Experimental Section

General.  Chromatography columns were used as received from manufacturers.  Solvents were reagent grade and were used without further purification.  Thin layer chromatography (TLC) was performed using glass-supported, 0.25 mm, E-Merck silica gel F-254 from EMD Chemicals, Inc. 

Van Deemter Plot.  (Flow rate optimization):  Initial experiments showed some variability with types of column pretreatment, methods of application, and choices of instrument.  As such, all comparisons were run on the same instruments and no column pretreatments were performed.
Into a tared round-bottom flask was weighed 4.0 g of acetophenone, 4.0 g of 4-methoxyacetophenone, 40 g of silica, then 250 mL of CH2Cl2 was added.  The mixture was stirred to dissolve the organic components and then was concentrated in vacuo using a rotary evaporator.  The resulting solid was weighed and distributed in order to afford 400 mg of a 1:1 mixture to each of 19 dry Thomson SINGLE StEP™ 40 g columns.  No column pretreatment was used.  The solids were sealed into place using a polyethylene frit.  Columns were run with an isocratic gradient of 5% ethyl acetate in hexanes on a Biotage® SP-1.  Three columns were run at each 30, 35, 40, 45, and 50 mL/min.  All experiments were run on the same instrument and were monitored at 254 nm.  Data for individual runs was exported using Biotage® SPX Data Manager Application 2.0.  Effective plate number was calculated using w½ and equation 2; this was then converted to plate height using equation 3 and the length of the columns, which were 14.2 cm.
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Table 1:  Elution data at various flow rates.

	Flow

Rate

mL/min
	
	Peak
	Half
	
	
	

	
	tR
	Height
	Height
	w½
	N
	H

	
	(s)
	(AU)
	(AU)
	(s)
	
	(cm)

	30
	1034
	2.27
	1.14
	128
	361
	0.0393

	30
	1038
	2.19
	1.09
	126
	376
	0.0377

	30
	1049
	2.00
	1.00
	150
	271
	0.0524

	35
	905
	2.14
	1.07
	109
	380
	0.0373

	35
	890
	1.95
	0.974
	123
	292
	0.0486

	35
	863
	2.13
	1.07
	111
	338
	0.0420

	40
	832
	2.14
	1.07
	99.0
	392
	0.0362

	40
	806
	2.17
	1.08
	95.9
	391
	0.0363

	40
	785
	2.05
	1.03
	99.5
	345
	0.0411

	45
	714
	1.93
	0.966
	93.1
	326
	0.0436

	45
	721
	1.66
	0.832
	107
	253
	0.0561

	45
	737
	1.90
	0.949
	94.7
	336
	0.0423

	50
	651
	1.59
	0.797
	103
	221
	0.0642

	50
	651
	1.81
	0.903
	86.4
	315
	0.0451

	50
	670
	1.87
	0.935
	87.8
	323
	0.0440


The data from three independent runs at each flow rate provided a relevant Van Deemter plot and clearly showed that the optimal flow rate for the column was 40 mL/min (Figure 1). 
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Figure 1.  The effect of flow rate on theoretical plate height N.

    Column Performance.  For comparison we chose commercially available columns with  230-400 mesh irregular silica gel of the same apparent quality.  Columns with spherical or finer silica gel may provide better resolution; however, such columns would produce higher back pressures which may preclude use on certain systems and may afford more fine silica contamination.  The determination of column variables requires that all columns be run at the same flow rate.

    For 2 g analyses a 1:1 mixture of either acetophenone – 4-methoxyacetophenone or 2-nitroanilinline – 4-nitroaniline was dried onto silica gel from CH2Cl2.  A total of 2 g of the 1:1 mixture (based on weight) were weighed into empty 12 g columns and were sealed into place with a polyethylene frit.  The columns were then placed in series with dry columns from each manufacturer and three identical runs were performed for each.  The acetophenone, 4-methoxyacetophenone mixture was run on a Biotage® SP-1 using 5% ethyl acetate in hexanes.  The 2-nitroanilinline, 4-nitroaniline mixture was run on a Teledyne Isco CombiFlash® Companion using 25% ethyl acetate in hexanes.  All experiments were run on the same Biotage® SP-1 or Isco® Companion, respectively.  Each instrument monitored 254 nm.  The Teledyne Isco CombiFlash® Companion and Biotage® SP-1 will not output data when absorbance peaks above 2.0 or 3.0 AU respectively.  Since 2.0 g samples were off-scale for these experiments Rs were calculated using peak width w while the data for the 400 mg samples was calculated using w½ which is more accurate.  Biotage® data was exported using Biotage® SPX Data Manager Application 2.0 and Isco® data was printed and analyzed manually.  
    The 400 mg experiments were run only for the acetophenone – 4-methoxyacetophenone mixture using the Biotage® SP-1.  The dried silica-analyte mixtures were weighed into empty 4 g columns which were run in series.  A collection threshold of 25 mAU at 254 nm was used for collection.  Appropriate fractions were combined and concentrated in vacuo to afford 4-methoxyacetophenone.  


Table 2.  Silica Gel Quality as Reported by Manufacturer.
	
	    RediSep™
	  SiliaFLASH™
	         SNAP™
	SINGLE StEP™

	Avg. Size
	-
	-
	58 M
	50 M

	Mesh
	230-400
	230-400
	230-400
	230-400

	Pore Size
	60 Å
	60 Å
	51 Å
	60 Å

	Particle Size Distribution
	35-70 M
	40-63 M
	30-90 M
	40-63 M


                        
Table 3.  Time required for final elution (min).

	
	
	Run 1
	Run 2
	Run 3
	Mean

	Acetophenones – 400 mg
	
	
	
	

	
	SNAP™
	30.7
	25.5
	23.9
	26.7

	
	SINGLE StEP™
	15.4
	16.1
	15.7
	15.7

	
	RediSep™
	16.7
	16.4
	16.4
	16.5

	
	SiliaFLASH™
	15.2
	15.0
	15.3
	15.2

	Acetophenones – 2 g
	
	
	
	

	
	SNAP™
	26.6
	28.2
	
	27.4a

	
	SINGLE StEP™
	19.4
	18.9
	18.8
	19.0

	
	RediSep™
	19.6
	20.1
	30.0
	23.2

	
	SiliaFLASH™
	18.3
	19.4
	19.2
	19.0

	Anilines – 2 g 
	
	
	
	

	
	SNAP™
	25.5
	26.7
	23.5
	25.2

	
	SINGLE StEP™
	18.3
	17.9
	19.4
	18.5

	
	RediSep™
	20.0
	18.8
	19.6
	19.5

	
	SiliaFLASH™
	18.7
	18.8
	17.6
	18.4




aData is for n=2.

                        
Table 4.  Recoveries of 4-Methoxyacetophenone or 4-Nitroaniline (mg).

	
	
	Run 1
	Run 2
	Run 3
	Mean

	Acetophenones – 400 mg
	
	
	
	

	
	SNAP™
	189
	211
	-
	200a

	
	SINGLE StEP™
	221
	209
	208
	213

	
	RediSep™
	194
	217
	211
	207

	
	SiliaFLASH™
	300
	184
	212
	232

	Acetophenones – 2 g
	
	
	
	

	
	SNAP™
	759
	1080
	-
	919a

	
	SINGLE StEP™
	1110
	1110
	1110
	1110

	
	RediSep™
	1110
	1120
	1100
	1110

	
	SiliaFLASH™
	1060
	1110
	1130
	1100

	Anilines – 2 g 
	
	
	
	

	
	SNAP™
	630
	740
	-
	685a

	
	SINGLE StEP™
	1000
	970
	980
	983

	
	RediSep™
	920
	930
	940
	930

	
	SiliaFLASH™
	920
	940
	1000
	953




aData is for n=2.

Table 5.  Data for column performance evaluations.

	
	tR1
	tR2
	w1
	w2
	k1
	k2
	
	N
	Rs

	
	(s)
	(s)
	(s)
	(s)
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Acetophenones

400 mg
	
	
	
	
	
	
	
	
	

	SNAP™ – 1
	516
	1180
	152 b
	265 a,b
	2.78 b
	1.28 b
	2.74b
	-
	-

	SNAP™ – 2
	597
	1340
	221 b
	306a,b
	3.38 b
	1.24 b
	2.61 b
	-
	-

	SNAP™ – 3
	502
	1250
	-
	209a
	2.60
	1.49
	3.06
	199
	-

	SINGLE StEP™ – 1
	318
	754
	116
	252 a
	1.53
	1.37
	3.27
	294
	2.37

	SINGLE StEP™ – 2
	303
	749
	113
	246 a
	1.60
	1.47
	3.39
	348
	2.48

	SINGLE StEP™ – 3
	310
	764
	115
	280 a
	1.61
	1.47
	3.38
	292
	2.30

	RediSep™ – 1
	339
	810
	79.0
	299 a
	2.19
	1.39
	3.03
	407
	0.33

	RediSep™ – 2
	337
	795
	83.8
	266 a
	2.18
	1.36
	2.98
	344
	0.27

	RediSep™ – 3
	333
	790
	84.2
	311 a
	2.17
	1.37
	3.01
	297
	0.28

	SiliaFLASH™ – 1
	307
	727
	81.0
	266 a
	2.10
	1.36
	3.01
	257
	2.42

	SiliaFLASH™ – 2
	316
	732
	105
	219 a
	2.15
	1.31
	2.92
	394
	2.56

	SiliaFLASH™ – 3
	322
	745
	104
	235 a
	2.11
	1.32
	2.94
	345
	2.50

	
	
	
	
	
	
	
	
	
	

	Acetophenones

2 g
	
	
	
	
	
	
	
	
	

	SNAP™ – 1
	459
	1160
	-
	-
	2.49
	1.52
	0.612
	-
	-

	SNAP™ – 2
	478
	1170
	-
	-
	2.51
	1.44
	0.573
	-
	-

	SINGLE StEP™ – 1
	309
	874
	159
	453
	1.58
	1.83
	1.16
	59.6
	1.85

	SINGLE StEP™ – 2
	308
	785
	165
	444
	1.53
	1.55
	1.01
	50.0
	1.57

	SINGLE StEP™ – 3
	327
	793
	158
	446
	1.61
	1.50
	0.933
	50.6
	1.58

	RediSep™ – 1
	355
	834
	162
	460
	1.91
	1.35
	0.709
	52.8
	0.71

	RediSep™ – 2
	360
	844
	167
	599
	1.92
	1.35
	0.700
	31.8
	0.71

	RediSep™ – 3
	405
	1030
	306
	618
	2.15
	1.55
	0.722
	44.7
	0.60

	SiliaFLASH™ – 1
	342
	801
	138
	417
	1.93
	1.34
	0.697
	59.1
	1.66

	SiliaFLASH™ – 2
	357
	832
	163
	445
	2.01
	1.33
	0.663
	55.9
	1.56

	SiliaFLASH™ – 3
	354
	829
	158
	424
	1.98
	1.34
	0.677
	61.0
	1.63

	
	
	
	
	
	
	
	
	
	

	Anilinesc 

2 g
	
	
	
	
	
	
	
	
	

	SNAP™ – 1
	25
	69
	27 b
	70 b
	2.1 b
	7.6 b
	3.6 b
	15 b
	2.1 b

	SNAP™ – 2
	26
	68
	35 b
	70 b
	2.3 b
	7.5 b
	3.3 b
	15 b
	2.4 b

	SNAP™ – 3
	30
	76
	26
	70
	2.0
	6.1
	3.1
	19
	2.1

	SINGLE StEP™ – 1
	25
	54
	11
	51
	1.6
	4.7
	3.0
	18
	1.5

	SINGLE StEP ™– 2
	25
	53
	17
	50
	1.5
	4.3
	2.8
	18
	1.7

	SINGLE StEP ™– 3
	25
	54
	20
	48
	1.5
	4.4
	2.9
	20
	2.1

	RediSep™– 1
	23
	52
	14
	62
	1.9
	5.6
	2.9
	11
	1.2

	RediSep™ – 2
	22
	51
	20
	56
	2.0
	6.0
	2.9
	13
	1.6

	RediSep™ – 3
	23
	60
	15
	59
	2.2
	7.2
	3.3
	17
	1.7

	SiliaFLASH™ – 1
	21
	52
	12
	54
	1.8
	5.9
	3.2
	15
	1.5

	SiliaFLASH™ – 2
	22
	53
	13
	55
	2.0
	6.3
	3.2
	15
	1.5

	SiliaFLASH™ – 3
	22
	50
	11
	50
	1.1
	3.7
	3.5
	16
	1.4


aThis value is w½.  bData estimated for unresolved peaks.  cValues for tR and w in mm.
Synthesis of imidazole standard

Preparation of 1-(3'-Methanesulfonyl-biphenyl-4-yl)-1H-imidazole.  Into a 500 mL flask was weighed 6.5 g (29 mmol) of 1-(4-bromophenyl)imidazole (Trans World Chemicals, Inc.), 11.1 g (55.5 mmol) of 3-methylsulfonylphenylboronic acid (Combi-Blocks, Inc.), 194 mL of DME.  The resulting solution was heated at 80-85 oC and dichloro[1,1’-bis(diphenylphosphino)ferrocene]palladium II (CombiPhos Catalysts, Inc., 500 mg, 2.4 mol%) was added followed by 25 ml of 3.5 M K2CO3.  The reaction was heated at 80-85 oC for 18 h then was concentrated in vacuo to remove DME.  The residue was dissolved in ethyl acetate and was washed into a separatory funnel with 1.0 M Na2CO3.  The ethyl acetate was separated and washed with 1.0 M Na2CO3 and brine. The organic layer was dried (Na2SO4), and concentrated in vacuo.  The residue was purified by silica gel flash chromatography (Biotage® SP-1, 160 g SiO2, gradient elution from 100% CH2Cl2 to 100% acetonitrile over 30 minutes).   This afforded the 1-(3'-Methanesulfonyl-biphenyl-4-yl)-1H-imidazole as a gray powder, yield:  4.57 g (53%).  1H NMR (CDCl3, 400 MHz) ( 8.19(t, J = 2 Hz, 1H), 7.97(dt, J = 8, 1 Hz, 1H), 7.93(s, 1H), 7.89(dt, J = 8, 1 Hz, 1 H), 7.74(d, J = 8.5 Hz, 2H), 7.71(t, J = 8 Hz, 1H), 7.53(d, J = 8.5 Hz, 2H), 7.35(t, J = 1 Hz, 1H), 7.25(s, 1H), 3.13(s, 3H); 13C NMR (DMSO-d6, 400 MHz) ( .  MS (CI), m/z 299 (M+H)+.   

Representative Separation Procedures.  
1)  Acetophenones, Isocratic.  Acetophenone and 4-methoxyacetophenone displayed Rf values of about 0.13 and 0.28, respectively, in 10% ethyl acetate in hexanes (CV ≈ 4.1).  Into a 50 mL flask was weighed 1.003 g of 4-methoxyacetophenone and 1.006 g of acetophenone.  The mixture was dissolved in 2.0 mL of CH2Cl2 and was applied directly to the top of a dry, 40 g Thomson SINGLE StEP™ column (void volume = CV = 80 mL).  The flask was washed with 1.0 mL of CH2Cl2  and this was then applied to the top of the column.  The column was sealed and attached to a Biotage® SP-1.  The column was run at 40 mL per minute and was flushed with 1 CV (66 mL) of hexanes then samples were eluted with 10% ethyl acetate in hexanes  Samples eluted before 10 CV of eluent were applied and displayed baseline resolution 
2)  Acetophenones, Gradient.  Acetophenone and 4-methoxyacetophenone displayed Rf values of about 0.24 and 0.39, respectively, in 20% ethyl acetate in hexanes (CV ≈ 1.6).  Into a 50 mL flask was weighed 1.000 g of 4-methoxyacetophenone and 1.010 g of acetophenone.  The mixture was dissolved in 2.0 mL of CH2Cl2 and was applied directly to the top of a dry, 40 g Thomson SINGLE StEP™ column (void volume = 80 mL).  The flask was washed with 1.0 mL of CH2Cl2 and this was then applied to the top of the column.  The column was sealed and  attached to a Biotage® SP-1.  The column was eluted at 40 mL per minute and was washed with 1 CV (81 mL) of hexanes then the gradient increased from 0% ethyl acetate to 40% ethyl acetate in hexanes over 10 CV (801 mL). The program was also set to run an additional 1 CV (40 mL) of 40% ethyl acetate in hexanes at the end of the run. Samples eluted before 10 CV of eluent were applied and displayed baseline resolution.
3) Imidazoles, Isocratic.  Into a 100 mL flask was weighed 1.000 g of 1-(4-bromophenyl)imidazole and 1.002 g of 1-(3'-Methanesulfonyl-biphenyl-4-yl)-1H-imidazole.  The mixture was dissolved in 20 mL of CH2Cl2 and 4.0 g of 60-mesh silica gel was added.  The resulting suspension was then concentrated to dryness.  Solids were scraped from the flask and applied directly to the top of a 40 g SNGLE StEP™ column (void volume = 80 mL).  The solids were  contained using a polyethylene frit, then the column was sealed and attached to a Biotage® SP-1.  The column was eluted at 40 mL per minute and was washed with 1 CV (81 mL) of CH2Cl2 then the mobile phase adjusted to 30% acetonitrile in  CH2Cl2.  

4) Imidazoles, Gradient.  Into a 100 mL flask was weighed 1.003 g of 1-(4-bromophenyl)imidazole and 1.001 g of 1-(3'-Methanesulfonyl-biphenyl-4-yl)-1H-imidazole.  The mixture was dissolved in 20 mL of CH2Cl2 and 4.0 g of 60-mesh silica gel was added.  The resulting suspension was then concentrated to dryness.  Solids were scraped from the flask and applied directly to the top of a 40 g SNGLE StEP™ column (void volume = 80 mL).  The solids were contained using a polyethylene frit, then the column was sealed and attached to a Biotage® SP-1.  The column was eluted at 40 mL per minute and was flushed with 1 CV (81 mL) of 12% acetonitrile in CH2Cl2 then the mobile phase adjusted to 50% acetonitrile in CH2Cl2 over 801 mL
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