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Synthesis, spectroscopic characterization, and structural systematics of new tri-organophosphine-copper(I)poly(pyrazol-1-yl)borate complexes
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Compound 1. 1H NMR (CDCl3, 293 K): ( 2.59 (s, 9H, CH3), 6.43 (t, 2H, 4-CH), 6.79 (t, 3H, CH), 7.12-7.37 (m, 9H, CH), 7.41 (d, 2H, 3- or 5-CH), 7.62 (d, 2H, 3- or 5-CH). 31P{1H} NMR (CDCl3, 293K): ( -18.6 (s, br). 31P{1H} NMR (CDCl3, 223K): ( -18.6 (s, br), -29.1 (s). IR (nujol, cm-1): 3102w, 3055 (CH), 2419m, 2372m, 2230 w, 2211w (BH), 1586w, 1558w 1534w (C...C,C...N), 567s, 524m, 518s, 464s, (o-tolyl3P), 384w, 354w, 328w, 303w. (m (CH2Cl2, 1.0 x 10-3m): 0.5 (-1 mol2 cm-1.

Compound 2. 1H NMR (CDCl3, 293 K):  1.65 (s, 6H, CH3), 6.23 (t, 2H, 4-CH), 7.23-7.46 (m, 22H, 3- or 5-CH and CH(Ph)), 7.64 (d, 2H, 3 or 5-CH). 31P{1H} NMR (CDCl3, 293K):  -18.9 (s, br); 31P{1H} NMR (CDCl3, 223K): -18.3 (s, br). IR (nujol, cm-1): 3128w, 3105w (CH), 2399mbr, 2343m, 2294w, 2274m (BH); 1605w, 1584w, 1571w (C...C,C...N); 498s, 479m, 436m, 415w (MePh2P), 335m, 320w. (m (CH2Cl2, 1.0 x 10-3m): 0.8 (-1 mol2 cm-1.

Compound 3. 1H NMR (CDCl3, 293K): ( 3.02 (pq, 6H, CH2), 5.98 (t, 3H, 4-CH), 6.72 (d, 3H, 3 or 5-CH), 7.13-7.24 (m, 15H, CH), 7.59 (d, 3H, 3 or 5-CH). 31P{1H} NMR (CDCl3, 293 K): ( 0.10 (s, br); 31P{1H} NMR (CDCl3, 253 K): ( 0.2 (s, br), -11.4 (s). IR (nujol, cm-1): 3103w, 3081w, 3057w, 3024w (CH), 2475m, 2440w (BH); 1598m, 1581w (C...C,C...N), 480sbr (Bz3P), 384m, 349w, 332mbr, 321shw, 304w. (m (CH2Cl2, 1.0 x 10-3m): 1.3 (-1 mol2 cm-1.

Compound 4. 1H NMR (CDCl3, 293 K): ( 2.42 (s, 6H, CH3), 2.53 (s, 3H, CH3), 6.01 (sbr, 3H, 4-CH), 6.74-7.39 (m, 15H, CH and 3- or 5-CH), 7.60 (s, 3H, 3- or 5-CH). 31P{1H} NMR (CDCl3, 293K): ( -14.5 (s, br), -29.0 (s). 31P{1H} NMR (CDCl3, 223K): ( -16.9 (s, br), -29.1 (s). IR (nujol, cm-1): 3055w (CH); 2449m (BH), 1588m, 1497sh (C...C,C...N), 567s, 557m, 522sbr, 467sbr (o-tolyl3P), 333w. (m (Acetone, 1.1 x 10-3m): 1.8 (-1 mol2 cm-1.

Compound 5. 1H NMR (CDCl3, 293 K): ( 2.31 (s, 9H, CH3), 6.07 (sbr, 3H, 4-CH), 7.20-7.47 (m, 15H, CH and 3- or 5-CH), 7.66 (s, 3H, 3- or 5-CH). 31P{1H} NMR (CDCl3, 293 K): ( 6.8 (s, br). 31P{1H} NMR (CDCl3, 223 K): ( 6.7 (s, br), 0.3 (s, br), -4.7 (s). IR (nujol, cm-1): 3051w (CH); 2469mbr (BH), 1591m, 1497sh (C...C,C...N), 556s, 545sh, 536m, 472s, 455s (o-tolyl3P), 332w. (m (Acetone, 0.9 x 10-3m): 1.4 (-1 mol2 cm-1.

Compound 6. 1H NMR (CDCl3, 293 K): ( 1.96 (sbr, 3H, CH3), 6.14 (s, 3H, 4-CH), 7.37-7.61 (m, 13H, CH and 3- or 5-CH), 7.66 (s, 3H, 3 or 5-CH). 31P{1H} NMR (CDCl3, 293 K): ( -19.2 (sbr). 31P{1H} NMR (CDCl3, 223 K): ( -13.6 (s); -18.3 (s); -20.4 (s). IR (nujol, cm-1): 3135w, 3100w, 3046w (CH); 2448m (BH); 1583w, 1573w (C...C, C...N); 512s, 479s, 430s (PRPh2), 329m. (m (CH2Cl2, 1.0 x 10-3m): 0.8 (-1 mol2 cm-1.
Compound 7. 1H NMR (CDCl3, 293K): ( 1.44 (s, 9H, CH3), 2.38 (s, 9H, CH3), 2.76 (s, 6H, CH2), 5.57 (s, 3H, 4-CH), 7.16-7.32 (mbr, 15H, CH). 31P{1H} NMR (CDCl3, 293 K): ( -4.7 (sbr). 31P{1H} NMR (CDCl3, 253 K): ( -3.5 (s), -7.4 (s). IR (nujol, cm-1): 3103w, 3082w, 3058w, 3024w (CH), 2512m (BH); 1599m, 1582sh, 1543w (C...C,C...N), 477sbr, 460sh (Bz3P), 413w, 389w, 363w, 328w, 305w. (m (CH2Cl2, 1.2 x 10-3m): 0.3 (-1 mol2 cm-1.
Compound 8. 1H NMR (CDCl3, 293K): ( 2.29 (s, 9H, CH3), 2.49 (s, 9H, CH3), 2.52 (s, 9H, CH3), 6.10 (s, 3H, 4-CH), 6.80-7.36 (m, 15H, CH). 31P{1H} NMR (CDCl3, 293K): ( -28.9 (s, br). 31P{1H} NMR (CDCl3, 223K): ( -17.1 (s, br), -29.1 (s). IR (nujol, cm-1): 3054w (CH); 2506m (BH), 1587w, 1542m (C...C,C...N), 565s, 524m, 522m, 467sbr (o-tolyl3P), 330w. (m (Acetone, 1.0 x 10-3m): 2.0 (-1 mol2 cm-1.

Compound 9. 1H NMR (CDCl3, 293 K): ( 1.93 (sbr, 9H, CH3), 2.05 (s, 3H, CH3), 2.38 (s, 9H, CH3), 5.66 (s, 3H, 4-CH), 7.38-7.94 (m, 10H, CH). 31P{1H} NMR (CDCl3, 293 K): ( -19.2 (sbr). 31P{1H} NMR (CDCl3, 223 K): ( -15.4 (sbr); -18.3 (s); -19.5 (s), -21.2 (s). IR (nujol, cm-1): 3111w, 3045w (CH); 2502m (BH); 1585w, 1571w, 1542m (C...C, C...N); 511s, 472s, 460m, 444m, 420m (MePh2P), 356w, 341w. (m (CH2Cl2, 1.1 x 10-3m): 0.4 (-1 mol2 cm-1.

Compound 10. 1H NMR (CDCl3, 293 K): ( 2.96 (pq, 12H, CH2), 6.13 (t, 4H, 4-CH), 7.13-7.21 (m, 34H, CH and 3- or 5-CH), 7.30 (d, 4H, 3- or 5-CH). 31P{1H} NMR (CDCl3, 293 K): ( 2.1 (sbr); 31P{1H} NMR (CDCl3, 253K): ( 3.1 (s), -2.1 (s). IR (nujol, cm-1): 3105w, 3057w (CH), 1598m, 1582w (C...C,C...N), 480sbr (Bz3P), 412m, 384m, 349sh, 340w, 305w. (m (CH2Cl2, 1.2 x 10-3m): 0.9 (-1 mol2 cm-1.

Compound 11. 1H NMR (CDCl3, 293 K): ( 2.50 (s, 9H, CH3), 6.29 (t, 4H, 4-CH), 6.83-7.43 (m, 16H, CH), 7.53 (d, 4H, 3 or 5-CH). 31P{1H} NMR (CDCl3, 293K): ( -15.5 (s, br). 31P{1H} NMR (CDCl3, 223K): ( -17.0 (s), -19.0 (s), -29.1 (s). IR (nujol, cm-1): 3072w (CH), 1586w, 1499w (C...C,C...N), 567s, 557m, 516mbr, 467vs (o-tolyl3P), 363w, 338w. (m (DMSO, 0.8 x 10-3m): 1.4 (-1 mol2 cm-1.

Compound 12. 1H NMR (CDCl3, 293K):  1.68 (s, 6H, CH3), 6.31 (t, 4H, 4-CH), 7.25-7.40 (m, 24H, CH and 3- or 5-CH), 7.69 (d, 4H, 3- or 5-CH). 31P{1H} NMR (CDCl3, 293 K):  -18.6 (br); 31P{1H} NMR (CDCl3, 223 K): -18.3 (s). IR (nujol, cm-1): 3141w, 3095w (CH); 1583w, 1569w, 1501w (C...C,C...N), 509s, 471m, 429m, 413w (MePh2P), 360m, 346sh, 315w. (m (DMSO, 1.1 x 10-3m): 1.8 (-1 mol2 cm-1.

Compound 13. 1H NMR (CDCl3, 295 K): 1.98 (s, 12H, 3-CCH3), 5.94 (sbr, 4H, 4-CH), 7.37-7.57 (m, 19H, CH and 5-CH). 1H NMR (CDCl3, 218 K):  (s, 9H, 3-CCH3), 2.42 (s, 3H, 3-CCH3), 5.86 (s, 3H, 4-CH), 6.27 (s, 1H, 4-CH), 7.38-7.82 (m, 19H, CH and 5-CH). 31P{1H} NMR (CDCl3, 293K):  5.6 (br); 31P{1H} NMR (CDCl3, 223K):  5.5 (s). IR (nujol, cm-1): 3143w, 3110w, 3061w (CH); 1583w, 1512sh (C...C, C...N), 530s, 500s, 419m (Ph3P), 411m, 398m, 380m, 342m, 303w. (m (CH2Cl2, 0.9 x 10-3m): 0.7 (-1 mol2 cm-1.

Compound 14. 1H NMR (CDCl3, 293 K): 1.90 (s, 12H, 3-CCH3), 2.76 (br, 12H, CH2), 5.86 (d, 4H, 4-CH), 7.04 (d, 4H, 5-CH), 7.11-7.22 (m, 30H, CH). 31P{1H} NMR (CDCl3, 293 K): ( -1.9 (sbr); 31P{1H} NMR (CDCl3, 253K): ( -11.5 (s). IR (nujol, cm-1): 3120w, 3051w (CH), 1598m, 1580w (C...C,C...N), 481sbr, 415m, 393m (Bz3P), 353w, 335m, 304w. (m (DMSO, 1.0 x 10-3m): 1.7 (-1 mol2 cm-1.

Compound 15. 1H NMR (CDCl3, 293 K): 1.90 (s, 12H, 3-CCH3), 2.27 (s, 9H, CH3), 5.82 (d, 4H, 4-CH), 6.82 (t, 4H, CH), 6.98 (d, 4H, 5-CH), 7.13-7.38 (m, 8H, CH). 1H NMR (CDCl3, 218 K): 1.68 (br, 9H, 3-CCH3), 1.95 (br, 3H, 3-CCH3), 2.30 (s, 6H, CH3), 2.60 (s, 3H, CH3), 5.77 (br, 3H, 4-CH), 5.96 (br, 1H, 4-CH), 6.62 (br, 3H, 5-CH), 6.75 (br, 3H, 5-CH),  7.00-7.40 (m, br, 12H, CH). 31P{1H} NMR (CDCl3, 293 K): ( -11.1 (sbr), -29.1 (s). 31P{1H} NMR (CDCl3, 223 K): ( -2.21 (s), -17.9 (s), -29.1 (s). IR (nujol, cm-1): 3140w, 3106w, 3053w (CH), 1587w, 1559w (C...C,C...N), 566s, 552m, 525m, 466vs (o-tolyl3P), 377w, 332w. (m (Acetone, 1.1 x 10-3m): 1.6 (-1 mol2 cm-1.

Compound 16. 1H NMR (CDCl3, 293 K):  2.22 (sbr, 12H, 3-CCH3), 2.26 (s, 9H, CH3), 6.01 (sbr, 4H, 4-CH), 7.21-7.33 (m, 16H, CH and 5-CH). 1H NMR (CDCl3, 223 K):  1.80 (s, 9H, 3-CCH3), 2.26 (s, 9H, CH3), 2.42 (s, 3H, 3-CCH3), 5.86 (s, 3H, 4-CH), 6.26 (s, 1H, 4-CH), 7.21-7.78 (m, 16H, CH and 5-CH). 31P{1H} NMR (CDCl3, 293K): ( 5.5 (sbr). 31P{1H} NMR (CDCl3, 223 K): ( 5.67 (s), -4.7 (s). IR (nujol, cm-1): 3153w (CH), 1587w, 1587m, 1572sh (C...C,C...N), 553sbr, 452m, 419m, 400m (m-tolyl3P), 377m, 337w, 302w. (m (CH2Cl2, 1.1 x 10-3m): 0.7 (-1 mol2 cm-1.

Compound 17. 1H NMR (CDCl3, 293 K):  2.08 (sbr, 12H, 3-CCH3), 2.36 (s, 9H, CH3), 5.98 (sbr, 4H, 4-CH), 7.13-7.36 (m, 16H, CH and 5-CH). 1H NMR (CDCl3, 223 K):  1.81 (s, 9H, 3-CCH3), 2.33 (s, 9H, CH3), 2.43 (s, 3H, 3-CCH3), 5.86 (s, 3H, 4-CH), 6.28 (s, 1H, 4-CH), 7.14-7.48 (m, 16H, CH and 5-CH). 31P{1H} NMR (CDCl3, 293 K): ( 3.5 (sbr). 31P{1H} NMR (CDCl3, 223K): ( 3.1 (s). IR (nujol, cm-1): 3158w, 3123w, 3109w, 3066w (CH), 1596m, 1558w (C...C,C...N), 552sbr, 521s, 509s, 502sh, (p-tolyl3P), 432m, 420m, 381m, 340m, 326w. (m (DMSO, 1.1 x 10-3m): 1.5 (-1 mol2 cm-1.

Compound 18. 1H NMR (CDCl3, 293 K):  1.72 (s, 6H, CH3), 2.13 (s, 12H, 3-CCH3), 5.95 (d, 4H, 4-CH), 7.29-7.48 (m, 24H, CH and 5-CH). 31P{1H} NMR (CDCl3, 293 K):  -18.5 (br); 31P{1H} NMR (CDCl3, 223 K):  -16.2 (s), -18.3 (s). IR (nujol, cm-1): 3140w, 3110w, 3070w, 3049w (CH); 1583m, 1573w, 1557sh, 1513 m (C...C,C...N), 552s, 506s, 420m, 411w (MePh2P), 352m, 326sh, 313w. (m (CH2Cl2, 1.0 x 10-3m): 0.6 (-1 mol2 cm-1.

Compound 19. 1H NMR (CDCl3, 293 K):  1.10 (m, 3H, CH3), 2.16 (s, 12H, 3-CCH3), 2.23 (m, 3H, CH2), 5.98 (d, 4H, 4-CH), 7.19 (d, 4H, 5-CH), 7.36-7.56 (m, 10H, CH). 31P{1H} NMR (CDCl3, 293K):  0.1 (s, br); 31P{1H} NMR (CDCl3, 223 K):  1.1 (s), -7.9 (s). IR (nujol, cm-1): 3144w, 3124w, 3070w, 3045w (CH); 1583m, 1569w, 1558sh (C...C,C...N), 515s, 482s, 451s, 435w, 420s, 397s (EtPh2P), 361sh, 349s, 318w. (m (CH2Cl2, 1.0 x 10-3m): 1.4 (-1 mol2 cm-1.

Compound 20. 1H NMR (CDCl3, 293K):  1.20-2.10 (m, 33H, C6H11), 2.26 (s, 6H, 3-CCH3), 2.30 (s, 6H, 3-CCH3), 5.93 (d, 2H, 4-CH), 6.03 (d, 12H, 4-CH), 6.90 (d, 2H, 5-CH), 7.0 (d, 21H, 5-CH). 31P{1H} NMR (CDCl3, 293 K):  21.08 (s); 31P{1H} NMR (CDCl3, 223 K):  20.69 (s). IR (nujol, cm-1): 3141w, 3114w (CH), 1558w, 1519m (C...C,C...N), 515s, 473m, 438w, 417s, 395s (cy3P), 352m, 330m, 311w. (m (CH2Cl2, 1.0 x 10-3m): 1.3 (-1 mol2 cm-1.
