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Abstract. A regioselective and chemodivergent synthetic
approach for azulenolactones and azulenolactams as a new
scaffold was demonstrated through Rh(llI)-catalyzed
reaction of  N-methoxyazulene-1-carboxamides  with
sulfoxonium ylides. Sulfoxonium vylides that act as a
precursor of secondary carbene was described, leading to the
selective formation of azulenolactones and azulenolactams

bearing two substituents on a newly introduced double_l
bond. This method demonstrated functionalization of less.!
reactive 2-position of azulene to overcome the natural |
reactivity. |

Keywords: azulene; rhodium; azulenolactone;
azulenolactam; sulfoxonium ylide

Introduction

Because azulene derivatives have been found in
natural products, pharmacologically active substances,
and functional materials,* the establishment of a new
synthetic approach is required. To date, C-H
activation has received considerable attention in the
development of new synthetic methods for valuable
compounds that could not be synthesized by
conventional methods.?% In particular, transition
metal-catalyzed cyclization reactions of aromatic
compounds with a large number of coupling partners
have been reported.’! Despite great progress, this
promising C—H activation is mainly applied to
benzenoid aromatic compounds. Therefore, C-H
activation using nonbenzenoid aromatic compounds
is challenging.’*% Moreover, because azulene has a
dipole moment of 1.08 D as a result of an electron-
poor seven-membered ring and an electron-rich five-
membered ring, 2-position of azulene is less reactive
than 1,3-position, and then introduction of
substituents into 2-position has been an irresistible
synthetic challenge.® In this regard, we have
developed a Rh(lll)-catalyzed cyclization via the
C-H activation of azulene carboxylic acids with
alkynes, leading to the formation of azulenolactones

(Scheme 1a).[1 Although these methods provided
new scaffolds with nonbenzenoid aromatic azulene
moiety, the formation of regioisomeric mixtures
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Scheme 1. Cyclization Reactions Using Sulfoxonium
Ylides and Synthetic Approaches for Azulenolactones and
Azulenolactams.
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cannot be avoided when unsymmetrical internal
alkynes are employed. Also, it cannot be applied to
terminal alkynes. Thus, the establishment of a
regioselective  and  chemodivergent  synthetic
approach for azulenolactone and azulenolactam to
overcome these shortcomings is in high demand.
Recently, the Aissa and Li groups reported Rh(Ill)-
catalyzed carbenoid insertion reactions into
benzenoid aromatic C-H functionalization with
sulfoxonium ylides,[ and various synthetic methods
have also been described by other groups (Scheme
1b).[1 In addition, Li and coworkers have developed
Rh(lll)-catalyzed chemodivergent reactions between
benzamides and sulfoxonium ylides, regioselectively
producing isocoumarins and isoquinolones (Scheme
1c).l However, sulfoxinium ylides to act as
precursor of primary carbene have been investigated
in the main to date. Thus, the reported methods could
largely be used for the synthesis of cyclic compounds
with one substituent in a newly introduced double
bond.' Therefore, it is necessary to expand synthetic
utility of a sulfoxonium ylide that acts as a precursor
of secondary carbene to selectively introduce two
substituents into a newly introduced double
bond.’»111 To continue our recent studies on the
functionalization =~ of  nonbenzenoid  aromatic
azulenes,21 we envisioned that the reaction of N-
methoxyazulene-1-carboxamides with sulfoxonium
ylides would selectively provide azulenolactones and
azulenolactams.  Herein, we demonstrated a
regioselective and chemodivergent synthetic method
for azulenolactones and azulenolactams with mono-
and di-substituents on a newly introduced double
bond via tandem Rh(lll)-catalyzed alkylation and
cyclization  reaction of  N-methoxyazulene-1-
carboxamides with sulfoxonium ylides (Scheme 1d
and le). Therefore, challenging functionalization of
less reactive 2-position of azulene to overcome the
natural reactivity was achieved.

Results and Discussion
First, we investigated Rh-catalyzed reaction of N-

methoxyazulene-1-carboxamide (1a) with
phenylsulfoxonium ylide (2a) to selectively obtain

azulenolactone (3a) and azulenolactam (4a) (Table 1).

When 1a (0.1 mmol, 1.0 equiv) reacted with 2a (1.5
equiv) in the presence of [Cp"RhCl;]2(4.0 mol %) and
CsOAc (0.3 equiv) in DCE, reaction took place
through C—H activation followed by cyclization,
leading to the formation of the desired compounds 3a
and 4a in 45 and 39% vyields, respectively (entry 1).
Fortunately, the addition of pivalic acid (2.0 equiv)
increased the selectivity of 3a and 4a to 3.25:1 (entry
2). In addition, when [Cp"Rh(MeCN)s](SbFs). (4.0
mol %) was used as a catalyst in the presence of
KOAc and pivalic acid, azulenolactone (3a) was
selectively obtained in 78% vyield (entry 4). Among
the solvents tested in this study, toluene gave the best
results, although DCE and tert-amyl alcohol were
also effective to some extent (entries 4-6). The best
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Table 1. Reaction optimization.[®

o} Cp*Rh(lll) o o}
O . j\/? additive o+ y-OMe
4 _oadtve
c NHOMe = pr 2§~ 100°c, 12 G P G P
1 2a 32~ “Ph a Ph

a -DMSO
» . Yield [%]™
Entry  Additive (equiv) Solvent
3a 4a
11 CsOAc (0.3) DCE 45 39
CsOAc (0.3)/
[l
2 PIVOH (2.0) DCE 65 20
CsOAc (0.3)/
[d]
3 PiVOH (2.0) DCE 70 14
KOACc (0.3)/
[d]
4 PiVOH (2.0) DCE 78 14
KOAc (0.3)/
[d] -
5 PiVOH (2.0) t-AmOH 73 17
KOAc (0.3)/
[d] [e]
6 PIVOH (2.0) toluene 92 (92) 5
70l Zn(OTf)2 (1.0) toluene 0 0
gl CsOAc (1.0) toluene 33 56
9l KOACc (1.0) toluene 21 36 (22)1
CsOAc (1.0)/

[l

10 KOAG (1.0) toluene 26 70
CsOAc (1.0)/

[l

11 KOAC (10) MeCN 8 60
CsOAc (1.0)/

[l I

12 KOAC (1.0) toluene 34 30 (16)
CsOAc (1.0)/

[l [l

13 KOAC (1.0) MeCN 5 66 (28)
CsOAc (1.0)/

[dh] [e]
14 KOAG (10) MeCN 5 91 (90)
15[ CsOAc (2.0) MeCN 5 50 (209!
16l KOAc (2.0) MeCN 19 17 (30)L!

13 (0.10 mmol, 1.0 equiv) reacted with 2a (1.5 equiv) in
the presence of a catalyst and additive in solvent (0.5
mL) at 100 °C for 12 h under No.

B NMR vyields using CHBr as an internal standard.

[l [Cp"RNClI;]2 (4.0 mol %).

[l [Cp"Rh(MeCN)3](SbFs)2 (4.0 mol %).

[e] Isolated yield.

[ N-methoxy-3-hydroxy-3-phenyl-3,4-dihydroazu-
lenolactam (5).

[d Recovered yield of 1a.

(16 h.

result was obtained from the reaction of 1a (0.1 mmol,
1.0 equiv) with 2a (1.2 equiv) in the presence of
[Cp"Rh(MeCN)s][(SbFe)2] (4.0 mol %), KOAc (0.3
equiv), and PivOH (2.0 equiv) in toluene at 100 °C
for 12 h under a nitrogen atmosphere, providing
azulenolactone (3a) in 92% vyield (entry 6). Next,
optimization of the formation of azulenolactam (4a)
was attempted with [Cp"RhCI;]. (4.0 mol %) as a
catalyst. Among the additives [Zn(OTf),, CsOAc,
KOAc, and CsOAc/KOAc] screened in toluene,
CsOACc/KOAC (1.0 equiv, each) gave the best results,
producing 3a and 4a in 26 and 70% yields,

2
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respectively (entries 7-10). The use of acetonitrile
substantially increased the selectivity (3a:4a = 1:7.5)
despite a slight decrease in yield (entry 11). Although
[Cp"Rh(MeCN)3](SbFe)- (4.0 mol %) was used in the
presence of CsOAc and KOAc (1.0 equiv, each) in
toluene or acetonitrile, inferior results were obtained
(entries 12 and 13). Based on the fact that 1a was
recovered in 28% (entry 13), optimum reaction
conditions for azulenolactam (4a) were obtained
when the reaction time was extended to 16 h,
providing 4a in 90% vyield (entry 14). The use of
CsOAc or KOAc (2.0 equiv, each) gave inferior
results (entries 15 and 16). However, N-
methoxyazulene-2-carboxamide was not effective.
With the optimum reaction conditions in hand, we
examined the substrate scope of azulenecarboxamides
(1) and sulfoxonium vylides (2) (Table 2). The
reaction efficiency was not influenced by the
electronic properties of the azulenes and sulfoxonium
ylides. Electron-donating methyl and tert-butyl
groups on the phenyl ring of sulfoxonium ylides
afforded the corresponding compounds (3b-3e).
Substrate bearing a strongly electron-donating 4-
methoxy group on the phenyl ring underwent C—H
activation followed by cyclization, producing 3f in
90% vyield. Because 4-(N,N-dimethylamino)phenyl-
substituted sulfoxonium ylide has a slightly low
reactivity, the reaction conditions were modified, and
the desired product 3g was produced in 90% Yyield

with 3.0 equivalents of sulfoxonium ylide. In addition,

halogenated aryl sulfoxonium ylides bearing fluoro,
chloro, and bromo groups were well tolerated in the
reaction conditions to afford the corresponding
azulenolactones (3h-3k). The azulenolactone 3l was
produced in 82% vyield despite the presence of a
strong electron-withdrawing trifluoromethyl group.
Also, a sulfoxonium ylide containing a thiophenyl
group underwent cyclization reaction, providing 3m
in 81% yield. Although the sulfoxonium ylides
bearing an ethyl and n-butyl group provided
unexpectedly the corresponding lactams (41 and 4m)
in quantitative yield instead of lactones under
condition A, the sulfoxonium ylide bearing a tert-
butyl group provided the desired lactone (3n) in 84%
yield. When sulfoxonium ylides obtained from (E)-
but-2-enoyl chloride and cinnamoyl chloride were
used, the desired lactones (30 and 3p) were produced
in 17 and 36%, respectively, together with lactam
compounds (4n and 40) in major under condition A.
Gratifyingly, Rh-catalyzed cyclization reaction using
6-methyl and 6-phenyl-substituted azulenes produced
the corresponding azelenolactones 3q and 3r in 80
and 85% yields, respectively. Additionally, azulene-
1-carboxamide bearing a 3-chloro group was
applicable in the present transformation. Stimulated
by these results, regioselective synthesis of 3,4-
disubstituted azulenolactones was attempted with a,f-
disubstituted sulfoxonium ylides. For example, when
a.,p-diphenyl sulfoxonium ylide was treated with 1a,
the corresponding diphenyl-substituted
azulenolactone 3t was obtained in 78% yield. Next,
we investigated the scope of Rh-catalyzed

10.1002/adsc.202001082

regioselective annulation of 1a by variation at the a-
position of the sulfoxonium ylides 2. The reaction
efficiency was not influenced by the electronic
properties of the aryl ring of a,f-diaryl sulfoxonium
ylides. Electron-donating methyl and methoxy groups
on the phenyl ring of sulfoxonium ylides
regioselectively  yielded the  corresponding
disubsititued azulenolactones (3u and 3x) in 75 and
83%, respectively. a,8-Diphenyl sulfoxonium ylide
possessing a 4-chloro group was

Table 2. Scope of Azulenes and Sulfoxonium Ylides for
the Synthesis of Azulenolactones.[

R’ Condition A R!

o o o [CP*RA(MeCN)3](SbF); Q
NHOMe )Q(” KOAc, PivOH o
Sl he w3
G R R4R® Z
RZ

toluene, 100 °C, 12 h
- DMSO (R® = Me) or R3
1 2 -DESO (R® = Et)

o
Q L
-
Sx, <
_— Ph ;VM"'“Y"'
- -

3a (92%) (88)! 3b (92%)

O

3¢ (90%)

\
3
=
@
&
c

p

\ ¢ °
KW
o

3f (90%

L

o
= C\

3i (84%) 3j (83%) K (78%)

p
ge)
\
%%

=

CF
31 (82%) 3 (81%) n (84%)

O
p

ONF

30 (17%) (70%)4!

3r (85%) 3s (86%)

3u 75/)“ 3v 70/)“

&l Condition A: 1a (0.2 mmol, 1.0 equiv), 2 (1.5 equiv),
[Cp"Rh(MeCN)3](SbFe). (4.0 mol %), KOAc (0.3 equiv),
and PivOH (2.0 equiv) in toluene (1.0 mL) at 100 °C for
12 h. R® = Me.

(I 1.0 mmol scale of 1a.

[T Sulfoxonium ylide (3.0 equiv).

[l |solated yields of 4n and 4o.

9] [Cp"Rh(MeCN)s](SbFs)2 (8.0 mol %).

MRS = Et.

3w (i 81/)

3x (83%)
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smoothly cyclized to produce 3v in 70% vyield.
Gratifyingly, sulfoxonium vylide with phenyl and
methyl groups was subjected to a Rh-catalyzed
cyclization reaction, regioselectively producing the
desired aznulenolactone (3w) in 81% vyield. To
demonstrate the applicability of the present method to
larger scale processes, a 1.0 mmol scale reaction of
la (0.20 g) was attempted with 2a (1.5 equiv), thus
affording the desired azulenolactone 3a in 88% vyield
(0.24 g).

We next attempted the selective synthesis of
azulenolactams  from the reaction of N-
methoxyazulene-1-carboxamides (1) with
sulfoxonium ylides (2) under the optimum condition
B (Table 3). Electronic variation of the substituents
did not largely influence the reaction efficiency. The
sulfoxonium ylides bearing electron-donating methyl,
tert-butyl, and methoxy groups were smoothly

Table 3. Scope of Azulenes and Sulfoxonium Ylides for
the Synthesis of Azulenolactams.[®

R! Condition B R
? o o [CP*Rh(MeCN)5](SbFe), o
NHOMe  + )Q(S\ ___ CsOAc,KOAc N-OMe
J R T Js R 7 MeCN, 100°C, 161 CI
RER - DMSO (R® = Me) or R3
- 2 -DESO (RS = Et) 4R e
O e o
.
b ¢ e OMe
M 2
G N-OMe Py g qu( OG N Me
e
Zph | ma¥ e = O
S g
4a (90%) (85)"! e (83%)

OMe
4s (60%)M°!

Me Me

4r (81%) 4t (71%)led 4u (82%)c4e!

[& Condition B: 1a (0.2 mmol, 1.0 equiv), 2 (1.5 equiv),
[Cp"Rh(MeCN)3](SbFe). (4.0 mol %), CsOAc (1.0
equiv), and KOAc (1.0 equiv) in MeCN (1.0 mL) at
100 °C for 16 h. R®> = Me.

1 1.0 mmol scale of 1a.

[ [Cp"Rh(MeCN)s] (SbFe)2 (8.0 mol %).

RS = Et,

(e Sulfoxonium ylide (2.0 equiv).

10.1002/adsc.202001082

converted to the desired azulenolactams (4b-4f) in
good vyields. When sulfoxonium ylides bearing
electron-withdrawing fluoro, chloro, bromo, and
trifluoromethyl groups were used, the corresponding
azulenolactams (4g-4j) were selectively obtained in
good vyields varying from 75 to 88%. Notably, ylide
with a 2-thiophenyl group was successfully applied to
the current method, producing 4k in 74% vyield. The
cyclization was highly selective and useful, as proven
by the quantitative reaction using ethyl- and n-butyl-
sulfoxonium ylides (41 and 4m). In the case of
sulfoxonium ylides obtained from (E)-but-2-enoyl
chloride and cinnamoyl chloride, the desired lactams
(4n and 40) were produced in 78 and 98% yields,
respectively, under condition B. However, the
sulfoxonium ylide bearing a tert-butyl group did not
react with N-methoxyazulene-1-carboxamide (1a)
under condition B. In addition, substrates having 6-
methyl, 3-methyl, and 3-chloro groups on the azulena
ring worked well with phenyl sulfoxonium ylide,
providing azulenolactams 4p-4r in good yields. Since
the Pd-catalyzed reaction of N-methoxyazulene-1-
carboxamides (1a) with unsymmetrical alkynes
provided regioisomeric products, a regioselective
synthetic method is extremely needed. Thus, we
investigated the Rh-catalyzed regioselective reaction
of 1a with sulfoxonium ylide 2 having substituents at
the a-position. When sulfoxonium ylide bearing
electron-donating methyl and methoxy groups on
each phenyl ring was treated with la, the desired
diaryl-substituted azulenolactam 4s was
regioselectively obtained in 60% vyield. Gratifyingly,
sulfoxoniumylides having not only aryl groups but
also alkyl groups were subjected to Rh-catalyzec
reactions, regioselectively providing the
corresponding azulenolactams (4t and 4u)in 71% anc
82% vyields, respectively.

A catalytic C—H activation in toluene:D,0O (5:1)
and MeCN:D,O (5:1) was conducted, affording a
significant D/H exchange at 2- and 8-position of
product la-[D.] (Scheme 2a and 2b). These results
suggest that the C—H activation step is reversible.
H/D exchange in the substrates did not occur in the
absence of a catalyst, indicating that the
regioselective and chemodivergent synthesis of
azulenolactones and azulenolactams took place
through Rh(lIl)-catalyzed C—H activation reactions of
azulenecarboxamides with sulfoxonium ylides. Also,
H/D scrambling at the 8-position of N-
methoxyazuleneamide was observed, indicating that
8-position of nonbenzenoid aromatic compounds can
be used as a reactive site for C—H activation reaction.
Next, we performed Kkinetic isotope effect (KIE)
studies to obtain insight into the reaction mechanism
(Scheme 2c and 2d). The KIE was observed (Ku/Kp =
1.62, 1.60) by independent reactions using la or la-
[Ds] as the substrate under condition A and B,
respectively (see the Supporting Information for
details). Also, the KIE was obtained (Kn/Kp = 1.54,
1.57) via parallel reactions. Then, the KIE was

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

D (66%), H (34%)
7 4, DH

Condition A 1
O NHOMe ——— > ° G NHOMe (@
toluene/D,0 = 5/1 4 2 oM
100°C, 2 h
1a 00992/, D (96%), H (4%)
: 1a-[D,] 1a
D (13%), H (87%)
o DIH
O Condition B O "
—_— NHOM
G NHOMe = ecNiD,0 = 5/1 G °
100°C, 2 h D/H
1a D (76%), H (24%)
1a-[D] 1a
HID HID
o o0 iti
O NHOMe + )vg Condition A O o ©
G . t-Bu > 100°C G T
-Bu
H/D -DMSO H/D

1a, 1a-[D;]

H/D

o)
O O condition B OMe
1a, 1a-[D;]  + § — N~ (d)
NN

I 100 °C

-DMSO Et
H/D
Reaction condition Isotope experiments Condition A Condition B
1a or 1a-[D3] kinetic measurement KuylKp = 1.62 Ku/Kp = 1.60
1a or 1a-[D3] parallel reactions Ky/Kp = 1.54 Ky/Kp = 1.57
1a + 1a-[D;] intermolecular competition ~ Ky/Kp=2.13 Ky/Kp =213

Scheme 2. Deuterium-Labeling Experiments.

measured (Kuw/Kp = 2.13) from intermolecular
competition reaction using 1la and 1la-[Ds] due to H/D
scrambling. These results suggested that the cleavage
of C-H bond at the 2-position of N-
methoxyazuleneamide is not involved in the rate-
determining step.

When N-methoxy-3-hydroxy-3-phenyl-3,4-
dihydroazulenolactam (5) was treated with KOAc
and PivOH in toluene at 100 °C for 12 h,
azulenolactone (3a) was obtained in quantitative
yield with the release of methoxyamine, indicating
that ring-opening followed by ring-closing reaction
occurred smoothly under the equilibrium conditions
(eq 1). Additionally, when 5 was treated with KOAc
and CsOAc in acetonitrile at 100 °C for 12 h,
azulenolactam (4a) was produced in quantitative
yield through dehydration (eq 2).

o
KOAc, PivOH
/—> 0 (eq 1)
toluene
=

0 100°C, 12 h Ph
OMe - MeONH, 3a (99%)

5 Olf o
\_KOAc, CsOAc N,OMe (eq2)
MeCN G P
100°C, 12 h Ph

-H0 4a (99%)

A proposed mechanism for the Rh-catalyzed
reaction is illustrated in Scheme 3. Rhodacyclic
intermediate A is generated through C—H activation
from N-methoxyazulene-1-carboxamide (1) with a
Rh(I1) catalyst. Sulfoxonium ylide 2 is coordinated

10.1002/adsc.202001082

Ho® pathway a pathway b
1 ? 1 i R! i
R R OMe
@ L I X
4 + 4
R H R _ R30H
Rz | R2 R2 R4
R® “oH F E R N0 G \;Hzo

®
- MeONH:/
4
3 ’ 1
A e

2 RY
bR R3 A R?2 \Cp
\ / 2.9
@S
3 = 5
R
0 N-OMe O N-OMe
R? : Rh\Cp' RZR5® Rh\Cp*
Rw)k 4 Rs\S RS
c RO 7 gfgw=
- (R®);S0

Scheme 3. A Proposed Mechanism.

with A to generate rhodium alkyl species B, and the
subsequent a-elimination of DMSO from B affords
Rh-carbene intermediate C. Then, it would undergo
migratory insertion of the Rh—C bond to give six-
membered rhodacycle D, and protonolysis would
afford acylmethylated intermediate E. Next, two
pathways are possible. In pathway a, PivOH activates
the amide group toward a nucleophilic attack by the
enol oxygen, leading to the formation of
azulenolactones 3 with the elimination of NH.OMe.
In contrast, in pathway b, the intramolecular
nucleophilic addition followed by dehydration
produces azulenolactam 4.

Conclusion

In conclusion, we have developed a regioselective
and chemodivergent reaction of N-methoxyazulene-
1-carboxamides with sulfoxonium ylides, leading to
the selective formation of azulenolactones and
azulenolactams from the same starting materials.
Sulfoxonium ylides that act as a precursor of
secondary carbene was investigated, providing
azulenolactones and azulenolactams bearing two
substituents on a newly introduced double bond. The
present method demonstrated functionalization of less
reactive 2-position of azulene to overcome the natural
reactivity.

Experimental Section

Commercial available reagents were used without
purification. ~ All  reaction mixtures were stirred
magnetically and were monitored by thin-layer
chromatography using silica gel pre-coated glass plates,
which were visualized with UV light and then, developed
using either iodine or a solution of anisaldehyde. For
reactions that require heating, oil bath was used as the
source of heating. Flash column chromat?_?raw% was
carried out using silica gel (230-400 mesh). *H N 400
MHz), BC{*H} NMR (100 MHz), and F NMR (377
MHz) spectra were recorded on NMR spectrometer.
Deuterated chloroform, dimethyl sulfoxide, and acetone

This article is protected by copyright. All rights reserved.
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were used as the solvents, and chemical shift values (o) are
reported in parts per million relative to the residual signals
of these solvent fﬁ 7.26 for *H (chloroform-d), 6 2.50 for
H (DMSO-dg), 0 77.2 for B*C{* 3 (chloroform-d), ¢ 39.5
for BC{*H} (DMSO-de)]. Infrared spectra were recorded
on FT-IR “spectrometer” as either a thin film pressed
between two sodium chloride plates or as a solid
suspended in a potassium bromide disk. High resolution
mass_spectra (HRMS) were obtained by electron impact
(El) ionization technique (magnetic sector - electric sector
double focusing mass analyzer) from the KBSI (Korea
Basic Science Institute Daegu Center). Melting points were
determined in open capillary tube.

1. General Procedure for the Starting Material ]
g)_d[%}/lg]thetlc Procedure for Azulene-1-carboxylic
cidt

Phosphor%l trichloride (1.1 mL, 12 mmol) was added to
anhydrous DMF (5.0 mL) very sIowIa/ at 0 °C and the
mixture was stirred for 30 min. After 30 min, a solution of
azulene (1.28 g, 10 mmol) in DMF was added to reaction
mixture slowly at 25 °C. The reaction mixture was stirred
at 25 °C for 2'h. The mixture was quenched by addition of
10 % aqueous NaOH (20 mL). Then, the mixture was
extracted with ethyl acetate (3 x 30 mL) and the combined
organic phase was washed with brine. After drying over
MgSQg, the solvent was removed under reduced pressure
to afford the azulene-1-carboxaldehyde as an oil (1.48 g,
95%). To a solution of azulene-1-carboxaldehyde (0.109 g,
0.70 mmol) and Na;COs in acetone/H.O 5:1 83.5 mL
were added KMnO4 (0.283 g, 1.79 mmol) in H,0 at 25 °©
for 5 min. The mixture was stirred for 4 h at 25 °C. The
suspension was then treated with 5% aqg. HCI and acetone
was removed by evaporation. Then, the mixture was
extracted with ethyl acetate (3 x 15 mL). After drying over
MgSOy, the desired product was obtained (91.6 mg, 76%,
red-violet crystals).

(b) Synthetic
methoxyamidel!4

1) To a solution of the azulene-1-carboxaldehyde (10.0
mmol, 1.0 equiv) in dry DCM (50 mL) at 0°C under a
nitrogen atmosphere was dropwise added oxalyl chloride
(1.0 mL, 12.0 mmol, 1.2 equiv) followed by a catalytic
amount of dry DMF ﬁlO drops). The reaction was stirred at
25 °C for 2 h. The solvent was then removed under reduce
pressure.

Procedure for Azulene-1-N-

2) After methoxyamine hydrochloride (1.7 g, 20.0 mmol,
2.0 equiv) and triethylamine (3.5 mL, 25.0 mmol, 2.5
equiv) in DCM (80 mL) was stirred for 10 min, the
resulting solution was cooled to 0°C followed by a
dropwise addition of the unpurified azulene-1-carbonyl
chloride dissolved in a DCM (20 mL). The reaction was
stirred at 25 °C for 1 h. Afterwards, the reaction was
guenched with aqueous NH4Cl solution and extracted with

ichloromethane (3 x 30 mL). The organic phase was dried
over MgSO, and evaporated under reduced pressure. The
pure products were purified by column chromatography on
silica gel (ether : DCM : hexane =1 :4: 1?_ to afford N-
methoxyazuleneamide (1.4g, 74%). Violet solid.

(c) Synthetic Procedure for 3-Chloro-N-
methoxyazulene-1-carboxamide ]
NCS (133.5 mg, 1.0 mmol) was added to a stirred
solution of azulene-1-N-methoxyamide (201.2 mg, 1.0
mmol) in CH2Cl, (5 mL) at 0 °C. After being stirred for 10
min, the cooling bath was removed, and the reaction
mixture was stirred at 25 °C for 30 min. Next, the reaction
mixture was evaporated to a small volume (~ 2 mL), and
the residue was diluted with hexane (15 mIT?. As aresult, a
precipitate of succinimide formed was filtered off. The
volatiles were evaporated, and the residue was purified b
column chromatography (hexane) to afford the 3-chloro-N-
gwg%t/h)oxyazuIene—l—carboxamlde as a blue solid (233.3 mg,
0).

(d) Synthetic Procedure for Sulfoxonium Ylides!-]
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To a stirred solution of potassium tert-butoxide (3.0 g,
272 mmol) in TH (30 mL) was added
trimethylsulfoxonium iodide (5.0 g, 20.6 mmol) at 25 °C.
The resulting mixture is refluxed for 2 h. Then, reaction
mixture was cooled to 0 °C, followed by addition of acyl
chlorides (7.0 mmo(lj) in THF (5 mL). The reaction was
allowed to 25 °C and stirred for 3 h. Next, the solvent was
evaporated and water (15 mL) and ethyl acetate (20 mL)
were added to the resulting slurry. The layers were
separated and the aqueous layer was washed with ethyl
acetate (2 x 30 mL) and the organic layers were combined.
The organic phase was dried over MgSO4 and evaporated
under reduced pressure. The crude product was purified by
recrystalization using EtOAc and hexane to afford the
corresponding sulfoxonium ylide.

(e? Synthetic Procedure for a-Aryl-g-keto Sulfoxonium
Y lidestt>161

To an oven dried 25 mL round bottom flask containing a
magnetic stirrer, f-ketosulfoxonium ylide (1.0 equiv,
mmol), activated molecular sieves 4 A powder (200 _mg?,
CsF (4.0 equiv, 607.6 mg, 4.0 mmol), and dry acetonitrile
(8.0 mL) were added. Under vigorous stlrrm%, the
appropriate precursor of aryne (1.5 equiv, 1.5 mmol) was
added in three portions at intervals of 1 h at 65 °C. After 3
h, the organic solvent was removed into rotary evaporator
and the crude product purified by column chromatography,
employing the basic silica gel (MeOH : DCM = 1 : 50) to
afford the corresponding a-aryl-$-keto sulfoxonium ylides.

(f) Procedure for the Triethylsulfoxonium chloridet1°]
Diethyl sulfide (2.0 ?( 22.7 mmol, 1.0 equiv) was added
to a flame-dried schlenk tube, followed by iodoethane (3.9
g, 25.0 mmol, 1.1 equiv) and iodine (2.9 g, 11.4 mmol, 0.5
equiv) under nitrogen condition. The tube was sealed and
the mixture was stirred at 70 °C overnight. Then, the
mixture was transferred at 25 °C to a conical flask with
water (70 mL), DCM (46 mL) and
tributylbenzylammonium chloride (7.1 g, 22.7 mmol, 1.0
equiv). The mixture was protected from light and stirrec
overnight at 25 °C. The two layers were separated and the
aqueous_layer was washed with 5 times with DCM (30
mL). The aqueous layer was evaporated to give
triethylsulfonium chloride as hygroscopic white solid.

Triethylsulfonium chloride was dissolved with water
(112 mL) in a round bottom flask, the resulting solution
was cooled to 0 °C and NaOH (5.4 g, 0.13 mol, 6 equiv
was added. The mixture was stirred at 0 °C unti
homogeneous. mMCPBA (22.2 g, 90.0 mmol, 4 equiv (77%
grade)) was added in portions and the mixture was stirred
at 50 °C for 30 minutes. Then the pH was adjusted to pH =
1 with 6 M HCI (20 mL) at 0 °C. The precipitate was
filtered off and washed with water. The correspondin
filtrate was concentrated to 60 mL and washed with DC
(20 mL). The pH of the aqueous layer was a%justed to pH
= 5-6 with saturated Na;COs; and evaporated to dryness.
The resulting solid was dispersed in warm iPrOH (40 mL)
and the mixture was filtered. All volatiles were removed
and the crude product was recrystallized from iPrOH to
give triethylsulfoxonium chloride as white solid.

2. General Procedure for Rh-Catalyzed Tandem
Annulation Reaction of N-Methoxyazuleneamides with
Sulfoxonium Ylides
%_a) Synthesis of azulenolactone )
0 an oven-dried test tube charged with N-
methoxyazuleneamide 1  (40.1 mg, 0.2 mmol),
[(C(g Rh MeCN)%g 6.7 mg, 0.008 mmol, 4.0 mol %),
Ac (5.9 mgi! .0 mmoI()], PivOH (40.8 mg, 0.4 mmol),
sulfoxonium ylide 2 (58.9 mg, 0.3 mmol), and toluene (1.0
mL). The reaction mixture was stirred at 100 °C for 12 h
under a nitrogen atmosphere. Then, the solvent was
evaporated under reduced pressure and the residue was
purified by column chromatography on silica gel using
dichloromethane : hexane = 4:1.

(b) Synthesis of azulenolactam
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To an oven-dried test tube charged with N-
methoxyazuleneamide 1 (40.1 mg, 0.2 mmol),
[(8 Rh(MeCN)s]> (6.7 m 0008 mmol, 4.0 mol %),
19.6 mg, 0.2 mmol), ' CsOAC (38.4 mg, 0.2 mmol),
sulfoxonlum yllde 2 (58.9 mg 0.3 mmol) and MeCN (1. 0
. The reaction mlxture was stirred at 100 °C for 16 h
un er a nitrogen condition. Then, the solvent was
evaporated under reduced pressure and the residue was
purified by column chromatography on silica gel using
acetone : hexane =1:

3. Characterization data
3-Phenyl-1H- azuleno[l 2- c]ﬁe/ran 1-one (3a) : Yield :
50.1 mﬁ (92%? = 0.3 (dichloromethane : hexane = 4:1);
Red solid; Melting point : 192-194 °C; *H NMR (400 M Z,
CDCl3 5951(d J=9.2 Hz, 1H), 8.4 (d, J=10.2 Hz, 1H3
801( J=7.0 Hz, 1H), 776(t J=9.7Hz, 1H), 765(t
= 97 Hz, 1H), 7.54-7/43 (m, 4H), 7.31 (s, 1H), 725<5
l3C£J{[1H NMR (100 Hz, CDCI) 5 160.0, 157
141.6 137 8, 136.9, 135.9, 132.7, 130.2,
1299 128.9, 128.8, 125.9, 112.2, 107.6: IR ﬁfllm) 3059,
1711, 1607, 1017, 914, 686 cm; HRMS %E) m/z: [M]+
Calcd for CioH1,0, 272.0837; Found 272.0838

3-(o-Tolyl)-1H- azuleno[l 2-c]pyran-1-one (3b) : Yield :
52.6 mig 492%? = 0.3 (dichloromethane : hexane = 4:1);
Red solid; Melting point : 175-177 °C; *H NMR (400 M z
CDCls) 59.54 (d, J = 9.3 Hz, 1H), 8.42 (d, J = 10.2 Hz,
1H) 778(t J=9.8 Hz, 1H), 767(t J =9.8 Hz, 1H), 7.60
d, J =45 Hz, 1H), 7.53 (t, J = 9.7 Hz, 1H), 7.38-7.27 (m,
H), 7.25 (s, 1H) 2.26 gs 3H); 13C{lH NMR (100 MHz,
CDCls) 5160.5, 159.8, 149.4,146.3, 141.6, 138.0, 137.03,
137.02, 136.2, 133.7, 131.2, 130.0, 129.9, 129.5, 128.9,
126.1, 112.1, 107.5, 103.6, 21.1; IR éllm) 3062, 1712,
1612, 1012, 915, 640 cm™; HRMS (El) m/z: [M]+ Calcd
for CaoH140, 286.0994; Found 286.0992

3-(m-To 1H azuleno 1,2-c]pyran-1-one (3c) : Yield :
51.5m d?/ %); Rf = 0.3 dlchloromethane hexane = 4:1):
Red so Me tlng pomt 200-202 °C; 'H NMR (400 MHz,
CDCls) 59508 = 9.2 Hz, 1H)839(d J = 10.2 Hz,
1H), 7.85 (s, 1H 779§dJ 79HZ 1H)775tJ 10.5
Hle)764tJ 9.8 Hz, 1H), 750tJ 9. HZng

7.37(t"3=7.7Hz, 1H)729(s 1H)7 6(d, =75 1H),
7.24 (s, 1H), 2.45 (s, 3H); BC{H} NMR (100 MHz,
CDCl3) 1°C '(100 MHz, CDCls) 6 160.2, 157.8,

H
149.5, 146.4, i417 138.7, 1378 136.9, 135.9, 132.7,
131.1, 130.0, 128.8, 1288 1266 1231 1122 1077 994
21.6; IR f|Im) 3027 1710 1611 1023 934 794 cm1
HRMS ( B m/z: [M]* Calcd for C20H1402 286.0994;
Found 286.0995

3-(p-Tolyl)-1H- azuleno[l 2-c]pyran-1-one (3d) : Yield :
53. 2 mP d(93%? = 0.3 (dichloromethane : hexane = 4:1);
Red sofid; Melting point : 202-204 °C; *H NMR (400 MHz,
CDCIa) 59.47 (d, J = 9.2 Hz, 1H), 8.36 (d, J = 10.2 Hz,
3 790?3 J=8.2Hz,2H 772 (t, J=9.7Hz, 1H 762
le)748t 97Hz 1H)728 di
Hz 2H8 7.24 (s,1H), 7.21 (s, 1H) 24585 3C£
NMR (100 MHz, CDCI3) 160. 2 158
141.8, 140.7, 137. 7, 136.8, 135.8, 130.1, 130 O 129. 7
128.8, 1260 112.2, 107.7, 98.8, 216 IR (fllm) 3027
1710, 1611, 1023, 934, 608 cm™; HRMS gEI) m/z: [M]*
Calcd for CyoH140> 286. 0994, Found 286.0996

3-(4- (tert Butylgphenyl -1H- azuleno[l 2-Cc]pyran-1-one
(3e) : Yield 90%); Rf = 0.3 (dIC loromethane :
hexane = 4|\/? Red soI|d eltln point : 207-209 °C; H
NMR (400 MHz, CDCls) 6§ 9.48 ?d J =9.2 Hz, 1H), 8.37
gd J—102Hz 1H) 7.94 (d, J = 8.5Hz, 2H 773(t J=

7 Hz, 1H), 7.63 (t, J = 9.7 Hz, 1H), 7.51-7.47 (m, 3H),
7.27 (s, 1H), 7.23 (s, 1H), 1.37 (s, 9H) 130ng NMR (100
MHz, CDCis) 6 160.2, 157.9, 153.8, 149.7, 146.4, 1418
137.7, 136.8, 135.8, 130.0, 130.0, 128.8, 125.9, 1258,
112.2.107.7,98.9, 35.0, 31.3; IR (film): 3069, 1709, 1608,
1021, 915, 640 cm; HRMS (EI) m/z: [M]* Calcd for
CasH200, 328.1463; Found 328.1460.
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gl Methoxy henyl)-1H- azuleno[l 2-C Apyran -1-one
(3f) : Yield : 43 mg (90%); Rt = 0.3 (dichloromethane :
hexane = 4:1); Red solid; eltln point : 190-192 °C; 4
NMR (400 MHz, CDCl3) 59.45 (d, J = 9.2 Hz, 1H), 8.34
d, J = 10.2 Hz, 1H), 794 (d,J= 9.0 Hz, 2H), 7.70 (tt, J =
7 Hz, 1H), 7.61 (t J = 9.7 Hz, 1H), 7.50-7.45 (m, 1H),
719 s 1H?_|717|\§3 1H), 6.99 d H = 9.0 Hz, 2H), 3.88 (s
R (100 MHz CDCl3) & 161.4, 160.
15 9,1 99 146.5, 1419 137.4, 136.6, 1355, 130.0,
128.8, 127.6, 125.4, 114.4, 112.1, 107.4, 98.0, 55.6; IR
(film): 3076, 1715, 1604, 1258, 1177, 913, 631 cm;
HRMS (EI) m/z. [M]* Calcd for CyoH1403 302.0943;
Found 302.0945.

3-(4- (Dlmethylamlno)phen 1)-1H- azuleno 1,2- c]pyran—
1-one (3g) : Yie g ; 0.3
(dichloromethane : hexane = 41) Red SO|Id Meltm
pomt 250-252 °C; *H NMR (400 MHz, CDCl3) §

= 9.0 Hz, 1H), 8.29 (d, J = 10.2 Hz, 1H), 790éd J 90
Hz 2H), 7.64 (t, J = 9.5 Hz, 1H) 758(t J=09.6 Hz, 1H);

743(tJ 9.6, Hz, 1H)71551H 7.11 (s, 1H), 675d
J =9.0 Hz, 2H) 305 L 13C 1Hf NMR (100 M
CDCly) 5160.4, 159.2, 152 '150.7, 146.7, 142.3, 1366

135.9, 134.7, 1300 1286 1275 1205, 112.1, 111.9,
107.3, 96.3, 403 IR (film): 3056 1703 1598 1373 1197
945, 635 cmL; HRMS EI m/z: [M]* Calcd for Cz1H1zNO;
315.1259; Found 315.125

3-(2- Fluorophengl) 1H-azuleno[1,2-c]pyran-1-one (3h) :
Yield : 47.0 mg (81%); Rt = 0.3 dichloromethane : hexane
= 4:1); Red SO|Id Meltlng oint : 202-204 °C; *H NMR
(400 Hz, CDCI5) 5951% J=9.2 Hz, 1H), 841( J=
02H21H 8.15 (td, J 5 Hz, 1H), 777 t,J= 98Hz
1H)765tJ 98Hz 1H), 7.54-7. 9 743738
(m, 1H), 7.31-7.27 (m, 1H), 7.22-7.17 (m 1H BC{H
NMR (100 MHz, CDCls) 6160.4 (d, J = 253.3 ) 160.
152.1, 152.0, 149.3, 146.3, 141.6, 138.2, 137.3, 136.4,
1314(d J=9.2 Hz), 130.0, 129.4, 128.9, 124.7 (d, J = 3.5
Hz), 121.1, 121.0, 116.6 (d J =232 Hzl) 112.7, 108.1,
104.9, 104.7; F NMR (376 MHz, CDCl3) & -1115; IF
(fllm 3064 1731, 1604, 1215, 1018 944, 629 le
& m/z: [M]+ Calcd for CioH1FO; 290.0743:
Found 290.0743

3-(3- Chlorophe 1)-1H-azuleno[1,2-c]pyran-1-one (3i) =
Yield : 51.4 mg (84%); Ry = 0.3 (dichloromethane : hexahe
= 4:1); Red solid; Meltln oint : 219-221 °C; *H NMR
(400 Hz, CDCIg 5952 . J=9.3Hz, 1H 842

0.1 Hz, 1H), 7.9 (s, 1H), 789786 m, 1H), 779 t, J—
9.8 Hz, 1H), 7.67 (t, J = 9.8 Hz, 1H), 53(tJ—9 Hz,
1H), 7.42-7.41 (m, 1H)73051g7265 130 IH
NMR (100 MHz, CDCls) & 159.8, 156 146.

141.7, 138.3, 1373 136.5, 135.2, 1346 130 22 '130. 18
130. 17 1291 1261 1240 112.4, 107.8, 100.3; IR gllm?
3089, 1710 1609 1030 950 787 671 cml HRM

%é 04L;_‘M]+ Calcd ~ for ClanCIOz 306. 0448 Found

3-(4-Chlorophenyl)-1H-azuleno[1,2-c]pyran-1-one (3j) :

Yleld 50.8 mg (83%); R¢ = O3(d|chloromethane hexane
= 4:1); Red solid; MeltlngJJomt 230-232 °C; 'H NMR
400 MHz, CDCIa 69.48 (d, J = 9.3 Hz, 1H), 8.38 (d,J=
0.2 Hz, 1H 791(d J= 85 1H), 7.76 (t, J = 9.7 Hz, 1H:
7.64(t,J: 8 Hz, 1H), 751 ,J=9.7 Hz, 1H), 7.43 (d, J
= 8.6, Hz, 1H), 7.25 s 22 (s, 1H); BC{*H} NMR
100 MHz, C C|3 159 . 156.4, 149.0, 146.4, 141.7,
38.1, 137.1, 136. 3 136. 3 131 3, 130.1, 129.2, 129.0,
127.2, 1123, 107.7, 99.7; gllm? 3091, 1710, 1611,
1091, 913, 828, 673 cmL; HRM El) m/z: [M]+ Calcd for
C19H1:CIO; 306.0448; Found 306. 0451

3-(4- Bromophenyl) 1H- azuleno[l 2-C]pyran-1-one
(3Kk) : Yield : 54.8 mg (78%); Rt = 0.3 (dlchloromethane
hexane = 4“ Red solid; Melting point : 239-241 °C; 'H
NMR (400 MHz, CDCls) 6 9.50 ?d J = 9.3 Hz, 1H), 8.40
gd J—102Hz lH) 785 d, J =8.6 Hz, 2H 778(’[ J=
8 Hz, 1H), 766(t J=98Hz, 1H), 760( 'J'=8.6 Hz,
2H), 7.52 (t, J' = 9.8, Hz, 1H), 7.28'(s, 1H), 7.24 (s, 1H):
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3C{*H} NMR (100 MHz, CDCls) & 159.9, 156.5, 149.0,
146.5, 141.7, 138.2, 1372 136.3, 132.2, 131.8, 130.2,
129.1, 127.4, 124.7, 112.3, 107.7, 99.7; IR fllm% 3054
1708, 1610, 1025, 948 671d 607 cm™; HRMS (El m/z
gM]! Calcd for C19H115I’7 O, 349. 9942 CioH11 r8 Oz
51.9922; Found 349.9945, 351.9940.

3-(4- (Trlfluoromethyl)phen )-1H- azuleno[l 2- c]pyran-
1l-one (3I) 3{3 (82%); R¢ 0.3
(dlchloromethane : hexane = 41) Red solid; Meltldg
point : 240-242 °C; 'H NMR (400 MHz, CDCl3) §9.54 (
J=9.2 Hz, 1H), 843(d J=10.2 Hz, 1H) 8.10 (d, J=8.1
Hz, 2H), 7.81 (t, J = 9.7 Hz, 1H), 7.73 (d, J = 8.3 Hz, 2H),
7.68 (t,'J = 10.3 Hz, 1H), 755 ,J=09.7, Hz, 1H), 7.37 (s,
1H), 7.28 (s, 1H); 13C ng R (100 MHz, CDCl3
159.7, 155.8, 148. 141.7, 138.6, 137.5, 13 7
136.1, 13176q,J—317 Hz), 130.2, 129.2,124.0 (q, J =
3.6 Hz), 124 J =169.0 Hz) 1125, 107.9, 101.0; 1°F
NMR (376 MHz CDCls) 5 -62.8; IR (film): 3090, 1714,
1615, 1169, 1118, 955, 669 cm?; HRMS EI% m/z: [M]+
Calcd for CaoHi1Fs0 340.0711; Found 340.071

(Thlophen -2- yg -1H-azuleno[1,2-c]pyran-1-one (3m) :
Yield : 45.0 mg (81%); R¢ = 03(d|ch oromethane : hexane
= 4:1); Red solid; MeltlngJJomt 220-222 °C; *H NMR
400 HZ CDCls) 69.45 (d, J = 9.3 Hz, 1H)836(d J=
0.2 Hz, 1H), 7.7 770(m 2H), 7.63 (t, J = 9.7, 1H), 7.49
t,J=9.7 Hz, 1H), 7.44 (dd, J = 2.0 Hz J1H), 7.18 (5, 1H),
13 (dd, J = 2.9 Hz, 1H), 7.11 (s, 1H); *C{*H} NMR (100
MHz, CDCI3) 51595 153.4, 149.2, 146.6, 142.0, 137.8,
1369 136.8, 135.8, 1302 1291 128.4, 1282 127.0,
112.1, 107.4, 98.7; IR (fllm 3073 1799 1710 1603
1115, 946, 666 cm™; HRMS (EI) m/z: [M]* Calcd for
C17H1002S 278. 0402; Found 278.0405.

3-(tert-Butyl)-1H- azuleno[l 2- cgp ran-1-one (3n)
Yield : 42.3 mg (84%); écetone hexane = 1: 7)
Red solid; Meltlngfomt 87 89 °C; 'H NMR (400 MHz,
CDCIs 5 9.47 9.3 Hz, 1H), 8.37 (d, J = 10.2 Hz,

3 773 t,J= 98Hz 1H), 7.62 t, J =9.8 Hz, 1H), 7.48
g 9.7 Hz, 1H), 7.14 (s, TH), 6.68 (s, 1H), 1.40 (S, 9H);
3C{lH} NMR (100 MHz, CDCls) 6 170.1, 160.8, 150.1,
146.2, 141.6, 137.5, 136.6, 135.7, 129.8, 128.6, 111.8,
107.4. 97.4, 36.4, 28.4; IR (f|Im) 3070, 1708, 1616, 1094,
940, 693 cm’; HRMS (ED) m/z: [M]* Calcd for Ci7H1602
252.1150; Found 252.1147.

g )-3- (g -1-en-1-yl)-1H-azuleno[1

ield : 8.0 mg (17%); R¢ = 3 (dichloromethane :
hexane = 4!\/? Red solid; Meltin pomt 102-104 °C; H
NMR (400 MHz, CDCI} 69.45 ?d J=9.2 Hz, 1H), 8.35
gd J-102Hz 1H), 7.72 (t, J = 9.8 Hz, 1H), 7.62 (t, J =
8 Hz, 1H) 748( t, J = 9.7 Hz, 1H) 715 s 1H), 6.87-
6.78 (m, 1H), 6.59 (s, 1H), 619&\/I J 5.7 Hz, 1H), 1.96
dd, J = 2.7 Hz, 3H); 3C{ H R (100 MHz, CDCI3 1)
60.2, 156.6, 149.7, 1465 141.9, 13761367135713 4
130.1 128.9 124.4'112.0 101.4 77.5 77.2 76.9, 18.7; IR
(film): 3060, 1681, 1556, 1211, 1148, 928, 641 cm™;

S (El) m/zz [M]* Calcd for CieH10; 236.2700;
Found 236.2701.

1,2-c]pyran-1-one

9 %? = 0.3 (dichloromethane : hexane = 4:1);
Red solid; Melting point : 203-205 °C; IH NMR (400 MHz,
CDCls) 59.47 (d, J = 9.2 Hz, 1H), 8.36 (d, J = 10.1 Hz,
1H), 7.73 (t, J = 9.8 Hz, 1H), 7.65-7.55 (m, 4H), 749%_|
=9.7 Hz, 1H) 739(t J=74Hz, 2H), 7.33 (t, J = 7.4 Hz,
1H), 7. 18 % 6.84 (s, 1H), 6.79 d, J =55 Hz, 1H);
13C{lH} N IR (100 MHz, CDCls) ¢ 160.0, 156.6, 149.2.
146.5, 142.0, 137.9, 137.0, 136.2, 136.0, 134.2, 130.2,
129.1, 129.0, 129.0, 127.5, 120.5, 112.3, 108.0, 103.9; IR
(film): 3058, 1706, 1621, 1032, 926, 634 cm:; HRMS El)
m/z: M]+ Calcd for Co1H140, 298.0994; Found 298.0995.

E)-3-styryl-1H- azuleno 1,2-c]pyran-1-one (3 Yield :
51)5my3>% g 1py (3p) :

8- Methyl -3-phenyl-1H-azuleno[1,2-c]pyran-1-one (3q) :

Yield : 45.8 mg (80%); R¢= 0.3 dichloromethane : hexane
= 4:1); Red SO|Id Melting point : 238-240 °C; *H NMR
(400 Hz, CDCI3)5935( J=9.8Hz, 1H), 8.26 d,J=
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10.6 Hz, 1H), 8017985m 2H), 7.54 (d, J = 9.9 Hz, 1H3
7.50-7.41 (m, 4H), 7.28 (s, 1H), 7.17 (s, 1H), 2.73 (s, 3H
LC{'H} NMR (100 MHz, CDCls) & 160.3, 157.1, 150.4,
1483, 145.2, 140.1, 136.1, 1355, 133.0, 131.2, 130.7,
130.1, 128.9, 126.0, 112.0, 107.9, 99.5, 28.3: IR (film):
3031, 1705, 1613, 1016, 915, 663 cm™; HRMS (EI) m/z:
[M]* Calcd for CaoH140, 286.0994; Found 286.0994.

3,8- Dlphenyl -1H- azuleno[l 2-c]pyran-1-one (3r) :
Yield : 59.2 mg (85%); Rf= 0.3 (dlchloromethane hexane
= 4:1); Red solid; Meltln point : 241-243 °C; IH NMR
400 MHz, CDCls 6952?7d J=10.0 Hz, 1H), 843(d J=
0.8 Hz, 1H), 8.02 (d, J = 7.3 Hz, 2H), 7.85 (d, J = 9.9 Hz,
1H), 7752 J = 10.8 Hz, 1H), 7.67 (t, J—74Hz 2H),
7.54-7.43 (m, 6H), 7.32 (s, 1H), 7.25 (s, 1H); 1305
NMR (100 MHz, CDCl3) 6 160.2, 157.6, 151.8, 149.
145.1, 144.3, 1405, 136.3, 135.4, 132.9, 130.3, 130.0,
129.9, 129.2,129.0,128.8, 128.7, 126.0, 112.4, 108.1, 99.7;
IR (f|Im) 3047, 1712, 1609, 1016, 913, 631 cm’; HRMS
A 1r1n4/% [M]+ Calcd for CusHis0, 348.1150; Found

5-Chloro-3-phe g/l -1H- azuleno{l ,2-C]pyran-1-one (3s) :
Yield : 52.6 mg 36%) Rs = 0.3 (dichloromethane : hexane
= 4:1); Green solid; Meltlng point : 247-249 °C; 'H NMR
(400 Hz, CDCI 59.47 (d, J = 8.8 Hz, 1H), 8.46 (d, J =
0.2 Hz, 1H 804m2H 780(tJ—98Hz 1H)
7.66 (t, J= 8Hz 1Hl 59 (t,J = 9.8 Hz, 1H), 7.53-7.46
m, 3H), 7.36 (s, 1H); BC{*H} NMR (100 MHz, CDCls) &
59.3, 158.8, 146.0, 140.1, 139.9, 138.8, 136.4, 134.0,
132.5, 130.8, 130.5, 129.3, 129.1, 126.2, 111.3, 105.6,
967 IR (fllm; 3061, 1737, 1611, 1014, 913, 761, 601 cm’

 HRMS (El) m/z: [M]+ Calcd for CisH1.CIO, 306.0448;
Found 306.0445.

3,4- Dlphenyl -1H-azuleno[1,2-c]pyran-1-one (3t) :
Y|eId 54.3'mg (78%); R = 0.3 (dlchloromethane hexane
= 4:1); Red SO|Id MeltlngJJomt 207-209 °C; *H NMR
400 MHz, CDCls) 69.61(d, J = 9.3 Hz, 1H), 8.33(d, J =
OlHZ lH 7.7 (3 J= 98Hz 1H), 7.68 (t ,J=9.7 Hz,

748745s_r|n . 7.44-7.37 (m, 5H), 30721(m

7.00 (s, 1 {*H} NMR (100 MHz, CDCl3
16 1, 154.6, 1513 145.9, 141.9, 138.2, 137.3, 13 7
135.6, 133.4, 130.6, 130.1, 129.9. 129.3, 129.1, 128.9,
128.0, 127.9, 116.0, 112.5, '107.5; IR ﬁfllm/) 3059, 170C¢,
1586, 1147, 963, 634 cm™; HRMS El) m/z: [M]* Calcd
for CasH150, 348.1150; Found 348.1151.

4-(3-Methoxyphenyl)- 3thenyl -1H- azuleno!;l 2-
Apyran 1-one (3u§/ 62.8 mg (83/0) R = 0.3
ichloromethane : hexane = 4:1); Red solid:; Meltl
p0|nt 188-190 °C; *H NMR 5400 MHz, CDCIJ '59.61 (

=9.2 Hz, 1H2 834(d J=10.2 Hz, 1H), 7.7 (t,J= 9.8

HZ 1H)768tJ 97HZ 1H), 752748(m 3H2736-
723( , 71.05 1H), 6. 8-6.94 (m, 3H) C{H
NMR (100 0, 154.6, 151.

Hz, C CI7) 5 160.1, 16
145.9, 141.9, 138.2, 137.4, 136.9, 136. 7, 133.4, 130.1,
130.1, 129.8, 129.3, 1288 128.1, 123.1, 116.1, 115.9,
113.6, 112.6, 1075, 55.4; IR (film): 3061, 1705, 1586,
1290, 1243, 923 634 cm1 HRMS EI) miz: [M]+ Calcd
for C26H1803 378. 1256; Found 378.1253

4- Phen}gl -3-(p- to_/y 1H azulenoél ,2-C]pyran-1-one (3v)L.
Yield : 54.3 mg (75%); Rf= 0.3 ( |chloromethane hexane
= 4:1); Red solid; Meltlng oint : 244-246 °C; H NMR
400 MHz, CDCls) 69.61 (d, J = 9.2 Hz, 1H), 8.31 (d, J
0.2 Hz, 1H)776(th 9 Hz, 1H)767 t,J= 97Hz
1Hg 7.48 (t, J = 9.8 Hz, 1H), 7.45-7.36 (m, 7H), 7.04 (d, J
0 Hz, 2H 6.98 (s, 1H), 2.31 (s, 3H); BC{*H} NMR
100 MHz CDC|3) 1602 154, ,1515 145.9, 142.0,
39.5, 138.0, 137.2, 136.5, 135.9, 130.6, 130.5, 130.1.
129.8, 129.1, 128.8, 128.8, 127.9, 115.6, 112.5, 107.5,
21.5; IR fllm) 3060, 1714, 1605, 1202, 913, 644 cm;
HRMS If m/z: [M]* Calcd for CasHigO2 362.1307:
Found 362.1307

3-(4- Chlorophenﬁl( Idpheng/3 1H-azuleno
ie

1 2 -C pyran-
1-one (3w) 5 mg (70%); = 03
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(dichloromethane : hexane = 4:1); Red solid; Meltln
point : 195-197 °C; 'H NMR §400 MHz, CDCI3 '59.61 (
J =9.3 Hz, 1H), 834(d J=10.1Hz, 1H), 7.8 (t,J= 9.8
Hz, 1H% 769 (t, = 9.7 Hz, 1H), 751(t J 98Hz 3H),
7.46-7 Hf721 de 2.9 Hz, 2H), 7.00 (s, 1H);
BC{H} NMR 00 MHz, CDCl3) & 159.8, 153.3, 151.
1460 1419 1385 1375, 136.9, 135.4, 135.3, 131.9,
131.1, 1305, 130.2, 129.3, 129.0, 128.4, 128.2. 116.4,
112.6, 1075 IRéflIm? 3058, 1714, 1607, 1091, 914, 832,
663 cm?; HRM m/z: [M]* Calcd for CasH15C10;
382.0761; Found 382 0761

4- Methyl -3-phenyl-1H- azuleno 1,2-c]pyran-1-one (3x) :
Yield : 46.3 mg (81%); Rr=0.3 dichloromethane : hexane
= 4:1); Red soI|d Meltlng oint : 195-197 °C; ‘H NMR
400 MHz, CDCls) 69.58 (d, J = 9.3 Hz, 1H), 845

0.1 Hz, 1H), 7.79 (t, J = 9.8 Hz, 1H), 7.72- lSm

7.67 (t, 3 =9.7 Hz, 1H), 7.54 t J =101 Hz, 1

7.42 m 3H), 7.29 (s, 1H), 2. (]s 3H); BC{H NMR
100 MHz, CDCI3 5 160.5, 154.7, 152.0, 146.0;, 141.8,
38.0, 137.2, 1365 133.7, 129.9, 129.6, 129.4, 128.8,
1284, 111.1, 108.9, 107.8, 14.2; IR (Ifllm) 3060, 1703,
1612, 1211, 917, 605 cm™; HRMS (El) m/z: [M]* Calcd
for CaoH140, 286.0994; Found 286.0991

2- Methox?/ Ehenylazuleno[l ,2- c%p%/rldm 1(2H) one
Yield : 54.8 m $91%) Ry (acetone : hexane =
:7); Brown solid; Melting point : 162-164 °C; H NMR
400 MHz, CDCI3) 59.74(d, J = 9.0 Hz, 1H), 8.33 (d, J
0.4 Hz, 1H 7.73-7.69 m 2H) 7.66 (t, =098, 1H), 757
t,J=09.7, 1H%7507 m3H)738tJ—32 1H),
24 (s, 1H 7 (s, 1H), 3.76 (s, 3H); °C 1Hl} NMR (100
MHz, CD I3 o1 78 147.1, 1459 144, 41.3, 1369
136.4, 1356 133.6, 1296 1294 129.1, 128.3, 127.2,
1145, 112.2, 103.0, 64.0; SVIIm) 3060, 1651, 1530,
1196, 1108, 932, 642 cm’l; HR S (El) m/z: [M]+ Calcd
for CaoH1sNO, 301.1103; Found 301.1105.

2-Methox o-tolyl)azuleno[1,2-c]pyridin- 1(2H) one
4b) : Y|eYd E(>2 3 n,Q/? 83%); [‘2 g (acetone : hexane =

:7); Brown solid; Melting point : 159 161 °C; 'H NMR
400 MHz, CDCls 5975%d J=9.0 Hz, 1H), 8.35(d, J =
0.4 Hz, 1H 7.6

1H), 3.76 (s, 3H), 2.29 (s, 3H<) BC{IH} NMR (100 MHz,
CDCl3) 6157.7, 147.2, 146.1, 144. 1412 138.1, 136.9,
136.4, 135.6, 133.6, 130.0, 129.5, 129.4, 129.0, 127.2,
1255, 114.6, 112.1, 102.4, 64.2, 201 IR (film): 3053,
1653, 1530, 1200, 1111, 932, 681 cm™: HRMS Bm/z
[M]* Calcd for CsH17NO, 315.1259; Found 315.1

t,J=9.7 Hz, 1H), 7.59 (t, J = 9. 1H)
744737Em 3H), :33-7.28 (m, 2H 724slH 6.66 (5

2- MethoxP/ ém tonI)azuIeno[l 2- c%p ridin- 1(2H) one
5403 Yield : 55.5 m g88% 2, cetone : hexane =

Brown solid; Meltin pomt 146-148 °C; 'H NMR
400 MHz, CDCI5) 59.73(d, J = 8.9 Hz, 1H), 8.32 (d, J =
0.4 Hz, 1H) 7.65(t, J= 9.7 Hz, 1H), 7.56(t,J=9. , 1H),
7.51-7.49 m, 2H), 7.40-7.35 (m, 3H) 7.31-7.29 (m, 2H),
723 (s, 1 ) 6.80 (s, 1H), 77 (s, 3H), 2.45 (s, 3H);
13C{'H} NMR (100 MHz, CDCls) 6 157.8, 147.1, 146.1,
144.7, 141.3, 138.0, 136.8, 136.4, 1354, 133.5, 130.2,
130.1, 129.0,128.2, 127.2, 126.7, 114.4, 112.1, 102.8, 64.0,
21.6; IR (fllmF% 3046 1653 1601, 1530, 1200, 1109, 917,
646 cm m/z [M]* Calcd for CaHi7NO;
315.1259; Found 31 1257.

2- Methox tolyl)azuleno[1,2-c]pyridin-1(2H)-one
4d YleYd g% 588%) L g(acetone hexane =
7); Brown solid; Meltin point : 159 161 °C; '*H NMR
400 MHz, CDCls) 5 9. 71%d, J=89Hz, 1H), 8.31 d,J=
0.4 Hz, 1H 76 -7.53 (m, 4H), 736(t J =9.6 Hz, 1H)
7.29 (d, J = 8.0 Hz, 2H 22 s, 1H), 675|\ﬁs 1H), 3.75 (s
3H), 2.45 (s 3H); ! {*H NMR (100 Hz, CDCls
157.8, 147.2, 146.1, 144.7, 141.3, 1395, 136.7, 13 3
135.4, 130.7, 129.5,129.04, 129.03, 127.2, 114.4, 112.1,
102.7, 63.9, 21.5; IR (film): 3032 1651, 1600, 1530, 1189,
1110, 971, 618cm*; HRMS (EI) m/z: [M]* Calcd for
Ca1H1:NO; 315.1259; Found 315.1255.
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3-(4-(tert-But gphenyz -2- methoxyazuleno[l 2-
c]gyrldm 1(2 one (4e) : Yield: 62.2 m f87%) Ri =
acetone : hexane = 1: 7 Brown solid; tlrzjg 5)0|
189- 191 °C; IH NMR (400 Hz, CDCl3) 59.72
Hz, 1H), 8.30 d, J=10.4 Hz, 1H) 765760(m 3H 755
(tJ 7Hz H 7.49 (d, J = 8.3 Hz, 2H), 735(t =9.6
Hz, 1H), 7.21 1H 675’\55 1H& 377 139 (s,
3H); 13C H} MR 100 Hz, CDCls) 5 15 , 152.6,
147.2, 146.0, 144.7, 1413 1366 1363 1353 130.6,
1292 129.0, 127.2, 1253 1144 1121 1028 639 34.9,
31.4; IR (fllm) 3054 1654 1530 1198 1102 932 623
cm® HRMS cSEB m/z. [M]* Caled for CaH2sNO;
357. 1729; Found 357.1728.

2-Methoxy-3- (4 methox%/ghenyl)azuleno[l ,2-C]pyridin-
1(2H)-one (4f) : Yield n,Q/? 0. 3 acetone :
hexane = 1:7); Brown solid; Me tmg pomt 198 °C;
'H NMR (400 MHz, CDCI3) Ed J= 89 z, 1H)
831 (d, J = 10.4 Hz, 1H), 768761 m, 3H), 7.56 (t, J =
9.6 Hz, 1H?_|736 t, J = 9.6 Hz, 1H), 7.22 (s, 1H), 7.03-
6.99 (m, 2H), 6.74 (s, 1H), 3.90 (s, 3H), 3.75 (s, 3H);
BC{*H} NMR (100 MHz, CDCI3) 5 160.5, 157.8, 147.
145.7, 144 7, 141.3, 136.6, 136.2, 135.2, 131.0, 129. 0
127.2 1258, 114.2, 113.8, 112.1, 102.5, 63.8, 55.5;
(f|Im 3061 1650, 1530, 1251, 1180, 1110, 931, 619 cml
§EI) m/z: [M]* Calcd for CaHiZNO;3 331. 1208;
Found 331.1208.

g Fluorophenyl) -2-methoxyazuleno[1,2- c}pyrldln-
1(2H)-one (4g) : Yield : 52.3 mg (82%); Rt = 0.3
acetone : hexane = 1:7); Brown solid; Meltmg point : 170-
72 °C: *H NMR (400 MHz, CDCls) 69.76 (d, J = 9.0 Hz,
1H), 8.33 (d, J =104 Hz, 1H), 7.66 (t, J = 9.4 Hz, 1H),
7.59-7.46 (m, 3H), 7.37 (t, J ='9.7 Hz, 1H), 7.29-7.20 (m,
3H), 6.76 (s, 1H), 3.83 (s, 3H); BC{ng NMR (100 MHz,
CDCls) §160.2°(d, J = 250.2 Hz), 157.6, 146.7, 1446,
141.1,140.3, 137.1, 136.7, 1359 1315 1314(d J=109
Hz 129.0, 127.2,124.0'(d, J = 3.6 Hz), 121.9, 121.7,

9 (d, J=21.6 Hz 1150 112.1, 103.7, 64.3; 9F NMR
376 Hz, CDCl3) 6 -111.6; IR fllm 3060, 1652, 1530;
424, 1206, 1126, 933, 645 cm MS EI) m/z: [M]*
Calcd for CaoH14FNO; 319.1009; Found 319.1010.

3-(3-Chlorophenyl)-2-methoxyazuleno[1, 2 c pyrldln-
1(2H)-one (4h) : Yield : 59.0 mg 889 R = 0.C
acetone : hexane = 1: 7?\/|Brown solid; Meltmg pomt 150-
52 °C; 'H NMR (400 MHz CDCIs 59.75 (d, 3= 9.0 Hz,
1H), 835 (d, J = 104 Hz, 1H), 7.71-7.66 m 2H), 7.61-
7.56 (m, 2H), 7.48-7.38 m 3H 7.24 (s, 1H), 6.77 (s, 1H),
3.79 (s, 3H); BC{*H} 00 MHz, CDCl) 6 157.6,
146.7, 1447, 144.3, 141.2, 37.2, 136.7, 136.0, 135.2,
134.3, 129.6, 129.5, 129.5, 129.1, 127.8, 127.4, 114.6,
112.2, 103.3, 64.1: IR (film): 3063, 1653, 1529, 1200,
1111, 931, 795, 680 cm1 HRMS éEI% m/z: [M]* Calcd for
C20H14CINO; 335.0713; Found 33

g Bromophenyl) -2- methoxyazuleno ,2-(§pyr|d|n-
1(2H)-one (4i) : Yield : 65.4 m $86%) 3 (acetone :
hexane = 1:7); Brown solid; Me ting point : 181-183 °C;
IH NMR (400 MHz, CDCI3) 69.74 (d, J = 8.9 Hz, 1H)
835 d J=104 Hz 1H), 7.70-7.56 (m, 6H), 7.40 (t J=

z, 2H), 7.24 (s, 1H) 6.76 (s, 1H) 76 (s, 3H);
13C H} NMR (100 MHz CDCI3) o 157.6, 146.8, 144.
1446 1412 137.1, 136. 6, 135.8, 132.4, 131.6, 131.1,
129.1, 127.4, 123.9, 1145, 112.1, 1030 640 IR film):
3068, 1652, 1530 1201 1106 931 733, 614 cm™; HRMS
gEI%_' m/z; [M]* Calcd  for C20H14Br 'NO, 379. 0208,
20 14Br81N02 381.0188; Found 379.0208, 381.0184.

2-Methoxy-3-(4- (trlfluoromet a/l)ghenyl)azuleno 1, 2-
c]pyrldm 1(2H)-one §]4j) Yiel 5.4 mg (75%);
acetone : hexane = 1:7); Brown solid; Me tmg pomt 185-
87 °C; 'H NMR (400 MHz, CDCls) 59. 76 (d, J = 9.0 Hz,
,8.35 (d, J = 10.2 Hz, iH 783 d,J= 7.3 Hz, 2H),
(d J=7.8 Hz, 2H), 7.69 (t, J = 8.6 Hz, 1H), 758(t J
—92Hz 1H 740(t J—90Hz 1 f 725 (s, lH 678
&s ,1H), 3.76 (s, 3H); 3C H} NMR (100 MHz, CDCI6)
57.6, 146.6, 144. , 144.1, 1411 37.4, 137.0, 136.8
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136.1, 131.3 (q, J = 32.8 Hzg, 129.9, 129.2, 127.5, , 125.3
%J—?ﬂ 2), 124.1 = 2723 Ha) 1146, 1122
35, 64.1; 9F NMR (376 MHz, CDCly) o -62.7; IR
(film) 3060 1655, 1530, 1324, 1166, 1125, 932, 622 cm™;
s (E) iz [M]* Calcd for CaiHiFsNO, 369.0977:

Found 360 D974

2-Methoxy-3- (thlophen -2- yl)azuleno[l 2- CJ ridin-
1(2H)-one (4k) : Yield = 455 mg (74%); Rt = 0.3
acetone : hexane = 1 7 Brown solid; Meltin point : 159-

61 °C; 'H NMR (400 MHz, CDCIsz 59.67 (d, 96 iz,
1H), 8.30 (d, J = 10.3 Hz, 1H), 7.71 (dd, J = 1.6 Hz, 1H).
7,63 (t, J = 9.7 Hz, 1H), 7.56 (d, J = 9.4 Hz, 1H), 7.53 (dd.
J'=2.1Hz, 1H), 7.36 (t, = 9.6 Hz, 1H), 7.23 (s, 1H), 7.17
(dd, J =30 Hz 1H), 707 (s, 1H), 4.00 (s, 3H); BC{H
NMR (100 MHz, CDCls) 5 157.7, 146.9, 1448, 141.

139.1, 1368 136.3, 13 4, 1338, 1295, 129.3, 129.2,

127.5, 127.4, 114.0, 112.2, 101.4, 64.2; IR (film): 3072,
1652, 1530, 1295 1206 1112 928 634 cm1 HRMS (EI)
?31(%0 (l;g]* Calcd  for C18H13NOZS 307. 0667 Found

3- Eth -2- methoxyazulenogl ,2- c]pa/rldm 1(2H) one
54_/) eId 50.1 mg 399% 3 (acetone : hexane =
Brown solid; Meltin pomt 133 135 °C; 'H NMR
400 MHz, CDCls; 5963%d J =8.9 Hz, 1H), 827(d J=
0.4 Hz, 1H) 75 (t, J=9.7 Hz, 1H ,7.51 (t, J = 9.6 Hz,
1H), 732 t, J = 9.6 Hz, 1H), 7.15 (s, 1H), 6.57 (s, 1H),
417(1 290tJ 7.40'Hz, 2H)139( J=4.9 Hz,
ic NMR (100 MHz, CDCls) & 58.1, 148.9,
6, 1446 141.3, '136.2, 136.0, 134.7, 128.9, 127.0,
1140 111.7,98.8, 64.4, 24.6, 12.8; IR(flIm) 3082, 1650,
1531, 1197, 1119, 921, 621 cmi; HRMS (ED m/z: [M]*
Calcd for C16H1sNO, 253.1103; Found 253.1099.

3- Butyl -2- metho>g/yazu|encﬂ1 ,2- c]pgrldm 1(2H) one
g4m) Yield : 55 99%); R¢ 3 (acetone : hexane =
Brown solid; Me tlng pomt 97- 99 °C; 'H NMR (400

MHz CDCI3£5962(d J=8.9 Hz, 1H), 8.26 (d, J = 10.5
Hz, 1H), 7.61-7.56 (m, 1H), 7.51 (t. J = 9.6 Hz, 1H), 7.32
gd J=4.0 Hz, 1H), 7.13 (5, 1H), 6.56 (s, 1H), 4.16 (s, 3H),

85 (t, J = 7.70 HZ, 2H), 181 73 m 2H), 1.52-1.43 (m,
2H), 1.01-0.97 (m, 3H); 1Hf (100 MHz, CDCl;
0 158.0, 147.6, 1475 144, 41.2, 136 1, 135.9, 134.5,
128.8, 126.9, 113.9, 1116, 99.7, 64.3, 31.3, 30.6, 22.5,
14.0; IR (fllm) 3060 1652 1531 1205 1141 921 627
cm® HRMS éEQ m/iz. [M]* Caled for CisH1oNO2
281. 1416; Found 281.1416.

E)-2-methoxy-3- (pro 1-en-1-yhazuleno[1, 2 -C yr|d|n—
g%H) -one (4n) : Yi%ld : 369 mg Zg ]FE)
acetone : hexane = 1: 7?\/|Brown solid; Meltlng pomt 130-
32 °C: 'H NMR %400 Hz, CDCls) 59.61 (d, J = 8.8 Hz,
1H), 824(d J= O4Hz 1H) 7.60-7.48 m 3H) 731 (t
J = 9.6 Hz, 1Hh715 s, 1H), 6.85 (s, 1} 673 d, 1H),
662653(m1 )409(s 3H)201(dd Z, 3H);
13C{'H} NMR (100 MHz, CDCls) & 157.6, 147 3, 144.
143.6, 141.4, 136 3, 136.0, 134.8, 133.9, 129.0, 127.1,
122.4,114.1,112.1, 981 642 192 | hjf”m 3060, 1652,
1531, 1205, 1141, 921, 627 cm’; HR S( I% m/z: [M]*
Calcd for C17H1sNO, 265.1103; Found 265.110

E)- 2 methoxy -3- styrylazuleno[l 2-C 3]pyrldm 1(2H) one
40) : Yield : 642rr,:/? 98%); acetone : hexane =
7); Brown solid; Meltin pomt 171 173 °C; H NMR
400 MHz, CDCls) §9. 65%d J=8.9Hz, 1H), 8.28 (d, J

0.4 Hz, 1H), 76 -7.58 m 3H) 752(t J =9.7 Hz, 1H)
745741(m 4H), 7.38- %nZH)?ZlI\Ss 1H(2;710
1H), 4.13 (s, 3 )' 1BC 1H MR (100 MHz, CDCl;
57.6, 146.9, 1448, 143.2, 141.4, 136.6, 136.4, 13 2
135.3, 135.2, 129.2, 129.1, 129.1, 127.4, 127.3, 119.1.
114.4, 112.2,98.7, 64.4; IR’\%ﬂIm?E 3060, 1652, 1531, 1205,
1141, 921, 627 cm™; ) m/z: [M]+ Calcd for
szH17N02 327. 1259 Found 327 1261.

2-Methoxy-8- methyl -3- Phenylazuleno[l ,2-C pyrldm-
1(2H)-one (4p) : Yield mg (60%); Rf = 0.3
(acetone : hexane = 1:7); Brown solid; Melting pomt 201-
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203 °C; 'H NMR (400 MHz, CDCl3) §9.58 (d, J = 9.6 Hz,
1H), 8.20 (d, J =10.8 Hz, 1H) 7.71-7.68 (m, 2H), 7.49-
744(m 4H), 729(d J=108 Hz, 1H2 7.1 (s 1H), 6.74
s, 1H), 3.7 3H) 2.69 (s, 3H) C{lH} NMR (100

Hz, CDCls) 5157 8, 148.9, 146.1, 145.3, 143.6, 139.5,
135.5, 135.2, 133.7, 129. 9, 129. 6, 129.2, 128.3, 128.3,
114.7, 111.9, 103.0, 63.9, 283 IR (fllm) 3061 1651,
1536, 1198, 1085 920 642 cm1 HRMS (EI) miz: [M]+
Calcd for C21H17N02 315, 1259; Found 315.1258.

2-Methoxy-5- methyl -3- ‘phenylazuleno[l ,2-C pyridin—
1(2H)-one (4q) 72%); R =
acetone : hexane = 17) Green solid; Melting point : 215-
17 °C: *H NMR (400 MHz, CDCls) 59. 63 (dd, J = 3.3 Hz,
1H), 8.21 (d, J = 10.6 Hz, 1H), 7.7 771(m 2H), 7.56 (t,
J = 9.7 Hz, 1H), 7.52-7.49 (M, 3H), 74 (t, J—98 Hz,
1H), 7.30 (t, J = 9.7 Hz, 1H), 676 s, ) 3.76 s g
2.61 (s, 3 )' BCL{H} NMR (100 MHz, CDCIs

146.7, 1457, 141.0, 139.9, 136.4, 1345, 1337 1335
129.6, 129.4,128.5, 128.3, 125.8, 119.1, 113.0, 101.3, 63.¢;
100 IR (film): 3054, 1651, 1527, 1296, 1192, 929, 644
cmt; HRMS éElf m/z: [M]+ Caled for CxHi/NO;
315.1259; Found 315.1262.

5-Chloro-2-methoxy-3- phenylazuleno[l 2- c%)grldin-
1(2H)- one(7r) Yield : 57.5 mg (81%); acetone :
hexane = 1:7): Green solid; Meltln pomt 2182 0°C; H
NMR (400 MHz, CDCls) $9.68 (dd, J = 3.4 Hz, 1H), 8.37
d, J =105 Hz, 1H), 7.76-7.72 (m, 2H), 7.70-7.65 (m, 1H),
56 t, J—98Hz lH) 7.53-7.50 (m, 3H), 7.48-. 43(m
1H), 6.84 (s, 1H), 3.76 (s, 3H): C{'H} NMR (100 MHz,
CDCI3) o 157.0, 147.0, 143.4797, 139.2, 137.9, 137.5,
135.7, 133.3, 133.2, 129.7, 129.6, 129.5, 128.4, 127.7,
112.3, 111.3, 100.1, 64.1; IR (fllm) 3057 1658 1525
1180, 1126, 938, 769, 610 cm'l; HRMS m/z: [M]*
Calcd for CaoH14CINO; 335. 0713; Found 35 0 15.

2-Methoxy-4-(3-methoxyphenyl)-3- gp tolyl)azuleno[l 2-
c]gyrldm 1(2H) one (4s¥ Yield : 50.5 360%) Rf
acetone : hexane = 1: 7 Brown solid; Me ting FOI
188- 190 °C; IH NMR (400 Hz CDCls) 59.82 (;:i
Hz, 1H), 825(d J=10.4 Hz, lH , 7.66 (t, J=9.7 Hz, 1H‘,
759(t J=9.7 Hz, 1H), 735(t J 96Hz 1H), 7.23 d,J
=7.5Hz 2H 719(t J=7.9Hz, 1H), 710708(m )
684§d J= 5Hz 1Hg 6.80-6.77 milH 6.73 (s, 1H};
3.77 (s, 3H), 36653H 2.34 (s, 3H); 3C~BH1} 5100
MHz, CD |3) o1 94 157.3, 1479 '144 43.4, 141
1385 138.0, 137.0, 1368 136. 1, 130.9, 129.2, 129.1,
129.1, 1285, 127.1, 123.7, 1165 115.5, 114.0, 1129
112.5, 64.0, 553 215 IR fv;lm) 3051 1653 1508 1236,
1036, 942, 656 cm?; HRMS (El miz: [M]+ Calcd for
ngHngOs 421. 1678 FOUHd 421 1680.

2-Methoxy-4- methyl -3-phenylazuleno[1,2- c%p%/rldin-
1(2H)-one (4t) : Yield : 44.7 m ?71%) R¢ acetone :
hexane = 1:7); Brown solid; Melting point : 168-170 °C;
'H NMR (400 MHz, CDCI3) 69.82 (d, J = 9.0 Hz, 1H),
8.39 (d, J =10.3 Hz, 1H), 7.69 (t, J = 9.8 Hz, 1H), 7.59 (t,

J'=9.7 Hz, 1H 754745m5H2740tJ—97Hz
1H), 7.31 (s, 1H), 3.8 (s, 3H), 2.22 (s, 1H); *C{*H} NMR
100 MHz, CDCly) & 157.3, 148.7, 144.1, 142.7, 141.3,

37.0, 136.7, 1360 132.7, 130.2, 129.0, 128.9, 128.3,
127.1, 1142, 110.9, 108.6, 63.9, 14.9; IR (film): 3056
1649, 1531, 1340, 1206, 948, 647 cm™: HRMS Elg m/z:
[M]* Calcd for Ca1H17NO, 315.1259; Found 315.126

3-Butyl-2- methoxy -4-methylazuleno[1,2- clp ridin-
1(2H)-one (4u) : Yield : 48.4 mg /03/ R = 0.3
acetone : hexane = 1:7); Brown solid; Meltlng point : 137-
39 °C; 'H NMR (400 MHz, CDCl3 59 68 (d, J = 8.9 Hz,
1H), 830(d J =104 Hz, 1H), 7. 0 (t, J =97 Hz, 1H),
752(t J=19.6 Hz, 1H) 7.33 (1, J = 9.6 Hz, lH% 723 s
1H), 4.16 (s, Sw 2899 J—79Hz 2H), 2.4
173165 RA152 169tJ—34Hz
13C R (100 M z C CI3 {1H} NMR
100 MHz DCl3) 5 157.5, 149.0, 1442 1440, 141.4,
36.2, 136.1, 1350 128.9, 126.9, 1135 110.6, 106.6, 64.4,
31.3, 282, 22.9, 14.0, 13.9; IR (fllm): 3076, 1648, 1532,
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1383, 1293, 920, 627 cm™; HRMS (EI7) m/z: [M]* Calcd
for C19H21NO, 295.1572; Found 295.1571.

CCDC-1923064 (3a) and CCDC-1946573 (4a?]_contains
the supplementar% crysta_llographlc data for this pafl)_er
These data can be obtained free of charge from The
Cambrldé;e Crystallographic ~ Data entre  via
www.ccdc.cam.ac.uk/data_request/cif.
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