Supplementary Material for Chemical Communications

This journal is © The Royal Society of Chemistry 2003

PAGE  
2

Towards “Designer” Surfaces: Functionalisation of self-assembled monolayer (SAM) on colloidal gold by alkene metathesis
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SUPPLEMENTARY INFORMATION

A. Syntheses (numbering according to Schemes – other intermediates indicated as i, ii, etc.)

A.1
Synthesis of double bond terminated Substrate 4

CH2=CH(CH2)8Br (i). A solution of triphenylphosphine (5.23 g, 19.96 mmol) in dry dichloromethane (34 ml) was cooled to 0 0C under argon. Bromine (3.2 g, 19.96 mmol) was added drop by drop over a period of 10 min. The mixture turned milky white to orange about halfway through the reaction. At the end it was orange and turbid. The ice bath was removed and the suspension was stirred at room temperature for 30 min. A solution of alcohol (3.12 g, 19.96 mmole) and triethylamine (2.02 g, 19.96 mmol) in dichloromethane (6 ml) was added drop wise over a period of 20 min. The mixture became homogeneous during addition and then became cloudy at the very end of the addition. The resulting yellow solution was stirred overnight at room temperature. It was then taken in a separating funnel, washed with 3x30 ml water. Dried over sodium sulphate. Almost the entire amount of the solvent was removed. 10 ml of DCM and then Hexane (40 ml) was added to it. The solid was removed by rapid filtration. Washed with 17-18 ml of Hexane. Solvent was evaporated and a white residue was obtained. The same process (addition of hexane, filtration, evaporation) was repeated twice. Finally, the yellowish oil was distilled (50 0C / 0.3mm Hg) to yield 3.2 g (73%) of 1-bromodecene.

1H NMR (CDCl3): δ 5.93 (m, 1H, CH2=CHCH2-), 4.96 (m, 2H, CH2=CHCH2-), 3.40 (t, j =6.5 Hz, 2H, BrCH2CH2-), 2.10 (m, 2H, CH2=CHCH2- ), 1.95 (m, 2H, CH2=CHCH2CH2-), 1.40 (m, 10H, CH2=CHCH2CH2(CH2)5-)

13C NMR (CDCl3): δ 28.15, 28.74, 28.88, 29.03, 29.33, 32.82, 33.81, 114.09, 139.05

CH2=CH(CH2)8O(CH2CH2O)3H (ii). A degassed 50% aqueous NaOH solution (1.24 ml, 15.9 mmol) was added very slowly with stirring to trigol (11.46 g, 76.3 mmol) under argon. The reaction mixture was then heated in an oil bath (100 0C) for 45 min. After cooling it to room temperature bromodecene (i, 3.5 g, 15.9 mmol) was added dropwise. The mixture was heated under reflux for 24 h, cooled, and then extracted six times with pet ether. Combined pet ether extract was dried over Na2SO4 and concentrated.  Flash column chromatography (65% ethyl acetate / pet ether) afforded 2 g (43%) of pure product.

1H NMR (CDCl3): δ 5.90 (m, 1H, CH2=CHCH2-), 4.94 (m, 2H, CH2=CHCH2-), 3.68 (m, 12h, -O(CH2CH2O)3- ), 3.44 (t, 6Hz, 2H, -(CH2)9CH2O-), 2.57 (bs, 1H, -OH), 2.04 (m, 2H, CH2=CH2CH2-), 1.57 [m, 2H, -CH2CH2CH2O-], 1.24 [m, 14H, SCH2(CH2)7-].

13C NMR (CDCl3): δ 25.83, 28.63, 28.81, 29.18, 29.40, 33.48, 58.62, 69.83, 70.24, 70.38, 71.19, 71.71, 113.83, 138.79

(SCOCH3)CH2(CH2)9O(CH2CH2O)3H (2).  Mercaptoacetic acid (0.95 g, 0.0125 mmol) was added to compound ii (1.63 g, 0.005 mmol) in dry methanol (29 ml) under argon atmosphere. AIBN (7 mg) was then added and the solution was irradiated by 450 W medium pressure mercury lamp for 7 h in a pyrex tube. The solvent was evaporated. Flash column chromatography (65% ethyl acetate / pet ether) furnished 1.6 g (88%) of product 2.

1H NMR (CDCl3): δ 3.65 [m, 12H, -O(CH2CH2O)3-], 3.44 [t, J = 6Hz, 2H, -(CH2)9CH2O-], 2.85 [t, J = 6 Hz, 2H, -CH2SCOCH3], 2.62 [bs, 1H, -OH], 2.31 [s, 3H, -SCOCH3], 1.57 [m, 2H, -OCH2CH2CH2-], 1.24 [m, 14H, -SCH2(CH2)7-].

13C NMR (CDCl3): δ 25.87, 28.55, 28.85, 29.21, 29.44, 30.35, 85.73, 69.87, 70.42, 71.27, 71.74, 160.

(SCOCH3)CH2(CH2)9O(CH2CH2O)3CH2CH=CH2 (3). Freshly prepared allyl trichloroacetimide (79 mg, 0.823 mmol) in dry cyclohexane (4 ml) was added to compound 2 (150 mg, 0.41 mmol) in dry dichloromethane (2 ml) under argon atmosphere. One drop of triflic acid was added, and the reaction mixture was stirred at room temperature for 18 h. To neutralize the acid, 0.5 ml of 10% aq. NaHCO3 was then added. It was extracted with dichloromethane, washed with 2x20 ml water and dried over Na2SO4. Flash column chromatography (20% ethyl acetate / pet ether) yielded 110 mg (66%) of compound 3.

 1H NMR (CDCl3): δ 5.94 [m, 1H, -CH=CH2-], 5.24 [m, 2H, -CH2=CH-], 4.02 [d, J = 6 Hz 2H, -OCH2CH=], 3.60 [m, 12H, -O(CH2CH2O)3-], 3.47 [t, J = 6 Hz, 2H, -CH2(CH2)9S-], 2.85 [t, J = 6 Hz, 2H, -SCH2], 2.32 [s, 3H, -SCOCH3], 1.57 [m, 2H, -CH2CH2CH2O-], 1.24 [m, 14H, SCH2(CH2)7-].

13C NMR (CDCl3): δ 26.02, 28.74, 28.99, 29.07, 29.40, 29.58, 30.50, 69.43, 70.02, 70.60, 71.45, 72.15, 116.88, 135.09.

HSCH2(CH2)9O(CH2CH2O)3CH2CH=CH2 (4). Compound 3 (50 mg, 0.1 mmol) was dissolved in dry, argon-degassed methanol. To it was added 0.1 ml of conc. HCl and the solution was heated under reflux for 5 h under argon. The solution was cooled, and the solvent was evaporated. Flash column chromatography (25% ethyl acetate / pet ether) afforded 30 mg (69%) of compound 4.

1H NMR (CDCl3): δ 5.94 [m, 1H, -CH=CH2], 5.22 [m, 2H, CH2=CH-], 4.01 [d, J = 6 Hz, 2H,  -OCH2CH=), 3.44 [t, 2H, J = 6 Hz HS(CH2)9CH2-], 2.51 [q, J = 6 Hz, 2H, HSCH2-], 1.57 [m, 3H,           -CH2CH2CH2O-], 1.24 [m, 14H, HSCH2(CH2)7-]

13C NMR (CDCl3): δ 24.85, 26.32, 28.60, 29.26, 29.67, 29.74, 29.89, 34.26, 69.73, 70.36, 70.91, 71.76, 72.45, 117.19, 135.09.

A.2
Synthesis of double bond terminated metal carbene complex 8A
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 (p-Br-C6H4)-OCH2CH2CH=CH2 (iii). Small pieces of sodium (69 mg, 3 mmol) was added to absolute ethanol (4 ml) and stirred for 30 min. A solution of p-bromophenol (519.03 mg, 3 mmol) in 2 ml absolute ethanol was added and stirred for 15 min. Bromobutene (445.5 mg, 3.3 mmol) was added very slowly by a syringe. The solution was heated under gentle reflux for 3 h. After evaporating the solvent, ca. 5 ml of water and 10 ml of ether were added to the residue. The organic layer was separated and washed with 2x25 ml of 10% NaOH, water, dilute H2SO4 and water. The ether extract was dried over Na2SO4 and concentrated. Flash column chromatography (5% ethyl acetate-pet ether) afforded 300 mg (44%) of compound iii.

1H NMR (CDCl3): δ 7.37 [m, 2H, m-Ph], 6.80 [m, 2H, o-Ph], 5.91 [m, 1H, -CH=CH2], 3.99 [t, 2H, -OCH2-], 2.54 [m, 2H, -OCH2CH2-].

13C NMR (CDCl3): δ 33.48, 67.48, 112.80, 116.40, 117.07, 132.17, 134.12, 158.05, 159.59.

Metal carbene complex. In a two-necked round bottom flask, compound iii (222.3 mg, 0.971 mmol) was dissolved in dry ether and the solution was cooled to 0 0C under argon. BuLi (0.688 ml, 0.971 mmol) was added to it drop wise, and the mixture was stirred for 30 min at 0 0C. The contents of the flask were transferred into another round bottom flask containing a suspension of tungsten hexacarbonyl (263.93 mg, 0.75 mmol) in dry ether (2 ml) cooled to 0 0C under argon atmosphere. After stirring for 10 min. at 0 0C, the reaction mixture was allowed to attain room temperature. Evaporation of the solvent followed addition of 2 ml of degassed distilled water. Meerwein’s salt (1M solution in DCM) (0.97 ml, 0.97 mmol) was added to it in one portion. The complex was extracted with pet ether and filtered through a pad of silica. Further purification by flash column chromatography (10% ethyl acetate / pet ether) afforded 260 mg (67%) of the pure product. 
1H NMR (CDCl3): δ 7.66 (m, 2H, o-Ph], 6.89 [m, 2H, m-Ph], 5.90 [m, 1H, -CH=CH2]

5.10 [m, 4H, CH2=CH-, -OCH2CH3], 4.11 [t, J = 6 Hz 2H, -OCH2CH2-], 2.57 [q, J = 6 Hz, 2H, -CH2CH=CH2], 1.71 [t, J = 6 Hz, 3H, -OCH2CH3].

13C NMR (CDCl3): δ 14.94, 33.38, 67.54, 79.52, 113.78, 114.60, 117.37, 131.92, 133.87, 146.92, 163.27, 197.77, 203.10, 311.01.

A.3
Synthesis of ferrocene derivative 
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Ferrocenylphenyl carbinol. Magnesium (364 mg, 15 mmol) and a crystal of iodine were taken in a two-necked round bottom flask fitted with a reflux condenser under argon atmosphere. Ether (10 ml) was added.  Bromobenzene (1.1 ml, 10 mmol) was added very slowly with stirring for 30 min. Stirred for 2 hour. In another round bottom flask, ferrocenecarboxaldehyde (215 mg, 1 mmole) was dissolved in dry THF and the solution was cooled to –78 0C. The Grignard reagent was added slowly to this solution with stirring. Stirring was continued at –78 0C for 2 h. The reaction mixture was then allowed to attain 0 0C during 45 min. The reaction mixture was quenched with saturated NH4Cl solution, and was extracted with ethyl acetate. The organic extract was washed with water. Purification by flash column chromatography (10% ethyl acetate / pet ether) afforded 290 mg (99%) of pure carbinol.

1H NMR (CDCl3): δ 7.33 [m, 5H, -Ph], 5.44 [s, 1H, -CH(OH)Ph], 4.29 [s, 9H, Fc]

13C NMR (CDCl3): δ 66.12, 67.44, 68.14, 68.58, 71.93, 94.20, 126.58, 128.06.

Preparation of allyl ether. The carbinol (146 mg, 0.5 mmol) was dissolved in dichloromethane. Allyl bromide (80 mg, 0.5 mmol), 50% NaOH (0.05 ml) and tetrabutylammonium bromide (6 mg, 0.05 mmol) was successively added to it. The mixture was stirred for 24 h. Organic layer was separated, and aqueous layer was extracted with dichloromethane. Combined organic extract was washed with water and dried over Na2SO4. The solvent was evaporated and the residue was purified by flash column chromatography (5%EtOAc-pet ether) to yield 50 mg (30%) of allyl ether.

1H NMR (CDCl3): δ 7.36 [m, 5H, Ph], 5.97 [m, 1H, -CH=CH2], 5.26 [m, 2H,              -CH=CH2], 4.10 [m, 12H, Fc, -CHFc, -OCH2CH=].

13C NMR (CDCl3): δ 67.26, 67.96, 68.95, 69.57, 79.83, 116.55, 127.32, 127.58, 128.17, 135.11.

A.4
Synthesis of  amine with trityl functionality
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HOCH2CH2NHCOOEt.  Ethanolamine (2.4 g, 20 mmol), K2CO3 (32 g, 120 mmol) and ethyl chloroformate (8.6g, 80 mmol) was taken in dry acetone (100 ml). Refluxed for 6 hour. Cooled and filtered. Evaporated out of the solvent and purified by flash silica to yield 2.2 g (83%) of desired product.

1H NMR (CDCl3): δ 4.12 [q, 2H, J = 6 Hz,  -COOCH2CH3], 3.71 [t, J = 4 Hz, 2H, -HNCH2CH2-], 3.33 [t, J = 4 Hz, 2H, -HNCH2CH2-], 1.25 [t, J = 6 Hz, 3H, -COOCH2CH3]
13C NMR (CDCl3): δ 14.07, 42.82, 60.90, 157.28. 

Ph3COCH2CH2NHCOOEt. The alcohol described above (1.33 g, 10 mmol) was dissolved in dry pyridine (10 ml) and cooled to 0 0C under argon atmosphere. Trityl chloride (5g, 20 mmol) was added and stirred at room temperature for 48 hour. Poured into an ice-cold aq. NaHCO3 solution. Extracted with dichloromethane. The organic layer was washed with water and dried over Na2SO4.The solvent was evaporated out and flash column was done with 10% ethyl acetate-pet ether to yield 3.33 g (88%) of trityl ether.

1H NMR (CDCl3): δ 7.35 (m, 15H, -OCPh3 ), 4.12 (q, J = 6 Hz, 2H, -COOCH2CH3), 3.33 (m, 2H, -NHCH2CH2), 3.21 (t, 2H, J = 4 Hz -NHCH2CH2), 1.26 (t, J = 6 Hz, 3H, -COOCH2CH3)

13C NMR (CDCl3): δ 14.59, 41.16, 60.64, 62.70, 86.59, 126.99, 127.33, 128.53, 143.79, 159.64.

Ph3COCH2CH2NH2. The tritylated compound (375 mg, 1 mmol) was dissolved in distilled ethanol (3 ml) and water (0.4 ml), KOH (336 mg, 6 mmol) was added. Refluxed for 48 hour under argon atmosphere. Solvent was evaporated out. Extracted with ether. Organic layer was washed with water. Purification was done by crystallization from ethyl acetate / pet ether to yield 204 mg (68%) of product.

1H NMR (CDCl3): δ 7.35 (m, 15H, -OCPh3), 3.07 (m, 4H, NH2CH2CH2-)

13C NMR (CDCl3): δ  61.13, 63.54, 85.59, 125.87, 128.01, 129.93, 142.09. 

A.5
Synthesis of  NHS with terminal double bond 9A
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NHS-OCOCH2CH=CH2 (9A) DCC ( 3.13 g, 0.0152 mole) was added to a dry DCM (7 ml)  solution of  3-butenoic acid (1.2 g, 0.014 mmol) and N-hydroxysuccinimide (1.74 g, 0.015 mmol) at 0 0C. Stirred at r. t. for two hour. Filtered and washed with a small amount of DCM. Purification was done by flash column chromatography with 10% ethyl acetate-pet ether to yield 1.0 g (36%) of the desired intermediate.

1H NMR (CDCl3): δ 5.90 (m, 1h, -CH=CH2), 5.31 (m, 2H, -CH=CH2), 5.37 (m, 2H, -COCH2CH=), 2.81 (s, 4H, -COCH2CH2CO-).

13C NMR (CDCl3): δ 25.36, 35.17, 120.12, 127.43, 166.36, 168.93.

B.
NMR spectra of selected compounds
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Fig S1: 1H NMR (200 MHz, CDCl3 ) of compound 4
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Fig S2: 13C NMR of compound 4
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Fig S3: 1H NMR (500 MHz, CDCl3) of double-bond-terminated thiol capped mixed SAM on gold 5
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Fig S4: 1H NMR (200 MHz, CD2Cl2) of gold colloid before reaction of NH2CH2CH2OCPh3 with NHS-functionalized gold colloid 
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Fig S5: 1H NMR (200 MHz, CD2Cl2) of gold colloid after reaction of NH2CH2CH2OCPh3 (11) with NHS-fictionalized gold colloid 
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Fig S6: 1H NMR (200 MHz, CDCl3) of FcCH(OCH2CH=CH2)Ph 
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Fig S7: 1H NMR (200 MHz, CD2Cl2) of gold colloid with ferrocene  functionality.
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Fig S8: 1H NMR (200 MHz, CDCl3) carbene complex, (CO)5W=C(OEt)Ph(p-OCH2CH=CH2) (compound 8A).
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Fig S9: 1H NMR (500 MHz, CD2Cl2) of gold colloid with metal carbene (compound 8A) functionality.

C.
IR spectra of selected compounds
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Fig S10: IR spectra of gold colloid before reaction of NH2CH2CH2OCPh3   with NHS-functionalized gold colloid.
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Fig S11: IR spectra of gold colloid after reaction of NH2CH2CH2OCPh3 with NHS-functionalized gold colloid.
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	Fig S12: CO absorption region in IR spectrum – 

(a) alkoxy Fischer carbene complex in solution; 

(b) Fischer carbene complex grafted on surface.


	


	
[image: image18.wmf] 

2300

2200

2100

2000

1900

1800

Wavenumber (cm-1)

1926.75

1969.19

2061.76


(a)
	
[image: image19.wmf] 

2000

1924.83

1971.11

2059.83


(b)

	  Fig S13. CO absorption region in IR spectrum – 

(a) amino carbene complex in solution; 

(b) amino carbene complex after aminolysis on surface




D.
Cyclic voltammogram of gold colloid functionalized by ferrocene-derivative
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Figure S14. Cyclic voltammogram ((() and differential pulse voltammogram (------) of gold colloid functionalized by ferrocene-derivative
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