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Noncovalent Interaction in Transition Metal-Catalyzed
Selective C—H Activation

Liao, Gang Wu, Yong-Jie Shi, Bing-Feng™
(Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract Transition metal-catalyzed direct C—H functionalization is one of the most efficient and powerful tools for the
rapid synthesis of organic molecules. The use of functional groups in the molecules or covalently attached coordinating
groups as directing groups has been realized as a major strategy to control the selectivity. Noncovalent interactions are of
great importance in the field of molecular biology, supramolecular chemistry, material science and drug discovery. More re-
cently, the use of well-designed ligands to enable the site-selective C—H functionalization via noncovalent interactions has
emerged as a highly promising yet relatively less explored strategy. In this perspective, recent advances in this cutting-edge
area are summarized. The perspective was classified into four sections according to the type of noncovalent interactions, in-
cluding hydrogen bonding, ion pair, Lewis acid-base interaction and electrostatic interaction. Emphasis is placed on the mode
of noncovalent interactions among the transition metals, ligands and substrates. The limitation of current research and the
prospect of future work will also be discussed. We anticipate that this strategy might become a promising complementary
strategy to control the positional selectivity in C—H functionalization reactions.
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Scheme 1 Diverse strategy for site-selective C—H functionalization
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Singleton, Smith, Maleczka, et al., 2012
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Krska, Smith, Maleczka, et al., 2013
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3 THF, 80°C, 16 h
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in situ protection = outersphere
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Scheme 2 otho-Selective C—H borylation of N-Boc anilines and free
anilines
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Kanai & Kuninobu, 2015
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selected examples
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m:p =7.5:1 mp=271  mp=16:1
Kuninobu, 2019
OxNR2 (1) cat. [I(OMe)(cod)], NR;
L1, B,pin, X =Cl, Br, OH,
N ’ LX) SPh, N3, NHy, CN,
R (2) functionalizaiton R~ | ph, Pyridine, etc.
¥ X ’
5 7
Os_NR; I
riC
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BIZR 3 SR ] 10 25 F A () o B S SR % L e 1k
Scheme 3 Hydrogen-bonding-enabled meta-selective C—H borylation
and transformations of benzamides
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Scheme 4 Relationship between ligand structure and reactivity for
hydrogen-bonding-enabled meta-selective C—H boryaltion
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Phipps 2017
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Scheme 5 Hydrogen-bonding-enabled meta-C—H borylation of ben-
zylamine-, phenethylamine- and phenylpropylamine-derived trifluoroa-
cetamides

http://sioc-journal.cn 291



¥ F R

EZTN

TR 5 M T B S0 S, SEIL 1 A7 ik
SRR IEFEEMIAL. 12N RENS MR — R =R LB
TRIIORRE . R ORI, X T IEE 2% 8 A Bl
MIFRAETE. 8 7 RIERY) SRR AR S, A
MIEAT 7 — RPIXRSER. H 5, fEARERF, B
T E R YR > 7 MBSO AR TR, B AR AR 1k
I OGP AR R AR . HIR, SRV B S
IR, 1) A B0 A A0 X A5 B3 A 7 40 £ L A1) 5 2%
I, VA HC 1A 5 e 2 8] 1 S B 11 P E 4% S S L ik
FEVE. EASIRAE, ZERRIRIC A i W] i Phipps iR
LB F TR R A R B AL L 2.2 719).
BRAEAL 77 2 I I (R S AL S, P T R RO
FRISEME, AR B S A RS A AR Y. DA v i — A
A, Reek URARZH O IE 1 SR ] (K B Ak A 07 A T A 408
G PEPERR E BB S B (Scheme 6). 12K A 4%
BN NI, Vvt 12 78 W W2 1 AR I I 1 S i ¢
L3, %0 1A 0] e S R e S S RE 8 5 TR B e 14
AR AR, ITE LS RS TSS SEHUBRAE L BEAZ 148
PR ARG, A2 Rk FEE AR BT AL AL .

Reek, 2019
2 1.5 mol% [Ir(COD)OMel],
X NHR 3.3 mol% L3 @\)L
R—r
N~ 1.5 equiv. B,Piny = Bpin
10 THF, 50 ~60 °C, 24 ~96 h
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Scheme 6 Hydrogen-bonding-enabled ortho-selective C—H borylation
of secondary aromatic amides
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Phipps, 2016
MesN__"OTs MesN’ OTs
o 1.5 mol% [I(COD)OMel, )n
N X 3 mol% L2 N
” 1.5 equiv. B,Piny R B
12 THF, 50 ~ 70 °C, 20 h =0 fm
Me;N__"OTs MesN._"OTs
Me— N@ Cl OMe
Me Me
o PlnB BPln PinB PinB
O\ /
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13¢c 13d 13e
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Phipps, 2018
MezN- OTs 1.5 mol% [I(COD)OMel, MesN. “OTs
)n 3 mol% L2 )n
2.0 equiv. BoPin
R'—\ q 2F N2 B
N THF, 50°C, 16 h N Bpin
17
n=2,3
Phipps, 2019
Me, pr OTs 1.5 mol% [Ir(COD)OMe], Mes P! -OTs

3 mol% L2
1.5 equiv. B,Piny
Dioxane, 50 °C, 16 h

g;t
n= 0 1 2
B 7 7o 2 i ki o i S B A S

Scheme 7 Ion pair-enabled meta-C—H borylation of quaternary am-
monium salts
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x R XH

R N*n-Buy (i) 1.25 equiv. B,Pin,

1.5 ~ 2.5 mol% [Ir(cod)OMe],
21 3~5mol% L4 PinE

1,4-dioxane, 70 °C 22

& o | (i)HCl, MeOH

X/
Yo X =0, NH R XH
R N+I’I-BU4
e

23 PinB 24
(0] (i) 1.25 equiv. ByPin, o)
| o 1.5~2.5mol% [Ir(cod)OMel, N
(AN 3 ~5mol% L4 =Y
R N*n-Bus  1,4-dioxane, 70 °C R
(i) POCI; (conditions A)
25 then piperidine (conditions B) ]
conditions A, Y = Cl BPin
conditions B, Y = piperidyl 26
Maleczka, Smith, 2019
(i) 1.25 equiv. B,Pin,
0,
//O 1.5 mol% [Ir(cod)OMe], OH
0-S._ 3 mol% LS R
R/ yo 1,4-dioxane, 40°C, 10~36h 3 \
\__/ N'n-Pr, (i) 12 mollL HCl, pH=1~2,1h =
27 PinB 28
(i) 1.25 equiv. B,Pin,
L2 3.0 mol% [Ir(cod)OMel, NH,
N—%\o, 6.0 mol% L5 RZ
R,\/ A Np 5 1,4-dioxane, 60 °C, 10 ~ 36 h _
—/ "M (i) 12 mollL HCL pH=1~2, Thy,
29 inB
0

(i) 1.25 equiv. B,Pin, 3
1.5 mol% [Ir(cod)OMe],

o/ 30mol%Ls < OH
R 7 ?\\o— 1,4-dioxane, 40 °C, 12 ~20h 52\
o O (i)12moliL HCl, pH=1~2,1h —
-Pry

Y] PinB 32

E am
W\
: L4, R = t-Bu
. L5, R'= OM
= N/ | .\Bpin ! ©
| - Bpin '
R' TS7 1
Position selectivity vs the cation size
Cl SO; 1.5 mol% [Ir(cod)OMe], Cl §O3‘
NR,4 3 mol% L4 VAR NR,
2.0 equiv. B,Pin, N
1,4-dioxane, 70 °C, 16 h BPin
Me,N* EtyN* Pr,N* Bu,X* Hex,N*
. . . X=N, 10:1 .
3.5:1 4:1 8.6:1 X=P. 10:1 13:1

p:m selectivity
B 8 AR . NEEARIE X s U A

Scheme 8 Ir-catalyzed para-C—H borylation of phenols, benzyl alco-
hols and anilines
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iz 55 AL 75 _E AR e s e R R, i Sl
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Chattopadhyay, 2016
CHO

GHO (i) 4 ~ 10 equiv. RNH,, DCM, r.t., 4 h
N evaporated under reduced pressure R'_lij\
R (i) 1.5 mol% [Ir(cod)(OMe)],, 3.0 mol% = BPIn
33 TMP, 0.7 equiv. B,Piny, 5.0 mol% 34
HBPin, THF, 90 °C, 12 h
. R'= OH, 34c
CHO _ R =0l.34a R = Me, 79%, m/o: 100/0
R= BU, 760/0, m/o: 81/19 R = Et, 34d
R =Me, 66%, m/0: 100/0 R = Me, 82%, m/o: 100/0
. R'= OMe, 34b R' = OBoc, 34e
& BPIN R =1, 74%, m/o: 81/19 R =Me, 99%, m/o: 100/0
R' = OBn, 34f
R=Me, 70%, m/0:10000 89%”;50: 100/0
CHO CHO
R
BPin R’ BPin
R'=Cl, 34g R'=Cl, 34i
R = Bu, 65%, m/o0: 70/30 R = 'Bu, 93%, m/o+p: 100/0
R = Me, 73%, m/o: 100/0 R' = Br, 34j
R' = Br, 34h R = Bu, 98%, m/o+p: 100/0
R =Bu, 69%, m/o: 85/15 R' = CN, 34k
R = Me, 63%, m/o: 100/0 R =Bu, 91%, m/o+p: 100/0
Me Me
Me Me
| N BPin | BPin
Z >|l<3pinoi /N\Ir/\BPln
VN B ST BL
/|N VH Q /I /,_‘H‘\O

N
NS AN NS NG
Me ©—<\ e Q\// @ 3
Me Me -

steric repulsion
TS8: hydrogen-bonding TS9: B-N Lewis pair
N N=
7\
Me o \ Me
Me Me
TMP

B 9 Iridium-catalyzed meta-selective C—H borylation of aromatic
aldehydes
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JE5- 2 181 Fits 2 Jr R oS/ H (Scheme 10, TS10). A
ATV I A e A I, B T A 45 ) A A R 48 S B (1 18
BEME, 2 4,4-ZRUT B EILNE (dtbpy) 1E A TC R BT 34D
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R0 FEL A T IS I PR e A AR S ) a2k 438 11 0 A SJE R IR 5
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Kuninobu and Kanai, 2017

3.0 mol% [Ir(cod)(OMe)],
6.0 mol% L5

SMe SMe pZ SMe
+
©/ 0.5 equiv. ByPiny, p-xylene BPin Q/

55°C, 24 h BPin
35 [ortho] [meta + para]

B 5
A Mes” 69>CFs | \ 7\ 4
@ TS10 5

Bu 'Bu

L5
o Je 0
W, oo o

7N
dtbpy 31% 51% 64%
70% o/m+p=3.8 o/m+p=3.2 o/lm+p=2.8

o/m+p =0.22

0o o) CO2NMe, o-_CF; o C(F:3F
DL T
0 CO,NMe, 9] O~V CF;
55% 64% CFs
o/m+p=2.3 <1% o/m+p >30 <1%

BISR 10 5% ) W R X 44 il 1) 75 S Bt Ak 1) AT 1 e PE R S R Ak
Scheme 10 Lewis acid-base interaction-enabled ortho-selective C—H
borylation of aryl sulfides
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Scheme 11 para-Selective C—H borylation of (hetero)arenes by coop-
erative iridium/aluminum catalysis
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Scheme 12 meta-Selective C—H borylation of benzamides and pyridines
by an iridium—aluminum bifunctional catalyst
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Scheme 13  Iridium-catalyzed para-C—H borylation of aromatic esters
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Scheme 14 Ir-catalyzed meta-C—H borylation of aromatic amides
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