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We report a rhodium-catalyzed ortho s@-H borylation of 2phenylpyridines usir
commercially available N-heterocyclicarbenes (NHCs) as ligand and pinacolatodit

reagent. The reaction could takeepktcroom temperature, toleratin

wide range of functionalitieand affording ortho borylated products in modetatexcellen
yields. The current method is also applicable tangscale reaction witheduced cataly
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1. Introduction

Aryl boronic acids and their derivatives have fouwile
applications in materials science, medicinal ché&wisorganic
synthesis, and drug discovery. Traditional methddpend on
reaction of aryllithium or Grignard reagent with tkigborates,
which usually requires harsh reaction conditions hasl narrow
functional group compatibility. Rh- and Ir-catalgzeC-H
borylation of aromatic C-H bonds using pinacolborédH&pin)

catalyst and substrateé The other is chelate directed ortho C-H
borylation, which relies on 14-electron triboryl didgim
complexes. It is more powerful because the metalecegsould
adopt more diverse directing groups. A proper ligghays a
crucial role in this aspect. Electron poor triahdgphines?
triarylarsines, silica-supported phsosphin€s? hemilabile
dinitrogen ligand?*® and bidentate, monoanionic ligaAtfs are
often utilized. A variety of functionalities such kstone, ester,
amide, carbamate, ether, amine, phospfiiad hydrazine, etc.

or Bypin, has become a powerful tool to synthesize numerbus q.,i1d be used as directing groups. However, theremalse few

aryl boronates via an atom and step economy, toigra variety
of functional groups? The regioselectivity of this reaction is
often governed by steric factor, occurring at thsition distal to
the substituents, which is complementary to directed ortho
metallation (DoM)"®> However, the DoM suffered from
limitations of substrate scope and harsh reactmrditions due
to the use of reactive organolithium reagents. &loee, the
development of Ir-catalyzed ortho selective C-H Ladign of
arenes is highly demanded in this area.

In the past decade, a number of methods have leetogped
to achieve ortho C-H borylation of aromatic compaaiid
There are typically two strategies based on d-aactounts of
active trisboryl iridium complexes. The first is tdilize 16-
electron intermediates. In 2008, Hartwig and coworkeported
a relay directed ortho C-H borylation using silyd directing
groups-
bonding between N-H of substrate and oxygen of ong¢hef
boryl groups of triboryl iridium compleX™ The Kanai group
developed a Lewis acid tethered bipyridine that @daice ortho
C-H borylation through Lewis acid-base interactionwsen

examples related to transition-metal-catalyzed oortic-H
borylation by employing pyridine as a directing gpo(Scheme
1. A). For example, in 2013, Takai and coworkers rgba
palladium-catalyzed ortho-selective C-H borylatioof 2-
phenylpyridine using 9-BBN as borylating reag€nn 2011, the
Sawamura group reported rhodium-catalyzed C-H badoylabf
2-phenylpyridine in the presence of silica-suppbrteidgehead
monophosphiné Li and coworkers developed ortho C-H
borylation using their anionic boryl nitrogen lighnFernandez
and coworkers reported ortho C-H borylation of thibstrate
using hemilabile dinitrogen ligands.These methods suffered
from some limitations such as relatively unstablaylating
reagent, ligands that are not readily available dn@hting
conditions.

N-heterocyclic carbenes (NHCs) have been widely used a

Smith  and coworkers developed using hydrogen,ganocatalysts and ancillary ligands in transioetal

catalysis’>® In most cases of NHC-metal complexes the ratio of
ligand to metal is 1:1. This property reminded ussdica-
supported bridgehead monophosphine ligand in Rélyzad
ortho Cép)-H borylation®® In fact, NHC-Rh complexes as well
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as other transition-metal’'s NHC complexes have beitely
used in C-H functionalizatiof?.® However, sporadic examples
have been realized by NHC-Rh compleXes® And We
hypothesized that the reaction of NHC-Rh complex wiBpin
or B,pin, would give rise to NHC-Rh(ll)(Bpin)containing two
vacant or weekly coordinating sites. This specieslevptobably
enable ortho Gff)-H borylation when reacting with 2-
phenylpyridine. Giving the fact that the NHCs haversgero
donating abilities, their Rh complexes would prolgabhow
higher reactivity. Herein, we disclose NHC enabled Rtalgzed
C(sp’)-H borylation at room temperature (Scheme 13'Bhe
reaction could be compatible with a number of funwiities,
affording a vast array of ortho borylated products.

Scheme 1. Recent advance of Transtion-Metal-Catalyzed

Directedortho C(sp’)-H Borylation of 2-Phenylpyridine.

A: Previous work: Pd-, Rh-, Ir-catalyzed ortho-C(sp?)-H borylation.
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2. Results and Discussion

2-Phenylpyridinela were chose as our pilot substrate to
initiate study. Reaction dfa with B,pin, in the presence of 2.5
mol% [RhCI(COD)}, 5 mol %L1, 5 mol%'BuOK in nhexane at
room temperature for 24 h afforded correspondinghoor
borylated produc®a in 94% isolated yield (Table 1, entry 1).
The reaction could not occur witholutl (Table 1, entry 2) or
with 4,4’-di-tert-butyl-2,2’-bipydine (dtbpy) as kmd (Table 1,
entry 3). When using [IrCI(CODj)Jinstead of [RhCI(COD)] at
least three components were observed (Table 1, éntWithout
a ligand, [IrCI(COD)} gave trace amount of desired product
(Table 1, entry 5). The type of NHC ligand also pthyan
important role in controlling reactivity. For exalapthe use of
L2-L6 instead of L1 resulted in inferior yields (Tablgéhtries
6-9). The borylating reagent HBpin gave rise to dased yield
under otherwise identical reaction conditions (Tablentry 10).
Further study showed that n-hexane was the optimtdrins of
reactivity (Table 1, entry 11).

With optimized reaction conditions identified, thethe
substrate scope of the current borylation processdetermined.
As shown in Table 2, a variety of functionalities kbtolerate
under reaction conditions. Substrates bearing Buésts at the
para-positions gave rise to moderate to excellent gi€&#-90%
yield) in most cases2¢-k). Notably, the regioselectivities was
governed by pyridine even in the presence of otfiecting
groups such as ester and ketor2g @nd 2j). Reactions of
substrates containinmetasubstituents of phenyl ring afforded
borylated products in moderate to good yields2p, 65-85%
yield). Interestingly, substrate 1f) containing 3,5-
ditrifluoromethyl groups could also proceed reattemoothly,
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delivering corresponding produ2p in moderate yield (48%). It

is
Table 1. Optimization of Reaction Conditiofis.

[M] (2.5 mol %)

“ | L (5 mol %) \
N NaO'Bu (5 mol %) X
N N
Bpiny, n-hexane
RT,24h Bpin
1a
Mec’;l;l'/j/\N\Me N\ N@\ N\ N@\

L1

N Ny N N o N
BF4
Me lPr iPr

s

iPriPr

L4

Entry variations from standard yield (%)°
conditions

1 none 94
2 no ligand n.r.
3 dtbpy instead of NHC n.r.
4 [IrCI(COD)], 36

5 L1instead ol 6 78

6 L2 instead oL 6 84

7 L3 instead oL 6 92

8 L4 instead oL 6 89

9 L5instead oL 6 83
10° HBpin instead of Bpin, 82
11 THF instead of n-hexane 89

atandard conditions: Unless otherwise noted, all the reactions
were carried out with L6 (0.01 mmol), [RhCI(COB)]0.005
mmol), ‘BuOK (0.01 mmol), 1a (0.2 mmol), and,@n, (0.2
mmol) in n-hexane (1.0 mL) at 25 °C for 24 PHBpin (0.3
mmol).

contrast to other steric sensitive systems. Th@leircrystal
structure of 2p also unambiguously confirmed its bond
connections. 2-naphthyl and 1-naphthylpyridinky (and 1r)
could also undergo reaction smoothly to producelpets2q and

2r in 78% and 63% yields respectively. Notably, compub@r
was previously prepared by Ir-catalyzed C-H borytatigsing
hemilable dinitrogen ligarfd and was not realized by recent
reported Cp*Rh-NHC complex catalytic systdmWe next
examined the substituent effect of pyridiyl ring reaction para-
Me, MeO, and CF and metaPh were compatible with the
reaction conditions, affording corresponding prdadu@s-v) in
moderate to excellent yields (60-92% yield).

To demonstrate the synthetic utility of current host, a
gram-scale borylation dfa as shown in Scheme 2. Reaction of
la (1.08 grams) in the presence of reduced catabgstimhg (1.0
mol %) at room temperature for 36 h afforded cqoesling2a
in 84% isolated yield (1.65 grams). The C-B bon@atould be
converted to C-O bond by NaBOn THF/H,O at room
temperature for 12 h to furnish hydroxylated prddsién 82%
yield. In addition, Suzuki-Miyaura coupling &a with parp-
bormotoluene in the presence of Pd(OQA8phos (5 mol %) and



NaOH in THF/HO at 80 °C for 12 h gave arylated prodddn
61% yield®®

A plausible reaction mechanism was outlined in Sch8me
Giving the fact that HBpin showed lower reactivity (Tat), we
hypothesized the active species might be a trisibtC-Rh(lIl)

3

H activation through oxidative addition to form NHC{®h
complexC. C would undergo reductive elimination to liberate
product2a with concurrent formation of hydrido bisboryl NHC-
Rh(lll) complexD which would react with Bpin, to regenerate
active species.

complex A which contains two vacant or weekly coordinated Scheme 3. Plausible Mechanism for the NHC-Rh catalyzed

sites.

Table 2 Substrate Scope of NHC-Rh-Catalyzed C-H Borylation

of 2-Phenylpyridined.?

= [Rh] (2.5 mol %)
A2 NHC (5 mol %)
SN NaO'Bu (5 mol %)
| Boping.n-hexane
RT,24h

/©\/Bp? Bpin F

2b, 64% yield

%Q
— N
2 N\

o

Bpin
2a, 94% vyield

o

Bpin

Bpin

2c, 83% yield 2d, 86% yield

X
A \N
MeO,C

Bpin Bpin FaC Bpin

2e, 90% yield 2f, 77% yield 2g, 67% vyield

/@\/O MeOC/Q:Bp?

Bpin

2h, 88% yield

= =

X

N Me

X

N
Bpin Bpin

2i, 85% yield 2k, 82% yield

@f@

Bpin

2j, 90% yield

\CCO Me0,C
Bpin Bpin

2n, 83% vyield

2r, 63% yield

@p

Bpin

21, 65% yield

g

FiC
3 SN

%

Bpin
CFs
2p, 49% yield

2m, 85% vyield

Bp

2q, 78% yield

2

Bpin

20, 82% yield

in
Bpin

2s,92% yleld

o

Bpin

2t, 60% yield 2u, 78% yield 2v, 64% yield

dUnless otherwise noted, all the reactions were caoigdwith
L1 (0.01 mmol), [RhCI(COD})] (0.005 mmol), tBuOK (0.01
mmol), 1 (0.2 mmol), and Bin, (0.3 mmol) inn-hexane (2.0
mL) at 25°C for 24 h. The yields refer to isolated products.

Scheme 2 Transtion-Metal-Catalyzed Directedtho C(sp)-
H Borylation of 2-Phenylpyridine.

=
o
N
NaBO;
THF/H,O OH
L6 (1.0 mol %) . 12h 3, 82% yield
_ [RhCI(COD)], (0.5 mol %) . ‘
- | KOtBuU (1.0 mol %) SN Pd(OAC); (5 mol%)
N - > SPhos (5 mol%)
Bopiny, nhexane Bpin NaOH, THF/H,0
rt, 36 h 80°C,12h
1a 2a
1.08 grams 1.65 grams, 84% yield

Me
4, 61% yield

One site of A would coordinate with 2-phenylpyridine to
generate NHC-Rh(IIl) compleR and the other would enable C-

ortho C-H borylation of 2-phenylpydidiria.
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3. Conclusions

In conclusion, we have developed a Rh-catalyzedoorth
C(sp’)-H borylation of 2-phenylpyridines at room temperat
using commercially available NHCs. The reaction cagarate a
vast array of functionalities, providing borylatg@oducts in
moderate to excellent yields. This protocol is epplicable for
sterically congested substrate. We also demondtthtg current
method is also amendable for gram-scale reactioh reitluced
catalyst loading. Mechanistic studies and furthgpliaation of
this method are currently underway in our laboratory

4. Experimental Section
4.1. General Information

All oxygen- and moisture-sensitive manipulations were
carried out under an inert atmosphere using stan&ahlenk
techniques or glovebox. THF, toluene, LM, n-hexane and
methanol were purified by passing through a neuttamina
column under argon. All other chemicals and solvenese
purchased and used as receiVétiNMR and**C NMR spectra
were recorded on Zhongke-Niujin 400, Bruker 400, Bru&00
NMR spectrometer at ambient temperatutéC shifts were
obtained with'H decoupling. High-resolution mass spectroscopy
data were obtained on Agilent 6530, Agilent 6224 TAHNS
spectrometer.

4.2. Synthesis of Products

In a nitrogen-filled glovebox, to an oven-dried 2&- Schlenk
tube was charged with [Rh(COD)€I{2.5 mg, 2.5 mol%), L6
(4.8 mg, 5.0 mol%) and KBu (1.1 mg, 5.0 mol%) anathexane
(2.0 mL). The reaction mixture was allowed to stir 2ohours at
room temperature, followed by addidg (0.2 mmol) and Bin,
(50.8 mg, 0.2 mmol, 1.0 equiv). The reaction was thiared for
the determined time at 26. The solvent was concentrated under
vacuum, and the product was isolated by short-column
chromatography (petroleum ether/ethyl acetatefylatnine
4:1:1% to ethyl acetate/triethylamine 1:1%) on redufAl,O;
(300—400 mesh). The reactions were repeated two runs.

4.3.Characterizing Data for All Products.
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2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl]pyridine (2a). Yellow solid, 51.9 mg, 94% yieldH
NMR (400 MHz, CDC}) § (ppm) 8.66 (d,J = 5.6 Hz, 1H), 7.95
(t, J=7.6 Hz, 1H), 7.79 (d] = 8.0 Hz, 1H), 7.72 (d] = 7.2 Hz,
1H), 7.65 (dJ = 7.6 Hz, 1H), 7.41 () = 7.2 Hz, 1H), 7.38-7.33
(m, 1H), 7.29 (tJ = 7.6 Hz, 1H), 1.43 (s, 12H}*C NMR (100

yield; '"H NMR (400 MHz, CDCJ) § (ppm) 8.74 (d,) = 5.2 Hz,
1H), 8.05 (t,J = 7.6 Hz, 1H), 7.94 (s, 1H), 7.89 (@= 8.0 Hz,
1H), 7.77 (dJ = 8.0 Hz, 1H), 7.58 (d] = 7.6 Hz, 1H), 7.48 (1)
= 7.2 Hz, 1H), 1.45 (s, 12H}C NMR (100 MHz, CDCJ) ¢
(ppm) 154.8, 143.6, 142.1, 140.2, 132.7%g,= 31.4 Hz), 128.1
(q, ‘]CF =3 HZ) , 125.1 (qJCF = 3.6 HZ) y 124.4 (qJCF =271.3

MHz, CDCE) 6 (ppm) 156.5, 143.1, 141.8, 137.1, 131.4, 127.8Hz) , 123.8, 121.2, 118.1, 80.6, 26.9; HRMS (ESl)caalor

122.6,121.2, 117.4, 80.2, 26.9.
2-[4-methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaboro2n

C1gH,BFNO, ([M+H]): 350.1534, found: 350.1539.
2-[4-cyano-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborotan

yh)phenyl]pyriding2b). White solid, 37.6 mg, 64% vyield .The yl)phenyl]pyriding2i). White solid, 52.1 mg, 85% vyield; the

product was isolated by short-column
(petroleum ether/ethyl acetate/triethylamine 4:1:1900:1:1%)
on silica gel (300-400 meshjH NMR (400 MHz, CDC)) ¢
(ppm) 8.62 (d,) = 4.8 Hz, 1H), 7.91 (t) = 7.6 Hz, 1H), 7.73 (d,
J=8.0 Hz, 1H), 7.58-7.46 (m, 2H), 7.30 (m, 1H), 7.09)(= 7.6
Hz, 1H), 2.39 (s, 3H), 1.43 (s, 12HJC NMR (100 MHz, CDG))
J (ppm) 156.7, 143.0, 141.6, 141.6, 134.6, 132.8.6,2122.1,
121.1, 117.1, 80.1, 27.0.

2-[4-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxabareR-

yl)phenyl]pyriding2c). White solid, 51.2 mg, 83% yieldH
NMR (400 MHz, CDC}) é (ppm) 8.58 (d,J = 5.2 Hz, 1H), 7.89
(t, J=7.6 Hz, 1H), 7.67 (d] = 8.0 Hz, 1H), 7.57 (d] = 8.4 Hz,
1H), 7.29-7.20 (m, 2H), 6.80 (d,= 8.4 Hz, 1H), 3.87 (s, 3H),
1.42 (s, 12H)C NMR (100 MHz, CDG)) 6 (ppm) 162.6, 156.5,
142.8, 141.8, 129.9, 122.7, 121.3, 116.6, 116.2,61180.0, 55.2,
27.0.

2-[4-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborok2-

yl)phenyllpyriding2d). White solid, 51.4mg, 86% vyield*H
NMR (400 MHz, CDC}) § (ppm) 8.64 (d,J = 4.8 Hz, 1H), 7.95
(t, J = 7.6 Hz, 1H), 7.74 (d) = 8.0 Hz, 1H), 7.62 (dd] = 8.4
Hz , 4.8 Hz, 1H), 7.36 (m, 2H), 6.96 (1 = 8.0 Hz, 1H), 1.42 (s,
12H); *C NMR (100 MHz, CDG))  (ppm) 165.6 (qJcr = 250.9
Hz) , 155.5, 143.0, 142.1, 132.8, 123.0J&, = 8.6 Hz) , 122.3,
118.0 (q Jcg = 19.9 Hz) , 117.1, 114.9 (Gsr = 23.6 Hz) , 80.2,
26.9.

2-[4-chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborni2-
yl)phenyl]pyriding2e). White solid, 56.7 mg, 90% yieldH
NMR (400 MHz, CDCJ) 6 (ppm) 8.64 (d,) = 5.6 Hz, 1H), 7.96
(m, 1H), 7.75 (dJ = 8.0 Hz, 1H), 7.65 (d] = 1.2 Hz, 1H), 7.56
(d,J=8.0 Hz, 1H), 7.40-7.34 (m, 1H), 7.29-7.22 (m, 1H321(s,
12H); **C NMR (100 MHz, CDGCJ) ¢ (ppm) 155.3, 143.1, 142.1,
137.9, 135.3, 131.5, 127.9, 122.9, 122.3, 117.43,827.0;
HRMS (ESI) calcd for GH,BCINO, ([M+H]"): 316.1270,
found: 316.1276.

2-[4-bromo-2-(4,4,5,5-tetramethyl-1,3,2-dioxaboroian
yl)phenyllpyriding2f). Yellow solid, 55.2 mg, 77% yield‘H
NMR (400 MHz, CDC}) § (ppm) 8.65 (d,J = 5.2 Hz, 1H), 7.96
(t,J=7.6 Hz, 1H), 7.81 (s, 1H), 7.76 @= 8.0 Hz, 1H), 7.51 (d,
J = 8.0 Hz, 1H), 7.40 (dd) = 8.4 Hz, 6.8 Hz, 2H), 1.42 (s,
12H); **C NMR (100 MHz, CDGCJ)  (ppm) 155.4, 143.1, 142.1,
135.7, 134.5, 130.8, 127.1, 123.0, 122.6, 117.8,&7.0.

2-[4-Methoxycarbonyl-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl]pyridin@g). Yellow solid, 45.4 mg,
67% yield."H NMR (400 MHz, CDC}) ¢ (ppm) 8.72 (d,) = 5.2
Hz, 1H), 8.36 (s, 1H), 8.01 @,= 6.8 Hz, 2H), 7.87 (d] = 8.0 Hz,
1H), 7.72 (d,J = 8.0 Hz, 1H), 7.44 (t) = 6.0 Hz, 1H), 3.93 (s,
3H), 1.45 (s, 12H)**C NMR (100 MHz, CDG)) 5 (ppm) 167.3,
155.0, 143.5, 142.0, 141.1, 132.5, 132.2, 129.8.6,2121.0,
118.2, 80.4, 52.0, 27.0; HRMS (ESI) calcd fortG:BNO,
(IM+H]™): 340.1715, found: 340.1718.

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yh-4
(trifluoromethyl)phenyl]pyridingh). Yellow solid, 61.3 g, 88%

chromatographyeaction was carried in acetronile instead of hexdfeNMR

(400 MHz, CDC}) 6 (ppm) 8.75 (dJ) = 5.6 Hz, 1H), 8.08 (1] =
8.0 Hz 1H), 7.99 (s, 1H), 7.89 (d,= 8.0 Hz, 1H), 7.75 (dJ =
8.0 Hz, 1H), 7.60 (m, 1H), 7.55 -7.49 (m, 1H), 1.431@H); **C
NMR (100 MHz, CDC)) § (ppm) 154.1, 143.6, 142.4, 140.6,
135.2, 131.7, 124.3, 121.4, 119.4, 118.4, 114.56,8Q6.9;
HRMS (ESI) calcd for GH,BN,O, ([M+H]*): 307.1612, found:
307.1615.

2-[4-acetyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxabonoia-
yl)phenyl]pyriding2j). Yellow solid, 58.2 mg, 90% yield; the
reaction was carried in acetronile insteachdfexaneH NMR
(400 MHz, CDC)) 6 (ppm) 8.73 (dJ) = 5.6 Hz, 1H), 8.26 (s, 1H),
8.06 - 8.00 (m, 1H), 7.95-7.86 (m, 2H), 7.74J& 8.0 Hz, 1H),
7.50 — 7.43 (m, 1H), 2.65 (s, 3H), 1.45 (s, 1283, NMR (100
MHz, CDCk) 6 (ppm) 155.0, 143.6, 142.1, 131.4, 128.2, 127.3,
127.0, 126.0, 123.7, 121.2, 118.3, 80.5, 26.9; HR&MS) calcd
for CiH,3BNO; ([M+Na]"): 324.1766, found: 324.1762.

2-[4-Phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxabormi2-
yl)phenyllpyriding2k). Yellow solid, 58.3 mg, 82% vyield‘H
NMR (400 MHz, CDC}) 6 (ppm) 8.66 (d,J = 4.8 Hz, 1H), 7.96 -
7.88 (m, 2H), 7.79 (d) = 8.0 Hz, 1H), 7.70 (d] = 8.0 Hz, 1H),
7.68 - 7.62 (m, 2H), 7.50 (d,= 8.0 Hz, 1H), 7.44 (tJ = 7.6 Hz,
2H), 7.34 (dd,J = 7.2 Hz, 5.6 Hz, 2H), 1.45 (s, 12H);°C
NMR (100 MHz, CDCJ) 5 (ppm) 156.2, 144.0, 143.1, 141.8,
141.7, 136.3, 130.3, 128.6, 127.3, 127.0, 122.3,512117.4,
80.2, 27.0, 24.7; HRMS (ESI) calcd fops8,sBNO, ([M+H]M):
358.1973, found: 358.1976.

2-[5-methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborc2n
yhphenyl]pyriding2l). White solid, 38.2 mg, 65% vyield. The
product was isolated by flash-column chromatography
(petroleum ether/ethyl acetate/triethylamine 4:1:1900:1:1%)
on silica gel (300-400 meshjH NMR (400 MHz, CDC)) ¢
(ppm) 8.63 (dJ = 5.2 Hz, 1H), 7.90 (m, 1H), 7.74 (d, J = 8.0 Hz,
1H), 7.59 (dJ = 7.2 Hz, 1H), 7.45 (s, 1H), 7.30 &,= 6.0 Hz,
1H), 7.22 (d,J = 6.8 Hz, 1H), 2.36 (s, 3H), 1.41 (s, 12HC
NMR (100 MHz, CDCI3)s (ppm) 156.6, 143.2, 141.6, 137.4,
137.3,132.3, 131.2, 122.4,121.8, 117.2, 80.19,24..3.

2-[5-cyano-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborctan

yl)phenyl]pyriding2m). Yellow solid, 52.0 mg, 85% yield; the
reaction was carried in acetronile instead of hexddeNMR
(400 MHz, CDC}) ¢ (ppm) 8.73 (dJ = 5.6 Hz, 1H), 8.07 (1] =
7.6 Hz, 1H), 7.93 (s, 1H), 7.89-7.82 (m, 2H), 7.68)(d,7.6 Hz,
1H), 7.54-7.48 (m, 1H), 1.43 (s, 12HJC NMR (100 MHz,
CDCly) 6 (ppm) 154.0, 143.5, 142.5, 137.8, 134.3, 132.2,4,2
124.1, 119.0, 118.0, 111.6, 80.6, 26.9; HRMS (E%lca for
C1gHo0BN,O, ([M+H]1): 307.1612, found: 307.1614.

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yh-5
(trifluoromethyl)phenyl]pyridingn). Yellow solid, 57.8 mg,
83% yield."H NMR (400 MHz, CDCJ) ¢ (ppm) 8.70 (d,]) = 5.6
Hz, 1H), 8.01 (ddJ = 7.6, 7.6 Hz, 1H), 7.85 (dd,= 8.0 Hz, J =
7.2 Hz, 3H) , 7.65 (dJ = 7.6 Hz, 1H), 7.44 (t) = 6.4 Hz, 1H),
1.43 (d,J = 2.0 Hz, 12H)*C NMR (100 MHz, CDGJ)) § (ppm)
154.8, 143.3, 142.3, 137.5, 131.8, 130.3)(g,=31.8 Hz) , 127.8



(9, Jer =3.1 Hz) , 124.2 (qlcr =270.0 Hz) , 123.6, 117.80, 80.44,
26.90; HRMS (ESI) calcd for GH,BFNO, ([M+H]"):
350.1534, found: 350.1538.

2-[5-acetyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxabonoia-

yl)phenyl]pyriding20). Yellow solid, 55.6 mg, 82% vyield‘H
NMR (400 MHz, CDCJ) 6 (ppm) 8.69 (d,J = 5.2 Hz, 1H), 8.34
(s, 1H), 8.08 (dJ = 7.6 Hz, 1H), 8.03 (t] = 7.6 Hz, 1H), 7.92 (d,
J=8.0 Hz, 1H), 7.80 (d] = 7.6 Hz, 1H), 7.43 (t] = 6.4 Hz, 1H),
3.94 (s, 3H), 1.43 (s, 12HYC NMR (100 MHz, CDGJ)) & (ppm)
167.0, 155.3, 143.2, 142.3, 137.4, 132.2, 131.8,8,2123.34,
122.2,117.8,80.4,77.3,76.7,52.1, 26.9.

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl$3,

bis(trifluoromethyl)phenyl]pyridin@p). Yellow solid, 40.7 mg,
49% vyield."H NMR (400 MHz, CDCJ) ¢ (ppm) 8.79 (dJ = 5.6
Hz, 1H), 8.12-8.01 (m, 2H), 7.98-7.90 (m, 2H), 7.5677(#n,
1H), 1.46 (s, 12H)*C NMR (100 MHz, CDCJ) ¢ (ppm) 152.8,
143.5, 141.5, 141.0, 135.1 (@ = 33.0 Hz) , 131.3 (QJcr =
33.0 Hz), 124.5, 124.3, 123.8 (g = 272.8 Hz) , 123.4 (dcr =
270.9 Hz) , 121.4, 118.3, 82.4, 28.4; HRMS (ESI) dafor
CigH19BFNO, ([M+H] ?: 418.1408, found: 418.1414.

2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yljptdghalen-
2-yllpyridine(2q). White solid, 51.6 mg, 78% yieldH NMR
(400 MHz, CDC}) 6 (ppm) 8.72 (dJ = 5.6 Hz, 1H), 8.14 (d] =
8.4 Hz, 2H), 8.01-7.95 (m, 2H), 7.84 (t, 2H), 7.51-7(85 3H),
1.48 (s, 12H)C NMR (100 MHz, CDG)) 6 (ppm) 156.2, 143.1,
141.6, 136.0, 135.5, 133.2, 131.0, 128.5, 128.%.8,2125.7,
123.1, 121.0, 118.1, 80.2, 27.1; HRMS (ESI) calcd fo
CxH,3BNO, ([M+H]"): 332.1816, found: 332.1821.

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yljptdahalen-
1-yl]pyridine(2r). White solid, 41.7 mg, 63% yieldH NMR
(400 MHz, CDC}) ¢ (ppm) 8.75 (d,) = 5.2 Hz, 1H), 8.32 (d] =
8.4 Hz, 1H), 8.27 (dJ = 8.0 Hz, 1H), 7.99 (t) = 7.2 Hz, 1H),
7.93-7.85 (m, 3H), 7.54 (§ = 7.2 Hz, 1H), 7.46 () = 7.2 Hz,
1H), 7.36 (t,J = 6.0 Hz, 1H), 1.43 (s, 12H}*C NMR (100 MHz,
CDCly) 6 (ppm) 157.5, 144.2, 141.4, 134.5, 133.5, 131.9.6,2
129.5,128.3, 127.0, 125.1, 122.7, 121.8, 121.6,87 .0.

4-methyl-2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborcian
yl)phenyl]pyriding2s). Yellow solid, 54.3 g, 92% yieldH NMR
(400 MHz, CDC}) ¢ (ppm) 8.50 (dJ = 5.6 Hz, 1H), 7.71 (d] =
7.2 Hz, 1H), 7.64 - 7.58 (m, 2H), 7.39dt 7.2 Hz, 1H), 7.28 (d,
J=7.6 Hz, 1H), 7.16 (dJ = 5.6 Hz, 1H), 2.51 (s, 3H), 1.42 (s,
12H); **C NMR (100 MHz, CDGCJ) ¢ (ppm) 154.4, 142.4, 137.0,
131.3, 127.6, 123.6, 120.9, 117.8, 80.0, 27.0,;ARMS (ESI)
caled for GgH,,BN,NaO, ((M+Na]"): 318.1636, found: 318.1638.

4-methoxy-2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxabareR-

yl)pheny]pyriding2t). White solid, 36.7 mg, 60% yieldH NMR
(400 MHz, CDC}) 6 (ppm) 8.47 (dJ = 6.4 Hz, 1H), 7.72 (d] =
7.2 Hz, 1H), 7.60 (dJ = 7.6 Hz, 1H), 7.40 (t) = 7.2 Hz, 1H),
7.27 (d,J = 2.4 Hz, 1H), 7.19 (dJ = 2.4 Hz, 1H), 6.81 (dd] =
2.4 Hz, 2.4 Hz, 1H), 3.99 (s, 3H), 1.41 (s, 12H)*C NMR
(100 MHz, CDC}) § (ppm) 170.1, 158.6, 144.1, 136.9, 131.5,
131.2, 127.5, 120.7, 109.1, 101.9, 79.8, 56.2,.7ARMS (ESI)
calcd for GgH,3BNO; ([M+H]"): 312.1766, found: 312.1764.

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylgtyl]-4-
(trifluoromethyl)pyriding2u). Yellow solid, 54.4 mg, 78% vyield.
'H NMR (400 MHz, CDCJ) § (ppm) 8.80 (d,J = 5.2 Hz, 1H),
7.95 (s, 1H), 7.71 (dd] = 7.6 Hz, 7.2 Hz, 2H), 7.53-7.36 (m,
3H), 1.39 (s, 12H)*C NMR (100 MHz, CDGJ)) 5 (ppm) 158.9,
147.0, 141.0 (gqJcr = 33.3 Hz), 139.3, 132.9, 130.6, 129.0, 125.3
(9, Jer = 271.9 Hz) , 124.4, 118.0, 115.4, 82.2, 25.8; HRESI)
caled for GgHi;BFsNNaQ, ([M+Na]®): 372.1353, found:
372.1532.

5
5-phenyl-2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaboroi2-

yl)phenyl]pyriding2v)Yellow solid, 45.5 mg, 64% yield'H
NMR (400 MHz, CDCY) § (ppm) 8.86 (s, 1H), 8.13 (d,= 8.0
Hz, 1H), 7.85 (dJ = 8.0 Hz, 1H), 7.73 (d] = 6.8 Hz, 1H), 7.69
(d,J = 8.0 Hz, 1H), 7.59 (d] = 7.2 Hz, 2H), 7.53 (t) = 7.2 Hz,
2H), 7.47 (dJ = 7.2 Hz, 1H), 7.42 () = 7.2 Hz, 1H), 7.31 () =
7.2 Hz, 1H), 1.44 (dJ = 11.2 Hz, 12H)*C NMR (100 MHz,
CDCL) § (ppm) 155.0, 141.6, 140.0, 137.0, 136.3, 136.0,4,3
131.3, 129.4, 128.8, 127.9, 126.7, 121.3, 117.43,8Q6.9;
HRMS (ESI) calcd for GH,sBNO, ([M+H]"): 358.1973, found:
358.1976.

2- ( 4-hydroxylphenyl) pyriding3)Yellow solid, 28.1 mg,
82% yield."H NMR (400 MHz, CDCJ)) 6 (ppm) 14.34 (s, 1H),
8.50 (d,J = 3.6 Hz, 1H), 7.91 (d] = 8.4 Hz, 1H), 7.87-7.76 (m,
3H), 7.35-7.27 (m, 1H), 7.23 (m, 1H), 7.03 (&= 8.4 Hz, 1H),
6.90 (t,J = 6.8 Hz,1H);"*C NMR (100 MHz, CDCJ) ¢ (ppm)
160.0, 157.9, 145.8, 137.7, 1315, 126.1, 121.4.0,1118.7,
118.6.

2- ( 4-methylpheny) pyridingl4). White solid, 30.0 mg, 61%
yield. '"H NMR (400 MHz, CDC)) § (ppm) 8.64 (d,) = 4.4 Hz,
1H), 7.68 (dd,J = 2.4 Hz, 3.6 Hz, 1H), 7.48-7.41 (m, 3H), 7.38
(dd,J = 1.6 Hz, 1.6 Hz, 1H), 7.14-7.07 (m, 1H), 7.04 (s, 4H),
6.90 (d,J = 8.0 Hz, 1H), 2.32 (s, 3H)*C NMR (100 MHz,
CDCL) § (ppm) 159.4, 149.4, 140.6, 139.4, 138.4, 136.5,2,3
130.5, 129.6, 128.8, 128.5, 127.4, 125.4, 121.2,.21
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