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General Information.  Dichloromethane was distilled from P2O5 prior to use.  

Commerically available ketones, and aldehydes were used as received (Lancaster, Acros, 
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Aldrich, Tedia, RDH).  Titanium tetrachloride was purchased from Fluka Chemie AG.  

Magnesium powder (ca 50 mesh) was purchased from Lancaster Synthesis Ltd.  All 

enamines were prepared by the method of White and Weingarten1 from the corresponding 

ketones and amines using titanium tetrachloride in hexane.  Flash chromatography was 

performed on silica gel 60 (230-400 mesh).  All reactions were carried out under an 

atmosphere of N2.  
1
H and 

13
C NMR spectra were recorded on a Varian VXR-400 MHz 

spectrometer at ambient temperature.  High-resolution mass spectra were determined on a 

Jeol JMS-HX 110 spectrometer. 

1White, W. A.; Weingarten, H.. J. Org. Chem. 1967, 32, 213. 

 

General procedure for the cyclopropanation of enamines 1a-f, 1i:  

1-(1-Pyrrolidinyl)bicyclo[4.1.0]heptane 2a:  To a 25 oC suspension consisting of Mg (240 
mg, 10 mmol), TiCl4 (56 mg, 0.03 mL, 0.3 mmol), and CH2Cl2 (5 mL) was added over a 1-
min period a solution of enamine 1a (0.3 g, 2 mmol) in THF (1.5 mL).  After being stirred 
for 3-4 h at room temperature, a solution of saturated potassium carbonate solution (10 mL) 
was added and the mixture was diluted with ether (30 mL).  The organic layer was separated, 
dried, evaporated, and purified by chromatography on silica gel (elution with hexane) to give 
2a (0.28 g, 85% yield) as a colorless oil:  IR (neat) 3072, 2927, 2853, 2798 cm-1;  1H NMR 
(400 MHz, CDCl3) δ 2.65-2.62 (m, 4 H), 1.92-1.85 (m, 1 H), 1.84-1.77 (m, 1 H), 1.72-1.66 

(m, 4 H), 1.61-1.53 (m, 2 H), 1.27-1.17 (m, 3 H), 1.07-1.01 (m, 2 H), 0.73 (dd, J = 10.0, 4.8 
Hz, 1 H), 0.18 (dd, J = 6.4, 4.8 Hz, 1 H);  13C NMR (100 MHz, CDCl3) δ 45.73, 38.37, 
24.03, 23.66, 22.74, 22.65, 21.05, 19.34, 18.13;  high-resolution MS m/e Calcd for C11H19N:  
165.1517.  Found:  165.1515. 

1-(1-Pyrrolidinyl)bicyclo[3.1.0]hexane 2b:  Following the above procedure, 0.27 g (2 
mmol) of 1b and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ CH2Cl2 (4 
mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by chromatography on silica 
gel afforded 0.22 g (72%) of 2b as a colorless oil:  IR (neat) 3069, 2931, 2857, 2795 cm-1;  
1H NMR (400 MHz, CDCl3) δ 2.69-2.63 (m, 2 H), 2.59-2.53 (m, 2 H), 1.84-1.52 (m, 9 H), 

1.24-1.21 (m, 1 H), 1.17-1.06 (m, 1 H), 0.62 (dd, J = 8.4, 4.4 Hz, 1 H), 0.39 (t, J = 4.4 Hz, 1 
H);  13C NMR (100 MHz, CDCl3) δ 49.21, 49.07, 26.73, 24.16, 23.70, 23.33, 21.01, 12.99;  
high-resolution MS m/e Calcd for C10H17N:  151.1361.  Found:  151.1362. 

1-(1-Pyrrolidinyl)bicyclo[5.1.0]octane 2c:  Following the above procedure, 0.33 g (2 
mmol) of 1c and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ CH2Cl2 (4 
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mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by chromatography on silica 
gel afforded 0.3 g (83%) of 2c as a colorless oil:  IR (neat) 3067, 2931, 2851, 2805 cm-1;  
1H NMR (400 MHz, CDCl3) δ 2.64-2.53 (m, 2 H), 2.15 (dd, J = 14.8, 8.0 Hz, 1 H), 2.08-2.04 

(m, 1 H), 1.67-1.33 (m, 11 H), 1.28-1.19 (m, 2 H), 1.11-1.05 (m, 2 H), 0.65 (dd, J = 8.8, 4.4 
Hz, 1 H), 0.24 (t, J = 4.8 Hz, 1 H);  13C NMR (100 MHz, CDCl3) δ 48.19, 43.81, 32.47, 
30.98, 29.08, 28.52, 27.54, 26.05, 23.41, 19.11;  high-resolution MS m/e Calcd for C12H21N:  
179.1674.  Found:  179.1670.  Anal.  Calcd for C12H21N:  C, 80.38; H, 11.80; N, 7.81.  
Found:  C, 80.52; H, 11.75; N, 7.71. 

2-Methyl-1-(1-pyrrolidinyl)bicyclo[4.1.0]heptane 2d:  Following the above procedure, 
0.33 g (2 mmol) of 1d and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ 
CH2Cl2 (4 mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by 
chromatography on silica gel afforded 0.31 g (85%) of 2d as a colorless oil:  IR (neat) 3071, 
2926, 2853, 2798 cm-1;  1H NMR (400 MHz, CDCl3) δ 2.62-2.57 (m, 4 H), 2.22-2.14 (m, 1 

H), 1.78-1.63 (m, 5 H), 1.60-1.54 (m, 1 H), 1.31-1.13 (m, 2 H), 1.07-0.96 (m, 3 H), 0.92 (d, J 
= 6.8 Hz, 3 H), 0.56 (dd, J = 9.6, 4.8 Hz, 1 H), 0.19 (t, J = 6.4 Hz, 1 H);  13C NMR (100 
MHz, CDCl3) δ 47.87, 43.04, 31.03, 25.07, 24.53, 23.42, 20.48, 19.52, 17.77, 14.37;  high-
resolution MS m/e Calcd for C12H21N:  179.1674.  Found:  179.1677.  Anal.  Calcd for 
C12H21N:  C, 80.38; H, 11.80; N, 7.81.  Found:  C, 80.69; H, 11.72; N, 7.68. 

2,2-Dimethyl-1-(1-pyrrolidinyl)bicyclo[4.1.0]heptane 2e:  To a 25 oC suspension 
consisting of Mg (288 mg, 12 mmol), TiCl4 (56 mg, 0.03 mL, 0.3 mmol), and CH2Cl2 (3.5 
mL) was added over a 3-min period a solution of enamine 1e (0.35 g, 2 mmol) in CH2Cl2 (2 
mL)/THF (1.5 mL).  After being stirred for 5 h at room temperature, a solution of saturated 
potassium carbonate solution (10 mL) was added and the mixture was diluted with ether (30 
mL).  The organic layer was separated, dried, evaporated, and purified by chromatography 
on silica gel (elution with hexane) to give 0.32 g (85%) of 2e as a colorless oil:  IR (neat) 
3052, 2928, 2844, 2795 cm-1;  1H NMR (400 MHz, CDCl3) δ 2.53 (bs, 4 H), 2.05-1.92 (m, 1 

H), 1.58 (bs, 4 H), 1.45-1.29 (m, 2 H), 1.21-0.96 (m with 2 s at 1.07 and 0.96, 11 H), 0.72 
(dd, J = 9.6, 5.2 Hz, 1 H), 0.19 (t, J = 5.2 Hz, 1 H);  13C NMR (100 MHz, C6D6) δ 50.21, 
47.43, 37.07, 35.55, 29.82, 25.77, 24.60, 24.13, 18.75, 18.34, 16.66;  high-resolution MS 
m/e Calcd for C13H23N:  193.1825.  Found:  193.1831. 

1-Cyclohexyl-1-(1-pyrrolidinyl)cyclopropane 2f:  Following the above procedure, 0.36 g 
(2 mmol) of 1f and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ CH2Cl2 (4 
mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by chromatography on silica 
gel afforded 0.28 g (73%) of 2f as a colorless oil:  IR (neat) 3066, 2924, 2859, 2799 cm-1;  
1H NMR (400 MHz, CDCl3) δ 2.55 (t, J = 5.2 Hz, 4 H), 1.71-1.58 (m, 9 H), 1.28-1.13 (m, 3 

H), 1.11-1.03 (m, 1 H), 1.01-0.89 (m, 2 H), 0.55 (dd, J = 6.4, 4.8 Hz, 2 H), 0.37 (t, J = 6.4, 
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4.8 Hz, 2 H);  13C NMR (100 MHz, CDCl3) δ 49.32, 44.43, 41.26, 31.36, 26.89, 26.56, 
23.68, 9.52;  high-resolution MS m/e Calcd for C13H23N:  193.1830.  Found:  193.1822.  
Anal.  Calcd for C13H23N:  C, 80.76; H, 11.99; N, 7.24.  Found:  C, 80.60; H, 11.91; N, 
7.30. 

1-Isopropyl-1-(1-pyrrolidinyl)cyclopropane 2g:  Following the above procedure, 0.31 g 
(2 mmol) of 1g and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ CH2Cl2 (4 
mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by chromatography on silica 
gel afforded 0.21 g (70%) of 2g as a colorless oil:  IR (neat) 3062, 2921, 2862, 2794 cm-1;  
1H NMR (400 MHz, CDCl3) δ2.56-2.53 (m, 4 H), 1.68-1.56 (m, 5 H), 0.85 (d, J = 6.8 Hz, 6 

H), 0.56 (dd, J = 6.0, 4.4 Hz, 2 H), 0.35 (dd, J = 6.0, 4.4 Hz, 2 H);  13C NMR (100 MHz, 
CDCl3) δ 49.48, 44.97, 31.13, 23.73, 20.53, 9.64;  high-resolution MS m/e Calcd for 
C10H19N:  153.1518.  Found:  153.1514. 

1-(3-Cyclohexenyl)-1-(1-pyrrolidinyl)cyclopropane 2j:  To a 25 oC suspension consisting 
of Mg (288 mg, 12 mmol), TiCl4 (56 mg, 0.03 mL, 0.3 mmol), and CH2Cl2 (3 mL) was added 
over a 15-min period a solution of enamine 1j (0.36 g, 2 mmol) in 5 mL of CH2Cl2 and 1.5 
mL of THF.  After being stirred for 5-6 h at room temperature, a solution of saturated 
potassium carbonate solution (10 mL) was added and the mixture was diluted with ether (30 
mL).  The organic layer was separated, dried, evaporated, and purified by chromatography 
on silica gel (elution with hexane) to give 0.19 g (50%) of 2j as a colorless oil:  IR (neat) 
3078, 3020, 2924, 2837, 1638, 1442 cm-1;  1H NMR (400 MHz, CDCl3) δ 5.72-5.56 (m, 2 

H), 2.57-2.52 (m, 4 H), 2.05-1.93 (m, 3 H), 1.83-1.71 (m, 2 H), 1.68-1.61 (m, 4 H), 1.52-1.49 
(m, 1 H), 1.29-1.19 (m, 1 H), 0.68-0.62 (m, 1 H), 0.62-0.55 (m, 1 H), 0.44-0.36 (m, 2 H);  
13C NMR (100 MHz, CDCl3) δ 127.30, 126.74, 49.42, 43.76, 38.08, 29.70, 27.22, 26.19, 
23.69, 9.80, 8.78;  high-resolution MS m/e Calcd for C13H21N:  191.1674.  Found:  
191.1676. 

2-(2-Allyl)-1-(1-pyrrolidinyl)bicyclo[4.1.0]heptane 2k:  Following the above procedure, 
0.38 g (2 mmol) of 1k and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 mmol)/ 
CH2Cl2 (5 mL)/THF (1.5 mL) gave a crude reaction mixture.  Purification by 
chromatography on silica gel afforded 0.31 g (76%) of 2k as a colorless oil:  IR (neat) 3080, 
3046, 2921, 2852, 1643, 991, 906 cm-1;  1H NMR (400 MHz, CDCl3) δ 5.86-5.75 (m, 1 H), 

4.98-4.94 (m, 2 H), 2.60-2.54 (m, 4 H), 2.23-2.18 (m, 1 H), 2.03-1.99 (m, 1 H), 1.90-1.82 (m, 
1 H), 1.76-1.59 (m, 6 H), 1.21-0.99 (m, 5 H), 0.59 (dd, J = 9.6, 4.8 Hz, 1 H), 0.21 (dd, J = 
6.4, 4.8 Hz, 1 H);  13C NMR (100 MHz, CDCl3) δ 138.02, 115.20, 47.74, 42.53, 38.44, 
30.51, 26.58, 24.48, 23.30, 18.78, 17.20, 14.52;  high-resolution MS m/e Calcd for C14H23N:  
205.1829.  Found:  205.1831. 

General procedure for the cyclopropanation of enamines 1g-h:  
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1-Phenyl-1-(1-pyrrolidinyl)cyclopropane 2h:  To a 25 oC suspension consisting of Mg 
(384 mg, 16 mmol) and THF (2 mL) was added TiCl4 (37 mg, 0.02 mL, 0.2 mmol).  After 
20~30 s, a solution of enamine 1h (0.35 g, 2 mmol) in 6 mL of THF and 1 mL of CH2Cl2 was 
added over a 3-min period.  After being stirred for 2-3 h at room temperature, a solution of 
saturated potassium carbonate solution (10 mL) was added and the mixture was diluted with 
ether (30 mL).  The organic layer was separated, dried, evaporated, and purified by 
chromatography on silica gel (elution with hexane) to give 2h (0.24 g, 65% yield) as a 
colorless oil:  IR (neat) 3082, 3046, 2964, 2874, 2814, 1685, 1599, 1493, 1445 cm-1;  1H 
NMR (400 MHz, CDCl3) δ 7.33-7.29 (m, 2 H), 7.27-7.24 (m, 3 H), 3.61 (t, J = 4.4 Hz, 4 H), 

2.52 (t, J = 4.4 Hz, 4 H), 0.94 (dd, J = 6.4, 4.0 Hz, 2 H), 0.82 (dd, J = 6.4, 4.0 Hz, 2 H);  13C 
NMR (100 MHz, CDCl3) δ 137.52, 131.40, 127.49, 126.88, 48.43, 43.89, 22.79, 14.04;  
high-resolution MS m/e Calcd for C13H17N:  187.1361.  Found:  187.1359.  Anal.  Calcd 
for C13H17N:  C, 83.37; H, 9.15; N, 7.48.  Found:  C, 83.56; H, 9.08; N, 7.39. 

1-(1-Morpholinyl)-1-phenylcyclopropane 2i:  To a 25 oC suspension consisting of Mg 
(384 mg, 16 mmol), TiCl4 (37 mg, 0.02 mL, 0.2 mmol), and THF (1.5 mL) was added a 
solution of enamine 1i (0.38 g, 2 mmol) in 6.5 mL of THF and 1 mL of CH2Cl2.  After being 
stirred for 2-3 h at room temperature, a solution of saturated potassium carbonate solution 
(10 mL) was added and the mixture was diluted with ether (30 mL).  The organic layer was 
separated, dried, evaporated, and purified by chromatography on silica gel (elution with 
hexane) to give 2i (0.28 g, 70% yield) as a colorless oil:  IR (neat) 3080, 3044, 2964, 2875, 
2811, 1688, 1594, 1490, 1443 cm-1;  1H NMR (400 MHz, CDCl3) δ 7.34-7.24 (m, 5 H), 3.62 

(t, J = 4.4 Hz, 4 H), 2.52 (t, J = 4.4 Hz, 4 H), 0.94 (dd, J = 6.4, 4.0 Hz, 2 H), 0.82 (dd, J = 6.4, 
4.0 Hz, 2 H);  13C NMR (100 MHz, CDCl3) δ 136.92, 130.97, 127.56, 127.15, 67.23, 50.04, 
49.22, 14.15;  high-resolution MS m/e Calcd for C13H17NO:  203.1310.  Found:  
203.1312. 

1-Pyrrolidnobicyclo[4.1.0]heptane-7,7-d2 6a:  To a 0 oC suspension consisting of Mg (240 
mg, 10 mmol), TiCl4 (56 mg, 0.03 mL, 0.3 mmol), and PhCH3 (3 mL) was added 2 mL of 
THF.  After 5-min, a solution of enamine 1a (0.3 g, 2 mmol) in 1 mL of THF and 0.4 mL of 
CD2Cl2 (6 mmol) was added.  After being stirred for 5 h at room temperature, a solution of 
saturated potassium carbonate solution (10 mL) was added and the mixture was diluted with 
ether (30 mL).  The organic layer was separated, dried, evaporated, and purified by 
chromatography on silica gel (elution with hexane) to give 2a (0.28 g, 85% yield) as a 
colorless oil:  IR (neat) 2925, 2851, 2790, 2197 cm-1;  1H NMR (400 MHz, CDCl3) δ 2.75-

2.69 (m, 4 H), 1.90-1.69 (m, 6 H), 1.65-1.52 (m, 2 H), 1.27-1.13 (m, 4 H), 1.06-1.01 (m, 1 H);  
13C NMR (100 MHz, CDCl3) δ 47.47, 38.47, 23.39, 23.31, 22.39, 22.05, 20.50, 18.39, 16.66 
(quintet, J = 24.7 Hz);  high-resolution MS m/e Calcd for C11H17D2N:  167.1643.  Found:  
167.1640. 
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2-Methyl-1-(1-pyrrolidinyl)bicyclo[4.1.0]heptane-7,7-d2 6d:  Following the above 
procedure, 0.33 g (2 mmol) of 1d and Mg (240 mg, 10 mmol)/TiCl4 (56 mg, 0.03 mL, 0.3 
mmol)/ PhCH3 (3 mL)/CD2Cl2 (6 mmol, 0.4 mL)/THF (3 mL) gave a crude reaction mixture.  
Purification by chromatography on silica gel afforded 0.31 g (85%) of 6d as a colorless oil:  
IR (neat) 2927, 2853, 2798, 2670, 2204 cm-1;  1H NMR (400 MHz, CDCl3) δ 2.76-2.64 (m, 

4 H), 2.23-2.15 (m, 1 H), 1.75-1.68 (m, 5 H), 1.61-1.56 (m, 1 H), 1.30-1.16 (m, 3 H), 1.05-
1.00 (m, 2 H), 0.94 (d, J = 7.2 Hz, 3 H);  13C NMR (100 MHz, CDCl3) δ 47.80, 42.78, 30.99, 
25.00, 24.46, 23.37, 20.43, 19.23, 17.76, 14.37, 13.63 (quintet, J = 23.7 Hz);  high-
resolution MS m/e Calcd for C12H19D2N:  181.1788.  Found:  181.1794. 
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