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Asymmetric Michael addition of 3-methyl-2-pyrazolin-5-one to B-nitrostyrenes, catalyzed by a
series of chiral squaramide bifunctional catalysts derived from cinchona alkaloids, yielded chiral
pyrazol-3-ol derivatives. These pyrazol-3-ol derivatives were obtained in moderate to high
yields with good enantioselectivities under mild conditions by using 1 mol% of the catalyst. This
reaction affords valuable and easy access to chiral 5-methyl-4-(2-nitro-1-arylethyl) pyrazol-3-ol

2009 Elsevier Ltd. All rights reserved.

1. Introduction

The structural scaffolds of five-membered heterocyclic
compounds containing two adjacent nitrogen atoms, such as
pyrazoles, pyrazolones and pyrazolols are predominantly found
in numerous bioactive compounds." Among them, pyrazolone
derivatives® are well known five-membered heterocyclic lactams
widely found in medicinal drugs, and have a wide range of
biological and pharmaceutical activities, such as analgesic, anti-
inﬂammatory,3 antibacterial,’ anti-viral,4b antiﬁmgal,5 anti-
pyretic,”™ anti-ischemic effects,’ antitumor’ and other useful
properties (Fig. 1). Pyrazolones themselves provide a platform
for the synthesis of a myriad of compounds by virtue of their
highly reactive structural functionalities.® Particular attention has
been paid for the synthesis of C4 substituted pyrazolone
derivatives which are synthetic scaffolds in combinatorial and
medicinal chemistry.” Polysubstituted 1-alkyl-3-hydroxypyrazole
derivatives are known to be potent enzyme inhibitors and
activators.'® There are several examples reported in the literature
for the 1-alkyl derivative whereas those for the 1-H-3-
hydroxypyrazole are scarce. For instance, it has been reported
that O-pyrazole glucopyranoside and galactopyranoside
derivatives, such as remogliflozin etabonate display inhibitory
action against human sodium-glucose cotransporters 1 and 2
(SGLT1 and SGLT2) to function as antidiabetic agents (Fig. 1)."°
Recently, 4-benzyl-5-methyl-1H-pyrazol-3-ols have been
recognized as efficient and selective inhibitors of rat L-2-hydroxy
acid oxidase (Fig. 1)."' 3-Methyl-1-phenyl-2-pyrazolin-5-one,
(Edaravone, MCI-186), a pyrazolone compound, has been an
effective drug for ischemia related ailment such as brain
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Figure 1. Biologically active pyrazole, pyrazolone and pyrazolol
derivatives.

In recent years, the organocatalytic asymmetric Michael
addition reaction for the synthesis of C4 substituted pyrazolone
derivatives has gathered considerable interest as a convenient
methodology for the C-C bond formation protocol." Bifunctional
H-bond catalysts derived from thiourea and squaramide moieties
have proven efficiency for the asymmetric Michael additions of a
variety of nucleophiles to nitroolefins.'*'"> In 2010, Yuan and co-
workers have reported a highly diastereo- and enantioselective
pyrazol-3-one addition to nitroalkenes using thioureas as
bifunctional catalysts.'® Recently, Du et al. reported an efficient
chiral squaramide-catalysed enantioselective Michael addition of
1-Ph-pyrazolin-5-ones to nitroalkenes.'” To the best of our
knowledge, there is no study on asymmetric Michael addition of
unprotected pyrazolines to B-nitrostyrenes. In continuation of our
work on squaramide bifunctional catalysts,"' we were interested
to study the Michael addition of 1H-pyrazolin-5-ones to B-
nitroalkenes using cinchona alkaloid and bis CF; benzylamine
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derived squaramide catalyst. Herein, we report our successful
application of squaramide organocatalysts in the enantioselective
Michael addition of pyrazolin-5-ones to nitroalkenes, where the
corresponding C4-substituted chiral pyrazol-3-ol derivatives can
be obtained in high to excellent yields (up to 95%) with moderate
to high enantioselectivities (up to 96% ee).

2. Results and discussion

The preliminary reaction of 3-methyl-1H-pyrazol-5-one with
B-nitrostyrene in dichloromethane in the presence of 10 mol%
catalysts was conducted at room temperature, and results are
given in Table 1. The screening studies revealed that the
squaramides (la-c) derived from the CF; substituted anilines
gave the product (4a) in good yield with moderate
enantioselectivities, (Table 1, entries 1-3) while the squaramides
(1d-i) derived from benzylamines and bis-CF; benzylamines
gave the desired product (4a) in excellent yield with good to
moderate enantioselectivities (Table 1, entries 4-9). Further, the
ferrocene derived squaramide catalysts (1j-m),” afforded
Michael product (4a) in good yield with moderate to low
enantioselectivities, over an extended reaction time (Table 1,
entries 10-13). On completion of the screening experiments, the
performance of the catalyst 1i was found to be the best for this
model reaction among all the catalysts (1a-m).
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Figure 2. Different types of squaramide based bifunctional catalysts
used in this study.

In continuation, different parameters such as the effect of
solvents, temperature and catalyst loading were examined to
arrive at the optimal reaction condition. Subsequently, the solvent
screening studies revealed that solvents such as dichloromethane,
chloroform, THF, toluene and acetonitrile favored good yields
and moderate enantioselectivities (Table 1, entries 9 and 14-17)
while, the reactions performed in diethyl ether resulted in
moderate yield with poor enantioselectivity (Table 1, entry 18).
The interference of a protic solvent like methanol, on the
hydrogen-bond controlled organocatalysis, resulted in moderate
yield and very poor enantioselectivity. (Table 1, entry 19).
Among various solvents, dichloromethane was found to be the
best choice as a solvent to achieve good yield and
enantioselectivities. Upon screening over a range of
temperatures, the reaction conducted at room temperature gave
the desired product in good yield and enantioselectivity and a
lower temperature had little or no effect on yield and
enantioselectivity (Table 1, entries 20 and 21). The catalyst
loading in the range of 0.5-5 mol% was examined for obtaining
the optimal condition. Interestingly, 1mol% of the catalyst was
found to be the most promising loading having achieved 95%
yield of the product with 70% enantioselectivity. However,
lowering of the catalyst loading further led to a drastic decrease
in the yield even after prolonged reaction time (Table 1, entries

22-25). Based on all of the above results, the optimized reaction
conditions as established were, 3-methyl-1H-pyrazol-5-one 2 (0.3
mmol) and nitroalkenes 3 (0.3 mmol) in 1.5 ml CH,Cl, with 1
mol% of catalyst 1i at room temperature.

Table 1. Catalyst screening and optimization of reaction
conditions for the asymmetric Michael addition of 3-methyl-
1 H-pyrazol-5-one to B-nitrostyrene”

Ph
H3C H3C>—{\
m catalyst — NO,
N\H ot |:>h/\/NO2 m’ HN\N/ OH
2a 3a 4a
Entry  Catalyst Solvent  Temp Time Yield® eetd
(mol%) (°C) (h) (%) (%)

1 1a(10) CH,Cl, Tt 12 87 53 (S)
2 1b (10) CH,Cl, rt 12 89 58 (S)
3 1c (10) CH,Cl, rt 12 38 48 (S)
4 1d(10)  CHCl rt 14 83 54 (S)
5 le (10) CH,Cl, rt 14 90 60 (S)
6 1£(10) CH,Cl, rt 12 93 46 (S)
7 1g (10) CH,Cl, rt 12 92 52(S)
8 1h (10) CH,Cl, rt 12 85 48 (R)
9 1i (10) CH,Cl, rt 12 93 63 (R)
10 1j (10) CH,Cl, rt 16 86 40 (S)
11 1k (10) CH,Cl, rt 16 89 46 ()
12 11(10) CH,Cl, It 16 84 42 (R)
13 Im(10)  CH,Cl, 1t 16 91 51 (R)
14 1i(10) CHCl; t 16 90 60 (R)
15 1i (10) THF t 18 82 52 (R)
16 1i (10) PhCH; t 26 86 61 (R)
17 1i (10) CH;CN t 20 89 58 (R)
18 1i (10) Et,O t 48 73 45 (R)
19 1i (10) CH;0H t 12 78 11 (R)
20 1i (10) CH,Cl, 0 36 94 60 (R)
21 1i (10) CH,Cl, -20 48 96 62 (R)
22 1i (5) CH,Cl, t 15 93 59 (R)
23 1i (3) CH,Cl, t 19 92 63 (R)
24 1i (1) CH,Cl, t 24 95 70 (R)
25 1i (0.5) CH,Cl, t 48 88 58 (R)

“Unless otherwise indicated, reactions were carried out with 3-methyl-1H-
pyrazol-5-one 2a (0.4 mmol) and B-nitrostyrene 3a (0.33 mmol) in solvent
(1.5 ml) at room temperature.

PIsolated yield after column chromatography purification.

“The ee values were determined by chiral HPLC analysis using a Daicel
Chiralpak AD-H.

“The absolute configuration of the product 4a was determined by comparison
of'its retention time with literature data according to ref. 13f.

Under the optimal reaction conditions, the Michael addition
reaction of 3-methyl-2-pyrazolin-5-ones (2a-c) to a wide variety
of nitroolefin substrates (3a-q) was examined. The results are
shown in Table 2. Various nitroalkenes bearing electron donating
and withdrawing groups reacted smoothly with 3-methyl-1H-
pyrazol-5-one (2a) giving the desired products with high yields
and moderate to good enantioselectivities. Notably, nitroalkenes
bearing electron releasing groups such as Me and OMe at para or
ortho position gave the desired products in good yield and
enantioselectivity (Table 2, entries 2-4). Nitroalkenes bearing
halogens such as fluoro, chloro and bromo at ortho or para
position reacted smoothly with 3-methyl-1H-pyrazol-5-one (2a)
to give the Michael adducts with good yield and moderate to
good enantioselectivities (Table 2, entries 5-10). Interestingly
fluorine at ortho position gave the corresponding Michael adduct



with high yield (90%) and good enantioselectivity (85% ee)
(Table 2, entry 8).

Further, we have examined the reaction of nitroalkenes with
nitro group at ortho or meta position on the phenyl ring.
Nitroalkene 3k gave a good yield and moderate enantioselectivity
(89% yield and 75% ee), however, a high yield and good
enantioselectivity (91% yield and 85% ee) was observed for
nitroalkene 31 (Table 2, entries 11 and 12). Napthyl nitroalkenes
such as 3m and 3n gave corresponding Michael adduct with good
yields and moderate enantioselectivities (Table 2, entries 13 and
14).

Table 2. Scope of the asymmetric Michael addition of
pyrazolinones to nitroalkenes®

Ry R, Rs R, Rs
N@o + R3/\,No2 . :‘ ;ZIV/: -2 — N?:/Q::% (or) N?:Q—O:"\lm
Ry R,
2a-c 3 (R)-4a-q (R)-4r-u
2a, Ry =H; R, =CHj, Ry=H Ry =Ph
2b, Ry = Ph; Ry = CH3
2¢, Ry and R, = Ph
Entry R, R, R; Product  Yield®  ee™
(%) (%)
1 H CH;  C¢Hs(3a) 4a 95 70
2 H CH;  4-CH;Cg¢Hy4 (3b) 4b 86 66
3 H CH;  4-CH3;0C¢Hs (3¢)  4c 84 69
4 H CH;  2-CH;0C¢Hs (3d) 4d 89 77
5 H CH;  4-FC¢Hi4 (3e) 4e 86 70
6 H CHs  4-CIC¢H4 (31) 4f 85 71
7 H CH;  4-BrCgHs (3g) 4g 80 35
8 H CH3  2-FCgH4 (3h) 4h 90 85
9 H CH;  2-CIC¢H4 (3i) 4i 84 67
10 H CHs  2-BrCgHs (3j) 4j 82 71
11 H CH;  2-NO,CgHs (3k) 4k 89 75
12 H CHs  3-NO,CgH4 (31) 41 91 85
13 H CH3 1-Naphthyl (3m) 4m 83 66
14 H CH;  2-Naphthyl (3n) 4n 79 65
15 H CH;  2-Furanyl (30) 40 92 83
16 H CH3;  2-Thienyl (3p) 4p 88 76
17 H CH;  3,4-(0,CH,)C¢H3 4q 90 78
Gq)
18 C¢Hs CH; CgHs (3a) 4r 96 96
19 C¢Hs CHs;/ 2-Furanyl (30) 4s 92 93
20 C¢Hs CH;  2-Thienyl (3p} 4t 95 96
21 Ce¢Hs « CeHs. CqHs (3a) 4u 89 75

"Unless otherwise indicated, reactions were carried out with pyrazolin-5-one
2 (0.4 mmol), nitroalkenes 3 (0.33 mmol) and catalyst 1i (1 mol%) in CH,Cl,
(1.5 ml) at room temperature.

PIsolated yield after column chromatography purification.

“The ee values were determined by chiral HPLC analysis using a Daicel
Chiralpak AD-H, IC column.

%The absolute configuration of the product 4a was determined by comparison
of its retention time with literature data according to ref. [13f] and the
configurations of other products were tentatively assigned by analogy.

Heteroaromatic nitroalkenes such as nitro olefins with furyl
(30) and thienyl moieties (3p) reacted smoothly with 3-methyl-2-
pyrazolin-5-one (2a) to provide the desired products with high
yields and good to moderate enantioselectivities (Table 2, entries
15 and 16). 3,4-Methylenedioxy-substituted nitroalkene 3q was
also used as an acceptor, it afforded the corresponding Michael
adduct with good yield (90%) and moderate enantioselectivity
(78% ee) (Table 2, entry 17). In order to compare the efficiency
of catalyst 1i on the N-Phenyl substituted pyrazolones, the

3

asymmetric Michael addition reaction was conducted under the
optimized conditions (using 1mol% of the catalyst). Interestingly,
the reaction of 1-Ph-pyrazolin-5-one (2b) with PB-nitrostyrene
(3a) afforded the product 4r in high yield and excellent
enantioselectivity, which were comparatively higher than those
reported by Du and co-workers (Table 2, entry 18)." Similarly,
heteroaromatic nitroalkenes such as furyl (30) and thienyl (3p)
nitro olefins reacted smoothly with 1-Ph-pyrazolin-5-one (2b) to
give the desired products with high yield and excellent
enantioselectivities (Table 2, entries 19 and 20). It is noteworthy
to mention that the reaction was also conducted with 1,3-
diphenyl-2-pyrazolin-5-one (2¢) using the catalyst 1i to afford the
corresponding Michael adduct 4u with .good yield (89%) and
moderate enantioselectivity (75% ee) (Table 2, entry 21).

Figure 3 depicts a possible transition state model on the basis
of the observed experimental results. A hydrogen bonding
interaction of the NH groups of rigid squaramide moiety of the
catalyst with the nitro group of - nitroalkene should increase the
electrophilicity of the o-carbon of the styrene moiety. In other
words, dual hydrogen bonding between the NH group and the
nitro group activates the nitroalkene for a nucleophilic attack at
the a-carbon atom. Simultaneous nucleophilic activation of the
methylene carbon takes place (via tautomerism) due to the
deprotonation - of 3-methyl-2-pyrazolin-5-one by the basic
nitrogen atom of the tertiary amine of cinchona alkaloid
component. The R-configured product is then formed due to the
attack of the deprotonated 3-methyl-2-pyrazolin-5-one on the
activated nitroalkene from the Si-face which is commensurate
with the observed enantioselective results.

H3C

Si face attack
Figure 3. Proposed transition state model

3. Conclusion

In summary, we describe the synthesis of a series of chiral
bifunctional squaramides 1a-m derived from Cinchona alkaloids
constituting bis CF;-anilines, bis CFs-benzylamines and
ferrocene. The catalytic activity of 1a-m was studied successfully
for asymmetric Michael addition of 3-methyl-2-pyrazolin-5-one
to nitroalkenes in dichloromethane. Under the optimized reaction
conditions, bifunctional catalyst 1i exhibited better efficiency and
good enantioselectivity. Moreover, the catalyst has displayed its
versatility and ability over a broad substrate scope. The
corresponding Pyrazol-3-ol derivatives were obtained in high to
excellent yields with moderate to good enantioselectivities under
mild conditions with low catalyst loading (1 mol%). This
reaction affords valuable and easy access to enantiomerically
pure 5-methyl-4-(2-nitro-1-arylethyl) pyrazol-3-ol derivatives.
Further investigation on chiral bifunctional squaramides is
currently being carried out in our laboratory to extend their
application in asymmetric catalysis.



4

Tetrahedron

Acknowledgments

K.S.R thanks the Council of Scientific and Industrial Research
(CSIR), New Delhi for the award of a Senior Research
Fellowship. R.T. acknowledges the XII" five year plan project
CSC, (CSC-0125) of CSIR-IICT for financial support. M.L.K.
acknowledges DST, India for J. C. Bose National Fellowship.

References and notes

w

11.

(a) Bondock, S.; Fadaly, W.; Metwally, M. A. Eur J Med Chem.
2010, 45, 3692-3702; (b) Isloor, A. M.; Kalluraya, B.; Shetty, P.
Eur J Med Chem. 2010, 44, 3784-3787; (c) Prakash, O.; Hussain,
K.; Kumar, R.; Wadhwa, D.; Sharma, C.; Aneja, K. R. Org Med
Chem Lett. 2011, 1, 5; (d) Aneja, D. K.; Lohan, P.; Arora, S.;
Sharma, C.; Aneja, K. R.; Prakash, O. Org Med Chem Lett. 2011,
1, 15; (e) El-Sayed, M. A. -A.; Abdel-Aziz, N. I.; Abdel-Aziz, A.
A. -M.; El-Azab, A. S.; ElTahir, K. E. H. Bioorg Med Chem.
2012, 20, 3306-3316; (f) Singh, S. K.; Saibaba, V.; Rao, K. S.;
Reddy, P. G.; Daga, P. R.; Rajjak, S. A.; Misra, P.; Rao, Y. K. Eur
J Med Chem. 2005, 40, 977-990; (g) Lee, K. Y.; Kim, J. M.; Kim,
J. n. Tetrahedron Lett. 2003, 44, 6737-6740; (h) Abdel-Aziz, M.;
Abuo-Rahma, G. E. A.; Hassan, A. A. Eur J Med Chem. 2009, 44,
34803487, (i) Hashem, A. L.; Youssef, A. S. A.; Kandeel, K. A.;
Abou-Elmagd, W. S. 1. Eur J Med Chem. 2007, 42, 934-939; (j)
Lv, P. -C.; Li, H. -Q.; Sun, J.; Zhou, Y.; Zhu, H. -L. Bioorg Med
Chem. 2010, 18, 4606—4614; (k) Sridhar, R.; Perumal, P. T.; Etti,
S.; Shanmugan, P. M. N.; Prabavathy, V. R.; Mathivanan, N.
Bioorg Med Chem Lett. 2004, 14, 6035-6040; (1) Li, X.; Liu, J. L.;
Yang, X. H.; Lu, X.; Zhao, T. T.; Gong, H. B.; Hl, Z. Bioorg Med
Chem. 2012, 20, 4430—4436; (m) Uramaru, N.; Shigematsu, H.;
Toda, A.; Eyanagi, R.; Kitamura, S.; Ohta, S. J Med Chem. 2010,
53,8727-8733.

For an excellent book about the chemistry of pyrazol-3-ones,
see:Pyrazol- 3-ones. Part IV: Synthesis and Applications, G.
Varvounis, in Adv. Heterocyclic Chem., A. R. Katritzky (Ed.);
Academic Press Inc, 2009, Vol. 98, p. 143.

Brogden, R. N. Drugs 1986, 32, 60-70.

(a) Costa, D.; Marques, A. P.; Reis, R. L.; Lima, J. L. F. C;
Fernandes, E. Free Radical Biol. Med. 2006, 40, 632-640; (b)
Sujatha, K.; Shanthi, G.; Selvam, N. P.; Manoharan; S.; Perumal,
P. T.; Rajendran, M. Bioorg. Med. Chem. Lett. 2009, 19, 4501—
4503.

Bondock, S.; Rabie, R.; Etman, H. A.; Fadda, A. A. Eur. J. Med.
Chem. 2008, 43,2122-2129.

Wu, T. -W.; Zeng, L. -H.; Wu, J.; Fung, K. -P. Life Sci. 2002, 71,
2249-2255.

Casas, J. S.; Castellano, E. E.; Ellena, J.; Garcia-Tasende, M. S.;
Peres-Paralle, M. L.; Sanchez, A.; Sanchez-Gonzalez, A.; Sordo,
J.; Touceda, A. J. Inorg. Biochem. 2008, 102, 33-45.

For reviews on pyrazolines, see: (a) Leavai, A. J. Heterocycl.
Chem. 2002, 39, 1-13; (b) Kumar, S.; Bawa, S.; Drabu, S.; Kumar,
R.; Gupta, H. Recent Pat. Anti-Infective Drug Discovery 2009, 4,
154-163; (c) Kissane, M.; Maguire, A. R. Chem. Soc. Rev. 2010,
39, 845-883; (d) Kuchenthal, C. -H.; Maison, W. Synthesis 2010,
5, 719-740.

(a) Wiley, R. H.; Wiley, P. Pyrazolones, Pyrazolidones, and
Derivatives, (Ed.: A. Weissberger), Interscience, New York, 1964;
Chapter VIII, Vol. 20 of the series The Chemistry of Heterocyclic
Compounds; (b) Brune, K. (Ed.), Agents and Actions
Supplements. 100 Years of Pyrazolone Drugs. An Update,
Birkhaeuser Verlag: Basel, Switzerland, 1986; Vol. 19, p 355.

(a) Cuberes-Altisent, R.; Holenz, J. PCT Int. Appl.
WO02007098953, 2007; Chem. Abstr. 2007, 147, 301168; (b)
Teranishi, H.; Fushimi, N.; Yonekubo, S.; Shimizu, K.; Shibazaki,
T.; Isaji, M. PCT Int. Appl. W0O2004014932, 2004; Chem. Abstr.
2004, 740, 199632; (c) Washburn, W. N. PCT Int. Appl.
W02003020737, 2003; Chem. Abstr. 2003, 138, 221784; (d)
Shiohara, H.; Fujikura, H.; Fushimi, N.; Ito, F.; Isaji, M. PCT Int.
Appl. WO 2002098893, 2002; Chem. Abstr. 2003, 138, 24917, (e)
Fujimori, Y.; Katsuno, K.; Nakashima, I.; Ishikawa-Takemura, Y .;
Fujikura, H.; Isaji, M. J. Pharm. Exp. Therap. 2008, 327, 268—
276; For a review, see: Washburn, W. N. J. Med. Chem. 2009, 52,
1785-1794; (f) Gogoi, S.; Zhao, C. -G.; Ding, D. Org. Lett. 2009,
11,2249-2252.

(a) Foloppe, N.; Fisher, L. M.; Howes, R.; Potter, A.; Robertson,
A. G. S.; Surgenor, A. E. Bioorg. Med. Chem. 2006, 14, 4792—

12.

14.

15.

16.

17.

4802; (b) Barawkar, D. A.; Meru, A.; Bandyopadhyay, A.;
Banerjee, A.; Deshpande, A. M.; Athare, C.; Kodurum, C.; Khose,
G.; Gundu, J.; Mahajan, K.; Patil, P.; Kandalkar, S. R.; Niranjan,
S.; Bhosale, S.; De, S.; Mukhopadhyay, S.; Chaudhary, S.; Koul,
S.; Singh, U.; Chugh, A.; Palle, V. P.; Mookhtiar, K. A.; Vacca, J.;
Chakravarty, P. K.; Nargund, R. P.; Wright, S. D.; Roy, S.;
Graziano, M. P.; Singh, S. B.; Cully, D.; Cai, T. -Q. ACS Med.
Chem. Lett. 2011, 2, 919-923; (c) Meshram, H. M.; Satish Kumar,
N.; Jagadeesh Babu, N.; Chandrasekhara Rao, L.; Nageswara Rao,
N. Tetrahedron Lett. 2013, 54, 5941-5944; (d) Barawkar, D. A.;
Bandyopadhyay, A.; Deshpande, A.; Koul, S.; Kandalkar, S.;
Patil, P.; Khose, G.; Vyas, S.; Mone, M.; Bhosale, S.; Singh, U.;
De, S.; Meru, A.; Gundu, J.; Chugh, A.; Palle, V. P.; Mookhtiar,
K. A.; Vacca, J. P.; Chakravarty, P. K.; Nargund, R. P.; Wright, S.
D.; Roy, S.; Graziano, M. P.; Cully, D.; Singh, S. B.; Cai, T. -Q.
Bioorg. Med. Chem. Lett. 2012, 22, 4341-4347.

(a) Watanabe, T.; Yuki, S.; Egawa, M.; Nishi, H. Pharmacol. Exp.
Ther. 1994, 268, 1597-1604; (b) Kawai, H.; Nakai, H.; Suga, M.;
Yuki, S.; Watanabe, T.; Saito, K. -I. J. Pharmacol. Exp. Ther.
1997, 281, 921-927; (c) Prasad, Y. R.; Rao, A. L.; Prasoona, L.;
Murali, K.; Kumar, P R. Bioorg. Med. Chem. Lett. 2005, 15,
5030-5034.

For selected examples, see: (a) Wang, Z.; Yang, Z.; Chen, D.; Liu,
X.; Lin, L.; Feng, X. Angew. Chem., Int. Ed. 2011, 50, 4928-4932;
(b) Yang, Z.; Wang, Z.; Bai, S.; Liu, X.; Lin, L.; Feng, X. Org.
Lett. 2011, 13, 596-599; (c) Alba, A. -N. R.; Zea, A.; Valero, G. ;
Calbet, T.; Font-Bardia, M.; Mazzanti, A.; Moyano, A.; Rios, R.
Eur. J. Org. Chem. 2011, 1318-1325; (d) Mazzanti, A.; Calbet, T.;
Font-Bardia, M.; Moyano, A.; Rios, R. Org. Biomol. Chem. 2012,
10, 1645-1652; (e) Wang, Z.; Chen, Z.; Bai, S.; Li, W.; Liu, X,;
Lin, L.; Feng, X. Angew. Chem., Int. Ed. 2012, 51,2776-2779; (f)
Li, F.; Sun, L.; Teng, Y.; Yu, P.; Zhao, J. C.-G.; Ma, J. -A.
Chem.—Eur. J. 2012, 18, 14255-14260; (g) Wu, B.; Chen, J.; Li,
M. -Q.; Zhang, J. -X; Xu, X. -P.; Ji, S. -J.; Wang, X. -W. Eur. J.
Org. Chem. 2012, 1318-1327.

For selected reviews on thiourea catalysts, see: (a) Doyle, A. G.;
Jacobsen, E. N. Chem. Rev. 2007, 107, 5713-5743; (b) Connon, S.
J. Chem. Commun. 2008, 2499-2510; (c¢) Takemoto, Y. Org.
Biomol. Chem. 2005, 3, 4299-4306; (d) Connon, S. J. Chem.—Eur.
J. 2006, 12, 5418-5427; (e) Zhang, Z.; Schreiner, P. R. Chem. Soc.
Rev. 2009, 38, 1187-1198; (f) Han, B.; Li, J. -L.; Xiao, Y. -C.;
Zhou, S. -L.; Chen, Y. -C. Curr. Org. Chem. 2011, 15, 4128-4143;
(g) Siau, W. -Y.; Wang, J. Catal. Sci. Technol. 2011, 1, 1298-
1310. For selected examples of the Michael addition to
nitroolefins with bifunctional thiourea catalysts, see: (h) Okino,
T.; Hoashi, Y.; Takemoto, Y. J. Am. Chem. Soc. 2003, 125,
12672-12673; (i) Tsogoeva, S. B.; Wei, S. Chem. Commun. 2006,
1451-1453; (j) Liu, K.; Cui, H. -F.; Nie, J.; Dong, K. -Y.; Li, X. -
J.; Ma, J. -A. Org. Lett. 2007, 9, 923-925; (k) Zhou, W. M.; Liu,
H.; Du, D. -M. Org. Lett. 2008, 10, 2817-2820; (1) Wang, C. -J.;
Zhang, Z. -H.; Dong, X. -Q.; Wu, X. -J. Chem. Commun. 2008,
1431-1433; (m) Uehara, H.; Barbas 111, C. F. Angew. Chem. 2009,
121,10032-10036, (Angew. Chem., Int. Ed. 2009, 48, 9848-9852);
(n) Yu, C.; Zhang, Y.; Song, A.; Ji, Y.; Wang, W. Chem.—Eur. J.
2011, /7,770-774.

For selected examples, see: (a) Zhu, Y.; Malerich, J. P.; Rawal, V.
H. Angew. Chem. 2010, 122, 157-160, (Angew. Chem., Int. Ed.
2010, 49, 153-156; (b) Malerich, J. P.; Hagihara, K.; Rawal, V. H.
J. Am. Chem. Soc. 2008, 130, 14416-14417; (c) Konishi, H.; Lam,
T. Y.; Malerich, J. P.; Rawal, V. H. Org. Lett. 2010, 12, 2028-
2031; (d) Dai, L.; Wang, S. -X.; Chen, F. -E. Adv. Synth. Catal.
2010, 352, 2137-2141; (e) Yang, W.; Du, D. -M. Org. Lett. 2010,
12, 5450-5453; (f) Qian, Y.; Ma, G.; Lv, A.; Zhu, H. -L.; Zhao, J.;
Rawal, V. H. Chem. Commun. 2010, 46, 3004-3006; (g) Yang,
W.; Du, D. -M. Adv. Synth. Catal. 2011, 353, 1241-1246; (h)
Yang, W.; Du, D. -M. Chem. Commun. 2011, 47, 12706-12708;
(i) Min, C.; Han, X.; Liao, Z. Q.; Wu, X. F.; Zhou, H. -B.; Dong,
C. Adv. Synth. Catal. 2011, 353, 2715-2720; (j) He, H. -X.; Yang,
W.; Du, D. -M. Adv. Synth. Catal. 2013, 355, 1137-1148; (k)
Fang, X.; Li, Q. -H.; Tao, H. -Y.; Wang, C. -J. Adv. Synth. Catal.
2013, 355, 327-331; (1) Rao, K. S.; Trivedi, R.; Kantam, M. L.
Synlett 2015, 26, 221-227.

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-
832.

Li, J. -H.; Du, D. -M. Org. Biomol. Chem. 2013, 11, 6215-6223.

Click here to remove instruction text...




Graphical Abstract
To create your abstract, type over the instructions in the template box below.
Fonts or abstract dimensions should not be changed or altered.

Chiral Squaramide catalyzed synthesis of C4 Leave this area blank for abstract info.
Substituted Chiral Pyrazol-3-ol Derivatives

via A Facile Asymmetric Michael addition of

3-Methyl-2-pyrazolin-5-one to f3-

Nitrostyrenes

Kadiyala Srinivasa Rao,* Pambala Ramesh,” Rajiv Trivedi** and M. Lakshmi Kantam™"

Ar, Ar,
R, Ry Ry
q 1 mol% 1i = NO, 7\ NO,
Ni N0 — T~ KN (or) N.
’\“ o7 Ar N~ TORy ,‘\‘ OH
R, R
O, 1=H

CH,Cl,, 1t, 24 h
.,
o = R Ry =Ph
Up to 96% ee
Up to 96% yield
N HN

N
FsC H
P : OCHs
CFs 1 Sa




