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ABSTRACT: An enantioselective α-amination of esters by a 

Lewis base/copper (I) cooperative catalysis strategy has been 

developed. The transient chiral C1-ammonium enolate gener-

ated from pentafluorophenyl ester and nucleophilic Lewis base 

is nicely compatible with the copper intermediate formed from 

N,N-di-t-butyldiaziridinone and Cu(I) to allow for high levels 

of stereochemical control. The cooperative catalytic reaction 

leads to a diverse set of highly enantioenriched hydantoins in 

good yields with excellent enantioselectivities (91-98% ee). 

Hydantoins, encountered as core structural elements in natu-

ral products and pharmaceuticals,
1
 constitute a large family of 

biological molecules as exemplified by Ethotoin, Parazo-

anthine A, and HR22C16 (Scheme 1a).
2
 In addition, flexible 

chemical transformations capable of occurring at the amide 

functionality provide chiral hydantoins with additional utilities 

in organic synthesis.
1b,3

 The high value of hydantoins in the 

realm of synthetic and pharmaceutical chemistry
4
 has driven 

the continuous investigations in the development of synthetic 

methods.
1b

 However, a limited number of available approaches 

to create asymmetric catalytic synthesis of hydantoins fail to 

provide synthetically useful stereoselectivity.
5
 In 2008, Shi 

and coworkers reported an elegant α-amination of esters ena-

bled by copper catalysis to liberate hydantoins (Scheme 1b).
6 

Notwithstanding the copper species adorned with ligands 

could exist in the entire catalytic process, a limited number of 

ligands are compatible with the stereoselectivity in the Cu(I)-

catalyzed asymmetric diamination with diaziridinones.
7
 As a 

consequence, circumventing the challenge in the stereochemi-

cal control of copper-catalyzed amination of esters entails an 

alternative strategy beyond the traditional chiral metal com-

plex catalysis.  

Asymmetric organocatalysis combined with metal catalysis 

has shown robust ability to allow the creation of asymmetric 

protocols which are unable to offer high levels of enantiose-

lectivity by virtue of individual chiral metal catalysis.
8
 Recent-

ly, we reported a highly stereoselective cooperative Lewis 

base/copper catalyzed α-propargylation of carboxylic acids.
9
 

Inspired by this achievement and other metal/Lewis base co-

operative catalysis,
10

 we discerned that integrating reactivities 

of an acylammonium and the copper diamide species that was 

considered a key intermediate in Shi’s reaction
6,7

 would lead 

to enantioenriched hydantoins (Scheme 1c). Herein, we will 

report the first asymmetric α-amination of esters enabled by 

chiral Lewis base and copper cooperative catalysis to access 

hydantoins in high optical purity. 

Scheme 1. Cooperative Asymmetric α-Amination of Esters 

for the Synthesis of Hydantoins 

 

 

In the proposed cooperative catalysis, an acylation reaction 

of the ester 1 with a nucleophilic Lewis base, such as a chiral 

tertiary amine, forms a chiral acylammonium Ia.
11

 Simultane-

ously, as proposed by Shi and coworkers,
6,7,12

 the cleavage of 

the N-N bond of N,N-diaziridinone (2) by the Cu(I) catalyst
13

 

generates a four-membered Cu(III) species IIa or a Cu(II) 

radical species IIb.
12g

 At this stage, the acylammonium Ia was 

presumed to undergo a deprotonation reaction with the four-

membered Cu(III) species IIa to give a chiral intermediate III. 

The reductive elimination of III would lead to a C-N coupling 

intermediate IV that undergoes an intramolecular amidation 

reaction to allow the catalyst turnover and to yield the enanti-

oenriched hydantioin 3 (Scheme 2, left cycle). Alternatively, 

the α-amination involves initial generation of acylammonium 

Ib, which reacts with Cu(II) radical species IIb to give a radi-

cal intermediate V. This radical species would then undergo a 

cyclization to furnish the final product 3 and to regenerate the 

Lewis base and the copper catalyst (Scheme 2, right cycle). 

Since the Lewis base catalyst always locates proximal to the 

reactive carbon of intermediates that involve the creation of 
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Table 1. Identification of Optimal Catalyst and Opti-

mization of Reaction Conditions
a
 

 

entry 1 CuX L 4 
Yield 

(%)b 

ee 

(%)c 

1 1a CuCl P(n-Bu)3 4a 47 6 

2 1b CuCl P(n-Bu)3 4a 41 52 

3 1c CuCl P(n-Bu)3 4a 71 98 

4 1c CuBr P(n-Bu)3 4a 65 98 

5 1c CuI P(n-Bu)3 4a 62 98 

6 1c ― ― 4a n.d. ― 

7 1c CuCl ― 4a 22 86 

8 1c CuCl PCy3 4a 36 92 

9 1c CuCl PPh3 4a 73 95 

10 1c CuCl P(4-MeC6H4)3 4a 72 96 

11 1c CuCl P(2-MeC6H4)3 4a 55 91 

12 1c CuCl P(2-furyl)3 4a 36 80 

13 1c CuCl P(OPh)3 4a 35 89 

14 1c CuCl P(n-Bu)3 ― 44 0 

15 1c CuCl P(n-Bu)3 4b 59 92 

16 1c CuCl P(n-Bu)3 4c 73 97 

17 1c CuCl P(n-Bu)3 4d 69 98 

18 1c CuCl P(n-Bu)3 4e 61 97 

19 1c CuCl P(n-Bu)3 4f 58 98 
a
Reaction conditions: 1a (0.2 mmol), 2 (0.6 mmol), CuCl 

(20 mol%), L (40% mmol), 4 (20 mmol%), CHCl3 (1 mL), 

70 °C, under Ar. 
b
Isolated yield. 

c
Determinted by HPLC 

and the absolute configuration of 3a was assigned by sin-

gle-crystal X-ray diffraction analysis (see Supporting In-

formation). 
 

ste-

re-

ogenic center in either Cu(I)/Cu(III) or Cu(I)/Cu(II) catalytic 

cycle, the chiral Lewis base and copper cooperative catalysis 

would be able to provide a promising scenario to achieve 

asymmetric α-amination of esters. 

The initial attempts to validate the proposed reaction fo-

cused on the compatibility of the aryl 2-phenylacetate reactivi-

ty with stereochemical control of chiral Lewis base. By using 

a modified benzotetramisole-type catalyst 4a
11d,14

 and a copper 

chloride-tributylphosphine complex, the asymmetric α-

amination of aryl 2-phenylacetates 1a-1c with N,N-di-t-

butyldiaziridinone 2 proceeded smoothly to give the desired 

hydantoin 3a (Table 1, entries 1-3). The enantioselectivity was 

significantly dependent on the nature of aryloxide leaving 

group. Gratifyingly, the pentafluorophenyl ester 1c proved to 

the most effective and provided the highest yield and enantio-

meric excess (entry 3, 71% yield, 98% ee). The copper salts 

affect the reaction conversion slightly, but were unable to alter 

the enantioselectivity (entries 3-5). Notably, the reaction does 

not proceed in the absence of the copper catalyst (entry 6). 

Interestingly, the phosphorus ligands exert profound impact on 

the reaction performance (entries 7-13). Tributylphosphine 

was not just able to enhance the catalytic activity of Cu(I), but 

imposed considerable influence on the stereochemical control, 

as indicated by the fact that both the reaction conversion and 

enantioselectivity considerably drooped without the ligand 

(entry 7). Moreover, the catalytic activity of Cu(I) complex 

largely depends on the electronic and steric feature of the 

phosphorus ligands (entries 8-13). Among the ligands 

screened, tributylphosphine turned out to be most compatible 

with the catalytic activity of copper and the stereoselectivity of 

chiral organocatalyst (entry 3 vs 7-13). In the absence of the 

chiral Lewis base, the reaction still proceeded, yet led to the 

racemic 3a in a relatively lower yield (entry 14). However, the 

use of chiral phosphine ligands alone only provided almost 

racemic product 3a (See Table S1 in Supporting Information 

for details). The copper-catalyzed reactions conducted with 

different Birman-type nucleophilic Lewis bases (4a-f) re-

vealed that all of them were able to offer excellent levels of 

enantioselectivity notwithstanding the reaction conversion 

varied in correlation with the structure of chiral Lewis bases 

(entries 15-19). The (R)-i-Pr-BTM and (R)-Bn-BTM appeared 

to be best compatible with the reaction catalyzed by the copper 

complex of tributylphosphine (entries 3 and 16). 

Having established the optimal reaction conditions, we in-

vestigated the generality of the cooperative catalytic reaction 

for acetyl acid pentafluorophenyl esters (Table 2). The varia-

tion in electron density of the phenyl group exerts little impact 

on the stereochemical outcome of reactions with meta- and 

para-substituted phenylacetyl acid pentafluorophenyl esters 

(3b-3k, 90-98% ee) while relatively lower enantioselectivities 

were observed for phenylacetyl acid pentafluorophenyl esters 

bearing a highly electron-withdrawing substituent (3e and 3h). 

Scheme 2. Mechanistic Hypothesis for Chiral Lewis Base/Copper Cooperatively Catalyzed Asymmetric α-Amination of 

Esters 
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In contrast, the alternation of electron density of the phenyl 

substituent was unable to considerably change the stereoselec-

tion in the amination reaction of ortho-substituted phenyla-

cetyl acid pentafluorophenyl esters, yet still leading to chiral 

hydantoins 3l-3n with excellent enantiomeric excesses. Disub-

stituted substrates were also tolerated to provide the desired 

products with excellent enantioselectivities (3o and 3p). The 

reaction of naphthyl and hetereoaryl acetyl acid esters pro-

ceeded successfully to afford hydantoins 3q-3t with high lev-

els of enantioselectivity ranging from 92% to 98% ee. More 

importantly, the reaction conditions were amenable to a varie-

ty of 3-substituted butenoic acid pentafluorophenyl esters, 

which produced 5-vinyl hydantoins 3u-3w in good yields of 

up to 75% and excellent enantioselectivities of up to 99% ee. 

2-(Phenylthio)acetic acid esters appeared to be active reaction 

partners and provided uniformly high levels of enantioselec-

tivity, although the yields were moderate (3x and 3y). Alt-

hough alkanoic substrates were ineffective under the condi-

tions, 5-alkyl hydantoins can be alternatively accessed from 

catalytic hydrogenation of 5-vinyl hydantoins with maintained 

enantioselectivity (see Supporting Information).  

 

In order to gain insight into the mechanism, the model reac-

tion of 1c with 2 (Table 1, entry 3) was monitoered by electron 

paramagnetic resonance (EPR) spectroscopy to identify if the 

radical speices was generated.
15

 A triplet with a 1:1:1 intensity 

ratio was observed when N,N-di-t-butyldiaziridinone 2 was 

treated with CuCl-P(n-Bu)3 (1:2) (Figure 1a),
 
which suggested 

the existence of nitrogen radical intermediate IIb.
12g

 A similar 

triplet with a 1:1:1 intensity ratio was also observed when the 

reaction was performed under the standard reaction conditions 

(Table 1, entry 3), which indicated that the process involved 

radical elementary steps (Figure 1b). The EPR experiments 

(see Supporting Information) suggested that the radical inter-

mediate IIb might be the active copper species in the coopera-

tive catalytic cycle (Scheme 2, right cycle). On the basis of our 

experimental results, a plausible transition state to account for 

the observed stereochemistry was proposed (Figure 1c).
16

 The 

isopropyl group of the Lewis base catalyst effectively shields 

the Si face of the C1-ammonium (Z)-enolate, to permit the Re 

face open for the nitrogen radical intermediate IIb to undergo 

the enantioselective radical addition, and then followed by the 

subsequent lactamization to give experimentally observed 

product (R)-3a (Scheme 2).  

 

Figure 1. Mechanism Studies. (a) EPR spectrum for the reaction 

of N,N-di-t-butyldiaziridinone (2) and CuCl-P(n-Bu)3 in chloro-

form. (b) EPR spectrum for the model reaction. (c) Proposed tran-

sition state and single-crystal X-ray structure of 3a. 

 

(+)-CP-99,994 is a high affinity NK1 antagonist
17

 and has 

been concisely accessed starting with the current reaction. As 

shown in Scheme 3, a gram-scale reaction of the pentafluoro-

phenyl ester 1c and 2 furnished hydantoin ent-3a in 71% yield 

and with 98% ee, almost identical to the results obtained in 

small scale (Table 1, entry 3). The reduction of ent-3a with 

LiAlH4 and followed by a diastereoselective allylation with 

allyltributylstannane promoted by borontrifluoride led to 5 in 

80% yield with 95% ee. The borylation with 9-

borabicyclo[3.3.1]nonane (9-BBN)  and oxidation with hydro-

gen peroxide under basic conditions converted the 5 to an al-

cohol 6. The oxidation of 6 with pyridinium dichromate (PDC) 

Table 2. Substrate Scope
a
 

 
a
Reaction conditions: 1 (0.2 mmol), 2 (0.6 mmol), CuCl (20 

mol%), P(n-Bu)3 (40% mmol), 4 (20 mmol%), CHCl3 (1 

mL), 70 °C, under Ar. 
b
at 60°C
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in methanol delivered an ester 7, which could be transformed 

into (+)-CP-99,994 by following Shi’s procedure.
18

 In addition, 

The deprotection of the resulting hydantoin derivative 3a 

smoothly provided corresponding  product with maintained 

enantioselectivity (see Supporting Information). 

Scheme 3. Asymmetric Formal Synthesis of (+)-CP-99,994
a 

aReagents and Conditions: (a) CuCl (20 mol%), P(n-Bu)3 (40 

mol%), ent-4a (20 mol%), CHCl3, 70 °C. (b) (i) LiAlH4, THF, 0 

°C to rt; (ii) BF3·Et2O, allyltributylstannane, DCM, -78 °C. (c) (i) 

9-BBN, THF, 60 oC; (ii) then H2O2, 30% NaOH. (d) PDC, 

MeOH, DMF, rt. 

In summary, we have developed an asymmetric α-amination 

of esters by using chiral Lewis base and copper (I) cooperative 

catalysis, leading to a large family of highly enantioenriched 

hydantoins, which hold great potential applications in the 

preparation of biologically active molecules. The transient 

chiral C1-ammonium enolate generated from pentafluoro-

phenyl ester and nucleophilic Lewis base is nicely compatible 

with the copper intermediate formed from N,N-di-t-

butyldiaziridinone and Cu(I) to allow for high levels of stereo-

chemical control that the use of chiral ligand is hard to enable. 

The future study will focus on the comprehensive exploration 

of the reaction mechanism and other asymmetric α-

functionalization reactions of esters initiated with copper (I) 

complex.
 

ASSOCIATED CONTENT  

Supporting Information 

Experimental procedures and spectroscopic data. This material is 

available free of charge via the Internet at http://pubs.acs.org. 

AUTHOR INFORMATION 

Corresponding Author 

gonglz@ustc.edu.cn 

Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT  

We are grateful for financial support from NSFC (Grants 

21232007, 21702199), Chinese Academy of Science (Grant No. 

XDB20020000), China Postdoctoral Science Foundation (Grant 

2017M612075). 

REFERENCES 

(1) (a) Meusel, M.; Gütschow, M. Org. Prep. Proced. Int. 2004, 

36, 391. (b) Konnert, L.; Colacino, M. Chem. Rev. 2017, 117, 13757. 

(2) (a) Brouillete, W. J.; Jestkov, V. P.; Brown, M. L.; Akhtar, M. 

S.; DeLorey, T. M.; Brown, G. B. J. Med. Chem. 1994, 37, 3289. (b) 

LastBarney, K.; Davidson, W.; Cardozo, M.; Frye, L. L.; Grygon, C. 

A.; Hopkins, J. L.; Jeanfavre, D. D.; Pav, S.; Qian, C.; Stevenson, J. 

M.; Tong, L.; Zindell, R.; Kelly, T. A. J. Am. Chem. Soc. 2001, 123, 

5643. (c) Hotha, S.; Yarrow, J. C.; Yang, J. G.; Garrett, S.; Ren-

duchintala, K. V.; Mayer, T. U.; Kapoor, T. M. Angew. Chem., Int. 

Ed. 2003, 42, 2379. (d) Gao, W.; Dalton, J. T. Drug Discover Today 

2007, 12, 241. 

(3) (a) Challis, B. C.; Challis, J. The Chemistry of Amides; Zabicky, 

J., Ed.; Interscience: London, 1970. (b) Lawrence, S. A. Amines: 

Synthesis, Properties and Applications; Cambridge University Press: 

Cambridge, U.K., 2004. (c) Lucet, D.; Le Gall, T.; Mioskowski, C. 

Angew. Chem. Int. Ed. 1998, 37, 2580. 

(4) (a) Lucet, D.; Gall, T.; Mioskowski, C. Angew. Chem., Int. Ed. 

1998, 37, 2580. (b) Kizirian, J.-C. Chem. Rev. 2008, 108, 140. (c) 

Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J. Am. Chem. 

Soc. 2001, 123, 7727. 

(5) (a) Comprehensive Asymmetric Catalysis; Jacobsen, E. N.; 

Pfaltz, A.; Yamamoto, H. Eds.; Springer: New York, 1999; Vol. I-III. 

(b) Ma, B.-D.; Du, S.-H.; Wang, Y.; Ou, X.-M.; Huang, M.-Z.; Wang, 

L.-X.; Wang, X.-G. Tetrahedron: Asymmetry 2017, 28, 47. 

(6) Zhao, B.; Du, H.; Shi, Y. J. Am. Chem. Soc. 2008, 130, 7220.  

(7) (a) Du, H.; Zhao, B.; Yuan, W.; Shi, Y. Org. Lett. 2008, 10, 

4231. (b) Zhao, B.; Du, H.; Shi, Y. J. Org. Chem. 2009, 74, 8392. 

(8) (a) Chen, G.-S.; Deng, Y.; Gong, L.-Z.; Mi, A.-Q.; Cui, X.; 

Jiang, Y.-Z.; Choi, M. C. K.; Chan, A. S. C. Tetrahedron: Asymmetry 

2001, 12, 1567. (b) Nakoji, M.; Kanayama, T.; Okino, T.; Takemoto, 

Y. Org. Lett. 2001, 3, 3329. (c) Lee, J. M.; Na, Y.; Han, H.; Chang, S. 

Chem. Soc. Rev. 2004, 33, 302. (d) Park, Y. J.; Park, J. W.; Jun, C. H. 

Acc. Chem. Res. 2008, 41, 222. (e) Shao, Z.-H.; Zhang, H.-B. Chem. 

Soc. Rev. 2009, 38, 2745. (f) Allen, A. E.; MacMillan, D. W. C. 

Chem. Sci. 2012, 3, 633. (g) Du, Z.; Shao, Z. Chem. Soc. Rev. 2013, 

42, 1337. (h) Chen, D.-F.; Han, Z.-Y.; Zhou, X.-L.; Gong, L.-Z. Acc. 

Chem. Res. 2014, 47, 2365. (i) Yang, Z.-P.; Zhang, W.; You, S.-L. J. 

Org. Chem. 2014, 79, 7785. (j) Afewerki, S.; Córdova, A. Chem. Rev. 

2016, 116, 13512.  

(9) Song, J.; Zhang, Z.-J.; Gong, L.-Z. Angew. Chem., Int. Ed. 

2017, 56, 5212. 

(10) (a) Schwarz, K. J.; Amos, J. L.; Klein, J. C.; Do, D. T.; Snad-

don, T. N. J. Am. Chem. Soc. 2016, 138, 5214. (b) Jiang, X.; Beiger, 

J. J.; Hartwig, J. F. J. Am. Chem. Soc. 2017, 139, 87. (c) Spoehrle, S. 

S. M.; West, T. H.; Taylor, J. E.; Slawin, A. M. Z.; Smith, A. D. J. 

Am. Chem. Soc. 2017, 139, 11895. (d) Lu, X.; Ge, L.; Cheng, C.; 

Chen, J.; Cao, W.; Wu, X. Chem. Eur. J. 2017, 23, 7689. 

(11) (a) France, S.; Guerin, D. J.; Miller, S. J.; Lectka, T. Chem. 

Rev. 2003, 103, 2985. (b) Gaunt, M. J.; Johansson, C. C. Chem. Rev. 

2007, 107, 5596. (c) Chauhan, P.; Enders, D. Angew. Chem., Int. Ed. 

2014, 53, 1485. (d) Morrill, L. C.; Smith, A. D. Chem. Soc. Rev. 

2014, 43, 6214. 

(12) (a) Ramirez, T. A.; Zhao, B.; Shi, Y. Chem. Soc. Rev. 2012, 

41, 931. (b) Zhu, Y.; Cornwall, R. G.; Du, H.; Zhao, B.; Shi, Y. Acc. 

Chem. Res. 2014, 47, 3665. (c) Yuan, W.; Du, H.; Zhao, B.; Shi, Y. 

Org. Lett. 2007, 9, 2589. (d) Zhao, B.; Du, H.; Shi, Y. J. Org. Chem. 

2009, 74, 4411. (e) Wen. Y.; Zhao, B.; Shi, Y. Org. Lett. 2009, 11, 

2365. (f) Zhao, B.; Peng, X.; Cui, S.; Shi, Y. J. Am. Chem. Soc. 2010, 

132, 11009. (g) Zhao, B.; Peng, X.; Zhu, Y.; Ramirez, T. A.; Corn-

wall, R. G.; Shi, Y. J. Am. Chem. Soc. 2011, 133, 20890. (h) Zhu, Y.; 

Shi, Y. Chem. Eur. J. 2014, 20, 13901.  

(13) (a) Lipshutz, B. H.; Yamamoto, Y. Chem. Rev. 2008, 108, 

2793. (b) Allen, S. E.; Walvoord, R. R.; Padilla-Salinas, R.; Ko-

zlowski, M. C. Chem. Rev. 2013, 113, 6234. (c) Guo, X.-X.; Gu, D.-

W.; Wu, Z.; Zhang, W. Chem. Rev. 2015, 115, 1622. (d) Copper-

Catalyzed Asymmetric Synthesis (Eds.: Alexakis, A.; Krause, N.; 

Woodward, S. Wiley-VCH, Weinheim, 2014. 

(14) (a) Birman, V. B.; Li, X. Org. Lett. 2006, 8, 1351. (b) Birman, 

V. B.; Li, X. Org. Lett. 2008, 10, 1115. (c) Birman, V. B. Aldrichim-

ica Acta 2016, 49, 23. 

 (15) (a) Zhang, C.; Tang, C.; Jiao, N. Chem. Soc. Rev. 2012, 41, 

3464. (b) Jahn, U. In Radicals in Synthesis III; Heinrich, M. R., Gan-

sauer, A., Eds.; Springer: New York, 2012; Vol. 320.  

 (16) (a) Nicewicz, D. A.; MacMillan, D. W. C. Science 2008, 322, 

77. (b) Nagib, D. A.; Scott, M. E.; MacMillan, D. W. C. J. Am. Chem. 

Soc. 2009, 131, 10875. 

Page 4 of 5

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

(17) Desai, M. C.; Lefkowitz, S. L.; Thadeio, P. F.; Longo, K. P.; 

Snider, R. M. J. Med. Chem. 1992, 35, 4911. 

(18) Fu, R.; Zhao, B.; Shi, Y. J. Org. Chem. 2009, 74, 7577. 

 

 

 

 

 

Page 5 of 5

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


