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Abstract Optically pure pyrrolidine ring systems are core structural motifs found in a range of bioactive compounds, natu-
ral products, pharmaceuticals and catalysts. The synthesis of optically pure pyrrolidine ring systems is no longer mysterious
as a great number of studies concerning the catalytic asymmetric 1,3-dipolar cycloaddition of iminoesters have been reported.
Overall, the transition-metal-catalyzed asymmetric 1,3-dipolar cycloaddition of iminoesters with electron-deficient alkenes is
one of the most powerful and straightforward synthetic tools for the optically pure pyrrolidines. However, high diastereo- and
enantioselectivities are requested simultaneously during the synthesis of chiral substituted pyrrolidine and it still remains a
big challenge to develop an efficient way to achieve both of them. Recently, we developed a novel chiral sulfinamide
mono-phosphine (Ming-Phos) which performed well in copper-catalyzed intermolecular cycloaddition of iminoesters with
p-trifluoromethyl f,4-disubstituted enones or a-trifluoromethyl o,f-unsaturated esters. Encouraged by the satisfying results,
herein we report the Ming-Phos/Cu-catalyzed asymmetric intermolecular [3+2] cycloaddition of azomethine ylides with
nitroalkenes. To our delight, a new Ming-Phos M3 bearing a trifluoromethyl showed good performance in this type of inter-
molecular cycloaddition with high diastereo- and enantioselectivities (up to 13:1 dr, 98% ee and 95% yield). High efficiency,
high diastereo- and enantioselectivity, a novel ligand, an inexpensive copper catalyst, and good functional group tolerance
make it worth to be considered as an efficient, reliable and atom-economic strategy for the synthesis of optically pyrrolidines.
The general procedure is as following: the solution of M3 (5.5 mol%) and Cu(CH;CN),BF, (5 mol%) in methyl fert-butyl
ether (MTBE, 6 mL) was stirred at room temperature for 2 h. After the reaction temperature was dropped to —30 C, azo-
methine ylides 2 (0.6 mmol), Cs,CO; (0.15 mmol) and nitroalkene 1 (0.3 mmol) were added sequentially. After the nitroal-
kene 1 was consumed completely, the solvent was removed under reduced pressure. The crude product was analyzed with 'H
NMR to determine the diastereomeric ratio. Then the crude product was then purified by flash column chromatography on
silica gel to afford the desired product.
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(a) Asymmetric [3+2] cycloaddition of azomethine ylides with nitroalkenes
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(b) Asymmetric [3+2] cycloaddition of azomethine ylides by using Ming-Phos
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Figure 1 Asymmetric [3+2] cycloaddition of azomethine ylides with electron-deficient alkenes
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Table 1 Screening of Ming-Phos ligands*”

(E)-(2-nitrovinyl)benzene (1)

“ Cu(CH5CN),BF, (5 mol%) ON, Ph
A SN COMe Ligand (5.5 mol%) /(’g\
Ar = 4-BrCgH, Cs,CO; (50 mol%) Ar N CO:Me
MTBE, -30 °C
2a exo-3a
Entry Ligand dr Yield/% eel%
1 M1 4:1 89 95
2 M2 1:1 92 89
3 M3 10:1 86 95
tBu 9 Me 9 CF3 (PI
S, _S., _S.,
N> Nt N~
CLE™ Gy ooy
PPh, PPh, PPh;
M1 M2 M3

“ All reactions were carried out with 0.3 mmol of 1, 0.6 mmol of 2a, 5 mol% of
catalyst (molar ratio of [Cu] to ligand=1:1.1) in 6.0 mL MTBE at —30 C
for 2~8 h; " Isolated yield. The ee values were determined by chiral HPLC.
The diastereomeric ratios were determined by 'H analysis of the crude prod-
ucts.
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TR FEVER T RIS, dr B8 10:1, ee N 95%,
XA RSBATHEIHEGR 1, Entry 2).
22 RRBIEHHL
PATAEH L T A BRI (R 2), H U
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Table 2 Optimization of reaction conditions®”

(E)-(2-nitrovinyl)benzene (1) 0N, Ph
[Cu] (5 mol%) .

A SN Co,Me M3 (5.5 mol%)
Ar N CO,Me
Ar = 4-BrCgH, Cs,C0;3 (50 mol%) N
2a Solvent, -30 °C exo-3a
Entry [Cu] Solvent dr  Yield/% (ee/%)
1 Cu(CH;CN)4BF,4 MTBE 91:9 86 (95)
2 Cu(CH;CN)4BF, THF 82:18 91 (95)
3 Cu(CH;CN)4BF, Pr,0 84:16 88 (95)
4 Cu(CH;CN)4BF, Et,O 91:9 83 (94)
5 Cu(CH;CN)4BF, Acetone 87:13 84 (93)
6 Cu(CH;CN)4BF,4 Toluene 45:55 92 (92)
7 Cu(CH;CN)4BF,4 Xylene 48:52 87 (92)
8 Cu(CH;CN)4BF,  m-Xylene  50:50 90 (91)
9 Cu(CH;CN)4BF, DCM 74:26 88 (85)
10 Cu(CH;CN)4BF, DCE 65:35 92 (84)
11 Cu(CH;CN)4BF, MeOH 79:21 89 (85)
12 Cu(CH;CN)4ClO4 MTBE 90:10 83 (95)
13 Cu(CH;CN)4PFs MTBE 92:8 93 (95)
14 [Cu(OTf)],Tol MTBE 93:7 87 (94)
15 Cu(OTf), MTBE 89:11 85 (86)
16 Cu(CH;CN),NTf, MTBE 93:7 80 (94)

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ All reactions were carried out with 0.3 mmol of 1, 0.6 mmol of 2a, 5 mol% of
catalyst (molar ratio of [Cu] to ligand=1:1.1) in 6.0 mL MTBE at —30 C
for 2~8 h ; *Isolated yield. The ee values were determined by chiral HPLC.
The diastereomeric ratios were determined by 'H analysis of the crude prod-
ucts.
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Table3 Substrate scope””
Cu(CH3CN)4BF4 (5 mol%) O,N Ph CF3 9
NO, M3 (5.5 mol% : .
Ve + RTINTCOMe ( ) ; N™"Bu
PH Cs,CO;3 (50 mol%) Ar N~ TCOMe H
MTBE, -30 °C H ' PPh,
1 2 exo-3 : M3
OzN@" Ph OzN%‘ Ph
N 002Me N 002Me
Br H H FsC
3a 3c
86% (95% ee) 87% (84% ee) 73% (94% ee) 91% (95% ee)
10:1dr 5:1dr 7:1dr 8:1dr
O,N,  Ph ON,  Ph

MeO

3f
81% (98% ee)
8:1dr 10:1 dr

MeO

3i 3j
91% (86% ee) 94% (88% ee)
10:1 dr 13:1dr

Br.

CO,Me N~ COMe
H
3g 3h
92% (92% ee) 89% (88% ee)

11:1dr 9:1dr

3k
31 R = Cl, 95% (94% ee), 9:1 dr
0, 0,
8“1’1@18 g"ree) 3m, R = Me, 88% (73% ee),10:1 dr

¢ All reactions were carried out with 0.3 mmol of 1, 0.6 mmol of 2a, 5 mol% of catalyst (molar ratio of [Cu] to Ligand=1:1.1) in 6.0 mL MTBE at —30 C for 2~
8 h. * Isolated yield. The ee values were determined by chiral HPLC. The diastereomeric ratios were determined by 'H analysis of the crude products.
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