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Zhou, Honghao

Abstract Due to their high ring strain, aziridines readily undergo ring-expansion reactions, reacting with various unsaturated
compounds to form heterocyclic compounds. These heterocyclic compounds serve as important scaffolds for drugs, natural
products, and bioactive molecules. Additionally, they are valuable organic intermediates with wide-ranging applications in
medicine, agriculture, chemical engineering, organic synthesis, and related fields. In recent years, there has been a significant
increase in the synthesis of heterocyclic compounds using aziridines as three-atom synthons, resulting in a rapid advancement
of research in this area. This review aims to provide an overview of the most recent [3+2] ring-expansion reactions involving
aziridines and unsaturated compounds, such as olefins, aldehydes, ketones, and nitriles, over the past decade. Furthermore, the
prospect in this field is also discussed.
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Scheme 1 Pd catalyzed reaction of alkenyl-substituted aziri-
dines with a,f-unsaturated ketones
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Scheme 2 BuSnl: catalyzed the [3+42] cycloaddition of aziri-
dine with 1,1-dicyanoolefin
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vinyl aziridine with a,f-unsaturated ketone
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Scheme 4 Pd catalyzed [3+2] cycloaddition of aziridine with
indole
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Scheme 5 Rh catalyzed [3+2] cycloaddition of vinyl aziridine
with diene or dienamine
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Scheme 6 Rh catalyzed intermolecular [3+2] cycloaddition of
vinyl aziridine with alkynes
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Competition experiments using alkenes with different electronic properties
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Scheme 8 Ti catalyzed [3+2] cycloaddition reaction of N-acyl
aziridine with olefins
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Scheme 9 Mechanism of [3+2] cycloaddition of N-acylaziri-
dines and alkenes
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Schemel0 Pd catalyzed dearomatization [3+2] cycloaddition
of vinyl aziridine with electron-deficient indole
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Scheme 11 Rh catalyzed [3-+2] cycloaddition of alkenyl aziri-
dine with alkynylamine
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Scheme 12 Rh catalyzed [3+2] cycloaddition of vinyl aziri-
dine with silanol ether
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Scheme 13 Pd catalyzed [3+2] cycloaddition of 3-nitroindole
with vinyl aziridine
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Scheme 14 Pd catalyzed asymmetric [3-+2] cycloaddition of
3-nitroindole with vinyl aziridine
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Scheme 15 Rh catalyzed [3+2] cycloaddition of vinyl aziri-
dine with alkyne
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Scheme 16 Pd catalyzed [3+2] cycloaddition reaction of vinyl
aziridine with sulfonyl indole
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H
55 56
R1
R%%I%E??a
|
2 N N
R R soa2
57
B 17 HEAANE e R R BE S5 BUTER A X FR[3 4213 E

JEa
Schemem 17 Asymmetric [3+2] cyclization of racemic aziri-
dine with Hantzsch Esters catalyzed by Cu

NIERL, BT 2 o BRI B 3 H-RE S R I -
13-MEM BT AR, Fedeid, XTGBT e s
ik 81%, dr>19 11, ee>95%). 1£JNifk &, k%
X 45 A B R, U AR MO . R i 4
AL BRI S B AR A 35 52, 9 anaty A7 2- R B A 4

PPh3AuNTf, (2.5 mol%)

SO,Ph o O
/A< COEt + ©< Dy(OTH)4/L6-RaEt; (5 mol%)
Ph CO,Et A 4AMS, 35°C, 14h

1,2-dichlorobenzene

58 59
O CoEt | O
"wf—COQEt I owe NN o]
N : \\ ,o_ _o\ N
“SOPh ! N-H H™
Ph : R R
60 i L6-RaEty R = 2,6-Et,CgH3

B 18 AN AL B IR T FERTBRE A AN KT FR[3+2]

AL
Scheme 18 Au/Dy relay catalyzed relay asymmetric [3+2]
cyclization of aziridine and alkyne
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PINE LL AT 4-F Bl 4-G00E P 1) U A e LA B i 1) ST
(ST EEIC

2022 4, Dubovtsev BT K T AL AT R EL
(75 KA R AR 3 LA R DS B ¥ 3H-AT 2H-1tE
W XA RO IR R T S 2,2-HUR 2H-ER
I A E AL I 5 (Scheme 19). % VEEH T2
R AR, (AN 2H- 2430 A e il AYE H b
FEY 3H-MEIS A5 2 FNERS 3 467 51 N AR i 1 AN 55 7 e BUAX
B, W SR IR 0 B Al A R i sz M, R
=HANEY B R EL 98%. weA], %N AE[3+2]15F
IMEGHEAT, 3R4ME T S-EIESH-MES. EE AR
G S A AL Ay 5-5 dE-2H-ME N, ELAE 4 S R rh AT

(1), BRI = T RS R.
2R3
. R s ()HAUCl (5mol%) R R4
R AR R PhClrt, 24h
N + RA—=—N - R \ RS
N b (2) BF3+Et,0 (1 equiv.) N~ N
PhCI, 100 °C, 1 h bG
61 62 63

B 19 SR FAFA (3 + 280 S5
Scheme 19 Au catalyzed [3+2] cyclization of aziridine and
cyanide

1.2 FELEEBEEL

2012 4, Shipman BREZHBHRIE T # 5 WrR M 1L 1
FH L R0 TR WE (D [3 21 R I 5 1) 26 — M8 -F-(Scheme  20).
3-HR 2RI R SEE BF»ELO fEHEE N R4
I3 T POFR N s I Sk il 48 i =X 22 AR, 3-8 44 WA [3,3,0]
FEht. TERAMET, K LEAR TR H A H
3 A5 S5 S R 0 st FE A ST AR R BRI /N, H
FE A% 1) 7= 6 R %o BRI 8 1 R R 2.

Ar X\ BF3*OEt, (1.5 equiv.)
DCM, -30 ~25°C, 15 h
N—Bn+
NaBH4 AcOH
n THF, 15 h
N~

Y|e|d31% 9%
R D g B
}N—Bn
H Ar
65

Ar = C6H5, 4-MeOC6H4, 4-CF306H4

BR 20 ZJBFERAIR P T A [3+ 2130 0k
Scheme 20 Intramolecular [3+42] cycloaddition of vinyl aziri-
dine

2013 4F, Aggarwal 150 2H PYTE =0 2548 F R H
Mgl AL 3-HTHE 207 5 B 2% 34 P e o A AR DT 34 SO,
Bt e 5 s T R AT AR B A = B Y S s
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0 R =) (Scheme 21). %6 B 7 V2 6] B = s H B A
PRF5 R WO B 127 A3 5 T A5 S R B LR AT T K
F AR, %Y B AR & R R 25 A
B, W) 32 N T AR50 R T i e .

0
RO,C Mgl (1.0 equiv.) .
\f j\( L7 (10 mol%) _ & X
CC|4 r.t. N R
|

CO,
Ts g9
- \NJ< R =H, Et Yield 62% ~ 63%
O R'=Bn,Ph er 50:50 ~99:1
R1

NH HN

th th
B 21 Mgl MEACERIA A BE S 1R K [3 -+ 210 B b
Scheme 21 Mgl catalyzed [3+2] cycloaddition of aziridines

with alkenes

2015 4F, EIUReEHP TR E N T AR -2
TAE IR, BuaMg 1EREALT, HEALTE BEHIEAA A
Jre 5 5 R A [ 3+ 218 1 RS S5 S 1) 5 A 6 - s I T A4
(Scheme 22). fERALIFATT, A FALE FIHARIER S M
SERWALARE, 24 3-FHIEEMER) C4. C5 8 Co Al
A ANTE] PR A HCREE IS, SR AT DA AR A5 7 R R )
AE0F Il 126 A FIOGS R ase Bk B2 AR o0 2 AR 3R I ke = ). 9%
1M, C-7 SLHUACHING R AE 2% S MNAK 2R T AL R, 7

Qumlne (20 mol%)
R! A (20 mol%)

BuzMg (20 mol%)
N-Pg + A\
p-xylene, 60 °C
N
H H Pg

R1 = alkyl Yield 19% 81%
R = Ar, alkyl dr=20:1
ee 2 87%

(@]
Pg= "X =
o o
7

Quinine

B22 B NIRRT BT 5 C3-Je ks Wk 2E[3+2]
R0 RS B

Scheme 22 Mg catalyzed [3+2] cycloaddition of racemic
aziridine with C3-alkylindole
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A, (EZATER B8 LU S 0 =T B 536 P A X Bl 32k 3¢
PR B 5 B AR,

2016 4, Maruoka ¥R ZHBOHRIE T 14 VA A B B i
B H BEE AT, AR RRARS 2 R R
[3+ 2138 4 & B, IX 52 — Bl A Rl i s e 1 B B 26
(Scheme 23). R FLLA(CFsS), NMEAH], TER AR
MR IRAG T — BRI e 2(61%~ 96%) R e AE X itk
PEPEQ3 D 77~75 1 25 dr)MEREERTAEY). 1% B
RINEVRNEE, K755 FE s R rIA B A
Wi 5 0277 26, (ELE - X L S B KR, B T
K ITFRTEDFIALAE 2 h W5ERK, B FIa (i 4-351
T L) IR R e L K ) S e T R/ B e D A 71
GURE. RIS CMIERE . BT b L 0 B Bk a0 B
o U E TR RS IR SN, 435015 B A R
B e AL . % N AR RIE RS FH T & B 6
P, DU 7= 2 (44%) A R0 AE T REAL I & #0475,

Ts R

CgF5S), (5 mol%
N + RN (CeF5S)2 ( o) Ts—Ni/
W hv =

benzene, r.t.,, 10 h
37 73 (1.2 equiv.) 74

R = O'Bu (73a): 74%, d.r. 55:45

R = CgHs (73b): 23%, d.r. 63:35
B 23 (CeFsSy AL 2B IR b5 2 Bl i3 +2]
E7N AR

Scheme 23 (CoFsS)2 catalyzed [3+2] cyclization of vinyl
aziridine with various olefins

I|3n
B N
Ph \N coet Ph” 76 “COEt _
Bn\ /\ ’(—
N—(" \ NN
Ne N R R =H, Me, Et, /-Pr, N\\Nf ~Bn
N t-Bu, Bn
77c o
50% ~ 84%. MW, 150 °C
10 ~ 15 min

Pinho Z5C7HRIE T 1-(1-FFE-1H-PYmE-5-28 5 —
WA 3-FA3E ., 3- AN 3- AT AR MIAE B A A R 500
N-"FHE-2- 2K FE IR -3 - R B U Ik, g C—N iy
A, RPN AE BV HR L (Scheme 24). X T-7E C3
LA%&XEM&%%(W DY -5- )R AR, e A FE R
BUT 2, 4-30 R L e Joe (S0 3 T Ao A 1) 10 2 Y k11
(34213 IR T 3RAS . J5 35 2 5 0 =X -2- 248 FH g i - V-4
O353R EE R IR T e SN A il 43I0 FR R ILE s e, 17
HHANGIE N AR 4-3F LS BE. R4, ORI
HPRIE T 3-HUREIR S IR A R [3+2]
IR B, SR MR T — M ERE N ARG S &
A5 5 [A] (4] Abk v 5| AT AE W) (Scheme 25). 1% I M id
YO, Wk B KRR AT R R
[, #BHE LA 45 2540 5 (38% ~ 96%) Y 7= K AE Hh f# 4F
KFWLEFNEQ @ 1~6 1 1 drfFEIXI N F=8). 5 PART
Je Lewis FRIE A HIRIEAR I, b TAERE 148 BT BE
PR = T fe 15 A S| W () e D 22491, I BLERER T Mgl
L HH N—H.

2017 4F, {H/N S BV IS T 2,2- B4
FIRT 5t 5 22 P AR 3,4- S0 MHk R A0 EL Atk T 2 075 I Tk
FIASST FR[3 -+ 213F I Bl SR (Scheme 26). 1 Dy(OTf)s/
N,N'-Dioxides/LINTE AL R G0, 35k 7 &Fh )\ Ui
TR R AN 3-H AR e R LAY, A%
B R B (RIA 94%) A R AP SEARE (R T 19 1 111

I?n
/ﬂ\
Ph COPh
!3n
/\ N
R =H, Me, Et, Bn |/
N’ 77a

72% 95%

R = j-Pr, t-Bu HCOPh

PhACOPh 77b

76 43% ~ 65%

B 24 1-(1-FFE-1H-DYMe-5-56) 7 4 5 B BE I [3 + 23 s e
Scheme 24 [3+2] cyclization of 1-(1-benzyl-1H-tetrazole-5-yl) propadiene with aziridine

£BUOK (2.75 equiv.) R
I I BEt; (2.75 equiv.) R1_/ | I'
L\/ T THR 25C XN N
H R
79 PG =Ts/Ns 80

B 25 WIS QIR FEE I TLTIRI[3 + 20300 U L
Scheme 25 [3+2] cycloaddition of indoles with vinyl aziridines
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R2 0 Dy(OTf)3 (5 mol%)

A Y

N,N*-Dioxides (5 mol%)

|
N PR
R3 N\ COR? J|\ !
C02R1 R4 o/\RS
35°C

81 82

\ 3,4-Dihydropyrans

C-C bond cleavage | 1-Methoxylethenes

LiNTf, (15 mol%), 3A MS
1,4-Dioxane, Cl;CMe

oz Rs :
< — i
N_g 0 | Q +
| & N_‘/\\\-N
R4 P O _ 4 0
3 C02R1 ! \\N /o O\ N
R N° CoR?Z | A H H™N
R2 1 N,N"-Dioxides
83 i

24 examples
up to 94% yield
up to 95.5:4.5 er

>19:1 dr

BRI 26 HEHEAL RUIR I A -5 20 Al bt ot A A P30 ) e 1 ) AN R R 3 4 21 A S

Scheme 26 Dy catalyzed asymmetric [3+2] cycloaddition of aziridine with pyrans and other ring-opening enol ethers

drl, @ik 1% ee ). 1EmMFMT, BHIRIEEN
FEL - M X S S AN K, EL R 8k 7 LY = 2 F e
ER AR N L I o e SR B 9 DS S A | 22
EICRMR, B2 & BTG ERAR ) 6 ALEUR) 3,4- =4
MLt REAR AT 12 5 OB, H AR =W B A 5 i AR R B
EEIE(>19 0 1 dr).

2018 4F, Vidal i @41 MR8 T 1E B S W R
[Y(OTO:IMMEAL TR, SEIL T MR 5 A4 A bE R N4 %
kI A5E S A (Scheme 27). Ar! Al Ar? 77 45 HEL T3 [4]
IR R 2 5 RN, DLRIF 200 R 17 2645 21 5 A e
Y(53%~84%).

Ph Ts Ts\ CO,Et
| ) o N CO,Et
& N co,Et Y(OTf); (25 mol%) 2
Ph"SCy,  * T aAms A7 s A
Nt Ar2 CO,Et N
r DCM,rt,24h  PH pp
84 85 86

B 27 RS EARI BR324
Scheme 27 [3+2] cyclization of imine with aziridine
2019 4F, JREFEEERIERIE 74E In(OThH; KIMEL T,

2-(2-(1- 2R ) 231 F ) P I i 45 1) R I
(DMSO)RAT domino M, %743 N #2580 38,
IRIG PTI0G3 — R 2- 2 | W
AW (Scheme 28). %M EAF BRI E 6%
P, MR MIEE AR L (Me. #-Bu. Br 252 LIEH %
FHAREE(NO, Fu Ph 8RR IF IS 5 N, DA™
FEANAEXS WO B AT 2 H AR, B IR A AR

Ts o

'{l 1 AN /TS
In(OTf)3 (20 mol%) R2— NH
_— =
2 N CO,R! /
L

DMSO, 90°C, 2 h B ]
C02R1 R102C/\COZR
87 88

B 28 AL R EE 2-(2-(1-FF A L) 28 0 FR ) Y — IR TE 1)
[3+ 213k [ Jvi

Scheme 28 In catalyzed [3-+2] cyclization of dialkyl 2-(2-(1-
tolyl)phenylmethylene)
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RN 236, IERE. FRE. IETRAE, W
SRR E IR HEXT WOEREE(>20 1 1 dr) FIBS PR A
772 (> 60%).

2020 4, BN RIE TR R B S 0T
TR TS B B AL A TSR AR B, FER T —Fh
B TR R 5 VoK B O M IR AT A2 90, e BE 7E IR
SR 1) IS S TR 15 B 25 AL g IR AT 2E 4 (Scheme 29).
757 42 o 5 VU SR R 2k R 3R _E 67 A % A B 3 [,
CEBERHAE . WL W SHEFE. JEAMERLE RE
I 52 1, DA A AR B R U7 28 (45% ~ 67%) AE AR B
M MR =), 2K Ce R R B IR B T s B 5 il
BOK, BlanmsEE . mene B AR AEAS B P2, %07V T T
SLRIBORSESS, [ MR R, KRN EA S SR,

Ph

TS Ts .
DCM N
£N§ + =——ph *+ Ar—N,BF, N N,
Ph 40 OC, 60 h N—Ar

Ph
89 90 91 92

Ar = p-CzHSOZCCGH4

B 29 FIRI A FES I7 HMR 57 3 RN ST & w2
Z373A

Scheme 29 Metal-free cascade reaction of aziridines with ar-
ylalkynes and aryldiazoniums

A4, BRI R PR H IR E 1 n] WG R &
I FE B A IR T e 5 0 12 B [3 + 21384k [ B (Scheme  30).
X R DR T 5 TR E AR B
FHIE AL, W15 FNLERRF 7E 3R B, Jelf =R A
B 5 OIREAR ORI E Rk, £ c—C
A C—N BRMITH, WESEEREME. [FN 560
H S iR AR b, V38 10 75 St e 1 ARk
AR R A 7). S B BN, 1 VR I B A S
[0 FR - T B S DA 0 0 B R ), AL
M TEH A B E BB TTRE TR g, Haz )z Bk
FARA R, R EHMAR M (Me. CeHs. p-BrCeHs 55)
PRI S TE R R, R JE [ &R s B P S,
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ik SR

X B F= FR ML /N, BELL 53%~ T 1% 7 242 BAH B
IF=0. — ZR 40 95 FiE 20 J2E T (B i M T A0 938 47 I iy A
() 20 k) th 38 A F ok e AR &R, BLRGF 7R R
(59%~86%) 4= 7= H brr=4).

1,\']3 Ir(ppy).dtbbpyPFg (0.5 mol%)
\/u + R2N NCR catalyst (20 mol%) NTs
K,CO3 (0.2 equiv.)
R 40 W biue LEDs, CH,Cl, R?
93 73 rt, 12~24h 94
Ts
NH
ji
Me Me
NCR catalyst
B 30 T OGREAL IR 2 ) B3R T e A0S HE R JE 8 T A 30
PRES M (3 + 2R L

Scheme 30 Visible photocatalytic [3+2] cyclization of vinyl
cyclopropane and p-tolyl benzaziridine with olefins

2021 4, IR EIABRIE T —M &R LT
T MU A YA ) N-F R R AR S S IR R [3+2]
IR ML (Scheme 31), IXANERAE fif B 1K 77 A H T
PERERR E HBRN 090U T S BAL 8 (TBAD/E N H & 2
I, XEGEREMER R3S T 2R 20 e fe i ki it
B G, WL MBh 5Lk, B TBAL JRA7AE K
[f) TBAL i T N-Ts ZURFAA b oG8 5 BT 20
i, —RAWHEEET. PR FRE TR R
K ONF e S E AT T I MR B, BAR
U () IX e B M RO 7 ) 7 26.(46% ~ 88%) 15 1 T 2,4-
THUARIE R B, B Pt b R EAR I X s R R M A
/N, fiE DL AR S A 77 2R (69% ~ 86%) 13 2| H bR 4.
[A]4F, Poisson BRARZH I A T ML % H R BLEE A AL p-Y
R (4 773 %0735 0T DAAE — 50 S B R MO i 1 326
$%$m%yW%% [ SR 1 AR A A R T e

AR C—N B2 [ 3% 48 1 RO B R N s (C=C
wC—@%ﬂﬂﬁﬁﬁmﬁ\,ﬁﬁ%Tﬂﬁﬁﬁﬂﬁ
e Afa e e, 3 — 0t T IRYE AR, BA
B v (1) 8% FF A 54 (Scheme 32). HLiZ e Nk R BA BT
(0 REATR 321, *HF R A 22 Rhi o 7 Al By 7 3
T #1565 1o 1) 77 2.(66% ~ 82%), [: T Xof Fild 35 2 5 ke
WRIT A PN R i = 26 KR R B%, 23 A 47%F10 15%.

2022, Ghorai BRARZHUOHRIE T 18 # B 2 oK 6T
I B(DROC), TE % 5 Wik (4 K v A i & 44 20
Pt 5 5 A W P 2 A R W 3R AT [3 -+ 2134 I s B
SR 3% 1 v M A R B N A e 5 ] R AT AR )
(Scheme 33). ZAERBEWIHAEZFE R, X TH RN
PBE 7 J 35057, 5 Al L7 A RE DL R 47 AR 7 (1=
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Ts.
N
a2 | N, R? TBAI (1.0 equiv.) R2
N Ts—N:r NMP RIS
blue LED, -70°C ~ Y\ _~
95 9 97

B 31 N-FIEEEIR I Be 5 R R [3 -+ 213 0 B b
Scheme 31 [3+2] cycloaddition of N-methyl aziridine with
olefins

0
R4 CHala(2 equiv.) 34 2=-=O R'
D\j" MeLi (2 equiv.) N + Lil R RN R2
-75°Ctort. A rt
3 3 5
R R R RS R®
98 99 100

R, R? = CgHs, Et, cy-Hept; R3, R® = aryl, vinyl, 2-alkyl, Me; R* = Ts, Et

BRI 32 L E LA R - N B

Scheme 32 Direct synthesis of y-lactam from imine

' H Ts
©j\> LiCIO4 (20 mol%)
N CH3CN, 60 °C, 6 h
101 102 103
yield up to 86%
d.r. up to 99:1

B 33 %5 IR A A U e L A T PR T A R 3
+2PME R

Scheme 33 Lewis acid catalyzed [3+2] cyclization of aziridine
with indole with electron-withdrawing group
(74%~86%) AN Bk FE (85 © 15~99 1 dr)f53 3| H
FRPE. [FAE, TRERESEWIT R T — Mo 5 N [3 2130
Tk, EDFERUCER AL T IS A RS IA T B S ok F T
MR B FR N ER, A ROt R A 1 % 38 B 2 (Scheme
34). fEZRNAR R T, RN BRI R R B kit 2 R
B, ML LR AF A5 1) 245 2 H AR (82% ~
96%); ML Ff) R* AZEIA UL R S B 45 R0 58
M, £ A e 977 3 (60% ~95%) 49 21| H A7 =47,

SO,R?
3 5
R\,;/::‘ i N R Riozs\ R
4 . i o 7N
i | Lil (20 mol%) j @Z
EtOAc, r.t. 47 N7
' R* ™~ CO,R!
1 1 2
R'0,C” “CO,R COR!
104 105

B 34 WAL AL U IE S Bk B AR R A (3 + 23R I

R
Scheme 34 Lil catalyzed [3+2] cycloaddition of aziridine with
electron-deficient olefins
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2 FAAFARSE C=N, C=N £R[EMLE
MR N

IK P 5 A — R B LA AR D T 1 R AR P R )
R A S5/ 3 7, N, Alclneine A1 Isoalclneine
TELERE LR TR e S 38 S A — B 7R )
SRR IS, AN, BATEMREE MU A Bl
2 DL K VRO AACRT (1 40 75 S5 A RG22 Dh e Al i i
R, 72 RH¥ R — B 80 TR A6 R
21 TEEE#EK

2012 4F, kR RIREHWHRIE |75 Y(OTH AL E
N RS C—C B 5 RAEB+215 0
FRAE R 22 B DO K W 2 1) J B (Scheme 35). TR 1% %
iR, R AT AR R N-0F R S ok
BRI e I S AR J 82, 38 3 0 I B kAR AR A
i #3 AL Y(OTH; FH &N 5 mol%, 4A MS 1EE I
A, £ 1,2- =R LKEDCE) T =ik &4, &N ATE
53 85%IP= KA T 20 1 UAEXT Mtk 0. AE Rt %
R, & TS T AR AR N- 3 L J v
BRI ER R E, EREENE, SERE
FHL B B8 A1 100 S B AT BUARAIL 5 R Ao e B . X
AFEHAREE A AW AR A EATIEAS T R/
FHEXT i B 1

Ts
N 2 Y(OTf); (5 mol%) | COR
+ﬁ W« CO,R
A~ NCOR T N DCM, DCM,4AMS. rt.
COR R!
81 106 " 107
R = Me, Et, i-Pr; R = Bn, Ph; R2=aryl, 2-furyl ~ 65% ~ 98% yields

dr1:1~20:1

B 35 FCHEAERIA A BE S LR A A [3 420N B R
Scheme 35 Y catalyzed [3+2] cycloaddition of aziridine with
mine

2014 4F, Hanamoto 14/@i2H RIS 1 7E AN [ 87
AT, BLTiF AE AL, AL 2-(= 90 3 )-N- A
HRAIA TR SIE B3+ 203N B RE, 45 2 1 AH R
A-( =G P AE)-1,3- K MR, 7 AR A, B R X
WP (Scheme 36). FERRNZEAT T, 113 % N
BUREE RIMERUEAT 7 HIE SR, IR ) A o A A3 A
AR T 2O P77 2R A R U, (R B A KRR
T RIS 5 R A B SN ARG, A RFE ).

2018 4, Campagne PR #IZH SR IE @ i 3 1 A~
C—N BT AE T FRBKE AL & ) (Scheme 37).
ZR NN, ORI E AR AR N-
TR S i A A T [3+ 20 IS . FE SR AR 26 AT, Tt
PV Jre A0 AR 0T e B 45 SR T B S 5l DA
K177 2 (89% ~ 92%) MAR X WELE FEPE(LL 2 1~14 1 1 dr)
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FsC

~Ts TiF4 (5.0 equiv.) FLC R
N+ Ron TiF4 (5.0 equiv.) — Fy \(_7/

80 °C, DCM
108 109 110
one regioisomer

35% ~ 93% yield

B 36 Bl 2- =50 FH R -N-0f F AR 5 s PR T e 5 M
FAI03 2RI

Scheme 36 Ti catalyzed [3+2] cycloaddition of 2-trifluoro-
methyl-N-p-toluenesulfonyl aziridine with nitrile

R = alkyl, benzyl, aryl, heteroaryl

0 0 0 0 R2

\ 7/ \ 7/

PN o _S. =
0 IN Ts Pd I(_P;h(32)40(1 0 r_no)l %) O""°N
N R2 iCl (2.0 equiv.
X + X N
1 P THF, 12 h - ' \
Rl A TN

111 112 113
ER 37 U LIEEE AN SR N-EREE R A T
[3+ 213 0 Al B

Scheme 37 Pd catalyzed [3+2] cycloaddition reaction of vinyl
aziridine with cyclic N-sulfonimide

RN F=Y, R RLE L R ZEF(H. Bu)ll
SRF AR XS WO BRI SR BRI (dr=2 1 1), {E& AKX
LI G A R, VR R I, 248 2 A) 57 LA/ )
FEHIET, R LiCl VB9 inin) o] LA s 356 iz 3 1.
u%#%asw,%ﬁ9@@ﬂ#w%ﬁﬁﬁa:rw

0:1 dr)orE T &AL ke R 59, R4, é'{ﬂéz
Eﬁ'% AR IE T — BRI A B AL,
*HWV%%MME%EEB+MHM&&V®mmw
38). TEZ AR, H5mEm) &AM EURIECR S, 2-28
Foo TURERIE. 2-MEWYRL . 2-FRIERRMERE DR 3-M5|WERL)
X SN REMETE R, LA 81%~99% 1177 A1 91%~98%
ee FEM NI INEY, X2 — Pl B (1 43 1R LAk
PEVE[3 2130 Al s 2. X b ikl i T 1 R R S,
PLEIE 99%HI =2 A1 99%H] ee AL 1% MR A4 & SRk
B E. sesh, Pl DUt — B B e 1G Bl — R4
IR PR T KA.

M
Me [Rh(NBD)Cl,] (5 mol%) —/
Ts N AgSbFg (10 mol %)

N
LS DCE, -5°C, 12 h Q)fRs

RY "RS

21 114 1156

B 38 BEMEML BRI S L ATAE Y R A 3+ 23R I
S

Scheme 38 Rh catalyzed [3+2] cycloaddition of aziridine with
ketoamine derivatives

22 EIEEBEEKL
2019 4F, Singh HREZHRIE T 1EE A LA 48/
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Lewis MRIGMIIZMT, BL 1,8- & A XIA[5.4.01+—
Be-7-Ks (DBUYE A AT, & IRAERRIR Ok AT TR
IR 55 TR I B9 WL A DX I0RN 37 R i B M 22 K I
V(Scheme 39). %7 2 NUEIR] & NEI%-3,3"- 58 05 Wk (1)
ARG T TSR, B RGN BOEREEup to
99% ee)FIF=H, HiZ 7 RNt K ILE AN e th I REA
R, B R XA S R B

O,
N-S,
> R CN .
N DBU (1.5 equiv
Z =N CN  DMF, 4AMS, 25 C

R?
116 >99% ee 117

R~s\02

\R1
118 >99% ee
B 39 DBU LIRS A3 5 (3 +2]- 3 I p U v

Scheme 39 DBU catalyzed the [3+2]-cycloaddition of spira-
zaheterocycle with malononitrile

3 FAEAMAKRSE C=0 X EMUEYRE

IR A e e A 5 20 o o oM 245420 o R L ) B R R
oo, BAT ZMHEME M. s,
U IR MRS AT e R . DRI, TR R
T AT R B 2% AT B RSV A e T ) 3 85 A 0 A T ¥
FEH L E.

3.1 TEER#EL

2015 4F, 7R BRI HRIE T 2 fLB R B SR
N R, FERFI AT, B AE RS, A
FINATAT] B AL T B T P, 2 A B R b
COL MR FE P e B 2K 4k & P (Scheme 40). 7E AL
AT, ZIRPBIE N T 2RI b, PLEre AR
UF I PR R AR R RERE e R SR AL A1, ER KA FE
Ags B I HREE 2 7= R AR, MR 42t mT RE Y S B
BLEE: AFIREE PO H P iR 7 iE i &l 5
BN LR, TS T B W L5 75 [FR,
W E R A WL R EFLR T CO,
ST IRIER ), AR TIETER COy; A5, EPE
AT IE T R A IR T Bt SR A Bt A e B R I, A
J&, IS N IR BRGERE B R, A AT
MEREAET KR, &0 48 R, 7mEE(60%~
96%), XIREFEMELF, UL 93%~98% = %43 3 H b5 /=4
121.
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R2 o] o]
N ZrHEDP (5 mol%) P _R2 J Re
+C0p ———» O N + O N
- 100°C, 8 h — [ —
R1 y
R R’
119 120 (2 MPa) 121 122

R = Et, n-Pr, n-Bu

R' = Ph, p-CICgH,4, p-MeCgH,
B 40 ZILBFRREL S E S E S CO2 3 +2130 1
SN

Scheme 40 Porous zirconium phosphate catalyzed [3+2] cy-
cloaddition of aziridine with COz

[F]4F, Nguyen S5FCHRIE T 78 JoAT ] Bl A0 77 ) 2%
fF, (Salen)CrCl {4k 24 30 T B A1 — S A0 Bk i ie %
PEARERAZ B 5 HUARIEME LB ¥ [ . (Scheme 41). [F]fE
I T B SRR o Y S I TS O AR A O e
SONALEE: S A iR EH] 5 (Salen)Cr'™t b5 A, X Fh
T A T VR A BRI I A B AR A B DA T B
(Salen)Cr"(ZE A IR N bE 2 28 R TG ) h (A4, SR )5, &2
FH R 6 358 20 1 — B B AT A A8 A% 5 T BAAE 43 F
W EE N AR H AR, &5 EREE=Y
(Scheme 42). IX7E TN 2% B0 P4 Joe A0 — 80 A0 i i K
HIE AL 72 R — T8 1.

_N\C /N_
r
/1N
Pr By o ¢l By o
N Pr\NJI\
Bu Bu O
0,
+ CO, 1 mol%
CH20|2, r.t.

R R
123 120 124
R = Me, OMe, ClI, H, Br

ER 41 BRI S e B A & 5
BRI A5 i
Scheme 41 Cr catalyzed highly selective coupling of aziridine
and carbon dioxide to produce 5-substituted oxazolidinone

2016 4, Morgan VRBIZHPHRIE |8 — A nTfifk H
BB RAFXTMGER R Heine M. 1% N2 7EAR(IT)-
TR EVEREALTR, S TR BRI R B R A
T, AR R A A W R bk S5 AT £ R e AT AR )
(Scheme 43). fEIZJ VAR, WEMEME F 1 EACEENS S b
77 2R (62%~ 82%) A BT S U RE I, B T ek
(85%~92% ee) L2, S AR IA TN ft b ) HUAR LT
77 AR AN WL M HAT R e, G s A AR PR
Fe A DU SR ] AR BRI N e BB TP 2N, H
ST X B R4 77 2 FRAK(66% ee A1 32%); 15 FHER )t
IR e ] 25 B0 77 3R (40% A 30%), Xof B % B Al L
1H45(98% ee F1 92% ee).
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O (o}
RW&; mwﬂb —er
+
124-a major  124-b minor

—Cr=— =Cr—

i !

O (o}

(e}

‘\-/\N * F’r~N/\L

COo,

=Cr=

O=c=
120

/
Pr 123-a
124-a major 124-b minor
=N_ N=
SN
—cr— =1Bu o ci ‘Bu
Bu Bu

B 42 B SRS IR DI A — S 1 S S LB

Scheme 42 Reaction mechanism of aziridine and carbon dioxide catalyzed by Cr

R1
L8 (12 mol%) R
O 1 2
R N Pd(OTf), (10 mol%) R Q>_*2§ﬁ/R
3 I / \
NG ) R®  toluene, CH,Cl, R N N’O
o] r2
125 126

0

)
0 P(Ar),
o P(Ar),
.y
0

L8
Ar = (3,5-t—BU)2-4-MBOCGH2

B 43 AL ACHERE TR P 52 2 240 T I AL
Scheme 43 Pd catalyzed intramolecular cyclization of aziridine
of oxazoline

2017 4F, JE G EZHSHRIE T (Salen)Col 255 ¥1E
N FoET B e AR, AT AR R AT B 2% A R AL
CO, SRR BB, AR R G ITEME A
K7 W)(Scheme 44). TERALKAET, BAIA A HETIZEIAR
RV R s R AR S S AR TE R, HR e
DAL 7 F2(76% ~90%) 3 2 H AR 4. 255 BUR &
TN e AZ TTAT I, BL 40% 0972 2 45 B H brr=4)

2018 4F, SESLUREHISIIL T S B AL e i
BRI NS S o, B- AN FIEE () 524K AL (Scheme
45). WP LI FL R W], IX R SLAR AL R T e
WL T BB AIREACHAT I, FE 1% NAR 2R
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A (2.5 mol%)

(0]
g2 PhaPs L, 0

N 2.5 mol% J
. 2
N o+ co, —@8M%R) o7 hN-R
R! neat, 25 °C, 48 h \
1
19 120 R 121

B 44 B SR S R S BRI R AR I S R
Scheme 44 Co catalyzed coupling reaction of carbon dioxide
with terminal aziridine
L S G LT R A AR TR PP R L R R Y R AT g
) 7E 5 S AT R AR 524, B 5 1 77 22 (90% ~
98%) FIxt LIk 1 (88%~99% ee), fH& i Bk & 1y 1
A e B AR IR T e 4 SR, RN, % Fh 05 L AU R TN
FE AR T #2255 OB, A D0 S 7 2NN I a6
P, (B T 70k [ (o 22 ik [A1) 75 22 S e E I T RS
HEALFII . BRAY FI S 2 3R A5 AL SRR . AR 1
FEEAATY ML SO BRI AE X Mg B, DL IR AT )
SN SFAASE 1% 710 RO B B B/ A T S M e e 2R 4K
EYIA BT
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BilLE
Ts [(CH3CN),Cu]PFg (2.5 mol%) O JAr
N R_cHO (S)-BINAP 3 mol%) R j’
toluene (0.05 mol/L) N
Ar 23°C Ts
122 123 124

B 45 2-(%) 07 E-N-HURIEIBE G S o, f- AN RN IR S7 A4 e
ee

Scheme 45 Stereoconversion of 2-(hetero)aryl-N-toluenesul-
fonamide with a,f-unsaturated aldehyde

2019 4, Matsubara UREZH 00K % 5 W ER HE 14 1
TA A RN WE M e Ak S W i T R R Xk B
PEREERT BOE BN, TRIFR TR T2k e &
YDAE N % S 1T A 751 0 2 2 3 TR o R 22 2 2R 1)
BrFEAL BV N (Scheme 46). fEREAIET, BA%H
T IE (1) 5 2 T e AR g g e 1 350 1 DA v = 6.(64% ~
82%)FIAEXT B IEFEIE(S © 1~50 © 1 dr)f5 FI%F R Ry s
BEr= 4, AR P ot () R B350 s A 25 P L RN 25 H
T, R sy, DL R B0 RS Bk £

PEB 1 1~50 © 1 dr)Fl RIF 72 2(73%~82%) % 2 H b
FE.
R2 R?
! 0o [Fe(TPP)ISbFg (1 mol%) N o3
N R
R T RIORY CH,Cly 25°C, 1 h 1£O>'/"R4
125 126 R 127

Bz 46 Benbmh S S BN B A L S I3 +
21N AR
Scheme 46 Fe porphyrin complex catalyzed [3+2] cycloaddi-
tion of aziridine with carbonyl compounds

2019 4F, Gallo SR AhATTCAAE HRIE ) <5 Jm AT AL
B N-fe RS M be-2- B 1K) 75 kAT TR, R ILE R
BT A BOR BURF, H R T DU BE I BR Y 5 15 )
TPPH,/TBACI f{L1& R (TPPH,= U 2K 1R ijk, TBACI=
VO T AL AL B A e A AR SN, A A
N-Je HEREME G -2- B, HL s B KRBT (Scheme 47).

R2/=—
N >
N\ / TPPH, (1 mol%) Q
_TBACI (5 mol%) _ )\
R N + CO,
Ar' Ar
128 120 (1.2 MPa) 129
Bl 47 TPPH2/TBACI fi 1Lk R B4R T e A1 — A Ak ik
[3+2130 1k

Scheme 47 TPPH2/TBACI catalytic system catalyzed [3+2]
cyclization of aziridine with COz

2020 4, Gallo WRARZOPHRIE T Lhm kBB My i
AR, fEA AR R e A — ST B I A o 1,3 e -
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2-fifil(Scheme 48). 1% AETRAIIZEAE T, FeAlExt N-
P, N-"RIAN N-JR TN R BRI b, A 7R BT i
T, FRER T R

R? 0
N CO, (0.1 MPa) oA
[TBA][FeBry] (1 ~ 2.5 mol%) N—R2
X B R
1
R CHiCN, 16h,25°C R
=
130 131

B 48 BRI B HE AL B AR IR T e AN — S AL B B IR
Scheme 48 Ammonium ferrate catalyzed coupling of aziridine
and carbon dioxide

32 FHEEEHEL

2012 4F, Chai PRAAHRIE [0 N-JRH R
(NHO)f# Ak S AL BTN N-Xo 2R R A 3R T e &
& 5-EUARRERE e -2 - [¥) 75 2 (Scheme 49), [FIR, {E# &
HEW] TiZMEATIAR R4 COx 5 1,2,3- ZHURE IR A it
AN RS B, ELAG 4 v 1) DX SR ST AR R, 2R T
AL 3,4,5- = HUARHEME -2 -1

NHC (20 mol%) o) o)

R1
KOBu (22 mol%)

+CO, ———— = 0T \-Ts + g
N& 0,
N Nge DCM, 80 °C R1J\< >/1\R1
R? R?
101 120 (2.0 MPa) 132 (major) 133

R1= Ar, n-Bu 73% ~ 82% yields
R2=H, Me, Ph Regioselectivity: 86:14 ~ 95:5

B 49 AR RN CO2 5 N-W F KRB IR e
flg 2
Scheme 49 NHC catalyzed the reaction of CO2 with N-p-to-
luenesulfonyl aziridine
2013 4F, Ikariya BREZH4F| H NHC-CO, &1
NIEFIRAELL CO, SR BN, AR T 3-HUAX
] 2-IEE 5 B (Scheme 50). NHC-CO, In-& 404 COL e
FIEAI R F(NHC) LR Bk - 2- SR IR AL &4, 7T LA
fieHE CO AL HEVAN [ R EE A R I e, 159 21107
Y RA A5 B R P 2w IR . Ak, ML

o ge)
R NHC (5 mol%) . o 0
N * CO; on RN TO ! t-Bus
2-propanol, 90 °C : +
VAN prop / L\/N—t-Bu
134 120 (5.0 MPa) 135 NHC

40% ~ 92% yields
R = t-Bu, Bn, CH,CH,OR", H, Ar, Bn, thienyl, C(=0)Ph
CH,CH=CH,, Si(CH3),[C(CH3)3]

B3 50 NHC-CO: in&#tt CO, SR EHR NI +213F

Tk
Scheme50 NHC-CO: adduct catalyzed the [3+2] cycloaddi-
tion of CO2 with aziridine
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ATLLE R 6 IR LIS TEA 252

2014 4F, Bhanage BfH411OME H B8 M ThRgtb 1
MCM-41 {Ef#4LF, L CO SHRIHANEBE, 153
FHNLP) 5-75 55 -2-WEME e B 1) S5 . (Scheme 51). 1% % M.
RAETH 5.0 MPa JE /1. 40 C4M4 FHHATHI, ST
ANFBRE B A et Ty RS 2N =), BA
ERITS = R AT I X IR . Ak, b 7%
AT 5 R, WAL IS T A Rk T AT B S BRI

R2 0

N Functionalized MCM-41 (25 mol%)
R'—<] + CO, 0J<N_Rz
solvent free, 40 °C R1J\/
125 120 (5.0 MPa) 136
R =H, alkyl 60% ~ 99% yields

cat.: 14.5 mol% amine functionalized MCM-41 Selectivity: 91:9 ~99:1

B 51 CO» SR M befi &

Scheme 51 Coupling reaction of CO2 with aziridine

[FI4E, S2T ORI LLH JE T (SCB) AT KT Ay fi
5, FETARMTEFIRITEOLT, AR FLA CO,
LA R 5-HUAR ) 2-BEMe 5t i (Scheme 52). SCB 172
SAR N EBEOA, Ik 7T RN, I s Y & T
FIL U R RN A AR R T B 2 R i O
H, EAEAGIE TR A B Rk

R SCB (2.5 mol%) 0
' Kl (2.5 mol%)
N +co, ———— RN

120°C, 10 h
Ph ' —
Ph
137 120 (2.0 MPa) 138
Yield: 10% ~ 80%
Selectivity: 92% ~ 98%
Regioselectivity: 95.5% ~ 100%

R = Me, Et, Bn, Cy

BI= 52 HEA LS ML BRI A A CO2 S8 A BN
M i

Scheme 52 Synthesis of oxazolidinone from aziridine and CO2
catalyzed by SCB and KI

2016 4F, Bhanage MEL7FF K T LA N-Z3R 412
(NHOYE A—Fh ¥ BUA WL, 7EIRAN A& AE T AL
F IR TR B 5 R AR SN A TR e e i 2K Ak A
(Scheme 53). TEHMLAM T, ZRMATEEIA AL LK
FRUREEA R AP 20, DL R G 205 107~ R A
S0 X SR BB A AN () 5-05 B -2-BE M e . 2%
WRE R? FER IR/ B AR 5= s m i3, (H
SR LB RN CO, JEF1(4 MPa) L K $2 w N Jk FE
(60 C)RIEm HArr =M= 2. ke A T2
B ARG BERBMCARE &, 8k (6 FH 5 SRR ik
Ab, RIS AR IR NAE TR T
U 4 SR AN TCAN IR (0 26 A R AT
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[\

$2 R1/N N\R2 /[<O
N T 0
+ COp —— N—-R2
X 3h X
R'T Ry
= =
130 120 (2 MPa) 131

B 53 N-IRMIE ML B AR I 5 — S8 B 3 n ak
Scheme 53 N-heterocyclic olefins catalyzed the cycloaddition
of aziridine with CO2

2018 4, /NIRRT DY R AR R 5
(CDCs)J CO INEH, I HIZHEILIR w70 5 i AN 1
L AR AT AN G A HEAT T RAE. BC FRidi —
SR 1 51 NTESE 1 AH R R AL A TR . B AL i
CDC-CO;, hn& Ykt J5 i FIAE 2 Dhae A MLt ), H
T CO, SRS RIS RL, PRI 30 71
T2 2E(51%~99%) FHHE = 1) B e A1 52 A2 B 2-WE it
fi 132 (Scheme 54).

. £
| B (10 mol% 2 2
N + CO, B(10mol%) " N\-R2, OJ\N/R
1A 80°C,12h >_/
R R1 R1
125 120 (2 MPa) 132 133

Regioselectivity (132/133): 90:10 ~ 99:1
Yield: 52% ~ 99%
R' = Et, "Pr, 'Pr, "Bu, Cy, Et, Bn
R? = CgHs, p-MeCgHy, p-CICgH4,
p-BrCgHy, thiophen-2-yl, CH,OCgHy4

B 54 FRHASEE CO2 N
Scheme 54 Addition of aziridine with CO2

2019 4, North PREHAOMRH | —FhAE IR AR S
AR, RIS BRI e SR A R M B A
M7 7E(Scheme 55). ZMNA BIFHI X R EENE, KA
RS BB R & ik b, Sk B IRRR T iZALE
R, I DL R G 3 e 7 2245 B TR e R S A & ).
PR AR ] U E A, I T RSP 25t
IEVVIR. 2R SAHE M ARIE, B RYITEE )T,
PFIFBRAR AR R TSR . 1R
Wxf SN HLERREAT THEFG: BRI AL 125 5BEY) C
Mg TR A D, HA BRI C—N #ah
fik, HEZMR. A)E, PlEE D ERKK C—N #
AL PRI PEAT W BT IR, 1320k E. A E 5
AR R AR R AR F, A F BT DAOGER AR R
MebE i 132 FF FAE M ALFT] C (Scheme 56).
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ik SR

P (e} (0]
' C (1.5 mol% 2 2
N + CO, %’ O)J\N/R + O)LN/R
50°C, 24 h \ / {
R! R’ 1
125 120 (1 MPa) 132 133

Regioselectivity (132/133): 86:14 ~ 100:0
Yield: 72% ~ 91%
R1 = C6H5, Bu, oCt, 4-MeOC6H4, 4-C|CGH4, 4-BrC5H4, 4-N02C6H4
R2 = Bn, Allyl, Et, Bu, cyclopropyl, isopropyl, tert-butyl

'Bu Bu

Bu O\EII/O@*’BU
RN
v =
el
By o'o By

Bu By
C

BR 55 BRI AR A BE B IR 5 B e e
Scheme 55 Oxazolidinone synthesis by the coupling of carbon
dioxide and aziridines

R
0 AL N
J R | JVAN
_R
o °N Cl R 125
)_/ (od
R 432
R
O-AIL 5-
o=C 55 AL
R#/N‘R' R” ~_Cl
Cl) F o
_0
o’/Cw
& AL Co,
R N-g
c E

Bl 56 LG AR E IR IR BRI s R
Scheme 56 Coupling reaction mechanism of aluminum com-
plex carbon dioxide and aziridine

4 FEANARSE C=S X EFUEYIRE

WE ot A G ) T IZ AR AE T & P s Ik 2 AR
SRR 4R SRU0, HAA BRI AEE Y. filndt
Gy P PERL R AU, HIV-1 30 FRE 02 g i
FEPEIRRE AR R AUPVSE. DRI G T My T AR W ) e s
A BTV R RS T TEE AL 2 AN F .

42 FTEEBEHEK
2016 4, Ghorai H-AEHTMHRIE T i81d Lewis BRI
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BTl AT T AR A BE 1 A D A TR TR A o
S FEL R DROC B, &R T — FR A 2- 7 2 e
W24 A& W) (Scheme 57). 1% 5 A 55 2 B IX 38 A0 3744
FESEME, DUz R Sz, OF BAZ SRS AR T 24 i)
e 2-T L FFEme itk G4 o . [FI4E, Punni-
yamurthy @2 7SHRIE T AR AL R IE AL 1 F R R R
P 5 S SR ES O[3+ 2 I B 82, 78 T 0 ) 44 A
TEWT 2-TWaFEBEM LT (Scheme 58). 7EHAR MR,
R FJE . 2 FERTRR Ji 1) S o TR i e e I 425 SR TG
TR, PL96%~97% ee Fl 76%~87%MH1 7™ %45 5| 54,
FRMEMLGEAT A ). R2 BAr A TR RARRIEA
O 28 S AR 32 1 0 4 20 T3 e AR B AR A b ik AT S B, DA
99% ee Fll 69%~83%I117= %19 E| H brr=4.

SOAr BF4°OEt, (20 mol%)  AT02% "
N N TBAHS (10equiv)  po N~Nogs
AN O R CH,Cl,, 0°C Kfs
R? R 2Cla,
23 examples R!
134 135 136

up to 99% yield
up to > 99% de, ee

R' = CgHs, 4-CH3CgH.4, 4-BuCgH,, 4-FCgH,4, 4-CICgH,,
4-BrCgHy, 2-FCgHy, 3-FCgHy, 2-CICgH,4, 3-CICgH,;

RZ=H, "Pr, allyl, CH,OTBS; Ar = CgHs, 4-CH3CgHa, 4-'BuCgH,,
4-FCgHy4, 4-FCgHy4, 4-NO,CgHy, 2,4,6-(CH3)3CgH2

R3= CgHs, 4-FCgH,, 4-NO,CgH,, 4-(OCH3)CgHy4, Cy, "Bu

B 57 B 5 MR A A &5 5 3 S T e A e 68 S5 R
fi& (¥ DROC Jz )i

Scheme 57 Lewis acid catalyzed the DROC reaction containing
aryl aziridine and alkyl isothiocyanate

R1
_s '32 Al(salen)CI (5 mol%) /N
R1‘N‘C/ ¥ A CH,Cl,, 23 °C P
Ph* 14~ 46 1 P N
135 136 137
R'=alkyl, aryl R?=alkyl, Bn
B 58 LIRS FHEEAAA RS TR AR 1
[3-+ 213 I pk s BE

Scheme 58 Al catalyzed [3+42] cycloaddition of unactivated
chiral aziridine with isothiocyanate

2021 4, Latour @ ZH U K 1 — 2% XA B 1)
IR O EL A AR 2- T 2 SR E e A5 1) % 28 (Scheme 59), H.
ZIR LR — W R R SER, 1A T A R, PR
MRS A. %M T, WE I LAESENENAT S
139 SN A PRI, NG HS 140 M RCH FR
PR, ABTE 2R AR R A R IE BRI/, SRR R TG
RS T RGBT HEA, M SFE=R TR
FEAER AR, S E RN 1) R3O 4-F AR, B
DA HR A5 B R 4T 1 7= 2645 2 H FR P2 (28% ~ 75%), 114
RN 4-T LR FE | R HIEEEE . 2B RS AE) H AR = 4.
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Fe(OTf)3 (5 mol%)
In(OTf)3 (15 mol%)

CH,Cl,, 25 °C
overnight

X
+ PhI=NR? + R3-N=C=S
R1

138 139 140

R2
N/
)=N
S \Rs
1
R 141

B 59 XA IR IR 0 B A AR 2- M0 2 e et
Scheme 59 Direct synthesis of 2-iminothiazolidine from p-
substituted styrene

5 BR&EE5RE

RIET4E, P2 UEFANIBM S T RIS
AR EPEI[3 219 3 S, F PO S oA
WA, JFHAERTT IS TR KR, JUH R R
WA RE S BRIEI 7 T 18/ 93 T A [3 4219 3 R
USRI 5, B ke N 91 s AR B BLAE
MR BB RIS PR, ARREIR IS 5 S, A AT
JERAITR) N FHIES ] A PRSI, AN e ) 0 A A e AT R de 2
ARVEH), TR EBRE . WA S5, ML R 2 A
WA TARKIEED, Wbl s 5 iR AL, ¥ 218
FER) S P RN HEAL S, I AN TP R T I Al
PIFH DL RIS S A IR R R, —LeBRth m R &
J AL TR AE AN T b AN . 8L 1 7 B R i B 1
WBE A BB, & A0 TR I 10 & AN T
B, BORHR i 1R ARG S, AR KRR
SN T N 2 REE A ST R, (AR T T UL A AR
FEVF XA it R . BN ELEAE A AL & s
TERA. R RE, ME LS E . R A
TRk, BEACRIEA NS e, B/t PIRA
BT TR, Pl AR 2 2 iE AL R AR R T e, 1K
TCEEHEIN T 5 BRI RIS JIFIRRAS, TFR AT IR 2%
INGE N 1A 22 7R BRI AT, B A, X T
TR TR BEIA NS L PR 40 (0 TP P A A AR AN s, B
A [ B RLAR 2R B AR 2 07 V) e i) 2, X AT RERZ 2R
IR BT E UL EOT I R IR R AR ], 75 22
TR TS RO BC AR AR 3518 5 (0 < SR b AT T gz, DA
T BE1F 2 i 40 O TR PR S Y. SR BRn
B, BT ERELAIRRRNARR . [ 55108
ORI AR 7400 B DX s 38 2 RN A M 4%
S5 R ) UE M AR . Ay AR SCE BN R
BEI[3 4219 30 ST SR — LE S AN .
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