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4.6.1.Functionalization of Olefins: Epoxidation

HO OH
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(1) Gao, Y.; Hanson, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am. Chem. Soc. 1987, 109,
5765-5780.



4.6.1.Functionalization of Olefins: Hydrogenation

Pfaltz: Asymmetric Hydrogenation of Non-Activated Olefins?
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|
(o-ToI)zP\Ir,N Z  1mol%
|
COD Ph
AcO

Me
Me

Me 50 bar H, Me 99%, >98 % RRR
DCM, 23 °C

Me

(1) Lightfoot, A.; Schnider, P.; Pfaltz, A. Angew. Chem., Int. Ed. 1998, 37, 2897-2899. (2) Bell, S.; Wustenberg, B.; Kaiser,
S.; Menges, F.; Netscher, T.; Pfaltz, A. Science 2006, 311, 642-644.



4.6.1.Functionalization of Olefins: Hydrogenation

Burgess:Carbene-Oxazoline Ligands for Asymmetric Hydrogenation

Catalyst Structure
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(1) Perry, M. C.; Cui, X. H.; Powell, M. T.; Hou, D. R.; Reibenspies, J. H.; Burgess, K. J. Am. Chem. Soc. 2003, 125, 113-
123.



4.6.1.Functionalization of Olefins: Hydrogenation
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(1) Perry, M. C.; Cui, X. H.; Powell, M. T.; Hou, D. R.; Reibenspies, J. H.; Burgess, K. J. Am. Chem. Soc. 2003, 125, 113-



4.6.1.Functionalization of Olefins: Isomerization

Isomerization of allylamine: the Takasago process

I 9@
Ph Ph
X" NEt,

Me Me

Synthesis of menthol

Phph —° x©
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Inoue, S.; Takaya, H.; Tani, K.; Otsuka, S.; Sato, T.; Noyori, R. J. Am. Chem. Soc. 1990, 112, 4897-4905.



4.6.1.Functionalization of Olefins: Isomerization

Isomerization of allylalcohols: Mazet
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* PN R’ a"h Pa I%N R’ P~ |ENR?
2 H,_ellr-. R? Ir- R — Ir 2
R ° od® J 0 2 R = H R
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Mantilli, L.; Gerard, D.; Torche, S.; Besnard, C.; Mazet, C., Angew. Chem., Int. Ed. 2009, 48, 5143.



4.6.1.Functionalization of Olefins: Hydrosilylation/boration

Hayashi: Palladium-Catalyzed Hydrosilylation of Olefins?!

OO CF;
P
T

CF,
. F3C' 4.1 mol% SiCl; H,0, OH
Ar + HSICl, > AR > R
0.1 mol% [PACI(C3Hs)], Ar KF, KHCOj Ar
toluene 81-93%

91-97% ee
Micouin: Metal-Dependant Selectivity in Asymmetric Hydroboration?

JOSIPHOS
Me BDPP

@J\PCyz Me\l/\_/Me
Fe 'PPh Ph,P  PPh
S .
- 2 mol% 2 mol? HO
o e Wiy STEAbAe

-
N 1 mol% [Ir(COD)CI], N-COBn OO 1mol% [Rh(COD)CI], N~CO,Bn
DME H DME 91%
then H,0, then H,0, 84% ee

(1) Hayashi, T.; Hirate, S.; Kitayama, K.; Tsuiji, H.; Torii, A.; Uozumi, Y. J. Org. Chem. 2001, 66, 1441-1449. (2) Luna, A.
P.; Bonin, M.; Micouin, L.; Husson, H. P. J. Am. Chem. Soc. 2002, 124, 12098-12099.



4.6.1.Functionalization of Olefins: Hydroboration

A Mechanistic Proposal for the Reversal of Selectivity?

CatBH CatBH

CPuo /” P

H-— iy
P . : NR NR
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Cl NR Cl NR
TSz TS,
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F},,I: W I ‘C PfJHh W |
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Cl Cl
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(1) Luna, A. P.; Bonin, M.; Micouin, L.; Husson, H. P. J. Am. Chem. Soc. 2002, 124, 12098-12099.



4.6.1.Functionalization of Olefins: Diboration

Morken: Asymmetric Diboration of Alkenes?

| X
=N
~ PPh,
X OH
O o 5 mol%
R ‘R o 47-82%
RN+ @[ B8, j@ > R1J\|/R 49-98% ce
0] (o) 5 mol% Rh(nbd)(acac) OH
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then H202
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Me Me B(pin)
o) o
M \ M .
RN+ ¢ B-B ¢ - B(pin) .92°
N Me N Me o R 52-92%
Me (o) (o) Me 2.5 mol% Pd,dba; 90-98% ee

_ toluene, 23 °C
B,(pin),

(1) Trudeau, S.; Morgan, J. B.; Shrestha, M.; Morken, J. P. J. Org. Chem. 2005, 70, 9538-9544. (2) Burks, H. E.; Liu, S.
B.; Morken, J. P. 3. Am. Chem. Soc. 2007, 129, 8766-8773.



4.6.1.Functionalization of Olefins: Hydroformyl/vinylation

Klosin: Asymmetric Hydroformylation?!

Ph Ph
P’ P
Ph Ph
0.05 mol% CHO o
CHO 52-96%
RN R > R)\Me * R 82-94% ee
0.04 mol% Rh
. 7.1:1-340:1 b:l
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toluene, 80 °C

Rajanbabu: Asymmetric Hydrovinylation?

(D0 "o
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o >—Me
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Ar 5 mol% Ar
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R’K ¥ > A 50-95% ee

5 mol% [NiBr(C;Hs)l, R
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(1) Axtell, A. T.; Cobley, C. J.; Klosin, J.; Whiteker, G. T.; Zanotti-Gerosa, A.; Abboud, K. A. Angew. Chem., Int. Ed. 2005,
44, 5834-5838. (2) Zhang, A. B.; RajanBabu, T. V. J. Am. Chem. Soc. 2006, 128, 5620-5621.



4.6.1.Functionalization of Olefins: Hydroarylation

Ackermann: Iron-catalyzed hydroarylation of alkenes with indoles
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Loup, J; Zell, D;; Oliveira, J. C. A;; Keil, H.; Stalke, D.; Ackermann, L., Angew. Chem., Int. Ed. 2017, 56, 14197-14201. 12



4.6.1.Functionalization of Olefins: Hydroacylation

Dong: Asymmetric hydroacylation based on directing group?

.O Ph>—Me

(o)
\ >P-N
W 7~
0 ' o >--lMe
oy ;
X H 5 mol% * SR
R + NS > gL
Z ~OH 2.5 mol% [Rh(cod)ClI], L Me  74-99%
K3;PO,, CH,Cl,, 30 °C OH 55-94% ee
Dong: Asymmetric hydroacylation based on ring strain?
Me
PtBU3
fo) Fe PCy2 (o)
R! 5 mol% R1
R STH X P rE Y G 81-99%
' * R? (A “R2  79-88% ee
ZNoH 2.5 mol% [Rh(cod)ClI], oH R o

10 mol% K;PO,
toluene, 70 °C

(1) Coulter, M. M.; Kou, K. G. M.; Galligan, B.; Dong, V. M., J. Am. Chem. Soc. 2010, 132, 16330. (2) Phan, D. H. T.; Kou,
K. G. M.; Dong, V. M., J. Am. Chem. Soc. 2010, 132, 16354.



4.6.1.Functionalization of Olefins: Diarylation

Engle: Ni Catalyzed diarylation?

Jose

.
e

00 2
Y Ar'—l 5 20mol% " 0,0 A o
AN+ _ > 8~ A 24-88%
H Ar2-B(nep) 20 mol% Ni(cod), Ar H 78-92% ee
NaOH, j-BuOH/Hex, -10 °C
Cheng: Pd-Catalyzed diarylation?
(o o
L=<
0 ; e N NTp
“ )L Ar'-N,BF, 10 mol% Ar? 47.85
/\/\ + > < - o
Ar 0" 'NR; Ar2-B(OH), 2.5 mol% [Pd(allyl)Cl], Ar/\:/\o)J\NR2 80-96% ee
dimethyl fumarate, Ag,CO3 Ar! >20:1 dr

t-amylOH, 25 °C

(1) Apolinar, O.; Kang, T.; Alturaifi, T. M.; Bedekar, P. G.; Rubel, C. Z.; Derosa, J.; Sanchez, B. B.; Wong, Q. N.; Sturgell,
E. J.; Chen, J. S.; Wisniewski, S. R.; Liu, P.; Engle, K. M. J. Am. Chem. Soc. 2022, 144, 19337-19343. (2) Xi, Y.; Huang,
W.; Wang, C.; Ding, H.; Xia, T.; Wu, L.; Fang, K.; Qu, J.; Chen, Y. J. Am. Chem. Soc. 2022, 144, 8389-8398.



4.6.1.Functionalization of Olefins: Diarylation

D. proposed catalytic cycle
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Apolinar, O.; Kang, T.; Alturaifi, T. M.; Bedekar, P. G.; Rubel, C. Z.; Derosa, J.; Sanchez, B. B.; Wong, Q. N.; Sturgell, E.
J.; Chen, J. S.; Wisniewski, S. R.; Liu, P.; Engle, K. M. J. Am. Chem. Soc. 2022, 144, 19337-19343.



4.6.1.Functionalization of Olefins: Hydroamination

Hartwig: Asymmetric Hydroamination of Dienes?

NH HN
Ar—NH 5 mol% r”
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(1) Lober, O.; Kawatsura, M.; Hartwig, J. F. J. Am. Chem. Soc. 2001, 123, 4366-4367. 16



4.6.1.Functionalization of Olefins: Hydroamination

Hartwig: 20 years later non-activated alkenes?
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[ O A" Ar Ar= SiMe;
o) P
| COD)NTf
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(1) Xi, Y.; Ma, S.; Hartwig, J. F. Nature 2020, 588, 254.
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4.6.1.Functionalization of Olefins: Hydroamination

Buchwald: Hydroamination with Hydroxylamines and Silanes?

R2

R1
° A
< O \r,Ar
o) P
o) P
S Qe
(o)

20 mol%
DTBM-SEGPHOS

R2
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2 mol% Cu(OAc),
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Y
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(1) Zhu, S.; Buchwald, S. L. J. Am. Chem. Soc. 2014, 136, 15913.
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4.6.1.Functionalization of Olefins: Hydroamination/ Ketones

Buchwald: Stereodivergent synthesis of aminoalcohols?

0 t
< O A A Ar= /B
o) P
o OMe
P
< 1 Ar
0 o Ar t‘Bu
o DTBM-SEGPHOS NR, OH
R R Et2N4©—< 5.5 mol% R
R2 O_NR2

: 64-96%
> R R3® >99Y% ee
5 mol% Cu(OAc), R2 >20:1 dr
(MeO),MeSiH, THF

Buchwald: Addition to ketones?

< P 2
6 mol% Ph H
. _R?2
=z R R

R3 51-95%
r 0
) pZ R 90-99% ee
R 5 mol% Cu(OAc),, (MeO),MeSiH R1/H;<R4 >10:1 dr
'‘BuOH, cyclohexane

(1) Shi, S. L; Wong, Z. L; Buchwald, S. L. Nature 2016, 532, 353-356. (2) Yang, Y.; Perry, I. B,; Lu, G; Liu, P; Buchwald, S. L.
Science 2016, 353, 144-150.



4.6.1.Functionalization of Olefins: Diamination

Shi: Asymmetric Diamination of Dienes?

I/\ N Ve Me
N A 0\
/P—N o
Y A (o}
o] PR | Me™ He 22 mol% ‘Bu\N)LN,tBu
1 t JL t N~ V
R /\/\ + BU\N_N,BU > HIII/
R2 5 mol% Pd,(dba); R1 R2
benzene, 65 °C 60-95%
- 0
87-95% ee

Shi: Asymmetric C-H Diamination of Terminal Olefins?
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Me
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r Y~ o)
o | Me™ Me 22 mol% ‘Bu JJ\ '‘Bu
JL X e N~ °N°
RITNVY + tBu\N_N,‘Bu - ) /
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benzene, 65 °C 66-80%
- o
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(1) Du, H. F; Yuan, W. C.; Zhao, B. G.; Shi, Y. J. Am. Chem. Soc. 2007, 129, 11688-11689. (2) Du, H. F.; Zhao, B. G,;
Shi, Y. J. Am. Chem. Soc. 2008, 130, 8590-8591.



4.6.1.Functionalization of Olefins: Radicals

Guosheng Liu: Trifluoromethylcyanation of alkenes via radicals?

-,
“

H H
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TMSCN, CH;CN, -20 °C
I mutual activation

DTMS

: I [
[ ors—!
i CN:
CF*CN] F# —~~ N = e
S : Kq [CF{-CH]
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Wang, F.; Wang, D.; Wan, X.; Wu, L.; Chen, P.; Liu, G., J. Am. Chem. Soc. 2016, 138, 15547-15550.



4.6.1.Functionalization of Olefins: Radicals

Xile Hu: Nickel-catalyzed hydroalkylation of vinyl boronic esters'and enamides?

(o) 0O
Jose
Ph N N
20 mol%
R1
~“BPin + R -
15 mol% NiCl,

(EtO),MeSiH
KF, DCE/DMF

“’Ph

o o
Jo%s
pr/ N N7 "Pnh

1 15 mol%
RS + R2-| -

NHR
10 mol% NiBr,°diglyme
HBpin, KF, DMPU

R2

/ 50-80%
R 'BPin 83-95% ee

R2

/ 52-95%
R! BPin 72-92% ee

(1) Bera, S.; Mao, R.; Hu, X. Nat. Chem. 2021, 13, 270. (2) Qian, D.; Bera, S.; Hu, X. J. Am. Chem. Soc. 2021, 143, 1959.



4.6.1.Functionalization of Olefins: Radicals
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(A) ® € RsR ) TS-1b i
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(1) Bera, S.; Mao, R.; Hu, X. Nat. Chem. 2021, 13, 270. (2) Qian, D.; Bera, S.; Hu, X. J. Am. Chem. Soc. 2021, 143, 1959. 23



4.6.1.Functionalization of Olefins: Radicals

Song Lin: generation of radicals via electrochemistry?

(A)

9 Hz
A * _P—Ph
H™ “Ph CN- 9
@-CN —— @ H.F:--H1
R1
3 mol% Cu(OTf), o\”xl/o Anodic event 1 prmeeees .
N N\) 9 R E
TMSCN, TBABF, - @-CN P, N .
TFE, DMF tBuOZC 6 mol% éOztBu R'*R substrate
C anode, Pt cathode
i=3mA
' 0
¥ Q=@
Ar/-\/ P—Ph

58-82% P Anodic event 2 pmm .

a0 . : CN O

86-98% ee ' ﬂ\/i:'»

CN E R “‘-1R1 :

1 R"

" product

Fu, N. K.; Song, L.; Liu, J. J.; Shen, Y. F,; Siu, J. C.; Lin, S., J. Am. Chem. Soc. 2019, 141, 14480-14485. o4



4.6.2 Metathesis: Mo Catalysts

Schrock-Hoveyda: Ring-Opening —Cross Metathesis with Chiral Mo Catalysts (AROM/CM)

48-96%
91-98% ee

Mechanistic Considerations

(1) La, D. S.; Ford, J. G.; Sattely, E. S.; Bonitatebus, P. J.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 1999, 121,
11603-11604. (1) La, D. S.; Sattely, E. S.; Ford, J. G.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 2001, 123,

7767-7778. 25



4.6.2 Metathesis: Mo Catalysts

Schrock-Hoveyda: Asymmetric
Ring-Closing Metathesis (RCM)

/\/\0 ] " o)
mol/o
Me Me > X, Me 86%
m benzene, 22 °C ”/ 99% ee
Me
Schrock-Hoveyda: Asymmetric Ring-Opening ipr ipr

-Ring Closing Metathesis (AROM-RCM)

& R
\ 7N
R 5 76-84%
)\/o o0 98% ee
;\ benzene, 22 °C J\/ H
R R

(1) Zhu, S. S.; Cefalo, D. R,; La, D. S.; Jamieson, J. Y.; Davis, W. M.; Hoveyda, A. H.; Schrock, R. R. J. Am. Chem. Soc.
1999, 121, 8251-8259. (2) Weatherhead, G. S.; Ford, J. G.; Alexanian, E. J.; Schrock, R. R.; Hoveyda, A. H. J. Am.
Chem. Soc. 2000, 122, 1828-1829.



4.6.2 Metathesis: Mo Catalysts

Schrock-Hoveyda: Asymmetric Ring-Closing Metathesis (RCM) with chiral center on Mo

iPr
=Ry
"Ph
Me
Cl
Cl
TBSO
1 mol% .
 _ 804 %o
benzene, 22 °C 96% ee
N
5 mol % PtO,
> | “y 97%
1 atm H,, EtOH |
N Me

H

(+) quebrachamine

(1) Malcolmson, S. J.; Meek, S. J.; Sattely, E. S.; Schrock, R. R.; Hoveyda, A. H. Nature 2008, 456, 933-937.



4.6.2 Metathesis: Ru Catalysts

Hoveyda: Ru Catalyst for AROM/CM1

5 mol% R’
R - - /O\/ 65-98%
R THF, 22 °C — 78-91% ee
R R R
Grubbs: Ru Catalyst for AROM/CM?
Ph Ph
¢ 'Pr
Bu,, NUN -
MeO
'Pr u :( —
1mol% X MesNy_JN
Mol PCy3 /’I,IQ\\\\\/Ph R \\\\\o @
+ /\ - — Iu_ @ e
R PRTS DCM, 22 °C Pt l_\OD/N (o)
R R R OPr
10-99%
33-81% ee

Improved chiral at Ru catalyst?

(1) Van Veldhuizen, J. J.; Gillingham, D. G.; Garber, S. B.; Kataoka, O.; Hoveyda, A. H. J. Am. Chem. Soc. 2003, 125,
12502. (2) Berlin, J. M.; Goldberg, S. D.; Grubbs, R. H. Angew. Chem., Int. Ed. 2006, 45, 7591. (3) Hartung, J.; Dornan,
P. K.; Grubbs, R. H. J. Am. Chem. Soc. 2014, 136, 13029.



4.6.3 Cyclization Reactions with Alkynes

Mikami: Pd-Catalyzed Alder-Ene Cyclization?

\ )

X
7 PPh,
PPh,

a
A BINAP

10 mol%

/Y\Me 5 mol% [(MeCN),Pd](BF,),
S Me HCOOH, DMSO, 100 °C

¢4

Zhang: Pd-Catalyzed Alder-Ene Cyclization?

OO PPh,
PPh,
" OO BINAP
(NS 12 ol > R1>\—f\/R3 90-96%
J/\/ 5 mol% [Rh(COD)CI], o >99% ee

O 'N 20 mol% AgSbFg '
R2 DCE, 23 °C R

(1) Hatano, M.; Mikami, K. J. Am. Chem. Soc. 2003, 125, 4704-4705. (2) Lei, A. W.; Waldkirch, J. P.; He, M. S.; Zhang, X.
M. Angew. Chem., Int. Ed. 2002, 41, 4526-4529.



4.6.3 Cyclization Reactions with Alkynes

Mechanism for the Rh-Catalyzed Alder-Ene Reaction?

O r?IE xx Dmdatwe Addition

\ b / R
ol Dmda tiv Cychzatmn‘

thIII H
RI—% ZL R1
07N :RS ||
s ! h F’*
R : N™ pa™ )
Disfavored I B,.»—- i Favored -A R2 P
tl:l -F:It 3 V 1
NS R3= OAc, OCOR
™~ 1 R?
1 H 3 R =
N Y T
Vi © r?I
@] P?lz RE
R 1.3-diene

(1) Lei, A. W.; Waldkirch, J. P.; He, M. S.; Zhang, X. M. Angew. Chem., Int. Ed. 2002, 41, 4526-4529.



4.6.3 Cyclization Reactions with Alkynes

Trost: Ruthenium-Catalyzed Cycloisomerization Reaction?

PFeO

N
MeCN, R:Sa

\s
MeCN” /A
o

MeO 3 mol%
acetone, 40 °C

0. _R?

42-85%
75-97% ee

M
Me Acatone, G.EIE M. 16 h Ts
B5% vield
alcohol
coordination
Me

. redox
isomernzation r .

=
2]
=
O

(a) Oy e
Tal ”L\{ Me
Me 5 mol% CpRu(PPha),Cl
==.__OH “Imom: CSA, 5 mols In[0Tl);

reductive
elimination

(Ru]
" {_W'"“-‘
M

Q
Ts

[2+2]
cycloaddition

(1) Trost, B. M.; Ryan, M. C.; Rao, M.; Markovic, T. Z. J. Am. Chem. Soc. 2014, 136, 17422.
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4.6.3 Cyclization Reactions with Alkenes

Stoltz: Wacker-Type Oxidative Cyclization?

N\ Sparteine
N N
N p 100 mol% N
M S
RO b - > RN S 47-87%
_ oH e 10 mol% Pd(TFA), Z~0 Me 20-90% ee

Ca(OH),, MS 3A, O,
toluene, 80 °C

Tietze: Tandem Wacker-Cyclization Heck Coupling?

X

=

‘i

0o
e ]
iPI"/,I, N N
\ X
Me Me [0>_ |i;

aY,

X
MeO o)
40 mol%
' \)1\ 2 >

Me Me 54-85%
°:<:>:° DCM 77-96% ee

(1) Trend, R. M.; Ramtohul, Y. K.; Stoltz, B. M. J. Am. Chem. Soc. 2005, 127, 17778-17788. (1) Tietze, L. F.; Sommer, K.
M.; Zinngrebe, J.; Stecker, F. Angew. Chem., Int. Ed. 2005, 44, 257-259.




4.6.3 Cyclization Reactions with Alkenes

Stoltz: Deuterium-Labeling Gives Insights into the Reaction Mechanism?

@ e P e o e o\
anti H o oeeeees - H o oeeeees - Y - =
nucleophilic (ﬁ% m =D E- P -t
attack .-~ OHE D o D 0 o D “E
3-d-54
Not observed
HO
-allyl  [Pa] . (P47 e 07\
R LT I . W . T i o - E o
Dv“@?““!ﬂ - H(D)X I\/@\ HD) -HOX G\E:’&*H{D}I Gjls:;‘“m} /OE
CO,Et 0 0 (D}H E
cis-3-d-53

. 5"\\ E E :g._.\}
ax',rpallad ation (m’ —_— ! L Gj;;&\ Gj:;)‘
Sy D ot [Pdlp © o

O-[Pd] [Pd]—D H &
l aq
'?"‘\
. | Do A
E D E
[Pd] [Fﬂ] H H "'E
cis-2-d-55

(1) Trend, R. M.; Ramtohul, Y. K.; Stoltz, B. M. J. Am. Chem. Soc. 2005, 127, 17778-17788. 33



4.6.3 Cyclization Reactions with Alkenes

Bergman-Ellman: Rh-Catalyzed cyclization initiated by C-H activation?!

\
>—Me
z |||Me
BnN Me Ph BnN Me
NS

15 mol%

R 5 mol% [RhCI(coe),],
toluene, 50 °C

R 90-96%
> 70-96% ee

Cramer: Ni-Catalyzed cyclization with chiral carbene ligands?

ArAr,,

r2fl NN 55 mol% r2A1 NN 80.92%,
% 1 - = o
N\}R 5 mol% Ni(cod), Rl 76-95% ee

25 mol% NaOBu
PhCF5, 60 °C

P4

(1) Thalji, R. K.; Ellman, J. A.; Bergman, R. G. J. Am. Chem. Soc. 2004, 126, 7192-7193. (2) Diesel, J.; Grosheva, D.;
Kodama, S.; Cramer, N., Angew. Chem., Int. Ed. 2019, 58, 11044-11048.



4.6.3 Cyclization Reactions with Alkenes

Hultsch: Intramolecular Hydroamination of Alkenes

{L}ﬂ-+1

0 /

HaM
H-R * Ln--N

SiAr; R = alkyl, amido g
OO Me,N Cata.’yst jedorm
O, | Ac!fvanon
{L:In L = H;NR', HNR'R"
o
Me,N “‘ f H
. N—Ph

SlAr3 -"'“M L
2 mol% \ 5 In .
| toluene, 25 °C o, J H
H T
N_ _Me 5
w 89-97
R )n

16-95% ee [Dleﬁn Insertion I

R HzNM o, j /
e & N

[I{Eﬂ-ﬂml

(1) Gribkov, D. V.; Hultzsch, K. C.; Hampel, F. 2006, 128, 3748-3759. 35



4.6.3 Cyclization Reactions with Alkenes

Wolfe: Asymmetric Carboamination with Pd catalysts?

.O Ph>—Me

~ 8;P—N
Boc >--|Me Boc
' Al
NH 7.5 mol% Ar 61-80%
S_/: + Ar—=X > 82-93% ee
2.5 mol% Pd,(dba), R
R R NaO!Bu, toluene, 90 °C R
L L Boc
N— N % H N
| —_— % —_— 1 Ar
H 13 14 H 4

Chemler: Asymmetric Carbooxygenation with Cu catalysts?

Ar
OH
, (Ar 25 mol% ‘Bu-BOX o ANgt 46-88%
- [\)
g_/i R 20 mol% Cu(OTf), 80-95% ee
R'R K,CO,, MnO,, PhCF, 100°C R R

(1) Mai, D. N.; Wolfe, J. P., J. Am. Chem. Soc. 2010, 132, 12157. (2) Bovino, M. T.; Liwosz, T. W.; Kendel, N. E.; Miller, Y.;

Tyminska, N.; Zurek, E.; Chemler, S. R. Angew. Chem., Int. Ed. 2014, 53, 6383. 36



4.6.3 Cyclization Reactions: Hydrocarbamoylation

Cramer: Nickel-catalyzed hydrocarbamoylation of olefins with new phosphine oxide ligand?

Q R. .o R AlM R
P " e
R‘NJ\H Py ~=— P-OH TH!"" _P-0AIMe,
X
n 0 PPh, l [Ni{COD),)
. 0
5 mol % Ni(COD), Bn—
A T MeAl. Bn““m’”‘H
r« ¢
\-Bu 2a pR NP
L[N R 1a
N /O
[ \P/ B
s \
N H o
5 mol =
)\tBu ° Al x‘ﬁ/
Ar jj Q R o O
@ P- R
5 mol % PPh,, BrNZ N R an. @2 PO

Y AiMe, toluene 40 °C L_AH P
0 ‘-\-‘-‘-l.

E C
R‘N\b/ Wi’
)n \ o @E E:H
e ."'J ]' R

46-98% N™ INi
80-95% ee AN

(1) Donets, P. A.; Cramer, N. J. Am. Chem. Soc. 2013, 135, 11772. 37



4.6.3. Cyclization Reactions: via radicals

Buchwald: Combining Radical and Metal Pathways* Me Me

O

\Rﬂ/o
|
(o) 5 mol% Cu(MeCN),PFg NN

tBu 5 mol% ’tBU
0

R PhI(OAC),/TMSN; or @ |—CFs

o

O

.

R
17 Lou 1® HO
20 2
+CF,
(<]
oF.] O
D)\_/—K_ LCcu"—0
R
LCU”‘_O 23 |

21

CF,
0 O)\_/_K_
R
HO Mjg HO
22
|

- 0]

45-68%
75-92% ee

favored TS, leads to Il

disfavored TS, leads to 1l

(1) Zhu, R.; Buchwald, S. L. J. Am. Chem. Soc. 2015, 137, 8069.
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4.6.3 Cycloaddition Reactions

Hayashi: [4+2] Intramolecular Cycloaddition Reaction of Alkynes and Dienes

Ph
L= 7
— r Ph R 1
2.5 mol% [RhCI(L)], R 87.96
R > X 83-99% ee
N\ / 10 mol% AgSbFg 2 R2 °
) DCM, 25 °C H
R
Ph
——Fh
s ::?L"H,-- Me :{I
X \
T (W 4 Me
H EHJJ_____.. Rh' ——I'_“‘a.,__ v 1a
reductive coordination
Ph elimination — _Ph
- 1l VA
. Pt R!'I ]
Mechanism X —Ne X, \;Rh
e e L
¥ Ph Y, -Me
B \ e __.-:k o
."'" B Y _,__,—'-_"'-'-
1,3-allylic X, ___Lf,ﬁh"' 7 oxidative
migration A cyclization
{suprafacial) H "=
A |

Me

Rh = [Rh((S,S )-Ph-bod*)]SbF,
X = C(CO,Me),

(1) Shintani, R.; Sannohe, Y.; Tsuji, T.; Hayashi, T. Angew. Chem., Int. Ed. 2007, 46, 7277-7280. 39



4.6.3 Cycloaddition Reactions

Cramer: Ruthenium-Catalyzed Annulation with Chiral CP ligand?

|
R [N} 1
SRUNCMe e 230¢ R
X MeCN” ® NCMe
Z "0 36-95%

>
\_\\_/<° X , 74-98% ee
R

Oxidative Coupling 9 R?

Isomerisation R’

—
z [Ru]

enantio-determining step

H
10 2 O

(1) Kossler, D.; Cramer, N. J. Am. Chem. Soc. 2015, 137, 12478.



4.6.3 Cycloaddition Reactions

Wender: [5+2] Intramolecular Cycloaddition of Vinylcyclopropanes and Alkenes

DOk
"Rh*SbFg’
P
U e
R R
10 mol% =
A —
\_\\_’<] DCE 50 °C = I ee
H

Model for Selectivity

A\r,Ar
P

Favored
(Major)

Disfavored
{Minor)

(1) Wender, P. A.; Haustedt, L. O.; Lim, J.; Love, J. A.; Williams, T. J.; Yoon, J. Y. J. Am. Chem. Soc. 2006, 128, 6302-
6303. 41



4.6.3 Cycloaddition Reactions

Shibata: Asymmetric [2+2+2] Cycloaddition — Alkyne, Alkyne, Alkene!

(L g
P

\
Rh(cod)"BF,’
P
O Taew
(o) R R1 )
—— 1 5 mol% R
/T R N R R2 i > X \( 54-94%
X — . DCE 80 °C 0 80-99% ee

R
Tanaka: Asymmetric Trimerization of Alkynes for the Synthesis of Axially Chiral Anilides?

W,
/

0 ¢

Ar Ar R _O

{

N~ 10 mol%

‘R? 15-79%
\ . - X 79-97% ee
— R If DCM 23 °C SiMe.

X
+
2011

SiMe;, R

(1) Tsuchikama, K.; Kuwata, Y.; Shibata, T. J. Am. Chem. Soc. 2006, 128, 13686-13687. (1) Tanaka, K.; Takeishi, K.;
Noguchi, K. J. Am. Chem. Soc. 2006, 128, 4586-4587.



4.6.3 Cycloaddition Reactions

Cramer: [4+4] with iron catalysis?

; "f Fed
“‘ 51.1 %Vpyr

Me A\ Me - - ))
2 7\ e /d"Q’
{N\ ,,N& o~ o
Fe )
Et cl, Et 9 e
Me Et Et Me % . %
2 mol% o~ ) .
8 mol% Bu,Mg, - 10 °C U 47.3 %Vpy
2 U
R1

Fe9
48.0 %V,

(1) Braconi, E.; Gotzinger, A. C.; Cramer, N. J. Am. Chem. Soc. 2020, 142, 198109.
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4.6.4 Cross-Coupling Reactions: Heck

Shibasaki: The First Asymmetric Heck Cyclization Reaction?

\
_PdCl,
P
C X e
R
=z R 10 mol%
, > 65-75%
Ag;PO, 33-80% ee
NMP, 60 °C H

Overman: Asymmetric Heck Cyclization for the Synthesis of Oxindoles?

S
| Ph pp,
N P’
R2 NP
o Q | ph Ph
X N X
16 NMe | 12 mol% _ 53.93%
0920
5 mol% Pd,dba;*CHCI, 0-92% ee
Me
Me_ N_ Me

Ag;PO, oOr
93KV, Me{jMe
DMA 100 °C
(1) Sato, Y.; Nukui, S.; Sodeoka, M.; Shibasaki, M. Tetrahedron 1994, 50, 371-382. (2) Ashimori, A.; Bachand, B.; Calter,

M. A.; Govek, S. P.; Overman, L. E.; Poon, D. J. J. Am. Chem. Soc. 1998, 120, 6488-6499. (3) Ashimori, A.; Bachand, B.;
Overman, L. E.; Poon, D. J. J. Am. Chem. Soc. 1998, 120, 6477-6487.




4.6.4 Cross-Coupling Reactions: Heck

The Two Possible Mechanism for the Heck Cyclization?!
Catlonic pathway:

P
(_pd
i P
4[.;f'er}T1' y) (P + ,S0lv
~ (A
( Pd A= cm* OTf~
-~ 42 43
— ArX " F'Ei
39 X AgOTH AgX
41

Neutral pathway:

A n

Pd
L
/ " \
(P

J'-"'Lr
=" ArX ( Pd — ( —*( Pd
39 P’ >//’
41 45 46
PI.-. -I-Ar
P"'Pd“x
47

(1) Ashimori, A.; Bachand, B.; Calter, M. A.; Govek, S. P.; Overman, L. E.; Poon, D. J. J. Am. Chem. Soc. 1998, 120,

6488-6499.
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4.6.4 Cross-Coupling Reactions: Heck

Sigman: Enantioselective Heck arylation

o)
QC—@Q
OH —N N (o)
7 mol% 2 58-79%
R2 R
R1J\/\/ + AI'N2PF6 ‘ R1JJ\/Y 80-98% ee

3 mol% Pd,dbaj;

DMF, 23 °C Ar
L,Pd"-Ar R’ R
() .\, HO | - O~
)WH j/\[/\Ar B-hydride wﬁ I A
alkenyl R _ pPdlL, elimination Pd-
alcohols G H
| migratory
E; L,Pd EI' insertion
o) ' | )
Y\/\Ar HD\H\/\Ar
R R [

(1) Werner, E. W.; Mei, T. S.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. (2) Mei, T. S.; Patel, H. H.; Sigman,
M. S. Nature 2014, 508, 340.
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4.6.4 Cross-Coupling

Reactions: Dyotropic Rearrangements

Zhu: dyotropic rearrangement of carbon and palladium?

+ ArB(OH),

CONHR!
D<R2

F,;C N

N7 O
|\{>—Ph
N
12mol% Ph

SelectFluor
10 mol% Pd(AdCO,),

Na,CO3;, AdCO,H, DCE 50 °C

Y
Ar CONHR'
\ 26-75%
/ F 80-95% ee
hz

Ar
—Cl F
CONHR A 4 PdX,
+ ArBH(OH)> <+ oBE,” ————————®™ ",
I: : :*Hu 4’”{ *  Chiral ligand CONHR
F 4 2

ArPd''X l Step 1 Pa'l

TE:'
‘\T Step 5
BFy
F +
Pd'Vx
Step 3 O Step 4 / K/ “CONHR
:-H i

D
VK,PG” u
Al O NHR Ar o Ar R Fa FPd"-’x
‘_I;\ s NHR S NHR [ PH
e
{':'\"‘.‘“"'Hw'::I o F ©
6

(1) Cao, J.; Wu, H.;

Wang, Q.; Zhu, J. Nat. Chem. 2021, 13, 671-676.
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4.6.4 Cross-Coupling Reactions: Negishi and Suzuki

Fu: Asymmetric Negishi Coupling of a-Bromo Amides?

o
</' N PYBOX
N N

o) - (0]

IPF 13mol%  Pr B )k(
Bn. R 1 n. R 51-90%
N)S/ *  R-ZnX > N 77-96% ee

| 10 mol% NiCl,*glyme 1
Ph R
Ph Br DMITHF, 0 °C

Fu: Asymmetric Asymmetric Suzuki Coupling of Homobenzylic Bromides?

Q) O
\(

MeHN  NHMe
12 mol%

R1 2 R1
Ar + R2-(9-BBN) - 62-73%
Y 10 mol% Ni(cod), U

Br ) . R2
KO'Bu, '‘BuOH, /Pr,0, 23 °C

(1) Fischer, C.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 4594-4595. (2) Saito, B.; Fu, G. C. J. Am. Chem. Soc. 2008,
130, 6694.



4.6.4 Cross-Coupling Reactions: Reductive and C-N

Reisman: Reductive Cross-Coupling?

N N
H
2
Br + j«\r 11 mol% |§
RITNXC1 R2” | - > R NAr

10 mol% NiCl,(dme)
Mn, Nal, DMA, 0 °C

Fu/Peters: C-N Coupling Combining Nickel and Photoredox Catalysis?

@ 2 mol% 0 O
N
s
R' R2

R,N
2 R1 R2 O O 1 mol% CucCl

Blue LED
LiOtBu, toluene, -40 °C

44-91%
88-97% ee

73-98%
89-99% ee

(1) Cherney, A. H.; Reisman, S. E. J. Am. Chem. Soc. 2014, 136, 14365. (2) Kainz, Q. M.; Matier, C. D.; Bartoszewicz,

A.; Zultanski, S. L.; Peters, J. C.; Fu, G. C. Science 2016, 351, 681-684.



4.6.4 Cross-Coupling Reactions: Decarboxylative/Photoredox

MacMillan: Combining Decarboxylative Photoredox and Nickel Catalysis
0]

R
OH *

CN NHBoc

om amino acid O\CO?H P ! /. p

NH N A e Raaaia N N

/ ki L Sepm e L

r Ar o
2.2 mol% / \

(£)-benzylic amine 10

Ar—Br

2 mol% NiCl,eglyme ‘I (2) Ir' (5)
TBAI, Cs,CO;, blue LED oxidant reductant
Photoredox
DME/toluene, rt Catalytic e
Cycle
-f" |
Household Light Bulb Ir'h (1) Nickel |
Catalytic Ak—NillL, 8
I
6 L.Ni° Cycle Ar

Synergistic
Catalysis I \©\
Me

L, Nl“ - Ar
* Photoredox

* Nickel para-iodotoluene Boc

45-84%
82-93% ee

(1) Zuo, Z; Ahneman, D. T,; Chu, L, Terrett, J. A.; Doyle, A. G.; MacMillan, D. W. C. Science 2014, 345, 437-440. (2) Zuo, Z. W.,;
Gong, H.; Li, W,; Choi, J; Fu, G. C; MacMillan, D. W. C. . Am. Chem. Soc. 2016, 7138, 1832-1835. 50



4.6.4 Cross-Coupling Reactions: Arylation of Ketones

Buchwald: Asymmetric a-Arylation of Ketones?

W,

A

o

o Me
Ph\N N Me + ArBr 2.5 mol% - Ph\N N o 43-85%
e 1 mol% Pd,dba, l Ar  22-94% ee

NaO!Bu, toluene, 23 °C

Ma: Cu-Catalyzed Arylation of B-Ketoesters?

HO

FsC. O QCOZH
NH O O H
X 20 mol% -
oL b M oR .
= | Me 10 mol% Cul

NaOH, H,0, DMF, -45 °C

(1) Hamada, T.; Chieffi, A.; Ahman, J.; Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 1261-1268. (2) Xie, X. A.; Chen, Y,;
Ma, D. W. J. Am. Chem. Soc. 2006, 128, 16050-16051.



4.6.4 Cross-Coupling Reactions: Arylation of Carbonyls

Kundig: Intramolecular Arylation of Ketones using Carbene Ligands?

@BF4
'‘Bu /[~—\® !Bu
NVN N
Br Me Me RZ Me
Me . o
LA 5 mol% [Pd(dba),] N
NaO'Bu, DME 1

Mazet: Intramolecular Arylation of Aldehydes?

B
" o
1 r
R H 5 mol% Pd(OAc), R

R? Cs,CO5, DMF, 80 °C

72-99%
57-94% ee

CHO

51-99%
20-98% ee

(1) Kundig, E. P.; Seidel, T. M.; Jia, Y. X.; Bernardinelli, G. Angew. Chem., Int. Ed. 2007, 46, 8484. (2) Nareddy, P.;

Mantilli, L.; Guenee, L.; Mazet, C. Angew. Chem., Int. Ed. 2012, 51, 3826.



4.6.4 Cross-Coupling Reactions: Arylation of Enols

Gaunt and MacMillan: Cu-Catalyzed arylation of silyl enol ether with aryl iodonium salts1?

O OsiR!,
OJ\NJ\/RZ + )|( o Phi PhalX ¢S commercial, air stable
Mes—I—Ar
/ :n:)lﬁ \ /
R Oxidative
carbonvl rsertion
Me Me | 2 OTF y
O Copper
S/ Catalysis
’: RsSi-Cl LaCu(lll)— LoCu(l)
Ph Ph enanticenriched
5 mol% a-aryl carbonyl
CH2C|2 OS|R3
Addftion—
Reductive L
(o) (0] alimination
N R? / \
(o) N
A OSIR, + OSiR, ,
,l\/n — R3SiOH
h =X X _—
80-95%
90-95% ee R

(1) Bigot, A.; Williamson, A. E.; Gaunt, M. J. J. Am. Chem. Soc. 2011, 133, 13778. (2) Harvey, J. S.; Simonovich, S. P.;

Jamison, C. R.; MacMillan, D. W. C. J. Am. Chem. Soc. 2011, 133, 13782.
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4.6.5 CH Functionalization: SP2 C-H activation

Yu: Enantioselective C-H Activation?

Me COzH
Me HN o
20 mol% OMe
R-B(OH), > 43-96%
54-95% ee

10 mol% Pd(OAc),
Ag,0, benzoquinone

THF, 50-80 °C

Enantioselective:

Working Model
Pd(OAC), ot Me
2 —————» — .-
chiral / Me
* ) *
R*COOH on. \ Y R*COOH
Ph R'COO

(1) Shi, B. F;; Maugel, N.; Zhang, Y. H.; Yu, J. Q. Angew. Chem., Int. Ed. 2008, 47, 4882.
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4.6.5 CH Functionalization: SP2 C-H activation

Cramer: Enantioselective C-H Activation?

Ar Ar
Me_ O o} )
X P—NBu, R\
Ar 12 mol % —
Ar 0
- g asoree
5 mol % Pd(OAc), WUl o
o] R
NaHC03, JL X
Me,N~ "Me
. +
Working Model DT-[ o ISDW—‘ .
E.n [Pdl, d Bn + NaHCO,
~Bn — NaOTf
2
f‘ R
—‘x 2~ —[PdL*Salv,]

S

(1) Albicker, M. R.; Cramer, N. Angew. Chem., Int. Ed. 2009, 48, 91309.

55



4.6.5 CH Functionalization: SP2 C-H activation

Cramer: The first truly efficient chiral Cp ligand for C-H activation cyclization?

Me
os =
Ph\f/ 1 Rh

Me (o)

O Ph o\/\/

» N N,OBOC N /\R3 2 mol% - R1—: X NH 51-9010/0
R'w J H R2 2 mol% Bz,0,, EtOH, 23 °C Z rs [0-94%ee

R2

Rovis/Ward: An alternative combining transition metals and enzymes?

N
S
H/z, e B}:, Me
N N o cl’ ¢l
N N,OBoc , g2 9 » RILT N NH 30-95%
R H 0.66 mol% Strepatavidin-CO,H 2 R2 12-86% ee

Buffer/MeOH, 23 °C

(1) Ye, B. H.; Cramer, N. Science 2012, 338, 504. (2) Hyster, T. K.; Knorr, L.; Ward, T. R.; Rovis, T. Science 2012,
338, 500.



4.6.5 CH Functionalization: SP2 C-H activation

Cramer!?

Me

oo~
Ph\f/o Me Rh

Ph
back wall:
<« prevents attack —
side wall:
<« orients substrate ——»
- H
| H
=Y Ph
¢ H
=0
N\
b e
c2 OtBu
lnﬁnor
@]
NH NH
vs
Ph Ph
(R)-4a (S)-4a

Rovis/Ward?
- X 1
BiotinNH \//\Cp* //(H—_zSav —]
H\-07)

Rh—0O

-~

Asn 118,y

-

(1) Ye, B. H.; Cramer, N. Science 2012, 338, 504. (2) Hyster, T. K.; Knorr, L.; Ward, T. R.; Rovis, T. Science 2012,

338, 500.
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4.6.5 CH Functionalization: SP2 C-H activation

Cramer: C-H Functionalization with
Binaphthyl-Based CP ligands?

Rh
NS
5 mol%

R

5 mol% Bz,0,, CH5CN, 23 °C

Y
0
X 52-94%
110
Re N1 66-93%ce
RZ"’COZR?’

'R = small substituent
+ B* = hig substituent

- O Rotation

Defined Orienation

‘H, Carbenoid
A | Formation
| Equilibration?
. " Rotation
WO-N, ’. PNO—N.
2
Insertion
Y stereo-defining step y
. 3 \R?
@ h’ h’ @
H PVO—NT \ 7 PVO=NT L — o H
S A R2 \\. @
© 3 H R @ I O ent-3

(1) Ye, B.; Cramer, N. Angew. Chem., Int. Ed. 2014, 53, 7896. 58



4.6.5 CH Functionalization: SP2 C-H activation

Hartwig: Desymmetrization via C-H silylation?

OSiEt,H O—SiEt,
N N 5 mol% biphosphine ligands X SN 54-90%
R— | IR > R | R 81-99% ee
> = 2.5 mol% [Rh(cod)Cl],, nbe, THF, 50 °C Z Z
o Me
Me Me < O ptpr,Ar Me
o
@)\PR2 PCy, PR,
Fe PR Fe o) P
<) < IR A™ M e
JosiPhos o R.P
R,P 27N\ _s
WalPhos SEGPHOS
L0 s . Mel catASium

ee (%)

(1) Lee, T.; Wilson, T. W.; Berg, R.; Ryberg, P.; Hartwig, J. F. J. Am. Chem. Soc. 2015, 137, 6742. 59



4.6.5 CH Functionalization : SP3 C-H activation

Cramer: Enantioselective C-H Activation of SP3 bonds?

2 H
pe¢ O
2 . Pdo-L*
R1/ = N R iPr N H N
T¢ 0 é %a i 5a Tf
P

Pro A O'Pr: . D
L L%
0 Pr pgH Pd | T10°
20 mol% @ D .
CO,H N2 N
g T 6
Nﬁapoq NEEHPD“,
O O 10 mol% T~ - . 1
o R OH R” “ONa
10 mol% Pd(cinnamyl)Cp \
Y Na3zPO,, xylene, 135 °C induced orientation

H R2 relay of chirality L~

0
f\ Pd. >R
| SN H prd,owﬁa @[ o NaOTf
(F~N “—R? C[ 0 N
L )
7a

7b Tf

(1) Saget, T.; Lemouzy, S. J.; Cramer, N. Angew. Chem., Int. Ed. 2012, 51, 2238.
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4.6.5 CH Functionalization : SP3 C-H activation

Yu: Enantioselective C-H Activation of SP3 bonds!?

B -4
- - f NN Mo {Bu
/\j.J\ JC F Z f\,
+ Arl i | Bu
1
R NHAr ] N—-i?d—N i
O 4-HO
B Mé H _
TS_R
‘Bu AAG = 0.0 kcal/mol
10 mol%
Bu
10 mol% Pd(OAc),
Ag,CO;, HFIP, 80 °C _ -1
v _F O M Me BY
X F4C. A F N’ O
Ar (o) — \ ‘ " > FY : N—Pld—\J Bu
‘ e F )—\_’e
R1J\)LNH2AI' J_\ ! ( Y QJ\j.--H-O
P‘ : L Me H -
50-89% "™ (~(
80-92% ee /F‘ TS_S
AAG = 1.2 keal/mol

(1) Chen, G,; Gong, W.; Zhuang, Z.; Andra, M. S.; Chen, Y. Q; Hong, X,; Yang, Y. F; Liu, T, Houk, K. N.; Yu, J. Q Science
2016, 353, 1023-1027. 61



4.6.5 CH Functionalization : SP3 C-H activation

Gaunt: Enantioselective C-H Activation of SP3 bonds!?

Ar
L
s\
R R O OH R R
R(N,H 20 mol% R(
X Me Ar > N 54-91%
%Me 10 mol% Pd(OAc), XM | 84-93% ce

o) Ac,0, PIDA, EtOAc o)
2 b
(a) /} - (b)
0
ofib‘o H,"O:{)
g\ . :
i 0 Pd binds amine Me )
Me '? / through M )VN\P!
M k‘N\ pseudo-axial /e e ¢ \\o
7 e AN position Oy N\ Jo3p-0

I’ / P

O - ‘ \
H--O=\ O )

0/ Me 0

phosphate to NH hydrogen bond acetate to NH hydrogen bond
acetate engaged in C-H bond cleavage phosphate engaged in C-H bond cleavage

(1) Smalley, A. P; Cuthbertson, J. D,; Gaunt, M. J. . Am. Chem. Soc. 2017, 139, 1412-1415.



4.6.5 CH Functionalization : via Radicals

Zhang: HAT for enantioselective radical cyclization

NHT
N s
% a Y H H
H L
X H §% YL [Co(Por*)]; base o H
R™ ~X - —R
1 H X=NR' O, S, CR, N
(Y = NNHTs) | 2
2 m 1
Co(ll)-Metalloradical (Y = N5)
Radical Radical
Substitution Activation 1
N2
(o)
o H *R X * *R » *R
o ¥ )=0 o= <4 =0
NH H- HN NH H Hes HN
3 mol% Q __n-Co N—< O Q _Co N— Q
Z 5 Cs,CO,, dioxane, 60 °C = | ~— :
R\ .
X e-Co(ll)-Alkyl Radical H-Atom Abstraction a-Co(lll)-Alkyl Radical
51-92%
23-97% ee

Wang, Y., Wen, X,; Cui, X,; Zhang, X. P.J. Am. Chem. Soc. 2018, 140, 4792-4796.



4.6.5 CH Functionalization: via Radicals

Guosheng Liu: Controling both regio- and enantio-selectivity for allylic cyanation

H
0, OMe Me , NC,
R’ R* g 7.5 mol% R’ .__R4
— /©/ N"Ph —— > — 51-91%
moli7/ CU C (")
2 3 2 3 80-99% ee
R® R F.C F TMSCN, C¢Fg, RT R® R
b e ‘
O+ i i
Aro,_s"" 3 MCU{CH&CNLPF&: "*’ \\ 5 v !, ! @ éﬂh E
- | CF,, AT : : N-O" |
2e No, = : :
( ,/‘5 i L !
(i) (if)
__,.J\f/\J P - ” n U /J M{_
2,200 2,600 3,000 3,400 3,800 3,300 3,340 3,380
Magnetic field (G) Magnetic field (G)

Li, J. Y.; Zhang, Z. H.; Wu, L. Q.; Zhang, W.; Chen, P. H.; Lin, Z. Y.; Liu, G. S., Nature 2019, 574, 516. 64
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4.6.5 CH Functionalization: via Radicals

Ar = 4'GF3'GEH4

Experiment: AAG, } = 2.0 (C3:C7 = 22:1); AAG F =

_ H? _ — He — 1
HeT )
H7L i | H Ph
HE Ha _ H#
S 0
_ A 5 Ph :
S Ph -~
o7 W 5 1 ,-:-;,&S\‘b by H”l:ﬂ H
TS2y3 Ny, I ACN .
. (NfCUL‘-F .0
. a.sfé Ph
I o TS2Cuy3 o7\ \/ﬁ/
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;96 o *x__1a AAGyE=26 , 341 N F
l s, -5 3 TS1Cuyy
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E ' Ph
(N,, : .CN o0
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Density functional theory: AAAG* = AAG* - AAG ¥ = 1.1 kcal mol!

0.8 (C3:C7 = 3.4:1); AAAGH = AAG,F -

AAG_F = 1.2 kecal mol™

Li, J. Y.; Zhang, Z. H.; Wu, L. Q.; Zhang, W.; Chen, P. H.; Lin, Z. Y.; Liu, G. S., Nature 2019, 574, 516.
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4.6.5 CH Functionalization: via Radicals

Xin-Yuan Liu: Enantioselective CH alkynylation?!
CF;

0

I
O._NH N

PPh,

0 0
Ar” R " _tBu 15 mol% ”l
¥ /O/ \'I'/ 10 mol% CuT > B o3
mol% CuTc H 81-93% ee
R2 F.C F Cs,C03, PhCI, 0 °C Ar” R

Zhaoqing Xu: Enantioselective CH alkylation using visible light?

PArZ
PArz
O 11 mol%

R
PN + 10 mol% Cu(OTf), =
QHN CO,tBu RJ\O’N - A 72-90%

S DABCO, DMF, blue LEDs, 10 °c ~ GHN CO2tBu  71.97% ee

I

7N N\

(1) Liu, L,; Guo, K.-X,; Tian, Y.; Yang, C.-J,; Gu, Q-S,; Li, Z.-L;; Ye, L,; Liu, X.-Y. Angew. Chem., Int. Ed. 2021, 60, 26710-26717. (2)
Qi, R; Wang, C;; Huo, Y,; Chai, H.; Wang, H.; Ma, Z,; Liu, L,; Wang, R,; Xu, Z. J. Am. Chem. Soc. 2021, 143, 12777-12783.



4.6.5 CH Functionalization: via Radicals

oxidative quench o

N_ _CO,R’

- Cu”IL*R
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= H
B
N\{COQR' _ >
H H coordination c

H H
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SN hv
| H
NYcoze'
R D\ LCu'L*R

Qi, R; Wang, C;; Huo, Y;; Chai, H.; Wang, H.; Ma, Z,; Liu, L,; Wang, R,; Xu, Z. J. Am. Chem. Soc. 2021, 143, 12777-12783.
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4.6.5 CH Functionalization: Oxidative Biaryl Coupling

Gong: Bis-V Catalysts for Biaryl Coupling?!

5 mol% H

R' R2
R o)
y
R3 OH

0,, CCly, 0 °C
Me
Martell: Bis-Cu Catalysts for Biaryl Coupling?
/\I /\|
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N N
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.
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I I OH
l ! OH

>

62-99%
89-97% ee
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(1) Luo, Z. B.; Liu, Q. Z.; Gong, L. Z.; Cui, X.; Mi, A. Q.; Jiang, Y. Z. Angew. Chem., Int. Ed. 2002, 41, 4532-4535. (2)
Gao, J.; Reibenspies, J. H.; Martell, A. E. Angew. Chem., Int. Ed. 2003, 42, 6008-6012.



4.6.5 CH Functionalization: Oxidative Biaryl Coupling

Structure of Catalyst
and Mechanism

R product
nminaor

: | OH S product
@ OH major

(1) Gao, J.; Reibenspies, J. H.; Martell, A. E. Angew. Chem., Int. Ed. 2003, 42, 6008-6012. 69




