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Abstract: A thiourea-Brønsted base bifunctional catalyst allowed the 
enantioselective 1,6-aza-Michael addition of isoxazolin-5-ones to p-
quinone methides to give isoxazolin-5-ones having a chiral 
diarylmethyl moiety attached to the N atom with fair to good yields and 
enantiomeric excesses. To the best of our knowledge this reaction 
represents the first example of enantioselective N-alkylation of 
isoxazolin-5-ones as well as the first example of enantioselective 1,6-
aza-Michael reaction involving p-quinone methides. 

Asymmetric conjugate addition reactions constitute one of the 
most powerful and efficient methods for the enantioselective 
construction of C-C and C-X bonds. Excellent levels of regio- (1,4- 
vs 1,2- addition) and stereoselectivity have been achieved for 1,4-
conjugate additions of a range of nucleophiles and Michael 
acceptors.[1] Compared with the 1,4-addition reaction, the 
enantioselective 1,6-conjugate addition is more challenging 
because of the longer distance between the carbonyl and the 
reaction site (reduced reactivity and stereogenic control) as well 
as for the presence of an additional electrophilic atom 
(regioselectivity).[2] Nevertheless excellent results in terms of 
regio- and enantioselectivity have been obtained by using metal-
catalysis[3] or organocatalysis.[4] In this context, p-quinone 
methides (p-QMs), characterized by a six-membered cyclic bis-
vinylogous enone framework prone to aromatize, have emerged 
as reactive electrophiles in enantioselective 1,6-conjugate 
additions to give compounds possessing a chiral diarylmethyl 
unit.[5] Most examples involve carbon nucleophiles,[5,6] although 
the addition of B2(pin)2 and thioacetic acid have been also 
reported.[7] However, there are no examples on enantioselective 
1,6-conjugate addition of nitrogen nucleophiles to p-QMs, to the 
best of our knowledge,[8] although the enantioselective N-
akylation of 2,3-disubstituted indoles with the related aza-p-QMs 
has been reported.[9] 

On the other hand, the isoxazolin-5-one heterocyclic moiety is 
found in a variety of natural products isolated from different plant 
families[10] and insects.[11] Many of these compounds show 

biological activity and, therefore, the isoxazol-5-one group has 
become a platform for the development of new drug candidates. 
Examples include compounds with antibacterial[12] and 
cytostatic[13] activities as well as enzyme inhibitors for hormone-
sensitive lipase,[14] human neutrophil elastase,[15] p38 MAPa 
kinase[16] and NAD+-dependent protein deacetylases (Figure 
1).[17] Isoxazol-5-ones are also being studied for the development 
of new materials for photonic applications.[18] Furthermore, 
isoxazol-5-ones are highly functionalized and show a rich 
panorama of chemical reactivity, being used in organic synthesis 
as versatile building blocks.[19]  
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Figure 1. Examples of natural and bioactive N-substituted isoxazolin-5-ones 

Accordingly, the development of new procedures for the 
synthesis of this particular heterocyclic and its decoration 
constitutes an important goal for organic chemists. Despite this, 
the use of isoxazolin-5-ones as nucleophiles in enantioselective 
reactions is still underdeveloped. Ma reported the first example 
consisting of a sequential conjugate addition/dearomative 
fluorination with nitroolefins catalyzed by a bifunctional chiral 
tertiary amino-thiourea catalyst.[20] Later, Wang described the 
organocatalytic asymmetric fluorination of 4-substituted 
isoxazolinones.[21] Peters reported the regioselective C-alkylation 
of 4-substituted isoxazolinones forming quaternary stereocenters 
by a palladium-catalyzed 1,4-addition to vinyl ketones.[22] The 
same group reported later a regioselective asymmetric C-
allylation of isoxazolinones via a iridium-catalyzed N-allylation 
followed by a spontaneous aza-Cope rearrangement. In this study, 
N-allylated products were obtained when allyl carbonates 
substituted with alkyl chains were used.[23] Finally, an 
organocatalytic asymmetric four-component [5+1+1+1] 
cycloaddition via a cascade process that involves a double 
alkylation at C4 in isoxazolinones has been developed by Du and 
Chen, recently.[24]  
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In this communication, we report our results on the 
asymmetric N-alkylation of isoxazolinones via a 1,6-aza-Michael 
addition to p-QMs to give isoxazolinones bearing a chiral 
diarylmethyl motif attached to the N atom (Scheme 1). To the best 
of our knowledge, this is the first example of asymmetric 1,6-
nucleophilic addition of N-nucleophiles to p-QMs. 
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Scheme 1. Reaction between 3-methyl-4(H)-isoxazol-5-one (1a) and p-QM 2a, 
and organocatalysts used in this study. 

Table 1. Enantioselective addition of 3-methyl-4(H)-isoxazol-5-one (1a) to 
p-QM 2a. Optimization of the reaction conditions. [a] 

entry catalyst solvent yield [%][b] ee [%][c] 

1 I toluene 30 56 

2 II toluene 36 52 

3 III toluene 30 25 

4 IV toluene 31 9 

5 V toluene 48 66 

6 VI toluene 23 37 

7 V DCE 42 85 

8[d] V DCE 48 86 

9[d,e] V DCE 65 87 

[a] 1a (0.1 mmol), 2a (0.1 mmol), catalyst (0.005 mmol), solvent (1 mL), room 
temperature, 6 days. [b] Yield after column chromatography. [c] Determined 
by HPLC using chiral stationary phases. [d] Reaction carried out with 1a (0.1 
mmol) and 2a (0.15 mmol). [e] Reaction carried out in the presence of 3 Å 
MS (32 mg). 

The reaction between 3-methy-4(H)-isoxazol-5-one (1a) and 
p-QM 2a in toluene at room temperature was used for the 
optimization of the reaction conditions (see also SI). Several 
organocatalyst (5 mol %) including Cinchona alkaloid bases as 
well as bifunctional squaramides and thioureas were screened. In 
all the cases the main reaction product obtained was the N-

alkylated isoxazolinone 3aa (Scheme 1). The best result in terms 
of enantioselectivity (66% ee) was obtained with quinine-derived 
thiourea V (Table 1, entry 5). Changing the solvent to 
dichloroethane (DCE) allowed to increase the enantiomeric 
excess of the reaction product to 85% (Table 1, entry 7). The yield 
of the reaction could be improved by adding an excess of p-QM 
(Table 1, entry 8). Finally, using 3 Å MS as an additive permitted 
further increase of the enantioselectivity, compound 3aa being 
obtained in 65% yield and 87% ee (Table 1, entry 9).   

Table 2. Enantioselective 1,6-aza-Michael addition of 4(H)-isoxazol-5-ones 1 to 
p-quinone methides 2 catalyzed by thiourea V. Reaction scope.[a] 

3Å MS
DCE, rt

N

S

H
N

N
H
N

CF3

CF3

MeO

N
O

tBu

tBu

Ar

+

1

O
O

3

OH
tBu

tBu
Ar

N
O

O

R1

V (5 mol %)

R1

2
R2

R2

 
entry 1 R1 R2 2 Ar t [d] 3 yield [%][b] ee [%][c] 

1 1a Me H 2a Ph 6 3aa 65 87 

2 1b Et H 2a Ph 6 3ba 51 81 

3 1c Pr H 2a Ph 6 3ca 50 81 

4 1d Ph H 2a Ph 6 3da 77 54 

5 1e cPr H 2a Ph 1 3ea 78 89 

6 1f Me Me 2a Ph 1 3fa 62 47 

7 1a Me H 2b p-MeC6H4 6 3ab 23 72 

8 1a Me H 2c p-MeOC6H4 6 3ac 66 62 

9 1a Me H 2d p-ClC6H4 6 3ad 62 88 

10 1a Me H 2e p-O2NC6H4 6 3ae 74 84 

11 1a Me H 2f o-MeOC6H4 6 3af 43 48 

12 1a Me H 2g o-ClC6H4 6 3ag 47 89 

13 1a Me H 2h o-BrC6H4 6 3ah 43 90 

14 1a Me H 2i m-MeOC6H4 6 3ai 20 25 

15 1a Me H 2j m-ClC6H4 6 3aj 36 81 

16 1a Me H 2k m-O2NC6H4 6 3ak 56 77 

17 1e cPr H 2c p-MeOC6H4 1 3ec 75 79 

18 1e cPr H 2d p-ClC6H4 1 3ed 78 88 

19 1e cPr H 2e p-O2NC6H4 1 3ee 80 86 

20 1e cPr H 2g o-ClC6H3 1 3eg 76 92 

21 1e cPr H 2i m-MeOC6H4 2 3ei 82 82 

22 1e cPr H 2j m-ClC6H4 1 3ej 80 88 

23[d] 1e cPr H 2a Ph 1 3ea 71 86 

[a] 1a (0.1 mmol), 2a (0.15 mmol), V (0.005 mmol), DCE (1 mL), 3 Å MS (32 
mg), room temperature. [b] Yield after column chromatography. [c] Determined 
by HPLC using chiral stationary phases. [d] Reaction carried out with 1 mmol of 
1e. 
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Under these conditions, we examined next the scope of the 
reaction (Table 2).The effect of the substitution on the 
isoxazolinone ring was first tested with p-QM 2 (Table 2, entries 
1-6). Increasing the bulk of the substituent at C3 in the 
oxazolinone from methyl to propyl caused a decrease of yield and 
enantioselectivity (Table 2, entires 1-3). Isoxazolinone 1d bearing 
a phenyl ring at this position also reacted with good yield but 
moderate enantioselectivity (Table 2, entry 4). On the other hand, 
the presence of a cyclopropyl group attached at C3 increased the 
reactivity of the oxazolinone and allowed to obtain the 
corresponding product 3ea with good yield (78%) and 89% ee 
(Table 2, entry 5). The disubstituted 3,4-dimethy-4(H)-isoxazol-5-
onone (1f) also reacted quick but the expected product 3fa was 
obtained with only 47% ee (Table 2, entry 6). 

Next we examined the scope regarding the p-quinone 
methide partner. In general, p-QMs having aryl groups substituted 
with electron-donating substituents at either position reacted with 
isoxazolinone 1a with lower yields and enantioselectivities than 
their analogues having aryl groups substituted with electron-
withdrawing groups (Table 2, entries 7, 8 and 11 vs entries 9, 10, 
12, 15 and 16). Furthermore, it was found that, for a same 
substituent, ortho- or para- substituted rings performed better 
than meta-substituted ones (Table 2, entries 7-10 vs entries 14-
16). 

We also examined the reaction of cyclopropyl-substituted 
isoxazolinone 1e with a number of p-QMs (Table 2, entries 17-22). 
Again, we found better results in terms of yield and 
enantioselectivity compared with the reactions with methyl-
substituted isoxazolinone 1a. In this case, good results were 
obtained even for p-QMs having ortho-, meta- or para-substituted 
phenyl rings. Finally, it should be noted that the reaction between 
isoxazolinone 1e and p-QM 2a was scaled up to 1 mmol scale 
with just a minor erosion on the yield and enantioselectivity (Table 
2, entry 23). 

The configuration of the stereogenic center in compound 3ad 
was determined to be (S) on the basis of X-ray crystallographic 
analysis (Figure 2);[25] the stereochemistry of the remaining 
compounds 3 was assigned on the assumption of a uniform 
stereochemical pathway. 

 

Figure 2. Ortep plot for the X-ray structure of compound 3ad. The thermal 
ellipsoids are drawn at the 50% probability level. Flack parameter -0.07(9). 

In summary, a bifunctional thiourea-Brønsted base catalyst 
allowed the first asymmetric 1,6-aza-Michael addition to p-
quinone methides. Isoxazolinones were used as N-nucleophiles 
to give isoxazolinones having a chiral diarylmethyl moiety 
attached to the N atom. The reaction is broad in scope and 
provided the expected products with fair to good yields and high 
enantiomeric excesses. Further research to extend this 
enantioselective reaction to other nitrogen-containing compounds 
is underway in our laboratory. 

Experimental Section 

General procedure for the 1,6-aza-Michael addition. A round bottom 
flask was charged with the para-quinone methide 2 (0.15 mmol), 
isoxazolin-5-one 1 (0.1 mmol), 3Å MS (32 mg) and thiourea V (3.7 mg, 
0.005 mmol). 1,2-Dichloroethane (1 mL) was added and the mixture was 
stirred at room temperature until completion (TLC). The MS was removed 
by filtration and the resulting solution was chromatographed on silica gel 
eluting with hexane:EtOAc mixtures to give compound 3. 

Acknowledgements 

Financial support from the Agencia Estatal de Investigación-
Ministerio de Ciencia, Innovación y Universidades (Spanish 
Government) and Fondo Europeo de Desarrollo Regional 
(European Union) (Grant CTQ2017-84900-P) is acknowledged. C. 
V. thanks the Spanish Government for a Ramón y Cajal contract 
(RYC-2016-20187). Access to NMR, MS, and X-ray facilities of 
the Servei Central de Suport a la Investigació Experimental 
(SCSIE-UV) is also acknowledged. 

Keywords: Asymmetric catalysis • enantioselectivity • conjugate 
addition • heterocycles • alkylation 

[1] For reviews see: a) K. Zheng, X. Liu, X. Feng Chem. Rev. 2018, 118, 
7586-7656; b) P. Perlmutter, Conjugate Addition Reactions in Organic 
Synthesis, Pergamon: Oxford, 1992. c) A. Alexakis, The Conjugate 
Addition Reaction in Transition Metals for Organic Synthesis (Eds: M. 
Beller, C. Bolm), Wiley-VCH: Weinheim, 2004, vol.1, p. 553. d) B. N. 
Nguyen, K. K. Hii, W. Szymanski, D. B. Janssen, Conjugate Addition 
Reactions in Science of Synthesis, Stereoselective Synthesis (Eds.: J. G. 
De Vries, G. A. Molander, D. A. Evans), Georg Thieme-Verlag: Sttutgart, 
2011, vol. 1, pp. 571. f) G. P. Howell, Org. Proc. Res. Dev., 2012, 16, 
1258. For a review on the aza-Michael addition see: g) J. Wang, P. Li, P. 
Y. Choy, A. S. C. Chan, F. Y. Kwong ChemCatChem 2012, 4, 917-925. 

[2] For reviews on 1,6-conjugate additions see: a) A. G. Csaky, G. de la 
Herran, M. C. Murcia Chem. Soc. Rev. 2010, 39, 4080-4102; b) M. 
Carmen A. T. Biju ChemCatChem 2011, 3, 1847-1849; c) E. M. P. Silva, 
A. M. S. Silva Synthesis 2012, 44, 3109-3128; d) M. J. Lear, Y. Hayashi 
ChemCatChem 2013, 5, 3499-3501.  

[3] a) T. den Hartog, S. R. Harutyunyan, D. Font, A. J. Minnaard, B. L. 
Feringa Angew. Chem. Int. Ed. 2008, 47, 398-401; Angew. Chem. 2007, 
120, 404-407. b) S. Chen, L. Wu, Q. Shao, G. Yang, W. Zhang Chem. 
Commun. 2018, 54, 2522-2525; F. Meng, X. Li, S. Torker, Y. Shi, X. Shen, 
A. H. Hoveyda Nature 2017, 537, 387-393; c) J. Wencel-Delord, A. 
Alexakis, C. Crevisy, M. Mauduit Org. Lett. 2010, 12, 4335-4337 

[4] a) Y. Wei, Z. Liu, X. Wu, J. Fei, X. Gu, X. Yuan, J. Ye Chem. Eur. J. 2015, 
21, 18921-18924; b) X. Tian, Y. Liu, P. Melchiorre Angew. Chem. Int. Ed. 
2012, 51, 6439-6442; Angew. Chem. 2012, 124, 6545-6548; c) I. D. 



COMMUNICATION          

 
 
 
 

Jurberg, I. Chatterjee, R. Tannert, P. Melchiorre Chem. Commun. 2013, 
49, 4869-4883; d) L. Dell’Amico, L. Albrecht, T. Naicker, P. H. Poulsen, 
K. A. Jørgensen, J. Am. Chem. Soc. 2013, 135, 8063-8070; e) K. S. 
Halskov, T. Naicker, M. E. Jensen, K. A. Jørgensen Chem. Commun. 
2013, 49, 6382-6384; f) X. Gu, T. Guo, Y. Dai, A. Franchino, J. Fei, C. 
Zou, D. J. Dixon, J. Ye, Angew. Chem. Int. Ed. 2015, 54, 10249-10253; 
Angew. Chem. 2015, 127, 10387-10391. g) J. J. Murphy, A. Quintard, P. 
McArdle, A. Alexakis, J. C. Stephens Angew. Chem. Int. Ed. 2011, 50, 
5095-5098; Angew. Chem. 2011,123, 5201-5204. 

[5] For pioneering work see: a) W. D. Chu, L. F. Zhang, X. Bao, X. H. Zhao, 
C. Zeng, J. Y. Du, G. B. Zhang, F. X. Wang, X. Y. Ma, C. A. Fan Angew. 
Chem. Int. Ed. 2013, 52, 9229-9233; Angew. Chem. 2013, 125, 9399-
9403. b) L. Caruana, F. Kniep, T. K. Johansen, P. H. Poulsen, K. A. 
Jørgensen, J. Am. Chem. Soc. 2014, 136, 15929-15932. 

[6] Methylene active compounds: a) F.-S. He, J.-H. Jin, Z.-T. Yang, X. Yu, 
J. S. Fossey, W.-P. Deng ACS Catal. 2016, 6, 652-656. c) X.; Li, X. Xu, 
W. Wei, A. Lin, H. Yao Org. Lett. 2016, 18, 428-431. d) X. Z.; Zhang, Y. 
H. Deng, X. Yan, K. Y. Yu, F. X. Wang, X. Y. Ma, C. A. Fan J. Org. Chem. 
2016, 81, 5655-5662. e) J. Y. Liao, Q. Ni, Y. Zhao Org. Lett. 2017, 19, 
4074-4077. Amides: g) Y. H. Deng, X. Z. Zhang, K. Y. Yu, X. Yan, J. Y. 
Du, H. Huang, C. A. Fan, Chem. Commun. 2016, 52, 4183-4186. h) K. 
Zhao, Y. Zhi, A. Wang, D. Enders ACS Catal. 2016, 6, 657-660. i) Y. 
Wang, K. Wang, W. Cao, X. Liu, X. Feng Org. Lett. 2019, 21, 6063−6067. 
Azlactones: j) W. Li, X. Xu, Y. Liu, H. Gao, Y. Cheng, P. Li Org. Lett. 
2018, 20, 1142-1145. 

[7] a) C. Jarava-Barrera, A. Parra, A. Lopez, F. Cruz-Acosta, D. Collado-
Sanz, D. J. Cardenas, M. Tortosa ACS Catal. 2016, 6, 442-446. b) Y. 
Lou, P. Cao, T. Jia, Y. Zhang, M. Wang, J. Liao Angew. Chem. Int .Ed. 
2015, 54, 12134-12138; Angew.Chem. 2015, 127,12302-12306. c) N. 
Dong, Z.-P. Zhang, X.-S. Xue, X. Li, J.-P. Chen. Angew. Chem. Int. Ed. 
2016, 55, 1460-1464; Angew.Chem. 2016, 128, 1482-1486. 

[8] Recently two no enantioselective reactions involving the 1,6 addition of 
cyclic amines or imidates have appeared in the literature: a) J.-R. Zhang, 
H.-S. Jin, R.-B. Wang, L.-M. Zhao Adv. Synth. Catal. 2019, 361, 4811-
4816; b) D. Roy, G. Panda Synthesis 2019, 51, 4434-4442. 

[9] M. Chen, J. Sun Angew. Chem. Int. Ed. 2017, 56, 4583-4587; 
Angew.Chem. 2017, 129, 4654-4658. 

[10] a) P. Rozan, Y.-H. Kuo, F. Lambein Phytochemistry 2001, 58, 281-289; 
b) Y.-H. Kuo, F. Ikegami, F. Lambein Phytochemistry 1998, 38, 32-37; c) 
P. Rozan, Y. H. Kuo, F. Lambein Amino Acids 2001, 20, 319-324. 

[11] a) W. Sugeno, K. Matsuda Appl. Entomol. Zool. 2002, 37, 191-197; b) T. 
Becker, K. Ploss, W. Boland Org. Biomol. Chem. 2016, 14, 6274-6280. 

[12] L. B. Snyder, Z. Meng, R. Mate, S. V. D. Andrea, A. Marinier, C. A. 
Quesnelle, P. Gill, K. L. DenBleyker, J. C. Fung-Tomc, M. B. Frosco, A. 

Martel, J. F. Barretta, J. J. Bronson Bioorg. Med. Chem. Lett. 2004, 14, 
4735-4739. 

[13] a) S. K. Laughlin, M. P. Clark, J. F. Djung, A. Golebiowski, T. A. Brugel, 
M. Sabat, R. G. Bookland, M. J. Laufersweiler, J. C. VanRens, J. A. 
Townes, B. De, L. C. Hsieh, S. C. Xu, R. L. Walter, M. J. Meke, M. J. 
Janusz Bioorg. Med. Chem. Lett. 2005, 15, 2399-2403; b) T. Janecki, T. 
Wasek, M. Rozalski, U. Krajewska, K. Studzianc, A. Janeckac Bioorg. 
Med. Chem. Lett. 2006, 16, 1430-1433 

[14] a) D. B. Lowe, S. Magnuson, N. Qi, A.-M. Campbell, J. Cook, Z. Hong, 
M. Wang, M. Rodriguez, F. Achebe, H. Kluender, W. C. Wong, W. H. 
Bullock, A. I. Salhanick, T. Witman-Jones, M. E. Bowling, C. Keiperb, K. 
B. Clairmont Bioorg. Med. Chem. Lett. 2004, 14, 3155-3159; b) A. 
Minkkila, J. R. Savinainen, H.Kasnanen, H. Xhaard, T. Nevalainen, J. T. 
Laitinen, A. Poso, J. Leppanen, S. M. Saario ChemMedChem 2009, 4, 
1253-1259. 

[15] C. Vergelli, I. A. Schepetkin, L. Crocetti, A. Iacovone, M. P. Giovannoni, 
G. Guerrini, A. I. Khlebnikov, S. Ciattini, G. Ciciani, M. T. Quinn J. Enz. 
Inhib. Med. Chem. 2017, 32, 821-833. 

[16] S. A. Laufer, S. Margutti J. Med. Chem. 2008, 51, 2580-2584 
[17] S. S. Mahajan,M. Scian,S. Sripathy,J. Posakony, U. Lao,T. K. Loe, V. 

Leko, A. Thalhofer, A. D. Schuler,A. Bedalov, J. A. Simon J. Med. Chem. 
2014, 57, 3283-3294 

[18] a) J. Kido, Y. Okamoto Chem. Rev. 2002, 102, 2357-2368. (b) J.-C. G. 
Bünzli, C. Piguet Chem. Soc. Rev. 2005, 34, 1048-1077. 

[19] For reviews on the chemistry of isoxazol-5-ones see: a) A. F. da Silva, A. 
A. G. Fernandes, S. Thurow, M. L. Stivanin, I. D. Jurberg Synthesis 2018, 
50, 2473-2489; b) A. A. G. Fernandes, A. F. da Silva, S. Thurow, C. Y. 
Okada Jr., I. D. Jurberg Targets Heterocycl. Syst. 2018, 22, 409-434; c) 
Beccalli, E. M.; Pocar, D.; Zonai, C. Targets Heterocycl. Syst. 2003, 7, 
31-63.   

[20] W.-T. Meng, Y. Zheng, J. Nie, H.-Y. Xiong, J.-A. Ma J. Org. Chem. 2013, 
78, 559-567. 

[21] H. Zhang, B. Wang, L. Cui, X. Bao, J. Qu, Y. Song Eur. J. Org. Chem. 
2015, 2143-2147. 

[22] T. Hellmuth, W. Frey, R. Peters Angew. Chem. Int. Ed. 2015, 54, 2788-
2791; Angew. Chem. 2015, 127, 2829-2833 

[23] S. Rieckhoff, J. Meisner, J. Kastner, W. Frey, R. Peters Angew. Chem. 
Int. Ed. 2018, 57, 1404-1408; Angew.Chem. 2018, 130, 1418-1422. 

[24] W. Xiao, Z. Zhou, Q.-Q. Yang, W. Du, Y.-C. Chen Adv. Synth. Catal. 
2018, 360, 3526-3533.  

[25] CCDC 1961393 contain the supplementary crystallographic data for 
compound 3ad. These data can be obtained free of charge from The 
Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 

 
 

 

 



COMMUNICATION          

 
 
 
 

 
Asymmetric organocatalysis 
 
 

COMMUNICATION 

A bifunctional organocatalyst allowed the enantioselective 1,6-aza-Michael addition 
of isoxazolin-5-ones to p-quinone methides to give isoxazolin-5-ones having a chiral 
diarylmethyl moiety attached to the N atom with fair to good yields and enantiomeric 
excesses. 

 Ricardo Torán, Carlos Vila, Amparo 
Sanz-Marco, M.Carmen Muñoz, José R. 
Pedro,* and Gonzalo Blay* 

Page No. – Page No. 

Organocatalytic enantioselective 1,6-
aza-Michael addition of isoxazolin-5-
ones to p-quinone methides 
 

 

 
 

3Å MS
DCE, rt

N

S

H
N

N
H
N

CF3

CF3

MeO

N
O

tBu

tBu

Ar

+
O

O
OH

tBu

tBu
Ar

N
O

O

R1

R1

R2

R2

22 examples N-regioselective
ee 

25-92%  



S1 
 

 

 

 

 

 

 

 

Index: 

 

 

Materials and methods S2 

Synthesis and characterization data of isoxazole-5-ones 1a-1d. S2-S4 

Synthesis and characterization data of p-quinone methides 2a-2n S4-S8 

Enantioselective synthesis and characterization data for 

N-alkylated isoxazolin-5-ones 3 S9-S20 

Synthesis of compound 3ae at 1 mmol scale S20 

References S21 

NMR spectra, HPLC traces and IR spectra for compounds 3 S22-S65 

Additional optimization experiments S66-S67 

 

 

 

 

 

 



S2 
 

Materials and methods.  

All reagents were purchased from commercial suppliers and used without further 

purification. All solvents employed in the reactions were distilled from appropriate drying 

agents prior to use.  Reactions were monitored by TLC analysis using Merck Silica Gel 

60 F-254 thin layer plates. Flash column chromatography was performed on Merck silica 

gel 60, 0.040-0.063 mm. Melting points were determined in capillary tubes. NMR spectra 

were run at 300 MHz for 1H and at 75 MHz for 13C NMR using residual nondeuterated 

solvent (CHCl3) as internal standard (δ 7.26 and 77.0 ppm, respectively). Chemical shifts 

are given in ppm. The carbon type was determined by DEPT experiments. High resolution 

mass spectra (ESI) were recorded on a Q-TOF spectrometer equipped with an 

electrospray source with a capillary voltage of 3.3 kV (ESI). Specific optical rotations 

were measured using sodium light (D line 589 nm). Chiral HPLC analyses were 

performed in a chromatograph equipped with a UV diode-array detector using chiral 

stationary phase columns from Daicel or Phenomenex. 

General procedure for the synthesis of isoxazole-5-ones (1a-1d).[1,2] 

 

To a round bottom flask charged with HONH2ꞏHCl (1.5 eq) in EtOH (0.5 M respect to 

the β-ketoester), is added NaOAc (1.5 eq). The mixture is allowed to stir at room 

temperature for 5 min. Then, the β-ketoester (1 eq) is added. The reaction is heated to 

reflux until no more starting material is detected on TLC (one typically observes the 

presence of both the final product and the oxime intermediate). At this point, the solution 

is allowed to cool to room temperature, HCl37% (5 μL/ mmol β-ketoester) is added, and 

the solution is heated back to reflux until no more oxime can be observed on TLC (4-6h). 

Next, the solution is filtered and concentrated under reduced pressure. If necessary, the 

crude material can be purified by recrystallization or flash column chromatography. 

3-Methylisoxazol-5(4H)-one (1a)[1] 

From ethyl acetoacetate (2.0 g, 15.4 mmol), 1.45 g (95%) of compound 

1a were obtained after column chromatograph.; 1H NMR (300 MHz, 

CDCl3) δ 3.39 (2H, q, J = 0.9 Hz, CH2), 2.16 (3H, t, J = 0.9 Hz, CH3); 13C NMR  (75 

MHz, CDCl3) δ 175.3 (C, C=O), 163.6 (C=N), 36.9 (CH2), 14.7 (CH3). 
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3-Ethylisoxazol-5(4H)-one (2b)[1]  

From ethyl 3-oxopentanoate (1.0 g, 6.93 mmol), 768.9 mg (98%) of 

compound 1b were obtained after column chromatography. 1H NMR (300 

MHz, CDCl3) δ 3.38 (2H, s, CH2-C=O), 2.50 (2H, q, J = 7.5 Hz, CH2-CH3), 

1.23 (3H, t, J = 7.5 Hz, CH3); 13C NMR  (75 MHz, CDCl3) δ 175.2 (C, C=O), 167.7 (C, 

C=N), 35.6 (CH2, CH2-C=O), 22.8 (CH2, Et), 10.1 (CH3, Et). 

3-Propylisoxazol-5(4H)-one (1c)[2] 

 From ethyl 3-oxohexanoate (1.0 g, 6.33 mmol), 739.8 mg (92%) of 

compound 1c were obtained after column chromatography. 1H NMR  (300 

MHz, CDCl3) δ 3.37 (2H, s, CH2-CO), 2.44 (2H, t, J = 7.5 Hz, CH2-CH2-

CH3), 1.64 (2H, sextuplet, J = 7.5 Hz, CH2-CH2-CH3), 1.00 (3H, t, J = 7.5 Hz, CH3); 13C 

NMR (75 MHz, CDCl3) δ 175.3 (C, C=O), 166.8 (C, C=N), 35.7 (CH2, CH2-C=O), 30.9 

(CH2, CH2-CH2-CH3), 19.3 (CH2, CH2-CH2-CH3), 13.6 (CH3, CH2-CH2-CH3). 

3-Phenylisoxazol-5(4H)-one (1d)[1] 

From ethyl 3-oxo-3-phenylpropanoate (1.0 g, 5.20 mmol), 721.1 mg 

(86%) of compound 1d were obtained after column chromatography.  1H 

NMR  (300 MHz, CDCl3), δ 7.68 (2H, dt, J1 = 5.7 Hz, J2 = 1.5 Hz, Ar), 

7.67-7.47 (3H, m, Ar), 3.81 (2H, t, J =2.7 Hz, CH2); 13C NMR  (75 MHz, CDCl3), δ 174.7 

(C, C=O), 163.1 (C, C=N), 132.1 (CH, Ar), 129.2 (CH, Ar), 127.5 (C, Ar), 126.6 (CH, 

Ar), 33.9 (CH2, CH2-CO). 

Synthesis of 3-cyclopropylisoxazol-5(4H)-one (1e).[3] 

 

Et3N (2.19 mL, 15.8 mmol) is added to a solution of HONH2ꞏHCl (1.09 g, 15.8 mmol) 

in MeOH (37 mL). The mixture is stirred at room temperature for 5 min and methyl 3-

cyclopropyl-3-oxopropanoate (2.00 g, 14.1 mmol) is added. The reaction is heated to 

reflux for 3 hours, then allowed to cool to room temperature, filtered and washed woth 

EtOAc (30 mL). The filtrate was concentrated under reduced pressure and 

chromatographed eluting with EtOC to give 1.47 g (83%) of compound 1e. 1H NMR  

Ph

O
O
N
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(300 MHz, CDCl3) δ 3.25 (2H, t, J = 0.5 Hz, CH2), 1.85-1.78 (1H, m, c-Pr), 1.09-1.06 

(2H, m, c-Pr), 0.91-0.86 (2H, m, c-Pr); 13C NMR  (75 MHz, CDCl3) δ 175.0 (C, C=O), 

168.9 (C, C=N), 34.2 (CH2, CH2-CO), 10.1 (CH, c-Pr), 7.39 (CH2, c-Pr). 

Procedure for the synthesis of 3,4-dimethylisoxazol-5(4H)-one (1f).[4] 

 

Pyridine (3.35 mL, 41.6 mmol) is added to a solution of HONH2ꞏHCl (1.92 g, 27.7 mmol) 

in EtOH (14 mL). The mixture is stirred at room temperature for 5 min and ethyl 2-

methyl-3-oxobutanoate (2.00 g, 13.9 mmol) is added. The reaction mixture is heated to 

60 ºC for x hours until no starting material is detected (TLC) and allowed to cool to rt. 

H2O (40 mL) is added and the mixture is extracted with EtOAc (3 × 40 mL),  the organic 

layer is washed with 1M HCl (20 mL) and brine (2 × 20 mL). The combined organic layer 

is dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. 

Column chromatography gave 0.988 mg (63%) of compound 1f. 1H NMR  (300 MHz, 

CDCl3), δ 3.30 (1H, q, J = 7.8 Hz, CHimine), 2.14 (1.50H, s, CH3, enamine), 2.10 (3H, s, CH3, 

imine), 1.77 (1.50H, s, CH3, enamine), 1.45 (3H, s, CH3, imine). 

General procedure for the synthesis of p-quinone methides (2a-2n).[5-6] 

 

A mixture of aldehyde (4.85 mmol) and 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol) in 

toluene (20 mL) was placed in a round bottom flask provided with a Dean-Stark system. 

The mixture was brought to reflux and piperidine (0.96 mL, 4.85 mmol) was dropwise 

added within an hour and the resultant mixture was stirred at reflux temperature for 

further 12 hours. The reaction mixture was cooled to 100 ºC and acetic anhydride (0.92 

mL, 9.7 mmol) was added and the resulting solution was stirred for 30 minutes at the 

same temperature. The reaction mixture was then cooled to room temperature and poured 

into ice cold water (50 mL) and extracted with dichloromethane (2 × 50 mL). The 

combined organic layer was dried over anhydrous sodium sulphate, filtered and 
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concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography to obtain a pure p-quinone methide.  

4-Benzylidene-2,6-di-tert-butylcyclohexa-2,5-dien-1-one (2a)[5] 

From 2,6-di-tert-butylphenol (2.0 g, 9.69 mmol) and benzaldehyde 

(0.98 mL, 9.69 mmol), 1.49 g (52%) of compound 2a were obtained 

after column chromatography. 1H NMR  (300 MHz, CDCl3) δ 7.36 

(1H, d, J = 2.4 Hz), 7.27-7.17 (5H, m), 6.98 (1H, s), 6.84 (1H, d, J = 

2.4 Hz), 1.17 (9H, s), 1.13 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 

186.6 (C), 147.8 (C), 145.9 (C), 142.5 (CH), 135.1 (CH), 131.9 (C), 130.3 (CH), 129.0 

(C), 128.7 (CH), 127.8 (CH), 35.4 (C), 34.9 (C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(4-methylbenzylidene)cyclohexa-2,5-dien-1-one (2b)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 4-

methylbenzaldehyde (0.57 mL, 4.85 mmol), 598.4 mg (40%) of 

compound 2b were obtained after column chromatography. 1H 

NMR  (300 MHz, CDCl3) δ 7.55 (1H, d, J = 2.3 Hz), 7.38 (1H, 

s), 7.36 (1H, s), 7.27 (1H, s), 7.25 (1H, s), 7.16 (1H, s), 7.01 (1H, 

d, J = 2.3 Hz), 2.41 (3H, s), 1.34 (9H, s), 1.31 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 

186.5 (C), 149.7 (C), 148.1 (C), 140.6 (CH), 135.1 (C) 134.9 (CH), 134.4 (C), 132.4 (C), 

131.5 (CH), 129.1 (CH), 127.3 (CH), 35.5 (C), 35.0 (C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dien-1-one (2c)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol) and 4-

methoxybenzaldehyde (0.59 mL, 4.85 mmol), 849.8 mg (54%) 

of compound 2c were obtained after column chromatography. 

1H NMR (300 MHz, CDCl3) δ 7.56-7.60 (1H, m), 7.45-7.43 

(2H, m), 7.13 (1H, s), 7.00-7.09 (2H, m), 6.97 (1H, m), 3.87 

(3H, s), 1.33 (9H, s), 1.32 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.5 (C), 160.6 (C), 

148.9 (C), 147.2 (C), 142.7 (CH), 135.4 (CH), 132.2 (CH), 130.5 (C), 128.6 (C), 127.8 

(CH), 114.4 (CH), 55.8 (CH3O), 35.4 (C), 34.9 (C), 29.6 (CH3), 29.5 (CH3). 
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2,6-Di-tert-butyl-4-(4-chlorobenzylidene)cyclohexa-2,5-dien-1-one (2d)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 4-

chlorobenzaldehyde (0.68 g, 4.85 mmol), 733.7 mg (46%) of 

compound 2d were obtained after column chromatography. 1H 

NMR  (300 MHz, CDCl3) δ 7.44-7.36 (5H, m), 7.11 (1H, s), 6.98 

(1H, d, J = 2.4 Hz), 1.33 (9H, s), 1.29 (9H, s); 13C NMR (75 MHz, 

CDCl3) δ 186.6 (C), 149.1 (C), 147.5 (C), 142.8 (CH), 139.5 (C), 

135.3 (CH), 133.2 (C), 131.4 (C), 130.5 (CH), 129.6 (CH), 127.9 (CH), 35.4 (C), 34.9 

(C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(4-nitrobenzylidene)cyclohexa-2,5-dien-1-one (2e)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 4-

nitrobenzaldehyde (0.73 g, 4.85 mmol), 856.1 mg (52%) of 

compound 2e were obtained after column chromatography. 1H 

NMR  (300 MHz, CDCl3) δ 7.60-7.63 (2H, m), 7.55-7.57 (2H, 

m), 7.37 (1H, d, J = 2.4 Hz), 7.15 (1H, s), 7.01 (1H, d, J = 2.4 

Hz), 1.33 (9H, s), 1.29 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.4 (C), 150.7 (C), 149.1 

(C), 147.4 (C), 142.3 (C), 138.3 (CH), 134.4 (C), 134.3 (CH), 130.7 (CH), 126.6 (CH), 

123.9 (CH), 35.5 (C), 35.1 (C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(2-methoxybenzylidene)cyclohexa-2,5-dien-1-one (2f)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 2-

methoxybenzaldehyde (0.59 mL, 4.85 mmol), 676.7 mg (43%) of 

compound 2f were obtained after column chromatography. 1H NMR  

(300 MHz, CDCl3) δ 7.46 (1H, d, J = 2.3 Hz), 7.42 (2H, m), 7.36 (1H, 

s), 7.07 (1H, d, J = 2.3 Hz), 6.94-7.04 (2H, m), 3.89 (3H, s), 1.34 (9H, 

s), 1.29 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.7 (C), 158.3 (C), 148.9 (C), 147.4 

(C), 138.7 (CH), 135.3 (CH), 131.8 (CH), 131.6 (C), 130.8 (CH), 128.3 (CH), 124.9 (C), 

120.5 (CH), 110.8 (CH), 55.5 (CH3), 35.4 (C), 34.9 (C), 29.5 (CH3), 29.4 (CH3). 

  



S7 
 

2,6-Di-tert-butyl-4-(2-chlorobenzylidene)cyclohexa-2,5-dien-1-one (2g)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 2-

chlorobenzaldehyde (0.54 mL, 4.85 mmol), 845.4 mg (53%) of 

compound 2g were obtained after column chromatography. 1H NMR  

(300 MHz, CDCl3) δ 7.50-7.30 (6H, m), 7.07 (1H, d, J = 2.3 Hz), 1.34 

(9H, s), 1.27 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.6 (C), 149.7 

(C), 148.3 (C), 138.6 (CH), 134.8 (C), 134.6 (CH), 134.1 (C), 132.8 (C), 132.1 (CH), 

130.1 (CH), 130.0 (CH), 127.6 (CH), 126.6 (CH), 35.4 (C), 35.1 (C), 29.5 (CH3), 29.4 

(CH3). 

4-(2-Bromobenzylidene)-2,6-di-tert-butylcyclohexa-2,5-dien-1-one (2h)[6] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 2-

bromobenzaldehyde (0.57 mL, 4.85 mmol), 1.01 g (56%) of 

compound 2h were obtained after column chromatography. 1H NMR  

(300 MHz, CDCl3) δ 7.68 (1H, d, J = 2.3 Hz), 7.40 (1H, s), 7.38 (1H, 

s), 7.28-7.25 (1H, m), 7.23 (1H, s), 7.07 (1H, d, J = 2.3 Hz), 1.34 (9H, 

s), 1.27 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.6 (C), 149.7 (C), 148.3 (C), 140.8 

(CH), 135.8 (C), 134.6 (CH), 133.2 (CH), 132.6 (C), 132.2 (CH), 127.6 (CH), 127.2 (CH), 

125.1 (C), 35.4 (C), 35.1 (C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(3-methoxybenzylidene)cyclohexa-2,5-dien-1-one (2i)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 3-

methoxybenzaldehyde (0.59 mL, 4.85 mmol), 660.9 mg (42%) 

of compound 2i were obtained after column chromatography.  

1H NMR  (300 MHz, CDCl3) δ 7.56 (1H, d, J = 2.3 Hz), 7.36 

(1H, t, J = 7.9 Hz), 7.16 (1H, s), 7.00 (4H, m), 3.85 (3H, s), 1.36 

(9H, s), 1.30 (9H, s); 13C NMR  (75 MHz, CDCl3) δ 186.5 (C), 159.7 (C), 149.3 (C), 

147.8 (C), 142.4 (CH), 137.2 (C), 135.1 (CH), 129.8 (CH), 127.8 (CH), 127.9 (CH), 122.9 

(C), 115.2 (CH), 55.3 (CH3), 35.4 (C), 34.9 (C), 29.5 (CH3), 29.4 (CH3). 
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2,6-Di-tert-butyl-4-(3-chlorobenzylidene)cyclohexa-2,5-dien-1-one (2j)[5] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol), and 3-

chlorobenzaldehyde (0.55 mL, 4.85 mmol), 909.2 mg (57%) of 

compound 2j were obtained after column chromatography. 1H 

NMR (300 MHz, CDCl3) δ 7.44-7.30 (5H, m), 7.10 (1H, s), 6.99 

(1H, d, J = 2.3 Hz), 1.32 (9H, s), 1.29 (9H, s); 13C NMR (75 MHz, 

CDCl3) δ 186.5 (C), 149.8 (C), 148.3 (C), 140.0 (CH), 137.6 (C), 134.7 (C), 134.6 (CH), 

132.8 (C), 130.0 (CH), 129.9 (CH), 128.8 (CH), 128.2 (CH), 127.2 (CH), 35.5 (C), 35.0 

(C), 29.5 (CH3), 29.4 (CH3). 

2,6-Di-tert-butyl-4-(3-nitrobenzylidene)cyclohexa-2,5-dien-1-one (2k)[6] 

From 2,6-di-tert-butylphenol (1.0 g, 4.85 mmol) and 3-

nitrobenzaldehyde (0.73 g, 4.85 mmol), 806.7 mg (49%) of 

compound 2k were obtained after column chromatography 1H 

NMR  (300 MHz, CDCl3) δ 8.33 (1H, m), 8.25 (1H, m), 7.75 

(1H, d, J = 7.9 Hz), 7.64 (1H, t, J = 7.9 Hz), 7.40 (1H, d, J = 2.3 

Hz), 7.15 (1H, s), 7.02 (1H, d, J = 2.3 Hz), 1.33 (9H, s), 1.29 (9H, s); 13C NMR (75 MHz, 

CDCl3) δ 186.4 (C), 150.6 (C), 148.9 (C), 147.4 (C), 138.1 (CH), 135.6 (C), 133.8 (C), 

129.8 (CH), 126.5 (CH), 124.8 (CH), 123.3 (CH), 35.5 (C), 35.1 (C), 29.5 (CH3), 29.4 

(CH3). 
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General procedure for the enantioselective synthesis of N-alkylated isoxazolin-5-
ones (3). 

A round bottom flask was charged with the para-quinone methide 2 (0.15 mmol), 

isoxazolin-5-one 1 (0.1 mmol), 3Å MS (32 mg) and thiourea V (3.7 mg, 0.005 mmol). 

1,2-Dichloroethane (1 mL) was added and the mixture was stirred at room temperature 

until completion (TLC). The MS was removed by filtration and the resulting solution was 

chromatographed on silica gel eluting with hexane:EtOAc mixtures to give compound 3.  

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-3-methylisoxazol-5(2H)-

one (3aa). 

From 9.9 mg of 1a and 44.2 mg of 2a, were obtained 25.6 mg 

(65%) of 3aa. Enantiomeric excess (87%) was determined using 

chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 12.2 min, major enantiomer tr = 13.7 min. 

Yellow solid; m.p. = 167.9-169.8 ºC; [α]D
25 = + 12.9 (c = 0.85, 

CHCl3, 87% ee); 1H NMR  (300 MHz, CDCl3), δ 7.36-7.26 (5H, m, Ar), 7.03 (2H, s, Ar), 

6.04 (1H, s, CH-N), 5.27 (1H, s, OH), 5.02 (1H, q, J = 0.9 Hz, CH-COO), 2.20 (3H, d, J 

= 0.9 Hz, CH3), 1.38 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.9 (C, C=O), 

163.6 (C, C=C-N), 153.7 (C, Ar), 137.0 (C, Ar), 135.9 (C, Ar), 128.5 (CH, Ar), 128.2 

(CH, Ar), 128.2 (C, Ar), 126.8 (C, Ar), 125.1 (CH, Ar), 91.0 (CH, C=C-C=O), 68.3 (CH, 

C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 13.9 (CH3); IR 3400, 2951, 1702 (C=O), 1565, 

758, 703 cm-1; HRMS (ESI) m/z: 416.2191 [M+Na]+, C25H31NNaO3
+ requires 416.2196. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-3-ethylisoxazol-5(2H)-

one (3ba). 

From 11.3 mg of 1b and 44.2 mg of 2a, were obtained 20.8 mg 

(51%) of 3ba. Enantiomeric excess (81%) was determined using 

chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 8.2 min, major enantiomer tr = 11.9 min 

Yellow solid; m.p. = 154.8-157.1 ºC; [α]D
25 = + 10.3 (c = 0.72, 

CHCl3, 81% ee); 1H NMR  (300 MHz, CDCl3), δ 7.36-7.28 (5H, m, Ar), 7.01 (2H, s, Ar), 

6.04 (1H, s, CH-N), 5.26 (1H, s, OH), 5.04 (1H, s, CH-COO), 2.53 (2H, q, J = 7.5 Hz, 

CH2), 1.38 (18H, s, t-Bu), 1.25 (3H, t, J = 7.5 Hz, CH3); 13C NMR  (75 MHz, CDCl3), δ 

171.0 (C, C=O), 169.3 (C, C=C-N), 153.7 (C, Ar), 137.1 (C, Ar), 135.9 (C, Ar), 128.5 
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(CH, Ar), 128.2 (CH, Ar), 128.1 (CH, Ar), 126.9 (C, Ar), 125.1 (CH, Ar), 89.2 (CH, C=C-

C=O), 68.1 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 20.4 (CH2), 11.5 (CH3); IR  

3392, 2948, 1699 (C=O), 1426, 913, 880, 763, 699 cm-1; HRMS (ESI) m/z: 430.2352 

[M+Na]+, C26H33NNaO3
+

 requires 430.2353. 

(S)-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-3-propylisoxazol-5(2H)-

one (3ca). 

From 12.7 mg of 1c and 44.2 mg of 2a, were obtained 24.9 mg 

(59%) of 3ca. Enantiomeric excess (81%) was determined using 

chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 7.9 min, major enantiomer tr = 9.8 min 

Yellow solid; m.p. = 117.5-121.8 ºC; [α]D
25 = + 19.4 (c = 0.91, 

CHCl3, 81% ee); 1H NMR  (300 MHz, CDCl3), δ 7.36-7.27 (5H, m, Ar), 7.01 (2H, s, Ar), 

6.06 (1H, s, CH-N), 5.27 (1H, s, OH), 5.03 (1H, s, CH-COO), 2.50 (2H, t, J = 7.5 Hz, 

CH2) 1.69 (2H, sextuplet, J = 7.5 Hz, CH2), 1.38 (18H, s, t-Bu), 1.00 (3H, t, J = 7.5 Hz, 

CH3); 13C NMR  (75 MHz, CDCl3), δ 171.1 (C, C=O), 167.9 (C, C=C-N), 153.7 (C, Ar), 

137.1 (C, Ar), 135.9 (C, Ar), 128.5 (CH, Ar), 128.2 (CH, Ar), 128.1 (CH, Ar), 127.0 (C, 

Ar), 125.0 (CH, Ar), 89.6 (CH, C=C-C=O), 68.1 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, 

t-Bu), 28.8 (CH2), 20.7 (CH2), 13.7 (CH3); IR   3367, 2950, 1699 (C=O), 1435, 1118, 

885, 763, 705 cm-1; HRMS (ESI) m/z: 444.2497 [M+Na]+, C27H35NNaO3
+

 requires 

444.2509. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-3-phenylisoxazol-5(2H)-

one (3da). 

From 16.2 mg of 1d 44.2 mg of 2a, were obtained 34.6 mg (77%) 

of 3da. Enantiomeric excess (65%) was determined using chiral 

HPLC (Chiralpak IC), hexane/i-PrOH 90:10, 1 mL/min. Minor 

enantiomer tr = 26.8 min, major enantiomer tr = 21.1 min 

Yellow solid; m.p. = 160.9-165.5 ºC; [α]D
25 = + 19.8 (c = 1.10, 

CHCl3, 77% ee) 1H NMR  (300 MHz, CDCl3), δ 7.59-7.46 (5H, m, Ar), 7.33-7.32 (5H, 

m, Ar), 6.85 (2H, s, Ar), 6.00 (1H, s, CH-N), 5.38 (1H, s, OH), 5.25 (1H, s, CH-COO), 

1.35 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 171.1 (C, C=O), 169.5 (C, C=C-N), 

153.7 (C, Ar), 136.9 (C, Ar), 135.5 (CH, Ar), 131.5 (C, Ar), 129.4 (C, Ar), 128.4 (CH, 
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Ar), 128.3 (C, Ar), 128.2 (CH, Ar), 127.9 (CH, Ar), 127.8 (CH, Ar), 126.1 (CH, Ar), 

125.6 (CH, Ar) 93.9 (CH, C=C-C=O), 70.9 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu); 

IR    2959, 1718 (C=O), 1435, 1099, 763, 735, 691 cm-1; HRMS (ESI) m/z: 456.2527 

[M+H]+, C30H34NO3
+

 requires 456.2533. 

(S)-3-Cyclopropyl-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)isoxazol-

5(2H)-one (3ea). 

From 12.5 mg of 1e and 44.2 mg of 2a, were obtained 32.7 mg 

(78%) of 3ea. Enantiomeric excess (89%) was determined using 

chiral HPLC (Chiralpak AD-H), hexane/i-PrOH 85:15, 1 mL/min. 

Minor enantiomer tr = 6.7 min, major enantiomer tr = 8.4 min. 

Yellow solid; m.p. = 146.1-147.5 ºC; [α]D
25  = + 9.2 (c = 1.09, 

CHCl3, 89% ee); 1H NMR  (300 MHz, CDCl3) 7.37-7.31 (5H, m, 

Ar), 7.07 (2H, Ar), 6.28 (1H, s, CH-N), 5.26 (1H, s, OH), 4.68 (1H, d, J = 0.6 Hz, 

CHCOO), 1.74-1.65 (1H, m, c-Pr), 1.38 (18H, s, t-Bu), 1.14-1.09 (2H, m, c-Pr), 0.79-

0.71 (2H, m, c-Pr); 13C NMR  (75 MHz, CDCl3), δ 171.3 (C, C=O), 171.1 (C, C=C-N), 

153.7 (C, Ar), 137.2 (C, Ar), 135.7 (C, Ar), 128.4 (CH, Ar), 128.3 (CH, Ar), 128.0 (CH, 

Ar), 126.9 (C, Ar), 125.4 (CH, Ar), 85.7 (CH, C=C-C=O), 68.7 (CH, C-N), 34.3 (C, t-

Bu), 30.2 (CH3, t-Bu), 9.5 (CH2, c-Pr), 9.2 (CH2, c-Pr), 7.9 (CH, c-Pr); IR   3419, 2952, 

1697 (C=O),  1552, 1433, 1138, 1118, 916, 760 cm-1; HRMS (ESI) m/z: 442.2359 

[M+Na]+, C27H33NNaO3
+ requires 442.2353. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-3,4-dimethylisoxazol-

5(2H)-one (3fa). 

From 11.3 mg of 1f and 44.2 mg of 2a, were obtained 25.3 mg 

(62%) of 3fa. Enantiomeric excess (47%) was determined using 

chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 9.9 min, major enantiomer tr = 12.9 min. 

Yellow solid; m.p. = 142.6-143.9 ºC; [α]D
25  = + 4.2 (c = 1.27, 

CHCl3, 47% ee); 1H NMR  (300 MHz, CDCl3) 7.32-7.30 (5H, m, Ar), 7.04 (2H, s, Ar), 

5.95 (1H, s, CH-N), 5.25 (1H, s, OH), 2.14 (3H, s, CH3), 1.71 (3H, s, CH3), 1.38 (18H, s, 

t-Bu); 13C NMR  (75 MHz, CDCl3), δ 171.9 (C, C=O), 160.3 (C, C=C-N), 153.7 (C, Ar), 

137.0 (C, Ar), 135.8 (C, Ar), 128.4 (CH, Ar), 128.3 (CH, Ar), 128.2 (CH, Ar), 127.0 (C, 
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Ar), 125.1 (CH, Ar), 113.6 (CH, Ar), 100.7 (CH, C=C-C=O), 68.8 (CH, C-N), 34.3 (C, 

t-Bu), 30.2 (CH3, t-Bu), 11.7 (CH3), 6.74 (CH3); IR   3559, 2955, 1701 (C=O), 1623, 

1433, 1114, 1030, 747, 702 cm-1; HRMS (ESI) m/z: 430.2357 [M+Na]+, C26H33NNaO3+ 

requires 430.2353. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(p-tolyl)methyl)-3-methylisoxazol-5(2H)-

one (3ab). 

From 9.9 mg of 1a and 46.2 mg of 2b, were obtained 9.3 mg 

(23%) of 3ab. Enantiomeric excess (72%) was determined 

using chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 1 

mL/min. Minor enantiomer tr = 10.2 min, major enantiomer tr 

= 15.2 min. 

Yellow solid; m.p. = 52.3-53.5 ºC; [α]D
25  = + 1.2 (c = 0.72, CHCl3, 72% ee); 1H NMR  

(300 MHz, CDCl3), δ 7.15 (4H, m, Ar), 7.03 (2H, s, Ar), 6.00 (1H, s, CH-N), 5.26 (1H, 

s, OH), 5.01 (1H, q, J = 0.9 Hz, CHCOO), 2.35 (3H, s, CH3), 2.19 (3H, d, J = 0.9 Hz, 

CH3), 1.38 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.9 (C, C=O), 163.6 (C, 

C=C-N), 153.7 (C, Ar), 137.9 (C, Ar), 135.9 (C, Ar), 133.9 (C, Ar), 129.2 (CH, Ar), 128.2 

(CH, Ar), 127.1 (C, Ar), 124.9 (CH, Ar), 90.9 (CH, C=C-C=O), 68.1 (CH, C-N), 34.3 (C, 

t-Bu), 30.2 (CH3, t-Bu), 21.1 (CH3), 12.9 (CH3); IR   3322, 2953, 1695 (C=O), 1574, 

1433, 1120, 926, 780 cm-1; HRMS (ESI) m/z: 430.2354 [M+Na]+, C26H33NNaO3
+ 

requires 430.2538. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ac). 

From 9.9 mg of 1a and 48.7 mg of 2c, were obtained 28.0 mg 

(66%) of 3ac. Enantiomeric excess (62%) was determined 

using chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 19.9 min, major enantiomer 

tr = 25.3 min. 

Yellow solid; m.p. = 138.9-146.1 ºC; [α]D
25 = + 1.1 (c = 0.93, CHCl3, 62% ee); 1H NMR  

(300 MHz, CDCl3), δ 7.22-7.18 (2H, m, Ar), 7.03 (2H, s, Ar), 6.88-6.85 (2H, m, Ar), 6.00 

(1H, s, CH-N), 5.25 (1H, s, OH), 5.01 (1H, q, J = 0.9 Hz, CH-COO), 3.81 (3H, s, MeO), 

2.20 (3H, d, J = 0.9 Hz, CH3), 1.39 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.9 

(C, C=O), 163.6 (C, C=C-N), 159.4 (C, Ar), 153.6 (C, Ar), 135.9 (C, Ar), 129.6 (CH, 
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Ar), 128.9 (C, Ar), 127.3 (C, Ar), 124.8 (CH, Ar), 113.9 (CH, Ar), 91.1 (CH, C=C-C=O), 

67.9 (CH, C-N), 55.3 (CH3, OMe), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 12.9 (CH3); IR   

3625, 2956, 1716 (C=O), 1511, 1434, 1237, 1176, 752 cm-1; HRMS (ESI) m/z: 446.2297 

[M+Na]+, C26H33NNaO4
+ requires 446.2302. 

(S)-2-((4-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ad). 

From 9.9 mg of 1a and 49.5 mg of 2d, were obtained 26.5 mg 

(62%) of 3ad. Enantiomeric excess (88%) was determined 

using chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 

mL/min. Minor enantiomer tr = 12.5 min, major enantiomer tr 

= 13.5 min 

Yellow solid; m.p. = 154.8-157.1 ºC; [α]D
25 = + 11.2 (c = 0.88, CHCl3, 88% ee); 1H NMR  

(300 MHz, CDCl3), δ 7.35-7.31 (2H, m, Ar), 7.26-7.21 (2H, m, Ar), 7.00 (2H, s, Ar), 5.99 

(1H, s, CH-N), 5.30 (1H, s, OH), 5.04 (1H, q, J = 0.9 Hz, CH-COO), 2.21 (3H, d, J = 0.9 

Hz, CH3), 1.39 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.7 (C, C=O), 163.9 (C, 

C=C-N), 153.9 (C, Ar), 136.1 (C, Ar), 135.6 (C, Ar), 134.1 (C, Ar), 129.6 (CH, Ar), 128.7 

(CH, Ar), 126.4 (C, Ar), 124.9 (CH, Ar), 91.7 (CH, C=C-C=O), 67.7 (CH, C-N), 34.3 (C, 

t-Bu), 30.2 (CH3, t-Bu), 12.9 (CH3); IR   3411, 2967, 1721 (C=O), 1489, 1435, 1235, 

1136, 859, 762 cm-1; HRMS (ESI) m/z: 450.1795 [M+Na]+, C25H30ClNNaO3
+ requires 

450.1806. 

(S)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(4-nitrophenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ae). 

From 9.9 mg of 1a and 51.0 mg of 2e, were obtained 32.5 mg 

(74%) of 3ae. Enantiomeric excess (84%) was determined 

using chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 25.1 min, major enantiomer 

tr = 38.2 min 

Orange solid; m.p. = 158.6-159.8 ºC; [α]D
25 = + 7.7 (c = 1.08, CHCl3, 84% ee); 1H NMR  

(300 MHz, CDCl3), δ 8.23-8.18 (2H, m, Ar), 7.51-7.48 (2H, m, Ar), 7.00 (2H, s, Ar), 6.05 

(1H, s, CH-N), 5.35 (1H, s, OH), 5.09 (1H, q, J = 0.6 Hz, CH-COO), 2.24 (3H, d, J = 0.6 

Hz, CH3), 1.39 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.4 (C, C=O), 164.5 (C, 

OH

t-But-Bu

(S)

N
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C=C-N), 154.3 (C, Ar), 147.6 (C, Ar), 144.7 (C, Ar), 136.4 (C, Ar), 129.1 (CH, Ar), 125.4 

(C, Ar), 125.2 (CH, Ar), 123.6 (CH, Ar), 92.9 (CH, C=C-C=O), 67.8 (CH, C-N), 34.4 (C, 

t-Bu), 30.1 (CH3, t-Bu), 13.0 (CH3); IR   3317, 2953, 1704 (C=O), 1518, 1342, 1199, 

919, 764, 704 cm-1; HRMS (ESI) m/z: 461.2037 [M+Na]+, C25H30N2NaO5
+

 requires 

461.2047. 

(R)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(2-methoxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3af). 

From 9.9 mg of 1a and 48.7 mg of 2f, were obtained 18.2 mg (43%) 

of 3af. Enantiomeric excess (48%) was determined using chiral 

HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 mL/min. Minor 

enantiomer tr = 16.5 min, major enantiomer tr = 19.7 min. 

Yellow oil; [α]D
25  = + 12.1 (c = 1.12, CHCl3, 48% ee);  1H NMR 

(300 MHz, CDCl3), δ 7.28-7.20 (4H, m, Ar), 6.99 (2H, d, Ar), 6.58 (1H, s, CH-N), 5.22 

(1H, s, OH), 4.90 (1H, q, J = 0.9 Hz, CHCOO), 3.80 (3H, s, OMe), 2.20 (3H, d, J = 0.9 

Hz, CH3), 1.35 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3), δ 170.9 (C, C=O), 167.8 (C, 

C=C-N), 156.4 (C, Ar), 135.8 (C, Ar), 130.5 (C, Ar), 129.6 (CH, Ar), 127.6 (CH, Ar), 

124.5 (CH, Ar), 120.9 (CH, Ar), 110.4 (CH, Ar), 88.4 (CH, C=C-C=O), 60.2 (CH, C-N), 

55.5 (CH3, MeO), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 12.5 (CH3); IR   3630, 2955, 1718 

(C=O), 1599, 1433, 1239, 1105, 753 cm-1; HRMS (ESI) m/z: 446.2297 [M+Na]+, 

C26H33NNaO4
+ requires 446.2302. 

 (R)-2-((2-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ag). 

From 9.9 mg of 1a and 49.5 mg of 2g, were obtained 20.2 mg 

(47%) of 3ag. Enantiomeric excess (89%) was determined using 

chiral HPLC (Chiralpak IC), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 53.7 min, major enantiomer tr = 60.5 min. 

Yellow solid; m.p. = 123.5-129.2 ºC; [α]D
25  = + 25.2 (c = 1.01, 

CHCl3, 89%); 1H NMR  (300 MHz, CDCl3) δ 7.46-7.40 (2H, m, Ar), 7.33-7.35 (2H, m, 

Ar), 6.94 (2H, s, Ar), 6.56 (1H, s, CH-N), 5.26 (1H, s, OH), 5.01 (1H, q, J = 0.9 Hz, 

CHCOO), 2.24 (3H, d, J = 0.9 Hz, CH3), 1.38 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3) 

δ 170.7 (C, C=O), 167.8 (C, C=C-N), 153.7 (C, Ar), 136.1 (C, Ar), 134.8 (C, Ar), 133.3 
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(C, Ar), 130.8 (CH, Ar), 129.7 (CH, Ar), 127.3 (CH, Ar), 126.3 (C, Ar), 124.4 (CH, Ar), 

89.3 (CH, C=C-C=O), 63.6 (CH, C-N), 34.3 (C, t-Bu), 30.1 (CH3, t-Bu), 12.6 (CH3); IR  

 2955, 1725 (C=O), 1559, 1433, 1115, 885, 754 cm-1; HRMS (ESI) m/z: 450.1802 

[M+Na]+, C25H30NNaO3
+ requires 450.1806. 

(R)-2-((2-Bromophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ah). 

From 9.9 mg of 1a and 55.9 mg of 2h, were obtained 20.2 mg 

(43%) of 3ah. Enantiomeric excess (90%) was determined using 

chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 19.2 min, major enantiomer tr = 20.9 min. 

Yellow solid; m.p. = 132.1-133.4 ºC; [α]D
25  = +7.5 (c = 1.01, 

CHCl3, 90% ee); 1H NMR (300 MHz, CDCl3) δ 7.61 (1H, dd, J1 = 7.9, J2 = 1.3 Hz, Ar), 

7.44 (1H, dd, J1 = 7.8, J2 = 1.8 Hz, Ar), 7.32 (1H, td, J1 = 7.6, J2 = 1.4 Hz, Ar), 7.23-7.18 

(2H, m, Ar), 6.92 (2H, s, Ar), 6.53 (1H, s, CH-N), 5.26 (1H, s, OH), 5.02 (1H, q, J = 0.8 

Hz, CHCOO), 2.25 (3H, d, J = 0.8 Hz, CH3), 1.38 (18H, s, t-Bu); 13C NMR (75 MHz, 

CDCl3) δ 170.7 (C, C=O), 162.7 (C, C=C-N), 153.7 (C, Ar), 136.5 (C, Ar), 136.1 (C, Ar), 

132.9 (CH, Ar), 130.9 (CH, Ar), 129.9 (CH, Ar), 127.9 (CH, Ar), 126.4 (C, Ar), 124.4 

(CH, Ar), 123.9 (C, Ar), 89.2 (CH, C=C-C=O), 66.2 (CH, C-N), 34.3 (C, t-Bu), 30.2 

(CH3, t-Bu), 12.7 (CH3); IR   3423, 2957, 1705 (C=O), 1571, 1161, 1120, 911, 751 cm-

1, HRMS (ESI) m/z: 494.1303 [M+Na]+, C26H30BrNNaO3
+ requires 494.1301. 

(R)-2-((3,5-Di-tert-butyl-4-hydroxyphenyl)(3-methoxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3ai). 

From 9.9 mg of 1a and 48.7 mg of 2i, were obtained 8.8 mg 

(20%) of 3ai. Enantiomeric excess (25%) was determined 

using chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 14.9 min, major enantiomer 

tr = 21.0 min. 

Yellow oil; [α]D
25  = + 1.7 (c = 0.63, CHCl3, 25% ee); 1H NMR  (300 MHz, CDCl3) 7.29-

7.24 (1H, m, Ar), 7.04 (2H, s, Ar), 6.88-6.82 (3H, m, Ar), 5.99 (1H, s, CH-N), 5.27 (1H, 

s, OH), 5.02 (1H, q, J = 0.9 Hz, CHCOO), 3.78 (3H, s, MeO), 2.20 (3H, d, J = 0.9 Hz, 

CH3), 1.38 (18H, s, t-Bu), 13C NMR (75 MHz, CDCl3), δ 170.9 (C, C=O), 163.7 (C, 
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C=C-N), 159.7 (C, Ar), 153.7 (C, Ar), 138.6 (C, Ar), 135.9 (C, Ar), 129.6 (CH, Ar), 126.6 

(C, Ar), 125.1 (CH, Ar), 120.5 (CH, Ar), 113.9 (CH, Ar), 113.6 (CH, Ar), 91.2 (CH, C=C-

C=O), 68.2 (CH, C-N), 34.3 (C, t-Bu), 30.1 (CH3, t-Bu), 12.9 (CH3); IR   3375, 2950, 

1690 (C=O), 1431, 1263, 1159, 911, 760 cm-1; HRMS (ESI) m/z: 446.2297 [M+Na]+, 

C26H33NNaO4
+ requires 446.2302. 

(R)-2-((3-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

methylisoxazol-5(2H)-one (3aj). 

From 9.9 mg of 1a and 49.5 mg of 2j, were obtained 15.5 mg 

(36%) of 3aj. Enantiomeric excess (81%) was determined 

using chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 

mL/min. Minor enantiomer tr = 11.8 min, major enantiomer tr 

= 13.1 min. 

Brown solid; m.p. = 145.7-148.8 ºC; [α]D
25  = + 10.2 (c = 1.10, CHCl3, 81% ee); 1H NMR 

(300 MHz, CDCl3) δ 7.33-7.29 (3H, m, Ar), 7.19-7.17 (1H, m, Ar), 6.94 (2H, s, Ar), 5.97 

(1H, s, CH-N), 5.30 (1H, s, OH), 5.05 (1H, q, J = 0.9 Hz, CHCOO), 2.21 (3H, d, J = 0.6 

Hz, CH3), 1.39 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3) δ 170.6 (C, C=O), 163.9 (C, 

C=C-N), 154.0 (C, Ar), 139.3 (C, Ar), 136.2 (C, Ar), 134.5 (C, Ar), 129.8 (CH, Ar), 128.4 

(CH, Ar), 128.3 (CH, Ar), 126.4 (CH, Ar), 126.0 (C, Ar), 125.1 (CH, Ar), 91.8 (CH, C=C-

C=O), 67.7 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 12.9 (CH3); IR   2955, 1703 

(C=O), 1571, 1433, 1121, 882, 769 cm-1; HRMS (ESI) m/z: 450.1801 [M+Na]+, 

C25H30ClNNaO3
+ requires 450.1806. 

(R)-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(3-nitrophenyl)methyl)-3-methylisoxazol-

5(2H)-one (3ak). 

From 9.9 mg of 1a and 50.8 mg of 2k, were obtained 24.4 mg 

(56%) of 3ak. Enantiomeric excess (77%) was determined 

using chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 27.7 min, major enantiomer 

tr = 18.7 min. 

Brown solid; m.p. = 131.3-133.4 ºC; [α]D
25  = +8.1 (c = 1.22, CHCl3, 77% ee); 1H NMR 

(300 MHz, CDCl3) δ 8.21-8.18 (2H, m, Ar), 7.68 (1H, d, J =7.8 Hz,  Ar), 7.55 (1H, m, 

Ar), 7.02 (2H, s, Ar), 6.05 (1H, s, CH-N), 5.35 (1H, s, OH), 5.10 (1H, q, J = 0.9 Hz, 

OH
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CHCOO), 2.25 (3H, d, J = 0.9 Hz, CH3), 1.39 (18H, s, t-Bu); 13C NMR  (75 MHz, CDCl3) 

δ 170.4 (C, C=O), 164.6 (C, C=C-N), 154.3 (C, Ar), 148.3 (C, Ar), 139.6 (C, Ar), 136.4 

(C, Ar), 134.3 (CH, Ar), 129.5 (CH, Ar), 125.2 (C, Ar), 125.1 (CH, Ar), 123.2 (CH, Ar), 

123.1 (CH, Ar), 93.0 (CH, C=C-C=O), 67.7 (CH, C-N), 34.4 (C, t-Bu), 30.1 (CH3, t-Bu), 

13.6 (CH3); IR   3580, 2957, 1729 (C=O), 1522, 1435, 1341, 909, 738 cm-1; HRMS 

(ESI) m/z: 461.2044 [M+Na]+, C26H33NNaO4 + requires 461.2047. 

 (S)-3-Cyclopropyl-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(4-

methoxyphenyl)methyl)isoxazol-5(2H)-one (3ec). 

From 12.5 mg of 1e and 48.7 mg of 2c, were obtained 33.6 

mg (75%) of 3ec. Enantiomeric excess (79%) was 

determined using chiral HPLC (Chiralpak AD-H), hexane/i-

PrOH 90:10, 1 mL/min. Minor enantiomer tr = 13.4 min, 

major enantiomer tr = 21.5 min. 

Yellow solid; m.p. = 141.9-144.2 ºC; [α]D
25  = + 0.6 (c = 1.12, 

CHCl3, 79% ee); 1H NMR  (300 MHz, CDCl3) 7.28-7.23 (2H, m, Ar), 7.02 (2H, s, Ar), 

6.88 (2H, m, Ar) 6.24 (1H, s, CH-N), 5.25 (1H, s, OH), 4.67 (1H, d, J = 0.6 Hz, CHCOO), 

1.74-1.65 (1H, m, c-Pr), 1.39 (18H, s, t-Bu), 3.81 (3H, s, OMe), 1.14-1.08 (2H, m, c-Pr), 

0.78-0.72 (2H, m, c-Pr); 13C NMR  (75 MHz, CDCl3) δ 171.3 (C, C=O), 171.1 (C, C=C-

N), 159.3 (C,Ar), 153.5 (C, Ar), 135.7 (C, Ar), 129.8 (CH, Ar), 129.2 (C, Ar), 127.3 (CH, 

Ar), 125.1 (CH, Ar), 113.7 (C, Ar), 85.6 (CH, C=C-C=O), 68.4 (CH, C-N), 55.2 (CH3, 

MeO), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 9.4 (CH2, c-Pr), 9.3 (CH2, c-Pr), 7.9 (CH, c-Pr); 

IR   3421, 2954, 1695 (C=O), 1511, 1435, 1235, 1112, 764 cm-1; HRMS (ESI) m/z: 

472.2459 [M+Na]+, C28H35NNaO4
+ requires 472.2458. 

(S)-2-((4-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

cyclopropylisoxazol-5(2H)-one (3ed). 

From 12.5 mg of 1e and 49.3 mg of 2d, were obtained 35.3 mg 

(78%) of 3ed. Enantiomeric excess (88%) was determined 

using chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 

mL/min. Minor enantiomer tr = 15.5 min, major enantiomer tr 

= 17.5 min. 

OH

t-But-Bu

(S)

N
O

O

Cl
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Yellow solid; m.p. = 164.1-165.4 ºC; [α]D
25  = + 20.8 (c = 1.18, CHCl3, 88% ee); 1H 

NMR (300 MHz, CDCl3) 7.34-7.27 (4H, m, Ar), 7.04 (2H, Ar), 6.23 (1H, s, CH-N), 5.29 

(1H, s, OH), 4.68 (1H, d, J = 0.6 Hz, CHCOO), 1.73-1.64 (1H, m, c-Pr), 1.39 (18H, s, t-

Bu), 1.16-1.11 (2H, m, c-Pr), 0.84-0.66 (2H, m, c-Pr); 13C NMR  (75 MHz, CDCl3) δ 

171.5 (C, C=O), 171.1 (C, C=C-N), 153.8 (C, Ar), 135.9 (C, Ar), 135.8 (C, Ar), 133.9 

(C, Ar), 129.8 (CH, Ar), 128.6 (CH, Ar), 126.4 (C, Ar), 125.4 (CH, Ar), 86.4 (CH, C=C-

C=O), 68.2 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 9.7 (CH2, c-Pr), 9.3 (CH2, c-Pr), 

7.9 (CH, c-Pr); IR   3384, 2957, 1697 (C=O), 1552, 1435, 1105, 877 cm-1; HRMS (ESI) 

m/z: 476.1965 [M+Na]+, C27H32ClNNaO3
+ requires 476.1963. 

(S)-3-Cyclopropyl-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(4-

nitrophenyl)methyl)isoxazol-5(2H)-one (3ee). 

From 12.5 mg of 1e and 50.9 mg of 2e, were obtained 37.2 

mg (80%) of 3ee. Enantiomeric excess (86%) was determined 

using chiral HPLC (Chiralcel OD-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 25.9 min, major enantiomer 

tr = 22.1 min. 

Yellow solid; m.p. = 87.5-89.9 ºC;  [α]D
25  = + 10.5 (c = 1.24, 

CHCl3, 86% ee); 1H NMR  (300 MHz, CDCl3) 8.23-8.20 (2H, m, Ar), 7.57-7.55 (2H, m, 

Ar), 7.04 (2H, s, Ar), 6.29 (1H, s, CH-N), 5.33 (1H, s, OH), 4.73 (1H, d, J = 0.6 Hz, 

CHCOO), 1.75-1.66 (1H, m, c-Pr), 1.39 (18H, s, t-Bu), 1.21-1.15 (2H, m, c-Pr), 0.87-

0.80 (1H, m, c-Pr), 0.75-0.68 (1H, m, c-Pr); 13C NMR  (75 MHz, CDCl3) δ 172.1 (C, 

C=O), 170.8 (C, C=C-N), 154.2 (C, Ar), 147.5 (C, Ar), 147.5 (C, Ar), 144.9 (C, Ar), 

136.2 (C, Ar), 129.2 (CH, Ar), 125.6 (CH, Ar), 125.4 (C, Ar), 123.5 (CH, Ar), 87.4 (CH, 

C=C-C=O), 68.5 (CH, C-N), 34.4 (C, t-Bu), 30.2 (CH3, t-Bu), 10.2 (CH2, c-Pr), 9.3 (CH2, 

c-Pr), 8.0 (CH, c-Pr); IR   3449, 2961, 1701 (C=O), 1517, 1343, 1234, 1108, 702 cm-1; 

HRMS (ESI) m/z: 487.2201 [M+Na]+, C27H32N2NaO5
+ requires 487.2203. 
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(R)-2-((2-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

cyclopropylisoxazol-5(2H)-one (3eg). 

From 12.5 mg of 1e and 49.3 mg of 2g, were obtained 34.8 mg 

(76%) of 3eg. Enantiomeric excess (92%) was determined using 

chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 1 mL/min. 

Minor enantiomer tr = 12.6 min, major enantiomer tr = 14.1 min. 

Yellow solid; m.p. = 124.4-125.2 ºC; [α]D
25  = -5.6 (c = 1.16, 

CHCl3, 92% ee); 1H NMR (300 MHz, CDCl3) 7.55-7.49 (1H, m, Ar), 7.42-7.36 (1H, m, 

Ar), 7.28-7.23 (2H, m, Ar), 7.03 (2H, s, Ar), 6.77 (1H, s, CH-N), 5.22 (1H, s, OH), 4.67 

(1H, d, J = 0.6 Hz, CHCOO), 1.74-1.66 (1H, m, c-Pr), 1.34 (18H, s, t-Bu), 1.11-1.02 (2H, 

m, c-Pr), 0.75-0.62 (2H, m, c-Pr); 13C NMR (75 MHz, CDCl3) δ 171.1 (C, C=O), 170.1 

(C, C=C-N), 153.7 (C, Ar), 135.9 (C, Ar), 135.1 (C, Ar), 133.3 (C, Ar), 130.5 (CH, Ar), 

129.6 (CH, Ar), 129.5 (CH, Ar), 127.2 (CH, Ar), 126.2 (C, Ar), 124.7 (C, Ar), 84.5 (CH, 

C=C-C=O), 64.2 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 9.1 (CH2, c-Pr), 8.8 (CH2, 

c-Pr), 7.6 (CH,  c-Pr); IR   3632, 2955, 1733 (C=O), 1582, 1431, 1235, 1161, 911, 752 

cm-1; HRMS (ESI) m/z: 476.1965 [M+Na]+, C27H32ClNNaO3
+ requires 476.1963. 

(R)-3-cyclopropyl-2-((3,5-di-tert-butyl-4-hydroxyphenyl)(3-

methoxyphenyl)methyl)isoxazol-5(2H)-one (3ei). 

From 12.5 mg of 1e and 48.7 mg of 2i, were obtained 36.7 

mg (82%) of 3ei. Enantiomeric excess (82%) was determined 

using chiral HPLC (Chiralpak AY-H), hexane/i-PrOH 90:10, 

1 mL/min. Minor enantiomer tr = 19.8 min, major enantiomer 

tr = 28.5 min. 

White solid; m.p. = 56.1-57.1 ºC; [α]D
25  = + 5.8 (c = 1.22, CHCl3, 82% ee); 1H NMR  

(300 MHz, CDCl3) 7.30-7.23 (1H, m, Ar), 7.08 (2H, s, Ar), 6.93-6.84 (3H, m, Ar), 6.24 

(1H, s, CH-N), 5.27 (1H, s, OH), 4.68 (1H, d, J = 0.6 Hz, CHCOO), 3.78 (3H, s, MeO), 

1.73-1.64 (1H, m, c-Pr), 1.39 (18H, s, t-Bu), 1.14-1.08 (2H, m, c-Pr), 0.84-0.70 (2H, m, 

c-Pr); 13C NMR  (75 MHz, CDCl3) δ 171.2 (C, C=O), 171.1 (C, C=C-N), 159.6 (C, Ar), 

153.7 (C, Ar), 138.8 (C, Ar), 135.8 (C, Ar), 129.4 (CH, Ar), 126.7 (C, Ar), 125.4 (CH, 

Ar), 120.7 (CH, Ar), 114.1 (CH, Ar), 113.4 (CH, Ar), 85.8 (CH, C=C-C=O), 68.7 (CH, 

C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 9.5 (CH2, c-Pr), 9.2 (CH2, c-Pr), 7.9 (CH, c-Pr); 
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IR   3630, 2955, 1716 (C=O), 1578, 1433, 1049, 784, 771 cm-1; HRMS (ESI) m/z: 

472.2459 [M+Na]+, C28H35NNaO4
+ requires 472.2458. 

(R)-2-((3-Chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-3-

cyclopropylisoxazol-5(2H)-one (3ej). 

From 12.5 mg of 1e and 49.3 mg of 2j, were obtained 35.3 mg 

(78%) of  3ej. Enantiomeric excess (88%) was determined 

using chiral HPLC (Chiralpak AD-H), hexane/i-PrOH 90:10, 1 

mL/min. Minor enantiomer tr = 11.3 min, major enantiomer tr 

= 13.3 min. 

White solid; m.p. = 57.1-58.8 ºC;  [α]D
25  = + 22.4 (c = 1.18, 

CHCl3, 88% ee); 1H NMR (300 MHz, CDCl3) 7.26-7.36 (1H, m, Ar), 7.30-7.24 (3H, m, 

Ar), 7.05 (2H, s, Ar), 6.22 (1H, s, CH-N), 5.30 (1H, s, OH), 4.69 (1H, d, J = 0.6 Hz, 

CHCOO), 1.74-1.64 (1H, m, c-Pr), 1.39 (18H, s, t-Bu), 1.19-1.10 (2H, m, c-Pr), 0.84-

0.77 (1H, m, c-Pr), 0.74-0.68 (1H, m, c-Pr); 13C NMR  (75 MHz, CDCl3) δ 171.5 (C, 

C=O), 171.1 (C, C=C-N), 153.9 (C, Ar), 139.5 (C, Ar), 135.9 (C, Ar), 134.3 (C, Ar), 

129.6 (CH, Ar), 128.4 (CH, Ar), 128.2 (CH, Ar), 126.5 (CH, Ar), 126.0 (C, Ar), 125.5 

(CH, Ar), 86.5 (CH, C=C-C=O), 68.3 (CH, C-N), 34.3 (C, t-Bu), 30.2 (CH3, t-Bu), 9.9 

(CH2, c-Pr), 9.2 (CH2, c-Pr), 7.9 (CH, c-Pr); IR   3449, 2950, 1720 (C=O), 1597, 1414, 

1116, 930, 777 cm-1; HRMS (ESI) m/z: 476.1965 [M+Na]+, C27H32ClNNaO3
+ requires 

476.1963. 

Synthesis of compound 3ea at 1 mmol scale. 

In a round bottom flask charged with the para-quinone methide 2a (441.7 mg, 1.5 mmol) 

and the isoxazolin-5-one 1e (125.1 mg, 1 mmol) is added 3Å MS (320 mg) and the 

thiourea V (37 mg, 10 mol %). Then 1,2-dichloroethane (10 mL) is added and the mixture 

is allowed to stir at rt for 24 hours. Then, the reaction is purified by flash column 

chromatography obtaining 297.9 mg (71%) of 3ea (86% ee). 

  

OH
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Additional optimization experiments 

 

 

Table S1. Enantioselective addition of  3-methyl-4(H)-isoxazol-5-one (1a) to p-QM 2a. 
Screening of ligands.[a] 

 

entry catalyst yield [%][b] ee [%][c] 
1 I 30 56 
2 II 36 52 
3 III 30 25 
4 IV 31 9 
5 V 48 66 
6 VI 23 37 
7 VII 24 24 
8 VIII 41 20 
9 IX 49 58 

[a] 1a (0.1 mmol), 2a (0.1 mmol), catalyst (0.005 mmol), toluene (1 mL), room 
temperature, 6 days. [b] Yield after column chromatography. [c] Determined by HPLC 
using chiral stationary phases.  
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Table S2. Enantioselective addition of  3-methyl-4(H)-isoxazol-5-one (1a) to p-QM 2a. 
Screening of solvents.[a] 

 

entry catalyst solvent yield [%][b] ee [%][c] 
1 V toluene 48 66 
2 V MTBE 34 61 
3 V Et2O 33 58 
4 V EtOAc 38 57 
5 V Acetonitrile 26 23 
6 V DCM 61 76 
7 V CHCl3 27 74 
8 V DCE 42 85 
9 X DCE 37 85 

[a]1a (0.1 mmol),  2a (0.1 mmol), catalyst VIII (0.005 mmol), solvent (1 mL), room 
temperature, 6 dayst. [b] Yield after column chromatography. [c] Determined by HPLC 
using chiral stationary phases. 

 

Table S3. Enantioselective addition of  3-methyl-4(H)-isoxazol-5-one (1a) to p-QM 2a. 
Effect of temperature, molar ratio and additives.[a] 

 

entry catalyst 
catalyst 
[mol %] 

1a/2a 
 [molar ratio] 

additive T [°C] 
yield 
[%][b] 

ee 
[%][c] 

1 V 5 1:1 - r.t. 42 85 
2 V 5 1:1 - 0 26 81 
3 V 5 1.5:1 - r.t. 43 79 
4 V 5 1:1.5 - r.t. 48 86 
5 V 2.5 1:1.5 - r.t. 37 61 
6 V 10 1:1.5 - r.t. 85 81 
7 XI 5 1:1.5 - r.t. 44 65 
8 XII 5 1:1.5 - r.t. nd 11 
9 V 5 1:1.5 3 Å MS r.t. 65 87 
10 V 5 1:1.5 4 Å MS r.t. 57 87 
11 V 5 1:1.5 5 Å MS r.t. 59 85 
[a] 1a (0.1 mmol),  2a, catalyst (0.005 mmol), DCE (1 mL), additive (32 mg), room 
temperature, 6 days. [b] Yield after column chromatography. [c] Determined by HPLC 
using chiral stationary phases. 
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