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Improvement of Site-selectivity, Reactivity, and Chemoselectivity
of C-H Borylation of Aromatic Compounds
Using Hydrogen Bond between Substrates and Ligand
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Ac acetyl

acac acetylacetonate

Ar aryl

'Bu iso butyl

"Bu normal butyl

‘Bu tertiary butyl

cod cyclooctadiene

Cp cyclopentadienyl

Cy cyclohexyl

DCE dichloroethane

dioxane 1,4-dioxacyclohexane
DMF dimethylformamide

dppf 1,1'-Bis(diphenylphosphino)ferrocene
dtbpy 4,4’ -di-tert-butyl-2,2°-dipyridyl
ee enantiomeric excess

equiv. equivalent(s)

Et ethyl

EWG electron-withdrawng group
h hour

hex n-hexyl

Me methyl

Mes mesityl

MS mass spectrometry

NMR nuclearmagnetic resonance
Ph phenyl

pin pinacole

Piv pivaloyl

ppm parts per million

'Pr isopropyl

quant. quantitative

recov. recovoery

rt room temperature
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temp
Tf
TFAA
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BARDOER, &0 DIFREICEONTE, KO FEE, S FEERB X OFHAEREREIER
DHERDEETH D, NA AEIRSCHAER Tl K0 7 EIRICEEAFIER ORI
FREZ IR BRI B DYER 72 ENFFCTE D, TO—FH TR FEHEIL, BENOKI AT
OtFEC, BED QOL ZEI WA AIIEE LTW\W5D, £ BADEIM T 9.6 KM
HALD 5 B, KD FIEIKIZZE O 50%LL Ea2Hv, BEibitsTh b BRIV TES T+
EHROBEMIHT —H T b, | SHICHADEGICEBWTERBIIHMABHRTHY .
NICB T HEEGMOTFTEOEE VLT T HEICB T 2 NMEEO SO EZ#EA 5 &
o FEEOEEN, 2z BIEEE LCERML OIS L OAEE DR RIITLEORET
b5,

K57 FIEIEDOBAFEMIIE Tl R IZHIEC X 2 HMISOFANMATH D, AT
FITRBEAMO/NSWAEEROBEEE S UHTN TS 23, AR FEEAKA R LU
BRI OAREEROWT NS EBLL 9 2 kFE—KFEMHE (C—HREE) DEEIREH
JMZFEE LT,

C—HEBITAMLEWITEMEL TWDHD, ZOMEIFIFFICLET, RWHERELIX
Tl ST hvo72, 2 L L 1950 4E(RIC H AT, C—H f5 4 % 2h=I0IC B OREAIC 2
B 5 AR, C—H A LHOSAR R ENT-, Lok, HRPOBEEN C—H e
PSS DBIFIF ATV, Z D HEBRT—EDREEL T TE 7=, * 2 om M ke
FPHIIARTZRERN T, S o2 LAMEOM EXAVETH 5,

C—HRAZEMEICDIZ D5 D 9B AT, FRTRISONLEEIRPEIZ B9 2 [
ORI ZFE—DRIE L Lz, ERIETIE, RISEEOHEIZ LREMZ D Z & CThrEsk
RO Z R L CE72h, FBE TIE e <A X v 425 Z R Aree & e, b
VZHE T 7 FE 3 P R PH O RIE 72 LR I RIS 70 D & B 2 T,

AFRSLOH L ETIE, A X LR C—HFE AR Y BRI DWW TRET, 55 2 3 T,
o1 BT LA A LS, RSO A B L EALF OREER I OWT, B 3
BT, AR e C—H ALV TR RS,

ARBFIEIZ X 0 &S m AR IR R O EF ITIEH S 4L, FFiE OB L &
i 7R EHGAGICHER T EUTENTH 5,

VRSB [FRL 26 AF SR T3 A PEERERTAHE L

2 Kerr, J. A. “CRC Handbook of Chemistry and Physics” 71st ed. by Lide, D. R. CRC Inc., Boston,
pp1990, 9-95-9-96.

* Murahashi, S. J. Am. Chem. Soc.1955, 77, 6403.

* Murai, S.: Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A.; Sonoda, M.: Chatani, N. Nature
1993, 366, 529.
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¥ 1E FEREESYO X 2 BRI KR —KRES R Y IVERIEOFRRHRE
PRI —KEREG (C—HfEE) BRBURIE, MROAHEA ABUE & e~ TRIS TR & H
WY 52 L BTE B0, EEBEIILD & T HEMARCAY OARDFEERE ED
D LRI S NS, T ZIEER NS OBIRMIE 2 S, SRk BHREUE1S
WESNTND, YT, ZOEENLBRICES N 2B, 2 L T2 OMBMRICHIT -

A ONE &7tk T 5,

1-1 HR
RER—KERBRESTERICDFER

BRAEILFT, REMZIZUD ET 2 ATESRERHIR L, BheEOE A - 25 -
PR, S DICHEITIG UIRGE - IRGEFEOLRMZ T 2 & T, SESERARLEMEE
AL TE T2, BN E LT, RISHEDOEWIRFE —~7 a i B G ITxT 2 B
e, TILTE R, F o BIRZ ATV EO D NLR AV IKIIREFENDRZ —~T i
F L EREAIHT DM AIA STV, 2R DOEREEIZZDORIEHEDEVNS |
FRONTANE CRIGEETIEHZ LN TS, FEH#ELIL. BFREOKISHESILAY
DOVEfRMEZR EOKIEEZ BRIICHW SN S, L L, ZEERARTIEEZHAR DAL
EMOBRRTIIEROEBRTREEZMNE LT 5720, S TRERESCEED OBENL, X0
B « 2IRAR UGS OEHINRD LTS,

RS —RFERES (C—H A 13, T OfE AT 3L —23) 100 keal/mol® & KX <
AEETHY . < OEGEFERE L IR SN2, LavL, 1955 FITAHE H 23 Cop(CO)g
it & Uiz BEBEA 2 v DI VR = UG L (Schemel-1) . ° #Ei T 1963 4EIC
Kleiman, Dubeck 73 NiCp, & T 7 ' Ro¥ o D C—HfEAIENE L &2 84 L TLUK (Scheme
1-2).° C—H #i & OUIWT 2 8 5 KA TERRBOSIE AL OB - 22 Bk DR L 7o 12,
LU, SN — PR (Scheme 1-3) ° lcfiE&END L Hic, NvBrRebrzy
7L, BMREDILAEYEEEEN W TS ZIT O AN L < 2 HD T e, 2 b DK
JEDRUSNRITEL . FROSMEOHIEN TE 2N EnE, C—H AL B S
BHEA IR LIS WRISTH 72,

® (a) Chatt, J.; Watson, H. R. J. Chem. Soc. 1962, 2545. (b) Kleiman, J. P.; Dubeck, M. J. Am. Chem.
Soc. 1963, 85, 1544. (c) Chatt, J.; Davidson J. M. J. Chem. Soc. 1965, 843.
® Fujiwara, Y.; Moritani, I.; Matsuda, M; Teraniahi, S. Tetrahedron Lett. 1968, 9, 3863.
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Scheme 1-1 | Carobonylation-annulation of aromatic imines

H
Co,(CO)g (0.1 mol%) NPh
NPh + co
H benzene, 220-230 °C, 5-6 h

(100-200 atm) o

Scheme 1-2 | C-H nickelation

O NiCp, (1 equiv) /@
N=N : N=N
@[H neat, 135 °C, 4 h ©:l¥i0p

(excess)

Scheme 1-3 | Fujiwara-Moritani reaction

Pd(OAc), (40 mol%)

AgOAc (2 equiv)
+ 2php —m8M8M8M8»
H AcOH, reflux, 8 h = "Ph

L, FHoBR~ATrfFIc k28 ~0FX L —ra v ERA L C—H fAaEreE
BEOG Z G LIz L EPORUUT—E LT, I T =0 LR T, HEES o
DA MOBRENC T V7 = ACBOG S EITT % Z & Z R L7z (Scheme 1-4), * AKG
T, S EEZ BRI &AL LER R EEMICHTTZ 2 IRE — IRFBAE GRS EITT
%o IR L ORIMIEOHIEWTOBLE 5 C—H fE B LKISZEZRIC
REGEDT T, ERICZOMIPERINTOILFL—va Y 2RI L7z C—H a4
AT AN TN D L2127, SESEREMEZFHATED Z ERH LM
L 72 -7 (Figure 1-1), Scheme 1-5 (21, Scheme 1-4 |22 T, RFEHZREAIEZ = C
—HEAERIEOBE LT 227 2= ) P UERFICL D0 YT A~OBNLZ2FIH
L 7o R % — RBREATROE B LT 2 RBERR IS L 537 V07 A~OBRULZFIH LTz
R — IRFAEATERR %R Lz,

Scheme 1-4 | Ruthenium-catalyzed C-C bond formation

SiEt,
RuH,(CO)(PPhs); (2 mol%) o

H
. toluene, reflux, 6 h
(1 equiv) OO
[ H-Ru—O

100%

" Lim, Y. G.; Kim, Y. H.; Kang, J. B. J. Chem. Soc., Chem. Commun. 1994, 2267.
® Tremont, S. J.: Rahman, H. U. J. Am. Chem. Soc. 1984, 106, 5759.



Figure 1-1 Representative directing groups
OR NR, H
L ™M L
Q== T02 O O o e
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NR N N N N N
H H H H H H
H H
v ool Qg
@: o @:H o H H

H

Scheme 1-5 | ortho-Selective C-H functionalization using a directing group

t
~ 1/2[RhCI(CgH4),12/3PCys - Bu
| (5 mol%) | Z
) NT + By - NS+ o)
H (5 equiv.) THF, 100 °C, 2 h By N
: 86% Bu
92 : 8

H Pd(OAc), (1 equiv) H
N AgOACc (excess) N

®) @[ \g/ +  Mel —> @[ *g/
H (10 equiv) TFA, 100 °C, 10 min Me

(excess)

(10 TON)

SEIFEREMEOHMICEY, RUBVRAIZLD & T 5 HFERA /L MBI C
—H A AEHRITIRE SR L, ° L L, BAEICKET S C—H AR 21
FEHAROGTIL, WICE T HEE L TZOOMEANEEN TS, —Di, BlhEEITEE
CHEBEER L C0D 7, KINRICHRET S TRALER A THY . KL TR,
JRFNROBLE D, C—HEGORSEIFEHTE TNz &idkh s, /-, BrEick
STE, AP LBRETERVWEVH MBS LSS, ZHHIE, LERELIINERE
BIRREZ R C C—H A DY Z 5 (Scheme 1-6) 72, S masBlm B (¥
VEBEARTIEA L ML) IZRONTNWDZ ETHY . KV IEBICE T DALE R C
—H A UIMNIIREETH 5,

¥ Kakiuchi, F.; Chatani, N. Adv. Synth. Catal. 2003, 345, 1077.
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Scheme 1-6 | C-H transformations via the formation of 5- or
6-membered metallacyclic intermediate

4 X M wX "FG" g X
—_— S

M) n M) n k) n

n=0or1

“R B OROSALEOHIBRIZE L TiE, EER I E ORIEN RS oo H 5,

A BRI C—H BETRRE

Boim 22 W72 5 & C—H fE S A ETIE, £ O B, AV ML A 72 SSA3
DL L ZEH TS, EETIEH, WS ODDORISTER TR P B A X (RN ZE
FE DB Z 5050 . ZRBIEEICROEFICENSND,

Gaunt & (XER(LAOSRMH T kit E O Sk Cu(OThH, Z WA Z & T, 7=V FFERD A
HACEIRE 72 7 ) — AV e % 328 L 7= (Scheme 1-7), ©° Cu(OTf), Tix72 < Pd(OAC), &
WSS TR, 7= U RERE AR T 27 MR L, AL MERIREZ2 C—H 7 U — L
(LR ENETT 2 2 L LI3xHBEITH S (Scheme 1-8), ** —HT. Cu(OTH, 12 L5 ET
1L C—H A EIR2EE < L 2 V12 Heck KU TR B35 K 95 720U B BRER IR HE (Scheme 1-7,
FIK) ZRDIZDIC, AN MIETIERL AZLTT V=L’ Z 5, 2 ARG IEE 5
ZRIF U722 Z AL C—H A L HSETh D,

Scheme 1-7 | Cu-Catalyzed meta-Arylation

H H
N_ ‘Bu Cu(OTf), (10 mol%) N_ ‘Bu )to
x@/ \Ig +  PhyX - x—<|)/ \([)]’ W O |
o C <
X = OTf or BF, DCE, 50-70 °C, 24-28 h r " uvL

H : !
(1.5-2.0 equiv) ~ph

up to 93%

four-membered metallacycle

Scheme 1-8 | Pd-Catalyzed ortho-Arylation

H Pd(OAc); (0.2-5 mol%)

A
H R AgOAc (1-2 equiv) r H ‘Bu
z Y o+ Arl - z A
X J e CF,CO,H,90-130°C X .0

(2-9 equiv) 2h-3d

up to 96%

% Phipps, R. J.; Gaunt, M. J. Science 2009, 323, 1593.
' Daugulis, O.; Zaitsev, V. G. Angew. Chem. Int. Ed. 2005, 44, 4046.
12 Chen, B.; Hou, X.-L.; Li, Y.-X, Wu, Y.-D. J. Am. Chem. Soc. 2011, 133, 7668.



Ackermann 5L, LT = A(NMBEA NS Z LT, 227 2= ALY DU DA XNLT IV
F LG A FEH L= (Scheme 1-9), *° AR TIE, LATFICRT RUSHERE 2 H2IE ST
(i) BUPAEEARRIEE L TRUVBUVER C—HBAEDA NV N AXNMERREZ S Z &
THPEAEAET, (i) ETEERAT=ULDLOELUELICE Y FERNE &
FICR D720, C—RU fEBDAIN MLEZIZ NI TD TV —F )L« 7577 LI UL
SOSET L, (i) ZEUAT Y — A F= AFENR T e Nk kS 52 & T, fER
ELTRAZMBT NF LI NIZARD GBS (Scheme 1-10), ARBUG T, EEN
-7 2= AU DU ERIILD ET D, 2AUINU P UBRAR T D R REAT 0 HEERILAEY
WIRHN TS, EHICRERRARERE Y P UimEEZ AT H720, —ED &N
AHEE RIS & L TORIAIZEE LV,

Scheme 1-9 | Ru-catalyzed C-C bond formation at meta-position

[RuCl,(p-cymene)], (2.5 mol%)

. MesCO,H (30 mol%) X Me
R Me K,CO; R'T
KN + )\RZ ' '\N R?
dioxane, 100 °C, 20h

A
P

up to 60%

Scheme 1-10 | Proposed catalytic cycle

| |
N ~.N

]
MesCOz’Ru\'" 0,CMes
Ph_ _N

N

U]

¥ Hofmann, N.; Ackermann, L. J. Am. Chem. Soc. 2013, 135, 587.



Yu Bk, "IV LB KD A ZALEIRYZR C—H TV = AbBOS & i LTz
(Scheme 1-11), ** Kiic > 7 / fa AT MG 2 b Ol Z b OB EHE (LAY %
EEELTHWDZ EIZLY, v 7 2 HOBRF AR ICEAL L, AREEaE .00
AZNLC—HFEEITHEET 5 2 & T, (LEEIRMEARBLT 2 2 LI L T D, AT
%, REOPFRIZZ BB AET 58, C—HMAEMISD D BITRE L 70 o 7Bl 4 BR
BT DHEND DRI EORMETRT,

Scheme 1-11 | Pd-Catalyzed C-C bond Formation at meta-Position using directing group

Pd(OPiv), (10 mol%)
. R AgOPiv (3.0 equiv. )
Bu +
X Bu
Q/\ iB DCE, 90°C, 30-48 h iBy

’Bu
~98%

EBITYUBIE, JARARETINTSZLICEY, 7 = = VFIETHEARD A 2 (7RIR
B)732 C—C FEBTUR R &2 EBL L 7= (Scheme 1-12), ° AKIGTIE, 7 I REHDARF VY
ASOENIC L0 | AL MORIREYZ: C—H RS ATEH LSRR Z 0 | TOERETHT U —v
RT T KRR DT D7 W= RBAEBIC ) VRV R BHATHZ LT, NIV T AL
D A ZNA~DOEL N AIHEIZ 72 % (Scheme 1-13), Scheme 1-11 OE L3R 0 B TR TR
BORMMNAREL 720, 7= 7 — A7 =V ViHERICH LR ZEA$ 5721 T,
ARG RPEAAREE 72 B, 1 22 L, RISOHE B TAIL MId C—H f54 22 #n
D ET B, AN MICEBRIEE & OREIC o U TR TE 720,

Y Leow, D.; Li, G.; Mei, T. S.; Yu, J. Q. Nature 2012, 486, 518.

15 Wang, X. C.; Gong, W.; Fang, L. Z.; Zhu, R. Y.; Li, S.; Engle, K. M.; Yu, J. Q. Nature 2015, 519,
334.

16 (a) Shen, P. X.; Wang, X. C.; Wang, P.; Zhu, R. Y.; Yu, J. Q. J. Am. Chem. Soc. 2015, 137, 11574.
(b) Wang, P.; Farmer, M. E.; Huo, X.; Jain, P.; Shen, P. X.; Ishoey, M.; Bradner, J. E.; Wisniewski,
S. R.; Eastgate, M. D.; Yu, J. Q. J. Am. Chem. Soc. 2016, 138, 9269. (c) Wang, P.; Li, G. C.; Jain, P;
Farmer, M. E. He, J.; Shen, P. X,; Yu, J. Q. J. Am. Chem. Soc. 2016, 138 14092.
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Scheme 1-12 | Pd-Catalyzed C-C bond Formation at meta-Position with norbornene

Pd(OAc), (10 mol%)
Ligand (20 mol%)
X

X Norbornene (1.5 equiv)
X NHArg AgOAc (3 equiv) X NHArg
Y+ J o + R—I > Y- J o
(3 equiv) DCE, 95 °C, 16 h
R

H R =CHs
re = 4- CF3 CGF4 or CHchZEt

OMe
»
N™ "0

Scheme 1-13 | Plausible catalytic cycle for norbornene-mediated meta-C-H alkylation

0
NArF
NArF
R
" \)( Pd(II)Ln
o (o)

Ar up to 90%

R L,
A5 , {
o o
NHArg NHArg
R
L,—Pd L,—Pd
0o o
NHArg NHArg
L,—Pd Pd
IR <—T Ly
RI

A, EVE. Hartwig S 1%, AU /WAﬁj‘il@Q%ﬁﬂb\éf\/"Z/ DA ZALEIRAY72C—HAR
VARG & LTV 5 (Scheme 1-14) , YV —fikic, C—HiEA OUIBHICITEIRZ T 5
G IS O RERTIEEDRE\OA U T A1) b Y AR U LEER (Scheme 1-14, £7[X])
RS Z L CRIRICCTRISMNETT 2803, b HC—HEAEBEDOF THTTND
HD12ThHD, LrL, —ROLREETIE, AXERBLORTEOIREYNELND,

Z ONLEFRVE IS LAEEFE KT T D720, A ZROHIPORS & 5 72010131,2- T E#

" Ishiyama, T.; Takagi, J.; Hartwig, J. F.; Miyaura, N. Angew. Chem. Int. Ed. 2002, 41, 3056.



U< 1313 P L AR R IV B LB B D,

Scheme 1-14 | Ir-catalyzed borylation at meta-position

R pinB R' ~
‘@[ [Ir(OMe)(cod)] (0.75 mol%) ‘@[ .
R2 o o dtbpy (1.5 mol%) R2 Bu
+ IB_B\
R3 (o) O: :

H

' >N\? _Bpin

I .
H hexane, rt, 8 h 3 <N"| ~Bpin

R R L complex

>
pinB R tBu~—~=" Bpin
szinz 'Bu 'Bu
(0.50 equiv) M f Iridium(Ill) trisboryl
/ \
\ N / )

(1.0 equiv) up to 91%
dtbpy

ZNE DB FHEEERO A ZNLERA 22 ERERALSOS T, Wk 7221258 A AR B S R
WD ZENDND, £ T TRIE, — AR E I3 5 A Z (0IRAY 72 C—H LIS %
FHA N MR AR SRR A EIC L RE AT 2 2L 0 TE o0 F
AR A DB FE NS F LTz,



1-2 BRERE : ERFRAEH FRMAKDERE

1-1 HCHAT RSB 232 T, BUED C—H S ATEHALRUSBIF I B W TR - R & iR H
Eﬁﬁi ARG SRR ) ST 2 & DL ANF K OSE — bt - (@ IRNEDIEFTE TH D
LEZ T, T HERIDONEEIRI L C—H A BRE LU 2 2R L O 2 IELAHE
é&% %E%ﬁ®%% ZAEF L (Figure1-2), 72056 AN (Z AL ERERGIAL &
BAL, E L OBOIAREEMAIEAEMRICE Y . HRYD C—H fHE O I & AL 2
EEES LT MEERNL C—H A LMBUSHET T 5 £ B AT, HFILAREZIT L
TR SOS S OIS TE AR, BEmEE VW 7csha L3RRy | MilEREHRE TS
FEIERMED C—HFEZMIERE LTEIRT D Z LR AREL 22 0 | E - [FIRFICEL A 0
A TREDNREL 72D,

Figure 1-2 | Concept of recognition system

Linker

Substrate-recognition part

Trapping the substrate
H using non-covalent bond

Selective aproach of catalyst
core to target C-H bond

Catalyst core

KRFEFREESRCFHEM A EAICRER SN DA/ ST, AEFRMESOSICROND KD
2, ROSHEEZIET 5010 RMmE 2 b > T0AH 5T, FREERVES TIEARY
T2, R & BE L OZTEUS AT L, il 7 L (Scheme 1-15) A EHTE L7
B, ISR & HIES 5 O Li- oy TR EERTE B 2 bid, S BIZH T Figure 1-5
WZRT KL, BMERTERONS EIEREFREVDKEFTEMLGERLLOSHFEKE R D Z
ERIOLNTND oD, KEEEZHOVIVTZHRREEICHEHE T2 Z LN ageE 25 L&
2. IKFEREG BBV BLO 72 O O fil i — LB O IELAGRE A M AAER & L TR
L7,
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Scheme 1-15 | Catalytic cycle of non-covalent bond-controlled regioselective
C-H transformations

non-covalent bond

Substrate

KRB EETDEENIZEITSHFA

KFEFEE DI RAWE LT RO SUIFFE STV, 20 e gIEEIC X2 DFAE
DRI TE D, 1920 44121 Latimer <> Rodebush, Huggins, Pauling (2 X > CTHHfEIZZ D
TSRS, P KFHAEL, BREERF T (X)), BbICHHE, EF, 7 v RFE 7R
CITHEET HKFERF (H) ELEILRERELF (A) oI 20 FMEITH N
FIHAEATH Y . IUPAC Technical Report TIZLL F L S ICERS TS, B

“The hydrogen bond is an attractive interaction between a hydrogen atom from a molecule or a
molecular fragment X—H in which X is more electronegative than H, and an atom or a group of

atoms in the same or a different molecule, in which there is evidence of bond formation.”

KFFEB DS T R/LF—THH O T 40 keal/mol, 551> & 0 Tl 0.4 keal/mol F25E TH
. N—H—N BIZALN D KFEREA TR BIMOEIEICAY , 7 v FBRTOEDL L KEHEE
I% 5-6 kcal/mol TH D & I TW5D FEAEHES 500 kI/mol F2fE, 77 T T —/L A )01
ki/mol F2E) , PE-AFEEADOBES T X—H—A ORTHEICL>THRZRD . 180 (T
WWNFEETRLS 2B Z EDBFLNTWVD,

KFEREOIL, RN TREREEZ R LTRY, MBEEIS0A 4> OEMRICED - T
W5, BUr7uas 7 =Btk ) U X DM R ST T RIS R AT O et
Th DM, TEEFOINTINT Serl95 NIE 72 5T F REEELLT-OL, AL 54 F
T =A% A Serl95 & Glyl93 NKFRAIZ IV LENT HZ & TRICERELTND

18 Steiner, T. Angew. Chem. Int. Ed. 2002, 41, 48.

¥ Arunan, E.; Desiraju, G. R.; Klein R. A.; Sadlej, J.; Scheiner, S.; Alkorta, I.; Clary, D. C.;
Crabtree, R. H.; Dannenberg, J. J.; Hobza, P.; Kjaergaard, H. G.; Legon, A. C.; Mennucci, B.;
Nesbitt, D. J. IUPAC Technical Report
(http://media.iupac.org/reports/provisional/abstractl1/arunan_tr.pdf).

20 Taylor, M. S.; Jacobsen, E. N. Angew. Chem. Int. Ed. 2006, 45, 1520.
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(Figure 1-3) , 2 F7= Serl95 fLIC/AET 57 X VRIS Rr v b &K T 52 L T,
FEEEWR L. FOMLEZBEL T\ 5D,

Figure 1-3 | Mechanism for serine protease

N~ N~
1 1
H\\ /‘H
(‘0,
Ry AR
His 57 H )
sp102) = 3
~~e,.N_N H
_HN
&

KEFEEEZFIRLIEF ¥ %L E LTIECIC 7254 RF ¥ RADBMLNTEY ., Mo
BN % J DA A d o OBENZHIRT 5 Z OF v 2UIFTKERAIT L0 Eem A A+
AL TS (Figure 1-4) , #

Figure 1-4 | Mechanism for CIC chrolide channel

AVR=v Y N Z—E (IPNS) 1 C—H FALHS 2k 2fE L LD
NTW% (Scheme 1-16) , 2 o Y R= ) 3= U » OEARICEIT D HIBAETH 5,
JFEFD R UA_TF RAIPNS M7 I Bk iKIc L0 Eiks s 2 & C, ZEOMRKIGCE
SEAR - ALESRINAICHEI T STV D,

2L Hedstrom, L Chem Rev. 2002, 102, 4501.
22 Dutzler, R.; Campbell, E. B.; Cadene, M.;, Chait, B. T.; MacKinnon, R. Nature 2002, 415, 287.
2 (a) Burzlaff, N. I.; Rutledge, P. J.; Clifton, 1. J.; Hensgens, C. M. H.; Pickford, M.; Adlington, R.

M.; Roach, P. L.; Baldwin, J. E. Nature 1999, 401, 721. (b) Lundberg, M.; Kawatsu, T.; Vreven, T.;
Frisch, M. J.; Morokuma, K. et al. J. Chem. Theory Comput. 2009, 5, 222.
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Scheme 1-16 | Enantio- and site-selective C-H functionalization controlled by enzyme

H st
HO,C N HoH
2 \_/\/\n/ H Isopenicillin N synthase Hozc\_/\/\n/N S
NH, 0 AN H > NH, o] j;N\)<

0,

O -
. CO,H
. 2
HO,C Kﬁ-l Isopenicillin N
HO. C H 1 ﬁ H

- 0 \/%
HO,C H HO,C

Recognition of substrate with non-covalent bonds by isopenicillin N synthase

Tyr 189 O o
H
H
N_ _NH o
Arg 2797 G @J
NH, 0

NH,

NH2

m\\ l\’(H

KEHSZMA L-ARER RGO HHE

AREEHALTE S KRB IS L o TRISZHIE L TE 7z, TFERBAICKELY Y
T ARFEREE T BY U C UL RIS 2ok, Rl & LTl .Corey HD /7 =2 U #kiEEk 2 A
HoDYA—, P K, FHELO ) VEEFHEAR, *° Bach 50T 7 # A, 7 Jorgensen &
DERZNKR LT I FFEES P LHHRENH 55 (Figure 1-6) . FEIARE STy 7305k
fidft & L C @ Bronsted [i2 D HINL % #EST. L 7= Wynberg & . [A]111 % 3 3 O Jacobsen 512 X v B
FE SNBSS & ISR T,

2 Corey, E. J.; Grogan, M. J. Org. Lett. 1999, 1, 157.

% Tanaka, K.; Toda, F. J. Chem. Soc., Chem. Commun. 1983, 593.

% (a) Akiyama, T.; Itoh, J.; Yokota, K.; Fuchibe, K. Angew. Chem. Int. Ed. 2004, 43, 1566. (b)
Uraguchi, D.; Terada, M. J. Am. Chem. Soc. 2004, 126, 5357.

2" Back, T.; Bergmann, H. Harms, K. Angew. Chem. Int. Ed. 2000, 39, 2302.

28 Zhuang, W.; Hazell, R. G.; Jargensen, K. A. Org. Biomol. Chem. 2005, 3, 2566.
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Figure 1-6 | Representative organocatalysts for assymmetric reactions

Ph Ph OO Ar
phud ) y=ph O~"oH Q0
N/ N w OH /P\OH
) ° e
PH Ph
Ar

qu_ey . Toda
Elt:ctrop!\(;hc a(.jd'.tlon [2+2] Cycloaddition Akiyama and Terada
of cyanide to imine Mannich reacrion
Ph  Ph
o. NO TN N-Tf
=N H H
Jorgensen

Friedel-Crafts type addition
Bach
Photocycloaddition

—
H/N HO, ‘Bu S
HO H =
NHPh thN\n/\NJLNc -
z N T H H
| Et HO OMe
\3
N Mukaiyama Bu
Wynberg Michael addition Jacobsen

Michael addition Strecker reaction
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Wynberg & 3 fiiEE&ED > v a = E WA Z T HFFRETF -0 Ia 7 v ) v
(X B AR ARG 2 B L 7= (Scheme 1-17), ® ALSUG T, FX 27 U 2 LA
FA—NE, E R ERT ) CERBREGER L, v a =2 BRSO
R L ORFHOMEICE S5 LT\ 5 (Scheme 1-17, AX), > aF 7 huaA ReL
THEHMZbF=V Yy, F=—F, Vra=VERRFAHEME L L TEDNTEY, &
MBS DIEANT b A H-Baylis-Hillman &, ¥ = b 7L R— G, 3 REFHT
JMESIER DR F i b2 EB LT 5,

Scheme 1-17 | Cinchona alkaloid-catalyzed asymmetric conjugate addition of aromatic thiols to cycloalkenones

(¢}

(o} SH
ﬁ @ cinchonidine (1.0 mol%) g
+ o
benzene, 22 °C, 15 h

(1.2 equiv) % Bu
75%ee - -
H/N

cinchonidine = HO

z

N

N

2 Wynberg, H.; Helder, R. Tetrahedron Lett. 1975, 4057.

% lwabuchi, Y.; Nakatani, M.; Yokoyama, N.; Hatakeyama S. J. Am. Chem. Soc. 1999, 121, 10219.
31 Misumi, Y.; Bulman, R. A.; Matsumoto, K. Heterocycles 2002, 56, 599.

%2 Brandes, S.; Bella, M.; Kjarsgaard, A.; Jargensen, K. A. Angew. Chem. Int. Ed. 2006, 45, 114.
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Feml s, Er ) Y UEERE WD 2 L TR R BRI EITH 2 &
INATRE T H Z & &R L= (Scheme 1-18), ¥ S m =2 K ARG & [FIBE, filerp
DEFRFRFNF A — &, filfiithor Fox o ERN LRV EHHEERTSZ T
Scheme 1-18, HXIZ/R T X 9 7R BB RE A 2T, 7T4%I =, 88% ee IC T HAIMAF TV 5,

Scheme 1-16 | Pyrolidine-catalyzed asymmetric conjugate addition of aromatic thiols to cycloalkenones

o} ~ Ho. 7

(o)
O
(o] SH
. catalyst (2 mol%) -~ g Et‘ N
toluene, -5°C, 5d ( s~ \N
Bu
1.2 equiv t
( quiv) HO Bu
74% yield
catalyst = ZD\/NHPh 88% ee - Bu -

1
Et

Jacobsen DIIARFEHLAEA T 5 F AIRFETHER LML & L7 AF Strecker SOzt L

(Scheme 1-19) . ¥ FA IR BN A KFERES UG L L TRISHITH S 7 = REIEMEL L,
FLT I N CEEDOA IV ZRMEL, AEZHIL TWD, RFEBIOTF AIRFEME
A o oENCAAR=AHE B = a2 R BT AT A e nmbRT
W5,

Scheme 1-19 | Schiff base-catalyzed asymmetric Strecker reaction
‘B
u S H

ho \n/\N
HO OMe

ANF 1) toluene, 24 h, -78 °C  'Bu P
N + HCN » F3C )N:v
R” “H 2) TFAA CN
78% yield
91% ee

KFERESIE, MERIN R C—H B AN b VS TVWS (Scheme 1-20), ®2
®%ﬁﬁfi\477n7my®%o:o@NVVwﬁ®5%*ﬁ%%ﬁ%ﬁ%%?é:

% Mukaiyama, T.; Ikegawa, A.; Suzuki, K. Chem. Lett. 1981, 165.

% Sigman, M. S.; Jacobsen, E. N. J. Am. Chem. Soc. 1998, 120, 4901.

% Jiang, L.; Liu, M.; Chen, Y. C.; Ding, L. S.; Wu, Y. Synlett 2005, 603.

% Qkino, T.; Hoashi, Y.; Takemoto, Y. J. Am. Chem. Soc. 2003, 125, 12672.

87 Xu, H.; Zuend, S. J.; Woll, M. G.; Tao, Y. Jacobsen, E. N. Science 2010, 327, 986.
38 Das, S.; Incarvito, C. D.; Crabtree, R. H. Brudvig, G. W. Science 2006, 312, 1941.
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ENHREL I oT, HEB L OIS TO b O MR AEMOKZE"EEZHND Z &
T, BV IERRMERZ EB L TV 5,

Scheme 1-20 | Site-selective C-H oxidation controlled by hydrogen bond

HOOC (o)
TBAO (5 equiv) 99
HOOC Mn catalyst (0.1 mol%)

+
CH,CN, 0°C, 2 h

O,
Ibuprofen 58% 1
TBAO = tetrabutylammonium Oxone®

— lbuprofen -

0., H.
“H. O

H -0

0 < _N

W _N= 0,

M N N>

fo) R (o]

- Mn catalyst -

EROWS ODDFIN S RIS K ORBEDOHERIZ SW TR OB Z I TE 5, KISD
R e LT, @iERIC B 2S5 72010, R g9 W oA AR Cd 2 K
BORESFREzEmDD LD BRI TORERME FRISHMTOATND ZEBET LN D,
o, MEREICE L TiE. ORISOIEMALZ 48 5 MaEE O & QAR FHIE 21T © 72
D FOSAFHIRENL T I HAKF A G R Z R —2FHNIC b8, SHIC@ZNnbHE DR
SV A—tEE i 2 28T, RROMBEEZFIEHL TV RTH D,
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ik 93 28 Bt

R A A, OMMEETEMET L, @ FRBIRENL, @V I —HEiE, 1> DAk D ity +
ZEkat L7z (Figure 1-6), 977205 KEMEA IR X ERDENE o, A5
EALE LTI |BIE T CC—HIEEZERBMMETELZA YV VUL /BT DA REEIR L
7= (Scheme 2-1-8), Y MEFRMEAL & LCid, R - FAREBMELRIN L, REBL
OF A RFBIL R OKBREEMEENLE Lo, KFBRA O T AR -7
ERETLNOThHD, - R CHREZEMT 2720, KBTI D AETENEF 0 &
KEOMERBRERELLTWI E LR L, 22C, UV h—HiEoRp o+ 4
L. ZDISHE~DRELRRT 52 & & LT,

Figure 1-6 | Design of catalyst for meta-selective C-H borylation

Linker

Substrate-recognition part
Catalyst core
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1-3 S FDER &R

TR & L C BB Y DOVENL -, FEGREREAL & LCIRSE - TAIRFEME LA
L. Vo h—H 0B 5801 la, 238 L3 247 (Scheme 1-21, 1-22, 1-23) ,

BN la B L OZOHEEIKOEBIILL FOEEBY TH D : (i) fikliEo PdACly(dppf)
BIORMNIZFATIVFEF. 22707 =) L Fa— LR RT U AERSELZ L
T, TUV—INRT U ERPTHRESE, (i) £, 5-7rELE Y VU BLOKE
Y O LRI EMZ D Z ET, R—BEH 7 m ARy TV 7k T=0 V5%
BREST, () ZOAEWICA YT — M EHSE 22 LT, REBELOE
v Y DVEINL A 1a B L O OFERIR 157,

Scheme 1-21 | Synthesis of 1a
(i) (ii)

Br
o ]
BH (3 equiv) S
o z I N™ (0.9 equiv)
Et;N (4 equiv) X

PdCl,(dppf) (5 mol%) Ba(OH),¢8H,0 (3 equiv) Z
Br : ] ~ | NH,
NH, dioxane, 100 °C, 4 h dioxane/H,0, 100 °C, 4 h z ) N
59% N

(iif)
0=C=N-Cy (1.5 equiv.)

CH,Cl,, rt or reflux
50%

U A—EEIZATF L2 b O e UARNF 21%, (1) 227 rEEY U2 iRE
By VT ED - ATFA22-B Y Ul L, (i) ROV ) Ak, UL
b, (i) 7eelbaRT, (v) ~"FFAFLUT I IV EDORSICL Y T I UiEHE
et (v) Iz 7a~Xi g Vo7 32— hERIGEESE 5 Z & TAHE LT (Scheme
1-22),
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Scheme 1-22 | Synthesis of 2

(i) Br—(/j\>—CH3 (1 equiv)
N=

BuLi (3.3 equiv) ZnCl, (3.6 equiv)

Pd(PPh,), (2 mol%) — —
@—Br » o = O—Q—CHs
=N N N

THF, -78 °C, 30 min rt,2.5h rt, 18 h
(1.5 equiv) 75 %

(iif)

(i) BrF,CCF,Br (2.0 equiv)

LDA (1.3 equiv) TMSCI (1.2 equiv) \/ ™S CsF (2.0 equiv) \/ i Er
> > 7N »> Z | N
THF, -78°C,1h < N DMF, rt, 3 h N
N (iv) v) 78 % (2 steps)
S\ (12 equiv) 0=C=N-Cy (0.9 equiv) o
LN 2N NHiC iPr,NEt (1.0 equiv) _ NSNS
—— >N > S L
CH,CL,, reflux, 3h I _N EtOAc, 80 °C, 24 h “W N
78 % N

Vo —8l 7 z= v F =L U2 oY VB 313, (i) 5-7uE
LUl 222 F AT 2 EOEBED T IR0 ELNET =) UEER
WL, (i) 7AYo 73— hEEHSEHZ LT, AR L7 (Scheme 1-23),

Scheme 1-23 | Synthesis of 3
0]

Br PdCl,(PPh;), (0.5 mol%)
1 Cul (1 mol%) =
NN * > @ NH,

| Z \ Et;N, 70 °C, 3.5 h N

(i)
0=C=N-Ph (1.5 equiv)
'

CH,Cl,, reflux, 2 h
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N XTI NFEIK da BT, R Y IALBOS O EEYE A i L7z (Table 1-1), %
FLBERO C—H RV MERETHOWON TV AETEERE Y Y DLEN 1 (4,4--tert-
TFN22-E Y P [dibpy]E LN 44-P R R FT22-EE Y P [(MeO)bpy]) % AV
el ZAH, FREDINET C—H AU FLIEHET LI b 00, MERRPEITKS, A ¥
NB I ORTNR Y UEDIREYM IS 7 (meta/para = 1.9 and 1.4, entries 1 and 2), A
HAALIRPEIL RFEALZ OB E Y DENL T la & W2 BRI KIEIZ A E L7z (R 50%,
meta/para = 8.3, entry 3), *H NMR 35 X TN GC MS 12 L 0 AL MR U MBIRAER LT 7
W EEMER LT, B SRR OER DTV — VARG LTS, ALESERIRE O M
WX 27 b einoT (entries 4-7), FARFIMZAT DY DARN A 1f TIEARY
LRI G D72 o7 (entry 8),

Table 1-1 | Application of 1 to iridium-catalyzed borylation

o [Ir(OMe)(cod)], (0.75 mol%) 5 9 i
_ Ligand (1.5 mol%) pin N(hex); + /©)LN(heX)z
©)LN(heX)2 * Bapin > \©)L pinB

hexane, 25°C,16 h

4a 5a
(0.75 equiv) 6a-meta 6a-para
Entry Ligand Yield (%)* Ratio of
(metatpara) meta to para®
1 dtbpy 67 1.9
2 (MeO),bpy 52 1.4
3 1a 50 8.3
4 1b 22 1.4
5 1c 31 7.2
6 1d 40 3.9
7 1e 32 3.6
8 1f 0 —

“Determined by '"H NMR using 1,1,2,2-tetrachloroethane
as an internal standard.

‘Bu OMe
=z | z |
‘Bu S MeO. N .N__O
/I N /| N H Y
~_N N H’N‘R
dtbpy (MeO),bpy R = cyclohexyl 1a

4-(MeO)CgH, 1b
4-(CF3)CgHy 1c
4-("Bu)CgH, 1d
2,6-Me,CgH;  1e
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RIEE LT p-F v LU BV, A XML X OURTALR U AL ER O AR e A 27
T ELZ (Tablel-2,entryl), AF LU h—%2FTHEE Y UAEA T2 TiE, A
HALEARPEILRIE ISR T L, dtbpy =2(MeO),bpy & [RIFLE DE LAVRE S e/ - 7= (entry 2),
Tz VE2F =LV —%HFT58 80U UM A 3 TER U UHBRIGNEE - 7= < &
1T L72oTz (entry 3), TAAFUELNA VT LIENTH I & T, N KIE L2
HIEEEZTND,

Table 1-2 | Application of 1 to 3 to iridium-catalyzed borylation

(o}
o [Ir(OMe)(cod)], (0.75 mol%) o
Ligand (1.5 mol%) pinB N(hex),
N(hex), + Bapin, > N(hex), +
4a 5a p-xylene, 25°C, 16 h pinB
(0.75 equiv) 6a-meta 6a-para
Entry Ligand Yield (%)* Ratio of
(mono) meta to para®
1 1a 44 27
2 a7 2.0
3 0 -
4b 1a 51 (48)¢ 17 (19)¢

“Determined by 'H NMR using 1,1,2,2-tetrachloroethane
as an internal standard. ?5a (1.0 equiv), [Ir(OMe)(cod)],
(1.5 mol%), 3a (3.0 mol%). “Isolated yield. “Ratio of meta
to para in the isolated product.
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1-4 EH—H&&(D@?\T
F L M He5M: « BB REMEOBEHILZ L ONTIONRV AT I FIZBWTY,
H E’J@C—Hn“( U IAGIRIZHRREE ) b BAFRIRE THEAT L, dtbpyZ W2 35-A 12 bR LT
JRBIENLZ OB E Y VIVEUNL f-1ak IV T-BEIC A 2 ADEFRMES KIEIC [ B L7
(Table 1-3) .

Table 1-3 | Substrate scope of benzamide with substituents on benzene ring

[Ir(OMe)(cod)], (1.5 mol%)

(o] o
Ligand (3.0 mol%) inB
N(hex), + Bopin, P N(hex), + N(hex),
p-xylene, 25°C, 16 h i
R 5a pinB R

4 (1.5 equiv) 6 (meta) 6 (para)
[o] (o]

X X X
pinB{j\)LN(hex)z pinB L N(hex), pinB dLN(hex)z pinB—(/\ﬁLN(heX)z
ZSome Z Z el
6b 6e

1a: 59% (7.8) 1a: 35% (12) 1a: 96% (7.5) 1a: >99% (13)
dtbpy: 40% (0.46) dtbpy: 39% (0.72) dtbpy: 97% (0.46) dtbpy: >99% (0.61)
(o] o
X X A
pinB L > N(hex), pinB L / N(hex), pinB L N(hex), pinB L > N(hex),
1a: >99% (>30) 1a: >99% (6.9) 1a: >99% (>30) 1a: 26% (>30)
dtbpy: >99% (0.86) dtbpy: >99% (0.25) dtbpy: >99% (2.1) dtbpy: 32% (3.9)

TH NMR yield of mono-borylated products (as a mixture of meta- and para-products) with the metalpara ratio
described in parentheses. 35 °C, 24 h. ®5a (1.5 equiv).

23



NN-AF AT I FO0D I, KOSKEFEDO/NSWVONN-PAF AT IR, vrly
PTIR,EARY T I RBIOTEARUT I RERE L LEEBICH, A X OCRREYIZC
—HAR U IALRIED LT L7= (Table1-4) . E/AKRY o7 I R CIIALERIRMED 470 657,
IR G LT,

Table 1-4 | Substrate scope of benzamide with substituents on nitrogen atom of amide group

o [Ir(OMe)(cod)], (1.5 mol%) o o
Ligand (3.0 mol%) inB
<)\)LNR12 + B,pin, » P \dLNR12 + /@‘\Nmz
-xylene, 25°C, 16 h
R? 5a Py R? pinB R2
4 (1.0 equiv) 6 (meta) 6 (para)
o) o o (o}
N
pinB{;dN—Me pinB @)LNMeZ ,{,ine,_:(ﬁ)L "O pinB—(j\)L N(}
o4 o4 4 Br
6j%° 6k 6l 6mb
1a: 51% (3.3) 1a: 44% (27) 1a: 46% (>30) 1a: 95% (3.3)
dtbpy: 54% (1.1) dtbpy: 49% (1.5) dtbpy: 40% (1.5) dtbpy: 5% (0.67)
(o]
. A N
w10
6n

1a: 46% (17)
dtbpy: 45% (2.3)

TH NMR yield of mono-borylated products (as a mixture of meta- and para-products) with the metalpara ratio
described in parentheses. 235 °C, 24 h. »5a (1.5 equiv).

A Fa— LR OfRbicEA~NF L) ad— R 2N THR
U WACLKEHELT L7228, INER « X ZAEPRE S (KT L7z (Scheme 1-24)

Scheme 1-24 | Substrate scope of benzamide with substituents on nitrogen atom of amide group

o [Ir(OMe)(cod)], (1.5 mol%) o o
Ligand (3.0 mol%) haB
N(hex), + B:hg, » 9 N(hex), + N(hex),
p-xylene, 25°C,16 h

CF, 5b CF, hgB CF,
4 (1.5 equiv) 60 (meta) 60 (para)

o J 1a: 77% (metalpara = 5.0)

Byhg; = B—B dtbpy: 56% (metalpara = 1.1)
(o]
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AL T NARIEE NIV T /e BT HR AT R MpB L Usz IWE & LA
X, 7 RORAZNLETNIANTALAR Y MBIRDOIREM DG D0, lazBfr I HW
Bl A Z AR M3\ B U7z (Table1-5) o A ZAL, E7i3A /v MiLé A Z (LI EHHZ
HTHXU AT X R4q, 4r, 4t X 0MuTIE, la, dibpyW T OB 2 HWTE, BH—
DA NG LT,

Table 1-5 | Substrate scope of benzamide with substituents at 3-position or 2,3-positions

o [Ir(OMe)(cod)], (1.5 mol%) o o
Ligand (3.0 mol%) inB
N(hex), + B,pin, » P N(hex), + N(hex),
p-xylene, 25°C,16 h i 1
R' 5a R! pinB R
R? (1.5 equiv) R2 R?
4 6 (meta) 6 (para)
o (o) (o] (o]
. inB
. Q)J\N(hex)z me\Q)(N(hex)z pin \Q)LN(hex)z ) Q)LN(hex)z
pinB-r- pinB
= >
F Br Ph CN
6p 6q 6r 6s
1a: >99% (9.1) 1a: 85% 1a: >99% 1a: 92% (20)
dtbpy: >99% (1.0) dtbpy: >99% dtbpy: >99% dtbpy: 75% (12)
(o] o
pinB N(hex), P"B N(hex),
Cl F
Cl CF3
6t 6u
1a: >99% 1a: >99%
dtbpy: >99% dtbpy: >99%

TH NMR vyield of mono-borylated products (as a mixture of meta- and para-products) with the metalpara ratio
described in parentheses.
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FA Tz, ¥u—, A F=LBIOY D UE ~TaEEREZ b OEEICEBW)
THAR YU LR ISIIHEIT L7 (Table 1-6, 6v-6bb) . N- A F /LB o — LiHE(R T 5 iR Y
JAVIRO ARG MEE S L (6x) . B2 U UEET S RCIZ4n@EIMENm Bl (62) .

Table 1-6 | Substrate scope of heteroaromatics

Ligand (3.0 mol%)

[Ir(OMe)(cod)], (1.5 mol%)

p-xylene, 25°C,16 h

o]
N(hex)z + Bypin,
5a

(o)

(o]
> pi"BN(hex)z + N(hex)2
pinB

4 (1.5 equiv) 6
. B4 0

/ \ / \ pIn=y N\
: o : o
PIETs pinB NN SK'.‘ N N(hex),

N(hex), H  N(hex), Me N(hex), _ H
6v 6w 6x pinB 6y?
1a: 86% 1a: 94% 1a: 84% (6.6) 1a: 86% (>30)

dtbpy: 90% dtbpy: 96%

(Ratio: 4-position/5-position for pyridine derivatives)

(o} (o}
o s~ e
pinBr 2 inBIL
A P sAN
6z° 6aa”

1a: 86% (6.4)
dtbpy: 88% (1.9)

1a: >99% (4.3)
dtbpy: 92% (1.3)

dtbpy: 95% (2.3)
Ratio: 5-position/4-position

dtbpy: 89% (>30)

. B“. X 0
PINSC_N  OEt
6bb?

1a: 99% (1.5)
dtbpy: 89% (0.48)

TH NMR yield mono-borylated products (as a mixture of meta- and para-products) with the metal/para ratio
described in parentheses. ? [Ir(OMe)(cod)], (2.0 mol%), 1a (4.0 mol%), 24 h. ?1d was used as a ligand.
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Fiz, V2T, VU7 I RBIOKRRAT 4 AR Rl ) v EHLEW
WZOWTH, ST DR U MUIRAERY D BAFRIGE TR LA, B+ & L Claz Huviz
GO, @A ZAERER LS (Table 1-7)

Table 1-7 | Substrate scope of phosphorous cmpounds

[Ir(OMe)(cod)], (1.5 mol%)
Ligand (3.0 mol%)

9 ? 9
1 i 1 1
@PR 2 + Bypin, » PinB PR% + /@PR 2
-xylene, 40 °C, 16 h
pxy R? pinB R?

RZ
5a
4 (1.5 equiv) 6 (meta) 6 (para)
i 'CF')’ OEt ('l)'= OE i P
O P(OEt), N (OEt), N (OEt), N P(OEt), _ N P(OEt):
pinB{ pinBg pinBgF pinB4- pinB4+
OMe Me A Br ZNCF,
6cc? 6dd 6ee 6ff 6gg
1a: 52% (16) 1a: 82% (0.52) 1a: 85% (7.5) 1a: 99% (13) 1a: 44% (>30)

dtbpy: 61% (1.5) dtbpy: >99% (0.28)  dtbpy: >99% (0.59)  dtbpy: >99% (0.32)  dtbpy: 99% (0.55)

Q Q 2 Q
N P(NEL) NP POV NP
pinB—}(j/ pinB-t _ pinB+ _ pinB+ P
Z OMe Cl

6hh? 6ii? 6jj° 6kk?
1a: 46% (>30) 1a: 44% (>30) 1a: >99% (>30) 1a: >99% (>30)
dtbpy: 61% (1.3) dtbpy: 53% (1.9) dtbpy: 86% (0.42)  dtbpy: >99% (0.14)

TH NMR yield of mono-borylated products (as a mixture of meta- and para-products) with the metalpara ratio
described in parentheses. 2 5a (1.0 equiv), 6 h. © 25 °C.

1-5 Y5 LRT—ILTORE
1.00 g @ NN-IA~FI2-8 ) 7 Fa AF AR AT I REHWTHR Y UERISELT

S7=L 24, 894 mg (0.250 mmol) A —/L & [FEEDILR « A ZALEIRVE TR U AR
Wnts s n7- (1.23 g, meta/para>30)

Scheme 1-25 | Scale-up operation study

B,pin, (1.5 equiv)
[Ir(OMe)(cod)], (1.5 mol%) o o

0 1a (3.0 mol%) pinB
@\)LN(hex)z T =% \dLN(hex)z + /©5LN(hex)2
-Xy | ,25°C,16 h
CF, pxylene CF;  pinB CF,
1.23 g (90%)
1.00 g (3.09 mmol) metalpara > 30
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1-6 KFHEDEEM DKL

C—H RV MEIEOBEIT T TICRE SN TE Y P KRS THRBED A 7 = X LTl
TLTWD EEZTWD, MERFEOHIEIC, FEE BN B OKEREE ORGP EE
ThDHZ Ea2fERTHT=DIC, LTDOFEREIT-T,

F. H NMR IZBWT, HWEALFESES 2 LT, la DREEBLO NH 70 kDK
Wiy 7 bos@lillEn7e (Figure 1-7a), — . RFBWALOEFRF %2 A F /LRI L - TR
U7 F 1la-Mey TiE, N X7 X FEEFIZBW TS NH 71 v 7 MIEZ S
7257 (Figure 1-7b), ZAUZ X V| AL OBALRED JRFEENL & HVE L D OKFERES
TR DIFAED R < R STz,

Figure 1-7 | Confirmation of hydrogen bond

(a) He HE He
Jt 1a
d . " i

1al4a=11/1 l M\/\

1a/4a=1/9
Jk WA

| TTTTTTTTT | TTTTTTTTT ‘ TTTTTTTTrT | TTTTTTTTT ‘ TTTTTTTTT | TTTTTTTTT | |P|P-|\I|
6.3 6.0 2.5 5.0 43 4.0 3.4 N(hex),
Hd

(b)

He

1a-Me, /4a =111 A Ne>o
Lo P P S e T 1a-Me1

1a-Me,/4a=11/8

\
6.5 6.0 5.5 5.0 4.5 4.0 3.5

(a) Spectra of solution of 1a and 4a in C¢Dg. (b) Spectra of solution of 1a-Me; and 4a in CgDg.

¥ Timothy M. Boller, T. M.; Murphy, J. M.; Hapke, M.; Ishiyama, T.; Miyaura, N.; Hartwig, J. F. J.
Am. Chem. Soc. 2005, 127, 14263.
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Fo RFEENLOERRAO—F E213MW 5 % A F UL L7 BN 1 1la-Me; 38 L U 1a-Me;,
TRV UG AT o T2, ZOREER, WTHOBRNLF & b+ O Z R~ T b D
D, A ZNCERMEILKIEICE T L= (Table 1-8, entries 2 and 3) ., 1a-Me, & W 7=3& 1213
PTNIRDN S A A NLEIRMENFE L L 72 (meta/para = 1.6, entry 2) 23, la-Me, ClIRFEMEE
7oV E B Y VR dtbpy & [RIFREE O ESRIRMEZ R D472 -7 (metalpara = 0.84,
entry 3), Figure 1-7b {23 T 1la-Me; & 4a ZRA LIZBRITIRBEEALO NH 7' homse 7
FNLARD o2& & —EBT AR THD, BV AN & RBE N AT LB I
TeBNEF 10 Z2 VTR U IEOR Z1T o T B b AERIC, la Z W 7e8a L i L TR #
ALRIRMETIRIEIZIS T L7z (entry 4), BB U U LREFEDIEFEE THIT T Tl 72
MERRICH D Z &b, AXNERMEORBUIMLIATH S, 2,2-bipyridine &+ 7 m~F
VT = = VIRFEDOIRAEME RO CRIGEIT S T235A12, dtbpy DA & [RIFLE O &SR
ERTORIZST- (Table 1-3,entry 6), UL EOXIBEROFER LD, B8 U DAL & IRFE
AL D = RTTHI 7R NLE BRI EE Th D Z & SRR STz,

Table 1-8 | Comparison of product metal/para ratios between target reaction and control experiment

o [Ir(OMe)(cod)], (1.5 mol%) 9
Ligand (3.0 mol%) 2
N(hex), + B,pin, » pinB— | N(hex),
5a p-xylene, 25 °C, 16 h - cF,
CF, . 6f
4 (1.5 equiv)

Entry Ligand Yield (%) metalpara

1 1a 95 18

2 1a-Me, 20 1.6
3 1a-Me, 20 0.84
4 1i 929 1.0
5 dtbpy 98 0.96
6 bpy + urea 99 11

bpy + urea
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RS C A Z L RE [ E L7z (Table1-9) Z &b, WEHD T I NEIL & BALF D
PRIFBIBALOME TIERR S 5K F GG O BEEMEZ R L TV 5,

Table 1-9 | Effect of solvents

o [Ir(OMe)(cod)], (0.75 mol%) (o]
1a (1.5 mol%) m
N(hex), + B,pin, » pinB—'\ N(hex),
solvent, rt, 16 h [
4a 5a 6a
(0.5 equiv)
Ratio®
Entry Solvent  Yield (%)?
(metalpara)
1 p-xylene 42 30
2 cyclohexane 43 29
3 THF 27 3.5
4 NMP 15 2.8

aDetemined by "H NMR using 1,1,2,2-tetrachloroethane
as an internal standard. PDetemined by GC-MS.

1-7 IMR

REEMLAATHEEY DA F 2 o724 U DT A 2ZE, Al LTz, Zofil
BARWD Z LT FRBEEHD C—H AR U ALRIS & @R LG W A Z AR PEC
CEM LT, 15 HOFERMER LY | B — AT [ C ORI 7e K FRE A TR 2RI H 7
52T, WUVMEERIRMEN B L TV D 2 EAURE Sz, ABRJSE, MEiiar+ & &
BHOMTOIHLERAMAAEIER R T H0LERING C—H G LS DD T O
Th D, AR, IS0 b SEE R OME  (Figure 1-2, AR ST CIIIR FA#
WERALL) @B+ 52 LT FHENIIIMOBERERORHEZIT) ZL b alfETH Y,
C—H A O KGR L ORE # AHPH O Kig 7 JLRICHE# L. C—H A MRS
DHBIZRKELETHHO EWfFESND, BlZIX, < &I, Phipps HIZXk > T, ALy
BAHH 2 FERRRIAL L Lo, RUDAT 2 UBERD A X ALRIRAI 2R U LRSS s
Enre, ©

0 Davis, H. J.; Mihai, M. T. Philips, R. J. J. Am. Chem. Soc. 2016, 138, 12759.
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Scheme 1-26 | meta-Selective C-H borylation of amino compounds controlled by ion-pair interaction

+
R' X pinB

[Ir(OMe)(cod)], (1.5 mol%)
Ligand (3.0 mol%)

meta para
+ Bypiny
ﬁMes . p-xylene, 25°C,16 h pinB NMe3 NMe3
@ (1.5 equiv) \©i /@(
2 X inB
R yZ p
| meta para
. - ~
X = OTs, OTf Ligand = SN2
LN NBu, up to 93%

metalpara > 20
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ey

General.

All reactions were carried out in a dry solvent under an argon atmosphere. All reagents were
purchased from commercial sources and used without further purification unless otherwise noted.
4-([2,2"-Bipyridin]-5-ylaniline™**, [2,2"-bipyridin]-5-ylmethanamine®®, benzamides 4a*, 4j*“¢, 41,
and 42", phenylphosphates 4dd*°, 4ee®, and 4ff*°, phosphinic diamide 4hh*!, phosphine oxides 4ii*?,
and 4jj>, and dicyclohexylphosphine® were prepared according to the literature methods and
identified by comparing the spectroscopic data with those of reported data. Amide 4k, esters 4aa and
4bb, and phosphate 4cc were purchased from Tokyo Kasei Kogyo Co. Cyclohexylphenylurea was
synthesized according to the literature method from aniline and cyclohexylisocyanate®™. Column
chromatography was performed with silica gel (230-400 mesh ASTM). Recycling preparative HPLC
(LC-9210NEXT; column, JAIGEL-1H and JAIGEL-2H; solvent, CHCI3) was used for isolation of
phosphates 4dd and 4ee, ligand 1a-Me;, and borylated products 6 (as mixtures of meta and para
isomers except 6a, 6¢, and 6¢e) and 7 after removing metal wastes through a short pad of silica gel.
Melting point was measured on simultaneous DTA-TC apparatus (DTA-60). NMR spectra were
recorded on 500 MHz (500 MHz for *H NMR and 125 MHz for *C NMR) and 400 MHz (400 MHz
for 'H NMR, 100 MHz for *C NMR, 368 MHz for °F NMR, 125 MHz for 'B NMR, and 158 MHz

' saifuddin M. et al. Eur. J. Org. Chem. 5108-5117 (2010).

2 Mahata K., Frischmann P. D. & Wiirthner F. J. Am. Chem. Soc. 135, 15656-15661 (2013).

* (a) Kiehne, U.; Bunzen, J.; Staats, J.; Litzen, A. Synthesis 2007, 1061. (b) Custelcean, R.; Bosano,
J.; Bonnesen, P. V.; Kertesz, V.; Hay, B. P. Angew. Chem. Int. Ed. 2009, 48, 4025.

# Kardon F., Mértl M. & Magyarfalvi G. Synth. Commun. 38, 192-199 (2008).

*> Duan X.-H. et al. Bioorg. Med. Chem. 18, 1337-1343 (2010).

*® Das S. et al. Angew. Chem. Int. Ed. 50, 9180-9184 (2011).

* Guo Z., Dowdy E. D., Li W.-S., Polniaszek R. & Delaney E. Tetrahedron Lett. 42, 1843-1845
(2001).

8 Zhou S., Junge K., Addis D., Das S. & Beller M. Angew. Chem. Int. Ed. 48, 9507-9510 (2009).

*® Bonnaventure I. & Charette A. B. J. Org. Chem. 73, 6330-6340 (2008).

% Hirao T., Masunaga T., Yamada N., Ohshiro Y. & Agawa T. Bull. Chem. Soc. Jpn. 55, 909-913
(1982).

*1 Ogawa T., Usuki N. & Ono N. J. Chem. Soc., Perkin Trans. 1 2953-2958 (1998).

%2 Unoh Y. et al. Org. Lett. 15, 3258-3261 (2013).

% Ishikawa S. & Manabe K. Chem. Lett. 36, 1302-1303 (2007).

> Montel S., Jia T. & Walsh P. J. Org. Lett. 16, 130-133 (2014).

% Kotecki B. J., Fernando D. P., Haight A. R. & Lukin K. A. Org. Lett. 11, 947-950 (2009).
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for 3P NMR) spectrometers. Proton and carbon chemical shifts are reported relative to the solvent
used as an internal reference. Fluorine, boron, and phosphorus chemical shifts are reported relative
to trifluoroacetic acid (6 -76.55 ppm), BF3"OEt, (8 0.00 ppm), and triphenylphosphine (5 5.60 ppm)
as an external reference, respectively. Infrared (IR) spectra were recorded on Fourier transform

infrared spectrophotometer. ESI-MS spectra were measured on a spectrometer for HRMS.

Synthesis and Characterisation of Ligands

Synthesis of 2-([2,2'-bipyridin]-5-yl)aniline®.

o . Br
BH (3 equiv) S |
o Z W N (0.9 equiv)

Et;N (4 equiv) N
PdCl,(dppf) (5 mol%)  Ba(OH),-8H,0 (3 equiv) Z
> S l NH,
Br dioxane, 100°C,4h  dioxane/H,0,100°C,4h [~ ) N
NH2 xUN

To a solution of 2-bromoaniline (0.86 g, 5.0 mmol, 1.0 equiv) in dioxane (10 mL) were added
EtzN (2.02 g, 20.0 mmol, 4.0 equiv), PdCIly(dppf) (183 mg, 0.250 mmol, 5 mol%), and
pinacolborane (1.92 g, 15.0 mmol, 3.0 equiv) dropwise. The mixture was stirred at 100 °C for 4 h,
then cooled to room temperature, and water (2.2 mL), Ba(OH),'8H,0 (4.73 g, 15.0 mmol, 3.0 equiv),
and 5'-bromo-2,2"-bipyridine (1.08 g, 4.60 mmol, 0.92 equiv) were successively added. The mixture
was stirred at 100 °C for 4 h before addition of water (50 mL) at room temperature. The mixture was
filtered through Celite. The eluent was extracted with ethyl acetate and the organic layer was dried
over Na,SO4. The solvent was removed and the residue was purified by column chromatography
(hexane/ethyl acetate = 3/1) using silica gel deactivated with 20% Et;N in hexane.

2-([2,2'-bipyridin]-5-yl)aniline was isolated as white solid (672 mg, 59% yield).

2-([2,2'-Bipyridin]-5-yl)aniline. 59% vield; white solid; R = 0.50

(hexane/ethyl acetate = 1/1); *H NMR (400 MHz, CDCls) & 3.77 (s, 2H), 6.81 =
(d,J=7.8Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 7.17 (d, J=7.5 Hz, 1H), 7.22 (dd, ~ | N l NH,
J=7.8Hz, 1H), 7.33 (dd, J = 7.8, 5.2 Hz, 1H), 7.84 (dd, J = 7.8, 7.8 Hz, 1H), N

7.96 (d, J = 8.2 Hz, 1H), 8.43 (d, J = 7.8 Hz, 1H), 8.47 (d, J = 8.2 Hz, 1H), 8.71 (d, J = 5.2 Hz, 1H),
8.80 (s, 1H); B¢ NMR (100 MHz, CDCly) 6 116.0, 119.0, 121.0, 121.1, 123.6, 123.8, 129.5, 130.6,
135.3, 137.0, 137.5, 143.9, 149.3, 149.5, 154.9, 156.0; IR (KBr, v / Cm'l) 3346, 3219, 1459, 1357,

1240, 1094, 994, 858, 751, 644; HRMS (ESI") Calcd for CigH13N3sNa ([M+Na]*) 270.1002, Found

% Rebstock A.-S., Mongin F., Trécourt F. & Quéguiner G. Org. Biomol. Chem. 1, 3064-3068 (2003).
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270.1007.

Typical procedure for synthesis of 1.

(1.5 equiv)
|
NH, CH,Cl,, rt or reflux

The mixture of 2-([2,2-bipyridin]-5-yDaniline (371 mg, 150 mmol, 1.0 equiv) and
cyclohexylisocyanate (282 mg, 2.25 mmol, 1.5 equiv) in dichloromethane (5.0 mL) was stirred at
room temperature for 24 h. The solvent was removed and the residue was purified by

recrystallization with dichloromethane and hexane to give 1a (281 mg, 50% yield).

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-cyclohexylurea (1a). 50% vyield;
white solid; R¢ = 0.53 (hexane/ethyl acetate = 1/2); melting point, 236
°C; 'H NMR (400 MHz, CDCl3) § 0.98-1.13 (m, 4H), 1.25-1.34 (m, 2H),
1.62-1.66 (m, 2H), 1.87-1.89 (m, 2H), 3.54-3.56 (m, 1H), 4.59-4.60 (m,
1H), 6.08 (s, 1H), 7.20 (dd, J = 7.2, 6.3 Hz, 1H), 7.29 (d, J = 6.3 Hz,
1H), 7.35 (dd, J = 7.2, 7.2 Hz, 1H), 7.42 (dd, J = 7.2, 7.2 Hz, 1H), 7.81-7.87 (m, 2H), 7.95 (d, J =
8.6 Hz, 1H), 8.36 (d, J = 8.0 Hz, 1H), 8.39 (d, J = 8.6 Hz, 1H), 8.67-8.70 (m, 2H); *C NMR (125
MHz, CDCly) 6 25.0, 25.6, 33.7,49.2, 121.1, 121.3, 122.5, 123.8, 124.1, 129.0, 129.6, 130.4, 134.8,
136.6, 137.2, 137.9, 149.4, 149.5, 154.8, 155.1, 155.5; IR (KBr, v / Cm'l) 3245, 3219, 1458, 1367,
1240, 1094, 994, 858, 751, 644; HRMS (ESI") Calcd for Cy3H2sN4NaO ([M+Na]*) 395.1842, Found
395.1850.

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-hexylurea (1b). 62% vyield; white
solid; Rs = 0.32 (hexane/ethyl acetate = 1/1); *H NMR (500 MHz, CDCl5)
§0.79 (t, J = 6.9 Hz, 3H), 1.16-1.22 (m, 6H), 1.33-1.38 (m, 2H), 3.14 (td,
J=17.2,7.2 Hz, 2H), 5.48 (brs, 1H), 6,70 (s, 1H), 7.12-7.20 (m, 2H), 7.32
(dd, J=7.7, 4.8 Hz, 1H), 7.39 (ddd, J = 6.3, 4.8, 1.1 Hz, 1H), 7.69 (ddd, J = 8.5, 7.6, 2.2 Hz, 1H),
7.81 (ddd, J = 7.7, 7.6, 1.6 Hz, 1H), 8.06 (d, J = 8.1 Hz, 1H), 8.15 (d, J = 8.5 Hz, 1H), 8.19 (d, J =
8.1 Hz, 1H), 8.56 (d, J = 2.2 Hz, 1H), 8.64 (dd, J = 4.0, 1.1 Hz, 1H); **C NMR (125 MHz, CDCl5) &
14.0, 22.5, 26.6, 30.0, 31.5, 40.2, 120.9, 121.1, 122.3, 123.2, 124.0, 128.4, 129.4, 130.1, 135.1,
136.9, 137.1, 137.1, 149.1, 149.4, 154.3, 155.2, 156.1; IR (KBr, v / cm'l) 3292, 2922, 2855, 1626,
1457, 1371, 1266, 1090, 856, 649; HRMS (ESI®) Calcd for C,3HsN4NaO ([M+Na]*) 397.1999,
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Found 397.1997.

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-(4-methoxyphenyl)urea
(1c). 6.5% yield; white solid; R = 0.50 (hexane/ethyl acetate =

0
3H), 7.46-7.49 (m, 1H), 7.54 (s, 1H), 7.81 (dd, J = 8.0, 2.0 Hz, 1H), OMe
7.89 (ddd, J = 8.0, 7.7, 1.7 Hz, 1H), 7.94-7.96 (m, 1H), 8.44 (d, J = 8.0 Hz, 1H), 8.46 (d, J = 8.0 Hz,
1H), 8.63 (d, J = 1.7 Hz, 1H), 8.73 (d, J = 4.6 Hz, 1H); *C NMR (125 MHz, DMSO-dg) & 55.6,
114.1, 120.4, 121.0, 124.7, 126.8, 127.8, 129.2, 130.2, 130.6, 132.0, 135.5, 135.7, 137.1, 137.6,
137.9, 149.3, 149.8, 154.2, 155.3, 157.2, 181.4; IR (KBr, v / cm™) 3278, 1636, 1509, 1458, 1370,
1244, 1111, 855, 756, 649; HRMS (ESI") Calcd for C,yHyNsNaO, ([M+Na]*) 419.1478, Found
419.1458.

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-(4-(trifluoromethyl)phenyl)
urea (1d). 50% vyield; pale yellow solid; Rs = 0.63 (hexane/ethyl
acetate = 1/2); melting point, 198 °C; *H NMR (400 MHz, CDCl;) &
7.10-7.16 (m, 2H), 7.35-7.53 (m, 7H), 7.64 (d, J = 8.1 Hz, 1H),
7.84-7.85 (m, 2H), 8.22 (brs, 1H), 8.42 (d, J = 8.3 Hz, 1H), 8.52 (d,
J = 1.3 Hz, 1H), 8,57 (d, J = 3.1 Hz, 1H), 9.35 (brs, 1H); *C NMR (125 MHz, CDCl5) § 118.1,
118.7,121.1, 121.3, 123.2, 123.6 (q, J = 33.6 Hz), 124.3 (g, J = 271 Hz), 124.5, 126.1 (g, J = 3.6 Hz),
127.2, 129.9, 130.3, 135.8, 136.9, 137.7, 138.6, 143.0, 149.5, 150.1, 153.2, 153.5, 154.3; *F NMR
(368 MHz, CDCl3) & -63.8 (s, 3F); IR (KBr, v / cm™) 3331, 3058, 1716, 1654, 1449, 1329, 1165,
1014, 842, 759; HRMS (ESI™) Calcd for CysH17F3N4NaO ([M+Na]") 457.1247, Found 457.1252.

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-(4-butylphenyl)urea (1e).
27% vyield; white solid; R = 0.64 (hexane/ethyl acetate = 1/2);
'H NMR (400 MHz, CDCl;) & 0.85 (t, J = 7.5 Hz, 3H),
1.20-1.28 (m, 2H), 1.38-1.46 (m, 2H), 2.38 (t, J = 7.7 Hz, 2H),
6.94 (d, J = 1.9 Hz, 2H), 7.05-7.15 (m, 4H), 7.34 (dd, J = 7.2,
4.9 Hz, 1H), 7.41 (ddd, J=7.7,7.7, 1.7 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.82 (dd, J = 7.2, 7.2 Hz,
1H), 8.01-8.03 (m, 1H), 8.15-8.16 (m, 1H), 8.30 (d, J = 8.6 Hz, 1H), 8.52 (s, 1H), 8.65 (d, J = 4.6 Hz,
1H); BC NMR (125 MHz, CDCls) 6 14.0, 22.4, 33.7, 35.0, 120.6, 121.0, 121.3, 121.4, 123.2, 124.2,
127.8, 129.0, 129.6, 130.2, 135.1, 136.2, 136.8, 137.3, 138.1, 138.3, 149.4, 149.7, 153.6, 154.4,
155.0; IR (KBr, v / cm'l) 3293, 1637, 1546, 1509, 1458, 1372, 1246, 1122, 799, 757; HRMS (ESI")
Calcd for CpHoN4NaO ([M+Na]") 445.1999, Found 445.1989.
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1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-(2,6-dimethylphenyl)urea  (1f).
58% yield; white solid; R; = 0.30 (hexane/ethyl acetate = 1/1); 'H NMR
(400 MHz, CDCls) 8 2.15 (s, 6H), 5.73 (s, 1H), 6.19 (s, 1H), 6.78-6.80
(m, 1H), 6.84 (d, J = 6.7 Hz, 2H), 7.13-7.18 (m, 2H), 7.36-7.44 (m, 2H),
7.48 (d,J=7.6 Hz, 1H), 7.89 (ddd, J = 7.6, 7.6, 1.8 Hz, 1H), 8.23 (d, J =
8.1 Hz, 1H), 8.29 (d, J = 8.5 Hz, 1H), 8.39 (s, 1H), 8.43 (d, J = 8.1 Hz, 1H), 8.75 (d, J = 4.9 Hz, 1H);
3C NMR (125 MHz, CDCls) & 18.3, 120.9, 121.1, 124.1, 128.4, 128.5, 129.0, 129.6, 130.0, 132.8,
133.8, 136.1, 137.0, 137.1, 137.3, 149.1, 149.5, 154.1, 155.3, 155.6, 155.7, 157.0; IR (KBr, v / Cm'l)
3265, 1632, 1550, 1457, 1371, 1240, 1002, 855, 797, 717; HRMS (ESI") Calcd for CysH,,N4NaO
([M+Na]") 417.1686, Found 417.1679.

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-cyclohexylthiourea (19).
Prepared by the same method as ligand 1  using
2-([2,2'-bipyridin]-5-yDaniline (124 mg, 0.500 mmol, 1.0 equiv) and
cyclohexylisothiocyanate (106 mg, 0.750 mmol, 1.5 equiv). 51% vyield;
white solid; R; = 0.36 (hexane/ethyl acetate = 1/1); '"H NMR (400 MHz,
CDCl3) 8 0.96-1.12 (m, 3H), 1.24-1.37 (m, 2H), 1.55-1.63 (m, 4H), 1.90-1.93 (m, 2H), 4.14 (s, 1H),
5.71 (s, 1H), 7.30-7.34 (m, 2H), 7.41-7.54 (m, 3H), 7.82 (d, J = 8.1 Hz, 1H), 7.85 (ddd, J = 8.1,
8.1, 2.2 Hz, 1H), 8.40 (d, J = 8.1 Hz, 1H), 8.47 (d, J = 9.0 Hz, 1H), 8.68-8.73 (m, 2H); **C NMR
(100 MHz, CDCIly) 6 24.8, 25.5, 32.7, 54.1, 121.1, 121.4, 124.0, 127.9 (2C), 128.6, 130.0, 131.6,
133.6, 135.3, 137.0 (2C), 148.9, 149.4, 155.7, 155.8, 179.5; IR (KBr, v / Cm'l) 3293, 2931, 2857,
1637, 1458, 1373, 1229, 1001, 841, 656; HRMS (ESI") Calcd for Cy3H,NsNaS ([M+Na])
411.1619, Found 411.1611.

1-(4-([2,2'-Bipyridin]-5-yl)phenyl)-3-cyclohexylurea (1h). Prepared by
the same method as ligand 3 using 4-([2,2'-bipyridin]-5-yl)aniline (346

mg, 1.4 mmol, 1.0 equiv) and cyclohexylisocyanate (526 mg, 4.2 mmol, OYN‘H
3.0 equiv). 24% yield; pale yellow solid; R¢ = 0.40 (ethyl acetate/EtsN = Noy
20/1); *H NMR (500 MHz, DMSO-dg) & 1.05-1.25 (m, 3H), 1.25-1.40 ]

(m, 2H), 1.45-1.58 (m, 1H), 1.58-1.70 (m, 2H), 1.70-1.80 (m, 2H), F W N

3.40-3.53 (m, 1H), 6.10-6.16 (m, 1H), 7.40-7.47 (m, 1H), 7.52 (d, J =

8.5 Hz, 2H), 7.69 (d, J = 8.5 Hz, 2H), 7.94 (td, J = 7.6, 1.3 Hz, 1H), 8.17 (dd, J = 8.1, 2.2 Hz, 1H),
8.36-8.45 (m, 2H), 8.49 (s, 1H), 8.69 (d, J = 4.0 Hz, 1H), 8.97 (d, J = 2.2 Hz, 1H); *C NMR (100
MHz, DMSO-dg) & 24.4, 25.3, 33.0, 47.7, 118.0, 120.3, 120.5, 124.1, 127.2, 128.9, 134.2, 135.5,
137.4, 141.1, 146.7, 149.4, 153.4, 154.3, 155.1; IR (KBr, v / cm™) 3315, 3047, 3006, 2930, 2852,
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1635, 1589, 1570, 1529, 1458, 1435, 1412, 1319, 1245, 1227, 834, 794, 747; HRMS (ESI") Calcd
for Co3H24NaNaO ([M+Na]*) 395.1848, Found 395.1862.

Synthesis of ligand 1a-Me,”".

o NO,
CIJLO
(1.1 equiv)
z Et;N (4.0 equiv) CyNHMe (1.1 equiv)
< J N, . .
z lN N CH,Cl,, 0°C,1h CH,Cl,,25°C, 16 h
NS

O
1a-Me,

2-([2,2'-Bipyridin]-5-ylaniline (326 mg, 1.32 mmol, 1.0 equiv) and 4-nitorophenyl chloroformate
(292 mg, 1.45 mmol, 1.1 equiv) were dissolved in anhydrous dichloromethane (5.0 mL). Et;N (534
mg, 5.28 mmol, 4.0 equiv) was added under 0 °C and stirred for 1 h. Cyclohexylmethylamine (164
mg, 1.45 mmol, 1.1 equiv) was added and stirred at room temperature. After 16 h, the reaction
mixture was extracted with water (5.0 mL) and ethyl acetate (2 X5.0 mL). Organic phase was dried
with Na,SO,4. After removing the solvent in vacuo, the product was isolated by recycling preparative

HPLC to give 1a-Me; (19.0 mg, 4% vyield).

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-cyclohexyl-3-methylurea

(1a-Me,). 4% yield; white solid; *H NMR (500 MHz, CDCl5) & 0.99 (qt,
J =126, 3.5 Hz, 1H), 1.18-1.35 (m, 4H), 1.52-1.65 (m, 3H), 1.66-1.75
(m, 2H), 2.62 (s, 3H), 3.86 (brs, 1H), 6.30 (brs, 1H), 7.14 (td, J=7.5, 1.2
Hz, 1H), 7.24 (dd, J = 7.5, 1.7 Hz, 1H), 7.31-7.37 (m, 1H), 7.39 (td, J =
8.6, 1.7 Hz, 1H), 7.86 (td, J = 8.6, 1.7 Hz, 1H), 7.86 (dd, J = 8.0, 2.3 Hz, 1H), 8.13 (d, J = 8.6 Hz,
1H), 8.44 (d, J = 8.0 Hz, 1H), 8.50 (d, J = 8.0 Hz, 1H), 8.70 (d, J = 4.0 Hz, 1H), 8.72 (d, J = 1.7 Hz,
1H); *C NMR (125 MHz, CDCl3) & 25.4, 25.6, 28.2, 30.5, 54.2, 120.9, 121.1, 121.8, 123.2, 124.0,
128.2, 129.3, 129.8, 134.6, 136.7, 137.0, 137.7, 149.3, 149.5, 155.0, 155.47, 155.54; IR (KBr, v /
cm™) 3275, 3048, 3005, 2926, 2853, 1647, 1636, 1587, 1542, 1519, 1508, 1490, 1474, 1457, 1446,
1362, 1314, 1259, 1165, 1122, 1030, 1003, 800, 755; HRMS (ESI®) Calcd for Cy4H2N,O ([M+H]")

387.2185, Found 387.2196.

S LiY.-J., Bostrom L. L. & Yao W. PCT WO 2007/130898 AL.
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Synthesis of ligand 1a-Me,™.

o NaH (3.0 equiv) Mel (3.5 equiv) - | N. _O
2 N ~|¢ > 2 N~ Me \(
THF, 25 °C, 30 min 25°C,24 h

N NH N MéN\O
1a :: 1a-Me2

sodium hydride (60% in oil) (120 mg, 3.00 mmol, 3.0 equiv) was placed to the reaction vessel and

washed with anhydrous hexane (2X2.0 mL). THF (3.3 mL) and ligand 3a (372 mg, 1.00 mmol,
1.0equiv) was added and the mixture was stirred at room temperature in 30 min. Methyl iodide (497
mg, 3.50 mmol, 3.5 equiv) was added to the suspension. After 24 h, the reaction was quenched with
ag. NH4CI (3.0 mL) and was diluted with ethyl acetate (10.0 mL). Organic layer was washed with
brine (3.0 mL) and was dried with MgSQO,. After removing the solvent in vacuo, the product was
isolated by column chromatography on silica gel (dichloromethane/methanol = 10/1) to give 3a-Me,

(392 mg, 98% yield).

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-cyclohexyl-1,3-dimethylurea
(1a-Me,).  98%  yield; pale yellow solid; Rf = 0.50
(dichloromethane/methanol = 10/1); *H NMR (500 MHz, CDCl;) & 0.93
(qt, J = 12.6, 3.5 Hz, 1H), 1.06 (qt, J = 12.6, 3.5 Hz, 2H), 1.21 (qd, J =
12.1, 3.5 Hz, 2H), 1.38 (d, J = 10.9 Hz, 2H), 1.50 (d, J = 12.6 Hz, 1H),
1.64 (d, J = 13.2 Hz, 2H), 2.34 (s, 3H), 3.08 (s, 3H), 3.50 (td, J = 12.0, 3.5 Hz, 1H), 7.26-7.34 (m,
3H), 7.38-7.43 (m, 2H), 7.83 (td, J = 8.0, 1.7 Hz, 1H), 7.89 (dd, J = 8.6, 2.3 Hz, 1H), 8.42 (d, J = 8.0
Hz, 1H), 8.45 (d, J = 8.0 Hz, 1H), 8.70 (d, J = 4.0 Hz, 1H), 8.76 (d, J = 2.3 Hz, 1H); *C NMR (125
MHz, CDCly) & 25.5, 25.8, 29.79, 29.81, 40.0, 56.7, 120.6, 121.1, 123.7, 126.2, 127.1, 129.5, 131.4,
133.8, 135.1, 136.5, 136.9, 144.8, 148.8, 149.3, 154.9, 155.8, 161.5; IR (KBr, v / cm™) 3057, 3008,
2928, 2853, 1647, 1636, 1588, 1542, 1507, 1474, 1457, 1436, 1395, 1363, 1319, 1145, 1104, 1002,
895, 855, 801, 758, 619; HRMS (ESI") Calcd for CpsH,N,O ([M+H]") 401.2341, Found 401.2329.

Synthesis of 1-([2,2'-bipyridin]-5-ylmethyl)-3-cyclohexylurea (2). o O
N

Prepared by the same method as ligand 1 using @ NJL
[2,2-bipyridin]-5-yImethanamine (371 mg, 1.50 mmol, 1.0 equiv) and G/Q\H H
N

cyclohexylisocyanate (274 mg, 2.3 mmol, 1.5 equiv). 50% vyield; white

%% Bach R., Clayden J. & Hennecke U. Synlett 421-424 (2009).
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solid; Ry = 0.10 (hexane/ethyl acetate = 1/2); *"H NMR (400 MHz, CDCl3) & 1.06-1.17 (m, 3H),
1.30-1.39 (m, 2H), 1.68-1.71 (m, 3H), 1.93-1.96 (m, 2H), 3.52-3.54 (m, 1H), 4.23-4.25 (m, 1H), 4.46
(d, J = 5.8 Hz, 2H), 4.60 (brs, 1H), 7.31 (dd, J = 7.4, 4.9 Hz, 1H), 7.78-7.84 (m, 2H), 8.34-8.37 (m,
2H), 8.37 (d, J = 7.4 Hz, 1H), 8.60 (d, J = 1.8 Hz, 1H), 8.67 (dd, J = 4.9, 0.9 Hz, 1H); **C NMR (125
MHz, CDCls,) 6 25.0, 25.7, 34.0, 41.9, 49.5, 121.1, 121.2, 123.8, 135.4, 136.5, 137.1, 148.6, 149.3,
155.4, 156.1, 157.4; IR (KBr, v / cm'l) 3308, 3032, 1560, 1458, 1392, 1237, 1054, 844, 750, 694;
HRMS (ESI") Calcd for C15H»NsNaO ([M+Na]") 333.1686, Found 333.1681.

Synthesis of 2-([2,2'-bipyridin]-5-ylethynyl)aniline>.
Br PdCl,(PPh;), (0.5 mol%)
@ /@ Cul (1 mol%)
. + T
~r N Z Et;N, 70 °C, 3.5 h

PdCI,(PPhs), (7.0 mg, 0.010 mmol, 0.5 mol%) and Cul (3.8 mg, 0.02 mmol, 1 mol%) were added
to a solution of 5-bromo-2,2'-bipyridine (470 mg, 2.00 mmol, 1.0 equiv) in EtsN (5.0 mL), and the

mixture was stirred at room temperature about 15 min. 2-Ethynylaniline (0.31 mL, 2.40 mmol, 1.2
equiv) was added to the mixture, and the mixture was stirred at the room temperature. The reaction
was monitored by TLC. After 3.5 h, white precipitate was filtered through a Celite pad. The filtrate
was concentrated at reduced pressure. H,O (20 mL) was added to the residue and products were
extracted with diethyl ether (3x20 mL). The combined organic layer was washed with sat. ag. NaCl
solution, dried over anhydrous Na,SO,, filtered and concentrated at reduced pressure. The crude
product was purified by column chromatography (hexane/ ethyl acetate = 3/1) to give
2-([2,2'-bipyridin]-5-ylethynyl)aniline.

2-([2,2'-Bipyridin]-5-ylethynylaniline. 78% vyield; Ry = 0.15

(hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl;) & 4.32 (brs, 2H), =
6.72-6.77 (m, 2H), 7.18 (dt, J = 7.6, 1.3 Hz, 1H), 7.34 (dd, J = 7.6, 4.9 Hz, ~ ] NH,
1H), 7.40 (dd, J = 8.1, 1.8 Hz, 1H), 7.84 (dd, J = 7.6, 7.6 Hz, 1H), 7.93 (dd, i N N

J=8.1, 2.2 Hz, 1H), 8.41-8.44 (m, 2H), 8.70 (d, J = 4.0 Hz, 1H), 8.81 (dd,

J = 8.2, 1.8 Hz, 1H); *C NMR (125 MHz, CDCls) 5 90.4, 91.8, 107.3, 114.6, 118.2, 120.5 (2C),
1215, 124.0, 130.4, 132.5, 137.1, 139.2, 148.1, 149.4, 151.5, 154.9, 155.6; IR (KBr, v / cm™) 3313,
2362, 2206, 1624, 1569, 1488, 1459, 1312, 1093, 739; HRMS (ESI") Calcd for CisHisNsNa
(IM+Na]*) 294.1007, Found 294.0999.

* YinY, MaW.,, Chai Z. & Zhao G. J. Org. Chem. 72, 5731-5736 (2007).

39



1-(2-([2,2'-Bipyridin]-5-ylethynyl)phenyl)-3-phenylurea (3).
Prepared by the same method as ligand 3 using
2-([2,2'-Bipyridin]-5-ylethynyl)aniline (27.1 mg, 0.100 mmol) and
phenylisocyanate (17.9 mg, 0.150 mmol, 1.5 equiv). 46% yield;
white solid; R¢ = 0.29 (ethyl acetate); *H NMR (500 MHz, CDCls) &
6.49 (brs, 1H), 7.04-7.10 (m, 3H), 7.29-7.30 (m, 1H), 7.34-7.41 (m, 4H), 7.47-7.49 (m, 2H), 7.58 (d,
J =6.3 Hz, 1H), 7.86 (dd, J = 5.8, 5.8 Hz, 1H), 8.30 (d, J = 6.7 Hz, 1H), 8.37 (d, J = 10.2 Hz, 1H),
8.44 (d, J = 6.3 Hz, 1H), 8.56 (s, 1H), 8.72 (d, J = 3.6 Hz, 1H); *C NMR (125 MHz, CDCl3) & 88.8,
92.7,111.4,119.4, 134.4, 120.4, 121.6, 122.8, 123.4, 124.3, 125.7, 127.7, 129.8, 130.5, 132.2, 137.2,
139.5, 139.9, 149.5, 151.7, 153.0, 155.3, 155.4; IR (KBr, v / cm™) 3299, 1644, 1576, 1552, 1458,
1296, 1091, 794, 743, 692; HRMS (ESI") Calcd for C,sHisN,NaO ([M+Na]®) 413.1378, Found
413.1388.

Synthesis and Characterisation of Benzamides, Phosphonates, and Phosphine
Oxides

Typical procedures for synthesis of benzamides 4.

HN(hex), (1.2 equiv) o

o
Et;N (1.3 equiv)
@fLCI = N(hex),
H,CI 2h
ome  CHClzrt OMe
4b

Method A: To a solution of dihexylamine (2.20 g, 12.0 mmol, 1.2 equiv) and EtzN (1.30 g, 13.0
mmol, 1.3 equiv) in dichloromethane (1.7 mL), 2-methoxybenzoyl chloride (1.60 g, 9.60 mmol, 1.0
equiv) was added at 0 °C, and the reaction mixture was stirred at room temperature for 2 h. The
mixture was diluted with dichloromethane (5.0 mL) and washed with agq. 1.0 M HCI (20 mL). The
organic layer was dried over anhydrous Na,SQ,, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 20/1) to give
4b (2.8 g, 90% vyield).

EDCI-HCI (1.0 equiv)
HOBt-H,0 (1.0 equiv)

Pr,NEt (1.0 i
[\ 0 + HN(hex), & { equw)» / 0

N N
H OH (1.0 equiv) DMF, rt, 24 h H  N(hex),

4w

Method B: To a solution of pyrrole-2-carboxylic acid (1.00 g, 9.00 mmol, 1.0 equiv),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCT'HCI) (1.73 g, 9.00 mmol, 1.0
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equiv), 1-hydroxybenzotriazole monohydrate (HOBt'H,O) (1.38 g, 9 mmol, 1.0 equiv) and
ethyldiisopropylamine ('Pr,NEt, 1.16 g, 9.00 mmol, 1.0 equiv) in DMF (70 mL), dihexylamine (1.67
g, 9.00 mmol, 1.0 equiv) was added and the reaction mixture was stirred at room temperature for 24
h. After removing the solvent in vacuo, the residue was diluted with ethyl acetate (50 mL) and
washed with H,O (2x20 mL). The organic layer was dried over anhydrous Na,SO, and filtered. The
eluent was concentrated under reduced pressure. The product was isolated by column

chromatography on silica gel (hexane/ethyl acetate = 5/1) to give 4w (2.33 g, 93% yield).

N,N-Dihexyl-2-methoxybenzamide (4b). Method A; 90% vyield; colorless oil; o
0.42 (hexane/ethyl acetate = 3/1); *H NMR (500 MHz, CDCl;) & 0.81 (t, J = 6.9 N(hex),
Hz, 3H), 0.91 (t, J = 6.3 Hz, 3H), 1.05-1.12 (m, 4H), 1.15-1.21 (m, 2H), 1.33-1.41 OMe

(m, 8H), 1.61-1.67 (m, 2H), 3.05 (t, J = 7.5 Hz, 2H), 3.36-3.37 (m, 1H), 3.62-3.66 (m, 1H), 3.81 (s,
3H), 6.88 (d, J = 8.5 Hz, 1H), 6.96 (dd, J = 8.3, 7.5 Hz, 1H), 7.17 (dd, J = 7.5, 1.8 Hz, 1H), 7.31
(ddd, J = 8.5, 8.3, 1.8 Hz, 1H); *C NMR (125 MHz, CDCl,) & 14.1, 14.2, 22.6, 22.8, 26.3, 26.8,
275, 28.4, 31.4, 31.8, 44.3, 48.4, 55.6, 111.0, 120.8, 127.2, 127.8, 129.9, 155.2, 169.3; IR (neat, v /
cm™) 3421, 2928, 2857, 1635, 1601, 1466, 1376, 1246, 1096, 753; HRMS (ESI") Calcd for
C20H33NNaO, ([M+Na]") 342.2404, Found 342.2389.

N,N-Dihexyl-2-methylbenzamide (4c). Method A; 92% yield; colorless oil; Rs = o)
0.64 (hexane/ethyl acetate = 3/1); *H NMR (500 MHz, CDCl;) & 0.81 (t, J = 7.2 N(hex),
Hz, 3H), 0.91 (t, J = 6.6 Hz, 3H), 1.06-1.08 (m, 4H), 1.17-1.20 (m, 2H), 1.35-1.44 Me

(m, 8H), 1.65-1.67 (m, 2H), 2.28 (s, 3H), 3.02-3.05 (m, 2H), 3.32-3.67 (M, 2H), 7.13 (d, J = 9.2 Hz,
1H), 7.16-7.19 (m, 2H), 7.23 (d, J = 7.5 Hz, 1H); **C NMR (100 MHz, CDCl5) § 14.0, 14.1, 19.0,
225, 22.7, 26.3, 26.9, 27.5, 28.4, 31.3, 31.7, 44.3, 48.3, 125.7, 125.8, 128.5, 130.3, 133.9, 137.3,
171.2; IR (neat, v / cm™) 3404, 2929, 2858, 1625, 1425, 1378, 1215, 1095, 754, 665; HRMS (ESI*)
Calcd for CpoH3sNNaO ([M+Na]*) 326.2454, Found 326.2465.

2-Bromo-N,N-dihexylbenzamide (4d). Method A; 92% vyield; colorless oil; Rs = fo}
0.63 (hexane/ethyl acetate = 3/1); *"H NMR (400 MHz, CDCl3) 8 0.81 (t, J = 7.2 N(hex),
Hz, 3H), 0.91 (t, J = 7.0 Hz, 3H), 1.09-1.10 (m, 4H), 1.17-1.21 (m, 2H), 1.35-1.40 Br

(m, 8H), 1.68-1.69 (m, 2H), 3.02-3.08 (M, 2H), 3.17-3.24 (m, 1H), 3.73-3.81 (m, 1H), 7.21-7.24 (m,
2H), 7.33 (ddd, J = 10.0, 9.2, 1.2 Hz, 1H), 7.55 (d, J = 10.0 Hz, 1H); **C NMR (100 MHz, CDCl5) &
14.0,14.2,22.5,22.8, 26.3, 27.0, 27.2, 28.4, 31.3, 31.8, 44.7, 48.4, 119.4, 127.5, 127.9, 130.0, 132.8,
139.0, 168.9; IR (neat, v / cm™) 2929, 2857, 1714, 1643, 1590, 1426, 1302, 1219, 1024, 750; HRMS
(ESI™) Calcd for C19H3oBrNNaO ([M+Na]") 390.1403, Found 390.1405.
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2-Chloro-N,N-dihexylbenzamide (4e). Method A; 89% vyield; colorless oil; R = 0o

0.53 (hexane/ethyl acetate = 3/1); "H NMR (400 MHz, CDCl5) § 0.81 (t, J = 7.2 N(hex),
Hz, 3H), 0.89-0.92 (m, 3H), 1.07-1.08 (m, 4H), 1.17-1.20 (m, 2H), 1.35-1.49 (m, ci

8H), 1.66-1.68 (m, 2H), 3.03-3.09 (M, 2H), 3.20-3.27 (m, 1H), 3.74-3.61 (m, 1H), 7.26-7.33 (m, 3H),
7.36-7.39 (m, 1H); *C NMR (100 MHz, CDCl3) & 14.0, 14.2, 22.5, 22.7, 26.3, 26.9, 27.3, 28.4, 31.3,
31.8, 44.6, 48.3, 127.0, 127.9, 129.7, 129.9, 130.4, 136.9, 168.2; IR (neat, v / cm'l) 2929, 1640, 1593,
1425, 1377, 1302, 1114, 1054, 748, 694; HRMS (ESI") Calcd for CigH3,CINNaO ([M+Na]®)
346.1908, Found 346.1897.

N,N-Dihexyl-2-(trifluoromethyl)benzamide (4f). Method A; 91% yield; colorless o]
oil; Ry = 0.51 (hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl5) & 0.82 (t, J N(hex),
= 7.2 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.08-1.22 (m, 6H), 1.34-1.45 (m, 8H), CFs

1.64-1.65 (m, 2H), 2.91-3.03 (m, 2H), 3.14-3.21 (m, 1H), 3.74-3.81 (m, 1H), 7.32 (d, J = 7.7 Hz,
1H), 7.49 (dd, J = 7.8, 7.6 Hz, 1H), 7.57 (dd, J = 7.7, 7.6 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H); **C
NMR (125 MHz, CDCls) § 14.0, 14.2, 22.5, 22.8, 26.3, 26.87, 26.90, 28.1, 31.3, 31.7, 44.5, 48.8,
123.8 (q, J = 275 Hz), 126.6 (q, J = 4.8 Hz), 126.7 (q, J = 32.4 Hz), 127.5, 128.8, 132.0, 135.9,
168.5; 1%F NMR (368 MHz, CDCl5) & -61.8 (s, 3F); IR (neat, v / cm™) 2930, 1644, 1582, 1499, 1378,
1267, 1173, 1055, 769, 667; HRMS (ESI*) Calcd for CxHsoFsNNaO ([M+Na]") 380.2172, Found
380.2176.

N,N-Dihexyl-2-(trifluoromethoxy)benzamide (4g). Method A; 96% yield; o
colorless oil; R = 0.64 (hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl5) & dN(hex)z
0.81 (t, J =7.2 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H), 1.08-1.09 (m, 4H), 1.17-1.20 (m, OCF;

2H), 1.34-1.47 (m, 8H), 1.60-1.66 (m, 2H), 3.05 (t, J = 7.6 Hz, 2H), 3.12-3.16 (M, 1H), 3.82-3.85 (m,
1H), 7.27-7.36 (m, 3H), 7.39-7.43 (m, 1H); *C NMR (100 MHz, CDCl3) § 14.0, 14.1, 22.5, 22.7,
26.2, 26.7, 27.2, 28.3, 31.3, 31.8, 44.4, 48.3, 120.0 (g, J = 1.9 Hz), 120.6 (q, J = 259 Hz), 126.9,
128.6, 130.2, 130.9, 144.8 (g, J = 19.0 Hz), 166.8; °F NMR (368 MHz, CDCly) & -58.8 (s, 3F); IR
(neat, v / cm™) 2931, 2859, 1644, 1427, 1377, 1255, 1092, 926, 766, 629; HRMS (ESI") Calcd for
CaoH30FsNNaO, ([M+Na]") 396.2121, Found 396.2105.

(2-Bromophenyl)-4-morpholinyl-methanone (4m). Method A; quant; white o

solid; R = 0.55 (dichloromethane/methanol = 10/1); *H NMR (500 MHz, CDCls) & N/\
o

3.16-3.23 (m, 1H), 3.25-3.32 (m, 1H), 3.55-3.62 (m, 1H), 3.68-3.83 (m, 4H), Bfk’

3.84-3.92 (m, 1H), 7.23-7.28 (m, 2H), 7.36 (td, J = 7.5, 1.2 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H); °C
NMR (125 MHz, CDCl3) & 42.0, 47.1, 66.6, 66.7, 119.1, 127.7, 127.8, 130.4, 132.8, 137.5, 167.7; IR
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(KBr, v / cm™) 2865, 1626, 1287, 1250, 1112, 1011, 843, 768, 749; HRMS (ESI*) Calcd for
CuH1,BrNO,Na ([M+Na]") 291.9949, Found 291.9943.

Azepan-1-yl(phenyl)methanone (4n). Method A; 94% yield; colorless oil; R = o)

0.24 (hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl,) & 1.60-1.66 (m, 6H), PO
1.81-1.87 (m, 2H), 3.36 (t, J = 5.6 Hz, 2H), 3.68 (t, J = 5.8 Hz, 2H), 7.37-7.40 (m,

5H); *C NMR (100 MHz, CDCl,) & 26.5, 27.3, 27.9, 29.5, 46.4, 49.8, 126.5, 128.4, 129.1, 137.4,
171.6; IR (neat, v / cm™) 2927, 1631, 1424, 1357, 1220, 1100, 1004, 907, 749, 632; HRMS (ESI")
Calcd for C13H;7,NNaO ([M+Na]") 226.1202, Found 226.1211.

3-Fluoro-N,N-dihexylbenzamide (4p). Method A; 93% yield; colorless oil; Rs = o

0.50 (hexane/ethyl acetate = 3/1); '"H NMR (400 MHz, CDCls) 8 0.83 (t, J = 6.7 Q)(N(hex)z
Hz, 3H), 0.89-0.92 (m, 3H), 1.12-1.34 (m, 12H), 1.46-1.50 (m, 2H), 1.62-1.64 (m,

2H), 3.16 (t, J = 7.2 Hz, 2H), 3.46 (t, J = 7.6 Hz, 2H), 7.05-7.10 (m, 2H), 7.12

(ddd, J = 7.6, 1.3, 1.3 Hz, 1H), 7.33-7.39 (m, 1H); *C NMR (100 MHz, CDCl;) & 14.0, 14.1, 22.5,
22.7, 26.2, 26.8, 27.5, 28.7, 31.3, 31.7, 44.9, 49.0, 113.9 (d, J = 22.5 Hz), 116.1 (d, J = 20.7 Hz),
122.2 (d, J = 3.8 Hz), 130.2 (d, J = 8.5 Hz), 139.5 (d, J = 7.5 Hz), 162.6 (d, J = 248.1 Hz), 170.1; *°F
NMR (368 MHz, CDCls) & -114.0 (s, 1F); IR (neat, v / cm™) 2929, 2857, 1643, 1585, 1466, 1377,
1267, 1101, 879, 751; HRMS (ESI*) Calcd for CigH3FNNaO ([M+Na]") 330.2204, Found
330.2195.

F

3-Bromo-N,N-dihexylbenzamide (4q). Method A; 93% vyield; colorless oil; Rs = o

0.59 (hexane/ethyl acetate = 3/1); ‘H NMR (500 MHz, CDCl3) & 0.84 (t, J = 7.5 ©)LN(hex)2
Hz, 3H), 0.89-0.91 (m, 3H), 1.13-1.34 (m, 12H), 1.49-1.53 (m, 2H), 1.60-1.64 (m,

2H), 3.15 (t, J = 7.5 Hz, 2H), 3.46 (t, J = 7.4 Hz, 2H), 7.27-7.30 (m, 2H), 7.49 (s,

1H), 7.50-7.53 (m, 1H); *C NMR (100 MHz, CDCl5) & 14.0, 14.1, 22.5, 22.7, 26.3, 26.8, 27.5, 28.7,
31.3,31.7,44.9,49.1,122.6, 125.1, 129.7, 130.1, 132.2, 139.4, 169.9; IR (neat, v / cm™") 2928, 1633,
1562, 1426, 1377, 1299, 1111, 887, 746, 680; HRMS (ESI*) Calcd for CigH3oBrNNaO ([M+Na]*)
390.1403, Found 390.1405.

Br

N,N-Dihexyl-[1,1'-biphenyl]-3-carboxamide (4r). Method A; 91% yield; o
colorless oil; R; = 0.58 (hexane/ethyl acetate = 3/1); *H NMR (500 MHz, CDCl5) & Q)LN(hex)z
0.80 (t, J = 6.7 Hz, 3H), 0.89-0.93 (m, 3H), 1.12-1.18 (m, 6H), 1.34-1.38 (m, 6H),

1.50-1.53 (m, 2H), 1.65-1.70 (m, 2H), 3.22 (t, J = 7.6 Hz, 2H), 3.50 (t, J = 7.4 Hz,

2H), 7.30-7.38 (m, 2H), 7.43-7.47 (m, 3H), 7.56-7.62 (m, 4H); *C NMR (125 MHz, CDCls) & 14.0,
14.2, 22.5, 22.8, 26.3, 26.9, 27.6, 28.8, 31.4, 31.8, 44.9, 49.2, 125.3, 125.4, 127.2, 127.7, 127.8,

Ph
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128.92, 128.94, 138.0, 140.6, 141.5, 171.6; IR (neat, v / cm™) 2928, 1633, 1426, 1376, 1316, 1257,
1109, 809, 744, 656; HRMS (ESI™) Calcd for C,5H3sNNaO ([M+Na]™) 388.2611, Found 388.2616.

3-Cyano-N,N-dihexylbenzamide (4s). Method A; 87% yield; colorless oil; Rs =
0.37 (hexane/ethyl acetate = 3/1); *H NMR (500 MHz, CDCl3) & 0.83 (t, J = 7.4 N(hex),
Hz, 3H), 0.89-0.90 (m, 3H), 1.11-1.34 (m, 12H), 1.46-1.50 (m, 2H), 1.63-1.64 (m,

2H), 3.13 (t, J = 6.9 Hz, 2H), 3.47 (t, J = 8.0 Hz, 2H), 7.52 (dd, J = 8.1, 8.1 Hz,

1H), 7.59 (dd, J = 8.1, 1.6 Hz, 1H), 7.64 (s, 1H), 7.69 (dd, J = 8.1, 1.6 Hz 1H); *C NMR (100 MHz,
CDCl,) 6 14.0, 14.1, 22,5, 22.7, 26.2, 26.8, 27.5, 28.7, 31.3, 31.7, 45.1, 49.2, 112.8, 118.2, 129.5,
130.2, 130.9, 132.7, 138.7, 169.2; IR (neat, v / cm™) 2928, 2231, 1633, 1464, 1302, 1187, 1108, 808,
747, 633; HRMS (ESI™) Calcd for CyH3oN2NaO ([M+Na]") 337.2250, Found 337.2256.

CN

2,3-Dichloro-N,N-dihexylbenzamide (4t). Method A; 94% yield; colorless oil; Rt o

= 0.52 (hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl3) § 0.82 (t, J = 7.2 @\)LN(hex)z
Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.09-1.11 (m, 4H), 1.15-1.21 (m, 2H), 1.35-1.54 ci

(m, 8H), 1.61-1.71 (m, 2H), 2.96-3.11 (m, 2H), 3.20-3.27 (m, 1H), 3.71-3.79 (m,

1H), 7.16 (dd, J = 7.9, 1.8 Hz, 1H), 7.24 (dd, J = 8.1, 7.9 Hz, 1H), 7.46 (dd, J = 8.1, 1.8 Hz, 1H); **C
NMR (100 MHz, CDCl,) 6 14.0, 14.1, 22.5, 22.7, 26.3, 26.8, 27.2, 28.4, 31.3, 31.7, 44.7, 48.3, 125.9,
127.9, 128.9, 130.5, 133.6, 138.9, 167.3; IR (neat, v / cm'l) 2929, 1650, 1559, 1426, 1376, 1194,
1049, 800, 740, 675; HRMS (ESI") Calcd for CisHoCLNNaO ([M+Na]®) 380.1518, Found
380.1522.

Cl

2-Fluoro-N,N-dihexyl-3-(trifluoromethyl)benzamide (4u). Method A; 83% o

yield; colorless oil; Rf = 0.50 (hexane/ethyl acetate = 3/1); 'H NMR (500 MHz, @ﬁLN(hex)z
CDCly) 8 0.81 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.6 Hz, 3H), 1.08-1.11 (m, 4H), F
1.14-1.21 (m, 2H), 1.31-1,41 (m, 6H), 1.45-1.48 (m, 2H), 1.60-1.70 (m, 2H), 3.11

(t, J = 7.6 Hz, 2H), 3.40-3.54 (m, 2H), 7.30 (dd, J = 8.0, 7.8 Hz, 1H), 7.52 (ddd, J = 8.0, 7.4, 1.4 Hz,
1H), 7.64 (ddd, J = 7.8, 7.4, 1.4 Hz, 1H); BC NMR (100 MHz, CDCl5) 6 13.9, 14.1, 22.5, 22.7, 26.2,
26.7,27.4,28.4,31.2,31.7,44.9, 48.7, 119.0 (dd, J = 33.0, 12.6 Hz), 122.4 (q, J = 272 Hz), 124.6 (q,
J=4.8Hz), 127.3 (d, J = 19.2 Hz), 127.8 (d, J = 4.8 Hz), 132.8 (d, J = 4.8 Hz), 155.3 (d, J = 257
Hz), 165.0; *F NMR (368 MHz, CDCly) & -63.3 (s, 3F), -119.1 (s, 1F); IR (neat, v / cm™) 2931,
2859, 1644, 1464, 1333, 1236, 1141, 1075, 753, 666; HRMS (ESI") Calcd for CyHasFsNNaO
([M+Na]") 398.2077, Found 398.2065.

CF;

N,N-Dihexyl-2-thiophenecarboxamide (4v). Method A; quant; colorless oil; R = 7\ o
0.35 (hexane/ethyl acetate = 5/1); *H NMR (500 MHz, CDCl3) & 0.88 (t, J = 6.9 Hz, s N(hex),
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6H), 1.19-1.40 (m, 12H), 1.58-1.69 (m, 4H), 3.42-3.48 (m, 4H), 7.03 (dd, J = 5.1, 4.0 Hz, 1H), 7.29
(dd, J = 4.0, 1.2 Hz, 1H), 7.41 (dd, J = 5.1, 1.2 Hz, 1H); *C NMR (125 MHz, CDCl5)  13.9 (2C),
22.5 (2C), 26.4 (2C), 28.1 (2C), 31.4 (2C), 46.8 (br), 48.9 (br), 126.5, 127.99, 128.01, 138.3, 164.0;
IR (neat, v / cm™) 3074, 2955, 2928, 2857, 1618, 1523, 1459, 1430, 1377, 1298, 1261, 1233, 1092,
853, 738, 708; HRMS (ESI*) Calcd for C17H,sNNaOS ([M+Na]*) 318.1868, Found 318.18609.

N,N-Dihexyl-1H-pyrrol-2-carboxamide (4w). Method B; 93% yield; pale yellow
solid; Ry = 0.25 (hexane/ethyl acetate = 5/1); '"H NMR (500 MHz, CDCl;) &
0.80-1.00 (m, 6H), 1.25-1.41 (m, 12H), 1.55-1.80 (m, 4H), 3.35-3.65 (m, 4H),
6.20-6.30 (m, 1H), 6.46-6.50 (m, 1H), 6.89-6.93 (m, 1H), 9.49 (brs, 1H); *C NMR (125 MHz,
CDCly) 8 13.9 (2C), 22.5 (2C), 26.5 (2C), 27.8 (br), 28.4 (br), 31.5 (2C), 47.5 (br), 48.5 (br), 109.2,
111.1, 120.7, 125.0, 161.8; IR (neat, v / cm™) 3229, 2961, 2931, 2857, 1590, 1549, 1480, 1442, 1417,
1378, 1315, 1309, 1280, 1175, 1129, 1047, 839, 782, 731, 611; HRMS (ESI") Calcd for
C17H30N,NaO ([M+Na]*) 301.2256, Found 301.2253.

I V. _o
N
H  N(hex),

N,N-Dihexyl-1-methyl-1H-pyrrol-2-carboxamide (4x). Method B; 93% vyield; M
colorless oil; R = 0.28 (hexane/ethyl acetate = 5/1); *H NMR (500 MHz, CDCl3) & :\;lne N(hex),
0.88 (t, J = 7.5 Hz, 6H), 1.10-1.35 (m, 12H), 1.52-1.65 (m, 4H), 3.46 (t, J = 7.5 Hz,

4H), 3.73 (s, 3H), 6.04-6.08 (M, 1H), 6.25-6.30 (m, 1H), 6.63-6.67 (m, 1H); **C NMR (125 MHz,
CDCls) 6 13.9 (2C), 22.5 (2C), 26.4 (2C), 28.1 (br), 31.4 (2C), 35.4, 47.0 (br), 106.5, 111.0, 125.2,
126.1, 164.0; IR (neat, v / cm'l) 104, 2955, 2928, 2858, 1622, 1534, 1467, 1429, 1257, 1205, 1105,
1376, 1317, 1000, 888, 753, 721; HRMS (ESI") Calcd for CigH3N,NaO ([M+Na]®) 315.2412,
Found 315.2421.

N,N-Dihexyl-1H-indole-2-carboxamide (4y). Method B; 72% vyield; white o
solid; R¢ = 0.38 (hexane/ethyl acetate = 5/1); 'H NMR (400 MHz, CDCly) 5 @jg_«mhex)z
0.85-0.95 (m, 6H), 1.28-1.44 (m, 12H), 1.60-1.85 (m, 4H), 3.35-3.80 (m, 4H),

6.75 (d, J = 2.3 Hz, 1H), 7.13 (td, J = 8.0, 0.9 Hz, 1H ), 7.25-7.30 (m, 1H), 7.42 (d, J = 8.0 Hz, 1H),
7.67 (d, J = 8.1 Hz, 1H), 9.46 (brs, 1H); *C NMR (125 MHz, CDCls) & 14.0 (2C), 22.6 (2C), 26.7
(2C), 27.5 (br), 28.9 (br), 31.6 (2C), 47.6 (br), 49.0 (br), 104.2, 111.8, 120.2, 121.8, 124.0, 127.8,
129.9, 135.5, 162.5; IR (KBr, v / cm™) 3433, 3271, 2958, 2930, 2855, 1600, 1525, 1466, 1407, 1379,
1338, 1317, 1257, 1230, 1189, 1142, 812, 768, 748; HRMS (ESI") Calcd for CyH3,N,NaO
(IM+Na]") 351.2412, Found 351.2414.
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Synthesis of benzamide 4h®°.

Mel (1.5 equiv) fo)

[o]
HN(hex), (1.0 equiv) K,CO; (2.5 equiv)
o) > > N(hex),
toluene, reflux, 2 h  toluene/DMF (4/1) CO,Me
o rt,2h
4h

To the solution of phthalic anhydride (320 mg, 2.2 mmol, 1.0 equiv) in toluene (40 mL),
dihexylamine (408 mg, 2.20 mmol, 1.0 equiv) was added under 0 °C and the reaction mixture was
refluxed. After 2 h the mixture was cooled to room temperature and then DMF, methyl iodide (468
mg, 3.30 mmol, 1.5 equiv) and K,COj3 (760 mg, 5.50 mmol, 2.5 equiv) were added. The reaction
mixture was stirred at room temperature for 12 h, then diluted with H,O (50 mL) and extracted with
ethyl acetate (3x50 mL). The organic layer was dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 3/1).

Methyl 2-(dihexylcarbamoyl)benzoate (4h). 91% vyield; colorless oil; Ry = 0.34 o
(hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCls) & 0.80 (t, J = 7.0 Hz, N(hex),
3H), 0.91 (t, J = 6.5 Hz, 3H), 1.06-1.10 (m, 4H), 1.16-1.21 (m, 2H), 1.34-1.48 (m, CO Me

8H), 1.67-1.72 (m, 2H), 2.99 (t, J = 7.6 Hz, 2H), 3.46-3.50 (m, 2H), 3.87 (s, 3H), 7.27 (d, J = 7.4 Hz,
1H), 7.43 (dd, J = 7.9, 7.5 Hz, 1H), 7.55 (dd, J = 7.5, 7.4 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H); *C
NMR (125 MHz, CDCls) § 14.0, 14.2, 22.5, 22.8, 26.4, 27.0, 27.1, 28.1, 31.3, 31.8, 44.8, 48.8, 52.3,
127.1, 127.2, 128.4, 130.7, 132.7, 139.4, 166.2, 170.6; IR (neat, v / cm™) 2929, 2370, 1644, 1575,
1432, 1377, 1292, 1126, 1078, 777; HRMS (ESI*) Calcd for CpHgsNNaO; ([M+Na]*) 370.2353,
Found 370.2360.

Synthesis of benzamide 4i°.

(o) [o)
SOCI, (1.1 equiv) HN(hex), (2.3 equiv)
OH > T N(hex),
Ph benzene, 80 °C, 2 h Et,0, rt, 24 h Ph
4i

A mixture of [1,1'-biphenyl]-2-carboxylic acid (1.04 g, 5.25 mmol, 1.0 equiv), benzene (2.0 mL),
DMF (0.05 mL), and SOCI; (0.69 g, 5.8 mmol, 1.1 equiv) was stirred at 80 °C for 2 h. Evaporation

of the solvent gave brown solid, which was dissolved in diethyl ether (2.0 mL). An ethereal solution

% Bischoff A., Subramanya H. S., Sundaresan K., Sammeta S. R. & Vaka A. K. PCT WO
2008/157844 Al.
%1 Meca L., Cisafova L., Drahofiovsky D. & Dvoiak D. Organometallics 27, 1850-1858 (2008).
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of dihexylamine (2.22 g, 12.0 mmol, 2.3 equiv) was slowly added to the residue at 0 °C and resulting
suspension was stirred at room temperature for 24 h. The white solid was removed by filtration and
the organic layer was concentrated under reduced pressure. The residue was purified by column

chromatography on silica gel (hexane/ethyl acetate = 10/1) to give 4i (1.06 g, 53% yield).

N,N-Dihexyl-[1,1'-biphenyl]-2-carboxamide (4i). 53% vyield; colorless oil; Rs = o
0.51 (hexane/ethyl acetate = 3/1); *H NMR (500 MHz, CDCl3) & 0.80 (t, J = 7.4 ©\)LN(hex)2
Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H), 0.92-1.27 (m, 16H), 2.46-2.50 (m, 1H), Ph

2.84-2.89 (m, 2H), 3.65-3.70 (M, 1H), 7.33-7.38 (m, 6H), 7.41-7.43 (m, 1H), 7.46 (d, J = 8.1 Hz,
2H); *C NMR (125 MHz, CDCl3) 8 14.0, 14.1, 22.4, 22.6, 26.2, 26.75, 26.78, 27.9, 31.3, 31.7, 44.3,
48.1, 127.4, 127.55, 127.59, 128.4, 128.9, 129.0, 129.4, 136.6, 138.5, 140.0, 171.0; IR (neat, v /
cm™) 2928, 2857, 1630, 1465, 1421, 1376, 1098, 775, 700, 629; HRMS (ESI*) Calcd for
CasH3sNNaO ([M+Na]") 388.2611, Found 388.2610.

Synthesis of benzamide 4j* *°.

[o) Mel (1.5 equiv) [o) Ph,SiH, (3 equiv) fo)
K,CO3 (1.5 equiv) TBAF (5 mol%)
NH ——M N-Me —mM8Mm>» N-Me
DMF, 25°C,5h % THF, 25°C,24 h
4

Solution of methyl iodide (2.13 g, 15.0 mmol, 1.5 equiv) in DMF (20 mL) was added dropwise to
a mixture of phthalimide (1.47 g, 10.0 mmol, 1.0 equiv), K,CO;3 (2.07 g, 15.0 mmol, 1.5 equiv), and
DMF (100 mL) at room temperature for 5 h. Evaporation of the solvent gave light yellow suspension,
which was extracted with water and ethyl acetate. The organic layer was dried with Na,SQOy, filtered
off, and concentrated under reduced pressure. Recrystallization (hexane/ethyl acetate) gave
N-methylphthalimide as a colorless solid (0.98 g, 61% yield). A mixture of N-methylphthalimide
(0.79 g, 4.90 mmol, 1.0 equiv), THF (14 mL), diphenylsilane (0.270 g, 14.7 mmol, 3.0 equiv), and
tetrabutylammonium fluoride solution (TBAF) (1.0 M in THF, 240 uL, 0.24 mmol, 5 mol%) was
stirred at room temperature for 24 h. Dark brown solution was diluted with ethyl acetate and filtered
through Celite. The eluent was concentrated under reduced pressure. The residue was purified by

silica gel column chromatography (hexane/ethyl acetate = 40/1) to give 4j (0.63 g, 87% yield).

Diethyl (2-trifluoromethylphenyl)phosphonate (4gg)*’. 4gg was prepared from o
1-iodo-2-(trifluoromethyl)benzene and diethyl phosphonate according to the @EI'I’(OE”Z
literature method. 39% yield; colorless oil; R¢ = 0.55 (ethyl acetate/'PrOH = 10/1);

'H NMR (500 MHz, CDCl3) 6 1.34 (t, J = 6.9 Hz, 6H), 4.06-4.27 (m, 4H), 7.62-7.70 (m, 2H),

7.78-7.85 (m, 1H), 8.20-8.30 (m, 1H); **C NMR (125 MHz, CDCl) & 16.1 (d, Jc.p = 7.2 Hz), 62.7 (d,

CF;
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Jop = 6.0 Hz), 123.3 (qd, Jc.r, c.p = 275, 4.8 Hz), 127.1 (d, Jc.p = 185 Hz), 127.4 (dq, Jc-r, c.p = 6.0,
12.0 Hz), 131.3 (d, Jc.p = 13.2 Hz), 132.3 (qd, Jc.r cp = 32.4, 7.2 Hz), 132.3 (d, Jc.p = 3.6 Hz), 136.1
(d, Jc-p = 7.2 Hz); F NMR (368 MHz, CDCl5) & -60.7 (s, 3F); **P NMR (158 MHz, CDCls) & 25.6;
IR (KBr, v / cm™) 2987, 1597, 1576, 1480, 1442, 1393, 1370, 1313, 1250, 1179, 1132, 1063, 1026,
967, 776, 741, 894, 648; HRMS (ESI") Calcd for CyHyFsNaOsP ([M+Na]*) 305.0530, Found
305.0537.

Dicyclohexyl(2-methoxyphenyl)phosphine oxide (4jj)*. 4jj was prepared by o
oxidation of dicyclohexyl(2-methoxyphenyl)phosphine according to the literature ©:Pcy2
method. 85% yield; white solid; R; = 0.27 (ethyl acetate); ‘H NMR (400 MHz, CDCl3) OMe

§ 1.14-1.50 (m, 12H), 1.65-1.72 (m, 4H), 1.80-1.84 (m, 2H), 2.03-2.06 (m, 2H), 20.9-2.19 (m, 2H),
3.83 (s, 3H), 6.89 (dd, J = 8.0, 4.9 Hz, 1H), 7.09-7.12 (m, 1H), 7.45-7.50 (m, 1H), 7.93 (ddd, J =
11.4, 7.4, 1.8 Hz, 1H); *C NMR (100 MHz, CDCl3) 8 25.5 (d, Jc.p = 3.7 Hz), 25.80, 25.84 (d, Jc.p =
3.8 Hz), 26.4 (d, Jcp = 13.2 Hz), 26.7 (d, Jc.p = 13.2 Hz), 36.6 (d, Jc.p = 67.7 Hz), 54.9, 109.9 (d,
Jop = 11.5 Hz), 118.7 (d, Jc.p = 110 Hz), 120.8 (d, Jc.p = 10.3 Hz), 132.9 (d, Jcp = 1.9 Hz), 135.7 (d,
Jop = 4.7 Hz), 159.0 (d, Jcp = 110 Hz); *'P NMR (158 MHz, CDCls) § 59.6; IR (KBr, v / cm™)
2929, 2850, 1191, 1577, 1479, 1463, 1446, 1431, 1278, 1241, 1210, 1159, 1138, 1114, 1075, 1047,
1020, 1002, 893, 850, 822, 802, 763, 745; HRMS (ESI*) Calcd for CygHpsNaO,P ([M+Na]®)
343.1803, Found 343.1799.

Dicyclohexyl(2-chlorophenyl)phosphine oxide (4kk)® . 4kk was prepared by o
coupling reaction between 1-chloro-2-iodobenzene and dicyclohexylphosphine oxide C[chz
according to the literature method. 39% yield; white solid; R¢ = 0.20 (ethyl acetate); Cl

'H NMR (500 MHz, CDCl3) & 1.14-1.26 (m, 4H), 1.27-1.45 (m, 6H), 1.55-1.75 (m, 6H), 1.80-1.90
(m, 2H), 2.02-2.13 (m, 2H), 2.28-2.38 (m, 2H), 7.36-7.46 (m, 3H), 8.08-8.14 (m, 1H); °C NMR
(125 MHz, CDCl3) & 25.6, 26.0 (2C), 26.3 (d, Jc.p = 13.2 Hz), 26.5 (d, Jcp = 13.2 Hz), 37.0 (d, Jc»
= 67.2 Hz), 126.5-127.0 (m), 129.6-130.0 (m), 130.3 (d, Jc.p = 81.6 Hz), 132.3-132.7 (m), 134.1 (d,
Jop = 4.8 Hz), 136.5-136.8 (m); *'P NMR (158 MHz, CDCl5) & 59.5; IR (KBr, v / cm™) 2930, 2851,
1581, 1455, 1416, 1276, 1212, 1179, 1152, 1129, 1114, 1044, 1028, 888, 849, 819, 762; HRMS

(ESI") Calcd for C15H,sCINaOP ([M+Na]*) 347.1307, Found 347.1305.

%2 Stankevi¢ M. & Wlodarczyk A. Tetrahedron 69, 73-81 (2013).
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Procedure and Results of C-H Borylation

Typical procedure for iridium-catalyzed borylation of (hetero)arenes.

o
pinB@)LN(heX)z
o [Ir(OMe)(cod)], (0.75 mol%) “
o O ligand 1a (1.5 mol%) 6a
N(hex), + B-B, >
©)( j:o 0:# p-xylene, 25 °C, 16 h "o
4a 5

a

(0.167 M) B,pin, pinB N(hex),
(0.75 equiv)

Bpin 7a

In a sealed tube, a mixture of [Ir(OMe)(cod)], (1.2 mg, 1.9 pmol, 0.75 mol%), ligand 1a (1.2 mg,
3.8 umol, 1.5 mol%), and bis(pinacolato)diboron (5a) (47.6 mg, 0.188 mmol, 0.750 equiv) was
added to a solution of N, N-dihexylbenzamide 4a (72.4 mg, 0.250 mmol, 1.0 equiv) in p-xylene
(1.5 mL). The mixture is then stirred at 25 °C for 16 h. The product was isolated from starting
material and other byproduct by recycling preparative HPLC to give a mixture of 6a and 7a (6a:
41.0 mg, 43% yield; 7a: 4.5 mg, 4% yield).

Characterisation of Borylated Products

N,N-Dihexyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide o

(6a, meta isomer). 40% vyield; colorless oil; *H NMR (500 M Hz, CDCl3) & pinB\©)LN(hex)2
0.82 (t, J = 6.9 Hz, 3H), 0.89-0.92 (m, 3H), 1.10-1.21 (m, 6H), 1.30-1.41

(m, 18H), 1.46-1.50 (m, 2H), 1.65-1.66 (M, 2H), 3.15 (t, J = 6.9 Hz, 2H), 3.46 (t, J = 7.2 Hz, 2H),
7.38 (dd, J = 8.0, 7.2 Hz, 1H), 7.43 (ddd, J = 8.0, 1.7, 1.7 Hz, 1H), 7.78 (s, 1H), 7.80 (ddd, J = 7.2,
1.7, 1.7 Hz, 1H); BC NMR (100 MHz, CDCIl3) 6 14.1, 14.2, 22.6, 22.8, 25.0, 26.3, 26.9, 27.6, 28.8,
31.4,31.8,45.0,49.2,84.1,127.8, 129.3, 132.7, 135.4, 136.8, 171.8; 1B NMR (130 MHz, CDCls) &
30.2; IR (neat, v / cm') 2930, 2858, 1626, 1411, 1358, 1319, 1144, 861, 754, 666; HRMS (ESI")
Calcd for CpsH.BNNaO; ([M+Na]*) 438.3150, Found 438.3151.

N,N-Dihexyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide o

(6a, para isomer). 3.3% vield; colorless oil; *H NMR (500 MHz, CDCls) & /©/‘(N(hex)2
0.82 (t, J = 7.2 Hz, 3H), 0.89-0.92 (m, 3H), 1.06-1.11 (m, 4H), 1.18-1.25 (m, PinB

2H), 1.35-1.36 (m, 18H), 1.46-1.47 (m, 2H), 1.63-1.66 (m, 2H), 3.13 (t, J = 6.9 Hz, 2H), 3.46 (t, J =
7.2 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.81 (d, J = 8.3 Hz, 2H); *C NMR (125 MHz, CDCl,) & 14.0,
14.1, 225, 22.7, 25.0, 26.3, 26.8, 27.6, 28.7, 31.4, 31.7, 44.8, 49.0, 84.1, 125.7, 134.8, 140.1, 171.6;
"B NMR (130 MHz, CDCl5) & 29.9; IR (neat, v / cm™) 2929, 1636, 1511, 1396, 1360, 1322, 1144,
1108, 859, 659; HRMS (ESI™) Calcd for CysH4,BNNaO; ([M+Na]") 438.3150, Found 438.3170.
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N,N-Dihexyl-3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzam
ide (7a). 3.0% vield; colorless oil; *H NMR (500 MHz, CDCl;) § 0.81 (t, J= PinB N(hex),
7.2 Hz, 3H), 0.90-0.93 (m, 3H), 1.10-1.27 (m, 10H), 1.31-1.35 (m, 28H),

1.62-1.66 (m, 2H), 3.12 (t, J = 6.9 Hz, 2H), 3.44 (t, J = 7.2 Hz, 2H), 7.88 (s

2H), 8.26 (s, 1H); **C NMR (100 MHz, CDCl5) & 14.1, 14.2, 22.5, 22.8, 25.0, 26.3, 27.0, 27.7, 28.9,
31.4, 31.8, 45.0, 49.3, 84.0, 135.5, 136.3, 141.7, 171.7; B NMR (130 MHz, CDClIy) & 32.9; IR
(neat, v / cm™) 2929, 1628, 1329, 1265, 1142, 967, 889, 801, 755, 718; HRMS (ESI*) Calcd for
Ca1H53B2NNaOs ([M+Na]™) 564.4002, Found 564.4021.

Bpin

N,N-Dihexyl-2-methoxy-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)be o
nzamide (6b). 63% vyield; colorless oil; *H NMR (400 MHz, CDCls) & pinB\@\)LN(hex)z
(meta isomer) 0.80 (t, J = 7.4 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.06-1.08 OMe

m_

(m, 4H), 1.16-1.50 (m, 22H), 1.62-1.64 (m, 2H), 3.01-3.04 (m, 2H), 0
3.48-3.49 (m, 2H), 3.82 (s, 3H), 6.87 (d, J = 8.3 Hz, 1H), 7.63 (s, 1H), 7.76 /d( N(hex),
(d, J = 8.3 Hz, 1H), (para isomer) 0.80 (t, J = 7.4 Hz, 3H), 091 (t, J= 67 P ~ OW°

Hz,, 3H), 1.06-1.08 (m, 4H), 1.18-1.50 (m, 20H), 1.62-1.64 (m, 4H),

3.01-3.04 (m, 2H), 3.48-3.49 (m, 2H), 3.85 (s, 3H), 7.17 (d, J = 7.2 Hz, 1H), 7.29 (s, 1H), 7.41 (d, J
= 7.2 Hz, 1H); *C NMR (125 MHz, CDCls) & (meta isomer) 14.1, 14.2, 22.5, 22.8, 24.7, 26.3, 26.7,
27.6, 28.4, 31.4, 31.8, 44.4, 48.5, 55.4, 83.7, 110.1, 126.6, 134.4, 137.0, 157.8, 169.2, (para isomer)
14.1, 14.2, 22.6, 22.8, 25.0, 26.3, 26.8, 27.5, 28.4, 31.4, 31.8, 44.3, 48.3, 55.6, 84.1, 116.4, 127.1,
127.4,130.0, 154.6, 169.2; "B NMR (130 MHz, CDCl5) § 31.9; IR (neat, v / cm™) 2930, 1627, 1410,
1355, 1140, 1027, 965, 851, 754, 683; HRMS (ESI") Calcd for CosH.BNNaO4 ([M+Na]") 468.3256,
Found 468.3246.

N,N-Dihexyl-2-methyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz o

amide (6c). 39% yield; colorless oil; *H NMR (500 MHz, CDCl5) & (meta pinB\dLN(hex)z
isomer) 0.82 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.9 Hz, 3H), 1.07-1.11 (m, 4H), Me
1.14-1.21 (m, 2H), 1.25-1.39 (m, 18H), 1.41-1.47 (m, 2H), 1.62-1.70 (m, o

2H), 2.29 (s, 3H), 3.01-3.05 (m, 2H), 3.39-3.56 (m, 2H), 7.19 (d, J = 7.5 Hz, /@fLN(hex)z
1H), 7.59 (s, 1H), 7.67 (d, J = 7.5 Hz, 1H), (para isomer) 0.81 (t, J = 7.2 Hz, P"B Me
3H), 0.90 (t, J = 6.0 Hz, 3H), 1.04-1.11 (m, 4H), 1.14-1.26 (m, 2H),
1.28-1.47 (m, 20H), 1.62-1.67 (m, 2H), 2.27 (s, 3H), 2.85-3.15 (m, 2H), 3.20-3.75 (m, 2H), 7.14 (d,
J=7.8Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.64 (s, 1H); *C NMR (125 MHz, CDCls) & (meta isomer)
14.1, 14.2, 19.4, 22.5, 22.8, 25.0, 26.3, 27.0, 27.7, 28.5, 31.3, 31.8, 44.6, 48.6, 83.9, 129.8, 132.3,

134.9, 136.8, 137.4, 171.3, (para isomer) 14.1, 14.2, 18.9, 22.6, 22.8, 25.0, 26.4, 27.0, 27.6, 28.5,

p-
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31.4,31.8, 44.4,48.4,84.1,125.3, 132.2, 133.2, 136.7, 140.1, 171.2; B NMR (130 MHz, CDCls) 6
(meta isomer) 30.5, (para isomer) 31.3; IR (neat, v / cm™) 2929, 1634, 1466, 1357, 1145, 1105, 965,
862, 754, 686; HRMS (ESI") Calcd for CsH44BNNaOs ([M+Na]™) 452.3306, Found 452.3306.

2-Bromo-N,N-dihexyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz o

amide (6d). 91% vyield; colorless oil; *H NMR (400 MHz, CDCl,) & (meta pinB\@\)LN(hex)z
isomer) 0.80 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.07-1.10 (m, 4H), Br
1.16-1.20 (m, 2H), 1.32-1.34 (m, 16H), 1.45-1.59 (m, 4H), 1.66-1.68 (m, ™q

2H), 3.01-3.08 (m, 2H), 3.22-3.29 (m, 1H), 3.66-3.73 (m, 1H), 7.55 (d, J = /[:f( N(hex),
7.9 Hz, 1H), 7.61 (dd, J = 7.9, 1.4 Hz, 1H), 7.67 (d, J = 1.4 Hz, 1H), (para P8 Br
isomer) 0.80 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.07-1.10 (m, 4H),
1.16-1.20 (m, 2H), 1.32-1.34 (m, 16H), 1.45-1.59 (m, 4H), 1.66-1.68 (brs, 2H), 3.01-3.08 (m, 2H),
3.22-3.29 (m, 1H), 3.66-3.73 (m, 1H), 7.23 (d, J = 7.4 Hz, 1H), 7.73 (d, J = 7.4 Hz, 1H), 7.98 (s,
1H); *C NMR (125 MHz, CDCls) & (meta isomer) 14.0, 14.2, 22.4, 22.7, 24.8 (br), 26.2, 26.9, 27.3,
28.3,31.3, 31.7, 44.6, 48.3, 84.2, 122.8, 132.1, 134.2, 135.9, 138.4, 168.9, (para isomer) 14.0, 14.2,
22.5,22.7, 24.9 (br), 26.3, 26.9, 27.2, 28.3, 31.2, 31.7, 44.7, 48.5, 84.4, 119.1, 127.3, 133.6, 138.7,
141.3, 168.8; B NMR (130 MHz, CDCls) & 30.0; IR (neat, v / cm™) 2929, 1640, 1590, 1355, 1144,
1094, 964, 839, 754, 688; HRMS (ESI*) Calcd for CysH,BBrNNaO; ([M+Na]") 516.2255, Found
516.2245.

p-

2-Chloro-N,N-dihexyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz o

amide (6e). 84% vyield; pale yellow oil; *H NMR (400 MHz, CDCl;) & (meta pinB\dLN(hex)z
isomer) 0.80 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.08-1.19 (m, 6H), cl
1.25-1.61 (m, 20H), 1.63-1.69 (m, 2H), 2.98-3.12 (m, 2H), 3.28-3.34 (m, "o

1H), 3.64-3.70 (m, 1H), 7.36 (d, J = 8.5 Hz, 1H), 7.69 (s, 1H), 7.70 (d, J = /d N(hex),
8.5 Hz, 1H), (para isomer) 0.81 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.5 Hz, 3H), PI"B o cl
1.07-1.20 (m, 6H), 1.25-1.51 (m, 20H), 1.65-1.67 (m, 2H), 2.98-3.12 (m,

2H), 3.19-3.26 (m, 1H), 3.71-3.79 (m, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.80
(s, 1H); *C NMR (100 MHz, CDCl3) & (meta isomer) 14.1, 14.2, 22.5, 22.8, 24.8, 26.3, 26.9, 27.4,
28.4,31.3,31.8,44.7, 48.5, 84.3, 129.0, 133.5, 134.3, 136.0, 136.4, 168.2, (para isomer) 14.1, 14.2,
22.5, 22.8, 25.0, 26.4, 26.9, 27.3, 28.4, 31.4, 31.8, 44.6, 48.5, 84.3, 127.4, 132.2, 133.1, 135.7,
139.3, 168.1; B NMR (130 MHz, CDCIl3) & (meta isomer) 32.1, (para isomer) 30.2; IR (neat, v /
cm'l) (meta isomer) 2929, 2857, 1645, 1507, 1456, 1387, 1144, 1095, 963, 732, (para isomer) 2929,
2857, 1644, 1498, 1456, 1355, 1143, 1096, 1047, 686; HRMS (ESI") Calcd for CysH4BCINNaO;
([M+Na]") 472.2760, Found 472.2764.
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N,N-Dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trifluoro o
methyl)benzamide (6f). 93% vyield; colorless oil; '"H NMR (400 MHz, pinB\@fLN(hex)z
CDCl3) 8 0.80 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.07-1.22 (m, CF3

6H), 1.33-1.49 (m, 20H), 1.64-1.65 (m, 2H), 2.88-3.04 (m, 2H), 3.13-3.23 (m, 1H), 3.69-3.79 (m,
1H), 7.65 (d, J = 7.9 Hz, 1H), 7.75 (s, 1H), 7.88 (d, J = 7.9 Hz, 1H); *C NMR (100 MHz, CDCl3) &
14.0,14.1, 22.4, 22.7, 24.9, 26.2, 26.8, 27.0, 28.0, 31.3, 31.7, 44.5, 48.8, 84.5, 123.8 (q, J = 275 Hz),
125.6 (q, J = 4.8 Hz), 127.1, 128.7 (g, J = 31.2 Hz), 133.8, 134.9, 168.6; “F NMR (368 MHz,
CDCly) & -62.0; B NMR (130 MHz, CDCl5) & 30.5; IR (neat, v / cm™) 2930, 2859, 1644, 1505,
1467, 1312, 1102, 1041, 844, 690; HRMS (ESI") Calcd for CosHsBFsNNaO; ([M+Na]") 506.3024,
Found 506.3018.

N,N-Dihexyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trifluorom o
ethoxy)benzamide (6g). 92% yield; colorless oil; *H NMR (400 MHz, pinB\dLN(hex)z
CDCl3) & (meta isomer) 0.80 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.7 Hz, 3H), OCF;

m-

1.08-1.09 (m, 4H), 1.17-1.20 (m, 2H), 1.32-1.45 (m, 20H), 1.62-1.67 (m, 0
2H), 3.04 (t, J = 7.6 Hz, 2H), 3.19-3.26 (m, 1H), 3.72-3.76 (m, 1H), 7.25 (d, /@6 N(hex),
J =83 Hz, 1H), 7.75 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H), (para isomer) 0.80 PInB “OCFs

(t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.7 Hz, 3H), 1.08-1.09 (m, 4H), 1.17-1.20

(m, 2H), 1.32-1.45 (m, 20H), 1.62-1.67 (M, 2H), 3.04 (t, J = 7.6 Hz, 2H), 3.19-3.26 (m, 1H),
3.72-3.76 (m, 1H), 7.33 (d, J = 7.4 Hz, 1H), 7.67 (s, 1H), 7.73 (d, J = 7.4 Hz, 1H); *C NMR (100
MHz, CDCl) & (meta isomer) 13.9, 14.1, 22.4, 22.6, 24.9, 26.2, 26.7, 27.2, 28.3, 31.2, 31.7, 44.4,
48.4, 84.3, 118.6 (g, J = 1.9 Hz), 123.8 (g, J = 258 Hz), 129.8, 135.2, 136.7, 147.1 (q, J = 1.9 Hz),
166.8, (para isomer) 13.9, 14.1, 22.5, 22.6, 24.8, 26.2, 26.7, 27.2, 28.3, 31.3, 31.7, 44.4, 48.3, 84.4,
123.8 (q, J = 258 Hz), 125.9, 127.9, 133.2, 133.3, 144.5 (q, J = 1.9 Hz), 166.7; *°F NMR (368 MHz,
CDCly) & -58.6; B NMR (130 MHz, CDCl5) & 30.2; IR (neat, v / cm™) 2931, 2859, 1644, 1468,
1359, 1255, 1003, 965, 850, 687; HRMS (ESI*) Calcd for CpsHaiBFsNNaO, ([M+Na]") 522.2973,
Found 522.2996.

p

Methyl o
2-(dihexylcarbamoyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ben IL’i"B\©\)LN(hex)2
zoate (6h). 96% yield; pale yellow oil; *H NMR (400 MHz, CDCl3) § 0.79 (t, CO;Me

J=7.2 Hz, 3H), 0.91 (t, J = 7.0 Hz, 3H), 1.05-1.07 (m, 4H), 1.15-1.20 (m, 2H), 1.30-1.47 (m, 20H),
1.69-1.72 (m, 2H), 2.9 (t, J = 7.8 Hz, 2H), 3.45-3.49 (m, 2H), 3.86 (s, 3H), 7.70 (d, J = 1.0 Hz, 1H),
7.83 (dd, J = 8.0, 1.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCl,) & 13.9, 14.1,
22.3,22.7,24.8,26.2,26.9, 27.1, 28.0, 31.2, 31.7, 44.8, 48.8, 52.2, 84.3, 129.1, 129.6, 133.4, 134.5,
138.3, 166.2, 170.6; *'B NMR (130 MHz, CDCls) & 29.6; IR (neat, v / cm™) 2930, 2858, 1730, 1639,
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1494, 1359, 1143, 964, 855, 795; HRMS (ESI") Calcd for C,7H4,BNNaOs ([M+Na]®) 496.3205,
Found 496.3186.

N,N-Dihexyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[1,1'-biphe o
nyl]-2-carboxamide (6i). 26% yield; colorless oil; '"H NMR (400 MHz, pinB\dLN(hex)z
CDCl) § 0.79 (t, J = 7.2 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H), 0.92-1.01 (m, Ph

4H), 1.05-1.28 (m, 10H), 1.34 (s, 12H), 1.62-1.66 (m, 2H), 2.48-2.54 (m, 1H), 2.80-2.98 (m, 2H),
3.54-3.61 (m, 1H), 7.30-7.41 (m, 4H), 7.48-7.50 (m, 2H), 7.82 (s, 1H), 7.85 (dd, J = 7.9, 1.1 Hz,
1H); *C NMR (100 MHz, CDCls) & 14.1, 14.2, 22.5, 22.7, 24.8, 25.1, 26.2, 26.9, 27.9, 31.3, 31.8,
44.4,48.3, 84.0,127.8, 128.4, 128.7, 128.9, 134.1, 135.2, 136.0, 140.0, 141.0, 171.1; "B NMR (230
MHz, CDCls,) 6 31.8; IR (neat, v / Cm'l) 2928, 2857, 1629, 1466, 1387, 1318, 1144, 965, 700, 611;
HRMS (ESI*) Calcd for C3;HssBNNaO; ([M+Na]*) 514.3463, Found 514.3452.

2,3-Dihydro-2-methyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-isoind
pinB
olin-1-one (6j). 39% yield; pale yellow solid; *"H NMR (400 MHz, CDCl5) & \CdN—Me

(meta isomer) 1.35 (s, 12H), 3.18 (s, 3H), 4.36 (s, 2H), 7.41 (d, J = 7.6 Hz, 1H), m-
7.93 (d, J = 7.6 Hz, 1H), 8.29 (s, 1H), (para isomer) 1.35 (s, 12H), 3.19 (s, 3H), NeMe
4.35 (s, 2H), 7.81 (d, J = 7.6 Hz, 1H), 7.86 (s, 1H), 7.89 (d, J = 7.6 Hz, 1H); ""° o

3C NMR (125 MHz, CDCl;) & (meta isomer) 24.8, 29.4, 52.1, 84.0, 121.9, 130.1, 132.3, 137.3,
143.8, 168.5, (para isomer) 24.9, 29.5, 51.9, 84.2, 122.7, 128.7, 134.3, 135.2, 140.1, 168.6; "'B
NMR (130 MHz, CDCls) & 30.8; IR (KBr, v / cm™) 2978, 2932, 1680, 1397, 1355, 1337, 1309, 1258,
1202, 1143, 1115, 967, 863, 849, 714, 655; HRMS (ESI*) Calcd for C;sH,BNNaO; ([M+Na]®)
296.1434, Found 296.1438.

N,N-Dimethyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide

2.94 (s, 3H), 3.10 (s, 3H), 7.40 (d, J = 7.7 Hz, 2H), 7.83 (d, J = 7.7 Hz, 2H);
C NMR (100 MHz, CDCl3) & (meta isomer) 25.0, 35.4, 39.7, 84.1, 127.9,
129.8, 133.2, 135.8, 135.9, 171.8, (para isomer) 25.0, 35.4, 39.7, 84.1, 126.3, 129.8, 134.8, 171.8;
"B NMR (130 MHz, CDCls) & 30.6; IR (neat, v / cm™) 2978, 1634, 1482, 1356, 1267, 1213, 965,
812, 709, 671; HRMS (ESI") Calcd for C15H2,BNNaO; ([M+Na]") 298.1585, Found 298.1585.

pinB

(o]
(6K). 41% yield: white solid; "H NMR (500 MHz, CDCls) & (meta isomer) pi“BO)LNMez
1.34 (s, 12H), 2.96 (s, 3H), 3.10 (s, 3H), 7.40 (dd, J = 8.0, 8.0 Hz, 1H), 7.49 -
(ddd, J=8.1, 1.1, 1.1 Hz, 1H), 7.82-7.84 (m, 2H), (para isomer) 1.35 (s, 12H), Q
/©)LNMe2
p-
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N,N-Dimethyl-3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzam o]
ide (7K). 11% yield; white solid; 'H NMR (400 MHz, CDCls) 5 1.33 (s, 24H), "

2.95 (s, 3H), 3.09 (s, 3H), 7.93 (d, J = 1.3 Hz, 2H), 8.28 (t, J = 1.3 Hz, 1H);

3C NMR (100 MHz, CDCl;) & 25.0, 35.3, 39.8, 84.1, 135.5, 135.9, 142.1,

171.9; B NMR (130 MHz, CDCl3) & 30.6; IR (neat, v / cm™) 2978, 1636, 1594, 1380, 1330, 1213,
1142, 889, 755, 689; HRMS (ESI*) Calcd for CpHssB,NNaOs ([M+Na]*) 424.2437, Found
4242455,

NMez

Bpin

Piperidin-1-yl-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)met o
hanone (61). 50% yield; white solid; *H NMR (400 MHz, CDCl3) & 1.34 (s, "B 'O
12H), 1.48-1.51 (m, 2H), 1.63-1.70 (m, 4H), 3.29-3.37 (m, 2H), 3.67-3.73 (m,

2H), 7.38 (dd, J = 7.6, 6.7 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.81-7.82 (m, 2H); *C NMR (100 MHz,
CDCl3) 8 24.7, 25.0, 25.7, 26.6, 43.1, 48.9, 84.1, 127.8, 129.5, 133.1, 135.7, 136.1, 170.4; 'B NMR
(130 MHz, CDCls) & 30.8; IR (neat, v / cm™) 2938, 1714, 1626, 1358, 1271, 1143, 1094, 964, 859,
754, 666; HRMS (ESI™) Calcd for C15H,6BNNaO; ([M+Na]*) 338.1898, Found 338.1897.

(3,5-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(piperidin-1-yl o)
ymethanone (71). 11% yield: white solid; *H NMR (400 MHz, CDCly) 5 1.37 °" rO
(s, 24H), 1.49-1.65 (m, 6H), 3.32-3.33 (m, 2H), 3.64-3.70 (m, 2H), 7.89 (s,

2H), 8.27 (s, 1H); ©*C NMR (100 MHz, CDCly) 5 24.7, 25.0, 25.7, 26.6, 43.1,

48.9,84.1, 135.6, 135.8, 142.1, 170.5; B NMR (130 MHz, CDCls) 5 30.8; IR (neat, v / cm'%) 2979,
1624, 1329, 1267, 1142, 966, 889, 755, 716, 666 HRMS (ESI") Calcd for CpsHsB,NNaOs
([M+Na]") 464.2750, Found 464.2728.

Bpin

(2-Bromo-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-morpho o
linylmethanone (6m). 88% vyield; pale yellow solid: *H NMR (500 MHz, P™® @
o
CDCl3) 6 (meta isomer) 1.30 (s, 12H), 3.10-3.29 (m, 2H), 3.50-3.61 (m, 1H), Br
m_
3.64-3.80 (m, 4H), 3.80-3.89 (m, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.62 (dd, J = o
8.0, 1.8 Hz, 1H), 7.65 (d, J = 1.8 Hz, 1H), (para isomer) 1.28 (s, 12H), /CELN(}
pinB Br
3.10-3.29 (m, 2H), 3.50-3.61 (m, 1H), 3.64-3.80 (m, 4H), 3.80-3.89 (m, 1H), p-

7.22 (d, J = 7.5 Hz, 1H), 7.74 (d, J = 7.5 Hz, 1H), 7.97 (s, 1H); **C NMR

(125 MHz, CDCls) & (meta isomer) 24.9, 41.8, 47.0, 66.5, 66.6, 84.2, 122.4, 132.0, 133.8, 136.4,
138.7, 167.7, (para isomer) 24.5, 41.8, 47.0, 66.5, 66.6, 84.3, 118.8, 127.0, 133.8, 136.9, 139.8,
167.5; "B NMR (130 MHz, CDCl,) & 30.8; IR (KBr, v / cm™) 2977, 2927, 2857, 1645, 1592, 1434,
1386, 1356, 1280, 1248, 1143, 1114, 1094, 1016, 848, 689; HRMS (ESI") Calcd for
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Ci17H,3BBrNNaO, ([M+Na]") 418.0801, Found 418.0791.

Azepan-1-yl(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)meth o

anone (6n). 36% yield: white solid: *H NMR (400 MHz, CDCl3) 5 1.34 (5, " D
12H), 1.59-1.64 (m, 6H), 1.81-1.85 (m, 2H), 3.36 (t, J = 5.4 Hz, 2H), 3.67 (t,

J = 5.8 Hz, 2H), 7.38 (dd, J = 7.9, 7.6 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.80-7.82 (m, 2H); **C
NMR (100 MHz, CDCl;) & 25.0, 26.6, 27.4, 28.0, 29.6, 46.3, 49.9, 84.1, 127.8, 129.2, 132.8, 135.4,
136.9, 171.7; "B NMR (130 MHz, CDCl;) & 30.6; IR (neat, v / cm™) 2977, 2928, 1631, 1409, 1356,
1319, 1216, 1099, 859, 708; HRMS (ESI") Calcd for C1gH,sBNNaO; ([M+Na]") 352.2054, Found
352.2049.

Azepan-1-yl(3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl) o
methanone (7n). 12% yield; white solid; *H NMR (400 MHz, CDCl5) § 1.33 P"B »O
(s, 24H), 1.58-1.59 (m, 6H), 1.80-1.86 (m, 2H), 3.36 (t, J = 5.4 Hz, 2H), 3.65

(t, J = 5.4 Hz, 2H), 7.90 (s, 2H), 8.27 (s, 1H); **C NMR (100 MHz, CDCl5) &

25.0, 26.7, 27.5, 28.1, 29.6, 46.1, 50.0, 84.1, 1355, 136.3, 141.8, 171.8; "B NMR (130 MHz,
CDCl3) 6 31.3; IR (neat, v / Cm'l) 2930, 2927, 1628, 1429, 1389, 1270, 1142, 889, 754, 689; HRMS
(ESI™) Calcd for CpsH39B,NNaOs ([M+Na]") 478.2907, Found 478.2926.

Bpin

N,N-dihexyl-2-(trifluoromethyl)-(4,4,6-trimethyl-1,3,2-dioxaborinan-

2-yl)benzamide (60). 62% vyield; pale yellow oil; *H NMR (400 MHz, fg 0
CDCls) 5 (meta isomer) 0.81 (t, J = 7.2 Hz, 3H), 0.89-0.92 (m, 3H), ~ \d"‘“ex’z
1.08-1.09 (m, 4H), 1.17-1.21 (m, 2H), 1.33-1.47 (m, 18H), 1.61-1.64 (m, o °Fs

2H), 1.86-1.91 (m, 1H), 2.95-3.00 (m, 2H), 3.12-3.19 (m, 1H), 3.77-3.84 o

(m, 1H), 4.13-4.37 (m, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.75 (s, 1H), 7.87 dN(heX)z
(d, J = 7.6 Hz, 1H), (para isomer) 0.81 (t, J = 7.2 Hz, 3H), 0.89-0.92 (m, {?,3 CF;

3H), 1.08-1.09 (m, 4H), 1.17-1.21 (m, 2H), 1.33-1.47 (m, 18H),

1.61-1.64 (m, 2H), 1.86-1.91 (m, 1H), 2.95-3.00 (m, 2H), 3.12-3.19 (m,

1H), 3.77-3.84 (m, 1H), 4.13-4.37 (m, 1H), 7.26 (d, J = 6.7 Hz, 1H), 7.96 (d, J = 6.7 Hz, 1H), 8.08
(s, 1H); **C NMR (100 MHz, CDCl5) & (meta isomer) 14.0, 14.1, 22.5, 22.7, 23.1, 26.2, 26.4, 26.9,
28.0,28.2,31.2,31.4,31.7,44.4, 46.0, 48.7, 65.4, 71.6, 124.0 (g, J = 274 Hz), 125.2 (g, J = 3.6 Hz),
126.4, 127.6 (q, J = 32.3 Hz), 132.9, 133.9, 169.2, (para isomer) 14.0, 14.1, 22.4, 22.7, 23.1, 26.2,
26.4, 26.9, 28.0, 28.2, 31.2, 31.3, 31.7, 44.4, 46.0, 48.7, 65.4, 71.6, 124.3 (g, J = 296 Hz), 125.7,
127.6 (q, J = 32.3 Hz), 131.8 (q, J = 4.8 Hz), 134.6, 169.2; "F NMR (368 MHz, CDCl;) & (meta
isomer) -61.9, (para isomer) -61.5; "B NMR (130 MHz, CDCls) & 26.2 (meta and para isomers); IR
(neat, v / cm™) 2931, 1644, 1502, 1408, 1306, 1170, 1039, 844, 767, 687; HRMS (ESI™) Calcd for
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CasH41BFsNNaO; ([M+Na]*) 506.3024, Found 506.3013.

3-Fluoro-N,N-dihexyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz (o}
amide (6p). 9% yield; colorless oil: *H NMR (400 MHz, CDCl) & (meta N(hex),
isomer) 0.82 (t, J = 6.7 Hz, 3H), 0.89-0.91 (m, 3H), 1.12-1.17 (m, 4H), I

1.21-1.49 (m, 22H), 1.61-1.62 (m, 2H), 3.14 (t, J = 7.2 Hz, 2H), 3.44 (t, J = m-

7.2 Hz, 2H), 7.13 (d, J = 8.8 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.55 (s, 1H), i .

(para isomer) 0.82 (t, J = 6.7 Hz, 3H), 0.89-0.91 (m, 3H), 1.12-1.18 (m, 4H), pinB

1.21-1.49 (m, 22H), 1.61-1.62 (m, 2H), 3.14 (t, J = 7.2 Hz, 2H), 3.44 (t, J = Fo

7.2 Hz, 2H), 7.01 (d, J = 9.0 Hz, 1H), 7.11 (d, J = 9.0 Hz, 1H), 7.73-7.77 (m, i

1H); **C NMR (100 MHz, CDCl5) & (meta isomer) 14.0, 14.1, 22.5, 22.7, 24.9, 26.2, 26.8, 27.5, 28.7,
31.3, 31.7, 45.0, 49.1, 84.3, 116.5 (d, J = 22.6 Hz), 121.6 (d, J = 19.7 Hz), 128.2 (d, J = 2.8 Hz),
138.9 (d, J = 6.6 Hz), 162.2 (d, J = 248 Hz), 170.1, (para isomer) 14.0, 14.1, 22.5, 22.7, 24.9, 26.2,
26.8,27.5, 28.7, 31.3, 31.7, 44.8, 49.0, 84.2, 113.6 (d, J = 26.3 Hz), 132.0 (br), 137.1 (d, J = 8.4 Hz),
142.4 (d, J = 7.5 Hz), 165.4 (d, J = 253 Hz), 169.9; °F NMR (368 MHz, CDCl5) & (meta isomer)
-115.3 (s, 1F), (para isomer) -103.7 (s, 1F); *B NMR (130 MHz, CDCl;) & 30.0 (meta and para
isomers); IR (neat, v / cm™) 2929, 1633, 1368, 1143, 1099, 968, 923, 854, 756, 676; HRMS (ESI")
Calcd for Co5H4 BFNNaO; ([M+Na]*) 456.3056, Found 456.3035.

3-Bromo-N,N-dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ben o
zamide (6q). 86% yield; pale yellow oil; *H NMR (400 MHz, CDCl3) & 0.83 pinB\Q)kN(hex)z
(t, J = 7.2 Hz, 3H), 0.89-0.91 (m, 3H), 1.12-1.17 (m, 4H), 1.21-1.33 (m,

20H), 1.49-1.63 (m, 4H), 3.13 (t, J = 7.6 Hz, 2H), 3.43 (t, J = 7.6 Hz, 2H),

7.56 (s, 1H), 7.69 (s, 1H), 7.93 (s, 1H); *C NMR (100 MHz, CDCl5) & 14.0, 14.1, 22.5, 22.7, 24.9,
26.2, 26.8, 27.5, 28.7, 31.3, 31.7, 45.0, 49.1, 84.4, 122.4, 131.0, 132.1, 138.0, 138.8, 169.9; B
NMR (130 MHz, CDCl;) & 30.7; IR (neat, v / cm™) 2929, 2857, 1635, 1435, 1348, 1143, 965, 964,
885, 704; HRMS (ESI") Calcd for CosH,1BBrNNaO; ([M+Na]) 516.2255, Found 516.2255.

Br

N,N-Dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[1,1'-biphe o
nyl]-3-carboxamide (6r). 81% vield; pale yellow oil; *H NMR (400 MHz, pinB\©)LN(hex)2
CDCl3) 6 0.79 (t, J = 7.2 Hz, 3H), 0.90-0.92 (m, 3H), 1.11-1.19 (m, 6H),

1.23-1.35 (m, 18H), 1.51-1.53 (m, 2H), 1.63-1.66 (m, 2H), 3.20 (t, J = 7.6

Hz, 2H), 3.48 (t, J = 8.1 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.43 (dd, J = 8.1, 7.4 Hz, 2H), 7.62 (d, J =
8.1 Hz, 2H), 7.66 (s, 1H), 7.76 (s, 1H), 8.05 (s, 1H); *C NMR (100 MHz, CDCl,) & 14.1, 14.2, 22.5,
22.8, 25.0, 26.3, 27.0, 27.7, 28.9, 31.4, 31.8, 45.0, 49.3, 84.2, 127.3, 127.6, 128.0, 128.8, 131.6,
134.1, 137.5, 140.6, 140.8, 171.6; B NMR (130 MHz, CDCl3) & 32.5; IR (neat, v / cm™) 2929,

Ph
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2857, 1634, 1411, 1321, 1144, 966, 894, 756, 698; HRMS (ESI") Calcd for CyHiBNNaO;
([M+Na]*) 514.3463, Found 514.3456.

3-Cyano-N,N-dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ben 0o
zamide (6s). 87% yield: pale yellow oil; *H NMR (400 MHz, CDCls) 5 0.82 P"°

(t, J = 7.2 Hz, 3H), 0.88-0.90 (m, 3H), 1.11-1.42 (m, 24H), 1.48-1.52 (m,

2H), 1.65-1.69 (m, 2H), 3.11 (t, J = 7.6 Hz, 2H), 3.43 (t, J = 7.6 Hz, 2H),

7.69 (dd, J = 1.6, 1.6 Hz, 1H), 7.97 (dd, J = 1.6, 1.4 Hz, 1H), 8.08 (dd, J = 1.6, 1.4 Hz, 1H); °C
NMR (100 MHz, CDCl3) 6 14.0, 14.1, 22.4, 22.6, 24.9, 26.2, 26.8, 27.5, 28.7, 31.2, 31.6, 45.1, 49.2,
84.8, 112.4, 118.2, 132.3, 136.6, 137.9, 138.7, 169.2; 'B NMR (130 MHz, CDCl,) & 30.3; IR (neat,
v / cm) 2930, 2857, 2231, 1637, 1371, 1265, 1143, 966, 850, 704; HRMS (ESI") Calcd for
Co6HBN,NaO; ([M+Na] ") 463.3102, Found 463.3124.

N(hex),

CN

2,3-Dichloro-N,N-dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl o
)benzamide (6t). 94% yield; pale yellow oil; *H NMR (500 MHz, CDCls) & pianN(hex)Z
0.81 (t, J = 7.5 Hz, 3H), 0.91 (t, J = 6.7 Hz, 3H), 1.08-1.11 (m, 4H), cl
1.18-1.21 (m, 2H), 1.32-1.50 (m, 20H), 1.65-1.70 (m, 2H), 2.98-3.02 (m,

1H), 3.05-3.09 (m, 1H), 3.26-3.31 (m, 1H), 3.64-3.70 (m, 1H), 7.56 (d, J = 1.2 Hz, 1H), 7.85 (d, J =
1.2 Hz, 1H); *C NMR (100 MHz, CDCl5) & 14.0, 14.1, 22.4, 22.7, 24.9 (br), 26.2, 26.8, 27.3, 28.3,
31.2,31.7,44.7, 48.5, 84.6, 131.6, 131.9, 133.1, 136.3, 138.4, 167.3; 'B NMR (130 MHz, CDCls) &
30.4; IR (neat, v / cm™) 2930, 2858, 1644, 1467, 1350, 1268, 1142, 965, 894, 755; HRMS (ESI")
Calcd for CpsH4BCI,NNaO; ([M+Na]*) 506.2371, Found 506.2394.

Cl

2-Fluoro-N,N-dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-( o
trifluoromethyl)benzamide (6u). 89% yield; pale yellow oil; *H NMR (400 pi"B\[>\)LN(hex)2
MHz, CDCl3) § 0.80 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.7 Hz, 3H), 1.08-1.11 F

(m, 4H), 1.17-1.22 (m, 2H), 1.33-1.49 (m, 20H), 1.65-1.67 (m, 2H), 3.14 (t,

J = 7.6 Hz, 2H), 3.40-3.64 (m, 2H), 7.94 (d, J = 6.3 Hz, 1H), 8.05 (d, J = 7.2 Hz, 1H); *C NMR
(100 MHz, CDCl3) & 13.9, 14.1, 22.4, 22.6, 24.9, 26.1, 26.7, 27.4, 28.4, 31.2, 31.7, 44.9, 48.8, 84.7,
118.4 (qd, J = 33.6, 12.0 Hz), 122.5 (g, J = 272 Hz), 126.6 (d, J = 18.0 Hz), 134.1 (d, J = 3.6 Hz),
139.2 (d, J = 4.8 Hz), 157.3 (d, J = 260 Hz), 165.0; *°F NMR (368 MHz, CDCl;) & -115.4 (s, 1F),
-63.1 (s, 3F); "B NMR (130 MHz, CDCl;) & 30.1; IR (neat, v / cm™) 2931, 1644, 1468, 1385, 1302,
1239, 1197, 914, 756, 672; HRMS (ESI") Calcd for C,sH40BFsNNaO; ([M+Na]*) 524.2930, Found
524.2939.

CF;
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N,N-Dihexyl-2-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophene)c
arboxamide (6v). 51% vield; pale yellow oil: *"H NMR (500 MHz, CDCl;) 5 P87 s
0.80-0.92 (m, 6H), 1.16-1.38 (m, 12H), 1.33 (s, 12H), 1.53-1.70 (m, 4H),

3.38-3.44 (m, 4H), 7.30 (d, J = 3.6 Hz, 1H), 7.50 (d, J = 3.6 Hz, 1H); *C NMR (125 MHz, CDCl;) &
13.9 (2C), 22.5, 24.7 (2C), 26.4 (br, 2C), 27.5 (br), 28.8 (br), 31.4 (2C), 46.1 (br), 49.3 (br), 84.3,
129.1, 136.3, 144.2, 164.3; "'B NMR (130 MHz, CDCl5) & 29.0; IR (neat, v / cm™) 2956, 2929, 2862,
1625, 1525, 1463, 1419, 1372, 1350, 1287, 1270, 1210, 1143, 1063, 1021, 997, 857, 853, 820, 739,
687, 667; HRMS (ESI™) Calcd for CpsHyBNNaO3S ([M+Na]*) 444.2720, Found 444.2731.

o
N(hex),

N,N-Dihexyl-2-(3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophe

Bpin
ne)carboxamide (7v). 14% yield; pale brown oil; *"H NMR (500 MHz, CDCl5) pinB I\ 0O
S
8 0.75-0.96 (m, 6H), 1.03-1.53 (m, 40H), 3.05-3.22 (m, 2H), 3.35-3.55 (m, 2H), N(hex),

7.83 (s, 1H); *C NMR (125 MHz, CDCly) § 13.97, 14.03, 22.4, 22.6, 24.7, 24.8, 26.2, 26.9, 27.0,
28.3,31.3, 31.7, 45.2, 49.0, 83.6, 84.2, 143.1, 153.2, 165.5; B NMR (130 MHz, CDCl;) § 28.6; IR
(neat, v / cm™) 3424, 2929, 2859, 1633, 1536, 1455, 1371, 1321, 1268, 1213, 1139, 1111, 1028,
1002, 967, 911, 882, 851, 829, 727, 688, 666; HRMS (ESI") Calcd for CpoHs;B,NNaOsS ([M+Na]")
570.3572, Found 570.3551.

N,N-Dihexyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrol-2-c \ o
arboxamide (6w). 79% vyield; colorless oil; '"H NMR (400 MHz, CDCl;) & pinB H N(hex),
0.81-0.93 (m, 6H), 1.23-1.36 (m, 24H), 1.53-1.78 (m, 4H), 3.25-3.70 (m, 4H),

6.43-6.70 (m, 1H), 6.74-6.78 (m, 1H), 9.85 (brs, 1H); *C NMR (125 MHz, CDCl3) § 14.0 (2C), 22.5,
24.7 (2C), 26.6 (2C), 27.6 (br), 28.8 (br), 31.5 (2C), 47.2 (br), 48.5 (br), 83.8, 111.6, 120.2, 129.2,
161.5; B NMR (130 MHz, CDCl;) & 28.3; IR (neat, v / cm™") 3441, 3256, 2929, 2858, 1610, 1553,
1467, 1424, 1345, 1300, 1265, 1219, 1144, 973, 855, 790, 759, 704;: HRMS (ESI*) Calcd for

Ca3H11BN,NaO; ([M+Na]") 427.3108, Found 427.3114.

N,N-Dihexyl-(1-methyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)1H-p

yrrol)-2-carboxamide (6x). 74% yield; pale yellow oil; '"H NMR (500 MHz, ping /sll N(:ex)z
CDCl3) & (5-position isomer) 0.78-0.94 (m, 6H), 1.10-1.40 (m, 24H), pinB 5-
1.42-1.75 (m, 4H), 3.26-3.54 (m, 4H), 3.82 (s, 3H), 6.20 (d, J = 4.0 Hz, 1H), I '\ o
6.70 (d, J = 4.0 Hz, 1H), (4-position isomer) 0.78-0.94 (m, 6H), 1.10-1.40 (m, l\r::Ie N(hex),

4-
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24H), 1.42-1.75 (m, 4H), 3.26-3.54 (m, 4H), 3.71 (s, 3H), 6.56-6.60 (M, 1H), 7.04-7.11 (m, 1H); *°C
NMR (125 MHz, CDCls) & (5-position isomer) 13.9 (2C), 22.5 (2C), 24.7, 26.4 (br, 2C), 27.5 (br),
28.6 (br), 31.4 (2C), 34.6, 44.6 (br), 48.9 (br), 83.2, 109.7, 120.2, 132.5, 164.5, (4-position isomer)
13.9 (2C), 22.5 (2C), 24.7, 26.4 (2C), 27.5 (br), 28.6 (br), 31.4 (2C), 35.6, 44.6 (br), 48.9 (br), 82.9,
117.0, 127.6, 134.0, 164.0; *'B NMR (130 MHz, CDCl5) 5 28.3; IR (neat, v / cm™) 2929, 2858, 1628,
1531, 1467, 1416, 1373, 1302, 1265, 1145, 1108, 1091, 965, 858, 754, 692; HRMS (ESI*) Calcd for
Ca4HasBN,NaO; ([M+Na]*) 441.3264, Found 441.3255.

N,N-Dihexyl-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)1H-indole)-2-c o
arboxamide (6y). 71% vyield; pale yellow oil; *H NMR (500 MHz, CDCls) & @\/{?_(N(hex)z
0.87-0.96 (M, 6H), 1.30-1.41 (m, 12H), 1.39 (s, 12H), 1.60-1.85 (m, 4H), "

3.30-3.90 (m, 4H), 6.75 (d, J = 2.3 Hz, 1H), 7.15 (t, J = 8.0 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.78
(d, J = 8.0 Hz, 1H), 9.94 (brs, 1H); **C NMR (125 MHz, CDCls) & 14.0 (2C), 22.5 (2C), 24.9, 26.6
(br, 2C), 27.6 (br), 28.8 (br), 31.5 (2C), 47.4 (br), 49.0 (br), 83.9, 103.9, 119.9, 125.3, 126.9, 129.9,
131.7, 140.0, 162.5; B NMR (130 MHz, CDCls)  31.2; IR (neat, v / cm™") 3438, 3056, 2927, 2857,
1615, 1595, 1529, 1463, 1443, 1369, 1288, 1200, 1146, 1130, 1110, 1045, 979, 849, 813, 748, 734,
678; HRMS (ESI") Calcd for Co7HasBN,NaOs ([M+Na]*) 477.3264 Found 477.3264.

N,N-Dimethyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)picolinamide o
(62). 43% yield; white solid; *H NMR (500 MHz, CDCls) & (4-position P‘"B\CH(NM%
_N

isomer) 1.34 (s, 12H), 3.04 (s, 3H), 3.13 (s, 3H), 7.65 (d, J = 5.8 Hz, 1H), 7.96
4-

(s, 1H), 8.60 (d, J = 5.8 Hz, 1H), (5-position isomer) 1.36 (s, 12H), 3.04 (s, o

3H), 3.13 (s, 3H), 7.58 (d, J = 7.8 Hz, 1H), 8.15 (d, J = 7.8 Hz, 1H), 8.91 (s, | S NMe,
ing” ~=N

1H); **C NMR (100 MHz, CDCls) & (4- and 5-position isomers) 25.0 (4- and P 5.

5-position isomers), 35.71, 35.76, 39.0, 39.1, 84.6, 84.8, 122.7, 128.5, 129.3,

143.4, 147.9, 154.07, 154.13, 156.5, 169.4 (4- and 5-position isomers); ‘B NMR (130 MHz, CDCl,)
§ 30.6; IR (neat, v / cm™) 2979 1640, 1473, 1358, 1263, 1105, 965, 857, 752, 672; HRMS (ESI")
Calcd for C14H,1BN,NaO; ([M+Na]*) 299.1537, Found 299.1534.
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Ethyl (4,4,55-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxylate o
(6aa). 70% yield; pale yellow solid; *H NMR (500 MHz, CDCl5) & (5-position Y~ "OEt

H — _ pinB
isomer) 1.32 (s, 12H), 1.41 (t, J = 6.9 Hz, 3H), 4.45 (q, J = 6.9 Hz, 2H), 8.06 5.
e (o}
(d, J=8.2 Hz, 1H), 8.17 (d, J = 8.2 Hz, 1H), 9.01 (s, 1H), (4-position isomer) pinB okt
1.22 (s, 12H), 1.42 (t, J = 6.9 Hz, 3H), 4.45 (9, J = 6.9 Hz, 2H), 7.77 (d, J = I _N

4.6 Hz, 1H), 8.42 (s, 1H), 8.74 (d, J = 4.6 Hz, 1H); *C NMR (125 MHz,
CDCl3) & (5-position isomer) 14.3, 24.8, 61.9, 84.5, 124.0, 143.3, 149.8, 155.3, 165.3, (4-position
isomer) 14.3, 24.9, 61.8, 84.8, 130.0, 131.9, 147.5, 149.2, 149.8, 165.3; "B NMR (130 MHz,
CDCls3) & 30.5; IR (KBr, v / cm™) 2979, 2936, 1715, 1597, 1559, 1483, 1394, 1375, 1362, 1305,
1292, 1230, 1143, 1130, 1116, 1092, 1019, 963, 858, 715, 665; HRMS (ESI") Calcd for
C1H20BNNaO, ([M+Na]") 300.1383, Found 300.1378.

2-Ethoxycarbonylmethyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyr ping _ o
idine (6bb). 68% vyield; pale brown oil; 'H NMR (500 MHz, CDCly) & \(Nj\/lLOEt

(5-position isomer) 1.18-1.25 (m, 3H), 1.32 (s, 12 H), 3.83 (s, 2H), 4.10-4.20 5-

(m, 2H), 7.26 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 8.86 (s, 1H), Bpin
(4-position isomer) 1.18-1.25 (m, 3H), 1.32 (s, 12 H), 3.82 (s, 2H), 4.10-4.20 \/ I i
(m, 2H), 7.50 (d, J = 4.6 Hz, 1H), 7.60 (s, 1H), 8.56 (d, J = 4.6 Hz, 1H); °C N 4 o8t

NMR (100 MHz, CDCl3) & (5-position isomer) 14.1, 24.7, 44.1, 61.0, 84.1,

123.1, 142.9, 155.2, 156.8, 170.4, (4-position isomer) 14.1, 24.8, 43.8, 60.9, 84.4, 127.0, 128.9,
148.9, 153.8, 170.7; 'B NMR (130 MHz, CDCl3) & 30.9; IR (neat, v / cm™) 2980, 2934, 1739, 1600,
1557, 1480, 1403, 1371, 1258, 1166, 1145, 1099, 1028, 964, 856, 668; HRMS (ESI*) Calcd for
C1sH2,BNNaO, ([M+Na]") 314.1540, Found 314.1539.

Diethyl (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylphosphonate o
(6cc). 41% vyield; colorless solid; *H NMR (400 MHz, CDCl,) & (meta isomer) pi"B\©E’(°Et)2
1.30 (t, J = 7.2 Hz, 6H), 1.32 (s, 12H), 3.98-4.18 (m, 4H), 7.44 (ddd, J = 7.6,
7.6, 4.0 Hz, 1H), 7.88 (ddd, J = 13.0, 7.6, 1.3 Hz, 1H), 7.95 (dd, J = 7.6, 1.3 '|'=(0Et)2
Hz, 1H), 8.24 (d, J = 13.0 Hz, 1H), (para isomer) 1.30 (t, J = 7.2 Hz, 6H), 1.32 /@

(s, 12H), 3.98-4.18 (m, 4H), 7.78 (dd, J = 13.0, 8.0 Hz, 2H), 7.88 (dd, J = 8.0, i

4.0 Hz, 2H); "*C NMR (100 MHz, CDCl3) & (meta isomer) 16.3 (d, Jc.» = 6.6 Hz), 24.8, 62.0 (d, Jc.p
= 5.8 Hz), 84.0, 127.6 (d, Jc.p = 187 Hz), 127.7 (d, Jc.p = 15.0 Hz), 134.3 (d, Jc.p = 10.3 Hz), 138.0
(d, Jc.p = 9.4 Hz), 138.6 (d, Jc.p = 2.8 Hz), (para isomer) 16.3 (d, Jcp = 6.6 Hz), 24.8, 62.0 (d, Jcp =
5.8 Hz), 84.0, 130.9 (d, Jc.p = 185 Hz), 130.8 (d, Jc.p = 9.4 Hz), 134.5 (d, Jc.p = 15.0 Hz); "B NMR
(130 MHz, CDCl5) 6 30.7; **P NMR (158 MHz, CDCl3) & 28.5, 28.1; IR (KBr, v / cm™) 2980, 1599,

m-
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1481, 1408, 1390, 1358, 1324, 1243, 1211, 1133, 1136, 1097, 1055, 1027, 965, 869, 843, 795, 767,
704, 669; HRMS (ESI*) Calcd for C1gH,6BOsP ([M+Na]") 363.1509, Found 363.1498.

Diethyl o
(3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phosphonate pinB P(OEY),
(7cc). 16% yield; colorless solid; "H NMR (400 MHz, CDCl3) 8 1.31 (t, J = 7.2

Hz, 6H), 1.33 (s, 24H), 3.99-4.20 (m, 4H), 8.32 (dd, J = 13.0, 1.4 Hz, 1H), 8.40 Bpin

(d, J = 1.4 Hz, 1H); *C NMR (100 MHz, CDCls) & 16.3 (d, Jc.p = 6.6 Hz), 24.8, 62.0 (d, Jc.p = 5.6
Hz), 84.0, 127.0 (d, Jc.p = 187 Hz), 140.7 (d, Jc.p = 10.3 Hz), 144.9 (d, Jcp = 1.9 Hz); 'B NMR
(130 MHz, CDCls) & 31.0; P NMR (158 MHz, CDCls) & 30.4; IR (KBr, v / cm™) 2977, 1597, 1389,
1331, 1318, 1272, 1248, 1214, 1168, 1141, 1048, 1019, 964, 952, 886, 848, 790, 718, 691, 662;
HRMS (ESI") Calcd for Cy,Hs;B,NaO-P ([M+Na]") 489.2361, Found 489.2364.

Diethyl

(2-methoxy-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phosphon  pinB P(OEY),
ate (6dd). 59% yield; pale brown oil; *H NMR (500 MHz, CDCl5) & (meta \Q
isomer) 1.15-1.45 (m, 18H), 3.88 (s, 3H), 4.00-4.25 (m, 4H), 6.85-6.92 (m,

1H), 7.91 (d, J = 8.6 Hz, 1H), 8.24 (d, J = 14.9 Hz, 1H), (para isomer) /@E""(Oﬂ)z
1.15-1.45 (m, 18H), 3.91 (s, 3H), 4.00-4.25 (m, 4H), 7.31 (d, J = 6.3 Hz, 1H), PinB OMe
7.41 (dd, J = 7.5, 3.4 Hz, 1H), 7.78 (dd, J = 14.3, 7.5 Hz, 1H); *C NMR (125

MHz, CDCls) & (meta isomer) 16.3, 24.8, 55.6, 62.0 (d, Jc.p = 4.8 Hz), 83.7, 110.3 (d, Jc.p = 8.4 Hz),
115.8 (d, Jc.p = 186 Hz), 141.1, 142.0 (d, Jc.p = 7.2 Hz), 163.5 (d, Jc.p = 2.4 Hz), (para isomer) 16.2,
24.8,55.8, 62.1 (d, Jc.p = 6.0 Hz), 84.1, 116.5 (d, Jc.p = 8.4 Hz), 119.0 (d, Jc.r = 185 Hz), 126.5 (d,
Jop = 14.4 Hz), 134.2 (d, Je.p = 7.2 Hz), 160.5 (d, Jop = 2.4 Hz); "B NMR (130 MHz, CDCl,) &
30.7; P NMR (158 MHz, CDCl3) & 28.1, 28.5; IR (neat, v / cm™) 2979, 2935, 2909, 1597, 1550,
1492, 1462, 1393, 1357, 1325, 1244, 1164, 1146, 1108, 1078, 1055, 1029, 965, 903, 851, 777, 760,
692, 675; HRMS (ESI") Calcd for C17H,sBNaOgP ([M+Na]*) 393.1614, Found 393.1599.

OMe
m-

p-

Diethyl 9

(2-methyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phosphonat P‘"B\Ctll’(OEt)z
e (6ee). 66% vyield; pale yellow oil; '"H NMR (500 MHz, CDCl3) & (meta

isomer) 1.23-1.38 (m, 18H), 2.56 (s, 3H), 4.01-4.18 (m, 4H), 7.24 (dd, J = 7.5, m' o
5.2 Hz, 1H), 7.81 (d, J = 7.5 Hz, 1H), 8.33 (d, J = 14.4 Hz, 1H), (para isomer) /@E'F"m'ft)z
1.23-1.38 (m, 18H), 2.56 (s, 3H), 4.00-4.17 (m, 4H), 7.65-7.70 (m, 2H), 7.88 PinB Me
(dd, J = 14.3, 8.0 Hz, 1H); **C NMR (100 MHz, CDCl;) & (meta isomer) 16.2

(d, Jc_p =6.1 HZ), 21.4 (d, Jc_p =3.3 HZ), 248, 61.7 (d, \]C.P =56 HZ), 838, 126.2 (d, \]C.P =183

Me

p-
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Hz), 130.5 (d, Jc.p = 14.1 Hz), 138.6 (d, Jc.p = 2.8 Hz), 140.4 (d, Jc.p = 10.3 Hz), 144.8 (d, Jcp =
10.3 Hz), (para isomer) 16.2 (d, Jc.p = 6.6 HZz), 20.9 (d, Jcp = 2.8 Hz), 24.8, 61.7 (d, Jc.p = 5.6 HZ),
84.0, 129.4 (d, Jc.p = 181 Hz), 131.5 (d, Jc.p = 14.4 Hz), 133.0 (d, Jc.p = 10.8 Hz), 137.2 (d, Jc.p =
14.4 Hz), 140.7 (d, Jcp = 10.8 Hz); B NMR (130 MHz, CDCl5) & 30.9; *'P NMR (158 MHz,
CDCls) & 30.7, 30.2; IR (neat, v / cm™) 2979, 2931, 2906, 1603, 1480, 1445, 1386, 1360, 1317,
1248, 1165, 1147, 1109, 1049, 1023, 963, 851, 795, 728, 674; HRMS (ESI") Calcd for
C17H,BNaOsP ([M+Na]*) 377.1665, Found 337.1666.

Diethyl o
(2-bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phosphon Pi“B\CE""(OEt)z
ate (6ff). 65% yield; pale yellow oil; *H NMR (400 MHz, CDCl3) & 1.29 (s,

12H), 1.32 (t, J = 7.2 Hz, 6H), 4.02-4.22 (m, 4H), 7.63 (dd, J = 8.1, 4.9 Hz, 1H), 7.73 (dd, J = 8.1,
1.3 Hz, 1H), 8.41 (d, J = 13.9, 1.3 Hz, 1H); *C NMR (125 MHz, CDCl;) & 16.2 (d, Jc.p = 7.2 H2),
24.8,62.4 (d, Jop = 4.8 Hz), 84.2, 128.6 (d, Jc.p = 4.8 Hz), 128.7 (d, Jc.p = 191 Hz), 133.6 (d, Jc.p =
9.6 Hz), 139.5 (d, Jop = 2.4 Hz), 142.6 (d, Jc.p = 8.4 Hz); B NMR (130 MHz, CDCl5) & 30.9; *'P
NMR (158 MHz, CDCls) & 26.1; IR (neat, v / cm™) 2979, 2932, 2906, 1585, 1552, 1476, 1444,
1373, 1356, 1319, 1262, 1251, 1214, 1166, 1145, 1098, 1054, 1024, 964, 845, 796, 766, 726, 671;
HRMS (ESI") Calcd for C16HsBBrNaOsP ([M+Na]”) 441.0614, Found 441.0602.

Br

Diethyl o
(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-trifluoromethylphenyl)p pi"B\@tﬁ'(OEt)z
hosphonate (6gg). 30% yield; pale yellow solid; *H NMR (500 MHz, CDCl5) CF;

§ 1.28-1.40 (m, 18H), 4.07-4.26 (m, 4H), 7.78 (dd, J = 8.0, 5.7 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H),
8.64 (d, J = 14.9 Hz, 1H); *C NMR (100 MHz, CDCls) & 16.1 (d, Jc.r = 6.6 Hz), 24.8, 62.6 (d, Jc.p
= 6.1 Hz), 84.5, 121.9 (qd, Je.r c.p = 273, 4.7 Hz), 126.0 (d, Je.p = 184 Hz), 127.4 (dg, Jor cp = 6.1
10.8 Hz), 134.3 (qd, Jor cp = 32.4, 7.5 Hz), 138.6 (d, Jop = 2.8 Hz), 142.1 (d, Jcp = 15.4 Hz); 'B
NMR (130 MHz, CDCl5) & 30.8; **F NMR (368 MHz, CDCl5) & -60.9 (s, 3F); *'P NMR (158 MHz,
CDCl3) 6 26.1; IR (KBr, v / Cm'l) 2993, 1377, 1362, 1325, 1308, 1280, 1244, 1148, 1135, 1104,
1059, 1029, 977, 964, 951, 849, 768, 682; HRMS (ESI") Calcd for C17H,sBF;NaOsP ([M+Na]")

431.1382, Found 431.1379.

N,N,N’,N’-Tetraethyl-P-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)p o
henyl)phosphonic diamide (6hh). 29% yield; pale brown oil; "H NMR (500 pi"B\©I"°(NE"2)2
MHz, CDCl;) 8 1.04 (¢, J = 7.5 Hz, 12H), 1.33 (s, 12H), 3.00-3.13 (m, 8H),

7.35-7.47 (m, 1H), 7.84 (dd, J = 11.5, 7.5 Hz, 1H), 7.88 (d, J = 6.9 Hz, 1H), 8.19 (d, J = 11.5 Hz,
1H); *C NMR (125 MHz, CDCl) 5 13.6 (d, Jo.p = 2.4 HZ), 24.9, 38.4 (d, Jcs = 4.8 Hz), 83.9, 127.5
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(d, Je-p = 12.0 Hz), 132.4 (d, Jc.p = 158 Hz), 134.5 (d, Jc.p = 8.4 Hz), 137.2, 138.3 (d, Jc.p = 8.4 H2);
B NMR (130 MHz, CDCls) & 31.5; *'P NMR (158 MHz, CDCl5) & 39.4; IR (neat, v / cm™) 2973,
2932, 2871, 1594, 1470, 1383, 1357, 1317, 1262, 1216, 1187, 1015, 945, 866, 841, 791, 739, 711,
671, 656; HRMS (ESI*) Calcd for Cp0H3;BN,05P ([M+H]") 395.2635, Found 395.2639.

N,N,N’,N’-Tetraethyl-P-(3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- o}

. B "
yl)phenyl)phosphonic diamide (7hh). 9% yield; pale brown solid; '"H NMR  © PNEL);
(500 MHz, CDCl5) & 1.03 (t, J = 6.9 Hz, 12H), 1.31 (s, 24H), 2.98-3.16 (m, 1

8H), 8.27 (d, J = 12.1 Hz, 2H), 8.32 (s, 1H); **C NMR (125 MHz, CDCl;) &

13.6 (d, Jc.p = 2.4 Hz), 24.8, 38.3 (d, Jc.p = 3.6 Hz), 83.8, 131.8 (d, Jc.p = 154 Hz), 141.1 (d, Jc.p =
9.6 Hz), 143.5 (d, Jcp = 2.4 Hz); B NMR (130 MHz, CDCl5) & 31.3; *P NMR (158 MHz, CDCl5)
§39.5; IR (KBr, v/ cm™) 2978, 2932, 2873, 1594, 1458, 1383, 1327, 1313, 1272, 1220, 1189, 1163,
1144, 1020, 967, 945, 887, 847, 720, 659; HRMS (ESI*) Calcd for CsH.7B,N,NaOsP ([M+Na]")
543.3306, Found 543.3312.

Dicyclohexyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phosphi o

ne oxide (6ii). 39% yield: pale brown solid: "H NMR (500 MHz, CDCl3) & "‘"B\©""°Vz
1.05-1.37 (m, 21H), 1.50-1.88 (m, 8H), 1.90-2.20 (m, 4H), 2.25-2.46 (m, 1H),

7.40-7.51 (m, 1H), 7.68-7.83 (m, 1H), 7.93 (d, J = 6.9 Hz, 1H), 7.98-8.07 (m, 1H); *C NMR (125
MHz, CDCl,) & 24.6, 24.9, 25.5, 25.8, 26.2-26.5 (m, 2C), 35.2 (d, Jc.p = 66.0 Hz), 84.0, 127.4-127.6
(m), 129.1 (d, Jcp = 85.2 Hz), 134.1-134.4 (m), 137.2-137.5 (m), 137.6; "B NMR (130 MHz,
CDCly) & 30.9; **P NMR (158 MHz, CDCl3) & 56.7; IR (KBr, v / cm™) 2979, 2930, 2853, 1594,
1449, 1404, 1359, 1316, 1273, 1211, 1166, 1145, 1130, 1115, 1077, 963, 891, 853, 840, 759, 731,
709, 671; HRMS (ESI™) Calcd for Cy4H3sBNaOsP ([M+Na]") 439.2549, Found 439.2567.

Dicyclohexyl(3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)pho
sphine oxide (7ii). 35% vyield; pale brown solid; *"H NMR (500 MHz, CDCls) &
1.08-1.36 (m, 33H), 1.51-1.86 (m, 8H), 1.94-2.13 (m, 4H), 2.23-2.45 (m, 1H),
8.11 (d, J = 9.8 Hz, 1H), 8.37 (s, 1H); *C NMR (125 MHz, CDCl,) & 24.7, 24.8,
25.5, 25.8, 26.2-26.5 (m, 2C), 35.3 (d, Jc.p = 67.2 Hz), 84.0, 128.5 (d, Jc.p = 85.2 Hz), 140.2 (d, Jc.p
= 7.2 Hz), 144.0; "'B NMR (130 MHz, CDCl5) & 31.2; *'P NMR (158 MHz, CDCls) & 56.4; IR (KB,
v/ cm™) 2977, 2929, 2853, 1594, 1449, 1383, 1329, 1272, 1215, 1176, 1143, 966, 888, 849, 716;
HRMS (ESI™) Calcd for CoHsoB,0sP ([M+H]") 543.3582, Found. 543.3588.

Q
pinB PCy,

Bpin

Dicyclohexyl(2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phen B o
pin PCy
yl)phosphine oxide (6jj). 99% yield; pale yellow solid; ‘H NMR (400 MHz, \CL ’
OMe
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CDCl3) & 1.14-1.19 (m, 4H), 1.21-1.42 (m, 16H), 1.44-1.51 (m, 4H), 1.64-1.68 (m, 4H), 1.80-1.84
(m, 2H), 2.03-2.17 (m, 4H), 3.86 (s, 3H), 6.87 (dd, J = 8.7, 4.7 Hz, 1H), 7.91 (d, J = 8.7 Hz, 1H),
8.36 (d, J = 11.7 Hz, 1H); *C NMR (100 MHz, CDCl5) & 24.9, 25.7 (d, Jc.r = 3.8 Hz), 25.9, 26.1 (d,
Jop = 3.8 Hz), 26.6 (d, Jc.p = 12.3 Hz), 26.9 (d, Jcp = 14.1 Hz), 36.9 (d, Jc.p = 67.7 Hz), 55.1, 83.7,
109.3 (d, Je.p = 6.9 Hz), 118.3 (d, Jc.p = 83.8 Hz), 140.1 (d, Jcp = 1.9 Hz), 142.8 (d, Jcp = 3.8 H2),
161.5 (d, Jc.p = 5.6 Hz); B NMR (130 MHz, CDCls) & 29.8; *'P NMR (158 MHz, CDCls) & 59.5;
IR (KBr, v / cm™) 2978, 2931, 2852, 1594, 1448, 1407, 1385, 1357, 1317, 1279, 1266, 1250, 1212,
1147, 1104, 1077, 1014, 964, 887, 851, 824, 750, 673; HRMS (ESI") Calcd for C,sH,0BNaO,P
(IM+Na]") 469.2655, Found 469.2668.

Dicyclohexyl(2-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl o)
Johosphine oxide (6kk). 99% yield: pale yellow solid: *H NMR (400 MHz, pi"B\CLPC"Z
CDCls) & 1.16-1.21 (m, 4H), 1.24-1.36 (m, 18H), 1.59-1.70 (m, 6H), 1.83-1.86 cl
(m, 2H), 2.07-2.10 (m, 2H), 2.27-2.36 (m, 2H), 7.36 (dd, J = 7.9, 3.6 Hz, 1H), 7.81 (d, J = 7.9 Hz,
1H), 8.49 (d, J = 10.5 Hz, 1H); *C NMR (100 MHz, CDCls) & 24.9, 25.7 (d, Jc.» = 1.4 Hz), 26.2 (d,
Jop = 3.3 Hz), 26.3 (d, Jc.p = 3.8 Hz), 26.5 (d, Jc.p = 12.7 Hz), 26.7 (d, Jc.p = 13.6 Hz), 37.4 (d, Jc.p
= 13.6 Hz), 84.2, 129.3 (d, Jcp = 6.1 Hz), 130.1, 137.3 (d, Jcp = 6.1 Hz), 138.8 (d, Jc.p = 2.3 H2),
143.1 (d, Je.p = 4.7 Hz); B NMR (130 MHz, CDCls) & 30.5; *'P NMR (158 MHz, CDCl3) & 59.4;
IR (KBr, v / cm™) 2978, 2932, 2852, 1583, 1557, 1448, 1371, 1356, 1317, 1259, 1214, 1183, 11609,
1143, 1113, 1097, 1031, 964, 845, 755, 726, 671; HRMS (ESI*) Calcd for C;4H3sBCIOsP ([M+H]")

451.2340, Found 451.2341.
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Summary of yields of di-borylated compounds

B,pin, (5a, 1.0 equiv)
o [Ir(OMe)(cod)], (1.5 mol%)

u ligand (3.0 mol%)

p-xylene, 25°C, 16 h

- ey CY
pinB— |
S

o
(o)

4 6 pinB 7
. 0 . 0 o
pinB 7k pinB 7| pinB  7n
1a: 10% 1a: 8% 1a: 9%
dtbpy: 4% dtbpy: 3% dtbpy: 0%

. 9 " (I?
pinB. P(OEt), pinB P(NEt,), pinB PCy,
PiNB  7¢c pinB  7hh pinB  7ii

1a: 20% 1a: 13% 1a: 42%

dtbpy: 10%

dtbpy: 10%

dtbpy: 19%

Gram-Scale Synthesis

Gram-scale synthesis of 6f. In a round-bottomed flask equiped with a three way cock, a mixture of
[Ir(OMe)(cod)], (27.8 mg, 42.0 umol, 1.5 mol%), ligand 1a (28.8 mg, 84.0 umol, 3.0 mol%), and 5a
(1.07 g, 4.20 mmol, 1.5 equiv) was added to a solution of 4f (1.00 g, 2.80 mmol, 1.0 equiv) in
p-xylene (16.8 mL). The mixture is then stirred at 25 °C for 16 h. The product was isolated by
recycling preparative HPLC to give 6f (1.23 g, 90% yield, meta/para = >30).

Mechanistic Studies

'H NMR experiments for elucidation of the existence of hydrogen bonding (Figure 4a). A 1/1
mixture of ligand 1a (0.33 mg, 1.2 umol) and N,N-dihexylbenzamide (4a, 0.43 mg, 1.2 umol) in
CeDe, and a 1/8.7 mixture of the ligand 1a (0.33 mg, 1.15 umol) and amide 4a (2.9 mg, 10 umol) in
CeDs were prepared. The chemical shifts were compared with the same concentration of ligand 1a in
CsDes.

Competition reaction between amide 4k and methyl benzoate. In a sealed tube, a mixture of
[Ir(OMe)(cod)], (1.2 mg, 1.9 pumol, 0.75 mol%) (or dtbpy (1.0 mg, 1.9 umol, 0.75 mol%)), 1a (1.4
mg, 3.8 umol, 1.5 mol%), and 5a (47.6 mg, 0.188 mmol, 0.750 equiv) was added to a solution of 4a
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(72.4 mg, 0.250 mmol, 1.0 equiv) and methyl benzoate (34.0 mg, 0.250 mmol, 1.0 equiv) in
p-xylene (1.5 mL). Then, the mixture was stirred at 25 °C for 16 h. The solvent was removed under

reduced pressure and the crude mixture was analysed by *H NMR.

o o [Ir(OMe)(cod)], (0.75 mol%)
1a or dtbpy (1.5 mol%)
NMe, + OMe + B,pin,
5a p-xylene, 25 °C, 16 h
4k (1.0 equiv)
0 pinB i 9 pinB. i
XY “NMe, + NMe: . Xy “OMe+ OMe
pinB- pinB-
= 6k =
pinB 7k pinB
1a 44% [21] 7.7% 15% [1.0] 0%
dtbpy 28% [0.22] 0% 45% [1.0] 2.4%
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F2R KFEHKEEEZMALE C-H ARV IIERED RIGED R LHE
2-1 BR

RN TIE, KBERECHKMEE BERICRFE SN D0 FHHEAEERIC L O BERSEE
T 5 2 & T, EEME MR O IMEIRE Z m D, o RE 2IEMELT 5 Z & T,
FOGPEZ 7] S T2, Breslow 613, B8 — bl o vl 70 BRK MEFE BAE FH O TE R
LY. C—H BALBIIS ORISR L5 2 L 2 @& LTS (Table 2-1), ® AKIE
TIiE, AN D ODOKIBEDLRHERLIZEH END DD dtert-7 F /L7 = = )VHD | il
AT 4 U BRED trans fLIZHD oDy 7T XA M) ZENEFRNBEIND Z &I
Ko T, FED C—H fEA A IZEEE U, S ERIRAY e e R o SALRSDEIT L
TW5% (Table2-1, TK), * Zod 4tert-7F /L7 = =)L %E & OHE A 0 LTG5
U A= H 5% DI TR HAL D DITx L tert-7 F /v 7 = = V& 6 7272 W HVE B % [F
BROBISGEMFIAT L TOBEEOSITEIT L2V, L, EHE A Lo 7aT7xA R v
MOMAEERIZ, FOSEDOR EIZHHFG L TNDZ LRI ind,

% Breslow, R.; Gabriele, B.; Yang, J. Tetrahedron Lett. 1998, 39, 2887.

M p—vruFRA MY TG E b D, DEDRE WIS X0 B, /NSl EBR
KIEOHE %2 2, W]z, BUKED tert-7 TV 7 = = VIR 7 a T2 B Y
YESE AT D,

67



Table 2-1 | Enantio- and site-selective C-H oxidation with B-cyclodextrin (-CD)

OR catalyst (10 mol%)

PhlIO (5 equiv)

pyridine/MeOH/H,0
rt,3h RO

L
catalyst L
L
Bu

X N NN
H H
A B
Yield (triol, %) 95 0

Proposed structure of intermediate

B-CD Binding group
Linker Y

i
1 M ¢ 3—S
Porphyrin scaffold
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FLIETHIE LI labE/o, REMELZA LRWVWEE Y DVENF 1T~ 6 5

WSS EE R L2 (Figure 2-1), & Z CTARE T, K0 @mWISTEOfEE % AIH9 5 72
(AT 2 T BN DREEW AT SV TRET,

Figure 2-1 | Comparison of reactivity between 1a and 1i

o

[Ir(OMe)(cod)], (2.0 mol%) NMe,
1a or 1i (3.0 mol%) (1.0 equiv) 0

HBpin (6.0 mol%) Cl (0.167 M) pinB NMe
B,pin, (0.5 equiv) ' o 2
p-xylene, 25 °C, 1 h 25°C

Cl

3.0

k =0.4269 [10*-M1]

R?=0.9971
Y 2.0

k=0.0675 [10%-M]

[ArBpin] /102M
i\.

R? = 0.9809
B
. 7
00 - ‘ ‘ ‘ ‘ ‘ [ N
0 10 20 30 40 50 2N
T/10% B i

2-2 RitEDFELEIZFE (T -fhigiEEDONRE
BV DAL, U v — R L OURE EO BN TN TR DB T A AR L.

NRUAT I RO C—H RN ALK OB I1T D O EE E a3 2 Z Lo &
D BENL A ORI Z R L 7= (Scheme 2-2-1)

Scheme 2-1 | Determination of k values of C-H borylation of benzamide using various ligands

(o]
NM
[Ir(OMe)(cod)], (2.0 mol%) €2
Ligand (3.0 mol%) o
HBpin (6.0 mol%) Ccl (1.0 equiv) pinB
. . NMe,
B,pin, (0.5 equiv) g :
p-xylene, 25°C, 1 h 25°C

Cl
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EEY SILBEDRE

A VYT LY ZRYAEEERE WD C—H AR Y ULRIETIL, C—H #5& ORRLAIM

DEOSDORGEEEETH D Z &N BTV % (Scheme 2-2)
%&W%%w5&<3%mfuvw%®4m
WG LT, 2.6 (5O 27~ L7 (Figure 2-2)

T Z2ZTAY Yy AhLOE
WZtert-7 FEEHT D 1 AR LT, 11X

Scheme 2-2 | Mechanism of C-H borylation using Ir-dtbpy complex

B,pin,
CN'Ir OMe —» C ‘Ir-Bpin
-MeOBpin CN
*Bﬂm N
N ? «Bpin
HBpin N' ‘Bpln Ph_
or Bpm
H;
szlnz
HBpln
NPQ |-IB
/Y 3.Bpin
N' ‘Bpln IS
N | "Bpin
Bpm Bpin
E D
Ph—Bpin

Figure 2-2 | Comparison of reactivity between 1j and 1a

5.0
4.0
s k =1.3064 [104*M]
-3 3.0 R?=0.9977
~
€
220
< /////4
1.0 l/ k=0.4269 [104-M1]
R?=0.9971
0.0 T T T 1
0 1 2 3 4
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') o h—ERLDREY

AV L R AR VEEAER (Scheme 2-2, C) 1FIEF T @m0 JRFIEEALHILE &
BLELELTH AV VY LAHFLBRIGETHD A XL C—HBERITEDXIC W ERE
Z 515 (Figure 2-3, £X), £Z T, Vo hI—ThHDH7 ==L U EALICERIEZEA L,
FOBHIEL AV DT A—EE Y DAEM ORI L 0 | flIETEPEEAL & St D
IR REEDDHZ L aB 2T (Figure2-3, ), 7 ==L LI A FNHEZ TN LR

A7 1k I ZBLAZ - la (2 bbB U T, 5.1 5D SIEEES %~ L7= (Figure 2-4),

Figure 2-3 | Expectation for introduction of R2 on linker

Introduction
of R?

Repulsion of Ir center and substrate D

Repulsion of Ir center and R? group
trapped by urea moiety

Easy access of C-H bond to Ir center

Figure 2-4 | Comparison of reactivity between 1k and 1a

3.0

k =2.1351 [104+M]
R? = 0.9995

2.0

1.0 /

.N
k=0.4269 [10*-M1]
R?=0.9971 . R2=Me'1k

0.0 () H:1a

[ArBpin] /102M

T/ 10%s
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REBPLLDHRET

FLEORTT IR NEENRT V= I 0 b @O RISMEZ R~ Z & 0355 o 7278 (Table
1-1), 22T @ m S DRI D —fk, ik, BRO=@ T AR AEERBE Lz, R
UL D BEHIED STARFEE DN F /N D n-~F 2L HeA b OB T U ORISR DN e b K& s
~ 7= (Figure 2-5) , JRFIEEALDOSARBEEN/ NS E | B &R Y AR & O R i
FEDQKTIZO7NY IEHEENMETLTLEIBERH 722, TOHELD b, KFE
FEA MG EE D KIC X 5 & AR OBET DR O EOFBERRKE N L DRIE S
i,

Figure 2-5 | Comparison of reactivity of 1l, 1a and 1m

3.0

k=0.8222 [104+ M7
R? = 0.9984

k =0.4269 [10°-M] /

R2=0.9971 A
k=0.294 [10-M1]
R?=0.9963 N,
/ B R®="hex:1l
0.0 : : : : ‘ [ Cy:1a

0 2 4 6 8 10 A ‘Bu:1m

g
=}

=
o

[ArBpin] /102M

EEUDILELL, ) oA—BES LURRBUEOEREDHENROKE

B VIS tert-7 FLEE U U —REEIC A TV, RRFEEBALIC n-~F LA A
AT DR In OUSHEE ZRFT L2 & 2 A, BT Li-lm O Wi & T b S E
23m L, lalzxt U 7.2 {50 O E %7~ L7 (Figure 2-6) .

Figure 2-6 | Comparison of reactivity between 1n and 1a

4.0

k =3.0658 [104-M1]
R? = 0.9888

w
o

[ArBpin] /102M

u k=0.4269 [104-M]
R?=0.9971

0.0
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2-3 IME

EE U ML, U AL K OYRE RIZENEN tert-T7 FLEE, ATF VB LD
N-~F VA A UTZEAF In 872 IiREE - A LTc, ORI % C—H AR Uk
FOSIZFIRAT 2 2 &, LRI, SO SLIREE DS E, 38 X O 1Bk
DOSARBEEOBRBIZ LY, FH1ETHB LB la L LT 7.2, LA TWS
B U VBT dtbpy & HT 13 f5ORUSEE O fE) AR S iz (dtbpy: k = 0.2337/107 -
M, R2=0.9986), ZZ &id, EREERNKERHBE D K 9 A IE A kAR AR %215 2
RS2 2 & T, BARAOMIGDISHEZ B ESH WD Z LIZkhEd 5, R, BAL
+ la [ZHARTENL T Ik TR ONTEUNEEDZ L, 7206 Y I —F LD A F LD
PIRDBE CTh o7 Z ARV, ZORKIZE T =20 X 52EZ TS @ (1) 2-2
HCTHEELLELIIC, ML FOEE Y DR E T = = VOB T “HADKEL 8D
ZLET AV DT LFLRERTH D AN C—HEESITIEE L3 < 2o 72005 (Figure
2-3), (i) —mEADOHKOFER, KEMEEZI LTI L2 X7 I RFHEARIZK
A VYT LAY OSAREEFERER L, ZO/E, 7 utr s (V) = OFRENL (Scheme
2-3) 7 EMEITHZET, FOFREMBMETVDHD,

Scheme 2-3 | Off-passway of 16-electron Ir catalyst

Cycloocta(di)ene ©

CN,I +Bpin Nl «Bpin
N' ‘Bpln < CN' ‘Bpm
Bpm Bpln

C F
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ey

General.

All reactions were carried out in a dry solvent under an argon atmosphere. All reagents were
purchased from commercial sources and used without further purification unless otherwise noted.
Ligand 1g were prepared according to the literature methods and identified by comparing the
spectroscopic data with those of reported ones.®* Column chromatography was performed with
silica gel (230-400 mesh ASTM). NMR spectra were recorded on 500 MHz (500 MHz for *H NMR
and 125 MHz for *C NMR) and 400 MHz (400 MHz for *H NMR, 100 MHz for *C NMR and 125
MHz for "B NMR) spectrometers. Proton and carbon chemical shifts are reported relative to the
residual solvent used as an internal reference. Boron chemical shifts are reported relative to
BF;'OEt, (6 0.00 ppm) as external references. Infrared (IR) spectra were recorded on Fourier
transform infrared spectrophotometer. ESI-MS spectra were measured on a spectrometer for HRMS.
GC-MS was measured on Shimazu (GCMS-QP2010 Ultra).

Synthesis of 5'-bromo-4-(tert-butyl)-2,2'-bipyridine

Me NN (2 equiv)

Bu X "BuLi (4 equiv) Bu,;SnCl (2.5 equiv) 'Bu N SnBu;

| > > |
2N THF, -78°C,1h hexane, -78 °C, 1 h N

X Br
| ] (0.88 equiv)
Br” °N Br

z
Pd(PPhy), (15 mol%) g, I

[ . z | \N
DMF, 100 °C, 24 h N

A solution of 2-(dimethylamino)ethanol (39.8 mg, 40 mmol, 2.0 equiv) in hexane (125 mL) was
cooled to 0 °C and treated with "BuLi (2.6 M in hexane, 31uL, 80 mmol, 4.0 equiv) dropwise. After
the mixture was kept at 0 °C for 15 min, a solution of 4-tert-butylpyridine (3.0 mL, 16 mmol, 1.0
equiv) in hexane (25 mL) was added dropwise. After 1 h at 0 °C, the orange solution was cooled to
-78 °C and treated with a solution of tributyltin chloride (13.5 mL, 50.0 mmol, 2.5 equiv) in THF (50
mL). After 1 h at -78 °C, the mixture was warmed to room temperature. Hydrolysis was then
performed at 0 °C with H,O (75 mL). The organic layer was then extracted with diethyl ether (2 X 80
mL) and dried over anhydrous Na,SO,, filtered, and the solvent was evaporated under vacuum. The
crude product was then purified by column chromatography on silica gel (deactivated with 20%
EtzN in hexane; eluent: hexane/EtOAc = 1/3) to give 4-(tert-butyl)-2-(tributylstannyl)pyridine
including impurities (11.3 g, impurity: ca. 30 wt%).

A mixture of one of 4-(tert-butyl)-2-(tributylstannyl)pyridine (5.66 g, including ca. 30 wt%
impurities), 2,5-dibromopyridine (2.09 g, 8.80 mmol), and Pd(PPhz)4 (522 mg, 0.510 mmol) in DMF

% Liitzen, A.; Hapke, M. Eur. J. Org. Chem. 2002, 2292.
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(30 mL) was 100 °C for 24 h. The solvent was removed, the residue was dissolved in a mixed
solvent (hexane/EtOAc = 1/20) and dried with anhydrous Na,SO,, and the solvent was evaporated
under vacuum. The crude product was then purified by column chromatography on silica gel
(deactivated with 20% Et;N in hexane; eluent: hexane/EtOAc = 20/1) to give
5'-bromo-4-(tert-butyl)-2,2'-bipyridine as a white solid (1.34 g, 48% yield).

5'-Bromo-4-(tert-butyl)-2,2'-bipyridine. 48% yield (2 steps); white solid; R¢ B
= 0.21 (hexane/ethyl acetate = 3/1); 'H NMR (400 MHz, CDCl3) & 1.38 (s, 'Bu y \Nl

|
9H), 7.33 (dd, J =5.3, 1.9 Hz, 1H), 7.93 (dd, J = 8.5, 2.2 Hz, 1H),8.31 (d, J = N

8.5 Hz, 1H), 8.40 (d, J = 1.9 Hz, 1H), 8.57 (d, J = 5.3 Hz, 1H), 8.72 (d, J = 2.2 Hz, 1H); *C NMR
(125 MHz, CDCl5) § 30.7, 35.2, 118.1, 121.0, 121.4, 122.7, 139.6, 149.3, 150.2, 155.2, 155.2, 161.4;
IR (KBr, v / cm™) 2964, 1597, 1544, 1456, 1364, 1093, 1004, 835, 793, 719; HRMS (ESI*) Calcd
for C1qH1sBrN, ([M+H]") 291.0491, Found 291.0504.

Synthesis of 2-(4'-(tert-butyl)-[2,2'-bipyridin]-5-yl)aniline.

= | Br
‘Bu N
HBpin (3 equiv) “ N
Et3;N (4 equiv) N (1 equiv)
PdCly(dppf) (5 mol%) Ba(OH),+8H,0 (3 equiv)
Br di 100°C.an |PiNB >, ]
NH, o'oxane ’ NH, | dioxane/H,0,100°C,4h ‘Bu o\ X~ NH;

|
N

To a solution of 2-bromoaniline (705 mg, 4.1 mmol, 1.0 equiv) in dioxane (10 mL) were added
EtzN (16.2 mg, 16 mmol, 4.0 equiv), PdCl,(dppf) (149 mg, 0.21 mmol), and pinacolborane (1.53 g,
12 mmol, 3.0 equiv) dropwise. The mixture was stirred at 100 °C for 4 h, then cooled to room
temperature, and water (1.8 mL), Ba(OH),8H,O (3.88 g, 12.0 mmol, 3.0 equiv), and
5'-bromo-4-(tert-butyl)-2,2'-bipyridine (1.19 g, 4.10 mmol, 1.0 equiv) were successively added. The
mixture was stirred at 100 °C for 4 h before addition of water (50 mL) at room temperature. The
mixture was filtered through Celite. The eluent was extracted with ethyl acetate (3X30 mL), the
organic layer was dried over Na,SO,, and filtered. The solvent was removed and the residue was
purified by column chromatography on silica gel (deactivated with 20% Et;N in hexane; eluent:
hexane/EtOAc = 3/1) to give 2-([2,2'-bipyridin]-5-yl)aniline as a white solid (672 mg, 59% yield).

2-(4'-(tert-Butyl)-[2,2'-bipyridin]-5-yl)aniline. 30% yield; white solid; R¢

= 0.24 (hexane/ethyl acetate = 3/1); *H NMR (400 MHz, CDCl5) d 1.41 (s, =z

9H), 1.95 (brs, 2H), 6.81 (d, J = 7.8 Hz, 1H), 6.88 (ddd, J = 7.8, 7.4, 1.1 BUNZ~SN~  NH:
Hz, 1H), 7.15-7.24 (m, 2H), 7.35 (dd, J = 5.4, 2.0 Hz, 1H), 7.96 (dd, J =
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8.1, 2.0 Hz, 1H), 8.47-8.49 (m, 2H), 8.61 (d, J = 5.4 Hz, 1H), 8.80 (d, J = 2.0, 1.1 Hz, 1H); **C NMR
(125 MHz, CDCl5) § 30.7, 35.1, 116.0, 118.1, 119.0, 121.1, 121.2, 123.7, 129.5, 130.6, 135.1, 137.5,
144.0, 149.3, 149.4, 155.4, 155.8, 161.2; IR (KBr, v / cm™) 3328, 2965, 1601, 1462, 1368, 1216, 999,
839, 751, 652; HRMS (ESI") Calcd for CaoHN3 ([M+H]") 304.1808, Found 304.1813.

Synthesis 1-(2-(4'-(tert-butyl)-[2,2'-bipyridin]-5-yl)phenyl)-3-cyclohexylurea (1j).

= (1.5 equiv)
t | — > g,
BugShe NHe CH,Cl,, rt

A mixture of 2-(4'-(tert-butyl)-[2,2"-bipyridin]-5-yl)aniline (82 mg, 0.27 mmol, 1.0 equiv) and
cyclohexylisocyanate (51.3 mg, 0.41 mmol, 1.5 equiv) in dichloromethane (0.90 mL) was stirred at
room temperature for 24 h. The solvent was removed in vacuo and the residue was purified by
recrystallization from CH,Cl, and hexane to give 1j as a white solid (87.6 mg, 76% yield).

1-(2-(4'-(tert-Butyl)-[2,2'-bipyridin]-5-yl)phenyl)-3-cyclohexylure
a (1j). 60% vyield; white solid; Ry = 0.67 (ethyl acetate); *"H NMR
(500 MHz, CDCl3) 6 0.96-1.07 (m, 3H), 1.14-1.32 (m, 3H), 1.36 (s,
9H), 1.59-1.61 (m, 2H), 1.86-1.89 (m, 2H), 3.57-3.59 (m, 1H), 5.25
(brs, 1H), 6.53 (brs, 1H), 7.13 (dd, J = 8.6, 8.3 Hz, 1H), 7.17 (d, J =
8.3 Hz, 1H), 7.33 (dd, J=6.1, 1.7, 1H), 7.39, (ddd, J = 8.6, 6.1, 1.7 Hz, 1H), 7.64 (d, J = 6.6 Hz, 1H),
8.10 (d, J = 8.3 Hz, 1H), 8.21 (d, J = 8.3 Hz, 1H), 8.27 (s, 1H), 8.57 (d, J = 6.6 Hz, 1H), 8.58 (s,
1H); BC NMR (125 MHz, CDCl3) 6 24.8, 25.4, 30.4, 33.6, 34.9, 48.6, 117.9, 121.0, 121.15, 121.22,
122.4,127.3,129.3, 130.1, 135.0, 137.2, 137.9, 148.9, 149.0, 154.5, 154.7, 155.2, 161.4; IR (KBr, v
/ cm™) 3335, 2928, 1653, 1541, 1458, 1253, 1001, 839, 753, 650; HRMS (ESI") Calcd for
Ca7H3N;NaO ([M+Na]") 451.2468, Found 451.2451.

76



Synthesis of 2-([2,2'-bipyridin]-5-yl)-3-methylaniline

B,pin, (1.2 equiv)
gr PdCly(dppf) (3 mol%)

Bpin
z | AcOK (3 equiv) z | P
Z \N > -z \N
| DMSO, 100 °C, 18 h |
N N
Me
Br
NH, (1 equiv) Me
Ba(OH),#8H,0 (3 equiv)
z
> I
dioxanelH;0,100°C,4h NS\ NH,
N

To a solution of 5'-bromo-2,2'-bipyridine (2.35 g, 10 mmol, 1.0 equiv) in DMSO (20 mL) were
added AcOK (2.94 g, 30.0 mmol, 3.0 equiv), PdCl,(dppf) (0.22 mg, 0.30 mmol. 3.0 mol%), and
bis(pinacolato)diboron (3.05 g, 12.0 mmol, 1.2 equiv). The mixture was stirred at 100 °C for 18 h.
After cooling to room temperature, the mixture was filtered through Celite, and the eluent was
extracted with CH,CI,. The solvent was evaporated under vacuum and then hexane and water was
added to the residue. The mixture was extracted with hexane (3x30 mL) and the solvent was
removed under reduced pressure. 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2'-bipyridine
was obtained as a pale yellow solid including impurity (2.59 g>70%). The *H and **C NMR spectra
corresponded to the ones in the reference.®® The residue was utilized without further purification to
the next coupling reaction.

To a solution of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2'-bipyridine (1.13 g, 4.00
mmol, 1.0 equiv) in dioxane (8 mL) were added PdClI,(dppf) (0.29 g, 0.40 mmol, 10 mol%), water
(1.6 mL), Ba(OH),"8H,0 (3.79 g, 12 mmol, 3.0 equiv), and 2-bromo-3-methylaniline (0.50 mL, 4.0
mmol, 1.0 equiv). The mixture was stirred at 100 °C for 22 h. After cooling to room temperature, the
mixture was filtered through Celite. The eluent was extracted with ethyl acetate (3x50 mL) and the
organic layer was dried over Na,SO,4. The mixture was filtered, the solvent was removed in vauo,
and the residue was purified by column chromatography on silica gel (deactivated with 20% Et3N in
hexane; eluent: hexane/EtOAc = 2/1) to give 2-([2,2'-bipyridin]-5-yI)-3-methylaniline as yellow oil
(483 mg, 46% yield).

2-([2,2'-Bipyridin]-5-yl)-3-methylaniline. 46% yield; pale yellow oil; Rf = Me
0.32 (hexane/ethyl acetate = 1/2); *H NMR (500 MHz, CDCl3) & 2.05 (s, 3H),
3.47 (brs, 2H), 6.67 (d, J = 7.9 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 7.12 (dd, J =~ ! NH,

66 Querol, M; Bozic, B.; Salluce, N.; Belser , P. et al. Polyhedron 2003, 22, 655.
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7.9, 7.6 Hz, 1H), 7.34 (ddd, J = 6.5, 4.6, 1.5 Hz, 1H), 7.77 (dd, J = 8.0, 2.0 Hz, 1H), 7.85 (ddd, J =
8.0, 6.5, 2.0 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H), 8.51, (d, J = 8.0 Hz, 1H), 8.60 (d, J = 1.5 Hz, 1H),
8.71 (d, J = 4.6 Hz, 1H); *C NMR (125 MHz, CDCl,) & 20.6, 112.9, 120.0, 120.9, 121.2, 123.2,
123.7, 128.7, 134.0, 136.9, 137.1, 138.7, 144.3, 149.1, 150.2, 154.9, 155.7; IR (KBr, v / cm™) 3349,
2979, 1587, 1545, 1456, 1366, 1303, 1217, 999, 754; HRMS (ESI*) Calcd for Ci7HysNs ([M+H]Y)
262.1339, Found 262.1330.

Synthesis of 1-(2-([2,2'-bipyridin]-5-yI)-3-methylphenyl)-3-cyclohexylurea (1k)

Me 0=C=N—<:>

Z | (1.5 equiv)
—_—
NH
AN 2 CH,Cl,, rt
N

Prepared by the same method as ligand 1j using 2-([2,2'-bipyridin]-5-yl)-3-methylaniline (583 mg,
1.80 mmol, 1.0 equiv) and cyclohexylisocyanate (350 mg, 2.80 mmol, 1.5 equiv). 1k was isolated as
a white solid (177 mg, 25% yield).

1-(2-([2,2'-Bipyridin]-5-yl)-3-methylphenyl)-3-cyclohexylurea  (1k).
25% vyield; white solid; R; = 0.30 (hexane/ethyl acetate = 1/2); *H NMR
(500 MHz, CDCls) 6 0.84-0.96 (m, 3H), 1.17-1.30 (m, 2H), 1.44-1.52 (m,
3H), 1.75-1.81 (m, 2H), 1.94 (s, 3H), 3.51-3.52 (m, 1H), 5.95 (brs, 1H),
6,51 (brs, 1H), 6.96 (d, J = 7.7 Hz, 1H), 7.29 (dd, J = 7.8, 7.7 Hz, 1H),
7.36 (d, J = 7.8 Hz, 1H), 7.55 (dd, J = 5.3, 2.7 Hz, 1H), 7.83 (ddd, J = 8.2, 7.9, 1.8 Hz, 1H),
8.01-8.08 (m, 2H), 8.14 (d, J = 8.2 Hz, 1H), 8.32 (d, J = 2.7, 1.8 Hz, 1H), 8.64 (dd, J = 4.9, 1.8 Hz,
1H); B¢ NMR (125 MHz, CDCl3) 6 21.0, 24.9, 25.6, 33.6, 48.9, 118.0, 121.2, 121.5, 124.1, 124.3,
126.7, 129.2, 133.9, 136.7, 137.2, 137.8, 139.1, 149.2, 150.1, 154.7, 154.90, 154.92; IR (KBr, v /
cm™) 3339, 2929, 2853, 1654, 1548, 1465, 1366, 1220, 1065, 753; HRMS (ESI") Calcd for
CasH27N,O ([M+H]") 387.2179, Found 387.2177.

Synthesis of 1-(2-([2,2'-bipyridin]-5-yl)phenyl)-3-hexylurea (1I).

0=C=N-"hex
Z | (1.5 equiv)
P —
N NH . o)
AN 2 CH,Cl,, rt ¥
N N

H” "hex
11

Prepared by the same method as ligand 1j using 2-([2,2'-bipyridin]-5-yl)aniline (371 mg, 1.50
mmol, 1.0 equiv) and n-hexylisocyanate (434 nug, 3.00 mmol, 2.0 equiv).
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1-(2-([2,2"-Bipyridin]-5-yl)phenyl)-3-hexylurea was isolated as a white solid (144 mg, 25% yield).

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-hexylurea (11). 62% yield; white
solid; Ry = 0.32 (hexane/ethyl acetate = 1/1); *H NMR (500 MHz, CDCl,)
8 0.79 (t, J = 6.9 Hz, 3H), 1.16-1.22 (m, 6H), 1.33-1.38 (m, 2H), 3.14 (td,
J =7.2,7.2 Hz, 2H), 5.48 (brs, 1H), 6,70 (brs, 1H), 7.12-7.20 (m, 2H),
7.32 (dd, J = 7.7, 4.8 Hz, 1H), 7.39 (ddd, J = 6.3, 4.8, 1.1 Hz, 1H), 7.69 (ddd, J = 8.5, 7.6, 2.2 Hz,
1H), 7.81 (ddd, J = 7.7, 7.6, 1.6 Hz, 1H), 8.06 (d, J = 8.1 Hz, 1H), 8.15 (d, J = 8.5 Hz, 1H), 8.19 (d,
J = 8.1 Hz, 1H), 8,56 (d, J = 2.2 Hz, 1H), 8.64 (dd, J = 4.0, 1.1 Hz, 1H); *C NMR (125 MHz,
CDCl,) 8 14.0, 22.5, 26.6, 30.0, 31.5, 40.2, 120.9, 121.1, 122.3, 123.2, 124.0, 128.4, 129.4, 130.1,
135.1, 136.8, 136.9, 137.7, 149.1, 149.4, 154.3, 155.2, 156.1; IR (KBr, v / Cm'l) 3292, 2922, 2855,
1626, 1457, 1371, 1266, 1090, 856, 649; HRMS (ESI") Calcd for CyHsN4NaO ([M+Na]®)
397.1999, Found 397.1997.

H’NYO
N

H” "hex

Synthesis of 1-(2-([2,2'-bipyridin]-5-yl)phenyl)-3-(tert-butyl)urea (1m).

0=C=N-'Bu
2 BulLi (1.1 equiv) (1.5 equiv)
| > >
N NH, .
~ N THF, -78°C,1h  rt, overnight

To a solution of 2-([2,2'-bipyridin]-5-yl)aniline (202 mg, 0.590 mmol, 1.0 equiv) in THF (1.2 mL),
"BuLi (2.6 M solution in hexane, 0.246 mL, 1.1 equiv) was addded dropwie at -78 °C. After the
mixture was stirring at -78 °C for 1 h, tert-butylisocyanate (87.7 mg, 0.885 mmol, 1.5 equiv) was
added dropwise. After stirring at -78 °C overnight, the solvent was evaporated under vacuum. The
crude product was then purified by column chromatography on silica gel (deactivated with 20%
Et3N in hexane; eluent: hexane/EtOAc = 1/3)to give 1m as a white solid (58.9 mg, 29%).

1-(2-([2,2'-Bipyridin]-5-yl)phenyl)-3-(tert-butyl)urea (1m). 77% vyield,
white solid; R; = 0.38 (hexane/ethyl acetate = 1/2); '"H NMR (500 MHz,
CDCl3) 6 1.27 (s, 9H), 4.76 (brs, 1H), 6.14 (brs, 1H), 7.17 (dd, J= 7.5, 7.5
Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 7.35 (dd, J = 7.5, 7.2 Hz, 1H), 7.39 (dd,
J=75,75 Hz, 1H), 7.08 (dd, J = 6.9, 6.3 Hz, 1H), 7.85 (dd, J = 7.2, 6.9 Hz, 1H), 7.95 (d, J = 7.2
Hz, 1H), 8.33-8.37 (m, 2H), 8.66 (s, 1H), 8.69 (d, J = 4.6 Hz, 1H); *C NMR (125 MHz, CDCl,) &
29.3,50.6, 121.0, 121.2, 121.7, 122.9, 124.1, 127.9, 129.4, 130.2, 135.2, 137.2, 137.2, 138.0, 149.1,
149.3, 154.3, 154.9, 155.1; IR (KBr, v / cm'l) 3371, 3306, 2968, 1644, 1565, 1439, 1278, 1210, 756,
628; HRMS (ESI") Calcd for C,;H»,N4NaO ([M+Na]") 369.1686, Found 369.1677.
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Synthesis of 2-(4'-(tert-butyl)-[2,2'-bipyridin]-5-yl)-3-methylaniline.
B,pin, (1.2 equiv)

_~-BrPdCl;(dppf) (3 mol%)
g - | AcOK (3 equiv) Z Bpin
_—
N ] N Bu .
SN DMSO, 100 °C, 18 h AN
Me
pe

NH, (1 equiv) Me
Ba(OH),¢8H,0 (3 equiv)
S ]
dioxane/H,0, 100 °C,4h ‘Bu ~ N NH,

|
N

To a solution of 5'-bromo-4-(tert-butyl)-2,2"-bipyridine (146 mg, 0.500 mmol, 1.0 equiv) in
DMSO (1 mL) were added AcOK (147 mg, 1.50 mmol, 3 equiv), PdCI,(dppf) (11 mg, 0.015 mmol,
3 mol%), and bis(pinacolato)diboron (152 mg, 0.600 mmol, 1.2 equiv). The mixture was stirred at
100 °C for 22 h. After cooling to room temperature, the mixture was filtered through Celite. The
eluent was extracted with CH,Cl,. The solvent was removed under reduced pressure and then hexane
and water was added to the residue. The mixture was extracted with hexane (3x50 mL) and the
solvent was evaporated under vacuum. The residue was utilized without further purification to the
next coupling reaction.
4-(tert-Butyl)-5'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2'-bipyridine was obtained as white
solid (140 mg, 83%). 'H NMR (500 MHz, CDCl3) & 1.37 (s, 12H), 1.39 (s, 9H), 7.32 (dd, J = 4.9,
1.4 Hz, 1H), 8.17 (dd, J = 7.9, 2.0 Hz, 1H), 8.35 (dd, J = 7.9, 0.9 Hz, 1H), 8.45 (dd, J = 2.0, 1.4 Hz,
1H), 8.58 (dd, J = 4.9, 0.9 Hz, 1H), 9.01 (s, 1H); *C NMR (125 MHz, CDCls) & 24.7, 30.4, 34.7,
83.9, 118.2, 120.2, 120.9, 143.0, 149.0, 154.8, 155.7, 158.2, 160.7.

To a solution of crude
4-(tert-butyl)-5'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2'-bipyridine (140 mg, 0.410 mmol,
1.0 equiv) in dioxane (0.82 mL) were added PdClI,(dppf) (30 mg, 0.041 mmol), water (0.16 mL),
Ba(OH),'8H,0 (392 mg, 1.20 mmol, 3.0 equiv), and 2-bromo-3-methylaniline (0.11 mL, 0.83
mmol, 2 equiv) dropwise. The mixture was stirred at 100 °C for 16 h. After cooling to room
temperature, the mixture was filtered through Celite. The solvent was removed and the residue was
purified by column chromatography on silica gel (deactivated with 20% Et;N in hexane; eluent:
hexane/EtOAc = 5/1) to give 2-(4'-(tert-butyl)-[2,2'-bipyridin]-5-yl)-3-methylaniline as a white
solid (93 mg, 59% vyield for 2 steps).



2-(4'-(tert-Butyl)-[2,2'-bipyridin]-5-yl)-3-methylaniline. 59% vyield (2 Me
steps); white solid; Ry = 0.32 (hexane/ethyl acetate = 1/2); "H NMR (500 z I

MHz, CDCly) 5 1.41 (s, 9H), 2.05 (5, 3H), 6.67 (d, J = 7.9 Hz, 1H), 6.74 (d, NPy v M
J=17.6Hz, 1H), 7.12 (dd, J = 7.9, 7.6 Hz, 1H), 7.34 (ddd, J = 7.6, 4.6, 1.4 SN

Hz, 1H), 7.77 (dd, J = 8.8, 2.0 Hz, 1H), 8.43(d, J = 8.8 Hz, 1H), 8.51 (d, J = 7.9 Hz, 1H), 8.60 (d,
J = 2.0 Hz, 1H), 8.71 (d, J = 4.6 Hz, 1H); *C NMR (125 MHz, CDCl3) & 20.8, 30.7, 35.1, 113.1,
118.1, 120.2, 121.1, 121.6, 123.6, 128.9, 133.9, 137.4, 138.9, 144.4, 149.3, 150.4, 155.7, 155.8,

161.2.

Synthesis of 1-(2-(4'-(tert-butyl)-[2,2'-bipyridin]-5-yl)-3-methylphenyl)-3-hexylurea (1n).

Me 0O=C=N-"hex Me
y (1.5 equiv)
‘Bu 2 \Nl NH, W‘Bu W Yo
N H” "hex
1n
Prepared by the same method as ligand 1j using

2-(4'-(tert-butyl)-[2,2"-bipyridin]-5-yl)-3-methylaniline (92.9 mg, 0.293 mmol, 1.0 equiv) and
n-hexylisocyanate (74.5 mg, 0.59 mmol, 2.0 equiv). 1n was isolated as a white solid (51 mg, 39%
yield).

1-(2-(4'-(tert-Butyl)-[2,2'-bipyridin]-5-yl)-3-methylphenyl)-3-hexy!l Me
urea (1n). 39% yield; white solid; Rf = 0.42 (hexane/ethyl acetate =

1/2); 'H NMR (400 MHz, CDCls) & 0.76 (t, J = 6.7 Hz, 3H), BY
1.12-1.21 (m, 6H), 1.30-1.33 (m, 2H), 1.39 (s, 9H), 1.96 (s, 3H),
3.02-3.17 (m, 2H), 5.78 (brs, 1H), 6.40 (brs, 1H), 6.98 (d, J = 6.8 Hz, 1H), 7.29 (dd, J = 7.9, 6.8 Hz,
1H), 7.35 (d, J = 6.8 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 8.08 (d, J = 6.2 Hz, 1H), 8.13 (d, J = 7.9 Hz,
1H), 8.20 (s, 1H), 8.37 (s, 1H), 8.55 (d, J = 6.2 Hz, 1H); *C NMR (125 MHz, CDCl5) & 14.0, 21.0,
22.5, 26.6, 29.9, 30.6, 31.4, 35.1, 40.1, 118.0, 118.1, 121.4, 121.5, 124.0, 126.4, 129.1, 133.7, 136.6,
137.8, 139.0, 149.1, 149.9, 154.7, 155.0, 155.8, 161.5; IR (KBr, v / Cm'l) 3349, 2962, 1714, 1542,
1465, 1363, 1220, 1092, 1000, 755; HRMS (ESI™") Calcd for CysH3N,O ([M+H]") 445.2962, Found
445.2944,

I_|,N\?O
N

H” "hex

81



Synthesis of 3-chloro-N,N-dimethylbenzamide (4ll)

(o) HNMe, (1.2 equiv) o
Et;N (1.3 equiv
(o] 3N ( ) - NMe,
CH.Cly, rt, 2 h
Cl Cl

To a solution of dimethylamine (ca. 2 M in methanol, 60 mL, 120 mmol 1.2 equiv) and Et3N (18
mL, 130 mmol, 1.3 equiv) in CH,CI, (140 mL), 3-chlorobenzoyl chloride (13 mL, 100 mmol, 1.0
equiv) was added at 0 °C, and the reaction mixture was stirred at room temperature for 2 h. The
mixture was washed with ag. 1.0 M HCI (20 mL). The organic layer was dried over anhydrous
Na,SO,, filtered and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate = 2/1) to give 41l (18.4 g, 100% vyield). The chemical

shifts of *H and **C NMR corresponded to the ones in the literature.®’

Procedure for determination of k value of C-H borylation.

(o]
[Ir(OMe)(cod)], (2.0 mol%) NMe,
1a (3.0 mol%) 4 o
HBpin (6.0 mol%) Cl (1.0 equiv) pinB NMe
B,pin, o - 2
5a p-xylene, 25°C, 1 h 25°C
(0.5 equiv) Ccl el

In a round bottom flask, p-xylene (1.0 mL) was added to a mixture of [Ir(OMe)(cod)], (6.6 mg,
0.010 mmol, 2.0 mol%), 1a (5.6 mg, 0.015 mmol, 3.0 mol%), and bis(pinacolato)diboron (5a, 63.5
mg, 0.250 mmol, 0.50 equiv), dodecane (internal standard, 0.10 mL, 0.44 mmol, 0.88 equiv,). After
the mixture was stirred at 25 °C for 1 h, a solution of 3-chloro-N,N-dimethylbenzamide (411, 91.8 mg,
0.500 mmol, 1.0 equiv)) in p-xylene (2.0 mL) was added. A portion of the reaction mixture (37 uL)
was taken out at an appropriate interval (30 sec to 20 min). The mixture was diluted with acetone
(0.70 mL) and analyzed with GCMS.

2-Chloro-N,N-dihexyl-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benza o

mide (611). colroless oil; *H NMR (400 MHz, CDCl5) § 1.33 (s, 12H), 2.97 (s, '°""3\(>)mee2
3H), 3.09 (s, 3H), 7.47 (s, 1H), 7.70 (s, 1H), 7.80 (s 1H); **C NMR (100 MHz,

CDCls) & 25.0, 39.7, 35.4, 84.5. 129.8, 131.2, 134.3, 135.6, 137.7, 170.2; *'B

NMR (130 MHz, CDCl5) & 30.2; IR (neat, v / cm™) 3398, 2977, 1640, 1390, 1348, 1212, 1143, 1096,
787, 704; HRMS (ESI™) Calcd for Cy5H,:BCINNaO; ([M+Na]*) 332.1195, Found 332.1181.

Cl

® Chen, W.; Li, K.; Hu, Z.; Wang, L.; Lai, G.; Li, Z. Organometallics 2011, 30, 2026.
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FIE BEREDKFRESHEDEWICEINEERRY C-H R ILIERED
FRFEBR
31 B&
C—HHAEREMLETIE, HEICEENDEMO C—HFEAD 5 b BROALRE TOH
S EEITE® S 2 RO 6N D, BIEEZ VD AE R C—H A S T,
SRR EREREIE T, HEOHREORPIAIALL LTH 28 T, BV LR O %
HENERLTWD, Fl2IE, AT =0 Mz V-7 b OB A R= e REE s L
7oAV MR C—H & RaXx AL TR, AT LVOEF T THEr b OB R =
NEDOF N MEOHTE Fa % I ALKIGAHETFT 2 (Scheme 3-1),

Scheme 3-1 | Competition of directing groups

H O [Ru(O,CMes),(p-cymene)] (2.5 mol%) OH O

H ‘Bu Phl(OAc), (1.2 equiv) H ‘Bu
MeO. > MeO.
TFA/TFAA, 120 °C, 22 h

o o

Z T, BHEOMBEOERENEGFET AR, 7T I RELO A XL &k bR R Y
T BN FEBT A L BEE LT,

3-2 {EEBIRE C—H R Y JLE RIS ICERFEIZ M 1 - B AL F & D # 5t

NRURAT IR M BLXOREEREAT IV 4nm 2 G L LEBOKCHEEERE T NEh
DN Z LIt d 25 2 LT, EOBML 23 b XU AT X REELMIZC—H AR Y vk
TEDLOMEPLNITHI LT LTz, XRURAT I RERBRICE BT A TV IRFE L KFHE
WAETDHILENHONTEY, REFMBATF N 2HESELZRTHRUXT I N&ERM
WZC—HARV ILEZEITIEL Z R TEUL, = AT VLS OFERE DM TH, 7I R
R L TRV LRI A BB T 5 Z N TEDH LB TNDTHD, XUAT I NAlEB
FOZEH/BA TV dmm & HE & LT BROBOSHEE EHd LU O 4 Table 3-1 12777
PRIFIGERAL % AT HENL T 1la L 1-1n ORTUSEHEOMEAIX, < X7 2 K, BEFK
AFNLONTITHOEBBLRAR Uo7, 77205 BT la Dt U PILELA~D tert-
TFNFEDEA, ) B —ILA~D A FNFEDEA | RFBENLA~D n-7 F/LFEOEAZ K
HNAEFEOBIC LD, N XTI K4l ERBRICZEHEE A F /L 4mm @ C—H R U )L
(LRSI S 3u7= (entries 1-6), 7272, 4mm ZFVE & LI2358018. IRBEAL 2 FFT-720)
BUAZT- 1i 36 K OV dtbpy 23 IRFEEL 2 AT DB FEE L D b WS 7= L 7= (entries 7 and
8). TAT/MIT I REERYIRF L OKREREERENENTZO, KFEMEZ I LI filiig
PEHOIZHRT T D R/ &< T L 0 B IRFEENL O NARIEEFIZ X 2 SOSTEDOIR T D
HENRELSBIHLIEZEZDLEEZ TS, RUXT 2 F Al EREBFMEATF IV 4mm DS

% Thirunavukkarasu, V. S.; Ackermann, L. Org. Lett. 2012, 14, 6206.
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W ER O K1 1la 23 KA 53 % 5- 2 72728, 2 fix B OB R 2 o) 9B ¢
oD LR Uiz, R U I —EALA~DOBEREFL OB AT L OYRFEENL O SRR E OIS
EDROGHEDEKIT, XU XTI RIZx L TEY b REFEMA T LI L TRESEEL
7= (entries 3 and 5), FOFER, 2 W THIZERK LN 1j-1n TliX, XU A7 IR
LR BEBEA T NDOR Y MUEBUSDSUGIEE D AN HIC <720 | BERIZ la Mg b B
LRI Z R LTz,

Table 3-1 | k values of C-H borylation using 41l or 4mm as substrates with ligand 1i-1n and dtbpy

o o o o
NMe, k me\©)LNMe2 ©)L0M9 k p'nB\Q)(OMe
—_— —
ci ci

Cl Cl

41 61l 4mm 6mm

Conditions: 41l or 6mm (1.0 equiv), B,pin, (0.50 equiv), [Ir(OMe)(cod)], (2.0 mol%), ligand (3.0 mol%),
HBpin (6.0 mol%), p-xylene, 25 °C.

. k k' '
Entry Ligand [104eM1] [104eM1] kik
1 1m 0.2940 0.0059 50
2 1a 0.4269 0.0080 53
3 11 0.8222 0.0418 20
4 1j 1.3064 0.0263 50
5 1k 2.1351 0.1028 21
6 1n 3.0658 0.1067 29
7 1i 0.0675 0.1118 0.60
8 dtbpy 0.2410 0.4851 0.50

FNTT 2 REMOEREROM TO/LFEIRMEZ FHNT 5720, Bt A ER %2 1T - 72 (Table
3-2) . laZ i & L THWERUXT I R4l L 22 EBF/EA F IV dmm & OEA EBR Tl
RN UMAEERED 6ll, 6mm OIE 5.1 7257 (entry 1), 1i ZEANL T & L CTHWZ KGR T
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6Il, 6mm DAL 070 72 o722 &b B+ la 2 WA Z & TR 7.3 5 L
Too RFEEL & DIKRFEREATERBEITIRV S, B REMEDBERHRILETHL 7 nn N 7
A a A FNFEE OB UREER 4nn, oo LA SETSA D, la E VBRI b
SRPWEN A B L, BT 1 OBA EHE L CTENEN 1T %5, 18 {5 bR ot
MR Bz (entries2 and 3), 7 = Y —/LiiEAK 4pp & DA FEBR TIIENIF 1la 2 V=3
BB, T =YL DORY MLERY 6pp DERITRSNT, <2 XTI FOR Y bk
Ek% Bll NE—DAERME LTHELNT (entryd), —J7, RAT 4 U AF v Kdqq &R

2 R4l OFEFERTIE, BT la, i OWTNEHANTHHRAT 4 U AF T FOR I L
1K{$ 600 DAL L7223, B+ la Z W 7288121E, X X7 2 RoR U ks 6ll
(e 6qq DAL EE o7 (entry5), TNHLOREREFE EHDH L, laxBfi & LT
RAWIZGEDORIEHEIXR AT 4 A%V RTRBREL, VTR XTI R, ZORKRIC
BRBFBRT AT IV, XV NI TZAAY R, ZaaXeBroaERRE, 7=Y—
NDIEER I /NS vo 72 (Table 3-2, T,

Table 3-2 | Intermolecular competition experiments

o .
[Ir(OMe)(cod)]; (2.0 mol%) ~ 3-Cl-CeH,-CONMe; (4, 1.0 equiv) g pinB X
. 1a or 1i (3.0 mol%) 3-CI-CgH4-X (4mm-4qq, 1.0 equiv) NMe,
B,pin, (. = +
5a . p-xylene, 25°C,1h 25°C,2h & Cl
(1.0 equiv) 6ll 6mm-6qq
Entry X 1a 1i
Yield? Ratio® Yield? Ratio®

1 CO,Me (mm) 65 51 53 0.70
2 Cl (nn) 65 5.8 86 0.35
3 CF; (00) 76 7.0 73 0.40
4 OMe (pp) 62 >30 28 3.0

5 POCy, (qq) 85 14°¢ 20 1.8¢

2 Total yield of borylated benzamide 61l and borylated competitor.
b Ratio of borylated benzamide 6l and borylated competitor.
¢ Ratio of borylated phosphine oxide 6qq and borylated benzamide 6lI.

Order of the benzene derivatives based on the rate for C-H borylation reaction using 1a

(IJI (o] (o]
oo g O™
> > >
Cl Cl Cl Cl Cl Cl
4qq all 4mm 4nn 400 4pp
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WIZ o FNICEBOBERELZ /T 5 EE 2 AWV TbERIEO R 21T > 7= (Scheme
3-2), DFNIC HODOEREZHT LY 4rr, 4ss OWTI G SUSHERNK < . 25°C TIEAR
U AL DS EST L7g o7z, 35°C TX 90K BUSTHEAT L, PRI LT I K>
= VRIS LT r a7 2 = VISR U BB INCHEIT L, ® WP o IZo
WThH, ONERTCHIFE L=t (Figure 3-1, G B L) I3 Be2EE HBX
M) ZWMOTL o722 &N, RO TORKZ LB ZTWD, T7hbb, 4rr i
FOSTRIRT CoDOR B UBRNER D K OB (H) MEER L, la L AKRFE/EEEZIFK
LB, 7mrua 7 o= VEOR Y UERNMEES 2, 4ss 137 X RO AVR= VN7 1
17 == VEOMZ W J ORENMERT D Z & T, KB BT, AR L &
rynan 7 oo )VEOITENE N EE o7,

Scheme 3-2| Intramolecular competition experiments

NMe2 NMez NM92
(o]
o B,pin, (1.0 equiv) o
H  [Ir(OMe)(cod)], (4.0 mol%) Bpin Q H
1a or 1i (6.0 mol%)
= +
p-xylene, 35 °C, 20 h
a9 oy el
H H Bpin
arr 6rr-A 6rr-L
1a 62% 1:4.0
1i 43% 1:3.0
o B,pin, (1.0 equiv) o . 0 H
Me,N H [Ir(OMe)(cc?d)]z (4.0 mol%) Me,N Bpin Me,N
1a or 1i (6.0 mol%)
(. +
O p-xylene, 35 °C, 20 h O O
Cl H Cl H Cl Bpin
4ss 6ss-A 6ss-L

1a 43% 1:4.8
1i 27% 1:2.0

*Yields are shown as a mixture of borylated mono-compounds.

O DR UM Trr 1%, BT T 1la 2 WO T2ESIC 22%. 1 2 W72 BEIC 9% D IR TE 5 1
77, 7ssiZ la ZHWIEEICoOBRER L, IR A% TELNT-,
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Figure 3-1 | Proposed configuration of 4rr and 4ss in p-xylene

o NMe,
Q NMe,
~ -
A °

3-3 IMNF

IREEEZRT A28 ) VAN la s HWAH Z & T, C—H RV LG D T I Rk
RRAT 4 A XY RITRHT 2RI Om BIcE -7, 6k, A1 VYU LA B Y Y
NAEERIZ LD C—H R U WERIETIX, " F R AT VA OB R E DG HERN
WS R TN, ZTO X9 RREICH L TYH, S THICB T DA ERICB TRy
A7 I RO C—H R U MBS AMESERTEIT LTz,

N7 I RFEE A BLORCY R 7040 REEYEIK 400 TOBAERIZEBNT,
RV IALBE OBIRVET, BT 1 2 OB A ISR T 18 5 L=, 2 FINICEE D
RS R % SO 4rr 38 XD 4ss TlE, ALFHERIEOFBUITE S e o7z, Tk, #iE
TIIRONEEE A2 D Z & T, BETIEE R T I FEHVWDL L TRIRTE LB R 5D,
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General

All reactions were carried out in a dry degassed solvent under an argon atmosphere. All reagents
were purchased from commercial sources and used without further purification unless otherwise
noted. Substrates 6mm, 6nn, 600, and 6pp were purchased from Tokyo Kasei Kogyo Co. Column
chromatography was performed with silica gel (230-400 mesh ASTM). Recycling preparative HPLC
(LC-9210NEXT; column, JAIGEL-1H and JAIGEL-2H; solvent, CHCI3) was used for isolation of
amide 4rr and borylated products 6 and 7 after removing metal wastes through a short pad of silica
gel. NMR spectra were recorded on 500 MHz (500 MHz for *H NMR and 125 MHz for *C NMR)
and 400 MHz (400 MHz for *H NMR, 100 MHz for **C NMR, 125 MHz for !B NMR, and 158
MHz for *P NMR) spectrometers. Proton and carbon chemical shifts are reported relative to the
solvent used as an internal reference. Fluorine, boron, and phosphorus chemical shifts are reported
relative to BF;'OEt, (8 0.00 ppm), and triphenylphosphine (8 5.6 ppm) as external references,
respectively. Infrared (IR) spectra were recorded on Fourier transform infrared spectrophotometer.
ESI-MS spectra were measured on a spectrometer for HRMS. GC-MS was measured on Shimazu
(GCMS-QP2010 Ultra).

Determination of k values using 4mm as a substrate.

(o]
[Ir(OMe)(cod)], (2.0 mol%) OMe
1a (3.0 mol%) 4mm o
HBpin (6.0 mol%) Cl (1.0 equiv) pinB
. OMe
B2p|n2 '
(0.5 equiv) p-xylene, 25 °C,1 h 25°C
Cl 6mm

In a round bottom flask, p-xylene (1.0 mL) was added to a mixture of [Ir(OMe)(cod)], (6.6 mg,
0.010 mmol, 2.0 mol%), 1a (5.6 mg, 0.015 mmol, 3.0 mol%), and bis(pinacolato)diboron (5a, 63.5
mg, 0.250 mmol, 0.50 equiv), dodecane (internal standard, 0.10 mL, 0.44 mmol, 0.88 equiv,). After
the mixture was stirred at 25 °C for 1 h, a solution of methyl 3-chloro-benzoate (4mm, 82.3 mg,
0.500 mmol, 1.0 equiv) in p-xylene (2.0 mL) was added. A portion of the reaction mixture (37 uL)
was taken out at an appropriate interval (30 sec to 20 min). The eluent was diluted with acetone
(0.70 mL) and analyzed with GCMS.
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(The structures of 1m - dtbpy are shown next.)
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Synthesis of (3-chlorophenyl)dicyclohexylphosphine.

Br BuLi (1.05 equiv) CIPCy, (1 equiv) PCy2
» »

Et,0,0°C,2h rt,2h
cl Cl

A solution of 1-bromo-2-chlorobenzene (2.4 mL, 20 mmol, 1.0 equiv) in Et,O (46 mL) was
cooled to 0 °C and treated with "BuLi (2.6 M in hexane, 8.1 mL, 21 mmol, 1.05 equiv) dropwise.
After the mixture was kept at 0 °C for 2 h, chlorodicyclohexylphosphine (4.4 mL, 20 mmol, 1.0
equiv) in hexane (25 mL) was added dropwise. After 2 h at 0 °C, the mixture was warmed to room
temperature. Hydrolysis was then performed at 0 °C with H,O (75 mL). The organic layer was then
extracted with diethyl ether (2x80 mL) and dried over anhydrous Na,SO,, filtered, and the solvent
was evaporated under vacuum. The crude product was then purified by column chromatography on
silica gel (hexane/EtOAc = 20/1) to give 4-(tert-butyl)-2-(tributylstannyl)pyridine including
impurities (11.3 g, impurity: ca. 30 wt%).

(3-Chlorophenyl)dicyclohexylphosphine. 83% vyield; colorless oil; Ry = 0.67 PCy,
(hexane/EtOAC = 3/1); 'H NMR (500 MHz, CDCl;) & 1.01-1,34 (m, 10H), 1.59-1.95
(m, 12H), 7.30 (dd, J = 8.1, 8.0 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.40-7.43 (m, 1H), €l
7.44 (d, J = 6.3 Hz, 1H); "*C NMR (100 MHz, CDCls) & 26.9 (d, Jc.p = 7.5 Hz), 27.2 (d, Jc.p = 12.7
Hz), 28.8 (d, Jcp = 7.5 Hz), 30.0 (d, Jcp = 16.4 Hz), 32.5 (d, Jc.p = 12.2 Hz), 35.2 (d, Jcp = 67.2
Hz), 129.0 (d, Jc.p = 24.4 Hz), 129.0, 132.5 (d, Jc.p = 82.2 Hz), 132.9 (d, Jc.p = 19.7 Hz), 134.1, (d,
Jop = 13.2 Hz), 137.5, (d, Jcp = 22.1 Hz); *'P NMR (158 MHz, CDCls)  15.2; IR (KBr, v / cm™)
2926, 1560, 1447, 1393, 1114, 888, 851, 755, 688, 662; HRMS (ESI") Calcd for CygH,7CIP
([M+H]") 309.1533, Found 309.1531.
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Synthesis of (3-chlorophenyl)dicyclohexylphosphine oxide (4qq).

PCy, 9
aq. H,0, (24 equiv) PCy,
CH,CI,, rt, overnight

Cl cl 4qq

To a solution of (3-chlorophenyl)dicyclohexylphosphine (5.12 g, 16.6 mmol, 1.0 equiv) in CH,Cl,,
ag. H,0, (ca. 35%, 35 mL, 24 equiv, 0.40 mol) was added under 0 °C. The mixture was stirred at
room temperature for 12 h. Under 0 °C, sat. agq. Na,S,03 was added. The organic layer was extracted
with EtOAc (3 X150 mL) and dried with anhydrous Na,SO,, filtered, and the solvent was
evaporated under vacuum. The crude product was then purified by column chromatography on silica
gel (CH,CI,/MeOH = 20/1) to give (3-chlorophenyl)dicyclohexylphosphine oxide as a white solid
(5.10 g, 95%)).

(3-Chlorophenyl)dicyclohexylphosphine oxide (4qq). 95% vyield; white solid; R =

0.61 (hexane/EtOAc = 3/1); 'H NMR (500 MHz, CDCl,) & 1.11-1.33 (m, 10H), Pey,
1.58-1.82 (m, 8H), 1.98-2.05 (m, 4H), 7.41 (ddd, J = 7.9, 7.7, 2.9 Hz, 1H), 7.48 (d, J = @

7.9 Hz, 1H), 7.51-7.54 (m, 1H), 7.65 (d, J = 9.7 Hz, 1H); *C NMR (125 MHz,

CDCly) 8 24.4, 25.2, 25.6, 26.0 (d, Jcp = 12.0 Hz), 26.1 (d, Jc.p = 12.6 Hz), 34.9 (d, Jc.p = 67.2 H2),
129.1, 129.4 (d, Jc.p = 11.4 Hz), 131.2, 131.2 (d, Jcp = 8.4 Hz), 132,4 (d, Jc.p = 81.5 Hz), 134.6 (d,
Jop = 13.2 Hz); P NMR (158 MHz, CDCl,) & 55.7; IR (KBr, v / cm™) 3056, 2845, 1560, 1402,
1271, 1203, 890, 824, 734, 660; HRMS (ESI") Calcd for C15H,,CIOP ([M+Na]") 325.1483, Found
325.1499.

Synthesis of 3-((3-chlorophenyl)ethynyl)-N,N-dimethylbenzamide.

Os_NMe,
Q/// O NMex e oty )
+ '
/5 THF/Et3N (5/2), reflux, 12 h //
L . ®
(1 equiv) (1 equiv)

cl

A solution of m-chlorophenylacetylene (1.23 mL, 10.0 mmol, 1.0 equiv),
3-bromo-N,N-dimethylbenzamide (2.28 g, 10.0 mmol, 1.0 equiv), Cul (144 mg, 0.600 mmol, 6.0
mol%), PdCI,(PPhs), (351 mg, 0.500 mmol, 5.0 mol%v) in THF/Et3N (5/2, 56 mL) was refluxed 12
h. After cooling to room temperature, the solvent was evapolated under vacuum. The residue was
dissolved in ethyl acetate (30 mL) and washed with water (3x50 mL). The organic layer was dried
over anhydrous Na,SOy,, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (hexanelethyl acetate = 1/2) to give

3-((3-chlorophenyl)ethynyl)-N,N-dimethylbenzamide as pale yellow oil (2.72 g, >65%, including
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3-bromo-N,N-dimethylbenzamide).

3-((3-Chlorophenyl)ethynyl)-N,N-dimethylbenzamide. <50% vyield; O._NMe,
colorless oil; R; = 0.34 (hexane/EtOAc = 1/2); "H NMR (500 MHz, CDCls) & O
3.00 (brs, 3H), 3.12 (brs, 3H), 7.28 (dd, J = 8.0, 8.0 Hz, 1H), 7.31 (dd, J = 8.0, =

8.0 Hz, 1H), 7.40-7.41 (m, 3H), 7.51 (s, 1H), 7.56 (d, J = 5.8 Hz, 1H), 7.57 (s, O
1H); *C NMR (125 MHz, CDCl;) & 35.0, 39.2, 88.4, 89.5, 122.7, 124.3, ¢
126.9, 128.3, 128.4, 129.4, 129.5, 129.8, 131.0, 132.2, 133.8, 136.4, 170.0.

Synthesis of 3-(3-chlorophenethyl)-N,N-dimethylbenzamide.

0<_NMe, Ou_NMe,

O PdIC, H, (1 atm)
= > O
O zZ MeOH, 60 °C, overnight O

cl cl 4rr

Under H, atmosphere, a mixture of 3-((3-chlorophenyl)ethynyl)-N,N-dimethylbenzamide (1.94 g,
including ca. 35% of 3-bromo-N,N-dimethylbenzamide) and Pd/C (10 w/w%, 70 mg) in methanol
(13 mL) was stirred at 60 °C. After filteration through Celite, the solvent was evapolated under
reduced pressure. Purification with GPC (CHCI;, 2 h) gave
3-(3-chlorophenethyl)-N,N-dimethylbenzamide as colorless oil (224 mg, 11% yield for 2steps).

3-(3-Chlorophenethyl)-N,N-dimethylbenzamide (4rr). 11% vyield (2 steps); O_NMe,
colorless oil; Ry = 0.55 (CH,Cl,/MeOH = 20/1); *H NMR (500 MHz, CDCl5)

§ 2.96-3.01 (m, 7H), 3.16 (s, 3H), 7.01 (d, J = 7.3 Hz, 1H), 7.12 (s, 1H), O O
7.17-7.24 (m, 5H), 7.38 (dd, J = 7.5, 7.3 Hz, 1H); *C NMR (125 MHz,

CDClj3) 636.1, 37.1, 37.2, 39.4, 124.6, 126.0, 126.6, 127.0, 128.3, 128.5,

129.46, 129.52, 133.8, 136.3, 141.1, 143.2, 171.5.

Cl

Synthesis of 3'-chloro-N,N-dimethyl-[1,1'-biphenyl]-3-carboxamide (4ss).
o)
PdCl,(dppf) (10 mol)

o B(OH), ; NMe,
NMe, , BaOH,¢8H,0 (3 equiv) -
cl dioxane/H,0(5/1), reflux, 12 h O
Cl

Br
(1 equiv) (1 equiv)
4ss

A mixture of 3'-chloro-N,N-dimethyl-[1,1'-biphenyl]-3-carboxamide (1.24 g, 5.5 mmol, 1.0 equiv),
(3-chlorophenyl)boronic acid (0.94 g, 6.0 mmol, 1.1 equiv), PdCI,(dppf) (0.40 g, 0.55 mmol, 10
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mol%), and Ba(OH),8H,0O (5.16 g, 16.3 mmol, 3.0 equiv) in dioxane/water (5/1, 13.2 mL) was
stirred at 100 °C for 12 h. After cooling to room temperature, the mixture was filtered through Celite.
The eluent was extracted with ethyl acetate (3x70 mL) and the organic layer was dried over Na,SOy,
and filtered. The solvent was removed and the residue was purified by column chromatography on
silica gel (CH,CIl,/MeOH = 20/1) to give 3'-chloro-N,N-dimethyl-[1,1'-biphenyl]-3-carboxamide as
yellow oil (823 mg, 58% yield).

3'-Chloro-N,N-dimethyl-[1,1'-biphenyl]-3-carboxamide  (4ss). 58% vyield; o)
colorless oil; Rs = 0.30 (CH,CIl,/MeOH = 50/1); 'H NMR (100 MHz, CDCls) 6 3.02 O NMe,
(s, 3H), 3.14 (s, 3H), 7.33 (d, J = 8.1 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 7.41 (d, J =

8.5 Hz, 1H), 7.45-7.48 (m, 2H), 7.57-7.59 (m, 2H), 7.61 (s, 1H); *C NMR (100 O

MHz, CDCIl3) 6 35.5, 39.7, 125.4, 125.9, 126.5, 127.4, 127.8, 128.2, 129.1, 130.2, “
134.8, 137.2, 140.1, 142.3, 171.2.

Typical procedure for intermolecular competition experiment.

[Ir(OMe)(cod)], (2.0 mol%)
1a (3.0 mol%)

B,pin, >
5a p-xylene, 25 °C, 1 h
(1.0 equiv)
3-Cl-CgH,4-CONMe, (411, 1.0 equiv) inB 0 inB. (l?
3-CI-C¢H,-POCy, (4qq, 1.0 equiv) PN NMe, P PCy2
'
25°C,2h

(o] (o]
6l 6qq

In a round bottom flask, p-xylene (0.5 mL) was added to a mixture of [Ir(OMe)(cod)], (3.3 mg,
5.0 umol, 2.0 mol%), 1la (2.8 mg, 7.5 umol, 3.0 mol%), and bis(pinacolato)diboron (2a) (63.5 mg,
0.25 mmol, 1.0 equiv). After the mixture was stirred at 25 °C for 1 h, a solution of
3-chloro-N,N-dimethylbenzamide (41, 459 mg 0.250 mmol, 1.0 equiv) and
(3-chlorophenyl)dicyclohexylphosphine oxide (4gq, 81.2 mg, 0.500 mmol, 1.0 equiv) in p-xylene
(1.0 mL) was added. After stirring at 25 °C for 2 h, MeOH (0.3 mL) was added to the mixture
(bubble was generated). The yields of borylated products 6rr and 6qq and the ratio of 6rr/6qq were
determined by comparison of *H NMR spectra of the crude mixture with the authentic samples.

(3-Chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)dicyclohexyl
phosphine oxide (6qq). colorless oil; *"H NMR (500 MHz, CDCl;) & 1.10-1.33
(m, 10H), 1.31 (s, 12H), 1.55-2.01 (m, 12H), 7.70 (d, J = 9.8 Hz, 1H), 7.83 (d, J =
9.8 Hz, 1H), 7.87 (s, 1H); *C NMR (125 MHz, CDCl3) & 24.7 (d, Jc.p = 3.8 Hz),
24.9, 25.5 (d, Je.p = 2.4 HZ), 25.9 (d, Jc-p = 1.3 Hz), 26.4 (d, Jc.p = 24.0 Hz), 26.5 (d, Jc.p = 12.1 Hz),

Q
pinB PCy,

Cl
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35.6 (d, Jo.p = 11.9 Hz), 84.3, 131.2 (d, Jc.p = 81.6 Hz), 134.0 (d, Jc.p = 8.4 Hz), 134.8 (d, Jc.p = 12.6
Hz), 135.2 (d, Jc.p = 7.2 Hz), 137.5 (d, Jc» = 2.4 Hz); B NMR (130 MHz, CDCl3) & 30.5; IR (KBr,
v | cm™) 2931, 2855, 1447, 1348, 1212, 1132, 964, 846, 753, 705; HRMS (ESI*) Calcd for
C24H3BCINaOsP ([M+Na]") 473.2154, Found 473.2146.

Typical procedure for intramolecular competition experiment.

NM62

B,pin, (5a, 1.0 equiv)

o
Q H [Ir(OMe)(cod)], (4.0 mol%)
1a (6.0 mol%)

p-xylene, 35 °C, 20 h
o3
H NMe, NMe, NMe,
O o o
arr
Do O oo
+ +
TSNS TEEEA
H Bpin Bpin
6rr-A 6rr-L Trr

In a sealed tube, a mixture of [Ir(OMe)(cod)], (5.5 mg, 8.0 umol, 4.0 mol%), 1a (4.5 mg, 12.0
umol, 6.0 mol%), and bis(pinacolato)diboron (5a) (50.8 mg, 0.200 mmol, 1.0 equiv) was added to a
solution of 3-(3-chlorophenethyl)-N,N-dimethylbenzamide (4rr, 57.6 mg, 0.200 mmol, 1.0 equiv) in
p-xylene (1.2 mL). The mixture was then stirred at 35 °C for 16 h. The product was isolated from
starting material and other byproducts by recycling preparative HPLC to give a mixture of 6rr-A and
6rr-L (39.3 mg, 47% yield) and 7rr (20.4 mg, 19% vyield).

3-(3-Chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenethyl)-N,N-dim NMe,
ethylbenzamide (6rr-A). 47% vyield (in the reaction with 1a, including 6rr-L);

colorless oil; "H NMR (500 MHz, CDCl3) & 1.34 (s, 12H), 2.87-2.94 (m, 7H), 3.09 Q
(brs, 3H), 7.16 (s, 1H), 7.17 (s, 1H), 7.20 (d, J = 7.5 Hz, 1H), 7.23 (d, J = 7.5 Hz,

1H), 7.31 (dd, J = 7.5, 7.5 Hz, 1H), 7.49 (s, 1H), 7.59 (s, 1H); °C NMR (125 MHz, ¢ O
CDCl3) 6 25.0, 35.4, 37.4, 37.6, 39.7, 84.3, 124.9, 127.2, 128.6, 129.7, 131.5, 132.3, Bpin
133.0, 134.0, 136.6, 141.5, 142.9, 171.8.
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3-(3-Chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenethyl)-N, o NMe,
N-dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide Q Bpin
(7rr). 19% vyield (in the reaction with 1a); colorless oil; *H NMR (500 MHz,

CDClg) & 1.35 (s, 24H), 2.87-2.93 (m, 7H), 3.08 (brs, 3H), 7.19 (s, 1H), 7.24

(s, 1H), 7.51 (s, 1H), 7.59 (s, 1H), 7.67 (s, 2H); *C NMR (125 MHz, CDCl;) cl O

824.99, 25.01, 35.3, 37.6, 37.7, 39.7, 84.1, 84.3, 129.9, 131.0, 131.5, 132.3, Bpin
133.0, 134.0, 145.9, 136.1, 140.9, 143.0, 171.9.

3'-Chloro-N,N-dimethyl-5'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[1 o)
,1'-biphenyl]-3-carboxamide (6ss-L). 43% yield (in the reaction with la); O NMe,
colorless oil; *H NMR (500 MHz, CDCl5) & 1.36 (s, 12H), 3.00 (brs, 3H), 3.14

(brs, 3H), 7.39 (d, J = 8.0 Hz, 1H), 7.47 (dd, J = 8.0, 8.0 Hz, 1H), 7.63 (d, J = O

8.0 Hz, 1H), 7.65 (s, 1H), 7.65 (s, 1H), 7.76 (s, 1H), 7.89 (s, 1H); *C NMR pine “
(100 MHz, CDCly)

525.1,35.5,39.7, 84.4,125.9, 126.3, 128.3, 129.0, 129.9, 131.6, 133.7, 134.7, 137.1, 140.1, 141.7, 1
71.5.

3'-Chloro-N,N-dimethyl-5,5'-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- o
yl)-[1,1'-biphenyl]-3-carboxamide (7ss). 5% yield (in the reaction with 1a); ping 0 NMe,
colorless oil; *H NMR (500 MHz, CDCly) & 1.41 (s, 24H), 3.02 (brs, 3H), 3.14

(brs, 3H), 7.73 (s, 1H), 7.79 (s, 1H), 7.81 (s, 1H), 7.88 (s, 1H), 7.96 (s, 1H),

8.09 (s, 1H).

pinB Cl
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