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2. Approaches of anti-Markovnikov Hydroamination

2.1 One-pot Hydroboration—amination



One-pot Hydroboration—amination

Lalic (2012)
9-BBN (1 eq.)
toluene, 60 °C, 12 h then H
RN > 1J\/NR2
R,N-OBz (1.1 eq.), LiOBu (1.1eq) R
ICyCuCl (5 mol%) up to 97% yield
toluene, 60 °C, <8 h
Selected Substrate ' Proposed Mechanism
. EEL} ! LiOBz BBN
oY H o H _/_<:> | LCuOBu R
k/N\)\/Bn iPr/N\)\/Bn npr/N i
94 % 80 % 83 % i LiO'Bu regenerate ™ 'BuO-BBN

_ Me Bn |
I 1

|Pr 7(1 Me—( _/_/ ! LCu-OBz R1’\/CU|—
’Pr’NM\IrOMe Mlsle N I\/Il\éle NC N E
7 |
o) K/\/Ph Me '
0, 1

80% 86% 90 % R,

Lalic, G. et. al. J. Am. Chem. Soc. 2012, 134, 6571-6574.

electrophilic amination

RIS

- +
9-BBN



One-pot Hydroboration—amination

Proposed Mechanism
R1/\
LiOBz RN~ BBN — +
LCuOBuU 9-BBN 1,4-dioxane
IMesCuEt + Bny;N-OBz »  Bn,N-Et
45 °C, 20 min 71%
LiO'Bu regenerate ™ 'BUO-BBN 0
LCu-OBz R(\/CUL 9-BBN, benzene
60 °C, 12 h then NP
AN . > NN
Ph = iPr,N-OBz, LiO'Bu Ph
NR R,N-OBz IMesCuEt (5 mol%) 91%
R1,\/ 2 b ]
enzene, 60 °C, 4 h
electrophilic amination

Lalic, G. et. al. J. Am. Chem. Soc. 2012, 134, 6571-6574.
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2. Approaches of anti-Markovnikov Hydroamination

2.2 Metal-Involved Hydroamination



Metal-Involved Hydroamination

Hartwig (2013)

H
CpyZrHCI (1.0 eq.), THF, 25 °C
/\R'] P2 ( q ) > RZHN\)\R1
R,NHOSO;H (1.5 eq.), 50 °C, 0.5 h

Primary Amines Scope

Me
NH; NH
NN
Hex/\/NH2 2 NH, (from/\/\/\r"")
89% 94% 71% 78%
Secondary Amines Scope
. NHMe
Hex” N\~ NHMe MesSi - NHMe NN NHMe ©/\/\
89% 83% 89% 84%
Me
NHM
NHMe Me” " NHMe >r\/NH'V'e ©
Me
67% 61% 71% 67%
PN S N Hex ’Pr\N/\/Hex 'Bu\N/\/Hex Me. A\ -Hex ~, .OSOzH
H H H | (from N )
Me |
46% 44% <5% N.D.

Hartwig, J. F. et. al. J. Org. Chem. 2013, 78, 8909-8914. 10



Metal-Involved Hydroamination

Buchwald (2013) § \
0]
) Miura's condition . < O
Buchwald's condition
PAr RlN,R2 Cu(OAc), (10 mol%), CF3-dppbz (10 mol%) A Cu(OAc), (2 mol%) R’ o PAr,
@ PMHS (3 eq.), LiO'Bu (4 eq.), DCE, rt., 4 h R.\-R* (2)-DTBM-SEGPHOS (2.2 mol%) . o PA,
PAr, )\ - . " - ! > et NN 2 <
Ar Buchwald's condition R OBz DEMS (20 eq) THF. 40 °C. 36 h Alkyl R 9
Ar = 3,5-(CF3),CgH3 R = Ar CU(OAC)z (2 mol%) 1.2 eq. R = Alkvl
) (+)-DTBM-SEGPHOS (2.2 mol%) = Alky Ar = 3,5-(Bu),-4-MeO-CgH,
DEMS (2.0 eq.), THF, 40 °C, 36 h h &
Olefin Scope
Proposed Mechanism
En Bn Bn R R
s Me N. Br N. !
©/\/\/ Bn ‘(\/)g\/ B \Mg\/ Bn Alkyl)\/N\Rz /K
89% 94% 90% LCuH Alkyl
------------------------------------------------------------------------------ transmetalation
. reductive migratory
Amine Scope R3SiH elimination insertion
Me R
Me
Me Pr 1 2 /}\/CUL
. | Rl .R Alkyl
Bn~Ng Bn AN Baa NN, BN N H
n JMe LCu—OBz
92% 99% 97% 80% R

Buchwald, S. L. et. al. J. Am. Chem. Soc. 2013, 135, 15746-15749.
Miura, M.; Hirano, K. et. al. Angew. Chem. Int. Ed. 2013, 52, 10830-10834.

oxidative
addition

R! _R?

OBz 11



Metal-Involved Hydroamination

( N\
o)
Buchwald (2014) ¢ Q
Cu(OAc), (2 mol%) 0 PAr2
. u(OAc), (2 mol% ' 1
R RR (R)-DTBM-SEGPHOS (2.2 mol%) R R o PAr2
R"& ¥ : > RN 2 <
OBz DEMS (2.0 eq.), THF, 40 °C, 36 h 0
1.2 eq. L Ar = 3,5-(‘Bu)2-4-MeO-CgH2)
Me Me Me Me Me
Steric Differentiation ipr/\/NBn2 "05H11/\/NBn2 Bn/\/NBn2 ’Bu/\/Nan Ad/\/Nan
Scope
90% yield 90% yield 88% yield 86% vyield 90% yield
83% ee 59% ee 60% ee 92% ee 98% ee
TBSO_ TBSO_ NN Me Ve Me
, : : : 'BuO,C_A_NBn = Me S A NBN;
Functional Group : : 2. _NB 2 2 2. _NBn >SN
Scope I-Pr/\/Nan tBu/\/Nan PhMEzSI/\/ Ny Mean\/ Ph/\/ 2 o o
92% yield 91% yield 58% yield 52% yield 56% yield 96% vyield
91% ee 99% ee 92% ee 90% ee 52% ee 90% ee
Me Me Néj
Me Me Yy N e [ONTON 1y En Me N ,E{jn Me
N PhMe,Si” N \) PhMe,Si” j“ PhMe,Si j“
Amine Scope BnMe,Si”” " “Bn Md Me  PhMe,Si7 Ph Ph
94% vyield 90% vyield 92% vyield 90% vyield with ent-Ligand
95% ee 96% ee 96% ee >50:1dr 91% vyield
<1:50dr
Buchwald, S. L. et. al. J. Am. Chem. Soc. 2014, 136, 15913-15916.
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Metal-Involved Hydroamination

Buchwald (2018)

Cu(OAc), (2 mol%)
R2

( )
0
0, (S)-DTBM-SEGPHOS (5.5 mol%)
Fv& " ©://N >

H NH,OH-HCI R o PAr

. ’ R2 - v 1J\/NH2 2

Me(OMe),SiH (3.2 eq.) J\/N OH MeOH, r.t, 30 min R

1.5 eq. THF, r.t. to 45°C, 15 h R

o) PAFZ
L
O

Ar = 3,5-Bu-4-MeO-CgH,
. _/

Selected Substrate

y T En N/)\OW\NHz
86% 65% 81% 85% "
H Me
O/\)\,NHZ O SiPh,Me
Me _ ’ Me/-\/N\\rAr R
\Nl . O O/\)\/NHz H Me/\/N\\HrAr
79% 76%

70% yield, 99% ee 65% yield, 97:3 dr

Buchwald, S. L. et. al. J. Am. Chem. Soc. 2018, 140, 15976-15984.



Metal-Involved Hydroamination

Proposed Mechanism Kemp Elimination
! Q) o o® OH
R2 i /)N Base _— ©i H-Base T’ (:[
[Si]-OR 1 J\ i y ‘j CN CN
L*CuH R i Base
f talati migratory i
i ransm ion i ; .
[Si]-H ansmetaiatio insertion . Proposed Reduction Pathway O\ OH
R2 R2 i
L* i Kemp Elim, CN
L*CuOR or R1"\/N\ F<1J\/Cu !
. i R
OCuL : Q_*LCUO
o i "{>_© ocuL*
oxidative ! >
addition ' H Kemp Elimination CN
reductive i .
R2? elimination INJ-OR i [SiFH
RN i
i Product C;)uL RL
i pr R Ph N~

Buchwald, S. L. et. al. J. Am. Chem. Soc. 2018, 140, 15976—15984. 14
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2. Approaches of anti-Markovnikov Hydroamination

2.3 Radical Transfer Hydroamination



Radical Transfer Hydroamination

PhSH

Studer (2007)
NHMoc DTBP (0.5 eq.)
PhSH (0.15-0.2 eq.) 0
> -
AR+ benzene, 140 °C, 18 h rRNNAMoe - Moc = ’;él\o/
2.5-6 mmol COMe up to 70% yield
Selected Substrate Proposed Mechanism
NHMoc i R2HN\/'\R1 PhSH
NHMoc i
MocHN _~_R ! H
= 0, 1
NHMoc : - ; g?oﬁ: ):(v)/ i /\R1 . AT R2HN\)\R1
C])n n=8,42% 6 R = OAc, 53% i C-Nbond !
46% 51% R = Si(OiPr)3, 52% i formation E
R R = PO(OMe),, 32% 5 P eemmee
NHMoc o 5 *NHR? .
] . ‘\ 2
MocHN CO,Et ! * slow | NHR
X \/\r MocHN\/\NJ\ MocHN\/\R i wscisson V
Y CO,Et I\I/Ie i
R=Me, X=Y =H, 48% 0 0 _ ! NHR? CO,Me
R=O0TBS, X =Y =H, 70% 40% 55% R =0Bu, 53% : CO,Me
R=0TBS, X =Br, Y = H, 62% R = OBu, 52% ; 2

= = = 9
R=0TBS, X=Y = OMe, 53% CO,Me

Studer, A. et. al. J. Am. Chem. Soc. 2007, 129, 4498-4503. 16



Radical Transfer Hydroamination

Studer (2008)
NHBoc Method A: Et;B/0, (0.1 eq.), PhSH (0.15 eq.)
N benzene, r.t., 10 h - NHBoc
AR+ H Method B: AIBN (0.3 eq.), PhSH (0.15 eq.) R
EtO,C CO,Et benzene, 80 °C, 10 h
2 - 10 mmol
Selected Substrate
O/NHBOC Me C(o R
< >_< N
\(v)e/\NHBOC NHBoc (e \)\NHBOC
n=1, R =H, Method A, 58%
Method A, 44% Method B, 52% Method A, 50% n =3, R =H, Method A, 55%
n =1, R = Et, Method A, 52%
0 R? o)

oM I A NHBoc >: OTBS Orc OTBS
(0] = R?
N
Me” " “NHBoc \ Z NHBoc NHBoc

R' = R? = H, Method B, 59%
Method A, 55% Method A, 33% R' =Br, R? = H, Method B, 42% Method B, 59%
R! = R2 = OMe, Method B, 62%

Studer, A. et. al. Angew. Chem. Int. Ed. 2008, 47, 779-782.



Radical Transfer Hydroamination

Studer (2011) p .
NHR Method A: PhSH (5 mol%), V70 (5 mol%) CN
N CH.Cl,, rt., 18 h O NX -
~ . > oA\ NHBoc N o
Z R | | Method B: PhSH (15 mol%), AIBN (15 mol%) CN
EtO,C CO,Et benzene, reflux, 18 h
2 - 10 mmol V70
. J
Selected Substrate
NHR o NHR
Hex” N~ By~ ""NHR O/
R = Boc, Method A, 48% R = Boc, Method B, 74% R = Boc, Method A, 75%
R = COPh, Method A, <2% R = Alloc, Method A, 53% R = COPh, Method B, 36%
R = COPh, Method B, 74% R = CO(3,5-F,CgH3), Method B, 50%

R = COPh, Method A, 42%

R = CO(2,6-F,CgH3), Method B, 88%
R = CO(3,5-F,CgH3), Method B, 92%
R = CO(4-FCgH,4), Method B, 85%

Studer, A. et. al. Chem. - Asian J. 2011, 6, 1197-1209.



Radical Transfer Hydroamination

Studer (2019)
1 [Ir(dF (Me)ppy,)(dtbbpy)]PFg (2 mol%)
Me Me R PhSH (5 mol%), Na,COj (1 eq.) R? R’ \
+ zJﬁ/R3 )S/R
CbZHN‘oXCOZH T CH,Cly/H50 (1:1), blue LEDs, 25 °C, 16 h CozAN" Y
R R
2 eq. \____ [I(dF(Me)ppy,)(dtbbpy)IPFs
Selected Substrate
cszN/\(tBu CbzHN I Me R
CbzHN CbzHN"
Me
Me
77% 79% R = Me, 68% R = Hex, 65%
R ="Pr, 51% R =Bu, 67%
CbzHN Me
CbzHN Me
CbzHN M
\Q) \(j z \)\/\Ir e CbZHN\)\/\
n o 5 OR
n=1,63% 62% 78% R =H, 68%
n=2,70% R =Bz, 85%
n=3,85% R=Ac, 77%
n=4,79% R = TBS, 83%
n=12,71%
19

Studer, A. et. al. Chem. - Eur. J. 2019, 25, 7105-7109.



Radical Transfer Hydroamination

Proposed Mechanism

Deuteroamidation Scope

Me, Me Me, Me - CO;
CbzHNL CbzHN{ o- - (ME)ch
o >cof o CbzHN -
0O C
SET
A R
IR
photoredox Ir!
catalytic .
CbzHN A
cycle PhS - R
hv SET HAT D

I thiol CbzHN

Ir catalytic \)\R
cycle -
Phs® y PhS-D
PT
0 D-OD 1)
N .o = — N .~
X" 0 X (0)

Studer, A. et. al. Chem. - Eur. J. 2019, 25, 7105-7109.

R [Ir(dF(Me)ppy,)(dtbbpy)]PFg (2 mol%) R2 R
Me_Me . S_R® PhSH (5 mol%), Na,CO3 (1 eq.) D
bZHN‘oXco R , 5 CbzHN
oH T, CHiCLID;O (1:1), blue LEDs, 25 °C, 16h R4 \R3
D Me Me, Me
CbzHN
CbzHN M
z \/L\/ °  CbzHN CszN>S(D D
Me Me Me Me Me D
72% 68% 81% 67%
D Me, D D Me
|
CszN\)\He CszN\)WMe CbZHN\)\/Sll‘Ph
o) Me
63% 71% 71%
Me D D
HN HN
Cbz otMs %2 \)\TMS
85% 53%
20



Radical Transfer Hydroamination

3 4
Knowles (2017) R? [Ir(dF (Me)ppy,)(dtbbpy)]PFg (2 mol%) RS ¢ _
4 TRIP thiol (50 mol%) N P
+ R1 \ R > H N/ ’Bu
N\H =3 toluene, r.t., blue LEDs R' R2 HS
1 eq. 1.5-5¢€eq
secondgry | electron transfer @\l -|
alkyl amines ““H ©prs TRIP thiol
aminium J \___ [Ir(dF(Me)ppy,)(dtbbpy)IPFs  }
radical cation
Olefin Scope
HO Me
M
G z O\l OMe O\j O“ © O“ Me
Qe D T X T e
N ~Pen Me OMe Me Me Me
60% 98% 96% 70% 86% 94% 91%
Amine Scope Me I\I/Ie N:Me
NH, N N ~0
SERAS L S
N N Ph
R' Me kY ke CF ©
N A~ 92% 83% 50% 0% 8%
2 Et
e e
" Aoe TS ~7 oo (Y7
L'g OMe | 0/7/(
N
63% 59% O

Knowles, R. R. et. al. Science 2017, 355, 727—730.

54%




Radical Transfer Hydroamination

Proposed Mechanism Thermodynamic Challenges

H Et o= Et H
hv | Me AG 0.1 kcal/mol‘ |
O\l\)\R ® O N Y Me/ﬁ/ = /Nj/k’Me
N\
H

i Et™ H Me Et Mo
Me
ArSH
PT SET Me
Et s _Me AG®=+4.9 kcal/mol Et H
e H /[{l\ + Me — /N%’Me
ArS @N \)\ Et H Me Et Sy Me
/ R A Me Me
® H rSH
I
Ir G-DN\H i *using the composite method CBS-QB3
. r
SET
C-N bond - - :
formation A R Deuterium Labeling Studies
Hl 0 R3 R*
ArS - ®N\)\ Me [Ir(dF(Me)ppy.)(dtbbpy)]PFg (2 mol%)
/ R ) ArSH TRIP thiol (50 mol%) N
H HAT N A M X Me - D
il ~ 7 N<y e dg-toluene, r.t., blue LEDs 1 52
H Ir' Me R" R

N.D.

Knowles, R. R. et. al. Science 2017, 355, 727-730. 22



Radical Transfer Hydroamination

s ~ cF, N
Knowles (2019) P A~
R4 [Ir(dF(CF3)ppy)2(4,4"-d(CF3)-bpy)IPFg (2 mol%) H R* F !®/N #
TRIP thiol (30 mol%) N F |r""'/,,N N
HN-R' + 2 go > R R® -
. 2 dioxane, blue LEDs, r.t., 48 - 72 h 2 ’ NS CFy
primary R R F ANor OpF
H 6
alkyl amine 6eq. | [rGF(CFo)ppy)2(4 4 d(CF Y bpy)IPFs |
Olefin Scope
Me H Me H Me H Me
H\/O N. S H\)\( O/Ni) O/N\)\/tBU O/N\)i
O/ O/ O/ Me OH
7% 75% 71% 65% 72% 54%

Amine Scope

O/H\/O O/H\/O Me)MiM(eH e ©/VH\/O Me\©/\/H\D KD

69% 81% 56% 56% 49% 43%

Knowles, R. R. et. al. J. Am. Chem. Soc. 2019, 141, 16590-16594.



Radical Transfer Hydroamination

Kinetic Competition Study

hv

0 o

Ir ~

keer ®ONH; ki >>kger

back-electron transfer

hv
® § O\IH /\R
= Sl QSN v,
KgeT ka2 < KgeT

Knowles, R. R. et. al. J. Am. Chem. Soc. 2019, 141, 16590-16594.

Stern—Volmer Quenching Studies

1.6
NH2 @
JO
..--"'Q‘A

= 1.2 e @7

=h 5 e B y = 45.38x + 1.04
10 ¢ Rz =0.98
0.8

0 0.002 0.004 0.006 0.008 0.01 0.012

[Cyclohexylamine] (M)

3 Pl ) )
0 @_.....9. : L ]

[N-(Cyclopentylmethyl)cyclohexylamine] (M)
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Radical Transfer Hydroamination

Complete reaction cycle

hv

o
HAT &0

Knowles, R. R.; Nocera, D. G. et. al. J. Am. Chem. Soc. 2021, 143, 10232-10242.

ET TripSH ET/PT  TripS:

@/

Trip282

Pathway C: PT

R'—NH,

R'—NH;

HAT

R'—NH

TripSH

25



Radical Transfer Hydroamination

Knowles (2018)

[Ir(dF(CF3)ppy2)(5,5'-dCF3bpy)]PFg (2 mol%)

o\\ép » NBu4OP(O)(OBu), (20 mol%)
RTTNH, + - )
TRIP thiol (30 mol%)
3eq. PhCF3, blue LEDs, r.t.
PCET K
- \\S// Z Opr
9N, - 6
R N [Ir(dF(CF3)ppy2)(5,5'-dCF 3bpy)IPFe )
Selected Substrate ,
QP QP e
PMP/ \H/\O Ar/ \”/ﬁ/\npr i Changes from standard condition yield(%)

Me I

64% Ar = PMP, 82% no light <1
Ar = 4-tol, 15% !

! no photocatalyst <1

QoM Me no NBu4OP(O)(OBu), 1

< Me S Ph I i ;

PMP” NK( PMP” N7~ o : no 2,4,6-TRIP thiophenol 1
H H Androsterone derivative !
Me 57% :
89% 26% i

Knowles, R. R. et. al. J. Am. Chem. Soc. 2018, 140, 741-747.



Radical Transfer Hydroamination

Proposed Mechanism
hv
@ \/,
il Y
R1"NH;
(BUO)2P02
ET/PT concert
PCET
Ir'
I
ArS- ArS-H A\ S Ir
>N (Buo)POM
2
C-N bond R
HAT formation
QP
R1/ \N/\/\RZ
H
|r” (BUO)2P02H

Knowles, R. R. et. al. . Am. Chem. Soc. 2018, 140, 741-747.

Current (A)

Stern—-Volmer Quenching Studies

— without base
— with base

1.24

0': 1 L) ] L}
0.00 0.01 0.02 0.03 0.04
[sulfonamide] / M
Cyclic Voltammograms Studies
1_5*104\- 0.0mM 1.5%1044 — 25mM |:'r\‘“:'502N"'|2
ToEm .. 5.0 mM (BuO),P(0)ONBu,
5.0 mM - — 2.5 mM PMPSO,NH,
1010 50y < 1.0%10™ . 50mM (BuO),P(0)ONBU,
€
5.0%10-54 § 5.0%10-54
Q /-'0'
0.0 . : 0.0 7 = T
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
Potential (V) Potential (V)

27



Radical Transfer Hydroamination

Doyle (2021)

1 [Ir(dF (Me)ppy).(dtbbpy)]PFg (2 mol%) 1 B2 g P o
O\\S/P R\ " TRIP thiol (10 mol%), PCys (2.5 mol%) Q\S/P ROR ! - !@,N 2
PALN + 2 t ~O~ F. “t,
Ar”NH, R 1§ PhCFs, blue LEDs, rt,, 24 h AR R
1 eq. 1 eq. ePFG
L [Ir(dF(Me)ppy,)(dtbbpy)]PFs )
Olefin Scope i | Sulfonamide Scope
o0 2D o 0
/\/\/\ : ~ ~ ~
H H | MeO F
79% 78% 80% !
! 83% 74% 85%
Me, Me i
Me ! O ,0 ONpe O\ AP
ArO,SHN ArO,SHN /Q) i 7 \S: S:
Ve Me ArO,SHN : /@/S‘N @( ” Gf H
: H \_s
32% 10% 63% 1 FaC cl
i 16% 70% 54%
! o, ,0
ArO,SHN N ! N /O ONpe /O 0, 0
/\/© /\/\© ArOZSHN/\/ Q ! Me\N’S\N \S:N Me/\S:N
ArO,SHN o | Ve M V/ H H
23% 40% |
50% : 75% 68% 89%

Doyle, A. G. et. al. J. Am. Chem. Soc. 2021, 143, 18331-18338.



Radical Transfer Hydroamination

Proposed Mechanism

hv
x|l Il
QAL
79N
Ar NH; ’I'D Photoredox @SR"
AR Y [
R |§ cycle -
SET SET
a-scission Ir! HA;I'
cycle
cycle .SR" HSR"
o, 0 ..
\// =
H\NI \Ar R/ \@ﬁ
RI:IP

: HAT
Rv | \/
R \_<
Q.0

\\S// /\ R' Q\ /P

\ //O

Doyle, A. G. et. al. J. Am. Chem. Soc. 2021, 143, 18331-18338.
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Radical Transfer Hydroamination

Alternative mechanism: PCET

L - -@PER
Ar” N7 \
) R
H

Alternative mechanism: P(V) intermediate

o\\s,,o
® Ar” " NH2
PO Tttt
R II;R -H*
Q\S/P
He, »S<
S Ar
N AR
RI:P, ...........
v
R Il? then HAT

\/y

.S
HN""~Ar

Rllll,llq

Rl

ONPe

LS Ar/S‘N/\/R'
I
H

Doyle, A. G. et. al. J. Am. Chem. Soc. 2021, 143, 18331-18338.

Stern—-Volmer Quenching Studies

PCy; (1.0 mM) + Sulfonamide 1

8 2
..
‘m
6— .
A
lofl 4 — B bl 14 -
o
2 .
¥ e PCy,
n PCyj + Sulfonamide 1 (10 mM) *
e T T 1 g I
0 1 2 3 4 5 0 1
PCy; Concentration (mM) Sulfonamid

Evaluation of P(V) Reductive Elimination

RV

PEt; (10 mol%)

| | |

2 3 4 5
e Concentration (mM)

AP

Ar/S\NHz + nBu/\

via

standard conditions
without PCy;

Qé/P
HN"™ SAr
Et“lu, ||3
et | _\—”Bu
Et

> AW
H

R = "Hex, 50% vyield
R = Et, not observed

30



Radical Transfer Hydroamination

Schmidt (2018)
P(OEt); (1.5 eq.)
dilauroyl peroxide or (BUON), (0.25 eq.) H H
1 HoNNH»,+H-50 (5 eq.
PRthiNOH ~ + R\ > PhthNW)\ 2 MNP0 B ed) HZNW)\ 2
DCE, 110 or 50 °C, 12 h R MeOH, 60 °C, 0.5 h R
1 eq. 10 eq. R' R'
Selected Substrate
PhthN PhthN PhthN CH,
PhthN. \O )/\OEt _i_g
(@)
76% 64% 36% 23%, 59:41 cis:trans
PhthN\/\R PhthN\/\R PhthN H
+ PhthN"N\
H\
R = OEt, 74% R=Bu, 71%
— N - n
R = 0'Bu, 63% R = "Bu, 46% 14% 21%, >05:5 dr
R = SiMe;, 56% R = (CHy)Br, 55%
R = SEt, 42%

Schmidt, V. A. et. al. J. Am. Chem. Soc. 2018, 140, 12318-12322. 31
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P(OEt);

——

reversible

PhthN—0- additon  PhthN—O—P(OEt), P(OEt); (1.5 eq.)
3 . .

(‘BUON), (0.10 eq.) D
PhthN—O-D + Z 0OBu > PhthN )
DCE, 50 °C, 12 h O'Bu

58%

PhthN—OH

B-scission
HAT OP(OEt);

H
PhthN\)\R PhthN_A -NPhth

C-N bond
formation

A R

Yang (2021
9 ( ) Initiator/P(OEt);, heat

7 Schmidt's work O H
r. R
N-OH —| | @—hoE |+ pr Ny — N
\ [Ir)/P(OEt)s, hv CNPhth
Yang's work up t0082%

Schmidt, V. A. et. al. J. Am. Chem. Soc. 2018, 140, 12318-12322.
Yang, H. et. al. Org. Chem. Front. 2021, 8, 273-277.



Radical Transfer Hydroamination

Yoshida (2020)
Pt or Au(0.1)/TiO, (150 mg, 300 m3g"" H
RPN *+ NH;(aq) (0.1)T0, { Saall gl AN
MeCN, blue light, 30 °C R 2
0.4 ml 28%, 1.6 ml
Selected Substrate . Proposed Mechanism
Me i H
NH, :
©/\/\/ Me” N NH2 Me/\)\lvle i RJ\/NHz
NH, ;
92% 42% 96% ! H-
| hv AN,
Me ! H®
NH; NH !
©/\/ Me e d | NH,
Me Me NH2 i Valence
74% 92% 44% ! Band
i NH; R/\

Yoshida, H. et. al. J. Am.

Chem. Soc. 2020, 142, 12708-12714.

w
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Summary

Substrate scope
of alkene

Enantioselectivity

Equiv. of
substrate

Product

Hydroboration-
amination

Terminal alkenes

No

Low equiv., but extra
hydroboration reagents

Tertiary amines

Metal-catalyzed
Hydroamination

Tri-substituted alkenes
Terminal alkenes

Yes

Low equiv., but extra [Si]-
H reagents

Primary and tertiary
amines

Radical Transfer
Hydroamination

Tetra-substituted alkenes
Terminal alkenes
Aromatic alkenes

No

1-10 equiv.

Primary to tertiary
amines



Summary

N-radical sources

( NHR?2 ) /@ \
CO,Me
—_—

-NHR?
CO,Me
Me_ Me -CO,
CbzHN. )&Iro - (Me),CO
O CbzHN -
o)

K Thermodynamic Driving Force /

4 o )

I QL y
O\\S//O (BuO),PO, R17OSN’
R1’ \NHz concert " +

PCET Ir (BUO)2P02H

\ PCET J

H |rIII
N, — > H,N@-
h+
NH; ————» -NH,
\ Direct Oxidation

/

4 QP

+
,P‘I H S\
O\\S//O RV ‘r}j’ Ar
Ar”>NH, Rep:
R

—

P(OEt);
NPhth B-scission

\ a or 3 Scission

a-scission Ar” " “NH

PhthN—0+ ——= Q~P(OEt); ——> .

~

QP

NPhth

_/




Outlooks

« Cheaper photocatalyst instead of Iridium

« Enantioselectivity of radical transfer process
by adding metals or ligands

* The anti-Markovnikov hydroamination of

aromatic amines



Thanks for your attention!



