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Fig. 1 The conversion of the products of Henry reaction
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Catalyst 1 (3.3mol%) C=)H
RCHO + CH,;NO, - NO,
THF,42°C, 18h RZ N

R Yield (% ) ee( %)
Ph(CH,), 79 73

i-Pr 80 85

g

O 91 90

Ligand 1
P 2 - FHL-BINOL A7) B AR AN KRR 5 1) SR H 4197

Fig. 2 The catalyst of lanthanum-lithium-BINOL (LLB) and its application to enantioselective
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OH
RCHO +  R,CH;NO, Catalyst 2 (3.3mol%) . Rl/:\;/RZ
THF,-20/-40 °C 1%102
R, R, syn/anti ee[syn] (%)

PhCH, CH, CH, 89: 11 93
CH, CH, 93: 7 95
CH,OH 92: 8 97
CH, (CH2), CH,0H 92: 8 95
CH, (CH2) , CH,OH 91: 9 97
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Et;SiC=C ‘ I
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Ligand 2

Et;SiC=C

OH

Catalyst 2(mol ratio): La(O-i-Pr); : BuLi :H;O:Ligand 2 = 1:3:1:3
(& 3 Beif i LLB A6 S X A XTFR Henry 5207 (4 7

Fig.3 The improved LLB and its application to enantioselective Henry reaction
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R,

»> HOm
NO
R?\/ 2

R; NO,  THF,-20C

R, R, Yield (%) ee (%)
Cyclohexyl Me 47 90
i-Bu Me 40 97
(CH,CH,),CH Me 41 85
Cyclohexylmethyl Me 40 95
Ph(CH,), Me 40 80
Ph Me 30 88
i-Bu Et 33 88

OO OH MeO OH

Ligand 3

Ligand 3'
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Catalyst 3(mol ratio).3a:3'a=2:1
] 4 TR 1Y LLB Ak K X R 1) A X6 Bk = 1) Bz Ak
Fig. 4 The catalyst of mixed LLB and its catalysis to enantioselective Henry reaction of ketones
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RS SR AL R AT MG BINOL (45 L (4n &1 5), {1 2 T 75 i 4k 57 9 i A7 — 28 K
KR BCHAR 4) A La BEOZG BUAY. BLEILIR RBEME  (25%).

Catalyst 4 (25mol%)

o proton sponge (25mol%) OH
)k +  CcHNO, — BC{
CH;CN, -40°C >'\/N02
R CF,
R
R Yield (%) ce(%)
Et 35 5
. 93 92
o 78 96
3-CF,CH, 55 01
4-FC H, 68 o7
4-1-BuC,H, 50 o8
PhC=C 82 i

— +3

-3 TRO| @O CH,NEt,
OH
OH
99

CH,NEt,

Catalyst 4 Ligand 4
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Fig.5 The atalyst of monometallic lanthanum triflate salt and its catalysis to enantioselective Henry reaction of trifluoromethyl ketones
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2009 4F, Masakatsu Shibasaki 254338 7 —FpF  FAERAIMALF MR (& 6 itk s). 1

OH
0 R?  Catalyst 5 )\/RZ
Lo+ om0y
R! H NO, THF-40C No,

R R* Yield (%) ee[anti] (%)

Ph Me 95 93
2,4-Me,Ph Me 99 98
4-BnOC H, Me 89 97
4-BrCH, Me 95 94

4-FC.H, Me 99 97
4-NO,C6H, Me 99 86
4-CNCH, Me 88 94

4-Me0,CC H, Me 96 89
2-furyl Me 99 82
trans-PhCH = CH Me 96 97
PhCH,CH, Me 99 77

c-CoH,, Me 92 95

n-C.H,, Me 93 87

Ph Et 99 90

4-FC.H, Et 93 90

Ph TBSOCH, 85 90

Ph BnOCH, 75 95

0] OH
HO N
N
H
F ° F
Ligand 5

Catalyst 5 (mol ratio) ; Nd; O(OiPr); : Ligand 5 : NaHMDS=1:2:2
&1 6 Nd/Na WU 45 J At A7 8 X AN XA 7 ] 52 o 1) v
Fig. 6 The Nd/Na heterobimetallic. catalyst and its application to asymmetric Henry reaction
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i 2 R ELF

W R EE A Zn Cu Cr Co 1Y

GRECAY.
2.1 €8 Zn L5

Trost Z¢7E 2002 4F 15 Jo i it th T & Zn iy Al LA

RCHO -+  CH;NO,

Catalyst 6 (5mol%)

FRIRAALAS X AR 52 1 BOSE B0 Al 30 b T
PERLARS 2 4 Zn Bop7, 2225k H 5% ~ 10% [1)
AL ) BE A5 AR g 1 &5 5, 0 7 Ik 1) AR i ik
RS HR A — & 138 FHPE , ee i 78% ~93% (GnIA
7). SRR T RN, AR R B AN Zn 4y

H

ll||e)

- NO,
THF,-35°C R/\/

R Yield (%) ee( %)
Ph 75 91
Ph(CH,), 56 85
(CH,),CHCH, 84 87
e-CeH,, 75 85
(CH;),CH 58 88
(CHy),C 88 93
(CH,CH,),CH 90 92
BnO(CH,), 56 86
1-naphthyl 71 93
2,3-(Me0),C H, 69 78

IIBOC

79 90

@%

Y5

Catalyst 6

B 7 XU Zn ARG S HG AN FR Henry SN O HEAE

Fig. 7 The dinuclear Zn catalyst and its performance in asymmetric Henry reaction
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0 n Catalyst 7 (30%) v
/“\ RO g /k/NOZ
R H -40°C/-60°C,16-60h R
R Yield (% ) ee( %)
PhCH, CH, 90 90
Me(CH2) 81 94
Me(CH, ), 92 92
(CH,),CHCH, 75 92
(CH;),CH 78 98
c-C¢H,, 74 94
(CH,;),C 71 96
PhCH,O(CH,), 82 97
Ph 82 92
4-FCH, 68 89
4-NO,C.H, 77 84
+ S
Ph CH, i 0\“(‘)‘3N_: H
O///, I \L i
'Zn.u\\\ ! H
v \O_u
>N =~
HO NMe, Me” | R
Me
Ligand 7 : (+)-NME Proposed transition state

Catalyst 7 (mol ratio) ; Zn(OTf),:i-Pr,EtN:(+)-NME=1:1:1.5
P8 & TR AL Zn A AR SOHAEA NS B A SO b 9 0 (RS 48 3 )
Fig. 8 The Zn catalyst containing chiral amino alcohol and its application in asymmetric
Henry reaction (including the transition)
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OH
RCHO + MeNO, Ligand$ (Bmoh) et - )\/Noz
-15°C, 9-24h R
R Yield (% ) ee (%)
Ph 92 92 (R)
1-naphthyl 92 90(R)
2-naphthyl 95 92(R)
4-BrPh 96 94
4-NO,Ph 88 95(R)
4-CNPh 85 92(R)
4-FPh 89 94(R)
4-MeOPh 97 95(R)
2,6-(CH,),C,H, 84 88
—
Q ‘??: 96 91
PhCH,CH, 99 85(R)
PhCH,OCH, 93 75(R)
CH;(CH,); 90 84
PhCH = CH 98 82(R)
(CH,),C 92 86
Cyclohexyl 94 83
(CH;),CH 90 81
\\\O g/u,,,“
"N S
H o

Ligand 8: bisoxazolidine ligand
P9 BUBMREBC AR K JL 5 Me, Zn XA B 5 1| S0 (4 AL
Fig. 9 The bisoxazolidine ligand and the corporate catalysis of bisoxazolidine

and Me,Zn to asymmetric Henry reaction
88% ~95% ,fufi vey AL BHL £ i 117 1k 1 1o R 2 2 AR 4 Adnan Bulut 25 S U RP & A R =0 R
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TESL AR RENE AP 21 b AL AR BIRUE AL RFE - methanol B Fam) , Horp IR X FHECHR (4nl&l 10
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RCHO + CHyNO, Ligand9 (20mol%) Et,Zn (54mol%)= R/Zli/Noz
THF, -50°C, 16-24h

RCHO Yield (% ) ee (%)
PhCHO 83 87
4-MePhCHO 77 87
4-MeOPhCHO 92 75
4-NO,PhCHO 84 82
4-BrPhCHO 79 91
4-CF,PhCHO 77 90
3-MeOPhCHO 84 88
2-MeOPhCHO 82 82
2-CIPhCHO 75 83
1 -naphthaldehyde 77 90
2-naphthaldehyde 78 86
cyclohexanecarbaldehyde 84 80
CH,(CH,),CHO 88 73
(CH,),CHCHO 71 87
PhCH, CH,CHO 81 74
PhCH = CHCHO 72 81
furan-2-carbaldehyde 72 85
thiophene-2-carbaldehyde 64 86
CH,COCOOEL 88 86
PhCOCOOEL 85 82

ullllg
(¢}

jan]
I/IIO
i(
s~}
=

0

Ligand 9
P 10 Fam B4 5 5 Bt Zn SR REFR = F) 520 A4
Fig. 10 The Fam ligand and the corporate catalysis of Fam and Et,Zn to asymmetric Henry reaction
CAEFERNR AW B AT. X RO RIS PR TR AL e AT RON (A fAl 10).
Uf, REA UL IR I R 805 A R B BEA T = MOV, 2.2 £/8 Cu L
It H R MW ZE R Z G BeARRE LA 90% (R 47 I, Karl Anker Jgrgensen 45 9 SEHGE T KT Mg k2
PR TS PR AN . AL IR ZR RE AR LA (BOX) BeIARFE It Jy i A4 18 A7 ) Cu (OT), AL
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ALMERHIS AR IE A B AE AL 10 (Cu - BOX) R FHRWIIEECE SR 107 7 W A4 TR 2 L I 7 0 1Y) ee
HEAL o TR P56 ARV 355 e 1) S O, S AR TP P AR e, LR X T 5 W 107 B IR U7 W 19 ee
A ZN EGN, S I PR R gl REWURI BEAT S . X (ERIR (i 11).

OH
o Catalyst 10 (20mol%)
+ CH,NO, Et;N (20mol%) .
EtOH, RT R COOEt

R COOEt NO,

R Yield (% ) ee (%)
Me 95 92
Et 46 90
Ph(CH,), 47 77
CH,(CH,) 91 93
CH, = CHCH,CH, 97 94
CH, = CHCH,CH,CH, 92 94
(CH,),CHCH,CH, 90 94
i-Bu 99 92
Ph 81 86
4-CIC,H, 91 88
4-NO,C.H, 99 93
4-MeOC H, 68 57

Me Me
N\ 'Nlj
oi”
t-Bu z
t-B
TfO/ \OTf "

Catalyst 10
P11 AL AR Cu-BOX Rz HAE ool i 19 AN X AR =7 AR g o g oy
Fig. 11 The catalyst of Cu-BOX and its application in asymmetric Henry reaction of a-ketoesters
Evans 557 2003 4EH] Cu( OAc), GXCEMEIE 5 11 AR ARHEALG] , 72 SOBI H T 1 ~S mol % , LI
PO A B T AR R S A ) SEEERREIR T ee (AAEIAEI89% ~91% ,Jf H.
HEAL RS A AR Ve P — Rl LA SRR O S 0 X D9 8 G A0 0l R ) R A AR e 1 2 P P
R 4 i AN SR P OO SIEA T IO, TG AS 304k 12) . SCK 3 DA G 5 i 46 50 PiC 15 990 119 Jahn -
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Catalyst 11 OH
RCHO + MeNO, - /'\/ NO
CH,CH,OH, RT R 2
R Yield (% ) ee (%)
Ph 76 94
2-CH,C.H, 72 93
2-CH,0C¢H, 91 93
2-NOC4H, 86 89
2-CIC4H, 88 91
1 -naphthyl 66 87
4-FC,H, 70 92
4-CIC,H, 73 90
4-PhCH, 70 91
PhCH,CH, 81 90
i-Bu 86 92
t-Bu 83 94
i-Pr 86 94
n-Bu 87 93
cyclohexyl 85 93
Me Me ® H i
O\RS/O T o\\\\\\y‘""N—: H
\\\\\\\\</l l E
R N\ /N L/////, " 8 OAc !
& Py ,, / ]
S /Cu\ C Cu ' H
AcO OAc - \o_ :
i :
Catalyst 11 Plausible transition structures

Pl 12 SUAERY Cu( OAC) ,-BOX 8] B FLAE AR 5 I 0157 P 45 0 R A0 i 25
Fig. 12 Bifunctional Cu( OAc),-BOX catalyst and its application in asymmetric Henry reaction, including the plausible TS model
Teller 24 MR LR AT RE A1 JE S NN SEARERENE A PSR B ) — IR 0 3 P .
PEATARRE , SEAZAGR) DI AR T F) 2 7 [6] 5 s Christian wolf &£ 1E 2009 4F & J2& Hl {17 2008
B ICAL, SRR BOBCE IR N RO AL B, 0 HRIE Y —Fh O AR BDSUE e e CAAR (G 13 Tk 8)
b BEHA e oy R M T S R P B v BT LA R R T CaOAce #EATRCAL, AT AR i 1 — B 4 6 1) fiE 1k
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FAT R B ) R R A T CuOAe f191R 45 7

B IA SRR Y. £ X B CuOAARRE: T4 5

OH
RCHO MeNO Ligand 8(10mol%) : NO,
+ ’ CuOAc(9mol%) ~ TS
R Yield (%) ee (%)
Ph 93 89
2-naphthyl 91 88
4-FPh 95 84
4-CNPh 90 78
4-BrPh 93 86
4-NO,Ph 88 74
4-MeOPh 67 84
Cyclohexyl 87 93
CH,CH(CH,) 85 91
CH,(CH,), 91 93
CH,(CH,), 92 93
CH,CH(CH,)CH, 91 93
(CH,;),C 85 92
PhCH, CH, 97 97
PhCH = CH 90 88
w0 g"”'lu
““Iﬁl o

Ligand 8: bisoxazolidine ligand

13 BUEMELE S CuOAc fiEAb R = F1l S
Fig. 13 Henry reaction catalyzed by bisoxazolidine and CuOAc

FIRRA — W BB, B 15 2 A0 7= ) 5 ] — WP LB 7
BRI F=YIAR LG AR R S AR S T — A i R S 5
WAL = R SO, 368 55 T A T TR B R AT AR 32
3 P, JCIHR X N M5 e F) I R U 45 R AR A
i (e 13).

Marco Bandini 554030 T % A WE Wy 2 1) I fik
BCAR (DAT2) , HIIXFHBLHAS Cu(OAc), BLhi & MY
HEAL TR 13 BB A R0 X == ) BBz 1 A7 AN X B A
2 AR TR A 1 S8R AR 7, B S 0. 1%
AL RETT BB AP IO 45 R (ee {H 84% ) , I
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HLX S SR SALAT L) AR I (Al 14). Gonzalo Blay 58 4l il 1 W Fh I AL 75 51 (435 A W
)

RCHO + MeN02 Catalyst 13 (5 mol%) N R/\/N02

EtOH/0 °C
R Yield (%) e (%)
p-MePh 75 90
»-CIPh 68 92
p-FPh 71 94
0-OMePh 88 94
0-NO,Ph 92 94
p-NO,Ph 81 81
C,F; 62 90
PhCH =CH 71 92
t-Bu 71 97
CH,, 78 99
Cyclohexyl 72 93
Ph(CH,), 53 87
BnOCH, 62 84(R)
B s
¢
N\\ /OAc
O /1 0Ac
N
S
Pad
S
Catalyst 13

P 14 fiEAL 7R Cu( OAc) ,-DAT2 Je HAEANS FR 5 A1 S0 A - 1 1
Fig. 14 The Cu(OAc),-DAT2 catalyst and its application in asymmetric Hnery reaction
SE L BERC A (A& 15 P ECIR 14 F0149) 1T 3 LA CmE RN SR AT AR R 1 2 A T AT, RN I
XA Cu(OAC), - 2H,0 BCAL Al LG A MR Cu( OAC), + 2H,0 MR 5 W A S B
AR AL 2 R B AE RN S A e RARIRT. AL T 7 R 18 2R I 2 A A Y 4 2R
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(HINIE 15) . X RS A AR EA T B i B RSB S A AL 0 14 v < s 88 T B AT IS 2, R
BB TR RN 7=, A6 SOV R JEAS Tl AL S s A AR A B T T AL B L, AT A

Ho Ligand 14 Ligand 14' Ho
R /’\/ No, CHOAO: 2H20(10mol%)RCHO+CH3NOZCu(OAC)2 2H,0 (10mol%) )\/Noz
DIPEA (leq), EtOH DIPEA (leq), CHCl;  *
ee (%) Yield (% ) RCHO Yield (% ) ee (%)
72 81 PhCHO 84 80
85 90 2-MeOPhCHO 98 84
85 97 2-BnOPhCHO 96 83
79 89 2-MeSPhCHO 83 83
82 95 2-MePhCHO 97 83
84 80 2-EtPhCHO 82 84
65 54 2-CIPhCHO 90 75
68 65 2-BrPhCHO 98 78
71 75 2-IPhCHO 95 77
78 75 4-MeOPhCHO 80 78
73 81 4-MePhCHO 80 81
56 76 4-CIPhCHO 90 74
76 81 3-MeOPhCHO 83 75
72 88 3-MePhCHO 91 72
51 84 3-CIPhCHO 95 63
=N \N / —N \N /
COOH
Ligand 14 Ligand 14'

Bl 15 SR EBC A S M5 Cu(OAe) ,2H, 0 FEAXIFR Henry SN H B4
Fig. 15 The iminopyridine ligands and their application in asymmetric Henry reaction together with Cu( OAc),2H,0
NS HERR 70 AN [ (477 16) R AR % 1) B, N CBEA RO 3 S0 ) LA BEAE A v 5 RE A
Artur Noole S5 JE T ABKUR BEVE A BCAR A XS RGHAT AN XSRS I SO0 A1 05 78 T 11 1 26 7 3
RSN HEAL SR . B 15 5 Cu(OAe), - HyO FE1 ee fF B 0 IR 11 5 2 110 SR B T 4 — 2, o, B
FPEIRLE 1 1 LA HEALGR L 10 % AN S ARG BERAr S L. A7 R, DL 1S A S Ik
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PRAE AR SEA T A R DA B - 5 AR 15 BUREAR IR SRR REHE AL BE SR RO AN ke L e HEA T R, 45
PEATIOBAREN B =R LE , EATIE SRR WA, 5 oh SRARXE R B BV A, (HUZ eeff R (MNP 16).

Enantiomer of 15

OH Ligand 15 OH
R/?\/ NO, :c:ué?:):[ H;?.C RCHO + MeNO, Cu(OA), Hfo > R/'\/ NO,
3CH0OH, - CH;0H, -25C
ee (%) Yield (% ) R Yield (% ) ee (%)
96 97 Ph 93 94
83 91 0-NO,Ph 79 81
71 97 p-NO, Ph 60 71
93 93 p-CH;OPh 26 81
95 97 p-BrPh 94 85
93 90 2-naphthyl 92 85
88 70 PhCH =CH 67 80
92 43 cyclohexyl 52 84

OH OH
AICHO 4+ ENO, Cu(OAc),- H,0 Ligand15 N /Y + m/\/
CH,CH,OH,Et;N, -25C £

NO, NO,
syn anti

Ar Yield (% ) syn/anti ee [anti] (%)
2-naphthyl 86 31: 69 88
Ph 86 19: 81 96
0-NO, Ph 88 25: 75 89
p-NO,Ph 95 18: 82 94
p-CH,OPh 96 20: 80 92
1-naphthyl 74 28: 72 93

i-Pr
Ligand 15

B 16 HRIRIEPC AR LK RIRBEA Cu( OAc), + H, O AEALHIASXIFR = F Sz
Fig. 16 The ligand of bipiperidine and enantioselective Henry reaction catalysted by Cu( OAc), + H,0 and bipiperidine



554 TR . =R SN AN SRR AR S0 J 369

Steurer E4%IE T F & LB i 1) sulfonimidamide R FUAGTRY ) ;= 4, B4 16 15 20 19 J& S 74 Y ) =
BCAA B B 1) e A 700 i A0 X B =2 R OB ) SCk B OBERS L CH,CL, ShPE TR A CuCl FIBECAA, BR
(23], MATTHER T PAA RCE BRI ik, 8O R A RS A, H EtOH i — B2 )5,
AT ECAOE 16 HYOE 16745 0515 CuCl Fifr  REAT [ A& R R RN A 15 21 04 S5 f 2 1
PFEHEAL, FHECR 16 MM T RON AR R SE  J&: A 5 CuClEE R LT 1, 34T 5 F OB B L &

OH

Ligand 16 (10 mol%), CuCl (10 mol%)
RCHO + MeNO, > NO,
R

4-Me-pyrimidine, EtOH, RT

R Yield (%) ee (%)
p-NO,Ph 82 88
Ph 79 95
p-CIPh 61 90
0-CH,OPh 83 95
0-CH,Ph 72 92
1-naphthyl 70 93

0)
p-Tol>g= NBz p-To] e §=NBZ

o

N
Ligand 16 Ligand 16'
B 17 % IEAE i) sulfonimidamide FLA LK i e F1 CuCl fi#Ab i AN S Bk = 1 2
Fig. 17 The ligand of amino — functionalized sulfonimidamide and enantioselective Henry reaction catalysted by the ligand and CuCl
WEVEVE ), 4- R JE-me e A Ry B, S 0EL A 0 B EAT IR AR =2 R SRS S Bkl 2. T A5 4
I AH XA AR R HOX 05 A IR A . 18 B {A& 17 fii 7R, CuTC (TC = thiophene-2-carboxyl-
Lang 25 F AUz 28 0 T 06 1 AR R bk 52 11t X ate) SECARL 1 EAT I A7 74 A QT 4776 K LA

~

0)

0] CuTC(5mol%), Ligand17(5mol%) OH
M+ o, - I NO
Ar H EtOH, 4AMS, -20C AN\
Ar Yield (% ) ee (%)
»-FPh 81 93
m-CH, OPh 99 92
-naphthyl 83 90
o-FPh 86 93
»-CH,0Ph 80 95
0-CIPh 88 95

2-naphthyl 86 93
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v )
N N\g N\

P

\\

Ligand 17
Pl 18 SR AU BC A S H 5 CuTC 7R AR AR < 1 B H 14 L

Fig. 18 The aza-bis( oxazoline) ligand and the application of the ligand and CuTC in enantioselective Henry reaction

LA BEA T ORE , HE AR B Wi ) XS Bk b o 1-
N IEAIRIEIR G, SN R PR, ee E LB S0
S CInE 18) . SO IR & CuTC RIS , KK
A 4 A S35 T 5 R o 084 7 S 1o T
Guo i & A R AL ) B AL BRI IK 18, 7%
B 7 - ARl S A B ey

(0] Cu(OAc), H,0 (5mol%)

T HR R K B BERR A , e FEAR I R O S, S
BERAFFAHN TR ee (H. FIHTCHEILIR R AL
AR, 7 78 T8 e I 1 1) T 245 i i B e S I RE A
FUA S AHE R ee {H; S LERE IS 5 A 2k £ 68 S I
AT AR X Wk £ AL ee AT5OR 2 AN B9 (A0
19).

H

anllQ

)k +  CH;NO, Ligand18 (5.5mol%)

> A NO
EtOH RT  pi N2

R! H
R Yield (%) ee (%)

CeH; 80 89
p-NO,C.H, 88 87
0-NO,C.H, 83 92
p-OMeC¢H, 8 82
0-OMeC H, 52 91
p-CIC H, 74 90
0-CIC4H, 65 88
p-BrC H, 76 89
m-BrC¢H, 66 83
p-FC,H, 71 88
p-PhCH, 44 91
1 -naphthyl 70 92
i-Pr 65 95
i-Bu 62 91
n-Bu 80 94
Cyclohexyl 79 97
PhCH,CH, 70 96
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OH OH
(0] Cu(OAc), H,0 (5mol%) = z
: z 2
Ligand 1 . 9 R
)k + RZCHZNOZ igand 18 (5 5m01A))= /\/ + g
| H EtOH RT é
R NO, NO,
syn anti
Aldehyde R’CH,NO, Yield (% ) dr[ ayn/anti | ee[syn] (%)
Isobutyraldehyde EtNO, 77 95: 5 95
2-Methylbutyraldehyde EtNO, 75 91: 9 93
Cyclohexanecarboxaldehyde EtNO, 78 94: 6 93
3-Phenylpropionaldehyde EtNO, 73 80: 20 91
Isobutyraldehyd PrNO, 67 61: 39 94
3-Phenylpropionaldehyde PrNO, 58 80: 20 92

356
90

Ligand
Bl 19 BRZE BB M H) B RE L IR S LS Cu(OAc), + Hy O FEANXIRR 5 1 S H B4 107
Fig. 19 Binaphthyl — modified amino alcohol ligand and its application with Cu( OAc), + H,O in asymmetric Henry reaction
Mariola Zielinska-Btajet S5 F| -G XS JE WL ISR S, RIVAT . 287 < /K45 ISR 114 e
VBN ERR A PERC AR BEAT 7 08 , 1 SEITE W B (RIR AR 1,20 1. IR IR R AR A AU AL Y
BRI ZE 5 SN I AE i-PrOH AR AL I IR I I S o Y 3 2 b 1 R
5 Cu(OAc) xH,0 ZJG RS 6, Z Sl i (W& 20).

Ligand 19 (12mol%) OH
RCHO + MeCHo -SHOAYH00mol) _ /:'\/No2
i-PrOH 0°C

R Yield (%) ce (%)
Ph 87 86
0-NO,C, H, 86 15
0-MeOC, H, 88 67
9-anthryl 50 68
PhCH = CH 17 61
e-CH,, 63 7
n-C.H,, 62 71
iso-C, H, 57 83

tert-C, H, 52 75
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Ligand 19(12 mol%) H

Cu(OAc),'H,0 (10 mol% A R? A R?
RICHO + RICH,NO, —OARHO( 6, RN +R1/Y

O
a5
alQ

i-PrOH H
NO, NO,
syn anti
R' R? Yield (% ) dr[ syn/anti | ee[ syn] (%)
Ph CH, 98 76: 24 94
¢-C,H,, CH, 60 91: 9 94
-G, H,, CH,CH, 39 86: 14 88
9-anthryl CH,CH, 87 81: 19 82
7
~o
N
X %
| “OH
N A~

Ligand 19: quinine
120 2 TRCARLL K Cu( OAe) ,xH, O-Z T XA FR S Il S L A i
Fig. 20 The ligand of quinine and the performance of Cu( OAc),xH,O-quinine in asymmetric Henry reaction
2.3 €& Cr,Co L IS I 2% AT AL A o O
Rafat Kowalczyk S¢4i 18 1 LMEMi ) Salen 1 Cr - J5FFMESE NI A HAF 1Y ee (H(80% ~93% ) , %A
PRV A Ay 5 I BEAL T SCIR T 8 salen FOPRFA R 2l FIRARIEAY O T M 28 45 SRS 2 40, X 343005 &
BURIEIAT IS 2 5 A Cr BEOZ A5 AL 20, 2 EESSW A5 2 i 45 S d A B (hnfgl 21).

Catalyst20 (2mol%) OH
RCHO + CH;NO, DIPEA,CH,Cl, . H NO,
-78°C (0.5h) , -20°C (20h) R

R Yield (% ) ee (%)
Ph 77 93
p-PhCeH, 82 94
p-CIC,H, 76 85
p-BrC,H, 68 85
p-CNC H, 65 80
m-CIC H, 74 84
0-FC,H, 84 83
0-MeOC,H, 81 75
2-naphthyl 92 91
1-naphthyl 51 70

2-furyl 56 86(R)

PhCH =CH 25 80

C_CﬁHll 38 90
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t-Bu r\O t-Bu

PH Et Ph

Catalyst 20
B 21 A salen-Cr AR LBz G AR A A AN 0 A = A1) S i

Fig. 21 Modified salen-chromium catalyst and enantioselective Henry reaction catalyzed by the catalyst

Anais Zulauf Z5 /2 ] salen 55 Cr JEATECALM  AEALHR], ABATTRE ME Wy 3 5| A salen i 5 2 AL 5] 21,

OH
RCHO + CH,NO, _Chu21 @mol%) /K/Noz
i-Pr,EN R
R solvent Temperature () Yield (% ) ce (%)
Ph DCM 20 39 25
MTBE -40 62 62
p-CIC,H, DCM 20 42 25
MTBE —40 43 64
p-NO,C.H, MTBE 20 77 36
MTBE -40 81 40
p-MeOC,H, DCM 20 13 18
MTBE -40 29 65
Cyclohexyl DCM 20 92 64
MTBE -40 59 80
CH, DCM 20 63 59
MTBE -40 72 83
RS
LS o~

t-Bu
catalyst 21
P 22 WEWY L salen #5EATR) K HAHEAR B AS XA 5 M BBz
Fig. 22 Thiophene-salen Chromium catalyst and asymmetric Henry reaction catalyzed by the catalyst
3 1o S 7 0 R AR RO IO B AR DA R A AR AR AT SR R 2 X B A AL A 1R
FRI N, —40°C [ 20°C S P ee (HEE L PEEME 6 YIRS ee [HILTEAT L.
A WL S . ELABAT T s e i A 50 1 s 2R Youichi Kogami 2180 1" 22 F & A7 ik K5 AV e 25



374 7 A (1 25 %

HIE A Co MEMLAE M MEALR MOS0 R B AL 77 22 (ANl 23 B I RO Bt 42 2.5 5 1Y
OH

Catalyst 22(5mol%)
RCHO -+ CH;CHO -~ /k/NOz
R

i-Pl'zNEt, CH2C12

R Yield (% ) ee (%)
Ph quant. 81
p-ClPh quant. 85
0-ClPh quant. 91
o-FPh 98 92
0-CF;Ph 93 90
0-BrPh 85 84
p-MeOPh 11 53
0-MeOPh quant. 90
2-Naphthyl quant. 84
PhCH =CH 72 79
Ph(CH,), 83 81
BnOCH, 83 81
c-C¢H,, 91 73

O-
=N. N=

Co
0 Yo 04 b

Catalyst 22
P 23 AL -Co Ak 77) S HAEAR AN R R = 1) S
Fig. 23 Ketoiminatocobal catalyst and enantioselective Henry reaction catalyzed by ketoiminatocobalt catalyst
% i-Pr,NE 5% B EACRIAAAE T AT R af  ee {H53% ~92% (4Nl&] 20).
AN RN BT 2IS 5 1 3 H e e I R B A AN O 245 4 Youichi Kogami ££3 %5 X F Wi Ff salen-Co 18 1k
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A = R SN SIEA TAS X BRAEE AL, A 70 2 24 Jr7w  HA AR 23, il bt T LB 2K F .

OH
2 mol% Catalyst23 or 23'
RCHO + CH:NO, i-Pr,NEL,CH,Cly, —78 °C R)\/ NO,

Aldehyde catalyst Yield (%) ee (%)
PhCHO 237 36 62
p-CIPhCHO 23 45 88
0-CIPhCHO 23 quant 92
0-CIPhCHO 23 quant 95
o-FPhCHO 23 91 94
0-FPhCHO 23 quant 98
0-BrPhCHO 23 94 90
0-BrPhCHO 237 quant 94
0-CF,;PhCHO 23~ 86 79
2 3-dichlorobenzaldehyde 23 quant 81
2 4-dichlorobenzaldehyde 23 quant 87

2.3 ,5-trichlorobenzaldehyde 23 quant 77

PhCH, CH, CHO 23 64 93

Ph

&

Ph
y N N
_N\CO/N- /\Co/\
o~ o (0) o)

Catalyst23 Catalyst 23'
P 24 PiFD salen-Co A5 Ko HAE AN X FR 5 1 SRE H 1410 FH
Fig. 24 Two types of salen-Co catalyst and their applications in enantioselective Henry reaction
M ENTHAT AL SN, 5 Z AR - 78 C PR, (HO AR OUR R T 57 A e e 2.
PAZ SRR 50 i-Pr, NE A6, % 55 7 R P 1 2 Jongwoo Park ZF F] & ifi #Y salen FI Co
U EE Z U RRY , BOVAS 2 B 45 2R HLECAE. (OAc),4H,0 G Co fL &Y, ARG HIML & Co fb&
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PIEAT 4 F H AR A A B 408 Co Aty RO ORI IA 0835 7 IR 11 T S B A5 B4 1
Yy, AR Z IS AL S DI RE S SO A X PRI =] ee fH(ANIET 25).

Salf-assembled
Co(salen)(2-5mol%) H

DIPEA(2mol%) _ NO
)j\‘I‘CHNO oo NN
212 a'30 C

ll][e]

Ar Yield (% ) ee (%)
0-MeOC.H, 89 96
0-CIC¢H, 97 93
0-FCH, 97 94
p-CF,C¢H, 99 82
poFC,H, 65 90
p-MeOC(H, 77 81
1 -naphthyl 92 91
2-naphthyl 88 87

3 7
=N, ' - 0»_ t-Bu 0\\ \H t-Bu  t-Bu ‘.‘ H
7N\ o0 CIN Vo oo
NH =N H\ Iil t-Bu  t-Bu H\ ,(')
t-Bu t-Bu = { > ;Nj
N < o- =
t-Bu—¢§ \_/ O, (3\ 0 \_7
o =N~ .N=
Catalyst 24 2 >

K25 731 AL 412 R Co-salen FHEALT B HAEANXIFR 5 1 5 H #4919 1

Fig. 25 Self-assembled Cobalt-salen catalyst and its application in asymmetric Henry reaction

SLRASS BRAEALARBE T — AT 67, R ER

|
3 AL LRSI 26 thE AL 25 . LA 5 2
Daisuke Uraguchi 5 I 2= B £ 504 16 57 Sy == 1 PEAT RO BN , DT S B ST AR ], A5 308 486 A Rl
OH
0O Catalyst 25/t-BuOK = Me
/u\ + EtNO, . > R/\/
THF, -78°C
R H NO,
R Yield (% ) dr( anti/syn) ee[anti] (%)
0-FC, H, 94 >19: 1 96
p-FC, H, 91 >19: 1 97
p-CIC, H, 95 >19: 1 97

p-MeC.H, 90 >19: 1 97
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1-naphthyl 84 >19: 1 96
2-furyl 96 >19: 1 97
(E)-PhCH = CH 74 >19: 1 99
Ph(CH,), 76 4: 1 93
Me(CH,), 77 4: 1 94

Catalyst 25
P 26 T I Ak 2 Ml 56 A A7) B G A ) AN o A o AR Bz

Fig. 26 Chiral tetraaminophosphonium salt catalyst and asymmetric Henry reaction catalyzed by the catalyst

B Y. N T RONEY , Z MR EAENE OV, I YEER ee HRAR S (RT93% ).
TR T A TR A o AN B T S R 2 34 57 7 T Tommaso Marcelli 5 ]\ 45 7* FR A7 A= tH —Fh A AL
A ARG 38 P s 0 TR b, ROUURESE T Ak (il 27 whid i sn) 26) 0 R AL & P 1
Ben] L A e (CUnI&l 22) (GiEE e, AR al LLEAT g R SO A AEARR) N, T R 0k 20 Hh A A IR O

OH

o Catalyst 26 (10%) H NO
)K -+ MeNO, - A/ 2
220" R
R H THF, -20C
R Yield (% ) ee( % )
Ph 90 92
0-CH,Ph 97 91
p-CH,OPh 94 89
p-FPh 99 85
p-NO, Ph 91 86
1 -naphthyl 99 92
N/ 91 86
CHO
=~
N\ N 99 91

“Boc
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Ph || fﬁ |
I 4

g™

e

F
by &
8" 'NH

FC CFs FyC” t “CF, FBC/@C&

Catalyst 26 Proposed transition state Catalyst 26'

V1 27 4 00294 A AT 0 170 B HE e 22— R R S A
Fig. 27 Cinchona alkaloid derived catalysts and the application of one of the catalysts in asymmetric Henry reaction
AT 2 AR AL, A S B TR A SRS R WAR S A iR R AR B 00 ) S AL
JEL T A DTS B2 I ) SE RSSO A B . Al 3R] 26 JEAT RONIAS B A P A H B AT E A o A
TR 2 R G AN 2 B 05 77 R T SRR AT AR A HORICR (ee Hongming Li 258 i3 & 1 25 7 F1 28 J& T 153 2 g
14 85% ~92% ), FLXH Mg i W (K9 R 28 BN, — AL SR AR o FRIISRSEEA T 5 A0S RE (9 AR fi A7)
WARLE ee <20% (GNIE 24). 350 RAMEMGR 26 254 QP28 v (1 fiE Ak 50027 T AL 5727 s, €6

0 Catalyst 27 (50mol%) or  HQ _No,
4 MeNO Catalyst 27' (50mol%) . ¥ ORt
R)k[r OBt ’ CH,Cl,, -20°C B R)§
0 O
R Yield (% ) ee (%)
CH,CH =CH 92 96
BnOCH,CH =CH 98 94
Ph 96 95
4-MeOPh 86 94
4-MeSPh 86 96
4-CIPh 98 97
4-CNPh 96 94
3-ClPh 91 95
COCOOEt

o 04
Me 89 95
n-Pr 90 93
PhCH, 88 95

Et0,C(CH,), 87 94
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Catalyst 27 Catalyst 27"
V1 28 4065 44 IR A A A 0 e A R L oo TRV A X R R B 1 A
Fig. 28 Catalysts of cinchona alkaloid derivatives and their catalysis to asymmetric Henry reaction of a-ketoesters
(i FONRIERT R L CO L B B A HH B IO IS s i Yoshihiro Sohtome 4 F] &5 47 45 ¥4 F A K 45 14
RCRAT W R B CO i B A PR E AU LRI AR A RO R R A AL 28
WA FHEAFE , N IX P50 T AT RO HREA R BT T i 2 F e S BE 2R 19 == A SO, 75 21 R A Y 1Y
MImAFE] T HAR AT BUREAGTTIREREAL DT B . W) ee [N 82% ~88% (AN 29). FifiJa ftbfi] 3k
PEWIGELL K o ANHLFIBR T 5 A B b S oF BLRE SRS IAEAL R 287, UARAL R I BN AT AR AL A

RAFHL R 1) ee EL(UNIE] 28). I eI T = F N, X i Sk O e B — e A I 2 1Y)
Catalyst 28 (10mol%), KI(10mol%) HO
RCHO + CH;NO, KOH, toluene /H,0=1:1, 0C > )\/ N0,
R
RCHO Yield (% ) ee (%)

OCHO 76 82
%/CHO 85 88

YCHO 88 83

Et CHO 70 88
Et
CHO 79 55
Pl‘(\/
C18H37
H N
F;C CF
3 @/ \:/\N N/\( \@ 3
Bn
CF3 Catalyst 28 CF3

Pl 29 55— - M A1 A1) B AR AN B < 1 BB, H )

Fig. 29 The first type of guanidine-thiourea catalyst and its application in asymmetric Henry reaction

f bkt BB BIAR L RO HEALAICR (AP 30) . 3P ol AR 7R ) S B 4 12— A 0. RS A5 S i
HO

o) Catalyst 28'(10mol%) , KI(10mol%) M

+ EiNO, yst 28(10mol%%), - e
KOH, toluene /H,0=1:1, 0°C R

H NO,
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R Yield (% ) syn/anti ee[syn] (%)
CH,CH,CH, 91 87: 13 84
(CH,),CH 50 97: 3 90

Et,CH 52 99: 1 91
CH,, 77 99: 1 93
(CH,),CHCH, 58 93: 7 99
TBSOCH, 63 86: 14 98
TBSOCH, CH, 50 90: 10 92
HO 2

Catalyst 28' (10mol%) KOH
RICHO + R2NO, - > Rl)\{
KI(50mol%), toluene /H,0=1:1, 0'C NO,

R' R? Yield (%) syn/anti  ee[ syn](% )
CH,CH,CH, CH,CH,CH, 63 90: 10 85
CH,CH,CH, TBSOCH, CH, 51 93: 7 87
CH,CH,CH, TIPSOCH, CH, 58 92: 8 87
CH,CH,CH PhCH, 70 91: 9 87

-C.H,, CH,CH,CH, 61 99: 1 95
-CH,, TBSOCH, CH, 63 99: 1 90
-C.H,, TIPSOCH, CH, 60 99: 1 90
-CH,, PhCH, 67 99: 1 95
C18H37
oY Yo
Bn
CF3 Catalyst 28' Cls

Pl 30 55 I — BUMRAHE A 58] B HAEAS X R v ) B

Fig. 30 The second type of guanidine-thiourea catalyst and its application in asymmetric Henry reaction
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i35 Y B T IS 4350 5 ORI B R340 4 4, NI €O P BT84 , 7538 — R AR 1 0 I 2 5

SIS AR A Bt e B A O AEAL R O 29. 78 - 25°C L — 5
Marco Bandini ¢ M\ 50 T 45 M 2, £ COFI BeASiA 91, 5% AOMEAL TRt REAR 4 1 fifk — 26557 ¢
0 HO §Q&
/K + CH,NO, Catalyst 29 (Smol‘Vz) $ NO,
R CF, CHyCly, -25‘C' R
R Yield (%) ee (%)

Bn 70 92

4-CIC H, 80 92

3-CF,C¢H, 86 96

4-PhC H, 99 97

Ph 85 99

4-FC,H, 85 95

4-10lC4H, 85 90

thienyl 79 76

Et 67 93

0
Catalyst 29 (5mol%) HO CHF,
-+ CH;3NO, > NO,
Ar CHF, CH,Cl,, -25C Ar *

R Yield (% ) ee( %)
Ph 77 99
2-naphthyl 71 92

Catalyst 29
P 31 B ) <5 X 204 JR A= Al P 7 B HCAE AN S 52 A1) S oz v 4 1o

Fig. 31 Modified cinchona alkaloid catalyst and its application in asymmetric Henry reaction

b R S — 9P R 5 A
H i I

ST TR E T e e oe E IR

SR 5 R 2 R . EL 6 — 9 R S R KA AR A, R AR R

S LA 1 TR 5250, Bl I R
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25 %

Boyapati M. Choudary %% < &E e 44 >k MO
(NAP-MgO) 11 A Ak 30 4 Ak 52 1) s 1 =7, 44 K A
BHEA =R 7 AREE R i I RSE RN, B T BE

YE Rl B BCAA , 32 T4l B BC AR (1) 72 2L 0 MgO 2
() VB A X T =0 1) ee {HAJE B RTEEN. 55
S NAP-MgO i REAT RCHIXT oo i B AT AS X B A Ak

T3 S AN, T d5 J5 R R P~ s (el 32).
H A B . Ak 22 7% 2 (S-)-( — ) -BINOL
OH
NAP-MgO 5
RCHO -+ CH;NO, S OBINOL.78C - A N0,
RCHO Yield (%) ee (%)
PhCHO 95 90
4-NO,C,H,CHO 95 98
2-NO,C,H,CHO 95 80
4-CIC,H,CHO 90 98
2-CIC,H,CHO 90 77
4-MeOCH,CHO 80 85
2-MeOC,H,CHO 95 70
4-MeC,H,CHO 90 70
2-MeC,H,CHO 90 60
¢-C¢H,, CHO 80 86
t-BuCHO 70 70
n-BuCHO 70 60
NAP-MgO o

RCOCOOEt - CH;NO,

S-(-)-BINOL,-78C R

NO,
RCOCOOEL Yield (% ) ee (%)

CH,COCOOEL 75 98

C,H,COCOOE! 70 98

P 32 YR AL BETE AR BRI SO H i 1

Fig. 32 Asymmetric Henry reaction catalyzed by nanocrystalline MgO

Herfried Griengl 5543 1 —FP R I8 T = Y
IS SRR I , P I A1 P50 3 A SR I 2 B A S M
TSR RN 3K A5 ee (LI =" . ASALASUH il 25

HBEREE ST I, HEAL B 5 £ Be it REAS 215
T B AR X R PE AN R 1 ee {ELCUNIE 33).
1% Herfried Griengl 55 SO i 24 B HEAL 1R R
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mllllO
ot

Y

772
Z
A%

Hydroxynitrile lyase,
phosphate buffer/TBME=1:1

RCHO + CH;NO,

pH7,RT,48 h
RCHO Yield (% ) ee (%)

C,H,CHO 63 92

2-HOC, H,CHO 46 18

4-NO,C,H,CHO 77 28

BN 5 7
O CHO

CH,(CH,),CHO 25 89

Hydroxynitrile lyase,

PhCHO phosphate buffer/TBME=1:1
CH;CH,NO .
+ 3-H2NV2 Je— Ph /Y

NO,

M| [e)
jen

anti/syn=9:1
ee of anti=95%
P 33 it SR ik i HE A AN X 52 AR B i
Fig. 33 Henry reaction catalyzed by hydroxynitrile lyase
TET =BT ™. o pH PS5, 5 BE, I HUMIA T RO R 7 R P ee (. 3E—
ee (A Wl 9P s 2 obfl S A MUHBGE LL B I BI R R X R IR A TR
Lo 2, GEnpiasi KA A R T ORISR LE DTGV, R I T LU A 3k S et A7 S

H

.nIIIIIO

Hydroxynitrile lyase
Mcllvaine buffer/TBME=1:2 NO,
RCHO + CH;NO, -~ /\/
R

pH 5.5, RT, 48 h
R Yield (%) ee( % )
Ph 32 97
4-NO,C¢H, 57 64
n-hexyl 34 96
Ph(CH,), 13 66
2-furyl 43 88
2-thienyl 29 98
3-furyl 16 89
2-CIC¢H, 23 95
3-CIC¢H, 36 98
4-CIC4H, 25 97
4-MeOC¢H, 20 99
cyclohexyl 18 99

Vel 34 DS A i 22 Ak T 1 A0 2 Al 52 M) S i

Fig. 34 Asymmetric Henry reaction catalyzed by improved catalyst system of hydroxynitrile lyase catalyze
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5 &R SRE

UTEEAE A RN AR 2 TARK
(1 S i 0 R B T A SR A PRI R4
T8 TG BRI AR ™ A AR R, 35 A 45 <5 i i A 5 A
AT ERA R B T B LIRS AR
TSR 4 2 T3, 2 55 B 9 i R e e 11 2 AT
XF i 2 FUA B — , SR BB X AR L T e s MR S
PIRVER ZHOLRESS , RV AR o B o (i
A TEATERA 5 53 SRS A AL S I Sz AR R A HL A
SERFTER AN ). AE RS T ORI a] B, X 4t i)
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