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Direct Asymmetric Aza—Vinylogous Mannich Reaction of Nitrones from
Isatins and Ketimines

Shi, Minglin Zhan, Gu Du, Wei*  Chen, Yingchun*
(West China School of Pharmacy, Sichuan University, Chengdu 610041, China)

Abstract Direct asymmetric vinylogous Mannich reaction is an efficient and powerful method for the synthesis of
J-amino-a,f-unsaturated carbonyl compounds; however, the nucleophiles are generally limited to y-butenolides and
a,o-dicyanoolefins. Therefore, it is highly desirable to design new vinylogous nucleophiles and develop the related asymmet-
ric reactions. Recently, we disclosed a new type of nitrones derived from isatins and N-benzyl hydroxylamines, which could
easily generate nitrone ylide species in the presence of a tertiary amine, and undergo asymmetric formal [3+2] cycloaddi-
tions with ¢,-unsaturated aldehydes via iminium ion catalysis of a chiral secondary amine. Subsequently, we found that such
nitrone ylides could isomerize to more interesting aza-dienolate-type intermediates, and engage in direct stereoselective
aza-vinylogous Michael reactions with nitroalkenes under the catalysis of a bifunctional thiourea-tertiary amine, delivering
chiral nitrone derivatives with extended carbon skeletons without subsequent cyclization. In this case, the same type of
nitrones are employed as nucleophilic precursors under the catalysis of a cinchona alkaloid-based thiourea substance, and
effectively assembled with isatins-derived ketimines to accomplish the direct asymmetric aza-vinylogous-type Mannich reac-
tions. A series of densely functionalized nitrones with vicinal tertiary-quaternary stereogenic centers are furnished in high
yields (70%~97%) with good to excellent stereoselectivity (83%~99% ee, >19 : 1 dr). Moreover, subsequent [3-+2]
dipolar cycloaddition reactions between the chiral nitrones and activated alkenes can be realized in exclusive diastereoselec-
tivity, producing complex spirocyclic indolenine architectures incorporating a hydrogenated isoxazole ring. These nitrones, as
a new type of aza-vinylogous nucleophiles, may have a wide range of applications in asymmetric synthesis in the future. A
representative procedure for the asymmetric aza-vinylogous-type Mannich reaction is as follows: nitrone 1 (0.1 mmol),
ketimine 2 (0.11 mmol), catalyst CS (0.01 or 0.02 mmol) are added into an oven-dried vial equipped with a magnetic stirbar.
Xylene (1.0 mL) is added and the mixture is stirred at 50 ‘C and monitored by TLC. After completion, the residue is purified
by flash column chromatography on silica gel eluting with petroleum ether/ethyl acetate (15 © 1 to 5 © 1) to afford the product
3.

Keywords asymmetric catalysis; organocatalysis; vinylogous Mannich reaction; nitrones; ketimines
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TRIEIERPWE SRR, H p-CH BAT R ER M AR
154 8 BUBUK B BE 10 T I BOI A &4, i HoAd 2
TIPSR TR X B/ R R 2B R i b S A% A
T A 1 A R R R T R 2 —

T, BRSL/INHAE R A mE gl NI A, 7E
FOEEYIEN T S WA T &S &L RE R
) B GG FE 246 % Mannich WM. H46, Se4s
BE AT R b B B Re ], 3Rt AR Y Re AR IR AN
Bt S AR R I B G S, SEBI - B RE AR,
OB RASH NI TE T Ti(Oi-Pr), AL T 3-J5 -2 A g e
5 F M 0 B I 5 % (9 4 J%  Mannich 2 3
(Scheme la). {H1% 552 8 J5 RS 542 BF 1724,
AR PR A LA BROLH. i, JATNAEE
HE T —RELAATA IS N-CH S IIREER A,
REAE U S IR FIBR P 26 A T 2B A e - Sr A e e 4, I
HEFVEW L EBHLENETT o f- MR K AT [3+
2N S N, A B S, i ST A Rk o
TGRS IR A A, 757 A A B S A7 5 e L 0 h
R AR A B B AN KPR B4 B 44 4 1 Michael MRS B,
A R P A R AT AR AN KA R R SR 3R s )
(Scheme 1b). [k, FRAIA B HI FH b2 17 5 55 15 IR A
W& Witk — 0 K AR BR iM% Mannich SN, T
TA T RGHAE % 5.

2 AXMEIZEZRZLHERE Mannich R MBI R
518
21 AAFREZAFEE Mannich & B2 &R0k
BATEFE N-Boc I IBELLATERIRSER 1a FlfELL
i 0 22 A AR S B, TEZE JE T AT A AU AR IR XL
IhREMEAL ) C1 AR R, F 50 “CHER P UM 36 h,
PLEE A7 (SR ST AR S 15 2 T BT - B 1
Mannich [ N F=%) 3a (8 1, Entry 1). UL BEZ NS Bt
WG C2 AR AT UGS 21747, {E0 ik
FEA BT T B (Entry 2). BfiJ5, FRATRAAS A 438 2954
B B IR (L7 C3~CS (Entries 3~5), KIMFE
A AT AR AL CS AT SR A 5 1 ST AR IR B (>
19 1 1 dr, 98% ee). it — 00k, FRATRMIZ N
TE 2 P 751 Hh 4076 45 o ()3 P (Entries 6~9), 4 —
R A i 7R B R4S B i (S e Rk e 8 %, HL B
IR 4E 5 24 h (Entry 9). FATTE 2238 FRAK SR i FE 52
40 C, MBS IAIER, WSCREBE T T B, (ER AT Sr k% i
FICEZM (Entry 10). 73— 77, FRATH SR
&, 42 10 mol%M), S MIEEAT R M, HEJK
PR Z 1.0 mmol B, tHEEIRTFAH 145 S (Entry
11); fHFESE 5 mol%Hhf, YU N % (Entry 12). K,
B S 8 RO I B AL SR A R LA R 2RREE AL, LA 10
mol% C5 N, £ 50 CF .
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Scheme 1 Transformations of dienolate species from isatin derivatives

2.2 AFMEZERZ4EHE Mannich kK

TERE TR RS E, FRATTX AR IR B A
4307 Mannich SN D@ MERIT T 5%, R4
PR 2. B RIRATR A A & A RIS e 40 W i 2
Y, S N-REANER 1a BTN, BRATRIAE
S P 5 AR 48 B 5] NI He - R AT, e DA S iR
FNSE A 15 20 A ROINE =3 2, Entries 2~6); 124
FGINAE L IR I, e 7T 20 56 B B P B A B
T F#(Entries 7~8). FffE3ATHE L 1 AHER A A A
B BRI SRR LA A F R A AR
HIAH B A E L B 2a 10 SBE38) A DA R U [ ie 26 G i
TR FEVEAS B F N P2 W) (Entries 9~14). B4, KA N-%
FE IR 55 5 4148 G T AR (R R A A 8 P T RN AR R
XFF AW R TR S RS ER AL S, S AT AR k4T
(Entries 15~17), A 2-B IR BT 07 B R R 58U M
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Table 1 Screening studies on the asymmetric aza-vinylogous Mannich
reaction of nitrone 1a and imine 2a“

o]
@/N /\Ph NBoc
C (20 mol%)
o + (0] —_—
N N solvent, 50 °C
Boc \ >19:1 dr
1a 2a

Ph
N O
|
Boc
3a
R N
N =
=
HN X
A0 LN
~N HN
HITI S Ar/
Ar 0
C1R=0Me c2
C3R=H
Ar = 3,5-(CF3)2C6H3
=
R
N
7 NH
N
Z S)\lTIH
Ar
C4R =0Me
C5R=H
Entry C Solvent t/h Yield/%  ee/%
1 C1 toluene 36 82 —79
2 C2 toluene 36 79 —66
3 C3 toluene 36 81 —27
4 C4 toluene 30 74 96
5 C5 toluene 30 89 98
6 C5 DCE 36 92 84
7 C5 THF 60 82 76
8 C5  PhCF; 24 93 92
9 C5  xylene 24 96 99
107 C5  xylene 48 93 99
11¢ C5  xylene 24 (24) 91 (86) 99 (98)
12/ C5  xylene 48 77 95

“Unless noted otherwise, reactions were performed with 1a (0.1 mmol), 2a
(0.11 mmol), catalyst C (20 mol%) in solvent (1.0 mL) at 50 °C. °Isolated
yield.  Determined by HPLC analysis on a chiral stationary phase. ¢ At40 C.
¢ With 10 mol% of C5. Data in parentheses were obtained with 1.0 mmol of
1a.” With 5 mol% of C5.
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2 AXHREIAE Mannich SRR & 1
Table 2 Substrate scope of asymmetric aza-vinylogous Mannich reac-
tions between nitrones 1 and imines 2*

©

R 8;N/\R1 R? NBoc
@ESZO . @E&O C5 (10 mol%)
Z N Z N xylene, 50 °C
Boc \ > 191 dr
1 2
RZX N\ N
R eQ %o
/\ \_EN ( NBoc
= o
Boc
3
Entry R, R R? t/h Yield/%  ee/%
1 HPh H 24 3a, 91 99
2 H,Ph 5-F 24 3b, 92 97
3 H,Ph 5-Cl 24 3¢,95  >99
4 H,Ph 5-Br 24 3d, 97 96
5 H,Ph 6-Br 24 3e, 96 98
6 H,Ph 7-F 24 3f, 95 98
7 H,Ph 5-Me 30 3g, 95 93
8 H,Ph 5-OMe 30 3h, 96 86
9 5.F,Ph H 24 3i,93 88
10 5-Cl,Ph H 24 3j, 94 93
11 5-Br,Ph H 24 3k, 97 97
12 6-Br, Ph H 24 31,90 95
13 5-Me, Ph H 32 3m, 92 86
14 5-OMe, Ph H 32 3n, 91 95
15 H, 2-BrCH, H 24 30,77 87
16  H,3-BrCH, H 24 3p, 96 97
17 H, 4-CICeH, H 24 3q, 92 93
187 H, 4-MeC4H, H 30 3r, 89 97
19 H,4-OMeCeH, H 48 3s, 85 97
20  H, 1-naphthyl H 36 3t, 76 96
21 H, 2-styryl H 72 3u,70 83
2 4 v H 48 3v,89 87

>

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Unless noted otherwise, reactions were performed with 1 (0.1 mmol), 2 (0.11
mmol), amine C5 (10 mol%) in solvent (1.0 mL) at 50 ‘C. *Isolated yield. ©
Determined by HPLC analysis on a chiral stationary phase. ¢ With 20 mol% of
Cs.

YR [ (Entry 15). 55— J5 T, X &4 H R EEIZE
LIRS ARAC S, IROBIEE AR, 75 2800 AL 77
B2 20 mol% 4 REHNAT R A IC e LB R4 40 5 R0t ik
IEFEPE(Entries 18~20). J34b, & N-Jfi A 245 M KAl
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T

el S RERLH, R SONEIG It AR e 6 L R AT P
P (Entries 21 and 22). B2 2 15 N-Ji 07 e 2k 1)
T e SRR S SV PR ARG, BRASEVS AN Lewis acid 288 N5
A AE RIS
23 EUHTEK

HH T~ %% 4 ) Mannich B (1972 AT SR R BE 1
FirE Beldl, ATRAMEDY 1,318 570 0 5 N-Z8 5 By ok B
¥z LA K TR A4 It O A6 A% 42 (1) [ 3+ 2 MBI D s S B, 43 931)
AR RS AT S E IR ()| R PR 48 4 FD 5. H T LAk
PIBRSE SRR, e B 75 BEAE i A TR 4 K, )
Xof 35 B WS U BT B A, AN I N R oR T R LR )
X Rk P (Scheme 2). 7 4b, W FE PR, FHE~
V) 4 W2 s A SRR e, AT T A e IR A
Mannich JIEG=4) 3 404 A,

3 g

BAVIS FH AN R 1R B S 2 i M S A% AR ——
EE AL ATAE IR IR B, 16 S XS ANBRATT A= AU B MR
WFIWERTR, I R AT R A AR £ 2 1 5 e 400
f& KA KRR B 258 Mannich M. 1Z M B~
RT3z s e R R, DAL TS BT i B (83 % ~
99% ee) MIAEXF MLIRFEIE(>19 0 1 dr)IRTE T R I
Mannich J& =4, HAEWHE— 5 5l 746 e R 4
[3 - 2B AR A 0l S o7 1 S 5 S AL A R (MR R Ak
WG| WA JeEr 28, TR FROR T BE 4 AT AE R B E N A& AR
TR, X 2R &Yl Be AT FR &
B A B v s ).

4 SHES

T T A A B R 4G A Mannich OV 5 [3+2]FF
IR 3 . RN AT ) 1 6 V5 25 S
Bk, W3 ##(5 B (Supporting Information).

4.1 ZEZ Mannich MAZHIRIHI &5 %

iR 1(0.1 mmol). WFA% 2 (0.11 mmol). {4k C5
(0.01 or 0.02 mmol)¥E¥ T —H ZK(1.0 mL)H, T 50 C
RSO, G TLC W E 2 JFR U 2R, HEEN R
OB LR ZEE=15: 1t05 @ DRI~ 3.

SLRIE A 1 B R

3a, ALK, 91% yield; >19 : 1 dr, [a]y +16.6
(c 220 in CHCl3); 99% ee, i#id HPLC 43 #7[Daicel
chiralcel OD-H, IE i/ 5 N EE=90/10, 1.0 mL/min, A=
254 nm, #(major)=35.58 min, #minor)=7.06 min]; 'H
NMR (400 MHz, CDCL3) : 8.57 (d, J=7.6 Hz, 1H), 7.74
(d, J=8.0 Hz, 1H), 7.61 (d, J=7.6 Hz, 2H), 7.42~7.35
(m, 3H), 7.29 (t, J=7.6 Hz, 2H), 7.24~7.19 (m, 2H), 7.02
(brs, 1H), 6.82~6.76 (m, 3H), 3.19 (s, 3H), 1.65 (s, 9H),
1.23 (s, 9H); *C NMR (100 MHz, CDCl5) §: 174.4, 159.0,
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toluene, 90 °C, 4 d
>19:1 dr
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Scheme 2 [3-+2] Dipolar cycloadditions of compound 3a and activated
alkenes

154.3, 1483, 143.4, 137.3, 134.6, 132.5, 131.8, 130.9,
129.6, 129.2, 128.0, 126.6, 125.6, 125.3, 124.8, 121.9,
118.1, 114.3, 108.1, 85.0, 80.3, 72.2, 64.6, 28.0, 27.9, 26.4;
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ESI-HRMS: caled for Cs,HigN,O,+Na'635.2476, found
635.2470.
4.2 [3+2ER IR S & 5 A

fdi 45 Mannich Al A4 3a (61.2 mg, 0.1 mmol) 5 N-
2% 3 TSR IV % (26.0 mg, 0.15 mmol) 5K P 4 5 (0.15
mmol)VEVE T H Z£(1.0 mL)H, T 90 CFHiH: 96 h. 4
MR 2. 2l =4 DR RN 4 5 5.

SLRE AT R R

4, AL, 64% yield, >19 1 1 dr, [a]y +19.8
(¢ 1.00 in CHCIl3); 90% ee, ifiid HPLC 43 #/7[Daicel
chiralpak IF, 1E CWbt/5F NEE=60/40, 1.0 mL/min, A=254
nm, #(major)=8.58 min, #(minor)=11.14 min]; '"H NMR
(400 MHz, CDCl3) d: 7.79 (brs, 2H), 7.52~7.49 (m, 4H),
7.29~7.26 (m, 5H), 7.19~7.08 (m, 3H), 6.92 (brs, 1H),
6.84 (brs, 1H), 6.46 (d, J=7.6 Hz, 1H), 6.33 (brs, 2H),
5.50 (d, J=7.6 Hz, 1H), 4.07 (brs, 2H), 2.56 (s, 3H), 1.45
(s, 9H), 1.25 (s, 9H); *C NMR (100 MHz, CDCl3) o:
174.4, 160.8, 158.8, 158.4, 154.3, 148.3, 143.5, 134.5,
134.4, 133.5, 133.5, 131.6, 131.0, 129.8, 129.4, 128.1,
126.6, 125.7, 122.1, 119.3, 119.2, 119.0, 118.8, 115.6,
115.6, 112.6, 112.3, 108.2, 85.3, 80.5, 72.7, 64.6, 28.1,
28.0, 26.9, 26.5; ESI-HRMS: calcd for C4qH43N5sO9+Na™
808.2953, found 808.2957.
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