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1.1 Brief Introduction of Phosphine-directed C-H Functionalization

Challenges
1. Strong coordination with metals
2. Easy to be oxidized



1.1 Brief Introduction of Phosphine-directed C-H Functionalization

Early Examples in Stoichiometric Reactions
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1.1 Brief Introduction of Phosphine-directed C-H Functionalization

First Catalytic Example
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1.2 P-accelerated Direct C-H Functionalization

Early Examples
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1.2 P-accelerated Direct C-H Functionalization

Recent Examples

Ar
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M. Ye, et al. Angew. Chem. Int. Ed. 2016, 55, 14116
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2. Phosphine-directed C-H Functionalization

The Main Skeletons of Recent Research
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2. Phosphine-directed C-H Functionalization

The Main Skeletons of Recent Research

------------------------
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2. Phosphine-directed C-H Functionalization

First Example of Phosphine-directed C-H Borylation

[Ir(OMe)(cod)], (1.5 mol%) _BH;
PR, ) N .
+ B,Pin, toluene, 120 °C, 16-44 h - | R,
then BHy' THF, THF, 22 °C, 2 h apin
R = Ph R = Ph. 75%
R = Cy R = Cy, 51%
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T. B. Clark, et al. Angew. Chem. Int. Ed. 2014, 53, 7589



2. Phosphine-directed C-H Functionalization

Proposed Machanism
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2. Phosphine-directed C-H Functionalization

The Main Skeletons of Recent Research

------------------------

R=Ar ShiACIE 2017
Zeng OL 2019
R=S8i ShiACIE 2018 1
R = Alkyl Shi Nat. Commun. 2018,
Soule ACIE 2018 !

A} ’

- e o =

1
1
1
1
1
1
:
1
: R',P
1
1
1
1
1
1



2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Arylation

S

- r
A 1,4-dioxane, 140-150 °C Ar
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R1_| 1
| 0 R R1
[Rh(cod)Cll, (2.5 mol%)
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Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2017, 56, 7233
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2. Phosphine-directed C-H Functionalization

Application of New Type of Ligands

F

A Me CO,Bu Pd,(dba); (5 mol%)
| . Y ligand (10 mol%)

T Me Cy,NLi, toluene, 30 °C

Br

MezN l \ I

Davephos

Better Regioselectivity
1a/2a = 47:53 (95%)

R = H, 1a/2a = 42:58 (88%)
R = 4-OMe, 1a/2a = 39:61 (83%)
R = 4-NMe,, 1a/2a = 37:63 (86%)

R = 3,5-(OMe),, 1a/2a = 29:71 (76%)

Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2017, 56, 7233



2. Phosphine-directed C-H Functionalization

Application of New Type of Ligands

SOLAr
N Rh(acac)(C,Hy), (3 mol%) oy SOAT
i N 0
/\) +  PhSnMe; 'gand (8-5 mol%) > /\/k
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Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2017, 56, 7233



2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Arylation

CsOAc (2.0 equiv)

R i Z toluene, 120 °C, 18 h
2 | R2
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M. H. Zeng, et al. Org. Lett. 2019, 21, 2885



2. Phosphine-directed C-H Functionalization

Pr
Mechanistic Experiments cl
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r
DCM, rt, 12 h

Int A
81%
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M. H. Zeng, et al. Org. Lett. 2019, 21, 2885



2. Phosphine-directed C-H Functionalization

Mechanistic Experiments

Pr
/Cl
Ru
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M. H. Zeng, et al. Org. Lett. 2019, 21, 2885



2. Phosphine-directed C-H Functionalization

Proposed Mechanism
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2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Silylation

| AN
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Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2019, 58, 12529



2. Phosphine-directed C-H Functionalization

Proposed Mechanism

O PR2
|IDR2 HS|R3 PR2 )/»
RhX
‘ X = OAc HSIR'

AcO- S|R3

XRh H

Product
XRh iR
Rh,(OAc), ’
PR, /
th
S|R3 PR2

S|R3

Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2019, 58, 12529



2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Alkylation

P e e e e e e e e e e e T R TR R R R

+ jr—
H ‘G PivOH (1.0 equiv)

toluene, 110 °C, 24 h

PR2 [Rh(OAC)(COd)]2 (2 mOI%)

40-96% yield

J. F. Soule, et al. Angew. Chem. Int. Ed. 2019, 58, 14110

P O [Rh(cod)Cl], (2.5 mol%) O )
2 2 NaHCOj; (3.0 equiv) RoP R
H + R\/\R1 - > 1
‘ toluene, 140 °C, 3 h R
O 45-83% yield

R,P ‘ . — R [Rh(cod)Cl], (2.5 mol%) . R,P O R
H toluene, 120 °C, 3 h
O O 38-85% yield

Z. Z. Shi, et al. Nat. Commun. 2019, 10, 3539

R L L L R

~

D e e e e e e e e i e T T T IR



2. Phosphine-directed C-H Functionalization

Mechanistic Experiments

42%
() v
[Rh(cod)Cl], (2.5 mol%)

NaHCO; (3.0 equiv) thP

toluene, 140 °C, 3 h COsMe
MeOgC/\ O Q D

46% D, ﬁ
| 3%
Ph,P D-4a
z
Dy | 50%
- O \Q ZIE = 1/1
D-1a [Rh(cod)Cl], (2.5 mol%) .~ th
toluene, 120 °C, 3 h
:—Qom Q O on
e
D-5a

Z. Z. Shi, et al. Nat. Commun. 2019, 10, 3539



2. Phosphine-directed C-H Functionalization

Mechanistic Experiments

Ph,P

N

D5/H5_

[Rh(cod)Cl], (2.5 mol%)
NaHCOj3; (3.0 equiv)
toluene, 150 °C, 10 min

Me0,C” X

27%

[Rh(cod)CI], (2.5 mol%)
toluene, 120 °C, 20 min

20%

Ph,P !
CO,Me
kH/kD=2'5
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OMe

kH/kD =35

Z. Z. Shi, et al. Nat. Commun. 2019, 10, 3539



2. Phosphine-directed C-H Functionalization

Proposed Mechanism
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2. Phosphine-directed C-H Functionalization

Proposed Mechanism
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2. Phosphine-directed C-H Functionalization

The Main Skeletons of Recent Research
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2. Phosphine-directed C-H Functionalization

Phosphine-directed Indole C7 C-H Alkylation

X
1
R_'()j\> © N come
N

[Rh(coe),Cl], (5 mol%)
ligand (5 mol%)

toluene (0.5 M), 120 °C

\
PBu,
Me
A\
N
\ t
MeO,C P'Bu,
74%
F
A\
N
\
Me PBu,
0
62%

t
MeO,C P'Bu;

R N\ OH
N OH
PBu, O
Ligand
o
OMe
A\
N
\ 4
MeO,C P'Bu,
68%
Me
A\
N
\
NC PBu,
70%

Z.Z. Shi, etal. J. Am. Chem. Soc. 2018, 140, 6062



2. Phosphine-directed C-H Functionalization

Mechanistic Experiments

A\ A\
N\ [Rh(coe),Cl], (5 mol%) o
+ A COE Ligand (5 mol%) 5% D N + N
N\ toluene, 120 °C, 24 h % PtBuz D P'Bu,
P'Bu EtO,C AN
Z?‘D 2 14%D 6% 2
10% D °
90% D
° 48% 38%
N\ [Rh(coe),Cl], (5 mol%)
+ /\/COZEt Ligand (5 mol%)
N toluene, 120 °C, 24 h
! \PTBUZ D,O (2 equiv)
A\
\ [Rh(coe),Cl], (5 mol%)
+ /\/C(JzEt Ligand (5 mol%) N\
N\ toluene, 120 °C, 5 h PBu,
D/H PBu, EtO,C
KIE=1.2

Z.Z. Shi, etal. J. Am. Chem. Soc. 2018, 140, 6062



2. Phosphine-directed C-H Functionalization

Proposed Catalytic Cycle

£ Nt
Rh!l—R—"Bu ./ 'Bu
N
[
Rp!—P—Bu CO,Me
MeOzc/\/\/ \|_ \’Bu SN X C02
A\
N
A\ »
lN—P—"Bu
'il R\h‘ \tBU
L\
— bhll—P=Bu \
VAR

32
Z.Z. Shi, etal. J. Am. Chem. Soc. 2018, 140, 6062



2. Phosphine-directed C-H Functionalization

Phosphine-directed Indole C7 Arylation

0,
PN __ RhIEI.DOPtg\o,)?(;IO(G.O r_nc))l %) R A\
R . Br ) iO'Bu (3.0 equiv - N
~N \ I R2 m-xylene, 80-150 °C, 24 h \
{ PBu,
PBu, 2 O
R
N N
Y \ \
PBu, P'Bu, PBu,
g g _
X
Me N
OMe  72% CN  96% 62%
MeO F N
\ \ ©
t \
PBu, PBu, PBu,
CN CN  90% CN  83% CN 81%
33

Z.Z. Shi, et al. Sci. Adv. 2018, 4, 6468



2. Phosphine-directed C-H Functionalization

Proposed Catalytic Cycle

D —00,

| B
f
BuO—Rh--P\ Rh--P
LiX Bu ‘o~ \t t
By Bu BuOH
__________________ 1a+ LiOBu Pathway A
\I
\, ! \
b ©j> : LiOBu ArBr o N
1
If : ) ¢ 7N\ < HT | Bu | _Bu
PBu, BuO Br O,Rh--P/ Rh""P\t
.................. . \ \ tB u
‘Bu gr Ar
\ Pathway B A
N ‘BuOH rer
|/tBu
P N\
Ar By \
T B
Pl -— N
Ar Rh=PS o |_'Bu
Br Ar-erw- -- -P\tBu
Br

Z.Z. Shi, etal. Sci. Adv. 2018, 4, 6468
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2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Arylation

PR, Ar PR,
[Rh(cod)Cl], (2.5 mol%)
. t .
+ Ar-X LiO'Bu (3.0 equiv) -
toluene, 110-150 °C, 24 h
1a X =8Br, Cl
X =Br
‘ MeO N\

“ | O
X PPh, PPh,

90%
X=cl
oIS s
N
N N
Z bph, “ " PPh, PPha
52% 65% 77%

C. M. Che, et al. Org. Lett 2018, 20, 1810



2. Phosphine-directed C-H Functionalization

Application of New Type Ligands

[Au] (0.02 mol%)

Q AgSbFg (0.03 mol%)
HOTf (0.9 mol%) O
% EtOH (0.5 equiv)

Ph CPME, 110 °C, 36 h

() pe

PCy2

(J

conv. =41%
ton = 2050

O e

PCy2

(I

conv. = 54%
ton = 2700

I 'IDCY2
AuCl

conv. = 34%
ton = 1700

= carbazole

AuCl

I
XY

\/ =

conv. = 56%
ton = 2800

T(tBU)z
Me,N I AuCl

conv. = 44%
ton = 2200

conv. = 65%
ton = 3250

C. M. Che, et al. Org. Lett. 2018, 20, 1810
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2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Borylation

P e e e e e e e e e e e

[RhCl(coe),]s (1.0 mol%)
catechol (2.0 mol%)
HBPiIn (5.0 mol%)

toluene, 110 °C, 12 h
then BH5; THF

BH;
R2

|
PC

BPin
20-85% yield

Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2019, 58, 2078

[RuCly(p-cymene)], (0.5 mol%)

R1
!
1 N “R?
R—./ +  B,Pin,
(1.0 equiv)
il
P
Np 2
i = A"+ HBPIn
]
T (1.1 equiv)
R
;
1 N “R? + i
R=r HBPin
Z (1.1 equiv)

benzene, 100 °C, 6 h

[RuCly(p-cymene)], (0.5 mol%)

benzene, 100 °C, 6 h
then BH3* THF

____________________________________________________________________________

BPin

T1
BH,
P
R2

BPin
32-93% yield

J. Takaya, et al. Angew. Chem. Int. Ed. 2019, 58, 2850

----------------------------------------------------------------------------
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2. Phosphine-directed C-H Functionalization

Phosphine-directed C-H Borylation

[RhCI(coe),]> (1.0 mol%)

PCy, catechol (2.0 mol%)
, HBPin (5.0 mol%)
+
B2Pin, toluene, 110 °C, 12 h
Me then BHy THF
Ph3F":.Rh.‘\PPh3 HBPin (5.0 mol%) PPh2
v
PhsP” I toluene, 110 °C, 12 h
BPin
3.0 equiv B,Pin, 10%
6.0 equiv B,Pin, trace

BHs
PCy2

BPin

41%

PinB  Ph. BHs BPin

18%
26%

Z. Z. Shi, et al. Angew. Chem. Int. Ed. 2019, 58, 2078
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3. Summary

P-accelerated direct C-H functionalization
OH

OH
cat. [Rh]
+ ArX > Ar
OPBu,
©/(15 mol%)

First Example of phosphine-directed C-H functionalization

LD —piay, LD —riy,
|

o |
Fe + PhCI Pd(OAtC)z (5 mol%) - F|e Ph
NaO'Bu, 110 °C Ph Ph

Ph Ph

Recent achievements in phosphine-directed C-H functionalization
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