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(R)-2,2’-Diiodo-1,1’-binaphthyl (3a)
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Method A: (R)-4.2HCl
 (5.00 g, 14 mmol, >98 % ee (polarimetry)) was dissolved in H2O-CH3COOH-H2SO4 mixture (195 mL, 2:10:1, v/v) at room temperature. The solution was cooled to –5 °C and NaNO2 (4.00 g, 58 mmol) was added to it in three portions. The mixture was stirred 2 h at 0 °C and then carefully added to the mixture of KI (17 g, 0.104 mol) with slush ice (200 mL) (intesive foaming was observed). The reaction mixture was stirred 12 h at room temperature. Then it was extracted with CHCl3. Combined organic extracts were washed with Na2SO3, dried over anhydrous Na2SO4, and solvent was evaporated. Purification through short silica gel column (eluent hexanes-CHCl3, 10:1) gave (R)-3a as a white crystalline solid (3.57 g, 50 %, 99.1 ±0.2 % ee (HPLC)).

Method B: Procedure according to literature,
 but starting from (R)-4 (>98 % ee (polarimetry)) afforded (R)-3a (62 %, 99.1 ±0.2 % ee (HPLC)).

(R)-3a: M.p. 220-227 °C, [(]
[image: image2.wmf]21

D

= +16.4 (c = 1.73, pyridine). Spectral data were in agreement with literature values.1 (RS)-3a: M. p. 205-207 (C. HPLC: Chiralcel Daicel OD-H column, eluent heptane–DME (99:1), temperature 16 (C, flow 1 ml/min, pressure 31 bar, ( = 280 nm; k´: 6.52 (S)-3a, 7.35 (R)-3a, ( = 1.13, RS = 1.42.
(R)-2,2’-Diaryl-1,1’-binaphthyls (1)

Method A: (R)-3a (100 mg, 0.2 mmol) and Pd(PPh3)4 (11.5 mg, 0.01 mmol) were added to the freshly prepared solution (by addition of ZnCl2 solution in THF to aryllithium or arylmagnesium halide solution) of arylzinc chloride (1.2 mmol) solution in THF (5 ml) in under argon. The MW reactor vessel was capped and irradiated in the Emrys Synthesiszer at 120 °C for the total irradiation time indicated in Table 2. After cooling to room temperature, the mixture was diluted with wet diethyl ether and solvent was evaporated. 2,2´-Diaryl-1,1´-binaphthyls 1 were obtained by flash chromatography on silica gel.

Method B: The same as method A, thermal heating to reflux of THF (ca 65 °c) for the time given in Table 2 was used instead of controlled microwave irradiation.

(R)-2,2’-Bis(4-methylphenyl)-1,1’-binaphthyl (1a). White solid, m. p. 181-184 °C. [(]D21 = +169.8 (c = 1, CHCl3), 99.2 % ee (HPLC). Rf = 0.45 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (50:1). Spectral data were published.
 (RS)-1a: M. p. 184-186 °C. HPLC: Chiralcel Daicel OD-H column, eluent heptane-DME (98.5:1.5), temperature 21°C, flow 1.0 ml/min, pressure 33 bar, ( = 280 nm; k´: 0.80 (S)-1a, 1.42 (R)-1a; ( = 1.77; RS = 4.38.

(R)-2,2’-Diphenyl-1,1’-binaphthyl (1b). White solid, m. p. 124-126 °C. [(]
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= +127.4 (c = 1, CHCl3), 98.9 % ee (HPLC). Rf = 0.42 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (50:1). UV (hexanes): 226, 248, 290. IR (CHCl3): 1620 m, 1520 m, 1470 w, 1280 w, 1050 m, 880 w, 840 s, 720 s, 680 w. 1H NMR (300 MHz, CDCl3): 7.92 (d, J = 8.0 Hz, 2 H), 7.88 (d, J = 8.4 Hz, 2 H), 7.50-7.28 (m, 8 H), 7.00 (dd, J = 7.3, 7.3 Hz, 2 H), 6.86 (dd, J = 7.7, 8.4 Hz, 4 H), 6.43 (d, J = 7.7 Hz, 4 H). 13C NMR (75 MHz, CDCl3): 141.4, 139.6, 134.6, 134.3, 132.3, 129.1, 128.5, 128.1, 128.0, 127.5, 127.0, 126.5, 126.1, 125.5. (RS)-1b: M. p. 228-230 °C. HPLC: Chiralcel Daicel OD-H column, eluent heptane-DME (99:1), temperature 21 (C, flow 1.0 ml/min, pressure 33 bar, ( = 280 nm; k´: 1.78 (S)-1b, 2.76 (R)-1b, ( = 1.56; RS = 4.29.
Table 2. (R)-2,2’-Diaryl-1,1’-binaphthyls (1) prepared by Negishi arylation of diiodide (R)-3a.

	ArZnCl
	Product
	Method A (MWI)
	Method B (thermal heating)

	
	
	Time (min)a
	Yield of 1 (%)b
	Time (min)a
	Yield of 1 (%)b
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	1a
	0.6
	99
	1
	99
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	1b
	0.6
	99
	1
	98
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	1c
	0.6
	94
	1
	94
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	1d
	0.6
	87
	3
	72
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	1e
	1
	99
	8
	91
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	1f
	1
	99
	8
	85
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	1g
	1
	99
	8
	89
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	1h c
	20
	75
	720
	70
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	1i
	5
	92
	30
	79
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	1j
	5
	88
	30
	64


a Time required for complete conversion of 3a.  b Isolated yield.  c Bis(4-formylphenyl) derivative.

(R)-2,2´-Bis(4-methoxyphenyl)-1,1´-binaphthyl (1c). White solid, m. p. 144-150 °C. [(]
[image: image14.wmf]21
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 = +133.1 (c = 1, CHCl3), 99 % ee (HPLC). RF = 0.16 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (50:1). IR (cm-1): 3010 m, 1580 s, 1480 m, 1455 s, 1420 m, 850 m, 810 s, 765 m, 645 w. UV (MeOH, nm (log ( )): 226 (5.86), 252 (5.60), 296 (5.28). 1H NMR (CDCl3, (): 7.95 (d, J = 8.1 Hz, 2 H), 7.89 (d, J = 8.4 Hz, 2 H), 7.27-7.51 (m, 8 H), 6.43 (dd, J = 8.6, 9.4 Hz, 8 H), 3.69 (s, 6 H, Ar-OCH3). 13C NMR (CDCl3, δ): 158.1, 134.1, 133.9, 132.1, 130.2, 128.6, 128.1, 127.8, 127.3, 126.4, 125.3, 112.5, 55.1. (RS)-1c: M.p. 204-208 °C. HPLC: Chiralcel Daicel OD-H column, heptane-DME (99:1), temperature 21 °C, flow 1.0 ml/min, pressure 47 bar, ( = 280 nm; k´: 4.66 (S)-1c, 5.17 (R)-1c, ( = 1.11; RS = 0.88.

(R)-2,2’-Bis(3-methoxyphenyl)-1,1’-binaphthyl (1d). White solid, m. p. 126–130 °C. [(]
[image: image15.wmf]21
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 = +143.3 (c = 1, CHCl3), 99.0 % ee (HPLC). Rf = 0.32 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (99:1). IR (CHCl3): 3015 m, 1590 s, 1480 m, 1460 s, 1420 m, 1280 m, 920 m, 820 s, 690 m. UV (MeOH, nm (log ()): 226 (5.86), 252 (5.60), 296 (5.28). 1H NMR (300 MHz, CDCl3): 7.96 d, 2 H, 3J = 8.1 Hz; 7.92 d, 2 H, 3J = 8.4 Hz; 7.36-7.52 m, 8 H; 6.85 dd, 2 H, 3J = 7.9, 9.1 Hz; 6.66 d, 2 H, J = 8.1 Hz; 6.10 d, 2 H, 3J = 7.6 Hz; 6.00 s, 2 H; 3.15 s, 6 H (OCH3). 13C NMR (75 MHz, CDCl3): 158.3, 142.6, 139.6, 134.6, 134.3, 132.3, 128.4, 128.1, 128.0, 127.5, 126.6, 125.6, 124.8, 121.6, 113.5, 113.1, 54.1. (RS)-1d: M. p. 135-138 °C. HPLC: Chiralcel Daicel OD-H column, eluent heptane-DME (99:1), temperature 21 °C, flow 1.0 ml/min, pressure 47 bar, ( = 280 nm; k´: 2.10 (S)-1d, 2.68 (R)-1d, ( = 1.28; RS = 1.83.
(R)-2,2´-Bis(2-methoxyphenyl)-1,1´-binaphthyl (1e). White solid, m. p. 95-98 (C. [(]
[image: image16.wmf]21
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 = +96.3 (c = 1, CHCl3), 99 % ee (HPLC). RF = 0.32 (petroleum ether-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (100:1). IR (cm-1): 3020 m, 1600 s, 1500 m, 1460 m, 1420 m, 960 w, 820 w, 770 m. UV (MeOH, nm (log ()): 224 (5.78), 250 (5.55), 288 (5.48). 1H NMR (CDCl3, δ): 7.87 (d, J = 8.0 Hz, 2 H), 7.81 (d, J = 8.4 Hz, 2 H), 7.44-7.33 (m, 6 H), 7.27 (ddd, J = 1.0, 7.5, 7.6 Hz, 2 H), 7.02 (ddd, J = 1.8, 7.6, 8.0 Hz, 2 H), 6.50 (m, 4 H), 6.25 (m, 2 H), 2.95 (bs, 6 H, OCH3). 13C NMR (CDCl3, δ): 156.7, 136.5, 135.7, 134.7, 132.6, 131.9, 130.4, 130.1, 128.7, 127.9, 127.9, 127.1, 125.6, 125.2, 119.6, 109.7, 54.1. (RS)-1e: M. p. 127-130 °C. HPLC: Chiralcel Daicel OD-H column, eluent heptane-DME (99:1), temperature: 21 °C, flow: 1.0 ml/min, pressure 47 bar, ( = 280 nm; k´: 1.94 (S)-1e, 2.48 (R)-1e, ( = 1.28; RS = 1.32.

(R)-2,2’-Di-2-thienyl-1,1’-binaphthyl (1f). White off solid, m. p. 155-159 (C. [(]
[image: image17.wmf]21
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 = -15.7 (c = 1, CHCl3), 99 % ee (HPLC). Rf = 0.32 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (50:1). UV-VIS (c = 9.98 ( 10-5 M, MeOH (log ()): 222 (4.83), 272 (4.70), 302 (4.39). Spectral data were in agreement with literature values.
 (RS)-1f: M. p 195-200 (C (acetone-water) (lit.4 204-206 °C). HPLC: Chiralcel Daicel OD-H column, eluent: heptane with 1 % DME, temperature: 21°C, flow: 1.0 ml/min, pressure: 47 bar, detector (UV): ( = 280 nm; k´: 5.84 (S)-1f, 6.35 (R)-1f, ( = 1.09; RS = 1.24.
(R)-2,2´-Di-2-furyl-1,1´-binaphthyl (1g). White solid, m. p. 138-143 °C. [(]
[image: image18.wmf]21
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 = -55.5 (c = 1, CHCl3). RF = 0.27 (hexanes-CHCl3, 4:1). Flash chromatography: eluent hexanes-CHCl3 (10:1). IR (cm-1): 3060 m; 1610 s; 1580 m; 1490 m; 1400 s; 1320 s; 1130 m; 1060 m; 980 m; 900 m; 870 m; 840 m; 810 s; 780 m; 760 m; 530 m. UV (MeOH, nm): 218 (log ( 4.67), 266 (4.79), 274 (4.83), 306 (4.54). 1H NMR (CDCl3, δ): 8.26 (d, J = 8.79 Hz, 2 H), 8.07 (d, J = 8.79 Hz, 2 H), 7.92 (d, J = 8.24 Hz, 2 H), 7.45-7.40 (m, 2 H), 7.26 (d, J = 1.65 Hz, 2 H), 7.21-7.11 (m, 4 H), 6.00 (dd, J = 1.65; 3.57 Hz, 2 H), 5.05 (d, J = 3.57 Hz, 2 H). 13C NMR (CDCl3, (): 148.6, 146.5, 134.8, 133.3, 133.1, 131.6, 128.0, 127.4, 126.6, 126.2, 126.2, 125.3, 121.2. (RS)-1g: M. p. 215-217 °C (CH2Cl2 and MeOH). Conditions for HPLC separation of enantiomers of 1g using Chiralcel Daicel OD-H column were not found.

(R)-2,2´-Bis(4-formylphenyl)-1,1´-binaphthyl (1h). Solid residue (after ether evaporation) was dissolved in CHCl3 (10 ml) and 80 % aqeous acetic acid (18 ml) was added. The mixture was stirred for 6 h at room temperature. Solvent was evaporated and residue was purified by flash chromatography. White solid, m. p. (260 (C (CHCl3 and hexanes). 99.1 % ee (HPLC). [(]
[image: image19.wmf]5
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 = +167 (c = 0.63, CHCl3). RF = 0.83 (hexanes-ethyl acetate, 1:1). Flash chromatography: eluent CHCl3. IR (cm-1): 2950, 2924, 2850, 2358, 2327, 1735, 1701, 1597, 1312, 1212, 1169, 815, 750. UV-VIS (CHCl3, nm): 242 (log ( 5.04), 273 (5.20), 281 (5.21), 307 sh (4.96). 1H NMR (CDCl3, ( ): 9.87 (s, 2 H), 8.00 (d, J = 9.8 Hz, 2 H), 7.97 (d, J = 8.8 Hz, 2 H), 7.56 (ddd, J = 1.65, 6.0, 7.9 Hz, 2 H), 7.37-7.46 (m, 8 H), 7.34 (d, J = 8.5 Hz, 2 H), 6.55 (d, J = 7.9 Hz, 4 H). 13C NMR (CDCl3, (): 192.21, 147.75, 138.47, 134.52, 134.49, 134.27, 132.82, 129.88, 129.04, 128.89, 128.58, 127.95, 127.52, 127.42, 126.57. (RS)-1h: M. p. (260 °C. HPLC: Chiralcel Daicel OD-H column, eluent hexane-propan-2-ol (90:10), temperature 22 °C, flow 1.0 ml/min, pressure 23 bar, ( = 254 nm; k´: 22.74 (S)-1h, 25.43 (R)-1h; ( = 1.12; RS = 4.14.
(R)-2,2´-Bis(3-trifluoromethylphenyl)-1,1´-binaphthyl (1i). White solid, m. p. 155-160 °C. [(]
[image: image20.wmf]21
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 = +4.0 (c = 1, CHCl3), 99.1 % ee (HPLC), [(]
[image: image21.wmf]21
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 = +4.0 (c = 1, CHCl3). RF = 0.59 (hexanes-ethyl acetate, 10:1). Flash chromatography: eluent hexanes-ethyl acetate (50:1). IR (cm-1): 3020 m, 1580 w, 1500 m, 1405 m, 1310 s, 1250 m, 910 m, 685 m. UV (MeOH, nm): 222 (log ( 5.90), 248 (5.78), 290 (5.39). 1H NMR (CDCl3, δ): 7.97 (d, J = 7.9 Hz, 2 H), 7.92 (d, J = 8.2 Hz, 2 H), 7.53 (ddd, J = 1.6, 6.9, 8.2 Hz, 2 H), 7.47 (dd, J = 0.7, 7.3 Hz, 2 H), 7.38 (ddd, J = 1.4, 7.0, 8.2 Hz, 2 H), 7.30 (d, J = 8.5 Hz, 2 H), 7.27 (bd, J = 7.9 Hz, 2 H), 6.98 (dd, J = 7.6, 7.9 Hz, 2 H), 6.63 (bs, 2 H), 6.23 (bd, J = 7.9 Hz 2 H). 13C NMR (CDCl3, δ): 141.9, 138.1, 134.6, 134.3, 132.8, 132.3, 129.8, 129.0, 128.56, 127.9, 127.8, 127.4, 126.4, 125.9, 123.9, 123.28. (RS)-1i: M. p. 144-149 (C (CHCl3 and hexanes). HPLC: Chiralcel Daicel OD-H column, eluent hexan-propan-2-ol (99:1), temperature 20 °C, flow 1.0 ml/min, pressure 39 bar, ( = 254 nm; k´: 1.39 (S)-1i, 2.28 (R)-1i; ( = 1.64, RS = 4.84.

(R)-2,2´-Di-3-pyridyl-1,1´-binaphthyl (1j). White solid, m. p. 129-133 °C. 98.9 % ee (HPLC). [(]
[image: image22.wmf]21
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 = -140.5 (c = 1, CHCl3). RF = 0.21 (ethyl acetate). Flash chromatography: eluent hexanes-ethyl acetate (1:1). IR (cm-1): 3050, 1590 m, 1500 s, 1560 m, 1420 s, 910 s, 820 s, 680 s. UV (MeOH, nm (log ()): 230 (5.58), 246 (5.54), 298 (5.21). 1H NMR (CDCl3, δ): 8.29 (dd, J = 1.4, 4.6 Hz, 2 H), 7.97 (d, J = 8.4 Hz, 4 H), 7.67 (d, J = 1.8 Hz, 2 H), 7.53 (ddd, J = 1.4, 6.6, 8.0 Hz, 2 H), 7.44-7.37 (m, 4 H), 7.35 (d, J = 8.4 Hz, 2 H), 6.87 (dd, J = 4.9, 7.8 Hz, 2 H), 6.67 (dd, J = 1.8, 7.8, 8.0 Hz, 2 H). 13C NMR (CDCl3, δ): 148.5, 146.5, 134.8, 133.3, 133.1, 131.6, 128.1, 127.4, 126.6, 126.2, 126.1, 125.3, 121.3. (RS)-1j: M. p. 199-201 (C (ethanol). HPLC: Chiralcel Daicel OD-H column, eluent hexane-propan-2-ol (85:15), temperature 16 °C, flow 1.0 ml/min, pressure 56 bar, ( = 254 nm; k´: 1.79 (S)-1j, 2.43 (R)-1j; ( = 1.36, RS = 2.47.

(R)-2,2’-Dialkynyl-1,1’-binaphthyls (2a, 2b)

Method A: Butyllithium (3.6 mmol) solution in hexane was added dropwise to the solution of terminal acetylene (3 mmol) in THF (10 ml) at 0 °C. Obtained solution was stirred for 30 minutes being maintained at this temperature. Then, the solution of ZnCl2 in THF (1.5 M, 3.6 mmol, (R)-3a (100 mg, 0.2 mmol) was added to it and stirred 30 minutes at 0 °C. (R)-3a (100 mg, 0.2 mmol) and Pd(PPh3)4 (11.5 mg, 0.01 mmol) were added this solution. The MW reactor vessel was capped and irradiated in the Emrys Synthesiszer at 120 °C for the total irradiation time indicated in Table 3. After cooling to room temperature, the mixture was quenched with aqueous HCl (10 %, 15 ml) and extracted three times with chloroform. Combined organic layers were washed with water and brine and dried over Na2SO4. Solvent was evaporated and 2,2´-dialkynyl-1,1´-binaphthyls (2a and 2b) were obtained from the residue by flash chromatography on silica gel (eluent hexanes-chloroform, 9:1).

Method B: The reaction mixture, prepared as described in method A, was thermally heated to reflux of the reaction mixture (ca. 65 °C) for the time given in Table 3. Work up of the reaction mixture was the same as in method A.

Table 3. (R)-2,2’-Dialkynyl-1,1’-binaphthyls (2) prepared by Negishi arylation of diiodide (R)-3a.

	RC(CZnCl
	Product
	Method A (MWI)
	Method B (thermal heating)

	
	
	Time (min)a
	Yield of 1 (%)b
	Time (min)a
	Yield of 1 (%)b
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	2a
	3
	90
	40
	66
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	2b
	3
	81
	180
	70


a Time required for complete conversion of 3a.  b Isolated yield.

(R)-2,2´-Bis(phenylethynyl)-1,1´-binaphthyl (2a). White solid, m. p. 200-203 °C. 99 % ee (HPLC), [(]
[image: image25.wmf]22
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 =  +6.92 (c = 1, CHCl3) (lit5 : [(]
[image: image26.wmf]5
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 =  +6.91 (c = 1.01, CHCl3)). RF = 0.27 (chloroform-hexanes, 1:4). Spectral data were in agreement with literature values.6 (RS)-2a: M. p. 224-228 (C. HPLC: Chiralcel Daicel OD-H column, eluent hexane-DME (99:1), temperature 21 (C, flow 1 ml/min, pressure 47 bar, ( = 280 nm; k´: 2.32 (S)-2a, 2.79 (R)-2a; ( = 1.20; RS = 1.30.

(R)-2,2´-Bis(trimethylsilylethynyl)-1,1´-binaphthyl (2b). Yellowish oil. RF = 0.52 (chloroform-hexanes, 1:4). 1H NMR (CDCl3, (): 7.88 (d, J = 8.4 Hz, 2 H), 7.86 (d, J = 8.1 Hz, 2 H), 7.63 (d, J = 8.7 Hz, 2 H), 7.46 (ddd, J = 3.5, 8.1, 8.2 Hz, 2 H), 7.29 (m, 4 H), -0.28 (s, 18 H). 13C NMR (CDCl3, (): 141.8, 133.7, 133.2, 128.6, 128.5, 128.3, 127.3, 127.1, 127.0, 121.9, 105.5, 99.1, 0.03.
(R)-2,2’-Diethynyl-1,1’-binaphthyl (2c)
K2CO3 (500 mg, 3.6 mmol) was added to solution of (R)-2b (268 mg, 0.6 mmol) in MeOH/THF mixture (10 ml, 1:1) . The reaction mixture is stirred for 4 hours at room temperature. CHCl3 (35 ml) and water (15 ml) were added to it afterwards. The layers were separated, the organic layer was washed with water and brine and dried over Na2SO4. Solvent was evaporated and residue was purified by flash chromatography (eluent hexanes-chloroform, 9:1). Product 2c was isolated as white solid (165 mg, 91 %), m. p. 190-194 °C (CHCl3 a hexanes), >98 % ee (HPLC). RF = 0.37 (chloroform–hexanes, 1:4). Spectral data were in agreement with literature values.7 (RS)-2c: M. p. 199-205 (C. HPLC: Chiralcel Daicel OD-H column, eluent hexane-DME (99:1), temperature 21 (C, flow 1 ml/min, pressure 47 bar, ( = 280 nm; k´: 2.74 (S)-2c, 3.05 (R)-2c; ( = 1.11; RS = 0.89.
All compounds gave satisfactory MS and analytical data.
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