
Registered Charity Number 207890

Accepted Manuscript

This is an Accepted Manuscript, which has been through the RSC Publishing peer 
review process and has been accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, which is prior 
to technical editing, formatting and proof reading. This free service from RSC 
Publishing allows authors to make their results available to the community, in 
citable form, before publication of the edited article. This Accepted Manuscript will 
be replaced by the edited and formatted Advance Article as soon as this is available.

To cite this manuscript please use its permanent Digital Object Identifier (DOI®), 
which is identical for all formats of publication.

More information about Accepted Manuscripts can be found in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the text and/or 
graphics contained in the manuscript submitted by the author(s) which may alter 
content, and that the standard Terms & Conditions and the ethical guidelines 
that apply to the journal are still applicable. In no event shall the RSC be held 
responsible for any errors or omissions in these Accepted Manuscript manuscripts or 
any consequences arising from the use of any information contained in them.

ChemComm

www.rsc.org/chemcomm

ISSN 1359-7345

Chemical Communications

www.rsc.org/chemcomm Volume 46 | Number 32 | 28 August 2010 | Pages 5813–5976

1359-7345(2010)46:32;1-H

Volum
e 46 | N

um
ber 32 | 2010 

C
hem

C
om

m
     

 
Pages 5813–5976

COMMUNICATION
J. Fraser Stoddart et al.
Directed self-assembly of a 
ring-in-ring complex

FEATURE  ARTICLE
Wenbin Lin et al.
Hybrid nanomaterials for biomedical 
applications

www.rsc.org/journals
Registered Charity Number 207890

Free institutional access, managed by IP address, is available on all these titles. 
For more details, and to register, visit www.rsc.org/free_access_registration

New for 2010

Chemical Science - a new journal presenting findings of exceptional significance from across the chemical 
sciences. www.rsc.org/chemicalscience

MedChemComm - focusing on medicinal chemistry research, including new studies related to 
biologically-active chemical or biochemical entities that can act as pharmacological agents with therapeutic 
potential or relevance. www.rsc.org/medchemcomm

Polymer Chemistry - publishing advances in polymer chemistry covering all aspects of synthetic and 
biological macromolecules, and related emerging areas. www.rsc.org/polymers

New for 2009 

Analytical Methods - highlights new and improved methods for the practical application of analytical 
science. This monthly journal will communicate research in the advancement of analytical techniques for use 
by the wider scientific community. www.rsc.org/methods

Integrative Biology - focusing on quantitative multi-scale biology using enabling technologies and tools to 
exploit the convergence of biology with physics, chemistry, engineering, imaging and informatics. 
www.rsc.org/ibiology

Metallomics - covering the research fields related to metals in biological, environmental and clinical systems. 
www.rsc.org/metallomics

Nanoscale - publishing experimental and theoretical work across the breadth of nanoscience and 
nanotechnology. www.rsc.org/nanoscale

Top science …free institutional access

ISSN 2041-6520

www.rsc.org/chemicalscience Volume 1  |  Number 1  |  2010

Chemical Science

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

M
em

ph
is

 o
n 

10
 A

ug
us

t 2
01

2
Pu

bl
is

he
d 

on
 0

9 
A

ug
us

t 2
01

2 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

2C
C

35
13

5H
View Online / Journal Homepage

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c2cc35135h
http://pubs.rsc.org/en/journals/journal/CC


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Facile Synthesis of 2-Pyrazolines and α,β-Diamino Ketones via 

Regioselective Ring-Opening of Hydrazone-tethered Aziridines  
 
Zhen Zhang

a
, De Wang

a
, Yin Wei

b
 and Min Shi

a,b
*

 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 5 

DOI: 10.1039/b000000x 

A facile strategy to access 2-pyrazolines and α,β-diamino 

ketones via SN2-type ring-opening of N-(aziridin-2-

ylethylidene)hydrazines or N-(aziridin-2-

ylbutylidene)hydrazines in the presence of Lewis acid or 10 

trifluoromethanesulfonic acid (TfOH) is described in this 

context.  

2-Pyrazolines have received considerable attention because of 

their potential bioactivities.1 The traditional strategies for the 

synthesis of racemic and nonracemic 2-pyrazolines basically rely 15 

on the 1,3-dipolar cycloaddition reactions.2 Due to the limited 

substrate scope of the cycloaddition reactions,2g the strategy for 

the construction of enantioenriched pyrazoline derivatives with 

functional diversity is still highly desirable. For instance, amino 

pyrazolines, exhibiting biological and pharmacological 20 

activities,3 have no efficient strategies for their synthesis until 

recently. Only a few examples have been reported by using 

functionalized aziridines.4  

Functionalized aziridines have shown a broad utility in organic 

chemistry due to their highly strained ring and the presence of the 25 

particular substitution which feature noticeable unique 

reactivities.5 Recently, we have reported Lewis acid catalyzed 

ring-opening of N-(aziridin-2-ylmethylene)hydrazines to provide 

enamine derivatives and a mechnism was proposed via azirinium 

salt intermediate to rationalize the unprecedented 1,2-migration 30 

of the substituent R1 (Scheme 1a).6 During our ongoing 

investigation on these functionalized aziridines, we found that N-

(aziridin-2-ylethylidene)hydrazines and N-(aziridin-2-

ylbutylidene)hydrazines failed to give enamines but gave 2-

pyrazolines and α,β-diamino ketones as products. It is noteworthy 35 

that α,β-diamino ketones have been found to possess mild avian 

antimalarial activity and no examples of synthesis of α,β-diamino 

ketones from aziridines have been reported.7,8 The regio- and 

stereochemical outcomes of the ring-opening are sigificantly 

dependent on the nature of the aziridine substitution pattern,5c as  40 
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shown in Scheme 1b, we assumed the activated aziridine could 

undergo intramolecular nucleophilic attack by nitrogen atom of 

the hydrazon moiety in an SN2 fashion via path a or path b to 

provide 4,5-dihydro-1H-pyrazol-1-ium salt intermediate A or 2,3-

dihydroazetium salt intermediate B, respectively.9 In the presence 55 

of water, intermediate A undergoes release of the sulfonyl group 

(R4) to give 2-pyrazoline and intermediate B undergoes 

hydrolysis to give α,β-diamino ketone. All the reactions proceed 

with excellent stereoselectivity with no isomeric products detcted 

by means of NMR analysis. In addition, the SN2 pathways have 60 

been firmly established by using chiral aziridines to generate 

nonracemic products.10 
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Scheme 1. Ring-opening reactions of hydrazone-tethered 65 

aziridines . 

 

Our studies were initiated by treating aziridine 1a with 

various Lewis acids. To our delight, 2-pyrazoline 2a could be 

obtained in moderate to good yields (68–90%) in 70 

dichloromethane using various metal-containing Lewis acid (5 

mol%), such as Sc(OTf)3, Eu(OTf)3, Cu(OTf)2 and Bi(OTf)3, 

as catalyst and two equiv water as additive (Table 1, entries 

1–5). Only a small amount of 3a was produced along with the 

formation of 2a. Aziridine 1a was recovered when treating 75 

BF3·Et2O (10 mol%) (Table 1, entry 6). When catalytic 

amount of trifluoromethanesulfonic acid (TfOH) (20 mol%) 

was used, 2a was formed as the major product (69%) along 

with the isolation of product 3a (29%) (Table 1, entry 7). 

However, 3a was obtained in 76% yield as sole product in the 80 
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presence of 1.2 equiv TfOH (Table 1, entry 7). Further 

optimization of solvents revealed that dichloromethane was 

the best solvent for the formation of 2a (Table 1, entries 10 

and 11). Increasing the amount of water didn’t improve the 

yield of 2a (Table 1, entry 12). Thus, the use of In(OTf)3 (5 5 

mol%) as the catalyst in dichloromethane at 20 oC with 2.0 

equiv water added was found to be the most efficient 

condition for the formation of 2a and the use of 1.2 equiv 

TfOH and 2.0 equiv water was the best condition for the 

synthesis of 3a. 10 

 

Table 1. Optimization of the Reaction Conditions. 

entry catalyst (mol%) solvent time
yield (%)a

1

2

3

4

5

6b

8

9

10

Bi(OTf)3 (5)

In(OTf)3 (5) 2 h 82

1 h 68

BF3•Et2O (10) 1 h 0

Cu(OTf)2 (5) 3 h 76

TfOH (20) 5 min 69

TfOH (120) 5 min traceDCM

12c

N

Ar
N

Ns

N

Ts

Me

1a 2a

Sc(OTf)3 (5) 2 h 90

Eu(OTf)3 (5) 2 h 81

In(OTf)3 (5) 1 h 90

DCM

DCM

DCM

DCM

DCM

DCM

DCM

DCM

catalyst

solvent, rt

a Isolated yield. b No reaction. Ns = 4-NO2PhSO2,
c 5.0 equiv H2O was used.

7

11

FeCl3 (20) 3 h traceDCM

Me

3a

H
N

N

Ts

Me

Ar

Me

NHNs

O
N

NMe Me

NHNsAr

Ar = 4-ClC6H4

+

2a 3a

< 10

32

0

18

29

76

10

18

10

65

In(OTf)3 (5) 1 h 64toluene < 10

In(OTf)3 (5) 1 h 59CH3CN < 10

H2O (2.0 equiv)

 

We next examined the substrate scope of this reaction under 

the optimized conditions and the results are shown in Table 2. 15 

As for aryl-substituted N-(aziridin-2-ylethylidene)hydrazines 

(R1 = Ar) 1b–1f, the reactions proceeded smoothly to furnish 

the desired 2-pyrazolines 2b–2f in 55–88% yields, along with 

the formation of a small amount of products 3 when aromatic 

rings bearing no groups or bearing fluoride or methoxy group 20 

(Table 2, entries 1–5). Changing the aryl-substitution R1 to 

alkyl group (n-Bu), the desired 2-pyrazoline 2g could be 

obtained in 85% yield without the detection of 3g (Table 2, 

entry 6). Then N-(aziridin-2-ylbutylidene)hydrazines 1h and 

1i were tested in the optimized conditions. It was found only 25 

trace amount of 2-pyrazoline 2h was formed but 54% yield of 

3h was isolated (Table 2, entry 7). However, aziridine 1i 

which bearing bromide group on its benzene ring gave 2-

pyrazoline 2i as the sole product in 92% yield, indicating 

electron-withdrawing groups on the benzene ring (R1) 30 

inhibited the formation of product 3 (Table 2, entry 8). When 

an alkylsulfonyl group was introduced to the substrate instead 

of the tosyl group, the reactions also proceeded smoothly to 

give the corresponding 2-pyrazolines in good yields (Table 2, 

entries 9 and 10). Introducing an isopropyl group instead of 35 

methyl group (R3), the corresponding product 2l was formed 

in 79% yield (Table 2, entry 11). For methanesulfonyl group 

substituted substrate 1m, 82% yield of 3m was isolated and 

only trace amount of 2c was detected (Table 2, entry 12). 

Comparing with substrate 1c, it illustrates that the substituent 40 

of hydrazone moiety (R4) also affect the outcome of the ring-

opening.  

Table 2. In(OTf)3-catalyzed ring-opening reaction of aziridine 1.a 

N

R1 N

Ns

N

R3

R4

1 2

In(OTf)3 (5 mol%)

H2O (2.0 equiv)

R2

3

H
N

N

R3

R4

R1

R2

NHNs

O
N

NR3 R2

NHNsR1

+

entry

1

2

3

4

5

6

3c, 18

3b, 0

1m, R1 = 4-FC6H4,

R2 = R3 = Me, R4 = Ms
3m, 82c

3k, 0

3f, 25

3e, 10

3j, 0

3d, 0

2b, 81

2c, 56

2c, trace

2d, 88

2d, 98

2k, 69

2e, 79

2f, 74

aReaction conditions: In(OTf)3 (5 mol%), H2O (2.0 equiv), CH2Cl2, room

temperature, < 3 h. b Isolated yield. c Sc(OTf)3 (5 mol%) was used as catalyst.

aziridine 1
yield (%)b

2 3

1a 1g

N

R1 N

Ns

N

Me

Ts

Me

1b, R1 = 4-CF3C6H4

1c, R1 = 4-FC6H4,

1d, R1 = 2-BrC6H4

1k, R1 = 2,6-Cl2C6H4,

R3 = Me

1e, R1 = C6H5

1f, R1 = 3-MeOC6H4

1g, R1 = nBu 2g, 85 3g, 0
N

R1 N

Ns

N

Me

Ts

nPr

1h, R1 = C6H57 2h, trace 3h, 54

8 1i, R1 = 2-BrC6H4 2i, 92 3i, 0

1h & 1i

N

R1 N

Ns

N

R3

SO2Et

Me

9

12

1j, R1 = 2-BrC6H4,

R3 = Me

2l, 79 3l, 0
1l, R1 = 2-BrC6H4,

R3 = iPr
1j 1l

10

11

DCM, rt, < 3 h

 
 45 

Table 3. TfOH-mediated ring-opening reaction of aziridine 1.a 

 
 

Furthermore, we investigated TfOH-mediated ring-opening 

of aziridines 1 and the results are summarized in Table 3. For 50 

aryl-substituted N-(aziridin-2-ylethylidene)hydrazines, the 

expected products 3d, 3e and 3f were obtained in 52–64% 

yields under the standard conditions no matter electron-

withdrawing or electron-donating groups on the aryl ring (R1) 

(Table 3, entries 1–3). When R1 was an alkyl group, no 55 

desired product 3g was detected but 2-pyrazoline 2g was 

isolated in 72% yield (Table 2, entries 4). For N-(aziridin-2-

ylbutylidene)hydrazines 1h and 1i, the results were similar to 

the outcomes of In(OTf)3-catalyzed ring-opening of 1h and 1i 

(Table 3, entries 5 and 6). These results further imply that the 60 

regiochemical outcomes of the ring-opening of aziridine 1 are 

significantly dependent on the aziridine substitution pattern 

and the hydrazon substitution pattern.  

To make our strategy more attractive as a synthetic 

methodology, the protocol for the synthesis of chiral 2-65 

pyrazolines via Lewis-acid catalyzed ring-opening of chrial 

aziridines was explored. Chiral N-(aziridin-2-

ylmethylene)hydrazines could be easily synthesized with good 

enantioselectivities by copper bis(oxazoline) complex-

catalysed aziridination of N-substituted hydrazones (e.g. (+)-70 

1j, see: Scheme 2).11 To our delight, aziridine (+)-1j was 

converted to 2-pyrazoline (+)-2d in 79% yield with 91% ee 
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even if the reaction was performed in an enlarged scale (0.4 

mmol) (Scheme 2). Its absolute configuration has been 

determinde by X-ray diffraction (see Supporting Information). 

Other chiral aziridines (+)-1a, (+)-1b and (+)-1f were also 

tested in the reaction and the corresponding chiral 2-5 

pyrazolines were obtained in good stereoselectivity (up to 

96% ee) and good yields (up to 81%) (Scheme 3). In addition, 

the transformation of chiral aziridine (+)-1f to α,β-diamino 

ketone (–)-3f was also examined and the process had no 

variation on ee value (Scheme 4). 10 

 

 
Scheme 2. Synthesis of chiral pyrazoline (+)-2d. 

 

 15 

Scheme 3. Synthesis of chiral pyrazolines (+)-2a, (+)-2b and 

(+)-2f. 

 

 

Scheme 4. Synthesis of chiral α,β-diamino ketone (-)-3f. 20 

 

In conclusion, we have developed a simple protocol for the 

synthesis of substituted racemic and nonracemic 2-pyrazolines 

and α,β-diamino ketones through a SN2-type ring-opening of N-

(aziridin-2-ylethylidene)hydrazines or N-(aziridin-2-25 

ylbutylidene)hydrazines. We found the electronic effects of the 

substrates govern the reactivity and thus the ring-opening process. 

Further applications of this novel type of functionalized aziridines 

are under way in our laboratory. 

 30 
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