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Abstract

An efficient, scalable synthetic method of chron{8p®c]pyridine scaffolds through

redox-neutral [4+2] annulation between coumaringtokime esters and internal
alkynes has been developed using the rhodium(Htalgtic system. The present
transformation proceeds under mild conditions, uest good functional group
compatibility and obivates the use of external arid. Ready access to pyridine

derivatives bearing three carbon substituentseasngkified.
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1. Introduction

The coumarin (B-chromen-2-one) and pyridine cores constitute tamifies of
fundamental privileged heterocyclic scaffolds invariety of naturally-occurring
products and bioactive compourids.As the fused derivatives from these two
fragments, chromeno[3dpyridin-5-ones have proven to be an emerging grotp
tricyclic molecular hybrids found in the parentfrawork of several natural and
artificial bioactive molecules (Figure 1}* These chromenopyridine derivatives have
exhibited a diverse array of biological activiti@epressant, antiviral, antipsychotic,
antitumor and antimicrobiat al),>® photophysical properti€§;** and the potential of
dopamine D4 receptor labeling agetfts® As such, elegant synthetic methods for the
preparation of this scaffold have been established]ate, to build up libraries of
chromenopyridines for the promising applicabilitymedicinal and material realms.
One traditional strategy lies upon the lactonizatd 4-arylnicotinic acid derivatives
in the presence of polyphosphoric acid (PPA) oohor

Figure 1 Natural products and bioactive molecules incorfagechromeno([3,4]pyridine
nucleus
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tribromide®*° Another traditional one involves the multi-compoheondensation of
salicylaldehydes, cyanoacetates (or malononitrigg)d ketones using ammonium
acetate as catalyst and nitrogen source, gengraliyding 4-amino chromeno[3d}-
pyridin-5-ones®?* Noteworthy, its variant can generate a chromeridimgne
scaffold bearing three carbon-centered groupseatCth2,4 positions of the pyridine
unit when salicylaldehydes and methyl 3-aminocratenwere used instead.In
recent decade, the inverse electron demand DielsrAkaction has turned out to be a
powerful tool for the construction of the dihydrertvatives, which readily undergo
further dehydrogenative aromatization to produasrtsaturated heterocyclé&€? In
2014, Xiao's group developed a tandem protocol docess to C4-functionalized
N-aryl chromeno[3,4&]pyridine-5-ones using 4-alkynyl-3-formylcoumarinss a
novel building block® In 2016, Villemin and his co-workers disclosed efficient
and practical procedure for the synthesis of 4ralka chromeno[3,4&]pyridine-5
-ones through the reaction of 4-(2-dimethylaminoy43-cyanocoumarin with
primary alkylamine$’ In 2018, Chen et al. reported Cu€htalyzed tandem reaction
of the Blaise reaction intermediates and 3-cyano@rins to efficiently afford
4-amino-1,2-disubstituted chromeno[ZMpyridine derivatives (Scheme 1, &)Later
on, Li et al. presented a redox-neutral rhodiurngé)alyzed C-H carboxylation for
oxochromenopyridine derivatives from 2-pyridylphenaith CG; in the presence of
phosphine ligand (Scheme 1,B)Despite the impressive achievements made to date,
the development of versatile and efficient methdds the assembly of the

chromeno[3,4-c]pyridine derivatives, especially foeg the carbon-centered



functionalities at all three C-positions of a pymel moiety, remains highly
challenging but desirable.

To date, aryl ketoxime derivatives serve as kegymsors to enable versatile and
flexible access to isoquinoline/pyridine scaffoltisough the directed aryl/vinydp?
C-H activation®>>8 As our continuing efforts to develop new methods to readily
access potentially bioactive heterocyclic compoufids herein, we present an
efficient synthetic method of highly substitutedaineno[3,4€]pyridin-5-ones from
coumarinyl ketoned-acetyl oximes and internal alkynes utilizing tleelox-neutral
rhodium(lll) catalytic system without any extermaiidants, wherein the oxime N-O

Scheme 1 Recent work and our contribution regarding the tlsgsis of the
chromeno[3,4]pyridin-5-one scaffold
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section functions both as a directing group an@drasnternal oxidant to sustain the

catalytic rhodacycle (Scheme 1).

2. Results and discussion

Initially, we screened 3-acylcoumarinyl oximes ihethyl ether and acetyl ester as
the potential directing group using the combinatadnCp*RhChL],-NaOAc as the
catalytic system without any external oxidantsaBilegly, it was found that its acetyl
esterla worked well with 1,2-diphenylethyn@d) in methanol at 66C to deliver the
tricyclic chromeno[3,4]pyridine 3a in 80% vyield (Table S-1, entry 1, in the
Supporting Information). Then we chose the reactdriia with 2a as a model
reaction to identify the cyclization conditions. ér'heplacement of [Cp*Rhglb with
[Ru(p-cymene)Cl], or Cp*Co(CO)} failed to generate the tricyclic produga, with
all the starting materials recovered (Table 1,\e2y. The other acetates such as
KOAc and CsOAc gave as comparable efficiency asA&a@hile the carbonate and
phosphate tested could hardly work (Table 1, eBtwg 4). The solvent effects were
investigated and the reaction efficacy was foundhow a considerable dependence
on the medium environment. The use of EtOH as \@esbldelivered a good yield of
70%, whereas the utilization of HFIP, with a snrap&, value, lowered the yield to
30% (Table 1, entry 5). The polar aprotic DMF and$0D were ineffective solvents
for such a transformation (Table 1, entry 6). Besjdthe silver additives, reaction
temperatures and time were identified to imposédichimpact on the reaction yields
(Table 1, entries 7-9). Notably, the reaction at lttwer temperature of 5 resulted

in the formation oBBa in a comparable yield of 81% (Table 1, entry 1).



Table 1 Parameters Optimization for the annulation

_OAc Ph
NI Ph Cp*Rh (2.5 mol%) Ph 7 N
. (o]
@f\ =z NaOAc (30 mol%) § '
Ph
o Yo CH30H, 50 °C
o O
1a 2a 3a
Entry Deviation from standard conditions Yield [%]°
1 none 81
2¢ [Ru(p-cymene)Cl,], or Cp*Co(CO)Il, instead N.R.
3¢ KOAc or CsOAc instead 78,76
4° Cs,CO3 or K3PO4 instead trace
5¢ EtOH, DCE or HFIP instead 20-70
6° DMF or DMSO instead N.R.
7° silver salts (20 mol%) added 75-80
8 30°C, 60 °C, or 80 °C 65-80
9 4h,6h,0or12h 70-77

®Reaction conditionsla (0.3 mmol), 2a (0.36 mmol), [Cp*RhC, (2.5 mol%), NaOAc (30
mol%), MeOH (1.5 mL), sealed with stirring at %D for 8 hours under AP.The yields are for the
isolated productsThe reactions were performed at®) N.R. means no reaction.

Having established the optimal conditions, wenéadr to the investigation of the
generality and substrate scopes of oxime estectduleannulation of coumarink
with alkynes 2 catalyzed by the Cp*Rh (lll) system. Firstly, ihet case of
1,2-diphenylethyne 2q), an array of 3-acylcoumarinyl oxime estela-0 were
subjected to this rhodium(lil)-catalyzed C-H fuwctalization of coumarins. As is
depicted in Table 2, the present protocol provaaiegble to various coumarins with
Me, OMe, and Br on the benzene moiety of the coumsraffold. Noteworthily, the
C-Br bond could survive this catalytic conditiohus offering a potential opportunity
for late-stage functionalizatidfi*’ The electron donating groups are preferable to the

electron withdrawing ones in the reaction yiel8s Ys 3e). Furthermore, it was found

that the OMe group in the 7-positioBd) was unfavorable to the catalytic annulation.
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The R tethered to the C=N portion of the oxime estensaried from methyl to a
bulkier fragment including Et-Pr, and Ph, leading to the decrease in the reactio
efficiency @a, 3f-h). Prolonging the reaction time up to 16-20 h cduddp improve

Table 2 Scope with respect to the coumarinyl oxime e3ters

.OAc Ph Ph
| Ph  Cp*Rh (2.5 mol%) ZN
XX OR? 4 = NaOAc (30 mol% '
R4 Ph/ ( ") N OR?
¥ CH3OH, 50 °C R
o o P
o~ o
1a-0 2a 3a-0
Ph Ph Ph o Ph
Ph =
Ph._~ |N Ph. |N _ |N |N
X X AN ~
0 Yo o Yo MeO o o o0
3a, 81% (79%)P 3b, 92% 3c, 73% 3d, 61%
Ph Ph Ph
Ph
Ph Ph ZON
Br ! l |
A X N Ph
o o o o oo
3e, 70% 3f, 63% 3g, 69% (20 h) 3h, 49%
Ph 8 Ph
Ph "N Ph
ZN | ZN
| A Br |
X N
0" o
o o Bie MeO 0" o
3i, 68% 3j, 53% 3k, 70% (16 h) 31, 64%
Ph
Ph
= | = N
A Pr-
~ Pr-n Pr-n n
o)
3m, 85% (20 h) 3n, 67% (20 h) 3o, 59% (18 h) 3p, 0%°

®Reaction conditionst (0.3 mmol),2a (0.36 mmol), [Cp*RhC], (2.5 mol%), NaOAc (30 mol%),
MeOH (1.5 mL), sealed with stirring at 5 for 8 hours unless otherwise stated undeiT .
yield are for the isolated producfin 5-mmol scale’Use ofZ-1p as substrate.



the yields of the cyclized producdg, 3k, 3m-0. To our surprise, chromenopyridine
3h was obtained in 49% vyield from &#Z-isomeric mixture ofth (E/Z = 1:4.9), and
the potential 3-(isoquinolin-1-yl)coumarin produesulted from oxime ester-directed
activation of the phenyl C-H bond was not observedggesting that in the caselbf
the Z-conformer may isomerize to tHe-conformer under the reaction conditions.
When R was aniso-propyl, the predominarZ-conformer oflp was isolated, and
found to be an inert substrate for such a transition.

Next, we set out to examine the alkyri®esGenerally, the use of internal alkynes
successfully enabled the C-H functionalization @umarins1 (Table 3). The
presence of an aryl group in alkynkgxerted constructive influence on the reaction
efficiency. Just like diphenylethyn&g), other phenylacetyn2c-d performed well to
form chromeno[3,4]pyridines 3 in good (total) yields (65%-82%), whereas the
alkynes bearing no aryl grou@b and2e gave their annulated products in low yields
(29%-36%), and even dimethyl but-2-ynedioate watexl to access no cyclized
product, solely providing an alkenylated coumarikg@toxime 4 in 31% yield.
Increasing the loading &b to 3 equiv could enhance the yield3ab to 42%. It is
worth noting that the unsymmetrical alkynes lethi formation of chromenopridines
3 in a regioisomeric ratio of more than3k¢ + (3ac)’, 3bc + (3bc)’), and in the case
of the substrate®d-e, only the major isomers were isolated by means ef th
preparative thin-layer chromatograph3ad of which were identified by X-ray
diffraction’® (Section 6, in the Supporting Information). Thisyrbe ascribed to the

substituent steric effects of internal alkynes.



Table 3 Scope with respect to the alkyhes

R4
_OAc 3 3
N R
| [Cp*RNCl], (2.5 mol%) = IN
0,
o : XN N H NaOAc (30 mooIA:) iy RN
4 CH30H, 50 °C o
o O R = o o
1a-c 2b-e 3(3)
O~__OEt
=
=~ "N Z4 |N |N = |N
l X
A AN A
MeO 0”0
0”0 0”0 o~ o
3ab, 34% 3bb, 36% 3cb, 33% 3ae, 29%
e A | o e
| _ |N Ph._ |N 5 _ |N Ph |N |
| o * = ¥ S ' N i
; o~ o 0" Yo i 0~ o oo
| 3ac, 64%  (3ac), 12% i 3bc, 67% | (3bc)’ 15%
\
O Ph 1/ o o Ox,-OMe
> l
Et0” N N iV N ) _OH
| — \/\\< \ i MeO NI
X }\(\/\/\/ N N
O O Nwokl/\)os O O
3ad, 65% -1~ J‘;m 4, 31%

®Reaction conditionst (0.3 mmol),2 (0.36 mmol), [Cp*RhC], (2.5 mol%), NaOAc (30 mol%),
MeOH (1.5 mL), sealed with stirring at 5G for 8 hours under AThe yield are for the isolated
products.

To demonstrate the applicability of this protocobrganic synthesis, we carried out
the rhodium(lll)-catalyzed [4+2] annulation of coarmyl ketoximela with alkyne
2a in a 5 mmol scale, successfully affording the aieaopyridine3a in 79% vyield

(Table 2). Furthermore, the resulting products dam utilized for late-stage

functionalization via the conventional hydrolysi$ the coumarin moiety, the
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reduction of the carbonyl group, and the directeeH Cactivation of the
2-phenylpyridine skeleton. Herein, fully substiditpyridines were derived simply
from chromenopyriding&a in excellent yields through the hydrolysis unds solid
NaOH/DMSO system, followed by acidification or diityon with alkyl bromide
(5a-c). Thus, this chemistry will provide a great potahtor the synthesis of highly

substituted pyridine derivatives widely used in pf@rmaceutical and material fields.

Scheme 2 Facile access to all-carbon substituted pyridfr@as chromenopyridines

Ph o
Ph N Ph Ay
« L 1)NaOH (s) /DMSO, rt. L sar=HsmEn
2)RBr. r.t,3h 5b R = Et, 82% (0.5 h)
o o G COR B¢ R=nBu,85% (05 h)

To probe the mechanistic principles of this preserisformation catalyzed by the
rhodium(lll) catalytic system, a series of reactiomere carried out including the
intermolecular competitive experiment and deuteratieactions (Section 4, in the
Supporting Information). When the oxime estertgwith a Me group) andd (with a
Br group) competed in the same reaction, the @egaich substratéc was preferred
to the electron-deficient ontd, affording their corresponding produ@s-d in the
yields of 54% and 6%, respectively. This differecae be rationalized by a concerted
base-assisted internal electrophilic substitutiofES)-type C-H activation
mechanisnt? When substratda was reacted with or without alkyne in MeOD,
deuteration was observed at the C4 position ofdéecetylated oximéa (18% D)
and the methyl group of the produga (n = 2.64, -CHDs3.). These results could

imply that theortho-C-H rhodation may occur in the initial reactionpt@nd an
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intermediate with a more acidic methyl group migRist in the catalytic annulation

process.

Based on our experimental observations and previdwslium(lll) catalytic
chemistry®>* a tentative mechanism was proposed for this 3éducoumarin
formation (Scheme 3). Firgtrtho-C-H rhodation of coumarinyl oxime estta takes
place with the chelating assistance of oxime eS®r nitrogen to generate
(2-oxo-H-chromen-4-ylrhodium intermediaté. Insertion of A to alkyne 2a
delivers rhodacyclic iminium cation speciBs which then undergoes a concerted
redox process to generate chromenopyriddae along with the regeneration of

rhodium(lll) species.

Scheme 3 A proposed catalytic mechanism

N Ri--NOA° Ph
X [_H+] AN /
-H” Ph™ 94
O (@] e o)
1a A
Ph | Ph
[Rh™] Ph
Ph—7" . \-OAc 7N
U - [Rh"OAC X
e} o) (0] O
B 3a
3. Conclusion

In summary, we have developed an efficient redaxsaé protocol for the
construction of chromeno[3dpyridine scaffolds through the [4+2] annulation of

coumarinyl ketoxime ester with internal alkynesatated by the well-known Cp*Rh
12



system. The present annulation proceeds under maddtion conditions, featuring
good functional tolerance and easy scale-up. Tteeskage functionalization of the
resulting chromeno(3,4}pyridines enables ready access to highly substitut
pyridine derivatives. This protocol will find itsopential application in the synthesis
of fused azaheterocycles and polycarbon substutggddines with excellent
biological and physical properties.
4. Experimental section
4.1. General Information

All solvents and reagents were purchased from tippleers and used without
further purification unless otherwise noted. Theltimg points (uncorrected) were
taken on an X4 Electrothermal Micromelting pointtere'H NMR (400 MHz) and
3¢ NMR (100 MHz) spectra were recorded in solvenBOG or DMSO«dsat room
temperature on Bruker Avance 11l 400 spectroméike chemical-shift scale is based
on internal TMS. High-solution mass spectra werguaed on Waters UPLC/Xevo
G2 quadrupole time-of-flight tandem mass spectroynetevo G2 Q-TOF).
4.2. Typical procedurefor the synthesis of the oxime esters 1

Cyclization: A 50-mL round-bottom flask was charged with sulbggid
salicylaldehyde (5 mmol), 2-acyl acetate (7.5 mmaiperidine (5 mol%) and ethanol
(20 mL), and then refluxed in an oil-bath for 5 (TLC monitoring). The reaction
mixture was poured into iced water, and filteredaffiord 3-acyl coumarin as light
yellow solid.

Oximination: 3-Acyl coumarin (2 mmol), hydroxylamine hydrocht® (3 mmol),

13



distilled water (0.26 mL), and ethanol (3.2 mL) wecharged in a 25-mL
round-bottom flask, and stirred for 12 hours (TL@noring). After completion, the
resulting mixture was filtered and then washed wititer to give its corresponding
oxime as white solid.

O-Acylation: Oxime (1.5 mmol) and acetic anhydride (1.65 mmadyentreated in
dichloromethane (5 mL) at room temperature for d2rh (TLC monitoring). The
mixture was neutralized with aqueous saturatedusodiarbonate till pH = 7, and
subjected to extraction, dryness, and concentratRnecursorsl were obtained
through recrystallization of light yellow residuiesa mixture of dichloromethane and
petroleum ether or flash chromatography.
4.2.1.(E)-3-(1-(acetoxyimino)ethyl)-2H-chromen-2-one (1a)

White solid, 298 mg, 81% yield, m.p. 132 — 83 'H NMR (400 MHz, CDC}) §
8.09 (s, 1H), 7.61 — 7.56 (m, 2H), 7.37 — 7.30 2#), 2.41 (s, 3H), 2.26 (s, 3HyC
NMR (100 MHz, CDC}) 6 168.2, 161.8, 159.2, 154.3, 143.2, 132.0, 129239,
123.6, 118.5, 116.7, 19.6, 15.8. HRMS (ESI): Cafod Ci3Hi-NO, [M+H]™:
246.0766; Found: 246.0760.
4.2.2.(E)-3-(1-(acetoxyimino)ethyl)-6-methyl-2H-chromen-2-one (1b)

White solid, 354 mg, 91% yield, m.p. 160 — %63 'H NMR (400 MHz, CDC}) §
8.04 (s, 1H), 7.41 (d] = 8.5 Hz, 1H), 7.35 (s, 1H), 7.26 (@ = 8.5 Hz, 1H), 2.43 (s,
3H), 2.42 (s, 3H), 2.28 (s, 3HY’C NMR (100 MHz, CDGJ) 5 168.2, 162.0, 159.4,
152.5, 143.2, 134.7, 134.0, 128.6, 123.4, 118.8,41120.8, 19.6, 15.8. HRMS (ESI):
Calcd for G4H1aNO4[M+H]*: 260.0923; Found: 260.0922.
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4.2.3.(E)-3-(1-(acetoxyimino)ethyl )-7-methoxy-2H-chromen-2-one (1c)

White solid, 359 mg, yield 87%, m.p. 149 — &2 *H NMR (400 MHz, CDC}) &
8.05 (s, 1H), 7.45 (d] = 8.8 Hz, 1H), 6.88 (d] = 8.8 Hz, 1H), 6.83 (s, 1H), 3.90 (s,
3H), 2.40 (s, 3H), 2.25 (s, 3HY’C NMR (100 MHz, CDGJ) 5 168.3, 163.9, 162.1,
159.5, 156.4, 143.4, 130.1, 119.7, 113.4, 112.08,5.(%5.9, 19.6, 15.8. HRMS (ESI):
Calcd for G4H1sNOs[M+H]*: 276.0872; Found: 276.0880.
4.2.4.(E)-3-(1-(acetoxyimino)ethyl)-8-methoxy-2H-chromen-2-one (1d)

White solid, 293 mg, 71% yield, m.p. 199 — 2@ *H NMR (400 MHz, CDC}) §
8.06 (s, 1H), 7.24 (] = 7.8 Hz, 1H), 7.13 (d) = 7.6 Hz, 2H), 3.98 (s, 3H), 2.41 (s,
3H), 2.26 (s, 3H)™C NMR (100 MHz, CDCJ) § 168.2, 161.9, 158.7, 147.1, 144.0,
143.4, 124.8, 123.8, 120.3, 119.1, 114.6, 56.35,195.8. HRMS (ESI): Calcd for
C14H14NOs[M+H] *: 276.0872; Found: 276.0880.
4.2.5.(E)-3-(1-(acetoxyimino)ethyl)-6-bromo-2H-chromen-2-one (1€)

White solid, 447 mg, 92% yield, m.p. 218 — 220 'H NMR (400 MHz, CDC}) §
8.01 (s, 1H), 7.70 — 7.68 (m, 2H), 7.26 Jc& 8.5 Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H).
¥C NMR (100 MHz, CD{J) 6 168.0, 161.4, 158.5, 153.1, 141.7, 135.7, 134,71,
120.0, 118.4, 117.5, 19.6, 15.7. HRMS (ESI): Cafod C;3H1:BrNO,; [M+H] ™
323.9871; Found: 323.9875.
4.2.6.(E)-3-(1-(acetoxyimino)propyl)-2H-chromen-2-one (1f)

White solid, 331 mg, 85% yield, m.p. 130 — &1 *H NMR (400 MHz, CDC}) §
8.03 (s, 1H), 7.61 — 7.55 (m, 2H), 7.37 — 7.30 2i), 2.93 (qJ = 7.6 Hz, 2H), 2.26
(s, 3H), 1.17 (tJ = 7.6 Hz, 3H)*C NMR (100 MHz, CDG)) 5 168.2, 166.8, 159.2,

15



154.3, 144.0, 132.9, 128.9, 124.9, 122.8, 118.%.71122.4, 19.6, 10.5. HRMS
(ESI): Calcd for GsH14NO4[M+H] *: 260.0923; Found: 260.0922.
4.2.7.(E)-3-(1-(acetoxyimino)butyl )-2H-chromen-2-one (1g)

White solid, 365 mg, 89% vyield, m.p. 99 — 1@ *H NMR (400 MHz, CDC}) &
8.05 (s, 1H), 7.64 — 7.58 (m, 2H), 7.40 (m, 2HYE(t,J = 7.6 Hz, 2H), 2.28 (s, 3H),
1.61 (sextJ = 7.6 Hz, 2H), 1.00 (t) = 7.6 Hz, 3H)*C NMR (100 MHz, CDCJ) &
168.3, 165.8, 159.2, 154.3, 143.9, 132.9, 128.9,9223.0, 118.5, 116.7, 30.5, 19.7,
19.6, 14.1. HRMS (ESI): Calcd forg1:eNO4[M+H] *: 274.1079; Found: 274.1073.
4.2.8.3-((Acetoxyimino)(phenyl )methyl)-2H-chromen-2-one (1h)

E-/Z-isomeric mixture = 1: 4.9 (based on the 4-C-H).iM/Isolid, 396 mg, 86%
yield, m.p. 138 — 146C. *H NMR (400 MHz, CDC}) § 8.16 (s, 0.16H), 7.75 — 7.34
(m, 9.83H), 2.18 and 2.16 (2s, 3H)*C NMR (100 MHz, CDGJ) § 168.4, 168.3,
161.0, 158.2, 157.4, 154.6, 154.2, 144.7, 143.3,113132.7, 131.5, 130.9, 130.6,
129.0, 128.8, 128.7, 128.6, 128.4, 128.1, 125.@8,992123.5, 121.7, 118.5, 118.0,
117.0, 116.8, 19.7, 19.6. HRMS (ESI): Calcd fofghG4NO4 [M+H]™: 308.0923;
Found: 308.0920.
4.2.9.(E)-3-(1-(acetoxyimino)propyl)-6-methyl-2H-chromen-2-one (1i)

White solid, 365 mg, 89% yield, m.p. 100 — @2 'H NMR (400 MHz, CDC}) &
7.96 (s, 1H), 7.38 (dl = 8.5 Hz, 1H), 7.32 (s, 1H), 7.23 = 8.5 Hz, 1H), 2.91 (q]
= 7.6 Hz, 2H), 2.40 (s, 3H), 2.25 (s, 3H), 1.160&, 7.6 Hz, 3H). *3C NMR (100
MHz, CDCk) 6 168.3, 166.9, 159.4, 152.5, 144.0, 134.7, 13£8,5], 122.6, 118.2,

116.3, 22.4, 20.7, 19.6, 10.5. HRMS (ESI): CaladGgH:sNO4 [M+H] *: 274.1079;
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Found: 274.1073.
4.2.10.(E)-3-(1-(acetoxyimino)propyl)-8-methoxy-2H-chromen-2-one (1))

White solid, 390 mg, 90% yield, m.p. 126 — 28 'H NMR (400 MHz, CDC}) §
8.02 (s, 1H), 7.25 (] = 8.0 Hz, 1H), 7.14 (d] = 7.9 Hz, 2H), 3.99 (s, 3H), 2.94 (@,
= 7.5 Hz, 2H), 2.26 (s, 3H), 1.17 {= 7.6 Hz, 3H). *C NMR (100 MHz, CDGJ) 5
168.2, 166.8, 158.6, 147.1, 144.1, 144.0, 124.8,01220.1, 119.2, 114.6, 56.3, 22.3,
19.6, 10.5. HRMS (ESI): Calcd for6:6NOs [M+H] *: 290.1028; Found: 290.1024.
4.2.11.(E)-3-(1-(acetoxyimino)propyl )-7-methoxy-2H-chromen-2-one (1k)

White solid, 360 mg, 83% yield, m.p. 118 — 20 *H NMR (400 MHz, CDC}) &
7.99 (s, 1H), 7.45 (d] = 8.6 Hz, 1H), 6.88 (d] = 8.7 Hz, 1H), 6.83 (s, 1H), 3.90 (s,
3H), 2.92 (qJ = 7.5 Hz, 2H), 2.25 (s, 3H), 1.16 &= 7.5 Hz, 3H)*C NMR (100
MHz, CDCk) 6 168.3, 167.1, 163.8, 159.5, 156.4, 144.1, 1299,0] 113.3, 112.2,
100.5, 55.9, 22.4, 19.6, 10.6. HRMS (ESI): Calad@@H16NOs[M+H] ™: 290.1028;
Found: 290.1024.
4.2.12.(E)-3-(1-(acetoxyimino)propyl)-6-bromo-2H-chromen-2-one (1)

White solid, 416 mg, 82% yield, m.p. 158 — %60 'H NMR (400 MHz, CDC}) §
7.94 (s, 1H), 7.68 — 7.66 (m, 2H), 7.25 Jd 8.6 Hz, 1H), 2.91 (q] = 7.5 Hz, 2H),
2.26 (s, 3H), 1.16 () = 7.6 Hz, 3H). *C NMR (100 MHz, CDG)) 5 168.1, 166.3,
158.5, 153.1, 142.5, 135.6, 131.0, 124.0, 120.8,411117.5, 22.4, 19.6, 10.5. HRMS
(ESI): Calcd for G4H13BrNO4[M+H] *: 338.0028; Found: 338.0034.
4.2.13.(E)-3-(1-(acetoxyimino)butyl )-6-methyl-2H-chromen-2-one (1m)

White solid, 401 mg, 93% vyield, m.p. 92 — 9. *H NMR (400 MHz, CDC}) §
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7.97 (s, 1H), 7.39 (dl = 8.4 Hz, 1H), 7.33 (s, 1H), 7.24 (@= 8.8 Hz, 1H), 2.92 (1]

= 7.6 Hz, 2H), 2.41 (s, 3H), 2.26 (s, 3H), 1.58{s@ = 7.5 Hz, 2H), 0.96 () = 7.4
Hz, 3H). 3C NMR (100 MHz, CDd) 6 168.3, 165.8, 159.3, 152.4, 143.8, 134.7,
134.0, 128.5, 122.8, 118.2, 116.3, 30.5, 20.7,,1065, 14.0. HRMS (ESI): Calcd for
C16H1sNO4 [M+H] *: 288.1236; Found: 288.1230.

4.2.14.(E)-3-(1-(acetoxyimino)butyl)- 7-methoxy-2H-chromen-2-one (1n)

White solid, 368 mg, 81% vyield, m.p. 83 — &5. *H NMR (400 MHz, CDC}) §
8.00 (s, 1H), 7.46 (d] = 8.6 Hz, 1H), 6.89 (d] = 8.7 Hz, 1H), 6.83 (s, 1H), 3.90 (s,
3H), 2.93 (tJ = 7.6 Hz, 2H), 2.25 (s, 3H), 1.59 (seXt 7.5 Hz, 2H), 0.97 () = 7.6
Hz, 3H). 3C NMR (100 MHz, CDd) 6 168.4, 166.0, 163.8, 159.5, 156.4, 144.0,
129.9, 119.1, 113.3, 112.2, 100.5, 55.9, 30.5,, 0%, 14.1. HRMS (ESI): Calcd for
C16H1sNOs [M+H] *: 304.1185; Found: 304.1191.
4.2.15.(E)-3-(1-(acetoxyimino)butyl )-8-methoxy-2H-chromen-2-one (10)

White solid, 382 mg, 84% yield, m.p. 116 — P68 'H NMR (400 MHz, CDC}) &
8.00 (s, 1H), 7.29 — 7.23 (m, 1H), 7.15 — 7.12 2#), 3.98 (s, 3H), 2.93 (] = 7.6
Hz, 2H), 2.25 (s, 3H), 1.57 (sext= 7.5 Hz, 2H), 0.96 (] = 7.4 Hz, 3H)*C NMR
(100 MHz, CDC}) 6 168.3, 165.8, 158.6, 147.1, 144.04, 143.98, 1248,2, 120.1,
119.1, 114.6, 56.3, 30.4, 19.6, 19.5, 14.0. HRMSIYECalcd for GgH1gNOs [M+H] ™
304.1185; Found: 304.1191.

4.3. Typical Procedurefor the Synthesis of the Cyclization Products
To a 10-mL reaction tube was sequentially adtieg0.3 mmol, 74 mg)2a (0.36

mmol, 64 mg), [Cp*RhCGl, (2.5 mol%), NaOAc (30 mol%), and MeOH (1.5 mL).
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Then the tube was sealed and stirred afG@or 8 hours unless stated otherwise.
After the reaction completion, the reaction mixtwas filtered over a short column of
silica, and purified by preparative thin-layer amatography (petroleum ether/ethyl
acetate, 20/1, v/v) to give the tricyclic prod@at
4.3.1.4-Methyl-1,2-diphenyl-5H-chromenol 3,4-c] pyridin-5-one (3a)

White solid, 88 mg, 81% yield, m.p. 243 — 245 *H NMR (400 MHz, CDCJ) &
7.37 — 7.28 (m, 5H), 7.19 (s, 5H), 7.12 §c= 6.4 Hz, 2H), 6.82 (dJ = 8 Hz, 1H),
6.75 (t,J = 7.4 Hz, 1H), 3.17 (s, 3H}°C NMR (100 MHz, CDG)) & 162.8, 162.3,
160.1, 152.6, 141.8, 139.9, 138.3, 131.5, 130.8,(2€29.6 (2C), 129.4, 129.2 (2C),
128.8, 128.1, 127.9, 127.7 (2C), 123.3, 117.5,31114.6, 27.5. HRMS (ESI): Calcd
for CosH1gNO> [M+H] *: 364.1338; Found: 364.1340.
4.3.2.4,9-Dimethyl-1,2-diphenyl-5H-chromenol 3,4-c] pyridin-5-one (3b)

White solid 104 mg, yield 92%, m.p. 233 — 236. 'H NMR (400 MHz, CDC}) §
7.38 — 7.31 (m, 3H), 7.21 — 7.17 (m, 7H), 7.12Xd, 7.2 Hz, 2H), 6.48 (s, 1H), 3.17
(s, 3H), 1.90 (s, 3H)-*C NMR (100 MHz, CDG)) § 162.8, 162.0, 160.3, 150.7, 141.9,
139.9, 138.5, 132.5, 132.3, 130.8 (2C), 129.7 (22%.4, 129.2, 129.1 (2C), 127.9,
127.9, 127.7 (2C), 117.0, 116.8, 114.7, 27.5, 2dHRMS (ESI): Calcd for
C26H20NO> [M+H] *: 378.1494; Found: 378.1492.
4.3.3.8-Methoxy-4-methyl- 1,2-di phenyl-5H-chromeno[ 3,4-c] pyridin-5-one(3c)

White solid,86 mg, 73% vield, m.p. 222 — 28&. 'H NMR (400 MHz, CDC}) &
7.32 — 7.31 (m, 3H), 7.18 (s, 5H), 7.12 Jc 4.8 Hz, 2H), 6.79 (s, 1H), 6.68 (@@=
9.2 Hz, 1H), 6.33 (d] = 9.2 Hz, 1H), 3.80 (s, 3H), 3.15 (s, 3fC NMR (100 MHz,
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CDCl) 6 162.8, 162.0, 160.3, 154.4, 142.1, 140.0, 13839,8. (2C), 129.9, 129.5
(2C), 129.2 (2C), 128.6, 128.0, 127. 8, 127.6 (A1B.5, 111.1, 110.2, 101.2, 55.6,
27.5. HRMS (ESI): Calcd for &gH20NOs [M+H] *: 394.1443; Found: 394.1446.
4.3.4.7-Methoxy-4-methyl -1, 2-di phenyl-5H-chromeno] 3,4-c] pyridin-5-one(3d)

White solid, 72 mg, 61% yield, m.p. 252 — 2% 'H NMR (400 MHz, CDC}) &
7.35 — 7.28 (m, 3H), 7.19 (s, 5H), 7.11 Jc 6.8 Hz, 2H), 6.93 (d] = 8.0 Hz, 1H),
6.69 (t,J = 8.2 Hz, 1H), 6.40 (d] = 8.4 Hz, 1H), 3.95 (s, 3H), 3.18 (s, 3LC NMR
(100 MHz, CDC}) & 162.8, 162.3, 159.5, 147.6, 142.7, 142.0, 13938,41 130.9
(2C), 129.6, 129.57 (2C), 129.1 (2C), 128.0, 121H.6 (2C), 122.6, 120.2, 118.1,
114.6, 113.1, 56.3, 27.5. HRMS (ESI): Calcd fofgHzo0NOs [M+H]™: 394.1443;
Found: 394.1446.
4.3.5.9-Bromo-4-methyl-1,2-di phenyl-5H-chromeno[ 3,4-c] pyridin-5-one (3¢)

White solid, 93 mg, 70% yield, m.p. 239 — 2€L *H NMR (400 MHz, CDCJ) &
7.45 (d,J = 8.8 Hz, 1H), 7.42 — 7.36 (m, 3H), 7.22 — 7.11 8H), 6.81 (s, 1H), 3.18
(s, 3H).l3C NMR (100 MHz, CDd) 6 163.0, 162.4, 159.5, 151.5, 140.6, 139.5,
137.6, 134.2, 131.8, 130.5 (2C), 129.6 (2C), 1426G), 128.5, 128.1, 127.7 (2C),
119.0, 119.0, 116.1, 114.4, 114.0, 27.5. HRMS (E8ilcd for GsHi7/BrNO;
[M+H]": 422.0443; Found: 442.0448.
4.3.6.4-Ethyl-1,2-diphenyl-5H-chromeno][ 3,4-c] pyridin-5-one (3f)

White solid, 71 mg, 63% yield, m.p. 236 — 2&8 'H NMR (400 MHz, CDC}) &
7.37 — 7.29 (m, 5H), 7.20 (s, 5H), 7.13 Jcs 7.2 Hz, 2H), 6.81 (d] = 8.4 Hz, 1H),
6.75 (t,J = 7.6 Hz, 1H), 3.59 (q] = 7.3 Hz, 2H), 1.45 () = 7.2 Hz, 3H)**C NMR
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(100 MHz, CDC}) & 167.4, 162.2, 159.7, 152.6, 142.0, 140.0, 1383,41 130.8
(2C), 129.7 (2C), 129.2 (2C), 129.16 (2C), 128.83.1, 127.9, 127.8, 127.6 (2C),
123.2, 117.4, 114.0, 32.3, 13.5. HRMS (ESI): Cafod CygH2o0NO, [M+H]":
378.1494; Found: 378.1496.

4.3.7.1,2-Diphenyl-4-propyl-5H-chromenol 3,4-c] pyridin-5-one (3g)

White solid, 81 mg, 69% yield, m.p. 168 — 1T *H NMR (400 MHz, CDC}J) &
7.36 — 7.28 (m, 5H), 7.19 (s, 5H), 7.12 Jc& 6.4 Hz, 2H), 6.81 (d] = 8.0 Hz, 1H),
6.74 (t,J = 7.6 Hz, 1H), 3.54 (] = 7.6 Hz, 2H), 1.90 (sexd,= 7.4 Hz, 2H), 1.11 (1)
= 7.2 Hz, 3H).13C NMR (100 MHz, CDGJ) & 166.4, 162.1, 159.7, 152. 6, 141.9,
140.0, 138.5, 131.4, 130.8 (2C), 129.7 (2C), 1292Q2), 129.2, 128.8, 128.1, 127.9,
127.6 (2C), 123.2, 117.4, 117.4, 114.1, 40.8, 2285. HRMS (ESI): Calcd for
Co7H2oNOo[M+H] *: 392.1651; Found: 392.1656.
4.3.8.1,2,4-Triphenyl-5H-chromenol 3,4-c] pyridin-5-one (3h)°°

White solid, 63 mg, 49% vyield, m.p. 292 — 2% (lit.> 280 — 282°C). 'H NMR
(400 MHz, CDC}) § 7.68 (app s, 2H), 7.47 (app s, 3H), 7.40 — 7.315), 7.27 (d,
J=6.8 Hz, 2H), 7.21 — 7.16 (m, 5H), 6.86 Jd: 8.0 Hz, 1H), 6.80 (1] = 7.6 Hz, 1H).
¥c NMR (100 MHz, CD{) 6 162.4, 162.0, 159.3, 152.7, 142.5, 141.1, 13%88,2,
131.6, 130.9 (2C), 130.0 (2C), 129.7, 129.4 (2@p.2 (2C), 128.9, 128.8, 128.3,
128.1, 128.0 (2C), 127.6 (2C), 123.3, 117.6, 11T¥8.4. HRMS (ESI): Calcd for
CaoH20NO2 [M+H] ™1 426.1494; Found: 426.1494.

4.3.9.4-Ethyl-9-methyl-1,2-di phenyl -5H-chromeno[ 3,4-c] pyridin-5-one (3i)
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White solid, 80 mg, 68% yield, m.p. 218 — 220 *H NMR (400 MHz, CDC}J) &
7.38 — 7.31 (m, 3H), 7.26 — 7.12 (m, 9H), 6.481(8), 3.58 (qJ = 7.3 Hz, 2H), 1.89
(s, 3H), 1.44 (tJ) = 7.4 Hz, 3H)**C NMR (100 MHz, CDG)) 5 167.4, 161.9, 159.8,
150.6, 142.1, 140.0, 138.7, 132.4, 132.2, 130.8,(229.8 (2C), 129.3, 129.1 (2C),
127.9, 127.8, 127.6 (2C), 116.9, 116.8, 114.1,,32039, 13.5. HRMS (ESI): Calcd
for Co7H2oNO> [M+H] *: 392.1651; Found: 392.1651.
4.3.10.4-Ethyl-7-methoxy-1,2-di phenyl-5H-chromeno[ 3,4-c] pyridin-5-one (3j)

White solid, 65 mg, 53% yield, m.p. 263 — 285 *H NMR (400 MHz, CDC}) &
7.35 —7.28 (m, 3H), 7.19 (s, 5H), 7.11 Jcs 7.2 Hz, 2H), 6.92 (d] = 8.0 Hz, 1H),
6.68 (t,J = 8.2 Hz, 1H), 6.39 (d] = 8.4 Hz, 1H), 3.94 (s, 3H), 3.59 (@= 7.3 Hz,
2H), 1.44 (t,J = 7.4 Hz, 3H).*C NMR (100 MHz, CDG)) § 167.4, 162.2, 159.1,
147.6, 142.6, 142.2, 140.0, 138.5, 130.9 (2C), 122C), 129.4, 129.1 (2C), 128.0,
127.8, 127.6 (2C), 122.5, 120.2, 118.1, 114.0,@,1586.3, 32.2, 13.5. HRMS (ESI):
Calcd for G7H2NO3z[M+H]*: 408.1600; Found: 408.1604.

4.3.11 .4-Ethyl-8-methoxy- 1,2-di phenyl-5H-chromeno[ 3,4-c] pyridin-5-one (3k)

White solid, 86 mg, 70% vield, m.p. 246 — 248 *H NMR (400 MHz, CDC)) &
7.32 — 7.31 (m, 3H), 7.19 (s, 5H), 7.12 Jc 6.8 Hz, 2H), 6.77 (s, 1H), 6.67 @@=
9.6 Hz, 1H), 6.31 (dJ = 9.2 Hz, 1H), 3.79 (s, 3H), 3.56 (&= 7.3 Hz, 2H), 1.43 (]
= 9.4 Hz, 3H).13C NMR (100 MHz, CDGJ) 6 167.4, 161.9, 161.9, 159.9, 154.3,
142.3, 140.2, 138.7, 130.9 (2C), 129.89, 129.7 (2€9.2 (2C), 128.4, 128.0, 127.8,
127.6 (2C), 112.9, 111.0, 110.3, 101.1, 55.6, 3286. HRMS (ESI): Calcd for
C27H22NO3 [M+H] *: 408.1600; Found:408.1604.
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4.3.12.9-Bromo-4-ethyl-1,2-diphenyl-5H-chromenol 3,4-c] pyridin-5-one (3l)

White solid, 101 mg, 74% yield, m.p. 248 — 280 *H NMR (400 MHz, CDC}) &
7.45 — 7.37 (m, 4H), 7.26 — 7.16 (m, 6H), 7.12)d, 7.2 Hz, 2H), 6.80 (s, 1H), 3.58
(9, J = 7.5 Hz, 2H), 1.44 (t) = 7.4 Hz, 3H)XC NMR (100 MHz, CDGCJ) § 167.6,
162.3, 159.1, 151.4, 140.7, 139.7, 137.8, 134.1,813130.5 (2C), 129.8 (2C), 129.5
(2C), 129.2, 128.5, 128.1, 127.7 (2C), 118.9, 1181%.9, 113.8, 32.2, 13.4. HRMS
(ESI): Calcd for GgH10BrNO, [M+H] *: 456.0599; Found: 456.0601.
4.3.13.9-Methyl-1,2-diphenyl-4-propyl -5H-chromenol 3,4-c] pyridin-5-one (3m)

White solid, 103 mg, 85% yield, m.p. 189 — g2 *H NMR (400 MHz, CDC}) &
7.38 — 7.31 (m, 3H), 7.24 — 7.20 (m, 5H), 7.1537m, 4H), 6.47 (s, 1H), 3.53 (,
= 7.8 Hz, 2H), 1.96 — 1.86 (m, 5H), 1.10 Jt= 7.4 Hz, 3H)X*C NMR (100 MHz,
CDCl) 6 166.4, 161.8, 159.9, 150. 6, 142.1, 140.0, 13B32,4, 132.2, 130.8 (2C),
129.8 (2C), 129.3, 129.2 (2C), 127.9, 127.9, 142®), 116.9, 116.8, 114.2, 40.9,
22.8, 21.0, 14.5. HRMS (ESI): Calcd for,d824NO, [M+H]": 406.1807; Found:
406.1810.
4.3.14.8-Methoxy-1,2-di phenyl-4-propyl-5H-chromeno] 3,4-c] pyridin-5-one (3n)

White solid, 85 mg, 67% yield, m.p. 196 — 1%€8 *H NMR (400 MHz, CDC}J) &
7.32 — 7.30 (m, 3H), 7.18 (s, 5H), 7.11 Jck 6.8 Hz, 2H), 6.76 (s, 1H), 6.67 @@=
9.2 Hz, 1H), 6.31 (dJ = 9.2 Hz, 1H), 3.78 (s, 3H), 3.51 {t= 7.6 Hz, 2H), 1.99 (sext,
J=7.3 Hz, 2H), 1.10 (J = 7.2 Hz, 3H)**C NMR (100 MHz, CDCJ) 5 166.4, 161.9,

161.8, 159.9, 154.3, 142.3, 140.1, 138.6, 130.9,(229.9, 129.7 (2C), 129.2 (2C),
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128.4, 128.0, 127.8, 127.6 (2C), 113.0, 111.0,31001.1, 55.6, 40.8, 22.9, 14.5.
HRMS (ESI): Calcd for gH2,NO,[M+H]": 392.1656; Found: 392.1651.
4.3.15.7-Methoxy-1,2-di phenyl-4-propyl-5H-chromeno[ 3,4-c] pyridin-5-one (30)

White solid, 76 mg, 60% yield, m.p. 208 — 2@ *H NMR (400 MHz, CDC}) &
7.31 — 7.29 (m, 3H), 7.19 (s, 5H), 7.11 Jck 6.8 Hz, 2H), 6.92 (d] = 8.0 Hz, 1H),
6.68 (t,J = 8.2 Hz, 1H), 6.39 (d] = 8.4 Hz, 1H), 3.95 (s, 3H), 3.55 {t= 7.4, 2H),
1.95 — 1.86 (m, 2H), 1.09 {,= 7.2 Hz, 3H)**C NMR (100 MHz, CDCJ) § 166.4,
162.1, 159.1, 147.6, 142.6, 142.2, 140.1, 138.8,98C), 129.7 (2C), 129.3, 129.1
(2C), 128.0, 127.8, 127.6 (2C), 122.5, 120.2, 1181.1, 113.0, 56.3, 40.7, 22.8,
14.4. HRMS (ESI): Calcd for £gH24NOz[M+H] *: 422.1756; Found: 422.1753.
4.3.16.1,2-Diethyl-4-methyl-5H-chromenol 3,4-c] pyridin-5-one (3ab)

White solid, 27 mg, 34% yield, m.p. 138 — 1%0 *H NMR (400 MHz, CDC}J) &
8.09 (d,J = 8.4 Hz, 1H), 7.45 (] = 7.6 Hz, 1H), 7.30 — 7.23 (m, 2H), 3.07 J& 7.3
Hz, 2H), 2.98 — 2.92 (m, 5H), 1.43 {t= 7.4 Hz, 3H), 1.29 (t) = 7.6 Hz, 3H)*C
NMR (100 MHz, CDC})) é 167.2, 160.9, 160.4, 152.2, 141.7, 131.3, 12927.8l
123.9, 117.9, 114.3, 28.9, 27.2, 23.1, 14.4, TARMS (ESI): Calcd for &H1sNO;
[M+H]": 268.1338; Found: 268.1335.
4.3.17.1,2-Diethyl-4,9-dimethyl-5H-chromeno[ 3,4-c] pyridin-5-one (3bb)

White solid, 30 mg, 36% yield, m.p. 104 — 137 *H NMR (400 MHz, CDC}) &
7.95 (s, 1H), 7.32 (d] = 8.4 Hz, 1H), 7.24 (d] = 8.4 Hz, 1H), 3.14 (q) = 7.2 Hz,
2H), 3.04 — 2.99 (m, 5H), 2.46 (s, 3H), 1.51)(t 7.2 Hz, 3H), 1.36 (t) = 7.4 Hz,
3H). 3¢ NMR (100 MHz, CD@J) 6 167.0, 160.9, 160. 6, 150.2, 141.8, 133.2, 132.1,
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129.0, 127.9, 117.5, 114.3, 28.9, 27.2, 23.1, 21454, 14.1. HRMS (ESI): Calcd for
C1gH20NO> [M+H] *: 282.1494; Found: 282.1496.
4.3.18.1,2-Diethyl-8-methoxy-4-methyl-5H-chromenol 3,4-c] pyridin-5-one (3cb)

White solid, 29 mg, 33% yield, m.p. 155 — 1%7. 'H NMR (400 MHz, CDC}) &
8.09 (d,J = 9.2 Hz, 1H), 6.91 — 6.88 (m, 1H), 6.85Jt 2.6 Hz, 1H), 3.92 (d] = 1.6
Hz, 3H), 3.13 (q,) = 7.5 Hz, 2H), 3.04 — 2.99 (m, 5H), 1.49J% 7.4 Hz, 3H), 1.38
(t, J=7.6 Hz, 3H).13C NMR (100 MHz, CD@) 6 166.8, 161.7, 160.9, 160.5, 153.9,
142.0, 128.9, 128.2, 113.2, 111.7, 110.7, 101.5/,528.9, 27.2, 23.0, 14.3, 14.1.
HRMS (ESI): Calcd for GH2oNOs[M+H]": 298.1443; Found: 298.1445.
4.3.19.1-Ethyl-4-methyl-2-phenyl -5H-chromeno[ 3,4-c] pyridin-5-one (3ac)

White solid, 61 mg, 64% vyield, m.p. 182 — 1% 'H NMR (400 MHz, CDC}) 5
7.55 — 7.54 (m, 3H), 7.33 @,= 7.0 Hz, 1H), 7.27 — 7.26 (m, 3H), 6.78 — 6.73 i),
3.12 (s, 3H), 2.62 (] = 7.5 Hz, 2H), 1.16 () = 7.4 Hz, 3H)*C NMR (100 MHz,
CDCl) 6 166.4, 163.0, 160.2, 152.6, 140.8, 138.9, 13123.81 (2C), 129.5 (2C),
129.2, 128.6, 128.4, 123.3, 117.5, 117.3, 113.8,2%/.5, 13.8. HRMS (ESI): Calcd
for CoiH1gNO> [M+H] *: 316.1338; Found: 316.1342.
4.3.20.2-Ethyl-4-methyl-1-phenyl-5H-chromenol 3,4-c] pyridin-5-one ((3ac)’)

White solid, 11 mg, 12% yield, m.p. 167 — 1%2 *H NMR (400 MHz, CDC}) &
8.28 (d,J = 8.0 Hz, 1H), 7.58 — 7.49 (m, 6H), 7.41 Jd 8.0 Hz, 1H), 7.34 (1 = 7.8
Hz, 1H), 3.20 (q,) = 7.2 Hz, 2H), 3.08 (s, 3H), 1.13 (t= 7.2 Hz, 3H).*C NMR

(100 MHz, CDC}) 6 164.5, 160.7, 160.2, 152.3, 142.5, 140.9, 13136,11, 128.53
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(2C), 128.47 (2C), 128.4, 127.9, 124.1, 117.9,81715.3, 27.3, 24.5, 14.1. HRMS
(ESI): Calcd for GiH1gNO, [M+H] *: 316.1338; Found: 316.1342.
4.3.21.1-Ethyl-4,9-dimethyl -2-phenyl-5H-chromeno[ 3,4-c] pyridin-5-one (3bc)

White solid, 66 mg, 67% yield, m.p. 138 — 1%0 *H NMR (400 MHz, CDCJ) &
7.55 (s, 3H), 7.26 (s, 2H), 7.14 (s, 2H), 6.431(3), 3.12 (s, 3H), 2.66 (d,= 7.5 Hz,
2H), 1.91 (s, 3H), 1.17 (] = 7.4 Hz, 3H).2*C NMR (100 MHz, CDGCJ) & 166.1,
163.0, 160.4, 150.6, 140.9, 139.0, 132.5, 132.9,712C), 129. 6 (2C), 129.2, 129.1,
128.3, 117.0, 116.8, 113.7, 29.9, 27.6, 21.0, 13RMS (ESI): Calcd for H20NO;
[M+H]": 330.1494; Found: 330.1494.
4.3.22.2-Ethyl-4,9-dimethyl-1-phenyl-5H-chromeno] 3,4-c] pyridin-5-one ((3bc)’)

White solid, 15 mg, 15% yield, m.p. 164 — 1%7 *H NMR (400 MHz, CDC}) &
8.11 (s, 1H), 7.55 — 7.52 (m, 5H), 7.40 (d& 8.4, 1.2 Hz, 1H), 7.33 (d,= 8.4 Hz,
1H), 3.25 (qJ = 7.3 Hz, 2H), 3.11 (s, 3H), 2.50 (s, 3H), 1.1 7.2 Hz, 3H)*C
NMR (100 MHz, CDC}J) ¢ 164.4, 160. 7, 160.4, 150.3, 142.7, 141.0, 13B32,5,
130.0, 128.6, 128.5, 128.4, 128.0, 117.6, 117.8,41127.3, 24.5, 21.4, 14.1. HRMS
(ESI): Calcd for GoHogNO, [M+H] *: 330.1494; Found: 330.1494.

4.3.23. Ethyl 4-methyl-5-oxo-2-phenyl-5H-chromeno[ 3,4-c] pyridine-1-carboxylate
(3ad)

White solid, 70 mg, 65% vyield, m.p. 120 — 22 'H NMR (400 MHz, DMSOd)
§7.77 (d,J = 8.4 Hz, 1H), 7.70 (t) = 7.8 Hz, 1H), 7.54 (s, 5H), 7.48 (@= 8.4 Hz,
1H), 7.41 (tJ = 7.6 Hz, 1H), 4.24 () = 7.1 Hz, 2H), 3.00 (s, 3H), 1.03 {t= 7.0 Hz,
3H). 3¢ NMR (100 MHz, DMSOdg) 6 168.7, 163.7, 159.4, 158.9, 152.5, 140.0,
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138.8, 133.7, 129.8, 128.8 (2C), 128.76 (2C), 12628.1, 121.8, 118.2, 115.3, 114.5,
62.8, 27.6, 13.6. HRMS (ESI): Calcd for,H:1gNO4 [M+H]™: 360.1236; Found:
360.1235.

4.3.24. Ethyl 1,4-dimethyl-5-oxo-5H-chromenol 3,4-c] pyridine-2-car boxylate (3ae)

White solid, 26 mg, 29% yield, m.p. 128 — 1%1 *H NMR (400 MHz, CDC}) &
7.82 (d,J=8.4 Hz, 1H), 7.57 () = 7.6 Hz, 1H), 7.37 (d] = 8.4 Hz, 1H), 7.27 (dl =
5.6 Hz, 1H), 4.52 () = 6.9 Hz, 2H), 3.07 (s, 3H), 2.67 (s, 3H), 1.41)(t 7.0 Hz,
3H). 3¢ NMR (100 MHz, CDG) ¢ 169.4, 164.6, 159.4, 159.2, 152.5, 139.8, 132.7,
125.7, 124.3, 121.9, 118.0, 115.5, 113.2, 62.63,223.3, 13.9. HRMS (ESI): Calcd
for Ci7H16NO4 [M+H] *: 298.1079; Found: 298.1084.

4.3.25. Dimethyl 2-(3-((E)-1-(hydroxyimino)ethyl)-2-oxo-2H-chromen-4-yl)mal eate
(4)

The same procedure for compoudsas used. White solid, 32 mg, yield 31%.
NMR (400 MHz, DMSOedg) & 8.11 (s, 1H), 7.84 (dl = 7.7 Hz, 1H), 7.69 () = 7.8
Hz, 1H), 7.45 (d,J = 8.0 Hz, 1H), 7.40 (t) = 7.4 Hz, 1H), 6.11 (s, 1H), 3.83 (s, 3H),
3.68 (s, 3H), 2.35 (s, 3H}*C NMR (100 MHz, DMSOds) & 164.4, 162.7, 159.8,
158.9, 154.1, 153.2, 143.3, 133.6, 129.9, 125.3,,218.7, 116.6, 107.2, 53.5, 52.2,
40.6, 40.4, 40.2, 40.0, 39.8, 39. 6, 39.4, 15.4M3R(ESI): Calcd for CaH;1sNO;
[M+H]": 346.0927; Found: 346.0930.

4.4. Synthesis of Fully Substituted Pyridines 5 through Hydrolysis and
Subsequent Alkylation
4.4.1. 4-(2-Hydroxyphenyl)-2-methyl-5,6-diphenylnicotinic acid (5a)
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To a 10-mL vial was adde8a (0.1 mmol, 36 mg), solid sodium hydroxide (0.2
mmol, 8 mg) and DMSO (0.3 mL). The reaction systems stirred at room
temperature for 2 hours. And then hydrochloric g&idvl) was added dropwise until
no more precipitate formed. The precipitate wadect#d and the filtrate was
extracted with ethyl acetate (20 mL x 3) followeg washing with saturated brine.
The combined crude product was subjected to patifin to furnishba. White solid,
35 mg, 93% yield, m.p. 209 — 22C. *H NMR (400 MHz, DMSOsdg) 5 7.21 — 7.19
(m, 5H), 7.00 — 6.96 (m, 5H), 6.89 (@= 7.2 Hz, 2H), 6.61 (t) = 7.2 Hz, 2H), 2.61
(s, 3H).13C NMR (100 MHz, DMSO¢dg) 6 169.6, 156.7, 154.7, 152.0, 145.4, 140.8,
138.0, 133.7, 130.9, 130.6, 130.1 (2C), 129.4,92ZC), 127.8, 126.9, 124.5, 118.3,
115.2, 23.0. HRMS (ESI): Calcd for£E,0NOz [M+H] *: 382.1443; Found: 382.1444.
4.4.2. Ethyl 4-(2-ethoxyphenyl)-2-methyl-5,6-di phenylnicotinate (5b)

To a 10-mL vial was addegh (0.1 mmol, 36 mg), solid sodium hydroxide (0.24
mmol, 10 mg) and DMSO (0.3 mL). The reaction systems stirred at room
temperature for 0.5 hour. And then to the reactgstem was added bromoethane
(0.24 mmol, 26 mg), and stirred for additional 3ute Standard work-up furnished
5b. White solid, 36 mg, 82% yield, m.p. 154 — %5 'H NMR (400 MHz, CDGJ) &
7.29 — 7.27 (m, 2H), 7.17 — 7.10 (m, 4H), 7.00 Z66(m, 7H), 6.61 (dJ = 8.4 Hz,
1H), 4.00 (q,J = 6.9 Hz, 2H), 3.83 (quint] = 7.5 Hz, 1H), 3.61 (quint) = 7.5 Hz,
1H), 2.72 (s, 3H), 1.20 (§ = 6.8 Hz, 3H), 0.92 (tJ = 7.0 Hz, 3H).X*C NMR (100
MHz, CDCk) 6 168.5, 157.6, 155.5, 153.6, 145.9, 140.5, 13738,3] 130.7, 130.0
(2C), 129.2, 128.7, 127.6 (2C), 127.5, 127.0 (2@riapped), 126.5, 126.4, 119.5,
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110.9, 63.3, 61.0, 23.2, 14.6, 13.6. HRMS (ESl)ic@dor CygHogNO3 [M+H] ™
438.2069; Found: 438.2065.
4.4.3. n-Butyl 4-(2-butoxyphenyl)-2-methyl-5,6-di phenyl nicotinate (5¢)

The procedure foBb was applied except with 1-bronmebutane (0.24 mmol, 0.033
g) instead. White solid, 42 mg, 85% yield, m.p. 20103°C. *H NMR (400 MHz,
CDCl) § 7.27 (s, 2H), 7.16 — 7.09 (m, 4H), 7.00 — 6.74 Tid), 6.61 (d,J = 8.4 Hz,
1H), 3.94 (tJ = 6.2 Hz, 2H), 3.73 (q] = 7.6 Hz, 1H), 3.56 (q] = 7.5 Hz, 1H), 2.71
(s, 3H), 1.62 — 1.55 (m, 2H), 1.30 — 1.26 (m, 4HP0 — 1.11 (m, 2H), 0.86 (,= 7.2
Hz, 3H), 0.80 (tJ = 7.2 Hz, 3H)*C NMR (100 MHz, CDGCJ) & 168.6, 157.5, 155.7,
153.5, 145.8, 140.5, 137.6, 133.3, 130.8 (2C opeed), 130.5, 129.9 (2C), 129.2,
128.9, 127.6 (2C), 127.5, 127.0 (2C overlapped$.3,2126.4, 119.5, 111.0, 67.6,
64.9, 31.1, 30.3, 23.2, 19.2, 19.0, 13.8, 13.7. R &SI): Calcd for gzH3sNO3
[M+H]": 494.2695; Found: 494.2691.
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