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Gneral Information: Diazoesters 1 were prepared according to literature.
1
 Isatins 2 and 

copper sulfate which were commercially available, were used without further 

purification.All reactions were carried out under atmosphere. All  NMR  spectra were 

recorded using a Brucker-300 MHz, 400 MHz ,500 MHz spectrometer or JNM-EX-400 

MHz spectrometer in DMSO-d6 unless otherwise noted. Chemical shifts (δ value) were 

reported in ppm down field from internal tetramethylsilane (TMS).Chemical shifts are 

reported in parts per million as follows: chemical shift, multiplicity (s=singlet, d = 

doublet, t = triplet, m = multiplet).HRMS (ESI) Mass Spectra were recorded on a Bruker 

micrOTOF II Instrument or IonSpec FT-ICR mass spectrometer.  

 

General procedure for the copper-catalyzed three-component reaction of 

diazoesters, water and isatins: to a 10 mL flask with a stir bar was added isatin 2 (0.5 

mmol) and 2 mL water, then the mixture was stirred fiercely to form suspension to which 

copper sulfate (0.05 mmol) was added in one portion. A mixture of diazoester 1 (2mmol) 

in 5 mL water was syringed to the suspension within one hour. Eventually, colorful 

suspension turned into a clear solution. When the reaction was finished as monitored by 

TLC, the reaction mixture was washed with petroleum ether (3×3 mL) to remove 

impurities with low polarity, then extracted with 15 mL ethyl acetate for 3 times. The 

combined organic phase was washed with saturated brine, dried over anhydrous sodium 

sulfate, filtered and then concentrated to provide the product, which was then crystallized 

from petroleum ether and ethyl acetate.  
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X-ray diffraction parameters and data for anti-3a (CCDC 907747) 
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Notes and references 

 

1.  M. P. Doyle, M. A. Mckervey and T. Ye, Modern Catalytic Methods Synthesis with 

Diazo Compounds; Wiley: New York, 1998.; J. B. Hendrickson and W. A. Wolf, J. 

Org. Chem., 1968, 33, 3610. 
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Analytical Data for the Products  

     

The desired products 3a was afforded by crystalization in 90% 

yield as yellow solids (anti-3a : syn-3a = 80 : 20). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3a) 0.86 (t, 

J = 7.0 Hz, 3H), 3.77-3.82 (m, 2H), 4.38 (d, J = 5.1 Hz, 1H), 5.82 

(d, J = 5.0 Hz, 1H), 6.14 (s, 1H), 6.74 (d, 1H), 6.87-6.93 (m, 1H), 7.15-7.19 (m, 1H), 7.39 

(d, 1H), 10.22 (s, 1H); (syn-3a) 1.21 (t, J = 7.1 Hz, 3H), 4.12-4.18 (m, 2H), 4.34 (d, J = 

5.9 Hz, 1H), 5.57 (d, J = 5.9 Hz, 1H), 6.12 (s, 1H), 6.76 (d, 1H), 6.87-6.93 (m, 1H),  

7.15-7.19(m, 2H), 10.24 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6): 13.44, 14.04, 59.94, 

60.13, 73.35, 73.73, 75.83, 76.51, 109.13, 109.24, 120.94, 121.03, 125.51, 125.76, 128.57, 

129.08, 129.15, 142.54, 143.15, 169.90, 171.25, 176.76, 177.73;  HRMS (ESI): Exact 

mass calcd for C12H13NNaO5 [M+Na]
+
: 274.0686, Found 274.0720. 

 

The desired products 3b was afforded by crystalization in 40% 

yield as yellow solids (anti-3a : syn-3a = 83 : 17). (mixture of 

diastereomers) 
1
H NMR (400MHz, DMSO-d6): δ (anti-3b) 1.21 (t, 

J = 7.1 Hz, 3H), 4.11-4.16 (m, 2H), 4.77 (s, 1H), 5.52 (s, 1H),  

5.91 (s, 1H), 6.76 (d, J = 7.4 Hz, 1H), 7.07-7.15 (m, 2H), 10.39 (s, 1H); (syn-3b) 0.88 (t,J 

= 7.1 Hz, 3H), 3.85-3.87 (m, 2H), 4.77 (s, 1H), 5.45 (s, 1H), 6.34 (s, 1H), 6.76 (d, J = 7.4 

Hz, 1H), 7.07-7.15 (m, 2H), 10.53 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6): 13.40, 14.03, 

60.21, 60.32, 70.71, 73.23, 76.97, 78.39, 108.75, 108.97, 118.58, 125.35, 125.59, 128.53, 

130.99, 131.36, 144.65, 145.23, 171.19, 175.88, 176.42; HRMS (ESI): Exact mass calcd 

for C12H12BrNNaO5 [M+ Na]
+
: 351.9791, Found 351.9810. 

 

The desired products 3c was afforded by crystalization in 85% 

yield as yellow solids (anti-3c : syn-3c = 89 : 11). (mixture of 

diastereomers) 
1
H NMR (300 MHz, DMSO-d6): δ (anti-3c) 0.85 
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(t, J = 7.2 Hz, 3H), 2.20 (s, 1H), 3.75-3.82 (m, 2H),  4.34 (d, J = 5.4 Hz, 1H), 5.80 (d, J 

= 5.4 Hz, 1H), 6.08 (s, 1H), 6.60-6.64 (m, 1H), 6.95-7.00 (m, 1H), 7.20 (s, 1H), 10.10 (s, 

1H); (syn-3c) 1.20 (t, J = 7.0 Hz, 3H), 2.20 (s, 1H), 4.16-4.20 (m, 2H), 4.30 (d, J = 6.0 

Hz, 1H), 5.55 (d, J = 6.3 Hz, 1H), 6.08 (s, 1H), 6.60-6.64 (m, 1H), 6.95-7.00 (m, 2H), 

10.13 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6): 13.46, 14.04, 20.65, 20.71, 59.90, 60.10, 

73.44, 73.73, 75.93, 76.57, 108.84, 126.15, 129.15, 129.29, 129.63, 140.09, 169.92, 

176.76, 177.70; HRMS (ESI): Exact mass calcd for C13H15NNaO5 [M+ Na]
+
: 288.0842, 

Found 288.0846. 

 

The desired products 3d was afforded by crystalization in 65% 

yield as yellow solids (anti-3d : syn-3d = 91 : 9). (mixture of 

diastereomers) 
1
H NMR (300 MHz, DMSO-d6): δ (anti-3d) 

0.88 (t, J = 7.0 Hz, 3H), 3.78-3.85 (m, 2H), 4.35 (d, J = 5.7 Hz, 

1H), 6.03 (d, J =5.7 Hz, 1H), 6.35 (s, 1H), 6.69-6.71 (m, 1H), 7.33-7.37 (m, 1H), 

7.49-7.50 (d, 1H), 10.38 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6): 13.48, 14.05, 60.11, 

60.30, 73.28, 73.72, 76.62, 111.20, 112.72, 128.31, 128.87, 131.47, 131.81, 141.89, 

142.55, 169.77, 176.25. HRMS (ESI): Exact mass calcd for C12H12BrNNaO5 [M+Na]
+
: 

351.9791, Found 351.9843. 

 

The desired product 3e was afforded by crystalization in 64% 

yield as yellow solids (anti-3e : syn-3e = 69 : 31). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3e) 

0.77 (t, J = 7.0 Hz, 3H), 3.68-3.73 (m, 2H), 4.26 (d, J = 5.6 Hz, 

1H), 5.88 (d, J = 6.0 Hz, 1H), 6.24 (s, 1H), 6.60-6.64 (m, 1H),  6.88-6.93 (m, 1H), 7.08 

(d, J = 8.4 Hz, 1H), 10.17 (s, 1H); ( syn-3e) 1.11 (t, J = 7.0 Hz, 3H), 4.02-4.08 (m, 2H), 

4.21 (d, J = 6.4 Hz, 1H), 5.65 (d, J = 6.0 Hz, 1H), 6.22 (s, 1H), 6.60-6.64 (m, 1H), 

6.88-6.93 (m, 2H), 10.21 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 14.49, 15.04, 61.10, 
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61.28, 74.22, 74.70, 77.17, 77.79, 110.88, 110.96, 114.05, 114.30, 114.54, 114.79, 116.28, 

116.51, 131.66, 131.74, 139.73, 140.37, 157.30, 159.64, 170.81, 172.19, 177.67, 178.76; 

HRMS (ESI): Exact mass calcd for C12H12FNNaO5 [M+ Na]
+
: 292.0592, Found 

292.0597. 

 

The desired products 3f was afforded by crystalization in 54% 

yield as yellow solids (anti-3f : syn-3f = 72 : 28). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3f) 

0.78 (t, J = 7.0 Hz, 3H), 3.68-3.73 (m, 2H), 4.24 (d, J = 4.8 Hz, 

1H), 5.88 (d, J = 5.2 Hz, 1H), 6.20 (s, 1H), 6.77 (s, 1H), 6.96-7.00 (m, 1H), 7.19 (d, J = 

7.6 Hz, 1H), 10.28 (s, 1H); (syn-3f) 1.10 (t, J = 7.2 Hz, 3H), 4.02-4.04 (m, 2H), 4.18 (d, J 

= 6.0 Hz, 1H), 5.60 (d, J = 6.0 Hz, 1H), 6.16 (s, 1H), 6.78 (s, 1H), 6.96-7.00 (m, 2H), 

10.29 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 14.50, 15.07, 16.11, 16.25, 74.11, 74.64, 

76.56, 77.38, 112.98, 113.06, 122.90, 124.61, 124.74, 128.36, 128.70, 128.90, 129.46, 

145.28, 145.91, 170.80, 172.10, 177.59, 178.67; HRMS (ESI): Exact mass calcd for 

C12H12BrNNaO5 [M+ Na]
+
: 351.9791, Found 351.9845. 

 

The desired products 3g was afforded by crystalization in 66% 

yield as yellow solids (anti-3g : syn-3g = 72 : 28). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3g) 0.90 

(t, J = 7.1 Hz, 3H), 3.82-3.85 (m, 2H), 4.38 (d, J = 5.3 Hz, 1H), 

5.92 (d, J = 5.4 Hz, 1H), 6.24 (s, 1H), 6.55-6.58 (m, 1H),  6.69-6.72 (m, 1H), 7.38-7.42 

(m, 1H), 10.38 (s, 1H); (syn-3g) 1.23 (t, J = 7.1 Hz, 3H), 4.15-4.17 (m, 2H), 4.33 (d, J = 

6.1 Hz, 1H), 5.65 (d, J = 6.1 Hz, 1H), 6.20 (s, 1H), 6.55-6.58 (m, 1H), 6.69-6.72(m, 1H), 

7.19-7.22 (m, 1H), 10.40 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 13.97, 14.53, 60.54, 

60.70, 73.69, 74.22, 75.92, 76.68, 97.67, 97.94, 107.45, 107.67, 124.93, 125.56, 127.52, 

127.62, 144.81, 144.93, 162.15, 164.56, 170.35, 171.67, 177.53, 178.56; HRMS (ESI): 
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Exact mass calcd for C12H12FNNaO5 [M+ Na]
+
: 292.0592, Found 292.0585. 

 

The desired products 3h was afforded by crystalization in 78% 

yield as yellow solids (anti-3h : syn-3h = 80 : 20). (mixture of 

diastereomers) 
1
H NMR (500 MHz, DMSO-d6): δ (anti-3h) 0.87 (t, 

J = 7.0 Hz, 3H), 3.78-3.88 (m, 2H), 4.39 (d, J = 4.5 Hz, 1H), 6.01 

(d, J = 4.0 Hz, 1H), 6.39 (s, 1H), 6.85-6.89 (m, 1H), 7.37-7.41 (m, 2H), 10.58 (s, 1H); 

(syn-3h) 1.22 (t, J = 7.0 Hz, 3H), 4.14-4.17 (m, 2H), 4.33 (d, J = 5.5 Hz, 1H), 5.75 (d, J = 

5.5 Hz, 1H), 6.35 (s, 1H), 6.85-6.89 (m, 1H), 7.19 (d, J = 7.0 Hz, 1H), 7.37-7.41 (m, 1H), 

10.58 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 13.88, 14.54, 60.58, 60.74, 73.86, 74.25, 

77.06, 77.92, 102.14, 123.24, 123.40, 125.00, 125.32, 131.15, 131.60, 132.47, 134.01, 

142.02, 142.41, 170.21, 174.45, 177.11; HRMS (ESI): Exact mass calcd for 

C12H12BrNNaO5 [M+ Na]
+
: 351.9791, Found 351.9806. 

 

The desired products 3i was afforded by crystalization in 82% 

yield as yellow solids (anti-3i : syn-3i = 67 : 33). (mixture of 

diastereomers) 
1
H NMR (300 MHz, DMSO-d6): δ (anti-3i) 1.05 (s, 

9H), 4.27 (d, J = 5.3 Hz, 1H), 5.58 (d, J = 5.3 Hz, 1H), 6.06 (s, 

1H), 6.77 (d, J = 7.7 Hz, 1H), 6.86-6.94 (m, 1H), 7.16-7.22 (m, 1H), 7.38 (d, J = 7.2 Hz, 

1H), 10.24 (s, 1H); (syn-3i) 1.38 (s, 9H), 4.23 (d, J = 6.6 Hz, 1H), 5.30 (d, J = 6.6 Hz, 

1H), 6.05 (s, 1H), 6.77 (d, J = 7.7 Hz, 1H), 6.86-6.94 (m, 1H), 7.16-7.22 (m, 1H), 7.25 (d, 

J = 7.3 Hz, 1H), 10.24 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 26.95, 27.57, 73.48, 

74.14, 75.52, 76.23, 80.40, 80.75, 109.10, 109.25, 120.92, 120.98, 125.74, 128.74, 129.07, 

129.13, 129.16, 142.72, 143.02, 168.85, 170.33, 176.79, 177.75; HRMS (ESI): Exact 

mass calcd for C14H17NNaO5 [M+ Na]
+
: 302.0999, Found 302.1005. 
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The desired products 3j was afforded by crystalization in 92% 

yield as yellow solids (anti-3j : syn-3j = 63 : 37). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3j) 0.88 (t, 

J = 7.0 Hz, 3H), 1.53 (s, 3H), 3.78-3.82 (m, 2H), 5.40 (s, 1H), 

5.91 (s, 1H), 6.69-6.76 (m, 1H), 6.83-6.90 (m, 1H), 7.11-7.18 (m, 1H), 7.46 (d, J = 7.6 

Hz, 1H), 10.13 (s, 1H); (syn-3j) 1.10 (t, J = 7.0 Hz, 3H), 1.46 (s, 3H), 4.03-4.05 (m, 2H), 

5.18 (s, 1H), 6.03 (s, 1H), 6.69-6.76 (m, 1H), 6.83-6.90 (m, 1H), 7.11-7.19 (m, 2H), 

10.26 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 13.41, 13.75, 19.17, 20.24, 60.20, 60.50, 

76.99, 77.27, 77.74, 108.80, 109.30, 120.72, 121.11, 124.99, 126.38, 129.05, 129.21, 

129.49, 129.85, 142.40, 142.76, 172.91, 173.00, 176.64, 177.58; HRMS (ESI): Exact 

mass calcd for C13H15NNaO5 [M+ Na]
+
: 288.0842, Found 288.0867. 

 

The desired products 3k was afforded by crystalization in 

67% yield as yellow solids (anti-3k : syn-3k = 91 : 9). 

(mixture of diastereomers) 
1
H NMR (400 MHz, DMSO-d6): 

δ (anti-3k) 0.90 (t, J = 6.8 Hz, 3H), 1.53 (s, 3H), 2.21 (s, 3H), 

3.80-3.85 (m, 2H), 5.33 (s, 1H), 5.83 (s, 1H), 6.59 (d, J = 7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 

1H), 7.29 (s, 1H), 10.03 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 13.44, 20.28, 20.73, 

60.19, 77.14, 77.70, 108.53, 127.03, 129.21, 129.28, 129.87, 139.96, 173.04, 176.68; 

HRMS (ESI): Exact mass calcd for C14H17NNaO5 [M+Na]
+
: 302.0999, Found 302.1004. 

 

The desired products 3l was afforded by crystalization in 73% 

yield as yellow solids (anti-3l : syn-3l = 58 : 42). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3l) 

1.22 (t, J = 7.1 Hz, 3H), 1.51 (s, 3H), 4.11-4.19 (m, 2H), 5.47 

(s, 1H), 6.38 (s, 1H), 6.88-6.96 (m, 1H), 7.87 (s, 1H), 8.26-8.32 (m, 1H), 10.89 (s, 1H); 

(syn-3l) 0.87 (t, J = 7.1 Hz, 3H), 1.58 (s, 3H), 3.76-3.84 (m, 2H), 5.83 (s, 1H), 6.33 (s, 
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1H), 6.88-6.96 (m, 1H), 8.15-8.19 (m, 2H), 10.84 (s, 1H); 
13

C NMR (100 MHz, 

DMSO-d6) 13.41, 13.93, 19.42, 19.93, 60.39, 60.81, 76.35, 77.52, 77.60, 78.07, 109.14, 

109.42, 120.41, 122.13, 126.49, 126.54, 130.85, 141.47, 149.11, 149.79, 172.58, 172.80, 

176.73, 177.52; HRMS (ESI): Exact mass calcd for C13H14N2NaO7 [M+Na]
+
: 333.0693, 

Found 333.0694. 

 

The desired products 3m was afforded by crystalization in 66% 

yield as yellow solids (anti-3m : syn-3m = 60 : 40). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3m) 

0.89 (t, J = 7.1 Hz, 3H), 1.55 (s, 3H), 3.80-3.85 (m, 2H), 5.59 (s, 

1H), 6.12 (s, 1H), 6.68-6.71 (m, 1H), 6.98-7.04 (m, 1H), 7.25-7.29 (m, 1H), 10.18 (s, 1H); 

(syn-3m) 1.15 (t, J = 7.1 Hz, 3H), 1.44 (s, 3H), 4.05-4.12 (m, 2H), 5.29 (s, 1H), 6.19 (s, 

1H), 6.73-6.77 (m, 1H), 6.89-6.77 (m, 1H), 6.98-7.04 (m, 1H), 10.28 (s, 1H); 
13

C NMR 

(100 MHz, DMSO-d6) 13.40, 13.81, 19.27, 20.02, 60.27, 60.59, 77.14, 77.57, 77.83, 

109.40, 109.48, 109.94, 110.02, 112.57, 112.82, 113.95, 114,.20, 115.13, 115.29, 115.36, 

115.52, 131.28, 131.36, 131.51, 131.59, 138.54, 138.55, 138.99, 139.01, 156.08, 156.32, 

158.42, 158.66, 172.76, 176.44, 177.36; HRMS (ESI): Exact mass calcd for 

C13H14FNNaO5 [M+Na]
+
: 306.0748, Found 306.0766. 

 

The desired products 3n was afforded by crystalization in 60% 

yield as yellow solids (anti-3n : syn-3n = 64 : 36). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3n) 

0.91 (t, J = 7.1 Hz, 3H), 1.54 (s, 3H), 3.81-3.86 (m, 2H), 5.51 

(s, 1H), 6.00 (s, 1H), 6.50-6.72 (m, 2H), 7.46-7.49 (m, 1H), 10.29 (s, 1H); (syn-3n) 1.15 

(t, J = 7.1 Hz, 3H), 1.46 (s, 3H), 4.06-4.11 (m, 2H), 5.20 (s, 1H), 6.07(s, 1H), 6.50-6.72 

(m, 2H), 7.08-7.11 (m, 1H), 10.38 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 13.44, 13.83, 

19.25, 20.15, 60.25, 60.57, 76.49, 77.10, 77.64, 77.85, 96.73, 96.99, 97.25, 97.52, 106.59, 
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106.81, 106.95, 107.17, 125.53, 125.56, 125.89, 125.92, 126.43, 126.53, 127.94, 128.04, 

144.13, 144.25, 144.59, 144.71, 161.58, 164.00, 172.89, 176.81, 177.69; HRMS (EI): 

Exact mass calcd for C13H14FNNaO5 [M+Na]
+
: 306.0724, Found 306.0748. 

 

The desired products 3o was afforded by crystalization in 82% 

yield as yellow solids (anti-3o : syn-3o = 56 : 44). (mixture of 

diastereomers) 
1
H NMR (400 MHz, DMSO-d6): δ (anti-3o) 0.90 

(m, 6H), 1.54 (s, 3H), 4.59 (m, 1H), 5.34 (s, 1H), 5.89 (s, 1H), 

6.69-6.92 (m, 2H), 7.13-7.20 (m, 2H), 7.48-7.49 (d, J = 6.8 Hz, 1H), 10.13 (s, 1H); 

(syn-3o) 1.06 (m, 6H), 1.46 (s, 3H), 4.78 (m, 1H), 5.16 (s, 1H), 6.05 (s, 1H), 6.69-6.92 (m, 

2H), 7.13-7.20 (m, 2H), 10.33 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 18.98, 20.23, 

20.68, 20.99, 21.08, 21.22, 67.82, 68.14, 76.71, 76.94, 77.65, 77.81, 108.78, 109.44, 

120.68, 121.21, 125.18, 126.44, 129.03, 129.29, 129.36, 129.91, 142.48, 142.70, 172.23, 

172.42, 176.58, 177.87; HRMS (ESI): Exact mass calcd for C14H17NNaO5 [M+Na]
+
: 

302.0999, Found 302.1032. 

The desired products 3p was afforded by crystalization in 68% 

yield as yellow solids (anti-3p : syn-3p = 50 : 50). (mixture of 

diastereomers) 
1
H NMR (500 MHz, DMSO-d6): δ (anti-3p) 0.75 (t, 

J = 7.0 Hz, 3H), 0.96 (t, J = 7.0 Hz, 3H), 1.90-1.92 (m, 1H), 

2.49-2.50 (m, 1H), 4.07-4.14 (m, 2H), 4.60 (s, 1H), 5.87 (s, 1H), 6.88-6.92 (m, 2H), 7.11 

(d, J = 7.5 Hz, 1H), 7.47 (d, J = 7.5 Hz, 1H), 10.04 (s, 1H); (syn-3p) 0.75 (t, J = 7.0 Hz, 

3H), 1.14 (t, J = 7.0 Hz, 3H), 2.07-2.08 (m, 2H), 3.87-3.89 (m, 2H), 4.81 (s, 1H), 5.76 (s, 

1H), 6.71-6.76 (m, 2H), 7.15-7.18 (m, 2H), 10.10 (s, 1H); 
13

C NMR (100 MHz, 

DMSO-d6) 7.50, 7.62, 13.56, 13.93, 23.53, 24.62, 60.34, 60.69, 77.75, 77.94, 81.21, 

81.40, 108.85, 109.19, 120.81, 121.04, 124.88, 126.43, 129.15, 129.91, 142.31, 142.89, 

172.06, 172.45, 176.84, 177.45; HRMS (ESI): Exact mass calcd for C14H17NNaO5 

[M+Na]
+
: 302.0999, Found 302.1029. 
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