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A facile strategy to access 2-pyrazolines and a,B-diamino
ketones via SN,-type ring-opening of N-(aziridin-2-
ylethylidene)hydrazines or N-(aziridin-2-
ylbutylidene)hydrazines in the presence of Lewis acid or
trifluoromethanesulfonic acid (TfOH) is described in this
context.

2-Pyrazolines have received considerable attention because of
their potential bioactivities.! The traditional strategies for the
synthesis of racemic and nonracemic 2-pyrazolines basically rely
on the 1,3-dipolar cycloaddition reactions.” Due to the limited
substrate scope of the cycloaddition reactions,”® the strategy for
the construction of enantioenriched pyrazoline derivatives with
functional diversity is still highly desirable. For instance, amino
pyrazolines, exhibiting biological and pharmacological
activities,” have no efficient strategies for their synthesis until
recently. Only a few examples have been reported by using
functionalized aziridines.*

Functionalized aziridines have shown a broad utility in organic
chemistry due to their highly strained ring and the presence of the
particular  substitution unique
reactivities.” Recently, we have reported Lewis acid catalyzed

which feature noticeable
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
of the substituent R' (Scheme 1a).° 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 o,B-diamino ketones as products. It is noteworthy
that a,f-diamino ketones have been found to possess mild avian
antimalarial activity and no examples of synthesis of a,B-diamino
ketones from aziridines have been reported.”® The regio- and
stereochemical outcomes of the ring-opening are sigificantly
dependent on the nature of the aziridine substitution pattern,™ as
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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 SN, 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.’ In the presence
of water, intermediate A undergoes release of the sulfonyl group
(RY to give 2-pyrazoline and intermediate B undergoes
hydrolysis to give a,B-diamino ketone. All the reactions proceed
with excellent stereoselectivity with no isomeric products detcted
by means of NMR analysis. In addition, the Sy2 pathways have
been firmly established by using chiral aziridines to generate
nonracemic products. '’

(a) previous work:

Ns R“\N,R3
N S b NHNs R
LA LA ® \
A, NG RV g T AN, N
R' 7N RP=H |-V 4 H N"TR?
2 3 S 1
R? R R R
r o
this work: ! !
(b) this wor path 2 RU NNs| a0 RU - NHNs
R3® T
s R4(/N\N/ R? RSN R?
‘N b LA M.
/@/\N\ .R* or TfOH L HO A
R1 /(/ N —_
NEI A
/R R#H R .NNs NHINS,,
RE_A_N. .R*
N= — N
pathb | p3_N'® &R2 \([)]/I }%3
R* H,0
B
Scheme 1. Ring-opening reactions of hydrazone-tethered
aziridines .

Our studies were initiated by treating aziridine la with
various Lewis acids. To our delight, 2-pyrazoline 2a could be
obtained in moderate to good yields (68-90%) in
dichloromethane using various metal-containing Lewis acid (5
mol%), such as Sc(OTf);, Eu(OTf);, Cu(OTf), and Bi(OTf);,
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 1la was recovered when treating
BF;-Et,O (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
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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
s yield of 2a (Table 1, entry 12). Thus, the use of In(OTf); (5§
mol%) as the catalyst in dichloromethane at 20 °C 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
10 synthesis of 3a.

Table 1. Optimization of the Reaction Conditions.

'?‘s Ar, NHNs NHN
/l N Me catalyst >_>“\ . Me S“\ Me
e e e T
Ar =4-CICgH, 1a 2a 3a
entry  catalyst (mol%) solvent time __vield %)
2a 3a
1 Sc(OTf)3 (5) DCM 2h 90 10
2 Eu(OTf)3 (5) DCM 2h 81 18
3 In(OTf); (5) DCM 1h 90 10
4 Cu(OTf), (5) DCM 3h 76 18
5 Bi(OTf)3 (5) DCM 1h 68 32
6°  BF3*Et,0 (10) DCM 1h 0 0
7 TfOH (20) DCM 5 min 69 29
8 TfOH (120) DCM 5 min trace 76
9 FeCl; (20) DCM 3h trace 65
10 In(OTf); (5) toluene 1h 64 <10
11 In(OTf)3 (5) CH4CN 1h 59 <10
12¢ In(OTf); (5) DCM 2h 82 <10

2 Isolated yield. P No reaction. Ns = 4-NO,PhSO,, ©5.0 equiv H,0 was used.

We next examined the substrate scope of this reaction under
15 the optimized conditions and the results are shown in Table 2.
As for aryl-substituted N-(aziridin-2-ylethylidene)hydrazines
(R' = 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
(Table 2, entries 1-5). Changing the aryl-substitution R' 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
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 (R))
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
methyl group (R?), the corresponding product 21 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 2¢c was detected (Table 2, entry 12).
Comparing with substrate 1c, it illustrates that the substituent
of hydrazone moiety (R*) also affect the outcome of the ring-
opening.

@

I

View Online

Table 2. In(OTf);-catalyzed ring-opening reaction of aziridine 1.*
Ns R

N . NHNs NHNs,
N RS In(OTf)3 (5 mol%) >_>\ +R2\n/=\|/N\N’R4
R! “Z N7 H20 (2.0 equiv) _..N_ ~ R? 10
R2 R?  DCM,rt,<3h N o R R
1 2 3
L q (o )b
entry aziridine 1 ield (%
2 3
1 Ns 1b, R! = 4-CF3CgH, 2b,81 3b,0
2 N 1c, R = 4-FCgH,, 2c,56 3c, 18
3 R1A ,,,,, N-T8 1d,R"=2-BrCqH, 2d,88 3d,0
| 1=
4 1a1g Me Me 1e,R' = C4Hsg 2e,79 3e,10
5 Ns 1f, R' = 3-MeOCgH,4 2f, 74  3f 25
6 N 19, R' = nBu 29,85 3g,0
7 » A N T 1h, R" = CgHs 2h, trace 3h, 54
8 o 1i, R' = 2-BrCgH, 21,92  3i,0
theati TP Me o BiCH :
9 Ns ) o4 2d,98  3j,0
y R = Me
1k, R" = 2,6-Cl,CgH.
10 d 10-LlabeMHa, 2k, 69 3k, 0
R17 " N -SOEL RS = Me
' 1=
1 4l Me R® 11, R" = 2-BrCH,, 2,79 31,0
R® = iPr
1
12 1m, R" = 4-FCeH,, 2c, trace 3m, 82°

R?=R3=Me, R* = Ms
@Reaction conditions: In(OTf); (5 mol%), H,O (2.0 equiv), CH,Cl,, room
temperature, < 3 h. ° Isolated yield. ¢ Sc(OTf)z (5 mol%) was used as catalyst.

Table 3. TFOH-mediated ring-opening reaction of aziridine 1.*

Ns NHNs
N TfOH (1.2 eq) , o H
/\ - ="V _R N. .Ts
R ""'(/N\N/Ts H,0 (2.0 equiv) \ﬂ/\l: N
R2 Me DCM, < 5 min O R Me
1 3
entry 1 product yield (%)°
1 1d 3d, R' = 2-BrCgH,, R2= Me 52
2 1e 3e, R' = CgHs, R2= Me 64
3 1f 3f, R' = 3-MeOCgH,, R? = Me 60
4 1g 3g, R" = nBu, R?= Me 0°(72)¢
5 1h 3h, R; = CgHs, R2= nPr 67
6 1i 3i, R = 2-BrCgH,, R?= nPr 0°(88)d

@Reaction conditions: TfOH (1.2 equiv), CH,Cl,, H,O (2.0 equiv),
room temperature, < 5 min. b |solated yield. © Without detection of
3. 9solated yield of 2-pyrazoline 2.

Furthermore, we investigated TfOH-mediated ring-opening

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

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 (R")
(Table 3, entries 1-3). When R' was an alkyl group, no
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);-catalyzed ring-opening of 1h and 1i
(Table 3, entries 5 and 6). These results further imply that the
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-
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-

w0 catalysed aziridination of N-substituted hydrazones (e.g. (+)-

1j, see: Scheme 2)."' 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
stested in the reaction and the corresponding chiral 2-
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 o,p-diamino
ketone (-)-3f was also examined and the process had no
10 variation on ee value (Scheme 4).

o) o)
L
JSOEt \_N N Ns

;
s /N\’?‘ N
Ph
Me Me Ph (5 molv) ) w Ney-SOZE
Phl-+NN Cu(OTf), (5 mol%) R -
=NNs CH: CN, 1, 1 h Me  Me
R = 2-BrCgH, 45% yield (+)-1j (92% ee)
Ns
N R!  NHNs
/N, N, SOt INOTH; (3 mol%)
R PN T S 2oequy) .. N,/
Me Me DCM,r,1h  Me” 'N° Me
R = 2-BrCgH, 79% yield (+)-2d (91% ee)

(+)-1j, 218 mg (0.4 mmol)
Scheme 2. Synthesis of chiral pyrazoline (+)-2d.

Ns
N R!  NHNs
In(OTH); (5 mol%) )_>\
/Qu,, N, Ts ——— 2= 7
R ’(/ N H,0 (2.0 equiv) _N_ ~ M
Me Me DCM,<2h  Me™ N Me
(+)-1 (+)-2

(+)-1a (R = 4-CICgH,), 96% ee (+)-2a, 79%, 96% ee
(+)-1b (R" = 4-CF,CgH,), 88% ee (+)-2b, 81% 86% ee

(+)-1f (R = 4-MeOCgH,), 68% ee (+)-2f, 74%, 67% ee
Scheme 3. Synthesis of chiral pyrazolines (+)-2a, (+)-2b and

15

(+)-2f.
Ns
,{l TfOH (1.2 equiv) M EIHNN T
AN, N s 0 @0equy) Mo AN Ny T8
Ar N DCM, rt, 5 min O Ar Me
Me Me 50% yield

Ar = 3-MeOCgHy
(+)-1f, 112 mg (0.2 mmol)

(-)-3f (64% ee)

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

In conclusion, we have developed a simple protocol for the
synthesis of substituted racemic and nonracemic 2-pyrazolines
and o,B-diamino ketones through a SN,-type ring-opening of N-

25 (aziridin-2-ylethylidene)hydrazines or N-(aziridin-2-
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
Acknowledgement: We thank the Shanghai Municipal
Committee of Science and Technology (11JC1402600), National
Basic Research Program of China (973)-2009CB825300, and the
National Natural Science Foundation of China for financial
35 support (21072206, 20472096, 20872162, 20672127, 20732008
and 21121062).

Notes and references
1 For selected examples, see: (a) M. A. Ali, M. Shaharyar, Bioorg. Med.
40 Chem., 2007, 15, 1896; (c) A. Sahoo, S. Yabanoglu, B. N. Sinha, G.

View Online
Ucar, A. Basu, V. Jayaprakash, Bioorg. Med. Chem. Lett., 2010, 20,
132; (d) J. R. Goodell, F. Puig-Basagoiti, B. M. Forshey, P.-Y. Shi, D.
M. Ferguson, J. Med. Chem., 2006, 49, 2127.
2 (a) S. Kanemasa, T. Kanai, J. Am. Chem. Soc., 2000, 122, 10710; (b) M.
45 P. Sibi, L. M. Stanley, T. Soeta, Org. Lett., 2007, 9, 1553; (c) L. Gao,
G. S. Hwang, Lee, M. Y.; Ryu do, H. Chem. Commun., 2009, 5460;
(d) M. P. Sibi, L. M. Stanley, C. P. Jasperse, J. Am. Chem. Soc., 2005,
127, 8276; (e) S. Muiller, B. List, Angew. Chem., Int. Ed., 2009, 48,
9975; (f) O. Mahé, 1. Dez, V. Levacher, J. F. Briere, Angew. Chem.,
50 Int. Ed., 2010, 49, 7072; (g) J.-R. Chen, W.-R. Dong, M. Candy, F.-F.
Pan, M. Jorres, C. Bolm, J. Am. Chem. Soc., 2012, 134, 6924.

3 (a) S. R. Challand, F. C. Copp, C. V. Denyer, K. E. Eakins, J. M.
G.Walker, N. Whittaker, A. G.Caldwell, (The Wellcome Foundation
Limited, London) PCT Int. Appl. EP0022578A1, 1981; (b) P. J. Islip,

55 F. C. Copp, G. Kneen, (The Wellcome Foundation Limited, London)
PCT Int. Appl. EPO119449A1, 1984.

4 (a) S.-L. Cui, J. Wang, Y.-G. Wang, Org. Lett., 2008, 10, 13; (b) N. H.
Cromwell, H. Hoeksema, J. Am. Chem. Soc., 1949, 71, 716; (c) N. H.
Cromwell, N. G. Barker, R. A. Wankel, P. J. Vanderhorst, F. W.

60 Olson, J. H. Anglin, J. Am. Chem. Soc., 1951, 73, 1044.

5 (a) Aziridines and Epoxides in Organic Synthesis; Yudin, A. K., Ed.;
Wiley-VCH: Weinheim, Germany, 2006. (b) G. S. Singh, M.
D’hooghe and N. De Kimpe, Chem. Rev. 2007, 107, 2080; (c) X. E.
Hu, Tetrahedron 2004, 60, 2701.

65 6 Z.Zhang, Y. Wei, M. Shi, Chem. Commun. 2012, 48, 5334.

7 (a) N. H. Cromwell, K.-C. Tsou, J. Org. Chem., 1950, 15, 1219; (b) N.
H. Cromwell, D. J. Cram, J. Am. Chem. Soc., 1949, 71, 2579; (c) N.
H. Cromwell, D. J. Cram, J. Am. Chem. Soc., 1943, 65, 301.

8 For selected examples on 1,2-diamines synthesis, see: (a) G. Li, H.-X.

70 Wei, S. H. Kim, M. D. Carducci, Angew. Chem. Int. Ed., 2001, 40,
4277; (b) H.-X. Wei, S. H. Kim, G. Li, J. Org. Chem., 2002, 67, 4777,
(c) D. Chen, C. Timmons, H.-X. Wei, G. Li, J. Org. Chem., 2003, 68,
5742; (d) W. Pei, H.-X. Wei, D. Chen, A. D. Headley, G. Li, J. Org.
Chem. 2003, 68, 8404; (e) W. Pei, C. Timmons, X. Xu, H.-X. Wei, G.

75 Li, Org. Biomol. Chem., 2003, 1, 2919; (f) U. K. Nadir, A. Singh,
Tetrahedron Lett., 2005, 46, 2083; (g) S. Peruncheralathan, H. Teller,
C. Schneider, Angew. Chem. Int. Ed., 2009, 48, 4849; (h) Y. Fukuta,
T. Mita, N. Fukuda, M. Kanai, M. Shibasaki, J. Am. Chem. Soc.,
2006, 128, 6312; (i) R. Moran-Ramallal, R. Liz, V. Gotor, Org. Lett.,

80 2007, 9, 521; (j) C. Martinez, K. Muiiiz, Angew. Chem. Int. Ed., 2012,
51,1.

9 For reactions via azirinium intermediates, see: (a) R. Aumann, X. Fu, D.
Vogt, R. Frohlich, O. Kataeva, Organometallics, 2002, 21, 2736; (b)
W. Van Brabandt, Y. Dejaegher, R. Van Landeghem, N. De Kimpe,

85 Org. Lett., 2006, 8, 1101; (c) J. Barluenga, A. Gémez, J. Santamaria,
M. Tomas, Angew. Chem. Int. Ed., 2010, 49, 1306.

10 For ring-opening of chiral aziridines, see: (a) M. K. Ghorai, D. P.
Tiwari, J. Org. Chem., 2010, 75, 6173; (b) M. K. Ghorai, A. Kumar,
D. P. Tiwari, J. Org. Chem., 2010, 75, 137; (c) M. K. Ghorai, D.

90 Shukla, K. Das, J. Org. Chem., 2009, 74, 7013; (d) M. K.Ghorai, Y.
Nanaji, A. K. Yadav, Org. Lett., 2011, 13, 4256;.(e) D. Savoia, G.
Alvaro, R. D. Fabio, A. Gualandi, J. Org. Chem. 2007, 72, 3859; (f)
H. Liu, V. R. Pattabiraman, J. C. Vederas, Org. Lett., 2007, 9, 4211;
(g) C. G. Kokotos, V. K. Aggarwal, Org. Lett., 2007, 9, 2099; (h) M.

95 Dammacco, L. Degennaro, S. Florio, R. Luisi, B. Musio, A.
Altomare, J. Org. Chem., 2009, 74, 6319.

11 (a) D. A. Evans, M. M. Faul, M. T. Bilodeau, B. A. Anderson, D. M.
Barnes, J. Am. Chem. Soc., 1993, 115, 5328; (b) H. M. L. Osborn, J.
Sweeney, Tetrahedron: Asymmetry, 1997, 8, 1693; (c) S. Taylor, J.

100 Gullick, P. McMorn, D. Bethell, P. C. B. Page, F. E. Hancock, F.
King, G. J. Hutchings, J. Chem. Soc., Perkin Trans. 2, 2001, 1714; (d)
L. Ma, P. Jiao, Q. Zhang, J. Xu, Tetrahedron: Asymmetry, 2005, 16,
3718.

105

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00—00 | 3


http://dx.doi.org/10.1039/c2cc35135h

Downloaded by University of Memphis on 10 August 2012
Published on 09 August 2012 on http://pubs.rsc.org | doi:10.1039/C2CC35135H

ChemComm Page 4 of 4

Facile Synthesis of 2-Pyrazolines and o,f-Diamino Ketones

via Regioselective Ring-Opening of Hydrazone-tethered

Aziridines

[ Lewis acid R! NHNs
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NHNS,

RZ__A_N. .
d 4 +H,0 ———» or/and N
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RY N R?
up to 98% (yield)
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R R3 R2zH

0O rt R
up to 82% (yield)
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N-(aziridin-2-ylbutylidene)hydrazines forming 2-pyrazolines and
a,B-diamino ketones
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