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Advances on the Synthesis and Application of
a,3-Unsaturated Nitrones
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(“ State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources, School of Chemistry and
Pharmaceutical Sciences, Guangxi Normal University, Guilin, Guangxi 541004)

(> School of Medicine, Guangxi University of Science and Technology, Liuzhou, Guangxi 545006)

Abstract Nitrones, served as one of the most important 1,3-dipoles in organic synthetic chemistry, can participate in various
organic synthetic reactions to synthesize various heterocyclic compounds, such as nucleophilic addition, cycloaddition reac-
tion, rearrangement reaction, C—H bond activation, etc. They are very important organic building blocks for the further con-
struction of complex molecules. In recent years, a,f-unsaturated nitrone has attracted widespread attention from synthetic
chemists because of its a,f-unsaturated bond containing rich chemical transformations, and can take part in various new chem-
ical conversions to construct new structural heterocyclic compounds. The new strategies for the preparation of o,f-unsaturated
nitrones in the past ten years, and their applications to construct nitrogen heterocyclic compounds, including O-transfer reac-
tion, addition of nucleophiles and radical reagents, and various cycloaddition reactions, are reviewed.

Keywords o, f-unsaturated nitrone; cycloaddition reaction; 1,3-dipole; N-heterocyclic compound; cascade reaction
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Scheme 1 Synthesis of N-aryl-a,f-unsaturated nitrones
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Scheme 5 Preparation of N-vinyl-a,f-unsaturated nitrone via Chan-Lam reaction
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(91% ee, 89% ee)

B 11 N-J5 5, B- AN LA B AN 0 Bty it —

L IE FEIS AL S

Scheme 11 Asymmetric synthesis of trans-dihydropyridoindoles from N-aryl-a,f-unsaturated nitrone

| A COgMe
NaOH (0.1 mol/L), MeOH
X/ N _ R2 ( )

11 examples

R1
34 (cisltrans 1:5 ~ 11)

| N COMe
=
X/ N _ R2

R1
35 (cisltrans 4:1 ~ 19:1)

35a, (87%, dr 10:1) 35b, (
(96% ee, >99% ee)

COzMe
35d, (53%, dr 16:1) 35e, (
(91% ee, >99% ee) (91%

98%, dr6:1) 35c, (
(9 7% ee, >99% ee)

COzMe

\ I
95%, dr7:1) 35f, (
ee, >99% ee)

85%, dr11:1)
(9 0% ee, >99% ee)

fi;ff

37%, dr4:1)
(9 0% ee, >99% ee)

B 12 Sl SEne Il el S0 i 22 ) 57 f Ak

Scheme 12 Epimerization of cis-dihydropyridoinoldes

2017 4F, BEA LIRS B g A — 55 S p
gkl I RIS N-JF R, 32N A [3,3]
Eﬁ%ﬁ&&,~%&%ﬁ%ﬁ%ﬁﬂA&széw
BR PR NG| Rk AE )88 (Scheme  13). 57 JEmER7E N-T5 2%
%ﬁﬁ¢%m*ﬁmm%%ﬁ&r,u%*% ik b
BT 0T A R TR B P % N kA
FL, 0] DA B PR PR R 42, (R AR DU ET Ak
SHE, ARG, 13 B TR RN IR SRR,
AT AHEAT e R JIOR B, A BRI 2,3-Z B B 2 15 ek
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AR AT CATE A [7] 19 N 25 S Ak DR 45 P 22 1 0
Wk Wk =5 P IR S5, 5 4

2018 4E, Anderson /MHPORIE T EMEEREE L T
N-77 F5 -, B-/IN VR R T e R PR T 1 B S B2, DA Hp 26
ERIFMOEREET -FREBLEAEY 39
(Scheme 14). Z X MMM, HAEMEH, RIS
U, ERAS BT R B ER R S AL RS, PR b i
Pk R RE IR B TR 2,
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BilLE FIRSiRE
R2
I ,
L oH RN (1) KOH (1.2 equiv.)
X N7 _ /ot CCly,rt, 3~12h
I ¥ = 2)80°C,3~6h
Xy R3S Tps (2 .
R1L S |
= 29 examples
36 37 37% ~ 72% yields 38
X =0, NMe
0 O— CHO
C O\ ,CHO_ ome O0—\,CHO_ tBy 0— .CHO
oy O30 OLIT 300
\\H \H \H N
Me
Ph PH PH PH
38a, 72% o
b o 38b, 67% 38¢, 53% 38d, 68% 386, 57%
0 FsC
Ph "
O— CHO 0— CHO e,
-~ e
y O ()
\H Me Me N Me H
PhH Me 3
38f, 66% 389, 46% 38h, 37% 38i, 59%

B 13 FBCRRSHIEE 2,3-ZFRAH FRI5| Wk

Scheme 13 A cascade strategy for the construction of 2,3-quaternary fused indolines

OO o}
0._.0 R’
0,
. O/P\OH (10 mol%) R2
Ar: ® _0
N7 7 EWG :‘O N WG
X 1
/ N
H

|
R1)\[ THF, 30°C,6h
45% ~ 98% yields

-z
39
Ph Fh Ph Xy-en C P -
MeO N CO,Me <o N COMe  MeO A CO,Me
H o N N

20 examples

+
R2
(6]

H
H
39a, 74% 39b, 62% 39c, 76%
0 O OMe 0 0
Ph
Ph Ph Ph Ph
MeO A CO,Me MeO A\ CO,t-Bu MeO A SO,Ph
O N N
H H N
39d, 74% 39e, 66% 39f, 98%

B 14 N-J5 5o, B-AMFIRSER & HCE Re EA IS &4
Scheme 14 Synthesis of functionalized indoles from N-aryl-a,f-unsaturated nitrone
2021 4, BEASTIREAHPMRIE 71E NiCl, A J7 R TFATE S R e Z R e SR L
2,2-BRIEWE R AL SR AF T, N-T5 Jik-a, B- ANV A0 i A1 HY G F IV x0T N F T4 R R ER I T R W, BRI AL 7
AABIRBRIE A AL 3+ 2 U R, DL A% 28 )R A7) TE S Nk PP ke A AR . AT T AR TR I
PR T 2 N-CAREENS WA 50 40 (Scheme 15). AT, ORI SEAR B FE A AR U iz ). 5 B[]
PR EATERL 545 SFAFRA BRAER S R B, Z VR mT AN FH 2 N-4 550, B- AN AN R, 7T LA
© 2021 Chinese Chemical Society & SIOC, CAS
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\ N/ \ /
R (24 mol% -
3 (1 I RS ™~
RO ©.0 R_. — NiCl, (20 mol%) %\/C%R
J\/\ CO;R  MgSO,, DCM, r.t.
38 examples / R1
up to 84% yield

%\/COan

40a, 83%

O \ CO,Bn
/OKH)N\/\

40d, 84%

(J
O

%\/0028”
N T
O < A,

40b, 59%

Me
CO,4Bn { Q ’O
0
OH N
/

40e, 69%

Q_S\/COZBn

40c, 81%

)\/K/\ S
Ph “Spn TN\

40f, 35%, dr 1:1

B 15 N-J5 2o f- AR & R BE B RIS AL 5 4

Scheme 15 Synthesis of functionalized indoles from N-aryl-a,f-unsaturated nitrone

PLAEE ) P2 A3 B N- ML 41 (Eq. 9), F2RAKH
FEF R NI B AT 5 T 208, T
15 2 R R LUK

\ N/ \N /
R* o s (24 mol%)
R .
R3 (ﬁ/o . \=.=\ NiCl, (20 mol%)
A, CO,R  MgSO, DCM, rit.
R R 9 examples
up to 75% yield
R® RS
. I \\  CO,R
RSN
OH 9)
RZJ\)\R1
41
2.1.2  N-75 #-q,B- T~ o Fm 2H BRI A 22 SR vl ok AL S
%

2020 4, Dateer PRAEABYKJE TETLLE SRS
M, PLN-T5 F-a f- AN AR R 5 e S U e N
JERE, @[3+ 2] R B, PAH AR R SR A
R REVEIAL 54 44 (1) )72 (Scheme 16). 1% N 2614
AN, JRYNEE, XEGEFEMELr, rTHT s .

2021 4, BEASLUHBABIS LT Al e e it i
Chan-Lam BECHI[3+ 210 pl 5 B B, —Hei LR
PR E KT — RV 7 EEMEIR L 54 47 (Scheme 17).
SN o, B-ANVELRTR 5 5 7 0 R 7 6 NS BR A (4L T
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= = I
Rz@@ S 4

N0 OE THF Rz/ N

| + _ OEt
X \  4Awms 60°C P
| X 43 o |
R 17 examples “R1
4 63% ~ 87% yields 44

2
N-0 N-O
N OEt Meo@woa

44a, 87%

44b, 63%
e .
N-O N_o
@Woa Cl A OEt

44c, 73% 44d, 81%
R
N-O N-0
Lo \
OEt OEt
44e, 51% 44f, 73%

B 16 N-75FE-o, f- ARG A 2 S5 ME ek AL 5 47)
Scheme 16 Construction of isoxazolidines from N-aryl-o,f-
unsaturated nitrones

1 e R AR Chan-Lam 85 S W A B N-75 $-a, -4
R S e o ), Z):i&”h\? PRI [3+ 2130 0 1 e 2
HURT LS 2 H AR, 385 5 92T DA ME R B AT A2
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B, R 7 (6 L E E YA L 5 N SRR I [ WL AT
FEFH, A6 Chan-Lam fBIBEFI[3 4+ 2130 b s /e i
HRA (R .

R3

Cu(OAc), (20 mol%)
O N methylene blue (5 mol%)

| ArB(OH
N R (O™ hite LED (17 W)
| gt 46 pyr, DCE, r.t.
=
29 examples

26% ~ 84% yields

H
o)
Jo
N
“Ph
AN Me
Ph Ph
47a, 84% Me

47b, 68%

47e, 66%

47d, 62% 47, 74%, 1:1 dr

B 17 A W2 Chan-Lam fBIER/[3 -+ 2198 0 A5 R
Scheme 17 Visible light promoted Chan-Lam reaction and [3+
2] cycloaddition

o 3
RE®_0"  cuci(tomol%) "=

Phen (12 mol%) J

I —_— /y
R1)\m MeCN, 80 °C R’ 'WO
25 examples

6 "N 829 ~99% yields 48

only trans observed

(1) BFg°EL,0 (1.2 equiv.) e

2.13 N-F £
&4

2013 4, Anderson PR@ZHB3 8 YOk SR a,p-1
PR N-J5 S5 A R AT DLIEAT SR T4 B M SR B S
DA = S AL S A A I B 15 3 T R o, B-FA S
WAL A 48, P2 R EIE 99%. 1% N JRYIVaEE ), AT
PASHE 25 AN [RI BBURS IR B RE 1A, BRAE AT B o -4 S0 IV Ji
7t Lewis 8 BFsELO ML T KEST WL, HET
NaBH,4 i85, 7] DL AE5 WU B % (0 h & = AN ik
HUO I DY SR AL S 4 49 (Scheme 18).

2014 4, HPNHBNERE T LA o - N-75 5T
i 0 S TS R I O kL, FRORORVE TR, 7E 80 CAAMFF,
At RE DL S5 B T5 10 72 Fe G B N- 0 5 0 2 K 1 e
(Scheme 19). ZMHLILSZ, of-AH N-75 3R 5 F
SR R HEAT [3 -+ 20 R0 AR s B2 s e — e i, 7 AR
R I S AE M 05 ORI E AR B N-JY HE A R Ik
V). ZRBLEIEE T, R B A, R
A AT SR B TR R

2016 4F, Bhargava HREHBPHRIE THDNF T, N-
77 3 -0 f- ANV FRS 5 AN [F] HUAR A 3 B 2 42 Kinugasa
S, Ry AR MUE B LA OB S B- N AL S 53
(Scheme 20). 1% J5¥7: AiX 28 BLAG 18 75 A= W 1 P9 I8 Ji
GG AR T — iR R

0B~ T A B B M S 8 A R AR IR AL

OH
CH,Cl,, 25 °C, 18 h

(2) NaBH,4 (10 equiv.)

R2

Iz :<'U
=

MeOH, 25 °C, 4 h
2 examples 49
55% ~ 78% vyields

Tol e :

48a, 99%

48d, 88%

md P

489, 95%

Tol
%N OMe
,
PH”
(0]

48b, 97%

EWQ&

48e, 95%

48h, 98%

Me
Tol
)
Ph) Me
o

48c, 98%

Tol Q,IAN
|
WQ Ph/\) WQ

o}

i 48f, 96%

F0 SO

48i, 98%

B 18 N-J53k-o p- AN RIS H G 1 o, B- A SE L i

Scheme 18 Preparation a.f-epoxyketimines from N-aryl-a,f- unsaturated nitrones
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©  RIN=C=0 (50)

4
AI’\®/O . AI'\ -0 R\ 2
N (2.0 equiv.) gN o -CO, R
R RS PhMe (0.1 molil) \ 32 examples R'" N
e 80 °C | R | 45%~92%yields  Ar
R? 51
Ph Ph Ph
Ji )i X
|
Ph)\w/\/Ph Ph/\)\w/\/Ph H N/\/Ph
Tol Tol Tol
51a, 91% 51b, 82% 51c, 80%
Ph NO )
Ph\N /\/©/OME \JN\ /\/@/ 2 Ph)I\N/\/Ph
| N
Ph)\N \ Ph™ °N
'Irol Tol
Me Me
51d, 77% 51e, 92% 51f, 78%
MeO X
L T 1
N
N N
i | !
Ph)\N/\/Ph Ph)\N/\/Ph Ph)\[?j/\/Ph
|
Tol Tol Tol
51g, 51% 51h, 75% 51i, 84%

BR 19 N-J73-a f-ARHEE & R N-77 2)6 5K
Scheme 19  Synthesis of N-styryl amidines from N-aryl-a,f-unsaturated nitrones

RL®_0© Cul (1.0 equiv.) o ~COR
N R* , X CO,R3 R
o | NEt; (1.0 equiv.) 2 . H,
R + e %0.® . I DABCO (5 mol%) N
) ~r.t ~ . — >
, | ‘ ‘ 12 examples )N|\/\ I toluene, 60 °C R2
R 52 40% ~ 82% yields R R2 12 examples
up to 82% yield 54

o COZMe OzMe OzMe
H
A
N
-Pr

54a, 77%, dr = 3:2 54b, 52%, dr=1:1  54¢, 50%, dr=1:1

MeO Me

CO,Me Oan
- O
" O e
MeO 53d, 42% 53e, 70% 53f, 45%
54d, 65%, dr=1:1  54e, 58%, dr=20:1 54f, 82%, dr = 3:2
BR 20 N-J5JE-a f- AN FIHEE G B- L AL 57

Scheme 20 Synthesis of f-lactams from N-aryl-a,f-unsaturated BIR 21 V-5 3-a - AR A R T LR DY 2 5 2 2
nitrones ; - -

Scheme 21 Construction of bicyclic tetrahydrobenzoazepines
2019 ﬂi, Anderson /N ZHBHRIE T 75 {8 B Lewis B from N-aryl-a,f-unsaturated nitrones

(DABCO)EAL T N-ZK -0, 8- AN LA B 5 TAR R TR 1) 2.2 N-Fa%-a,p-AiaFnREETHY R A

WKL, P g 7B I A R IRk 54, 2 221 N-M Ak -af- 7R b Fe 5 BR M) 3 R e FU R IR AL A
1% 5 [ X Bt 326 428 2 4 ) 4% % (Scheme 21). 3 Fh 7 4

AR DY BAT PR I DU SR I RO B 0 & g T — 2017 4F, EAZRBHACHRIE T T4 RS 544"
AL R, N5 o0 B R L TSR S5 R TG 26 2 (3 + 205
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FCR[3,3]- 3 HE £ B B, s Al 0T B R b A B T
FSLTCHME G 56 (Scheme 22). iZ M EEL S, %
RRAN, BAER R, RPVEHET, BReRlaRattLr. F
PR IS BRER AL S DL 2.5 1 1 (IERT M Rt 45 5
HARF=Y) 56f. BASLCHIEMAZMA TEE MR, =
Pk BRI T SRR 7 KA A S5 D 25 B B S B, AT LA
il 4% 2,3- At itk &4 57 (Eq. 10).

R* N,O\(O
o DMF, 60°C R~/ N-R
O\® 3 + R\ _—
N| R N=C=0" 35 examples g¢ %
1/\)\/\ R2 36% ~ 78% yields |
R 55 only cis-isomer R R2
56
N-O.° N-O.° _o0_ 0
Me—, X Me ~ e N O
N—Tol N—Tol
Me — Me! Et _
Ph | PH |
Ph Ph
56a, 76% 56b, 66% © 56c, 58%
O
0.0 0 -0 Ph
N OY N-O~¢ o ~ i
N-To| Me—(’ N—n-Bu N Mo
VY
Me / | Me' |
Ph
Ph o Ph

Ph

56d, 62%

56e, 56%

B 22 N-MdE-a p- AN LRI R 22 E A L eI &)

56f (59%, dr = 2.5:1)

Scheme 22 Synthesis of nine-membered heterocycles from
N-vinyl-a,f-unsaturated nitrones
0P . R’
R3_/ N—R toluene \__ A\ R* (10)
" 7 120 °C, in air |
R | 7 examples R3
R R2 30% ~ 76% yields R2
56 57

2018 4, 1Z/NHBSILL N-45 5o, BN VLRI 52 i i
5555 WA g SRR, d I R AR AL A3 1 TR [7 4 20 I
RS, LA REFBIR TS 5= 345 2 T R ARG
) 59 (Scheme 23). J5 Bt 757 ¥h EAN[E B HACEERT[3,3]
HHHE A DX ek B PR R ORIk S A R A
R A A LASEEL N—O s B pE N2, 43 LA R4
(17 7= 45 B I F2 (1 2R R IR AL 54 60 (Eq. 11)FHZE
PERHEUR IR 6 &4 61 (Eq. 12).

%
R FeCl; (20 mol%) R3 H _
Cu(OAC),/1,10-Phen (40 mol%) N
L p—\ 2 un
Et,0, 80 °C R
10 examples R2 Ar
32% ~ 52% yields 60
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R* R
eo\®/[ o] 7 CsFoequiv) R
U o oo

/\/‘\ OTf MeCN,r.t. R4
2 .
S R SiMes 32 examples

49% ~ 92% vyields

=Y

58

59d, 75%

59, 72% 59f, 59%

B 23 N-fidE-o - ANME RIS 2 A LT ML &)
Scheme 23 Construction of nine-membered heterocycles from
N-vinyl-a,f-unsaturated nitrones

R3

_N-0_ R zn (dust) (30 equiv.) . HO_AR
. Y5 HOAG (30 equiv.) R | A
R | —— > R3 Z (12
B % DCM, 40 °C N (12)
R2 R 7 examples o R? R
59 45% ~ 78% yields 61

2020 4F, TEASTIREABPMRIE T Yb(OTH; fiEfh
N4 255 - o, B-AN VL FH i ) 5 S0 PR 5 2 DR e 8 2 [3 + 234
/(3,3 FEHE R GO RE, DL R I ) 7 28R vy A 0T ki ¢
ME T A =EAFHER ORISR IR EY 63.
38 FH I 7 V0B T 2 U T A R B 1 G A
JUICHE A H)(Scheme 24).

[H4E, &N fh e fl B DL N-J F-au - AN T AN
i B A0S F O3S PR TN e oM R ORE R R T — RhoB B
Yb(OTHs-FI WAH SR B B, ES A, PAR AT
M7= A A WOk R S R T — RIS AT
O RIEZ ST ILE N 64 (Scheme 25). i# L F- 14
FEPE B RAK R AL PR 75, #RA] LASEIL & AT
P H0 A TU TG IR I A I BRI B 1 . A
FUEA LI, PN ee W RIE 99%; i fE
PyBox BCARS, F2HI) ee fH W] LLLF] 73% (Eq. 13). ik
Gb, XFFTE RO FR AR A LT IR IS A B A i A
FRY, O—O0 X E AR SLICH AW LDV B
KM, —HE R e E PRI T RIF bt

RIGTE.
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Yb(OTf)3 (20 mol%) 3
COR TBME, rt. R~ COR
33 examples R4 7 R1

40% ~ 82% yields

63b, 67%, 12:1

Ph 63e, 66%, 20:1, dr =1/1

63d, 68%, 1:20

B 24  N-JidE-a f-ANERHE AL A LT &1

Scheme 24  Construction of nine-membered heterocycles from N-vinyl-a.f-unsaturated nitrones

R® Yb(OTf)3 (20 mol%)

o
4 J ® o
R\/\N/ + ~__R  EosinY (5mol%)
s, 17W white LED
R TBME, r.t., in air
38 examples
32% ~ 82% yields

64f, 67%

64d, 51% 64e, 66%

BRK 25 N-fidE-a,f-AERIHERE L ] WG R LT &)

Scheme 25 Construction of nine-membered heterocycles from N-vinyl-a,f-unsaturated nitrones through visible light

Yb(OTf)3 (20 mol%)
PyBox (20 mol%)

Me\)\® 0 /_f Ph Eosin Y (5 mol%)
/\)\/\ withe LED (17 W) Me
TBME, in air, r.t. Me >
07

(13)

B Ph o
64a
O = (0]
</, N 0 70% yield, 73% ee
N N
—i PyBox
© 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 4547
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ik SR

X N ALEEATEE T, AFEE N T RE ) SATL
FFN(Scheme 26): & 5%, Yb(OTH); 123k N-JFE il 5
FEEIR Bt 62 K AE[3+ 2130 0 s S A5 2 Hh (Al 44 1, 4R
Ja, HEAE 1 3ET3,3]EHAE B AR LTI EY) 63.
[E]B Eosin Y WIS A] WG RIIA MUK S Bosin Y*)E, 5%
AHECOYIATREEAL Y R LSS ('0,), Eosin Y*
N B FAERES. Ba, BAESE(O0)EHAY 63 FIM
K5 350 53 23 T ASE BRI — 3 3o [ 4 4 203 M e Jsz o7 A= e 2
I EA G 64.

R‘l
EWG
R' o _ \)\ .0
= RZZ N
RZ\/\%/O 62 //)_ZA [3,3]
| ] i EWG
= Yb(OTf)3 S
X Ar
Ar Ar [3+2] \\Ar
|
R1 /N_o
EWG
+ R2
trans-63 Ar
minor

*Eosin Y

%0
2
white
[4+2] X ><—W LED
102 Eosin Y

Bz 26 N-Jidk-o, - AN A 8 1L A] O U8 LT e
A S SRR

Scheme 26  Proposed mechanism of constructing nine-
membered heterocycles endoperoxides from N-vinyl-a.p-
unsaturated nitrones through visible light

222  N-FiH-a p-T~haFe sl BA A E o AL &40
2018 4F, BAERHHIgkEEARIE T S L i%

1l N=Js -, B- AN VAR A 537 P IRAE Bk P N—
O BEWIR I N, LAR A5 % QAT 7= 54 il DY BRI i 65
(Eq. 141 3,5- “HURSEREREIR 66 1k 5 4(Scheme 27).
AR E e ] 2 k. B, 455, TR
VU2D e B4 i 1 — 208 B F M DAL AR L. 37 & B
T XA AE S 7 S S A — 8 T 115 A
H.

R4 R3
l & FeCl, (20 mol%) R4
e N7 (14)
R* 3AMS, i-PrOH, 80°C ]I
17N 2 R' R?
R R 31 examples 65
23% ~ 76% yields
Me o
FeCls-6H,0 (20 mol% -0
Ve | (;\?/o 3 2 ( 0) N| R2
| 1,10-Phen (40 mol%) R!
R1)\/\R2 THF, 80 °C 66
21 examples
R 66% ~ 98% yields

B 27 FRUERERK S A L1 5k

Scheme 27 Synthesis of isoxazolines and Ligand L1

S S R HLERHEAT RIE TS, A N-Ji o, - A
AR 5 5 8k AL B A I, R e KB T
PISERZ R, AE R afA K. ik K B G &4 N—O
BT, A BT Z L, SN EERAID ML T IR
13 2R NI ML Hh (R MUBEAT 43 7 A SERZ I U R, 15
PR N, 55T BB Bk (D AL IR K, 152
WERE 65. 55— J5 T, & K ZEBR(II AN 1,10-FEMS kA
TR O, R85 O /KM RCH IAA P, #% 5 ]
A P 3t — 2D K AR T B MR 66, [R] INPRETECRN ™= M0 Q
(Scheme 28). 7£1% W AR (T {EE AL AT BEAEL % 5 30T R
R AR R SR

| R R
lo & o & ©_o |
N80 [Fe] o3 /O\ R N— FeCly*6H,0 2 q H,0 ®
RN R¥ N . | L NN ) S
N I R R21,10-Phen )\>~R R )\>~R
1 RZ 1 /‘\\ RZ S —
R R X D R1 R'I
J  [Fe] K [Fe] o P
\ FeCl o H,0
R3 R 4
4 4 R
NN R N2 R R4—\>N § R R? {LW N-0
- /
| . 2 NH_ _Q__ 3 \ R? R2
4 = R2 R‘] R R3 - R (0]
R O[Fe] R [Fel R' H H
65 [Fe] + H,O N M L [Fe] 66

B 28 5 A UL IE AN 3,5- IR S MR fse 2 AL 2R

Scheme 28 Reaction mechanism of synthesis of polysubstituted pyridine and 3,5-disubstituted isoxazoline
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2019 4E, PEASLIREHHRIE TESEALT N-JG
S -o0, B~ AN RIS T R e S R 2 1 ) M R AT RN,
XS PR A i T 2-Ie e B 1 p- N BB AT A2 68. 1%
N AF IR, BAT R R TG E w  X AR HEx) k
WeEEYE, BB R 7R B 1 1AV 7 N (Scheme 29).

I8 I 0] e R MLER R AT B AT, e T R AR HLER
(Scheme 30): B RERMELE T, 7RISR AE )
&R 67 NN N-J-on p-ANLFI RS, & A SEAZ N
SO R TR AR R, HEE A7) 5 R AR OUSER B A 73 21 v ]
S, Ak S 1 E-JRERER R A0 T W IME OB, £33
a4k T; Ak T #ET N—O 4248, 53tk U,
U &J)j 6n TR BIREA V, )5 V REREHA
AR B 2-ME e B p- N ERRTA4) 68.

2020 4F, ZREHBIE R E TN N-M2E-o,p-
ANULFIRS R 1) 5 F R RS IO, Bl T 22 BRI e 1
& 69. IBITZITIEA =B B 36%)" 245 51)15|

WA I B . B T PR i S I e S S T AT
REFR S SEATLER. 2 B AT 3R AT e g Bl %, HEF45r
PEF(Eq. 15).

R3S o R®
) . o\ R
Rt @ 0 Ni(CIO4)* 6H50 ( 30 mol%) m .
| 4A MS, DCE, 100 °C =
Ar’ WAFZ 24 examples Ar' Ar?

43% ~ 71% yields 69
H
N

|
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Scheme 29 Construction of y-lactones from N-vinyl-a,f-unsaturated nitrones
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Scheme 30 Proposed mechanism of constructing y-lactones from N-vinyl-a,f-unsaturated nitrones
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