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Unexpected Isolation and Structural Characterization of a -Hydrogen-Containing -Alkylpalladium Halide Complex in the Course of an Intramolecular Heck Reaction. Synthesis of Polycyclic Isoquinoline Derivatives.
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EXPERIMENTAL SECTION

GGGGggggggUnless General remarks: Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere using standard syringe, cannula, and septa techniques. Commercially available reagents were used as purchased. DMF was distilled over calcium hydride. Tetrahydrofuran was dried by distillation over sodium/benzophenone ketyl. Thin-layer chromatography was carried out on Merck silica 60/F-254 aluminium-backed plates. Flash chromatography was performed using Merck silica gel 60 (40-63 µm). Melting points are uncorrected.

Arylidene malonates 1a and 1b were prepared by conventional Knoevenagel condensations (cat. piperidine, cat. acetic acid; refluxing toluene (Dean-Stark))1 from the corresponding 2-iodobenzaldehyde and 1-iodo-2-naphtaldehyde,2  respectively. [RMN 1H (300 MHz, CDCl3): 1a: 7.89 (d, J=8,1 Hz,1H), 7.85 (s, 1H), 7.36-7.00 (m, 3H), 3.86 (s, 3H); 3.69 (s, 3H). 1b: 8.23 (d, J = 8.3 Hz, 1H), 8.17 (s, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.74 (d, J = 8.1 Hz, 1H), 7.61 - 7.51  (m, 2H), 7.35 (d, J = 8.5 Hz, 1H), 3.90 (s, 3H), 3.67 (s, 3H)].

Cu-catalyzed cycloadditions: N-Allylpropargylamine3 and CuI(PPh3)34 were prepared according to known procedures. 
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 (()-1-Allyl-2-(2-iodo)phenyl-4-methylene-pyrrolidine-3,3-dicarboxylic acid dimethyl ester (3a):  n-BuLi (2.0 M in hexanes, 50 µL, 0.1 mmol) was added dropwise to a solution of N-methyl propargylamine (125 µL, 1.5 mmol) in THF (3 mL) under a nitrogen atmosphere and the solution was left to stir for 5 min at room temperature. Dimethyl 2-iodobenzylidene malonate (1a) (374 mg, 1.0 mmol) and CuI(PPh3)3 (30 mg, 0.03 mmol) were then successively added. The reaction mixture was left to stir for 6 h and then concentrated in vacuo. The residue was purified by column chromatography (silica gel; ethyl acetate/petroleum ether) to afford 3a (348 mg, 79 %) as a solid. mp 65-68 °C;  1H NMR (CDCl3, 300 MHz): (  7.80 (dd, J =8.1 and 1.1 Hz, 1H), 7.45 (dd, J =7.9 and 1.5 Hz, 1H), 7.27 (m, 1H), 6.92 (m, 1H), 5.76 (m, 1H), 5.40 (br s, 1H), 5.36 (br s, 1H), 5.16 (dd, J =13.3 and 1.1 Hz, 1H), 5.06 (s, 1H), 5.05 (d, J =7.4 Hz, 1H), 3.85 (d, J =12.9 Hz, 1H), 3.78 (s, 3H), 3.26 (dt, J =12.9 and 2.2 Hz, 1H), 3.16 (dd, J =13.2 and 5.4 Hz, 1H), 3.09 (s, 3H), 2.88 (dd, J =13.2 and 7.6 Hz, 1H). 13C NMR (CDCl3, 75 MHz): δ 169.09, 167.98, 143.53, 142.02, 139.37, 134.95, 130.19, 129.53, 127.87, 112.24, 101.71, 76.48, 68.53, 57.22, 55.97, 53.28, 51.69. Anal Calcd for C18H20INO4 : C 48.99; H 4.57. Found C, 49.56; H 4.72.
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 (()-1-Allyl-2-(1-iodo-naphtalen-2-yl)-4-methylene-pyrrolidine-3,3-dicarboxylic acid dimethyl ester (3b): As above using dimethyl 2-iodonaphtylidene malonate (1b), 0.2 mmol n-BuLi and 0.15 mmol CuI(PPh3)3 to yield 398 mg (81%) of 3b as a viscous oil. NMR 1H (300 MHz, CDCl3) : (  8.30 (d,  J = 7.9 Hz, 1H), 7.73-7.70 (m, 2H), 7.57-7.46 (m, 3H), 5.75 (m, 1H), 5.54 (s, 1H), 5.43 (s, 1H), 5.41 (s, 1H), 5.16 (d, J = 17.1 Hz, 1H), 5.03 (d, J = 10.2 Hz, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.79 (s, 3H), 3.34 (d,  J = 12.6 Hz, 1H), 3.18 (dd, J = 13.6 and J = 5.0 Hz, 1H), 2.95 (s, 3H), 2.91 (dd , J = 13.6 and 7.5 Hz, 1H). RMN 13C (50 MHz, CDCl3) : ( 169.3, 168.2, 143.7, 141.4, 135.1, 134.9, 134.2, 133.9, 128.3, 128.2, 127.7, 127.2, 126.8, 117.4, 112.4, 107.8, 78.3, 68.5, 57.4, 56.1, 53.4, 51.9. Anal Calcd for C22H20INO4 : C 53.78; H 4.48. Found C, 53.62; H 4.43.

Pd-catalyzed cyclisations:
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 (​()-4,8-Dimethylene-4,5,7,8-tetrahydro-2H-pyrrolo[2,1-a] isoquinoline-3,3-dicarboxylatic acid dimethyl ester (4a): A mixture of pyrrolidine 3a (100 mg, 0.227 mmol), PdCl2(PPh3)2 (32 mg, 0.045 mmol), PPh3 (72 mg, 0.274 mmol), and K2CO3 (70 mg, 0.506 mmol) in DMF (2 mL) was heated at 90°C for 20 h under a nitrogen atmosphere. After the usual workup with water and dichloromethane, the organic layer was dried over Na2SO4 and concentrated in vacuo. The residue was subjected to column chromatography (silica gel; ethyl acetate/petroleum ether) to afford 4a (67 mg, 81%) as a solid. mp 79-81°C. NMR 1H (500 MHz, C6D6): (  7.84 (d, J=7.7 Hz, 1H), 7.68 (d, J=7.7 Hz, 1H), 7.16 (m, 1H), 7.11 (m,1H), 5.68 (s,1H),  5.60 (s,1H), 5.29 (s, 1H), 5.26 (s, 1H), 4,99 (s, 1H), 3.88 (d, J=12.7 Hz, 1H), 3.55 (s, 3H), 3.53 (m, 1H), 3,37 (dt, J=13.9 and 2.5 Hz, 1H), 3.15 (d, J=12.7 Hz, 1H), 3.05 (s, 3H). NMR 13C (125 MHz, C6D6): ( 170.6, 169.6, 147.0, 140.3, 133.8, 133.1, 128.8, 127.6, 127.5, 124.0, 112.3, 108.5, 70.5, 69.0, 60.1, 54.9, 52.9, 52.0. Anal Calcd for C22H21NO4 : C 68.99; H 6.11; N 4.47. Found C, 68.59; H 6.17; N 4.62.
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(​()-(5 RS, 10a SR)-([10,10-dimethoxycarbonyl-9-methylene-5,8,9,10a-tetrahydro-6H-benzo[f]pyrrolidino[2,1-a]isoquinolin-5-yl]-methyl) (triphenylphosphine) palladium(II) iodide (5): As above using pyrrolidine 3b and 0.227 mmol PdCl2(PPh3)2 (reaction time 3h) to yield 121 mg (62%) of 5 as a colorless solid. mp 205-210 °C (decomposition). NMR 1H (300 MHz, CDCl3): (  7.82 (d, J=8.1 Hz, 1H), 7.69 (d, J=8.7 Hz, 1H), 7.62 (d, J=8.7 Hz, 1H), 7.55 (d, J=8.7 Hz, 1H), 7.38 (dd, J=8.1 and 7.2 Hz, 1H), 7.24 (dd, J=8.1 and 7.2 Hz, 1H), 7.18-6.95 (m, 15H), 6.43 (s, 1H), 5.65 (d, J=14.9 Hz, 1H), 5.47 (s, 1H), 5.41 (s, 1H), 3.83 (s, 3H), 3.68 (d, J=14.9 Hz, 1H),  3.56 (d, J=10.4 Hz, 1H),  3.10 (br s, 1H),  3.08 (s, 3H), 2.68 (d, J=10.4 Hz, 1H), 1.93 (br s, 2H, CH2-Pd). NMR 13C{1H}(75 MHz, CDCl3): ( 170.3, 169.5, 145.0, 136.8, 134.8 (d, JC-P=18 Hz), 133.5, 132.4 (d, JC-P=84 Hz), 130.9, 130.4 (d, JC-P=4 Hz), 128.9, 128.3, 128.1 (d, JC-P=21 Hz), 128.0, 127.1, 126.6, 126.3, 123.7, 115.5, 71.8, 68.2, 66.4, 58.6, 54.1, 52.6, 50.6 (d, JC-P=2 Hz, -CH2-Pd-P), 40.1. NMR 31P{1H}(81 MHz, CDCl3): ( 39,3 (s). LSIMS (positive, NBA): 732 (C40H37NO4PPd+), 552, 523. HRLSIMS (positive, NBA): calcd for C40H37NO4PPd (M+) 732.1508; found 732.1530. 

Reactions of complex 5:
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 (​()-(5 SR, 10a SR)-5-Methoxycarbonyl-9-Methylene-5,8,9,10a-tetrahydro-6H-benzo[f]pyrrolidino[2,1-a]isoquinoline-10,10-dicarboxylic acid dimethyl ester (6): A stainless steel bomb equipped with a magnetic stirbar was charged with complex 5 (0.078 g, 0.09 mmol) and Et3N (50 (l, 0.36 mmol) in DMF:MeOH (2:1; 3 mL). The bomb was pressurized to 10 bars of CO and maintained at that pressure for 20 h at 90 °C. The pressure was released and the reaction mixture was diluted with dichloromethane and washed with aq. HCl (1N). The organic layers were combined and concentrated in vacuo. The residue was purified by column chromatography (silica gel; ethyl acetate/petroleum ether) to afford 6 (26 mg, 68 %) as a 58:42 mixture of isomers. Oil; NMR 1H (300 MHz, C6D6): 8.27-8.19 (m, 1 H), 7.95 (m, 1 H), 7.70-7.60 (m, 2 H), 7.38-7.30 (m, 2 H), 5.89 (s, 0.58 H), 5.63 (s, 0.58 H), 5.58 (s, 0.42 H), 5.31 (s, 0.58 H), 5.16 (s, 0.42 H), 4.71 (s, 0.58 H), 4.28 (d, J= 10.9 Hz, 0.58 H), 4.18 (d, J= 10.4 Hz, 0.42 H), 3.87-3.77 (m, 1.16 H), 3.66 (d, J= 12.4 Hz, 0.42 H), 3.57 (s, 1.26 H, CH3), 3.52 (s, 1.74 H, CH3), 3.50-3.40 (m, 1 H) overlapping 3.49 (s, 1.26 H, CH3) and 3.47 (s, 1.74 H, CH3), 3.40-3.28 (m, 1 H), 3.14 (s, 1.26 H, CH3), 3.08-3.02 (m, 1 H), 2.96 (m, 0.42 H), 2.88 (s, 1.74 H, CH3), 2.73 (m, 0.58 H), 2.58 (m, 0.42 H). NMR 13C (75 MHz, CDCl3):173.9, 173.8, 171.0, 170.8, 168.6, 147.7, 145.5, 133.5, 133.2, 133.1, 130.6, 130.3, 129.2, 129.1, 126.9, 126.8, 126.6, 126.0, 125.8, 125.3, 123.4, 113.8, 110.9, 71.0, 69.8, 69.4, 67.8, 61.8, 57.5, 53.7, 53.5, 52.2, 52.1, 52.0, 51.5, 49.4, 39.5, 38.6, 33.2, 32.2. HRMS: calcd for C24H26NO6 (MH+) 424.1760; found 424.1757.
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(​()-(5 RS, 10a SR)-5-Methyl-9-methylene-5,8,9,10a-tetrahydro-6H-benzo[f]pyrrolidino[2,1-a]isoquinoline-10,10-dicarboxylic acid dimethyl ester (7): Acetyl chloride (22 (l, 0.29 mmol) was added to a solution of complex 5 (0.052 g, 0.06 mmol) in dichloroethane (2 mL) and the reaction mixture was stirred at 50 °C for 1 h. The mixture was diluted with dichloromethane and washed with saturated aqueous NaHCO3. The organic layers were combined and concentrated in vacuo. The residue was purified by column chromatography (silica gel; ethyl acetate/petroleum ether) to afford 7 (21 mg, 96 %) as a 63:37 mixture of isomers. Oil; NMR 1H (300 MHz, C6D6):  8.05-7.94 (m, 2H), 7.74-7.59 (m, 2H), 7.49-7.37 (m, 2H), 5.95 (s, 0.63 H), 5.69 (s, 0.63 H), 5.62 (br s, 0.37 H), 5.39 (s, 0.63 H), 5.23 (s, 0.37 H), 4.76 (s, 0.37 H), 3.94 (d, J=15.0 Hz, 0.67 H), 3.76 (m, 1 H), 3.58 (s, 1.11 H, CH3); 3.53 (s, 2.01 H, CH3) overlapping 3.51 (m, 0.67H), 3.40 (m, 1 H), 3.16 (s, 1.11 H, CH3) overlapping 3.13 (m, 0.37H), 2.82 (m, 0.37 H) overlapping 2.81(s, 2.01 H, CH3),  2.57 (m, 1 H), 1.64 (d, J=7.0Hz, 1.11 H, CH3), 1.62 (d, J=7.0Hz, 2.01 H, CH3). NMR 13C (75 MHz, CDCl3) :  171.1, 168.8, 147.8, 145.8, 136.5, 136.1, 133.5, 131.1, 130.8, 129.2, 129.1, 128.9, 127.2, 126.2, 125.9, 125.7, 125.5, 124.1, 123.9, 113.8, 110.8, 71.4, 69.9, 69.7, 67.9, 61.9, 57.8, 54.7, 53.6, 53.4, 52.8, 52.5, 52.2, 31.2, 30.1, 22.8, 21.9. LCMS: m/z = 365 (100) [M+].
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Crystal data for 5: (C40H37INO4PPd). ½(CH2Cl2)

A suitable crystal was obtained from a solution of 5 in CH2Cl2/hexane. The crystal contained CH2Cl2 as solvent. M=908,44 g/mol for (C40.5H38ClINO4PPd), triclinic, P1 (No.2), a=11,291(2) Å, b=12,161(2) Å, c=15,324(3) Å, =86,99(3)°, =78,04(3)°, γ=68,60(3)°, V=1915,9 Å3, Z=2, Rgt(F)=0.057, wRall(F2)=0.176, T=273 K.
Selected Bond Lenghts (Å) and Angles (deg):

	Pd(1)-C(110)
	2.061 (5)
	C(110)-Pd(1)-N(1)
	83.9 (2)

	Pd(1)-N(1)
	2.187 (4)
	C(110)-Pd(1)-P(3)
	89.2 (2)

	Pd(1)-P(3)
	2.236 (2)
	N(1)-Pd(1)-P(3)
	171.61 (11)

	Pd(1)-I(1)
	2.7209 (8)
	C(110)-Pd(1)-I(1)
	176.9 (2)

	P(3)-C(41)
	1.823 (6)
	N(1)-Pd(1)-I(1)
	93.04 (11)

	P(3)-C(51)
	1.830 (6)
	P(3)-Pd(1)-I(1)
	93.74 (5)

	P(3)-C(61)
	1.831 (6)
	C(41)-P(3)-Pd(1)
	117.3 (2)

	N(1)-C(1)
	1.481 (6)
	C(51)-P(3)-Pd(1)
	108.6 (2)

	N(1)-C(12)
	1.497 (6)
	C(61)-P(3)-Pd(1)
	117.6 (2)

	N(1)-C(4)
	1.503 (7)
	C(1)-N(1)-Pd(1)
	120.7 (3)

	C(12)-C(11)
	1.519 (7)
	C(12)-N(1)-Pd(1)
	104.8 (3)

	C(11)-C(110)
	1.526 (7)
	C(4)-N(1)-Pd(1)
	108.9 (3)

	
	
	C(1)-N(1)-C(4)
	102.5 (4)

	
	
	C(12)-N(1)-C(4)
	108.9 (4)

	
	
	N(1)-C(12)-C(11)
	105.2 (4)

	
	
	C(12)-C(11)-C(110)
	108.6 (4)


Fig. SI 1 (possible conformations for the Heck insertion step).

Intramolecular Heck insertions occur usually via eclipsed orientations of the metal-carbon  and the alkene  bond. Here, the alternative twisted orientation seems greatly disfavored as it would lead to important steric congestion between the sphere of coordination around the metal and one of the ester groups. 
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