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Ac acetyl

Boc tert-butyloxycarbonyl

Bpy bipyridine

cat catecholboryl

cod cyclooctadiene

Cp cyclopentadienyl

DCE 1,2-dichloroethane

dppf 1,1'-bis(diphenylphosphino)ferrocene
dtbpy 4,4'-di-tert-butyl-2,2'-dipyridyl

eg ethylene glycolato

Et ethyl

Ind indenyl

Pr isopropyl

Me methyl

Ph phenyl

phen 1,10-phenanthroline

pin pinacolato

‘Bu tert-butyl

Tf trifluoromethanesulfonyl

THF tetrahydrofuran

TMPHEN 3.,4,7,8-tetramethyl-1,10-phenanthroline
Sphos 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
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1-1. BHERUVRLELED

HHAUFLEWIT, 8SR-BEH 7 n A0 v 7Y U I RIRCRE SN D K 9 ITRE-IRFE
BRI L D EHD T OEBEEICHIAFTRETH 5 & & biT, RF-H U RBMEILLER
REREMNFRECTH D, £, REMLRAEWE VELEY TH LR e VERIX, 225 F CLE
WRFRIRETH D . MO PWRES THDH, ZNHDOEEND, ARV ELEWITER
AHARTREE LTRESER SN TEY . ZORFEMNREHIEORFFIXEE /25 E &
o TW5D,

A T RILAEWORENLRAERIEE LT, hoFHERBILEMEZLEME LT DH T
VARABNMURIRIZ X D ERRIE, T o7 v U EEEEWE LT ek u#El
RO K D65, BEOE# A 0 AW 2 HRWE & T 2 BRI 2 727k
U FCEORIZ X DG RIENRET b D, LTI GBIEIC DWW TRIRIZE~ D,

Cole HITAMY FUMbAEME NIV T AL aX LRI EDRIGIZE D, A g 2T
VDB ZEHRE L= (Scheme1-1)'y F T v A XA ZNAKIZ LB BT, BISHERE L., B
DIRNTEEN VIR T U LRISHIRER~ 722 U LRUSH (7Y =% — VUi
H) ZHWLGENMIEAETHY | BREEFFAMES OBLE D 61 H e 70 MBS ITI30
RSB B,

T
m 3F

t

Scheme 1-1. Preparation of Boronic Esters from Organolithium Reagents and
Trialkoxyboranes

BOR); + RLi ——> RB(OR), + LiOR'

Brown HIIA L7 4 ETVRT U (BoHe) E DN LD, TIVFNRT DGR EHRE
L7z (Scheme 1-2) 2, 7> F </ a7 =a 7 BOMIMNRISIZE VAR L= T VX AR T Ui,
H,02/NaOH FB{LIC LV | T a—A~LiFisnTing, b FrRvFEbROGIE, R
RIEN, BRE R ORI 722 SI2 X0 Ekx Z2BOSHIBNE HE S TR Y . ARG
EERD, LILRN D, RFEIAFEREHA Y REAMOERICEAT5Z L1XTEhk
[

Scheme 1-2. Preparation of Alkylboranes from Olefins and Hydroboranes

R' R'
/

R + HB — B
\R' R/\/ “R'



HH O, NIV LB EREOFET, TV =T A R (EFad—1]) ¥
R (Bopin) & DIUGIZ LD, HEBREHS U FLEM DGR A HE L T2 (Scheme 1-
3) % ZOBHIATERETFAMICEN, ARG ERAKRE Y RILEMOGRIEL S A
L0, HEPRIZHOL U 28 A L TBLMLERDH D,

Scheme 1-3. Preparation of Arylboranes from Aryl Halides and Diborons using
Palladium Catalyst

X o} /O cat. Pd Bpin
©/ ' B_B " base
/ \
(0] (0] base

X = halogen B,pin,

IO DOEREL, A BAEKKR YZEYWOERIZIES b TW5S, — T, [RHE
SRBEARBFGEASo N0 U EOBERERLEHIC LA EKRTFIETH DD, KE ORI Z Y
L L, BB ZEMEICED 7 EORBEENEINTRBY, WEORMEH DL LWV D,



1-2. BBERBEMBIC X SEEE C-H ~xUHEL

FR U7e X9 kDA AR 7 BALAEW DA RIE OB A R 2B e FIEE LT
BB F e C-H fia OEEAR VRIS ARE TERZELD, B HIITHIZED
T Tng 4 ZORERIL, EBEES U HEEE L RIWKE L ORGSO HIET
F o7,

1995 4£, Hartwig OIXHMZ2 FHIRILEWT V47 & CpFe(CO)x(Beat) & D )i & Yl
WHTITY 2Lk, FI THMRILKFED C-H fHOBEES Y BN L
(Scheme 1-4) 3,

Scheme 1-4. Borylation of Alkenes and Arenes by Iron Complex

© CpFe(CO),(Bcat) ©/ Bcat
hv ]

CpFe(CO),(Bcat)
A NS SNy Beat

hv

F7-. Hartwig DXL O & > 727 UK E WD Z & T, IRERIEKFED C-H #EE
R FLRZ FEH L= (Scheme 1-5)°,

Scheme 1-5. Borylation of Alkenes and Arenes by Tungsten Complex

CpW(CO)3(Bcat) o,

N \/\/\Bcat’ : Bcat’ = :

Y

hv

<:> CpW(CO)3(Bcat')
hv
O/\ CpW(CO)3(Bcat') Bcat’
hv O/\/

ER U7 AT RO BRRIGTH 0 | A 22 SOGSRME OB B3 R =T
720 1999 4| Hartwig O 1%L = Al 2 Fv —F(LRFBRFK T, RN Z1T5 2L T
T VT DR 72 AR T RGO 22 32K L 72 (Scheme 1-6) 7,
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Scheme 1-6. Rhenium-Catalyzed Borylation of Alkanes

cat. Cp*Re(CO);
R-H + Bypin, » R-Bpin + HBpin
CO, hv

2000 4F, Hartwig H1Em 20 Az WS Z & T, BRI TO T v R0 F LS
Yok FAEHE L7z (Scheme 1-7) %,

Scheme 1-7. Rhodium-Catalyzed Borylation of Alkanes and Benzene

cat. Cp*Rh(n*-CgMeg)
R-CH; + Bypiny > R—-CH,Bpin
150 °C

cat. Cp*Rh(n*-CgMeg) Bpin
Q - o O
150 °C

F 72, Hartwig HII/V7T =7 Al s C(sp)-H G DRV FLICEZI THH Z &2 #E L
T 5 (Scheme 1-8) %,

Scheme 1-8. Ruthenium-Catalyzed Borylation of C(sp*)-H Bonds

cat. [Cp*RuCly],
n-octane +  Bypiny > /\/\/\/\Bpin

150 °C

2001 4B, A, B OIFI NIV U LARZEH NS Z LT, HFHRECEWM DR PV C-
HfESOARTENEEHR LT (Scheme 1-9) 10,

Scheme 1-9. Palladium-Catalyzed Benzylic C—H Borylation

Me cat. Pd/C

R_: + szinz -
= 100 °C =




INETIZHRARIZ LT, SHRBEBSRAMBZ FV e CH G OR U FLIE S
ITWDN, BUEETICA VDU AEDHERREN TS, Smith H1% 1999 4,
Hartwig 512 X % 1 ¥ 7 AGERE FV 2 B0 70 Al SOG IZ B8R 1T T Cp'r 851K % VN, #19
TOA VP L & 2 FFRILEHO C-H AR T FELRIGZME L2, L LAaRns,
Z OB TR IR D TRV S O TH > 72, 2002 4, Smith 1L "R AT ¢ VEL
FOBWMPENTHL Z xR L, 2hEOSEEITHI L7z (Scheme 1-10) %,

Scheme 1-10. Iridium-Catalyzed C—H Borylation of Benzene

cat. Cp*Ir(PMe3)(H)(BPin) Bpin
+ HBpin
150 °C

cat. (Ind)lr(cod)

N . cat. bidentate phosphine ligand N Bpin
R—T + HBpin R+
oz 100-150 °C =

2002 AEI AT, EVH . Hartwig Hi13A U O 0 ABERICE Y Y O U RBIN R NS Z &
T, @R 2R L, SIRICBWTHERILEMD C-H AU R L EZRLT 5. @)
R IESR DOBHFE IR LTz, & BICMIER Z Filtb 25 2L T, ZNETURHATH 2K
W E (REEE) OREEZ ML L, D CRHRM RG22 s L, fiflifny C-H 7~
U B DREHE AR B~ ORI FHIZIE & 40 72 (Scheme 1-11) 314,

Scheme 1-11. Iridium-Catalyzed Efficient C—H Borylation of Aromatic Compounds

cat. [IrCl(cod)],

cat. dtbpy Bpin
R—: h + Bopiny > R_: A
= room temperature =

cat. [Ir(OMe)(cod)]»

cat. dtbpy Bpin
R-L A + B,pin, > R_: A
= hexane, 25 °C =

1 equiv 0.5 equiv
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2-1. HE

FramThib 7z k 91, EBAERMEZ AV CH AU E LRSI, 7 U —LR o g
FEREZART DR ORI RFIEDO—S>THY, PTHLEE Y VUREN FE2HTHA
Uy MdEE, IR C-H AU R EZER TE DENTMERE L THLILD,
fRfERy C-H BRERALICRIT 2 EEARGEO —> & LT, ZOMERIREOHIEN T b
Do A VYT LT X B EHEFHACAWO R T FACRISIISARFEE DR B Z ML %1 5 2
EMFHNTEY, 13- ZEHRANE L OxTHR 1,2- BB 2 TIRSIRRIZ 220 T
BB SUSITHEITT D2 b OO, —EBHSUB U OIS EITR>T258, A B LW
INTNLCEROSDELT LT R DIR G % 5-2. 5D, F T2, SRR W T ALE TS HEST
THZEME, BHREOF L MITERICA VR EEITSE5 2 LixRETH D !, @
WAL 72 AL MLEER e C-H fE A B R L 2 EBLT A 72 0I121E, R OB R
T HEMENZHIND, LLnb, AU TN/ bpy 24 Tz C-H AU R LDIE
MFEIT 16 BFHEETHL NI R (RIN) AV PTLEERTHLZ ERMLNATEY, B
MREEOENLIZ X 0 ARG 18 BB TE5A AR T 5 72 O UG D3 HEAT L 720 (Scheme 2-1) 1%

Scheme 2-1. Active Species in Iridium/bpy-catalyzed C-H Borylation and
Coordination of a Directing Group

SUN

N/,,, “\\Bpin N,,/'E“\\Bpin
(N/Ilr\ > (N/Ilr\

Bpin — diranti Bpin
Bpin DG = directing group Bpin

16-electron complex 18-electron complex (inactive)

N
<N : bpy-type ligand

ZDID, A VU LEIZ LD CH A YFELIZE Y AV MICEREEZHT57 U —
VAR R A G R D T OIIIRUSEREN. T 700 B A E AR & O TR
WL D, TOREEREE LT, Hartwig ST EREIC TREME L2l 2 WE Lz,
L e e I NVEEETLIEEEZMNWD 2 LT XMOERMFTHLT Y IVENRT =
A UPERRAAE E U CRSRE L, AL MM 72 C-H & v F#E (b2 3B L7z (Scheme 2-2) 3,



Scheme 2-2. ortho-Selective C-H Borylation of Phenols, Arylamines, and
Alkylarenes using Hydrosilyl Group as an Anionic Directing Group

via. [~ N
cat. [IrCl(cod)],
X . cat. dtb X .
SiMe,H B.o i SiMe,H ¥
+ PPN N SiMe
11, N 2
i r
Bpin CN’ | ~Bpin
X= CH2, O, NR Bp|n

v MOERAYZ C-H AU R ZEBT 2 FiEL LT, YU PARKIGKGT b A S
TW%, Clark HITENLFZ BN LR WSS T T, Bl LTHRAT ¢ VEN A2 AT
LHEBEOFRUFBKISEER L, AV ML TRRMICET T 22 ¢2RELTND
(Scheme 2-3) %,

Scheme 2-3. Phosphine-directed ortho-Selective C—H Borylation without Additional
Ligands

via.
Ehz Bpin
“..] \Bpin
cat. [Ir(OMe)(cod)], C@]r“
gpphz + Baping g E;Cpphz H” | ~PPh,
Bpin

F7-. Clark 513 3,478-7 b7 AFN-1,10-7 = F > bl v (TMPHEN) % EANIF& L
THWRNG, BEEEZET D7D T A MDA ) U0 At RE WD KIGSE Dl
L T3 (Scheme 2-4) >,

Scheme 2-4. C—H Borylation Using a Cationic Iridium Complex
via.

cat. [Ir(cod)],BF 4

cat. TMPHEN
©/\Pph2 + Bypiny (;(\Pphz
B

pin




AV YU L RICEOREZ KT D7D, B FORIEIC LRZED LIl b D
DA ST D, B OIX U D7V ORENCEE LI HE Y VBN (SMAP) %
L, INEA VU LML D CH A YFELICHWD Z & T, Hix 2BREEO AL I
AL CEIRANT R 7 RS 2 1T S 5 Z & I2RED L7z (Scheme 2-5) 6,

Scheme 2-5. Iridium-catalyzed ortho-Borylation of Functionalized Arenes Using
SMAP

via.

FG ~ cat. Silica-SMAP-Ir FG I:ll,,,lr“\\Bpin Si
Y7 e O |2
Bpin ¥

Bpin

Fernandez & Lassaletta DL, 2H Tl A & AcHA T & % Hemilabile 72 — BRI+ 2 3R
L., 2-7 ==V PUFHERO A MBI C-H AU RENARETH D = & 2@t
LT3 (Scheme 2-6)7,

Scheme 2-6. C-H Borylation Reaction of Benzylic Amines by Using Hemilabile

Ligand
_ Z Eligand = NBn, !
| cat. [If(OMe)(cod)], | N
X cat. ligand N | - !
N™ + Bopiny 2 N | :
1 AN :
Bpin | | N :
Pz I
via. [~ ]
NBn, NBn;
/N'///,,,,Ir‘\\\Bpin N\ O.. . «Bpin
\N/ |\_Bpin - N B0
8 N | TBpin
_ pin | _J Bpin

10



Smith &% L BUENL T & X BT F 2 a8 A 2 ik, T=F4 Mo —RESL %
AR, BEx R EREREDO AL ML TORIR 2R 7RG #EHARETCH D Z L 2R L
7= (Scheme 2-7)%,

Scheme 2-7. ortho-Selective C—H Borylation Using Monoanionic Bidentate Ligands

via.
cat. [I(OMe)(cod)], . Iflu o BPIn
FG cat. P-Si bidentate ligand FG p-10 \*p/ r\Bpm
©/ + Bypin, - @ p-Tol |
Bpin <j>/%ﬁm
Pr

RO E OB TIEAR L, B & OAMNER 72 BEAEH Z I U 72 BOSALE Ol
EELMOND, Smith HX 7=/ — el A (mFLrZYad—1h) VRar (Beg)

HRHFITHERT D Ph-OBeg &, BB Y DU RENFOROFEMAFEHNEZRFMBL, 7=
S = DA MLERA R R U Bk A i LT 2 (Scheme 2-8) %,

Scheme 2-8. Iridium-catalyzed ortho-Borylation of Phenols Directed by Substrate-
Ligand Electrostatic Interactions

via

. .
cat. [I(OMe)(cod)], egB\O/L:;:]
OH 5 cat. dtbpy OH Bu ‘?J' ~ H
+ 2€Jd2 /N//"'I “\\Beg
i
<N" I\Beg

Beg

F 72, Smith 513 Boc fRi#E S N7 =V UFFHEARD C-H KU RSN, FEEON-H
o by ETEHREOR Y VENFOBRE & OKRBR-EEICL Y, AV ML T ?REI’J T35
Z L ARH L (Scheme 2-9) 10,
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Scheme 2-9. ortho-Selective Borylation of Anilines Controlled by Outer-Sphere

Direction
via. [~ N
H cat. [Ir(OMe)(cod)], H |-|
N. cat. dtb N. —,
Boc n szinz Py Boc
Bpin N” 1 “B
N/ \Bpln
Bpln

FTBAFFEE TliL. Lewis BRI 2 AT A EE U U UENIF 2 i%Et L, A8 & D Lewis fR-12
HEMHAEERAZRFHT AL T, 47 =V —VFEERO AL MR 7R 7 E LS %
45 LCu 5 (Scheme 2-10) ',

Scheme 2-10. ortho-Borylation of Thioanisoles Controlled by Lewis Acid-Base
Interaction

via. M

cat. [Ir(OMe)(cod)],

SMe _ cat. ligand SMe
+ Bypiny > S H
) /N/,,,,Ir‘\\\Bpin

B
pin <N"" | Bpin

Alal, RAUTBLBRROEN PR E R L, Bl v e ) U REN T EHWESE T,
AV LB LD TF AT = — LiHEERD C-H &R 7 FAV ML CEIRAGICHETTT
HZEHaERHLE

12



2-2. RISFKMHDEEAL

R VAR S )

[Ir(OMe)(cod)]> (2.0 mol%) I OENLT (4.0 mol%) DFETF, 47 =Y—/L (1a)
&1 Y ED Bopina (2) D% 80 °C T 24 Wl T72 572 (Table 1), A U 27 Ll 2 7
C-H FUHFIZBWW RS BN RENM - ThHD dibpy(LD X 1,10-7 =F > hal v
(phen, L2) ZMHW=HATIE, @% O CHARUFELIZEBWNTALND L 9T, EIZA XL
BILORIALCRUSHHHEIT L7245 32° & 3a” DIRA WS 5 407= (entries 1 and 2), —J7
T, EFEHEO bpy (L3) ZH W= & 2 A, BBREWZ L1240 ML TR Y ZEBEIT LT 3a
DNEIRANCARRT 5 Z L 2 R L7z (entry 3) . FURIREEZ 60 °C & L7 & 2 A, BIRMEDOM
ERB LN (entryd), BV VU DEMICT = = /VHENEBR LIZ L4 W2 2 A 1L
L BPEN E L7z (entry 5), 72, BEEY D UNZEK LB HROE HIREO R ZH
RHEDIT, NIV IZAAa AFNVEOBEBRLIZLS & A XU EOBER L L6 2 VTR
FMNEITIRoT-0, REBREBITA SN0 o7 (entries6and 7). F 7. BIFZ RN L7
FHETIEHEPIZE A EEIT LN & 2R LTV 5 (entry 8) . 246 DELFEIRIZD
WX, T2-4. HEEROOHEME ] DI THEERT 2.
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Table 1. Effect of Ligands for C(sp?)-H Borylation of Thioanisole (1a)

Bopin, (2, 1.0 equiv)
[Ir(OMe)(cod)], (2.0 mol%)

SMe ligand (4.0 mol%) SMe pinB SMe
o L™
p-xylene, T °C, 24 h i

/©/SM6

Bpin pinB
1a 3a 3a’ 3a"
entry ligand T (°C) pek
3a 3a’ 3a”
1 L1 80 3% 32% 10%
2 L2 80 7% 23% 8%
3 L3 80 50% 6% 2%
4 L3 60 55% 2% <1%
5 L4 60 57% 1% <1%
6 L5 60 51% 1% <1%
7 L6 60 36% 1% 1%
8 - 60 4% 1% <1%
—N N= =N N= —N N=
dtbpy (L1) phen (L2) bpy (L3)
NN n
—N N= OMe (L6)
il B D 1

ROSIREZ 60 °C & L, Bfi & LT L4 & W TR EDORFT 21778 > 7= (Table 2) . fi
ﬁ%%ZMmMuﬁ%Lﬁﬁm\*WfMEWW@ngw%K&EiOKQWyUo—
J5C, il E A 6.0mol% I ET 5 Z LT, 84%INETIRFHERLBRINMET 3a 35615
BN Lo (entry 3),

14



Table 2. Optimization of Amount of Catalyst

Bypin, (2, 1.0 equiv)
[Ir(OMe)(cod)]5 (X/2 mol%)

SMe L4 (X mol%) SMe pinB SMe SMe
9 - O T
p-xylene, 60 °C, 24 h Bpin pinB

1a 3a 3a' 3a"
Ratio
entry X (mol%) total yield
3a 3a’ 3a”
1 2.0 30% 99 1 -
2 4.0 58% 98 2 <l
3 6.0 84% 98 2 <1
U BRI Y BORE

S 2% 75 7 FALEE Boping X BEO I 41772 - 7= (Table 3) . Boping D % 0.50 24
BECHDSERLE A, PREDOIGRICE B o7 (entry 1), F72, 0.75 HEAVZHE
T 70%UHFETH U7 FBCERD DG BT (entry 2) . L EDOREFN G| 1.0 M5 (84%I=E,
entry 3) Z i & L7,

Table 3. Optimization of Amount of Borylation Reagents

Bopiny (2, Y equiv)
[Ir(OMe)(cod)]5 (3.0 mol%)

SMe L4 (6.0 mol%) SMe pinB SMe SMe
o -, O T
p-xylene, 60 °C, 24 h Bpin pinB

1a 3a 3a' 3a"
ratio
entry Y (equiv) total yield
3a 3a’ 3a”
1 0.50 58% 93 6 1
2 0.75 70% 97 3 <l
3 1.0 84% 98 2 <l

15



BRI DRt

RN T, A EEAS UG DUR & BIRMEIC RIE T B LG 2720, TREOINEL 525
6.0 mol% DA U 7 Al L 0.50 24 E D Bopiny & WD UGS T, RISTRBEO MG 21T
7257 (Tabled), EIRL72#Y . KIG% p-xylene F TITR o726, 58% DINEE T rEdeiR
MIZ 3a DGOz (entry 1), — 5T, THF R 14-U A XV RO EITR T L 2 A,
2R L < ROSIFHETT L2 b O OBPE DAL T 237 5117 (entries 2 and 3), T AL D DFEHIE,
DHIE LT DKFBM A OB TH T oNZ ERFRTEEEZ BN D,
Flo, VI aAFH URTORIGE, ZTERRIERETA L MITETLIZb D00, IEHE
DR T 2B S 7z (entry 4) .

Table 4. Effect of Solvent

Bypin, (2, 0.5 equiv)
[Ir(OMe)(cod)], (3.0 mol%)

SMe L4 (6.0 mol%) SMe pinB SMe
solvent, 60 °C, 24 h

/©/SMG

Bpin pinB
1a 3a 3a’ 3a"
Ratio

entry solvent total yield

3a 3a’ 3a”
1 p-xylene 58% 93 6 1
2 THF 55% 84 12 4
3 1, 4-dioxane 66% 86 10 4
4 cyclohexane 35% 99 <1 <1

FOGRLEE DFES

SR ORG &2 1772 o 72 (Table 5), S % 25°C R°40°C TIT7e o 12356 Tk, AUk
EAERIF B 727> 7 (entries 1 and 2) . SO A 50 °C £ THIET D & 30%IX=RT
3a DMAERK L7z (entry 3) o 60°C TRISZATR D 2 & T 58% DIV THENERAVIC H B4R
3a 215047 (entry4) ., — 7 C, INRELZ S HICHIR LIZRER, A TF AT AEOW SO
IV METTHR U FEALPHEAT Lo R U B LR AR O A3 iR S 4. B AR 3a DI
ERPFNEDIL T 23 H 7= (entries 5-7), ZOFEEIL. DOBIE LT 5 KEEA DOERMN
FWRETIITon-oil B2 b b,

16



Table S. Optimization of Reaction Temperature

Bypin, (2, 0.5 equiv)
[Ir(OMe)(cod)], (3.0 mol%)

SMe L4 (6.0 mol%) SMe pinB SMe
o - Cln ™
p-xylene, T °C, 24 h

/©/SMG

Bpin pinB
1a 3a 3a' 3a"
ratio
entry T (°C) total yield
3a 3a’ 3a”
1 25 - - - -
2 40 - - - -
3 50 30% 100 - -
4 60 58% 93 6 1
5 70 48% 88 9 3
6 80 53% 84 12 4
7 110 48% 77 16 7
BRI EREIE] DR ES

BT, RIS OB 44778 > 7 (Table 6), RUSHERI % 12 BERIC AR L& = 5 I
LD F B S (entry Do SUGIHM&SER L, 48 B CRUS 21772572 & 25, Y7
O FALNRDERDBHR S AL, HEVERI ORI T 537 B (entry 3).

Table 6. Optimization of Reaction Time

Bypin, (2, 0.5 equiv)
[Ir(OMe)(cod)], (3.0 mol%)

SMe L4 (6.0 mol%) SMe pinB SMe
& -, O
p-xylene, 60 °C, th

/©/SME

Bpin pinB
1a 3a 3a’ 3a"
ratio
entry t (h) total yield
3a 3a’ 3a”

1 12 35% 99 1 <1
2 24 58% 93 6 1
3 48 45% 99 1 <1
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PLEDOKGED G, B & LT L4 ZHW, 6.0mol% DA U 0 MMl OLFIE T p-xylene
. 60°C T 1.0 45D Bopiny & SUits S5 (M i St EIRE LTz,
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2-3. FEEE A& ORE

FF7 =YV —/VHEAER 1 OB AR

BBL SN ROSEME T, a2 F 47 = — Vil 1 ORISEBF L= (Scheme 2-
1), AFNTFAEORIONEWRIEEZH T HREEOR 7RI, UV ALE SR T H A
527, AFNFAEONRIMNATFNESLC N ) IVFa A FNVEEETHTAT
=Y —)LFHEAR 3b & 3c 1ZENTEN T4% & T9%DIWHETHLNTZ, £, NI 1 s
UREB U TR 33TV TILB R G L I ENTE, o, A MR UVE, TE
FEvdE, = P UAIER EOBERERN ST ALICER SN EEICE L ThH., OSIFEESH
HZE7eHEEITL, 3g3i #5270, Fo, NINLUTT = = VHERNEBR L IZEE OIS
WTC, 7=V B CHBEAIT RS ERINT, A0 MIAR v B4R 3] 2R 3k
RENZE LN Z & D, AREIESROREWEISHISEEENSH S E o7,

A AN ERIEEZ AT D IEEORIGERG LTz, AFAVESL RN 7t o AF . U
AF TV VN ERE SR 3k-3m IS IGR, @R RIcE LN, £, Na S
VRTREFINELE VST HEREEZATOIREEOSHET L, BT ORREOE FRADL
NEbOD, ST HEED 30, 30 2552 LN TEZ, ZROLOEE TR, KISIELY
SEARBINZZEN T AL ML CTERINICHEI T35 2 & Do T,

Fo. AV MICA MR EOBERR LAY 3p ITPREOINETH LN, 77X L
AR DEE OGS IRE T LA v B AR 3q & 3r 2R RINMICE 2 72,
2-AFNF AT T XU TS EN ZOFET 205, SEARAIIS T T2 5 THRAERIIZ KOG
DHETT LT,
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Scheme 2-11. Substrate Scope of Thioanisole Derivatives 1¢

Bopin, (2, 1.0 equiv)

[Ir(OMe)(cod)], (3.0 mol%)

L4 (6.0 mol%)

p-xylene, 60 °C, 24 h

N SMe
R-r _
Bpin
3

N SMe
R
4
1
/@SMG
Me Bpin

3b
74% (>99:1)

SMe

Cl Bpin

5

68% (>99:1)

SMe

AcO Bpin

3s

54% (95:5)
Me SMe

Bpin

.

62% (93:7)
Br SMe

Bpin

.

71% (89:11)

SMe

Bpin

2
g o

42% (89:11)

SMe

FsC Bpin

2

79% (>99:1)

SMe

Br Bpin

3y

72% (>99:1)

SMe

2

NC Bpin
3i¢

60% (99:1)

F3C SMe

o

Bpin
3l
72% (93:7)

Ac SMe

o

Bpin
30
47% (87:13)

SMe

"

Bpin

3q
48% (95:5)

: Bpln

45% (98:2)

o
Bpin

63% (>99 1)

h’ : Bpin

76% (99 1)

Me3SI\©
Bpin

67% (99.1)

‘ SMe

3r
62% (97:3)

Bpin

“Ratio of ortho to (meta+para) is reported in parenthesis. 250 °C. € 100 °C.
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TIVFRNT 2 =)VR)VT 4 RORE

BNT, TAXNT 2= )LANVT ¢ ROMFH %177 - 72 (Scheme 2-12), Hizg EiZ=F /L
oA Y T u ENVEOBEM LR ORIS bR E S AV ML TERIRAIZET L, xHisT
DA 35, 3t BAPR LK G A ce —TCL B EIC ) Tt a AT oERL 73k
BORIGIEFICA XM B LI OANTNTHEIT L, P IZAFa X FAEESDALT 4 F
TEA B L OANTMTKIEBEITL 2D/ L, TAFAEEZET AL T 4 FTA
U MLGERERFRIAL 722 Lk, RRIGDO A MMOERERIA DO A A =X L% 7L T
%9 Z CHERKMRTDH 5, 2-4. #EERIGHERICTZ ORI 2B~ 5,

Scheme 2-12. C—H Borylation of Alkyl Phenyl Sulfides

Bopin, (2, 1.0 equiv)

SR [I(OMe)(cod)], (3.0 mol%) SR
©/ L4 (6.0 mol%)
p-xylene, 60 °C, 24 h 2 Bpin
Cr o Cr
Bpin Bpin Bpin
3s 3t 3u
77% (97:3) 72% (86:14) 59% (5:95)

RUDPIVAFNVRILT 4 ROKRTFEL

RUTNAFNNANT 4 K (5) DR D FELEIT72 572 (Scheme 2-13) , Hii{b L= F 47T =
V= DA N MEERE) C-H A U EORISGRE AR Lz & 2 A, 1ZTERRBIWET
AV MLCHR T FL SN AR 6 33 DTz, BRI L2, 47 =V — LiFE RO
C-H A UHRTIEA/N MOERMEA R ST, W OSAESEUZ LY A X (LR T AL TG
BTS2 L1 Z W TRISZ(TR 27255 Th . A0 MIER U HRR 6 288 AR T
HZENH LML T,

Scheme 2-13. Borylation of Benzylmethylsulfide 5

Bopin, (2, 1.0 equiv)
[Ir(OMe)(cod)], (3.0 mol%)

[::T/\SME L1 or L4 (6.0 mol%) [::Ii\sMe
B

p-xylene, 60 °C, 24 h pin
5 6

L1: 60% (97:3)
L4: 85% (>99:1)
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2-4. HERE SR

FRRRSIZEBNT, AL MR IEEL L 5 5 HEE KSR 2 D487 L 72 (Scheme 2-

14), —2HX, BEORERF-NEERTHD N Y ARV LA U 7 5O Bpin & DA A
g — A EAERIC L 0 WE AL ML C-H A48 P OIS LA i9- % Path A T
H 5, Path Bid, FEHOMERFONEREA U P AHLICENL L, RGN 18 & -85k %
.z, ¥ Y Y03 hemilabile BN - & LTI, R EDOE Y DVENRA Y U0 A DR
Bt 52 LT l6 Ereliha G2, ELEIRBEZR > TRICHDIETT 2R TH D,

L LB, SEKRFO LA L OSLFFRIZE Y DFT #HE%21To72& 2 A, Path
A DA AR —HEMBAERIZBI ST, Path B OO Y VR MiREE L 72 KRBIX
TANX—MNHERICARRETHD Z ENynoToZ Einh . ARIGIE Path A B L OB O
WTNTHHEIT L TV RN Z ERH LN ST,

Scheme 2-14. Hyphothesis of the origin of ortho-selectivity for C—H Borylation of
Alkyl Phenyl Sulfides

H I /N/""I ' \Bpln — \ \Bp|n _____ -
+ e o Y | e I | o >
= _ | \N/I\Bpln / \Bpln
/N""'Ir“‘\Bpm —  Bpin Bp|n
=<N" I\Bpln .
— Bpin Interaction between S and B
PathB
L
_CH
s 3
TS : .
/N/"“I:r“‘\Bpm __________ -
SN [ Bpn [0 N7 [Bpin [T N7 [Bpin T .
—

Bpin

Interaction between S and Ir
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EH7R5 DFT Az Tol2 L 2 A, FAT =Y —iFEKD A FILIEDOKZIFRT LK
@ Bpin £EO@MER T & OKREFEITE - T, SO EBIPERHIFI S TND Z &0
JRI2 X 172 (Scheme 2-15),

Scheme 2-15. ortho-Selectivite C—H Borylation of Alkyl Phenyl Sulfides controlled
by hydrogen bond.

O 5-CHs QSJ\§<
- s ~
H | =N, A‘ \B-<

+

= _ | \N/I\Bpln
/N""‘Ir“‘\Bpm — Bpin
—=N""| “Bpin
— .
Bpin

WEHROEE Y b L <L dtbpy 2 HWZBRIC, ALESRIRMES TR Lo 720, £ ORA
EBHOMNIT HRL, 5755 %17 - 72 (Scheme 2-16), HEEHLD bpy DA, AL ME
C-H #5 G OIEMEAL I Z 2 BBIRHEDIT 9 23 A X AL C-H #EEIEMHAGIZ e~ THIXHIZ %L
ETHDZENyolz, TOFEKIE, AF LD C-H A & Bpin DEREF 1 & OKER
AL DEERDOFRETH 5,

—J7, dtbpy ZEMIF & L THWEER, A XA UBCERME 5 2 2 BBIRED 73,
ﬁwkﬂffﬁfﬁ#L TT 2 EBIREIZHE AN THSIRTZ R VX —TH 5 Z &3 0h

>7, ZOJREZ BOEEFBRD C-H S LB FoE Y P& d CH-n fHE/EH
ﬂtt)V/Mu?fi%Wok [Zxf L, dtbpy TliX +-Bu FDE Tt 5MEIC L~ TEEY
U UBRINE BIZ720, CH-m fHEAEANRL IpoTelcd B BND,

7»%»7;:»%»74%@@ﬁ;kwf\mﬁL@%%w%#i%wﬁ%4yfn
EVERIZE L S AUTZBR. BOS ORI R 2 AR T LT < D, SERREEIC K D KBRS
NI o e EZ NS, - M LT N 7t u A FLEEGTHREE TA S
RNTAFNCR TR SN ARG LN L RRIT, KE/BENTERNEHELEE
2 bivd,

RUDIVAF VAT 4 ROKRTFEIZEBN T, dtbpy 2 FHWZERTH AL MIA KR 7 HE
fbENTARD IS LNZRRIL, HEORPAANLD C-H S & A F LD C-H BN
NUZRY LAY D KERD Bpin KD S DBEF T L KBRS EER Lm0 L&
2 bivd,
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Scheme 2-16. 3D Structures and the Relative Electronic Energies for the C-H
Oxidative Addition of Thioanisole Catalyzed by Bpy and Dtbpy.

ortho (0.0 kcal/mol) meta (+0.4 kcal/mol)

meta (0.0 kcal/mol)

Y

2.599 A
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2-5. ABALFE~DIZH

AINEDEFALFIA HEEZ R 720, ZEMIGTEBRICEYOERICERY f#HA 7= (Scheme
2-17) o WIPLUZAF VOB L7 1b OUNIT KD . A Mk v FEb Sz 3b 234
R L7, 3b ZHPEERER T2 2 &< RUNREM AN Lok, /X7 U Al a2 vz
TOuERCB U EDBAR-ER ATy 7 ) IRIGICE D AL MMIC T = =L EEoE
NSV B T 2 ZBBE, 70%INR TRz, it T MeOTE & ORUSIZE D 7 2 217k
SULEANEERL XT Dy MMEEOIFEIE T Boping & S SH L, BRE, 84%INHE T 8 A
/o B

Scheme 2-17. Conversion of Introduced Boryl and Methylthio Group of 3b

B,pin, (2, 1.0 equiv)
[Ir(OMe)(cod)], (3.0 mol%)

/©/SM6 L4 (6.0 mol%) /@SMe
Me p-xylene, 60 °C, 24 h Me

Bpin
1b 3b

PhBr (1.0 equiv)
PdCl,y(dppf)-CH,ClI, (5.0 mol%)

Na,CO3 (5.0 equiv) /@SMe
H,0/1,4-dioxane/EtOH Me Ph

90°C,4h

70% (2 steps)

N -
MeOTf (1.3 equiv) /@SMez OTf
DCE, 60 °C, 12 h Me Ph

Bopin, (2, 2.0 equiv)
Pd(OAc), (5.0 mol%)
SPhos (5.0 mol%)

K3POy4 (1.5 equiv) /@Bpin
THF, 60°C, 12 h Me Ph
8
84% (2 steps)
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3E. K

U Y UENL T OB EBRES R A S E L, BRiREEO e ) O U RENL
T2 AN T AT =Y — AFFERD AV MOEIRE 7R 7 BSOS OB IR LT, C-
H AU FEIZBW T b —RRENL - CThH D dibpy 2 HWZBRITIEE T ONAREL O K
JGNLE T > 72 DIk L, EEHEOE LY 20 (bpy) & AW ZSAIIINARICIRAT, A
FNF A IO AN ML TEIROICRISDNEITT 2 2 & & Rl Lic, ROGSGHEO &L A21T
92 & T, WV IERIMER X OVE R A A R TR R BN LT, ET, AUGE
WTHRLNTZAROBAN LAY REREELE, BLXOATF LT HEONTR AR ATFET
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Supporting Information

Iridium-Catalyzed ortho-C—H Borylation of Thioanisole Derivatives

Using Bipyridine-Type Ligand

Zeng Jialin

1. General

All reactions were carried out under nitrogen atmosphere unless otherwise noted. Toluene
(anhydrous, Kanto), THF (anhydrous, Wako), acetone (anhydrous, Wako), 1,4-dioxane (anhydrous,
Wako), and DCM (anhydrous, Wako) were used as received from commercial sources. Et2O and p-
xylene were distilled over CaH> prior to use. Thioanisole derivatives 1a, 1b, 1d, 1e, 1f, 1i, 1n, 1s, 1t,
5, ligands L1, L2, L3 and other reagents were purchased from commercial sources and used without
further purification.

'"H (400 MHz) and *C (100 MHz) NMR spectra were recorded using a JEOL ECZ400
spectrometer. Proton chemical shifts are reported relative to residual solvent peak (CDCl3 at 7.26 ppm).
Carbon chemical shifts are reported relative to CDCl; at 77.0 ppm. High resolution mass spectra were

recorded on JEOL JMS-700 (EI) spectrometer.

Preparation of ligands L4-6'

| X n-BuLi (1.3 equiv) (n-Bu)sSnCl (1.3 equiv) i X
N”>Br Et,0 Et,0 N”>8n(n-Bu)s
-78°C, 3 h -78°C, 3 h
then
25°C,12h

Pd(OAc), (5 mol%)

@ fj/Br PPhs (25 mol%) — —
+ | / \ Br
N” > Sn(n-Bu)g Br N p-xylene \ N N /

(1.3 equiv) 120°C, 24 h
Pd(OAc), (0.15 equiv)
B(OH), PPh; (0.75 equiv)
— — Na,CO5 (5 equiv) —
\ \ Br + 278 7 N \ R
N N H,0, dioxane, EtOH —N N
R reflux, 4 h L4-L6
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To a 100 mL two-necked flask, 2-bromopyridine (3.16 g, 20.0 mmol) and Et:O (37 mL) were
added. The mixture was cooled to -78 °C and n-BuLi (1.6 M in hexane, 16 mL, 1.3 equiv) was added
dropwise. The resulting mixture was stirred at -78 °C for 3 h. To the mixture, n-BuzSnClI (8.14 g, 25.0
mmol, 1.3 equiv) was added dropwise. After stirring at -78 °C for 3 h, the resulting mixture was slowly
warmed to 25 °C, and stirred at 25 °C for 12 h. The volatiles were removed in vacuo, then Et,O (37
mL) was added. The mixture was filtered and the filtrate was concentrated under reduced pressure to
give 2-(tributylstannyl)pyridine (6.86 g, 93%).

To a 100 mL two-necked flask, 2-(tributylstannyl)pyridine (7.38 g, 20.0 mmol), 2,5-
dibromopridine (5.92 g, 25.0 mmol, 1.3 equiv), Pd(OAc), (0.225 g, 1.00 mmol, 0.050 equiv), PPh3
(1.31 g, 5.00 mmol, 0.25 equiv) and p-xylene (30 mL) were added. The mixture was stirred at 120 °C
for 24 h. After cooling to room temperature, aq. NaOH (2.0 M, 30 mL) was added and the organic
materials were extracted with toluene (3 x 180 mL). The combined organic layer was dried over
MgSOs, filtered, and the volatiles were removed under reduced pressure. The residue was purified by
column chromatography on silica gel (hexane/EtOAc = 5/1) to afford 5-bromo-2,2'-bipyridine (3.46
g, 76%).

To a 100 mL two-necked flask, 5-bromo-2,2’-bipyridine (0.468 g, 2.00 mmol), an aryl boronic
acid (2.00 mmol, 1.0 equiv), Pd(OAc); (0.0672 g, 0.300 mmol, 0.15 equiv), PPh3 (0.393 g, 1.50 mmol,
0.75 equiv), Na>COs (1.06 g, 10.0 mmol, 5.0 equiv), 1,4-dioxane (10 mL), water (6.0 mL), and EtOH
(6.0 mL) were added. The mixture was refluxed for 4 h. After cooling to room temperature, the organic
materials were extracted with EtOAc (3 x 60 mL), and the combined organic layer was washed with
brine (40 mL), and dried over Na,SOs, filtered, and the volatiles were removed under reduced pressure.

The residue was purified by column chromatography on silica gel to afford L.4-6 (43-86% yields).

Preparation of substrates

Reaction of aryl lithium with (MeS); (for Ic, 1g, 1i, 1j, 1k, 11, 1q, and 1r)*

o B n-BuLi (1.2 equiv) (MeS), (2.0 equiv) e o SMe
L THF THF O
-78 °C, 30 min -78°C,4h

then warm to 25 °C

To a 200 mL two-necked flask, aryl bromide (10.0 mmol) and THF (40 mL) were added. The
mixture was cooled to -78 °C and n-BuLi (1.6 M in hexane, 7.5 mL, 1.2 equiv) was added dropwise,
and the resulting mixture was stirred at -78 °C for 30 min. To the mixture a THF solution (8.0 mL) of

(MeS), (1.88 g, 20.0 mmol, 2.0 equiv) was added dropwise. After stirring at -78 °C for 4 h, the
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resulting mixture was slowly warmed to room temperature. After removal of the volatiles under
reduced pressure, the organic materials were extracted with EtOAc (3 x 60 mL). The combined organic
layer was dried over Na;SQs, filtered, and the solvent was removed under reduced pressure. The

residue was purified by column chromatography on silica gel to afford substituted thioanisoles.

Synthesis of 4-(methylthio)phenyl acetate (1h)’

AcCl (1.2 equiv)

/©/8Me EtsN (3.0 equiv) /©/8Me
HO DCM AcO

0 °C, 30 min 1h
then warm to 25 °C

To a 100 mL two-necked flask, 4-methylthiophenol (1.40 g, 10.0 mmol), EtsN (3.04 g, 30.0 mmol,
3.0 equiv) and DCM (30 mL) were added. The mixture was cooled to 0 °C and DCM (3 mL) solution

of AcCl1 (0.942 g, 12.0 mmol, 1.2 equiv) was added dropwise, and the resulting mixture was stirred at
0 °C for 30 min. The resulting mixture was slowly warmed to 25 °C. Water (20 mL) was added to the
mixture, and the organic materials were extracted with DCM (3 x 60 mL). The combined organic layer
was dried over Na SOy, filtered, and the volatiles were removed under reduced pressure. The residue
was purified by column chromatography on silica gel (hexane/EtOAc = 20/1) to afford pure 1h (1.64
g, 90%).

Synthesis of trimethyl(3-(methylthio)phenyl)silane (Im)*

Br\©/SMe n-BuLi (1.2 equiv)  Me3Si-Cl (1.5 equiv) Measi\©/SMe
THF THF

-78 °C, 30 min -78°C,1h
1n then warm to 25 °C

1m

To a 100 mL two-necked flask, 3-bromothioanisole (1.02 g, 5.00 mmol) and THF (20 mL) were
added. The mixture was cooled to -78 °C and n-BuLi (1.6 M in hexane, 3.8 mL, 1.2 equiv) was added
dropwise, and the resulting mixture was stirred at -78 °C for 30 min. To the mixture, Me3SiCl (0.815
g, 7.50 mmol, 1.5 equiv) was added dropwise, and the resulting mixture was stirred at -78 °C for 1 h.
The resulting mixture was slowly warmed to 25 °C. Water (20 mL) was added to the mixture, and the
organic materials were extracted with EtOAc (3 x 90 mL). The combined organic layer was dried over
NaxSOyq, filtered, and the volatiles were removed under reduced pressure. The residue was purified by

column chromatography on silica gel (hexane) to afford pure 1m (0.879 g, 93%).
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Synthesis of 1-(3-(methylthio)phenyl)ethan-1-one (10)°

Br\©/SMe n-BulLi (2.2 equiv) DMA (2.0 equiv) Me SMe
THF THF

-78°C,1h -78 °C to 25 °C, 30 min
1n 10

To a 200 mL two-necked flask, 3-bromothioanisole (2.03 g, 10.0 mmol) and THF (50 mL)

were added. The mixture was cooled to -78 °C and n-BuLi (1.6 M in hexane, 14 mL, 2.2 equiv) was
added dropwise, and the resulting mixture was stirred at -78 °C for 1 h. To the mixture, N N-
dimethylacetamide (DMA, 1.74 g, 20.0 mmol, 2.0 equiv) was added. The resulting mixture was slowly
warmed to 25 °C, and stirred at 25 °C for 30 min, then aq. HCI (1.0 M, 50 mL) was added at 0 °C.
Water (100 mL) and Et;O (100 mL) were added to the mixture, and the organic materials were
extracted with Et;0 (1 x 100 mL). The combined organic layer was dried over MgSQy, filtered, and
the volatiles were removed under reduced pressure. The residue was purified by column

chromatography on silica gel (hexane/EtOAc = 10/1) to afford pure 1o (1.35g, 78%).
Synthesis of (2-methoxyphenyl)(methyl)sulfane (Ip)°

Mel (1.2 equiv)

@SMG— K,CO3 (1.2 equiv) @SMe
OH DMF OMe

25°C,1h

1p
To a 50 mL two-necked flask, 2-methylthiophenol (0.701 g, 5.00 mmol), K»COs (3.46 g, 25.0
mmol, 5.0 equiv) and DMF (10 mL) were added. The mixture Mel (0.851 g, 6.00 mmol, 1.2 equiv)
was added dropwise, and the resulting mixture was stirred at 25 °C for 1 h. EtOAc (30 mL) was added
to the mixture, and the organic layer was washed with brine (3 x 90 mL), dried over Na;SOs, filtered,
and the volatiles were removed under reduced pressure. The residue was purified by column

chromatography on silica gel (hexane/EtOAc = 20/1) to afford pure 1p (0.695 g, 90%).
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Synthesis of isopropyl phenyl sulfide (1t)’

©/SH Br K,CO3 (1.4 equiv) ©/ Y
+
)\ acetone

reflux, 12 h

1.2 equiv

To a 50 mL two-necked flask, thiophenol (0.551 g, 5.00 mmol, 1.0 equiv), KoCO;3 (0.967 g, 7.00
mmol, 1.4 equiv), 2-bromopropane (0.738 g, 6.00 mmol, 1.2 equiv) and acetone (15 mL) was added.
The mixture was refluxed for 12 h. After cooling to room temperature, water (45 mL) was added and
the organic materials were extracted with Et;O (3 x 150 mL). The combined organic layer was washed
with brine (100 mL), dried over MgSOs, filtered, and the volatiles were removed under reduced
pressure. The residue was purified by bulb-to-bulb distillation (100 °C, 10 mmHg) to afford 1t (0.683
g, 90%).

2. Effect of Ligands (Table 1)

To a test tube, [Ir(OMe)(cod)]> (2.65 mg, 4.00 umol, 2.0 mol%), L4 (1.86 mg, 8.00 umol, 4.0
mol%), bis(pinacolato)diboron (2, 50.8 mg, 0.200 mmol, 1.0 equiv), and p-xylene (1.5 mL) were
added, and the mixture was premixed for 1 min. To the mixture, 1a (24.8 mg, 0.200 mmol, 1.0 equiv)
was added, and the tube was sealed with a Teflon lined screw cap. The resulting mixture was stirred
at 60 °C for 24 h. After cooling to room temperature, the solvent was removed in vacuo. Dodecane
(internal standard, 15.0 mg, 0.0881 mmol) was added, and the resulting mixture was analyzed by GC
to determine the yield of borylated products.

4,4,5,5-Tetramethyl-2-(2-(methylthio)phenyl)-1,3,2-dioxaborolane (3a).’

'H NMR (400 MHz, CDCL3) § 1.37 (s, 12H), 2.45 (s, 3H), 7.10 (dd, J = 7.6, 7.6 Hz, SMe
1H), 7.17 (d, J = 7.6 Hz, 1H), 7.37 (ddd, J = 7.6, 7.6 Hz, 1.2 Hz, 1H), 7.68 (dd, J = @
7.6 Hz, 1.2 Hz, 1H); 3C NMR (100 MHz, CDCls) & 15.7, 24.8, 84.0, 123.6, 123.9, Bpin
1312, 135.9, 145.2. 3a

2,2'-(2-(Methylthio)-1,3-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 4.8
'H NMR (400 MHz, CDCl3) 5 1.38 (s, 24H), 2.45 (s, 3H), 7.25 (t, /= 7.2 Hz, 1H),  Bpin
7.51(d,J=7.2 Hz, 2H); *C NMR (100 MHz, CDCls) § 22.3, 24.8, 84.0, 126.6, 135.0, @[SMG

144.4. .
Bpin
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3. Substrate Scope of Thioanisoles 1 and 5 (Scheme 2-11, 2-12, 2-13).

General procedure: To a test tube, [Ir(OMe)(cod)]> (3.98 mg, 6.00 umol, 3.0 mol%), L4 (2.78 mg,
12.0 pmol, 6.0 mol%), bis(pinacolato)diboron (2, 50.8 mg, 0.200 mmol, 1.0 equiv), and p-xylene (1.5
mL) were added, and the mixture was premixed for 1 min. To the mixture, 1 (0.200 mmol, 1.0 equiv)
was added, and the tube was sealed with a Teflon lined screw cap. The resulting mixture was stirred
at 60 °C for 24 h. After cooling to room temperature, the solvent was removed in vacuo, and the residue

was purified by column chromatography on silica gel.

4,4,5,5-Tetramethyl-2-(5-methyl-2-(methylthio)phenyl)-1,3,2-dioxaborolane (3b).’

According to the general procedure, the product 3b (39.1 mg, 74%) was obtained SMe
as a white solid after purification by column chromatography on silica gel /@i
(hexane/EtOAc = 20/1). '"H NMR (400 MHz, CDCl3) & 1.37 (s, 12H), 2.29 (s, Me Bpin
3H), 2.43 (s, 3H), 7.08 (d, J = 8.0 Hz, 1H), 7.18 (dd, J = 8.0 Hz, 2.4 Hz, 1H),

7.50 (d, J = 2.4 Hz, 1H); *C NMR (100 MHz, CDCl5) § 16.2, 20.6, 24.8, 83.9, 124.6, 132.0, 133.3,
136.5, 141.4.

3b

4,4,5,5-Tetramethyl-2-(2-(methylthio)-5-(trifluoromethyl)phenyl)-1,3,2-dioxaborolane (3c).

According to the general procedure, the product 3¢ (50.2 mg, 79%) was SMe
obtained as a white solid after purification by column chromatography on silica /@

gel (hexane/EtOAc = 20/1). 'H NMR (400 MHz, CDCl3) 5 1.38 (s, 12H), 2.47 CF3 Bpin
(s, 3H), 7.21 (d, J= 8.0 Hz, 1H), 7.58 (dd, J=8.0 Hz, 1.2 Hz, 1H), 7.92 (d, /= 3¢

1.2 Hz, 1H); '3*C NMR (100 MHz, CDCl3) § 15.2, 24.8, 84.4,122.9, 124.4 (q, J = 270.2 Hz), 125.5 (q,
J=32.6 Hz), 127.7 (q,J = 3.9 Hz), 132.5 (q, J = 3.9 Hz), 150.7; "B NMR (128 MHz, CDCls) § 30.6;

HRMS (EI") Caled for Ci4H sF30,SB* [M]"318.1073, Found 318.1070.

2-(5-Fluoro-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3d).

The reaction of 1d using L4 gave 3d (24.7 mg, 46%) as yellow oil after SMe

purification by column chromatography on silica gel (hexane/EtOAc = 10/1). 'H

NMR (400 MHz, CDCl3) 8 1.37 (s, 12H), 2.4 (s, 3H), 7.06 (ddd, J=8.8,8.8,2.8 Bpin

Hz, 1H), 7.16 (dd, J = 8.8 Hz, 5.2 Hz, 1H), 7.37 (dd, J=9.2 Hz, 2.8 Hz, 1H); 1*C 3d

NMR (100 MHz, CDCl3) § 16.9, 24.8, 84.3, 117.9, 118.1, 122.1, 122.3, 127.0 (d, J = 26.8 Hz); ''B
NMR (128 MHz, CDCl3) 8 30.4; HRMS (EI") Caled for Ci3HisFO,SB™ [M']" 268.1105, Found
268.1106.
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2-(5-Chloro-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3¢).>

According to the general procedure, the product 3e (38.6 mg, 68%) was obtained SMe
as a white solid after purification by column chromatography on silica gel /@
(hexane/EtOAc = 10/1). 'H NMR (400 MHz, CDCl3) & 1.36 (s, 12H), 2.43 (s, C! Bpin
3H), 7.07 (d, /= 8.8 Hz, 1H), 7.31 (dd, J= 8.8 Hz, 2.4 Hz, 1H), 7.64 (d, J=2.4

Hz, 1H); *C NMR (100 MHz, CDCl5) § 15.9, 24.8, 84.3, 125.4, 129.9, 131.0, 135.4, 143.6.

3e

2-(5-Bromo-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3f).”
According to the general procedure, the product 3f (47.2 mg, 72%) was obtained /@SMe
Br

as a white solid after purification by column chromatography on silica gel Boi
in

(hexane/EtOAc = 10/1). 'H NMR (400 MHz, CDCl5) & 1.36 (s, 12H), 2.42 (s, g

3H), 7.01 (d, J=8.0 Hz, 1H), 7.45 (dd, /= 8.0 Hz, 2.4 Hz, 1H), 7.78 (d, J=2.4

Hz, 1H); *C NMR (100 MHz, CDCl5) § 15.8, 24.8, 84.3, 117.8, 125.6, 133.9, 138.3, 144 4.

3f

2-(5-Methoxy-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3g).

According to the general procedure, the product 3g (35.3 mg, 63%) was SMe
obtained as a white solid after purification by column chromatography on silica /@

gel (hexane/EtOAc = 10/1). '"H NMR (400 MHz, CDCls) § 1.37 (s, 12H), 2.42 MeO

(s, 3H), 3.80 (s, 3H), 6.92 (dd, J = 8.8 Hz, 3.2 Hz, 1H), 7.19 (d, J = 8.8 Hz,
1H), 7.20 (d, J = 3.2 Hz, 1H); *C NMR (100 MHz, CDCl3) § 17.7, 24.8, 55.4, 84.1, 117.2, 120.4,
128.3, 134.9, 157.0.

Bpin
3g

4-(Methylthio)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl acetate (3h).

According to the general procedure, the product 3h (33.3 mg, 54%) was SMe
obtained as a yellow oil after purification by column chromatography on silica /@

gel (hexane/EtOAc = 5/1). 'H NMR (400 MHz, CDCl3) § 1.35 (s, 12H), 2.27 AcO Bpin
(s, 3H), 2.44 (s, 3H), 7.10 (dd, J= 8.4 Hz, 2.8 Hz, 1H), 6 7.16 (d, J= 8.4 Hz,

1H), 7.40 (d, J = 2.8 Hz, 1H); *C NMR (100 MHz, CDCl3) § 16.2, 21.0, 24.8, 84.2, 124.4, 125.3,
128.7, 142.5, 147.3, 169.5; '"B NMR (128 MHz, CDCls) & 30.6; HRMS (EI") Calcd for C15sH2104SB*
[M"]"308.1254, Found 318.1253.

3h

4-(Methylthio)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (3i)."!
The reaction of 1i using L4 gave 3i (33.0 mg, 60%) as a white solid after SMe
purification by column chromatography on silica gel (hexane/EtOAc = 10/1). 'H /@
NMR (400 MHz, CDCl3) 6 1.37 (s, 12H), 2.47 (s, 3H), 7.17 (d, J= 8.4 Hz, 1H), NC

7.59 (dd, J= 8.4 Hz, 2.0 Hz, 1H), 7.95 (d, J=2.0 Hz, 1H); '*C NMR (100 MHz,

Bpin
3i
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CDCls) 6 15.0, 24.8, 84.6, 106.7, 119.0, 122.9, 134.1, 139.3, 152.8.

4,4,5,5-Tetramethyl-2-(4-(methylthio)-[1,1'-biphenyl]-3-yl)-1,3,2-dioxaborolane (3j).”

The reaction of 1j using L4 gave 3j (49.6 mg, 76%) as a white solid after SMe
purification by column chromatography on silica gel (hexane/EtOAc = 10/1). 'H /@
NMR (400 MHz, CDCl3) § 1.39 (s, 12H), 2.50 (s, 3H), 7.25 (d, /= 8.4 Hz, 1H), " Bpin
7.30-7.35 (m, 1H), 7.39-7.46 (m, 2H), 7.58-7.63 (m, 3H), 7.94 (d, J = 2.4 Hz, 3

1H); C NMR (100 MHz, CDCl5) § 15.7, 24.8, 84.0, 124.3, 126.8, 127.0, 128.6, 129.7, 134.6, 136.5,
140.5, 144.4.

4,4,5,5-Tetramethyl-2-(4-methyl-2-(methylthio)phenyl)-1,3,2-dioxaborolane (3k).’

According to the general procedure, the product 3k (32.8 mg, 62%) was obtained Me SMe
as a clear oil after purification by column chromatography on silica gel \@
(hexane/EtOAc = 20/1). 'H NMR (400 MHz, CDCl3) & 1.36 (s, 12H), 2.34 (s,
3H),2.44 (s, 3H), 6.91 (d,J=7.2 Hz, 1H), 6.96 (s, 1H), 7.59 (d, J=7.2 Hz, 1H);

3C NMR (100 MHz, CDCl3) § 15.6, 21.7, 24.8, 83.8, 124.4, 124.5, 136.2, 141.4, 145.1.

4,4,5,5-Tetramethyl-2-(2-(methylthio)-4-(trifluoromethyl)phenyl)-1,3,2-dioxaborolane (31).
According to the general procedure, the product 31 (45.8 mg, 72%) was obtained CFs SMe
as a yellow oil after purification by column chromatography on silica gel \Q
(hexane/EtOAc = 10/1). "H NMR (400 MHz, CDCl3) & 1.38 (s, 12H), 2.48 (s, Bpin
3H), 7.32 (d, J = 7.6 Hz, 1H), 7.34 (s, 1H), 7.77 (d, J = 7.6 Hz, 1H); *C NMR 3l

(100 MHz, CDCls) 815.5, 24.8, 84.4, 119.9 (q, J = 3.8 Hz), 120.0 (q, J = 3.8 Hz), 124.0 (q, J = 271
Hz), 133.0 (q, J = 32.6 Hz), 136.1, 146.8; ''B NMR (128 MHz, CDCl3) § 31.60 ; HRMS (EI") Calcd
for C14HsF30,SB" [M"]"318.1073, Found 318.1073.

Trimethyl(3-(methylthio)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)silane (3m).’
According to the general procedure, the product 3m (43.2 mg, 67%) was e5Si SMe
obtained as a white solid after purification by column chromatography on \@
silica gel (hexane/EtOAc = 10/1). '"H NMR (400 MHz, CDCls) § 0.27 (s, Bpin
9H), 1.37 (s, 12H), 2.48 (s, 3H), 7.26 (d, J = 7.2 Hz, 1H), 7.32 (s, 1H), 7.66

(d, J=17.2 Hz, 1H); *C NMR (100 MHz, CDCl5) § -1.3, 16.0, 24.8, 83.9, 128.7, 128.9, 135.0, 144.0,
144.1.

3m
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2-(4-Bromo-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3n).>

According to the general procedure, the product 3n (46.7 mg, 71%) was obtained By SMe
as a clear oil after purification by column chromatography on silica gel \Q
(hexane/EtOAc = 10/1). "H NMR (400 MHz, CDCl3) 8 1.36 (s, 12H), 2.44 (s, Bpin
3H), 7.20-7.25 (m, 2H), 7.54 (d, J = 7.6 Hz, 1H); 3C NMR (100 MHz, CDCl;) 3n
515.5,24.8,84.3, 126.0, 126.3, 126.5, 137.4, 147.8.

1-(3-(Methylthio)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one (30).
According to the general procedure, the product 3o (27.5 mg, 47%) was o

obtained as a white solid after purification by column chromatography on Me SMe
silica gel (hexane/EtOAc = 5/1). '"H NMR (400 MHz, CDCl;) & 1.38 (s, 12H),

2.51 (s, 3H), 2.60 (s, 3H), 7.61 (dd, J= 7.6 Hz, 1.2 Hz, 1H), 7.73 (d, /= 1.2

Hz, 1H), 7.75 (d, J= 7.6 Hz, 1H); 3*C NMR (100 MHz, CDCl3) § 15.7, 24.8,
26.7,84.4,122.7,123.5,135.9, 138.9, 146.2, 198.1; "B NMR (128 MHz, CDCl5) § 30.8; HRMS (EI")

Calcd for CisH2103SB™ [M*]7292.1304, Found 292.1301.

Bpin
30

2-(3-Methoxy-2-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3p).
According to the general procedure, the product 3p (23.5 mg, 42%) was obtained as OMe

a yellow oil after purification by column chromatography on silica gel (hexane/EtOAc SMe
=10/1). '"H NMR (400 MHz, CDCl3) § 1.39 (s, 12H), 2.38 (s, 3H), 3.89 (s, 3H), 6.90
Boi
(dd, J=7.6 Hz, 1.2 Hz, 1H), 7.03 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 7.27 (dd, J = 7.6, 7.6 pin
3p

Hz, 1H); 3C NMR (100 MHz, CDCl;) § 19.1, 24.8, 55.7, 84.1, 112.2, 125.0, 127.5,
129.2, 159.5; "B NMR (128 MHz, CDCls) § 30.8; HRMS (EI") Calcd for C14H205SB* [M']"
280.1304, Found 280.1305.

4,4,5,5-Tetramethyl-2-(3-(methylthio)naphthalen-2-yl)-1,3,2-dioxaborolane (3q).

According to the general procedure, the product 3q (28.8 mg, 48%) was SMe

obtained as white solid after purification by column chromatography on silica O

gel (hexane/EtOAc = 10/1). "H NMR (400 MHz, CDCls) & 1.42 (s, 12H), 2.56 5 Bpin
q

(s, 3H), 7.35-7.40 (m, 1H), 7.44-7.50 (m, 2H), 7.70 (d, J = 8.0 Hz, 1H), 7.79 (d,
J=17.6 Hz, 1H), 8.23 (s, 1H); 3C NMR (100 MHz, CDCls) & 15.7, 24.8, 84.1, 120.9, 124.9, 126.4,
127.5, 128.3, 130.2, 135.1, 137.3, 141.3; 'B NMR (128 MHz, CDCl3)  31.0; HRMS (EI") Caled for
C17H210,SB* [M']* 300.1355, Found 300.1355.
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4,4,5,5-Tetramethyl-2-(1-(methylthio)naphthalen-2-yl)-1,3,2-dioxaborolane (3r).

According to the general procedure, the product 3r (37.2 mg, 62%) was obtained

as a white solid after purification by column chromatography on silica gel O SMe
(hexane/EtOAc = 10/1). "H NMR (400 MHz, CDCl3) § 1.46 (s, 12H), 2.42 (s, 3H), O

7.42 (t, J=17.6 Hz, 1H), 7.49 (dd, J = 7.6, 7.6 Hz, 1H), 7.63 (d, J = 6.8 Hz, 1H), Bpin
7.80 (d, J=7.2 Hz, 2H), 7.84 (d, J = 8.0 Hz, 1H); '*C NMR (100 MHz, CDCl;) & 3r
22.1,25.0, 83.6, 125.6, 125.7, 129.3, 129.4, 132.1, 132.6, 134.1, 135.1, 137.3; ''B NMR (128 MHz,
CDCls) 6 31.0; HRMS (EI") Caled for C17H2102SB™ [M']" 300.1355, Found 300.1356.

2-(2-(Ethylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3s).

According to the general procedure, the product 3s (40.7 mg, 77%) was obtained as a s.
yellow oil after purification by column chromatography on silica gel (hexane/EtOAc @ Et
=10/1). "H NMR (400 MHz, CDCl3) § 1.31 (t, J = 7.2 Hz, 3H), 1.36 (s, 12H), 2.91
(q,/=7.2Hz,2H), 7.11 (ddd, J= 7.6, 7.6, 1.2 Hz, 1H), 7.25 (d, J=7.6 Hz, 1H), 7.31
(ddd, J= 7.6, 7.6, 1.2 Hz, 1H), 7.62 (dd, J = 7.6, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) § 13.9,
24.8,27.4,83.9, 124.4, 126.9, 130.8, 135.4, 143.0.

Bpin
3s

2-(2-(Isopropylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3t).

According to the general procedure, the product 3t (46.7 mg, 84%) was obtained as S,

a yellow oil after purification by column chromatography on silica gel @ P
(hexane/EtOAc = 20/1). '"H NMR (400 MHz, CDCl;) § 1.28 (d, J = 6.4 Hz, 6H), Bpin
1.38 (s, 12H), 3.32-3.42 (m, 1H), 7.20 (ddd, J=7.2, 7.2, 1.2 Hz, 1H), 7.29-7.34 (m, 3t

1H), 7.40 (d, J = 7.2 Hz, 1H), 7.58 (dd, J = 7.2 Hz, 1.2 Hz, 1H); '*C NMR (100 MHz, CDCls) & 23.0,
24.8,38.8, 84.0, 125.9, 130.3, 132.0, 134.7, 140.6; "B NMR (128 MHz, CDCl;) & 30.9; HRMS (EI")
Caled for C15H30,8B* [M*]* 278.1512, Found 278.1512.

4,4,5,5-Tetramethyl-2-(3-((trifluoromethyl)thio)phenyl)-1,3,2-dioxaborolane, and  4,4,5,5-
tetramethyl-2-(4-((trifluoromethyl)thio)phenyl)-1,3,2-dioxaborolane (3u).’

According to the general procedure, a mixture of the products 3u (35.9 mg, o SCF3
59%) was obtained after purification by column chromatography on silica gel ~ Pin B@/
(hexane/EtOAc = 20/1). 'H NMR (400 MHz, CDCls) meta-isomer: & 1.35 (s,

12H), 7.43 (dd, J= 7.6, 7.6 Hz, 1H), 7.74 (d, J="7.6 Hz, 1H), 7.91 (d, /= 7.6

Hz, 1H), 8.08 (s, 1H); para- isomer: 6 1.35 (s, 12H), 7.64 (d, /= 7.6 Hz, 2H), 7.84 (d, /= 7.6 Hz, 2H);
3C NMR (100 MHz, CDCls) (meta-isomer + para-isomer) § 24.9, 84.2, 128.9, 135.1, 135.6, 137.1,
138.9, 142.6.

3u
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4,4,5,5-Tetramethyl-2-(2-((methylthio)methyl)phenyl)-1,3,2-dioxaborolane (6).'°

The reaction of 5 using L4 gave 6 (44.9 mg, 85%) as a yellow oil after purification SM
e
by column chromatography on silica gel (hexane/EtOAc = 20/1). The reaction of 5 (;(\
using L1 gave 6 (31.7 mg, 60%) as a yellow oil after purification by column Bpin
6

chromatography on silica gel (hexane/EtOAc = 20/1). 'H NMR (400 MHz, CDCl;)
8 1.36 (s, 12H), 1.95 (s, 3H), 3.99 (s, 2H), 7.21-7.25 (m, 2H), 7.35 (ddd. /=7.6, 7.6, 1.2 Hz, 1H), 7.79
(d, J= 8.0 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 14.6, 24.9, 37.3, 83.6, 126.1, 129.4, 130.5, 136.1,
145.2.

4. Conversion of Introduced Boryl and Methylthio Groups of 3g
(Scheme 2-14)!?

To a test tube, [[r(OMe)(cod)]> (9.94 mg, 15.0 pmol, 3.0 mol%), L4 (6.96 mg, 30.0 umol, 6.0 mol%),
bis(pinacolato)diboron (2, 127 mg, 0.500 mmol, 1.0 equiv), and p-xylene (1.5 mL) were added, and
the mixture was premixed for 1 min. To the mixture, 1b (69.1 mg, 0.500 mmol, 1.0 equiv) was added,
and the tube was sealed with a Teflon lined screw cap. The resulting mixture was stirred at 60 °C for
24 h. After cooling to room temperature, the solvent was removed in vacuo to give crude 3b. To the
crude mixture, PdCla(dppf)-CH2Cl: (20.4 mg, 25.0 pmol, 5.0 mol%), Na,COs3 (263 mg, 2.50 mmol,
5.0 equiv), bromo benzene (78.5 mg, 0.500 mmol, 1.0 equiv), water (1.5 mL), EtOH (1.5 mL), and
1,4-dioxane (2.5 mL) were added. The mixture was stirred at 90 °C for 4 h. After cooling to room
temperature, the organic materials were extracted with EtOAc (4 x 50 mL). The combined organic
layer was dried over NaySQOs, filtered, and the volatiles were removed under reduced pressure. The
residue was purified by column chromatography on silica gel (hexane/EtOAc = 30/1) to afford 7
(0.0749 g, 70%) as a yellow oil.

Methyl(5-methyl-[1,1'-biphenyl]-2-yl)sulfane (7)."
'H NMR (400 MHz, CDCl3) § 2.33 (s, 3H), 2.35 (s, 3H), 7.06 (s, 1H), 7.15 (dd, J O
=8.4Hz, 1.6 Hz, 1H), 7.21 (d, J= 8.4 Hz, 1H), 7.34-7.44 (m, 5H); *C NMR (100 SMe
MHz, CDCl;) 6 16.5, 20.8, 126.1, 127.4, 128.0, 128.7, 129.3, 130.9, 133.4, 134.7, O
140.7, 141.2. Me

7

To a Schlenk tube, 7 (42.8 mg, 0.200 mmol) and 1,2-DCE (1.0 mL) were added. To the mixture was
added MeOTf (42.6 mg, 0.260 mmol, 1.3 equiv), and the resulting mixture was stirred at 60 °C for 12
h. The volatiles were removed in vacuo to afford the sulfonium salt. To the tube, B,pin, (102 mg, 0.400
mmol, 2.0 equiv), Pd(OAc); (2.25 mg, 10.0 umol, 5.0 mol%), SPhos (4.10 mg, 10.0 pmol, 5.0 mol%),
K3P0O4(63.6 mg, 0.300 mmol, 1.5 equiv), and THF (2.0 mL) were added and stirred at 60 °C for 12 h.
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The resulting mixture was filtered through a pad of silica gel. After removal of the volatiles under
reduced pressure, the residue was purified by preparative TLC (hexane/EtOAc = 20/1) to afford 8
(49.6 mg, 84%) as a yellow oil.

4,4,5,5-Tetramethyl-2-(5-methyl-[1,1'-biphenyl]-2-yl)-1,3,2-dioxaborolane (8).'*

"H NMR (400 MHz, CDCl3) & 1.21 (s, 12H), 2.40 (s, 3H), 7.17 (d, J= 7.2 Hz,

1H), 7.21 (s, 1H), 7.32-7.41 (m, 5H), 7.65 (d, J = 7.2 Hz, 1H); '3C NMR (100 O
MHz, CDCl3) 6 21.5, 24.5, 83.5, 126.7,127.1, 127.6, 129.1, 129.9, 134.8, 140.1,

143.3, 147.7

Bpin

Me

8
6. Benzylic C(sp*)-H Borylation of 1v

According to the General procedure described in section 4, the reaction of 1v was carried out. S1 (38.1

mg, 72%) was obtained as a clear oil.

4,4,5,5-Tetramethyl-2-(2-(methylthio)benzyl)-1,3,2-dioxaborolane (S1)."
"H NMR (400 MHz, CDCl3) § 1.25 (s, 12H), 2.37 (s, 2H), 2.44 (s, 3H), 7.04-7.09 SMe

(m, 1H), 7.11-7.18 (m, 2H), 7.22 (d, J = 8.0 Hz, 1H); '*C NMR (100 MHz, CDCls) @
§16.4,24.7,83.4,125.3, 125.9, 126.6, 129.6, 136.9, 138.2.

Bpin
S1
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AR EATOREE G ATV E SRR ZHRE, TWHEZBY £ Lo, JUIRZER

FReREMEALFENITERT  BIE T AR EIR ISR O TZ L E T

AWPIE A EAERRY) T 8870 TR A W12 & £ Lis, JUNREER RS S B AL 2T SEFT
JHBREEE TUN KRR T EAL O IERT BRI IR &R L R &,

DTN 2065 5 2T, Mix A FIIEEOZE S LTV & £ Lin, ki, BIE%E
SR BEERICE BB LET,

RN DT O RADMFFEATE 2 X2 TL 12 & o 7o, JUMNRZRFBEHR G B L 2T BI{E W5
H., EYECEERTR R T v 2 — DRI EHT N T L E T

AT G2 52 TWIZIZE | FAOMIRATE 2 XA T EEWE Lz, AFMEEAED
FHMHAOERR, MHEOFE OERICE BN LET

Bt%. RO AETE R KM E L X 2 CWEFEEE L. & & WE, B IR e, &k
R IR < B2 LET,
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