Supplementary Material for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2003

Supplementary data


12

 Substrate Control of Stereoselection in the Rhodium (I) Catalyzed Intramolecular [4 + 2] Cycloisomerization Reaction. 

       Donogh J. R. O’Mahony, David B. Belanger and Tom Livinghouse* 

Department of Chemistry, Montana State University

Bozeman, MT 59717

General Information

Melting points were obtained using a Met-Temp II apparatus equipped with a digital thermometer and are uncorrected. Infrared spectra were recorded on a Perkin Elmer model 1600 FT-IR. Infrared spectra of solids were obtained by standard KBr pellet procedures or by dissolving the material in a highly volatile solvent then depositing on a NaCl plate and evaporation the solvent under reduced pressure. 

1H NMR spectra were recorded on a Bruker DPX-300 (300 MHz) spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the residual protic solvent resonance as the internal standard (chloroform: ( 7.24 ppm; benzene: ( 7.15 ppm ). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, bs = broad singlet, app = apparent), integration, coupling constants (in Hz), and assignments. 13C NMR spectra were recorded on a Bruker DRX-300 (75 MHz) spectrometer with complete proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent as the internal standard (CDCl3: ( 77.0 ppm; C6D6: ( 128.0 ppm). Mass spectra were obtained on a VG 70E series mass spectrometer, under electron impact conditions at 70 eV or chemical ionization, and on a Bruker Biflex-III Time-of-Flight (TOF) mass spectrometer operated in reflectron mode using Matrix Assisted Laser Desorption Ionization (MALDI).  Analytical thin layer chromatography was performed on Polygram® SIL G/UV254 1.25 mm silica gel plates with a fluorescent indicator. Flash chromatography was performed on Merck silica gel 60. Solvents for extraction and flash chromatography were reagent grade. 
Representative Procedure for Rh(I) Catalyzed [4 + 2] Cycloadditions. 

A 12 x 150 mm test tube was charged with chlorobis(cyclooctene)rhodium(I) dimer (1) (7.5 mg, 10.5 µmol, 2 mol% Rh), purged with Ar, and THF (1 mL) was added.  Tris-(hexafluoroisopropyl) phosphite (2) (13.1 µL, 42 µmol) was then added to give a pale yellow solution.  A solution of the enediene (1.05 mmol) in THF (1.5 mL) was added by syringe and the transfer quantitated with further THF (2 x 0.7 mL).  The pale yellow solution was heated in an oil bath with stirring at 55 °C for 3 hours.  The reaction mixture was then diluted with ether, filtered through a short plug of neutral alumina and concentrated.  Column chromatography (typically using 0-5% ethyl acetate in hexanes) furnished the title cyclized product in pure form.
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2-[(4-methylbenzene)sulfonyl]-5(-methyl-2,3,3a,4,5,7a-hexahydro-1H-isoindole (4a).

N-Prop-2-enyl-N-(hexa-2E, 4Z-dienyl-4-methylbenzenesulfonamide (3a) was cyclized according to the above procedure (2.5 mol % 1 and 15 mol % 2, THF) to provide 4a in 73% yield.  Data for the title compound: 1H NMR (250 MHz, CDCl3) ( 7.67 (d, J = 8.2, 2H), 7.28 (d, J = 8.0, 2H), 5.50-5.44 (m, 1H), 5.32-5.26 (m, 1H), 3.41 (dd, J = 9.8, 9.8, 1H), 3.38 (dd, J = 9.8, 9.8, 1H), 3.06-2.97 (m, 2H), 2.40 (s, 3H), 2.40-2.28 (m, 1H), 2.15-2.01 (m, 1H), 1.56-1.46 (m, 1H), 1.27-1.17 (m, 1H), 0.91 (d, J = 7.1, 3H); 13C NMR (75.5 MHz, CDCl3) ( 143.1 (C), 134.2 (CH), 134.0 (C), 129.4 (2 x CH), 127.4 (2 x CH), 125.4 (CH), 52.9 (CH2), 51.1 (CH2), 37.5 (CH), 34.2 (CH), 30.4 (CH2), 26.2 (CH), 21.4 (CH3), 20.8 (CH3); IR (thin film, NaCl) 3014 (w), 2954 (m), 2954 (m), 2924 (m), 1597 (m), 1344 (s), 1161 (s), 1092 (m), 816 (m), 666 (m); HRMS (EI) calcd. For C16H21NO2S (M+) 291.1293, found 291.1292.  The stereochemical assignment was based on the following NOE data determined at 250 MHz (C6D6):
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   Cis-2,3,3a,6,7,7a-hexahydro-5-methyl-2-(4-methylbenzenesulfonamido)-1H-   isoindole (4b).

N-(2-methyl-E-2,4-pentadienyl)-N-(prop-2-enyl)-4-methylbenzenesulfonamide (3b) (58.4 mg, 0.20 mmol) was cyclized in the presence of 1 (3.6 mg, 5.0 µmol, 5 mol% Rh) and 2 (6.3 µL, 20 µmol) in THF (2 mL) at 55 °C for 23.5 hours according to the above procedure. Column chromatography (0-5% ethyl acetate in hexane) afforded the title compound as a colorless oil (54.8 mg, 94%) along with a small amount of slightly less polar material (2.9 mg, 5%) - 1H NMR consistent with a mixture of 2 [2+2] adducts.

1H (250 MHz, C6D6) ( 7.78 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.0 Hz, 2H), 5.24 (dt, J = 10.0, 3.7 Hz, 1H), 5.01 (d with fine structure, J = 10.0 Hz, 1H), 3.35 (dd, J = 7.8, 9.7 HZ, 1H), 3.15 (d, J = 9.7 Hz, 1H), 3.07-2.95 (m, 1H), 3.02 (d, J = 9.7 Hz, 1H), 1.90 (s, 3H), 1.53-1.45 (m, 2H), 1.45-1.30 (m, 1H), 1.18-1.03 (m, 1H), 1.02-0.86 (m, 1H), 0.72 (s, 3H); 

13C (75 MHz, CDCl3) ( 143.1 (C), 134.0 (C), 131.8 (CH), 129.4 (CH), 127.37 (CH), 126.52 (CH), 59.1 (CH2), 51.1 (CH2), 42.24 (CH), 41.52 (C), 25.1 (CH3), 21.65 (2 x CH2), 21.43 (CH3); m/z (EIGCMS) 291 (M+, 17%), 42 (100%); HRMS calcd. for C16H21NO2S (M+) 291.1293, found 291.1296.

The assigned structure is consistent with the following nOe data:
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Cis-2,3,3a(R,S)-6,7,7a-hexahydro-6-trans-7-cis-dimethyl-2-(4-methyl-

benzenesulfonamido)-1H-isoindole (4c)

N-E,E-2,4-hexadienyl-N-2-(2E-butenyl)-4-methylbenzenesulfonamide (3c) (297 mg, 0.97 mmol) was cyclized in the presence of 1 (7.0 mg, 9.7 µmol, 2 mol% Rh) and 2 (12.1 µL, 39 µmol) in THF (4 mL) at 55 °C for 50 hours according to the procedure described above.  Column chromatography (0-5% ethyl acetate in hexanes) furnished the title compound as a white solid (252 mg, 85%).  m.p. 94.4-95.6 °C (needles from methylcyclohexane).

IR (KBr disc)/cm-1 3094, 3055, 3015, 2965, 2946, 2920, 2891, 2877, 1654, 1598, 1339, 1162; 1H (300 MHz, CDCl3) ( 7.71 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 5.56-5.44 (m, 2H), 3.55 (dd, J = 8.1, 9.2 Hz, 1H), 3.39 (dd, J = 6.6, 10.6 Hz, 1H), 3.28 (dd, J = 2.0, 10.6 Hz, 1H), 2.70 (dd, J = 9.2, 10.7 Hz, 1H), 2.60-2.48 (m, 1H), 2.42 (s, 3H), 1.82 (dddd, J = 2.0, 5.0, 6.6, 13.6 Hz, 1H), 1.74-1.58 (m, 1H), 0.89 (d, J = 7.1 Hz, 3H), 0.83 (J = 6.4 Hz, 3H), 0.59 (ddq, J = 7.2, 13.6, 6.4 Hz, 1H); 13C (75 MHz, CDCl3) ( 143.2 (C), 135.1 (CH), 133.3 (C), 129.4 (CH), 127.3 (CH), 123.5 (CH), 52.6 (CH2), 51.5 (CH2), 43.0 (CH), 38.4 (CH), 36.3 (CH), 35.0 (CH), 21.3 (CH3), 19.6 (CH3), 17.1 (CH3); m/z (EIGCMS) 305 (M+, 21.8%), 42 (100%); HRMS calcd. for C17H23NO2S (M+) 305.1450, found 305.1444.

The assigned structure is consistent with the following nOe data:
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2-[(4-methylbenzene)sulfonyl]-5(-methyl-6(-phenyl-2,3,3a,4,5,7a-hexahydro-1H-isoindole (4d).

An oven-dried test tube was charged with ClRh(PPh3)3 (46.26 mg, 0.05 mmol, 5 mol%), the test tube was carefully flushed with argon, toluene (3 mL) was introduced and the resulting solution was allowed to stir for 5 min.  A 0.05 M solution of the silver hexafluoroantimonate in toluene (1 mL) was added dropwise and the resulting suspension was allowed to stir for an additional 15 min. N-E,E-2,4-hexadienyl-N-2-(2E-3-phenylpropenyl)-4-methylbenzenesulfonamide (3d) (367 mg, 1.0 mmol) dissolved in toluene (1 mL) was added via a gastight syringe and the reaction mixture was heated with stirring at 80 oC for 2.5 h.  At the completion of the reaction, the mixture was diluted with diethyl ether (10 mL) and filtered through a plug of neutral alumina to remove silver salts. Evaporation of the solvents followed by column chromatography of the residue (0-5% ethyl acetate in hexanes) furnished the title compound 304.6 mg (83%) as a 9:1 mixture of 6(- and 6(-phenyl isomers. 1H NMR (300 MHz, CDCl3) ( 7.64 (d, J = 8.3, 2H), 7.32 (d, J = 8.5, 2H), 7.26-7.18 (m, 3H), 6.85-6.81 (m, 2H), 5.69-5.59 (m, 1H), 3.62 (dd, J = 9.2, 8.3, 1H), 3.11 (dd, J = 10.4, 6.6, 1H), 2.94 (dd, J = 10.5, 9.4, 1H), 2.87 (dd, J = 10.5, 1.4, 1H), 2.77-2.65 (m, 1H), 2.46 (s, 3H), 2.50-2.38 (m, 1H), 2.31-2.18 (m, 1H), 1.81 (dd, J = 11.5, 10.3, 1H), 0.69 (d, J = 7.1, 3H); 13C NMR (75.5 MHz, CDCl3) ( 143.3 (C), 142.6 (C), 135.5 (CH), 134.0 (C), 129.6 (2 x CH), 128.50 (2 x CH), 128.43 (2 x CH), 127.7 (2 x CH), 126.6 (CH), 123.9 (CH), 77.2 (CH), 52.7 (CH2), 51.4 (CH2), 48.9 (CH), 42.8 (CH), 39.2 (CH), 36.7 (CH), 21.6 (CH3), 19.6 (CH3); IR (thin film, NaCl) 3024 (w), 2955 (w), 2876 (w), 1597 (w), 1343 (m), 1156 (m), 666 (m); HRMS (EI) calcd. For C22H23NO2S (M+) 367.1606; found 367.1607.  The stereochemical assignment was based on the following NOE data determined at 250 MHz.

[image: image5.wmf]TsN

Me

H

H

H

H

3.0%

4.0%

5%

H

3.7%

    [image: image6.wmf]TsN

Me

H

H

H

H

H

8.0%

4.0%

H

4.4%


[image: image11.wmf]N

C

H

3

T

s

P

h

4

d

Cis-1-(1,1-Dimethylethyl)dimethylsilyloxymethyl-2,3,3a,4,5,7a-hexahydro-1H-indene (6a)

A 12 x 150 mm test tube was charged with 1 (7.2 mg, 10 µmol, 2 mol% Rh), purged with Ar, and THF (2 mL) was added.  Tris(hexafluoroisopropyl) phosphite (2) (12.4 µL, 40 µmol) was then added to give a pale yellow solution.  6-(1,1-Dimethylethyl)dimethylsilyloxymethyl-1,3,8-nonatriene (5a) (266 mg, 1.00 mmol) in THF (6 mL) was added and the pale yellow solution was heated in an oil bath with stirring at 55 °C for 13 hours.  The reaction mixture was then concentrated to provide a yellow oil.  Column chromatography (hexanes) furnished the title compound (35/1 ratio of diastereomers by GC) as a colorless oil (238 mg, 89%). 

IR (NaCl film)/cm-1 3018, 2927, 2856, 2738, 1648, 1255, 1098, 836, 775; 1H (300 MHz, CDCl3) ( 5.77-5.62 (m, 2H), 3.62-3.51 (m, 2H), 2.15-2.00 (m, 2H), 2.00-1.89 (m, 2H), 1.89-1.67 (m, 3H), 1.65-1.51 (m, 1H), 1.49-1.18 (m, 3H), 0.89 (s, 9H), 0.02 (s, 6H); 13C (75 MHz, CDCl3) ( 130.7, 125.7, 67.8, 66.4, 48.1, 41.9, 37.3, 30.2, 27.6, 25.89, 25.57, 23.5, 18.3, -5.3; m/z (EIGCMS, major diast) 209 (M+-tBu, 44.3%), 133 (98.0%), 75 (100%). HRMS (EI) calcd. For C16H30OSi (M+) 266.2066; found 266.2064.
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1-(R,S)-cis-methyl-cis-2,3,3a,4,5,7a-hexahydro-(4-methyl-benzenesulfonamido)-1H-isoindole (6b).

N-5-(E-1,3-hexadienyl)-N-2-propenyl-4-methyl-benzenesulfonamide (5b) (58.3 mg, 0.20 mmol) was cyclized in the presence of 1 (1.4 mg, 2.0 µmol, 2 mol% Rh) and 2 (2.5 µL, 8 µmol) in THF (2 mL) at 55 °C for 6.25 hours according to the general procedure.  The reaction mixture was then diluted with ether, filtered through a short plug of neutral alumina and concentrated to provide a yellow oil.  GC analysis of this crude sample showed a diastereomeric ratio (6b/epi-6b) of 35/1.  Column chromatography (0-5% ethyl acetate in hexane) afforded the title compound as a very pale yellow oil (50.7 mg, 87%).  Recrystallisation from methylcyclohexane gave a pure sample of 6b. m.p. 97.4-99.4 °C.

(KBr pellet)/cm-1 2926, 2884, 1596, 1454, 1333, 1157, 1038, 661, 589; 1H (250 MHz, CDCl3) ( 7.67 (d, 2H, J = 7.75 Hz), 7.25 d, 2H, J = 7.75 Hz), 5.38 (m, 1H), 5.19 (m, 1H), 3.52 (dd, 1H, J = 6.63 10.13 Hz), 3.31 (m, 1H), 3.05 (dd, 1H, J = 6.63, 10.13 Hz), 2.40 (s, 3H), 2.33 (m, 1H), 2.24 (m, 1H), 1.87 (m, 2H), 1.41 (m, 1H), 1.38 (d, 3H, J = 6.25 Hz), 1.04 (m, 1H); 13C (62.5 MHz, CDCl3) ( 143.0, 134.8, 129.3, 127.8, 127.5, 126.0, 61.7, 51.8, 45.8, 34.3, 22.0, 21.9, 21.5; m/z (EIGCMS) 291 (M+, 20`%), 56 (100%); HRMS calcd. for C16H21NO2S (M+) 291.1293, found 291.1290.
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1-(R,S)-cis-6-trans-dimethyl-cis-2,3,3a,6,7,7a-hexahydro-(4-methyl-benzenesulfonamido)-1H-isoindole (6c).

A 12 x 150 mm test tube was charged with 1 (5.1 mg, 7.1 µmol, 2 mol% Rh), purged with Ar, and THF (0.5 mL) was added.  Tris(hexafluoroisopropyl) phosphite (2) (8.8 µL, 28 µmol) was then added to give a pale yellow solution.  A solution of N-E,E-2,4-hexadienyl-N-2-(but-3-enyl)-4-methylbenzenesulfonamide (5c) (217 mg, 0.71 mmol) in THF (1.5 mL) was added by syringe and the transfer was quantitated with further THF (2 x 0.7 mL).  The pale yellow solution was heated in an oil bath with stirring at 55 °C for 6.5 hours.  The reaction mixture was then diluted with ether, filtered through a short plug of neutral alumina and concentrated to provide a yellow oil.  GC analysis of this crude sample showed a diastereomeric ratio (6c/epi-6c) of 19/1.  Column chromatography (0-5% ethyl acetate in hexanes) furnished the title compound as a white solid (208 mg, 96%).  Recrystallisation from methylcyclohexane gave a pure sample of 6c. m.p. 78.5-80.9 °C. IR (KBr disc)/cm-1 3065, 3029, 2982, 2959, 2950, 2921, 2868, 2853, 1596, 1347, 1163; 1H (300 MHz, CDCl3) ( 7.72 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 5.55 (ddd, J = 2.6, 4.4, 10.0 Hz, 1H), 5.45 (dd, J = 1.1 10.0 Hz, 1H), 3.64 (dd, J = 7.6, 8.6 Hz, 1H), 3.41 (q with fine str, J = 6.6 Hz, 1H), 2.88-2.75 (m, 1H), 2.68 (dd, J = 8.7, 11.0 Hz, 1H), 2.42 (s, 3H), 2.08-1.91 (m, 1H), 1.80 (ddd, J = 4.2, 6.0, 13.4 Hz, 1H), 1.33 (d, J = 6.6 Hz, 3H), 1.22 (app dt, J = 13.2, 4.5 Hz, 1H), 0.70 (d, J = 7.1 Hz, 3H), -0.11 (app dt, J = 11.1, 13.2 Hz, 1H). 13C (75 MHz, CDCl3) ( 143.2 (C), 135.1 (CH), 133.9 (C), 129.3 (CH), 127.4 (CH), 124.0 (CH), 62.8 (CH), 53.4 (CH2), 44.1 (CH), 35.6 (CH), 32.7 (CH2), 29.8 (CH), 23.1 (CH3), 21.32 (CH3), 21.10 (CH3); m/z (EIGCMS) 305 (M+, 8.3%), 290 (100%); HRMS calcd. for C17H23NO2S (M+) 305.1450, found 305.1451.

The assigned structure is consistent with the following nOe data:
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