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Supplementary Material

Table 1: Metalation/methylation with N-phenylated Pyridones 4a and 4b - Most Successful Results 
% Distribution of Products^

Entry* Exchange conditions Solvent MeI Time
SM 4d 5 6

1 d 4a + TG + CuCN•2LiCl (10% mol) THF 20 V 4 eq. 20h 8.6 40.8 27.6 11.8
2 a 4b + TG + CuCN•2LiCl (10% mol) " " 3h 0 43.2 26.5 14.1
3 a 4b + TG + CuCN•2LiCl (5% mol) " " 20h 0 12.6 47.7 39.6
4 a 4a + TG + CuCN•2LiCl (10% mol) " 10 eq. 4h b 0 83.1 14.7 2.2
5 d 4b + TG + CuCN•2LiCl (10% mol) " " 1h 0 69.1 24.4 6.4

1h 0 66 32.8 1.26 a 4a + Ate Complex (3 eq.) c Me-THF 4 eq. 2h 0 74.4 14.1 11.5
* Under N2, analysis is based on HPLC: 98% of H Product (5) after end of addition of TG (besides in entry 1."Turbo Grignard", 1.5 eq.) or "Ate 
Complexes" and quenching a rx. sample with water and sampling the rx again after addition of MeI; ^ main products, the rest are side 
products such as 7-9; a (-10°C) ->RT; b isolated yield after flash chromatography is: ~ 50% with 80% 4d (in HPLC), 1NMR clearly showed 84% 
4d & 15% 5, only 1% of D-5 (quenching of rx. was done with D2O); c BuLi+iPrMgCl-2:1. Eq. means total metalating agent vs. SM; d @rt  

Table 2: Metalation/methylation with N-phenylated Pyridones 4a and 4b
Products

Entry Exchange 
conditions Solvent Methylation 

reagent Time
SM 5 4d 6

MeI (2 eq.) 2h a 10-20% 60-70% 10%
1*

4a + Turbo 
Grignard 
(1.15 eq.) + MeI (2 eq.) 24h 80.6% 5% 13%

4h 75% 4.2% 20%
2 b MeI (2 eq.)

24h 73% 4.5% 22%
5h 82% 0.3% 2.6%

3  b  methyltriflate
(2 eq.) 5d. 83% 0.3% 3%

5h 70.3% 4.1% 2.8%
4  b

4a + Turbo 
Grignard 
(1. 5 eq.)

THF 
(20V)

dimethyl 
sulfate (2 eq.) 5d.

0

72.5% 4.0% 3%
5h 47.4% 38.8% 0 0

5 c

4a + Bu-Li
(1 eq.) + 
MeMgCl
(0.5 eq.)

THF 
(10V) 20h 49% 40% 2% 0

3h 8.9% 27.5% 40.5% 12%

6 d

4a + Turbo 
Grignard (1.5 

eq.) + 
CuCN•2LiCl 
(0.1 eq., 10 

mol %)

20h 8.6% 27.6% 40.8% 11.8%

3h 24% 33% 42%

7 d

4a + Turbo 
Grignard (1.5 

eq.) + 
CuCN•2LiCl (1 

eq.)
20h 

0
28.5% 30.5% 41%

0.5h 83.3% 3.59% 13.11%
1h 66% 7.42% 26.55%

8 d

4a + Turbo 
Grignard (1.5 

eq.) + 
CuCN•2LiCl 

(0.025 eq., 2.5 
mol %)

3h 
0

25.92% 21.43% 52.65%

3h 26.51% 43.24% 14.16%

9 d

4b + Turbo 
Grignard (1.5 

eq.) + 
10 mol% 

CuCN•2LiCl

THF 
(20V)

MeI
(4 eq.)

20h 
0

24.22% 39.41% 13.51%
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*@-30°C, under N2, after 2 h (based on TLC & HPLC: 96% of H Product after end of addition of Turbo Grignard and quenching with water) aadditional MeI (2 
eq.) was added reaction monitored by TLC; b@-2°C-0°C; c (-10°C) ->0°C->RT;  d (-10°C) ->RT; e isolated yield after flash chromatography is: ~ 50% with 80% 4d 
(in HPLC), 1H-NMR clearly showed 84% 4d & 15% 5, only 1% of D-5 (quenching of rx. was done with D2O); f "Ate complex" prepared @-5°C and was added 
into a solution of 4a @-10°C, under N2; g@0°C; hreaction @-55°C-50°C, 4a decomposition. Entries marked in yellow are on table 1 which shows our most 
successful result with TG and Ate complexes; Eq. means total metalating agent vs. SM.

3h 49.72% 9.48% 40.81%

10 d

4b + Turbo 
Grignard (1.5 

eq.) + 
 5 mol% 

CuCN•2LiCl

20h 
0

47.77% 12.61% 39.62%

0.5h 16.99% 81.87% 1.14%
1h 17.89% 80.62% 1.49%
2h 16.04% 82.01% 1.94%
3h 14.99% 83.36% 1.66%

11 d

4a + Turbo 
Grignard (1.5 
eq.) with 10 

mol% 
CuCN•2LiCl

THF 
(20V)

MeI
(10 eq.)

4h e 14.77% 83.07% 2.16%
3h 64.19% 35.22% 0.59%

12 f
4a + "Ate 
Complex"

(BuLi+iPrMgCl-
2:1)

THF 
(10V) MeI (4 eq.)

3d.

0

50.19% 37.81% 11.27%

1h 62.3% 9.7% 27.9%

13 d

4a + Turbo 
Grignard (1.5 
eq.) with 10 

mol% 
CuCN•2LiCl

THF 
(20V)

dimethyl 
sulfate
(10 eq.) 20h 

0
32.4% 12.9% 54.7%

2h 77.9% 11.5% 10.6%

14

4a + "Ate 
Complex"

(BuLi+iPrMgCl-
2:1)

MeI (10 eq.)
4h 

0
72.1% 20.44% 7.4%

1h 46.1% 26.3% 27.6%

15 g

4b + "Ate 
Complex"

(BuLi+iPrMgCl-
2:1) + 10 mol% 

CuCN•2LiCl

THF 
(10V)

MeI (4 eq.)
2h 

0
10.5% 36.9% 52.6%

16
(@rt)

4a + Turbo 
Grignard (1.5 
eq.) with 10 

mol% 
CuCN•2LiCl

THF
(20V) MeI (10 eq.) 1h 0 24.4% 69.1% 6.4%

1h 32.8% 66% 1.18%

17 d

4a + "Ate 
Complex"

(BuLi+iPrMgCl-
2:1)

Me-THF
(10V) MeI (4 eq.)

2h 
0

14.1% 74.4% 11.5%

18
(-5°C -
>0->rt)

4a + Turbo 
Grignard (1.6 

eq)

THF
(20V) MeI (5 eq.) 1h 0 87.2% 12.8% 0

19 h 4a + Hexyl Li 
(1.1eq)

THF
(10V) MeI (1.1 eq.) 2h 0 0 0 0
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Table 3: Optimization of the SMC of Scheme 13

Entry* Substrate Catalyst
RuPhos
(% mol)

Conversion to 
4d in HPLC

Isolated 
Yield

1 4a (Br) 5% mol Pd(OAc)2 5 100% 88%
2 " 2.5%  mol Pd(OAc)2 " 93% 55%
3a " 1% mol Pd(OAc)2 " 94.2% n/a
4 " 5% mol Pd2(dba)3 10 100% 90%
5b " 5% mol PdCl2(dppf)•DCM 5 73.3% n/a
6c 4b (I) 5% mol Pd(OAc)2 10 66% 50%
7d 4c (Cl) " " 7.8% n/a
8e 4b (I) " " 67% n/a

*reactions performed under the conditions of Scheme 13; a4.9% 4a still remained with 0.82% 5 and 0.08% 6; b3.6% 4a, 5% of 5 and 18.1% of 6; cwith 1.3 eq. 

MeBF3K for 24 h, followed by addition of 0.35 eq. of each of the salt, catalyst and Ligand, and stirring for additional 5 h; dwith 1.3 eq. MeBF3K, 88.5% 4c and 

3.7% 5 after 24 h; ewith MeB(OH)2 under the conditions of Scheme 13 BUT after 24 h, 30.5% 4b, 2.3% 5 and 0.20% 6.    
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Fig 2.: Below the reference standard for pirfenidone, 4d (the most upper chromatogram), is the HPLC monitoring 
for 4a (13.21 min.)->4d, pirfenidone (10.94 min.), after ½ h of reaction with MeB(OH)2/Pd(OAc)2 (5 mol%)/RuPhos 
(10%) (mid chromatogram) and after 2 h (lower chromatogram. At ~19.5 min, toluene (rx. solvent) can be 
detected) 

Experimental Part

NMR spectra were recorded, in Bruker instruments: Avance-III-700 (1H and 13C at 700.5 and 176.1 MHz, 
respectively), DMX-600 (600.1 and 150.9 MHz, respectively) and Avance-400 (400.1 and 100.6 MHz, respectively). 
Series of 2D spectra were also obtained (COSY – 1H×1H correlation; HMQC – one-bond 13C×1H correlation; and 
HMBC – long-range 13C×1H correlation), which allowed the full attribution of all carbon and proton signals and 
confirms the chemical structure. UPLC (Agilent 1260) integrated with high-resolution mass spectra (HRMS) were 
obtained on a 6545 QTOF (ESI) instrument (Agilent). Mass spectra were obtained on SQ 6120 (Agilent) 
spectrometer (ESI). Progress of the reactions was monitored by thin-layer chromatography (TLC) on silica gel (60F, 
Merck Art. 5554), with visualization of the TLC plates using ultraviolet light, and by high pressure/performance 
liquid chromatography (HPLC) using an Agilent column (eclipse XDB-C18, 5 micron, 4.6x150 mm) attached to 
Shimadzu instrument where solution A was 0.02% TFA/water and solution B was 0.02% TFA/AcCN, in a gradient 
of 95% A and 5% B (T=0) to 30% A and 70% B (T=20 min), the flow rate was 1mL/min, run time was 25 min with 
UV detector at 220 nm. Column temperature was 35°C. Injection volume was 10 l. Flash chromatography was 
carried out using Combi-Flash.

Scheme 3: Methylation 1st via lithiation (1a->(70%)2a->(65%)3a->(70%)4d; Overall Yield: 32%)

2-Methoxy-5-methylpyridine HCl salt (2a). Methylation of 5-Bromo-2-methoxypyridine, 1a, via lithiation: 5-
Bromo-2-methoxy pyridine (1a, 5 g, 26.6 mmol) dissolved in MTBE (extra dry, 37.5 mL) at 25°C under N2 and the 
solution was cooled to -50°C. n-BuLi (1.6 M in hexane, 18.13 mL, 29 mmol, 1.1 eq.) was added slowly into the 
mixture with stirring at -50°C for 2 h under N2, after which time methyl iodide (MeI, 2.15 mL, 35 mmol, 1.3 eq.) 
in MTBE (2.5 mL) was added at -50°C and the mixture was stirred at -50°C for 0.5 h after which time it was 
allowed to reach rt and stirred at rt for 12 h TLC (2% EtOAc/hexane) indicated full consumption of 1a and 
formation of 2a. The mixture was then cooled to 5°C and water was added (10 mL) with stirring for 0.5 h The 
organic phase was separated, the water phase extracted with MTBE and the organic phases combined and 
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washed again with water (15 mL), the organic layer separated and washed with brine (15 mL) and dried over 
Na2SO4, filtered and cooled to 5°C. n-BuOH (1.97 g, 2.43 mL, 26.5 mmol, 1 eq.) was added followed by addition 
of acetyl chloride (2.08 g, 1.89 mL, 26.6 mmol, 1 eq.) to result in immediate precipitation of a grayish solid. The 
suspension was stirred at 5°C for 8 h, then filtered, the solid washed with MTBE and dried on the funnel (~ 3 g, 
70%) and then dried under vacuum to leave 2a (1.6 g, 37%) as a grayish solid (hygroscopic and volatile). 1H-NMR 
(DMSOd6) 8.10 (d, J = 2 Hz, 1 H), 7.88 (dd, J = 8, 2 Hz, 1H), 7.07 (d, J = 8 Hz, 1H), 3.95 (s, 3H, OMe), 2.27 (s, 3H, 
Me); 13C-NMR (DMSOd6)  160.52, 143.86, 142.51, 126.80, 110.27, 55.11, 16.73; 1H-NMR (CDCl3)  8.2 (br s, 1H), 
8.06 (d, J = 8 Hz, 1H), 7.20 (d, J = 8 Hz, 1H), 4.30 (s, 3H, OMe), 2.42 (s, 3H, Me); 13C-NMR (CDCl3)  158.76, 147.93, 
137.93, 128.34, 111.98, 58.69, 17.26; HRMS (m/z): [M+H]+ calcd. for C7H9NO, 124.0756; found, 124.0757.

5-Methylpyridin-2(1H)-one, (3a). 2a (1.48 g, 9.27 mmol) was dissolved in 1,4 dioxane/Con. HCl (7.4 mL: 7.4 mL, 
5V/5V) and the solution was heated to 100°C for 48 h after which time TLC indicated disappearance of 2a and 
formation of 3a. Reaction was cooled to rt and the mixture was evaporated to dryness and toluene (3 mL) was 
charged to chase residual acidic water. Then the residue was dissolved in water (7.4 mL, 5V) and the solution 
was stirred at rt for ½ h and cooled to 15°C. NaOH (10% solution) was added until pH = 6.5-7.5 and the solution 
was stirred at rt for additional ½ h and extracted with DCM (3 x 3V, 13 mL). Organic phase was separated and 
evaporated and hexane was added (3V, 4.5 mL) resulting in 3a as an off-white solid which was dried in vacuum 
overnight (0.66 g, 65%). 1H-NMR (CDCl3)  7.32 (dd, J = 9, 2.5 Hz, 1H), 7.16 (s, 1H), 6.52 (d, J = 9 Hz, 1H), 2.08 (s, 
3H); 13C-NMR (CDCl3)  164.48, 144.29, 132.34, 119.51, 116.22, 16.93; HRMS (m/z): [M+H]+ calcd. for C6H7NO, 
110.0600; found, 110.0599. 

5-Methyl-1-phenylpyridin-2(1H)-one, (4d, Pirfenidone). 3a (2.56 g, 23.46 mmol), phenylboronic acid (4.29 g, 
35.19 mmol, 1.5 eq.), Cu(OAc)2•H2O (0.47 g, 2.35 mmol, 10%mol ) and pyridine (3.71 g, 3.8 mL, 43.9 mmol, 1.87 
eq.) stirred in DCM (44 mL, 17V) for 24 h with air bubbling into the mixture. After HPLC indicated disappearance 
of 3a and formation of 4d, Reaction mixture was filtered through a celite pad and the filtrate washed with HCl 
(2N, 2 x 13 mL, 10V) the organic phase was separated and washed with NaOH (1N, 13 mL, 5V) and brine (8 mL, 
3V) and then evaporated to leave a reside which was co-distilled with MTBE (2 x 5 mL, ~4 V), and finally 
precipitated from MTBE (5 mL, 2V) at 5°C. The suspension maintained at 5-10°C for 2 h and then filtered, solid 
was washed with MTBE (2.5 mL, 1V) and dried under vacuum at 50-55°C for 8 h to give crude 4d which was 
purified by chromatography (3.03 g, 70%). 1H-NMR (DMSO d6) δ 7.51-7.48 (t, J = 8.0 Hz, 2H), 7.44-7.40 (m, 2H), 
7.39-7.36 (m, 3H), 6.42 (d, J = 9 Hz, 1H), 2.04 (s, 3H, Me). 13C-NMR (DMSOd6) δ 160.36, 142.98, 140.98, 136.03, 
128.93, 127.90, 126.69, 120.15, 113.95, 16.25; HRMS (m/z): [M+H]+ calcd. for C12H11NO, 186.0913; found, 
186.0914. 

Scheme 10: Methylation 1st via SMC and Molander’s reagent (1a->(90%)2a (via SMC instead of lithiation)
->(97%)3a->(66%)4d; Overall Yield: 58%) 

2-Methoxy-5-methylpyridine hydrochloride, 2a, via Suzuki-Miyaura Cross-Coupling (SMC) using potassium 
methyltrifluoroborate (MeBF3K). 5-Bromo-2-methoxy pyridine (1a, 5 g, 26.87 mmol), 2-dicyclohexylphosphino-
2′,6′-diisopropoxybiphenyl (RuPhos, 10% mol, 1.26 g), palladium(II) acetate (Pd(OAc)2, 5% mol, 0.31 g), 
potassium methyltrifluoroborate (MeBF3K, 1.3 eq., 4.26 g, 34.94 mmol) and potassium carbonate (K2CO3, 3 eq., 
11.14 g) were added under N2 atmosphere into a mixture of toluene/water (50 : 5 mL, (11V) respectively) 
heated at 87°C for 6 h to give 2-methoxy-5-methylpyridine, 2a (free base, 100% conversion in HPLC) after which 
time the mixture was filtered, the solid was washed with extra 10 mL of toluene and the combined organic layer 
was dried with Na2SO4. 2-Methoxy-5-methylpyridine was isolated as its HCl salt 2a by adding acetyl chloride 
(2.1 g, 1.91 mL, 26.87 mmol) and n-butanol (1.99 g, 2.45 mL, 26.87 mmol) into the dried toluene solution (~60 
mL) and stirring at 0-5°C for 2 h resulting in precipitation of a greyish solid which was dried on the funnel under 
N2 (3.87 g, 90%). 1H-and 13C-NMR and MS data are identical to 2a (•HCl) prepared via lithiation (by scheme 3). 

2-Methoxy-5-(methyl-d3)pyridine (2b). 1a (1 g, 5.32 mmol), CD3BF3K (0.86 g, 6.91 mmol, 1.3 eq.), Pd(OAc)2 (0.06 
g, 0.27 mmol, 5%mol) and RuPhos (0.25 g, 0.53 mmol, 10% mol) and K2CO3 (2.21 g, 15.96 mmol, 3 eq.) were 
mixed in toluene/water (4 mL : 1 mL, (5V)) at 87°C for 6 h HPLC showed full conversion of 1a into 2b which was 
isolated as HCl salt (0.71 g, 82%). 1H-NMR (CDCl3)  8.21 (d, J = 9 Hz, 1H), 8.05 (d, J = 8 Hz, 1H), 7.17 (d, J = 9 Hz, 
1H), 4.32 (s, 3H, OMe); 13C-NMR (CDCl3)  158.68, 148.11, 137.75, 128.28, 112.08, 58.87, 16.50 (hardly seen); 
HRMS (m/z): [M+H]+ calcd. for C7H6D3NO, 127.0945; found, 127.0946.
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5-Methylpyridin-2(1H)-one, (3a). 2a (prepared from 1a via SMC with MeBF3K, 2.87 g, 17.98 mmol) was dissolved 
in 37% HCl solution/water (15 mL/15 mL), KI (14.95 g, 90 mmol, 5 eq.) was added and the solution was heated 
to 130°C for 3 h after which time the mixture was cooled to rt and NaOH solution (25%) was added until pH ≈ 7. 
Water was evaporated to dryness and the residue extracted with DCM (20 mL x 3). The organic phase, 
separated, dried (MgSO4) and evaporated to leave 3a as a grayish solid (1.91 g, 97%). 1H-NMR and 13C-NMR and 
MS were found identical to 3a prepared via scheme 3.

5-(Methyl-d3)pyridin-2(1H)-one, (3b). 2b (prepared from 1a via SMC with CD3BFK and CD3B(OH)2, 1.15 g, 7.07 
mmol) underwent OMe cleavage as described for 3a in 37% HCl (5.75 mL) and KI (5.9 g). After work up and 
evaporation of the DCM 3b was obtained as a slightly brown solid (0.71 g, 90%). 1H-NMR (CDCl3)  7.35 (d, J = 
9Hz, 1H), 7.18 (s, 1H), 6.55 (d, J = 9 Hz, 1H); 13C-NMR (CDCl3)  164.71, 144.37, 132.45, 119.72, 116.11, 16.26 
(hardly seen); HRMS (m/z): [M+H]+ calcd. for C6H4D3NO, 113.0788; found, 113.0789.

5-methyl-1-phenylpyridin-2(1H)-one, (4d, Pirfenidone). 3a (prepared from 2a which was prepared from 1a via 
SMC with MeBF3K, 1.91 g, 17.5 mmol), phenylboronic acid (3.2 g, 26.25 mmol), Cu(OAc)2 (0.32 g, 1.75 mmol, 
10%mol ) and pyridine (2.77 g, 2.82 mL, 35 mmol, 2 eq.) stirred in DCM (33 mL, 17V) for 24 h with air bubbling 
into the mixture. Reaction mixture was filtered through a celite pad, which was washed with DCM the organic 
phase was then washed with HCl (1N), water, NaOH (1N) and brine. Organic phase evaporated and the residue 
chromatographed to give 4d (2.15 g, 66%). 1H and 13C NMR and MS were identical to 4d obtained from the 
lithiation process.

Scheme 13: Methylation last via SMC with CD3B(OH)2  (1a->(96%)3c->(95%)4a->(92%)4e; Overall Yield: 84%)

5-Bromopyridin-2(1H)-one, (3c). 5-Bromo-2-methoxypyridine (1a, 18.8 g, 0.1 mol) was dissolved in HCl (6N (100 
mL 37% water solution and 100 mL water)) and the solution was refluxed for 7 h, after which time it was cooled 
to 0-5°C and 50% NaOH (~ 70 mL) were added until pH ≈ 4. Then 1N NaOH was added until pH ≈ 6-7 to result in 
white suspension which was cooled to 0-5°C and stirred for 1½ h The precipitate was filtered, washed with cold 
water (20 mL) and the solid was dried in vacuum oven at 50°C to give 16.8 g (96%) of 3c. 1H-NMR (DMSO d6) δ 
11.75 (br s, OH); 7.69 (d, J = 3 Hz, 1H); 7.55 (dd, J =  9, 3 Hz, 1H); 6.37 (d, J = 9 Hz, 1H); 13C-NMR (DMSO d6) δ 
161.23, 143.09, 137.64, 120.06, 98.40; MS m/z 174.0 and 176.0 [M+H]+ (1:1 boublet).

5-Bromo-1-phenylpyridin-2(1H)-one, (4a). 3c (5.12 g, 29.43 mmol), phenyl boronic acid (5.38 g, 44.14 mmol, 1.5 
eq.), Cu(OAc)2 (0.54 g, 2.94 mmol, 10% mol) and pyridine (4.66 g, 58.86 mmol, 2 eq.) were stirred in DCM (87 
mL, 17V) with constant bubbling of air through the mixture, at rt for 17 h after which time TLC indicated 
complete disappearance of 3c and clean formation of 4a. Then the mixture was washed with 1N HCl, organic 
phase was separated, washed with water, dried (Na2SO4), filtered and solvent evaporated and the residue was 
purified by chromatography to yield 4a (7 g, 95%) as an off-white solid. This solid was crystallized from DIPE to 
give pure 4a as a white solid, mp = 76-78°C. 1H-NMR (CDCl3)  7.51-7.45 (m, 3H), 7.44-7.39 (m, 2H), 7.36-7.34 
(m, 2H), 6.56 (d, J = 9.5 Hz, 1H); 13C-NMR (CDCl3)  160.74, 142.83, 140.14, 137.70, 129.47, 128.86, 126.37, 
123.00, 98.02; Element analysis calculated for C11H8BrNO, C, 52.83%; H, 3.22%; Br, 31.95%; N, 5.60%; found C, 
52.90%, H, 3.14%, Br, 31.45%, N, 5.47.

5-(Methyl-d3)-1-phenylpyridin-2(1H)-one (4e, deuterated Pirfenidone, SD-560). Preparation of 4e via SMC using 
(methyl-d3)boronic acid. 4a (1 g, 4 mmol), CD3B(OH)2 (0.33 g, 5 mmol, 1.3 eq.), Pd(OAc)2 (0.045 g, 0.2 mmol, 5% 
mol), RuPhos (0.09 g, 0.4 mmol, 10% mol) and K2CO3 (1.65 g, 11.9 mmol, 3 eq.) in toluene/water (4 mL/1 mL, 5V) 
were stirred under N2 at 87°C for 2 h (see Fig. 2) After which time the reaction mixture worked up, crude 4e 
purified by chromatography to give 0.69 g (92%) of yellowish solid. 1H-NMR (DMSO d6) δ 7.52-7.48 (t, J = 8.0 Hz, 
2H), 7.46-7.42 (m, 2H), 7.40-7.36 (m, 3H), 6.42 (d, J = 9 Hz, 1H); 13C-NMR (DMSO d6) δ 160.40, 143.01, 141.01, 
136.09, 128.96, 127.93, 126.73, 120.17, 113.85, 15.49 (hardly seen); HRMS (m/z): [M+H]+ calcd. for C12H8D3NO, 
189.1101; found, 189.11049.  

*****

 Scheme 13 leading to 4d :

Preparation of 4d via SMC using methylboronic acid. 4a (1 g, 4 mmol) was dissolved in toluene (4 mL, 4V) at rt  
under N2 and MeB(OH)2 (0.31 g, 5.16 mmol, 1.3 eq.), Pd(OAc)2 (0.045 g, 0.2 mmol, 5% mol), RuPhos (0.09 g, 0.4 
mmol, 10% mol) and K2CO3 (1.65 g, 11.91 mmol, 3 eq.) were added followed by addition of water (1 mL, 1V) and 
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the mixture was stirred under N2 at 87°C for 2 hr after which HPLC indicated full consumption of 4a and formation 
of 4d (see Fig. 3). The mixture was filtered through celite and the filtrate was evaporated to leave a residue which 
was purified by Combi-Flash chromatography to yield 4d (0.64 g, 87%) as an off-white solid. 1H & 13C-NMR (DMSO 
d6) & HRMS were identical to the spectra reported for 4d obtained from lithiation process as well as from SMC 
with MeBF3K. 

*****

Scheme 9:

Preparation of 4d via SMC using potassium methyltrifluoroborate (MeBF3K). 5-Bromo-1-phenylpyridin-2(1H)-one 
(4a, 3.9 g, 15.59 mmol) was dissolved in toluene (39 mL, 10V) and RuPhos, (10% mol, 0.76 g), palladium(II) acetate 
(Pd(OAc)2, 5% mol, 0.184 g), potassium methyltrifluoroborate (MeBF3K, 1.3 eq., 2.47 g, 20.26 mmol) and 
potassium carbonate (K2CO3, 3 eq., 6.41 g) were added under N2 atmosphere followed by addition of water (3.9 
mL, 1V) and the heterogeneous reaction mixture was heated for 6-7 h at 87°C under N2 atmosphere, after which 
time the mixture was filtered through celite and the filtrate was evaporated to leave a reside which was purified 
by Combi-Flash chromatography to yield 5-methyl-1-phenylpyridin-2(1H)-one, 4d (2.82 g, 97%) as an off-white 
solid. 1H & 13C-NMR & MS were identical to the spectra reported for 4d obtained from lithiation process as well as 
from SMC with MeB(OH)2. 

Preparation of 4d in tens gram scale. 4a (10 g, 40 mmol), MeBF3K (6.34 g, 51.98 mmol, 1.3 eq.), Pd(OAc)2 (0.45 g, 
2 mmol, 5% mol), RuPhos (1.87 g, 4 mmol, 10% mol) and K2CO3 (16.58 g, 120 mmol) in mixture of toluene/water 
(40 mL/10 mL, 5V), were mixed in 100 mL reactor, under N2 at 87°C for 7 h after which time HPLC indicated 
almost quantitative conversion to 4d which was isolated after work-up and chromatography in 88% yield (6.5 g). 
1H and 13C-NMR and MS data confirmed the structure as described above for 4d.

Preparation of trifluoro(methyl-d3)- borane, potassium salt (CD3BF3K). (Methyl-d3)boronic acid (2.52 g, 0.04 mol) 
was dissolved in methanol (12 mL) at rt and a water (20 mL) solution of KHF2 (9.4 g, 0.12 mol, 3eq.) was added 
dropwise, within 10 min., into the methanolic solution resulting in an exothermic reaction (internal temperature 
was raised to 40°C). The mixture was stirred at rt for 6 h after which it was evaporated to dryness (at 45°C) to 
leave a white solid which was dried in vacuum oven overnight to leave 13 g of white solid. This solid was treated 
with AcCN (125 mL) at 45°C, and the solvent evaporated to furnish 4.4 g (88%) of CD3BF3K as a white solid, after 
drying. 13C-NMR (D2O)  0.568 (very broad and hardly seen signal); 11B-NMR (D2O)  5.91 (q, J = 65 Hz); 19F-NMR 
(D2O)  -132.39 (q, J = 65 Hz); HRMS (m/z): [M]- calcd. for CD3BF3

-, 85.0510 and 86.0474; found, 85.0512 and 
86.0475.

5-(Methyl-d3)-1-phenylpyridin-2(1H)-one (4e, deuterated Pirfenidone). 4a (1 g, 4 mmol), CD3BF3K (0.65 g, 5.2 
mmol, 1.3 eq.), Pd(OAc)2 (0.045 g, 0.2 mmol, 5% mol), RuPhos (0.19 g, 0.4 mmol, 10% mol) and K2CO3 (1.66 g, 12 
mmol, 3 eq.) in a mixture of toluene/water (4 mL/1 mL, 5V), were stirred under N2 at 87°C for 7 h after which time 
HPLC indicated quantitative conversion to 4e which was isolated after work-up and chromatography as a slightly 
yellowish solid (0.68 g, 90%). 1H-NMR (CDCl3)  7.48 (t of multiplets, J = 7.5 Hz, 2H), 7.39 (m, 3H), 7.26 (dd, J = 9, 
2.5 Hz, 1H), 7.11 (d, J = 2.5 Hz, 1H), 6.61 (dd, J = 9, 0.5 Hz, 1H); 13C-NMR (CDCl3)  161.65, 142.52, 141.08, 135.30, 
129.22, 128.26, 126.51, 121.38; 114.68, 16.25 (CD3 is hardly seen). 

*****

Scheme 12:

Preparation of 2a via SMC using methylboronic acid. 1a (2 g, 10.64 mmol), MeB(OH)2 (0.84 g, 13.84 mmol, 1.3 
eq.), Pd(OAc)2 (0.12 g, 0.54 mmol, 5% mol), RuPhos (0.26 g, 0.54 mmol, 5% mol) and K2CO3 (4.42 g, 31.9 mmol, 3 
eq.) were mixed in toluene/water (8:2 mL, (5V)) at 87°C for 3 h after which HPLC showed complete consumption 
of 1a and full conversion into 2a. The reaction was worked-up and product isolated as HCl salt to give 0.8 g (47%) 
of 2a with analytical data identical to 2a obtained by lithiation and by cross-coupling with MeBF3K.

Preparation of 2b via SMC using (methyl-d3)boronic acid. 1a (1 g, 5.32 mmol), CD3B(OH)2 (0.44 g, 6.92 mmol, 1.3 
eq.), Pd(OAc)2 (0.06 g, 0.27 mmol, 5% mol), RuPhos (0.25 g, 0.53 mmol, 10% mol) and K2CO3 (2.21 g, 15.96 
mmol, 3 eq.) were mixed in toluene/water (4:1 mL (5V)) at 87°C for 3 h, after which the mixture filtered, the 
residue washed with minimum amount of toluene, the organic phase was dried (Na2SO4) and IPA/HCl was added 
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to result precipitation, the mixture was cooled to 0°C, stirred for few min. and then filtered under N2 to yield 
0.62 g (72%) of 2a (HCl salt) with NMR and MS data identical to 2b prepared via lithiation and by cross-coupling 
with CD3BF3K.

*****

6,6'-Dimethoxy-3,3'-bipyridine, (2d). (6-methoxypyridin-3-yl)boronic acid (0.5 g, 3.27 mmol), Pd(OAc)2 (0.02 g, 
0.1 mmol, 3% mol), 1,1′-Ferrocenediyl-bis(diphenylphosphine) (DPPF, 0.17 g, 0.3 mmol, 9% mol), K2CO3 (0.9 g, 
6.54 mmol) were mixed in a mixture of THF and water (13 mL : 0.12 mL) under N2 atmosphere at rt and MeI (0.7 
g, 0.31 mL, 4.9 mmol, 1.5 eq) was added and the reaction was monitored by TLC (75% EtOAc/Hexane, for 
monitoring the boronic acid disappearance and 10% EtOAc/Hexane for monitoring 2a and 2d accumulation). 
After 43 h TLC indicated that starting boronic acid is still present and that 2d is formed with only minor amount 
of 2a. Therefore, the mixture was filtered through celite bed which was washed with EtOAc. The organic layer 
was evaporated and the residue was chromatographed to give 2d as a white powder (60 mg, 8.5%). 1H-NMR 
(DMSOd6)  8.47 (d, J = 2 Hz, 2H), 8.00 (dd, J = 8.5, 2Hz, 2H), 6.91 (d, J = 8.5Hz, 2H), 3.89 (s, 6H, OMe); 13C-NMR 
(DMSOd6) 162.91, 144.22, 137.18, 126.21, 110.56, 53.15; MS (ESI) m/z 217.2 [M+H]+.

General Procedure I for SMC Cross-Coupling of 5-Bromo-2-methoxypyridine (1a) with alkyl and alkenyl 
trifluoroborates. 1a (1 eq.) was dissolved in toluene (5 volumes) and 2-dicyclohexylphosphino-2′,6′-
diisopropoxybiphenyl (RuPhos, 5% - 10% mol), palladium(II) acetate (Pd(OAc)2, 5% mol ), potassium 
alkyl/alkenyl-trifluoroborate (RBF3K, 1.3 eq.), and potassium carbonate (K2CO3, 3 eq.) were added under N2 
atmosphere followed by addition of water (1 volume) and the heterogeneous reaction mixture was stirred and 
heated at 87°C and reaction was monitored by HPLC for a few h after which time the mixture was filtered 
through celite and the filtrate was evaporated to leave a reside which was purified by Combi-Flash 
chromatography (Hexane/EtOAc) to yield the 5-alkyl/alkenyl-2-methoxypyridine 2e-2h.

5-Isobutyl-2-methoxypyridine, (2e). Prepared according to the general procedure I from 1 g of 1a and iBu-BF3K 
(1.13 g) to give 0.7 g 2e (•HCl) (65%) which was basified and underwent chromatography to 2e. 1H-NMR (CDCl3) 
 7.93 (br s, 1H), 7.35 (dd, J = 8, 2 Hz, 1H), 6.67 (d, J = 8 Hz, 1H), 3.92 (s, 3H, OMe), 2.39 (d, J = 7 Hz, 2H), 1.80 
(sept, J = 7 Hz, 1H), 0.89 (d, J = 7 Hz, 6H, 2xMe); 13C-NMR (CDCl3) 162.66, 146.62, 139.51, 129.36, 110.21, 
53.26, 41.41, 30.09, 22.15; HRMS (m/z): [M+H]+ calcd. for C10H15NO, 166.1226; found, 166.1228. 

5-Cyclopropyl-2-methoxypyridine, (2f). According to general procedure I from 1a (1 g) and cyclopropyl-BF3K (1 g), 
to give 2f (•HCl) (0.59 g, 60%). 1H-NMR (CDCl3)  8.11 (br s, 1H), 7.93 (d, J = 8 Hz, 1H), 7.18 (d, J = 8 Hz, 1H), 4.30 
(s, 3H, OMe), 1.95 (m, 1H), 1.13 (d, J = 7.5 Hz, 2H), 0.77 (d, J = 4 Hz, 2H); 13C-NMR (CDCl3)  158.49, 145.11, 
135.93, 135.01, 112.12, 58.93, 12.10, 9.01; HRMS (m/z): [M+H]+ calcd. for C9H11NO, 150.0913; found, 150.0917

 2-Methoxy-5-vinylpyridine, (2g). According to general procedure I from 1a (1 g) and vinyl-BF3K (0.93 g), HPLC 
showed quantitative conversion into 2g which was isolated as 2g (•HCl) (0.35 g, 38%). 1H-NMR (DMSOd6)  8.22 
(d, J = 2.5 Hz, 1H), 7.98 (dd, J = 9, 2.5 Hz, 1H), 6.87 (dt, J = 9, 0.5 Hz, 1H), 6.71 (ddd, J = 17, 11, 0.5  Hz, 1H), 5.81 
(dd, J = 17, 1 Hz, 1H), 5.25 (d, J = 10.5 Hz, 1H), 3.88 (s, 3H, OMe); 13C-NMR (DMSOd6)  162.89, 144.78, 136.20, 
132.61, 126.65, 113.90, 110.58, 53.47; MS m/z 135.2 [M+H]+.

(E)-2-Methoxy-5-(prop-1-en-1-yl)pyridine, (2h). According to general procedure I from 1a (1 g) and trans-1-
propenyl-BF3K (0.5 g), HPLC indicated on 95.5% conversion after 3 h  2h (•HCl) was isolated (0.21 g, 44%). 1H-
NMR (DMSOd6)  8.13 (d, J = 2.5 Hz, 1H), 7.88 (dd, J = 8.5, 2.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H); 6.38 (d, J = 15 Hz, 
1H), 6.26 (dq, J = 15, 6.5 Hz, 1H), 3.87 (s, 3H, OMe), 1.83 (dd, J = 6.5, 1.5 Hz, 3H, Me); 13C-NMR (DMSOd6)  
162.07, 143.44, 136.40, 126.97, 126.50, 125.44, 110.48, 53.56, 18.19; HRMS (m/z): [M+H]+ calcd. for C9H11NO, 
150.0913; found, 150.0905.

5-Iodo-1-phenylpyridin-2(1H)-one, (4b). 5-Iodo-2-methoxypyridine (1c, 3 g, 0.013 mol ) was dissolved in HCl (6N, 
30 mL) and the solution was refluxed for 8 h after which time it was cooled to 0-5°C and 50% NaOH (~ 7 mL) was 
added until pH ≈ 3-4. 1N NaOH was added to correct the pH to 6-7 and cooled to 0-5°C and stirred for ½ h and 
filtered. Then the water phase extracted with EtOAc (40 mL x 2) and the organic phase dried (Na2SO4), filtered 
and evaporated and the residue was dried at 50°C under vacuum to furnish crude 5-iodopyridin-2(1H)-one 3d 
(2.65 g, 92%) which was used in the next Chan-Lam phenylation without further purification. 3d (2.65 g, 0.012 
mol ), phenyl boronic acid (3.7 g, 0.03 mol , 2.5 eq.), Cu(OAc)2•H2O (2.4 g, 0.012 mol  1 eq.), pyridine (3.8 g, 



9

0.048 mol  4 eq.) and molecular sieves (4Å, 4.3 g) were stirred in DCM (85 mL) with constant bubbling of air 
through the mixture, at rt for 24 h, after which time TLC indicated complete disappearance of 3d. Then the 
mixture was filtered and washed with 1N HCl, followed by wash with water, 1N NaOH and brine. Organic phase 
was separated, washed with water dried (Na2SO4), filtered and solvent evaporated to leave an oily residue (3.1 
g) which was crystallized twice from DIPE and dried in vacuum oven to give 4b (1.85 g, 51%) as a white solid. 1H-
NMR (CDCl3)  7.56 (d, J = 3 Hz, 1H), 7.50-7.40 (m, 4H), 7.34 (d, J = 8 Hz, 2H), 6.47 (d, J = 10 Hz, 1H); 13C-NMR 
(CDCl3)  160.75, 147.17, 142.64, 140.00, 129.46, 128.86, 126.36, 123.57, 64.39; HRMS (m/z): [M+H]+ calcd. for 
C9H8NOI, 297.9723; found, 297.9725. 

5-Chloro-1-phenylpyridin-2(1H)-one, (4c). 5-Chloropyridin-2(1H)-one (3e, 9 g, 0.07 mol ), phenyl boronic acid 
(21.3 g, 0.175 mol , 2.5 eq.), Cu(OAc)2•H2O (13.9 g, 0.07 mol  1 eq.) and pyridine (22 g, 0.28 mol  4 eq.) were 
stirred in DCM (500 mL) with constant bubbling of air through the mixture, at rt for 24 h, after which time TLC 
indicated complete consumption of 3e. Then the mixture was filtered and washed with 1N HCl (300 mL), water 
(300 mL), 1N NaOH (300 mL) and with water again followed by wash with brine. The organic phase was 
separated, dried (Na2SO4) and activated charcoal (5 g) was added and the mixture was stirred for ½ h then 
filtered (Na2SO4 and activated C) solvent evaporated to leave an oil which upon further drying under vacuum (2 
bar) solidified (14.5 g). This solid was dissolve in DIPE (87 mL) at reflux and then the green solution was slowly 
cooled to 17°C resulting in precipitation of a solid which was filtered, washed with cold ether and dried under 
vacuum to furnish 4c (10.8 g, 75%) as an off-white solid. 1H-NMR (CDCl3)  7.53-7.50 (m, 1H), 7.49-7.48 (m, 1H), 
7.46-7.42 (m, 1H), 7.40 (dd, J = 2.75, 0.5 Hz, 1H), 7.38 (m, 1H), 7.36 (m, 1H), 7.35 (dd, J = 9, 2.75 Hz, 1H), 6.63 (d, 
J = 9 Hz, 1H); 13C-NMR (CDCl3)  160.74, 140.81, 140.18, 135.42, 129.48, 128.86, 126.36, 122.65, 112.44; MS 
m/z 206.0 [M+H]+.

General Procedure II for SMC Cross-Coupling of 5-bromo-1-phenylpyridin-2(1H)-one (4a) with alkyl and alkenyl 
trifluoroborates. 4a (1 eq.) was dissolved in toluene (5 volumes) and 2-dicyclohexylphosphino-2′,6′-
diisopropoxybiphenyl (RuPhos, 5% - 10% mol), palladium(II) acetate (Pd(OAc)2, 5% mol), potassium alkyl/alkenyl-
trifluoroborate (RBF3K, 1.3 eq.), and potassium carbonate (K2CO3, 3 eq.) were added under N2 atmosphere 
followed by addition of water (1 volume) and the heterogeneous reaction mixture was stirred and heated at 87°C 
and reaction was monitored by HPLC for a few h after which time the mixture was filtered through celite and the 
filtrate was evaporated to leave a reside which was purified by Combi-Flash chromatography (Hexane/EtOAc) to 
yield the 5-alkyl/alkenyl-1-phenylpyridin-2(1H)-ones (5-substituted pirfenidone analogs) 4f-4i.

5-Isobutyl-1-phenylpyridin-2(1H)-one, (4f). As in the general procedure II: 5-bromo-1-phenylpyridin-2(1H)-one (4a, 
1 g, 4 mmol), 2-dicyclohexylphosphino-2′,6′-diisopropoxybiphenyl (RuPhos, 10% mol, 0.2 g), palladium(II) acetate 
(Pd(OAc)2, 5% mol, 0.045 g), potassium iso-butyl-trifluoroborate (iBu-BF3K, 1.3 eq., 0.85 g, 5.2 mmol) and 
potassium carbonate (K2CO3, 3 eq., 1.7 g) in a mixture of toluene/water (5:1.2 mL, respectively. Total of 6.2V) 
heated at 87°C for 24 h under N2 atmosphere, work-up and flash chromatography gave 4f (0.6 g, 66%) as a 
transparent oil. 1H-NMR (CDCl3)  7.49-7.47 (m, 2H), 7.41-7.37 (m, 3H), 7.26 (dd, J = 9, 2.5 Hz, 1H), 7.07 (d, J = 2.5 
Hz, 1H), 6.61 (d, J = 9 Hz, 1H) 2.22 (d, J = 7 Hz, 2H), 1.77 (m, 1H), 0.92 (d, J = 7 Hz, 6H); 13C-NMR (CDCl3) 161.87, 
142.17, 141.17, 135.79, 129.29, 128.32, 126.59, 121.35, 118.67, 40.87, 29.24, 22.06; HRMS (m/z): [M+H]+ calcd. 
for C15H17NO, 228.1383; found, 228.1395.  

5-Cyclopropyl-1-phenylpyridin-2(1H)-one, (4g). As described in the general procedure II: 5-bromo-1-phenylpyridin-
2(1H)-one (4a, 2 g, 6.73 mmol), 2-Dicyclohexylphosphino-2′,6′-diisopropoxybiphenyl (RuPhos, 10% mol, 0.31 g), 
palladium(II) acetate (Pd(OAc)2, 5% mol, 0.076 g), potassium cyclopropyltrifluoroborate (cyclopropyl-BF3K, 1.3 eq., 
1.3 g, 8.75 mmol) and potassium carbonate (K2CO3, 3 eq., 2.79 g) in a mixture of toluene/water (8:2 mL, 
respectively. 5V) heated at 87°C for 6.5 h under N2 atmosphere, work-up and flash chromatography furnish 4g 
(1.39 g, 98%) as an off-white solid. 1H-NMR (DMSOd6)  7.52-7.48 (m, 2H), 7.45-7.37 (m, 4H), 7.24 (dd, J = 9.5, 2.5 
Hz, 1H), 6.42 (d, J = 9.5 Hz, 1H), 1.76 (m, 1H), 0.77 (m, 2H), 0.59 (m, 2H); 13C-NMR (DMSOd6)  160.37, 140.94, 
139.30, 134.68, 128.86, 127.86, 126.70, 120. 38, 119.89, 11.27, 6.53; HRMS (m/z): [M+H]+ calcd. for C14H13NO, 
212.1070; found, 212.1075. 

1-Phenyl-5-vinylpyridin-2(1H)-one, (4h). As in the general procedure:  5-bromo-1-phenylpyridin-2(1H)-one (4a, 2 g, 
6.73 mmol), 2-Dicyclohexylphosphino-2′,6′-diisopropoxybiphenyl (RuPhos, 10% mol, 0.31 g), palladium(II) acetate 
(Pd(OAc)2, 5% mol, 0.076 g), potassium vinyltrifluoroborate (Vinyl-BF3K, 1.3 eq., 1.2 g, 8.75 mmol) and potassium 
carbonate (K2CO3, 3 eq., 2.79 g) in a mixture of toluene/water (8: 2 mL, respectively, 5V) heated at 87°C for 3.5 h 
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under N2 atmosphere, work-up and flash chromatography gave 4h (1.29 g, 98%) as a yellowish solid. 1H-NMR 
(DMSOd6)  7.86 (dd, J = 9.5, 2.5 Hz, 1H), 7.73 (d, J = 2.5 Hz, 1H), 7.54-7.50 (m, 2H), 7.47-7.41 (m, 3H), 6.54 (dd, J = 
16.5, 10.5 Hz, 1H), 6.52 (d, J = 9 Hz, 1H), 5.62 (d, J = 16.5 Hz, 1H), 5.11 (d, J = 10.5 Hz, 1H); 13C-NMR (DMSOd6)  
160.60, 140.54, 137.53, 136.80, 131.65, 128.95, 128.11, 126.70, 120.64, 116.22, 111.41; HRMS (m/z): 
[M+H]+ calcd. for C13H11NO, 198.0913; found, 198.0922.  

 (E)-1-Phenyl-5-(prop-1-en-1-yl)pyridin-2(1H)-one, (4i). As in the general procedure: 5-bromo-1-phenylpyridin-
2(1H)-one (4a, 1.25 g, 5 mmol), 2-Dicyclohexylphosphino-2′,6′-diisopropoxybiphenyl (RuPhos, 10% mol, 0.23 g), 
palladium(II) acetate (Pd(OAc)2, 5% mol, 0.056 g), potassium trans-1-propenyltrifluoroborate (trans-1-propenyl-
BF3K, 1.3 eq., 0.96 g, 6.5 mmol) and potassium carbonate (K2CO3, 3 eq., 2 g) in a mixture of toluene/water (5: 1.25 
mL, respectively, 5V) heated at 87°C for 1 h under N2 atmosphere, work-up and flash chromatography gave 4i (0.9 
g, 85%) as a yellowish solid. 1H-NMR (CDCl3)  7.58 (dd, J = 8.5, 2.5 Hz, 1H), 7.5 (m, 2H), 7.45-7.35 (m, 3H), 7.2 (d, J 
= 2.5 Hz, 1H), 6.65 (d, J = 9.5 Hz, 1H), 6.13 (dq, J = 16, 0.5 Hz, 1H), 5.97 (dq, J = 16, 6.5 Hz, 1H), 1.86 (dd, J = 6.5, 1.5 
Hz, 1H); 13C-NMR (CDCl3) 161.87, 141.03, 137.36, 134.83, 129.43, 128.55, 126.65, 125.47, 124.27, 121.89, 
117.60, 18.41; HRMS (m/z): [M+H]+ calcd. for C14H13NO, 212.1070; found, 212.1072.

1-Phenylpyridin-2(1H)-one, (5). 4a (2 g, 8 mmol), methylboronic acid (1.92 g, 32 mmol, 4 eq.), Na2CO3 (2.5 g, 24 
mmol, 3 eq.) and Pd(PPh3)4 (0.92 g, 0.79 mmol, 10%mol) were mixed in DME/water (160 mL/32 mL, 96 V) under 
argon atmosphere in reflux for 24 h after which time the mixture was filtered through a celite pad and 
evaporated to dryness to leave a residue which was partitioned between EtOAc (100 mL) and water (30 mL). Then 
the organic phase separated, dried (Na2SO4), filtered and evaporated to leave a residue which was a mixture of 4d 
(48%), 5 (6.32%), 6 (15%) and 10 (5%) and triphenylphosphine oxide and which was separated by chromatography 
to give: 5 1H-NMR (CDCl3)  7.48 (m, 2H), 7.41 (m, 1H), 7.38 (m, 1H), 7.36 (m, 2H), 7.32 (ddd, J = 7, 2, 1 Hz, 1H), 
6.65 (dq, J = 9, 1 Hz, 1H), 6.23 (td, J = 6.75, 1.5 Hz, 1H); 13C-NMR (CDCl3)  162.39, 140.97, 139.85, 138.00, 129.33, 
128.47, 126. 53, 121.90, 105.87; HRMS (m/z): [M+H]+ calcd. for C11H9NO, 172.0757; found, 172.0759. 5 was 
synthesized also via Chan-Lam reaction between pyridin-2-ol (4.75 g, 0.05 mol) and phenyl boronic acid (15.1 g, 
0.125 mol) in the presence of Cu(OAc)2•H2O (9.9 g, 0.05 mol) in DCM (350 mL), pyridine (15. 8 g, 0.2 mol) and 
molecular sieves (4Å, 23 g) as described for 4a-4c. After work-up and crystallization (10. 6 g of crude product in a 
mixture of 170 mL DIPE and 50 mL EtOAc in reflux followed by cooling to 0-5°C) a solid was filtered and dried to 
yield 6.5 g (76%) of 5 as a white solid, mp = 127.5-128.2°C, which its 1H and 13C NMR were identical to the spectra 
of 5 obtained from chromatography of the mixture 4d, 5, 6 and 10.   

 1,1'-Diphenyl-[3,3'-bipyridine]-6,6'(1H,1'H)-dione, (6). 0.4 g (14.7%) of this compound was isolated by 
chromatography of the mixture described for 5 after SMC with Pd(PPh3)4 in DME/water. 1H-NMR (DMSO d6)  
7.97 (d, J = 2.5 Hz, 2H), 7.86 (dd, J = 9.5, 2.5 Hz, 2H), 7.53-7.42 (m, 10H), 6.54 (d, J = 9.5 Hz, 2H); 13C-NMR (DMSO 
d6) 160.20, 140.66, 139.20, 135.09, 128.84, 128.04, 126.87, 120.42, 114.26; HRMS (m/z): [M+H]+ calcd. for 
C22H16N2O2, 341.1284; found, 341.1286. 

1,5-Diphenylpyridin-2(1H)-one, (10). This compound was isolated by chromatography of the mixture described for 
5 after SMC with Pd(PPh3)4 in DME/water. 1H-NMR (CDCl3)  7.69 (dd, J = 9.5, 2.5 Hz, 1H), 7.55 (dd, J = 2.5, 0.7 Hz, 
1H), 7.50 (m,  2H), 7.43-7.40 (m, 7H), 7.32 (m, 1H), 6.74 (dd, J = 9.5, 0.7 Hz, 1H); 13C-NMR (CDCl3)  161.64, 141.03, 
139.75, 136.21, 135.24, 129.40, 129.08, 128.59, 127.42, 126.61, 125.76, 121.83, 120.02; HRMS (m/z): 
[M+H]+ calcd. for C17H13NO, 248.1067; found, 248.1072.
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