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Experimental procedures and data

General Methods. The corresponding starting materials were syrzbdtusing oven-dried
glassware under a nitrogen atmosphere containiefijom-coated stirrer bar and dry septum. All
halogenation reactions were performed at ambienpidssure in oven-dried 20 mL vessel
containing a teflon-coated stirrer bar and dry septAll reactions were monitored by GC using
n-hexadecane as an internal standard. Responsesfamtdhe products with regard to
hexadecane were obtained experimentally by anayaiown quantities of the substances. GC
analyses were carried out using an HP-5 capillalynan (Phenyl Methyl Siloxane 30 m x 320
x 0.25, 100/2.3-30-300/3) and a time program begmmwith 2 min at 60 °C followed by
30°C/min ramp to 300 °C, then 3 min at this tempegatéash column chromatography was
performed using 230-400 mesh ultra-pure silica MR spectra were obtained on Bruker AC-
300 or on Bruker AMX-500 systems using acetogedtd CDC} as solvents, with proton and
carbon resonances at 300/500 MHz and 75/125 MHsperdively. Mass spectral data were
acquired on a V@utoSpec mass spectrometer.

Solvents were purified by standard procedures paarse. Copper salts were driedvacuo
at 60 °C prior to use. All other compounds are cenunally available and were used without
further purification.

All oxidation reactions involving sodium hypochligiwere carried out with rapid continuous
magnetic stirring in Erlenmeyer flasks open to #tenosphere. Sodium hypochlorite was
commercial “ultra” laundry bleach containing a sthtoncentration of 6% NaOCI.

All microwave irradiation experiments were carrieait in a mono mode microwave
apparatus equipped with a pressure control systeinaavertically-focused IR temperature

sensor (Biotage).

S2



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014

1. Optimization studies

Table S1 Evaluation of different basic oxidants usingd3 oxidant

In our initial experiments, we observed that thedeloreaction of picolinamidd with
morpholine gave 41% of th@tho-amination produc® using Cu(OAc) in p-xylene as solvent
at 130 °C for 16 hours under an &mosphere (Table 1, entry 1). In fact, the reactinly led
to 25% of2 in the absence of OlIn this case, the rest of the starting materia$ wwecovered
unaltered (entry 2). Further experiments allowediousonclude that the use of a basic additive

was not improving the reactivity (entries 3-10).

o] —
0 PyCONH 0
HNw CU(OAG), (25 mol %) Y ,\Q
H +
N
H

Additive, p-Xylene (0.2 M)
130°C, 16 h, O, (1 atm)
1 (2.00 equiv) 2

Additive  Yield [%]°

1 - 41
2° - 25
3 NaCO; 50
4° NaCO;, 53
5 K,COs 44
6 CsCO; 41
7 KPO 40
8 KH,PO 48
9 CsOPiv 48
10 NaOAc 49

Conditions:.  aniline 1  (0.20 mmol),  morpholine
(0.40 mmol), Cu(OAg) (25 mol %), additive (25 mol %),
p-xylene (0.2 M), 130 °C, 16 h, 0% GC yields (-CigHss
as internal standard).Under N. ¢ Using 2.0 equiv. of the
additive.
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Table S2 Evaluation of different oxidants

Following the above conclusions, we next examinffdrént oxidants. Among them, the use
of NMO, K,S,05 andN-fluoro-2,4,6-trimethylpyridinium trifluoromethanekonate resulted in
minor conversion of the starting material while 8@(), and AgOAc provided comparable

efficiency in terms of reactivity to the,OHowever, the use of Phl(OAciinally led to a 85%
of the desired produ&

o —
\ 0 PYCONH (\o
HN \ / [ j Cu(OAQ), (25 mol %) \ J
H NN Oxidant, p-Xylene (0.2 M)
H 130°C, 16 h, N,
1 (2.0 equiv) 2

Oxidant  Yield [%]?

1 - 25
2 0, 41
3 NMO 4
4 K>S,04 4
5 Ce(SQ): 34
6 AgOAc 50
7 [F] -
8 PhI(OAc) 85

Conditions.  aniline 1  (0.20 mmol),  morpholine
(0.40 mmol), Cu(OAg) (25 moal %), oxidant (0.40 mmol),
p-xylene (0.2 M), 130 °C, 16 h, N* GC yields (-CigHss
as internal standard). TF = N-fluoro-2,4,6-
trimethylpyridinium trifluoromethanesulfonate.
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Table S3 Evaluation of the amounts of catalyst and oxidant

The encouraging 85% df obtained when using Cu(OAc)25 mol %), PhI(OAg) (2.0
equiv) as oxidant imp-xylene at 130 °C for 16 hours was thus our startiaint to adjust the
amount of catalyst and oxidant. Thus, we were bkeduce the loading of Cu(OAdd a 15
mol%, using only 1.2 equiv. of Phl(OAc)Under these conditions, the desired product was
isolated in 74% vyield (entry 4). Note that no prods formed in the absence of the Cu(OAc)

(entry 5).

PhI(OAC),, p-Xylene (0.2 M)

@ 1 (2.0 equiv) 2

130°C, 16 h, N,
Cu(OAC),[mol %] PhlI(OAc),[equiv.] Yield[%]?

0 —
S 0 PYCONH (\o
HN / [ j Cu(OAc), - cat. \)
N N
H +
N
H

1 25 2.0 85 (84)
2 20 2.0 83

3 15 2.0 72

4 15 1.2 75 (74%
5 - 2.0 -

Conditions:.  aniline 1  (0.20 mmol),  morpholine
(0.40 mmol), Cu(OAg) PhI(OAc), p-xylene (0.2 M),
130°C, 16h, B ® GC yields (-CiHss as internal
standard)” Isolated yield.

S5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014

2. Typical procedurefor the N-protection of anilines
2.1. Synthesis of N-aryl-2-pyridinecar boxamide derivatives

Synthesis of N-phenylpicolinamide (1)." A 50 mL round-bottomed flask immersed in a 0 °C
NHCOPy bath (ice and water) was charged with picoliniadg&16 mg, 5.00 mmol)
and CHCI, (10 mL). To the stirred suspension was added oxdllpride
©/ (0.472 mL, 5.50 mmol) dropwise over a 15 minuteiqzkrfollowed by
addition of DMF (0.1 mL, catalytic amount) in onerfion, producing a rust-red color and the
evolution of a gas. The mixture was kept in theliogdoath for 1 h and then allowed to warm to
room temperature. After gas evolution ceased, theune was again cooled to 0 °C and NEt
(.40 mL, 10.0 mmol) was added dropwise over a ithuta period followed by aniline
(0.50 mL, 5.50 mmol) added dropwise over a 15 naémériod. The brown mixture was left in
the cooling bath for 30 minutes and then allowedvésm to room temperature. Stirring was
continued at room temperature for 2 h. Removabbfent in vacuo gave the crude product as a
brown solid that was extracted with,®tAcOEt. The organic phases were combined and
concentrated under reduced pressure to diae a yellow solid; yield: 1.05 g (53%); mp= 76-
77 °C. The analytical data (NMR, HRMS analysis) chatl those reported in the literature for
N-phenyl-2-pyridinecarboxamid€AS: 10354-53-7]'H NMR (CDCls, 300 MHz) &: 10.03 (s,
1H), 8.65 — 8.60 (m, 1H), 8.31 (d~= 7.8 Hz, 1H), 7.92 (td] = 7.7, 1.7 Hz, 1H), 7.79 (d,=
8.4 Hz, 2H), 7.49 (ddd] = 7.6, 4.8, 1.1 Hz, 1H), 7.39 @,= 7.9 Hz, 2H), 7.15 (1) = 7.4 Hz,
1H). El” caled. for GoHioNLO (M)™: 198.0793; Found: 198.0794.

N-(4-(Dimethylamino)phenyl)picolinamide (11). Compoundll was prepared following the
NHCOPy typical procedure fronN,N-dimethylbenzene-1,4-diamine (681 mg,
/©/ 5.00 mmol), to givell as a white solid; yield: 0.724 g (87%); mp=
Me,N 131-132 °C'H NMR (CDCl3, 300 MHz) &: 9.85 (s, 1H), 8.61 (dd,
= 4.7, 0.7 Hz, 1H), 8.32 — 8.26 (m, 1H), 7.89 @d; 7.4, 1.2 Hz,
1H), 7.65 (d,J = 8.8 Hz, 2H), 7.49 — 7.49 (m, 1H), 6.78 {d5 9.0 Hz, 2H), 2.95 (s, 6H}’C
NMR (acetone-dg, 75 MHz) &: 162.1, 151.5, 149.1, 148.8, 138.7, 129.4, 121227, 121.8,
113.7, 40.9ESI" calcd. For G4H1sNzO (M+H)": 242.1215; Found: 242.1289.

N-(4-Methoxyphenyl)picolinamide (12). Compoundl12 was prepared following the typical
NHcopy Procedure from 4-methoxyaniline (615 mg, 5.00 minoi)give12 as
/©/ a pale brown solid; yield: 0.495 g (44%); mp= 94°@5'H NMR
MeO (CDCl3, 300 MHZz) &: 9.92 (s, 1H), 8.61 (ddd), = 4.7, 1.6, 0.9 Hz,
1H), 8.30 (dt,J = 7.9, 1.0 Hz, 1H), 7.90 (td, = 7.7, 1.7 Hz, 1H),
7.69 (d,J = 9, 2H), 7.47 (ddd) = 7.6, 4.8, 1.2 Hz, 1H), 6.92 (d= 9, 2H), 3.82 (s, 3H)°C
NMR (CDCl3, 75 MH2z) 6: 161.9, 156.6, 150.2, 148.1, 137.8, 131.2, 1222,5, 121.4, 114.4,
55.7.ESI" calcd. for GsH1.N,0, (M+H)": 229.0899; Found: 229.0960.

N-(p-Tolyl)picolinamide (13). Compound13 was prepared following the typical procedure
NHcopy from p-toluidine (0.606 mL, 5.50 mmol), to givE3 as a yellow solid;
/©/ yield: 0.645g (61%); mp= 105-107 °CH NMR (CDCls, 500 MH2) &:
9.96 (s, 1H), 8.60 (d] = 4.7 Hz, 1H), 8.29 (d] = 7.8 Hz, 1H), 7.88 (s,
1H), 7.67 (dJ = 8.4 Hz, 2H), 7.46 (s, 1H), 7.18 (s, 2H), 2.343d).°C NMR (CDCls, 125

! (a) A. Jozwiak, J. Z. Brzezinski, M. W. Ptotka, A. K. Szczes$niak, Z. Malinowski and J. Epsztajn, Eur. J. Org.
Chem. 2004, 3254; (b) H. Brunner, B. Nuber and M. Prommesberger, J. Organomet. Chem. 1996, 523,
179.
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MH2) &: 161.9, 150.1, 148.0, 137.7, 135.3, 134.0, 1282%,4, 122.4, 119.8, 21.48l " calcd.
for C1aH1,N,O (M)™: 212.0950; Found: 212.0950.

N-(4-(Hydroxymethyl)phenyl)picolinamide (14). Compoundl4 was prepared following the
NHCOPy typical procedure from (4-aminophenyl)methanol (&ig 5.00 mmol).

The crude was purified by column chromatographyn@s-hexane-
(©/ ethyl acetate 2:1) to givit as a white solid; yield: 12hg (11%); mp=
OH 110-111 °C'H NMR (CDCl3, 300 MH2z) &: 10.03 (s, 1H), 8.61 (d, =

4.2 Hz, 1H), 8.29 (dJ = 7.8 Hz, 1H), 7.90 (td] = 7.7, 1.6 Hz, 1H), 7.76
(d, J = 8.5 Hz, 2H), 7.51 — 7.42 (m, 1H), 7.38 (dz 8.4 Hz, 2H), 4.67 (s, 2H}*C NMR
(CDCl3, 75 MHZz) 6: 162.1, 149.7, 147.9, 137.7, 137.3, 136.9, 12128,5, 122.4, 119.8, 64.7.
ESI* caled. for GaH1:N,0, (M+H)™: 229.0899; Found: 229.0964.

N-(4-Bromophenyl)picolinamide (15). Compound15 was prepared following the typical
NHCOPy procedure from 4-bromoaniline (946 mg, 5.50 mmtu)give 15 as a
/©/ pale yellow solid; yield: 1.14 g (83 %); mp= 14781%C. 'H NMR
Br (CDCl3, 300 MH2) &: 10.03 (s, 1H), 8.61 (ddl = 4.8, 0.9 Hz, 1H),
8.29 (d,J=7.8 Hz, 1H), 7.91 (tdl = 7.7, 1.7 Hz, 1H), 7.69 (d,= 8.7 Hz, 2H), 7.52 — 7.47 (m,
3H). ®C NMR (CDCl;, 75 MH2z) &: 162.2, 149.7, 148.2, 137.9, 137.0, 132.2, 12622.6,
121.4, 117.0El" calcd. for G,HgBrN,O (M)*: 275.9898; Found: 275.9903.

N-(4-Chlorophenyl)picolinamide (16). Compound16 was prepared following the typical
NHCOPy procedure from 4-chloroaniline (702 mg, 5.50 mmub),give 16 as a
/©/ pale yellow solid; yield: 866 mg (75%); mp= 139-120. 'H NMR
cl (CDCl3, 300 MH2z) 3: 10.04 (s, 1H), 8.66 — 8.57 (m, 1H), 8.29 {d;
7.8 Hz, 1H), 7.92 (td) = 7.7, 1.7 Hz, 1H), 7.74 (d, = 8.7 Hz, 2H),
7.49 (dddJ = 7.6, 4.8, 1.2 Hz, 1H), 7.34 (d,= 8.7 Hz, 2H)*C NMR (CDCl3, 75 MHZz) &:
162.2, 149.7, 148.1, 137.9, 136.5, 129.4, 129.8,8,2.22.6, 121.(El" calcd. for G,HsCIN,O

(M)™: 232.0403; Found: 232.0400.

N-(4-Fluorophenyl)picolinamide (17). Compoundl17 was prepared following the typical
NHCcoOPy Procedure from 4-fluoroanilings1l mg, 5.50 mmol), to givé7 as a
©/ brown solid; yield: 522ng (48%); mp= 104-105 °GH NMR (CDCls,
F 500 MHZz) 5: 10.00 (s, 1H), 8.59 (d,= 4.7 Hz, 1H), 8.28 (d] = 7.8 Hz,
1H), 7.89 (tdJ = 7.7, 1.6 Hz, 1H), 7.76 — 7.72 (m, 2H), 7.47 (ddi¢ 7.5, 4.8, 1.0 Hz, 1H),
7.09 — 7.09 (m, 2H}3C NMR (CDCl3, 125 MH2) &: 162.0, 159.5 (djc.r = 243.4 Hz), 149.8,
148.1, 137.8, 133.9 (dcr = 2.7 Hz), 126.6, 122.5, 121.4 (@ = 7.9 Hz), 115.8 (dJcr =
22.5 Hz)."F RMN (CDCl;, 471 MHz) &: -117.9.EI" calcd. for G-HsFN,O (M)*: 216.0699:
Found: 216.0697.

N-(4-Acetylphenyl)picolinamide (18). Compound18 was prepared following the typical
NHCOPy procedure from 4-aminoacetophenone (743 mg, 5.50Imto give
18 as a white solid; yield: 950 mg (79%); mp = 172-2Z3'H
MeOCO NMR (CDCl;, 300 MHZz) 4: 10.26 (s, 1H), 8.64 (d] = 3.9 Hz,
1H), 8.32 (d,J = 7.8 Hz, 1H), 8.07 — 7.86 (m, 5H), 7.53 (dds
7.6, 4.8 Hz, 1H), 7.26 (s, 1H), 2.60 (s, 380 NMR (CDCl;, 75 MHz) §: 197.0, 162.3, 149.4,
148.1, 142.1, 138.0, 133.1, 130.0, 127.0, 122.8,11126.6.El" calcd. for G4H:.N,O, (M)™:
240.0899; Found: 240.0892.
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Methyl 4-(picolinamido)benzoate (19). Compoundl19 was prepared following the typical
NHCOPy procedure from methyl 4-aminobenzoate (831 mg, BB®I), to
give 19 as a white solid; yield: 915 mg (71%); mp = 189-2G@0
Me02C/©/ 'H NMR (CDCl3, 300 MHZ) &: 10.22 (s, 1H), 8.63 (d,= 4.7 Hz,
1H), 8.31 (dJ = 7.8 Hz, 1H), 8.08 (d] = 8.7 Hz, 2H), 7.97 — 7.85
(m, 3H), 7.51 (ddd) = 7.6, 4.8, 1.2 Hz, 1H), 3.92 (s, 3HJC NMR (CDCls, 75 MH2) &:
166.7, 162.3, 149.5, 148.1, 142.0, 137.9, 131.6,912.25.8, 122.7, 119.0, 52HL" calcd. for
C14H1:N,03 (M)*: 256.0848; Found: 256.0847.

N-(4-Cyanophenyl)picolinamide (20). Compound20 was prepared following the typical
NHCOPy procedure from 4-aminobenzonitrile (650 mg, 5.50af)mto give 20
O as a pale yellow solid; yield: 895 mg (80%); mp=41166 °C.'H
NC NMR (CDCls, 300 MHZz) &: 10.25 (s, 1H), 8.64 (dl = 4.0 Hz, 1H),
8.30 (d,J = 7.8 Hz, 1H), 7.93 (m, 3H), 7.68 (d,= 8.5 Hz, 2H), 7.53 (m, 1H)*C NMR
(acetone-dg, 75 MH2) 6: 163.6, 150.3, 149.3, 143.5, 138.9, 133.9, 12828,3, 120.9, 119.5,
107.6.El" calcd. for GaHgN;O (M)*: 223.0746; Found: 223.0737.

N-(3,5-Dimethoxyphenyl)picolinamide (21). Compound1 was prepared following the typical
MeO NHCOPy procedure from 3,5-dimethoxyaniline (766 mg, 5.0f@iat), to give
21 as an orange solid; yield: 804 mg (63%); mp = 7829H NMR
(CDCl3, 300 MH2) 8: 9.98 (s, 1H), 8.53 (dl = 4.5 Hz, 1H), 8.22 (d,
OMe J=7.8Hz, 1H), 7.82 (tJ = 7.7 Hz, 1H), 7.40 (dd] = 6.7, 5.5 Hz,
1H), 7.02 (d,J = 2.1 Hz, 2H), 6.25 (s, 1H), 3.77 (s, 6M)C NMR
(CDCl3, 75 MH2) 8: 162.1, 149.7, 147.9, 137.7, 137.3, 136.9, 12128,5, 122.4, 119.8, 64.7.
ESI* caled. for G4H14N,05 (M+H)™: 259.1004; Found: 259.1062.

N-(3-Methoxyphenyl)picolinamide (22). Compound22 was prepared following the typical
MeO NHCOPy procedure from 3-methoxyaniline (615 mg, 5.00 mitol)give22 as
\©/ an orange oil; yield: 475 mg (42%H NMR (CDCls, 300 MH2) &:
10.11 (s, 1H), 8.53 (d,= 7.8 Hz, 1H), 8.28 (d] = 7.8 Hz, 1H), 7.82
(t,J=7.5, 1H), 7.65 (tJ = 2.0 Hz, 1H), 7.45 - 7.22 (m, 3H), 6.74 Jd&& 7.9 Hz, 1H), 3.82 (s,
3H). ®°C NMR (CDCls, 75 MHZ) &: 161.6, 159.8, 149.2, 147.5, 138.7, 137.1, 129280,
121.8, 111.6, 109.7, 104.9, 54.FSI" calcd. for GHi,N,O, (M+H)": 229.0899; Found:
229.0962.

N-(m-Tolyl)picolinamide (23). Compound23 was prepared following the typical procedure
NHCOPy from m-toluidine (589 mg, 5.50 mmol), to gi&3 as an orange oil; yield:
583 mg (55%)H NMR (acetone-dg, 300 MHz) &: 10.17 (s, 1H), 8.62
\©/ (d,J=7.0 Hz, 1H,), 8.25 (ddl = 7.8, 0.9 Hz, 1H), 7.97 (td,= 7.7, 1.7
Hz, 1H), 7.75 (dJ = 11.5 Hz, 2H), 7.54 (ddd,= 7.5, 4.8, 1.1 Hz, 1H),
7.25 (t,J = 7.8 Hz, 1H), 6.95 (d] = 7.0 Hz, 1H), 2.33 (s, 3H}*C NMR (CDCl;, 75 MHz) &:
162.0, 150.0, 148.0, 139.0, 137.7, 137.7, 128.8,412125.2, 122.4, 120.4, 116.8, 218’
calcd. for GsH1:N,0 (M)™: 212.0950; Found: 212.0944.

Methyl 3-(picolinamido)benzoate (24). Compound24 was prepared following the typical
procedure from methyl 3-aminobenzoate (831 mg, BbB®I), to
MeO,C NHCOP
&2 y give 24 as an orange oil; yield: 483 mg (38%H. NMR (CDClIs,
300 MH2) &: 10.15 (s, 1H), 8.63 (d) = 3.7 Hz, 1H), 8.36 — 8.28
(m, 2H), 8.15 (dJ = 8.1 Hz, 1H), 7.93 (td) = 7.7, 1.6 Hz, 1H),
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7.83 (dd,J=7.8, 1.1 Hz, 1H), 7.56 — 7.43 (m, 2H), 3.943(4). *C NMR (CDCl3, 75 MH2) &:
166.8, 162.3, 149.6, 148.1, 138.1, 137.9, 131.9,412126.8, 125.5, 124.1, 122.6, 120.7, 52.3.
El* calcd. for G4H1.N,O5 (M)*: 256.0848; Found: 256.0853.

N-(Naphthalen-2-yl)picolinamide (25). Compound25 was prepared following the typical
NHCOPy procedure from naphthalen-2-amine (788 mg, 5.5 fntwgive25 as
a pale brown solid; yield: 868 mg (70%p = 180-181 °C'H NMR
(CDCl3 300 MHZz) 8: 10.21 (s, 1H), 8.65 (ddd,= 4.8, 1.7, 0.9 Hz,
1H), 8.51 (dJ = 1.9 Hz, 1H), 8.35 (dj = 7.8, 1.0 Hz, 1H), 7.93 (i1,
= 6.2, 3.1 Hz, 1H), 7.86 (d,= 8.9 Hz, 2H), 7.81 (d] = 8.1 Hz, 1H), 7.72 (dd] = 8.8, 2.1 Hz,
1H), 7.55 — 7.40 (m, 3H)C NMR (CDCl;, 75 MHz) &: 162.3, 149.9, 148.1, 137.8, 135.3,

134.1, 130.8, 128.9, 127.9, 127.7, 126.6, 126.6,112122.5, 119.9, 116.%I" calcd. for
Ci6H12N0 (M)*: 248.0950; Found: 248.0958.

N-(o-Tolyl)picalinamide (26). Compound26 was prepared following the typical procedure
NHCOPy from o-toluidine (589 mg, 5.50 mmol), to giv@6 as a white solid; yield:
502 mg (47 %); mp = 65-66 °@H4 NMR (CDCls, 300 MHz) &: 10.09 (s,
©/\ 1H), 8.63 (dJ = 4.8, 1H), 8.30 (dd] = 9.5, 8.4 Hz, 2H), 7.91 (td,= 7.7,
1.7 Hz, 1H), 7.52 — 7.45 (m, 1H), 7.33 — 7.20 (i),27.09 (t,J = 7.4 Hz,
1H), 2.43 (s, 3H)*C NMR (CDCl;, 75 MHZ) §: 162.0, 150.3, 148.2, 137.8, 136.0, 130.5,
128.1, 127.0, 126.5, 124.7, 122.5, 121.4, 1#l8calcd. for GsH;.N,O (M)*: 212.0950; Found:
212.0949.

N-(Naphthalen-1-yl)picolinamide (27). Compound27 was prepared following the typical
NHCOPy procedure from naphthalen-1-amine (788 mg, 5.50 i give 27 as a
pale brown solid; yield: 843 mg (68%); mp = 128-120. '"H NMR
(acetone-dg, 300 MH2) 6: 10.83 (s, 1H), 8.83 — 8.76(m, 1H), 8.38 Jd;

OO 7.6 Hz, 1H), 8.30 (dd] = 7.8, 1.0 Hz, 1H), 8.16 — 8.07 (m, 2H), 8.03 947.
(m, 1H), 7.78 (dJ = 8.3 Hz, 1H), 7.74 — 7.54 (m, 4HJC NMR (acetone-

ds, 75 MH2z) &: 162.9, 151.0, 149.4, 139.0, 135.1, 133.8, 129%,.8, 127.4, 127.2, 126.9,
126.6, 125.7, 123.0, 121.4, 1194 calcd. for GeH1:N,O (M)*: 248.0950; Found: 248.0955.

N-M ethyl-N-phenylpicolinamide (8). Compound8 was prepared following the typical
| procedure fromN-methylaniline (535 mg, 5.00 mmol), to giv& as an
N. orange oil; yield: 636 mg (60%jH NMR (CDCls, 300 MHZ) &: 8.26 (s,
@f COPY 1H), 7.51 (tJ = 7.2 Hz, 1H), 7.36 (d] = 7.2 Hz, 1H), 7.21 — 6.91 (m, 6H),
3.44 (s, 3H).®C NMR (CDCl;, 75 MHZ) &: 168.6, 154.1, 148.3, 144.1,
136.1, 128.8, 126.6, 126.4, 123.8, 123.4, 3EM. calcd. For GHi:N,O (M) 212.0950;
Found: 212.0951.
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2.1.1. Synthesis of N-(thiophen-3-yl)picolinamide (28).

NHBoc &) TFA

CH,Cl,, 0°C, 1h
K/ \g b) Picolinic acid [\
S Oxalyl chloride, DMF S
NEt,, CH,Cl,, 0°C, 12h

NHCOPy

a) Deprotection of tert-butyl thiophen-3-ylcarbamate

A 50 mL round-bottomed flask immersed in a 0 °Chifte and water) was charged wiént-
butyl thiophen-3-ylcarbamate (200 mg, 1.00 mmol &H,Cl, (2 mL). To the stirred solution
was added trifluoracetic acid (1.50 mL, 24.0 mmiol)one portion. After stirring at room
temperature for 1 h, the removal of solvenvacuo gave the salt of the unprotected aniline as a
yellow oil.

b) Synthesis of the N-aryl-2-pyridinecarboxamide derivative

A 50 mL round-bottomed flask immersed in a 0 °Chbéte and water) was charged with
picolinic acid (123 mg, 1.00 mmol) and &, (8 mL). To the stirred suspension was added
oxalyl chloride (93.QuL, 1.10 mmol) dropwise over a 15 minute perioddald by addition of
DMF (20.0yL, catalytic amount) in one portion, producing atfted color and the evolution of
a gas. The mixture was kept in the cooling bathIfér and then allowed to warm to room
temperature. After gas evolution ceased, the nextuas again cooled to 0 °C and pyridine
(2.00 mL) was added dropwise over a 15 minute defiatilowed by the solution of the salt of
the thiophen-3-amine in GBI, (2 mL) added dropwise over a 15 minute period. Br@vn
mixture was left in the cooling bath for 30 minutaad then allowed to warm to room
temperature. Stirring was continued at room tentpeggor 12 h. Removal of solveirt vacuo
gave the crude product as a brown solid that wasaaed with HO-AcOEt. The organic
phases were combined and concentrated under reguesslire to giv28 as a red solid; yield:
153 mg (70%); mp = 104-105 °&4 NMR (CDCl3, 300 MHZ) 8: 10.18 (s, 1H), 8.59 (ddd,=
4.7, 1.6, 0.9 Hz, 1H), 8.28 (d,= 7.9 Hz, 1H), 7.89 (td] = 7.7, 1.7 Hz, 1H), 7.79 (dd,= 3.2,
1.4 Hz, 1H), 7.47 (ddd] = 7.6, 4.8, 1.2 Hz, 1H), 7.31 — 7.16 (m, 1H), 7-28.17 (m, 1H)*C
NMR (CDCl3, 75 MHz) 6: 161.4, 149.5, 148.0, 137.6, 135.4, 126.4, 12W@,4, 121.2, 110.4.
El" calcd. for GgHgN,OS (M)": 204.0357; Found: 204.0352

2.2. Synthesis of N-phenylpyridine-2-sulfonamide (5).> To a solution of aniline (364L,
NHSO,Py 4.00 mmol, 1.00 equiv) in THF (40 mL), pyridine &@8L, 4.80 mmol,
©/ 1.20 equiv) and 2-pyridylsulfonyl chloride (852 mg4.80 mmol,
1.20 equiv) were successively added dropwise a€ @Ad under N
atmosphere. The mixture was warmed to room temyrerand stirred overnight. During this
time, agradual formation of a precipitate was observea fdsulting mixture was then suction
filtered through a 6-cm fritted glass funnel (c&arsito a round-bottomed flask, and the filter
cake was rinsed with THF (3 x 10 mL). To the ranglfiltrate and the washes, water (20 mL)
was added and the THF was removed by evaporatigdated pressure, yielding a suspension
of a white solid in the agqueous medium. This salids collected by filtration, washed

2 A Garcia-Rubia, B. Urones, R. Gomez Arrayds, and J. C. Carretero, Angew. Chem. Int. Ed. 2011, 50,
10927.
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sequentially with toluene (2 x 5 mL) and diethytheat (2 x 5 mL). Then it was transferred to a
round-bottomed flask, and dried at 1.0 mmHg to eb as a white powder; yield: 862 mg
(92%); mp = 170-172 °C. The analytical data (NMRMS analysis) matched those reported in
the literature foN-phenylpyridine-2-sulfonamidfCAS: 103863-00-9]'H NMR (acetone-d,
300 MH2) &: 9.19 (s, 1H), 8.69 (dd,= 3.6, 1.2, 1H), 8.02 (m, 1H), 7.94 (m, 1H), 7.88d,J =
7.2,4.8, 1.5, 1H), 7.24 (m, 4H), 7.03Jt 7.2 Hz, 1H)ESI" calcd. for GiH11N,0,S (M+H)':
235.0535; Found: 235.0537.

2.3. Synthesis of 4-methyl-N-phenylbenzenesulfonamide (6). Compound6 was prepared
NHTs following the typical procedure from aniline (3@4, 4.00 mmol) and 4-
methylbenzenesulfonyl chloride (915 mg, 4.80 mmd0 equiv) to givés as a
©/ white solid; yield: 752 mg (76%); mp = 96-97 °C.eTanalytical data (NMR,
GC-MS analysis) matched those reported in the alitee for 4-methyN-
phenylbenzenesulfonamide [CAS: 68-34-8).NMR (acetone-ds, 300 MHz) &: 8.90 (s, 1H),
7.67 (d,J=8.3, 2H), 7.31 (dJ=7.9, 2H), 7.21 (m, 4H), 7.06 (m, 1Hc), 2.35 (s)3KC NMR
(CDCl3, 75 MHZ2) 6: 144.0, 136.7, 136.2, 129.8, 129.4, 127.4, 12824,6, 21.6.

3. General proceduresfor the copper-catalyzed ortho-amination

3.1. Copper-catalyzed reaction of morpholine with aniline derivatives (Scheme 1)

Synthesis of N-(2-morpholinophenyl)picolinamide (2). An oven-dried, nitrogen-flushed

NHCOPy 20 mL vessel was charged witN-phenylpicolinamide 1) (39.6 mg,
O: 0.20 mmol, 1.00 equiv), (diacetoxyiodo)benzene J#dg, 0.24 mmol,

N 1.20 equiv), and copper (Il) acetate (5.45 mg, bd3ol, 0.15 equiv).The

K/O reaction vessel was sealed with a Teflon lined ¢hpn evacuated and

flushed with nitrogen three times. Under the atrhese of nitrogen,

p-xylene (1.00 mL), morpholine (0.31 mL, 0.40 mm®ID0 equiv) and the internal standard
n-hexadecane (10L) were addedsia syringe. The resulting mixture was stirred at 80for
16 h. After the reaction was complete, the volatikeere removeth vacuo and the residue was
purified by column chromatography-fiexane-EtOAc 5:1), yielding as a white solid; yield:
46.9 mg (83%); mp= 108-10%C. *H NMR (CDCls;, 300 MHz) &: 11.15 (s, 1H), 8.66 (ddd,
J=4.7,15, 0.9 Hz, 1H), 8.59 (ddi= 7.9, 1.4 Hz, 1H), 8.30 (di,= 7.8, 0.9 Hz, 1H), 7.91 (td,
J=7.7,1.7 Hz, 1H), 7.48 (ddd,= 7.6, 4.8, 1.2 Hz, 1H), 7. 23 — 7.07 (m, 3H),54-03.93 (m,
4H), 3.02 — 2.91 (m, 4H)*C NMR (CDCls;, 75 MH2) &: 161.9, 150.7, 148.3, 141.9, 137.7,
133.2, 126.4, 125.4, 124.2, 122.5, 120.2, 119.77,&2.6.El * calcd. for GeHi/N3O, (M)™:
283.1321; Found: 283.131&nal. Calcd. for GeH;1/N3O,: C, 67.83; H, 6.05; N, 14.83. Found:
C, 6752; H, 6.08; N, 14.82.

N-(4-(Dimethylamino)-2-mor pholinophenyl)picolinamide (29). Compound29 was prepared

NHcopy following the general protocol from  N-(4-
/@: (dimethylamino)phenyl)picolinamidell) (48.3 mg, 0.20 mmol), to
>N N/\ give 29 as a yellow solid; yield: 28.2 mg (43%); mp= 11622C. *H

| O NMR (CDCl,, 300 MHz) &: 10.85 (s, 1H), 8.70 — 8.59 (m, 1H), 8.44
(d,J=8.7 Hz, 1H), 8.28 (d] = 7.8 Hz, 1H), 7.88 (td] = 7.7, 1.7 Hz,
1H), 7.44 (dddJ = 7.6, 4.8, 1.2 Hz, 1H), 6.65 — 6.52 (m, 2H), 4-08.91 (m, 4H), 3.07 — 2.88
(m, 10H).®C NMR (CDCls, 75 MHz) &: 161.2, 151.1, 148.3, 148.0, 143.2, 137.6, 126.1,
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123.5, 122.3, 120.9, 109.3, 105.1, 67.8, 52.6, .4EI12 calcd. for GgHxN,O, (M+H)™
327.1743; Found: 327.1812.

N-(4-M ethoxy-2-mor pholinophenyl)picolinamide (30). Compound 30 was prepared
NHCOPy following the general protocol from  N-(4-
methoxyphenyl)picolinamidél2) (45.7 mg, 0.20 mmol), to giva0
Meo/©:N as a pale yellow solid; yield: 46.5 mg (74%); mp464147°C. 'H
bo NMR (CDCl3, 300 MHZ2) &: 10.87 (s, 1H), 8.69 — 8.59 (m, 1H), 8.54
— 8.44 (m, 1H), 8.28 (d] = 7.8 Hz, 1H), 7.89 (td) = 7.7, 1.7 Hz,
1H), 7.46 (dddJ = 7.6, 4.8, 1.1 Hz, 1H), 6.80 — 6.67(m, 2H), 4-03.90 (m, 4H), 3.81 (s, 3H),
3. 02 — 2.87 (m, 4H)C NMR (CDCl3, 75 MH2) &: 161.5, 156.5, 150.7, 148.3, 143.5, 137.7,
126.5, 126.3, 122.3, 120.7, 108.8, 107.4, 67.6,3R2.5.ESI" calcd. for G;H;gNzO3 (M+H)™:
314.1426; Found: 314.1498nal. Calcd. for GH1N3Osz: C, 65.16; H, 6.11; N, 13.41. Found:
C, 65.13; H, 6.21; N, 13.16.

N-(4-M ethyl-2-mor pholinophenyl)picolinamide (31). Compound31 was prepared following
NHCOPy the general protocol fromN-(p-tolyl)picolinamide (3) (42.5 mg,
0.20 mmol), to give3l as an orange solid; yield: 45.1 mg (76%); mp=
/C[N 121-122 °C!H NMR (CDCl;, 300 MHz) 8: 11.04 (s, 1H), 8.65 (ddd,=
K/O 4.7, 1.6, 0.9 Hz, 1H), 8.46 (d,= 8.2 Hz, 1H), 8.29 (dJ = 7.9, 1.0 Hz,
1H), 7.89 (tdJ = 7.7, 1.7 Hz, 1H), 7.47 (ddd,= 7.6, 4.7, 1.2 Hz, 1H),
7.05 — 6.92 (m, 2H), 4.06 — 3.90 (m, 4H), 3.01872Qm, 4H), 2.34 (s, 3H}*C NMR (CDCls,
75 MHz) 6: 161.8, 150.8, 148.3, 141.9, 137.7, 133.9, 13126,3, 125.8, 122.4, 120.9, 119.6,
67.8, 52.6, 21.3E1" calcd. for G;H1oNz0, (M)*: 297.1477; Found: 297.1488nal. Calcd. for
Ci7/H1gN3Os: C, 68.67; H, 6.44; N, 14.13. Found: C, 68.006t51; N, 13.91.

N-(4-(Hydr oxymethyl)-2-mor pholinophenyl)picolinamide (32). Compound32 was prepared

NHCOPy following the general protocol from N-(4-
(hydroxymethyl)phenyl)picolinamidei4) (36.0 mg, 0.15 mmol), to give

Hi:["‘ 32 as an orange solid; yield: 28.8 mg (46%); mp= 118°C.'"H NMR

OH K/o (CDCl3, 300 MHZz) 6: 11.10 (s, 1H), 8.66 (d,= 4.7 Hz, 1H), 8.55 (d]

= 8.2 Hz, 1H), 8.29 (d] = 7.8 Hz, 1H), 7.91 (td] = 7.7, 1.7 Hz, 1H),
7.48 (dd,J = 6.5, 4.8 Hz, 1H), 7.21 (s, 1H), 7.18 (o= 8.3 Hz, 1H), 4.67 (s, 2H), 4.05 — 3.88
(m, 4H), 3.01 — 2.88 (m, 4HY’C NMR (CDCls, 75 MHz) §: 162.0, 150.5, 148.3, 142.2, 137.7,
136.9, 132.4, 126.5, 124.1, 122.5, 119.7, 119.17,685.3, 52.6ESI* calcd. for GH;oN:O;
(M+H)*: 314.1426; Found: 314.1502.

N-(4-Bromo-2-mor pholinophenyl)picolinamide (33). Compound33 was prepared following
NHcopy the general protocol fromN-(4-bromophenyl)picolinamide 1£)
Ji:[ (55.4 mg, 0.20 mmol), to givé3 as a pale orange solid; yield: 58.5 mg
Br N/\ (81%); mp= 139-140C. 'H NMR (CDCl;, 300 MHz) &: 11.02 (s,
O 1H), 8.63 — 8.51 (m, 1H), 8.49 (dd= 8.7, 1.5 Hz, 1H), 8.29 (d,=
7.4 Hz, 1H), 7.92 (tt) = 7.8, 1.7 Hz, 1H), 7.50 (ddi,= 7.5, 4.7, 1.4
Hz, 1H), 7.32 (dJ = 8.7 Hz 1H), 7.26 (s, 1H), 3.97 — 3.83 (m, 4HR4L— 2.80 (m, 4H)**C
NMR (CDCl3, 75 MH2z) 6: 161.9, 150.3, 148.4, 143.3, 137.8, 132.2, 12®8,6, 123.7, 122.6,
121.0, 116.6, 67.6, 52.&ESI" calcd. for GgH1eBrNz;O, (M+H)": 362.0426; Found: 362.0496.
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N-(4-Chlor o-2-mor pholinophenyl)picolinamide (34). Compound34 was prepared following
NHCOPy the general protocol fromN-(4-chlorophenyl)picolinamide 16)
(46.5 mg, 0.20 mmol), to givé4 as a pale yellow solid; yield: 49.4 mg
CI/C[N (78%); mp= 147-148C."H NMR (CDCl3, 300 MHz) &: 11.01 (s, 1H),
K/O 8.72 — 8.62 (m, 1H), 8.53 (dd,= 8.7, 3.1 Hz, 1H), 8.33 — 8.25 (m,
1H), 7.91 (tddJ = 7.8, 3.3, 1.7 Hz, 1H), 7.53 — 7.43 (m, 1H), 721
7.08 (m, 2H), 4.03 — 3.91 (m, 4H), 3.01 — 2.87 4ir). °C NMR (CDCls;, 75 MHz) &: 161.9,
150.4, 148.4, 143.1, 137.8, 131.7, 129.0, 126.6,312122.6, 120.8, 120.7, 67.6, 52&8I"
calcd. for GgH1¢CIN;O, (M+H)™: 318.0931; Found: 318.1007.

N-(4-Fluor o-2-mor pholinophenyl)picolinamide (35). Compound35 was prepared following
NHCOPy the general protocol fromN-(4-fluorophenyl)picolinamide 1(7)
(43.2 mg, 0.20 mmol), to giv@5 as a pale yellow solid; yield: 36.2 mg
F/©iN (60%); mp= 144-145 °CH NMR (CDCl3, 300 MH2) &: 10.91 (s, 1H),
K/O 8.65 (m, 1H), 8.58 — 8.49 (m, 1H), 8.29 Jd; 7.8 Hz, 1H), 7.90 (td] =
7.5, 1.5 Hz, 1H), 7.49 (ddd,= 7.6, 4.8, 1.2 Hz, 1H), 6.94 — 6.83 (m,
2H), 4. 05 — 3.92 (m, 4H), 2.99 — 2.88 (m, 48 RMN (CDCl;, 75 MHZ) &: 161.8, 159.4 (d,
J = 244.2 Hz), 150.5, 148.4, 143.6 (W= 7.6 Hz), 137.8, 129.2 (d,= 3.1 Hz), 126.5, 122.5,
120.9 (d,J = 8.7 Hz), 111.4 (dJ = 21.8 Hz), 107.8 (d) = 23.3 Hz), 67.5, 52.4°F RMN
(CDCl3, 282 MHZ) &: -116.7 (S)EI" calcd. for GgHi6FNsO, (M)™: 301.1227; Found: 301.1303.
Anal. Calcd. for GeH16FN3O,: C, 63.78; H, 5.35; N, 13.95. Found: C, 63.595,7; N, 12.98.

N-(4-Acetyl-2-mor pholinophenyl)picolinamide (36). Compound36 was prepared following
NHCOPy the general protocol fromN-(4-acetylphenyl)picolinamide 18)
(36 mg, 0.15 mmol). In this case, use of Cu(QA2p mol%) and
Meoc/©:N PhI(OAc), (2.00 equiv) is necessary to obt@® as a pale yellow
K/O solid; yield: 20.0 mg (32%); mp= 196-197 &1 NMR (CDCls,
300 MHz) &: 11.34 (s, 1H), 8.73 — 8.65 (m, 2H), 8.31 Jd5 7.8
Hz, 1H), 7.94 (tJ = 7.0 Hz, 1H), 7.81 (d] = 8.7 Hz, 2H), 7.52 (dd} = 7.5, 4.8 Hz, 1H), 4.05 —
3.95 (m, 4H), 3.05 — 2.91 (m, 4H), 2.60 (s, 3L NMR (CDCls, 75 MHz) &: 197.3, 162.1,
150.5, 148.4, 142.0, 137.8, 137.6, 133.1, 126.6,8,222.7, 119.9, 118.7, 67.6, 52.5, 2&b.
calcd. for GgH1oN305 (M)™: 325.1426; Found: 325.1437.

Methyl 3-mor pholino-4-(picolinamido)benzoate (37). Compound37 was prepared following
NHCOPy the general protocol from methyl 4-(picolinamida)beate 19)
(38.4 mg, 0.15 mmol). In this case, use of Cu(QAZH mol%)
/©:N and PhI(OAc) (2.00 equiv) is necessary to gid& as a white
@0 solid; yield: 30.6 mg (45%); mp= 157-159 %& NMR (CDCls,
300 MH2) &: 11.32 (s, 1H), 8.73 — 8.65 (m, 2H), 8.31Jd; 7.9
Hz, 1H), 7.99 — 7.84 (m, 3H), 7.57 — 7.48 (m, 1#P1 (m, 4H), 4.07 — 3.97 (s, 3H), 3.06 —
2.96 (m, 4H).*C NMR (CDCls, 75 MHz) &: 166.8, 162.3, 150.2, 148.4, 141.7, 137.8, 137.4,
127.5, 126.8, 125.5, 122.7, 121.8, 118.9, 67.65,522.2.El" calcd. for GgHioNzO, (M)":
341.1376; Found: 341.1385.

M602C

N-(4-Cyano-2-mor pholinophenyl)picolinamide (38). Compound38 was prepared following
the general protocol fromN-(4-cyanophenyl)picolinamide 20)

NHCOPy .
(44.6 mg, 0.20 mmol). In this case, use of Cu(QA2b mol%) and
NG N PhlI(OAc) (2.00 equiv) is necessary to obt#88 as a white solid;

(o Vield: 308 mg (79%); mp= 180-181 o NMR (CDCls, 300 MHz)
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§: 11.27 (s, 1H), 8.72 (dl = 8.5 Hz, 1H), 8.68 (dJ = 4.7 Hz, 1H), 8.30 (dJ = 7.8 Hz, 1H),
7.94 (td,J = 7.7, 1.6 Hz, 1H), 7.58 — 7-46 (m, 2H), 7.41Jc 1.8 Hz, 1H), 4.05 — 3.96 (m,
4H), 3.01 — 2.92 (m, 4H)°C NMR (CDCl,, 75 MHz) &: 162.5, 149.8, 148.5, 142.2, 137.9,
137.4, 129.9, 127.0, 124.1, 122.8, 119.8, 119.7,01667.5, 52.4lE" calcd. para §HiN.O;
(M)*: 308.1273; Found: 308.1282.

N-(3,5-Dimethoxy-2-mor pholinophenyl)picolinamide (39). Compound 39 was prepared
following the general protocol from  N-(3,5-
NHCOPy dimethoxyphenyl)picolinamide2q) (51.7 mg, 0.20 mmol), to give
39 as a brown solid; 62.0 mg (92%); mp= 171-2Z3'H NMR
N/\ (acetone-dg, 300 MHZ) &: 6 11.82 (s, 1H), 8.82 (d, = 4.7 Hz, 1H),
OMe \_O 824 (d,J=7.8Hz, 1H), 8.08 (4 = 7.2 Hz, 1H), 7.97 (d] = 2.4 Hz,
1H), 7.70 — 7.63 (m, 1H), 6.35 (d= 2.6 Hz, 1H), 3.94 — 3.78 (m, 10H), 3.63 — 3.51 2H),
2.59 (d,J = 11.7 Hz, 2H)*C NMR (CDCl;, 75 MHz) &: 162.4, 159.1, 159.0, 150.8, 148.4,
137.6, 137.4, 126.3, 122.4, 121.7, 95.4, 95.3,,685, 55.3, 50.&Sl" calcd. for GgH2i:Nz0,
(M+H)": 344.1532; Found: 344.159@nal. Calcd. for GgH2:NsO,: C, 63.59; H, 5.67; N, 12.98.
Found: C, 61.47; H, 6.15; N, 11.38.

MeO

N-(5-M ethoxy-2-mor pholinophenyl)picolinamide (40). Compound 40 was prepared
MeO NHCOPy following thg . ggneral protocol from N'-(3-
methoxyphenyl)picolinamide2) (45.6 mg, 0.20 mmol), to givé0
\©:N as a pale brown solid; yield: 23.1 mg (37%); mp=2-103°C. 'H
bo NMR (CDCl3, 300 MH2) 3: 11.31 (s, 1H), 8.66 (dl = 4.8 Hz, 1H),
8.35-8.24 (m, 2H), 7.90 (td,= 7.7, 1.2 Hz, 1H), 7.48 (dd,= 7.5,
4.8 Hz, 1H), 7.11 (d) = 8.7 Hz, 1H), 6.65 (ddl = 8.7, 2.7 Hz, 1H), 4.05 — 3.91 (m, 4H), 3.84
(s, 3H), 2.96 — 2.84 (m, 4H¥C NMR (CDCl;, 75 MH2) &: 162.2, 157.4, 150.6, 148.4, 137.7,
135.1, 134.4, 126.5, 122.4, 121.3, 110.0, 104.89,685.7, 53.0ESI" calcd. for G;H19N303
(M+H)": 314.1426; Found: 314.1488nal. Calcd. for G;H1gN3Os: C, 65.16; H, 6.11; N, 13.41.
Found: C, 64.61; H, 6.17; N, 13.30.
In the same experiment\-(3-M ethoxy-2-mor pholinophenyl)picolinamide (41) was also
NHCOPy isolated as a pale brown solid; yield: 10.2 mg ();6tp= 180-18PC. *H
NMR (CDClj3, 300 MHz) &: 11.84 (s, 1H), 8.69 (dl = 3.9 Hz, 1H), 8.29
N (dd,J = 7.3, 6.4 Hz, 2H), 7.90 (td,= 7.7, 1.1 Hz, 1H), 7.47 (dd,= 7.5,
OMe K/O 4.7 Hz, 1H), 7.21 (t) = 8.3 Hz, 1H), 6.67 (d] = 8.4 Hz, 1H), 4.03 — 3.93
(m, 4H), 3.86 (s, 3H), 3.78 — 3.58 (m, 2H), 2.66Ja 11.6 Hz, 2H)*C
NMR (CDCl;, 75 MH2z) 6: 162.34 158.5, 150.9, 148.4, 137.6, 137.2, 12827.6, 126.3,
122.5, 111.6, 107.2, 68.5, 55.4, 5088 " calcd. for G;H1gN3O; (M+H)": 314.1426; Found:
314.1514.

N-(5-M ethyl-2-mor pholinophenyl)picolinamide (42). Compound42 was prepared following
NHCOPy the general protocol fromN-(m-tolyl)picolinamide g3) (42.5 mg,
0.20 mmol), to gived2 as a yellow solid; yield: 36.0 mg (61%); mp=
\©iN 136-137 °C'H NMR (CDCl; 300 MH2) &: 11.16 (s, 1H), 8.71 — 8.64
bo (m, 1H), 8.45 (s, 1H), 8.30 (dd= 7.8, 0.9 Hz, 1H), 7.91 (td,= 7.7, 1.7
Hz, 1H), 7.48 (dddJ) = 7.5, 4.7, 1.2 Hz, 1H), 7.07 (d,= 8.0 Hz, 1H),
6.92 (d,J = 8.0 Hz, 1H), 4.07 — 3.91 (m, 4H), 3.07 — 2.89 @H), 2.38 (s, 3H)*C NMR
(acetone-dg, 75 MH2) 6: 162.2, 151.4, 149.4, 140.5, 138.8, 135.3, 13420,5, 125.1, 122.8,
121.0, 120.3, 68.0, 53.4, 21.B1" calcd. for G;H1NsO, (M)™: 297.1477; Found: 297.2490.
Anal. Calcd. for G:H1gN3O,: C, 68.67; H, 6.44; N, 14.13. Found: C, 68.096t51; N, 13.97.
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Methyl 4-mor pholino-3-(picolinamido)benzoate (43). Compound43 was prepared following
MeO,C NHCOPy the general protocol from methyl 3-(pico|inamido)be§1te 2.4)

(38.4 mg, 0.15 mmol), to givd3 as a pale yellow solid; yield:

\©iN 41.0 mg (61%); mp= 183-184 °@4 NMR (CDCl;, 300 MHZz) &:
bo 10.92 (s, 1H), 9.19 (dl = 2.0 Hz, 1H), 8.66 (dd] = 4.7, 0.9 Hz,

1H), 8.31 (ddJ = 7.8, 0.9 Hz, 1H), 7.98 — 7.88 (m, 1H), 7.82 (dd,
J=28.3, 2.0 Hz, 1H), 7.50 (ddd,= 7.6, 4.8, 1.2 Hz, 1H), 7.17 (d~= 8.3 Hz, 1H), 4.07 — 3.97
(m, 4H), 3.91 (s, 3H), 3.07 - 2.95 (m, 4HC NMR (CDCl;, 75 MHz) &: 166.9, 161.9, 150.2,
148.3, 146.1, 137.8, 132.4, 126.7, 126.6, 126.2,612120.9, 119.5, 67.4, 52.1, 52ASI"
calcd. for GgH;gNzO, (M+H)": 341.1376; Found: 341.1360.

N-(1-Mor pholinonaphthalen-2-yl)picolinamide (44). Compound44 was prepared following
o) the general protocol fromN-(naphthalen-2-yl)picolinamide(25)

[ ] (49.7 mg, 0.20 mmol), to givé4 as a white solid; yield: 47.3 mg

N (71%); mp = 188-189 °CH NMR (CDCl;, 300 MHZ) &: 12.00 (s,

NHCOPy 1H), 8.93 (d,J = 9.0 Hz, 1H), 8.81 — 8.71 (m, LH), 8.35 (dds 7.8,
OO 1.0 Hz, 1H), 8.13 (d] = 8.5 Hz, 1H), 8.02 — 7.90 (m, 1H), 7.83 (dd,
- 18.6, 8.5 Hz, 2H), 7.60 — 7.35 (m, 3H), 4.17 §tt 7.8, 3.9 Hz,

2H), 4.05 (d,J = 10.4 Hz, 2H), 3.96 — 3.86 (m, 2H), 2.95 {d= 11.6 Hz, 2H).*C NMR
(CDCl5, 75 MHZ) &: 162.3, 150.8, 148.3, 137.7, 134.8, 133.3, 13133,7, 129.3, 127.8, 126.4,
126.1, 124.3, 123.4, 122.6, 119.0, 68.5, 5ELI" calcd. For GHiN:O, (M)*: 333.1477;
Found: 333.1487&I1" calcd. For GoH1gNzO, (M)™: 333.1477; Found: 333.1487.

N-(2-M ethyl-6-mor pholinophenyl)picolinamide (45). Compound45 was prepared following
the general protocol fromN-(o-tolyl)picolinamide 6) (42.5 mg,
NHCOPy  0.20 mmol), to gived5 as a pale brown solid; yield: 16.0 mg (27%); mp =
109-110 °C'H NMR (CDCls, 300 MHZ) &: 10.04 (s, 1H), 8.69 (ddd, =
N 4.8,1.7,0.9 Hz, 1H), 8.29 (dt~= 7.8, 1.0 Hz, 1H), 7.91 (td,= 7.7, 1.7 Hz,
K/O 1H), 7.50 (ddd) = 7.6, 4.8, 1.2 Hz, 1H), 7.18 @~ 7.8 Hz, 1H), 7.05 (d]
= 7.4 Hz, 1H), 6.95 (d] = 7.9 Hz, 1H), 3.81 — 3.73 (m, 4H), 2.91 — 2.83 4H), 2.35 (s, 3H).
3C NMR (acetone-ds, 75 MHz) &: 162.8, 151.1, 149.4, 148.3, 138.7, 136.4, 132476,
127.4, 126.8, 123.0, 117.5, 67.8, 53.0, 18l7.calcd. For G;H1gN;O, (M)™: 297.1477; Found:
297.1476 Anal. Calcd. for G;H1gN5;O,: C, 68.67; H, 6.44; N, 14.13. Found: C, 68.356H0;
N, 13.54.

N-(2-Mor pholinonaphthalen-1-yl)picolinamide (46). Compound46 was prepared following
NHCOPy the general protocol fromN-(naphthalen-1-yl)picolinamide 27)
Q I\ (49.7 mg, 0.20 mmol), to givd6 as an orange solid; yield: 33.3 mg
Q N 0 (50%); mp = 161-162 °CH NMR (acetone-ds, 300 MHZ) 5: 10.31 (s,
~—/ 1H), 8.83 (ddJ = 3.3, 2.4 Hz, 1H), 8.30 — 8.35 (m, 1H), 8.10 (tc;
7.7, 1.7 Hz, 1H), 7.94 — 7.85 (m, 3H), 7.70 (ddl&, 7.6, 4.8, 1.3 Hz, 1H), 7.52 — 7.39 (m, 3H),
3.78 — 3.70 (m, 4H), 3.02 — 2.95 (m, 4C NMR (CDCls, 75 MH2) §: 163.5, 150.1, 148.4,
144.2, 137.7, 131.3, 129.8, 128.1, 128.0, 126.6,3120126.3, 125.0, 124.6, 122.9, 118.7, 67.6,
52.2.El" calcd. For GgHigN3O, (M)*: 333.1477; Found: 333.1464.

N-(2-M or pholinothiophen-3-yl)picolinamide (47). Compound4?7 was prepared following the
NHCOPy general protocol from N-(thiophen-3-yl)picolinamide 28) (30.6 mg,
0.15 mmol). In this case, use of Cu(OAE25 mol%) and PhI(OAg)(2.00
| S\ N\_/O equiv) is necessary to giv7 as a yellow oil; yield: 15.0 mg (35%jH
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NMR (CDCls, 300 MHz) &: 10.33 (s, 1H), 8.65 (ddd,= 4.8, 1.7, 0.9 Hz, 1H), 8.28 (dt,=
7.8, 1.1 Hz, 1H), 7.94 (d, = 5.8 Hz, 1H), 7.93 — 7.86 (m, 1H), 7.48 (ddd; 7.6, 4.8, 1.2 Hz,
1H), 7.02 (d,J = 5.9 Hz, 1H), 3.97 — 3.88 (m, 4H), 3.01 — 2.93 4#). °C NMR (CDCl,, 75
MHz) &: 160.7, 150.1, 148.4, 140.9, 137.7, 127.9, 12522.5, 120.7, 118.5, 67.4, 54HSI*
calcd. For GiHiN:0,S (M+H)': 289.0885; Found: 289.0887.

3.2. Scope with regard to the amine (Scheme 2)

Synthesis of N-(2-(2,6-dimethylmor pholino)phenyl)picolinamide (48). Into a 20 mL glass
vial, were weighed N-phenylpicolinamide (1) (39.6 mg, 0.20 mmol,
NHC?E'{ 1.00 equiv), (diacetoxyiodo)benzene (77.3 mg, @n2dol, 1.2 equiv), and
N o copper(ll) acetate (5.45 mg, 0.03 mmol, 0.15 equiVje vial was capped
\_{LL with a Teflon septum cap, evacuated and refilleith witrogen via a needle
through the septum two or three times. The solusatl in this reaction was
p-xylene. Solvent (1.00 mL) and 2,6-dimethylmorpheli(49.3uL, 0.40 mmol, 2.00 equiv)
were added via syringe. The reaction vial was thlaned in a reaction block heated at 80 °C.
After stirring for 16 hours, an aliquot of reactionxture was loaded onto a Mgg€olumn and
analyzed by GC, using-hexadecane (0.01 mL) as internal standard. Thelugtowas
concentrated in vacuo and purified by column chitogi@phy to give48 as a white solid,;
yield: 24.3 mg (39%); mp = 124-125 °8 NMR (acetone-d6, 300 MHz) &: 11.14 (s, 1H),
8.77 (ddd,J = 4.8, 1.6, 0.9 Hz, 1H), 8.60 (dd,= 7.9, 1.7 Hz, 1H), 8.25 (df,= 7.9, 1.1 Hz,
1H), 8.08 (td,J = 7.7, 1.7 Hz, 1H), 7.66 (ddd,= 7.6, 4.7, 1.2 Hz, 1H), 7.25 (dd,= 7.7,
1.7 Hz, 1H), 7.23 — 7.06 (m, 2H), 4.05 (ddds 12.5, 6.3, 2.1 Hz, 2H), 2.96 (ddl= 8.9, 1.8
Hz, 2H), 2.49 (dd,J = 11.6, 10.0 Hz, 2H), 1.17 (s, 3H), 1.15 (s, 3B¢ NMR (CDCl;, 75
MHz) o: 162.04, 150.77, 148.32, 141.75, 137.70, 133.285.4P, 125.38, 124.17, 122.53,
120.36, 119.68, 72.64, 58.19, 19.@A." calcd. For GgH»iN;O, (M)": 311.1634; Found:
311.1643.

N-(2-(1,4-Dioxa-8-azaspir o[4.5]decan-8-yl)phenyl)picolinamide (49). Compound 49 was
NHCOPy prepared following the typical procedure from 1idxa-8-
o) azaspiro[4.5]decane (51uR, 0.40 mmol), to givel9 as a pale yellow
NC>< solid; yield: 48.2 mg (71%); mp = 101-102 °¢&4 NMR (CDCls;, 300
MHz) é: 11.14 (s, 1H), 8.67 (ddd,= 4.7, 1.6, 0.9 Hz, 1H), 8.58 (dd,
= 7.8, 1.4 Hz, 1H), 8.30 (df,= 7.9, 1.0 Hz, 1H), 7.89 (td,= 7.7, 1.7 Hz, 1H), 7.46 (ddd,=
7.6, 4.7, 1.2 Hz, 1H), 7.23 — 7.13 (m, 2H), 7.12.63 (m, 1H), 4.02 (s, 4H), 3.09 — 2.97 (m,
4H), 2.08 — 1.94 (m, 4H)*C NMR (CDCls;, 75 MH2) 3: 162.0, 150.7, 148.4, 142.6, 137.6,
133.0, 126.3, 125.0, 124.0, 122.4, 120.3, 119.5.11064.4, 50.7, 35.9El" calcd. For
C1oH21N30;3 (M)™: 339.1583; Found: 339.1584nal. Calcd. for GeH»:NsOs: C, 67.24; H, 6.24;
N, 12.38. Found: C, 67.01; H, 6.40; N, 12.08.

N-(2-(4-M ethylpiperidin-1-yl)phenyl)picolinamide (50). Compound 50 was prepared

NHCOPy following the typical procedure from 4-methylpipdine (47.6uL,
0.40 mmol),to give 50 as a yellow oil; yield: 37.6 mg (64%Y NMR
N (CDCl3, 300 MHZ) 6: 11.15 (s, 1H), 8.65 (d,= 4.1 Hz, 1H), 8.61 — 8.56

(m, 1H), 8.31 (dJ = 7.8 Hz, 1H), 7.90 (td] = 7.7, 1.7 Hz, 1H), 7.46
(ddd,J = 7.6, 4.7, 1.2 Hz, 1H), 7.20 — 7.04 (m, 3H), 3(08] = 11.9 Hz, 2H), 2.72 (] = 11.2
Hz, 2H), 1.84 — 1.74 (m, 2H), 1.70 — 1.53 (m, 3HP6 (d,J = 5.8 Hz, 3H)*C NMR (CDCl;,
75 MHZ) &: 162.0, 150.8, 148.2, 143.5, 137.5, 133.2, 1223,6, 123.99, 122.4, 120.2, 119.4,

516



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014

53.1, 35.2, 30.8, 22.FEI" calcd. For GgH,1NsO (M)": 295.1685; Found: 295.168@nal.
Calcd. for GgH»1N;O: C, 73.19; H, 7.17; N, 14.23. Found: C, 72.897120; N, 14.16.

N-(2-(Piperidin-1-yl)phenyl)picolinamide (51). Compound51 was prepared following the
NHCOPy typical procedure from piperidine (39%, 0.40 mmol)to give 51 as a
yellow oil; yield: 41.6 mg (74%)H NMR (CDCl;, 300 MH2) &: 11.14 (s,
NC> 1H), 8.67 (dddJ = 4.7, 1.6, 0.9 Hz, 1H), 8.62 — 8.55 (m, 1H), 8-:38.28
(m, 1H), 7.90 (tdJ = 7.7, 1.7 Hz, 1H), 7.46 (ddd,= 7.6, 4.8, 1.2 Hz, 1H),
7.21 — 7.03 (m, 3H), 2.93 — 2.82 (m, 4H), 1.92781(m, 4H), 1.70 — 1.55 (m, 2H}C NMR
(CDCl3, 75 MHz) 6: 162.1, 150.9, 148.3, 143.8, 137.5, 133.2, 123,7, 124.0, 122.4, 120.2,
119.5, 53.8, 26.9, 24.&I * calcd. for G/H;gN;O (M)*: 281.1528; Found: 281.1537.

Methyl 1-(2-(picolinamido)phenyl)piperidine-4-carboxylate (52). Compound 52 was
NHCOPy prepared following the typical procedure from etpyperidine-4-
carboxylate (57.3L, 0.40 mmol). The crude was purified by
N<:>*C02Et column chromatography usinghexane-EtOAc-ChkCl, (5:1:1) as
eluent to give52 as a yellow oil; yield: 54.4 mg (77%H NMR
(CDCl3, 300 MHz) 6: 11.16 (s, 1H), 8.72 — 8.65 (m, 1H), 8.54 Jd5 8.0 Hz, 1H), 8.22 (d,
J=7.9Hz, 1H), 7.90 (td) = 7.7, 1.2 Hz, 1H), 7.51 — 7.43 (m, 1H), 7.23 657(m, 3H), 4.21
(9,3 =7.1Hz, 2H), 3.14 (d] = 11.8 Hz, 2H), 2.84 — 2.70 (m, 2H), 2.56 — 242 {(H), 2.25 —
2.01 (m, 4H), 1.31 (tJ= 3H). °C NMR (acetone-d6, 75 MHz) &: 175.1, 162.2, 151.4, 149.3,
143.7, 138.8, 134.2, 127.6, 125.5, 124.6, 122.8,21219.6, 60.7, 52.7, 41.4, 14H." calcd.
For GoH,aN305 (M)™: 353.1739; Found: 353.173Anal. Calcd. for GoH2aN30s: C, 67.97; H,
6.56; N, 11.89. Found: C, 68.01; H, 6.70; N, 11.50.

Ethyl 4-(3-methyl-2-(picolinamido)phenyl)cyclohexanecar boxylate (53). Compound53 was
NHCOPy prepared following the typical procedure using-(o-tolyl)-
picolinamide (42.6 mg, 0.20 mmol) and piperidineatboxylate
NC>>COQEt (57.3puL, 0.40 mmol) to givéd3 as a pale yellow oil; yield: 15.7 mg
(21%). '"H NMR (CDCl;, 300 MHZ) &: 10.01 (s, 1H), 8.69 (d,
J=4.7 Hz, 1H), 8.29 (d) = 7.8 Hz, 1H), 7.90 (td) = 7.7, 1.7 Hz, 1H), 7.52 — 7.46 (m, 1H),
7.15 (t,J=7.7 Hz, 1H), 7.02 (d] = 7.4 Hz, 1H), 6.93 (d] = 7.9 Hz, 1H), 4.13 (g} = 7.1 Hz,
2H), 3.12 — 3.02 (m, 2H), 2.71 — 2.58 (m, 2H), 2(844H), 1.93 — 1.79 (m, 4H), 1.28 — 1.19
(m, 3H)."*C NMR (CDCls, 75 MHZz) &: 175.2, 162.6, 150.2, 148.4, 148.1, 137.5, 13538, 3,
126.6, 126.4, 126.2, 122.6, 116.8, 60.4, 52.0,,40910, 19.7, 14.FI" calcd. For GH,sN303
(M)*: 367.1896; Found: 367.1894.

N-(2-(4-Cyanopiperidin-1-yl)phenyl)picolinamide (54). Compound 54 was prepared
NHCOPy following the typical procedure from piperidine-drbonitrile
(44.6puL, 0.40 mmol), using-xylene:NMP (1:1) as solvent to giad
NC>70N as a pale orange solid; yield: 47.7 mg (78%); m@22-123 °C.*H
NMR (CDCls, 300 MHZz) 3: 11.02 (s, 1H), 8.67 (dd, = 4.7, 0.7 Hz,
1H), 8.58 (dJ = 8.0 Hz, 1H), 8.31 (d) = 7.8 Hz, 1H), 7.92 (td) = 7.7, 1.1 Hz, 1H), 7.53 —
7.45 (m, 1H), 7.15 (tt) = 15.0, 7.6 Hz, 3H), 3.21 — 3.08(m, 2H), 2.93 #82(m, 3H), 2.26 —
2.15 (m, 4H)*C NMR (CDCls, 125 MHZ) &: 161.9, 150.6, 148.3, 142.1, 137.7, 133.0, 126.5,
125.6, 124.1, 122.5, 121.7, 120.3, 119.7, 50.87,286.2.El" calcd. For GgHigN,O (M)
306.1481; Found: 306.1468nal. Calcd. for GgH1gN4O: C, 70.57; H, 5.92; N, 18.29. Found:
C, 70.16; H, 5.98; N, 18.32.
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tert-Butyl 4-(2-(picolinamido)phenyl)piper azine-1-carboxylate (55). Compound 55 was
NHCOPy prepared following the typical procedure from teutyl piperazine-1-
I\ carboxylaté (74.4 mg, 0.40 mmol), using Cu(OAc)9.08 mg, 25
N N—-Boc mol%) and PhI(OAg) (128 mg, 2.00 equiv) to givé5 as a pale
—/ orange solid; yield: 53.5mg (70%); mp = 161-162 %8 NMR
(CDCl3, 500 MH2) 8: 11.11 (s, 1H), 8.66 (ddd,= 4.7, 1.6, 0.9 Hz, 1H), 8.60 (ddi= 8.1, 1.3
Hz, 1H), 8.31 (dtJ) = 7.8, 0.9 Hz, 1H), 7.91 (td,= 7.7, 1.7 Hz, 1H), 7.48 (ddd~= 7.6, 4.7, 1.2
Hz, 1H), 7.24 — 7.17 (m, 1H), 7.18 — 7.07 (m, 281)2 (s, 4H), 2.95 — 2.85 (m, 4H), 1.51 (s,
9H). *C NMR (CDCls, 126 MHZ) &: 162.0, 154.9, 150.6, 148.4, 142.0, 137.7, 138264,
125.4, 124.1, 122.5, 120.2, 119.7, 80.0, 52.1, .2BF" calcd. For GHyN,O; (M+H)™:
383.2005; Found: 383.2089.

N-(2-(Benzyl(methyl)amino)phenyl)picolinamide (56). Compoundb6 was prepared following

NHCOPy the typical procedure fromN-methyl-1-phenylmethanamine (51ub,
0.40 mmol). This reaction proceeds at 130 °C ur@erltmosphere,
N\ using Cu(OAc) (25 mol%) and PhI(OAg)(2.00 equiv) to givé6 as a

white solid; yield: 21.6 mg (34%); mp = 117-118 ®8.NMR (CDCl,,
300 MHz) 6: 11.38 (s, 1H), 8.73 — 8.62 (m, 3H), 8.32Jd¢; 7.8 Hz, 1H), 7.91 (td] = 7.7, 1.7
Hz, 1H), 7.58 (dJ = 6.8 Hz, 3H), 7.49 (ddd,= 7.6, 4.7, 1.2 Hz, 1H), 7.39 — 7.27 (m, 4H), 7.25
—7.18 (m, 1H), 7.12 (tdl = 7.6, 1.6 Hz, 1H), 4.04 (s, 2H), 2.63 (s, 38 NMR (CDCls, 75
MHz) &: 162.3, 150.7, 148.2, 143.2, 138.3, 137.6, 1382®.1, 128.3, 127.3, 126.3, 125.5,
124.0, 122.5, 121.7, 119.6, 61.7, 4IEBI" calcd. For GH;oN:O (M+H)": 318.1528; Found:
318.1600.

N-(2-(M ethyl(propyl)amino)phenyl)picolinamide (57). Compounds7 was prepared following
NHCOPy the typical procedure frorl-methylpropan-1-amine (41, 0.40 mmol).
/—\ This reaction proceeds at 130 °C under @mosphere, using Cu(OAC)
N (25 mol%) and PhI(OAg)(2.00 equiv) to givé7 with a 10% GC-yield; MS
(EI 70 eV) m/z: 269.1 (M 8%), 251.1 (25%), 240.1 (19%), 163.0 (30%),
133.0 (90%), 105.9 (35%), 78.0 (100%).

3.3. General procedurefor Cu-catalyzed amination under microwave-assisted conditions

Synthesis of N-(2-morpholinophenyl)picolinamide (2). An oven-dried, argon flushed 10 mL

NHCOPy microwave vessel was charged withphenylpicolinamide 1) (39.6 mg,
Oi 0.20 mmol, 1.00 equiv) and copper (Il) acetate §5ng, 0.03 mmol,

N 0.15 equiv).The reaction vessel was sealed witheffoil lined cap, then

K/O evacuated and flushed with oxygen three times. Utlde atmosphere of

oxygen,p-xylene (1.00 mL), morpholine (0.31 mL, 0.40 mm®IQ0 equiv)

and the internal standardhexadecane (10L) were added via syringe. The resulting solution
was then stirred for 5 min at room temperatureofedid by microwave irradiation at 130 °C for
5 h. After the reaction was complete, the volatikese removedn vacuo and the residue was
purified by column chromatography-fiexane-EtOAc 5:1), yielding as a white solid; yield:
33.2 mg (60%); mp= 108-10€. The analytical data (NMR and HRMS analysis) anedl
those obtained previously for compound

*H. Naito, T. Hata and H. Urabe, Org. Lett. 2010, 12, 1228-1230.
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4. 1.00 gram-scale of the copper-catalyzed ortho-amination of 1

NHCOPy An oven-dried, nitrogen-flushed 50 mL vessel wasarghd with
N-phenylpicolinamide 1) (694 mg, 3.50 mmol, 1.00 equiv),
©:N (diacetoxyiodo)benzene (1.35 g, 4.20 mmol, 1.20wqwand copper (II)
K/O acetate (94.5 mg, 0.525 mmol, 0.15 equiv).The i@actessel was sealed
with a Teflon lined cap, then evacuated and flushéth nitrogen three
times. Under the atmosphere of nitrogemylene (20.0 mL), morpholine (0.61 mL, 7.00 mmol,
2.00 equiv) and the internal standamehexadecane (10L) were addedvia syringe. The
resulting mixture was stirred at 80 °C for 24 hteifthe reaction was complete, the volatiles
were removedn vacuo and the residue was purified by column chromafagyan-hexane-
EtOAc 5:1), yielding2 as a white solid; yield: 832 mg (84%); mp= 108-209 The analytical
data (NMR and HRMS analysis) matched those obtganedously for compoung.

5. Typical procedurefor the auxiliary cleavage

Synthess of 2-morpholinoaniline (58). A 20mL vessel was charged with
NH, N-(2-morpholinophenyl)picolinamide2) (80.0 mg, 0.28 mmol, 1.00 equiv)
and NaOH (167 mg, 4.20 mmol, 15.0 equiv). The feactessel was sealed
©:N/\ with a Teflon lined cap, and ethanol (4.00 mL) vealsledvia syringe. The
o resulting mixture was stirred at 80 °C for 3 h. ekftthe reaction was
complete, the reaction mixture was cooled dowrotmr temperature, diluted
by 50 mL of ethyl acetate and washed with water 20 mL). The organic layer was dried over
MgSQ, and concentrated wacuo to give58 as a yellow solid; yield: 48.0 mg (96%); mp = 96-
97 °C."H NMR (acetone-dg, 500 MHZz) &: 6.94 (dd,J = 7.8, 1.4 Hz, 1H), 6.86 — 6.81 (m, 1H),
6.73 (dd,J = 7.9, 1.5 Hz, 1H), 6.64 — 6.59 (m, 1H), 4.5124), 3.81 — 3.73 (m, 4H), 2.89 —
2.75 (m, 4H)."®C NMR (acetone-ds, 125 MHZ) &: 143.4, 139.4, 125.2, 120.0, 118.2, 115.5,
67.9, 52.2EI" calcd. For GoH14N,O (M)": 178.1106; Found: 178.1107.

6. Oxidative cyclization:
Synthesis of 3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (59).

N Method A: Starting from the 2-morpholinoaniline (58). An oven-dried,
Qﬁﬁ/\o nitrogen-flushed 20 mL vessel was charged with dutiem of 2-
N\J morpholinoaniline %8) (40.0 mg, 0.24 mmol, 1.00 equiv) in 1.00 mL of
purified methylene chloride. Then, trifluoroacegicid (185uL, 2.4 mmol,
10.0 equiv) and hydrogen peroxide 30% (&3] were added dropwise. An exothermic reaction
took place and the color darkened. After additiaswomplete, the solution was stirred under
reflux for 15-30 min, during which time the colaragually faded. The solution was cooled, the
organic solvent washed with aqueous sodium carbaaad with water, dried (sodium sulfate)
and evaporated under reduced pressure. The resiasi@urified by column chromatography
(n-hexane-EtOAc 1:1), yielding8 as an oil; yield: 25.1 mg (72%); mp = 126-127 % NMR
(acetone-dg, 500 MHZz) 6: 7.60 — 7.57 (m, 1H), 7.46 — 7.43 (m, 1H), 7.24.39 (m, 2H), 4.93
(s, 2H), 4.23 — 4.21 (m, 4HF*C NMR (acetone-ds, 125 MHZ) §: 148.9, 144.0, 135.3, 122.7,
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122.5, 119.8, 110.0, 65.8, 64.6, 42@." calcd. For GoH;oN,O (M)": 174.0793; Found:
174.0788.

Method B: Starting from N-(2-morpholinophenyl)picolinamide (2). An oven-dried,
nitrogen-flushed 20mL vessel was charged with alutem of N-(2-
morpholinophenyl)picolinamide2) (67.9 mg, 0.24 mmol, 1.00 equiv) in 1.00 mL ofriped
methylene chloride. Then, formic acid (330, 8.6 mmol, 36.0 equiv) and hydrogen peroxide
30% (170uL, 5.5 mmol, 23.0 equiv) were added dropwise. Afiddition was complete, the
solution was stirred for 1 h. The solution was tleoled, the organic solvent washed with
aqueous sodium carbonate and with water, driedysodulfate) and evaporated under reduced
pressure. The residue was purified by column chtognaphy (-hexane-EtOAc 1:1), yielding
58 as an oil; yield: 27.8 mg (80%).

7. Electronic effects: Competitive experiment

NHCOPy NHCOPy o} NHCOPy O NHCOP

Morpholine (2.0 equiv) K/)\‘ y @ y

+ Cu(OACc);, (25 mol %) +
PhI(OAc), (2.0 equiv)
o
OMe CO,Me CH,CI,, 80°C, 4 h OMe CO,Me
12 19 30 : 37
75% : 2%

An oven-dried, nitrogen-flushed 20mL vessel wadarged with N-(4-
methoxyphenyl)picolinamide 12) (34.2mg, 0.15mmol, 1.00 equiv), methyl 4-
(picolinamido)benzoate 19) (38.4 mg, 0.15 mmol, 1.00 equiv), (diacetoxyidm)zene
(96.6 mg, 0.30 mmol, 2.00 equiv), and copper (detate (6.81 mg, 0.04 mmol, 0.25 equiv).
The reaction vessel was sealed with a Teflon lined, then evacuated and flushed with
nitrogen three times. Under the atmosphere of getng p-xylene (1.00 mL), morpholine
(0.30 mL, 0.30 mmol, 2.00 equiv) and the interrtahdardn-hexadecane (10L) were added
via syringe. The resulting mixture was stirred at 80f6r 4 h. Then, an aliquot checked by GC
analysis indicates that compou8d is formed in 75% while only 2% of compouB@ can be
detected.
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