRETDDIXES Tlina< ROKG CEEZE L
FIFTREEMENR S D, T2, TNRREERM T - 12546, FREEEN RS
BEELH D, T, TEMITIIMBEEN D2 WKIERBRD LN TEY, £
IS LT ROS b S STV b, Pd & AV Heck UG T b MR ERZR 13K S
BREETHLIN, spP? REFEDEALIMTZ 72\, & 2 THEIOSRAIEE 2 V72 K
REBRTT S L CLEREOMBER AL CE RV EE 2T, 5 FCHRE LR
DO TSR 10 mol %fEEMEE L 72> TEY | MESN TS ATRA IZE
WTCH RN LETH D, ZIVUIANRNIEEREO Cul IZBb XN G-
Thd, TNHERRT HI2DIC, Z ATETHZ AW KIIGHIE STV 5,
LU, BIAlZ W56 T SRR 3K < | st 2 v 7o R AR 13
EEREREICH D, AE FALT—EFETAE LT 7 I UIER Lz, BAL
F L LTRIZHNWTWS 2D, HEVFEREDLLT ., BIRISHE Z D fERME 6
W od, BEAZETH E L THW TR Z1T> 72, AE. CW/TPMA $&{K % Fv
L2 LT, BROB WA ZBIR TS 2 LIk LTZ, EAlE LI N F
NTA I TaeNT I EAWERR S BWINETERY NGO, ELAO
fEmE LTiX, £V N EOBFEENE ROIRREELT AV & TR
ETDEMAE SN, BEIIHROEMRE L LT D MERH TN Y A M
V=T NV ERWICRICR BINENE L ol RESMHE AW CEERNEIT
ST AER . AREEEERRIT 2,300-23,000 & WO ERHTWS, L, FOSSEE L
TR 100 L9 K0 BE 2 SN MBI o=, TR ERRRT 572010,
IR T A - BT O 2 BEOBRFPMLEICR > T 5O TIERVY N EEZ
TW5, —BIICHRE SN TV HENLT (TPMA,PMDETA %) Tid/: <. TPMA
DFEERLICETHEEEZET L L) BB FERNLE L ->TL 5, fFRE
2. Z OFHEAL T2 BR% L, =R CHUEERIFRSE 100,000 2 EOMENE Hiv D &
IR ZEFEDOTVE, COREFENEBEEEDE AL BEHREKE XA K
— W HTEA TE DI AT O LERND D,
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6.4. FEHRIA
Compounds 6-3a-3e!, 6-3j-3n? and 6-5° are known.

[reference]

1. Nishikata, T.; Noda, Y.; Fujimoto, R.; Sakashita, T. J. Am. Chem. Soc. 2013, 135, 16372
2. Nihiskata, T.; Nakamura, K.; Itonaga, K.; Ishikawa, S. Org. Lett, 2014, 16, 5816

3. Ackermann, L.; Vicente, R.; Hofmann, N. Org Lett, 2009, 11,4274

1. General procedures

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 400
MHz NMR spectrometer. Chemical shifts for IH 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 (& = 77.16),
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd.
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.

Typical Experimental Procedure for Alkylation

Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), ligand (0.02 mmol), and 2 (0.50
mmol) were sequentially added under air to a dram vial equipped with a stir bar. 1 (1.0 mmol),
amine (0.75 mmol), and dried DME (1.0 mL) were added by syringe, and the resulting mixture
was vigorously stirred under nitrogen atmosphere [charged by general N2 (99.95%) gas flow]
for 20 h at the temperature, as shown in the tables. After this time, the contents of the flask were
filtered through a plug of silica gel and then concentrated by rotary evaporation. The residue
was purified by flash chromatography, eluting with hexane/EtOAc to afford the product 3.

Further purification was carried out by using GPC.

CO,Et

3a
6-3a

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2a (0.50 mmol, 59
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131x1) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
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yielded the product 6-3a (64 mg, 55%); 'H NMR (CDCls) &: 1.25 (t, ] = 7.2 Hz, 3H), 1.40 (s,
6H), 2.33 (s, 3H), 4.14 (q, J=7.1 Hz, 2H), 6.35 (d, J = 16.2 Hz, 1H), 6.41 (d, ] = 16.2 Hz, 1H),
7.11 (d, ] = 8.0 Hz, 2H), 7.27 (d, ] = 8.0 Hz, 2H). 1*C NMR (CDCls) &: 14.20, 21.18, 30.80,
44 38, 60.80, 126.35, 127.89, 129.35, 133.62, 134.52, 137.26, 176.53.

CO,Et

MeO 3b

6-3b

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2b (0.50 mmol, 67
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C,
yielded the product 6-3b (110 mg,89%); 'H NMR (CDCls) 8:1.25 (t, J = 7.1 Hz, 3H), 1.39 (s,
6H), 3.79 (s, 3H), 4.13 (q, J = 7.1 Hz, 2H), 6.26 (d, ] = 16.1 Hz, 1H), 6.38 (d, ] = 16.1 Hz, 1H),
6.84 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H). '3C NMR (CDCl;) 8:14.11, 25.09, 44.23,
55.17, 60.68, 113.97, 127.50, 129.95, 132.37, 136.29, 159.17, 176.45

X CO,Et

MeO 3
c 6-3c

Following the general procedure above, using 6-1b (1.0 mmol, 207 mg), 6-2b (0.50 mmol, 67
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C,
yielded the product 6-3c (87 mg, 70%); 'H NMR (CDCls) 8: 1.27 (t, ] = 7.2 Hz, 3H), 1.90-19.4
(m, 2H), 2.22-2.27 (m, 2H), 2.56-2.62 (m, 2H), 3.81 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 6.15 (d,
J=16.1 Hz, 1H), 6.55 (d, J = 16.1 Hz, 1H), 6.86 (d, ] = 8.7 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H).
3C NMR (CDCls) 8: 14.46, 16.17, 31.16, 50.17, 55.57, 61.03, 114.29, 127.79, 128.57, 129.63,
130.15, 159.47, 176.14.

X CO,Me

MeO 3d

6-3d
Following the general procedure above, using 6-1c¢ (1.0 mmol, 221 mg), 6-2b (0.50 mmol, 67
mg), Cul solution (5 x 10> mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131x1) and dried 1,2-dimethoxyethane (0.5 mL) at 60 °C,
yielded the product 6-3d (127 mg, 88%); '"H NMR (CDCls) &: 1.30-1.44 (m, 3H), 1.55-1.65 (m,
5H), 2.18 (m, 2H), 3.69 (s, 3H), 3.80 (s, 3H), 6.02 (d, ] = 16.3 Hz, 1H), 6.37 (d, ] = 16.3 Hz,
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1H), 6.84 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 8.7 Hz, 2H). 13C NMR (CDCls) 5:23.47, 25.99, 34.36,
49.24,52.28, 55.63, 114.31, 127.80, 129.11, 130.26, 132.13, 159.54, 176.17.

CO,Et

X CO,Et

MeO 3e
6-3e

Following the general procedure above, using 6-1d (1.0 mmol, 187 ul), 6-2b (0.50 mmol, 67
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C,
yielded the product 6-3e (124 mg, 81%); 'H NMR (CDCl3) &: 1.26 (t, J = 7.1 Hz, 6H), 1.65 (s,
3H), 3.80 (s, 3H), 4.19-4.23 (m, 4H), 6.43 (d, J = 16.2 Hz, 1H), 6.54 (d, J = 16.2 Hz, 1H), 6.58
(d, 8.7 Hz, 2H), 7.34 (d, ] = 8.7 Hz, 2H). *C NMR (CDCl3) 14.11, 20.46, 55.41, 55.71, 61.74,
114.12, 125.59, 127.98, 129.52, 130.36, 159.63, 171.51.

CO,Et

3f
6-3f

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2¢ (0.50 mmol, 73
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-3f (90 mg, 69%); IR (neat) v 1727, 1611, 973 cm’!; '"H NMR (CDCl3) &:
1.25 (t,J =7.3 Hz, 3H), 1.42 (s, 6H), 2.24 (s, 6H), 2.27 (s, 3H), 4.15 (q, J = 7.1 Hz, 2H), 5.82
(d, ] =16.6 Hz, 1H), 6.35 (d, ] = 16.6 Hz, 1H), 6.86 (s, 2H). 3*C NMR (CDCls) &: 14.33, 20.76,
21.06, 25.13, 44.76, 60.82, 125.62, 128.54, 134.21, 135.96, 136.13, 139.37, 176.62;
HRFABMS calcd. for CISH2003Na (M+ ): 248.1412; found 248.1413.

CO,Et
MeO

MeO
39
OMe 6-3¢
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2¢ (0.50 mmol, 97
mg), Cul solution (5 x 10> mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C,
yielded the product 6-3e (134 mg, 87%) [1]; IR (neat) v 1722, 1236, 1120, 965 cm™'; 'TH NMR

(CDCl3) &: 1.26 (t, ] = 7.2 Hz, 3H), 1.40 (s, 6H), 3.83 (s, 3H), 3.88 (s, 6H), 4.15 (q, I = 7.1 Hz,
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2H), 6.30 (d, J = 16.1 Hz, 1H), 6.36 (d, ] = 16.1 Hz, 1H), 6.60 (s, 2H). '*C NMR (CDCls)
8:14.24, 25.20, 44.44, 56.19, 60.94, 61.03, 103.50, 128.10, 133.04, 134.13, 153.49, 176.49

CO,Et
Sh
N
Et 3h

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2d (0.50 mmol, 111
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-3h (102 mg, 61%) [1]; IR (neat) v 2973, 1720, 1229, 1124, 1023 cm™'; 'H
NMR (CDCl3) 6: 1.28 (t, J = 7.0 Hz, 3H), 1.42 (t, J = 7.3 Hz, 3H), 1.46 (s, 6H), 4.17 (q,J =7.3
Hz, 2H), 4.6 (q, J = 7.2 Hz, 2H), 6.41 (d, J = 16.2 Hz, 1H), 6.62 (d, J = 16.2 Hz, 1H), 7.23 (dt,
J=0.9 Hz, 7.3 Hz, 1H), 7.34 (d, ] = 8.6 Hz, 1H), 7.40 (d,J =7.9, 1H), 7.46 (m, 1H), 7.54 (dd,
J=1.6 Hz, 8.5 Hz, 1H), 8.10 (m, 2H) '*C NMR (CDCls) &: 13.82, 14.26, 25.32, 37.61, 44.46,
60.83, 108.56, 108.68, 118.56, 119.01, 120.58, 123.10, 123.29, 124.36, 125.85, 128.45, 128.78,
131.91, 139.68, 140.44, 176.82;

CO,Me

3i 6-3i

Following the general procedure above, using 6-1e (1.0 mmol, 236 mg), 6-2f (0.50 mmol, 59
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131x1) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-3i (62 mg, 43%(p:d=9:1(the isomers are inseparable)))!']; IR (neat) v 1726,
1130, 1075 cm™'; "H NMR (CDCl3) 8:0.70 (t, J = 7.43 Hz, 3H), 0.80 (t, ] = 7.40 Hz, 3H), 0.92-
0.95 (m, 2H) ,1.12-1.15 (m, 2H), 1.48-1.53 (m, 2H), 1.58-1.64 (m, 2H), 2.31 (s, 3H), 2.75
(s,2H), 3.29 (s, 3H),4.99 (d,J = 1.7 Hz, 1H), 5.14 (d, ] = 1.8 Hz, 1H), 7.08 (d, J = 8.1 Hz, 2H),
7.19 (d, J = 8.1 Hz, 2H). 3C NMR (CDCl;) &: 8.35, 14.04. 21.14, 23.14, 26.00, 26.51, 33.09,
40.66,49.96, 51.11, 116.56, 126.86, 128.77, 136.95, 139.96, 146.36, 177.14

CO,Et
CO,Et
3j
6-3]
Following the general procedure above, using 6-1d (1.0 mmol, 187 ul), 6-2f (0.50 mmol, 59
mg), Cul solution (5 x 10> mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
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diisopropylmethylamine (0.75mmol, 131x1) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-3j (93 mg, 61%(p:d=9:1(the isomers are inseparable)))!!; 'TH NMR
(CDCls) 8:1.15 (t, T =7.1 Hz, 6H), 2.31 (s, 3H), 3.14 (s, 2H), 3.85-3.92 (m, 2H), 3.90-3.95 (m,
2H), 5.06 (d, J = 0.8 Hz, 1H), 5.23 (d, J = 1.6 Hz, 1H), 7.08 (d, J = 7.9 Hz, 2H), 7.21 (d, J = 8.0
Hz, 2H). 3C NMR (CDCl;) 5:13.94, 19.94, 21.14, 53.61, 61.19, 117.59, 126.82, 137.32, 139.00,
144.56, 172.07.

CO,Et

3k
3k

Following the general procedure above, using 6-1¢ (1.0 mmol, 198 mg), 6-2a (0.50 mmol, 59
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131x1) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 3k (102 mg, 83%(p:d=9:1(the isomers are inseparable))) 'l; 'H NMR
(CDCl3) 6: 1.11-1.14 (m, 9H), 2.33 (s, 3H), 3.77 (J = 7.0 Hz, 2H), 5.01 (s, 1H), 5.21 (s, 1H),
7.09 (d, J = 7.8 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H). '3*C NMR (CDCl) &: 14.02, 21.13, 25.57,
42.60, 45.80, 60.25, 116.36, 126.73, 128.87, 137.07, 146.12, 177.51.

CO,Et

Cl 3]

6-31

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2f (0.50 mmol, 76
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-31 (65 mg, 49%(p:d=93:7(the isomers are inseparable))) ['; IR (neat) v
1722, 1133, 835 cm’!; 'TH NMR (CDCls) 8: 1.01 (s, 6H), 1.12 (t, J = 7.1 Hz, 3H), 2.75 (s, 2H),
3.77 (q,J=7.11J, 2H), 5.07 (d, J = 1.3 Hz, 1H), 5.22 (d, J = 1.5 Hz, 1H), 7.20 (d, ] = 8.5 Hz,
2H), 7.41 (d, J = 8.5 Hz, 2H). 1*C NMR (CDCl;) &: 14.03, 25.57, 42.57, 45.75, 60.36, 117.73,
121.35, 128.57, 131.30, 141.41, 145.26, 177.26

CO,Et

Br 3m

6-3m
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2¢g (0.50 mmol, 98
mg), Cul solution (5 x 10> mmol, 5 x 10* M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg),
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diisopropylmethylamine (0.75mmol, 131xl) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 3m (83 mg, 54%(p:d=93:7(the isomers are inseparable))) [!l; IR (neat) v
1722, 1193, 1008, cm™; '"H NMR (CDCls) 8: 1.10 (s, 6H), 1.12 (t, ] = 7.1 Hz, 3H), 2.75 (s, 2H),
3.76 (q, J = 7.1 Hz, 2H), 5.06 (J = 1.3 Hz, 1H), 5.22 (d, J = 1.5 Hz, 1H), 7.19 (d, J = 8.5 Hz,
2H), 7.41 (d, ] = 8.5 Hz, 2H). 1*C NMR (CDCls) &: 14.03, 25.57, 42.56, 45.81, 60.35, 117.68,
128.22, 128.33, 133.23, 140.93, 145.22, 177.27

CO,Et

3n
6-3n

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2i (0.50 mmol, 98
mg), Cul solution (5 x 10 mmol, 5 x 10* M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg),
diisopropylmethylamine (0.75mmol, 131x1) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 6-3n (85 mg, 73%) [!}; 'TH NMR (CDCl3) &:1.11 (t, J = 7.2 Hz, 3H), 1.11 (s,
6H), 2.80 (s, 2H), 3.72 (q, J = 7.1 Hz, 2H), 5.05 (d, ] = 1.6 Hz, 1H), 5.23 (d, J = 1.7 Hz, 1H),
7.23-7.32 (m, 5H). *C NMR (CDCl3) &: 14.02, 25.57, 42.55, 45.91, 60.25, 117.11, 126.90,
127.40, 128.20, 142.51, 146.35, 177.43.

N/

> 65
Following the general procedure above, using 6-4 (0.5 mmol, 127 mg), Cul solution (5 x 107
mmol, 5 x 10* M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg), diisopropylmethylamine
(0.75mmol, 131ul) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, yielded the product 6-
5 (88 mg, 100%) 1; 1TH NMR (CDCls) &: 1.37(s, 6H), 3.21 (s, 3H), 6.85 (d. ] = 7.7 Hz, 1H),
7.06 (t, J = 7.5 Hz, 1H), 7.20 (d, ] = 7.3 Hz, 1H), 7.26 (dt, J = 1.2, 7.6 Hz, 1H). *C NMR
(CDCls) o: 24.35, 26.16, 44.14, 108.07, 122.31, 122.54, 127.73, 135.89, 142.72, 181.46.
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1H NMR

13C NMR
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1H NMR

13C NMR
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1H NMR
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7.1.1. i

6 B CIIERAfREE D VLI E DAKIZAKZH L. TON 8900(fffEE 1 43 AMal 4y DRE
ERIET B Z ENRHEDL N EWVIFEIE) W) EERREEER L2, L EANRK
JRICT 570, EEEEYMEIZZ Ao NAEKTHL, XA R—LDF
EMIZEF LT,

NH

v iPr
0
N
HO H

(+)-elacomine (-)-Horsfiline

Scheme 7-1. A1 R—IL & 'BHE &35 KKW

AFIEMEMEIZZEDEBERPEZ AN TWDLZ Enb, 4% A F—17T
NimA K] EGEINTND, TOZENLAFTA 2 R—/LTEBERERD
—DOTHDHIEMAZD, XAV R VB ERT HEBIEEHE DL 1T
NNV—ICBETL00EM MBI Z ENMONTEY, #*r%/Tﬂ‘
((Scheme 7-1), T D'E&EEKT D702, a)y&EELZ B W0 v 7 ) v 7<b)
TN E R RIG 2 < #HE S LTV 4 (Scheme 7-2),

a) EEHEICLBd YTV
M
X | [M] o
N [M]
N
O —
X =H, Br
b) SN ERAVEIRIE -
Tl)k O
oh -
= [C], [O], [N],
X = H, Br [S], [P]

Scheme 7-2. 74 % > 4 > R— /L&D - DRFER 22 F1E

GRELANIT 7Y TRONIRELS T T3 EEHY, UTICEIND
(I: BRIz RE L= v 70 7 i 0 KBEEEERB LD 7Y >
J i hFAUMEBEAE W=D 7 U ) (Scheme 7-2),

251



i) LB {3 InER B LEDYTIIT

Br R Br” o
r!J Rh(COD)CI; B~ .. . o

—_— —_—
I ©/ N—

i) BiKRZ2HE2NYTIVY
Ry
R Pd!
Pd(OAc)zAco RE o P
N > N
“HOAc > -

iil) DFAUEEREERWVENYTIVY

sastd
o

Scheme 7-3. 1w 7V N2 HFFHIA v R—ILERK

[(M]

N—

Rh it 2 WA Z & T, 7V =T A RIZEBERIFTINEZ KRB L, 73007

N ANHEANT H T E T, XA K==L &AL L TV 5 (Scheme 7-32)21, 77 v

TV TNR—=F =L LTT V=T A RIEZ AW TSN, EEIRN

LI TV BRES . L0 BEMRAERE A VWA TENEER WS, £ 2 TE
H STV D DM IRFIKBRE S O BRI EWR S T & % (Scheme 7-3b), 2011 4,
Li %12 X > T Pd(OAc), Z % Z & T CMD ZfRH T2 Rah#fE sn-BL £

7o, ZNLISMZ RhAIR° PA(IN D & 5 rm Ao EfEx H Wb 2 & T, LA &

LCE&BRNME, BEER L TAHF AL F—LZ2A L TnaH,
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a) Yang, S. D. et al. [2015]
[Rh(COD)CI,]/BINAP

R2
| NaHCO, X R* R'=Me
R3 * Rb-X ——> R:—/ o R2 = Alkyl
l;l o) dioxane N‘ R3=FG
R1

120°C, 24h R!

b) Liu, G et al. [2011]

2
Pd(OAc)zl Ligand R CN
R2 -
R+ (o] N,
CN AgF, MgSO4 Z N AIkyI NJ\ﬁ' P
) Y
MeCN, 80°C R! =FG

Scheme 7-4. FE(LEIFHINZ X L 72 OGRE

L)L, By 7Y T TEATXLERECEHIERS Y, REBTEEOHR L2
STWNWD, THERET D01, TN ERWERIENRHRE SN TNDHEL A~
THFRTEZEANTEZLMINNIZ<MESNTEY, < ITMBRIEE AW KIET
& % (Scheme 7-4a)[%!, Yang 2% TMSN3 X° HPOPh, # iV T, R CHEfRIR & 7 =
FORBEATWENENREY VARKEDOE, BELZT D INVFEIZL LT U0
NEBALDEIT L, BHIOAF A v R—= L EmMEER L WL £, filfts -
ZEZ LN TV HEHEDOEANIZ S AKX L TV % (Scheme 7-4b,c) 1B,
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a) Duan, X, H et al. [2013]
. AN (o) (o)
G+ *
= N (o) R1 RZ
I

b) Yang, S, D et al. [2013]

R', R = Alkly, Ph

AgNO;
HPOPH, POPh,
FG‘@\ —> FG 0
N o H2,0 N
| 50°C \
R', R? = Alkly, Ph
c) Yang, S, D et al. [2013] AgNO;

Zr(NO;),-5H,0

TMSN, POPh,
FG —— G 0
N (o) MeCN N

| 110°C \
R', R = Alkly, Ph
Scheme 7-5. $RZ FAW/= 4% A R—/LERK

SEARBEE DD 2N —HRR 2 T VXA EOBANTHRE SN TWVDHR, 4 fixE
MEL ST XA =V E BT D RISIERTEHREFT 2V, L LoT
NEISTIEEREFIN S D, ATRA ZIioH L., 5 FRN TR DS 0O|mEFIN =
NoTWb, ZZTIHHAWLIERELBOT-0IZ, M EETTH & L THY
LFER, B ExgD LT —BFETATHWLIHELHRESNL TS
Pl(Scheme 7-6).

Bellesia, F et al. [2013] [Cu(PMDETA)]ICI,
ascorbic acid Cl «—Cl
\L I _ NaCoy 2—)
EtOAclEtOH 0= ™nN
|
Bn
trans :cis=8:2
Scheme 7-6. = LA 2 A2 @2 2 G
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Scheme 7-7. 777 4 fRIRFBIEE L -T2 A XA R—VEK

LN LD ARIRBIEREZ - T AT A v =V ARRIIREHREFTIL R,
BT A SN KIS T, St 1 S ER V2T VUK EREIT Lo 7=
[19(Scheme 7-7), ZhZRNEWEH & LCiE, BAIZHEML T o To728, fil
EEAENE LT O TIE VN EZ X TV D,

o Cul 0.002 mol% o
>|)L P TPMA 2 mol% n/
N DIPEA 1.5 equiv
Br o
DME / MeCN 1M (9:1)
H 20h, 100°C

Scheme 7-8. 73 FNAF A » F—/LE (6 &)

N ORMEERT HI-HIC, 6ETHELLLSA Y e F Ay I
(DIPEA)Z iR Al & L CHW BRI HA TE 20 TIEW B 2 | FfESHE
5t %2 1T - 7-(Scheme 7-8),

72. fEREBE
7.2.1. SAERET

6 EDOEMEEANWTIHREFEZIToT & 2 A, T0%DINETRIGHEITL, ATRA T
Z < HVWHITUV D MeCN & VB, IEEA M E L, 80% DOINER TRIG A HELT
L 7=(Table7-1, Entry1,2), (2, MeCN % F\ T SRARGE O it e 5 4 fEt L7,
0.02 mol %(TON 5000)7%>% 5 ppm(TON 200000) F THFEMF L= & 2 A, 0.001
mol % F TERFZRNENRIAD D Z L3 ghnoT=, E7o, Sppm FBE DO TH H iz
FEOIETRISPEITL TWDLENDL, @R RME S 2T A THL Z LN
- 7=(Table7-1, Entry3-9), XI(Z, ENL 0T VI NVRENREXE L TWDHTE0D,
3 EEMND 6 FEOBREN 42 HNWTHRETZ1To>72, TPMA L0 &7 P HIVFRAES)
FLHMENY PMDETA X° 7 ¥ B VFRAENRNE N & STV 5 TPEN X° MesTREN %
HAW5GE, BIRICINENMET 352 Enbhro7-, GCMS L) 7 eET AT )L
DAER LT 2728 PMDETA TIIA L S 7 U WVREMEL . S0 2 5T
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X7 PHNVIRENET E L0, BRIORISLSN A EIT L T % &3 % 72(Table7-
1, Entry10-12)., KRIZETHIE L CHWTW S BB OBH 41T -7, TEA 1%
C®. iProNH X° HexsN & AW THRET 21T o 70, N ORI O RFE ORI K E )
1F EURER N ) _EF BB A & o 72 (Talbe7-1, Entryl13-15), &% (ZIEE OBEH 21T -
Teo IREZTITL L. BRIOAERDHSFRRELLT T LG B2 - 72 (Table7-1.
Entry16,17), LA E7>5 [ 100°C, MecN H CHfiz 7 & L T TPMA . #ZJtAl & L T DIPEA
ZFRWTZBRIT, S0 B &1 0.002mol%FRE E TRV S LD Z Enbinsl, Z
DI G2 W Tk~ 2 2B 2 AV Gl A omet 217 - 72,
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Table7-1-1.5:4: 45

\
N
,L Cul 0.001 mol%  ©
“Ph Ligand 5 mol%
CO.Et Base 1.5 equi
.5 equiv CO,Et
o * >< >
Br MeCN 1 M
7-1 1.0 equiv 7-2a 2.0 equiv 20 h, 100 °C 7-3a
Entry Base Ligand GC Yield [%]
1 \N IVIQZN\/\N/PMDETA trace
T Me,N._J
DIPEA
MezN\/\N/\/NMEZ
2 DIPEA MEZN\) MesTREN  trace
NMe
Me,N g 2
3 DIPEA N’\;"I‘\‘n TPEN  trace
e
NMey e

R0
4 DIPEA N N7 TPmAa 59
N

5 TEA TPMA 13
6 iPrNH, TPMA 52
7 HexsN TPMA 27
8 DIPEA TPMA 12 (60°C)
9 DIPEA TPMA 38 (80°C)
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Table7-1-2.5:4: k5

\
N
| culXmoi%  ©
TPMA 5 mol%
N
)H( “Ph COEL  pipEA 1.5 equiv CO,Et
y e
o Br MeCN 1 M
7-1 1.0 equiv 7-2a 2.0 equiv 20 h, 100 °C 7-3a
Entry X [mol%] GC Yield [%] (TON)
1 0.05 70 (1600)
2 0.02 80 (4000)
3 0.01 quant (10000)
4 0.005 86 (17200)
5 0.002 94 (47000)
6 0.001 59 (59000)
7 Sppm 35 (70000)
7 none No reaction

R 2 A2 A A v F—L B RUIC T 2 B T

G E AW TR REEZBREI LI, XU BUVREC, A MRV EOL IR
B GEEZ AW, B RINEE(70-96%) TR IG 23 EST L 7= (Table7-2, 3c-
3¢,3h, 30)., AT NEEZETHEAITFREOINRITET LI &b, A XY
EOXIITENVETHEGENLETH D Z &N DOM -7 (Table7-2, 3b), £/, 7
vREATHHETYH 61%DIETHKIENEITL, TAT /LD L ) eE TR
EHTHHEETH 43%DIER TR H#EST L 7=(Table7-2, 3f, 3g), KIZ. N LDOE
BB A Bt ° Ph IZE X THFE&ZITo 7o, R, BRO5 07 ZHWEEATYH
BAF72 R RIS ST L 72 (Table7-2, 3j-3m), &% IZ~ 0 U BRFEEERST BET
I NFEEERAWTRISEITo72HETH, TALEIL 64% & 90%DUNEE TG H
#1T L 7=(Table7-2, 3n,30), UL L, £kx o E % AW THRETZITR - iR, &l
b U751 TH s T TON 48000 23F H 7= Z Lt FERITEIEO B WVREER T
bHHEEZD
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Table 7-2-1. ZhER D BB R K DA Ao A o R—VERK

\
N
| Cul0.005 mol%  © | Fe
SAr COLEt TPMA 2 mol%
) °
o . >< DIPEA 1.5 equiv CO,Et
Br toluene 1 M
7-1 1.0 equiv 2a 2.0 equiv 20 h, 100 °C 7-3(b-h)
Yeild [%]
\ \ \ v
N N N OMe N
o o o o
OMe
CO,Et CO,Et CO,Et CO,Et
7-3b : 86% 7-3c : 88% 7-3d (3d’) : 74% 7-3e : 88%
TON 8600 (Cul 0.01 mol%) TON 17600 TON 14800 TON 17600
F OMe
\ \ \
N N N
o o o \N
CO,Et OMe o
CO,Et CO,Et CO,Et
OMe
CO,Et
7-3f: 61% 7-3g: 43% 7-3h : 96% 7.3d
TON 30500 (Cul 0.002 mol%) TON 8600 TON 48000 (Cul 0.002 mol%) }
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Table 7-2-2. RO BVVAEERIC L D84 et oA v R—LBRK
R
N

Cul 0.002mol% ©

R . TPMA 2 mol%
LN X DIPEA 1.5 equiv FG
R Br R*

fo) toluene 1 M R”
7-1 1.0 equiv 7-2 2.0 equiv 20 h, 100 °C 7-3(i-o0)
Yeild [%]
Et Et Ph Ph
\ \ \ \
N N N N
(o] (o] (o] (o)
CO,Et CO,Et CO,Et CO,Et
7-3i:78% 7-3j : 90% 7-3k : 73% 7-31 : 86%
TON 15600 (Cul 0.005 mol%) TON 45000 TON 14600 TON 43000
OMe
\
N N N
(o] (0] (o]
CO,Et OMe
CO,Et CO,Et
CO,Et o CO,Et
PhHN
7-3m : 64% 7-3n : 90% 7-30:73%
TON 32000 TON 18000 (Cul 0.005 mol%) TON 36500
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7.2.2. RGHERE O R

FREND ROSRIIE S & 7 P VB D 2 SN B 2 b b, 3R
JaE LT, 3 fko~a Ak 1 &—liDa VLSRN RIGL 7 Y i A AT
Bo TORFEELEZTOHNET 7 VAT I RPN ERZ L, 700 B 2N
HLD, 220D )RNUBURICT UM EERREFEBRNKED 28 B %
5D, T, 1 TIRELET VINVEB N T+HNRILICE > TT UV C AR
L7205, 208 E G LA F A FED BNAERT 5D, i< HEIC LD RBENK NI &
> CTHERE DS 515 (Scheme 7-9),

®
\ Base-H Base \
N NQ®
o & Z o R EWG
R Br
EWG EWG )
R KR R R
3 D, cu'
\ Cu"
N [ ]
o R EWG
R e
EWG A
R R
¢ \
N I
N
° . “Ph
EWG 1
R R
B

Scheme 7-9. & 2 515 o4&

WRIZ T 2 T )V E RS Tl M RISFERRIC—EFBENREZ Y, 7AX LT L
ANERL, B BRILRIGDNEITL, IV HAED BNEKT S, 20TV H LD N
3o T A 2 EROSTHZE T, N S AU E LT U NEE A BNERL, T
UHVESEEE LT D, RBICEREICK D B2 ISEIT L, B 3 2B TS
(Scheme 7-10),
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i) initiation N \
o N
cd cu o
R EWG

] [ )
R Br R EWG
2 A R R
ii) Propagation \ B
N
\ \
o \© N N
(o) (o)
R EWG .
' >
Rv [ ]
EWG EWG
A R R R FK
B D
Br
\N ° R EWG \N
° R' Br 0
2 R EWG
L +
EWG EWG R” °
R R R R A
D E
iii) E, reaction
\ Br \
N N
o Base o
>
EWG EWG
R R R R

Scheme 7-10. & 2 55 it

7 U VEEEE CHEIT L CWAREREZIT O 2oz, 7 U ABIRANC X D RIS
ZAT > 7=(Scheme 7-11), 7 2 71 /ViEGHEAE THIT L TW DO THNIT, difl 4
VBERWEEZ -, R L LT, SR 0 TSGR Z B WEE, Kb
PTONCEIT LT, F 0, BBANC L D27 PO VTAE T TV DR, ZOEDOEK
JERET L TV RN EBE X D, ZORRNL, T2 VBN CIrie
WEE 27,
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MGOZC \
( )(N% N
2 10 mol% o

|
/JL“/N\Ar TPMA 5 mol%
><002Me DIPEA 1.5 equiv CO,Me
+

(o)

Br MeCN1 M

7-1 1.0 equiv 7-2a 2.0 equiv 20 h, 100 °C 7-3
trace

Scheme 7-11. 7 2 F VB

7.2.4. i

6 T CHBLEERR OB WIS RE R L, Thad AV CREEEME ORE#
ELTESKARBNDAF U A F—UIZEER Lz, O FHRINITER LTV 5035,
BHER BT AT DI OIITn FRIRKICE BB T 2 ME R HDH, £ THRET
EDFROTF A RV ERICIRY AT, x4 F—=VBRITHZEZ<
DMEFRH LD, ENHELDOEREXHAW RTS8, £ Z THIX6
BOEMEZSR L, MEERO®m ORISR ORIBICE Y HATS, SHEEEFZ1T
Slz& 2 A HREEIE 0.0005 mol % THUGHEIT L2 Z &nh, FEEITHERD
BWRISRTHDLZ ENmhD, Flo, BRAITHLEEITOWNWTY 6 F & AR
DEFN R S, FCLK N=2F LA V7 a 7y w0V ERD LVE)
RBCRISHEITTDHZ LB mhoTz, B+ & LTHREERT, TPMA Z W
IZh o &b BV RERRNE LN, Z O, OB TIRIZE A EREN
BT Lo T2, BZEOLSEHDOBENMENTZD, TV WNVORAENENEL 20
LT UAINERAZ T Y L— EBRIT D E TR D206 TRV
EEZT, TNICELTTBEZ DTS2 LT, TENSHROLENITZ DD
TEHRWNEEBEZTVD, RiESGEEZRAWT, FEEERF 2T 7228, ER b L
VMEMIZ R X 2o 7o, BFER EICETFHRGEN S 2R, fiiiEEE3m L5 5
ZENRG T FOMOMERNIA S 5B oTc, TOZEIZEL TR 4
%, WSHEMZBEOIMLEND D, £/, UK S LT, K< Tnen
D, LO LWL LI T VAR ELTER, TV L > THFRNERIL
DETL CEROERD B ELNTWD EEZX NS, £T-. RSP ESE G
TRWVEERA & LT, BIAZ AW KIS T 720, ANz e A EE b
Mol D, REINIMERIE TH DL EEZEZX NS, RGOS % OFRE L
LCiE, EHRFOMEmEETeZ & ¥ —7y M FIEELERE > TV,
CORIERERNWT, %A v R—/VHEROERBIEEDE OB ZERT D
ZENFETEND,
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7.4. FEBRIA

1. General procedures

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 400
MHz NMR spectrometer. Chemical shifts for IH 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 (8 = 77.16),
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd.
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.

Typical Experimental Procedure for Synthesis of oxindoles

Cul solution (5 x 10> mmol, 5 x 10* M in MeCN, 0.1 ml or 0.05 ml, 0,02 ml), ligand (0.02
mmol), and 2 (0.50 mmol) were sequentially added under air to a dram vial equipped with a stir
bar. 1 (1.0 mmol), amine (0.75 mmol), and dried MeCN (1.0 mL) were added by syringe, and
the resulting mixture was vigorously stirred under nitrogen atmosphere [charged by general N»
(99.95%) gas flow] for 20 h at the temperature. After this time, the contents of the flask were
filtered through a plug of silica gel and then concentrated by rotary evaporation. The residue
was purified by flash chromatography, eluting with hexane/EtOAc to afford the product 3.

Further purification was carried out by using GPC.

CO,Et

7-3a
1 H NMR (500 MHz, CDCI3) &: 0.81(s, 3H), 1.08-1.05(m, 6H),1.30(s, 3H), 2.33(d, 1H),
2.55(d, 1H), 3.21(s, 3H), 3.75-3.67(m, 2H), 6.85(d, 1H), 7.01-6.98(t, 1H), 7.11(d, 1H), 7.26(d,
1H); 13C NMR (125 MHz, CDCI3) &: 180.3, 177.3, 143.3, 132.1, 127.9, 124.5, 121.9, 108.1,
60.3,47.2,47.0,41.5,29.4,27.7,26.3,22.3,12.7

7-3b
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Following the general procedure above, using 7-1b (1.0 mmol), 7-2a (0.50 mmol), Cul solution
(5 x 10° mmol, 5 x 10* M in MeCN, 0.1 ml), TPMA (0.02 mmol), diisopropylmethylamine
(0.75mmol, 1314l) and dried MeCN (0.5 mL) at 100 °C, yielded the product 3a (94%): 1 H
NMR (500 MHz, CDCI3) 6: 1.04 (d, 3H) 1.26 (s, 3H), 2.20-2.17 (m, 2H), 2.52-2.30 (m,
4H),3.17 (s, 3H), 3.69 (q, 3H),6.72 (d, 1H),6.90 (s, 1H), 7.04 (d, 1H),; 13C NMR (125 MHz,
CDCI3) 6: 13.8, 21.1, 22.0, 26.4, 27.8, 29.6, 41.6, 47.4, 60.2, 107.9, 1253, 128.2,
131.2,132.0,140.9, 177.3, 180.8,

N,
oz-f%:)""'-—‘:::z'l""on!-

§;:COZEt

" 73c
Following the general procedure above, using 7-1c (1.0 mmol), 7-2a (0.50 mmol), Cul
solution (5 x 10° mmol, 5 x 10* M in MeCN, 0.05 ml), TPMA (0.02 mmol),
diisopropylmethylamine (0.75mmol, 131xl) and dried MeCN (0.5 mL) at 100 °C, yielded the
product 3a (86%):1 H NMR (500 MHz, CDCI3) 6: 0.84 (t,3H), 1.05 (s, 3H), 2.50-2.20 (m,
2H), 3.48 (s,3H), 3.78 - 3.71 (m, 2H), 3.85 (s, 3H), 6.94-6.71 (m, 3H); 13C NMR (125 MHz,
CDCI3) 6: 13.9, 22.4, 28.1, 29.4, 41.7, 47.2, 47.4, 56.0, 60.3, 111.7, 117.3, 112.4, 131.2,
134.0, 145.5, 177.3, 180.0,

N ONe

CO,E
7-3d

Following the general procedure above, using 7-1d (1.0 mmol), 7-2a (0.50 mmol), Cul
solution (5 x 10° mmol, 5 x 10* M in MeCN, 0.05 ml), TPMA (0.02 mmol),
diisopropylmethylamine (0.75mmol, 131xl) and dried MeCN (0.5 mL) at 100 °C, yielded the
product 3a (%): H NMR (500 MHz, CDCI3) 6: 0.92 (d, 3H), 1.36-1.08 (m,3H), 2.62-2.16 (d,
2H),3.18 (s, 3H), 3.78 - 3.64 (m, 2H), 3.84 (s, 3H), 7.24-6.50 (m, 3H); 13C NMR (125 MHz,
CDCI3) o: 14.0, 24.4, 24.6, 26.5, 27.0, 41.8, 45.6, 47.3, 55.2, 60.2, 101.5, 105.5,118.5,
129.2,144.9,156.4, 177.0, 180.7

OMe

z/

CO,Et

7-3¢
1 HNMR (500 MHz, CDCI3) 6: 1.04 (s, 3H) 1.21-1.10 (d, J = 6.8 Hz, 3H), 1.33 (m, 3H), 2.77-
2.67 (m, 2H), 3.48 (m, 3H), 3.81-3.79 (s, 2H), 3.85(m, 3H), 4.13-4.11(m,2H), 6.95-6.70 (m,
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3H),; 13C NMR (125 MHz, CDCl3) ¢: 13.7, 14.0, 18.7, 28.3, 29.7 41.1, 46.3, 53.0, 55.9, 61.1,
61.5,111.6,116.7,122.5, 131.0, 133.6, 145.5, 171.3, 172.2, 180.2

=

CO,Et

7-3f
1 HNMR (500 MHz, CDCI3) &: 1.05(s, 3H) 1.10-1.07(t, 3H), 1.30(s, 3H), 2.23-2.20(d, 1H),
2.53-2.50(d, 1H), 3.43-3.42(s, 3H), 3.79-3.66(m, 2H),6.98-6.87(m, 3H),; 13C NMR (125
MHz, CDCI3) &: 13.9, 22.4, 28.0, 28.9, 41.6, 47.2, 47.7, 60.4, 115.8, 116.0,120.3,130.0,
135.2, 146.9, 148.9, 177.2, 180.4

N
oz{ﬁ/[[\/’\
“ ~CO,Et
\_\.coza
/

7-3g
1 H NMR (500 MHz, CDCI3) 6: 0.80(s,3H) 1.05(s, 3H), 1.12(t, 3H), 1.32(s, 3H),1.39(t,
3H),2.09(m,2H), 2.60-2.23(d, 2H),3.24(s, 3H),4.38-4.34(quin, 2H), 8.03-6.85(m, 3H), ; 13C
NMR (125 MHz, CDCI3) 6: 13.9, 14.5,22.4,26.6,27.6,29.4,41.5,46.9,47.1,60.4, 60.9, 107.7,
124.3,125.4,130.8, 131.9,147.3,166.5, 176.8, 181.0,

OMe

OMe
CO,EL

7-3h

1 HNMR (500 MHz, CDCI3) &: 0.92(s, 3H),0.92(s, 3H) 1.12-1.09(t, 3H), 1.33(s, 3H), 2.56-
2.14(m, 2H), 3.16(s, 3H),3. 77-3.74(m, 2H),3.81(s, 3H), 3.83(s, 3H),6.11-6.09(d, 2H); 13C
NMR (125 MHz, CDCI3) &: 13.9, 24.3, 24.8, 26.4, 26.9,41.8, 45.8, 46.9, 55.2, 60.2, 88.0,
92.1, 110.6, 145.0, 157.0, 161.5,177.0,181.3

\ OMe
N
(o]
Me
CO,Et
0O,Et

7-31

267



1 H NMR (500 MHz, CDCI3) &: 1.02(s, 3H) 1.13-1.10(t, 3H), 1.22-1.19(t, 3H), 1.39(s, 3H),
2.61(d, 1H), 2.89(d, 1H), 3.79(s, 3H), 3.83(s,3H), 3.88-3.84(q, 2H), 4.17-4.03(m, 2H),
6.10(d,2H),; 13C NMR (125 MHz, CDCI3) : 13.8, 13.9, 18.9, 25.0, 26.3, 39.7, 46.0, 52.9, 55.2,
61.0,61.3, 88.1,92.2, 110.3, 145.0, 156.9, 161,6, 171.8, 172.1, 180.5

Et

CO,E

7-3

1 HNMR (500 MHz, CDCI3) 8: 1.07-1.04(t, 6H) 1.28-1.25(m, 6H), 2.23(d, 1H), 2.56(d, 1H),
3.83-3.67(m, 4H), 6.86(d, 1H), 6.99-6.96(t, 1H), 7.11(d, 1H), 7.25-7.21(t, 1H); 13C NMR (125
MHz, CDCI3) &: 12.2 13.8, 22.3, 28.1, 29.5, 34.7, 41.6, 46.8, 47.3, 60.3, 108.2, 121.7, 124.7,
127.8, 132.2, 142.3, 177.3, 180.3

E10,C

7-3k

1 H NMR (500 MHz, CDCI3) 5:7.23-7.20(t, 1H), 7.09(d, 1H), 6.98-6.95(t, 1H), 6.82(d,1H),
3.83-3.79(m, 1H), 3.68-3.60(m, 3H), 2.55-2.46(q, 2H), 2.14-2.11(m, 1H), 1.98-1.94(m, 3H),
1.74-1.69(m, 2H), 1.31(s, 3H),1.28-1.25(t, 3H), 1.11-1.08(t, 3H) 13C NMR (125 MHz, CDCI3)
8:12.5,13.9,16.5,26.2,28.1,34.7, 35.0, 45.8,47.1,47.3,60.2, 108.1, 121.6,124.3,127.9, 132.3,
142.7,176.4,179.9

Co, Nt

7-31
1 HNMR (500 MHz, CDCI3) &: 0.99(s, 3H) 1.09-1.06(t, 3H), 1.11(s, 3H), 1.43(s, 3H), 2.33(d,
1H), 2.64(d, 1H), 3.79-3.67(m, 2H), 6.83-6.81(d,1H), 7.04-7.01(t, 1H), 7.18-7.15(t, 2H), 7.43-
7.40(m, 3H), 7.43-7.51(t, 2H),; 13C NMR (125 MHz, CDCI3) §: 13.9, 22.8, 28.4, 29.6, 41.8,
47.3, 47.5, 60.4, 109.5, 122.4, 124.8, 126.5, 127.8, 128.0, 129.7, 131.9, 134.8, 143.2,
177.3, 180.0
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Ph

-

E0

7-3m

1 HNMR (500 MHz, CDCI3) &: 1.11-1.08(t, 3H) 1.46(s, 3H), 1.75-1.72(m, 1H), 2.10-2.01(m,
2H), 2.29-2.26(m, 1H), 2.63-2.55(q, 2H), 3.62-3.57(q, 2H), 6.76(d, 1H), 7.03-7.00(t, 1H), 7.16-
7.14(m, 2H), 7.41-7.38(t, 1H), 7.45(d, 2H), 7.53-7.50(t, 2H),; 13C NMR (125 MHz, CDCI3)
0: 13.9, 16.6, 26.5, 28.4, 35.1, 46.3, 47.4, 47.4, 60.3 109.3, 122.2, 124.4, 126.6, 127.9, 129.6,
128.0, 131.8, 134.7, 148.7, 176.4, 179.9

\
N
o

0,Et

0,Et

7-3n
1 HNMR (500 MHz, CDCI3) 6: 1.02(s, 3H), 1.10-1.07(t, 3H), 1.21-1.18(t, 3H), 1.36(s, 3H),
2.78-2.71(d, 2H), 3.21(s, 3H), 3.80-3.75(q, 2H), 4.12-4.11(m, 2H), 6.85(d, 1H), 7.01-6.98(t,
1H), 7.10-7.08(d, 1H), 7.27-7.24(t, 1H); 13C NMR (125 MHz, CDCI3) &: 13.8, 14.1, 19.0, 26.5,
28.1,41.3,46.5,53.2,61.3,61.7, 108.5, 122.2, 124.3, 128.4, 132.2, 143.6, 171.6, 172.4, 180.3,

N
o)

NHPh

7-30
1 H NMR (500 MHz, CDCI3) 3: 0.94(s, 3H) 1.14(s, 3H), 1.30(s, 3H), 2.26(d, 1H), 2.73(d,
1H), 3.19(s, 3H), 6.73-6.72(t, 1H), 6.81-6.78(m, 2H), 7.08-7.05(m, 2H), 7.16(d, 1H), 7.25-
7.24(m, 4H); 13C NMR (125 MHz, CDCI3) 3: 22.6, 26.5, 28.0, 29.8,42.7, 46.7, 47.6, 107.9,
120.1, 122.7, 124.1,127.8,132.0, 137.8,142.7, 175.3, 181.2,

\ OMe
N
(o}

CO,Et

0,Et
1 H NMR (500 MHz, CDCI3) 8: 1.04(s, 3H), 1.12-1.10(t, 3H), 1.21-1.18(t, 3H), 1.33(s, 3H),
2.77-2.67(q, 2H), 3.83-3.78(q, 2H), 3.48(s, 3H), 3.85(s, 3H), 4.15-4.19(m, 2H), 6.71(d, 1H),
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6.82(d, 1H), 6.91-6.95 (t, 1H),; 13C NMR (125 MHz, CDCI3) &: 13.7, 13.9, 18.7, 28.2, 29.6,
41.1,46.3,52.9,559,61.0,61.5,171.3, 1454, 111.7, 116.7, 122.4,131.0,133.5, 172.1, 180.2,

4
N

CO,Et
0,Et

1H NMR
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7-3b
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