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Asymmetric hydrocyanation/Micheal reaction of α-
diazoacetates via Cu(I)/chiral guanidine catalysis 
Sai Ruan, Xia Zhong, Quangang Chen, Xiaoming Feng, and Xiaohua Liu*

An asymmetric one-pot hydrocyanation/Micheal reaction of α-
aryl diazoacetates with trimethylsilyl cyanide, tert-butanol, and N-
phenylmaleimides has been realized. Using a chiral guanidinium 
salt/CuBr catalyst, a series of cyanide-containing pyrrolidine-2,5-
diones could be obtained in good yields with excellent diastereo- 
and enantioselectivities. 

Multicomponent catalysis has attracted wide attention for the 
advantages of simple operation, high atomic economy, more 
compliance with green chemistry and environmentally friendly 
requirements.1 Especially, the interest towards asymmetric 
catalytic one-pot multicomponent reactions increased rapidly 
over the past decade.2 However, the identification of the chiral 
catalysts is challenging due to the presence of multiple species 
in the multicomponent processes. Enantioselective 
organocatalysis and metal/organo or metal/metal relay-
catalysis have contributed to this fast-growing subfield.3 

Diazo carbonyl compounds,4 which are considered as 
valuable precursors to metal carbenes, have been widely 
applied in the multicomponent relay reactions in recent years.5 
There are several representative strategies for the 
enantioselective multicomponent reaction of α-diazo carbonyl 
compounds. For instance, Hu’s6a-f and other groups6g-i have 
discovered novel multicomponent reactions via trapping of 
ammonium/oxonium ylides with a variety of electrophiles, and 
the asymmetric versions could be achieved with the assistance 
of cooperative metal salt/chiral organocatalyst6e (Scheme 1a) 
or chiral metal complexes.6c,6h Enantioselective trap of the 
carbene species with terminal alkynes and isatins was realized 
by our group through copper salt/chiral guanidinium salt 
catalysis to yield axially chiral tetrasubstituted allenoates 
(Scheme 1b).7 The CuI-catalyzed multicomponent reaction of 
trifluorodiazoethanes, terminal alkynes and nitrosobenzenes 
enabled the formation of dihydroisoxazoles.8 Although the 

(a) Asymmetric MCR of α-diazoesters via trapping protic onium ylides with electrophlies6e
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(b) Asymmetric MCR of α-diazoesters, terminal alkynes and isatins7
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Scheme 1 Representative examples for asymmetric multi-component reactions 
of α-diazoacetates. 

catalytic insertion reactions of α-diazoesters, such as CF3,9a-c 
SCF3,9d-j OCF3,9k CN,9l and azide9m have been well established, 
no related multicomponent reactions via trapping of the 
intermediates were disclosed. The difficult might rise from the 
instability of the metal species and the competing protonation 
process. As part of our continuous research in asymmetric 
chiral guanidine catalysis10 and asymmetric reaction of α-diazo 
compounds,7,10a-c we envisioned that the enantioselective 
hydrocyanation/addition reaction of α-diazoester, “HCN” and 
electrophiles would allow the readily access to the cyanide-
containing compounds with a quaternary carbon center 
(Scheme 1c).9l,11 Herein, we report our endeavor in the 
Cu(I)/chiral guanidinium salt promoted asymmetric one-pot 
reaction of α-diazoesters with TMSCN, tBuOH, and maleimides. 
The current reaction presented a new multi-component 
reaction involving a sequence of two reactions with different 
reaction profiles. 

In our preliminary investigation, we selected methyl α-aryl 
diazoacetate 1a, TMSCN, methanol, and N-phenylmaleimide 
2a as the model substrates to optimize the reaction conditions. 
Primary study showed that in the catalytic amount of CuCl, the  
hydrocyanation reaction of 1a, TMSCN, and alcohol was 
sluggish, and it could be accelerated if higher amount of 
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Table 1 Optimization of the reaction conditionsa 

N

O

O

Ph N

O

O

Ph
CN
Ph

CO2Me

Ph CO2Me

N2 Guanidine  (10 mol%)
CuX  (20-100 mol%)TMSCN

CH2Cl2, 30 oC

1a 2a

MeOH

3aa

N

N

O Ph

Ph

H
N

NH

N
Cy

Cy

H

(Cy = Cyclohexyl)

Ts

G-1: n = 1, Ar = 4-MeC6H4
G-4: n = 0, Ar = 4-MeC6H4
G-5: n = 0, Ar = 1-naphthyl

G-3

N

N

O Ph

Ph

H
N

NH

N
CyCy
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N
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N
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N
CyCy
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G-2
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O
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Entry CuI (mol%) Guanidine Yield (%)b drc ee (%)c 

1 CuCl (100) G-1 21 94:6 8/5 
2 CuCl (100) G-2 18 >19:1 31/- 
3 CuCl (100) G-3 13 84:16 5/11 
4 CuCl (100) G-4 40 88:12 49/33 
5 CuCl (100) G-5 46 88:12 67/43 
6 CuBr (100) G-5 60 88:12 73/47 
7 CuBr (50) G-5•HBr 71 88:12 74/49 
8d CuBr (20) G-5•HBr 85 88:12 74/47 

9d,e CuBr (20) G-5•HBr 65 96:4 95/- 
10d-f CuBr (20) G-5•HBr 80 96:4 95/- 
11g CuBr (20) G-5•HBr 86 96:4 95/- 

a Unless otherwise noted, all reactions were carried out with chiral guanidine (10 
mol%), CuI (100 mol%), α-diazoester 1a (0.10 mmol), TMSCN (1.0 equiv) and 
MeOH (1.0 equiv) in CH2Cl2 (0.5 mL) at 30 °C for 2 h, then 2a (1.0 equiv) was 
added at 30 °C and reacted at 30 °C for 12 h. b Isolated yield. c Determined by 
HPLC analysis. d 5 Å MS (20 mg) was added. e 2a was added at –30 °C for 24 h. f 
tBuOH instead of MeOH. g 1a (1.2 equiv), TMSCN (1.2 equiv), tBuOH (1.2 equiv); 
and 2a (1.0 mmol) at –30 °C for 24 h. 

copper salt was added. Thus, a variety of chiral guanidine-
amides12 was examined in combination with equivalent CuCl in 
CH2Cl2 at 30 °C. To our delight, it was found that all of the 
chiral guanidines could promote the reaction to give the 
desired product 3aa (Table 1). However, the amino acid 
backbone had obvious influence on the yield and 
enantioselectivity of the reaction, and the L-proline-based G-4 
gave higher results (40% yield, 88:12 dr, and 49% ee) than the 
guanidines G-1 to G-3 derived from ʟ-pipecolic acid, 
tetrahydroisoquinoline acid, and L-ramipril, respectively 
(entries 1-4). Based on our previous work, the guanidines 
embellished a sulfonamide unit10d,12c could be adjusted to 
change the reactivity and enantioselectivity. It was found that 
the installation of 1-naphthyl group into G-5 enhanced the 
enantioselectivity to 67% ee (entry 5). Fortunately, the 
evaluation of the copper salts showed that the reactivity and 
enantioselectivity increased (60% yield and 73% ee) when CuBr 
was used instead of CuCl (entry 6). Encouraged by these 
results, we conducted more detailed investigations. When the 
guanidium salt G-5·HBr combined with CuBr was used as the 
catalyst, the amount of CuBr could be decreased to 50 mol% 
and the yield could be increased to 71% with maintained 
enantioselectivity and diastereoselectivity (entry 7). Moreover, 
the yield could be further improved in the presence of 20 mol% 
of CuBr with 5 Å MS (entry 8). Lowering the reaction 
temperature in the Michael addition step led to an increase of 

stereoselectivity, and the product was given in 65% yield, 95% 
ee with 96:4 dr (entry 9). Further exploration of alcohols 
showed that tBuOH could be used to promote the reaction in 
80% yield with maintained enantioselectivity and 
diastereoselectivity (entry 10). Finally, increasing the amount 
of α-diazoester, TMSCN, and tBuOH to 1.2 equivalences 
resulted in 86% yield, 96:4 dr with 95% ee (entry 11). 

Having identified the optimized four-component reaction 
conditions, we next investigated the scope of α-aryl 
diazoacetates 1. As depicted in Table 2, both the ester group 
and the aryl substituent on the α-diazoesters affected the 
yield dramatically. It was found that with the steric hindrance 
of the ester group increased, the yield decreased gradually 
with the diastereoselectivity and enantioselectivity remained 
(3aa-3ca). If tert-butyl phenyldiazoacetate 1d was subjected 
into the system, only trace amount of the product was 
detected. The position and electronic nature of the substituents on 
the phenyl group of methyl α-aryl diazoacetates have obvious 
influence on both the yield and enantioselectivity. The 
products 3ga and 3ia bearing 4-methyl and 4-fluoro 
substituent were obtained with good diastereo- and 
enantioselectivities in 93% and 95% ee, respectively. The 
reactions of 3-methyl or 4-methoxyl substituted α-aryl 
diazoesters proceeded well after the addition of DABCO, 
affording the related product 3fa in 87% yield with 89% ee, 
and 3ha in 68% yield with 93% ee. When other halo- 
substituted α-phenyl diazoesters including 2-F, 4-Cl, 4-Br, and 
4-I substituted ones, as well as α-2-naphthyl diazoester, were 
used for the reaction, the good yields and enantioselectivities 
(3ea, 3ma, 3ja-3ia) could be achieved with higher loading of  
CuBr and DABCO as the additives (see the ESI for details). 

Table 2 Substrate scope of α-aryl diazoacetates 1a 

N

O

O

Ph CN

CO2R1

N

O

O

Ph CN

CO2Me

OMe

N

O

O

Ph CN

CO2Me

X

N

O

O

Ph CN

CO2Me

3hab

68% yield, 13:1 dr
 93% ee

3jab: X = Cl, 90% yield, >19:1 dr, 91% ee
3kab: X = Br, 74% yield, >19:1 dr, 92% ee
3lab: X = I, 70% yield, >19:1 dr, 88% ee

3mab

99% yield, 15:1 dr
92% ee

3aac: R1 = Me, 76% yield, 13:1 dr, 95% ee

3ba: R1 = Et, 81% yield, 13:1 dr, 96% ee
3ca: R1 = iPr, 68% yield, 13:1 dr, 96% ee
3da: R1 = tBu, trace yield

N

O

O

Ph
CN

CO2Me
F

3eab

75% yield, 2:1 dr
85/70% ee

N

O

O

Ph CN

CO2Me

3fab

87% yield, 13:1 dr
89% ee

N

O

O

Ph CN

CO2Me

3ia
80% yield, >19:1 dr

93% ee

Me
3ga

71% yield, 13:1 dr
95% ee

N

O

O

Ph CN

CO2Me

F

5 Å MS, CH2Cl2, 30 oC, 2 h,  
Then 

−
30 oC, 24 h

N

O

O

Ph
CN

R1O2C
Ar1

G-5 •HBr (10 mol%)
CuBr (20-50 mol%)

N

O

O

Ph
Ar1 CO2R1

N2
TMSCN

1a-1m 2a

tBuOH

3aa-3ma

1 2

 

a Unless otherwise noted, the reactions were carried out with G-5·HBr (10 mol%), 
CuBr (20 mol%), 5 Å MS (20 mg), 1/TMSCN/tBuOH (1/1/1, 1.2 equiv) in CH2Cl2 (0.5 
mL) at 30 °C for 2 h, then 2a (0.10 mmol) was added at -30 °C and reacted at -
30 °C for 24 h. Isolated yield. EE and dr were determined by HPLC or UPC2 and 
NMR analysis. b CuBr (20-100 mol%), DABCO (0.3-0.5 equiv), see the ESI for 
details. c With 2a (5.0 mmol), and 5 Å MS (1.0 g) in CH2Cl2 (25.0 mL). 
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Table 3 Substrate scope of the N-arylmaleimides 2a 

G-5 •HBr (10 mol%)
CuBr (20 mol%)

5 Å MS, CH2Cl2, 30 oC, 2 h,  
Then 

−
30 oC, 24 h

N

O

O

R2 N

O

O

R2

CN

MeO2C
Ph

Ph CO2Me

N2
TMSCN

1a 2

tBuOH

3ab-3am  

Entry 2: R2 Yield (%) dr ee (%) 

1 2b: 4-MeC6H4 62 (3ab) >19:1 92 
2 2c: 4-MeOC6H4 70 (3ac) 16:1 92 
3 2d: 4-EtC6H4 73 (3ad) >19:1 93 
4 2e: 4-EtOC6H4 65 (3ae) >19:1 93 
5 2f: 4-iPrC6H4 72 (3af) >19:1 92 
6 2g: 4-FC6H4 78 (3ag) 19:1 92 
7 2h: 4-ClC6H4 68 (3ah) 16:1 93 
8 2i: 4-BrC6H4 65 (3ai) 16:1 93 
9 2j: 4-IC6H4 78 (3aj) 16:1 93 

10 2k: 2-FC6H4 73 (3ak) 11:1 93 
11 2l: 2-MeC6H4 85 (3al) >19:1 93 
12 2m: 3-FC6H4 65 (3am) 16:1 91 
13 2n: Bn 36 (3an) 7:1 72 
14 2o: Me 54 (3ao) 5:1 50 
15 2p: H nr (3ap) — — 

a As same as the condition in footnote a in Table 2. 

Taking into account the practical application of the catalyst 
system, the gram-scaled synthesis of 3aa was performed. 
Under the optimal reaction conditions, the reaction of 5 mmol 
of maleimide 2a reacted well to afford the desired adduct 3aa 
in 76% yield with 95% ee and 13:1 dr. The absolute 
configuration of the product 3aa was determined to be (1S, 2R) 
by X-ray crystallography analysis (see the ESI for details).13 

Then, we turned our attention to investigate the scope of 
maleimides. As shown in Table 3, N-arylmaleimides 2b-2m 
bearing various aryl groups with different electronic properties 
efficiently underwent the tandem reaction, delivering N-
substituted phenylpyrrolidine-2,5-diones 3ab-3am with 
vicinalquaternary-tertiary stereocenters in moderate to good 
yields (62-85%) with generally excellent diastereoselectivities 
and enantioselectivities (11:1->19:1 dr, 91-93% ee; entries 1-
12). In addition, other maleimides such as N-methyl, and N-
benzyl were examined, both the yield and stereoselectivitiy 
dropped a little (entry 13 and 14). The N-H maleimide 2p could 
not participate in the Michael cascade reaction (entry 15). 

N

O

O

Ph N

O

O

Ph
CN

Ph
CO2Me

Ph CO2Me

(d) G-5 •HBr (10 mol%), CuBr (20 mol%)                      no reaction
(e) G-5 •HBr (10 mol%)                                                  trace, 9:1 dr, 0/0% ee
(f)  G-5  (10 mol%)                                                          76% yield, >19:1 dr, 91% ee
(g) G-5 •HBr (10 mol%), CuBr (20 mol%),                     10% yield, 86:14 dr, 0/0% ee     TMSCN/

tBuOH (1.0 equiv)

5 Å MS, CH2Cl2, 30 oC, 12 h

4a 2a

CN

3aa

(a) CuBr (20 mol%)                                                                     3%  yield
(b) G-5 (10 mol%), CuBr (20 mol%)                                           21% yield
(c) G-5 •HBr (10 mol%), CuBr (20 mol%)                                   88% yield

5 Å MS, CH2Cl2, 30 oC, 2 h
Ph CO2Me

N2

TMSCN

1a

tBuOH Ph CO2Me

CN

4a

cat
(1)

(2)
cat

 
Scheme 2 Control experiments. 
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O
-
Cu
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B'
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C

H

N
CuL*

D
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Scheme 3 Proposed catalytic cycle. 

In order to clarify the multicomponent reaction mechanism, 
we tried the control experiments of initial cyanation insertion 
reaction and the sequent Michael addition reaction (Scheme 2). 
It was found that CuBr in a catalytic amount was sluggish for 
hydrocyanation using TMSCN as the cyano-source.9l The 
addition of guanidinium salt could dramatically accelerate such 
an insertion reaction, better than guanidine G-5 (Scheme 2, b 
and c). The isolated cyano-2-phenylacetate 4a was subjected 
into the Michael reaction with maleimide 2a under different 
reaction conditions (Scheme 2, d-g). We found that guanidine 
G-5 along could promote the addition reaction with high yield 
and stereoselectivity, but the reactions were inert in the 
presence of catalytic amount of CuBr or guanidinium salt. In 
connection with condition of the four-component reaction, we 
proposed that the asymmetric relay catalysis is under the 
control of chiral G-5•HBr/CuBr catalyst, rather than CuBr/G-5 
dual catalysis. In connection with the experiment procedure, 
this multi-component reaction involved in two kinetically 
different steps. 

In this case, the exact structures of the catalyst resting/ 
active state are yet to be studied. We previously have 
discovered a chiral guanidinium dimeric copper(I) cluster forms 
from the mixture of guanidinium salt and copper(I) salt.10f,14 It 
was proposed that such a kind of chiral ion pair might act as 
the catalyst precursor. As shown in Scheme 3, the copper salt 
can form the copper(I) carbene A, which undergoes 
hydrocyanation reaction to generate the cyanomethyl copper 
intermediate B. Because the catalyst system is disable for the 
Michael reaction between 4a and maleimide 2a, the copper-
bonded species B or other species B’ or C might be the active 
nucleophile to perform the following addition reaction. The 
sulfonamide unit of the guanidinium salt Gs-5 might active the 
maleimide 2a via hydrogen bonding. Then, a diastereo- and 
enantioselective conjugate addition occurs to yield the 
intermediate D, generating the final product 3aa after 
protonation. 

In summary, we have successfully developed an efficient 
four-component hydrocyanation/Michael reaction of α-aryl 
diazoesters, TMSCN, tert-butanol, and N-arylmaleimides. The 
cyanide-containing pyrrolidine-2,5-dione derivatives could be 
obtained in the presence of a chiral guanidinium salt and CuBr 
catalyst with good yields and excellent diastereo- and 
enantioselectivities. Further applications of the catalyst system 
of chiral guanidine or guanidinium salt with metal salt system 
in the asymmetric reactions are still underway. 
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