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Application of a-Aminoalkyl Radical in Visible Light Catalysis
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Abstract Because of its low cost and environmental friendliness, visible light catalysis has been widely used in organic
synthesis in recent years. Among them, a-aminoalkyl radical plays an important role because of its high activity and
accessibility. The development and application of this active radical in visible light catalysis are mainly summarized and its

outlook in the future is given.

Keywords visible light catalysis; a-aminoalkyl radical; organic synthesis; green chemistry
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Figure 1 Several common visible light catalysts
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Scheme 1 Formation of a-aminoalkyl radical
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2011 4F, MacMillan Z/HRIE T C IR0 R, f#
Fi Ir(ppy)s 1 Y6 HEALTSEIL T 65 — A0 1 1 P
8 56 )2 7 (Scheme 2). SR o X 2 i w8 R A
Ir(ppy)s {8 S B B F 1 i, AR DU A SEAL S, B
LR AN T AR a-E R A, SRS A
B2k RIS TR S I o S5 AL, RS
TR T 96%. %I NI, RIS FIHE .

B3 a- U0 ) 3 R A X — R A TR, R
R R E S e PR A T IR B 2. 2013 4F, Weaver
VLIRS T = 2 U S 2- G B
J% 8 (Scheme 3). 3% REA Y B FH 2% 20k BT, T4
PR R —Fh I 25 PR, RSB K T oS
FE El 5 7 FH L
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CN 4 mol% Ir( ppy)3 O_@
NaOAc DMA
\ 12 h, 28 W CFL
P
96% yleld
Radical coupling D\G\
CN
'.“
R -CN
CN_ SET v,
Ir*(ppy)s TNGOAC
*|I’”|(ppy)3 O\©\
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P
hy
Ir''(ppy)s )
N
R

BR 2 B o 55 B P&

Scheme 2 Synthesis of a-arylation products of tertiary amines

@EN\>_CI + )\ J\ 0.75 mol% Ir(ppy)s @E >_( 4<

MeCN, r.t.
S Ar, Blue LED

8 9
56% yleld

BIR3 =2 S5EACR IR [ R

Scheme 3 Reaction of triethylamine with chlorobenzothiazole

2018 4, VEIE REaa e Weaver %E’JIT’EEﬁﬁ

fitlh b, 3 e S B Ak AT, AE NN — %€ BRI EAL S,

PRI SEIL T 2R IF e F C—H %%E‘J{Eﬂc, W55 a-2 2k

Tk B 5% AR AR B (Scheme 4). [RBHLERS 2 /i (1438

FHZRA, 2SS Nkl 1 6 2 I BE P AT B 1 X — AP R,
PR HBFRAR 1 S B F) S BARE S

N<
Ir[dF(CF3)ppyl(dtbbpy)PFg Boc
(1 mol%)

A
SN
N
@ + N H acetone, 2.0 equiv. TFA s N
Boc 2.0 equiv. t-BPA @
1

36W Blue LED, r.t., 24 h

13
95% yield

o)
- = 0
t-BPA Me)J\O \’<
14

B 4 a-Z AL i 5 2R R e i i BB
Scheme 4 Coupling reaction of a-aminoalkyl radical with ben-
zothiazole
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Irosit, fERCRIR TSI N LR, HH] o= IR
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X =CH, N; R=Bn, COR, CSR, aryl 52% ~ 86% yield
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Scheme 5 Synthesis of benzylamine heterocyclic compounds
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IS S 7T D o X R A ) ) B T R R T AR T A A5 T
AP (Scheme 6). 1% BRI o- 2 Fefk H HitE
FETCBMEAL A R TP A BRI RN AT S, B8 s
ERIE R T — MR RE AR

(—>\ 1 mol% Ir[dF(CF3)ppyl,(dtbbpy)PFg [—>\
10 mol% NiCl,-glyme
N~ ~COOH 4 Ar—pr o gl Ar

| .
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[N_>\COOH H*, ( >

-CO, N
|
Boc Boc
SET
1]

Ir
w1

Q\@
Me

|
Boc

Nickel catalytic Br

|
cycle A|ky|—Ni"'Ln

Br LnNiO Ar
o, A A
Me

L,Ni"-Ar N

|
Boc

Photoredox catalytic
cycle

BR 6 U7k SR BRI IR ISR
Scheme 6 Decarboxylation coupling reaction of haloarenes
with amino carboxylic acid
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2 mol% Ir[dF(CF3)ppy],(dtbbpy)PFg

2 mol% NiCl, . glyme
R COOH s 10 mol% NBu| R Ar
NHBoc ' r1.8 equiv. Cs,CO3, 2.2 mol% ligand NHBoc
21 DME/toluene 22
visible light .
R = alkyl, OBn, COOMe 47% ~ 91% yield
CN up to 90% ee

0
oO—~
ligand = { |4 ,\}\) Ar! = 4-BUCGH,

Ar! AI"1
23

B 7 FHEREEUEGDNE R
Scheme 7 Synthesis of chiral benzylamine
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RGN B PR RE AT A2, HFHAIS
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RG] IR AESIABCR Z )5, MRS T Bk
TE BRI RA A Y)(Scheme 8). 52 ATHI R M ARLL,
AR RIFRSEELE /b, NG a .

2 mol% Ir[dF(CF3)ppy],(dtbbpy)PFg
5 mol% Ni(NO3),-6H,0

GOOMe 10 mol% ligand cOOMe
N — P
Me” N7 BFK + ATTBr T v, 2, 6-utidine - Me” N Ar
Boc EtOAc, visible light Boc
24 25

o O )
ligand = [ pa—t j 35% ~ 87% yield
N N
26

B8 FHFIEEUEMNE L
Scheme 8 Synthesis of chiral benzylamine

2016 4, MacMillan {5 @ZH PR IE 7 — 151 Ak A B
SN, Horp P R B) 7 = FEACTERN, 23 e AT
I AR DL SR A DB IR, 1K S B R Dt
B SR TR OBHLEE 5N B AT WG IE R 2, %)
TR R A E EEZE X, FRNMAKREYR o
) C—H iE IR HE T —FiHT 1842 (Scheme 9).

2017 4, Molander W4 P2 T —Fh oI FH AR
AL & il 5 F B 2R BT () 5 BT V%, 2 OBER FH A
TR BT FEAR T S S IR ) S8 A3 SR L, 45 LB
Ko RAERR TR, JRYVEEA S TR KR,
[F I 8 & e i R R S ARt T —Fh b ik 4t
(Scheme 10).

2016 4E, Rueping MRAZHPHRE T 4 B XA £ (i
AT JF LT IR IR 5 R AR R IR < R) ) B FR AR IR S B, 3 —
A AT TSRS T L A FH ] 5 B ) 15 ) e
FRAE IR, SNSRI, #EAF % {F (Scheme 11). 3
R B AE R O EH R R RO AN 42 B R ) S A
F.
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1 mol% Ir[dF(CF3)ppy] (dtbbpy)PFg

1.1 equiv. 3-acetoxyquinuclidine
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Scheme 9 Triple catalytic cross-coupling of tertiary amines with haloarenes
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Scheme 10 Synthesis of aminomethyl compounds

1 mol% Ir[dFCF3(ppy)l(dtbbpy)PFg
10 mol% Ni(OTf),

oTf 4
+ pp N~ COOH 4 55 equiv. P(4-MeOCeH,),
2.0 equiv. Cs,CO;3

34 35 MeCN, Blue LEDs, r.t., 21 h

N,Ph
H

36
98% yield

B 11 D7 IR S PR IR A B AR AR B S 2
Scheme 11 Decarboxylation coupling reaction of arylsulfonate
with amino carboxylic acid
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85% (Scheme 12).

10 mol% PA-1

Ir{dF(CF3)ppylz(dtbbpy)PFe
Ny , Boc, o. (2 mol%)
P N NPhth Blue LEDs
N (0] DMA, r.t,3h
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Scheme 12 Coupling reaction using solid phosphoric acid as
catalyst
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Scheme 14 Synthesis of JAK2 inhibitor LY2784544
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1 mol% Ir[dF(CF3)ppyl.(dtbbpy)PFg
DMA, 16 h, Blue LED
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Scheme 15 Synthesis of a-cyclobutylamine
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Scheme 16 Reaction of #-butyl bromide with a-aminoalkyl
radical

[{4E, MacMillan AP HRIE 7 — 283 T H DL
e T D) T P e 8 P o S U IR S Bz, A B A R
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(Scheme 19).
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0.5 mol% DPZ
0 10 mol% SPINOL-CPAs (o R*

R* g2 3.0 equiv. NaHCO;
A *R! . R NHAr
COOH H R® 0.02mol% 3 AMS R? "R3

ArHN
r 1,2-dimethoxyethane 57

55 56 3 W Blue LED, 60 h
= = (o]
Ez = E ; = 02900 up to 95% yield
= Aryl, Me, 'Bu ' up to 96% ee
R2 H, F, alkyl
R3 = alkyl, aryl, benzyl
R*=H, Me
4
MeO I N on
S Z
DPZ = I
S~ SN eN
MeO \ |
58
SPINOL-CPA = ., Ar = 3,5'tBUQCBH2
R4

ArHN™ "COOH 4 (SPINOL-CPAs)

R
). Radical cross
(e}

>%
4
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Photoredox R R Jg(\ NHAr
Kje [ R® R? R
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B 18 TR 5 DPZ (¥ R4 S
Scheme 18 Synergistic catalytic reaction of chiral phosphonic
acid and DPZ

Ar\ R
cl 1.0 mol% DPZ o
R! 20 mol% SPINOL-CPA / R1",
3.0 equiv. KHCO.
@@0 +ArH,N">COOH S (N
N MTBE/THF (V:V = 5:1) | o)
i? -42 °C, argon Z N
60 61 3WBlue LED, 60 h 62 R
R' = aryl, benzyl, allyl, alkyl up to 96% yield
Ar up to 98% ee

e

PZ Ar = 9-anthryl

B 19 TR S DPZ ¥R AL 5
Scheme 19 Synergistic catalytic reaction of chiral phosphonic
acid and DPZ
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(Scheme 20).
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63 3 W Blue LED 64 [ N\ r~pn
R =aryl, 'Pr 0.01 mol% 5 A MS up to 93% yield N
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. o oH i -SOPh g N
O B I SO,Ph
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e} . |I'“
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ol o R// N THF, 10 °C H" sET Photoredox catalytic ~ [SET
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X
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up to 91% yield B 21 BU%S IR B

up to 94% ee
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B 20 TR RN A R
Scheme 20 Synthesis of chiral amino tertiary alcohol deriva-
tives
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2014 4, MacMillan P —KARE T a- 2%
oY= e Y (SR R E Y M o EVE A VAR A S R
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LN JZ S ot 2 1A B AR, O 2% A IR A 4
(] B sz 82 3@ T2 25 R 24 i (Scheme 21).

2015 4F, MacMillan PR IE T —FhrE 0] ok
AL FIER AL B [FVE T R BESR TR A & M A g AR
I BB A G 2 18] B i R AR B I S (Scheme 22). %%
I AT DL Ik 22 o AR AR 8 B 1 2 M 2R AL 1)
HAsr=8), ARG AR AL T —FloBnig 2.
24 o-TEREEHRESHEREEHENBIRKRN

2015 4F, HOORSEPE I L R MR R, R
DN T o-Z AR e At B H 2R A T 2 B p 2t 2 ) 14
WK, SN AN, $RAE R (Scheme 23). M H#E
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Scheme 21 Reaction of vinyl sulphone with tertiary amines

U\ 1 mol% Ir[dF(Me)ppy],(dtbbpy)PFg
o h
N~ “COOH + x/\/R 2 mol% dtbpy,1.6 equiv. DBU

DMSO, visible light

Boc X=1,Br
(1.6 equiv.) R = alkyl, Bn
A
".‘ R
Boc
72
up to 92% yield

B 22 a-EHEbeHE A Ik 5 LA s AL SN

Scheme 22 Reaction of a-aminoalkyl radical with vinyl halides

SRBRTE A P AR 3 R e e s P 56 e TR AR PR3 3 Bk

R AN R L B 2 ) A
9 2 mol% Ir(ppy),(dtbbpy)PFg
©©\IA . OP(OEt), 5 mol% Pd(PPhj),
r RM MeCN, light
(1.2 equiv.)
73 74
R=H, Ph
NAr
R™X
75

42% ~ 83% yield

B 23 a-E R GEE R SRS DI AL AR S L

Scheme 23  Allylic substitution reaction of a-aminoalkyl radical
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2015 4E, Hashami i fZHPOHRE T a-B ML E H

Chin. J. Org. Chem. 2021, 41, 642~660



Chinese Journal of Organic Chemistry

REVIEW

FERIBAR BRI SN, 12 R B A 228 SR 3 — ol e
Z 5B, RN Au FIBCEPEH T, 78
FH ' i S R BRSSO, 8 e N-BRAR R B e 2R ot
PEHE T —FloHT 13 42 (Scheme 24).

R3 R3
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R2 R2
76 77 78
up to 91% yield
R = aryl, COOEt PO
R1= aTk;l| catalyst = th; lTPhZ
= u A
R2 = alkyl, Bn [ e L
R3=H thP\/ PPh,
79

B 24 o-EIE b B i 5 HE s (e i
Scheme 24 Reaction of a-aminoalkyl radical with alkynyl hal-
ide
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Bt J5 K 1X — SEAZ AR A o, B-ANELFNER 2 A2 Micheal JHJ
S ZRMNER T o~ 5k B IR LE IR R N 2 A
ERGFHETE, (R AEE AR B 223 T BRI P2
SRR, BE R A 68%. 2013 4F,
Yoon RPN AR IE T 1E Bronsted BREAL N a-Z ke
FE HEX Micheal SRR N, XA % WVE B
Bronsted FRAFTERITEIL T, o, B-ANUAIER 215 28 &V
th, SIS TEAS 3 T AR KR RE EI4amk, [FIR r=4miR
RS B BT, fm= P mTiE 90%, HA R
)2 H BT 5t (Scheme 25). HH AN & 2 AAE T 24 [ B i

©i

MeCN, rt., 24 h
80 81 visible light
8% y|e|d
2 mol% Ru(bpy)sCl,
©© o) 1.0 equiv. CF3CO,H
N + =
~Ph Me MeCN, 5 h, 23 W CFL
90% yleld
. O NPh
-H
H D — B ———
+eo 1
©ph O NPh
o

Ru(bpy)s*

Ru’(bpy)s?*

Ru(bpy)s*

NPh
@_H
Of H
\ Me \)J\Me

®_H
\O/

B 25 o-=AELeHE E XS a, - AR K0 AR

Scheme 25 Addition reaction of a,f-unsaturated ketone with a-aminoalkyl radical
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BIHE

YIATIIGIREERS, [MARMEREAT, JEN/ET Bronsted M2
X HLm AL A 55

2012 4, Nishibayashi /NHPHRIE 7787 WG
N af-RRANER A o-t ke 56 R 2 18] B NS B, IR
R EAR T BUR IR BEVE A ) R, [ R g A T i
W 4B VAR AT, & B S A i
TR AR R R, B %R AL R E
TAE WAL, IR a-bEE A a - AN EFIFR R
BRI EVR A LS B BUE W%, BRRr=)
FREE, A O A e S R IR R AR T —

FhEp O INRICTT Y187 7715 (Scheme 26).

2014 4F, Akita WA IHRE TR LIBE T op-
AN 5 e PR 35 = SR R A0 5 2 TR0 A0 0 RS S, A
TR I EACTEE T — B R, RIS S A
AR R EE AN R BRI, RITEF= R 5IN T R T
(Scheme 27).

2016 4, Melchiorre 253 7 —RAE W W R a-
IR [ IERT o8- AN TR R R AT AS R BRI R B0
7. %R R TR, RN SRR IRR, T R 2 R
(K14 R T —FloBi 7772 (Scheme 28).

. o) OSiMe; o)
SiMe3 o
R \ R 1 mol% Ir(ppy),(dtbbpy)(BF4), g R
N 'R | CH,Cl,, visible light . RS ™ R3
R? R' R
83 84 NR'R? NR'R?

R'=Ar,Me R=Ph,Me 85 86
R2 = Ph R' = Ph. Me. "Pr 52% ~ 91% yield
R3=H KO'Bu

X = OFt J\/%o

SiMe; O 1 mol% Ir(ppy).(dtbbpy)(BF 4), / h
SR Y

R2 ’T‘/ X NMP, visible light R2 ’T"_B( 90
H (1.2 equiv.) R [0] @x
87 88 89
R =Ph tBU X = OFEt, CH3 x= CH3 R2 N\R
R?=H, Me 44% ~ 95% yield 91

transicis = 6/1 ~ 20/1

650

B 26 o-fElEHENL S a,B- AN VAR S5 (1 Ik

Scheme 26 Addition reaction of a,f-unsaturated ketone with a-silylamine

| BFK + \/CQ/'E 2 mol% Ir[dF(CF3)ppylx(dtbbpy)PFs E OMe

Boc” ™~ N0 acetone/CD;0D, r.t., 1 h Boc” MO
92 93 425 nm Blue LEDs 94 D
92% yield

B 27 o-ZELEE A RS o f- AR B0 RL

Scheme 27 Addition reaction of a.f-unsaturated ketone with a-aminoalkyl radical

0 20 mol% (R,R)-TBADT 0
R2 1 mol% Ir[dF(CF3)ppyl,(dtbbpy)PFg
. N White LEDs strip R R?

- N !

R! Me 40 mol% Benzoic acid N
n Toluene, 15 °C, 48 h nO 3 \©

”9'50~3 R2 = Ph, Me " o6
R'=H, Me, Et up to 99% yield
ee>91%

WV
(RR)-TBADT= “2
)

B 28 o-Z IS H LS oS- AR 5 1 AN FR Ik

Scheme 28 Asymmetric addition reaction of a.f-unsaturated ketone with a-aminoalkyl radical

Zu
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2017 4F, FERRIRAZHI7E Melchiorre BT 7 JL Al b
W% R AT T ok, S A2 BCAR AR IS B IS 68
Rh TE ML T a- B B e i H X a,p- A1
R BT IRR. 12 R B IL A T8 S T AN IR e
KW, RN R WOE B AR IR 4T, 72F
PEG BT T A A 3 244 H (Scheme 29).

@v @@

2 mol% Rh(Ill) complex

DCE, r.t.
Blue LEDs
97
+
o T |*PFs
RN\ A Bu
T N
— “, ‘
Rh(Ill) complex = . | NCMe
Rh\
&] NCMe
\
7 Bu
O
100

B 29 o-FIEGHEAHES o f-AEHER Y5 AITFR
YN
Scheme 29 Asymmetric addition reaction of a,f-unsaturated
ketone with a-aminoalkyl radical

2018 4, Rueping WA IHRIE T 78 7T WOLHEH T,
HMFAERIFA R g-CoNy HEALFISRALE o-fikfoe H i S A A
o-BIERR F 3, SRIGXT o, - ANV BR BEAT 0 B BB
AT RIS 8 RSB JE AT T ik 21 93%, KW a-fekfi
e JRX — AR FRAE AR LA 7T IO M SR 1 K 4 A
#H E[1/E H (Scheme 30).

0
O 0.04 mol% g-C5N,4 |
N\/T'V'S _Blue LEDs _ N
CsF MeOH
101 103
95% vield

BIK 30 a-fele ikl fe A ARG HE A AR S 2
Scheme 30 Reaction of a-silylamine in heterogeneous photo-
catalysis

W J 552 25 NI 255 308 T 7 AT ' TR A AR 344
HE A T CH I i B 480 S JH2 SR A0 IO R S L, IR 25 A T
AL TR B AT R R4, B R 4 (0 3 FH H1F 5% (Scheme
31).
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2

R 2
0.001 mol% QDs R
/@ (quantum dots CdSe/CdS) Z) |
NT X 4-Fuorothiophenol S

NS
A A
R1g toluene, 3 W Green LED || H
Z 104 [z

R 105
R'=H, Me, OMe, F, Cl
R?=H, OH, OMe, F, Cl 40% ~ 93% yield

B 31 o-Z A B AR ARG AL P ) S
Scheme 31 Reaction of a-aminoalkyl radical in heterogeneous
photocatalysis

2015 4F, Yoon URMRZHUHRIE T 7E T WG AN B
FRHUEMEL T, o2 2k H BB o f- AR R Mg
FACE DTN, € [M3RAT T B AR i e
M. %N Ru(bpy)sCly FEHEAT, Z 1R,
P ee {E AT I 96% (Scheme 32).

2 mol% Ru(bpy)sCly
fo) o 15 mol%o/Sc(OTf)3
20 mol% ligand
RZ. /\)L
ITI ™S + R l\\l
R! N

30 mol% NBu,Cl
, MeCN, visible light

Et
(1.5 equiv.)
R%2=Me, Ph,Bn,’Pr 106
R" = aryl
R = aryl, alkyl 31 R O 0
/N\/'\/U\N
\
Et’N
107
up to 96% yield
up to 96% ee
(0]
Ly
iBu” °N
ligand = 0

/
108 N\_,)

=

B 32 ol BE i 1 T s S L

Scheme 32 Chiral addition reaction of a-silylamine

2017 4, MacMillan 44568 7 76 7] WG IR ST
TRIEMRIN R B o- = HEHe ik H H 2, SRR BB T
A JE (R XU AT S IR A ZE A MU & B 2 BN
BRI IRV TR B 7 — Mg 5%, T
IR 5 & A A 2 I (Scheme 33).

2012 4F, TUHEUIE A OGS T A Ru 1EREL
RIS Y NN-Z RIS N-HU S SR iz K45 1k,
2N T DR R AL 5, 12N AR
TENEAT, ORE D, [R5 F 2. HAZR N
A RGE T SR I, He B SR A R A 2 R B AR
F PR R YF 1E4T S (Scheme 34).
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BHLE Fik5iHRE
I\Elle 0 l"Pr N o lll
ph° NJ\ | CFL
H - .
LINH HNTO 1 mol% Ir[(dF(CF3)ppy)]2(dtbbpy)PF6 + 1,4-d|oxane,18 h (0]
o) N
K,HPO,, DMF, 25 °C \ . o\
H'\t © \il | 34 W Blue LED 14 N— 9 115
CooH ¢ PN 87% yield
109 ) N—
Me O iPr
O~ )H o}
Ph N7 116
| TI?\H HN. _O EDA complex
H f
NS v Bl 36 ilid EDA B WS B N R
(o) u llph Scheme 36 Addition reaction achieved by EDA complex
(6]
s 2018 4F, Jui AP IRIE T EE IS T oA
% yle N N N N e 2y S,
e Fk B FEAE Dy B b (A A S AR R AR E R IR R AL
B33 KRR AMTE T2 GV, %N )& T 2 E AR, R
Scheme 33  Synthesis of macrocyclic compounds BRI B {d . fEEZG2E AR 2E oA AR &
o Ph (Scheme 37).
0 " N 0
3.5 mol% Ru(bpy)sCly 0 Me.\~h M
+ | N-Ph T DV 1L H . N \(0 1 mol% Ir[(dFCF3)ppylz(dtbbpy)*
N 0 visible light, 12 h N Cbz" L MeCN, Blue light, 12 h, 2°C
PN Me
111 112 113 (3.0 equiv.) 117 t
83% yield Cbz_ pu
\N/(O

B 34 NN-HIEIRNE S TR ) S
Scheme 34 Reaction of N-dimethylaniline with maleimide

2017 4F, o] € £ R4 e i N st b SCHGE T
FEM- SRR A WG AL TR N N-— FE R i A o
SR IV Jig 5 ik VY S bR P 7V, s B i ) FH et 2R S
RE RS T EERER. 2N T4
RIXFh RN KRBT AL, AT BE S 1 1% G I 4 )8
A FI A ST, SUFR R, fFE ekt
& (Scheme 35).

Me ©
© © Chlorophyll, air O=N_0
.

o DMF, 23 W fluorescent lamp H H

o=_N

N\
Me”™ “Me — N
\

80% yield

B 35 AR SEIL N e B
Scheme 35 Addition reaction by energy transfer process
2018 4, Sundén PO 2 & R SRR A SR G
b, X EREEAT SGE, 8 5N BT A SZ AR (EDA) BT
AV, TSI T TCI IR N 1) o- 2 B btk B Ak
XF By SR i FIN . 12 S B B 1 A% G AR AT 4
FERRYEH, 2054 (Scheme 36).
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Me\N/\)\Y(

(0]
118

91% yield

B 37 AR AR I 2o
Scheme 37 Synthesis of an unnatural amino acid

o-B I eIk H HFEA O o, p- AR ZEY) 5T B A
R F N S S A, T HL AT B R A% G A A ke 2
& P47 N K. 2012 4, Nishibayashi /NP2 A Ir i
TSI T AE 6 BT AU A 5 5 7 AR A 1
WL, AZ IR N R R R, IR T a- B Ak
B B A BEAEA UIN RS R R A S Y L (E R ML
JERPITEH FF AR, AR R T AMEAEE, 144500
BRI LR NIRRT E S RERGIR,
MM TEIEA Rk H AR )(Scheme 38).

2014 4F, Oguri WP HRIE T 75 7] W T o
AL Le Ak B i3 PR B 5 A OB, 1% N AE
Ru(bpy)s(BF4), AL FIERL -2 ket B b5 Jm 2E X
oW, AT )\TTIA I A AR ¥ (Scheme 39).

2013 4, Rueping M4 YERT AFERE 3058 1 B
HL IR IR, DRIl T - AR e 2 B ) 4 2
JERYIB IR, ARIS 5N, B RIRR;
ERAEAISZEHLT, &Y EZ NN
(Scheme 40).
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COOEt
COOEt 1 mol% Ir[(ppy),(dtbbpy)]PFg
\/\ + Ph,NMe COOEt
COOEt NMP, r.t., 18 h
119 120 14 W White LED  PhyN 121
90% yield
RL -H* 1 -
l}l/\R3 R\I}IAR3
R? “cat. R?
R\¢\
EWG
visible light =
rEWG J EWG
RL "
R2

B 38 a-Z IR bedE B ik SRR IR ¥ S
Scheme 38 Reaction of a-aminoalkyl radical with alkenyl car-
boxylate

MeOOC
J N COOMe
5 mol% Ru(bpy)s(BF4),
MeNO,, visible light
N
N CoOMe N Coome
122 123
21% yield

B39 7T HIINEUR S

Scheme 39 Intramolecular addition reaction

NC_ CN
\©\ \[CN 5 mol% Photocatalyst Ph
-t MeCN, Blue LED N *
|
125
126
40% ~ 71% yield

PFs

Photocatalyst =

BR 40 o-ZE bR B i SR SN
Scheme 40 Reaction of a-aminoalkyl radical with vinyl nitrile
2014 4, W RIPBAPRINKE T — s tm
BRI y- AL BRI ) 7 105, 2SR NEAE W] WG FIET (AL
ERR, SEBLT o-Z R E B PIIRIREE A Baylis-
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Hillman AT, X — TR T o-Z 58 H H
JEAER] DL AU A FH (Scheme 41).

OAc

COOMe ~N 1 mol% Ru(bpy)z(BF4)2
" Bh NaOAc, DMSO, 45W GFL

127
No
" Ph
128
67% yield
COOMe
R2 2+ m
\ 3
N R P, N
-AcO"
RZ
4ol (OAc
N R . COOMe
R Ru |\_
R3
-H*
N
OAc R1/ \RZ
R2 . COOMe
| —_—
R1/N\/R3 R3

OAc

N
coome N

B 41 a-ZEELekE E B8 5 Baylis-Hillman #7440 10 [ B2
Scheme 41 Reaction of a-aminoalkyl radical with Baylis-
Hillman derivative

Bt e %R A PO RIS T R AT OGRS, -2 3
for 5 ) EH 20T I A SIS 2R 0L () 0 B B, e IR S A Ui
A1, $AE T H(Scheme 42).

1 COOR® 1 mol% Ru(bpy)s(BFa4),
R\’}l/\Rs . th\/ P 1.0 eqU|v.'K.2HP'O3-3H20
R2 RS 126 NMP, visible light

R' = aryl; R? = Me; Ph, Et; R®=H; R*=
H, Me, aryl; R® = H, Me, Ph; R® = Et, Me

$2R4| R® R2R4 RS
6 [
R1/N COOR +R1/N\LCOOR6
Ra R3
130 131

20% ~ 67% yield

BRI 42 a2 bedE B b3t 500 I U8

Scheme 42 Reaction of a-aminoalkyl radical with allene

2016 4F, Melchiorre 255748 T 7F Bronsted BRI H]
WSEIMEA T -2 28 e 28 ) p 28 A0S 2 0t e 2 (] g 3
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OB, 2N ) S B8 R JoT - B X I B L g 1)
JRF IS RE. 12 AT DAE S FEE e SR B AL S ik
# 5| NI 2 (Scheme 43).

5 mol% (PhO),PO,H

O\/\ 1 mol% Ir[dF(CF3)ppyl.(dtbpy)PFg
© PhMe, 14 h, r.t.
132 Blue LEDs

R = aryl, alkyl

I\llle
N\
| A Ph
N R
133

up to 89% yield

BRK 43 a-ZIEbedE H Ik SRR E ) S

Scheme 43 Reaction of a-aminoalkyl radical with alkenyl pyri-

2018 4E, VLB BRI S 7 —F TR S
DPZ I [R] FRIASKS BR AL S SR 2R, G 78 W 6 B IR T
SEUL T e~ RGeS H RS 55 F T R AR AL R
LA BT T4k [ N (Scheme 44). %R MK JE T —Fh
H R A B0 N R TR AR, RO O 2 AbAE
T F MR 5 R A 5 057 i 1 &R T 1) &8 2 8] (1) A3
HAEA. X — RS T ERIIA TR o SR8
FrAty, [FIE N B A & R SE M5 N AR
P, EMR AR T RTINS E EAEE R

2014 4F, MacMillan i@ HRIE T o- w@@&ﬂm
Xt o, f-ANEAE A WIHEAT N B, TR 4E Koike 250
Wl R A AW E ol N =R A X — 55 L L ]
KA o-F e B %, I H D S ARG 3T
T I M. (Scheme 45).

dine
Ph 0.2 mol% DPZ
15 mol% SPINOL-CPA H Ph
40 mol% LiPF, PN
PhHN"">COOH + /\@ N o aoc T HN AN
N . "_,' , - y P
Zn 3 W Blue LED N
134 135
up to 97% yield
2 up to > 99% ee
SPINOL-CPA = p = 2-CFaCHa
a N -H* c
ArHN™ "COOH  ArHN™ “COOH — ArN” “COOH
hv *
DPZ
",
SET -CO,
ArN%
SET
H* 7
+
H .e\\Ph R SN
ArHN [ ArHN N N
F N~ H-Q
/ N\«
—O\ ) p
P
B 44 2- 2GR ERIMEN G o- I HedE H BRI SR
Scheme 44 Reaction of a-aminoalkyl radical with 2-vinylazaarenes
D\ v 1 mol% Ir[(dF(CF3)ppyl2(dtbbpy)PFg Y
1.2 equiv. K;HPO,
N COOH+X\% - EWG
Clibz EWG DMF, visible light N X
EWG = COOR, COR, COOH, SO,Ph Cbz
Y =H, Bn, aryl 136
X=H, Me 57% ~ 97% yield
BF3K 0 EWG
Boce, J ., N EWG 2 mol% Ir[dF(CF3)ppyla(bpy)PFg . f
’}‘ acetone/MeOH N
H visible light H 137
EWG = COOR, COR, CN, SO,Ph 68% ~ 92% vyield
BR 45 o-Z b B 3 SRR N
Scheme 45 Reaction of a-aminoalkyl radical with alkenes
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2018 4E, Nicewicz Z O RIE 1 76 7] WOGHAL T a-&
2 PR 1l 3 3 OB B XU ) S BT, 1% S A A L

WY BEAE A CHEATRI, ARFAAET SN ok b 1k R
IR, 254k (0 (Scheme 46).
O
H Me 5 mol% Mes-Acr Me
S~ g O
138
83% yield

BRIXK 46 ZAIRIR 5IIEHI RN
Scheme 46 Reaction of alkenes with amino carboxylic acid
2019 4, Bach S HRIE T LE W WOGHEAL TR a-
R G B R R RIS R SR RS A
SR, AZ S ER IR R, PR AR R, A R S
FACEMIRAL T —FiBT 77 1 (Scheme 47).

EWG EWG
| 1 mol% Ir[(dFCF3)ppyl.(dtbbpy)PFg
(TMS H20/CSZCO3
No DMF, 14 h, r.t.
X R? X N\RZ
R’ R'
139 140
X = H, Cl, MeO; R'=H, Me; R = alkyl, benzyl; 41% ~ 83% yield

EWG =CN, COR, COOR

BR 47 7 TAKE B R
Scheme 47 Intramolecular radical cyclization

BJ5 Tomislav %51 fEBIAAAL G W) EE LA
FAbE Py A E L TR R a-E R A
HdE, Ll — RIS 5, B RN P 5 NE
TIME RN AR TR HATREA T, R sSEl T — K
F T AR R BRI S IR L, 3 — B4R T
JE475 FEl (Scheme 48).

2 mol% Ir(dF-CHz-ppy),(dtbbpy)PFg

NHTf 2.0 equiv. Quinuclidine
+ Z >COOR
Et H 4 DMF, blue LEDs, 40 °C
R =Bn, ‘Bu
141 142
NHTf
Et COOR
143

32% ~ 95% yield

Bl 48 227 1E 2y HAT HEAGT s

Scheme 48 Addition reaction of quinuclidine as HAT catalyst

2019 4, Gaunt IF@IZHCNRIE T —F R ML 7
1o F PR B, %R NELE W G RE T R D S 1 g
SR EYINE R, 72 F A5 97% (Scheme 49).

3.2 TWRMBRFXE _EAIMAR
2012 4E, Nishibayashi WA HRE T o-Z Fb0 A
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1 mol% Ir(dMeppy); Me
Bn. 40 W Blue LED
n N/\/\
2.0 equiv. Hantzsch ester
7.5 equiv. 1,4-cyclohexadiene /
144 145 0.2 equiv. propionic acid Bn
CH,Cly, rt., 24 h 146
97% yield
H H
EtOOC COOEt
+
“.‘
H

[Ir(IV)(dMeppy3)]

ET
photocatalytic
cycle

EtOOCﬁCOOEt

[Ir(IV)(dMeppy3)]* [Ir(IV)(dMeppys)]*
SET
| 5-exo cyclization
—_— >
M/\N//D VN@ §N\>
|
|
Bn Bn Bn
H H
condensation H H HAT
(0] Me

Bn\N/\/\ .
|
H < >

B 49  FHACIRE S5

Scheme 49  Synthesis of N-heterospirocycles
FH 28 06} B 2 OB R N K. 12 IR BA- Tr(ppy)»(dtbbpy)PF
DIREACT, AETT DGR T SEIL T 1 2 R IR IS AN A i
KN, BRI HI1F T @R, 5 AT IRIER
SIAL IR B BROTVEAEE, 73 TR KR e, (7
Ity C—N SBERMIEIR AL T —Fr 208 & 12 (Scheme
50).

2013 4F, ZEASHIR A ME Nishibayashi 57 183
fitll b, 3 AR, RIS T AR AL B YA
TR I = Bl LR T 2 F) A IR N, AR 2 T o2
BB AN o- Z SRS, OHARTE 1 B AL
AVBEFJEAITE L. 2 5 B B A 85 S O T P R PR B
PEAFIEE S T 22 O HE I 4F FH (Scheme 51).

2015 4F, Fujii I8 T UKV 5 R A
BRI, 258 AP ) R SR LA S AN o i
WA RIS NI T a2 FE e dE B b 200 i A U 1)
TR, ZRA - IEFE IR S VIR & et 7 —Ff
AT 1% (Scheme 52).

[F4F, Ooi PRAEAICHRIE T e S8 o A . Jie 2
8] FRY AR RSS2, 2% S SEALE Te AR TR ANAT AL A 771 35 [
ERT ARl RBRER S, FR S0, /20T
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s
©\/j Bocy 1 mol% Iri(ppy)a(dtbbpy)IPFs
N + Il _NHBoc
\ NN
Ph

N\B NMP, r.t.,18 h \ \
0c visible light Ph Boc

147 148 149

@(j H 85% yield
. O
Ar \ xr
*cat.
visible light = N” N7
Ar |
Boc

cat. BOC\N_‘._

N
N, ¥
Boc N~ N7 “Boc

BR 50 o-=HbeHE B ik 5 1% RN 1 SN

Scheme 50 Reaction of a-aminoalkyl radical with azodicarboxylate

X Ms
| X | NMS 4 mol% cat. 1
i . N | mol7 cat. HN R
N, ¢ _1mol%Flpic ©/ \)J\NH SR 4 mol% cat. 2 N,
——— \ _smolbeatzs <
N\A CH,Cly, visible light Ar R! toluene, visible light R

X=0,S8

Boc

151 R =aryl (2.0 equiv.) 156
62% ~ 88% yield R'=aryl, "Hex 141 60% ~ 90% yield
0f. ~ 0,
| N _IBAF 85% ~ 98% ee
4

N NS
N~

»

cat. 1: Ir
W ‘1 2
l

F F
152
BR 51 a-Z bk B kS 5 R I N —| BAr,
Scheme 51 Reaction of a-aminoalkyl radical with isocyanate
NH H
_ HO. _Bn cat. 2
O.y-Bn )\ 365 nm UV-LED N O NHHN O
B ——————
lph * 'i‘ Me,CO, 2.5 h, r.t. Ph)\/Nj/
155
153 154 63% yield

Ar'! = 2-Ph-4-CF;CgHg, ArF = 3,5-(CF3),CgH3
B 52 p-EEREIM AR A R

Scheme 52  Synthesis of f-amino hydroxylamines B 53 o-Z AR R: ) H T IRk

3 X Scheme 53  Addition reaction of a-aminoalkyl radical to imine
PE B bR r= 4 0 — Fh L EL 0 AR 43 T )44 (Scheme

0.5 mol% Ir(ppy).(dtbbpy)PF XH
53). /;L 3 20 Mol% Li,CO- or PhCOH. )\/,L
2016 4E, Rueping Z5ME b3k [ b e At AT 24 \© R DMA, visible light R \©

TN BER 2 HR e AR 2 R X=WRO 189
BT IR N-35 S SR 2 I, IR e 0% = 9% yeld
XA RN AR IE FH T i S o R I 240 ot 2 TRD PR A0 B 54 oG 1 H B S 1 o
J%(Scheme 54). Scheme 54 Addition reaction of a-aminoalkyl radical to imine
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2019 4, ZREFWATHRIE T —F7ER WG R
AR WAL PN ) a- B EE TR, 12 B T4 =
SRRV E A MG, SEIL T o-UEE BT AR RN T
e TN, 4 T OB HEATR A AR T Irs Ru
e e JE LA B AT B2 4 5F 2 aE (Scheme 55).

N N
2Z N7 TTMS 46 019 Cu(OTH, 2 NH

N
| 11 mol% ligand
+ —’Ph/k/N
THF, Ar, Blue LEDs
Br

Br 162
160 161 59% ~ 82% yield
19% ~ 98% ee
o}

o) o)
z= (NS o/lN%’ )J\NH
R?2 R3
OTXYO
' =( \
ligand S/N N\_?
R 163 R

B 55 o-REEHRE 5 T 1 S R
Scheme 55 Reaction of a-silylamine with imine
2018 4F, Phipps BRAEZH 7 ISZEL T MEMRR AL & 4 [F) R
PRBE R B AN N, I BLAE SR BEAR R 5N
FERCH, € AR« BAREMEI B IR, ee
fE AT LA ] 96% (Scheme 56).

2 mol% Ir[dF(CF3)ppyl2(dtbbpy)PFg

o)
dj 0 5 mol% (R)-TRIP
.
_ N
N O)SA Ph

Blue LEDs
fo) NHAG EtOAc, 14 h
164 165
S
7
N Y Ph
96% ee
(R)-TRIP =

BR 56  o-ZFEbedE B i TN U N
Scheme 56 Chiral addition reaction of a-aminoalkyl radical
2018 4F, VI B IREHA7E Phipps 25 AT 78 37
ESREL T AT WAL RAE FIEBIRIE R T o2
Jre ik P T S AR ) A R N R AT S B N B
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N O 1 mol% DPZ
+ N 15 mol% chiral SPINOL-CPA
N o) Ph o
0.01 mol% 4 A MS

© OYNH 10 mL DME, -10 °C
1es OFt 2x 3W blue LEDs, 60 h
EtO
169
93% yield

B 57 o-Z AL B R TN s
Scheme 57 Chiral addition reaction of a-aminoalkyl radical
2019 4F, SRKEIREATHRE T —FhEn] Wk
IR, AU IR R B AT S BRI SRR E AT N-DF R
TIRRMN AV RIS, 3K 2 s B AE R A i g S
WEY) A BRI R IR £ L, [ 2 S N 2
WG TOCHEARIBIE R, 25 fR(Scheme 58).
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N
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R1—'\ N \\
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172
50% ~ 82% yield

BRI 58 o-Z Jk e Jik [ FH T K - bk i (40 ) . Jse 2
Scheme 58 Addition reaction of a-aminoalkyl radical to imid-
azole pyridine
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(Scheme 59).
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Scheme 59 Addition reaction of a-aminoalkyl radicals to alkynes
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Scheme 60 Addition of aromatic ring
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Scheme 61 o-Aminoalkyl radical as halogen atom transfer
reagent
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0.5 mol% DPZ

0 10 mol% SPINOL-CPA
1.5 equiv. NaHCO
NH + PhHN">COOH =
DCE, 0 °C, air
3 W BIue LED, 16 h
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83% yield
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Scheme 62 Povarov reaction involving a-aminoalkyl radical as
intermediates
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