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Early Discovery:

[Pt(PEt,),Ph,1,] + solvent — [trans-[Pt(PEt,),Ph,I(solvent)]]
7.1 7.2

Y trans-[Pt(PEt, ), PhI]

7.3
R. Ettorre, Inorg. Nucl. Chem. Lett., 1968, 5, 45.

OTf PdCl,(PPhg), (2 mol%) Cl
_/TMS LiCl (3 equiv)
+ (TMSCHE)gsn - >
05N DMF, 110 °C, 50 h OLN

7.4 7.6
25% yield

via:
L\ /L

Pd_
/@ :
O2N

L 7.5 _

A. M. Echavarren and J. K. Stille, J. Am. Chem. Soc., 1987, 109, 5478.
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Stoichiometry study:

R' pa] < o R X
\/@ { + PIBU3 ?—"‘ ...O_C F’d[F"rBu:;]g + U:
CgD 3
R R? e + P(o-tol)s R R
R! = Bu, R2 = Me, R3=H R'=R?=H, R®=Bu 7.10a-e
X=Cl 7.9a X=Cl: 7.9d
X=Br: 7.9b X=Br: 7.9e
X=I: 7.9c
X Yield of 7.10 (%) Keq
7.7a (X=ClI) 70 9(3)x1072
7.7b (X =Br) 70 2.3(3)x107°
7.7¢ (X=I) 39 3.7(2)x107°
7.7d (X=Cl) 30 Not measured
7.7e (X =Br) 75 3.3(6)x10~*
L IX\ /Ar PIBUS llBUSF"\ ,X\ IAI' i‘BU3F"\ ,X /Ar 7.10b
7.9b Pd Pd —— Pd Pd — Pd * Pd — +1/2 7.9b
LA’ XL A" XL Ar X" L + P[P Bug],

A. H. Roy and J. F. Hartwig, J. Am. Chem. Soc., 2001, 123, 1232.
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Stoichiometry study:
x‘\ /F’"tBU,g X
Pd m ﬂC
@[ + PBu, ———— PdPBul,
. CeDs R
R' =Me R =H 7.13a—e
X=Cl: 7.12a X=Br: 7.12d
X=Br: 712b X=1: 7.12e
X=I: 7.12¢c
X Yield of 7.13 (%) Keq
7.12a (X=Cl) 76 10.9%10°
7.12b (X=Br) 98 32.7x10° "
7.12¢ (X=1) 79 1.79x107 "
7.12d (X=Br) 68 13.4x10°"
7.12e (X=I) 60 0.51x10 "
X ks
v _P'Bu B
Pa” 0 ki ' r PBu r
= + PdPBus)] ——>= PdP'Bus]>
-1
R R

A. H. Roy, J. F. Hartwig, J. Am. Chem. Soc. 2003, 125, 13944.
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Stoichiometry study:
PBu,
R= l+BU 'Q };lhlco - Mel
Fiﬁz — Tz PBu,
C 7.17
Q RH—N, — \_/ N | RTE—
/ PhH, rt _ / N\
CHs i
PHE PHQ
7.13Fl=‘$u 7_15;H=fsu R iPr
7.14: R="Pr 7.16: R = 'Pr AL
7.18 7.19
17% 87%
PR. — PR
\ oy \
'O thll I 2H3| \ / \ Hb\lll_l
5 _
/ \CHE CDj
PR, PR
7.15;R=Bu 7.15-d; R =Bu
7.16;R=Pr 7.16-d:R ="Pr

C. M. Frech, D. Milstein, J. Am. Chem. Soc. 2006, 128, 12434.
M. Feller, Y. Diskin-Posner, G. Leitus, L. J. W. Shimon, D. Milstein, J. Am. Chem. Soc. 2013, 135,
11040.
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Stoichiometry study to Catalysis:

Br |
tBu3P-(')Pd:—/Pd(')-PtBu3 tBu3P—(')Pd:—:Pd(')-PtBu3
| Br | Br
1 2
oD ———— O
THF, r.t,3h
92%
(1.8 equiv. rel. to 1)
Bro ||,PtBu:,

Pd
+ 9-iodoanthracene

URLELEANS
THF, 25°C, 3h

<3%
+ PdBr,
+ PtBu
I\ ,-PtBus ——— ¥ Br
Pd THF, r.t., 3h
90®
tBusP-Pd—Pd") PtBu,
1 Br
—X—> 0%
THF, r.t., 3h

K. J. Bonney, F. Proutiere, F. Schoenebeck, Chem. Sci. 2013, 4, 4434.
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Stoichiometry study to Catalysis :

|

87 PO(OMe),
' Internal
0 min | standard
Br
103 &7 tBusP-"Pd—PdVPtBu,
30 min Br

87 ppm

Br
tBu3P~")Pd'\l—,Pd"’PtBu3

I
tBu3P-"’Pd:|—/Pd">PtBu3

180 min 103 ppm

140 110 S0 60 40 20 0 -10

a2 e A DA P

K. J. Bonney, F. Proutiere, F. Schoenebeck, Chem. Sci. 2013, 4, 4434.



THE UNIVERSITY OF

TEX_AS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN —

Stoichiometry study to Catalysis :

tBu3P Pd Pd —PtBuj

NBu4Br (10 equiv.) 5

(i) at 25°C, 4 d: 81%
(ii) at 35°C, 20h: 62%

v
tBusP- Pd—Pd PtBus

tBU3P Pd—Pd PtBU3
AN | vd

\_.{3
L

K. J. Bonney, F. Proutiere, F. Schoenebeck, Chem. Sci. 2013, 4, 4434.

Br

'\ / e
tBU3P \ / \PtBU3
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1 mol% Pdy(dba)g

CataIyS|S : 3 mol% Ligand
5

toluene
100 °C

OMe Me
® vo o
MeO PR, _ P('Bu), Q

ipr Ipr Pr Pr Me P(1Bu),
O Pr. IPr
Pr Pr O

R = Cy, BrettPhos (1) Pr
R = Bu, ‘BuBrettPhos (4)  'BuXPhos (2) (3)
entry MBr ligand PTC additive yield (%) ©
1 BuyNBr 1 1€
2 Bus/NBr 2 2¢
3 BusNBr 3 3¢
4 BusNBr 4 6¢
5 KBr 4 11¢
6 KBr 4 PEG 32¢
7 KBr 4 PEG KOTf 1€
8 KBr 4 PEG Et:B 50¢
9 KBr 4 PEG ‘BwAlF 54¢
10 KBr 4 PEG  ‘BusAl 41¢
11 KBr 4 PEG  (‘PrO);Al 1¢
12 KBr 4 PEG  PrAl 25¢
13 KBr 4 PEG ‘BusAl/2-butanone” 92

X. Shen, A. M. Hyde, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14076.
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Catalysis :

1.5-2.5 mol% Pdy(dba),

R 7 R 7/
o\ oTf 3.7?-6.25 mol% 4 - ~ \ Br
— 1.5 equiv KBr, PEG3400 -
1.5 equiv 2-butanone
1.5 equiv BusAl
toluene, 100 °C
Br Br Br Br
i : i Me
"Bu OMe Me CO,Et
5 6 7 ¢ 8
82% 70% 66% 80%”?
B i NH
r 2
CO vy "CC
P v
Br i
9 10 11 12
78% 90°%° 65% 63%
Br
Br
N Br N \(:[s?_ Lo
'\! Boc Boc
1g  Boc 14 15 16
75% 70% 76% 78%

X. Shen, A. M. Hyde, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14076.
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Catalysis : 1.5-2.5 mol% Pdx(dba)y

R o Ry
o\ OTf 3.7.5-6.25 mol% 4 - i~ \ Cl
— 1.5 equiv KCI, PEG3400 -

1.5 equiv 2-butanone
1.5 equiv BusAl
toluene, 100 °C

Meo/> Cl

H
CO,Et
24
22 23 84%
65% 84%P
Me Me Me =
Me O
M
25 9 Me
Me 73%

26
88%

X. Shen, A. M. Hyde, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14076.
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Reversible and Selective Oxidative Addition:

0 OTBS
MeO Me
N
Me Me
MeO
7.20 > _Br Pd(PPh3),
TI,CO,4
——
84%

7.21 7.22

Scheme 7.9 Total synthesis of (-)-FR182877 featuring selective cross-couplings of gem-dibromoolefin 7.20.

D. A. Evans and J. T. Starr, Angew. Chem. Int. Ed.,

Me

(-)-FR182877

2002, 41, 1787.
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Reversible and Selective Oxidative Addition:

a

(a) B 1. Ar'B(OH); (1.2 equiv), Pd(PPhs)s, NayCOy Ar2
‘ 90°C. 12 h ~ C2-Br bond more
_ -~ | P electron-deficient

N Br 2. Ar°B(OH), (1.2 equiv) N Ar

90°C,12h
(b) | 1. Ar'B(OH), (1.2 equiv), Pd(PPhs)s, NagCO3 Arl
| ~ 90 °C, 12 h | o C3-1 bond weaker

] than C2-Br bond

N’" Br 2. Ar?B(OH), (1.2 equiv) NG

90°C,12h

Scheme 7.10 Switch in regioselectivity based on differences in electronic effects and
bond dissociation energies.

Pd(PPh,),, Pr,NEt, LiCl

N_ _NH, @\ N -NH2
/JI j : o /[
~
Br N Br

o Br N
DMF, 120 °C \ /

7.23 7.24
74%

S. T. Handy, T. Wilson, A. Muth, J. Org. Chem. 2007, 72, 8496.
H. Nakamura, D. Takeuchi and A. Murai, Synlett, 1995, 1227.
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Reversible and Selective Oxidative Addition:

Pdodbas (2.5 mol%), SPhos (7.5 mol%) ‘
3 ¢ , , N PCy,
NaO'Bu (2.5 equiv), R—NH, (1.2 equiv)
By - N MeO OMe
Br PhMe, 80 °C ! ‘

7.25 7.26
SPhos

‘e »

M. C. Willis, G. N. Brace, T. J. K. Findlay and I. P. Holmes, Adv. Synth.Catal., 2006, 348, 851.

NH,
Pd(OAc) 5 (1 mol%), SPhos (2 mol%)
~ KaPO4H50 (5 equiv), PhB(OH),
= N
Br PhMe, 90 °C, 6 h H
7.27 7.31
oxidative intermolecular
addition PhB(CH) 2 Suzuki reaction
Br intramolecular oxidative
AN C—N coupling N\ addition ~ N\
—_— Br ———— || [Pd]
[(Pd] N N \
NH, Br H H Br
7.28 7.29 7.30

Y.-Q. Fang and M. Lautens, J. Org. Chem., 2008, 73, 538;
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Reversible and Selective Oxidative Addition:

D+ (D=

X5 ArB(OH), \ \
Br Pd/L MGOQC 2a MBOZC 3
base
solvent
1a CO,Me  temp Ar é Ar
= COQME
4 COoMe 5
entry ligand base temp (°C) 2a:3:4:5°
1 SPhos KsPO, 110 0:15:0:0
2 Bu,NBr* KsPOJ/EtsN 110 0:24:0:0
3%e TFP NazCOs 60 31:0:55:nd
4¢ TFP NasCOs3 60 64:0:0:nd
5¢ TFP CsyCO4 60 77:0:0:16
6 ‘BusPHBF,; Cs2CO;5 110 0:45:0:0

C. S. Bryan, M. Lautens, Org. Lett. 2010, 12, 2754..
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Reversible and Selective Oxidative Addition:

ArB(OH),
‘s Br _PdydbayTFP_ ‘s Ar

\ C52003 \
dioxane/H,0 .
MeO,C 3 60 °C MeO,C 2a: 10%
AT ArB(OH), A G o
i Pd,dbay/TFP r
CSQCO:g \ + _
dioxane/H,0 CO,Me
4 COMe 60°C MeO,C
2a: 82% 5:17%
Ar ArB(OH),
Z Pd,dba/TFP |
> No reaction
052003
A co,Me dioxane/H;0
5 60 °C

C. S. Bryan, M. Lautens, Org. Lett. 2010, 12, 2754..
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Reversible and Selective Oxidative Addition:

XN Br
PdBIL,
MeO,C™ PdBrL, oMo
2
Path Il
~HBr Pd°L,
Path |
| o Ar CGEME
= “iH

C. S. Bryan, M. Lautens, Org. Lett. 2010, 12, 2754..
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Reversible and Selective Oxidative Addition:

Path 11

. patni|
—HBr Pd°Ly
(p path1 Y

CC‘z Me

PdBrL,
SO+
Br
MeO,C 2a COEMe
—————
ArB(OH),X
B(OH)zxz

P~ Pl T_/ CO,Me
: : :‘cozrm

4 CDZMe

C. S. Bryan, M. Lautens, Org. Lett. 2010, 12, 2754..
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Reversible and Selective Oxidative Addition:

NH, 1
Cul (5 mol%), K5PO4 (2 equiv)
Br G THF | H
7.07 (a) at 80 °C, no reaction 7.29

(b) at 130 °C, decomposition

Pd,(dba)g (2.5 mol%), PBug-HBF, (10 mol%)
Ka PO4 {3 equiv]

PhMe, 100 °C, 16 h
64%

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2010, 132, 11416.



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

Reversible and Selective Oxidative Addition: (aphos
= "t

Fe

Ph Ph
Pthh

Ph

Pd(OAc), (5 mol%)

X Br ligand (10 mol%), K;PO,
= \ Br
Br PhMe, 100 °C, 14 h N

NH;_\ H
7.27 7.29
Ligand Yield (%)
P'Bus, 64 (81)°
QPhos 17
PPhjs, PBuj, PCy;, SPhos, JohnPhos, BINAP, <5

Xantphos, P(o-tol)z, dppf

“Using optimized conditions: Pd(OAc), (5 mol%), P'Bus-HBF, (6 mol%),
K,CO; (2 equiv), PhMe, 100 °C, 14 h.

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2010, 132, 11416.
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Reversible and Selective Oxidative Addition:

Selected examples:

OBn
MeO

72%

Pd(OAC); (5 mol%)
P'Bus HBF4 (6 mol%)

KoCO4 (2 equiv) [ N\
-~ R Br
PhMe, 100 °C, 14 h Z~N
H
‘Bu N MeO,C
N
H N
Bu
81% 75%

=
T= /E
W

71% 68%
(24 h) (24 h with 10 mol% ligand)

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2010, 132, 11416.
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Reversible and Selective Oxidative Addition:

||:"fBLI3
N+ Pd(P'Bus), N—pd + P'Bus
N | CeDs, 1, 3 d H é
1 equiv r
H (1 equv) 31p: 62.2 ppm
7.29 31p: 84.9 ppm 7.30a
31p. a5 1 hPm
AN t Br
Br N CgDe, 1t, 3 d | B
1 1 N r
NH> H H  Br NH,
7.27 7.29 7.30a 7.27
31p: 65.1 ppm recovered
Br
(0.2 mmol)
N Br
H NH,
7.29 P'Buj 7.27 N g,
(0.03 mmol) N K,CO3 (0.4 mmol)
Pd(P!Bus)s, Pld ﬁ
N .
(0.01 mmol) CeDe. 11, 3 d H Br 100°C, 14 h ;%20/9
7.30a (0.177 mmol)

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2010, 132, 11416.
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C-1 Bond R.E. : Reaction Design

(a) Domino carbopalladation-intramolecular C-H activation

H
j@ Pd(OAc),, XPhos BN O
0

KoCOg

|
BnN
DMA, 100 °C ‘
@] @] o

7.38
90%

(b) Domino carbopalladation-intermolecular C—H activation
H S
By Pd(OAc),. XPhos
O: X @i\g PivOH, K,COjq ‘ \ D
N /\W S DMA, 110 °C N
Ts T57.39
84%

(c) Domino carbopalladation-cyanide trapping

Pd,(dba),
I O N82C03 CN
+  Ky[Fe(CN)g] 0
N DMF, 120 °C N
Bn Bn
7.40

Fangnou and. Lautens’s Group’s result.
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C-1 Bond R.E. : Reaction Design

R! anion capture
2
Base \"/?\H Nuc© Nuc\(\ﬁ1 cascade
L,Pd"-H )
R! | R
\/'//\\Rz X
N nucleophilic trapping
Base HX
Pd°L, Heck Reaction Pd''XL,, . N
classical reactivity new reactivity
HZ
A
]
. . A
R1-X oxicative insertion ‘. C—X reductive

addition * . elimination

X carbohalogenation

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2011, 133, 1778.
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C-1 Bond R.E. : Reaction Design

I via
PdL, (5 mol%)
2 . I [P‘d]
PhMe, 90 °C, 16 h |

7.41 7.42 7.43
Entry Ligand Yield (%)
1 QPhos 82 (95)°
2 P'Bu, 61
3 PhP(P'Bus), 76
1 PCy, 0
5 P(o-tol); 0
QPhos
=t
Fe

Ph Ph

Ph

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2011, 133, 1778.
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C-1 Bond R.E. : Reaction Scope

X Pd(QPhos), (2.5 mol%) ~>

P PhMe, 100 °C, 4-16 h P
o/w-r o

92% 94% 86%
|
| |
0
N N NBn
Ts Ts
93% 97% 93% O

[ AN
TN Pd(P'Bus)s (5 mol%) Rl '
R— - /4 =
/

PhMe, 100 °C, 16-40 h

(1.3 equiv) R =3-F 66%
=4-NO, 67%
=2Pr  60%

S. G. Newman, M. Lautens, J. Am. Chem. Soc. 2011, 133, 1778.
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C-l Bond R.E. :

WHAT STARTS HERE CHANGES THE WORLD
Mechanism

AGsgly 17.6
(4Hgq,) (14.4)
not
play 1041 found STS2
3 (117) - K ' 7.7
7S-1 + 6.4 ! (5.9)
(7.47a | (31), \ p— 27
y +7.49 ' 'T5-3 * 12.6
0.0 \ , a \ ; . (12.6)
(0 D) ’ “ ] “ ,' A (-:II 2) < PdlL \
’ vi-l4a), I
PdL, 7.46a \ 72 | . — ', ~PBus
\(-6.2) - - 751a '
"— i ]
7.48a \-17.2 \
1(-18.1) '
| i v -18.7
— V(-20.7)
7.50a PdL,
|_I ] _ .
Pd
v
0

75-3
& Ll |
Pd — X-Pd —P — X PdL;
/F'd % X _-Pd
L L
o} (o] f o} (0] 0
X@ 7.47 : 7.48 7.49 7.50 .
0
\—< X=1,746a
X =Br, 7.46b
X=Cl, 7.46¢c

Y. Lan, P. Liu, S. G. Newman, M. Lautens, K. N. Houk, Chem. Sci. 2012, 3, 1987.
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C-I Bond R.E. : Mechanism

L
|
Pd X
| reductive elimination
X -
0 0
7.50 7.52
BDE (kcal/mol) AG* (kcal/mol) BDE (kcal/mol)
Pd-lI: 72.8 24 9 C-I 65.7
Pd-Br: 81.1 274 C—Br: 75.0
Pd-Cl: 91.9 279 C-Cl: 91.0
Il' AG# = 11.9 keal/mol h
Pd B-H elimination o)
I Pd(P'Bua)s II 7.57
@E - ) R |
o T o ' AGT =29.6 keal/mol
7.55 7.56 reductive elimination 5
7.58

Y. Lan, P. Liu, S. G. Newman, M. Lautens, K. N. Houk, Chem. Sci. 2012, 3, 1987.
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C-I Bond R.E. : Mechanism

L I|- L
| |
P|d_| -L Pid " ||||Pd—|
|
L o)
0 @]
7.53 7.50a 7.54
reductive I
elimination
o)
7.52a
Entry Ligand (%) AG* (keal mol™ 1)
1 P'Bu, 24.9
2 FcP'Bu, 23.7
3 P'Pr, 26.3
4 P(OMe),* 26.09
5 PMe;" 36.9
6 PH," 30.5

“Resting state is a Pd"L, species.

Y. Lan, P. Liu, S. G. Newman, M. Lautens, K. N. Houk, Chem. Sci. 2012, 3, 1987.
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C-I Bond R.E. : In-Situ Exchange

Br Pd(QPhos); (5-7.5 mol%)
FI—: Kl (2 equiv) 3

-
= KW PhMe, 100 °C, 16 h R7™ xl

Selected examples:

89% 92% 87 %
|
N O
Boc FsC Euc
91% 93% 71%

S. G. Newman, J. K. Howell, N. Nicolaus, M. Lautens, J. Am. Chem. Soc. 2011, 133, 14916.
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C-lI Bond R.E. : Cascade Insertion

o Pd(QPhos), (5 moli) .
ﬂ PhMe, 100 °C, 16 h

7.60
7.59 68% vyield
=20:1 dr
(b) Pd(QPhos)» (5 mol%)
Br Kl (2 equiv)
N\’/ PhMe, 100 °C, 16 h
O Ph
7.62
761 89% vyield
3:1 dr

S. G. Newman, J. K. Howell, N. Nicolaus, M. Lautens, J. Am. Chem. Soc. 2011, 133, 14916.
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C-1 Bond R.E. : Diastereoselectivity

| Pd(P'Bus), (5 mol%)
NEt; (1 equiv)
] =
PhMe, 110 °C

R
7.62 7.63
up to 94% vyield
up to >99:1dr cis:trans
(b)
R, |
= R, Pd(P'Bus). (5 mol%)
. | P )\)L NEt; (1 equiv) .
nooT 0 PhMe, 110°C
VLN Ro
7.64 7.65
up to 96% yield

down to <1:99 dr cis:trans

D. A. Petrone, H. A. Malik, A. Clemenceau, M. Lautens, Org. Lett. 2012, 14, 4806.
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C-1 Bond R.E. : Diastereoselectivity

- - 1%
a H |
@ h Me \ |5 /I
Me \%\<=> Me, 3 --1-Pd
R/ R.a"’ \ / — . \R
RN J Ny ) Rf
---PdL
;" 0 [ o
| I .
minimized Al strain cfs, major maximized A2 strain

[ I 1*]
(0) [ T \

Me, . '"PdJ{
ME%QD Me \ 2, = 3 O

. . ) trans, major maxlmlzed axial-axial
minimized axial-axial : interactions

interactions

D. A. Petrone, H. A. Malik, A. Clemenceau, M. Lautens, Org. Lett. 2012, 14, 4806.
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C-1 Bond R.E. : Diastereoselectivity

[Pd(P'Bus);]
(5 mol%)
@H/Me NEt3
\HL (x equiv)
Me  prme
110°C, 20 h
1a (>99:1eur.)
1 equiv NEt;: 65%; 85:15d.r.; >99:1 e.r. 2% 5%
no NEt;: 16%; 72:28 d.r.; >99:1 e.r. trace trace
I Me [Pd(QPhos),] (5 mol%)
I:I PMP (x equiv)
o .
Me PhMe (0.1 M) 2a exclusively
O Ph 100°C, 22 h

1a (>99:1 er))

—————————————————————————————————————————————————

________________________________________________

D. A. Petrone, H. Yoon, H. Weinstabl, M. Lautens, Angew. Chem. Int. Ed. 2014, 53, 7908.
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C-1 Bond R.E. : Diastereoselectivity

«QPhos
Pd"
routea \]VL
—Pd"—QPh
QPhos, i ! il
Pyl == PMP Mo
- <_,Ph
i 2
Ph ,l ’ (major)
H QPhos — Pd!l—PMP -
0
C (or isomer) F
facial route b
selectivity ' -PMP

determined

D. A. Petrone, H. Yoon, H. Weinstabl, M. Lautens, Angew. Chem. Int. Ed. 2014, 53, 7908.
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C-I Bond R.E. : Reaction Scope

~ ! R? [Pd(QPhos),] (5'mol%)
L, P.‘ PMP (2 equiv)
# Me PhMe (0.1 M)
o R® 100 °C, 22 h
1a-n 2a-n

R = H; 88% yield; >95:5 d.r.; >99:1 e.r. (2a)[®]
5-Me; 88% vyield; 94:6 d.r.; >99:1 e.r. (2b)
4,5-OMe; 82% vyield; 93:7 d.r.; >99:1 e.r. (2c)
4,5-F; 54% yield; 97:3 d.r.; >99:1 e.r. (2d)(']
4-Cl; 76% yield; 97:3 d.r.; >99:1 e.r. (2e)

R=Me, R=Bz 2g, 82% yield 2h 95% yield
90% yield 61% yield!®"9] 94:6 d.r. 98:2d.r.
>95:5d.r. 65:35d.r. >99:1 err. >99:1 e.r.

>99:1er. >99:1eur.
(ent-2a) (2f)

D. A. Petrone, H. Yoon, H. Weinstabl, M. Lautens, Angew. Chem. Int. Ed. 2014, 53, 7908.
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C-l Bond R.E. : Intramolecular Reaction

Ref. [1b]

intra- and intermolecular
carbohalogenation

[Pd(Q-Phos),] or [Pd(P{Bus),]

path b
this work

X. Jia, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2012, 51, 9870.
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C-l Bond R.E. : Intramolecular Reaction

Ph |
PdL, (5 mol %)
- - (L)
| PhMe, 100 °C
Ph 16 h Ph
1a 2a 3a
Ligand Yield
P(tBu),

\— Q-Phos 96%
Ph_Fe_Ph P(tBu)s 55%
Ph Ph PhP(tBu), 320,

Ph P(o-tol)s 89,

Q-Phos PCy; 0%

X. Jia, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2012, 51, 9870.
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WHAT STARTS HERE CHANGES THE WORLD

C-I Bond R.E. : React@on Scope

[Pd(Q-Phos),] (5 mol %)

~5

o5

PhMe, 100 °C
R 16 h R
1a 2 3
Entry Product Yield Entry Product Yield
[%] %]
I
|
o ., oo
1 96 6 92
O e,
3a
Cl
I |
(O (e
93 7 570

s

Br

X. Jia, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2012, 51, 9870.
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C-l Bond R.E. :

reductive
elimination

alkene
insertion

L_

Reaction Mechanism

Q4

| 7.68a
P’dﬂ._L

subm L
binding

| Pd9
7.70

oxidative
addition

L
alkyne ﬁ:

insertion

I
‘\—( 7.71

R4 Ro

X. Jia, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2012, 51, 9870.
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C-1 Bond R.E. : Selectivity?

a)

0 D Yo,

*Pdl, | PdLy . catalytic dead end i

-L m . with traditional ligands |
B

oL F’d"Lm i carbopalladation, |
+ - n (/ p—— | reductive ehmmat.ton'

carbo:odmatfon

producﬂ ve
intermediate

b) This study:

. [Pd(QPhos),] A [Pd(QPhos),] R?

ZR2
igand specific diverse products
reversible ox. add. i -one catalyst :
-both halogens conserved' e

__________________________________________

D. A. Petrone, M. Lischka, M. Lautens, Angew. Chem. Int. Ed. 2013, 52, 10635.
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C-I Bond R.E. : Reaction Scope

[Pd(QPhos),] (Pd-1; 5 mol%)

|
| g Y QPhos (10 mol%)
% XJWR PMP (2 equiv)
1

PhMe, 100 °C, time

2
Entry  Substrate 1 Product 2 tth]  Yield [%]®
o8
| 74
Me
1 oY Cfg > (67
1a 2s
:
£ -
y) | 0 Me /@{ 7 76
1b /W | ZhD
>e
3 D/\J\Me '\@\)% 8 74
1c 2::0

D. A. Petrone, M. Lischka, M. Lautens, Angew. Chem. Int. Ed. 2013, 52, 10635.
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C-I Bond R.E. : Reaction Scope

Pd-2 (4 mol%)

KOtBu (20 mol%) I
QPhos (8 mol%) Me
| ! Y Z>R (1.5 equiv) _R NS v
NSy Me PMP (2 equiv) AN X
PR PhMe (0.125 w) Lo
100 °C, 24 h
1 4
Entry Product 4 Yield [%]"
1 R =CO,tBu 4a 88 (79)
2 R=CO,Me e\ 4b 83
3l R=CONMe, R / 4c 73
5  R=CN O e 90 G
| (411 E/2) = Tpy
; R ph_Fe_pncl 2
7 MeO,C._~ 4f (R=Me) 77
T 4f (R=Ph) 25 Ph);):i\lﬂ'h
© Ph
8l R=CO,tBu Ve \ 48 86
9 R=2-py R~ 4h 84
N
Ts

D. A. Petrone, M. Lischka, M. Lautens, Angew. Chem. Int. Ed. 2013, 52, 10635.
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C-1 Bond R.E. : Kinetic Study

80

60;& \ -..".-"""..
\ .

Me

c/mm L
.Y
- ]
)
\
(@)
=
M

20 ALA L aa A
.: : abaa "‘“-l.l..i.
*tt e fara
'3." YN
"--:‘::**¢¢¢¢. o ““ala
"“"'::::":t l““l‘ll

. :3 iiil]:ttti.otl-llillllgi!11££141{

0 2 4 6 8 10 12 14 16 18

#+ I A ire

D. A. Petrone, M. Lischka, M. Lautens, Angew. Chem. Int. Ed. 2013, 52, 10635.
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C-1 Bond R.E.: Sp2-carbon iodide R.E.

steric bulk

Pd(Q-Phos), @ﬂ 50 °C [

_ - L = cis-selective
PhMe X Pd;;rl@ Csp®-X -
Y RE

>50 °C

iIsomerization

cis — trans }

trans-selective

R = small: vinyl halide prone to re-insertion and decomposition
R = large: promotes reductive elimination, product less prone to side reactions

C. M. Le, P. J. C. Menzies, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2015, 54, 254.
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C-I Bond R.E. : Reaction Scope

R Pd(Q-Phos); [x mol%)] Br R
Q-Phos [y mol%] R Br
@B"J PMP [z equiv] sz C[{
- + (1
0 PhMe [0.1 M] o) o
1 cis-2 trans-2
Entry R (1) x [mol%] Temp [°C]/ Yield™ [%] cis/trans®
(Time [h])
10 Me (1a) 5.0 110 (1.0) 40 N/D
2" tBu (1b) 5.0 110 (1.0) 83 82:18
30 TIPS (1¢) 5.0 110 (1.0) 94 87:13
4 TIPS (1¢) 7.5 50 (0.25) 96 90:10
5k TIPS (1¢) 0 50 (0.25) 0 N/D
6" Ph (1d) 5.0 110 (1.0) <5 N/D
7t mesityl (1e) 5.0 50 (18) 85 >95:5
8kl mesityl (1e) 5.0 100 (18) 90 10:90

C. M. Le, P. J. C. Menzies, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2015, 54, 254.
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C-l Bond R.E. :

Reaction Scope

R X »
X ||
RS J PA(@-Phos), (575 mol%) Ly ¢ v trone2 (@)
Z >y PhMe (0.1 M), 50 °C Z =y (minar)
1 15 min - 26 h cis-2
{major)
Me ar
TIPS X L R
[ e

X = Br(2c), 93% (90:10)
= CI (2f), 74% (91-9)]
=1(2q), 90% (81:19)

Br
TIPS

o}
R = CI(21), 91% (93:7)

= CN (2m), 79% (95:5)
= OMe (2n), 85% (90:10)

Rr

X = Br (2e), 83% (>95:5)

= Cl (2h), <5% NMR yield
=1 (2i), 90% (81:19)

R = TIPS (2j), 93% (92:8)
= Mes (2k), 77% (=95:5)1%

E-rR

o]

R = {Bu (2b), 69% (82;18)
= TBS (2r), 59% (86:14)

R = Cl (20), B8% (95:5)

= CN (2p), 90% (>85:5)
= OMe (2q), 72% (=95:5) = g‘
Me

EEATa Sy
[}

[

C. M. Le, P. J. C. Menzies, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2015, 54, 254.
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C-I Bond R.E. : Cis/Trans isomerization

a)R'=TIPS . b) R" = Mes
cis-2j cis-2e cond. B, 2e
>99:1 cis/trans . >99:1 cis/trans 100°C  17:83 cisltrans
or a 92:8 cis/trans
50°C i cond. B
trans-2j 15 min . trans2e T T 20
<1:99 cis/trans v <1:99 cis/trans 100 °C 8:92 cis/trans
; 10 |
./R

—trans-2 || + trans-2 —Cis-2

I-A
free rotation

C. M. Le, P. J. C. Menzies, D. A. Petrone, M. Lautens, Angew. Chem. Int. Ed. 2015, 54, 254.
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C-l Bond R.E. :

|
(-

N

Ts 1a

entry ligand

1 P(t-Bu);*

2 P(t-Bu),

3 P(+-Bu),

4 P(t-Bu);

5 P(t-Bu)s
6 P(£-Bu);
7 _

gf _

9 PPh,
10 P(n-Bu);
11 DPPE
12 BINAP
13 DPPP
14 DPPB
15 DPPF
16 DPPF
17 DPPF
18 DPPF
19 DPPF
20 DPPF
21 DPPF

Reaction Design

Me
10 mol% Pd(OAc), Et\ffjk/ !
x mol% Ligand
PhMe, T, 16 hr N 2

x T (°C) yield (%)i'

100 80 34

100 reflux 41

120 reflux 39
60 reflux 27
30 reflux trace

100 reflux ND*
— reflux ND*
— reflux ND#

100 reflux 23

100 reflux 15
50 reflux trace
50 reflux 10
50 reflux 25
50 reflux 36
50 reflux 74
70 reflux 75

100 reflux 73
20 reflux trace
25 reflux 43
30 reflux 84
40 reflux 71

/ | R2 Pd(CAc), R?
Ligand = |
=
N N
1 Ts Ts 2
Pd(0) A
Specific
‘/ \ Ligand ?
Pdl _, " R2
R f
N N
A Ts Ts B

H. Liu, C. Li, D. Qiu, X. Tong, J. Am. Chem. Soc. 2011, 133, 6187.
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C-I Bond R.E. : Reaction Scope

1/’I NP, Pd
6 Z 5
1 Et—2< ): \(j\/ 84 | R substrate 1
% s % A=
| N
~{ - "o -
2 N N 75 Cycle | ] L.Pd(0)
Ts 1b Ts 2b
2
Bu_ | Bu 1 R
3 El{ />,: Et\ﬁjMi/l NR® R\@\/PV{
N N N product 2
Ts e Ts 2¢ Ts B
Bu/ | BuMe |
4 Z />: f}/ 43 jTTeTmmTmssmsssssossssoooooeoe :
d B, 1d O N 24 | substrate 1 HC® Rz
| 1 |
Ph /IBU>: Pho ] RJ{\N}E
5 N N 87 i Ts C i
1 2 ; I
Ts fle Ts 2e ' LPd0) L,Pdl l | Cycle ll
I ! |
| R2 X
/ | ?%v :
Et i = . '
12 { - - | \(j\CHzl
-|NS (E)-1a . product 2 N :
! Is D

H. Liu, C. Li, D. Qiu, X. Tong, J. Am. Chem. Soc. 2011, 133, 6187.
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WHAT STARTS HERE CHANGES THE WORLD

C-I Bond R.E.: Mechanism Study
| Pdl D H
4 ol
ph—/ Pd(O Ph " M= Paqn N M
s u
!l\_l H
S L .
1e-D, 75% D A-1e D Ph l E
o Bu | H(D) Bugd'H
fj)g <. dlkyliodide P“f“j/%
N (H) reductive elimination N
Ts 5 Ts F
Pdl
10 mol% Pd(OAc), Bu- oh Bu | _H(D)
30 mol% DPPF | Ph = X .
(715%0[)) PhMe, reflux, time D{H) y%
T x%
F ° ba-e
. 1e-D isolated
entry time recovery product yield
1 2 hr 33% 5a(x=75y=0) 60%
2 6 hr 20% 5b(x=73,y=2) 64%
3 10hr 5% 5c(x=71,y=4)  75%
4  16hr 0% 5d (x=58,y=17) 79%
5 24 hr 0% 5e (x=40,y=35) 72%

H. Liu, C. Li, D. Qiu, X. Tong, J. Am

. Chem. Soc. 2011, 133, 6187.



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

C-I Bond R.E.: Mechanism Study

Ph | 10 mol% Pd(OAC), pPh o
\f’\/(\/ 30 mol% DF'PF xgm@dé%ﬁ?? Ph 7
N PhMe, reflux, 10 hr

X ssomani o Foe rT«
2b 3: 920/ oM -2M TEl S
o ’ 2b 200 mol% TEMPO 3
© T-Pd(o) yield (%)
o oh : entry X —3 2b
\ij/Pd' HCO,H, NEt; \(jL/PdH ] 10 53 o7
N - COz N
Ts B-2b Ts G | 2 20 89 0
| .
oh Bu| H 10mol% Pd(OAc), pp, saso% @
m 30 mol% DPPF H) 35% 10 mol% Pd(OAc)>
N \ PhMe, reflux, 16 hr 30 mol% DPPF
Ts 759% S 40% 200 mgl;fh.:-EMPO
ba
| 1e-D 5a: 71% (b)
/ Bu H 75% D
Ph ):(
\ D
Ts
1e-D, 75% D

H. Liu, C. Li, D. Qiu, X. Tong, J. Am. Chem. Soc. 2011, 133, 6187.
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C-I Bond R.E. : Reaction Scope

| 10 mol % Pd(OAc), |
(\ [T 30mol%dpet .

N PhMe, 130 °C, 24 h N N
Ts Ts Ts
1k 7k: 68% 8: 8%

I R 10 mol % Pd(OAc), ﬂ 7(“'}
N
I

( 30 mol % dppf . O
N PhMe, 130 °C, 24 h oy R "R (2)
Ts 2 equiv TEMPO 1

N N

Ts Ts

R=Me:1a 75% of 1a was recovered R = Me: 9a 8% yield R =Me: 10a 3% yield
R=H: 1k 81% of 1k was recovered R=H: 9k 0% yield R=H: 10k 5% yield

H. Liu, Z. Qiao, X. Jiang, Org. Biomol. Chem.; 2012, 10, 7274.
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C-I Bond R.E. : Reaction Scope

A @ 10 mol % Pd(OAc),
1_ solvent, 12 h, 50 °C

2

In CCI, In MeCN
entry R 4 (yield®  4:3 3 (yield®  3:4
1 Ph 4a (75%) 98:2 3a(82%) 97:3
2 4-Me-CgH,4 4b (73%) 99:1  3b (75%) 99:1
3 3-Me-CgH4 4c (62%) 88:12 3¢ (58%) 96:4
4 4-MeO-CgH,  4d (58%) 89:11  3d (61%) 92:8
5 2-Br-C;H, de (97%) 94:6  3e (95%) 99:1
6 4-Br-CgH, 4f (65%) 91:9  3f(64%) 96:4
7 4-C1-CgH, 4g (70%) 97:3  3g (86%) 98:2
8 4-F-CH, 4h (52%)  97:3 3h(58%)  97:3
9 2-thietyl 4i (66%) 98:2  3i(73%) 96:4
10 n-Bu 4j (31%) 94:6  3j(41%)  80:20

H. Liu, C. Chen, L. Wang, X. Tong, Org. Lett. 2011, 13, 5072.
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C-I Bond R.E. : Reaction Scope

@ 10 mol % Pd(OAc), = Fh
Br + >
MeCN, 50 °C, 12 h < gBr
2 6: 80% vyield
98% selectivity

H O
10 mol % Pd(OAc),
MeCN, 50 °C, 12 h
H
7

O
72% yield
97% selectnntv

Ph
@ 10 mol % Pd(OAc), Z
1la + >  4a +
MeCN, 12 h, 50 °C
5 equiv LiBr 9% X

3a (X = 1) 40%
6 (X = Br): 51%

Ph
5

not observed

H. Liu, C. Chen, L. Wang, X. Tong, Org. Lett. 2011, 13, 5072.
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C-I Bond R.E. : Mechanism

R
R
R PO || 2 I Z
P2t
! Pd?* @ nd Pd?*
A B C
R
©
Z outer sphere : i: L R| I
inner sphere -
[( IPdI svpd”
C1 (major in CCly) C2 (major in MeCN)

l Pd(0) u
A=

H. Liu, C. Chen, L. Wang, X. Tong, Org. Lett. 2011, 13, 5072.
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C-1 Bond R.E. : Reaction Optimization

Ar\fﬁ‘ 10 mol% Pd(OAc),
Me
0 x mol% L _ Ph ,N | |

"'{_# Nal (y equiv) 2
Ph toluene, reflux, 12 h Ph

1a: Ar = 4-MeOCgH, 2a 3a
Entry L (x) Nal (y) Yield [9%6]"!
2a 3a
1 P(4-FC,H,), (20) Nal (2) 15 35
2 P[3,5-(CF,),CcHs]; (20) Nal (2) 15 29
3 P(4-FC¢H,); (50) Nal (2) 62 8
4 P[3,5-(CF;),CsHs]; (50) Nal (2) 37 14
5 P(4-FCH,); (50) Nal (4) 77 <5
6 P(4-FC¢H,); (50) Nal (6) 78 <5
7t P(4-FC,H,); (25) Nal (4) 75 <5

C. Chen, L. Hou, M. Cheng, J. Su, X. Tong, Angew. Chem. Int. Ed. 2015, 54, 3092.
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C-I Bond R.E. : Reaction Scope

Ar\(O 5 mol% Pd(OAc),
25 mol% P(4-FCgHa)s R

I LiX (4 equiv)
R1"K_)§ toluene, reflux, 24 h

1: Ar = 4-MeOCgH,

N X
%x \O\‘({?Q/X Q\(f/

2 2
LN B RN R g
RO G

4 5

X = Br, 4a: 64% yield X = Br, 4b: 65% yield X = Br, 4c: 46% yield
X =Cl, 5a: 42% yield X =ClI, 5b: 53% yield X =Cl, 5¢: 35% yield
Q) ; s
" I XN X ! XN X
z X

= Br 4d: 50% vi X =Br, 4e: 63% yield X = Br, 4f: 58% vyield
§ = glr oo 453$ ::i'zl'g X = Cl, 5e: 61% yield X = CI, 5f: 45% yield

=Ll : (s}

nBu
/N x /N X

X = Br, 4p: 89% vield X = Br, 4q: 76% yield X = Br, 4r: 70% yield
X =Cl, 5p:69% yield X =Cl, 5q: 73% yield X = Cl, 5r: 65% yield

C. Chen, L. Hou, M. Cheng, J. Su, X. Tong, Angew. Chem. Int. Ed. 2015, 54, 3092.
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C-I Bond R.E.: Mechanism Study

10 mol% Pd(OAc),

] 50 mol% P(4- FCEH4}3
a
toluene, reflux, 12 h

TEMPO (2 equiv)

with 4 equiv LiBr: X = Br, 4a: 52% vyield nnt observed
with 4 equiv LiCl: X = Cl, 5a: 40% yield not observed
with 4 equiv Nal: X =1, 2a: < 5% yield 18% yield
Me .
2a: 67% yield
9q SMe as above Pd + N\ .
6: 23% yield
_ Ph A

C. Chen, L. Hou, M. Cheng, J. Su, X. Tong, Angew. Chem. Int. Ed. 2015, 54, 3092.
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C-l Bond R.E. :

IL, Pd%

w4

O
98
\

Ph

Mechanism Study

OCOAr

W

path b : hallde salt

path a Rl

10 mol% Pd(OAc),
50 mol% P(4-FCgHy)a

X

1 N R? |
RU/PdLn —_— +
[L,PdO]

D (X =1, Br, Cl)

~2 OCOAr
PdL,,

l halide salt

2ordorb

LiX (4 equiv)

Ph toluene, reflux, 12 h

1s: Ar=4-MeOCgHy

X
X N
= Ph—<

Ph
2s (X =1):1.251d.r.
4s (X =Br): 1.35:1dr.

5s (X=Cl): 1.32:1 d.r.

C. Chen, L. Hou, M. Cheng, J. Su, X. Tong, Angew. Chem. Int. Ed. 2015, 54, 3092.
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C-I Bond R.E.: Mechanism Study
0
arAl 10 mol% Pd(OAc),
O Bu H 50 mol% P(4-FCgH,)5
1 N\ /= D LiX (4 equiv)
Ph (84%) toluene, reflux, 12 h
[D}-(52)-1q
AFCDE-.._ H
Fd Bu
T B
Ph
F

PhNBY x
H D(84%)

X = Br: [D]-4q, 83% yield
X = Cl: [D]-5q, 57% yield

T

Sp2 or direct
reductive elimination?

LiX

C. Chen, L. Hou, M. Cheng, J. Su, X. Tong, Angew. Chem. Int. Ed. 2015, 54, 3092.
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C-l Bond R.E. :

Reaction Design

tort electron
sterc
poor? ?
Ar—=X  L,Pd bulk?) {Q A 0
+ —_— ’),l\ )'I\
cl” Ar
L,Pd_ "Ar .
CcO X high
1 electrophilicity
Ph._O
2 Phl, CO v I
MeCN, 55°C | —Pd-PBus MeCN
24 h, 86% 3a 55 °C, 24 h
Pd(P'Bus), ‘ BusNCI b)
PhCOCI Ph. _O
pentane
rt,1h,85% Cl—Pd-PBu;
3b 3b
e Ph (0.2M) j\
©) Ci—Pd-P'Bu; * Q0 CDLN  py” i
3b I'.t-.,32ao h 81%
Ph
2 Phl
d  Pnp-Pd-PPh, * GO “cpen MR
' 55°C, 20 h

5 Cl

J. S. Quesnel, B. A. Arndtsen, J. Am. Chem. Soc. 2013, 135, 16841
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C-I Bond R.E. : Reaction Scope

1-2.5 mol% O

| t
N Pd(P'Bus), N
| + CO + PhsPBnCI - (;])L Cl
_— PhMe |
R AZ

110-130°C,24h R

o Ok o g

CO,Me
98% (88%) 93% (88%)  93% (75%)

10% rt ,2d)
71%(83%)

0 @]
oadn caleadive:
Me OMe
MeO 5e 5f 59 5h

95%, 94%P 98% (74%) 93% (92%)  89% (63%)

ﬂmﬁﬁd

aa% 72% 87% (88%) 78%¢ (?5%) 93% (75%)

J. S. Quesnel, B. A. Arndtsen, J. Am. Chem. Soc. 2013, 135, 16841
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C-l Bond R.

R
P,

E.:

Nu@

cross-coupling
process

B-hydride abstraction

X
A

with syn-f hydrogen

this work
—_—

In comparison

R1
P,
R3 X

well-known
elementary step |
(__{(Heck-type) J

novel
elementary step |
(__(unknown) J

reductive elimination

elementary step|

l novel

(known)

A
without syn-3 hydrogen

reductive elimination

Re~Nu

R’

R‘/\X

R1
R ™

R3

Reaction Scope

I Et
[Pd(PPh3)4] (6 mol %)

@f Et
- A\
D* m LiOtBu (1.2 equiv) ma I
~N NS
Et

cyclohexane
1a 130°C i |d2385 %
yield: 85%
12h +

Bulky phosphine ligands:
PtBu,, tBuXphos
Yields: < 10%

E Bidentate phosphine Iigands:\:

 dppe, dppf, dppp : \

i Yields: <5% , @—Et

| : N~

Et
N LiOtBu (1.2 equiv)
Et >
N I solvent 3a + 3
NN
130°C, 12 h
2a
polar solvent o o
. . (©OWFD™Mso) 0% B%
Et
polar solvent o
ma (THF) 20% trace
N \/\\/\/Ot-BU
non-polar solvent
3b (toluene, cyclohexane, 0 0

n-hexane)

W. Hao, J. Wei, W. Geng, W.-X. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2014, 53, 14533.



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

C-I Bond R.E. : Reaction Scope

R2

= l R2
R— | Conditions A or B SN
} Q = (CHy)s Z N '

n R Q' = (CHy), L{_,(n‘/

1 n=12 2
Et
N
Q— Q-~| Q-|
2a: 85%al 2b: 80%!@ 2¢: 78%l@
Et Et Ph
Me F
N_Et N—Et N—ph
N N N
Q Q- Q-
2d: 88%!2 2e: 62%["‘] 2f: 67% (el
p-Tol
@&Tol mws mph
Q-| Q-|
2g: 75%!! . 2h: 68%!°! 2i: 70%[°1

W. Hao, J. Wei, W. Geng, W.-X. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2014, 53, 14533.
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C-I Bond R.E.: Mechanism Study

2 A\
: L,Pd°® h{ (;P [PA(PPhs),] (5 mol %) W
reductive / _---% Ln m T
2 QQ N/\ N

elimination ,~*~ LiOtBu (1.2 equiv)

. o Et in cyclohexane
Rt o 1a reductive 4 130°C, 12 h
o oxidative elimination 4a: X =Br
addition ab: X = | Et
NK/OJ
PdIL, N\ - Et 7 5
‘ 32% from 4a
C-N bond | N N—Et 3% from 4b
. N path a \ i N S
cleavage Q-pgL *
alkyne 1/ || - . N\\/o\/Q
insertion D' 6
6a: X = Br, 38%
_______________________________________ §IE)__X__—_I 85%
: LiOtBu (1.2 equiv) E
d"— C-N bond . Compounds 6 — No reaction !
) cleavage ! in cyclohexane !
attack e '
C

W. Hao, J. Wei, W. Geng, W.-X. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2014, 53, 14533.
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C-I Bond R.E.: Mechanism Study

Et
N =
=

[Pd(PPhs)4] (5 mol %) .
+
. |‘| LiOtBu (1.2 equiv) t
/\.\/) Et in cyclohexane Nyt
130 °C, 12 h N y
- \\/\/fw\,
(E,Z2)-Tb
7a+ 7b =90%

Et

i Q = (CHy)s N
mEﬁ [PAPPhs)] ¢y ciohexane N Et
N 130 °C Q-
Q| 12 h [Pd(PPhs)o]
2a D": 90% !

W. Hao, J. Wei, W. Geng, W.-X. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2014, 53, 14533.
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C-I Bond R.E.: Mechanism Study

Et t
Q = (CHp)s N\ g
N gyt [PA(PPha)] cyclohexane N
N 130 °C Q
Q~| 12 h ~[Pd(PPhs);]
D": 90% |

1) D" (5 or 20 mol %)
LiOtBu (1.2 equiv)
ph  Cyclohexane
130°C, 12h
) 3N HCI

2
1a O Ph Q= (CH,)s
@fgﬂ'm N Ph+mEt
l\‘l. N
Q--| Q-

Y

\

-H |
with 5 mol% of D"

2f:- 88% 8: 3% 2a: 3%
with 20 mol% of D"
2f: 75% 8: 15% 2a: 17%

W. Hao, J. Wei, W. Geng, W.-X. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2014, 53, 14533.
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Summary:
1. Extreme Bulky(expensive) Phosphine Ligand Enabled Reaction

t-Bu
=R~ 0.5grams 269.50 dollars
Ph._t© Ph MW: 710
Ph’@\Ph
Ph

o

//@ 1 grams 671 dollars
i MW: 1527



Thank you for your attention
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b)
Ph——— |
o O C
[Pd(PtBus),] (10 mol %)
Cy>,NMe (1 equiv) bp
1a PhMe, 100 °C. 16 h - ”
57% ¢
4821 X-ray crystal structure of &
‘-..____l
[Pd(PtBus)] (5 mol %)
+ / - -
PhMe, 100 °C
l 4a
16 h
1a 1.1: 1
65%
Br.
Br “Pd(P(t-Bu)s)
Neat, 70°C
+ Pd(P(t-Bu)3),
t-Bu
t-Bu 1.0 eq

40 eq to 100 eq 60%
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CsOPiv
-Csl, HOPiv

R 111y viaCandD
__“(see Scheme 2)
: O
[Pd"1] Ll
L-Pd

H' g8

\Q Y Pathway
[Pd" " B

R

(Pd")
Fe ™0

Pd°L
v

G
‘\/HI/__ = 0

Pd(QPhos),
I (10 mol%) Bu Bu
\[r\o Bul(5eq) | O ‘O
3a

Cs,CO5 (5 eq.)
100°C, 13.0 h 0" 418 0" 47 0" 48 o~ 19 0~ 6a

H-CN
CH,C not observed 30-40% 40-50% >5% >5%




