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Synthesis of poly(aryleneethynylene)s bearing glucose units as substituents

F. Babudri, D. Colangiuli, P.A. Di Lorenzo, G.M. Farinola, O. Hassan Omar and F. Naso*

General Remarks
GC analyses were performed on a gas chromatograph equipped with a SE-30 (methyl silicone, 30 m x 0.25 mm id) capillary column. 1H NMR and 13C NMR spectra were recorded in CDCl3 at 500 MHz and at 125,7 MHz respectively, using the residual proton peaks of CDCl3 at 7.24 ppm or DMSO-d6 at 2.49 ppm as reference for 1H spectra and the signals of CDCl3 at 77 ppm or DMSO-d6  at 39.5 ppm for 13C spectra. Molecular masses were determined with a Hewlett-Packard HP 1050 liquid chromatograph instrument using THF as solvent and a Plgel 5 Mixed-D 300 x 7.5 mm column. All the solvents were distilled immediately prior to use. Tetrahydrofuran and toluene were distilled from benzophenone ketyl. Acetonitrile and dichloromethane were distilled over 4 Å molecular sieves and P2O5, respectively. 2,5-Diiodo-1,4-bis(n-octyloxy)benzene,
 PdCl2(dppf)
 and 2,5-diiodo-hydroquinone
 were prepared as reported in the literature. 1,4-Dimethoxybenzene, chlorotrimethylsilane, (trimethyilsilyl)acetylene, 1,4-bis(trimethylsilyl)-1,3-butadiyne, BF3·Et2O, (-D-glucose pentaacetate, 1,1,1,3,3,3-hexamethyldisilazane, 1,4-diiodotetrafluorobenzene, 2,5-dibromothiophene, Pd(PPh3)4, Ag2O, and CuI were commercial products.

Synthesis of monomer 2

The synthesis of the monomer is outlined in the following Scheme:
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2,5-diiodo-hydroquinone3 was converted into the corresponding bistrimethylsilyl ether.
 The glycosidation reaction conditions to obtain 3a were adapted from a synthetic procedure leading to phenylglycosides.
 The (configuration of both glycoside linkages was confirmed by the coupling constant value (J ~ 7 Hz) between the protons on C-1 and C-2 of the glucose ring. The value is typical of the axial-equatorial arrangement in the ( anomer.
 The diiodide 3a was converted in the derivative 2 by Cassar-Heck-Sonogashira reaction with trimethylsilylacetylene.
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1,4-bis-O-trimethylsilyl-2,5-diiodohydroquinone. The compound was prepared following a procedure adopted in similar cases.4 2,5-diiodohydroquinone (1.000 g, 2.76 mmol), chlorotrimethylsilane (0.659 g, 6.07 mmol) and 1,1,1,3,3,3-hexamethyldisilazane (0.987 g, 6.12 mmol) were dissolved in 6 ml of dry acetonitrile. The reaction mixture was stirred under nitrogen at r.t. for 16 h, and then the solvent was removed at reduced pressure. The residue was dissolved in petroleum ether and filtered to remove precipitated salts. The solution was washed with saturated aqueous bicarbonate and brine, dried over anhydrous Na2SO4, and evaporated to dryness. 1.308 g (94% yield) of the crude product were obtained. IR (KBr): ( 2959, 1461, 1347, 1252, 1204, 1046, 908, 841 cm-1; 1H NMR (500 MHz, CDCl3): ( 0.35 (s, 18H), 7.15 (s, 2H) ppm.
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1,4-bis-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyl)-2,5-diiodobenzene 3a. The compound was prepared following a procedure adopted in similar cases.5 (-D-glucose pentaacetate (2.100 g, 5.39 mmol), dissolved in 25 ml of dry dichloromethane, and BF3·Et2O (4.9 ml) were added to a solution of 1,4-bis-O-trimethylsilyl-2,5-diiodohydroquinone (1.240 g, 2.45 mmol) in 10 ml of CH2Cl2 under nitrogen atmosphere and at r.t. After 16 h the reaction mixture was washed with saturated aqueous bicarbonate and water, and dried over anhydrous Na2SO4. After evaporation of the solvent at reduced pressure, the crude product was purified by crystallization from methanol obtaining 1.477 g (59% yield) of a white solid (m.p.: 183(185°C). IR (KBr): ( 2951, 1752, 1470, 1375, 1224, 1041, 904, 811, 603 cm-1; 1H NMR (500 MHz, CDCl3): ( 2.04 (s, 6H), 2.05 (s, 6H), 2.09 (s, 6H), 2.16 (s, 6H), 3.89(3.93 (m, 2H), 4.21 (dd, 2H, J = 12.3, 6.0), 4.24 (dd, 2H, J = 2.9, 12.3), 4.96 (d, 2H, J = 8.0), 5.12 (tl, 2H, J = 9.3), 5.25(5.36 (m, 4H), 7.45 (s, 2H) ppm; 13C NMR (125.7 MHz, CDCl3): ( 20.58, 21.07, 21.14, 62.18, 68.22, 70.66, 72.38, 72.47, 86.61, 100.02, 126.38, 152.65, 169.09, 169.38, 170.20, 170.64 ppm; elemental analysis (%) calcd for C34H40I2O20: C 39.94, H 3.94; found: C 39.83, H 3.85.
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1,4-bis-(2,3,4,6-tetra-O-acetyl-(-D-glucopyranosyl)-2,5-bis(trimethylsilylethynyl)-benzene 2. (Trimethyilsilyl)acetylene (0.577 g, 5.87 mmol) and triethylamine (0.595 g, 5.88 mmol) were added at r.t. to a stirred solution of 1,4-bis-(2,3,4,6-tetra-O-acetyl-(-D-glucopyranosyl)-2,5-diiodo-benzene 3a (2.000 g, 1.96 mmol), Pd(PPh3)4 (0.045 g, 0.04 mmol) and CuI (0.015 g, 0.08 mmol) in 30 ml of dry toluene. After 48 h, the reaction mixture was extracted with dichloromethane, washed with saturated aqueous NH4Cl and dried over anhydrous Na2SO4. After evaporation of the solvent at reduced pressure, the crude product was purified by chromatography on silica gel using petroleum ether/ethyl acetate (6:4) as eluent obtaining 1.318 g (70% yield) of a solid (m.p.: 165(167°C). IR (KBr): ( 2962, 2157, 1762, 1496, 1371, 1221, 1070, 1039, 888, 846, 761 cm-1; 1H NMR (500 MHz, CDCl3): ( 0.24 (s, 18H), 2.02 (s, 6H), 2.03 (s, 6H), 2.05 (s, 6H), 2.10 (s, 6H), 3.90(3.95 (m, 2H), 4.15 (dd, 2H, J = 2.3, 12.2), 4.28 (dd, 2H, J = 6.4, 12.2), 5.10 (d, 2H, J = 7.3), 5.14 (tl, 2H, J = 9.6), 5.24(5.30 (m, 4H), 6.96 (s, 2H) ppm; 13C NMR (125.7 MHz, CDCl3): ( 0.20, 20.50, 20.52, 20.61, 20.72, 62.02, 68.25, 70.93, 72.08, 72.71, 98.74, 99.01, 101.65, 114.88, 119.53, 152.53, 168.78, 169.29, 170.14, 170.47 ppm; elemental analysis (%) calcd for C44H58O20Si2: C 54.87, H 6.07; found: C 54.56, H 6.24.

Typical polymerization reaction. Synthesis of polymer 1a. Compound 2 (0.250 g, 0.26 mmol), Ag2O (0.120 g, 0.52 mmol), 3a (0.265 g, 0.26 mmol) and Pd(PPh3)4 (0.030 g, 0.026 mmol) were dissolved in 18 ml of anhydrous THF under nitrogen atmosphere. The mixture was stirred at 60°C for 72 h, and then filtered on celite in order to remove Ag2O. After evaporation of the solvent at reduced pressure, the crude product was extracted in a Soxhlet apparatus with methanol for 6 h, in order to eliminate low molecular mass fractions, and then with CHCl3 to obtain a greenish solid (0.355 g, 86% yield). IR (KBr): ( 2964, 1755, 1517, 1432, 1374, 1221, 1035, 907, 802 cm-1; 1H NMR (500 MHz, CDCl3): ( 1.85(2.30 (bs, 24H), 4.10(4.75 (m, 6H), 5.00(5.70 (m, 8H), 7.30 (bs, 2H) ppm; elemental analysis (%) calcd for (C36H40O20)n: C 54.55, H 5.09; found: C 53.95, H 5.64. The low solubility of 1a in chloroform and in other various solvents (DMSO, CH2Cl2, THF) did not allow to record a satisfactory 13C NMR spectrum.

Polymers 1b, 1c, 1d and 4 were prepared following the same procedure.

Polymer 1b: yield: 86%. IR (KBr): ( 2963, 2208, 1751, 1511, 1425, 1369, 1262, 1210, 1092, 1023, 801 cm-1; 1H NMR (500 MHz, CDCl3): ( 0.75(0.95 (m, 6H), 1.60 (m, 24H), 1.80(2.20 (m, 24H), 3.75(4.40 (m, 10H), 5.00(5.50 (m, 8H), 7.13 (bs, 2H), 7.20 (bs, 2H) ppm; 13C NMR (125.7 MHz, CDCl3):  14.07, 20.34, 20.55, 22.65, 25.91, 29.34, 29.67, 31.79, 61.86, 68.30, 69.38, 70.67, 72.25, 72.65, 89.67, 92.50, 99.76, 113.64, 115.42, 116.80, 120.43, 152.55, 153.49, 168.98, 169.34, 170.12, 170.63 ppm; elemental analysis (%) calcd for (C60H76O22)n: C 62.71, H 6.67; found: C 62.06, H 6.99.

Polymer 1c: yield: 90%. IR (KBr): ( 2963, 2222, 1750, 1489, 1371, 1261, 1028, 803 cm-1; 1H NMR (500 MHz, CDCl3): 1.80(2.20 (bs, 24H), 3.80(4.40 (m, 6H), 5.00(5.40 (m, 8H), 7.14 (bs, 2H) ppm; 13C NMR (125.7 MHz, CDCl3):  20.34, 20.52, 61.97, 68.12, 70.84, 71.14, 72.38, 72.63, 81.12, 97.49, 99.19, 104.84, 114.82, 119.99, 146.5(bd, 1JC-F = 251 Hz), 152.97, 168.80, 169.30, 170.15, 170.49 ppm; elemental analysis (%) calcd for (C44H40F4O20)n: C 54.78, H 4.18; found: C 53.98, H 5.11.

Polymer 1d: yield: 90%. IR (KBr): ( 2967, 1768, 1259, 1093, 1020, 771 cm-1; 1H NMR (500 MHz, CDCl3): ( 1.80(2.30 (bs, 24H), 3.85(4.40 (m, 6H), 4.95(5.50 (m, 8H), 7.14 (bs, 2H), 7.36 (bs, 2H) ppm; 13C NMR (125.7 MHz, CDCl3):  20.37, 20.48, 62.01, 68.32, 70.72, 72.19, 72.47, 88.91, 89.38, 99.47, 114.70, 119.08, 124.41, 133.41, 152.51, 169.09, 169.33, 170.08, 170.46 ppm; elemental analysis (%) calcd for (C42H42O20S)n: C 56.12, H 4.71, S 3.57; found: C 55.65, H 4.05, S 2.98.

Polymer 4: yield: 95%. IR (KBr): ( 2962, 1746, 1489, 1368, 1260, 1212, 1028, 804 cm-1; 1H NMR (500 MHz, CDCl3): ( 1.85(2.30 (bs, 24H), 3.80(4.40 (m, 6H), 5.00(5.45 (m, 8H), 7.27 (bs, 2H) ppm; 13C NMR (125.7 MHz, CDCl3):  20.51, 20.65, 61.90, 68.13, 70.81, 72.41, 72.57, 79.11, 80.34, 99.63, 114.78, 121.09, 153.95, 169.062, 169.33, 170.19, 170.65 ppm; elemental analysis (%) calcd for (C38H40O20)n: C 55.88, H 4.94; found: C 55.02, H 5.42.

Polymer 1e. Polymer 1b (0.040 g) was added to a solution of sodium methoxide, [obtained dissolving Na (0.005 g) in 5 ml of CH3OH]. The mixture was stirred for 48 h at r.t., then the precipitate was filtered and dried under vacuum (obtained 0.028 g, 99% yield). IR (KBr): ( 3350, 2880, 1636, 1492, 1398, 1263, 1209, 1071, 802 cm-1; 1H NMR (500 MHz, DMSO-d6 + D2O): ( 0.65-0.75 (m, 6H), 1.10-1.45 (m, 20H), 1.73 (bs, 4H), 3.10-3.50 (m, 12H), 4.04 (bs, 4H), 4.94 (bs, 2H), 7.19 (bs, 2H), 7.23 (bs, 2H) ppm; 13C NMR (125.7 MHz, DMSO-d6):  13.89, 22.01, 25.31, 28.55, 30.59, 31.14, 60.56, 69.08, 69.45, 73.34, 76.55, 77.08, 91.92, 100.94, 113.56, 114.54, 117.42, 119.51, 152.01, 152.86 ppm.

References

�	Z. Bao, Y. Chen, R. Cai and L. Yu, Macromolecules 1993, 26, 5281.


�	T. Hayashi, M. Konishi, Y. Kobori, M. Kumada, T. Higuchi and K. Hirotsu, J. Am. Chem. Soc. 1984, 106, 158.


�	Q. Zhou and T. M. Swager, J. Am. Chem. Soc. 1995, 117, 7017.


�	J. P. Willis, K. A. Z. Gogins and L. L. Miller, J. Org. Chem. 1981, 46, 3215.


�	V. Nair and J. P. Joseph, Heterocycles 1987, 25, 337.


�	E. Smits, J. B. F. N. Engberts, R. M. Kellogg and H. A. van Doren, J. Chem. Soc., Perkin Trans. 1 1996, 24, 2873.


�	H. A. Dieck and R. F. Heck, J. Organomet. Chem. 1975, 93, 259; L. Cassar, J. Organomet. Chem. 1975, 93, 253; K. Sonogashira, Y. Tohda and N. Hagihara, Tetrahedron Lett. 1975, 16, 4467.





PAGE  
1

_1096294363.cdx

_1096300901.cdx

_1096300782.cdx

_1089730637.cdx

