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Introduction

LM

M = Ru, Rh, Pd, etc.

X=F,ClBrl




Pd-Catalyzed C-l Bond Formation

a) C(sp?)-1 Bond Formation

DG 7 DG Oxidative

. | e o
H Cyclopalladatlon> Pd”Ln iodination o
-Pd'L,,

(DG = directing group)

b) C(sp3)-1 Bond Formation




C(sp?)—-l Bond Formation

H Pd(OAC), (5 mol%) '

N CO,H IOAC (2-3 equiv) o CO5H
R DMF, 100 °C, 36 h R

Z Sy |

62-89% yield

H Pd(OAC), (5 mol%) H

N CO5H IOAC (2-4 equiv) o N COoH
R TBAI (1-1.5 equiv) R

Y DMF, 100 °C, 36 h N

62-75% yield
up to 16:1 mono:di

Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2008, 47, 5215.
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C(sp?)—-l Bond Formation

O

ONBU4 ONBU4
| E Pd(OAC)2
Bu,;NOAc / \% Bus;NOAC + HOAGC

o PdOAC
\ /\ IOAC
|/ ‘OAc
c

Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2008, 47, 5215.
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C(sp?)-l Bond Formation

NHSO,CF; Pd(OAc), (10 mol%) NHSO,CF;
Phl(OAc), (2 equiv) I
I, (2 equiv)
ol N NaHCO; (1 equiv) .
l DMF, 130 °C, 72 h
H |
56-91% yield
Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2008, 47, 6452.
R* R® Pd(OAc), (10 mol%) R* R®
Phl(OAc), (0.75 equiv
N COH (OAc); ( . quiv)_ oM
R1 | I, (0.75 equiv) R1
Y DMF, 60 °C, 12 h, dark |

60-90% yield

Yu, J.-Q. et al. Org. Lett. 2010, 12, 3140.
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C(sp?)—-l Bond Formation

Pd(OAc), (10 mol%)
Bz-Leu-OH (40 mol%)
I, (3 equiv)
CsOAc (3 equiv)
—R! NaHCO; (3 equiv)
DMSO (15 equiv)
‘AmOH, 30 °C, 48 h, air

H NHTf H

E
\_/
\ |/

Y
3
W
W,
)

51-85% yield
77-99% ee

Yu, J.-Q. et al. J. Am. Chem. Soc. 2013, 135, 16344.
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C(sp?)-l Bond Formation

Pd(OAc), (10 mol%)
(D)-Bz-Leu-OH (40 mol%)

H NHTf l, (3 equiv) H NHTf
N CsOAc (3 equiv) o NS N
R14L Alkyl NaHCO3; (3 equiv) R1L Alkyl
_ DMSO:/AmOH (5:2.2) l
20 °C, 24-48 h
racemic 65-97% ee 40-49% vyield
Alkyl = Me, Et, Bn, etc. 94-98% ee

s up to 244

Yu, J.-Q. et al. Science 2014, 346, 451.

. O e Pd(OAC), (5 mol%) . O P
’ e

S‘pToI NIS (1.3 equiv)

R! H AcOH/HFIP (1:1) | R’
‘ 25°C,9hto7d O

up to 98% yield, > 98:2 d.r.

Colobert, F. et al. Angew. Chem. Int. Ed. 2014, 53, 13871.
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C(sp?)-l Bond Formation

ratio A/B: 1:1 to 1:2

Pd(OAc),
B

(g

U
NIS S~pTol
KB I

2-B (SaR)

Colobert, F. et al. Angew. Chem. Int. Ed. 2014, 53, 13871.
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C(sp3)-I1 Bond Formation

R2\ PBu
A ! E ©/ ?

R Pd(QPhos), (2.5-5 mol%) Ph

2 ' ot
= O/\"/R Toluene, 100 °C, 16 h R’ @

78-97% yleld
QPhos

ridl N . Ab Pd(P'Bus), (5 mol%)
G | Toluene, 100 °C, 16- 40h

60-67% yield

Lautens, M. et al. J. Am. Chem. Soc. 2011, 133, 1778.
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C(sp3)-I1 Bond Formation

Me '
0
Pd"L, Me
O/ﬁ(

Reductive Oxidative
elimination addition

Me /I |

Olefin
insertion

Lautens, M. et al. J. Am. Chem. Soc. 2011, 133, 1778.

@)
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C(sp3®)—-l Bond Formation

- Pd(OAG), (10 mol%) RL_~ =™
| lll\)l\ dppf (30 mol%) IjL/ E
- '
R R3 Toluene, 120 °C, 16 h 0o N ©\
I iy g PPh,
43-86% yield PPl

Tong, X. et al. J. Am. Chem. Soc. 2011, 133, 6187.

R2

0,
X R2 4 5 Pd(QPhos), (5 mol%) .~ 1 3
Toluene, 100 °C, 16 h R R

R3
57-96% yield

Lautens, M. et al. Angew. Chem. Int. Ed. 2012, 51, 9870.
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C(sp?3)-1 Bond Formation

I
Ph Reductive L
I elimination Substrate

Pd''—-L binding
O’ il Pd°L
I
D Ph A
Oxidative
ir?s”e(;?tri]:n addition
I
I
Pd'—L )
— Alkyne Pé”
Ph insertion \
Cc Ph B

Ph————Ph

Lautens, M. et al. Angew. Chem. Int. Ed. 2012, 51, 9870.
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C(sp?®)—-l Bond Formation

Br Pd,(dba)s (5 mol%)
Josiphos (20 mol%)
Me : >
O/W‘/ Kl (2 equiv)

Toluene, 110 °C, 16 h

Me

| Pd,(dba); (5 mol%)
Walphos (20 mol%)
y o

N\]/ Toluene, 120 °C, 16 h

O Ph o

65% yield, 2:1 dr, 40% ee

Lautens, M. et al. J. Am. Chem. Soc. 2011, 133, 14916.
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C(sp?®)—-l Bond Formation

AN R2 Pd(QPhos), (5 mol%)

R | PMP (2 equiv)
= N >
Me Toluene, 100 °C, 22 h
O R
up to >99:1 er up to 95% yield

up to > 98:2 dr
up to > 99:1 er

Lautens, M. et al. Angew. Chem. Int. Ed. 2014, 53, 7908.
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Pd-Catalyzed Asymmetric Carboiodination

| i E ki R
Het o 3 H
S PdO/L* >Pd. Previ K
R . . | N revious wor g R
= X/W( HCO,Na R-T _ A)J\w N
X=0,NR i X ] Reductive Heck
product
Oxidative on
addition ‘ Pd/L
¥ R1

Alkene

(IPd (:[ A)J\ insertion
R—- —  »R
| R1

ﬂ

Zhang, J. et al. J. Am. Chem. Soc. 2019, 141, 8110.
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Effect of Reaction Parameters

Os_Bu Ar=CgHs
S L1:R=Cy,R' = Me

Me ! H

| Pd,(dba)s*CHCl5 (5 mol%) | i :

A,  N—R T :

Oi L3 (20mol%) RS Ar = 3,5-(Bu),-4-MeOCgH,
O/W\/Me K,CO3 (2.0 equiv) o g L2:R=Cy,R'=H

'Pr,0, 100 °C PRe L3:R=Cy, R =Me
L4:R = CgHs, R'=H

1a 2a

Entry  Variation from the standard conditions  Conv. (%)? Yield (%)P Er (%)°
1 none 100 80d 95.5:4.5
2 L1 instead of L3 <5 trace -
3 L2 instead of L3 - - -
4 L4 instead of L3 - - -
5 no K,CO4 73 58 95:5
6 Cs,CO;, instead of K,CO, 74 14 92.5:7.5
7 Pd(OAc), instead of Pd,(dba),*CHCI, 82 41 91.5:8.5
8 PhMe instead of 'Pr,O 100 78 94.5:5.5

Reaction conditions: 1a (0.1 mmol), 10 mol% of catalyst ([Pd] to L = 1:2), solvent (2 mL), 100 °C, 14 h. @
Determined by NMR. ® NMR vyield. ¢ Determined by HPLC for product. ¢ 0.3 mmol of 1a, isolated yield.




Substrate Scope

Os_{Bu
g
R’ |
| Pd,(dba)s* CHCI5 (5 mol%) Ara,, ~NMe
L3 (20 mol%)
R1 . PCy2
o KoCOj3 (2.0 equiv)
iPr,0, 100 °C
1b-1y 2b-2y | Ar = 3,5-('Bu),-4-MeOCgH,
§ L3
"CsH1q1
2b: 61%, 95.5:4.5 er

2c: 75%, 95:5 er
ent-2b?: 63%, 4.5:95.5 er

(0]
2d: 72%, 95:5 er
ent-2c: 76%, 5:95 er

ent-2d: 75%, 5:95 er

2e: 75%, 96:4 er
ent-2e: 75%, 4.5:95.5 er

Ph

2f: 74%, 96.5:3.5 er
ent-2f: 79%, 3.5:96.5 er

jCOZMe

2g: 69%, 95.5:4.5 er

2h: 90%, 96.5:3.5 er 2i: 80%, 95:5 er
ent-29: 67%, 4.5:95.5 er ent-2h: 94%, 4:96 er ent-2i: 78%, 5:95 er
@20 mol% ent-L3 was used

2j: 82%, 95.5:4.5 er
ent-2j: 80%, 4.5:95.5 er

2k: 75%, 95:5 er
ent-2k: 73%, 5:95 er
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Substrate Scope

2l: 75%, 95:5 er 2m: 80%, 95:5 er 2n: 70%, 95:5 er 20: 55%, 95:5 er 2p: 70%, 95.5:14.5 er
ent-2l: 76%, 5:95 er ent-2m: 82%, 5:95 er ent-2n: 72%, 5:95 er ent-20: 53%, 5:95 er ent-2p: 72%, 4.5:95.5 er

2q: 78%, 95.5:14.5 er 2r: 84%, 95.5:4.5 er 2s: 85%, 95:5 er 2t: 61%, > 20:1 dr 2u: 73%, > 20:1 dr
ent-2q: 75%, 4.5:95.5 er ent-2r: 81%, 5:95 er ent-2s: 82%, 5:95 er
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Substrate Scope

Pd,(dba)s*CHCl5 (5 mol%)

|
. _.(ji L3 (20 mol%)
| -
P O/NQ”/F“ K,COs (2.0 equiv)

'Pr,0, 100 °C

3a-3g

4a: 83%, 96.5:3.5 er 4b: 87%, 95.5:4.5 er 4c: 80%, 95.5:4.5 er 4d: 87%, 96.5:3.5 er

MeO

4e: 72%, 95.5:4.5 er 4f: 66%, 95:5 er 4g: 84%, 96.5:3.5 er
ent-4f%: 68%, 5:95 er ent-4g: 82%, 3.5:96.5 er

@20 mol% ent-L.3 was used
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Substrate Scope

| Pd,(dba)z* CHCl5 (5 mol%)

ol N L3 (20 mol%)
]
N R’ K,COs (2.0 equiv)
Boc Toluene, 100 °C
5
Boc Boc Boc Boc
6a: 92%, 88:12 er 6b: R = Me 86%, 93:7 er 6d: 78%, 93.5:6.5 er 6e: 84%, 92:8 er
6¢c: R = OMe 80%, 94:6 er
MeO MeO MeO

Boc Boc

6f: 83%, 90:10 er 6g: 83%, 90:10 er 6h: 76%, 91:9 er 6i: 88%, 91:9 er
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The Reaction Mechanism

Ar. Me N
P N" 'Bu Ar, Me
g~ —N.__JBu
1 S
o b
! o I
CyaP--Pd-| . \' Me
L :
Me
Me
=
(R}
o]
2a + PdXu3
S -18.1

2a-en + PdXu3
-18.1

?J b

SN
Csz P s
0o

Me CyaP--Pd.

0

L0

Figure 2. Free-energy reaction profiles (kcal mol™) calculated at the SMD (‘Pr,O) B3LYP/combined basis set level at 373 K.
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Summary

O%S“\\\tBu
| Pd,(dba);*CHCI3 (5 mol%) I
o L3 (20 mol%) . . Arm,, NMe
1 1 : > :
Py R K,COj (2.0 equiv) 5 PCy,
'Pr,0, 100 °C :
X =0, NBoc 39 examples :

up to 96% yield : Ap = 3,5-('Bu),-4-MeOCgH,
up to 96.5:3.5er L3

Zhang, J. et al. J. Am. Chem. Soc. 2019, 141, 8110.
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The First Paragraph

From various natural product and bioactive molecules to materials, and
clean energy, organic halides undoubtedly represent versatile synthetic
precursors even directly as target molecules. Over past decades, transition-
metal catalyzed synthesis of racemic organic halides has attracted
tremendous attention. Notably, Lautens disclosed a perfect atom
economical strategy to construct 2,3-dihydrobenzofuran bearing an alkyl
lodide group by a domino sequence involving the oxidative addition of aryl
iodide, alkene insertion and C(sp3)-l reductive elimination from a Pd(Il)
intermediate. A particular focus was on the rate-determing reductive
elimination step, which needs an exceptionally bulky and electron rich
phosphine ligand such as QPhos or P(‘Bu), facilitated the C(sp3)-I reductive

elimination by limiting the formation of tetracoordinated intermediates.
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The First Paragraph

I —————

By the employment of excess electron-rich bisphosphine ligand DPPF,
Tong realized an elegant example of Pd(0)-catalyzed carboiodination
reaction of (Z)-1-iodo-1,6-diene. The Ni-catalyzed intramolecular
carboiodination reaction was also realized to generate valuable halogenated
3,3-disubstituted heterocycles and a moderately enantioselective process
has also been reported. Despite much elegant progress in the racemic or
diastereoselective synthesis has been made, the development of transition-
metal (especially palladium-catalyzed) asymmetric carboiodination reaction
with  high effciency remains extremely challenging, besides the
enantioselectivity, “there are few ligands known to promote the key reductive
elimination” mentioned by Lautens. Thus, the development of the highly
efficient and enantioselective transition-metal catalyzed carboiodination is

desired.
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The Last Paragraph

In summary, we have developed the first highly enantioselective
palladium-catalyzed carboiodination of unactivated alkenes with the use of
N-Me-Xu3 as the chiral ligand and K,CO, as the additive, which provides
an efficient synthesis of chiral 3,3-disubstituted 2,3-dihydrobenzofuran,
indolines and chromane bearing an alkyl iodide and one all-carbon
quaternary stereocenter. The mechanism of this Pd(0)-catalyzed
asymmetric carboiodination of alkenes has been investigated with density
functional theory. The DFT calculations indicated that the alkene insertion
rather than the reductive elimination is the rate-determining step and
accounts for the enantioselectivity and high reactivity. Moreover, further
direction will focus on the development of asymmetric domino

carbopalladation-initiated reactions and will be reported in the due course.
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