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Recent Advances in Cycloaddition Reactions of Donor-Acceptor
Aziridines via Carbon-Carbon Bond Cleavage

Chen, Zuliang™*

Wei, Yingjing*

Zhang, Junliang™?

(* College of Chemistry and Bio-engineering, Yichun University, Yichun, Jiangxi 333600)
(> Department of Chemistry, Fudan University, Shanghai 200438)

Abstract There are two different ring-opening modes of aziridines: ring-opening of aziridines via carbon-nitrogen bond
cleavage, and ring-opening of aziridines via carbon-carbon bond cleavage. Among them, the reaction of aziridines via
carbon-nitrogen bond cleavage has been reported in many reviews. The cycloaddition reactions of donor-acceptor (D-A)
aziridines via carbon-carbon bond cleavage in recent 20 years are mainly summarized. Under some proper catalysts, the
ring-opening of D-A aziridines via carbon-carbon bond cleavage yield azomethine ylides, which can undergo [3+n] cycload-
dition reaction with aldehydes, imines, alkenes, alkynes, indoles efc.

Keywords D-A aziridines; carbon-carbon bond cleavage; cycloaddition reaction; azomethine ylide
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g
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Re Ak ARk T 2. AR, R TRk JLT4E A,
izéfﬂ%%%ﬁﬁ P K ridts. HE 2004 4F, EE
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equiv. ZnCl, /£ N #E57(Scheme 2).
HE 2011 4F, KR R/ANHPHRE 7 788 24
T, EREERN R Z R Y(OTH; 7] LA/ D-A & 44
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[3-F21FR AN S, T G VY SN s AT A 2 )
(Scheme 3). L))" HER FLR I, Toib M5 7
FLHTHUR I D-A B, 268 DA S5 2 R IF piesR
BN VY S BT AN, Ak, T EHER
Wi, ZISERYIE AT LUAI D-A B4R bE R AE PR IRl
M.(Scheme 3). 7EMLIEEAN -, 1% /N I B AT g AL
Peh TR BV, B SR Y(OTD: SE A
HIBEIE 45 & A R AR TA. B2k 1A HiERAE C—C
W 3R A= 4 SR A7 ) I Ji i ST A R R IB, A0SR R
H S A TCEIK, R RS B O3 i AR R 7). TsNH-
CH(CO2R),. WA A RFIIN T Tk L EK, %
Hh e AR LA B LT 3,4- AU Mo o TR A 1,
B 5 A5y N RIS BRI 2, s AT FiE
£ (Scheme 4).

2017 4, EECNHCOHRIE T D-A BRI WHE
- BEWT R 7 T IR IR B, 7E Sc(OTH); 8% SnCly
AT, D-A BB O i S48, 12 37 AR A
3T N I FEHE R R AR 321 IR SNz, AT A4 —
RYNGERE F B n 2 A E 22, (18— K2,
B 1 05 B B IR TR e A N SR8 0 kAR 3
TEeah, Joe ik BRI AR BRI e At v] LUK A 43 L ER
B B (Scheme 5).
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|
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5 co2
w
B2 25 W T D-A E 4R b k- Wi
Scheme 2 Lewis acid-promoted carbon-carbon bond cleavage of D-A aziridines
CO,R
CO,R
T Ts OR | wa
4 +
a—<) co,r YO EmMI) | AN~ S 68% ~ 85% yields
DCM, rt.,, 4 AMS x._Y(OTf)
. 3
CO,R RO” O COR
R? A
68% ~ 70% yields

B3 Y(OTH: AL T D-A BIAF A BEAE R [3 + 23RN 5
Scheme 3 Y (OTf)s-catalyzed [3+2] cycloaddition reaction of D-A aziridines with alkenes
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Scheme 4 Plausible mechanism of [3+42] cycloaddition reac-
tion of D-A aziridines with alkenes
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Scheme 5 Lewis acid-catalyzed intramolecular [3+2] cycload-
dition reaction of D-A aziridines with conjugated dienes
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G TEA B Ak 2 2 w8 DL B &
RRAIER, AT LA SR A S B WAL A B = TR
EW. BRI DU T D-A B IR A R I0 R B
WL 2011 4R, FKk1R R/NHBRIE T Sc(OTh); itk F
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Scheme 6 Sc(OTf)s-catalyzed [3-+2] cycloaddition reaction of
D-A aziridines with methylene exo-glycals
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JR N

Scheme 7 Sc(OTf)s-catalyzed [3+2] cycloaddition reaction of
D-A aziridines with alkynes
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Scheme 8 Auw/Yb(OTf)s-catalyzed [3 2] cycloaddition reaction of D-A aziridines with alkynyl alcohols/amines
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Scheme 9 Lewis Acid-catalyzed [3+2] cycloaddition reaction of D-A aziridines with aldehydes/imines
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Scheme 10 Fe(OTf)s-catalyzed [3+2] cycloaddition reaction
of D-A aziridines with indoles
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Scheme 11 HOTf{-catalyzed [3+2] cycloaddition reaction of
D-A aziridines with nitriles
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Scheme 12 Y(OTf)3-catalyzed [3+2] cycloaddition reaction of D-A aziridines with 1,3,5-triazinanes
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Scheme 14 Mgl»-catalyzed [3+ 3] cycloaddition reaction of D-A aziridines with 1,4-dithiane-2,5-diol
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R 15 GA(OThH: AL T D-A BAIA A KEAM NN-"fe FE-3-J A 1A [ 3 4 3 1AMl S 1
Scheme 15 Gd(OTf)s-catalyzed [3+ 3] cycloaddition reaction of D-A aziridines with N,N-dialkyl-3-vinylanilines
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2H-PR IR [2,3-c]PHk i SR A0 G . A AT T3 Xof 2 A T e e S
FINLERHEAT T WP IR R, RPE eI Rt 7 LR AL
i OE5E, D-A BN GEAERL B E ] IR P AR 1, o

Ts
0,
COR + R—N=¢ 01D @Omok)
Ar toluene, r.t.
CO,R (2.0 equiv.) 14 examples

R=Me, i-Pr, +Bu  R' = £Bu, -Oct, c-Hex

'Il's
- 0,
CoMe + Ad_tize _Y(OTNs (20 mol%)
Ar toluene, r.t.
COMe (1.5 equiv,) 7 examples

Ar

RN

[3+3] cycloaddition reaction of D-A aziridines with $-(indol-2-yl)-a.B-unsaturated ketones

[k VIRATRE, & Edb B i 8675 6 1) D-A ZA
PAE R TR T, AT AR B TR AR T, 28 JS i b A A Ok A
5T NI 5-exo-trig A A A TV, BEJE R A5+
W RIS BRI =Y 2 H-FRIRI[2,3-c M s I 1Ak 57
P4 (Scheme 18).

4 D-A BT AREENAIIRB+n]FFMAR
-3

4.1 D-A [AIFE B A XTFR[3+ 238 B &2 Rz

FHAEGMEERY . TR EMBINA. REGMF
PRI A AR S5V 2 5 THVRR A BB IR 3. A X R
G BFENEYEE A AR FBEZ—. D-A &
TR E A NLA BT, 75638 1 5 B AT d
BT, 0] DURDAS [R] (0 2 A8 AR 7 R 2B A 0 Fik i
k. Bilan, 2016 4, E/NH/NARSHRIE T D-A B4 A
e R (AN TR [3 + 2 PR I AR S B2, 12 S A AdATT /)
R JE T A AR R % 5 iR Nd(OTh); R, 7
LINTE BI /1T, BLEE 98%MI 70 B 72 A1 94% ee {H 15
B — RF|F R RER RS &P TR RV, BEHE
KM EEAIE IR H AR I7 5, 4 R B kit %
RN R A, FAh, B O H R A e 5 1% B
(Scheme 19a).

Ts Ts
N_ CO.R Ar_N_CO2R

CO,R  + \ /[ TCOR (@)

NR' R'HN NR!
4 0~98%yields
4/5: 1:20 to 20:1

Ts Ts\
N_ CO,Me N_ CO,Me

CO,Me Ar CO,Me (b)
NAr? NAr?
6 49% ~ 76% yields 7

6/7: 10:1 to 20:1

X 17 Y(OTH: AL T D-A BRI LEAN WU [3+ 1+ 11803 + 110 RS M
Scheme 17 Y (OTf)s-catalyzed [3+1-+1] or [3-+ 1] cycloaddition reaction of D-A aziridines with isocyanides
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Ar/ur CO,Et DCM, r.t. ‘ CO,Et
CO,Et 11 examples AN COLE
50% ~ 65% yields 1s
5-exo-trig
,Ts OEt cyclization
Ts P (| OEt \ o~ Mg
EtO EtOzC —Mgz+
M
N CO,Et g an OFt
CO,Et N7TT>co,Et
T Ts  CO,Et
OEt ;3 (Iv)
N
S
. r
MgZ(y7 EtO EtO,C OEt
OEt Ar'
@y 073 CO,Et
M 22 | Mglz pll CO,Et
90" okt Ts
U]
CO,Et
Al CO,Et

B 18 MgL b T D-A ZAR AT D-A B P32 IR0 RS2 B FEALBE
Scheme 18 Mglz-catalyzed cycloaddition of D-A aziridines with D-A cyclopropanes and their mechanism

$2 Nd(OTf)3 (5 mol%)
R L-PiPr; (2.5 mol%)

3
R/Ar 2 + R°CHO LiNTf, (15 mol%)

COR CHCls, 4 AMS, 35 °C
R = Me, Et, i-Pr R3 = Het/Ar
R"=Ar
R? = SO,R', Ms
(3 C
O=" N‘/\\' N
= 4
i-Pr I (ol -0
N-p’ “y-N
i-Pr i-Pr
L-PiPr,
Ts
N
COR' 4  RrcHO Ni(ClO4),°6H,0 (5 mol%)
Ar 1 Ligand (6 mol%)
CO,R
B 2 toluene, 4 AMS, r.t.
= CH,tBu R< = Het/Ar, alkyl 24
examples

CHO
Ni(ClO4),*6H,0 (2 mol%)
h ( CORT Ligand (2.2 mol%)
1 igand (2.2 mol%
| COR toluene, 4 A MS, r.t.
R' = CHatBu Me
401g

oj><(o

| |
e
Bn Bn

Ligand

RZ
l
R, (N COzR @
’ a
o—. CO5R
R3
28 examples
6% ~ 98% yields
55% ~ 94% ee

( CO,R! (b)
o—/ CO,R!
_2
68% ~ 99% yields
69% ~ 96% ee

T
;
Ph, (N COR ©)
CO,R!
CGH4-Me-p

4.28 g9, 85%, 93% ee

Bz 19 D-A G GE RS AR FR[3 + 2100 s 52
Scheme 19 Asymmetric [3+2] cycloaddition of D-A aziridines with aldehydes
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—4ESE, KR RANHPHRET D-A BEAA K
FEE IAS XS RR[3 -+ 20 I e e Bz, A AT 148 F 7S 7K A i i
T B RN - M L R A b A R A A% B, R LA 68% ~
99%[KIF= H A 69%~96% ee E15F % Rl HUA () T
MEMBRER. [FIREHE, 22 30 A B IR b4 2 (] (Donor) A g
RTTHE. AL, R BRI R R A, 1%
S N HR REAR I b & 2E (Scheme  19b). A T 3G 1Z AN KT FR
D0 R S M, AR ATTIEAT T Sl O 2%, A
F 2 mol%f# A st vT DAL IZ RN, BL 85% ™ Z A
93% ee {E 13 FIAH N K F I I EC = #)(Scheme 19¢).

4.2 D-A RIIFALEFIEIE SR H R FRS +2]5F
TNk & B2

2017 4, H/ANH/NADBOVE R T 5 B R
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BB BT R AN 3,4- L M A7 A= P SR PR R M Tk A
VIS RR[3 + 2038 I s B2, AP 5 1R A o I 5 1
1 20%~94% L P . 43%~91% ee HIFE]— R FIHL
RGF A=), (E15 102, BAFF B A
FHRHER T 53 LIAN, R AT DL s, P Rt
FURW, 24 R RS IERIER, ZAKHR[3+ 2 Ik
SR DU AR, ALTS AR B B 1 (dr > 19 1 1),
20%7 2R A K 43% ee (EASEIAH N IR IR = 4. DU4E

J&, H/NHBUBTE T D-A FARFE A b 42 ik — ik B W 2R
75 SEIRBE AT FRIA IR, 1% ) N AE PPhsAuNT -
=9 R PR L DL T AR B AL R, =R AT,
PL1,2- “ &AM, 2 mol% NaBArf A1 4 A MS 1F 9
hogRl, e LA 81%MH5 B = A 1A 95% ee {HATH
MM TSR ARE IR LAY, JROT B
T, 0 AT HE B T SRR B 4- DR EBERT,
XRUEYF D-A EAI LRI AS TR0 RAS
A & 42 (Scheme 20).
4.3 D-A REIFELFBGIEEAXTFR3+ 2T Mk &R
v

2018 4F, H/NHI/NHPHRIE T D-A BAH A IRE
TR — TR BT LR 3-FA BENg| S & 0 B AN X AR 3 s 1
DAL [3+ 21 INBUR B, %R BELE Ho(OTh)s FIFPEZR
B T, LA RIETR, 4 A MS NENING, #3215
FhEUAR ) T 7S S [3,4-b] 5] Wk 254k & ) (Scheme
22). Wk i R B AR, ZN TR 9 N
P AR X IR B EER IR B(dr>19 1), LA 35%~85%)
R 74%~85% ee (EAFBAHXT LA FR IR =4, ANt
2 R BLHE FEERT, i EPRNEE P AR Ok R
I R(dr=3 : 2).

==Y R4
R . O
O=E=O X ; Dy(OTf)3 (5 mol%) X— 0 s
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o /A ~COR N f\/[ L.z s : Ioo) 1 CO,R
COzR R 07 R4 INTE; (15 mol%) R™ N to,r
R' = Ar, pentyl 3AMS,35°C 0=$=0
2o Ar penty R* = H, alkyl 1,4-Dioxane/MeCCly R2
R3=H, alkyl X =Y = H, alkoxyl, -CH=CH- 24 examples
20% ~ 94% yields, > 19:1 dr
O . L1: Ar = 2,4,6-PryCqH, 43% ~ 91% ee
O~ %?/\lISN O L2: Ar=26-Pr,CeHs
Ar/N‘H/ ‘H’N\Ar L3: Ar = 2,6-EtCgHs
B3R 20 D-A BRI KE R I A FR[3 42038 I Bl S i
Scheme 20 Asymmetric [3-+2] cycloaddition of D-A aziridines with alkenes
R PPhyAUNTY, (25 mol%)  R-Z | :
| R 3AU 2 (2. ) e o) | S
0=8S=0 \\ OH } o N CO,R : \|
i \ Dy(OTf)/L (1:1, 5 mol%) COR |
N Z 2 | L +
COR N NaBAr,F (2 mol%) N, ;1 O NG AN o
Ar N A o SOR" | = o- -3
CO,R 4AMS,35°C AT LN A . N
R'=F, Cl, Me 1,2-Dichlorobenzene 21 examples LA H H™ Sap
1 = ' ' L [—
R Ar up to 81% yleld i L: Ar = 2,6-EtC6H3

up to > 19:1 dr, 95% ee
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Scheme 21
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CO,Et N R?
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Scheme 22 Asymmetric [3+2] cycloaddition of D-A aziridines with indoles
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(Scheme 23Db).
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Ar CO,R = R
O
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Scheme 23 Asymmetric [3+3] cycloaddition of D-A aziridines with aklkenes
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