34 {2 %  CHEMICAL REAGENTS 545 B 41

R EER |

brocrcercerceneroarcencancd

BHENLARITIR aza-Henry K M R i B

FRIRAD , H L3 HARAL, TRk R, XL, AR 3EAK
7P BE 2R 25280t | VISR 2 TR0, 0 BT 530200)

FEE AR aza-Henry [N e 5 B2 A BRI EEIE WU , T-PE 74 B-HH SR VE 22 25 I RIR SR ™ W i SR bl 4, %
AN TS E AT ZHE , K E UL A FR aza-Henry JUN B A SRR AL ST 00 T BAFSE XT 4, Ak
KR aza-Henry SO AT HL/ANG3 - HEATR) T2 A5 B RIS AR A0 FOOR R RS A A R) , G b R DR Ak ) o 83 43, Ok
A T BEREZS IREEEE DA B IR AR RHE 5 AF G DAL ASXS TR aza-Henry 52N I & FEBDIR 54T WER IFAF 1L B 2%
S DR A5 A UG FR A 5T i it 5%

KRR AL AXIFR aza-Henry [N ; B SELEIE ; B-TH SERE ; B MRS A0 590 5 AR %L B Atk Ak 711

FESES.0621.3  XEFRIZAS.A  XE4S:0258-3283(2023)04-0034-09

DOI : 10.13822/].cnki. hxsj.2022.0853

Research Advances in Organocatalytic Asymmetric Aza-Henry Reaction ZHANG Zhen-wei, HUANG Hong-ping , XIE Yu-
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Pharmacy , Guangxi University of Traditional Chinese Medicine ,Nanning 530200, China)

Abstract : Asymmetric aza-Henry reaction is an important carbon-carbon coupling reaction,and the chiral product B-nitroamine is
a key intermediate for many drugs and natural products.The construction of chiral compounds by this reaction has been widely
reported. Among them, the organocatalytic asymmetric aza-Henry reaction has become important research subject in the field of
asymmetric catalysis.The organic small molecule catalysts for asymmetric aza-Henry reaction mainly include thiourea catalysts and
phase transfer catalysts. Among them, thiourea catalysts account for the main part, followed by squaramide, guanidine amide and
urea catalysts.In this review paper,the development status of asymmetric aza-Henry reactions catalyzed by organocatalysts in the
past five years was summarized and prospected to provide guidance for future researches relating organocatalytic asymmetric
synthesis.

Key words : organocatalysis ; asymmetric aza-Henry reaction ; nitroalkanes ; 8-nitroamine ; thiourea catalysts ; phase transfer catalysts

A Xt B aza-Henry [ R, W FR A X FR nitro- 1 FRARZEMEHLT

Mannich IV , 25 5002 1 6 Bk B B2 o8 1 sz o, TR R — 2R RS H A BN T

FHE W) B-Til I e ELAT T R 408 A e U, L

MNRFEFAT AT AR A, nT IR 758 5 i b Wi B 8 :2022-11-22; A B & B #3:2023-01-17

WL FNEE N T2 B, A B4 R PHOBLE AR ADI245138)

' TP AR BL2E 4 i _E 3 H (2020GXNSFAA297215) 5
"'/4:‘ f _\_‘\F,'_é' =N S b qu/c )

ﬁﬁkﬁ%m?ﬂg\?ﬂﬁﬁjﬂ‘@ FEW%MJ#?@ B30 4 BE 25 e i B 7= o 5 5 1 95 o0 % B B

2oy FARMEAT Z A T . R FR aza- AD20297142) 5 I P o BE 25 K % # 4F 3 & T H

Henry 20 P57 Ak 22 45 il i 4% £ 2 TR ik (2018QNO07) It P& 24k 25 ke 25 = Al K V11 25

&R A WAL R A HLN o TR 35 H (202110600038 ) .

A TRAEALALE AT HL N T REAL EAT A AT
. P ; GUIT 0] N T2 R AR YAXIHRE BT

gtan] [l By A3 HIGTE S50 e A X AR .

aza-Henry JZ W H IR ORI 2 . SEF ik, A EIFEE  BLERK, E-mail : 517031105@ qq.com .

HE BN 5 A PAELA XK aza-Henry B A ST KA AT, LT, IR L, . A B AL R X B

m E"JE)}%%% 5 aza-Henry WPk B[ )] .1k 2%i7],2023,45(4) :34-42,



55 45 45 4 W)

SRR A UL A KR aza-Henry SN RIS 3 35

AL HABIEASXT R aza-Henry SN RPN FHE
Pl T8, 2% 5 7 sl A 017 96 28 IV fe LA % i s e
A7/ RREE ¥ SN NAGIE E

2017 4F, Andrés 251 S T VAT A A2 )
REWe R AR IUE BE A FHEmIR L1, 1E
Ry —Fp IR AT A AL AR 7R T R SR
T T SIAREBEER aza-Henry SN (1), Hlk
RMSLARERENE S5 DA AL TA AR R 2k 1y
B kAR AR WS R ST AR R RV AR > | BT AL 15
3| B-Z IR HE A R R (66% ~82% ) , %
TEPEPEIS I AMEAR T DL AR A ] 5 9K
T AT W I TR PR K

‘ OH CF

0 % 0O ‘ Bn S 1
HO N oulNNT
H

5

NN
H H
L1

Boc
HN

x..~Boc = _NO
N L1 (5 mol%) 2
2 —_— -
Rl@/\ + R CHZNOZ neat, rt. - Rz

yield: 66%~82%

er: 81:19~95:5
dr: 78:22~84:16

Boc = tert—butoxycarbonyl
R'=H, CF,,Cl,NO,,CH,,OMe; R’*=H
R!=H; R?=Me, Et

Bl 1 ATEYRE R e SRR AL R A AL (AL Y
X FR aza-Henry JZ
Fig.1 Asymmetric aza-Henry reaction catalyzed by

biodegradable chitosan-derived thiourea catalysts

2018 4, Jichu 4 B YT — B 2L 5 B
K A AT IS IR e AL ) L2, B 5 R AL R
AH S B AR PERE , 1200 A0 R R AR P AR 0 o 5] v
AR AT HOR T T F T8 20 5 R A i e
VR, AT LIRS b DS [l > =5 P e
VEGS AN, 12007 B4R AL R i AL N-Boc V. Ji 5 il i
TSR ANXIFR aza-Henry N (K 2) , B 2] H

CH,0 ol s
IR o Ok O
CH,, 00 7 “/\C\/ D \g g T
0 \Hy NMe,
L2
_Boc
NH
N Bee L2 (10 mol%)
o Pl + CH,NO, CH,CL,30 C,24h Ph NO,
1000 mol/% yield: 77%
ee.: 91%

2 HBAT IR AS KBRS S R Ak i A )
AXFFR aza-Henry 2
Fig.2 Asymmetric aza-Henry reaction catalyzed by

a novel recyclable asymmetric aminothiourea catalyst

By =904 3 v IO e B 1 (91% ) D I B B AR
AR (T7% ) , AR [ iR 4 5] 999% , (H i 4
Sk, B KA A R AR T S S a R A A 7
Fang 2505 5 i T 28 7 A1 A 19 T 1k XU i
P IR - AU A A 5] 13 IR T 2 T35 3 o -
BRATT A= 9 N-Ts 56 37 f 5  5E H BE B9 AR X R aza-
Henry 0 H, PGS ISR (85K 99% ) Filar i
BEPEME (IR 99% ) T A& T —Ff i 95 3 -l R 117
A P TR I 1) v X B E BRI aza-Henry J2 B (1A
3) , [RI Ik 2 iR 3 2 e AR B Al 3 B e R A T A
IR aza-Henry N, W45 2] T H 55 1 25 5 (72%
yield,97:3 dr,45% e. e.) , 51 (ST AR R PR AR
B BRI 3E B 2 B 7R A R o, B-— E LR

BRI IR Z —,
H
\0 4
)
NS sZ\g CF,
L3

/Ts

Ts HN
N/ L3 (5 mol%) COOR
A *+ CHNO, G i mol)sAms Ar” KNO
Ar” "COOR rt,28~52h 2

yield: 70%~99%
e.e.: 38%~99%

B3 THERURERT RSO LR A
AXIHR aza-Henry I
Fig.3 Asymmetric aza-Henry reaction catalyzed by

R=Me, Et

chiral bifunctional thiourea-tertiary amine catalyst

2019 47, Li 261 DL 408 9 AT A 1) XUE BE
AR LA AR TR iR AN S E T S8 4-H 4R
FEOR AT A 1 = 980 R JHz 5 i 5 Y 06 1) AN Xof
aza-Henry J . ([ 4) , & TP H 3E1L B-fif 3
A (R) -3, ML R (94%) , I nDRH AL

- Et
sl
H-"N-/" CF,
N
s7N CF,
L4
0
_PMP PMP
)Pll + cHNo, M4@min) Y Y \n
CF, 2 T Rkms,m | CFNO, cF;
(R)-3 (R)-6
yield: 86% yield: 64%
e.e.: 94% e.e.: 94%
4 —FHEWR SRR R
AXFFR aza-Henry [

Fig.4 Asymmetry of trifluoromethylimine with

nitromethane aza-Henry reaction



36 Pzt

CHEMICAL REAGENTS

55 45 B 4 1)

SRRl 4-— 55 H 3 -2- KRR (R) -6,

2019 4F, Shao 45" 7| FH 42 X 44 A= 0y B fi A=
FIBRAE AL, B O SE L T A3 Ak 1B JC 3R T
51 3 H BE AR XTFR aza-Henry B (K 5) , #E
10 mol% % TR AR LS 716 F, 5T —£51
SRR S AR, A R A IR (51% ~
97% ) FIXF AR e PR 1 (78% ~98% ) , AL Fy k45
HA SR R A SR BRI T — 5
B A BGETE  T H A Bt 2 s b A By
PRI APE R AR AR R Y B aza-Henry I $2 {1
%,

N
. . (J:F3
M s
NN Y CF
Ny H OH :
LS5
Rl c— RZ
R X \‘//R2 L5 (10 mol%) I\\ X~ 7
| CH,NO,,-10C, or AN NH
ZN\=N CH,NO,,EtOAc,~10 C
X=0orS NO,

R'=H, 2-OMe, 3-OMe, 3—-Me,
3-F,3-Cl; R*=H
R'=H; R?=7-Me, 8-Me, 7-Cl,
8-tBu, 8-F, 8-Cl, 8-Br
B 5 -EIoIRE S s e
AXFFR aza-Henry I

Fig.5 Asymmetric aza-Henry reactions of

yield: 51%~97%
e.e.: 78%~98%

seven-membered cyclic imines with nitromethane

[l 4F, Shao 45 RE AL LS N FH T 15| e 2k
LEW) 5 il 36 B 8 B9 AS X AR aza-Henry SR, &
BT — ZR B G5 RE B A0 O 2 0 A A Y 2 R
IR AW R TR 91% , 0 I e M
K 94% (& 6) , A i A 1 0 8 2R e i Ak hy
AN ER T N2 P8t 7 —Fhag A )

YA /Z
HIEAE
R? R?
L5 (20 mol%) N
X |
R T ) + CHNO, Et0Ac,25C R ™
AN 4 E NO,

R'=H, 5-Me, 5-OMe, 5-Cl, 5-Br, 5-CF,,
7-Me, 4,6—-Me,, 4,6-Cl,, 4,7-CL,; R2=cyclohexane
R'=4,6-Me,; R’=tetrahydro—2H-pyran, cycloheptane

yield: 49%~91%
e.e.: 45%~94%

B6 mimib sy SmmEE bR
AXFFR aza-Henry I
Fig.6 Asymmetric aza-Henry reaction of indoles

with nitromethane

2021 4F, Wang % " I K T —F L =R
2T E R TR ALy S B Y TR A K
PEALHR L6 , W5 i L e k2 1Y aza-Henry S0 H.

7 v %o Rl B R A o e 15 48 vk T AR 1)
AL T, BELLATAE 9 N-Boe RV i 5 K 55 fil o
JE IR aza-Henry SR T D SIZ B4 v A % R 5
(78% ~99% ) AL 5 1) HE X e 58 6 1 (138 99 0 1

dr) (7).
o ?\J

S "NH

N 5PN
©/\/OH
L6
BOC\N Boc_ R?
J NH
R 0 +R_~yo L6,DCM NS . (1)“02
ZN ? 38,-20 C Ry
Bn \

R!=H, 5-F, 5-Cl, 5-Br, 5-Me, 5-OMe, 6-F, 6-Cl,
6-Br, 6-OMe, 7-Me, 7-Cl, 7-Br, 7-CF,; R*=H
R!'=H; R?=CH,, C,H,, C,H,, Ph, CH,Ph, C,H Ph,
furan, thiophene, naphthalene, H

B 7 N-Boc FiV 5 i SELe ke aza-Henry SR
Fig.7 Aza-Henry reaction of N-Boc ketimine

yield: 92%~99%
e.e.: 718%~99%
dr: 66:34~99:1

with nitroalkanes

2022 4, Serusi 4¢" " HRIE T T A 3-HAC S0
WREA I AN XS FR A B, FER T —FhB AN X Rk
JLNE Z VAL F - FEAT A9 5 il S bR Y
AXEFR aza-Henry [N, R J5 G 90 B AL 34 1k
(E8) . 755 15 Ay Hh Mk XL 6 4% IR 7 HILAHE 1L 71
L7 WAL T, W AR A5 10 5 0 % e 3k B 1 (i ik
98% ) MU WO (Fe i ik 85% ) . HoAl B 4%
P Boc- it P 47 X il J 48 J, AT 76 AN 52 M %o e
Mgl B 0 1% B0 i — 25 E AefE 3-HUAC S el
W

CF,
1,1
CF; NN
H
HOH N
L7
ERI /I(i L7 (20 mol%) 0 ...
RO~ INH K,CO, (500 mol%) -~ 0
toluene,—40 C N-{ R"
AF ¢
R~ COBn O,N R

R!'=Boc; R?=H; R*=H,5-F,4-Cl,5-Br
R'=Cbz; R?=H; R*=H,4-OMe,4-1,5-Ph
R'=Boc; R?=Me; R*=H

B8 o Z AT EY S IELEE R aza-Henry N

Fig.8 Aza-Henry reaction of a-amino sulfone

yield: 58%~85%
e.e.: 84%~98%

derivatives with nitroalkanes

2 HHEBELT
AL # A AL 7] ( Phase transfer catalyst, PTC)



55 45 45 4 W)

SRR A UL A KR aza-Henry SN RIS 3 37

SR LA R R TS BRI B 5 X 2 2 — | SRR
O3 F BB T N — AR AL 2 5 — RN AH I A2
BRF, D T AERIAH S T SR T A L L A XA
SN ST SE S HRAE T 22 4 RN 7 A
B R SRR AL 1 e B |, A6 AR 1 &
B B R AR AT, xS T AR
DI R 2 36 F 4 XS 90 A= M) i 45 4 PTC 1 JF
Ko TR AT K T, AL X FR
aza-Henry N I FHAL RS AL 0] T 204 Zedickh 2=
%%ﬁ%ﬂ?'ﬁﬁ%%m , Horp R A XTFR aza-
Henry [V DL TF-PE 8 3 (0 B 95 i 22, X B 4L
I EF P 0 S0 a8 IR DL S B 254
%,

2017 4F, Wang 25> fifi Fi —Fh 7 B A1) 42 3% 44
BT A OB IR A AL 18 A4k T A 36 1k A T IV
T S A b 5] AR I 6- Y FE-2- Mk e i i
P, ) 25 BR324 XLy BE 2 e B D) S B T
TG A1 T A7 A5 B 5 5 R e I R X FR aza-
Henry S0 (K 9) , i B AX# 1 000 mol% f
B J2 FR e gl T AR A5 rp 45 1) 4 53 i ISR (609 ~
95% ) FINFARZERENE (76% ~93%) o

~0 %Br—
N,

“NONH :

N/S%\O

NH\
CF, CF,
L8
P L8 (10 mol%) S
N~ LiOH-H,0 (500 mol%) N7
/S,:O + CHNO, m—xylene (0.25 mol/L) /sio
N0 10 eq -3010-10C, 24~72h HN""So
R‘)\ v NO,
Rl

R'=Ph, p-MeCH,, p-MeOCH,, p-FCH,,
p-CICH,, p-BrCH,, o-FCH,,m-BrCH,,
m-MeOCH,, B-Naphthyl, &z—Furyl

yield: 60%~95%
e.e.: 16%~93%

B9 RIG AL AERAT A e 5 i 5 Y Be i)
AKFFR aza-Henry 20
Fig.9 Asymmetric aza-Henry reaction of unactivated
ketone-derived imines with nitromethane
[RI4F, Liu 251220 0] FH — ol 280 114 4 403 29 B A1
A1) 22 S TR R AR B RS AL R L9 AL T e LD
Jid Ve ) aza-Henry SR (K] 10) , 1% RNV JE Y
FElAE , AT LAAS B0 S B W R RS A e B, 24
fif§ A LA AR B FH e I, 7™ 047 B AR A B 1Y
e X ek PP AR X BREE SR, 2018 4F, Liu

AL LA PR ) 1O AR Ak £ i 5 2
FOR 1) aza-Henry 2 (B 11) , A A9 7= 95 0] LA
AR AW L 5 19 X6F B R X6 e 37 AR B 4
PR, FFRUGIER] 1 ik 28 2 S A FE A A 77 % aza-
Henry WA B BIEAL TS

Boc \ R2
N L9 (10 mol%) R

HN
/ LiOH * H,0 (500 mol%) <f¢N0
Y 2 2 N 2
Rx{;\Nfg:o +RICHNO, — oy~ R =0
10 uL H,0,-40°C \
Bn
yield: 96%-~99%,
e.e.: 82%~95% (R=H)
yield: 99%, e.e.: 83%~84%,
dr: 71:29 (R*=Me)
B 10 2B RS AL R i AL e L1 R i 5
HFEBERE AN FR aza-Henry 2R

Fig.10 Asymmeltric aza-Henry reactions of isatinone

Bn
R!=H, 5-F, 5-Cl, 5-Br, 5-1,
5-Me, 5-OMe, 6-F, 6-Cl, 6-Br,
6-0Me, 7-Br, 7-Me; R>=H
R!=H; R?=Me

imines with nitroalkanes catalyzed by multi-hydrogen

bonded phase transfer catalysts

Boc\
N

/]
AN Z~NO,

\
Bn

R'=H, 5-F, 5-Cl, 5-Br, 5-1, 5-Me, 5-OMe,
5-NO,, 6-F, 6-Cl, 6-Br, 7-Cl, 7-Br, 7-Me,

7-CF,; R’=H
R!'=H; R?=p-Cl, p-Br, p—OMe, m—OMe, 0-OMe,
B-Naphthyl
R!=5-Br; R?=p-Br,p—OMe
RZ
YA
Boc\‘ P>
L9 (10 mol%) HN :
LiOH-H,0 (500 mol%) < No,
TeHCL 01maly | R N
10 mL H,0, -40C \
Bn

yield: 90%~99%
e.e.: 19%~95%
dr: 86:14~95:5

B AR RS A AR A T A 21 S 5
o-J5 FEAH HE B g AN ST R aza-Henry )
Fig.11 Asymmetric aza-Henry reaction of isatinone
imines with a-aryl nitromethane catalyzed by

multi-hydrogen bonded phase transfer catalyst

2018 4F, Lu 5512 F I 28 7 17 A= 1 WU AR A
JIR -4 £ ARG RS AL TR 110, SEBE T 95 3% - S i
A T STV JHE 1) e %o B 3 B aza-Henry R
12) BF5E T Z2 05 3 o 8 A7 A2 19 N-Ts i F.
Jie | A Py HAT B e AR (R ik 99% ) Kok ik



38 f2:38%]  CHEMICAL REAGENTS

55 45 B 4 1)

RN (IR 99%)

H

~o M Br

Ty oNE L
N sP N P

L10
Ts
i Ts L10 (10 mol%) N
)|\ LiOH- H20 (500 mol%) .
A~ Scoor T OHLNO, o 3h Ar" \COOR
NO,
R=Me, Et yield: 78%~99%

e.e.: 67%~99%
B 12 iR RS AR AL DT 5 - R
97 45 WA g AR X R aza-Henry SO
Fig.12 Asymmetric aza-Henry reaction of aryl
a-ketoester-derived ketamine catalyzed by

thiourea-ammonium salt phase transfer catalyst

2018 4E XTI LU L-UsE &R M R, A Ak
T L-BUe s R AT A 1) B B A 5 B A Ab 37 L1
I LB 2R AT A 1) 22 B AR G B Al L 7] L12,
FEAHEB B R 2 AL 750 43 ) 1 FH T 2 0 i A
2R ASKT FR aza-Henry 2 i (& 13) | Fi 45 7=4)
FAI T LR 58 v 110 % Bl e e RN A X i R, L
FRRUEUSE AR AL AL ) L1 AR i% R N A5 2 7= )
ORI 97% ,e. e AH TR IE 99% ,dr 51K 99:1; %

., Br- Br-
M 2 o
0. _NH ' | HO-_ "y N
oS
o,N

L11 L12

B
oc\NH
R! )\ SO,Ph
R'=Ph, 0-FCH,, 0-MeOCH,, m-CICH,,
p-FCH,, p—-CICH,, p-BrCH,, p-MeCH,
p-MeOCH,, p—CF,CH,, 2—furyl; R?>=Ph
Ri=Ph; Re=0-FC H,, m-MeOC H,, p-BrCH,,
p-MeCH,, p-MeOCH,, 2-naphthyl

+ R NO

2

L11/12 (5 mol%) Boewnm

LiOH - H,0 (500 mol%) H )
R‘/\rR
NO,

CHCL, (0.1 mol/L), 40 C
L11 yield: 42%~97%
e.e.: 91%~99%
dr: 93:7~99:1
L12 yield: 88%~99%
e.e.: 85%~98%
dr: 86:14~99:1

13 KNS SR R AXTFR aza-Henry W

Fig.13 Asymmetric aza-Henry reaction of amino sulfone

with aromatic nitroalkanes

SUHEAH L R AT L12 AR A5 B = e
15 99% e. e AL 98% ,dr W15 99:1, HHE
B LRSS R R AT A B A 5% B A Ak 751 A Ak e
ZLATT A IO TR e 5 i 3 H BE Y aza-Henry MR,
X B B = AR 49% (& 14)

B
oc \N HN _Boc
/ Cat.L (5 mol%) > NO
©j8: 0 + CHNO, LiOH - H,0 (500 mol%) @fﬁ 0
N CHCL, (0.1 mol/L) N
_ \
Bn 30C Bn
yield: 95%
e.e.: 49%

B 14 LoRUss U RRAT A 1 U0 SR % B fE 1 71
LAY A XS FR aza-Henry [N
Fig.14 Asymmetric aza-Henry reaction catalyzed by
L-tert-leucine-derived double hydrogen bonded phase
transfer catalyst
Wang %522 G0 T 28 TR AE & 24 A it
PRI XU REAH L B HE AL R 113, I 4 H L2 i
FHENTEA = Fl FF IR M iz 5 i ik PP e ) e o
M £ aza-Henry N ([ 15) , B i =¥ B A
B fo A o W R B (3K 96% ) , ISR TT 34 98% , HL
o THAEAT T U AR T 1 JHg FTIDR s
MR- 2- i, FL A e ) X e e e, 2 A ik £
PR TP GE I AT 7T AR A B 1 X e e 4
DL R B A 7= (78 % yield 94 :6 dr,91%

e.e.),

B Boc
oc\j\t L13 (5 mmol%) “NH
+ CH.NO LiOH-H,0 (500 mol%) /k NO
3 2 14
Ar CF3 toluene ,—20 C Ar CF, :

yield: 90%~98%
e.e.: 92%~96%

B 15 JoFh = 0 A QO B P v 0
PPk aza-Henry S
Fig.15 Efficient enantioselectivity of acyclic

trifluoromethyl-substituted ketamine aza-Henry reaction

2020 4, i 58 R R S AT e T A A L)
REARFE RS ML) L14 ST MR bR 75 A= F e 5
EHE H BEAY A KT FR aza-Henry SN, I DA HP AR ISR
(63%) LA KA 5 B9 0F R 1E P8 (929% ) 34 T HA
TR DU Al o R IR IR AT 2B ) (1 16)



55 45 45 4 W)

SRR A UL A KR aza-Henry SN RIS 3 39

B }300

0C. L14 (5 mmol%)

o }\J LiOH-H,0 (500 mol%) HN NO,

) + CHsNOz DCM, -30C : y)
—] N—

@N N 150 mol% @ N
yield: 63%
e.e.: 92%

(undetermined configuration)
16 WABRRERATT A= RSV Jie- 55 i 5 R 6 14
AFFHR aza-Henry I
Fig.16 Asymmetric aza-Henry reaction of

azolidinone-derived ketimines with nitromethane

3 FEBR AL

2017 4, Susam 252 3% I F-PE BR B % XL 3 AE
B RGN A W AT A A 5 B S AT HILAE AL R L5,
HENL T t-Boe LAPIIE e 5 A B e 2 1 A HLARE AL A
IR aza-Henry N (F 17) , 22T 45F01E M is &
525 [ BELER) 75 M ( BRI ) O B, i — &
F S REIAE A il T LA R S ) e R 1 (AR ) B 2k
i1 4 10 mol%Mt, e. e (H ]Ik 91% ) 5E &% 1L M
W) aza-Henry F=4

H
L15
N/Boc Boc\NH
|
n + ReCH,No, L2 (0me) @&W
/Z g 7~ NO,
R! R

R!'=H, 4-OMe, 2-Me, 3-Cl, 4-Br,
4-Me, 3-OMe, 2-Br; R?=H
R!=H; R2=Me,Et, CH,Ph
R'=4-0OMe, 2-Me; R?=Me
B 17  -Boc P-4 B FAE FEBEE 1Y
ASKFRR aza-Henry i am

Fig.17 Asymmetric aza-Henry reaction of

conv.(GC-MS): 76%~>99%
e.e.: 44%~91%

dr: 62:38~78:22
(R?=Me, Et, CH,Ph)

t-Boc protected imines and nitroalkanes

4 ANBEAZE L
2021 4, He %50V BfF 5 T TP IR 1 4 £ 51
L16 XFBELLATAE 19 N-Boc VL 5 il Bt 48 2 1]

AIARXIFR aza-Henry SO, BT 457 ) A B M
RTINS W B PR (] 18) | Ik T4 iz pR BR1E
(DFT) BT T iz S8t LU 3 28 SO HL B
AT 1) TR MICHE e b A 751 o i 22k P e Jd Joe 5
e (1) C—C ST A5 () MAITCE PRV J 1) 20
Fets PRI HEALT A P A o DR EEERE 1, X AR
e 25 R EAT 1B, BT T — & PR N 4 I
i 1, 2- T R R e Y g A R P g BB
AR T AR, 08 3o B A A I J 4 5 B P R ARG 1
Jod S5 25 BR R B RE 42, i AR A B AT AL

R
}l‘ Guanidine—amide B“\N OH
@[Ng:o + CHNO, — e &;N\Rl
b NO,
Rla: R!=Boc

R1b: R'=COOEt

Guanidine—amide

(o] 2 -
\N/R cat. L16 R! e.e./% yield/%
L H Gl Ria 91 99

Experimental results

TN Gl RIb 8 99
- y
Cy N\H

4 G2 Rle 56 90
G1: R?=CPh, Cy=cyclohexyl
G2: R?=CPh,

B 18 TR (L AL A A XA
aza-Henry [V
Fig.18 Chiral guanidine amide catalyst-catalyzed

asymmetric aza-Henry reaction

5 RRZEMELF

2020 4, Robak 45" J 8 T 385 1 IR A HLAHE
AR L17 W96 2, B T B e iE HE s,
WA WEIE S KSR Tt %) 2H B 4, T A5 1)

OR! 0
0 L base
R0~ NH™ N
OR!
R'O
R!'=R2=Me, Ac
or
R'=Ac; R?=D-glucopyranoside
L17
/Ts /Ts
_N Y
~_NO
+ CHNO L17 (10 mol%) /@A/ )
72 THF or CH,CL,,7d R
R . .
R=OMe, H yield: 0%~98% e.e.: 0%~99% in THF

yield: 30%~98% e.e.: 8%~99% in CH,CI,

B 19 JIREA B AL AL T S A 2 e Fr)
ANKFFR aza-Henry JZ N
Fig.19 Asymmetric aza-Henry reaction of imines

with nitromethane catalyzed by urea-based organocatalysts



40 f2:38%]  CHEMICAL REAGENTS

55 45 B 4 1)

BEAT A= 4 2 X I BE B aza-Henry J2 0] 9 155 25044
A5, T i 5 i B e AN XEFR aza-Henry J
B2 19) , 75 B - IR I8 98% e e (T
35 99% , Herboxl T4y v % AN S 2- (1-1R
WEHE ) R C e R B A IR 2R AT AL AL 790 A9 fE AL ROCR
HUF R R SN R AT BRI R
Be-BEF1 DACH hRIfE ISR

6 HAFEBELF

2017 4, Uraguchi AU DL P EH S Ak 118
AT, ST 3R A2 (TH ) - i R 2
&Y 5 N-Boc-fi W (1) /=5 X B 3% £ P aza-
Henry I (] 20) , T A5 7= ) A 54T B 6] e 6 ¢
PE(57% ~99% ) M AEXT BB (1.5:1~11:1),
S AR AT H A 1 A 1) DU S s IR AT A P P T
BIA T 2%, I SR ) o- B RE AL B N 2

HE TR
O
o-
o™
‘Ar
Ar=3,5-(CF,),C.H,
L18
Boc
0oC NH
B o,N
~Dboc
)l\ll\ mNOZ L18 (1 mol%) ©\/\J:LR
. — Sy moR)
HOR o e o
Bn Bn
R=4-MeOC H,, 4-MeC H,,4-CIOC H,, yield: 73%~99%
3-MeOCH,, 3-BrCH,, 2-MeCH,, e.e.: 57%~99%

2-FCH,, 2—naphthyl, 3-thiophenyl,
Me,CHCH,, Me(CH,),

20  THERSEIRE AL AXIFR aza-Henry K21

Fig.20 Chiral betaine ammonium-catalyzed asymmetric

dr: 1.5:1~11:1

aza-Henry reaction

2020 4, Sprague %5 P HRGE T Tepe A [
AT 7 T 8 1 X Bl A R = o Bl A e 426 1 A T
2, HoA U R AT T -l oA LR S5 A% ik
FIFEXRL(BK) [ BAM ] FHE BT RS9 L19 LT
PEATHIASXTFR aza-Henry SN (E 21) 4E—A
B — S A AR AR R R SR R R A,
RS AL PBAM - HNTE, 254, 76 H R R IR T
T LI AR VR, 64T 22 5 G g B A A P AT %8
(>70% ) , ¥ SN 28 090, T AE AT iR
VEREPEMRTEE T, B4 1L 57 PBAM - HNTY, 1) £
HFEE 1 mol%, IR B EAT = X L £ (99% )
FHAEXTBRERENE (>20 :1) B 5 — LR A B X

e WS R S P A

IEAh, Struble %54 38 3L F DFT #8475 T XF ik
BEPEME aza-Henry N S ARALABLE ST BT
PEXL( B ) BiE A A4 R X R IR oA 114 -
o, B- LR TR 5 ST 2L A AR A
AT T LR BRI, & B Ak 7] -0 i 45 & U e 5T
RIERE T A BAM 1LY aza-Henry R 32
FER G0 — T ], 5 7= Wy e+ 7R 5 30T e Ak
ZRVAEAE FH D& W S e R0 s PR i 51 3 Sk A
A R A A X e S P A G 2 A D A D S

FEAH AR
Qj+-NTf2
N
-HN

HI{IN Hy
e

PBAM - HNTf,
L19

Boe BOC\NH

| H,C._CO,Ar L19 (1 mol%)
H + i ?\J/O toluene, —20 C nglAr
2 H3c 2

Ar=2,6-Pr,CH, yield: 67%
e.e.: 99%

dr: 20:1

B 21 XU(BK) [ BAM] AR TBCA WL

AXFFR aza-Henry S i
Fig.21 Asymmetric aza-Henry reaction catalyzed
by bis(amidine) [ BAM ] chiral proton complexes
2020 4, Sonsona & HIKIRE TS 5K
AXFFR aza-Henry N (K] 22) , 7ESC fE DL 2
T L20 AR EALT AL G T — RS TR be Ak
IR B-fF B Jk , W3 e T 3k 91% , X e 1k 4

OME/%
H~/N

B
N~
120
RS
0 0O H
NNCR L o 1.20 (30 mol%) N/N%Noz
- H g 2 rt,3d R H R?

R'=4-NO,Ph; R?=Me, i-Pr, Et, n—Hex, yield: 18%~91%

i-Bu, —=(CH,)-Ph, —(CH,),-Ph; e.e.: 37%~717%
R3=H(S-configuration) dr: 1.4:1~2.4:1(R%=Me)
R!=4-CIPh, 4-BrPh; R?=Me;

R3=H (S-configuration)

R!'=4-NO,Ph; R’=Me, Et, n—Hex,

i-Bu, —(CH,),~Ph;

R3=Me (undetermined configuration)

B 22 JFEZ5E ARG Bk i
ANXFFR aza-Henry J

Fig.22 Asymmetric aza-Henry reaction involving

hydrazone in the synthesis of B-nitrohydrazines with

different alkyl substituents



55 45 45 4 W)

SRR A UL A KR aza-Henry SN RIS 3 41

PERTIE T7% ik it — 20 25 i AT AT e. e (LR &
2 949% Jf HAFHZ e TAE AR B AT L4531
AH LG B S G A, Sy T P 4 Tl 4B BRI T T &
PRI REYE . A, IR HEAT T RO AL IS, B i
C—C HIE BN 5 i 9 ot Ak S 78—~ b [ ok
R AT, X Tl pip [ AL 1) 150 75 4 A s by 7 MR A
AR TG R E 2 Henry 1 aza-Henry )

7 BEERE

ASCHE 5 KA HUE A X FR aza-Henry
SN IBOS ) — L e AT T AT S A Bk
Ui, A VLA KT FR aza-Henry SN BENS A S0 i
FE BT Ve A p-fiF Bl . [l o3 26 A HIL A
EAKIFR aza-Henry JO , o 48 325 HA57 9G B/
3 TP TR 3 AT B DR 28 e A5 R e R A A5
PIIRZE , HUA T I IIBE JHe 56 LA R IR 2526
T AL, 3ok 26 (A0 590 25 HAT B4 i AL PR RE
LA R A MU AL AR X FR aza-Henry 21 R4 15 5
T B R JE, B AT A L ) 8 A5 2R, A0
(1) A HUHEA ) 1Y A e AN 4, R 22 i @ X8 9 7
Yy tEAR 2, HAT AR ARSAALGR O 3 A%
AL AT 1 20 5 (B AFAE— SR 2 Iy
PEAAA F A AR TR AR5 i AT, oAt
AU RIS AZ . (2) B A DL
AT 1 B s i A A M R R i b 550 19 S
W3 HIEATY R | 7 ) %) %oF B 32 436 P B A o ke i
PEVEAHZEACR  (3) P J e ) 2 4 v £ T 0
ST M e PO T STV, {EL T N R 2 TR A AT A Y T
PR 1 1 S0 fre B9F 58473 R LA 28 1 1 4 3
I, K JE B R RO A AL AR R AT 2 A R FoE Y
FEJT 1], bR 4 XS 4N B A1, B G S 4
HAMB = ETFHEFROAEY, S/ 206
PEAL AT EERCRE | I i) g A7 AL AR 9 e S 1t
WHIC RS . AIAE B DF 5T R TR A DA L (0]
B9 B Rk  ANXFFR aza-Henry 0 AR FH V8 Fl
W= K,

SEH .

[ 1155 E MEALASKTFR Henry I Aza-Henry JZ B WF5E[ D].
VU2 S PR, 2011

[2]PHILLIPS A M F.Recent advances on the organocatalytic
asymmetric aza-Henry reaction [ J |. Curr. Organocatal. ,

2016,3.222-242.

[3]FAISCA PHILLIPS A M, GUEDES DA SILVA M F C,
POMBEIRO A J L.The stereoselective nitro-Mannich re-
action in the synthesis of active pharmaceutical ingredi-
ents and other biologically active compounds|[ J]. Front.
Chem. ,2020,8.30.

(475350, KA, 2224, % TR A4S 8 A& Y ey
Aza-Henry 0 [ J].fb2#18771,2015,37(7) :577-584.

[ 5] EFTEKHARI-SIS B,ZIRAK M.a-Imino esters in organic
synthesis: Recent advances [ J ]. Chem. Rev., 2017,
117(12) .8 326-8 419.

[6]KAUR J,CHIMNI S S.Catalytic synthesis of 3-aminooxin-
doles via addition to isatin imine ; An update[ J ] .Org. Bio-
mol. Chem.,2018,16(18) ;3 328-3 347.

[7]ZIARANI G M, MORADI R, LASHGARI N.Asymmetric
synthesis of chiral oxindoles using isatin as starting mate-
rial[ J ] . Tetrahedron ,2018,74(13) .1 323-1 353.

[8]IRMRMG, R 5 BRYET, F. LW e S 5T 3-5
HE-2-15| W T B 28 1) BIF 5T E e [0 ). N T A 2, 2019,
36(12) ;1 343-1 360.

[9]KRISTOFIKOVA D,MODROCKA V,MECIAROVA M et
al. Green asymmetric organocatalysis [ J |]. Chem. Sus.
Chem. ,2020,13(11) .2 828-2 858.

[10]AUKLAND M H,LIST B.Organocatalysis emerging as a

technology[ J |. Pure Appl. Chem.,2021,93(12) ;1 371-
1 381.

[ 11JANDRES J M, GONZALEZ F,MAESTRO A, et al.Bio-
degradable chitosan-derived thioureas as recoverable
supported organocatalysts-application to the stereoselec-
tive aza-Henry reaction [ J |. Eur. J. Org. Chem., 2017,
2 017(25) .3 658-3 665.

[ 12]JICHU T,INOKUMA T, ATHARA K, et al.A recyclable
hydrophobic anchor-tagged asymmetric amino thiourea
catalyst[ J ]. Chem. Cat. Chem. , 2018, 10(16) ; 3 402-
3 405.

[13]FANG Y H,LU N,WEI Z L, et al.Highly enantioselec-
tive aza-Henry reaction of ketimines catalyzed by a
chiral bifunctional thiourea-tertiary amine derived from
quinine [ J ]. Tetrahedron Lett., 2018, 59(50) ; 4 371-
4 375.

[ 14] J5 #ELT. 4 XS A BT A= O BRLIRAE AL RV TE nitro-Mannich
SN M Mannich 2R HR B FHBFSE [ D] K&,
AR, 2019.

[15]LI P,SUN D W,JIANG M, et al. Asymmetric aza-Henry
reaction of fluoromethylated imines catalyzed by cincho-
na-derived bifunctional thiourea| J ].Tetrahedron,2019,
75(5) :603-607.

[16]SHAO Y D,HAN D D,YANG X Y, et al.Enantioselec-



42 f2:38%]  CHEMICAL REAGENTS

55 45 B 4 1)

tive aza-Henry reaction of seven-membered cyclic im-
ines,dibenzo[ b,f][ 1,4 ] oxazepines, by bifunctional or-
ganocatalysis| J | .Eur. J. Org. Chem.,2019,2 0191 957-
1961.

[17]SHAO Y D,HE X Y,HAN D D, et al. Asymmetric aza-
Henry reaction of indolenines mediated by a cinchona-
alkaloid-thiourea organocatalyst[ J].Asian J. Org. Chem.,
2019,8:2 023-2 026.

[18]WANG J D,LIU Y X,WEI Z L, et al.Novel chiral thiou-
rea derived from hydroquinine and L-phenylglycinol; An
effective catalyst for enantio- and diastereoselective aza-
Henry reaction [ J ]. ACS Omega, 2021, 6(8) :5 812-
5 824.

[19]SERUSI L, PALOMBI L, PIERRI G, et al. Asymmetric
cascade aza-Henry/Lactamization reaction in the highly
enantioselective organocatalytic synthesis of 3-( nitrom-
ethyl) isoindolin-1-ones from a-amido sulfones [ J]. J.
Org.Chem.,2022,87(13) :8 420-8 428.

[ 207 JBET*. 4 X5 A0 A7 A= 14 ALy RE AL AR % #% A AL 370 1 &
WS HAE aza-Henry SR BRI D] RKFR i MOR
2 2018.

[21]WANG B, XU T,ZHU L, et al.Highly enantioselective
nitro-Mannich reaction of ketimines under phase-transfer
catalysis [ J ]. Org. Chem. Front., 2017, 4(7) . 1 266-
1271.

[22]LIU Y X,LIU Y,WANG J D, et al. Asymmetric phase-
transfer catalysts bearing multiple hydrogen-bonding do-
nors ; Synthesis and application in nitro-Mannich reaction
of isatin-derived N-Boc ketimines| J | .Tetrahedron Lett. ,
2017,58(24) :2 400-2 403.

[23]LIU Y X,WANG J D,WEI Z L, et al.Diastereo- and en-
antioselective nitro-Mannich reaction of isatin-derived
N-Boc ketimines catalyzed by chiral phase-transfer cata-
lysts[ J].New J.Chem. ,2018,42(3) :1 608-1 611.

[24]LU N,FANG Y H,GAO Y, et al.Bifunctional thiourea-
ammonium salt catalysts derived from cinchona alka-
loids ; Cooperative phase-transfer catalysts in the enanti-
oselective aza-Henry reaction of ketimines [ J]. J. Org.
Chem. ,2018,83(3) : 1 486-1 492.

(25 ] X0F° LB WA A B AR S RS AL 0] A4 5 S LA
AXFFR nitro-Mannich K2R FF R [ D] KK 5K
K=2,2018.

[26]WANG X N,GAO Y,WEI Z L, et al. An enantioselective
aza-Henry reaction of trifluoromethyl ketimines catalyzed

by phase-transfer catalysts|[ J ].Org. Chem. Front.,2019,

6(18) :3 269-3 273.

(27 FIGERA. 4 X G BUATT A B A 700 7 = 96 PP 56 i T i
H aza-Henry W Fl Mannich Jz i H 4 o FH BfF 5%
[D]. KA FHMKRA,2020.

[ 28 ] JE. F A HUEAL R ZE MY Friedel-Crafts SN Fl
il S Jri ) aza-Henry SO RN R [ D] KR
K%, 2020.

[29]SUSAM D, TANYELI C.Enantioselective aza-Henry re-
action of ¢-Boc protected imines and nitroalkanes with
bifunctional squaramide organocatalysts [ J ]. New J.
Chem. ,2017,41(9) :3 555-3 561.

[30]HE J J,TANG D Y,HU C W, et al. Guanidine-amide-
catalyzed aza-Henry reaction of isatin-derived ketim-
ines: Origin of selectivity and new catalyst design[J].
Molecules ,2021,26(7) :1 965.

[31]ROBAK J,KOSELAK K,ZAWISZA A, et al.Studies on
the influence of saccharide fragment of urea organocata-
lysts on the yield and enantioselectivity of aza-Henry re-
action[ J | . Arkivoc ,2020,2 020(8) :150-160.

[32]URAGUCHI D, TORII M,KATO K, et al.Stereoselective
aza-Henry reaction of 3-nitro-dihydro-2( 1H) -quinolones
with N-Boc-aldimines under the catalysis of chiral am-
monium betaines [ J ]. Heterocycles, 2017, 94(3) ; 441-
441.

[33]SPRAGUE D J,JOHNSTON J N.Substituted imidazoline
synthesis: A diastereo- and enantioselective aza-Henry
route to a human proteasome modulator[ J ]. Org. Lett. ,
2020,22(21) ;8 496-8 499.

[34]STRUBLE T J,SMAJLAGIC I,FOY H,et al.DFT-based
stereochemical rationales for the bifunctional Brgnsted
acid/base-catalyzed diastereodivergent and enantioselec-
tive aza-Henry reactions of a-nitro esters [ J]. J. Org.
Chem. ,2021,86(21) :15 606-15 617.

[35]SONSONA I G, ALEGRE-REQUENA J V, MARQUES-
LOPEZ E, et al. Asymmetric organocatalyzed aza-Henry
reaction of hydrazones: Experimental and computational
studies[ J].Chemistry,2020,26(24) ;5 469-5 478.

[36] Hfee  JemME, Jul RUAE, 45 B AT A= W30 P 1 B S0
JAT A= Wy e J [ 1] Ak 2K R, 2022, 44(11)
1 585-1 597.

[37]JIANG X, ZHANG Y, WU L, et al. Doubly stereocon-
trolled asymmetric aza-Henry reaction with in situ gener-
ation of N-Boc-imines catalyzed by novel rosin-derived
amine thiourea catalysts [ J ]. Adv. Synth. Catal., 2009,
351:2 096-2 100.





