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Recent Progress in meta-/para-Selective Aromatic C—H Borylation

Jiang, Wang®®  Shi, Zhuangzhi**
(? State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical Engineering,
Nanjing University, Nanjing 210093)
(® College of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225000)

Abstract Organoboron compounds are important building blocks to create molecular diversity. Strategies that can transform
the readily available hydrocarbons into these compounds by C—H borylation are highly attractive. In this context, significant
progress has been made towards iridium-catalyzed C—H borylation. Because substituted arenes typically contain ortho-, meta-
and para-C—H bonds, regiocontrol has been a long-standing challenge within this type of chemistry. During the past decade,
significant progress has been made in the ortho-selective C—H borylation, while the meta-/para-selectivity is still challenging.
This review aims to provide a comprehensive overview of this topic on meta-/para-selective aromatic C—H borylation by

iridium catalysis. This topic is categorized into directed and non-directed C—H borylation.
Keywords meta selectivity; para selectivity ; iridium catalysis; C—H borylation; directing groups
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Scheme 1 General strategies for meta- and para-selective C—H borylation of arenes
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Ir(OMe)(cod)], (0.75 mol%) Q - ="/
n
(hex)oN L1 (1.5 mol%), B,pin, (hex),N P \_ /" N =
1a p-Xylene, 25 °C, 16 h 2a - N N
J mip = 271 o=
- — 40% yield N-H
Cy C L1
(hex)oN _H—N : Y
=0 >=O 3 Selected examples
/N N | a 2 0
—\—/ | Bpin Bpin Bpin
CM}@ 5 (hex)ZNJjg MeZNJjg Me-Néij(
Bpin:"'“';B i MeO FoC
[ /BpIn ' 2b 2d
Bpin | 2c
— — mip =7.8:1 mip >30:1 mip =3.3:1
7777777777777777 st 59% yield 44% yield 51% yield
O (0] (0] o}
) EtO. I . Et,N_1I ) Cy Il )
B _ B b _P. B
Me,N % | pin EtO P pin EON P. Bpin cy pin
Na
2e 2f 2g 2h
C4/C5 = 6.4:1 mip = 16:1 mip > 30:1 mip > 30:1
86% yield 52% yield 46% yield 44% vyield
B 2 S8-S0 Az A ik

Scheme 2 meta-Selective C—H borylation of aromatic amides via hydrogen bonds
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Ir(OMe)(cod)], (1.5 mol%)
L2 (3.0 mol%)

B,pin, THF, 50 °C, 20 h

j)\
N~ CF
(:(H 8
CF,

o}

Bpin J\ — SO3”
N~ CF 3
CFs =N N N(n-Bu)s

3a
J / 4a: 13:1, 90% yield L2

Bpin""lr"Bpin
Bpin _
TS-2

4d: m/others = 18:1, 86% yield

4b: m/others = 7:1, 88% vyield

B 0] CF; t ! Selected examples
F CJ\N | i o
s | | Bpin . Jj\
- I Bpin
O:S\_¥ S E coe
S Me I
+ N N/,, \\N—//_ | F

4c: mlothers = 17:1, 69% vyield

Bpin NHCOCF; Bpin\©\/\/NHBOC Bpin\©f\/NHMS Bpin\©f\/NHCOCF3
\©\/C\F3/ CF3 CF3 CO,Me

4e: miothers = 8:1, 87% yield 4f: m/others = 20:1, 93% yield 4g: m/others = 20:1, 97% yield

Bl
Bl - P O NHCOCF,
in
P \©f\/\NHCOCF3 pm\@\/\/\NHCOCFg,
CF3 Br O

4h: m/others = 20:1, 97% yield

4i: m/others = 9:1, 94% yield

4j: m/others = 10:1, 92% yield

B3 SRR R P ) AL A

Scheme 3  meta-Selective C—H borylation of benzylic amines/phenylethylamine/amphetamine via hydrogen bonds
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L3 (3 mol%)
/gO [Ir(OMe)(cod)]> (1.5 mol%)

HN
@/X\Q 1.0 equiv. Bypiny

— O:S//O
Me 7\ \ OI
—N N II-I R

CF3

Selected examples

R

H’}‘* 0 H,0, oxidation HN/&O

B"”/UXQ ey

6

— O:S//O
—N N

L3 Ar = 3,5-t—BU2C6H3

Me

HNAO HBAO Hu’go
F3C M CF3 EtOZCCOZEt NC\‘/\,/ !‘CN
OH OH OH

7a: 72%, 96% ee

Cl HN" O CF4HN

7d: 43%, m/others = 10:1, 85% ee

7b: 59%, 87% ee

CF3

/&O

7e: 42%, mlothers = 15:1, 79% ee

7c: 39%, 86% ee
CF3

HNAO
FOH
F

7f. 57%, mlothers> 20:1, 79% ee

B 4 SR P IR R AL AN BRI L 1

Scheme 4 Asymmetric meta-selective C—H borylation of benzylic amines via hydrogen bonds
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DG [I(cod)OMel, (1.5 mol%) DG [Ir(cod)OMe], (1.5 mol%) DG
R L4 (3 mol%) R L5 (3 mol%) R
1.5 equiv. Bypin, 1.5 equiv. Bypin,
Bpin p-xylene, r.t., 12 h p-xylene, r.t., 12 h
9 L4 / 8 \I\_S Bpin
\ _ _ 10
B RE: Cy, \ t
o) N-R’
NN
L4 H
o
Bpin, N Il Rt
Bpin"l-lr\ 'il
Bpin N ‘ R
L S _ _
TS-4

Selected examples

(e}

0 0
s N(hex),
Boint X N(hex), Bo N N(hex), N N(hex), Bpin=_
pin— P pin— _ Bpin— _
OMe Cl F

9a, L4, mp = 96:4, 52% yield  9b, L4, m:p=97:3, 68% yield  9c¢, L4, m:p = 97:3, 88% yield 9d, L4, m:p = 96:4, 89% yield
10a, L5, m:p = 10:90, 87% yield  10b, L5, m:p = 3:97, 74% yield  10c, L5, m:p = 5:95, 80% yield 10d, L5, m:p = 3:97, 98% yield

Q o 0. OEt
N NO N - N N(hex), o okt
Bpin—— _ | Bpin—: 'il Bpin—: Bpin—:
cl _N PZ Cl (0] = cl
9e, L4, m:p = 97:3, 87% yield 9f, L4, m:p = 93:7, 83% vyield 9g, L4, m:p = 96:4, 83% yield 9h, L4, m:p = 96:4, 91% yield
10e, L5, m:p = 8:92, 85% yield 10f, L5, m:p = 2:98, 99% yield  10g, L5, m:p = 2:98, 85% yield 10h, L5, m:p = 7:93, 88% yield

B S TRV B BT R A S L7 P Gz i ok S T 42 i £

Scheme 5 Computationally designed ligands enable tunable borylation of remote C—H bonds in arenes

¥ [Ir(cod)OMel, (1.5 mol%) 0,0 [Ir(cod)OMel, (1.5 mol%) Q.0
"R L6 (3 mol%), KO'Bu (4.5 mol%) S\R L5 (3 mol%), KOBuU (1.5 mol%) S\R
1.0 equiv. ByPin, ©/ 1.0 equiv. B,Pin, Boi
Bpin THF, 80 °C, 12 h 11 THF, 80°C, 12 h pin 13
L6
12 \ / \Ls /
: O 7T 1
O
R~ N
S, =0
O---HN
e
N\ N\| N 4
Bpin~ gr‘Bpin
Bpin
L TS-6 _ - —
Selected examples
(ONp e O\\S,/O (ONJ¢) o, 0
.|\S\'\/Ie G A|\S\N/ S “NH;
Bpin—— _ Bpm—./ Bpin—— P | Bpin—— _
Me NHMe Cl Me

12a, L6, m:p = 97:3, 91% vyield 12b, L6, m:p = 97:3, 88% yield  12c, L6, m:p = 95:5, 70% yield 12d, L6, NR
13a, L5, m:p = 12:88, 75% yield 13b, L5, m:p = 8:92, 75% yield 13c, L5, m:p = 8:92, 67% yield 13d, L5, m:p = 24:76, 45% vyield

O\\ //O O\\ //O O\\ //O N7

S S, .~ S< S<
XN XN NN SN
P (N P LN
Bpin C[ \j Bpin (/:[ H Bpin— _ N K/N\ Bpin—; _ N 0

Cl Cl
12e, L6, m:p = 94:6, 56% yield  12f, L6, m:p = 95:5, 72% yield 12g, L6, m:p = 96:4, 76% yield  12h, L6, m:p = 92:8, 60% yield
13e, L5, m:p =7:93, 70% yield  13f, L5, m:p = 11:89, 70% yield 139, L5, m:p =7:93, 56% yield  13h, L5, m:p = 7:93, 67% yield

BRI 6 0B W B 55 A ) /0] s R4 Tk U A

Scheme 6 Controlled meta-/para-selective C—H borylation of aryl sulfonyl compounds via hydrogen bonds
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BIHEFE
R. FG R_ FG
N [Ir(cod)OMe], (1.5 mol%)
L7 (3.0 mol%)
0.5 equiv. B,piny Bl
~80° pin
14 CyH, 40 ~80°C, 12 h 15
B Bpin BE Selected examples
5 N"'II .Bpin s, . \ o
- r‘ 1 4 N 7
1o Bpin /\N/S\CH3 /\N/S\CFa N.1.0
o _ -H ?
0 /@ o] CF;
XL
R? '}‘ Bpin Bpin Bpin
R! 15a 15b 15¢
L TS-8 _| m/others = 98:2 mjothers = 97:3 m/others = 60:40
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 94% yield 96% vyield 61% vyield
0 0 o\\ ’/O
X X e e
“N7 O CH, ~ N7 CF, N2 NMe,
Bpin
Bpin Bpin Bpin Br
15d 15e 15f 15g
m/others = 99:1 m/others =99:1 m/others = 72:28 m/others = 98:2
75% yield 83% yield 55% yield 83% yield

B 7 LA D IS 5 e [ or T S

Scheme 7 meta-Selective C—H borylation of acyl aromatic amines via electrostatic interactions

OHC 4.0 equiv. RNH,, DCM, rt., 4 h OHC Bpin
then Ir(OMe)(cod)], (1.5 mol%) \©/ Me Me
L8 (3.0 mol%), HBpin (5.0 mol%) 7\ —
16a Bopiny, THF, 90 °C, 12 h 17a Me \ " Me
=N N
— . — . L8
Me ¥ Me ¥
Me Me
Bpin ~ | Bpin ~ | Entry R mip+o_Conversion*/%
Bpin- Ny Bpin/,.} N 1 tBu  66:34  78(57)
ogB\/ BN O(E,B\’-,r 2 iPr 8416 T3
Vohd NS =yt NTS 3 Me 97:3 80 (73)
H L R-N, L
R—r\j Me ¥ Me * Numbers in parentheses refer to isolated yield.
L Me _ L Me _
proposed TS-9 proposed TS-10
Selected examples
OHC\©[Bpin OHC\©[Bpin OHC;©/Bpin OHC:©/Bpin
Cl OMe Cl Br
17b 17¢c 17d 17e
m/o =100:0, m/o =100:0 m/(p+o) = 100:0 ml(p+o) = 100:0
66% yield (Me) 70% yield (Me) 73% yield (Me) 63% yield (Me)
m/o =81:19 m/o=81:19 m/o =70:30 m/o = 85:15
76% yield (+-Bu) 74% yield (t-Bu) 65% yield (t-Bu) 69% yield (t-Bu)
OHC Bpin OHC Bpin OHC Bpin OHC Bpin
; ; ; MeO
Br Cl CN OMe
17b 17c 17d 17e
m/o = 100:0 m/o = 100:0 ml(p+o) = 100:0 ml/(p+o) = 100:0
98% yield (t-Bu) 93% yield (-Bu) 91% yield (-Bu) 92% yield (t-Bu)
BIX 8  ZWNECAL b A B 1Al hr B AL
Scheme 8 meta-Selective C—H borylation of aromatic aldehyde via B—N coordination
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JEF AL AR B, S ntme 84T A 4 S B R Ao B A
[P FE(TS-11) (Scheme 9). | F e {4 n kR 4328 A 1) 4
JEEERE L e 2 (A B, DA R A SR T i
I, ST A SR RN S BRI ST A
R G5 J1% . HUELATER 3% 5 7 TH B A e e (18
P T EEAD-IRR S22 L9 (YRR BT A AN A7
MR EE B R YE, SEIL T 3-HUARALRERT V- FE R
(TR AL A1 (18a~18g). WhAb, B T AL mE sl SEMS Ik AT
AW A, %73 AR T C AR S 2R AT SO A 4
JE VR AT 5 R0 S LTS PR A s () ST, TTiE F 2 A 4R
A &R,
23 BEEFERAIIFEFEABMNSEARSTH
e

2016 4, Phipps BEHIMIF R T —F 4% 5 il % 1A
BTRCER, HZ5RY -T2 T RO A EAER, BA
ST AN [ 8 ) 1 0 A e 2 e R 1 [A] 3% 8 R Ak
(Scheme 10). 7E i 4 Ja i A6 Hh A A AN AR LA H
Sk ] X g B A2 — MR W 0 1SRN X TR 7S IE
B 7 JE e B T O, SE I X SO B AT AT . RS
T B O ECAR I, ARATTE SRR T — AN A AL
FIEAISIERS, B Singleton. Maleczka. Smith & [
FOh Ll AE gl AR AR AR ) S R Bk

[Ir(cod)OMel, (1.5 mol%)

I xR L9 (3 mol%)
> 1.0 equiv. Bopiny
:‘8 p-xylene, 80 °C, 48 h

Bpin R

memE R b fERi R B, IE H T AR AR S R B A
A1 FR 3/ R B G b, R AR TR RS T T G AH ELAE
(TS-12)77 4 7 R AP T Arade B k. [R) I 12 20 b A e =
AL 2- SR (20a)VE N A, BRtne 1E 9mciE, 7£0Y
SRR FIER Ot R I R ARAR. PR ERH B B4R
Y)(20m, 20n)%f 20a HEATHXFRESRES, 7E16 A L10 NAC
PRHITE LT HSA B, ERA T 55 L IE F T A
P, PR RO, BeAh, FAEF L10 AR
20a PITIAC R SIS NI SRR T %, S B R
FEAR, X PTRE2 T Er Y T & E & P HUR T 5|
B B & T R, DAE TR R AR A Aessn. %
SRS 7 A R AR R, A A AR
FEF, A DAL (0 TR) 0T LA 2 ) A7 S0 i =4 (21a~
21g), 1A B REH 77 240 5 M43 2 7 WA a1 47 XX
WA =4 (21h AT 216).

2018 4F, Chattopadhyay BRI 1 —FhoE #i.
R S IR fie 1 T 6T A3 346 8 ME B A 1 75925 (Scheme
11), BT LAZ3 ) 52 3024 R gk fie 10 10 407 348 3¢ A4 B0 Ao R %t o7
VI, 2T R A SR L BT Relc ik
L11, HAEMER T, B, K8 75Ky
FEAEARIEAN A EAE . IO S A [ B e AR
AEIL AR BAE A B BOAANFE AR, Bk AL A
PR AT AR 4% I i 28 I 40 7 A AR 3 0 A LR FH I

19d: 95%

19e: 94%

Selected examples

Cl N Bpin Br: N Bpin
L P

N N
19b: 84% 19¢: 80%
Me Me
Bpin N Bpin N
\[ />—Me K />
N N
19f: 97% 19g: 90%

B9 BCALAE BBt ] Az i A 4

Scheme 9 meta-Selective C—H borylation of pyridines via coordination
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TsO"~ Ir(OMe)(cod)], (1.5 mol%)

Me?’;\]/j@ L10 (3.0 mol%)
Cl

B,pin,, THF, 50 °C, 20 h
20a

Cl . S
on pair
> _/j

/,,

Bpln
TS-12

B
Me3N/U pin

21b 21c
mip = 8:1, 82% yield mlp =5.5:1, 82% yield

sO° Me Me
NMe3 : -Bpin TSOLN/\©/Bp|n
Cl
21f 21g

mip = 8:1, 88% yield >20:1, 80% yield

Selected examples

Bpin Bpin
MeO,C F4C

Ts(s

.
Cl

— SOz
21a Me— \ 4
mip =10:1, 77% yield =N N / N(n-Bu)y
L10
, Me
! .Me
' M
: ce cl Me
i 20m 20n
mlp=1:1 mip=1:1

21d 21e
mip =13:1, 71% yield mip = 8:1, 78% yield

CO,Me

TsO" Bpin 5
NMe; pin
/\Q/ Ts:\©/
Bpin Bpin
21h 21i

> 20:1, 92% yield >20:1, 52% yield

B 10 3 7onf b e SR i Ak

Scheme 10 Ion-pair assisted meta-selective C—H borylation

(TS-13), 1 407 ) S5 L35 A0 A7 p 75 9 B 1) A3 (232~
23f), 1M 7E 5 2 H R 5 I8 iR 4 7= A= JE 240 A1 L AF F it
(TS-14), AT PSSR, 53]
2 Xof 7 308 B R AL 1) P2 ) (242~ 240). % RUNLTTIZ
JEVITEE . B AE N 2 MR (R . AR, 4
HARUEZEME IR T 5 BRI )75,

2019 4F, Nakao B 4H 31T 2 {457 BH A% W SEI XS
PLIEPEMERR AT IEAE B, TR T —FBi I-LA B6EE
MEALTR, T 25 B T e AR b me f T A7 328 398 1 ik R AL
(Scheme 12). 47 A — & 1E H 47 P IO 4R R 1 B0 R 73R
Il & IR B I (TS-15) Bl ML B (1) %R+ (TS-16), 81t
EILANVE R AHE, 1M 5 P I BRI i 1 SR R Ak
FUH B TR IR LI, 7 25 R A 1) TR o 3 5% 1 1
torf, SEPREE RS B AR AR L12, AR PR R
TR i B AT EC AR L, W A S S ARt 1) T RIS 11
PR, SCELT 25a~25f S5 17 I A ok S I Ao
Ao T R b RS 47w DU i 30 3o S B B T 1 T A
L13, &R T 2 18] () LA 4 P SE B 7 kme 27a~

1698
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27c [EAI AR AL, RSV §8 [ R 4 1 52 Pk,
DA B8 e P B P A 12 S S R €. IR 1T 3
Tc A e 3 i 2 7 T R A P SR i i L BB AL R
JNE IR T DASE IR, 1207 ] LU T HoAth i U 4 ) A
eSS fe e, BRI 254 BAs 7 A
& EEME.

2022 4, RHBEBAIR T —FE S RE M
BFEAR, FEIFR T B E R SR AN SR AR A
S A7 10 B B Ak (Scheme 13). FTIT & ) “BEASE
MUk FoAR 14, B AR SCEE BRI SO g
B TR B T, i Rk s e B R T —
PR &R, Z TR ST T 05 2 e R 1 A ok S
th, F 5 7 XGPS B A T RN
HERONIRY AN, &6 X% 30a~30c, 30g~
30h) 5L G 55 (30d) [ IR #H 0 7 1 =2, RIS
KA BEL A = B e B B 7 4 05 TR R AR SR T 5 T =
HICE(30e~30f). 1% 77 58 N 05 JE B B X A IR SRS
MRERAE T — R TT R, A BRI 2GR SRAS R .
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Q [Ir(cod)OMel, (1.5 mol%)

NR, L11 (3 mol%), KO'Bu (4.5 mol%)
1.0 equiv. B,Pin,
THF, 80°C, 12 h

Bpin
PN 23 X = NR;
— Bpin Tt
Bpin Bpin

;
0 [Ir(cod)OMe], (1.5 mol%) R
L11 (3 mol%), KO'Bu (4.5 mol%)
1.0 equiv. BoPiny
THF, 80°C, 12 h Bpin
22 = OR!
J X =OR 4
B Bpin #

Bpin Bpin

CON'Pr,

CONPr,
Me
Bpin Me Bpin
Cl
23a 23b !
m:(p+o) = 24:1, 83% yield m:(pt+o) = 99:1, 81% vyield :
Me i
o}
O. '\O
N
Bpin Q—
o Bpin

23c 23d
m:(p+o) = 6:1, 81% yield m:(p+o) = 12:1, 85% yield

CON'Pr,
MeO,C 7
\©\ Z’PrNOC/Q\ Bpin
Bpin H
23e 23f

m:(p+o) = 20:1, 86% yield m:(p+o) = 99:1, 63% yield

Selected examples

CO,Et CO,Et
Cl CO,Et
Bpin Bpin
24a 24b
mi(p+o) = 20:1, 93% yield m:(p+o) = 18:1, 98% yield
CO,Et CO,Et
OBn MeO
OMe
Bpin Bpin
24c 24d
m:(p+o) = 12:1, 79% yield m:(p+o) = 99:1, 61% yield
CO,Et
F
ﬂ\
F EtO,C N Bpin
Bpin H
24e 24f

m:(p+o) = 9:1, 71% yield m:(p+o) = 99:1, 81% yield

B 10 57 A I A 6 1) (2 Bk 200 P 0 57 8 5 10 0 5 ok S £k

Scheme 11 meta-/para-Selective C—H borylation of aromatic amide/aromatic esters

3 EZEERIWHE

3.1 BELARSIRYIEIZ 8130 R SEI T i e 4 L
2015 4F, Ttami UREHUSTER T — Pl sk AE ik
R, SEL T AL IR BRI 07 A et A Ak (Scheme  14).
T A PR A BB R LS, SRR i &AL
IS AL REME fRTIE 91%. MR R 530 R B AR R A
SRANTR], BE AR R 30 A 0 77 e (X 2 B B R AT AR )
(4D T ASE AT XS AN ok S B P 1 . A7 e B PR 5 5 e 1 B
ARTEARAA 3G 0 G n, 2 BH 12 B B 1) X daide ek 3
EH JEC A e A4 751 22 T) 1) =2 TAD R R s i) 25 1R 8 R Al H
B0 2 5 e 4 2 S B R X 3 A 2 4 R, R 22 Ut
T, W R R 2 R R R i S B R TR —
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TRBRAR, T 16 7 48 A R A AR R K IR AL TR AR AR 467 DL K.
V) A7 Tfk S0 B 2 1) 7 2 () HE S5 (TS-17), 3X — ] B 201
FME ST F=40(32a~32h) K1 & 1, FIREIE AT — R4
05 R B Re AL SO

2022 4F, Tlies BRANAHUOMRIE | —FhdL TIm 2 25 [A] 4%
il 47 18] A7 358 35 14 B 10 S B (Scheme  15), 1% 5B P = T
ARECRBR T R AIAL AL, IR AR 647 (TS-18), M
T 15 4 B A AL T R S B PR M AT (007 S B0, 1% 7 7252 B0
TR ) S5 Fh B BUAR DT IR TR AL AL, TEIR AR A T
FH(33d). 25 HL T HE(33e~33g) Bl e 75 FE R FR IS (33h)
TR, Y ARG ) S ge 6 PR R 7= 6. 12 S (Nl ik
25 ] 2850 SE L B EAR 7 2 () v il
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BIHEFE SRR
[Ir(cod)OMe], (1 mol%) 0]
~ L12 (2 mol%)
Et,N / BN,
Pz
26
Selected examples
(0]
Boi i Bpin Bpin Iil) OMe
Pln\©\)‘\NEt2 p NEt, p \(ji ~OMe
Me CO,Me OMe
26b 26¢c
miothers = 99:1 mjothers = 95:5 mjothers = 87:13
97% vyield 98% vyield 84% yield
(0]
B Bpin
pin NEt, P i X NEt, Bpin/Q\WNEtZ
N~ | o)
Ph Me
26d 26f 269
mliothers = 98:2 m/others 94:6 mliothers = 85:15 mlothers = 97:3
77% yield 98% yield 83% yield 95% yield
[Ir(cod)OMe], (1 mol%) ;
N L13 (2 mol%) Bpin N
Z >R 1 equiv. Bopin, A R
27 hexane, r.t., 18 h
28
~ t . selected examples
i . Bpin
N\Ir/N i Bpin SN Bpin N | N
Bpin~ | ‘Bpm ; | | _N__NEt, O
Bpin ' Pz
! Me O\>
7 \N" i 28a 28b 28c
= ! mlothers = 97:3 m/others = 94:6 m/others = 93:7
L TS-16 i 89% yield 99% yield 99% yield
B 12 BRIATILEIE ()AL
Scheme 12 meta-Selective borylation of amide and pyridine
oTs B 033 Me3X ] . OTs
M83X MG3X
[Ir(cod)OMel, (1.5 mol%)
R L14 (3 mol%) R
1.5 equiv. Bypin, Bpin
. o _
X=N,P dioxane, 50 °C, 24 h Ir Bpin Bpin
\ Bp|n
29 30
Selected examples
cl cl cl 0,Me
+ +
+
NMe3 /©/\NM93 /@/\/NM% /©/\NM93
Bpin Bpin Bpin Bpin
30a 30b 30c 30d
p:(m+o) = 91:9 p:(m+o) = 95:5 p:(m+o) = 93:7 p:(m+o) = 89:11
86% yield 94% yield 93% yield 85% yield
SiMe3 Cl Br
NM + +
NMe, L)/\ es PMes PMes
Bpin . .
Bpin Bpin Bpin
30e 30f 30g 30h
p:(m+o) = 92:8 p:(m+o) = 98:2 pi(m+o) = 92:8 p:(m+o) = 94:6
81% yield 94% vyield 84% vyield 85% yield
B 13 870 P 7 A 2 I for B S 1
Scheme 13  Ion-pair assisted meta-selective C—H borylation aromatic quaternary ammonium salt
1700 http://sioc-journal.cn/ ~ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43, 1691~1705




Chinese Journal of Organic Chemistry

Ir(OH)(cod)], (1.5 mol%) R
R L15 (3.0 mol%)
B,pin,, hexane, 85 °C, 20 h Bpin Me
31 \ / 32 Me
Me

O;Q i MeO O P/@Me
Qh” SNy

~Bpin Me

p,n pin Me
L15 Me

Selected examples

: _SiMe; : _SiEt; : _i-Pr
Bpin Bpin

Me

iog

Bpin Bpin
32a 32b 32c 32d
plm = 88:12, 94% vyield p/m = 86:14, 70% yield p/m =58:42, 82% yield p/m = 31:68, 80% yield
O
Me /> HO TMSO £t CO,Et
0 /©/kC02Et
Bpin Bpin Bpin Bpin
32e 32f 32g 32h
p/im =79:21, 65% vyield p/m =71:29, 58% yield p/m = 83:17, 76% vyield p/m =87:13, 64% vyield

B 14 BUBSEC ARSI 5 B i B Ak
Scheme 14 para-Selective borylation of aromatics by diphosphate ligands

P

Ir(OMe)(cod)], (1.5 mol%)
L16 (3.0 mol%), HBpin 2 equiv.

dioxane, 90 °C, 12 h

TS-18
Selected examples

Me By Cy Oy _'Bu
Bpin Bpin l Bpin Bpin
34a 34b 34c 34d
mi(p+o) = 5:1 mi(p+o) = 23:1 ml(p+o) = 14:1 mi(p+o) = 7.2:1
54% yield 55% yield 64% yield 75% yield
_ / \ OFEt
O~ >
5 )\ SiMes N “P-OEt
Bpin )
Bpin ° Bpin Bpin
34e 34f 349 34h
ml(p+o) = 7.8:1 mi(po) = 18:1 mi(p+o) = 13:1 ml(pto) = 11:1
79% yield 77% yield 55% yield 40% yield

B 15 FFana ik S rEmie

Scheme 15 meta-Selective borylation of aromatic hydrocarbons
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2022 4F, Chattopadhyay H&EZHIIFR T —FH T
(%) 75 B e 1y i i 6 A7 3 B Ve 16 7 2:(Scheme  16). FT
FERMINERR T T Z IR, HREm 52 % FhH 6e
. A7 W 132 A IR0 (36d, 36h) B 45 A 135 A1 ) g
Y(36¢) #8A &5 b 1k BRI, FEAR S IR A E
S (L FEVE(36f, 36g). A T S I Ak )z A X o7 i
P, ZAREE T AR AT A L7 4Rk E A
FAAZR . ER T R TR D R R T A T PN R RURL T 3
B HE (Boc) Bt i 56 4 L i (1) L] 285 44 2 ) 7= A2 (1 25 () HE
SR, PR T AR H B R AR B AR R4 ) s [
RASLAN L A B S A IR B AL, HAZ R BIAE 5
A AR AR T LRI, thah, XF TG
R, A Boce T LLIE I 18] 5 1 R RL o6 A B . 1%
TSI T 75 BRI  RE AL, IR SRR 2 A K
s N LAz H.

3.2 EWFIHEN R SEC AR B3R SE L I i I R
fiR1L

2017 4, Nakao U@ ZH I STRG Dy M S 1 4K /45 i [7) 4
A BT e R IE  £10 63 A7 328 438 1 Bk U 4X.(Scheme 17).
T2 TR W% 3 ok B A 71 32 e Ao L 19 5 A Rk e £ 7 i
AL P A4 2 ] 2 TR HE R VR L 20 S B 2R R O fi
(InT-1) AL RE (InT-2) XAk B fL. R 758
% 5 TR Bh AR, (R 5 VAR — R RE I (B4 %
Sy W h ) R I R AT 52, BN 2 PRARIX 35
e FEPE . R I AR IR WK /4R i [ R 4 3 e B 2% s

Bk A S Bt B S A2 R, & AR 4R
AL TR BRI BLEE: () B A B 5 Wil & 5E )
7515 % D IR (1 46 & S B AT RS, 5 A% O TR R
Z T, PR MRS 8, (2) 8K HEALRIBC AR AN AR AL 71
PR R AN LS [ 2 (8] (1 2 ) HE e o BHL T 4 8 K 7E A A7
R TE) A ok S B A (R RT E,  ATT S BT S S 6 P A
S5t S A VR T AR AR AR TR R Bk 8 Ak TR U BC AR, 20 Sl S T
75 FE P i o 7 R 16 (372~ 37h) AT e (39a ~39d) )
XA BRI

2019 4, Phipps B80T Maleczka i /8 2H 20 ] °F-
[ B 43 ) 2 1 ABATT BT A i), R FH C A4 R B o - A
2 HP I R AE BHL 5 A BH 28 7= A 1 S 1 X (TS-19), (875
O A 50 5o T A2 ) 5o ARSI B0 4 4P 1 b e S B S L 0 A
(Scheme 18). H:H1 Phipps ¥R @20 (i FHACf4 120, 4351 5%
LT IR RE . R PRI AR R ) 6T g R PR Ak
(42a~42d), Maleczka U @ZH {5 FH RO A L21, 5ERK TR
J¥z R T FH 2 R R0 A e R 1 AL (442 ~44d). B AF,
B 7 RO AR S ML FE RS A AR Ab, A I S A R B AR AR
. AT 7 23 I R AARFR Y T B BH B 1 5 R
MRS RO, P RBA 7. KRB T T4 )8
AN T B SR e S, AR T e iz e 5 s EL Pk
PO AL . T SEEL T B oA DL I 5% e 45 74 (B
RN R By IR I AL R A, A
ZT N IR T 2RI R 2R F R AL P e] LA
FH Tl & B 2R AL & 4.

1702

Boc
Boc 0w N
o llL [Ir(cod)OMe], (1.5 mol%) “Boc
Boc L17 (1.5 mol%)
1.0 equiv. Bypin,
THF, 40°C,12h

Selected examples

Bpinm Bpin\©:Me Bpin\©iOMe Bpinj©\
—
N~ "CON(Boc), CON(Boc), CON( NC CON(Boc),

Boc),
36a 36b 36c 36d
plm =12:1 plm = 20:1 plm =2.4:1 plm = 20:1
84% yield 56% yield 76% yield 59% yield
cl Bpin F
(Boc),NOC /©/\Nj\ @ Bpini i
= N
i Boc),NOC Bpin
Cl Bpm ( )2 P CON(B})C)z F CON(BOC)2
36e 36f 369 36h
plm = 71 p/m = 20:1 pim=3:1 p/m = 30:1
92% yield 52% yield 73% yield 69% yield

Bz 16 N-Boc BJlxt ik B L1

Scheme 16 para-Selective borylation of N-Boc amide
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0 I(OMe)(cod)], (1.0 mol%)
NR,  L18 (2.0 mol%), MAD (20 mol%)
Bopin,, n-hexane, r.t., 18 h

37

Bpin

38

4 I{
By Bu Bu Bu
=
- Me o, O Me
N N Bu Me Bu
L18 MAD

Bpin

o 0
NMe, /@J\N("Pr)z
Bpin
38b

38a
plothers = 2.2:1
83% yield ('"H NMR)

(0} (0]
Me0:©)\ NEt, /@)\NEQ
. _N
Bpin
38e 38f

plothers > 20:1

Bpin

Cb5/others = 20:1
74% yield ("H NMR)

plothers = 0.56:1
77% yield ("H NMR)

Selected examples

95% yield ("H NMR)

Bpin

100% yield ('"H NMR)

CN Ir(OMe)(cod)], (1.0 mol%)

/\/J L19 (2.0 mol%), iBABr (10 mol%)
R

B,pin,, n-hexane, r.t., 16 h
39

—
O N
InT-1
(0] e}
/@\)J\ NEt, /@\)L NEt,
Bpin OMe Bpin F
38c 38d

plothers > 20:1
90% yield ("H NMR)

o) 0
NEt P OF!
X > N
s o us
‘Me Bpin Br
38g

38h
C4/others = 6.6:1
92% yield ("H NMR)

plothers = 12:1
97% yield ("H NMR)

C4/others = 7.3:1

B in/(:;/gl

40

Bu
Bu Bu
— Br (@)
7\
— N/ Bu
N N

Bu N
— N
. O Br | =
Al =
| By

L19 iBABr INT-2
Selected examples
Me OMe F Bpin Bpin
N N N N N N / \ -
Bpin Bpin Bpin N N
40a 40b 40c 40d
C4/others > 20:1 C4/others >20:1 C4/others >20:1 >20:1
65% vyield 76% vyield 81% vyield 67% yield

B 17 5 R P B o A R 1k

Scheme 17 para-Selective borylation assisted by aluminum lewis acid

2022 4F, Chattopadhyay &0 4H 2 S AE G FT A 1
WAL T — P I BCAAMESE L22. I ZE AR ] DASEE =
T 05 B I 0 o7 36 B 14 B A (Scheme  19), AT &
TP IR R AR B R B . BT R T
BT 2 PRI RS AR o R B AT 5230 55 i 1R ) A7
ik, RIFHZTT R RS, TSI T ZFAR 4
4~ AN TR AR 1 05 i R e A I B PR Ak (46a~46f). %
Tt RS20 2 B, X667 e 438 () AR S e T S AR
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) N-Bpin F 7 % e 40 B AR B BT 77 26 1 =[] 4 5
(TS-20). ZJ7V5A A BAEZGMA2E . 245 TR R AR 7=
Y PR R .
4 ZEEMRE

G3 AT I AN G I () A PR T BRI () 05
J R 2 X 3k B P A AL, Sl R R S A B AR
WA, TR B ORI A 2R AR
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BILILE
R XH XSO -
) CISOZH/ELN )2 NBus
01 0,1
R4sNHSO, X =0, NH
41 42
R XH R XH
)0,1 Ir(OMe)(cod)], (2.5 mol%) Jo 1
L (5.0 mol%)
Bpin B,pin,, dioxane, 40/70 °C, 16 h Bpin
43 44
HCI [ E:
o¢80_+ HC
1 NBU3
By 'Bu (Vs MeQ OMe
I N I N
=N N i =N N
Bpin Bpin
L20 Cire L21
— i TN=—
N 4 : '\ 4
Phipps group R Bpin "R Maleczka, Jr group
TS-19
Selected examples
¢ | | F NH, OMe
/©/ " /©/ " 3 :©/ "
| Bpin .
Bpi Bpi ' Bpin
e 43a e 43b : 44a P 44b
p/m =121 plm = 20:1 3 p/m = 2.4:1 plm = 20:1
84% yield 56% yield 76% yield 59% yield
OH OH
Bpin
Bpin ) Bpin
43¢ P 3 e 44d
plm=T:1 plm = 20:1 prm= o p/m = 30:1
92% yield 52% yield 73% yield 69% yield
B 18 BT U R Ak BT
Scheme 18 Ion-pair assisted para-selective borylation
NMe2
NH,
NH
R 2 [Ir(cod)OMe], (1.5 mol%) R
L22 (3 mol%)
1.0 equiv. Bypiny
THF, rt., 12 h Bpin
45
46 L22 TS-20
Selected examples
NH, NH, NH, | NH <::1 NH, NH,
Me Me Bpin N N F
F
Bpin Bpin Bpin Bpin Bpin Bpin
46a 46b 46¢ 46d 46e 46f
pi(m+0) =90:10  pi(m+o) = 96:4 pi(m+o)=99:1  pi(mo)=99:1  pi(m+0)=92:8  p:(m+o) =85:15
80% yield 80% yield 89% yield 85% yield 78% yield 80% yield
B 19 F7 R A SRt
Scheme 19 para-Selective borylation of aromatic amines
http://sioc-journal.cn/ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43, 1691~1705
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FEILAT IR, SEHL T AL £ L BN e k. AL
37—kt fE, (HBRRIKRAAAE. Bk, RYERAER
ABR, JCHAEN BE U oA A 4 DX S 3 e AL ) ATt
FARIRE A2, HLoE TR 8 Jm 8 B B3 5, DA
LAF TR — 2 H. &JadkEe)E @ BBr)
SIS 170 B AP 7 e 58 R SR A B A S0 I o7 w23,
Tk S v B L. TR, X — U R R X
(K155 73, B A TT AORT A A MU L /AR PR RO A4
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