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2-(6-Oxo-cyclohex-1-enylmethyl)malonic acid diethyl ester (3a)
 
[1] 

    

 

 

 

 

2-(6-Oxo-cyclohex-1-enylmethyl)malonic acid dimethyl ester (3b) [1]    

 

 

 

 

Ethyl 2-cyano-3-(6-oxocyclohex-1-en-1-yl)propanoate (3c) [1]  

 

 

 

 

Ethyl2-cyano-3-(6-oxocyclohex-1-en-1-yl)-2-(6-oxocyclohex-1-en-1yl)methyl)propanoate 

(4c)      

 

 

 

 

 

 

 

3a 

Yield: 60%; yellow oil; 
1
H NMR (300 MHz, CDCl3): 6.83 (t, J=4.5 Hz, 

1H), 4.17 (q, J=7.5 Hz, 4H), 3.65 (t, J=8.0 Hz, 1H), 2.75 (d, J= 8.0 Hz, 

2H), 2.44–2.40 (m, 2H), 2.38–2.33 (m, 2H), 2.02–1.94 (m, 2H), 1.25 (t, 

J=7.5 Hz, 6H); 
13

C NMR (75 MHz, CDCl3): 198.8, 169, 148.4, 135.8, 

61.3, 50.7, 38.3, 29.8, 26.1, 22.9, 14.1; MS (m/z): 55 (34), 109 (25), 148 

(75), 176 (100), 194 (42), 222 (78), 268 (M
+
, 4).   

 

 

 

Yield: 65%; yellow oil; 
1
H NMR (300 MHz, CDCl3): 6.84 (t, J=4.5 Hz, 

1H), 3.78–3.63 (m, 7H), 2.75 (d, J=9.0, 2H), 2.44–2.39 (m, 2H), 2.38–

2.33 (m, 2H), 2.02–1.93 (m, 2H); 
13

C NMR (75 MHz, CDCl3): 198.5, 

169.4, 148.4, 135.6, 52.3, 50.5, 37.9, 30.0, 26.2, 22.9; MS (m/z): 109 

(37), 121 (89), 148 (74), 176 (97), 208 (100), 222 (3), 240 (M
+
, 4). 

 

 

3b 

 

Yield: 45% ; yellow oil; 
1
H NMR (300 MHz, CDCl3): 7.01 (t, J=4.0 Hz, 1H), 

4.25 (q, J=7.5 Hz, 2H), 3.90 (t, J=9 Hz, 1H), 2.98–2.54 (m, 2H),  2.48–2.44 

(m, 4H), 2.07–2.03 (m, 2H), 1.32 (t, J=7.5 Hz, 3H); 
13

C NMR (75 MHz, 

CDCl3): 198.8, 165.7, 150.5, 134.0, 116.3, 62.8, 38.1, 36.8, 31.1, 26.2, 22.8, 

14.0; MS (m/z): 81 (85), 109 (24), 147 (100), 175 (60), 192 (11), 221 (M
+
, 64). 

 

3c 
 

Yield: 23% ; yellow oil; 
1
H NMR (300 MHz, CDCl3): 7.03 (t, J=4.5 Hz, 2H), 

4.18 (q, J=7.5 Hz, 2H), 2.81 (AB, J=15.0 Hz, 4H), 2.48–2.41 (m, 8H), 2.06–

1.97 (m, 4H), 1.30 (t, J=7.5 Hz, 3H); 
13

C NMR (75 MHz, CDCl3): 198.1, 

167.9, 150.2, 133.9, 118.4, 62.8, 50.4, 38.0, 35.2, 26.3, 22.7, 14.0; MS (m/z): 

53 (83), 110 (47), 174 (100), 220 (41), 256 (50), 329 (M
+
, 18). 

 

4c 
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3-Oxo-2-(6-oxo-cyclohex-1-enylmethyl)-butyric acid methyl ester (3d) [2,3]   

 

 

 

 

 

3-Oxo-2-(6-oxo-cyclohex-1-enylmethyl)-butyric acid ethyl ester (3e) [2,3]     

 

 

 

 

 

3-Oxo-2-(6-oxo-cyclohex-1-enylmethyl)-3-phenyl-propionic acid ethyl ester (3f) [3]    

 

 

 

 

 

3-(6-Oxo-cyclohex-1-enylmethyl)-pentane-2,4-dione (3g)  and  its enolic form (5g) [2,3]   

  

 

 

Yield : 57 %; yellow oil;  IR (CHCl3): 3500, 1725, 1700, 1670 cm
-1

; 
1
H NMR (keto, CDCl3): 

6.82 (t, J=4.5 Hz, 1H), 3.96 (t, J=8.0 Hz, 1H), 2.68 (d, J=8.0 Hz 2H), 2.50–2.46 (m, 2H), 

2.38–2.31 (m, 2H), 2.18 (s, 6H), 1.98–1.93 (m, 2H); 
1
H NMR (enol, CDCl3): 6.56–6.53 (m, 

Yield : 62%; yellow oil; IR (CHCl3): 1742, 1714, 1667 cm
-1

;
 1

H NMR (300 

MHz, CDCl3): 6.83 (t, J=4.5 Hz, 1H), 3.81–3.74 (m, 1H), 3.70 (s, 3H), 2.80–

2.59 (m, 2H), 2.43–2.39 (m, 2H), 2.37–2.31 (m, 2H),  2.22 (s, 3H), 2.01–1.98 

(m, 2H);
 13

C NMR (75 MHz, CDCl3): 202.5, 199.1, 169.8, 148.6, 136.0, 58.1, 

52.3, 38.4, 29.3, 29.1, 26.2, 22.9; MS (m/z): 55 (30), 66 (19), 94 (36), 109 

(13), 122 (100), 149 (92), 206 (53), 224 (M
+
, 0.5). Anal. Calcd for C12H16O4: 

C, 64.29, H, 7.14. Found: C, 64.23, H, 7.16.   

 

 
3d 

 

Yield : 72%; yellow oil; IR(CHCl3): 1740, 1710, 1660 cm
-1

; 
1
H NMR (300 

MHz, CDCl3): 6.84 (t, J=3.0 Hz, 1H), 4.17 (q, J=7.5 Hz, 2H), 3.80–3.75 (m, 

1H), 2.80–2.57 (m, 2H), 2.44–2.41 (m, 2H), 2.39–2.33 (m, 2H), 2.23 (s, 3H), 

2.01–1.93 (m, 2H), 1.25 (t, J=7.5 Hz, 3H); 
13

C NMR (75 MHz, CDCl3): 202.5, 

199.0, 169.2, 148.5, 135.8, 61.1, 58.1, 38.2, 29.2, 28.9, 26.0, 22.8, 14.0; MS 

(m/z): 55 (32), 66 (52), 77 (43), 79 (40), 91 (39), 94 (58), 107 (7), 109 (19), 

122 (100), 123 (36), 136 (10), 149 (74), 150 (32), 192 (8), 193 (20), 220 (64). 

 

 

3e 
 

Yield : 76%; yellow oil; IR (CHCl3): 1737, 1699, 1600, 1448 cm
-1

; 
1
H NMR 

(300 MHz, CDCl3): 8.06–8.03 (m, 2H), 7.6–7.55 (m, 1H), 7.49–7.44 (m, 2H), 

6.88 (t, J=4.5 Hz, 1H), 4.74–4.69 (m, 1H), 4.13 (q, J=7.5 Hz, 2H), 2.85–2.81 

(m, 2H), 2.40–2.33 (m, 2H), 2.30–2.26 (m, 2H), 1.97–1.79 (m, 2H), 1.17 (t, 

J=7.5 Hz, 3H); 
13

C NMR (75 MHz, CDCl3): 199.5, 195.6, 169.5, 149.4, 136.3, 

135.9, 133.5, 128.8, 128.7, 61.2, 52.6, 38.4, 30.7, 26.1, 22.9, 14.1; MS (m/z): 77 

(33), 105 (100), 121 (5), 149 (22), 195 (14), 226 (5), 254 (22), 255 (15), 282 

(45), 300 (M
+
, 2).                         

 

3f 
 

3g and 5g 
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1H), 3.17 (q, J=3.0 Hz, 2H), 2.43–2.39 (m, 2H), 2.36–2.33 (m, 2H), 2.02 (s, 6H), 1.98–1.93 

(m, 2H); 
13

C NMR (keto, CDCl3): 203.9, 199.4, 148.7, 136.0, 66.5, 38.4, 29.6, 26.6, 26.1, 

26.0; 
13

C NMR (enol, CDCl3): 199.4, 199.2, 191.9, 144.6, 137.0, 106.1, 38.4, 28.8, 26.1, 26.0, 

23.0, 22.9. Anal. Calcd for C12H16O4: C, 69.30, H = 7.69. Found: C = 69.37, H = 7.73. 

 

 

2-(6-Oxo-cyclohex-1-enylmethyl)-1,3-diphenyl-propane-1,3-dione (3h) [2,3]    

 

 

 

 

 

2-(6-Oxo-cyclohex-1-enylmethyl)-1-phenyl-butane-1,3-dione (3i) [2,3]    

 

 

 

  

 

Ethyl 2-oxo-1-(6-oxocyclohex-1-en-1-yl)methyl)cyclopentanecarboxylate (3j)   

 

 

 

 

 

 

 

3h 
 

Yield: 62%; white solid; m.p. 118-120°C; IR (CHCl3): 1690, 1660, 1600, 

1440 cm
-1

; 
1
H NMR (300 MHz, CDCl3): 8.07–8.04 (m, 4H), 7.58–7.42 (m, 

6H), 7.00 (t, J=4.5 Hz, 1H), 5.75 (t, J=7.0 Hz, 1H), 2.96 (d, J=7.0 Hz, 2H), 

2.38–2.33 (m, 2H), 2.25–2.20 (m, 2H), 1.84–1.76 (m, 2H); 
13

C NMR (75 

MHz, CDCl3): 200.3, 196.1, 150.9, 136.1, 135.8, 133.5, 128.9, 128.9, 54.2, 

38.4, 31.3, 26.1, 22.7; MS (m/z): 51 (24), 77 (100), 105 (100), 210 (61), 227 

(81), 314 (32), 332 (M
+
, 1). Anal. Calcd.  For C22H20O3 : C, 79.52 ;  H, 6.02. 

Found : C, 79.50 ; H, 6.00.    

 

       

 Yield: 60%; yellow oil; IR (CHCl3): 1720, 1680, 1670 cm
-1

; 
1
H NMR (300 

MHz, CDCl3): 8.04–8.01 (m, 2H), 7.62–7.59 (m, 1H), 7.51–7.46 (m, 2H), 6.85 

(t, J=4.5 Hz, 1H), 4.87 (t, J=6.0 Hz, 1H), 2.90–2.72 (m, 2H), 2.38–2.34 (m, 

4H), 2.33–2.25 (m, 2H), 2.14 (s, 3H), 1.91–1.81 (m, 2H); 
13

C NMR (75 MHz, 

CDCl3): 203.3, 199.7, 196.9, 149.5, 136.5, 135.8, 133.7, 128.8, 128.5, 60.4, 

38.4, 30.3, 29.2, 26.1, 22.8; MS (m/z): 51 (8), 55 (7), 77 (51), 105 (100), 106 

(13), 123 (24), 148 (12), 165 (15), 210 (12), 211 (6), 227 (21), 252 (18),  270 

(M
+
, 0.5).  

 

 
3i 

 

Yield: 12%; colorless crystal; m.p. 80-82°C; 
1
H NMR (300 MHz, CDCl3): 

6.75 (t, J=4.5 Hz, 1H), 4.15 (q, J=7.5 Hz, 2H), 2.93 (AB, J= 12 Hz, 2H), 2.35–

2.2 (m, 6H), 2.01–1.88 (m, 6H), 1.27 (t, J=7.5 Hz, 3H); 
13

C NMR (75 MHz, 

CDCl3): 213, 199.3, 170.9, 149.1, 135.3, 61.2, 60.7, 38.1, 37.9, 31.2, 28.5, 

25.8, 22.7, 20.5, 14.1; MS (m/z): 55 (49), 109 (25), 163 (100), 190 (52), 218 

(23), 236 (63), 264 (M
+
, 9). 

 

3j 
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1,10-Dioxo-decahydro-5,8-methano-benzocycloheptene-8-carboxylic acid ethyl ester (6j)  

 

 

 

 

Diethyl 2-acetyl-4-methylenepentanedioate (7e) [3,4]                 

 

 

 

 

 

Diethyl 2-benzoyl-4-methylenepentanedioate (7f) [3,4]                  

 

 

 

 

 

           

Ethyl 4-acetyl-2-methylene-5-oxohexanoate (7g) and its enolic form (8g) [3,4]                    

 

 

 

 

 

 

 

 

Yield: 76%; colorless crystal; IR (CHCl3): 2953, 1759, 1725, 1460 cm
-1

; m.p. 

116-120°C; 
1
H NMR (300 MHz, CDCl3): 4.17 (q, J=9.0 Hz, 2H), 2.72–2.56 (m, 

2H), 2.4–2.35 (m, 4H), 2.17–2.11 (m, 3H), 2.08–2.01 (m, 2H), 1.95–1.67 (m, 

4H), 1.28 (t, J=9.0 Hz, 3H); 
13

C NMR (75 MHz, CDCl3): 212.3, 209.5, 170.6, 

61.2, 56.8, 51.2, 50.3, 47.3, 41.2, 36.7, 29.3, 27.6, 25.9, 17.6,  14.2; MS (m/z): 

55 (67), 123 (100), 162 (89), 190 (72), 236 (73), 264 (M
+
, 56). 

 

6j 

 

Yield: 60%; yellow oil; IR(CHCl3): 1740, 1710, 1660 cm
-1

; 
1
H NMR (300 

MHz, CDCl3): 6.21 (s, 1H), 5.64 (s, 1H), 4.26–4.15 (m, 4H), 3.85–3.80 (m, 

1H), 2.91–2.76 (m, 2H), 2.25 (s, 3H), 1.33–1.24 (m, 6H) 
13

C NMR (75 MHz, 

CDCl3): 202.1, 169.0, 166.4, 137.0, 127.7, 61.4, 60.9, 58.4, 30.6, 29.2, 14.2, 

14.1; MS (m/z):
 
53 (18), 98 (100), 126 (78), 151 (48), 200 (M-43, 43). 

 

 
7e 

 

Yield: 68%; yellow oil; IR (CHCl3): 1737, 1699, 1600, 1448 cm
-1

; 
1
H NMR (300 

MHz, CDCl3): 8.05–8.03 (m, 2H), 7.60–7.44 (m, 3H), 6.21 (s, 1H), 5.71 (s, 1H), 

4.75 (t, J=8.0 Hz, 1H), 4.22 (q, J=7.5Hz, 2H), 4.13 (q, J=6.0 Hz, 2H), 2.99 (d, J=8.0 

Hz, 2H), 1.30 (t, J=7.5 Hz, 3H), 1.16 (t, J=6.0 Hz, 3H) ; 
13

C NMR (75 MHz, 

CDCl3): 194.7, 169.2, 166.5, 136.8, 136.1, 133.6, 128.7, 128.3, 128.2, 61.4, 60.9, 

53.0, 31.9, 14.2, 14.0; MS (m/z):
 
51 (4), 77 (22), 105 (100), 304 (M

+
, 0.4).    

 

7f 

 

Yield: 65%; red oil; IR (CHCl3): 1710, 1630, 1607 cm
-1

; 
1
H NMR (keto, CDCl3): 6.20 (s, 

1H),  5.63 (s, 1H), 4.29–4.19 (m, 2H), 4.01 (t, J=6.0 Hz, 1H), 2.83 (d, J=6.0 Hz, 2H), 2.20 

(s, 6H), 1.36 (m, 3H); 
1
H NMR (enol, CDCl3): 6.25 (s, 1H), 5.44 (s, 1H), 4.29–4.19 (m, 

2H), 3.27 (s, 2H), 2.06 (s, 6H), 1.36 (m, 3H); 
13

C NMR (keto, CDCl3): 203.2, 166.3, 137.1, 

127.6, 66.7, 60.9, 31.9, 29.7, 14.2; 
13

C NMR (enol, CDCl3): 203.2, 192.0, 166.8, 138.8, 

124.2, 106.1, 60.9, 29.5, 22.8, 14.2; MS (m/z): 53 (21), 95 (79), 123(100), 141 (43), 169 

(59), 212 (M
+
, 15).  

 

 

 
7g and 8g 
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Ethyl 4-benzoyl-2-methylene-5-oxohexanoate (7i) [3,4]                  

 

 

 

 

3a
 1
H NMR (300 MHz, CDCl3) 

 

 

3a 

Yield: 70%; yellow oil; IR (CHCl3): 1713, 1676, 1630, 1446 cm
-1

; 
1
H NMR (300 

MHz, CDCl3): 8.03–8.00 (m, 2H), 7.62–7.39 (m, 3H), 6.18 (s, 1H), 5.67 (s, 1H), 

4.91 (t, J=8.0 Hz, 1H), 4.21 (q, J=7.5 Hz, 2H), 2.98 (d, J=8.0 Hz, 2H), 2.15 (s, 

3H), 1.29 (t, J=7.5Hz, 3H); 
13

C NMR (75 MHz, CDCl3): 202.9, 195.9, 166.5, 

136.8, 136.3, 133.8, 128.8, 128.3, 127.1, 61.0, 60.9, 31.5, 28.8, 14.1; MS (m/z): 

51 (5), 77 (26), 105 (100), 158 (6), 274 (M
+
, 0.4).  

 

 
7i 
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13
C NMR (75  MHz, CDCl3) 

 

3b
 1

H NMR (300 MHz, CDCl3) 

 

3a 

 

3b 
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13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

 

3b 
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3c 
1
H NMR (300 MHz, CDCl3) 

 
13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 
3c 

 

 
3c 
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4c 
1
H NMR (300 MHz, CDCl3) 

 

 
 

 

 

 

 

 

4c 
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13
C NMR (75 MHz, CDCl3) 

 

3d   
1
H NMR (300 MHz, CDCl3) 

 

4c 

 

 
3d 
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13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 
3d 
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3e
   1

H NMR (300 MHz, CDCl3) 

 

 
 

 

 

 

 

 

3e 
 



S14 
 

13
C NMR (75 MHz, CDCl3) 

 

3f
   1

H NMR (300 MHz, CDCl3) 

 

3e 

 

3f 
 



S15 
 

 
13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

3f 
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3g 
1
H NMR (300 MHz, CDCl3) 

 

 
 

 

 

 

 

 

 

3g and 5g 
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13
C NMR (75 MHz, CDCl3) 

 

3h 
1
H NMR (300 MHz, CDCl3) 

 

3h 
 

 

3g and 5g 
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13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

3h 
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3i 
1
H NMR (300 MHz, CDCl3) 

 

 
 

 

 

 

 

 

 
3i 
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13
C NMR (75 MHz, CDCl3) 

 

3j 
1
H NMR (300 MHz, CDCl3) 

 

 
3i 

 

3j 
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13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

3j 
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6j 
1
H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

6j 

 



S23 
 

13
C NMR (75  MHz, CDCl3) 

 

7e  
1
H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

6j 

 

 
7e 

 



S24 
 

7e 
13

C NMR (75  MHz, CDCl3) 

 

7f  
1
H NMR (300 MHz, CDCl3) 

 

 
7e 

 

 
7f 
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7f
  13

C NMR (75  MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

7f 
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7g and 8g 
1
H NMR (300 MHz, CDCl3) 

 

7g and 8g
13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 
7g and 8g 

 

 
7g and 8g 
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7i 
1
H NMR (300 MHz, CDCl3) 

 

7i 
13

C NMR (75 MHz, CDCl3) 

 

 

 

 

 

 

 
7i 

 

 
7i 
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GC-MS data for compounds 3a-7i 

 

 

 

 

3a 

 

3b 
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3c 

 

4c 
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3d 

 

3e 
 



S31 
 

 

 

3f 
 

 
3g 
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3h 
 

 
3i 
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3j 
 

6j 
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7e 

 

 
7f 



S35 
 

 

 

 

 

 

 

 

 

 
7i 

 

 
7g and 8g 
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X-ray crystallographic analysis of 6j: 

 

   References 

1.     Tamura, R.; Katayamaa, H.;  Watabea, K.; Suzuki, H. Tetrahedron 1990, 46, 7557. 

2.     Rezgui, F.; El Gaïed, M. M. Tetrahedron 1997, 53, 15711. 

3.     Mhasni, O.; Rezgui, F. Tetrahedron Lett. 2010, 51, 586. 

4.     Singh, V.; Batra, S. Synthesis 2006, 63. 

 

 

6j 

 


