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Supplemental Crystallography Data 
 

 
Data set (inhibitor)    5252304 
One p66/p51 heterodimer per asymmetric unit 
Spacegroup     C2221     
Cell dimensions a, b, c (Å)   117.11, 153.05, 153.10 
Resolution range (Å)a    50-2.60 (2.69-2.60) 
% Completeness a    74.9 (13.1) 
 I/σ(I) a      16.4 (2.2) 
Rsym (%)a     7.4 (29.3) 
Observations a     1399632 
Unique reflections a    31913 (551) 
Rcryst

 b      23.46 
Rfree

 c      28.47 
Avg B factor (Å2) 
 Protein (chains A/B)   83.6 
 Water molecules   69.7 
  Inhibitor    78.6 
Rmsd bond length (Å)    0.006 
Rmsd bond angle (º)    0.933 
Ramachandran plot (% amino acids in region) 
 Favored     90.4 
 Allowed    9.0 
 Generous    0.4 
 Disallowed    0.2 
 
 
a numbers in parentheses are for the highest resolution shell 
b Rcryst = Σhkl | |Fobs| - |〈Fcalc〉| | / Σhkl |Fobs| 
c Rfree, Rcryst with 5% of Fobs excluded from refinement 
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Model of 4f in the NNRTI binding pocket 
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Synthetic Procedures 
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Compound 1: 3-(3-bromo-6-(2-(3,4-dihydroisoquinolin-2(1H)-yl)-2-oxoethyl)-5-fluoro-2-oxo-1,2-dihydropyridin-
4-yloxy)-5-chlorobenzonitrile 
 
 
 
 

 
Step 1 (synthesis of compound 11): 3-chloro-5-cyanophenol (6.0 g, 20 mmol) and potassium carbonate (7.0 g, 51 
mmol) were added to a solution of 2,3,4,6-tetrafluoropyridine (5.9 g, 39 mmol) in DMF (20 mL) at RT.  The reaction 
mixture was stirred for 1h, and then partitioned between ethyl acetate and water.  The organic layer was washed with 
brine, water, dried over sodium sulfate, and concentrated.  The remaining solid was purified by flash column 
chromatography and eluted with 0% to 10% ethyl acetate in hexane.  The product was obtained as a white solid (6.7 g, 
61%). 
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Step 2: Ethyl-tert-butylmalonate (2.06 g, 1.05 equiv) in DMF (5 mL) was added to 60% NaH (1.05 g, 2.0 equiv) in 
DMF (25 mL) at 0oC. The entire mixture was then warmed to RT for 20 min, after which it was recooled and the 
pyridyl phenyl ether (3.75 g, 13.2 mmol) in DMF (5 mL) was slowly added.  The reaction mixture was then allowed to 
slowly warm to RT over 2 hrs.  The mixture was then recooled to 0oC, quenched with saturated NH4Cl, diluted with 
water, and then extracted with Et2O.  The organic layers were washed with brine, dried over magnesium sulfate, and 
concentrated in vacuo.  The residue obtained was redissolved in DCM (25 mL) and treated with TFA (10 mL) for 3 h.  
After which, the mixture was concentrated in vacuo, and chromatographed (SiO2, 5% to 15% EtOAc/hexanes) to 
provide the ester product (2.7 g, 58%). 
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Step 3: NaOAc (1.74 g, 3 equiv) was added to the ester (1.50 g, 4.26 mmol) in AcOH (20 mL).  The mixture was then 
heated to 115oC for 3 days, after which it was cooled, concentrated in vacuo, and chromatographed directly (SiO2, 1% 
to 10% MeOH/DCM) to provide pyridone product (580 mg, 39%). 
 

 
Step 4: NBS (360 mg, 3.5 equiv) was added to a solution of the pyridone (200 mg, 0.57 mmol) in acetonitrile (3.5 mL).  
The mixture was allowed to stir at rt for 2 h, upon which point the mixture was quenched with saturated 1 M sodium 
bisulfite, diluted with water, and then extracted with EtOAc.  The organic layers were washed with brine, dried over 
magnesium sulfate, and concentrated in vacuo.  The residue obtained was redissolved in MeOH (5 mL) and treated 
with 1 M sodium bisulfite (5 mL) at 45oC for 3 h.  The mixture was diluted with water, and extracted with EtOAc.  The 
organic layers were washed with brine, dried over magnesium sulfate, concentrated in vacuo, and chromatographed 
(SiO2, 1% to 10% MeOH/DCM) to provide the bromo pyridone product (61 mg, 25%). 
 

 
Step 5: LiOH.H2O (18 mg, 2.25 equiv) in H2O (250 μL) was slowly added to a solution of the ester (80 mg, 0.19 
mmol) in THF (1 mL) at 0 oC.  After 7 h, 5% HCl was added, and the mixture was extracted with EtOAc.  The organic 
layers were washed with brine, dried over magnesium sulfate, and concentrated in vacuo.  Trituration of the solid with 
ether and hexanes provided the acid (40 mg, 54%). 
 

 
Step 6: EDCI (16 mg, 1.7 equiv) was added to a solution of 1,2,3,4-tetrahydroisoquinoline (9 mg, 1.3 equiv), N-
methylmorpholine (6 mg, 1.2 equiv), HOBT (7 mg, 1.05 equiv), DMAP (catalytic amount), and the phenyl acetic acid 
(20 mg, 0.050 mmol) in DMF (250 μL) at rt.  This mixture was then stirred 4 h at rt, NH4Cl was added, and the mixture 
extracted with CH2Cl2.  The organic layers were washed with brine, dried over magnesium sulfate, and concentrated in 
vacuo.  Preparative TLC (SiO2, 5% MeOH/ CH2Cl2) provided the desired product (10 mg, 39%). 
 

 
Compound 2a: 3-chloro-5-(3-chloro-6-(2-(3,4-dihydroisoquinolin-2(1H)-yl)-2-oxoethyl)-2-oxo-1,2-
dihydropyridin-4-yloxy)benzonitrile 
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Step 1: Silver carbonate (9.50 g, 0.60 equiv) and iodomethane (18.0 mL, 5.00 equiv) were slowly added to a solution 
of chloro nitro pyridone (10.00 g, 56.2 mmol) in benzene (100 mL).  After heating for 8 hrs at 50 oC, the reaction 
mixture was cooled to RT, filtered, and concentrated in vacuo.  The crude residue was then dissolved in CH2Cl2, 
washed with water and brine, dried over MgSO4, concentrated in vacuo, and chromatographed (SiO2, 100% CH2Cl2) to 
provide the methyl ether product (5.81 g, 55%). 
 

 
Step 2: 3-Chloro-5-cyanophenol (4.73 g, 1.00 equiv) and potassium carbonate (8.52 g, 2.00 equiv) were added to a 
solution of nitro compound from the previous step (5.81 g, 30.8 mmol) in DMF (90 mL).  After heating for 20 hrs at 50 
oC, the reaction mixture was cooled to RT, and poured into water (500 mL).  The mixture was extracted with ether, 
washed with water and brine, dried over MgSO4, and concentrated in vacuo to give material (~10 g) which was carried 
on to the next step. 
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Step 3: Ammonium chloride (6.59 g, 4.0 equiv) in water (50 mL), and Fe powder (6.88 g, 4.0 equiv) were slowly 
added to a solution of the nitro compound (~ 10 g, ~30.8 mmol) in EtOH (150 mL).  After heating for 2 h at 100 oC, the 
reaction mixture was filtered, and the residual iron was washed with EtOAc.  The organic layers were then washed with 
water and brine, dried over MgSO4, and concentrated in vacuo to provide the aniline product (8.26 g, 97% over two 
steps). 
 

 
Step 4: NBS (3.72 g, 1.05 equiv) was added in one portion to a solution of aniline compound from the previous step 
(5.43 mg, 19.7 mmol) in DMF (100 mL) at 0 oC.  After warming the reaction mixture from 0 oC to room temperature 
over 2.5 hrs, the reaction mixture was poured into water.  The mixture was extracted with ether, washed with water and 
brine, dried over MgSO4, and concentrated in vacuo to give ~6.5 g aniline product that was sufficiently pure to be used 
in subsequent steps.  Alternatively, this material can be chromatographed (SiO2, 10% to 50% EtOAc/hexanes). 
 

 
Step 5 (synthesis of compound 8): Lithium chloride (1271.76 mg, 30 mmol, 3 eq.) and Copper(II) chloride (97%, 
1663.32 mg, 12 mmol, 1.2 eq.) in acetonitrile (anhydrous, 15 mL) were stirred at 60°C for a few minutes, then tert-
Butyl nitrite (90%, 2339.2 μL, 17.7 mmol, 1.77 eq.) added, stirred for 10 min at 60°C, and eventually a solution of the 
aniline (3545.93 mg, 10 mmol) in acetonitrile (anhydrous, 35 mL) added. The reaction mixture was stirred at 60°C for 
2 h, then cooled to 0°C and quenched with dil. Hydrochloric acid. Extracted with Ethyl acetate. The combined extracts 
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were washed with sat. aq. Sodium chloride solution, dried over Magnesium sulfate and the solvent evaporated under 
reduced pressure.  
Purification by silica flash column chromatography (Hexane / Ethyl acetate 2 to 20%) gave 2373.6 mg (63.5%) of the 
chloride as a light yellow solid. 
 

 
Step 6: 2-tert-Butoxy-2-oxoethylzinc chloride (6.42 mL, 0.5M, 1.2 equiv) was added to a solution of 
bis(tritertbutylphosphine) palladium (137 mg, 0.10 equiv) and the aryl bromide (999 mg, 2.67 mmol) in dioxane (18 
mL) at RT.  This solution was then stirred at RT overnight, after which the mixture was quenched with sat. NH4Cl.  
The mixture was then extracted with EtOAc, washed with water and brine, dried over MgSO4, concentrated in vacuo, 
and chromatographed (SiO2, 5% to 25% EtOAc/hexanes) to provide the coupled product (825 mg, 75%).  
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Step 7 (synthesis of compound 9): TFA (2 mL) was added to a solution of the ester (800 mg, 1.96 mmol) in DCM (6 
mL) at RT.  This solution was stirred at rt for 4 h, and the mixture was concentrated in vacuo.  Toluene (6 mL) was 
then added and the mixture was further concentrated to provide phenyl acetic acid product (690 mg, 99%).  
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Step 8: EDCI (54 mg, 1.7 equiv) was added to a solution of 1,2,3,4-tetrahydroisoquinoline (29 mg, 1.3 equiv), Hunig’s 
base (26 mg, 1.2 equiv), HOBT (25 mg, 1 equiv), DMAP (20 mg, 1 equiv), and the phenyl acetic acid starting material 
(59 mg, 0.17 mmol) in DMF (2 mL) at RT.  This mixture was then stirred at RT overnight, after which a tan precipitate 
had formed.  This material was filtered and washed with water to provide pure amide product (77 mg, 99%).  
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Step 9: TMSCl (52 μL, 2.5 equiv) was slowly added to a solution of NaI (61 mg, 2.5 equiv) and the amide (76 mg, 
0.16 mmol) in acetonitrile (10 mL).  After stirring for 3 h at rt an orange precipitate had formed, to this was added 
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water (25 mL).  The resulting mixture was filtered, washed with water and EtOAc to give to provide the resulting 
pyridone (34 mg, 46%). 
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Compound 3a: 3-Chloro-5-(3-chloro-2-methoxy-6-phenethylpyridin-4-yloxy)benzonitrile 
 
 

 
Step 1: Bis(tri-t-butylphosphine)palladium (0) (108 mg, 0.21 mmol, 0.15 eq.) followed by phenethylzinc bromide 
(Rieke, 0.5M solution in THF, 4.2 mL, 2.11 mmol, 1.5 eq.) were added to a solution of the 6-bromo-pyridine (500 mg, 
1.41 mmol) in dioxane (anhydrous, 15 mL).  The reaction mixture stirred under argon at room temperature overnight.  
Purification by silica flash column chromatography (Hexane / Ethyl acetate 5 to 40%) provided 335 mg (63%) of the 
desired product as a yellow oil. 
 

 
Step 2: The Sandmeyer reaction to produce 3a was performed analogously to that for 2a (step 5, see above).  The 
product was isolated as a white solid 65 mg (56.2%). 
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Compound 3b: 3-(6-(2-(Benzo[d]oxazol-2-yl)ethyl)-3-chloro-2-oxo-1,2-dihydropyridin-4-yloxy)-5-
chlorobenzonitrile 
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Step 1: To a solution of 6-bromo-pyridine (561 mg, 1.5 mmol) in dioxane (anhydrous, 24 mL) was added bis(tri-t-
butylphosphine)palladium (0) (117 mg, 0.22 mmol, 0.15 eq.) followed by 3-ethoxy-3-oxopropylzinc bromide (Rieke, 
0.5M solution in THF, 4.5 mL, 2.25 mmol, 1.5 eq.) and the reaction mixture stirred under Argon at room temperature 
overnight. The reaction mixture was concentrated under reduced pressure.  Purification by silica flash column 
chromatography (Hexane / Ethyl acetate 2 to 20%, 2nd run 1 to 10%) provided 430 mg (72.5%) of the ester as a white 
solid. 
 

 
Step 2: To a solution of the ester (428 mg, 1.08 mmol) in THF (17 mL) was added a solution of lithium hydroxide (264 
mg, 10.8 mmol, 10 eq.) in water (4.2 mL) and the reaction mixture stirred at room temperature for 8 h. The reaction 
mixture was then diluted with water and ethyl acetate, acidified with 1M hydrochloric acid, the org. phase was washed 
with sat. aq. sodium chloride solution, dried over magnesium sulfate, and the solvent evaporated under reduced 
pressure.  Purification by silica flash column chromatography (dichloromethane / methanol 1 to 8%, 2nd run 0.5 to 5%) 
gave 216 mg (54%) of the acid as a white solid. 
 
 

 
Step 3: To a suspension of the acid (36 mg, 0.1 mmol) in acetonitrile (anhydrous, 1.5 mL) was added 2-aminophenol 
(99%, 11 mg, 0.1 mmol, 1 eq.), polymer supported triphenylphosphine (Polymer Laboratories PL-TPP Resin, loading 
1.5 mmol/g, 200 mg, 0.3 mmol, 3 eq.) and trichloroacetonitrile (98%, 20.5 μL, 0.2 mmol, 2 eq.) sequentially. The 
reaction mixture was heated in the microwave (Personal Chemistry Emrys Optimizer EXP) to 150°C for 15 min. After 
cooling the resin was filtered off and washed with dichloromethane / methanol (8:2) and methanol. The combined 
filtrates were concentrated under reduced pressure. The crude material thus obtained was triturated with warm (60°C) 
acetonitrile. Purification of the residue by prep. HPLC provided 7 mg (15.0%) of the benzoxazole as a white solid. 
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Compound 3a: 3-Chloro-5-(3-chloro-6-(2-(2-methylpyridin-4-yl)ethyl)-2-oxo-1,2-dihydropyridin-4-
yloxy)benzonitrile 

 
Step 1: To 4-bromo-2-methylpyridine (500 mg, 2.90 mmol), copper(I) iodide (55 mg, 0.29 mmol, 0.1 eq.) and trans-
dichlorobis(triphenylphosphine)palladium(II) (Strem, 99%, 206 mg, 0.29 mmol. 0.1 eq.) in triethylamine (10.5 mL) 
was added trimethylsilylacetylene (98%, 503 μL, 3.4 mmol, 1.2 eq.), and the reaction mixture stirred under nitrogen at 
room temperature overnight. Aqueous sodium chloride solution was added to the reaction mixture, and the organic 
material was extracted with ethyl acetate. The combined extracts were washed with sat. aq. sodium chloride solution, 
dried over magnesium sulfate, and the solvent evaporated under reduced pressure. The residue thus obtained was taken 
up in THF (35 mL), the solution cooled to 0°C, and tetrabutylammonium fluoride (3.2 ml of a 1.0M solution in THF, 
approx. 1.1 eq.) added. After stirring 15 min at 0°C, sat. aq. sodium chloride solution was added and the mixture 
extracted with ethyl acetate. The combined org. extracts were washed with sat. aq. sodium chloride solution, dried over 
magnesium sulfate, and the solvent evaporated under reduced pressure. Purification by silica flash column 
chromatography (Hexane / Ethyl acetate 12 to 100%) gave 184 mg (43%) of the alkyne as a brown solid. 
 

 
Step 2: To the bromide (50 mg, 0.13 mmol), copper(I) iodide (2.55 mg, 0.01 mmol, 0.1 eq.) and trans-
Dichlorobis(triphenylphosphine)palladium(II) (Strem, 99%, 9.48 mg, 0.01 mmol. 0.1 eq.) in triethylamine (0.5 mL) 
was added the acetylene (23.49 mg, 0.16 mmol, 1.2 eq.) and the reaction mixture was stirred under nitrogen at room 
temperature overnight. Aqueous sodium chloride was added to the reaction mixture, and the organic material was 
extracted with ethyl acetate. The combined extracts were washed with sat. aq. sodium chloride solution, dried over 
magnesium sulfate, and the solvent evaporated under reduced pressure.  Purification by silica flash column 
chromatography (Hexane / Ethyl acetate 10 to 80%) gave 23 mg (43%) of the diaryl alkyne. 
 
 

 
Step 3: A solution of the diaryl alkyne (23 mg, 0.05 mmol) in THF (2.7 mL) with palladium on carbon (10 wt. %, 7.6 
mg) was stirred under a hydrogen atmosphere at room temperature until LC/MS analysis indicated virtually complete 
conversion (60 min). The catalyst was removed by filtering the solution through a membrane filter.  Evaporation of the 
solvent under reduced pressure and purification by silica flash column chromatography (Hexane / Ethyl acetate 12 to 
100%) gave 14 mg (63.3%) of the pyridine. 
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Step 4: To a solution of the pyridine (23 mg, 0.05 mmol) in acetonitrile (anhydrous, 3.0 mL) was added sodium iodide 
(21 mg, 0.14 mmol, 2.5 eq.) followed by a solution of chlorotrimethylsilane (99%, 18 μL, 0.14 mmol, 2.5 eq.) in 
acetonitrile (anhydrous, 0.5 mL). The mixture was stirred at room temperature for 3 h. A mixture of sat. aq. sodium 
chloride solution (2 mL) and sat. aq. sodium hydrogencarbonate (1.0 mL) solution was added, and the organic materials 
were extracted with ethyl acetate. The combined extracts were dried over magnesium sulfate, and the solvent 
evaporated under reduced pressure.  Purification by prep. TLC (dichloromethane / methanol 5%) provided 14 mg 
(40.6%) of the pyridone product as a white solid. 
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Compound 3f: 3-Chloro-5-(3-chloro-6-(3-chlorophenethyl)-2-oxo-1,2-dihydropyridin-4-yloxy)benzonitrile 
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Step 1 (synthesis of compound 10f): To a solution of 6-bromo-pyridine (112 mg, 0.3 mmol) in 1,4-dioxane 
(anhydrous, 4.8 mL) was added bis(tri-t-butylphosphine)palladium (0) (Strem, 23 mg, 0.045 mmol, 0.15 eq.) followed 
by 3-chlorophenethylzinc bromide (Rieke, 0.5M solution in THF, 900 μL, 0.45 mmol, 1.5 eq.), and the reaction 
mixture stirred under Argon at room temperature overnight. The reaction mixture was concentrated under reduced 
pressure.  Purification by silica flash column chromatography (hexane / ethyl acetate 2 to 20%) gave 74 mg (57.0%) of 
the product as a white solid. 
 

 
Step 2: To a solution of the ether (74 mg, 0.17 mmol) in acetonitrile (anhydrous, 9.7 mL) was added sodium iodide (64 
mg, 0.43 mmol, 2.5 eq.) followed by a solution of chlorotrimethylsilane (99%, 54.6 μL, 0.43 mmol, 2.5 eq.) in 
acetonitrile (anhydrous, 1.1 mL). The reaction mixture was stirred at room temperature for 2 h. A mixture of sat. aq. 
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sodium chloride solution and sat. aq. sodium hydrogencarbonate solution was added, and the organics were extracted 
with ethyl acetate. The combined extracts were dried over magnesium sulfate, and the solvent evaporated under 
reduced pressure. The residue thus obtained was triturated with methanol and warm (60°C) acetonitrile to give 26 mg 
(36%) of the pyridone compound as a white solid. 
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Compound 4a:  3-Chloro-5-(3-chloro-5-fluoro-2-oxo-6-phenethyl-1,2-dihydropyridin-4-yloxy)benzonitrile 
 
 

 
Step 1: Hydrazine (1.5 mL, 47.3 mmol) was added to 3-chloro-5-(2, 3, 6-trifluoro pyridin-4-yloxy)benzonitrile (6.7 g, 
23.6 mmol) in 24 mL of THF at RT,.  White precipitate appeared after 1h.  The solvent was removed and the white 
residue triturated with hexane to obtain the product as a white solid (7.0 g, 100%). 
 

 
Step 2 (synthesis of compound 12): To 3-chloro-5-(3,6-difluoro-2-hydrazino-pyridin-4-yloxy)-benzonotrile (7.0 g, 
23.6 mmol) suspended in 50 mL of chloroform, was added bromine (2.44 mL, 47.2 mmol) dropwise.  The reaction 
mixture became an orange suspension, which was heated to 600C for 6 h.  The mixture was diluted with DCM, washed 
with saturated sodium sulfite, water, dried over sodium sulfate, and concentrated.  Purification by flash column 
chromatography and elution with 0% to 10% ethyl acetate in hexane, provided the product as a white solid (3.1g, yield 
38%).  
 

 
Step 3 (synthesis of compound 13a): To 3-(2-bromo-3,6-difluoro-pyridin-4-yloxy)-5-chloro benzonitrile(1.5 g, 4.35 
mmol) in 40 mL of dioxane, was added bis-(tri-tertbutyl phosphine)palladium(0), followed by 0.5 M phenethyzinc 
bromide (13 mL, 6.5 mmol) in THF.  After stirring at RT for 2 h, the reaction mixture was partitioned between ethyl 
acetate and brine, the organic layer dried over sodium sulfate, and the mixture was concentrated.  Purification by flash 
column chromatography, eluting with 0% to 10% ethyl acetate in hexane, provided the product as a colorless oil (1.1g, 
68%). 
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Step 4: Benzyl alcohol (460 μL, 4.45 mmol) was added to a mixture of sodium hydride (178 mg, 4.45 mmol) 
suspended in THF (20 ml) at RT.  After stirring for 10 min, a THF (20 mL) solution of 3-chloro-5-(3,6-difluoro-2-
phenethyl-pyridin-4-yloxy)-benzonotrile (1.1 g, 4.45 mmol) was added.  After 1h, the reaction was quenched with 
saturated aqoues ammonium chloride, extracted with ethyl acetate, dried over sodium sulfate, and concentrated.  
Purification by flash column, eluting with 0% to 10% ethyl acetate in hexane, provided the desired ether as a colorless 
oil (0.71g, 58%).  
 

 
Step 5: 3-(6-Benzyloxy-3-fluoro-2-phenethyl-pyridin-4-yloxyl)-5-chloro-benzonitrile (0.71 g) in 20 mL of TFA, was 
heated to 500C for 5 h.  Most of the volatile materials were removed, and the residue was dissolved in ethyl acetate and 
washed with aqueous sodium bicarbonate.  The extracts were dried over sodium sulfate and concentrated.  Purification 
by flash column chromatography, eluting with 0% to 5% methanol in dichloromethane, provided the desired pyridone 
as an offwhite solid (0.26g,  46%). 
 

 
 
Step 6:  3-Chloro-5-(5-fluoro-2-oxo-6-phenethyl-1,2-dihydro-pyridin-4-yloxy)-benzonitrile (37 mg, 0.1 mmol) was 
suspended in CH3CN (1 mL) and isopropanol(1 mL). NCS (13.4 mg, 0.1 mmol) was added at RT, and the reaction 
mixture was heated to 600C for 2 h.  Removal of the volatile materials and purification by preparative HPLC provided 
the product as white solid (8mg, 20%).  Compound 4b was prepared analogously using NBS. 
 
 
 

 
Compound 5a: 3-(5-benzyl-3-bromo-2-oxo-1,2-dihydropyridin-4-yloxy)-5-chlorobenzonitrile 
 
 
: 
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Step 1 (synthesis of compound 15): Silver carbonate (4.73 g, 0.51 equiv) and benzyl bromide (4.00 mL, 1.05 equiv) 
were slowly added to a solution of bromopyridone (8.5 g, 33.6 mmol) in benzene (120 mL).  After heating for 18 hrs at 
60 oC, the reaction mixture was cooled to RT, filtered, washed with EtOAc, and concentrated in vacuo.  The resulting 
material was chromatographed directly (SiO2, 3% to 15% EtOAc/hexanes) to provide the benzyloxypyridine product 
(5.1 g, 44%). 
 

 
Step 2: 3-chloro-5-cyanophenol (2.23 g, 1.00 equiv) and potassium carbonate (3.50 g, 1.75 equiv) were added to a 
solution of the nitro compound from the previous step (5.00 g, 14.55 mmol) in THF (50 mL).  After heating for 20 h at 
60 oC, the reaction mixture was cooled to RT and poured into water (200 mL).  The mixture was extracted with ether, 
washed with water and brine, dried over MgSO4, and concentrated in vacuo to give the crude diaryl ether (~7 g) which 
was carried on to the next step. 
 

 
Step 3: To a solution of diaryl ether (6.5 g, 14.1 mmol) in EtOH (50 mL) and EtOAc (10 mL) containing ammonium 
chloride (2.70 g, 3.5 equiv) and H2O (15 mL) was added electrolytic Fe powder (2.60, 3.5 equiv) with rapid stirring at 
50oC.  The temperature of the reaction was then raised to 100oC.  After 3 h, the reaction was filtered hot and EtOAc 
were added.  Concentration in vacuo gave a residue (~4.8 g) that was sufficiently pure to carry on to the next step.  
 

 
Step 4 (synthesis of compound 16): t-BuONO (3.1 mL, 2.2 equiv) was slowly added to a suspension of the aniline 
(4.6 g, 10.7 mmol) in diiodomethane (17.3 mL, 20 equiv), and the mixture was heated to 60oC.  After 30 min, the 
mixture was cooled and chromatographed directly (SiO2, 1% to 10% EtOAc/hexanes) to provide the desired iodide 
(2.75 g, 48%).  
 

 
Step 5: Benzylzinc bromide (450 μL, 0.5M, 1.2 equiv) was added to a solution of bis(tritertbutylphosphine) palladium 
(5 mg, 0.05 equiv) and the iodide (100 mg, 0.19 mmol) in dioxane (1 mL) at rt.  This solution was then stirred at room 
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temperature until deemed complete by LC/MS (~ 4 h).  Upon quenching with saturated NH4Cl, the mixture was 
extracted with EtOAc, washed with water and brine, dried over MgSO4, concentrated in vacuo, and chromatographed 
(SiO2, 10% to 33% EtOAc/hexanes) to provide the coupled product (46 mg, 50%).  
 

 
Step 6: TFA (1 mL) was added to a solution of the ether (45 mg, 0.092 mmol) in DCM (2 mL) at rt.  This solution was 
stirred at rt for 2 h, after which the mixture was concentrated in vacuo, and chromatographed (SiO2, 2% to 10% 
MeOH/DCM) to provide pyridone product (18 mg, 47%). 
 
 

 
Compound 5d: 3-(3-Bromo-2-oxo-5-((pyridin-4-ylmethoxy)methyl)-1,2-dihydropyridin-4-yloxy)-5-
chlorobenzonitrile 
 
 
 

NH

OHO

O

O NH

OHO

O

O

N+
O-O

 
Step 1: To a cold (ice bath) solution of 4-hydroxy-6-oxo-1,6-dihydro-pyridine-3-carboxylic acid ethyl ester (9.1g, 49.7 
mmol) in concentrated sulfuric acid (75 mL) was added nitric acid (2.9 mL, 64.6 mmol) dropwise. The mixture was 
stirred for 1 h and then the cooling bath was removed. After 15 min, the mixture was poured into a beaker containing a 
500 mL of ice. The material was stirred for 10 min, and the precipitated product was collected by filtration. The 
precipitate was washed well with greater than 1 L of water. The solid was dried in a vacuum oven, providing the 
desired product as a light yellow white solid (6.8 g).  
 

 

 
Step 2: To a mixture of 4-hydroxy-5-nitro-6-oxo-1,6-dihydro-pyridine-3-carboxylic acid ethyl ester (6.8 g, 29.8 mmol) 
and benzyltriethylammonium chloride (27.15 g, 119 mmol) in dry acetonitrile (115 mL) was added phosphoryl chloride 
(12 mL, 131 mmol) via drop-wise addition. The material was heated to 40 oC (oil bath) for 30 min and then heated to 
reflux for 1 hour. The mixture was cooled to ambient temperature, and the solvent and volatiles were removed on the 
rotary evaporator. Water (115 mL) was added and the mixture was stirred for 3 h. The precipitated product was 
collected by filtration. The solid is washed well with water and dried in the vacuum oven, providing an off-white 
crystalline product (6.21 g).  
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Step 3: To a solution of 4-chloro-5-nitro-6-oxo-1,6-dihydro-pyridine-3-carboxylic acid ethyl ester (7.5 g, 30.4 mmol) 
in dry dichloromethane (100 ml) was added trimethyloxonium tetrafluoroborate (4.59 g, 30.4 mmol) and the mixture 
was heated to reflux overnight. Additional trimethyloxonium tetrafluoroborate (2.3 g, 15.2 mmol) was added, and 
heating was continued for 4 hours. The solution was cooled to RT and water (50 ml) was added with stirring. The 
solution was extracted with CH2Cl2 and dried over magnesium sulfate. Chromatography (SiO2, 20 % EtOAc/Hexanes) 
gave the desired compound as a white crystalline solid (6 g). 
 

 
Step 4: To a solution of 4-chloro-6-methoxy-5-nitro-nicotinic acid ethyl ester pyridine (1.61 g, 6.18 mmol) in dry DMF 
(14 mL) was added powdered potassium carbonate (1.71 g, 13.6 mmol) followed by 3-bromo-5-chloro-phenol (1.41 g, 
6.8 mmol). The mixture was heated to 50 oC for 6 h and then at 80 oC for 5 h. Additional 3-bromo-5-chloro-phenol 
(220 mg) was added as well as K2CO3 (270 mg) and heating at 80 oC was continued for 4 h. The material was cooled to 
RT and concentrated (rotary evaporator/high vacuum pump). The remainder was taken up in ethyl acetate (60 ml) and 
water (60 ml). The organic phase was separated and dried over magnesium sulfate. Chromatography (SiO2, 2 - 14 % 
EtOAc/Hexanes) gave the title compound as a light yellow-brown solid (1.92 g). 
 

N

N+
O-O

OOCl

Br

O

O
N

OO

Cl Br

O

O

NH2

 
Step 5: To a solution of 4-(3-bromo-5-chloro-phenoxy)-6-methoxy-5-nitro-nicotinic acid ethyl ester (1.91 g, 4.43 
mmol) in ethanol (10 mL) and water (6 ml) was added electrolytic iron (1 g, 17.7 mmol) and ammonium chloride (957 
mg, 17.7 mmol). The mixture was heated to 100 oC for 4 hours. The material was filtered (hot) and rinsed well with hot 
EtOAc (about 100 ml). The filtrite was washed with an equal volume of brine and extracted with EtOAc ( 2 x 50 ml). 
The title compound was obtained as a light yellow-brown solid (1.54 g).  
 

 
  
Step 6: A solution of 5-amino-4-(3-bromo-5-chloro-phenoxy)-6-methoxy-nicotinic acid ethyl ester (1.53 g, 3.82 mmol) 
in dry THF (45 mL) was cooled to -78 oC (acetone / dry ice bath) under a N2 atmosphere. A solution of 
diisobutylaluminum hydride in CH2Cl2 (15 ml, 1.4 M) was added via drop-wise addition. The mixture was stirred for 5 
min and then warmed to 0 oC. An aqueous solution of 10% Rochelle’s salt (75 ml) was added and the mixture was 
stirred for 1.5 hours. The material was transferred to a separatory funnel and water (40 ml) was added with EtOAc 
(about 100 ml). The material was agitated and the EtOAc phase collected and washed with brine (100 ml). The aqueous 
phase was back extracted with EtOAc ( 2 x 75 ml). The combined organic phases were dried (MgSO4), filtered, and 
concentrated on the rotovap. Purification by preparative TLC (50% EtOAc / Hexanes) provided the final product as a 
light yellow-brown solid (900 mg).  
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Step 7: A mixture of [5-amino-4-(3-bromo-5-chloro-phenoxy)-6-methoxy-pyridin-3-yl]-methanol (847 mg, 2.36 
mmol), Zn(CN)2 (277 mg, 2.36 mmol) and Pd(PPh3)4 (278 mg, 0.24 mmol) in dry DMF (20 mL) was degassed (5 
vacuum / argon cycles). The material was heated to 80 oC for 8 hours under argon balloon. The material was cooled to 
RT and concentrated (rotary evaporator/high vacuum pump). The remainder was taken up in ethyl acetate (50 ml) and 
water (50 ml). Extraction with EtOAc, drying over magnesium sulfate, and chromatography (SiO2, 20 - 60 % 
EtOAc/Hexanes) gave the title compound as a off-white solid (648 mg). 
 

 
Step 8: A mixture of Cu(II)Br2 (366 mg, 1.64 mmol) and LiBr (357 mg, 4.11 mmol) in dry acetonitrile (5 mL) was 
heated to 60 oC. Tert-butylnitrite (0.31 ml, 2.4 mmol) was added dropwise and the material was stirred for 25 minutes. 
A solution of 3-(3-amino-5-hydroxymethyl-2-methoxy-pyridin-4-yloxy)-5-chloro-benzonitrile (418 mg, 1.37 mmol) in 
acetonitrile (4 mL) was added dropwise, and the mixture was stirred at 60 oC for 3 h.  The material was cooled to RT 
and poured into a mixture of 10% aqueous HBr (35 mL) and ethyl acetate (40 mL). The mixture was agitated and 
washed with equal volumes of water and brine. Extraction with EtOAc (2 x 40 ml), combination of the organic phases 
and drying over magnesium sulfate followed by chromatography (preparative TLC, 47% EtOAc/Hexanes) gave the 
title compound as a yellow-brown solid (259 mg). 
 

 
Step 9: An oven dried flask was charged with bromine (68 mg, 0.42 mmol) and taken up in CH2Cl2 (4ml). Imidazole 
(29 mg, 0.42 mmol) and 4-diphenylphosphino polystyrene resin (140 mg, 3 mmol/g) were added and the mixture was 
stirred for 5 minutes. A solution of 3-(3-bromo-5-hydroxymethyl-2-methoxy-pyridin-4-yloxy)-5-chloro-benzonitrile 
(118 mg, 0.38 mmol) in CH2Cl2 (2 ml) was added dropwise. The mixture was stirred for 15 min and then filtered. The 
CH2Cl2 filtrate was transferred to a separatory funnel and washed consecutively with equal volumes of 5% aqueous 
sodium thiosulfate and then brine. Extraction with CH2Cl2 (2 X 40 ml), drying (MgSO4), filtration, evaporation 
provided the title compound as a light yellow oil (131 mg). 
 

 
Step 10: A solution of pyridine-4-methanol (73 mg, 0.67 mmol) in dry THF (3 mL) was cooled to 0 oC (ice bath) under 
a N2 atmosphere. Powdered NaH (29 mg, 0.7 mmol, 60% in oil) was added, and the mixture stirred for 10 min. After 
20 min a solution of 3-(3-bromo-5-bromomethyl-2-methoxy-pyridin-4-yloxy)-5-chloro-benzonitrile (131 mg, 0.30 
mmol) in dry THF (2.5 ml) was added. The mixture was stirred for 3 h and then quenched with a saturated solution of 
aqueous NH4Cl (5 ml), water (30 ml) and EtOAc (30 ml). The material was shaken in a separatory funnel, and the 
EtOAc phase was collected and washed with brine (30 ml). Extraction with EtOAc (2 X 30 ml), drying (MgSO4), 
filtration and evaporation provided an oil. Chromatography (preparative TLC, 4% MeOH/CH2Cl2) gave the title 
compound as a light yellow semi -solid (34 mg). 
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Step 11: An oven dried flask was charged with 3-[3-bromo-2-methoxy-5-(pyridin-4-ylmethoxymethyl)-pyridin-4-
yloxy]-5-chloro-benzonitrile (34 mg, 0.074 mmol) and taken up in CH3CN (5 ml). Sodium iodide (27 mg, 0.19 mmol) 
was added and the mixture was cooled to 0 oC (ice bath) under N2 atmosphere. TMSCl (0.02 ml, 0.19 mmol) was added 
dropwise and the mixture was stirred for 5 min, at which point the cooling bath was removed. The mixture was stirred 
for 2.5 hours and then treated consecutively with 1 N HCl (0.25 ml), 5% aqueous NaHSO3 (0.5 ml). The mixture was 
stirred vigorously for 2 min and then brine (10 ml), water (10 ml) and then EtOAc (30 ml) was added.  The mixture 
was washed with brine (25 ml) and back extracted with EtOAc (2 X 25 mL). The organics were combined, dried 
(MgSO4), filtered and stripped. Chromatography (preparative TLC, 5% MeOH/CH2Cl2) gave the title compound as a 
light yellow powder (7 mg).  
 

 
Compound 6a: 3-(5-Benzyl-3-bromo-6-methyl-2-oxo-1,2-dihydropyridin-4-yloxy)-5-chlorobenzonitrile 
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Step 1: POCl3 (11.2 mL, 4.4 equiv) was added to a mixture of benzyltriethylammonium chloride (25.5 g, 4.0 equiv) 
and 3-nitro-4-hydroxy-5-bromo-2-pyridone (14.0 g, 56.0 mmol) in acetonitrile (100 mL).  This mixture was stirred at 
40oC for 30 min, after which it was refluxed for 1 h.  Upon cooling, the mixture was concentrated in vacuo to remove 
excess reagents, and then 100 mL of H2O was added at 0oC.  After stirring overnight, 3-nitro-4-chloro-5-bromo-2-
pyridone was obtained (13.9 g) as cream colored solid. 
 

 
Step 2: Silver carbonate (5.25 g, 0.51 equiv) and methyl iodide (2.56 mL, 1.05 equiv) were slowly added to a solution 
of bromopyridone (10.0 g, 37.4 mmol) in benzene (125 mL).  After heating for 18 hrs at 60 oC in a sealed tube, the 
reaction mixture was cooled to RT, filtered, washed with EtOAc, and concentrated in vacuo.  The resulting material 
was chromatographed directly (SiO2, 3% to 15% EtOAc/hexanes) to provide methoxypyridine product (6.2 g). 
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Step 3: 60% NaH (1.2 g, 1.3 equiv) was added to a solution of 3-chloro-5-cyanophenol (5.12 g, 1.4 equiv) in DMF (80 
mL) at 0oC.  This solution was then stirred at room temperature until all of the NaH had reacted (~30 min).  After 
recooling to 0oC, the methoxypyridine (6.7 g, 23.8 mmol) was added and the purple colored solution was allowed to 
stir from 0oC to rt.  After 1 h the mixture was quenched with sat. NH4Cl, extracted with EtOAc, washed with water and 
brine, dried over MgSO4, and concentrated in vacuo.  This material was chromatographed (SiO2, 15% to 33% 
EtOAc/hexanes) to provide slightly impure coupled product (~5 g) and recovered methoxypyridine starting material 
(~1 g). 
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Step 4: To a solution of coupled methoxypyridine (5.0 g, 12.5 mmol) in EtOH (60 mL) containing ammonium chloride 
(2.68 g, 4.0 equiv) and H2O (20 mL) was added electrolytic Fe powder (2.79, 4.0 equiv) with rapid stirring at 50oC.  
The temperature of the reaction was then raised to 100oC.  After 1 hr the reaction was deemed complete by TLC.  
While still hot, celite and EtOAc were added and the entire mixture was filtered over an additional portion celite.  
Concentration in vacuo gave a residue (~4.6g) that was somewhat insoluble and difficult to purify by chromatography.  
This material should be recrystalized or carried on crude.  
 

 
Step 5: Benzylzinc bromide (3.26 mL, 0.5M, 1.2 equiv) was added to a solution of bis(tri-tertbutylphosphine) 
palladium (104 mg, 0.15 equiv) and bromo-aniline (500 mg, 1.36 mmol) in dioxane (9 mL) at RT.  This solution was 
then stirred at RT for 2 h.  Upon quenching with sat. NH4Cl, the mixture was extracted with EtOAc, washed with water 
and brine, dried over MgSO4, concentrated in vacuo, and chromatographed (SiO2, 10% to 33% EtOAc/hexanes) to 
provide the coupled product (260 mg, 51%).  
 

 
Step 6: t-BuONO (143 μL, 1.75 equiv) was slowly added to a solution of CuBr (184 mg, 1.2 equiv) and LiBr (179 mg, 
3 equiv) in acetonitrile (3.5 mL) at 60oC.  To this was then added the product from the previous step (260 mg, 0.69 
mmol) in acetonitrile (3.5 mL) dropwise.  After heating for 1 h at 60oC the reaction mixture was cooled, and quenched 
with 5% aq. HBr.  The mixture was extracted with EtOAc, washed with water and brine, dried over MgSO4, 
concentrated in vacuo, and chromatographed (SiO2, 10% to 33% EtOAc/hexanes) to provide bromide (40 mg, 46%).  
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Step 7: TMSCl (87 μL, 2.5 equiv) was slowly added to a solution of NaI (103 mg, 2.5 equiv) and bromide (122 mg, 
0.28 mmol) in acetonitrile (2 mL).  After stirring for 3 h at rt the reaction mixture was quenched with aq. sodium 
thiosulfate.  The resulting mixture was extracted with EtOAc, washed with water and brine, dried over MgSO4, 
concentrated in vacuo, and chromatographed (SiO2, 1% to 10% MeOH/DCM) to provide pyridone (50 mg, 42%).  
 
 

Compound 6b: 3-Chloro-5-(3-chloro-6-methyl-2-oxo-5-(2-phenoxyethyl)-1,2-dihydropyridin-4-
yloxy)benzonitrile 
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Step 1: To a solution of copper chloride (0.878g, 6.53mmol) and lithium chloride (0.481g, 11.4mmol) in acetonitrile 
(20mL) at 60ºC was added tert-butyl nitrite (1.31mL, 9.94mmol, 1.75 eq. 90 %) dropwise. After 25 min at 60ºC, the 
pyridinyl compound was added. After 3 h at room temperature, the reaction mixture was poured into saturated 
ammonium chloride (15mL). Organic layer was washed with saturated ammonium chloride (15mL), dried (MgSO4), 
filtered and concentrated in vacuo to give a foamy, brown oily residue, which was flashed on silica (SiO2, 5 % 
EtOAc/Hexanes) to give the product as a white solid. (1.49 g, 68%)  
 

 
Step 3: To a suspension of the pyridine (1.37g, 3.53mmol) and Pd(PPh3) 4 (0.408g, 0.353mmol) in toluene (10mL) was 
added tributyl allyl tin (1.23mL, 3.88mmol, 1.1eq. 97%). The yellow reaction mixture was heated at 120ºC. After 16 h, 
the reaction mixture was cooled to RT and concentrated in vacuo to give a green oil, which was taken up in ether 
(20mL) and washed with brine (20mL), dried (MgSO4), filtered and concentrated in vacuo to give a yellow oil. 
Purification by flash chromatography (SiO2, 5 % EtOAc/Hexanes) gave the product as a oil (0.850g, 69 %).  
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Step 4: To a solution of the allylarene (0.814g, 2.33mmol) in THF (11mL) and H2O (2.4mL) was added osmium 
tetraoxide (47mg, 0.183mmol), followed by N-methyl morpholine N-oxide (0.630g, 4.58g) at 0ºC. The reaction 
mixture was warmed to room temperature over 1 h and stirred for 12h, To the brown reaction mixture was added 10 % 
Na2S2O3 in an aqueous solution (800mg in 8mL H2O) and the reaction mixture was stirred. After 30 min., the reaction 
mixture was extracted with EtOAc(2x10mL), and the combined organic extracts were dried over MgSO4, filtered, and 
the volume of the solvent was reduced to 3 mL and filtered through a short plug of silica with EtOAc. The solvent was 
removed to give a foamy, white solid, which was taken up in MeOH (6 mL) and H2O (6 mL) and stirred with sodium 
periodate (0.748 g, 1.5 eq.). After stirring the white slurry for 1.5 h, the reaction mixture was filtered to rid of the salt 
and diluted with EtOAc, washed with brine, dried (MgSO4), and concentrated in vacuo to give the product as a white 
foamy solid (0.792 g, 97 %).  
 

 
Step 5: To a solution of aldehyde  (0.792g, 2.26mmol) in methanol (16mL) was added sodium borohydride (94 mg, 
2.48 mmol) at 0ºC. Bubbling occurred and the color turned pink orange and a solid started to precipitate out of solution 
with further stirring. After 20 min. at 0ºC, the reaction mixture was partitioned between H2O (15mL) and EtOAc 
(15mL). The organic layer was washed with brine (15 mL), dried (MgSO4), filtered and concentrated in vacuo to give 
an orange solid, which was purified by chromatography (SiO2, 40 % EtOAc in Hexanes) to give the product as a white 
solid (0.591g, 74 %). 
 

 
Step 6: To a solution of the alcohol (0.250g, 0.708mmol) in THF (3mL) was added PPh3 (0.371g, 1.42mmol), phenol 
(0.067g, 0.708mmol) and diisopropylazodiacetate (0.151mL, 0.779mmol) dropwise at 0ºC. The reaction mixture was 
gradually warmed to room temperature and stirred for 12h. The solvent was removed under reduced pressure to give an 
oil, which was flashed (SiO2, 0%-100% 60/10/1 CH2Cl2/MeOH/NH4OH in CH2Cl2 to give the product (23mg, 8%). 
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Step 7: To a solution of the pyridinyl compound in acetonitrile (1 mL) was added sodium iodide (20mg, 0.134 mmol), 
followed by a dropwise addition of trimethylsilylchloride (0.017 mL, 0.134 mmol) at 0ºC. After 20 min, the ice bath 
was removed and the reaction mixture was stirred at RT. After 3 h, the reaction mixture was diluted with EtOAc (5mL) 
and poured into a mixture of saturated aqueous sodium bicarbonate (3 mL) and H2O (3 mL). The organic layer was 
washed with brine (5 mL), dried (MgSO4), filtered, and concentrated in vacuo to give a yellow oil, which was purified 
by preparative TLC (50 % 60/10/1 CH2Cl2/MeOH/NH4OH in CH2Cl2) to give an off-white solid (4mg, 18 %).  
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Compound 6c: 3-Chloro-5-(3-chloro-6-methyl-2-oxo-5-(3-(pyridin-4-yl)propyl)-1,2-dihydropyridin-4-
yloxy)benzonitrile 
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Step 1: In a 50 ml Schlenck flask was placed 1.78 g (5.09 mmole) of the allyl-pyridine 0.216 g (0.25 mmole, 5%) of 
Grubb’s catalyst (second generation), 1.71 g (10.2 mmole, 2 equivalent) of propenyl boronic acid pinacol ester, and 32 
ml of dichloromethane.  The mixture was evacuated, back filled with argon, and refluxed at 50 oC for 8 h.  The solvent 
was evaporated and the residue was purified by flash chromatography on silica gel eluting with 0 to 10% ethyl 
acetate/hexane.  The product was obtained as a light brown solid (1.44 g, 59%). 
 

 
Step 2: In a 25 ml Schlenk flask was placed 0.200 g (0.42 mmole) of boronic ester in 4 ml of 1,2-dimethoxyethane, 
0.104 g of 4-iodopyridine, 24 mg (0.021 mmole) of tetrakis(triphenylphosphine)palladium, and 0.145 g (1.05 mmole) 
of potassium carbonate in 0.5 ml of water.  The mixture was stirred, evacuated, and back filled with argon.  The 
mixture was stirred and heated at 90oC for 18 h.  The solvent was evaporated, triturated the residue with 30 mL of 50% 
ethyl acetate/dichloromethane, and the crude product was purified by flash chromatography on silica gel eluting with 0 
to 25% ethyl acetate / dichloromethane.  The  product (0.145 g, 81%) was obtained as a pink solid. 

 
Step 3: In a roundbottom flask was placed 0.129 g (0.30 mmole) of the alkene dissolved in 13 mL of THF. Platinum 
oxide (26 mg) was added.  The mixture was stirred under a balloon of hydrogen gas for 12 h,  filtered through a pad of 
Celite, evaporated, and purified by chromatography on silica eluting with 0 to 25% ethyl acetate/dichloromethane.  The 
product was obtained as a white solid (81 mg, 62%). 
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Step 4: In a flask was placed 75 mg (0.175 mmole) of the pyridine dissolved in 4 mL of acetonitrile and 66 mg (0.437 
mmole) of sodium iodide and 48 mg (0.437 mmole) of chorotrimethylsilane were added.  The cloudy mixture was 
stirred at RT under a nitrogen atmosphere for 1 h.  The mixture was poured into 100 ml of ethyl acetate, washed with 
10 mL of saturated sodium bicarbonate solution, 10 mL of 10% sodium bisulfite solution, 10 mL of brine, dried over 
magnesium sulfate, evaporated, and the residue purified by chromatography on silica gel eluting with 0 to 10% 
methanol/dichloromethane.  The pyridone was obtained as a white solid (56 mg of the pyridone, 77%). 
 

Supplementary Material (ESI) for MedChemComm
This journal is © The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


