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ABSTRACT: A highly stereoselective one-pot procedure for the synthesis of spiropyrazolone derivatives bearing six contiguous 
stereogenic centers including two tetrasubstituted carbons has been developed. Under sequential catalysis by two organocatalysts, a 
cinchona-derived amino squaramide and DBU, a series of diversely functionalized spiropyrazolones are obtained in good yields 
(47-62%) and excellent stereoselectivities (up to >25:1 dr and 98-99% ee). The opposite enantiomers of the spiropyrazolones are 
also accessible by employing a pseudo-enantiomeric amino-squaramide catalyst.  

       The synthesis of pyrazolone derivatives has attracted 
considerable attention in recent years due to the wide spectrum 
of applications in dye, analytical and pharmaceutical chemis-
try.1,2  Edaravone (A) - a neuroprotective agent, and met-
amizole (B) - an effective analgesic  and antipyretic agent are 
two important pharmaceutically valuable pyrazolones (Figure 
1).1c-f In addition to these the pyrazolone derivatives such as C 
exhibit HIV inhibition activity.1g  Recently the pyrazolones 
were found to be inhibitors of the CD80 protein, and also 
possessing potent activity in inhibiting protease-resistant prion 
protein accumulation, cytokines, and p38 kinases.1h-k Pyrazol-
3-one derivatives have also been studied as multidrug re-
sistance modulators.1l
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Figure 1.   Biologically active pyrazolone derivatives.  

  On the other hand, spirocyclic frameworks frequently 
found in many synthetic bioactive compounds and natural 
products fascinated many researchers to develop synthetic 
strategies for their construction. Due to their complex three-
dimensional structure the stereoselective synthesis of spirocy-
clic molecules from simple precursors in an atom-economic 
fashion is considered as a tough challenge.3 Recently, the 
organocatalytic cascade/domino reactions emerged as an effi-
cient strategy, which provide such complex structures in an 

operationally simple one-pot procedure,4 and we have wit-
nessed a tremendous growth in the asymmetric synthesis of 
spirocyclic oxindole derivatives especially employing or-
ganocascade sequences.5 Despite of the many important appli-
cations of the pyrazolone moiety, the catalytic asymmetric 
synthesis of spiropyrazolones is less explored.   
        The Rios group reported the asymmetric synthesis of 
spiropyrazolones bearing three contagious stereogenic centers 
via a secondary amine catalyzed domino reaction (Scheme 1).6 
Rios and co-workers were also able to construct four stereo-
centers on a spiropyrazolones in a three component domino 
reaction.7 The cinchona-derived primary amines were found to 
catalyze the domino Michael/Michael reaction  of the enones 
with the pyrazolones8 and the unsaturated pyrazolones9 to 
afford the spirocyclohexanonepyrazolones with three consecu-
tive stereogenic centers. Recently, spiropyrazolones bearing a 
N-heterocyclic ring with three adjacent stereogenic centers
were synthesized by amino-thioureas10 and quinine11 catalyzed
domino Michael/cyclization reactions.

To the best of our knowledge, the asymmetric synthesis
of spirocyclohexanepyrazolones bearing more than four stere-
ocenters are not known. We took up this challenge and devel-
oped a one-pot protocol for the asymmetric synthesis of the
spiropyrazolones bearing as many as six stereogenic centers
including two adjacent tetrasubstituted ones. It was envisaged
that an organocascade sequence involving a stereoselective
Michael/Michael/1-2- -dicarbonyl
compounds 1, nitroalkenes 2 and unsaturated pyrazolones 3

mediated by sequential organocatalysis12 using  a chiral bi-
functional organocatalyst13 and an achiral base could afford
such highly functionalized spiropyrazolones (Scheme 1).

To attain our objective at the onset, we performed a one-
pot reaction which involved a quinine derived squaramide (1
mol %) catalyzed Michael addition of ethyl acetoacetate (1a)
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Scheme 1. Catalytic enantioselective strategies for the synthesis 
of spiropyrazolone derivatives.  
to (E)- -nitrostyrene (2a) in dichloromethane. After 24 hours, 
the unsaturated pyrazolone 3a and a guanidine base TBD (20 
mol%) in dichloromethane were added sequentially. To our 
delight the desired spiropyrazolone bearing four tertiary and 
two tetrasubstituted stereogenic centers were obtained in good 
yield of 41% and excellent enantio- (99% ee) and diastereose-
lectivity (>25:1 dr) (Table 1, entry 1). The screening of other 
achiral bases (entries 2-6) showed that the DBU provides the 
best yield as well as excellent stereoselectivity (entry 2). The 
screening of solvents such as chloroform, toluene and THF did 
not result in any improvement in the product yield (entries 7-
9). Further efforts for optimizing the yield of 4a by increasing 
the catalyst loading of DBU revealed that with 50 mol% DBU 
a better yield was observed, however further increase in the 
amount of DBU did not show any improvement in the product 
yield. Using 2 equivalents of 3 the spiropyrazolone 4 was 
isolated in maximum yield of 60% with excellent stereoselec-
tivity (entries 13, 14). 
       Once armed with optimized conditions, we further evalu-
ated the substrate scope on a 0.5 mmol scale (Table 2). Vari-
ous pyrazolone derived olefins bearing electron withdrawing 
and electron releasing substituents at the different aromatic 
position reacted efficiently under the standard reaction condi-
tion to afford desired spiropyrazolones 4b-i in good yields and 
excellent enantio- and diastereoselectivities (entries 2-9). The 
heteroaromatic pyrazolone derivative also tolerated under this 
one-pot organocascade procedure, thus resulting in the desired 
spiropyrazolone 4j in 55% yield with excellent ee (entry 10). 
The unsaturated pyrazolone bearing an ortho-chloro phenyl 
group gives 47% yield of product 4k with 99% ee (entry 11) 
        Different aromatic nitroalkenes bearing electron with-
drawing as well as electron donating substituents also allowed 
an efficient access to the spiropyrazolones 4l-o in good yield 
and excellent ee of 98-99% (entries 12-15). The nitroalkenes 
bearing heteroaromatic groups also provide the desired ad-
ducts 4p and 4q in good yields and excellent stereoselectivi-
ties (entries 16-17). We also tried other dicarbonyl compounds 

 
Table 1. Optimization of the reaction conditions for the 

asymmetric synthesis of the spiropyrazolone 4a.a 

N

N

N

O

O

N

OMe

I

N
N

Me

O

Ph

OH
Me

CO2EtPh

O2N

PhMe
CO2Et

O

R2
NO2

N

N

Me

O Ph

Ph

1a 2a

+
1) I (1 mol %) 2) Base (x mol %)

4a

solvent, rt, 24 hsolvent, rt, 24 h

CF3

CF3

3aH

H

 
entry base (x mol%) solvent yield (%)b ee (%)c 

1 TBD (20) CH2Cl2 41 99 

2 DBU (20) CH2Cl2 44 99 

3 DBN (20) CH2Cl2 43 99 

4 DABCO (20) CH2Cl2 12 99 

5d Piperidine (20) CH2Cl2 14 98 

6d Pyrrolidine (20) CH2Cl2 12 98 

7 DBU (20) CHCl3 35 99 

8 DBU (20) Toluene 34 99 

9 DBU (20) THF 35 99 

10 DBU (30) CH2Cl2 46 99 

11 DBU (50) CH2Cl2 52 99 

12e DBU (100) CH2Cl2 36 99 

13f DBU (30) CH2Cl2 57 99 

14f DBU (50) CH2Cl2 60 99 

a Reaction conditions: 0.2 mmol of 1a, 0.2 mmol of 2a, 1 mol% of I, 0.24 
mmol of 3a and x mol% of base (0.1 M in solvent). b Yield of isolated 4a 

after flash column chromatography. c Enantiomeric excess of the major 
diastereomer (>25:1 dr) determined by HPLC analysis on a chiral station-
ary phase. d The reaction was run for 96 hours in the second step. e The 
reaction was run for 0.5 hours in the second step. f 0.40 mmol of 3a was 
used. 
 

such as methyl acetoacetate and acetylacetone, which effi-
ciently reacted under this one-pot protocol to afford the ad-
ducts 4r and 4s in 57% and 53% yield and 99% ee (entries 18-
19).  
        After generating two tetrasubstituted adjacent carbon 
atoms on the spiropyrazolone, we tried to create three con-
secutive tetrasubstituted carbons by employing a trisubstituted 

-ketoester. A one-pot organocatalytic sequence promoted by 
I and DBU between -ketoester 5, (E)- -nitrostyrene (2a) 
and pyrazolone 3a provided the spiropyrazolone 6 bearing 
three contiguous tertiary and three tetrasubstituted stereogenic 
centers in excellent stereoselectivity (>25:1 dr and 95% ee) 
albeit a low yield of 16% (Scheme 2).  
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Scheme 3. Gram-scale one-pot stereoselective synthesis of spiro-
pyrazolone 4a. 
 
 
hexanepyrazolone derivatives bearing six stereocenters includ-
ing two vicinal tetrasubstituted carbons were obtained in good 
yields and excellent stereoselectivities via sequential organo-
catalytic Michael/Michael/1,2-addition reactions facilitated by 
a low loading of a cinchona-derived amino squaramide and a 
readily available achiral base. This one-pot cascade sequence 
can be scaled up without losing the reaction efficiency in terms 
of product yield and stereoselectivity. The opposite enantiomer 
of the spiropyrazolones can be also synthesized in good yield 
and excellent stereoselectivity by employing a pseudo-
enantiomeric catalyst. 
 
SUPPORTING INFORMATION 

Experimental details and full spectroscopic data for all new-
compounds. This material is available free of charge via the 
Internet at http://pubs.acs.org. 
 
CORRESPONING AUTHUR INFORMATION 

enders@rwth-aachen.de 
Tel.: +49 241 809 4676 
Fax: +49 241 809 2127 
 

NOTES 

The authors declare no competing financial interest 
 
ACKNOWLEDGMENT 

Support from the European Research Council (ERC Advanced 
Grant “DOMINOCAT”) is gratefully acknowledged. 

REFERENCES 
1. For a book in pyrazolone chemistry, see: (a) Varvounis, G. Pyrazol- 3-ones. 

Part IV: Synthesis and Applications. Adv. Heterocyclic Chem. (Ed.: Katritz-
ky, A. R.), Academic Press, 2009, 98, 143. (b) For reviews, see: (b) Horton, 
D. A.; Bourne, G. T.; Smythe, M. L. Chem. Rev. 2003, 103, 893. (c) 
Watanabe, T.; Tanaka, K.; Watanabe, K.; Takamatsu, Y.; Tobe, A. Yakugaku 

Zasshi, 2004, 124, 99. (d) Yoshida, H.; Yanai, H.; Namiki, Y.; Fukatsu-
Sasaki, K.; Furutani, N.; Tada N. CNS Drug Rev. 2006, 12, 9. For selected 
examples, see: (e) Hinz, B.; Cheremina O.; Bachmakov, J.; Renner, B.; Zolk, 
O.; Fromm, M. F.; Brune K. FASEB J. 2007, 21, 2343. (f) Wong, A.; Sib-
bald, A.;  Ferrero, F.; Plager, M.; Santolaya, M. E.; Escobar, A. M.; Campos, 
S.; Barragan, S.;  Gonzalez, M. D. L.; Kesselring, G. L. F. Clin. Pediatr. 
2001, 40, 313. (g) Hadi, V.; Koh, Y.-H.; Sanchez, T. W.; Barrios, D.; Nea-
mati, N.; Jung, K. W. Bioorg. Med. Chem. Lett. 2010, 20, 6854. (h) Uve-
brant, K.; Thrige, D. D. G.; Rosén, A.; Åkesson, M.; Berg, H.; Walse, B.; 
Björk, P. J. Biomol. Screen. 2007, 12, 464. (i)  Kimata, A.; Nakagawa, H.; 
Ohyama, R.; Fukuuchi, T.; Ohta, S.; Suzuki, T.; Miyata, N. J. Med. Chem. 
2007, 50, 5053. (j)  Golebiowski, A.; Townes,  J. A.; Laufersweiler, M. J.; 
Brugel, T. A.; Clark, M. P.;. Clark, C. M Jane, F. D.; Laughlin, S. K.; Sabat, 
M. P.; Bookland, R. G.; VanRens, J. C.; De, B.; Hsieh, L. C.; Janusz, M. 
J.;Walter, R. L.; Webster, M. E.; Mekel, M. J. Bioorg. Med. Chem. Lett. 

2005, 15, 2285. (k) Clark, M. P.; Laughlin, S. K.; Laufersweiler,  M. j.; 
Bookland, R. G.; Brugel, T. A.; Golebiowski, A.; Sabat, M. P.; Townes, J. A. 
VanRens, J. C.;  Djung, J. F.; Natchus, M. G.;  De, B.; Hsieh, L. C.; Xu, S. 

C.; Walter, R. L.; Mekel, M. J.; Heitmeyer, S. A.; Brown, K. K.;  Juergens, 
K.; Taiwo, Y. O.; Janusz, M. J. J. Med. Chem. 2004, 47, 2724. (l) Wang, 
X.-H.; Wang, X.-K.; Liang, Y.-J.; Shi, Z.; Zhang, J.-Y. Chen, L.-M.; Fu, 
L-W. Chin. J. Cancer 2010, 29, 980. 

2. For recent examples of the construction of pyrazolone derivatives, see: (a) 
Gogoi, S.; Zhao, C.-G. Tetrahedron Lett. 2009, 50, 2252. (b) Gogoi, S.; 
Zhao, C.-G.; Ding, D. Org. Lett. 2009, 11, 2249. (c) Mariappan, G.; Saha, B. 
P.; Bhuyan, N. R.; Bharti, P. R.; Kumar, D. J. Adv. Pharm. Technol. Res. 
2010, 1, 260. (d) Ma, R.; Zhu, J.; Liu, J.; Chen, L.; Shen, X.; Jiang, H.; Li, J. 
Molecules 2010, 15, 3593. (e) Liao, Y.-H.; Chen, W.-B.; Wu, Z.-J.; Du, X.-
L.; Cun, L.-F.; Zhang, X.-M.; Yuan, W.-C. Adv. Synth. Catal. 2010, 352, 
827. (f) Yang, Z.; Wang, Z.; Bai, S.; Liu, X.; Lin, L.; Feng, X. Org. Lett. 
2011, 13, 596. (g) Mazzanti, A.; Calbet, T.; Font-Bardia, M.; Moyano, A.; 
Rios, R. Org. Biomol. Chem. 2012, 10, 1645. (h) Šimek, M.; Remeš, M.; 
Veselý, J.; Rios, R. Asian J. Org. Chem. 2013, 2, 64. 

3. For recent reviews on the stereoselective synthesis of spirocyclic compounds, 
see: (a) Trost, B. M.; Brennan, M. K. Synthesis 2009, 3003. (b) Rios, R. 

Chem. Soc. Rev. 2012, 41, 1060. (c)  Nakazakia, A.;  Kobayashi, S.; Synlett 
2012, 1427. (d) Franz, A. K.; Hanhan, N. V.; Ball-Jones, N. R. ACS Catal. 
2013, 3, 540. 

4. For selected reviews on organocatalytic domino/cascade reactions, see: (a) 
Angew. Chem. Int. Ed. 2007, 46, 

1570. (b) Yu, X.; Wang, W. Org. Biomol. Chem. 2008, 6, 2037. (c) Grondal, 
C.; Jeanty, M.; Enders, D. Nature Chemistry 2010, 2, 167. 
Jiang, H.; Jørgensen, K. A. Angew. Chem. Int. Ed. 2011, 50, 8492. (e) Moya-
no, A.; Rios, R. Chem. Rev. 2011, 111, 4703. (f) Grossmann, A.; Enders, D. 
Angew. Chem. Int. Ed. 2012, 51, 314. (g) Pellissier, H.; Adv. Synth. Catal. 
2012, 354, 237. (h) Loh, C. C. J.; Enders, D. Chem. Eur. J. 2012, 18, 10212, 
(i) Lu, L.-Q.; Chen, J.-R.; Xiao, W.-J. Acc. Chem. Res.  2012, 45, 1278. (j) 
Volla, C. M. R.; Atodiresei, I.; Rueping, M. Chem. Rev. 2014, 114, 2390. For 
recent highlight, see: (k) Chauhan, P.; Enders, D. Angew. Chem. Int. Ed. 

2014, 53, 1485. 
5. For recent reviews on the organocatalytic asymmetric synthesis of spirooxin-

doles, see: (a) Zhou, F.; Liu, Y.-L.; Zhou, J. Adv. Synth. Catal. 2010, 352, 
1381. (b) Badillo, J. J.; Hanhan N. V.; Franz, A. K. Curr. Opin. Drug Dis-

covery Dev. 2010, 13, 758. (b) Dalpozzo, R. Bartoli, G.; Bencivenni, G. 
Chem. Soc. Rev. 2012, 41, 7247. (d) Ball-Jones, N. R.; Badillo, J. J.; Franz, 
A. K. Org. Biomol. Chem. 2012, 10, 5165. (e) Hong, L.; Wang, R. Adv. 

Synth. Catal. 2013, 355, 1023. (e) Y. Liu, H. Wang, J. Wan, Asian J. Org. 

Chem. 2013, 2, 374. (f) Chauhan, P.; Chimni, S. S. Tetrahedron: Asymmetry, 
2013, 24, 343. (g) Cheng, D.; Ishihara, Y.; Tan, B.; Barbas, III, C. F. ACS 

Catal. 2014, 4, 743. 
6. (a)  Companyó, X.; Zea, A.; Alba, A.-N. R.; Mazzanti, A.; Moyano, A.; Rios, 

R. Chem. Commun. 2010, 46, 6953. (b) Alba, A.-N. R.; Zea, A.; Valero, G.; 
Calbet, T.; Font-Bardía, M.; Mazzanti, A.; Moyano, A.; Rios, R. Eur. J. Org. 

Chem. 2011, 7, 1318.  
7.  Zea, A.; Alba, A.-N. R.; Mazzanti, A.; Moyano, A.; Rios, R. Org. Biomol. 

Chem. 2011, 9, 6519. 
8. Wu, B.; Chen, J.; Li, M.-Q.; Zhang, J.-X.; Xu, X.-P.; Ji, S. J.; Wang, X.-W. 

Eur. J. Org. Chem. 2012, 1318. 
9. (a)  Liang, J.; Chen, Q.; Liu, L.; Jiang, X.; Wang, R. Org. Biomol. Chem. 

2013, 11, 1441. (b) Zhang, J.-X.; Li, N. K.; Liu, Z.-M.; Huang, X. F.; Geng, 
Z.-C.;  Wang X.-W. Adv. Synth. Catal. 2013, 355, 797. 

10. Liu, L.; Zhong, Y.; Zhang, P.; Jiang, X.; Wang, R. J. Org. Chem. 2012, 77, 
10228. (b) Chen, Q.; Liang, J.; Wang, S.; Wang, D.; Wang, R. Chem. Com-

mun. 2013, 49, 1657. 
11. Cui, B. D.; Li, S.-W.; Zuo, J.; Wu, Z, J.; Zhang, X.-M.; Yuan, W.-C. 

Tetrahedron 2014, 70, 1895. 
12. For recent examples on organocatalytic sequential one-pot reactions, see: (a) 

Jiang, K.; Jia, Z.-J.; Chen, S.; Wu, L.; Chen, Y.-C. Chem. Eur. J. 2010, 16, 
2852. (b) Enders, D.; Urbanietz, G.; Cassens-Sasse, E.; Keeß, S.; Raabe, G. 
Adv. Synth. Catal. 2012, 354, 1481. (c)  Hong, B.-C.; Dange, N. S.; Ding, C.-
F.; Liao, J.-H. Org. Lett. 2012, 14, 448. (d) Dange, N. S.; Hong,, B.-C.; Lee, 
C.-C.; Lee, G.-H. Org. Lett. 2013, 15, 3914. (e) Li, X.; Yang, L.; Peng, C.; 
Xie, X.; Leng, H.-J.; Wang, B.; Tang, Z.-W.; He, G.; Ouyang, l.; Huang, W.; 
Han, B. Chem. Commun. 2013, 8692. 

13. For selected reviews on the bifunctional hydrogen bonding organocatalysis, 
see: (a) Doyle, A. G.; Jacobsen, E. N. Chem. Rev. 2007, 107, 5713. (b) Bha-
dury, P. S.; Song, B.-A.; Yang, S.; Hu, D.-Y.; Xue, W. Curr. Org. Synth. 
2009, 6, 380. (c) Siau, W. Y.; Wang, J. Catal. Sci. Technol. 2011, 1, 1298. 
(d) Alemán, J.; Parra, A.; Jiang, H.; Jørgensen, K. A. Chem. Eur. J. 2011, 17, 
6890 (d) Chauhan, P.; Chimni, S. S. RSC Adv. 2012, 2, 737.  

14. CCDC 997149 (for 4c) contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 



 

Streocontrolled Construction of Six Vicinal Stereogenic Centers on 

Spiropyrazolones via Organocascade Michael/Michael/1,2-Addition 

Reactions 

Pankaj Chauhan, Suruchi Mahajan, Charles C. J. Loh, Gerhard Raabe and Dieter Enders* 

*Institute of Organic Chemistry, RWTH Aachen University Landoltweg 1, 52074 Aachen, Germany.

Me
COR1

O

R2
NO2

+

1) Squaramide 
 I or II (1 mol %)

N
N

Me

O
R4

47-62%
10:1->25:1 dr

97-99% ee

2) DBU (50 mol %)

or

N
N

Me

O

R4

OH
Me

COR1R2

O2N

R3 enantiomer

R1 = OEt, OMe, Me

R2
 and R3 = Aryl, Heteroaryl

R4
 = Aryl

one-pot

R3

 
 

 


