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[ General remarks

All reactions were carried out under an argon atmosphere by standard syringe and septa techniques. Glassware
was flame-dried under vacuum or taken directly from the oven (100 °C) and let cool under vacuum prior to every use.
Reagents and solvents were purchased from commercial sources and generally used as received. DCM, THF and Et,0
were dried on a Mbraun purification system MB SPS-800. Toluene was dried on an Innovative Technology PureSolv
Micro purification system. Where necessary, other organic compounds were dried and/or distilled.

NMR spectra (1H, B, 19F) were recorded on a Bruker AM 300 MHz or on a Bruker AVANCE 400 MHz
spectrophotometer. NMR experiments were carried out at room temperature in CDCl;. Chemical shifts are given in
parts per million (ppm) using the CDCl; residual non-deuterated signals as reference (6 'H=7.26 ppm; & Bc=77.16
ppm). The terms m, s, d, t and g represent multiplet, singlet, doublet, triplet and quartet, respectively. The term (br.)
is used when the peak is broad, and the correct multiplicity cannot be surely assigned. Coupling constants (J) are given
in Hertz (Hz). For previously unknown compounds, a combination of 3C DEPT and 2D experiments (COSY, HSQC,
HMBC) were often used to complete assignment of 'Hand ®c signals.

IR spectra were recorded with a Tensor 27 (ATR diamond) Bruker spectrometer, and reported as characteristic
bands (cm'l). High resolution mass spectra (HRMS) were recorded using a mass spectrometer MicroTOF from Bruker
with an electron spray ion source (ESI) and a TOF detector and an atmospheric pressure chemical ionisation (APCI)
source at Institut Parisien de Chimie Moléculaire. Melting points were measured in capillary tubes on Stuart Scientific
SMP3 apparatus and are uncorrected. TLC were performed on Merck 60 F254 silica gel and revealed with either a
ultra-violet lamp (A = 254 nm) or a specific color reagent (potassium permanganate, p-anisaldehyde, etc.). A silica gel
Merck Geduran® SI 60 (40-63 um) was used for flash column chromatography. Preparative thin layer chromatography
was realized with PLC silica gel 60 F,s4 (1 mm, 20x20 cm).

Il Further optimizations

Table S1. Optimization of allyl partner and temperature

N Pd(OAC), 10 mol % N
I Lo P(EBUSHBF, 30 mol % m I
P AN~ @N / + N/

@’}l K>COj3 2 equiv @)
o® foluene, 120°C, 16h | 0° o®
1a 2a 2a’
4 equiv
ratio . o a
entry LG (22:22:22")° 2a, yield (%) (E/2)
1 OAc 95:3:2 54 (81/19)
2 0CO,Me 24:0:76 18 (89/11)
3 OP(O)(OEt), 61:traces:39 25 (89/11)
4 OAc (100 °C) 86:4:10 62 (68/32)

Determined by 'H NMR analysis of the crude mixture using dimethylsulfone as an internal standard

Table S2. Optimization of ratio PNO 1a/allyl acetate, concentration and time

A Pd(OAc), 10 mol %

l OAc P(EBu) HBF 4 30 mal % @\/"w O\/\
P

SN + /\/ > @N

o° 5)%531%,219(?0%,0, time o
1a 2a 2a’ 2a"
. . . ratio . o a

entry ratio 1a/allyl acetate  Concentration [M]  time (h) (2a:2a":2a")° 2a, yield (%) (E/2)
1 3/1 0,25 16 53:traces:47 40 (81/19)
2 2/1 0,25 16 78:4:12 56 (75/25)
3 1/1 0,25 16 53:traces:47 27 (78/22)
4 1/2 0,25 16 39:traces:61 36 (75/25)
5 2/1 0,5 16 54:traces:46 34 (79/21)
6 2/1 0,1 16 58:11:31 36 (78/22)
7 2/1 0,25 24 71:traces:29 39 (82/18)
8 2/1 0,25 7 58:10:32 45 (71/29)
a

Determined by 'H NMR analysis of the crude mixture using dimethylsulfone as an internal standard
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Table S3. Optimization of base and solvent

N Pd(OAC), 10 mol % ~ N
| o PEBUSHBF 30 mal % [ 7] |
oN> T PN T eN

i ® ®

o Sohvent. 100°C, 16h | G 0°

1a 2a 2a°
entry base solvent :;2:02&‘,:23,,)51 2a, yield (%) (E/2)°
1 K,CO3 THF 38:0:62 20 (85/15)
2 KF Toluene 100:traces:0 70 (86/14)
3 KF THF 100:0:0 80 (84/16)
4 KF Xylene 100:0:traces 74 (92/8)
5 KF MeCN 100:0:traces 3 (100/0)
6 CsF THF 91:0:9 70 (87/13)
7 NaOAc THF 100:0:0 32 (65/35)
8 KOACc THF 100:0:0 58 (84/16)

Table S4. Optimization of conditions with KF as base

N [Pd] x mol % N N N
O + _~_OAc phosphine y mol % m . Q/\+ @N/
@'}‘@ Z KF z equiv @'}le (*3'}‘@ ~ (I)@
9) THF, 100 °C, 16 h o 9) |
1a 2a 2a’ 2a"
2 equiv
entry [Pd] (x) phosphine (y) KF(z oo \ 2a, yield (%) (E/2)°
(2a:2a’:2a”) !
1° Pd(OAc), (10) P(t-Bu);-HBF, (30) 1 92:0:8 59 (75/25)
2° Pd(OAc), (10) P(t-Bu);-HBF, (30) 2 100:traces:0 70 (86/14)
3° Pd(OAc), (10) P(t-Bu)s-HBF,4(30) 3 100:0:0 21(71/29)
4 Pd(OAc), (10) P(t-Bu);-HBF,(30) 2 100:0:0 80 (84/16)
5 Pd(OAc), (10) P(t-Bu);-HBF, (20) 2 100:0:0 68 (82/18)
6 Pd(OAc), (5) P(t-Bu);-HBF, (15) 2 100:0:0 65 (73/27)
7 [PACI(N’C3Hs)], (5) P(t-Bu)s-HBF, (15) 2 100:0:0 <1%
8 PdCl,(CH;CN), (10) P(t-Bu)s-HBF4(30) 2 Traces:0:0 -
9 Pd(dba), (10) P(t-Bu)3-HBF4(30) 2 100:0:0 13 (92/8)
10 Pd(TFA), (10) P(t-Bu);-HBF, (30) 2 100:0:0 53 (72/28)
11 Pd(OAc), (10) PPh; (30) 2 0:0:0 -
12 Pd(OAc), (10) SPhos (30) 2 100:0:0 13 (99/1)
13 Pd(OAc), (10) dppe (30) 2 traces:0:0 -
14 Pd(OAc), (10) Xantphos (30) 2 0:0:0 -
15 Pd(OAc), (10) P(t-Bu); (30) 2 100:0:0 31 (50/50)
16 Pd(OAc), (10) - 2 0:0:0 -
17 - P(t-Bu)s-HBF, (30) 2 0:0:0 -
18° Pd(OAc), (10) P(t-Bu);-HBF,(30) 2 0:0:0 -
19° Pd(OAc), (10) P(t-Bu)s-HBF, (30) 2 76:0:24 13 (81/19)
20° Pd(OAc), (10) P(t-Bu)3-HBF4(30) 2 100:0:0 12 (58/42)
21" Pd(OAc), (10) P(t-Bu);-HBF, (30) 2 100:0:0 22 (99/1)

® Determined by 'H NMR analysis of the crude mixture using dimethylsulfone as an internal standard. ® In toluene. ©
Without KF. ¢ With allyl methyl carbonate. © With allyl benzoate. fwith allyl pivalate.
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Figure S1. Other azine N-oxides (or N-iminopyridiniumylides) and allyl acetates tested in the reaction.
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.  Mechanistic studies
1. Kinetic isotopic effect experiments for the olefination of Pyridine N-oxide

@ N Pd(OAc), 10 mol % w | N o4 N
® DsHte P(t-Bu)3HBF, 30 mol % ® JT o
N/ + N/ + /\/OAC L N/ P + N/ P

KF 2 equiv
&° &° THF, 100 °C, 16 h &° &°

To a dried tube, were added: pyridine N-oxide 1a (142.7 mg, 1.5 mmol, 3 equiv), pyridine-ds; N-oxide (150.2 mg, 1.5
mmol, 3 equiv), Pd(OAc), (11.3 mg, 0.05 mmol, 0.1 equiv), P(t-Bu)s.HBF, (43.6 mg, 0.15 mmol, 0.3 equiv) and KF (58.1
mg, 1 mmol, 2 equiv). The content was purged with Argon. THF (2 mL) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv)
were then added, and the reaction mixture was heated at 100 °C for 16 h. The reaction mixture was filtered over
Celite and washed with DCM. The volatiles were removed under reduced pressure and the resulting crude product
was purified by silica gel column chromatography eluting with EtOAc/EtOH (90/10). The integration value of the
proton H; is used as reference to integrate H,. See 2a for the NMR spectrum.
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Parameters

Solvent coc
Temperature 299.9
Number of Scans 8
Spectrometer Frequency 400.13
Nucleus 1H
(oo ¥ AR
2
N

10.0 9.5 9.0 “ 5(.0 ) 4.5 4.0 35 3.0 25 0 1.5 1.0 0.5 0.0
ppm.

Pd(OAc), 10 mol % A
P(t-Bu)y"HBF4 30 mol % | ol

No KF 2 equiv No

0 THF, 100 °C, 16 h o)

N P B0 HBEL 30 mol % iy

Dslre | _~_OAC (FBu)gHBF4 30 mol % [Dalr@ | .
No KF 2 equiv No
0 THF, 100 °C, 16 h o)

To a tube, dried under vacuum, were added pyridine N-oxide (142.7 mg, 1.5 mmol, 3 equiv), or pyridine-ds N-oxide
(150.2 mg, 1.5 mmol, 3 equiv), Pd(OAc), (11.3 mg, 0.05 mmol, 0.1 equiv), P(t-Bu)s.HBF,; (43.6 mg, 0.15 mmol, 0.3
equiv) and KF (58.1 mg, 1 mmol, 2 equiv). The content was purged under Argon. THF (2 mL) and allylacetate (0.054
mL, 0.5 mmol, 1 equiv) were then added and the reaction mixture was heated at 100 °C for 16 h. The resulting
reaction mixture was filtered over Celite and washed with DCM. The volatiles were removed under reduced pressure.
"H NMR yield was determined using dimethylsulfone as an internal standard.
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Figure S2. Product formation over time for the alkenylation of pyridine N-oxide and pyridine-d; N-oxide
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2. Isomerization of the double bond

X
| @
N X

&°

Preparation of 2-allylpyridine N-oxide 2a’: Following a slightly modified version of a reported
procedure,1 a three-necked flask equipped with a magnetic stirrer was charged with 2-iodopyridine N-
oxide (331.5 mg, 1.5 mmol, 1 equiv) in 10 mL of THF. The mixture was cooled to -60 °C, and i-
PrMgCI-LiCl (6.3 mL, 1.6 mmol, 1.05 equiv)2 was added slowly with a syringe. The mixture was stirred

at -60 for 2 h. A solution of Cul-2LiCl in THF (1.6 mL, 1.6 mmol, 1.05 equiv.) was added with a syringe and the resulting
mixture was stirred at -60 °C for 20 min. Allyl bromide (148 pL, 1.75 mmol, 1.16 equiv) was then added and the
resuting mixture was stirred under the same temperature for 2 h. The reaction was quenched with 10% aqueous
NH,Cl solution and extracted with EtOAc. The organic layer was collected, dried over MgSQ,, filtered and concentrated
under reduced pressure. The crude product was purified by flash chromatography on silica gel eluting with
EtOAC/EtOH (90/10) to afford 80.5 mg of 2a’ (40% yield) as a yellow oil. '"H NMR (300 MHz, CDCl;): 6 8.30 (d, J = 6.1
Hz, 1H), 7.25-7.12 (m, 3H), 6.10-5.93 (m, 1H), 5.30-5.17 (m, 2H), 3.69 (dt, J = 6.9, 1.4 Hz, 2H). These data are in
agreement with those reported in the literature."

! Duan, X.-F.; Z.-Q. Ma, F. Zhang, Z.-B. Zhang, J. Org. Chem. 2009, 74, 939.
2 Prepared and titrated according to the following procedure: (a) Krasovskiy, A.; Knochel, P. Angew. Chem. Int. Ed. 2004, 43, 3333. (b) Krasovskiy, A.;
Knochel, P. Synthesis 2006, 5, 890.
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Iv. DFT study

Calculations were performed using the GAussIAN 09 software package,3 and the PBEO functional, without
symmetry constraints. That functional uses a hybrid generalized gradient approximation (GGA), including 25 % mixture
of Hartree-Fock® exchange with DFT’ exchange-correlation, given by Perdew, Burke and Ernzerhof functional (PBE).6
The optimized geometries were obtained with the Stuttgart Effective Core Potentials and associated basis set’
augmented with a f-polarization function® for Pd, and a standard 6-3lG(d,p)9 for the remaining elements (basis b1).
Transition state optimizations were performed with the Synchronous Transit-Guided Quasi-Newton Method (STQN)
developed by Schlegel et al,®® following extensive searches of the Potential Energy Surface. Frequency calculations
were performed to confirm the nature of the stationary points, yielding one imaginary frequency for the transition
states and none for the minima. Each transition state was further confirmed by following its vibrational mode downhill
on both sides and obtaining the minima presented on the energy profile. The electronic energies (Ey;) obtained at the
PBEO/b1 level of theory were converted to free energy at 298.15 K and 1 atm (G,,) by using zero point energy and
thermal energy corrections based on structural and vibration frequency data calculated at the same level.

Single point energy calculations were performed on the geometries obtained at the PBEO/b1 level using the
MO06 functional, and an improved basis set (b2) corresponding to the same basis set for Pd and a 6-311++G(d,p) basis
set™ for the rest of the elements. The M06 functional is a hybrid meta-GGA functional developed by Truhlar and
Zhao,"* and it was shown to perform very well for the kinetics of transition metal molecules, providing a good
description of weak and long range interactions.™ Solvent effects (THF) were accounted for in the M06/b2//PBEO/b1
calculations by means of the Polarisable Continuum Model (PCM) initially devised by Tomasi and coworkers™ with
radii and non-electrostatic terms of the SMD solvation model, developed by Truhlar et al”

The free energy values presented (szs"'") were derived from the electronic energy values obtained at the
MO06/b2//PBEO/b1 level, including solvent effects (Ey,™ "), according to the following expression: Gu,™" = Ep, ™" + Gpy —
Eps.

® Gaussian 09, Revision A.01, Frisch, M. J. T., G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci,
B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro,
F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.;
lyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.;
Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A,;
Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. Gaussian, Inc., Wallingford
CT 2009.

4 Hehre, W. J.; Radom, L.; Schleyer, P. v.R.; Pople, J. A. Ab Initio Molecular Orbital Theory, John Wiley & Sons, NY, 1986.

*Parr, R. G.; Yang, W. Density Functional Theory of Atoms and Molecules; Oxford University Press: New York, 1989.

® (a) Perdew, J. P.; Burke, K.; Ernzerhof, M. Phys. Rev. Lett. 1997, 78, 1396. (b) Perdew, J. P. Phys. Rev. B 1986, 33, 8822.

’ (a) Haeusermann, U.; Dolg, M.; Stoll, H.; Preuss, H. Mol. Phys. 1993, 78, 1211. b) Kuechle, W.; Dolg, M.; Stoll, H.; Preuss, H. J. Chem. Phys. 1994,
100, 7535. (c) Leininger, T.; Nicklass, A.; Stoll, H.; Dolg, M.; Schwerdtfeger, P. J. Chem. Phys. 1996, 105, 1052.

8 Ehlers, A. W.; Bbhme, M.; Dapprich, S.; Gobbi, A.; Hollwarth, A.; Jonas, V.; Khler, K. F.; Stegmann, R.; Veldkamp, A.; Frenking, G. Chem. Phys. Lett.
1993, 208, 111.

° (a) Ditchfield, R.; Hehre, W. J.; Pople, J. A. J. Chem. Phys. 1971, 54, 724. (b) Hehre, W. J.; Ditchfield, R.; Pople, J. A. J. Chem. Phys. 1972, 56, 2257. (c)
Hariharan, P. C.; Pople, J. A. Mol. Phys. 1974, 27, 209. (d) Gordon, M. S. Chem. Phys. Lett. 1980, 76, 163. (e) Hariharan, P. C.; Pople, J. A. Theor. Chim.
Acta 1973, 28, 213.

10 (a) Peng, C.; Ayala, P. Y.; Schlegel, H. B.; Frisch, M. J. J. Comp. Chem., 1996, 17, 49. (b) Peng, C.; Schlegel, H. B. Israel J. Chem., 1994, 33, 449.

n (a) Mclean, A. D.; Chandler, G. S. J Chem Phys 1980, 72, 5639. (b) Krishnan, R.; Binkley, J. S.; Seeger, R.; Pople, J. A. J. Chem. Phys. 1980, 72, 650. (c)
Wachters, A. J. J. Chem. Phys. 1970, 52, 1033. (d) Raghavachari, K.; Trucks, G. W. J. Chem. Phys. 1989, 91, 1062. (e) Hay, P. J. J. Chem. Phys. 1977, 66,
4377. (f) Binning, R. C.; Curtiss, L. A. J. Comput. Chem. 1990, 11, 1206. (g) Mcgrath, M. P.; Radom, L. J. Chem. Phys. 1991, 94, 511. (h) Clark, T.;
Chandrasekhar, J.; Spitznagel, G. W.; Schleyer, P. V. J. Comput. Chem. 1983, 4, 294. (i) Frisch, M. J.; Pople, J. A.; Binkley, J. S. J. Chem. Phys. 1984, 80,
3265.

2 Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc., 2008, 120, 215.

B (a) Zhao, Y.; Truhlar, D. G. Acc, Chem. Res. 2008, 41, 157. (b) Zhao, Y.; Truhlar, D. G. Chem. Phys. Lett. 2011, 502, 1.

' (a) Cances, M. T.; Mennucci, B.; Tomasi, J. J. Chem. Phys. 1997, 107, 3032. (b) Cossi, M.; Barone, V.; Mennucci, B.: Tomasi, J. Chem. Phys. Lett.
1998, 286, 253. (c) Mennucci, B.; Tomasi, J. J. Chem. Phys. 1997, 106, 5151. (d) Tomasi, J.; Mennucci, B.; Cammi, R. Chem. Rev. 2005, 105, 2999.

> Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. J. Phys. Chem. B, 2009, 113, 6378.
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Cpy-Canyi coupling

oxidative addition inati
coordination exchange Cpy-H proton !
with formation of between acetate and abstraction by Coi”rzi;oa"gjt"’rg:ljd
an n-allyl complex py N-oxide acetate p

Figure S3. Free energy profile (kcal/mol) for allylation of 1a to 2a’ with [Pd(P'Bus)] as active species.

n3-allyl -> n'-allyl
slippage and
1a coordination

TSpe
18

Figure S4. Free energy profile (kcal/mol) for n*>-n* allyl slippage following coordination of 1a to intermediate
B’

AG = 3 kcal/mol
+ /\/OAC
S
=
N A
-0
E A

Figure S5. Free energy balance for closing the catalytic cycle.
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Cterminal X Cinternal (C1 ')
hydropalladation dehydropalladation

TSgH TSwi
1" 10

®» »
AN S +
; N
-0 -0

Figure S6. Free energy profile (kcal/mol) for 2a’-2a isomerization with [Pd(PMe;)] as active species.™®

oxidative addition 1 to n'-allyl Pd-P bond break proton transfer from ‘Bu to
with formation of slippage with with formation of allyl with loss of propylene
an n3-allyl complex &' to k%-acetate shift a C-H o-complex and P re-coordination

Figure S7. Free energy profile (kcal/mol) for C—H activation of the ‘Bu group by coordinated allyl, with
[Pd(P'Bus)] as active species.

'8 An alternative, slightly modified, isomerization mechanism with HF instead of AcOH as the Brénsted acid cannot be ruled out.

S9



oxidative addition C-H deprotonation (‘Bu) Cpy-H proton Cpy~Canyi coupling
with formation of by the acetate with formation abstraction by and formation of
an n3-allyl complex of acetic acid C('Bu) coordinated product

-HOAc
+ py N-oxide

Figure S8. Free energy profile (kcal/mol) for allylation of 1a with [Pd(P'Bus)] as active species and C—H
activation of the ‘Bu group by coordinated acetate.
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1a
o -1
N -0
C -0
H -2
C 1
H 0
C -1
H 1
C 0
o 0
H -0
H 2
2a
N 1
C 2
o 1
H 2
H -1
C 1
H 2
C -0
H -2
C 1
H 0
C -1
o 0
H -0
C 0
H -0
C -0
H -1
H -0
2a’
C -1
N 1
(e} 0
H -1
H -1
H -1
o 0
H -0
o 0
H 2
¢} 1
H 3
C 2
H 3
C 2
C -1
H -3
H -3
o -3
AcOH
o -1
(e} -0
o -0
C 0
H 1
H 0
H 0
H -1.

.882457
.989716
.165765
.056763
.128913
.176970
.132860
.758485
.145032
.992097
.334358
.007323

.396010
.102618
.585826
.779341
.340001
.950399
.543393
.944090
.762086
.042350
.895619
.692498
.319368
.417129
.488801
.135135
.231828
.583714
.990845

.281224
.066877
.750186
.881670
.217295
.399751
.110217
.305297
.475402
.065511
.791143
.785975
.741750
.030948
.363297
.923722
.587958
.482218
.050072

.534272
.503510
.580084
.646498
.532205
.550397
.776219

328754

Allyl acetate

o

Qo

-0.
.302088
-1.
-1.
-0.

-1

571353

192289
712949
040820

-1.
-0.
1.
0.
-0.
-2.
0.
1.
-1.
0.
2.
-0.

-1.
-0.
.372025
-1.
-1.

0.

1.
-0.
.406560
.623689

2.
-1.
.924385

1.
-0.
-2.
-1.
-2.

0.

-2

-1

-0.
-0.
-1.
.706350
.542668
.245715
.104266
.947638
.235159
.346166
.457581
.616344
.503371
-1.
-0.
-1.
-0.
.953572
.137505

O NP R

-1
-1

PO R OOORr O

oON B OO

Atomic coordinates of the optimized species

882457
989716
128913
176970
165765
056763
145032
758485
132860
992097
007323
334358

127303
442645

074523
496842
911871
397309
788749

688923
651082

434235
444462
326674
256930
710752
284833

207459
828553
875156

410155
617938
292764
191788

.750072
.214531
.034378
.385357
.310608
.396947
.324469
.352262

.256988
.722038
.026474
.287667
.977916

HFHRPOOOOF,F ORKF OOO

[ R | |
FNOOOOONRERENRE WNWNRENE

O O OO

-1

-1

.000000
.000000
.760569
.311764
.760569
.311764
.750364
.000000
.750364
.000000
.375507
.375507

.391745
.339645
.252505
.899076
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V. Preparation and characterization of starting materials

General procedure: Oxidation of azines (GP1)

Following a slightly modified version of a reported procedure,17 m-chloroperbenzoic acid (1.2 equiv for pyridines and 1
equiv. for diazine) was added to a solution of the corresponding pyridine or diazine (5 mmol, 1 equiv) in dry CH,Cl,
(0.2 M). The mixture was stirred overnight at room temperature. PPh; (655.7 mg, 2.5 mmol, 0.5 equiv) was added and
the mixture was stirred for another 4 hours. After evaporation, the crude was purified by silica gel column
chromatography affording the desired product.

General procedure: Palladium catalyzed arylation of pyridine N-oxide (GP2)

Following a reported procedure,18 to a tube, dried under vacuum, were added pyridine N-oxide (4 mmol, 4 equiv),
Pd(OAc), (11.3 mg, 0.05 mmol, 0.05 equiv), P(t-Bu);-HBF, (43.6 mg, 0.15 mmol, 0.15 equiv) and K,CO; (276.4 mg, 2
mmol, 2 equiv). The content was purged under Argon atmosphere. Toluene (0.33 M) and aryl bromide (1 mmol, 1
equiv) were added and the reaction mixture was then heated at 110 °C for 24 h. The reaction mixture was filtered
over Celite and washed with CH,Cl,. The volatiles were removed under reduced pressure and the crude was then
purified by silica gel column chromatography affording the corresponding product.

pn | 4-phenylpyridine N-oxide 1c: Prepared according to general procedure GP1 from 2-phenylpyridine (0.776 mg,
5 mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel eluting with

\ ®\ EtOAc/MeOH (90/10) to 845 mg of afford 1c (99% vield) as a white solid. *H NMR (300 MHz, CDCls): & 8.25 (d,
N(f) J =7.4 Hz, 2H), 7.57 (dd, J = 8.0, 1.7 Hz, 2H), 7.55-7.34 (m, 5H). These data are in agreement with those

0 reported in the literature.™

~ 2-phenylpyridine N-oxide 1d: Prepared according to general procedure GP1 from 2-phenylpyridine
@ (0.715 mL, 5 mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel eluting
Ph N@ with EtOAc/MeOH (90/10) to afford 850 mg of 1d (quantitative yield) as white solid. '"H NMR (300 MHz,
Ol cDCly): 88.33 (ddd, J = 6.3, 1.4, 0.6 Hz, 1H), 7.86-7.78 (m, 2H), 7.55-7.36 (m, 4H), 7.22 (ddd, J = 7.5, 6.4,

2.2 Hz, 1H), 7.29 (td, /= 7.7, 1.4 Hz, 1H). These data are in agreement with those reported in the literature."

= 2-(4-(trifluoromethyl))-phenylpyridine N-oxide 1e: Prepared according to general procedure GP2
@ Il from pyridine N-oxide (380.4 mg, 4 mmol, 2 equiv) and 4-(trifluoromethyl)bromobenzene (0.28
N@ mL, 1 mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel
FiC Y fluting with CH,Cl,/Acetone/MeOH (70/28/2) to afford 157 mg of 1e (66% yield) as a white solid.
H NMR (300 MHz, CDCl;): & 8.42-8.25 (m, 1H), 7.95 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H),
7.44 (dd, J = 7.6, 2.4 Hz, 1H), 7.40-7.22 (m, 2H). These data are in agreement with those reported in the literature.'®

2-(4-(methoxy))-phenylpyridine N-oxide 1f: Prepared according to general procedure GP2 from

/® | pyridine N-oxide (380.4 mg, 4 mmol, 2 equiv) and 4-bromoanisole (0.125 mL, 1 mmol, 1 equiv).

\'T‘e The crude product was purified by flash chromatography on silica gel eluting with

MeO o) CH,Cl,/Acetone/MeOH (70/28/2) to afford 176.6 mg of 1f (88% yield) as a yellow solid. *H NMR

(300 MHz, CDCls): 5 8.36 (d, J = 6.4 Hz, 1H), 7.87 (d, J = 9.0 Hz, 2H), 7.45 (dd, J = 7.8, 2.1 Hz, 1H),

7.39-7.25 (m, 1H), 7.21 (ddd, J = 7.4, 6.4, 2.1 Hz, 1H), 7.03 (d, J = 8.9 Hz, 2H), 3.90 (s, 3H). These data are in agreement
with those reported in the literature.™®

o) 3-acetylpyridine N-oxide 1h: Prepared according to general procedure GP1 from 3-acetylpyridine (0.55

mL, 5 mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel eluting with

\ ®\/ EtOAc/MeOH (90/10) to afford 685 mg of 1h (quantitative yield) as a white solid. m.p.: 144-145 °C. 'y
N NMR (400 MHz, CDCL;): § 8.72 (t, J = 1.8 Hz, 1H), 8.35 (ddd, J = 6.4, 1.7, 1.0 Hz, 1H), 7.77 (ddd, J = 8.0, 1.5,
&2 1.0 Hz, 1H), 7.40 (ddd, J = 8.0, 6.5, 0.7 Hz, 1H), 2.61 (s, 3H). *C NMR (101 MHz, CDCl5): 6 193.8, 142.4,

139.6, 135.8, 126.2, 124.7, 26.9. IR (cm'l) v: 3028, 1687, 1569, 1421, 920. HRMS m/z calculated for
C;H,NNa0O, [M+Na]": 160.0369; found 160.0364.

Pyridazine N-oxide 1i: Prepared according to general procedure GP1 from pyridazine (0.363 mL, 5 mmol, 1 equiv). The
crude product was purified by flash chromatography on silica gel eluting with EtOAc/MeOH (90/10) to afford 419 mg

Y Leclerc, J.-P.; Fagnou, K. Angew. Chem. Int. Ed. 2006, 45, 7781.
 Ding, Y.; Zhao, W.; Song, W.; Zhang, Z.; Ma, B. Green Chem. 2011, 13, 1486.
9 Kokatla, H. P.; Thomson, P. F.; Bae, S.; Doddi, V. R.; Lakshman, M. K. J. Org. Chem. 2011, 76, 7842.

523



Xy of 1i (87% vyield) as a brown solid. '"H NMR (300 MHz, CDCl;): 6 8.41 (brs, 1H), 8.12 (dt, J = 6.5, 1.0 Hz, 1H),
N‘@/ 7.65-7.57 (m, 1H), 7.04 (ddd, J = 7.7, 5.4, 0.9 Hz, 1H). These data are in agreement with those reported in the
N literature.”’
[6)
N Pyrazine N-oxide 1j: Prepared according to general procedure GP1 from pyrazine (0.404 mL, 5 mmol, 1 equiv).
[@j The crude product was purified by flash chromatography on silica gel eluting with EtOAc/MeOH (90/10) to
N~ | afford 433 mg of 1i (90% yield) as a white solid. *H NMR (300 MHz, CDCls): 5 8.47 (dd, J = 3.6, 1.3 Hz, 2H), 8.10
66 (dd, J =3.5, 1.4 Hz, 2H). These data are in agreement with those reported in the literature.”’

Quinoline N-oxide 1k: Prepared according to general procedure GP1 from quinoline (0.592 mL, 5 mmol,
1 equiv). The crude product was purified by flash chromatography on silica gel eluting with EtOAc/MeOH
(90/10) to afford 725 mg of 1k (quantitative yield) as a white solid. '"H NMR (300 MHz, CDCl3): 6 8.75 (d, J
O | =9.2 Hz 1H), 8.54 (dd, J = 6.0, 1.0 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.81-7.70 (m, 2H), 7.64 (ddd, J = 8.1,
6.9, 1.3 Hz, 1H), 7.29 (dd, J = 8.5, 6.1 Hz, 1H). These data are in agreement with those reported in the literature.™®
X

@Q@ o| 5 mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel eluting with

O | EtOAc/MeOH (90/10) to afford 727 mg of 1l (quantitative yield) as a white solid. 'H NMR (300 MHz,

CDCl5): § 8.76 (s, 1H), 8.13 (dd, J = 7.1, 1.8 Hz, 1H), 7.82-7.76 (m, 1H), 7.76-7.69 (m, 1H), 7.66 (d, J = 7.3 Hz, 1H), 7.63-
7.54 (m, 2H). These data are in agreement with those reported in the literature.'®®

'Zg\@ /i

O]

Isoquinoline N-oxide 1l: Prepared according to general procedure GP1 from isoquinoline (0.588 mL,

VI.  Preparation and characterization of C2-alkenylated and allylated N-Oxides

General procedure: Palladium catalyzed alkenylation or allylation of azine N-oxides (GP3)

To a tube, dried under vacuum, were added pyridine or diazine N-oxide (1 mmol, 2 equiv), Pd(OAc), (11.3 mg, 0.05
mmol, 0.1 equiv), P(t-Bu);*HBF, (43.6 mg, 0.15 mmol, 0.3 equiv) and KF (58.1 mg, 1 mmol, 2 equiv). The content was
purged with Argon atmosphere. THF (0.25 M) and the partner acetate (0.5 mmol, 1 equiv) were added and the
reaction mixture was heated at 100 °C for 16-24 h. The reaction mixture was filtered over Celite and washed with
CH,Cl,. The volatiles were removed under reduced pressure and the crude was then purified by silica gel column
chromatography affording the corresponding product.

X
Lo,
N

2-(prop-1-enyl)pyridine N-oxide 2a: Prepared according to general procedure GP3 from pyridine N-
oxide 1a (95.1 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The crude

6@

E/Z 90/10

product was purified by flash chromatography on silica gel eluting with EtOAc/EtOH (90/10) to afford
48.2 mg of 2a (71% vyield, with a 90/10 ratio of E/Z isomers or 66% from 5 mmol of allyl acetate) as a
yellow oil. 'H NMR (300 MHz, CDCl;): & 8.26 (d, J = 6.4 Hz, 1H, Z isomer), 8.20 (d, / = 6.4 Hz, 1H, E

isomer), 7.43 (dd, J = 8.0, 2.1 Hz, 1H, E isomer), 7.35 (dd, J = 7.9, 2.1 Hz, 1H, Zisomer), 7.22-7.15 (m, 3H, 1H E isomer +
2H Zisomer), 7.11 (dd, / = 6.0, 1.9 Hz, 2H, E isomer), 6.75 (dd, /= 11.9, 2.0 Hz, 1H, Z isomer), 6.60 (dq, J = 16.1, 6.8 Hz,
1H, E isomer), 6.16 (dq, J = 11.8, 7.2 Hz, 1H, Zisomer), 1.98 (dd, J = 6.8, 1.7 Hz, 3H, E isomer), 1.89 (dd, J = 7.2, 1.8 Hz,
3H, Z isomer). *C NMR (101 MHz, CDCly): & 148.4 (E isomer), 147.2 (Z isomer), 140.1 (E isomer), 135.0 (E isomer),
133.0 (Z isomer), 127.2 (Z isomer), 126.2 (E isomer), 125.8 (Z isomer), 125.6 (Z isomer), 124.3 (Z isomer), 123.7 (E
isomer), 123.3 (E isomer), 122.5 (E isomer), 122.0 (Z isomer), 19.5 (E isomer), 15.3 (Z isomer). IR (cm‘l) v: 3394, 2917,
1647, 1488, 971, 769, 709. HRMS m/z calculated for CgH1oNO [M+H]": 136.0757; found 136.0754.

~o 4-methoxy-2-(prop-1-en-1-yl)pyridine N-oxide 2b: Prepared according to general procedure GP3
from 4-metoxypyridine N-oxide 1b (125.1 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol,

‘ ®\ 1 equiv). The crude product was purified by flash chromatography on silica gel eluting with
NG EtOAc/EtOH (90/10) to afford 55.3 mg of 2b (67% yield with a 93/7 ratio of E/Z isomers) as a yellow
(‘)9 oil. 'TH NMR (300 MHz, CDCl;): 6 8.18 (d, J = 7.3 Hz, 1H, Z isomer), 8.11 (d, J = 7.3 Hz, 1H, E isomer),
E/Z 93/7 7.09 (dq, J = 16.0, 1.8 Hz, 1H, E isomer), 6.91 (d, J = 3.4 Hz, 1H, E isomer), 6.84 (d, J = 3.4 Hz, 1H, Z

isomer), 6.80-6.69 (m, 2H, Z isomer), 6.66 (dd, J = 7.3, 3.4 Hz, 1H, E isomer), 6.56 (dg, / = 16.1, 6.7 Hz,
1H, E isomer), 6.23-6.10 (m, 1H, Z isomer), 3.84 (s, 6H, 3H E isomer + 3H Z isomer), 1.98 (dd, J = 6.7, 1.7 Hz, 3H, E
isomer), 1.90 (dd, J = 7.2, 1.8 Hz, 3H, Z isomer). 3¢ NMR (101 MHz, CDCl;): only the E isomer 6 157.8, 148.7, 140.6,
135.0, 122.6, 110.3, 107.2, 56.1, 19.1. IR (cm™) v: 3003, 2920, 2849, 1622, 1553, 1480, 1371, 1196, 969, 819, 737.
HRMS m/z calculated for C4H,,NO, [M]": 166.0863; found 166.0858.
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= Ph 4-phenyl-(E)-2-(prop-1-en-1-yl)pyridine N-oxide 2c and 4-phenyl-2-allylpyridine N-
oxide 2c¢’: Prepared according to general procedure GP3 from 4-phenyl-pyridine N-
~ \ « \ oxide 1c (171.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1
@ NC) . P . .
N = N Xx| equiv). The crude product was purified by two successive flash chromatographies on
69 (59 silica gel, eluting with EtOAc/EtOH (95/5) to afford 51 mg of 2c and 2¢’ (48% vyield
2 2" with a 89/11 ratio of 2cE/2c’) as a yellow oil. '"H NMR (300 MHz, CDCl;): 6 8.30(d, J =
89/11 6.8 Hz, 1H, 2¢’), 8.24 (d, J = 6.8 Hz, 1H, 2¢), 7.64 (d, J = 2.7 Hz, 1H, 2¢), 7.62-7.54 (m,

5H, 2H 2¢ + 3H 2¢’), 7.54-7.33 (m, 7H, 3H 2¢ + 4H 2¢’), 7.31 (dd, J = 6.8, 2.7 Hz, 1H,
2¢), 7.14 (dg, J = 16.1, 1.7 Hz, 1H, 2¢), 6.69 (dq, J = 16.1, 6.7 Hz, 1H, 2c), 6.08 (ddt, J = 17.4, 9.7, 6.9 Hz, 1H, 2¢’), 5.37-
5.23 (m, 2H, 2¢’), 3.75 (d, J = 7.0 Hz, 2H, 2¢’), 2.02 (dd, J = 6.8, 1.8 Hz, 3H, 2c). *C NMR (75 MHz, CDCL;): § 150.8 (2¢’),
147.9 (2c), 139.8 (2¢), 139.6 (2¢), 138.6 (2¢’), 136.9 (2¢), 136.8 (2¢), 134.7 (2¢), 132.2 (2¢’), 129.8 (2¢ +2¢’), 129.4 (2¢
+2¢’), 129.1 (2¢ +2¢'), 126.6 (2¢ +2¢’), 126.6 (2¢ +2¢’), 123.1 (2¢ +2¢’), 122.6 (2¢), 121.5 (2¢’), 121.3 (2¢), 120.6 (2¢),
119.4 (2¢’), 34.9 (2¢), 19.3 (2¢). IR (cm™) v: 3058, 1649, 1607, 1447, 968, 822, 764. HRMS m/z calculated for C14H1,NO
[M]*: 212.1070; found 212.1072.

= = 2-phenyl-6-(prop-1-en-1-yl)pyridine N-oxide 2d and 2-phenyl-6-allylpyridine
®| . ® | N-oxide 2d’: Prepared according to general procedure GP3 from 2-

Ph™ "NJ Ph™ NS X[ phenylpyridine N-oxide 1d (171.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054
o mL, 0.5 mmol, 1 equiv). The crude product was purified by flash

2d E2/al 71/25/4 2d’ chromatography on silica gel eluting with EtOAc/EtOH (95/5) to afford 40.7 mg

y of 2d(E/Z) and 2d’ (38% yield with a 72/24/4 ratio of 2dE/2dZ/2d’) as a yellow

oil. 'H NMR (300 MHz, CDCl;): Only the 2dE/Z isomers & 7.84-7.69 (m, 4H, 2HE isomer + 2HZ isomer), 7.52-7.35 (m,
8H, 4HE isomer + 4HZ isomer), 7.39-7.07 (m, 5H, 3HE isomer + 2HZ isomer), 6.81 (dq, / = 11.8, 1.9 Hz, 1H, Z isomer),
6.62 (dq, J = 16.0, 6.7 Hz, 1H, E isomer), 6.16 (dqg, J = 11.8, 7.2 Hz, 1H, Z isomer), 1.99 (dd, J = 6.7, 1.8 Hz, 3H, E isomer),
1.94 (dd, J = 7.2, 1.8 Hz, 3H, Z isomer). Characteristic shifts of 2d’: 6.1-6.02 (m, 1H), 5.34-5.22 (m, 2H), 3.74 (d, J = 6.7
Hz, 2H). **C NMR (75 MHz, CDCl,): Only the E/Z isomers & 149.7 (E isomer), 148.8 (E isomer), 147.9 (Z isomer), 134.2 (E
isomer), 133.6 (E isomer), 133.4 (Z isomer), 132.7 (Z isomer), 131.9 (Z isomer), 129.5 (Z isomer), 129.5 (E isomer),
129.4 (E and 2), 129.3 (E and Z), 128.2 (Z isomer), 128.2 (E isomer), 125.6 (E or Z), 125.4 (E or Z), 124.9 (Z isomer),
124.8 (E isomer), 124.2 (E isomer), 124.0 (Z isomer), 123.2 (E isomer), 122.6 (Z isomer), 121.9 (E and 2), 19.3 (E
isomer), 15.1 (Z isomer). IR (cm™) v: 3060, 2918, 1644, 1553, 1476, 1377, 968, 840, 760. HRMS m/z calculated for
C14H1,NO [M]": 212.1070; found 212.1071.

= 2-(4-(trifluoromethyl)-phenyl)-5-(prop-1-en-1-yl)pyridine ~ N-oxide 2e: Prepared

@ \ according to general procedure GP3 from 2-(4-(trifluoromethyl)-phenyl)-pyridine N-oxide

’}‘@ = 1le (239.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The crude

FaC o product was purified by flash chromatography on silica gel eluting with EtOAc 100% to
ElZ 89/11 afford 75 mg of 2e (54% vyield with a 89/11 ratio of E/Z isomers) as a white solid. m.p.: 70-

71 °C. '"H NMR (300 MHz, CDCl;): & 7.96-7.85 (m, 4H, 2HE isomer + 2HZ isomer), 7.78-
7.67 (m, 4H, 2HE isomer + 2HZ isomer), 7.51-7.45 (m, 1H, E isomer), 7.40 (dd, J = 7.1, 2.9 Hz, 1H, Z isomer), 7.37-7.20
(m, 4H, 2HE isomer + 2HZ isomer), 7.14 (dq, J = 16.1, 1.7 Hz, 1H, E isomer), 6.80 (dd, J = 11.8, 1.9 Hz, 1H, Z isomer),
6.67 (dq, J = 16.1, 6.7 Hz, 1H, E isomer), 6.21 (dqg, J = 11.9, 7.2 Hz, 1H, Z isomer), 2.02 (dd, J = 6.8, 1.8 Hz, 3H, E isomer),
1.96 (dd, J = 7.2, 1.9 Hz, 3H, Z isomer). 3C NMR (101 MHz, CDCl;) : only E isomer 6 149.0, 148.2, 137.1 (g, J = 1.7 Hz),
134.7,131.1 (q, J = 32.8 Hz), 129.9, 125.1 (q, J = 3.8 Hz), 125.0, 124.9, 124.0, (q, J = 272.3 Hz), 122.85, 122.60, 19.21.
>E NMR (282 MHz, CDCls): § -62.9. IR (em™) v: 3058, 2922, 1650, 1614, 1560, 1481, 1377, 1324, 1169, 969, 841, 777.
HRMS m/z calculated for C;sH;,FsNNaO [M+Na]": 302.0763; found 302.0770.

2-(4-(methoxy)phenyl)-6-(prop-1-en-1-yl)pyridine N-oxide 2f

19 \ :9 \ and 2-(4-(methoxy)phenyl)-6-allylpyridine  N-oxide 2f":

N@ = . N@ “X| Prepared according to general procedure GP3 from 2-(4-

MeO ) MeO 0] (methoxy)-phenyl)-pyridine N-oxide 1f (201.2 mg, 1 mmol, 2
equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The

E/Z/allyl 76/1717 2F crude product was purified by flash chromatography on silica

gel eluting with EtOAc 100% to afford 25 mg of a non-
separable mixture of 2f and 2f (21% with a 76/17/7 ratio of 2f£/2£Z/2f) as a yellow oil. *H NMR (300 MHz, CDCl;): &
7.84-7.73 (m, 6H, 2H E isomer + 2H Z isomer + 2H allyl), 7.46-7.26 (m, 2H, 1H E isomer +1 H Z isomer), 7.33-7.09 (m,
8H, 3H Eisomer + 2H Z isomer + 3H allyl), 7.03-6.91 (m, 6H, 2H E isomer +2H Z isomer +2H allyl), 6.80 (dd, /= 11.8, 1.9
Hz, 1H, Z isomer), 6.60 (dq, J = 16.1, 6.8 Hz, 1H,E isomer), 6.22-6.01 (m, 2H, 1H Z isomer + 1H allyl), 5.33-5.21 (m,
2H,allyl), 3.85 (s, 9H, 3H E isomer + 3H Zisomer + 3H allyl), 3.74 (d, J = 6.9 Hz, 2H, allyl), 1.99 (dd, J = 6.7, 1.7 Hz, 3H, E
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isomer), 1.93 (dd, J = 7.2, 1.9 Hz, 3H, Z isomer). ¢ NMR (75 MHz, CDCl5): Only E/Z isomers § 160.4 (E + Z isomers),
149.4 (E + Z isomers), 148.9 (E + Z isomers), 134.0 (E isomer), 131.7 (Z isomer), 131.1 (Z isomer), 131.0 (E isomer),
130.8 (E + Z isomers), 125.8 (E isomer), 125.1 (E + Z isomer), 125.0 (E + Z isomer), 124.8 (E isomer), 124.6 (E isomer),
124.2 (Z isomer), 123.4 (E isomer), 122.8 (Z isomer), 121.4 (Z isomer), 113.7 (Z isomer), 113.6 (E isomer), 55.5 (E + Z
isomers), 19.3 (E isomer), 15.1 (Z isomer). IR (cm'l) v: 2792, 2785, 1670, 1516, 1475, 1378, 1180, 836. HRMS m/z
calculated for C;sH1NO, [M]": 242.1176; found 242.1181.

= = 5-(prop-1-enyl)-2-picoline N-oxide 2g and 5-allyl-2-picoline N-oxide
@ \ . @ \ 2g’:Prepared according to general procedure GP3 from 2-picoline N-oxide 1g
NS = NS "1 (109.1 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The
o 0 crude product was purified by by two successive flash chromatography on silica
29 2¢g' gel eluting with EtOAc/EtOH (95/5) to afford 25 mg of a non-separable mixture
ElZ/allyl 71/21/8 of 2g and 2g’ (33% with a 71/21/8 ratio of 2g£/2gZ/2g’) as a yellow oil. ‘H NMR

(300 MHz, CDCly): & 7.36-7.24 (m, 1H, E isomer), 7.27-7.17 (m, 2H, 1H Z isomer +1H allyl), 7.18-7.01 (m, 6H, 2H + 2H Z
isomer + 2H allyl) 6.79 (dg, /= 11.8, 1.9 Eisomer Hz, 1H, Zisomer), 6.56 (dq, J = 16.1, 6.7 Hz, 1H E isomer), 6.12 (dq, J
=12.0, 7.3 Hz, 1H, Z isomer), 6.08-5.93 (m, 1H, Z isomer), 5.30-5.16 (m, 2H, allyl), 3.70 (d, J = 6.8 Hz, 2H, allyl), 2.53 (s,
3H, allyl), 2.52 (s, 3H, Z isomer), 2.50 (s, 3H, E isomer), 1.97 (dd, J = 6.7, 1.8 Hz, 3H, E isomer ), 1.88 (dd, J=7.2, 1.9 Hz,
2H, Z isomer). 3¢ NMR (75 MHz, CDCl3): Only E/Z isomers & 149.3 (E + Z isomers), 148.2 (E isomer), 133.9 (E isomer),
131.8 (Z isomer), 124.7 (E isomer), 124.5 (E isomer), 124.4 (Z isomer), 124.2 (Z isomer), 124.1 (Z isomer), 123.9 (Z
isomer), 123.1 (E isomer), 122.5 (Zisomer), 120.7 (E isomer), 19.2 (E isomer), 18.5 (Z isomer ), 18.4 (E isomer), 15.0 (Z
isomer). IR (cm'l) v: 3050, 2919, 1645, 1561, 1491, 1444, 971, 838, 770. HRMS m/z calculated for CoH;;NNaO [M]":
172.0733; found 172.0734.

5 (E)-5-acetyl-2-(prop-1-enyl)pyridine N-oxide 2h: Prepared according to general procedure GP3
from 3-acetylpyridine N-oxide 1h (137.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5

)m mmol, 1 equiv). The crude product was purified by flash chromatography on silica gel eluting with
NT F EtOAc/EtOH (90/10) to afford 50 mg of 2h (56% yield of the E isomer) as a yellow solid. m.p.:

&®o 134-135 °C. '"H NMR (300 MHz, CDCl,): 6 8.73 (d, J = 1.5 Hz, 1H), 7.68 (dd, J = 8.3, 1.2 Hz, 1H),

7.53 (d, J = 8.4 Hz, 1H), 7.14 (dq, J = 16.2, 1.7 Hz, 1H), 6.80 (dq, J = 16.2, 6.8 Hz, 1H), 2.57 (s, 3H),
2.04 (dd, J = 6.7, 1.7 Hz, 3H). **C NMR (75 MHz, CDCl5): § 193.9, 151.2, 140.5, 137.6, 132.8, 124.2, 122.7, 122.0, 26.8,
19.5. IR (cm'l) v: 3035, 1681, 1640, 1600, 1546, 974, 932, 841. HRMS m/z calculated for CioH;;NNaO, [M+Na]":
200.0682; found 200.0690.

pyridazine N-oxide 1i (96.1 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The
5 crude product was purified by flash chromatography on silica gel eluting with EtOAc/EtOH (95/5) to
o afford 42 mg of 2i (62% vyield with a 89/11 ratio of E/Z isomers) as a yellow oil. ‘*H NMR (300 MHz,
E/Z 89/11 CDCl5): & 8.34 (dd, J = 5.7, 2.4 Hz, 1H, Z isomer), 8.28 (dd, J = 5.2, 2.4 Hz, 1H, E isomer), 7.70 (dd, J =
8.1, 2.5 Hz, 1H, E isomer), 7.64 (dd, J = 8.0, 2.5 Hz, 1H, Z isomer), 7.05-7.03 (m, 1H, , Z isomer), 7.00
(dd, J = 8.1, 5.1 Hz, 1H, E isomer), 6.87 (dq, J = 16.0, 1.7 Hz, 1H, E isomer), 6.72-6.57 (m, 2H, 1H , 1H E isomer + 1H Z
isomer), 6.18 (dq, J = 11.8, 7.2 Hz, 1H, Z isomer), 1.97 (dd, J = 6.7, 1.6 Hz, 3H, E isomer), 1.87 (dd, J = 7.2, 1.9 Hz, 3H, Z
isomer). 3¢ NMR (75 MHz, CDCl;): 6 148.5 (Z isomer), 148.1 (E isomer), 143.1 (E and Z isomers), 136.1 (E isomer),
134.1 (Z isomer), 133.8 (Z isomer), 130.7 (E isomer), 121.8 (E isomer), 121.0 (Z isomer), 116.3 (E isomer), 115.5 (Z
isomer), 19.3 (E isomer), 15.0 (Z isomer). IR (cm™) v: 3060, 2918, 1642, 1588, 1538, 1376, 964, 784. HRMS m/z
calculated for C;HgN,NaO [M+Na]: 159.0529; found 159.0533.

z

~ 6-(prop-1-en-1-yl)pyridazine N-oxide 2i: Prepared according to general procedure GP3 from
Keaj\/\w
N =

N (E)-2-(prop-1-en-1-yl)pyrazine N-oxide 2j: Prepared according to general procedure GP3 from
[@j\/\ pyrazine N-oxide 1j (96.1 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv). The

crude product was purified by flash chromatography on silica gel eluting with EtOAc/EtOH (90/10)
followed by preparative thin layer chromatography EtOAc/EtOH (90/10) to afford 40 mg of 2j (59%
yield of the E isomer) as a light brown solid. m.p.: 80-81 °C. 'H NMR (300 MHz, CDCl3): 6 8.60 (s, 1H), 8.22 (d, /= 4.1
Hz, 1H), 8.05 (d, J = 4.1 Hz, 1H), 6.89-6.81 (m, 2H), 2.05-1.96 (m, 3H). 3C NMR (75 MHz, CDCl;): & 145.8, 144.1, 143.3,
136.4, 133.9, 119.5, 19.5. IR (cm'l) v: 3055, 2922, 1644, 1588, 1454, 970, 869. HRMS m/z calculated for C;HsN20
[M+H]": 137.0709; found 137.0709.

X (E)-2-(prop-1-enyl)quinoline N-oxide 2k: Prepared according to general procedure GP3 from
@ quinoline N-oxide 1k (145.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv).
g@ ~ The crude product was purified by flash chromatography on silica gel eluting with EtOAc/EtOH
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(95/5) to afford 52 mg of 2k (57% yield of the E isomer) as a brown solid. m.p.: 65-66 °C. 'H NMR (300 MHz, CDCl;): 6
8.75 (d, J = 8.7 Hz, 1H), 7.76 (dd, J = 8.1, 1.4 Hz, 1H), 7.71 (ddd, J = 8.6, 7.0, 1.4 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.55
(ddd, J=8.1,7.0, 1.2 Hz, 1H), 7.48 (d, J = 8.9 Hz, 1H), 7.37 (dq, J = 16.1, 1.8 Hz, 1H), 6.81 (dq, J = 16.1, 6.8 Hz, 1H), 2.04
(dd, J = 6.8, 1.7 Hz, 3H). **C NMR (75 MHz, CDCl5): & 144.3, 141.8, 136.1, 130.6, 128.9, 128.1, 128.0, 125.5, 123.3,
120.1, 119.3, 19.5. IR (cm'l) v: 3061, 2919, 1602, 1560, 1512, 1442, 970, 765. HRMS m/z calculated for C;,H;,NO [M]":
186.0913; found 186.0908.

X (E)-1-(prop-1-en-1-yl)isoquinoline N-oxide 2I: Prepared according to general procedure GP3 from
_ NG:) o| isoquinoline N-oxide 11 (147.2 mg, 1 mmol, 2 equiv) and allyl acetate (0.054 mL, 0.5 mmol, 1 equiv).

O | The crude product was purified by two successive flash chromatography on silica gel eluting with
X EtOAc/EtOH (95/5) to afford 44 mg of 21 (48% vyield of the E isomer with only traces of the allylated
derivative) as a yellow oil. *H NMR (300 MHz, CDCl,): & 8.19-7.98 (m, 2H), 7.75 (dd, J = 7.8, 1.6 Hz,
1H), 7.63-7.51 (m, 2H), 7.49 (d, J = 7.2 Hz, 1H), 7.01-6.89 (m, 1H), 6.82 (dq, J = 16.1, 6.2 Hz, 1H), 2.13 (dd, / = 6.3, 1.3
Hz, 3H). **C NMR (75 MHz, CDCl,): & 144.5, 138.9, 137.0, 129.4, 129.1, 128.8, 128.3, 127.4, 125.1, 122.0, 120.8, 19.9.
IR (cm‘l) v: 3066, 2971, 1653, 1552, 1499, 1451, 970, 818, 756. HRMS m/z calculated for C;,H;;LiNO [M+Li]*: 192.0995;
found 192.1001.

A A 2-cinnamylpyridine N-oxide 3a and (E)-2-(3-phenylprop-1-en-1-yl)pyridine
(@j\/\/ph . (@j\/\/ph N-oxide 4a: Prepared according to general procedure GP3 from pyridine N-
N@ ’T'@ oxide 1a (95.1 mg, 1 mmol, 2 equiv) and cinnamyl acetate (88.1 mg, 0.5
© 3a © 4a mmol, 1 equiv) during 40 h. The crude product was purified by flash
3a/4a 90/10 chromatography on silica gel eluting with EtOAc/EtOH (95/5) to afford 32 mg
of 3a and 4a (31% yield with a 90/10 ratio of 3a/4a) as a yellow oil. *H NMR
(400 MHz, CDCl5): 6 8.30 (d, J = 6.0 Hz, 1H, 3a), 8.22 (d, J = 6.6 Hz, 1H, 4a), 7.46 (d, J = 8.0 Hz, 2H, 4a), 7.42-7.37 (m, 2H,
3a), 7.34-7.28 (m, 6H, 3H 3a + 3H 4a), 7.26-7.15 (m, 6H, 3H 3a + 3H 4a), 7.14-7.05 (m, 1H, 4a), 6.70 (dt, J = 15.9, 7.1 Hz,
1H, 4a), 6.60 (d, J = 15.8 Hz, 1H, 3a), 6.41 (dt, J = 15.8, 6.9 Hz, 1H, 3a), 3.86 (d, / = 7.1 Hz, 2H, 3a), 3.66 (d, J = 6.6 Hz,
2H, 4a). *C NMR (101 MHz, CDCls): only 3a & 151.2, 139.7, 137.0, 134.3, 128.7, 127.8, 126.4, 126.0, 125.6, 123.8,
123.4, 34.0. Some characteristic shifts of 4a: 128.9, 128.8, 126.7, 39.9. IR (cm™) v: 3379, 3070, 2965, 1490, 1437, 974,
845, 694. HRMS m/z calculated for C,,H,3NNaO [M+Na]*: 234.0889; found 234.0898.

Ph Ph 2-cinnamyl-4-phenylpyridine N-oxide 3c and (E)-4-phenyl-2-(3-phenylprop-

N N 1-en-1-yl)pyridine N-oxide 4c: Prepared according to general procedure GP3

\ ® Ph \ ® Ph from 4-phenyl-pyridine N-oxide 1c (171.2 mg, 1 mmol, 2 equiv) and cinnamyl
'~ .

N X TSNS acetate (88.1 mg, 0.5 mmol, 1 equiv) during 40 h. The crude product was

o° o° purified by flash chromatography on silica gel eluting with EtOAc/EtOH (95/5)

4c to afford 31 mg of 3c and 4c (22% vyield with a 83/17 ratio of 3c/4c) as a

3c/4c 83/17 yellow oil. *H NMR (400 MHz, CDCl5) : & 8.35 (d, J = 7.0 Hz, 1H, 3c), 8.27 (d, J =

7.2 Hz, 1H, 4c), 7.66 (d, J = 2.5 Hz, 1H, 4c), 7.59-7.54 (m, 4H, 2H 3¢ + 2H 4c), 7.52-7.37 (m, 13H, 7H 3¢ + 6H 4c), 7.37-

7.20 (m, 7H, 3H 3c + 4H 4c), 6.79 (dt, J = 16.1, 7.2 Hz, 1H, 4c), 6.65 (d, J = 15.7 Hz, 1H, 3c), 6.47 (dt, J = 15.8, 7.2 Hz, 1H,

3c), 3.92 (d, J = 7.0 Hz, 2H, 3¢), 3.69 (d, J = 7.1 Hz, 2H, 4c). *C NMR (101 MHz, CDCl;) : only 3a § 151.0, 139.7, 138.9,

137.0, 136.8, 134.4, 129.4, 129.1, 128.7, 127.8, 126.7, 126.5, 123.5, 123.2, 121.7, 34.3. IR (cm™) v 3060, 3031, 1601,
1545, 1475, 1453, 1245, 972, 765. HRMS m/z calculated for C,oH;sNO [M+H]": 288.1383; found 288.1381.

N N 6-cinnamylpyridazine N-oxide 3i and (E)-6-(3-phenylprop-1-en-1-
@/\/Ph . @/\/Ph yl)pyridazine N-oxide 4i: Prepared according to general procedure GP3 from
N@ ’}‘@ pyridazine N-oxide 1i (96.1 mg, 1 mmol, 2 equiv) and cinnamyl acetate (88.1
0 0 mg, 0.5 mmol, 1 equiv) during 40 h. The crude product was purified by flash
4i chromatography on silica gel eluting with EtOAc/EtOH (95/5) to afford 51 mg
of 3i and 4i (48% yield with a 83/17 ratio of 3i/4i) as a dark brown solid.
m.p.: 72-73 °C. *H NMR (300 MHz, CDCl,): 6 8.38 (dd, J = 5.3, 2.4 Hz, 1H, 3i), 8.31 (dd, J = 5.1, 2.4 Hz, 1H, 4i), 7.72 (dd, J
= 8.1, 2.4 Hz, 1H, 4i), 7.61 (dd, J = 7.9, 2.4 Hz, 1H, 3i), 7.43-7.17 (m, 11H, 5H 3i + 6H 4i), 7.08-6.91 (m, 2H, 1H 3i + 1H
4i), 6.79 (dt, J = 16.1, 6.9 Hz, 1H, 4i), 6.62 (d, J = 15.9 Hz, 1H, 3i), 6.35 (dt, J = 15.9, 7.1 Hz, 1H, 3i), 3.77 (d, J = 7.1 Hz,
2H, 3i), 3.64 (d, J = 6.9 Hz, 2H, 4i). *C NMR (75 MHz, CDCl;) : & 148.5 (3i), 148.3 (4i), 146.2 (4i), 139.1 (4i), 136.6 (3i),
135.2 (3i), 133.0 (3i), 130.9 (4i), 128.8 (4i), 128.7 (3i), 128.0 (3i + 4i), 126.8 (3i + 4i), 126.4 (3i + 4i), 121.8 (3i), 121.5
(4i), 116.2 (3i), 39.9 (4i), 34.5 (3i). A quaternary carbon of 4i could not be observed. IR (cm'l) v: 3064, 3027, 1593,
1542, 1494, 973, 886, 741. HRMS m/z calculated for C;3H;,N,NaO [M+Na]":235.0842; found 235.0832.

3i/4i 83/17
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VIl.  Further derivatizations of C2-alkenylated N-Oxides

1. Deoxygenation of alkenylated pyridine N-oxides: General procedure (GP4)

Following a reported procedure,20 a solution of alkenyated pyridine N-oxide (0.25 mmol, 1 equiv) in Toluene (1.25 mL)
was prepared, PCl; (44 pL, 0.5 mmol, 2 equiv.) was added slowly and the reaction mixture stirred at room
temperature. After reaction completion (followed by TLC), the mixture was quenched with a saturated solution of
NaHCO; and stirred for 5 min. The aqueous layer was then extracted with EtOAc. The combined organic layers were
dried over MgSO, filtered and the volatiles were removed under reduced pressure. The crude was then purified by
silica gel column chromatography, affording the corresponding product.

A 2-(prop-1-en-1-yl)pyridine 5a: Prepared according to general procedure GP4 from 2-(prop-1-
P enyl)pyridine N-oxide 2a (33.8 mg, 0.25 mmol, 1 equiv) during 4 h. The crude product was purified by
flash chromatography on silica gel eluting with Pentane/Et,0 (70/30) to afford 20 mg of 5a (67% yield
with a 79/21 ratio of E/Z isomers) as a colorless oil (product volatile). '"H NMR (300 MHz, CDCl;): 6 8.61 (d, J = 4.1 Hz,
1H, Z isomer), 8.52 (d, J = 4.6 Hz, 1H, E isomer), 7.71-7.52 (m, 2H, 1H E isomer + 1H Z isomer), 7.29-7.17 (m, 2H, 1H E
isomer + 1H Zisomer), 7.14-7.03 (m, 2H, 1H E isomer + 1H Zisomer), 6.74 (dq, J = 15.6, 6.7 Hz, 1H, E isomer), 6.55-6.43
(m, 2H, 1H E isomer + 1H Z isomer), 6.00 (dq, J = 11.8, 7.3 Hz, 1H, Z isomer), 2.09 (dd, J = 7.2, 1.8 Hz, 3H, Z isomer),
1.93 (dd, J = 6.7, 1.7 Hz, 3H, E isomer). *C NMR (75 MHz, CDCL,):) 6 156.3 (E isomer), 149.5 (E isomer), 149.4 (Z
isomer), 136.5 (E isomer), 136.0 (Z isomer), 131.4 (E isomer), 131.3 (Z isomer), 130.9 (E isomer), 129.7 (Z isomer),
124.0 (Z isomer), 121.6 (E isomer), 121.2 (Z isomer), 120.9 (E isomer), 18.5 (E isomer), 15.1 (Z isomer). A quaternary
carbon of the Z isomer could not be observed. IR (cm'l) v 3007, 2913, 1587, 1564, 1470, 1430, 1150, 968, 730. HRMS
m/z calculated for CgHioN [M+H]": 120.0808; found 120.0806.

~o (E)-4-methoxy-2-(prop-1-en-1-yl)pyridine 5b: Prepared according to general procedure GP4 from 4-
methoxy-2-(prop-1-en-1-yl)pyridine N-oxide 2b (41.3 mg, 0.25 mmol, 1 equiv) during 5 h. The crude
\ product was purified by flash chromatography on silica gel eluting with Pentane/Et,0 (50/50) to afford

N 30 mg of 5b (80% vyield of E isomer with only traces of Z isomer) as a colorless oil. 'H NMR (300 MHz,
CDCl,): 6 8.34 (d, J = 5.8 Hz, 1H), 6.80-6.67 (m, 2H), 6.63 (dd, J = 5.7, 2.5 Hz, 1H), 6.44 (dq, J = 15.5, 1.7 Hz, 1H), 3.83 (s,
3H), 1.92 (dd, J = 6.7, 1.7 Hz, 3H). *C NMR (75 MHz, CDCl;): § 166.2, 157.9, 150.7, 131.3, 131.0, 107.9, 106.9, 55.1,
18.4. IR (cm'l) v 3000, 2945, 1580, 1560, 1475, 1030, 955, 735. HRMS m/z calculated for CoH;,NO [M+H]": 150.0913;
found 150.0912.

2. Dihydroxylation of 2-(prop-1-enyl)pyridine N-oxide 2a

~ 2-((1R*,2R*)-1,2-dihydroxypropyl)pyridine 1-oxide 6a: To a solution of 2-(prop-1-enyl)pyridine N-
\ o, oxide 2a (33.8 mg, 0.25 mmol, 1 equiv) in 4 mL of THF/H,0 (9/1) was added N-methyl morpholine-N-
N@ 7~ "OH| oxide (75.5 mg, 0.625 mmol, 2.5 equiv.) and a catalytic amount of OsCl;. The reaction mixture was
O~ OH stirred at room temperature during 7 h. After completion, the mixture was quenched with a

saturated solution of NaS,0; and the aqueous phase was extracted with EtOAc. The combined organic layers were
dried over MgSO, filtered and the volatiles were removed under reduced pressure. The crude was then purified by
silica gel column chromatography flash chromatography on silica gel eluting with CH,Cl,/Acetone/MeOH (50/45/5) to
afford 13.5 mg of 6a (32% vield, d.r. 80/20) as a yellow oil. m.p.: 118-120 °C. *H NMR (300 MHz, CDCl,): 6 8.22 (d, J =
6.3 Hz, 2H, 1H major + 1H minor), 7.46-7.37 (m, 4H, 2H major + 2H minor), 7.33-7.26 (m, 2H, 1H major + 1H minor),
5.94 (s, 1H, major), 5.69 (s, 1H, minor), 4.74 (s, 1H, minor), 4.65 (s, 1H, major), 4.33-4.22 (m, 2H, 1H major + 1H minor),
3.88 (s, 1H, minor), 3.74 (s, 1H, major), 1.25 (d, J = 6.4 Hz, 3H, minor), 1.22 (d, J = 6.3 Hz, 3H, major). *C NMR (101
MHz, CDCl;):, 6 150.0 (major), 140.2 (major + minor), 128.1 (minor), 127.9 (major), 126.5 (minor), 126.1 (major), 125.0
(major), 124.9 (minor), 76.6 (minor), 76.5 (major), 70.4 (minor), 68.7 (major), 20.0 (minor), 19.5 (major). IR (cm'l) v
3236, 2975, 2927, 1488, 1434, 1372, 1202, 1133. HRMS m/z calculated for CgHy,N,0; [M+H]": 170.0812; found
170.0811.

3. Ozonolysis of 2-(prop-1-enyl)pyridine N-oxide 2a

X
@/Q 2-formylpyridine N-oxide 7a: 2-(prop-1-enyl)pyridine N-oxide 2a (67.6 mg, 0.5 mmol, 1 equiv) was
N@ dissolved in dry DCM (2 mL) and MeOH (2 mL) and cooled to -78 °C. Ozone was bubbled through the
O

0 Cho, S. H.; Hwang, S. J.; Chang, S. J. Am. Chem. Soc. 2008, 130, 9254.
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mixture for 30 min. the reaction was then purged with N, for 5 min. Dimethyl sulfide (0.185 mL, 2.5 mmol, 5 equiv)
was then added and the reaction was allowed to warm to room temperature and stirred for 3 h. The reaction mixture
was concentrated under vacuum and the crude was purified by flash chromatography on silica gel eluting with
EtOAc/EtOH (80/20) to afford 40 mg of 7a (65% yield) as yellow solid. m.p.: 63-65 °C. 'H NMR (300 MHz, CDCl;): &
10.63 (d, J = 0.7 Hz, 1H), 8.22 (ddd, J = 6.5, 1.1, 0.7 Hz, 1H), 7.82 (dd, J = 7.8, 2.1 Hz, 1H), 7.46 (ddd, J = 7.2, 6.7, 2.3 Hz,
1H), 7.33 (tt, J = 7.7, 1.0 Hz, 1H). *C NMR (75 MHz, CDCl;): 6 185.8, 143.9, 140.5, 130.1, 125.7, 125.4. IR (cm™) v 3115,
2950, 1695, 1603, 1434, 1296. HRMS m/z calculated for CgHsNNaO, [M+Na]*: 146.0212; found 146.0210.
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'H, *C and °F NMR Spectra
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3-acetylpyridine N-oxi
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pyridazine N-oxide 1i

NS EVEI PRI
Parameters
( A
Solvent oo N.D_
Temperature 300.0 N
Number of Scans 8 33
Spectrometer Frequency 300.16
Nucleus H
I
. " ul .
I 4 7
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.0 35 30 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
pyrazine N-oxide 1j
ogmngoe
$$5558
% 6D @@ D
N
Parameters
N,
Solvent a3 [ \j
Temperature 300.0 ('3/
Number of Scans 8 10
Spectrometer Frequency 300.16 o
Nuclews H
—___,_/) t\—\__m_w'x_Jg n L‘M,.___A*_
iy i
100 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1o 05 00
f1 (ppm)

S33



quinoline N-oxide 1k
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2-allylpyridine N-oxide 2a’
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C2-alkenylated and allylated N-Oxides
2-(prop-1-enyl)pyridine N-oxide 2a
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4-methoxy-2-(prop-1-en-1-yl)pyridine N-oxide 2b
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4-phenyl-(E)-2-(prop-1-en-1-yl)pyridine N-oxide 2c and 4-phenyl-2-allylpyridine N-oxide 2¢’
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2-phenyl-5-(prop-1-en-1-yl)pyridine N-oxide 2d
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f1 (ppm)
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2-(4-(trifluoromethyl)Phenyl)-5-(prop-1-en-1-yl)pyridine N-oxide 2e
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13C
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0
£
T
1
I3
&
&

4 Spectrometer Frequency 100.63

0
1 Solvent
2 Temperature
3 Number of Scans
5 Nucleus

Spectrometer Frequency 300.16

Temperature
Number of Scans

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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Parameters 3

g
Solvent coci
Temperature 300.0 =
Number of Scans R @ |
Spectrometer Frequency 282.40 N =
Nucleus 19F KSs
F3C
T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

f1 (ppm)
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Solvent

Temperature

Number of Scans

Spectrometer Frequency 300.16
Nucleus

2-(4-(methoxy)phenyl)-5-(prop-1-en-1-yl)pyridine N-oxide 2f and 2-(4-(methoxy)phenyl)-5-allylpyridine N-oxide 2f’
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13C
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Parameters
190

Spectrometer Frequency 75.48
200

Number of Scans
Nucleus

Solvent
Temperature




5-(prop-1-enyl)-2-picoline N-oxide 2g and 5-allyl-2-picoline N-oxide 2g’
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Parameters

ook}

Solvent

QO

300.0
1024

Spectrometer Frequency 75.48

Temperature
Nucleus

Number of Scans

13C

140

150

180

190

120 110 100
f1 (ppm)

130

160

170

200
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@
v
Parameters
Solvent CDCI3
Temperature 300.0
Number of Scans 8
Spectrometer Frequency 300.16
Nucleus 1H

(E)-5-acetyl-2-(prop-1-en-1-yl)pyridine N-oxide 2h

2569

X
Lo,

&°

193.870

Parameters

Solvent

Tempeiatuie

Number of Scans
Spectrometer Frequency
Nucleus

CDCI3
300.0
1024

75.48

13C

151.214
~\_ 140.506
~ 137581
132823
124.180
< 122,661
N\ 122.043

e

T T T T

/ 77.160 CDCI3
26.768

"\ 76.736 CDCI3

1.0 0.5 0.0

19.544

260 1§o léO

5.5 5.0 45 4.0
f1 (ppm)
g
S
2
T T T T
110 100 Ll 80
f1 (ppm)
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6-(prop-1-en-1-yl)pyridazine N-oxide 2i

Parameters

CDCI3
300.0

Solvent

Temperature

Number of Scans

Spectrometer Frequency 300.16

Nucleus
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300.0
1024
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Parameters
Spectrometer Frequency 75.48

Number of Scans
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Solvent
Temperature

18 10 160 150 140 130 120 110
f1 (ppm)

190

200
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(E)-2-(prop-1-en-1-yl)pyrazine N-oxide 2j

2.006
2.001
1.99%

¢

Parameters Z| NREE g 2388 g
@ @ oo IR g vy N
NV [N
Solvent CDCI3
Temperature 300.0
Number of Scans 16
Spectrometer Frequency 300.16
Nucleus 1H
|
|
[
T T 7
g g5 8
= == N
T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
Parameters § § §
566
g2gn 24 2 288
Solvent coci3 2IE 88 2t NS
Temperature 300.0 NAY | N
Number of Scans 1024
Spectrometer Frequency 75.48
Nucleus 13C

200 190 180 170 160 150 140 130 120 110 100 %
f1 (ppm)
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(E)-2-(prop-1-enyl)quinoline N-oxide 2k

— 3 L
Y e
Solvent CDCI3
Temperature 300.0
Number of Scans 8
Spectrometer Frequency 300.16
Nucleus 1H

T e
5 gTsess 3
g £78888 §

T T T T T T T T T T T T T T

77.160 CDCI3

"\ 76.736 CDCI3
19.525

110 105 100 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45
f1 (ppm)
Parameters §
NY SeenooH®/y o
SR SE538¥RER 2
Slvent coas iz SERRRANSS R
Temperature 300.0 1| N\VA2 N
Number of Scans 1000
Spectrometer Frequency 75.48
Nucleus 13C
|
I
T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)
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(E)-1-(prop-1-en-1-yl)isoquinoline N-oxide 2I
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300.0
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Parameters
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]
Solvent
Temperature
Number of Scans

Spectrometer Frequency 300.16

Nucleus
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300.0

Parameters

Solvent
Temperature

1024

Number of Scans

Spectrometer Frequency 75.48

Nucleus

13C

180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

260

548



2-cinnamylpyridine N-oxide 4a and (E)-2-(3-phenylprop-1-en-1-yl)pyridine N-oxide 3a

Parameters SENE SABHSAAREORRERYRERIIRE ggg3
N TS Npem————— NV
Solvent CDCI3
Temperature 299.8
Number of Scans 16
Spectrometer Frequency 400.13 N N
Nucleus H | |
O U Ph o+ DA ~_Ph
N N
o® o®
I
I
i 9 e
o e A a o
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.0 45 40 3.5 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)
Parameters 388
883
g REREEEE R N s g
~ NaAO@RR~NYT R0 593 R 8
soent o z ARREEEREEERRR FR ER
Temperature 299.8 | SNggm=—"" N | |
Number of Scans 1000
Spectrometer Frequency 100.62
Nucleus 13C
. N PO
E ) | N
OA _AN_Ph  + @A _~__Ph
N N
o o®
1
l|
1
1
\ h wl ; Al
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 ¢ (100 ) Ll 80 70 60 50 40 30 20 10 0
1 (ppm
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2-cinnamyl-4-phenylpyridine N-oxide 3c and (E)-4-phenyl-2-(3-phenylprop-1-en-1-yl)pyridine N-oxide 4c

v
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Value
CDCI3
299.9

Parameter

1 Solvent

2 Temperature

3 Number of Scans

4 Spectrometer Frequency 400.13
1H

5 Nucleus

H/mqﬂ
E00'T
P10

0.0

0.5

1.0

3.5 3.0 2.5 2.0

4.0

100 95 9.0 8.5 8.0 7.5 70 65 6.0 5.5 50 45
1 (ppm)

10.5
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Value
cpai3
299.9
1024

Parameter
4 Spectrometer Frequency 100.62

1 Solvent

2 Temperature

3 Number of Scans

13C

5 Nucleus

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200
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6-cinnamylpyridazine N-oxide 4i and (E)-6-(3-phenylprop-1-en-1-yl)pyridazine N-oxide 3i
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Ph

Value

Parameter

CDCI3
300.0

1 Solvent

2 Temperature

3 Number of Scans

4 Spectrometer Frequency 300.16

1H

5 Nucleus

= F0p'0
= 007

100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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Value
CDaI3
300.0
64

Parameter
1 Solvent
2 Temperature
3 Number of Scans
4 Spectrometer Frequency 75.48

13C

5 Nucleus

Ph

=

N

Ph

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190
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Further derivatizations products
(E)-2-(prop-1-en-1-yl)pyridine 5a:

CEMINNNRLEEEREEEANNI I IRRINNNNNNNNNANNNNNTQ299GQa

P A I I NN NN A A SR SRS v SRR e ot St et v i e R v B S
SO0

st N i

Do
N NN
Sy e

Parameter Value ==
1 Solvent [ebleik N
2 Temperature 300.1 N
3 Number of Scans 8
4 Spectrometer Frequency 300.13
5 Nucleus 1H
!
] [
/I\A
"
I 1
N o NS
So S @
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
o nw moTmangONq
] e CY A =AY == O ann i
R b R o o o RRKR L
[ SNSNZNNE N Il
Parameter Value RS
1 Solvent cDCi3 N
2 Temperature 299.9 N
3 Number of Scans 1024
4 Spectrometer Frequency 75.48
5 Nucleus 13C
M
I
|
” b \ "
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
1 (ppm)
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(E)-4-methoxy-2-(prop-1-en-1-yl)pyridine 5b

Value

Parameter

_-8.346
~\-8.327

3.831

[y
1 Solvent CDCI3
2 Temperature 299.9 ~
3 Number of Scans 8 0
4 Spectrometer Frequency 300.16 x
5 Nucleus 1H | P
P>
N
I ) M
A | 1 ‘ | |
43 4 {4
So @ S ™
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
0 ° o N o
a 8 I 83 23 noo ° v
3 = py g 2e B3R = I
Parameter Value < = g =] 58 onh o M
= g K e ] RRR & =
1 Solvent cpci3 | | \ \/ N |
2 Temperature 299.9
3 Number of Scans 1024
4 Spectrometer Frequency 75.48 \O
5 Nucleus 13C
| =
N
N
1
1
|
| !
1
|
j 1 . y A |
T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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2-((1R*,2R*)-1,2-dihydroxypropyl)pyridine 1-oxide 6a

o ~Emo P eamoooe N T coo®
32 5528 F 8 BANIRBARY 88
S A TRAN a8 RN &R SANK
Parameter Value @ o6 NSNS w w TETTTET oM -
1 Sowent oass \/ Nes I VS L N\
2 Temperature 299.9
3 Number of Scans 8 | =
4 Spectrometer Frequency 300.16 @,
5 Nucleus 1H ,\"6 T TOH
0~ OH
|
|
N
d 3T U I3 T Id £h
@ @3 N ng S =& @ m
a N E sS4 = S s G
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 .0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
2 3 ZRdgis e N g Ty ow
Parameter Value 2 M aNaang RRRRERSE Ra
1 Solvent cpai3 TNV T N4
2 Temperature 299.9
3 Number of Scans 2048
4 Spectrometer Frequency 75.48 | =
5 Nucleus 13¢ ;\?/ -~ NOH
0° oM
1 | !
1 1| 1
A I UI M J
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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2-formylpyridine N-oxide 7a

Parameter Value
1 Solvent ez | Y
2 Temperature 299.9 |
3 Number of Scans 8 (';3/ o
4 Spectrometer Frequency 300.16 de
5 Nucleus 1H
J e [
1 L
& s § &=
s 4 2 a3
T T T T T T T T T T T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7. 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
1 (ppm)
2 o 2o
@ 3 A 880 2
Parameter Value 9 22 88K S
E M aq9q N
1 Solvent cpai | | PN
2 Temperature 299.9
3 Number of Scans 1024 | @l _o
4 Spectrometer Frequency 75.48 ’\Il
5 Nucleus 13C 0e
1 1
I
|
- J h
T T T T T T T T T T T T T T T T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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