4

% 4’& {& % DOI: 10.6023/cjoc202110020 g;l"-;it‘—ﬁi&%

Chinese Journal of Organic Chemistry

REVIEW

A RS a-BERITE YRR IBIK R MR EER
WRE AR #EE AKer

(RIEF TR Y SRR LA SR E TSR E B A 330013)

WE SRR FOREFE. BN 5 B @ ORI EV ISR, o] FI & s M e A= is k> 1. 25980
BEFPBLSE, IR AT VE A FLEEAL A s R A T AR A e fb. AT OGRS s AT A B, BAEE 515, 3%
SRR RNSE R T 0 R AR R, FLAE AL B0 S RE SR AR AT ELAL 22 B . R AT OGHEAL a- IR IRAT AR MR A A
AR E S B E W R R E IR SN RIS, Z308 T IR a- 2 I RRAT A W it 2 A 1B S L 1) it 7 3k
J&.

REgE AT BERATAEY); BRMEEG A hE TRt

Recent Advances in Visible-Light-Induced Decarboxylative Coupling
Reactions of a-Amino Acid Derivatives

Hu, Jiayu Zhu, Zhigiang™ Xie, Zongbo Le, Zhanggao™
(Jiangxi Province Key Laboratory of Synthetic Chemistry, Biology and Material Science School of Chemistry,
East China University of Technology, Nanchang 330013)

Abstract Amino acids are an important class of biomass raw materials, which are widely used as starting materials to syn-
thetize bioactive molecules, drugs and functional materials, and are also useful as organic catalysts or metal ligands for asym-
metric synthesis. Visible-light-induced organic transformation has attracted enormous interest due to its intrinsic characteristics
of sustainability and green chemistry. The use of visible-light to promote decarboxylative coupling of a-amino acids to con-
struct various nitrogen-containing compounds has been considered as an attractive synthetic strategy. This review highlights
the recent progress in photocatalytic decarboxylative coupling reactions of a-amino acid derivatives with various partners.
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Scheme 3 Photocatalytic conjugate addition of a-amino acids
with alkene derivatives
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Scheme 4 Synthesis of L-ossamine by photocatalysis
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Scheme 5 Photocatalytic decarboxylative alkynylation of a-
amino acids
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Scheme 6 Photocatalytic decarboxylative cyanation of a-amino
acids
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Scheme 7 Intramolecular decarboxylative coupling of peptides
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Scheme 8 Photocatalytic decarboxylative coupling of a-amino acids with a,f-unsaturated carbonyl compounds
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Scheme 12  Visible light-mediated decarboxylative amination of a-amino acids
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Scheme 14 Decarboxylative coupling cyclization of a-amino acids by photocatalysis and enzymatic catalysis
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Scheme 15 Visible-light-promoted intramolecular decarboxylative coupling cyclization of a-amino acids
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Scheme 16 Photocatalytic decarboxylative coupling of amino acids to y-amino boronic esters
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Scheme 17 Photocatalytic decarboxylative Povarov reaction of a-amino acid derivatives
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Scheme 26 Heterogeneous photocatalytic decarboxylative coupling of a-amino acids
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Scheme 32 Photocatalytic decarboxylative bifunctionalization of alkenes with a-amino acids
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FRIANKEFR i 32 5 SRR, JF HAEZ99) 70 7 1) & b th e
BT RIEFRSERIE. BRIk, RSN 2T, SRA
TEISRIG T, R RIRE R I HARIR S 31 a-H RN
75 5L A o R R B I PR R, B E
FERHEA Y E AN N, A5

2 mol% NiCl- glyme
O 2 mol% Ir(dF3(ppy))2(dtbby)PFg | =X

R X 2.2mol% (S,S)-6;TBAI R =
OH + | —
B = 4-Bromobenzonitrile
r

NHBoc Cs,CO;, bule LED NHBoc
DME/toluene, r.t. (up to >93% ee)
CN
O—~ (@)

)|

t-Bu (S,5)-6 +Bu R NHBoc

7N
5€\/ Ar—rIu"L* ANy

NHBoc X

BR 39 St HBILME a-E IR WL FEIE R IT 2L
Scheme 39  Enantioselective decarboxylative arylation of
a-amino acids by visible-light and nickel catalysis

2016 4F, fJHEEECMRIE TR a-ZIERATAY)
55 K v o S 1 2 bR FE A S B (Scheme 40). 7E =i T
6 AR 5 A R e T v PR S R R TR S R i kR
HIBER B, & S RN ILATAEY), R T —Fog &
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AR C(sp®)—C(sp)BEITT V5. 1% NEARAF ] 52,
AR, R BSMAINA, it T —RhEsEss
P T i

Ru(bpy)3Cl,, Cul
4 CHClp, Ar, rt., 6 ~24 h

o}
® o
_N _N + —R
R2 o 40 W CFL
R! (0]

N, F
RZ

R
BR 40 S EH P FEEETETE a- R IERRER IR IR
Scheme 40 Decarboxylative alkynylation of activated a-amino

acid esters by visible-light and copper catalysis

[F]4F, Rueping V@R 7] L6 54k M-
75 3R IR 5 AR IR TG 1) I PR AB B S Y (Scheme 41).
AT WAL EE TR R 5 B C—O BT R ARG,
&, K C—O HMrRE L. R RYVERE, —
FH 575 = G P RATR IS . TP R TR TR IR AR 2 — 9 TP R TR
B, LA R S 00 10 7 A5 2 A L 2 e 2R A 74,
I HE BRI L. XU SR SLER A0 R 7E AT WD
TR RS A a-BFERTE N a- 2 ik 5 70, %
H 2 70 BERDAN A3 Ni® A6 7, TR AL NI 9% 71.
B LS =9 PR 7 HE I A AN AT 21 e e A 72,
SR 28 JEH R A S AR AT Nt AL, S
20 It L A JFUR B NGO I AR Ie™ A7) 58 OB
REE

Ir(dF3(ppy))2(dtbby)PFg

x0T y Ni(OTH),
|// + /N\/COOH P(4'MeO-Ph)3, CSZCO3
R Ph MeCN, blue LEDs, r.t., 24 h
| NN
//
R
(up to 98% yield)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
N
Ph”
Visible 70 >\
light Lo L. HN-Ph
th“H\ i N Ni—
[Ir] L- 71
Photordox
catalysis Nickel catalysis Ar—OTf

[lrlll]*

Ir" H
SRR LT N-ph
_H+ N||_OR L/'}“ —e
H o, i YAr

Ph.
N-H
o
COOH _
Ph _~ _Ph

N

H

Ar
ER 41 S E5EMEA o- SRS 2R BLARFRER I 2 Ik

Scheme 41 Decarboxylative coupling of a-amino acids and
phenyl sulfonate by visible-light and nickel catalysis
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2019 4=, Tunge BRAZHSHRGE T4 ML b 57 R4
AR R T N-BREREIER R N, R JE
A S TR Y R 04 = R R 11 37 1% 4% (Scheme 42).
EA BT R, RRRIE S 1. A E M N-BEE
IR % A B AG = E FIR AR IR (T ons R, e
TRREACBLIR N VO L. E I EERE b, AR K
BT R EE R A R T i R 2 52 P IR G 1 U A
e sEmg, AT RIS EAIE TR, SR R Y ik SR
Kolmel F1 Flanagan 55PSHRGE [ 0] W't 5 82 ik [ 6 46 i
275 Ho Ak [ Vi (Scheme 43). il i B 4k 77 5 B B ik
W R RZ IO AR 4 &, 45 A HOG AT AL o-Z 2
B2 DNA FRic i 75 36 s (LR I, %05 75 I B
JEAITR SR AT, S RN DY JE A R e 25 A T R R
H. BT &MAFEMBS DNA %, #8%8100
AT DELs J5 T B AR FHE A1, ol ek
AR AL T2 — R R A AR, @ i P H RS (SET) il
A a- R A R - BB H B3 73, RIS 5 N4
YR A AN i N R ) 74, S 42 0 TR T
133 C(sp?)—C(sp)HB=FN Ni' B 44 75. fefm, P
AR I J5 A 1 A7) Te AT N o (] 44 75 2 []
Fef, FEAERRAELMEAL .

(1) Cu(OAG), (1.5 equiv.)

1
1
1
I
1
! MeCN
4 A Mol. Sieves
1 32 W blue LEDs, 14 h ] R2
1

HOOC ' (pto98%yield) T8 BF, R

2 AT sm----emeeee e e - -

e M| e T \
| (2) Mes-2,7-Mey-Acr-Ph*BF 4~ (5 mol%) Ra\NH

Co(dmgH),CIPy (3 mol%)

32 W blue LED, 16 h
(up to 90% yield)

1
1
1
|
1
! MeOH, H,0 (7.5 mol%), Ar
1
1
1
1

BR 42 St5&EILEL a-ZIR D TN IRR
Scheme 42 Intramolecular decarboxylative of a-amino acids by
visible-light and metal catalysis

2020 4, Rueping VRBIZHOR F AT WG AER L [R] f
R IERR . RI R AR =5 B, — 85 E ik
T R i BOIAE ) BN =AU S (Scheme 44).
R BATZ W RYTE L, R w6 B 52 14 L&
6 7 18 DX Jgode 3 A A o 88 2 00 e () S AR e

2 FRESHARTERIEN

1 T AT O AR SR AL AR rh 2 AR B 2 A
Hh TR R B 1 S S P, AR AR S R R B, T
FooR ST AR B RO A A WL R N Rk e
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o HOOC“%E 0
SONHUN Water Boc SO
N H
H Ir(dF(F)ppy)2(dtbbpy)PFe

| Ni catalyst A, ligand B

i N
KoHPOy, Dl\lilalsu(zlré% r.t., 40 min (up to 93% yield) Boc”
L,NI° |
HI n H
N
R
6]
e
Il /\
|
- Photoredox Al |
L"’_;‘; catalytic Ir L,NI"—Ar
FC cycle
3
NH
7 N\ g il
— Nlickel catalytlc
N NH
B cycle -(:o2 Q\COOH
N
H ¥ Ly NI'”—Ar
"R
o H 73
B 43 On-DNA fit 2 7534k
Scheme 43 On-DNA decarboxylative arylation
TRt Ir(dF(CF3)ppy),(dtbbpy)(PFe) g1 R3

| NiCl-glyme, Cs,CO3 \
RR=— ., | /E{ + R3—Br : /Kyl\ )
HN™ $"COOH CH5CN/DMF, rt. HN R
Boc blue LED, 48 h Boc
(up to 99% yield)

Radical addition

1
Irrecersible Ir Alkyl

’T“H\O

Tl
\/ L Nl\o
' AIkyI Photocatalytic cs--0
cycle
[SET) CS
Triplet-Triplet
energy transfer CsCOy ‘N%\All(x

It Nickel cataytic cycle

Alkyl
‘/\/Iukw N Alky! — Alkyl =
o N /
va---o

Migratory insertion AIkyI CsHCO,
Concerted protonation
demetallation

B 44 SCMBIL L =410 SR ORI AT AR

Scheme 44 Synthesis of alkene derivatives by three-component reaction through visible-light and nickel catalysis
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Jr @RI, T Ak, I G BGRS T AT BT R R L Ak
S SIEIIL RN ST AR 2 ) ) — P AR .

2016 4F, {8 RGO £ 8 BB AL T S T
WEIRES G, WI T o-R IR EEIE TGRS N-2¢
FRERINR a-F IR b 3L R V. (Scheme 45). 1% 5 Vi
YT 7E Mannich N 2&2F T & LR XS Ni%iéﬂﬁuiﬁ
1T a-Z FE A R B ). R I B A 18 E AR SR
BB EEA IR JEAEAL TR, WA RO % a- 2 3R R A K a-
S bR B R A B, (RIS SR B IR A e
T IR SR . AN, SRR R,
B R IEEREE . ORI = IR AT AR B SR S 1 IR A R
SR C—H B ReHIML R L. ALERRF 7 A I e ™ 2 2
RRA RGN o 2 5 ik B AL 76. 1% B B &R
SRR B ARSI N-2 05 1R A5 3 B B FH B 1 77.
BRSPS 2 T4k, 183 a-Z 3t
FAL =), (A AR S A AR AR

7E LA b, ffAT0021 % B Nal/PPhs {4k 44 2 7] F -+
T 1 S R T 1) B R B K S (Scheme 46). 7E TG i
EJRAFAE S, Nal/PPhs 55 R 2 FE MR R AT 7E 456 nm D6
LED &GS, 8 I A s ) be 2k B el 28 v () 4k 5 0
PR AR A S 55 22 Fh I SR AARER, SEILE AN 2%
14 F 1Y) Mannich N1 Heck e M. HH#RF) &, KAFME
W2 5 Nal/PPhs 0] A3 20 SL I 2 B B iR 5 A A A X6
PR o-BUE A B, NS BRI RN o T A SRR &

Ph

PFg
CFs

Ir(dF(CF3)ppy)(dtbbpy)PFg M7

Ir-cat.

R

L
O-R—0H

PR T —FA RORE. AN, RIARFVIFNEG AL i
WV AR B e 2 R R AT AR ] DR A R Heck =
M. FEZAROTIES, AR 7 RT 0SS 151 1E
i/, 4 Nal/PPhs 44 5 8010 J5 35 1 B VR & 1,
WS R RS IR 4L #, HE 2L LED RS
WARKTEE N, KRB — DU st e R SR G
Nal/PPhs AL JE G MENE < MJE R T B i 5 A
W, A BRI ARG AT PR, 1X
eGSR A% B o ) G kl, B A B A E R
R 1 b S FH 5.

M P 0 2 R 2 B A A e 2 o0 1) 2% B T 4 a7
TET AR . R T IIRVERRRS TSR ISRy
FIREAR, PR AT AEE R 715G 8 B 2. Mannich
RN BN 2 ik —, B A RS R T
WHIZIA TT Rt AT k. B Bk IR . FRBRAVE PENE
BN BN B AT, RERE T A2 R, sTFEEE
EH 258 0 Bt A o AR 248 68 ST A R BUATS SR A L4 . 2018
4, Phipps WA OCHRIE T F A0 B TRFR 5 nT Wos 3t
A a-Z BB S 5 4430 757 2 AR B I Y. (Scheme 47).
%R B AT RO WOk B AN X Ok Bk, HF HIETR

X AR IA R HEAT TS B e AL, AR BB T AT AT BEAN S
FIALE], 55, FYERERRE W B 5 A& M A R

TR LA B - R A S A EAE A 78, B IS,
TR R AR T B E 80 FY R T AL A

Ir-cat. (2 mol%) Boc,

PA-1 (10 mol%)

@

blue LEDs
DMA, rt, 3h
\/ (‘NPhth)
n+1 0
R
o
o NH \&
NPhth o+

HNPhth ©:;

B 45 JCAAE /AT IR R I LA N-2 05 8 S o- R IR IR IR 1B 1k

Scheme 45 Photoredox/Brensted acid co-catalysis enabling decarboxylative coupling of N-heteroarenes with a-amino acids
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Me Nal (20 mol%)
Ph O PPh3 (20 mol%) A A
N, O/NPhth chiral PA (5.0 mol%) ~"phos rﬁﬁph
N/ NHAC dioxane, r.t., 20 h NHAC NHAc
blue LEDs (456 nm)
Ph
"~ Ph
=/

Ph”’ /ph o)
P hv
o Photoredox cycle
Nal + Ppph; = + ~ o
“Na P 0 o
Ph~pH-r N O/\alkyl
Ph_ .
Me Na (e}
Me
HX + j § -NPhth-
N” alkyl Me -CO,
H N N/ X ‘
w_AH H alkyl
N X,alkyl X- = trifluoroacetate
H or chiral phosphate
B 46 F:fE/L Mannich N1 Heck [ N
Scheme 46 Dual catalytic Mannich and Heck reaction
0 2 mol% Ir(dF(CF3)ppy),(dtbpy)PFg
TN o) 5 mol% (R)-TRIP 7N
R_I + N\ ° R_I
l\N/ o) OJ%/\ blue LEDs '\N/ Ph
AcHN Ph EtOAc, rt., 14 h NHAC

(up to 94% vyield) (up to 94%)

X
— R (\_RI
0 Radical ~ CO,+ PhthN P | 2
o generation |li
1

N\ /
g OJkrR —
|rIII

Ac—N.

H o O
Redox active ester ~

80 O. /OH Chiral

N or
/ \ Brgnsted

acid cycle
Yg\_R.
R[S

IR
Deprotonation ™ | AC~ y N

H
O O

\\P/
o o
7

79

R ='Pr, (R)-TRIP

B 47 JCAIA TR IR AL N-2 058 S o TR AN XS PRt PR AR 1Bk

Scheme 47 Asymmetric decarboxylative coupling of N-heteroarenes with a-amino acids by photoredox and Brensted acid catalysis
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ik SR

XFRIRIEERE T 79 BT BT, AT 15 A
TEOL: 79 ML B TR REE e (1, JF HAEAH R
T P B TR sk B R R 4 14 10 T PR BA 58 v 1) b s kgt
7. FERXAPIE LS, R B 2N B e T BUXAE —
A DL, B 79 (Al X S A A RO A R E AN
1725 J53 A B B e 8 T B AE R 7 0 0] W 644 7 T
KAFEEAM. B)E, L8 5 RS R A T L R A
TEEEMEEAT A 1 AR (5 A1 (DPZ) G BGRIAE RIS
T a-Z IR AT R 5 S5 WA R A1) AN o K 482 A 1Bk e 12

(Scheme 48).
O
. < Z/;f 0
N\O)k’/\R
NH
bl
o}

R g XN
‘ AN
O EtO

15 mol% chiral SPINOL-CPA
2x3 W blue LEDs
Transition-metal free

R
(up to 93% ee)

B 48 o RIS B KO A S T
Scheme 48 Decarboxylative of a-amino acids to construct iso-
quinoline-substituted chiral amines

2018 4, VLB BIRMAHOHRIE T ol WL DPZ 5
FYEBERR OUMEACAR R T o FE IR A AN BRIt 2 A Bk
S i (Scheme 49).

FEZRLH, 280 a-3C 5 2- ) FEb e i 2- 2 4 ik
WEM I RE S N-J5 R H SR R AR AR IR SR, AR
o BRFWCRASE] — RENTFE 3-(2-MEWE/mEmh)-3- A
[, STMOE R EIA 99%. EiX R MHLEH, *DPZ H 4
L BT HAL (SET) AL SRR K, a-Z R TR SR AL R A
B o-E e dE H IR 81, B 5 T IEBERIG (LIS 82
RASEHEMEL, TERH H3E ik 83, (H1FEE I,
{5 I LiPFe /F 9 7wl LN C IRREE, AT 52w
PRI ARG . R A i 83 £ F
TIEJE T BB B 1, T B 5 3 N B TRk f s 1
AR TAC PRt 1ALk L, WIS TS EA
rER] R R

TR NG, ARATORIE © N-JF R R
55 3 B R AN R B H ARG SR (Scheme 50), LA
PRE R ee [HIRTT T — RVNTFE 1,22 R T4, it
—BIUE T2 R AT AT, At R AR
TR Z R IR A T B2 IR I AT e,

B 5, A ATTIOTIR A T M B R A R AT AR 1
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DPZ (0.2 mol%)
C1 (15 mol%)
LiPFg (40 mol%)

THF, -35°C, 72 h
3 W bule LED

R
ArHN”XCOOH + | NS ™
% \/

H R

< _N_.~
ArHN [ ™
(up to 97% vyield) __A_ -
(up to >99% ee) <
.

- -H .
ArHN" COOH  ArH,N” “COOH —— ArHN™>COOH

» J -CO,
< *DPZ
/ \ AN D
. 81
DPZ DPz T
X
%\’O
7N\ ArHN—, R N~
=N H-0.
p p*
R.. /,N/ A 82
H 4 —_—
HYy
-
NHAr 83

BR 49 65 THEBRRILEN o-ZERRAFR B d 2R 1
7

Scheme 49 Asymmetric decarboxylative free-radical coupling
of a-amino acids by visible-light and chiral phosphoric acid

A E B (DPZ) G AA R, KR T I o2&
FERRATAED S i AT AW BIASKS FR B 5 i 2R 3 Bk
SN (Scheme 51). F- 1 B R A A0 771 A5 B S B 17 A7 A
A 2k B 1A Rz, I DL NIl IS 3k 18 —
FHNFNE p-RIEATAY. I TAESERE -, Al fr1081[H]
FERIFH DPZ AR A6 A I S5 A A 71 R T 14 A7 BT RE R
AT, SEBL T oI 4 0@ P [F) fE Ak (Scheme 52), i%id
T2 3 EA 4 B i B S 20 BR AN e £ B
HHEER L. DL Scesies 1 2R M E m) F1k 3-2 2k
FROL- 3B W, (A BRI, &R TR
XS B BRI BTG L

BRI W DL HLBURE 1R 25 R R T AE 25 AL 2
A A HA). 2019 4F, VLA B IREATMRIE T o-
AT TR 5 0 Tt e T A 0 E R O R T M B R R A T 1Y)
ASKFFR I FR A B S5 M. (Scheme 53). K FH 3FE 4 @ XUf# AL
R Z, AR AT AR B AR 5 F(DPZ) A WL 8GR AT
PEBERE AL T WO Tl o-RE R S IEBEIEAT A K A&
iR Povarov RV, & — RAE FHERIEIL G, ee
fE 1% 98%.

[F) 4, A A S5 VR R AT 06 A0 T P i R 5k AL
W&, KETHINYE o BERRIGVERS A FR Friedel-
Crafts [ % (Scheme 54).
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=v=0

e o DPZ (1.5 mol%), C1 (10 mol%) o
TBPB (30 mol%)

N + Ph
Ph” \)J\OH Ph)J\”/
0

) PhHNYJ\ Ph
NayS,04 (0.5 equiv.)

Ar

Ar = 2-CF3Ph
PR OH R=0
5 AMS (25 mg) (up to 97% ee) H
CPME, 10 °C c1
3 Wblue LED, 36 h Ar
o _NHAr
o) Z OH
H P
NN DPZ (1.0 mol%), C3 (20 mol%)
Ph OH *+ o s o c3
N THF, 10°C
\ 3 Whblue LED, 36 h N
Boc Boc

(up to 94% ee)

Ar = 3,5-(Bu)2-4-MeOCgH,

BR 50 a-ZIER SR ASKTFR B 5 B N
Scheme 50

Asymmetric free radical coupling of a-amino acids with activated ketones

0 COOH 0.5 mol% DPZ, 10 mol% C1 0
Ph)J\{Me . 3.0 equiv. NaHCO; Ph)yNHPh
PhHN 25 mg 3 AMS, 1,2-dimethoxyethane ':M
Br 3 W blue LED, 0 °C, 60 h H Me
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R4
ArHN)\COOH
R4
ArHN) '
PC- O o R
*PC R :
Redox neutral R' Y Rradical cross coupling R! / NHAr
pathway R r2 R®
RZ2=H, F, alkyl R® = alkyl, aryl, benzyl
s o ) enantioenriched
hv R1J><R3 /- and 22-amino ketones
PC Br R (up to 96% ee)
B 51 o- TR o- 0 AE AN TR B b5 R
Scheme 51 Asymmetric decarboxylative coupling of a-amino acids with a-halogenated ketones
oL e 1.0 mol% DPZ, 20 mol% C1 R?
o H\N 3.0 equiv. KHCO3 o
+ HN— —— - 0.5 mol% DPZ
N cooH MTBE/THF (V:V =5:1),-42°C N COOH 10 mol% C1 ]
h argon, 3 W blue LED, 60 h R+ NH + —_— NH
R = 4-FCgH,SO, Z ArH,N” R'  DCE, 0 °C, air _
IR e 3 W blue LED, 16 h S84 _R1
NHPMP R
! Bn (up to > 98% ee)
Ve B 53 AW HE B Povarov 2
R Scheme 53 Enantioselective decarboxylative Povarov reaction
(up to 96% yield)

b e AN A o KRR T A AR DA P 2 % AR
75 {172 58 5 QR SRR
R 52 o BIAERB AR A AT -2 S i ‘ifi“ ce MIRBEHLT “ﬁ/zj‘kﬁ
Scheme 52 Asymmetric decarboxylative coupling of a-amino TG o R AEIRIE M RRLE P UCER AL T RS AL PRIK). N-T A
acid to construct chiral y-amino ketones P g Hp (A4 55 08] Wk /2 2E Friedel-Crafts v, il &— &5
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ik SR

Me” “CO,NPhth

4 (5 mol%)
B HN-AC  IN(dF(CF3)ppy)z(dtbbpy)(PFg) (1 mol%)
R— +
> N )\ MeCN, r.t.
H

blue LEDs, 48 h

AcHN,
“ —~Me

AN
R4 N
Z N

H
(up to 95% yield)
(up to 97% ee)

Ar = 2,4,6-(Pr);CgH,

B 54 L5 FHERERR LML AXIFR Friedel-Crafts M
Scheme 54 Visible-light and chiral phosphate-promoted asym-
metric Friedel-Crafts reaction

W5 R BAC I T BB AT AR, ee fHrIL 97%.
4 REERE

A A L R T AR REUR, AEA LA P
JS2H 32 B S AT TR ORI T Bk, T WO HEAL A HL G B
SN EA S B AFIR AN, B RE AR I DL R 38 A i
SR, R DA S W 2% AR R 5 2 (K AT BB ML AE AR
XA S AF R REAT, X NS EANL G BAR B 1 E
@i RERAS TIRKIEED, BEURAF AR, W
R BRAN I H AT R A ORI &, AT LRI
ATSFRA NG B A IR ORI B CO, FA 4%
It 5 T 2R e SO AR B A DA B UM A SRS (1 T
K, W IICHEL o- 2 R 1) B B AR D o G s R
ERITER R B L 1T RE.
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