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= 33E 2 oo AW #3 Ao},
2 Age slr] 382 12 ZAEE olFdeifitE IFES AT
[5}8F4] 1]
O
O
(GO
" Ar
R2

(71 sFeb4 1004,

RE C1-C2097, BH2C1-C2097), 270, C1-C209H3A], &RC1-C209-5 4], C1-C20%27kRd | 3H2(01-C20%
A7lRd, C1-C20¢FA7IRY |, SFR(CI-C20LFAIZIR Y, (6-C200}HC1-C20¢4, (6-C200FAC1-C20L4 A=A,
(6-C200F8 == (3-C208| "l ZolH o] at;
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[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]
[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

S=s35l 10-2498878

n 0 WA 59 A5, mo] 2 o]4ke] A4l A RS AR FASAL Aold 5 9L,

R= T4, Cl-C20¢Z, =7, C1-C204FA], TE(1-C20LA], C1-C2028Z7tRd, STEC1-C204ZA7Rd,
C1-C204Z A 7R | SFZ(1-C20LZ A 7R | C6-C200F2 7 e | (6-C200}2(C1-C202ALA], (6-C20018 E=
C3-C208 Bl ZobRolar, A7) R 27, of& o slelZold e C1-020907, $RCI-C20%7, C1-C202HA], &
2, YolER | C1-C20¢ZA7lEd, C1-C20¢=F A7t d, (6-C200}E, -NHSOR' 2 C6-C200FH A2 o] FoiA
TORRE dYyE sty o]deR ¥ XFd 4 9l

R'E C1-C20%7, (6-C200+E, C6-C200FE(1-C2024 mE= (1-C202A6-C200tH o] 1 ;

Ar& (6-C200}8 w3 (3-C208) 8 2ol o] a;

A7 R 2 Are] of2l @ g RolR e (1-2027 , FRC1-0209H2 , C1-C202=A], 327, C1-C202 AR Y
C1-C20= A7k d | (6-C200}, C6-C200}H&A], C6-C200t 7R d 2 C6-C200LH A 7IR LR o] Fojx o

298 AgEE sht olgom o g8 + 9

)

al
A7) sl zelde N, 0 2 SEHE AuE= 1 UK )9 duzdAEs £gE))
o AAdd Qold, A7) mE 0 WA 39 A5 & gom, Re XE AFHALOH nol 2 @ 33 AS-
Re 42 SdaAY gold & ut.
o] AAde] glolA, 7] me 0 EE 19 F5A = 9},

Q Aol el A7) chEeFebe SgEe o) Hehd oem wAE & Ak

(7] 38t 204, R 2 Are A7) 34eha] 1ol M) gele} Hola;

RU= o2, C1-C209H7) . B2(1-02027, &2, C1-C2023A], 8H2(1-C2023A], C1-C20 A7 Ry, & &
C1-C202H 27 | C1-C20E A 7h1d | S (1-C209HA 7k Y | 06-C200F2 0102024, C6-C200F 2 C1-C202
7S A, 06-C200+2 TEZ (1-C202H2C6-C200F D o]t} .)

o AAe]o] we 7] 534 20 QolA, A7) R = 42, (102027, 3FZ(1-0202H2, 06-(200+2C1-C20
70, (6-C200+2 = (1-C202Z1C6-C200t2 0] a1; R 22, (1-C20%7 Ei= (6-C200t2o|ar, 47] R'e] o2
9 ol (1-020¢7, FRC1-02047, &l 2 (6-C200}H & o] Folzl FogHE HEEE sh} oo
o x3= $= 9lar; Are (6-C200+8 FE= C3-C03 | ZolHolar, A7) Ard o}l 2 e oS (1-C2022
F201-02027, &2, C1-C20L A7k, C1-C202H2A 7hd | (6-C200}2, C6-C200k27bnd 2 (6-C200}
SN IR R o]Fojx FoRHE MEx= shy oo m o X3E 5 gt}

11

A AAldol] wE A7) 33k 26 ol A7) R = $4, C1-Cl02-, F2(C1-C109-2, C6-C120+HC1-C10Y
7], (6-C120}8 Ei= C1-C102Z06-C120} Lol a; RE 424, (101097 m= (6-C120}Polx, A7) Re 22
9 ol (1-Cl0¢, FEC1-C10¢7, &z 2 (6-C120}H & o] Folzl FogHE Hens sh} ojaow
o gk = Qlar; Are C6-Cl20}3 T C3-ClodH 2oldolar, A7) Are] ol 2 g Zolde C1-C10¢7,
g201-Clo0e7, =2, C1-Cl0227tRyY, C1-ClogdFA 7Y, C6-C120+2, (6-Cl2otd7trd 2 (6-Cl120}
AR R o] Rojx] o2 HE] MEy= s o]do® ¢ &E 5 Q).

A Ao wE A7) B8k 2o glejA, A7) R & Fa, C1-Cl097 Ei (6-Cl2obdeli; R 24 Ei
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[0081]

[0082]

[0083]
[0084]

[0085]

[0086]

[0087]

[0088]
[0089]

[0090]
[0091]

[0092]

SS=50l 10-2498878

C1-C10¥Zoar; Ar (C6-Cl2o}E = C3-ClOsIHZolHolar, 7] Are o C1-Cl0¢Z, &=2(1-Cl0¢Z,

ezl 2 C1-Cl0LHAFRLE o] Fojx Togiy MuHt sh) ojdow o Aa" & v},

o AAeo] W 7] 84514 20 glolA], A7) RE Fa, (1-0527, Y Ei ymdoe|y; RE 4 EE
-

== j— ) ) ) 1
7y 5P o 4, (1-05¢2, E2C1-6¢7, =27, C1-C5EFA 7R dolal; Y= 0 & SOt}
A AAlde] mE ol nFElE JFES WU FAHORE 7] FxoA AMeld 4 glon), o& IAHEE=
AL ol
o} o} o} 0
O O Me o Me o
00O o0 (o0 Co0w
o} e} o) 0
O cl (0] (@] (o]
S
) IO oA )= IO
0 o) 0
0

Me
olgt, & Wi W& olEulnTrele FES Az diste] AdAlsl ATt
£ ouge PR Qo] ¢ AU 9 $82 QY] 84 19 ofEdnFebe iEs Axse W
HE Asgth
2 o] #3hA 19] ol FroteE StES AxHEoREA, olgE(Ir) Ful, & AtsiAl ® oMAEAY A
7HAlo] &AL 3F, st7] s 39 ofEd-1-FHAAt SeHE 9 slEA] 49] thololdeto|l o E=wY SES v
SA1A 371 sEk 19 ol eirEtE StES AXste WHES AlEeit:
[shek4) 1]
@]
0]
(GO
Ar
—
R2
[3F3k4) 3]
(@]
H OH
—
RZ
ELCIY
® O
[Ar-17x
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]
[0104]

[0105]

[0106]

SSE36 10-2498878
(7] 3Fska] 1, 3 2 404,

RE C1-C209H7), 2(1-020927, 271, C1-C209%3A], F2C1-C209 4], C1-C209H17kRd | &=(1-C20%
ZA7tRd, C1-C20L4ZA7tR Y, T2(C1-C20UFA7IRY, (6-C200F2C1-C20224, (6-C200FEC1-C2024- 24 2],
C6-C200}4 1= C3-C203|| el o} o] aL;

1 -
m 0 WA 50 Az, mo] 2 o] Al B4 RS A& Fdaru dold & aL;

R= S C1-0209H2, 327, C1-C2023A] . 32(C1-C2022 4], C1-C202A7tRyY  &201-2022 7R
C1-C204F A7t d | FR(C1-C202F A7t d | C6-C200+2 7 R | (6-C200+AC1-C2042-%A] | (6-C200}E E=
C3-C20al el 2o ol 3, 7] R &7, o}h 2 s solR e (1-02092 , FZ(1-02022 . C1-C202H=A], 3
24, JolER (C1-C20¢-A7trd | C1-C20¢F A7t d, (6-C200}2, -NHSO.R' 2 C6-C200tH A2 o]Fo)xl
TOoRRYH dEyE sty o)dew ¢ X3E 4 9l

R'E C1-C202, C6-C200F2, (6-C200}2(C1-C209 T C1-C202-A(6-C200} L o] 11 ;

Ar& (6-C200}8 mE= (3-C203) 8 2ol o] i;

A7 R 2 Are] o}l @ gl 2ol (1-02027, FRC1-C202H2), C1-C202H=2A], 327, C1-C20A 7wy
C1-C20= A 7FRd | (6-C2001-, C6-C200}H2-A], C6-C2001H 7R 2 C6-C200tH A 7R EZ o] Fo]x &

23 AEEE st oldor o (g8 5 g

X 17} Soleolt}))

T3, B e 3eky 19] olE Y Frebis FgtEo] Az ora, olgdF (Ir) v, & A3kA 2 olNE
Ak HIEA Y EA b, dlr] 3FekA 3A9] 2-olHot=d-1-7ME A4 RS B a3 wSAlA A 3}
shal 19 olFHwfFEhE T ES AxdE WS ATt
[s}e4] 3A]
o)
H OH
1

(R )m/\/ X N

R2

(471 seta) aelAl, R, R Ar 2 e 471 S19b 10049 gelsh BAslt})

wee) Azgel mEw, 54 4 Fujel oelF(Ir) Fuish 54 AsAIsh A7HA & WshA @ ob4
A A AR Qstel W-mAwels WIS Golia S obEA-1-AHRAN SR (e
9 thololdlotol e R AFR(SHAA 1)) EA WS, F C(2)-okds % B -0

Hlone-pot) 02 ThFF ABAF BYH obFe e HFE(ENY DS wAGHoR TEH

F 9,

COlAEr) ), & A5 B obERD B &4 o, olEd-1-718A4 SPE(sA 3) 2 o
olelotol e e B (S HRRE RS flo] olelF-HushE A9 C(2)-othske
p-obeol A -1-7b 2 A4 s (3heta) 3a)o] AAE T ddojo] AW nelsh weo] AaHo] Eapy -
k=4 )
=

- 3
A FAstel ol nFeis FRRENA Dol Y-RoR nsEr Axd 5 A,

Wt o & (M ork
4

S i o )\
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[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

S=S0ol 10-2498878

Q cat. Ir (e}
A OH Ag oxidant O
(RDm<Z X v (ol @O _acetateaddiive | (g1 R
¢ { L- one-pot mo~ Ar
== S
? 2
3 R 4 1 R
0
H OH
(R1 )m \/ N
/ .
C(2)-arylation At intramolecular
== C-O bond formation
RZ

(7] WA 1614, R, R, Ar 2 o A7) 3hetA 1

o A A] o o] 2 olgl+(Ir) =
(Pentamethylcyclopentadienyliridium(III) chloride
IrCl; (Iridium(III) chloride), Ir(ppy)s

¢’ Nliridium(111)), [ (ppy)>1rCl],

(ppy)2lIr(acac)

(Bis[2-(2-pyridinyl-N)phenyl-C](acetylacetonato)iridium(III)),

ol el Aejel Tdata; X &= 7] 8k 4o Ao

[Cp*IrCl.], (Cp*=pentamethylcyclopentadienyl)

dimer), Ir(acac); (Iridium(III) acetylacetonate),

(ppy=2-phenylpyridine) (Tris[2-phenylpyridinato—

(Dichlorotetrakis(2-(2-pyridinyl)phenyl)diiridium(III)),

Ir[ (ppy)2(dtb-bpy) IPFs

([4,4'-Bis(1,1-dimethylethyl)-2,2"'-bipyridine-N1,N']bis[2-(2-pyridinyl-N)phenyl-Cliridium(III)

hexaf luorophosphate), [Ir(cod)Cl],

(Cp*=pentamethylcyclopentadienyl)® ©o]Fo] %l
o e 2 & SHA vl s A= [Cp*IrCly]

27) el E(Ir) Fuls 47] ek 39 ofFA-1-7% A4 H3E i 58
vt A= 1.0 WA 10.0 mol%,

st=of &) 0.5 WA 20 mol%,
2 AREE 4 9l

b

o

E (tetrafluoroborate, BF, ), E@]Z# o] E(triflate,

(Bis(1,5-cyclooctadiene)diiridium(I) dichloride) %
TOoBREE MY

) Aol W A7) 5ot 4el4 H7] X b gel o

IrCp+(0Ac),
Qom, B} £

S EE B oolgY &
& A8 5 gk,

b2 3A9) 2-ofotEdl-1-7h5 At
Wl nggsAE 1.0 WA 5.0 mol%

2, FAZFoRE dfolt HEHZFLEZHY O

CF4S0; , OTf ) EA o] E(tosylate, CHyCsHS0; , OTs ),

ANALZ 2 0 2 ¥ ~ 5 o] E (hexaf luorophosphate, PFs ) Fi= o}lA|E]o] E (acetate, OAc )Y 4 AT},

ne

>

>

£2

: =2
N ==}
— rlm

MAZ AT A 58 2 A

oA AAlefol upE

AgOAc (silver acetate),

bis(trifluoromethanesulfonyl)imide) % AgOTf (silver trifluoromethanesulfonate)® o]Fo%
iS4 2 & SHoA s A= AglAcs AMEE

47 384 9] vrelololol L E Y BT S
U4 3 9, dhrEele 1 ulA 2 9, woh agdsAE 1A 15 9% e Aee
SwolA b A E 5 9

& AbskA| = AgO (silver(II) oxide),

AgSbFs (silver hexafluoroantimonate(V)),

471 3k8tA] 39 ofEd-1-7hEAA Skt

Ag,0 (silver(I) oxide), Ag,CO; (silver carbonate),

AgNO; (silver nitrate), AgNTf, (silver

O 7 HE

3etE e 3hhy 3A9) 2-ofHolEAl-1-7hEAAt B

H R AR Ak A7 W HelA & 2t

HEsE s e B o3d 5 gow, FAA,
Sk,

47 e ArsAlE 7] B 3e] ohEAl-1-7hE A4

B 1 gl val 1w 5 3%, wAsAE 1 uA 3 g
A AT AT BT BE wsd 2SS ekl S o,

A A o] w2 ol EAH
LiOAc (lithium acetate),

NaOAc (sodium acetate) % CsOAc (cesium acetate)® ©]Fo]zl

A7NMAE ol EA dztalFEdom FAFOZ KOAc (potassium acetate),

FozyE e
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[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

SS90l 10-2498878

o e
HAEA AAAE 37 B8 39 obFd-1-71EA
C 5 WA 3 g, derEslE 1

Res J

H
=
& A By dddE veAd ® a8 ek g 3id

e
i1
>
2
2
=
il
ic)
=)
o
>
>,
Lot
2,
S,
(o]
o
>
(m
>~
>,
o2
i)
N
)
é
o
)]
=)
HE
o?
ok,
X,
rlr
()
o
*
o
(ep}
&
o=
0Q
(&)
=
o
g
=
(&)
=
o
1o,

= T1 o

st 4 e Aozt f7]8we Ads E "eE %iﬂr. ?Zﬂﬂo& A}%ﬂzf& 7 1% H%

(DCM), Y ZFZZAE(DCE), 1,4-t}o]SAt, HEESO| =2 FH(THF), t-FEU¢E, t

ge Y, ISR R AZEZRAL o ELEH(MeCN), EF4, ﬂuﬂ%ﬁ%o}U}ﬂE(DMF) UrO]E
]

He, SREYE, oMAE o2, o2 ATEHAE o, HkEE] &34 To oS aEsle yEER
HeH(DCM), YE2 2| eH(DCE), oFAEYUCEL (Me(N) 2 S22 F 02 o] F o oA AEH= sy e
= oY /78 vE AT 4 dow, B g RESA SHoA tER 2 eH(DCE), YHExEFolrlel=

(DIF) = o] 59 EFEE AHgat 2o Fu.

9 AAde] e 7] Wse 50 UA 100C, vhEFAsAE 60 WA ST FAY F gont, weewst
o AT AL o], Bao) weh 289 S vk ER, WAL G4 WSEA, §uie] FF L )
o ¢ Bol weh gebd & glom, IC 5 Fael uBhe] 2y Aol AHRE FAF F Mg

L gol AR P HlA g FRAN T, AP AsvhEads, 424 5o Ty P

AN Slol, 47 S ahe) ollol A1 AN SATEL AT o), & s % Lo
oJEA AAAS EAl o, A7) F5HA 39 ofEA-1-71B A SR W H5H4 49 thojeldojol o u ke 3
s WEAA AxE Ao

A7) el (In) Ful R & WsAle FReh FFL FET vsh FUs,

/}:}7] E‘L_Z\_ﬂ] O]Eﬁ] ;;(517]‘11]"5_‘ KgPO/l, KHQPO/l, KQHPO/l, NaH2PO,1, NagHPO4, L13P0/1 ‘3% L1H2P04§ O] Oi ] ‘Q_E_‘T‘E']
St m E ool & gow, W 2 S8 oM nRHIAL NP0 AT 5 Qo 4] st
4 39 ohZA-1-7A SR 1 g3l gial 0.5 U4 3 9, whgEele 1 U4 15 33 W92 AL
@ % stk A7) EadelEA 7o) Ao dlatel obF -1 A3 3) 2 dholobdel
oEFY B (BT R GARAD Glo] ol F-Fulsh ANAEA C(2)-olLshw FEHE -0}

YolZU-1-7b A SR (B84 3DFS AeKow AR 5 At

iy

7] 3hea 3A9] 2-ololEU-1-7FRAA) SEES Axsr] 9 Hke =
A 80°C, ®FEASHAE 60 WA 70CY 4 Urt.

A= AL ofyut, 60 W

o) AAee] wE A7 s4sHa 3ael QoA A7) RE 101027, 201-01097, (6-C120F8C1-C109H4
C6-C120+2 = (1-C102Z06-C120kd o] ;s m 0 Ei= 19 HFo]a; R 4, (1-01027 E= (6-C120}2
oli, A7) R 97 @ ofhe (1-01097, F2C1-C1027, 2zl 2 (6-Cl2opd @ o] Rolxl Fo mHEl A
BE = sh o) dow o A%kE 4 9lal; Ard 6-Cl2obd HiE (3-ClodlelReldolal, 7] Arel o}d 9 3
gl 2old e C1-Clo¥Z, &=C1-c10e, d=4, c1-cloez ma, C1-Cl10¢F A7k d | C6-C120H, (6-C12
ofd7trd 9 C6-Cl2otE AR E R o] Fojx worRE My sl ooz o X&d = gitt.

o Aol W2 4] sheHa 3ad] QofA, 7] R (1052, dd i UZge|:; nd 0 Ei 19 A5

IS

== ' T Y
N\ \/\) *mR' Py
olm: R'E Fa EE C1-C52o|2; Are LSS g vLTRY

, RV ER'E 44 SHHoRE 4, (1-66¢7, %iCl—CS%‘ﬁ, g2, C1-C5LFA7tR el Y= 0 &
SO]E‘r.

s H
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]
[0136]

[0137]

SS90l 10-2498878

g Al wWE Feta 3ae] 2-clPolEA-1-71H A FHEE 5
AL opy,

Me Ph Os O

ﬁL
N
-
BN
it
£
>
i)
&
30
o
iy
)
2
%
ot
A

ol3h, AAelg F3kel B wriel T4 wrk TAROR AYHAT, vl ANeEL B wye] vgt o3
£ w571 g Ao2A, B die] HYrt o7]d IekE A ol
AN 1 . olEd x=Feli=(azulenofuranone) 33HE (1)9 A=z
o [Cp*IrCl,]5 (4.0 mol%) o)
H OH AgOACc (3.0 equiv) O
(R1)m/\/ N + [Ar%I@X@ KOACc (1.0 equiv) (Rﬂ)m\/ SN
2 DMF, 80°C, 2h $ Ar
== ) X = OTf, BF, = ,
3 R 4 1 R

Aa g7] stollA ofz#-1-7HEA4E stE (3) (0.2 mmol, 1.0 equiv), thololdololeExw4 33E (4)
(0.24 mmol, 1.2 equiv, X=0Tf (HA]o 1-4,6-11), BF, (AAld 5)), [Cp*IrCls.]y (4.0 mol%, 6.4 mg), AgOAc

(3.0 equiv, 100.2 mg), KOAc (1.0 equiv, 19.7 mg) 2 DMF (1.0 mL)S &3%3}ar, 80TCoA 2417 T 60Tl
A 6AIZE B MRAIAY, Rk 85§ kS E3ES Ao WA, AgelE =g oAl D}
st Al oJAS FHAAT. w59 AFRES P A Z94 49 a=2rEaHI2 GAste] = §]r§a
olFd =Feke 33E (1S 53804,
A7 718 BEE o] g35le] gkt olFd =Tk EE (DS AxsSid.

[A A 1] 3-Phenyl-1H-azuleno[1,8-bc]furan-1-one (& 1-1)¢] A =x

i
AC)
NI

=)
o 2

o)
0

O i 1_1

HhS-2 % 80C; WHSAIZE @ 2247

Yield: 43.3 mg (88%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 106-108T; H MR (400
MHz, CDCls) & 8.37-8.32 (m, 3H), 7.94 (t, J = 10.4 Hz, 1H), 7.63-7.58 (m, 2H), 7.55-7.48 (m, 3H),

7.45-7.41 (m, 1H); "C{'H} NMR (100 MHz, CDCl;) & 163.0, 156.8, 148.6, 145.1, 138.3, 137.5, 137.4,
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[0138]

[0139]
[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

SS=50l 10-2498878

134.1, 129.9, 129.2, 128.6, 128.4, 117.3, 113.9, 110.2; IR (film): 3060, 2360, 1760, 1633, 1495, 1348,
1219, 1104, 756, 668 cmfl; HRMS (ED) m/ZI[M]+ Caled for Ci7Hi0; 246.0681; Found 246.0684.

[AA]d 2] 3-(o0-Tolyl)-1H-azuleno[1,8-bc]furan-1-one (33IE 1-2)¢ A x*

e}
O Me
OQ D 1a
W2 80T WESAIZE ¢ 2A]%F

Yield: 36.4 mg (70%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 125-127C; H MR (400
MHz, CDClz) & 8.40 (d, J = 9.4 Hz, 1H), 7.98 (t, J = 10.4 Hz, 1H), 7.86-7.84 (m, 1H), 7.63 (t, J =
10.1 iz, 1), 7.50 (d, J = 9.9 Hz, 1), 7.37-7.32 (m, 4i), 2.61 (s, 3): CLH} MR (100 Mz, CDCls)
§ 162.5, 157.3, 149.1, 144.3, 138.6, 137.8, 137.2, 136.9, 134.3, 131.3, 131.3, 129.1, 128.2, 126.3,
121.7, 113.7, 112.0, 21.2; IR (film): 2359, 2340, 1769, 1634, 1496, 1455, 1337, 1219, 756 Cmﬂ? HRMS

(ED m/ZI[M]+ Caled for CigHis0; 260.0837; Found 260.0834.

[AA]d 3] 3-(mr-Tolyl)-1H-azuleno[1,8-bc]furan-1-one (33E 1-3)¢ Ax

o}
O Me
OQ ) 1a
W2 80T ; WESAIZE ¢ 2A]%F

Yield: 37.5 mg (72%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 181-183T; H MR (400

MHz, CDCl;) & 8.31 (d, J = 9.4 Hz, 1H), 8.15-8.12 (m, 2H), 7.90 (t, J = 10.4 Hz, 1H), 7.59-7.54 (m,

OH), 7.45 (d, J=9.9 Hz, 1), 7.41 (t, J =7.6 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 2.47 (s, 30); C{'H}
NMR (100 MHz, CDCly) & 163.1, 156.8, 149.0, 145.2, 138.8, 138.2, 137.6, 137.4, 134.1, 130.9, 129.19,

129.16, 128.3, 126.0, 117.3, 113.9, 110.4, 21.7; IR (film): 2363, 1759, 1634, 1490, 1389, 1218, 741
cm 3 HRMS (ET) m/ZI[M]+ Calcd for Ciglli0, 260.0837; Found 260.0836.
[AA]d 4] 3-(p-Tolyl)-1H-azuleno[1,8-bc]furan-1-one (Z3&E 1-4)¢ A =x

o]

(D~
1-4

WS- 80C; WHSAIZE @ 243k
Yield: 37.5 mg (72%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 186-188T; lH NMR (400
MHz, CDCls) & 8.25 (d, J = 9.4 Hz, 1H), 8.18 (d, J = 8.1 Hz, 2H), 7.84 (t, J = 10.3 Hz, 1H), 7.54-

13 1
7.49 (m, 2H), 7.39 (d, J =9.9 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 2.41 (s, 3H); C{H} NMR (100 MHz,
CDCl;) & 163.1, 156.5, 148.9, 145.1, 140.4, 137.8, 137.6, 137.1, 131.5, 129.9, 128.6, 128.3, 116.8,

113.9, 110.2, 21.7; IR (film): 2916, 1758, 1635, 1496, 1455, 1341, 1218, 802, 772, 739 cmil: HRMS (ED)
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[0150]

[0151]
[0152]

[0153]

[0154]

[0155]
[0156]

[0157]

[0158]

[0159]
[0160]

[0161]

SS=50ol 10-2498878

m/z: [M]+ Caled for CigHis0; 260.0837; Found 260.0839.

[A A4 5] 3-(3-Chlorophenyl)-1Hazuleno[1,8-bc]furan-1-one (3}3&E 1-5)9 A=

o)
o cl
Oo D 1o
HhS-2 % 60T WHSAIZE @ 6247

Yield: 29.2 mg (52%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 184-186T; 'H MR (400

MHz, CDCly) & 8.39 (d, J = 9.4 Hz, 1H), 8.30-8.27 (m, 1H), 8.25-8.24 (m, 1H), 7.99 (t, J = 10.4 Hz,

M), 7.66-7.60 (m, 2H), 7.51 (d, J = 9.9 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.40-7.38 (m, 1H); C{H}
NMR (100 MHz, DMSO-ds) & 166.0, 151.9, 142.0, 140.3, 140.1, 139.7, 138.6, 137.8, 131.8, 130.8, 129.0,

127.9, 127.5, 127.0, 122.5, 119.5, 115.7; IR (film): 2915, 2359, 1768, 1537, 1455, 1106, 741 cm ' HRMS

(ED) m/z: [M]+ Caled for C17H935C102 280.0291, C17H937C102 282.0261; Found 280.0289, 282.0340.

[ A4 6] 3-(4-Chlorophenyl)-1Hazuleno[1,8-bc]furan-1-one (3}3&E 1-6)9 A%

o)
OQ O
1-6
HhS-2 % 60T WHSAIZE @ 6247

Yield: 42.8 mg (76%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 173-175TC; H MR (400
Hz, CDCl;) & 8.32 (d, J = 9.3 Hz, 1), 8.20 (d, J=6.8 Hz, 20), 7.92 (t, J=10.3 Hz, 1), 7.58 (t,

J=10.0 Hz, 1H), 7.51 (s, 1H), 7.46-7.42 (m, 3H); ~C{'H} NMR (100 MHz, CDCl,) & 162.9, 157.0, 147.1,
145.1, 138.6, 137.7, 137.5, 135.8, 132.6, 129.8, 129.4, 128.6, 117.3, 114.1, 110.2; IR (film): 2359,
9341, 1780, 1635, 1495, 1113, 1093, 539 cm : HRMS (EI) m/z:[M]' Caled for Culls C10, 280.0291,

Colly C10, 282.0261; Found 280.0291, 282.0273.

[AA]d] 7] 3-(4-Bromophenyl)-1Hazuleno[1,8-bc]furan-1-one (3}3+&E 1-7)9 A=

O

D )
‘4!!ii 1-7

TS 60T; HHSAIZE @ 6AIRE
Yield: 50.6 mg (78%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 199-201C; H MR (400
MHz, CDCl;) & 8.34 (d, J = 9.4 Hz, 1), 8.14 (d, J = 8.4 Hz, 21), 7.94 (t, J = 10.4 Hz, 1H), 7.62-

7.57 (m, 30). 7.53 (s, 1H), 7.46 (d. J = 9.9 Hz, 10); "C{H} NMR (100 MHz. CDCl;) & 162.9. 157.1,
147.2, 145.1, 138.7, 137.8, 137.5, 133.0, 132.4, 130.0, 128.6, 124.3, 117.4, 114.2, 110.2; IR (film):
2926, 2360, 1755, 1635, 1493, 1460, 1336, 1262, 1103, 801 cm : HRMS (EI) m/z:[M]" Caled for CyHy BrO,
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[0162]

[0163]
[0164]

[0165]

[0166]

[0167]
[0168]

[0169]

[0170]

[0171]
[0172]

[0173]

SEE5] 10-2498878
393.9786. CyH, Br0, 325.9766; Found 323.9788, 325.9782.

[A A4 8] 3-(Thiophen-2-y1)-1Hazuleno[1,8-bc]furan-1-one (3}3+&E 1-8)9 A=

o)
S
Q N B
HhS-2 % 60T WHSAIZE @ 6247

Yield: 32.9 mg (65%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 115-117C; 'H MR (400
Hz, CDCl3) & 8.26-8.24 (m, 2H), 7.87 (t, J = 10.4 Hz, 1H), 7.56 (t, J = 10.1 Hz, 1H), 7.46-7.44 (m,
2H), 7.34-7.32 (m, 1H), 7.20-7.18 (m, 1H); 13C{lH} NMR (100 MHz, DMSO-ds) & 161.8, 155.7, 144.1,
139.6, 139.5, 138.4, 137.6, 137.4, 130.2, 130.1, 129.9, 129.1, 117.0, 115.1, 107.7; IR (film): 2918,
2360, 1763, 1628, 1498, 1338, 1098, 566 Cmili HRMS (EI) m/z: [M]+ Caled for CysHgO.S 252.0245; Found
252.0246.

[2Aldl 9] 7-Methyl-3-phenyl-1/Fazulenol[l,8-bc]furan-1-one (33 1-9)9] A%

O

OQO

g% 80T RE&AIZE & 2417

s

Yield: 37.4 mg (72%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 184-186T; lH NMR (400
Mz, CDCls) & 8.29 (d, J = 7.6 Hz, 2H), 8.18 (d, J = 9.9 Hz, 1H), 7.53-7.49 (m, 4H), 7.42-7.38 (m,
OH), 2.83 (s, 3H): C{H} NMR (100 MHz, CDCly) & 163.2, 156.1, 151.6, 147.5, 144.3, 136.5, 136.1,

134.4, 130.1, 129.7, 129.2, 128.5, 117.3, 115.5, 110.0, 29.9; IR (film): 2928, 2362, 1768, 1644, 1496,
828, 754 cmfl; HRMS (ED) III/ZI[M]+ Caled for CigHiz0; 260.0837; Found 260.0836.

[A A4 10] 3,7-Diphenyl-1H-azuleno[1,8-bc]furan-1-one (3}3+E 1-10)9 A=

0
¢
Q OQ O 1-10
WG 80T WEEAIRE 1 2A1%F

Yield: 41.2 mg (64%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 195-197C; H MR (400
Hz, CDCly) & 8.35-8.31 (m, 3H), 7.78 (d, J =10.0 Hz, 1H), 7.64-7.62 (m, 3H), 7.58 (s, 1H), 7.55-7.50
(m, 51), 7.44-7.40 (m, 11); CCH} MMR (100 MHz, CDCly) & 163.2, 155.9, 153.2, 148.5, 144.9, 144.4,
136.6, 136.3, 134.3, 129.9, 129.7, 129.3, 129.2, 129.0, 128.9, 128.6, 117.5, 114.7, 110.5; IR (film):
2915, 2360, 1770, 1638, 1498, 691, 512 cm ; HRMS (ED) m/z[M]" Caled for CuHu0, 322.0994;

Found322.0996.
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[0174]

[0175]
[0176]

[0177]

[0178]

[0179]
[0180]

[0181]

[0182]

[0183]
[0184]

[0185]

SS90l 10-2498878

[ Ao 11] 4-Methyl-3-phenyl-1Fazuleno[1,8-bc]furan-1-one (3}&E 1-11)9 A F

@]
| 1
Me
WS- 80C; WHSAIZE @ 243k

Yield: 40.1 mg (77%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 198-200C; lH NMR (400
MHz, CDCls) & 8.37 (d, J=9.4 Hz, 1), 7.99 (d, J = 7.3 Hz, 2}), 7.93 (t, J = 10.3 Hz, 1H), 7.61-

7.53 (m, 3H), 7.45-7.41 (m, 20), 2.74 (s, 3H); ~C{H} NMR (100 MHz, CDCl;) & 163.0, 156.9, 145.2,
143.7, 138.3, 137.6, 135.7, 134.6, 130.0, 128.9, 128.8, 128.2, 127.1, 113.0, 110.7, 12.7; IR (film):
2014, 2359, 1759, 1631, 1501, 748, 606 cm ; HRMS (ED) m/z:[M]" Caled for Ciy0, 260.0837; Found
260.0840.

AAd I1 : 2-o}PelZal-1-F1EA 4 F3AE (309 Ax

[Cp*IrCly], (4.0 mol%)

o) : o)
H OH AgOAc (1.0 equiv) H OH
(R'l)m/\/ AN + [Ar~]—|®X® Na2HP04 (1 .0 equV) (R'I)m/\/ AN
2 DMF, 60°C Ar
= \ 2 X = OTf, BF, == ,
3 4 3 R

A2 7] &tellA o}FA-1-7FEAA 33E (3) (0.2 mmol, 1.0 equiv), UThololHololo =xFYd 3IFE (4)
(0.24 mmol, 1.2 equiv, X=0Tf (AA]d| 12-16,18,20-23), BF, (A A]d] 17,19,24-26)), [Cp*IrClyls (4.0 mol%,
6.4 mg), AgOAc (1.0 equiv, 33.4 mg), NaHPO, (1.0 equiv, 28.4 mg) 2 DMF (1.0 mL)S &33}aL, 60T lA
S E3ES 2ow YA 7)o, AolE =i o3

S A EY4 43 A=RvEDY9RE GA St

2A1F = 12413 FoF WNRAIF Y. wdk $ R
A7 B, 7Y stelA qAS FFHAIH.
o 54 3FEQ] 2-otdol= -1-7HE AL 8

471 714 e o)kl tdd 2-oldolEdl-1-7HE At BetE (3A)& AxsAT.

WSS 60T WREAIZE @ 2A17T

Yield: 43.2 mg (87%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 228-230T; 'H NMR (400
MHz, CDClz) & 9.61 (d, J = 10.0 Hz, 1H), 8.43 (d, J = 9.6 Hz, 1H), 7.79 (t, J = 9.8 Hz, 1H), 7.67-
7.45 (m, 2H), 7.59 (t, J = 10.0 Hz, 1), 7.51-7.38 (m, 4H), 7.34 (s, 1D): C{H} NMR (100 MHz, CDCI,)

6 170.0, 154.9, 143.6, 143.3, 138.7, 138.2, 137.9, 137.8, 130.0, 128.7, 128.1, 127.9, 127.8, 120.5,

113.1; IR (film): 2916, 2360, 1646, 1455, 1416, 1341, 1240, 768, 697 cm ' HRMS (ED III/ZI[M]+ Calcd for
Ci7H120, 248.0837; Found 248.0836.
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[0186]

[0187]
[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]
[0196]

[0197]

SS90l 10-2498878

[AA]d 13] 2-(o-Tolyl)azulene-1-carboxylic acid (33E 3A-2)¢] A=x

o)
OH
O ' 3A-2
Me
W2 60T ; WESAIZE ¢ 2A]%F

Yield: 41.0 mg (78%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 220-222C; 'H NMR (400
Hz, CDCl;) & 9.70 (d, J = 10.0 Hz, 1H), 8.44 (d, J = 9.6 Hz, 1H), 7.82 (t, J= 9.8 Hz, 1), 7.62 (t,

J=10.0 Hz, 1), 7.51 (t. J=9.6 Hz, 1H), 7.32-7.27 (m, 4H), 7.21 (s, 1H), 2.20 (s, 3H0); C{H} NIR
(100 MHz, DMSO-ds) & 166.4, 153.6, 142.1, 140.7, 139.1, 138.8, 138.0, 137.2, 135.2, 129.3, 129.0,

127.8, 127.4, 127.1, 125.0, 119.6, 115.8, 20.0; IR (film): 1646, 1454, 1433, 1413, 1341, 1239, 768,
605 cm 3 HRMS (ET) m/ZI[M]+ Calcd for Ciglli0y 262.0994; Found 262.0997.

[A Ao 14] 2-(m-Tolyl)azulene-1-carboxylic acid (3}g& 3A-3)9 A%

S22 60°C; WESAIZE @ 223

Yield: 40.4 mg (77%); R = 0.2 (Acetone:Hexane = 1:4); Blue solid; Melting point: 226-228T; 1H NMR
(400 Mz, DMSO-ds) & 9.27 (d, J = 9.9 lz, 1), 8.55 (d, J = 9.4 Hz, 1H), 7.87 (¢, J = 9.8 Hz, 1H),
7.60 (t, J=9.9 Hz, 1), 7.53 (t, J= 9.7 Hz, 1), 7.45-7.40 (m, 3H), 7.34 (t, J=7.5Hz, 1), 7.20
(d, J=7.4Hz, 1), 2.38 (s, 31); "C{H} NNR (100 MHz, DNSO-ds) & 167.0, 152.4, 141.7, 140.8, 138.8,
137.9, 137.3, 136.9, 136.8, 130.1, 128.2, 127.8, 127.3, 127.0, 126.8, 118.9, 115.5, 21.1; IR (film):
2015, 2359, 1645, 1454, 1412, 1339, 1239, 767, 733 cm 5 HRMS (ED) m/z:[M] Caled for CigHuOs 262.0994;
Found 262.0994.

[AA]d) 15] 2-(p-Tolyl)azulene-1-carboxylic acid (33E 3A-4)¢] A=x

o
OH
OQ e
3A-4

W2 60T ; HESAIZE ¢ 2A]%F

Yield: 39.5 mg (75%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 186-188T; 'H NMR (400
Miz, DMSO-ds) & 9.39 (d, J = 9.9 Hz, 1H), 8.62 (d, J = 9.4 Hz, 1), 8.03 (d, J = 8.5 Hz, 2II), 7.94
(t, J=9.81z, 1), 7.74 (d, J = 8.4 Hz, 20), 7.66 (t, J = 9.9 Hz, 1), 7.59 (t, J = 9.7 Hz, 11,
7.51 (s, 1), 3.90 (s, 3H); "C{H} NMR (100 MHz, DMSO-ds) & 167.1, 152.2, 141.7, 140.8, 138.6, 137.7,
137.0, 136.6, 134.4, 129.6, 128.6, 127.3, 127.0, 118.7, 115.3, 20.8; IR (film): 2361, 2341, 1631,
1451, 1437, 1413, 1345, 806 cm ; HRMS (EI) m/z:[M]" Caled for CigHuO» 262.0994; Found 262.0992.
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[0198]

[0199]
[0200]

[0201]

[0202]

[0203]
[0204]

[0205]

[0206]

[0207]
[0208]

[0209]

S=<S35 10-2498878

[ A4 16] 2-(4-Fluorophenyl)azulene-1-carboxylic acid (3}3+E 3A-5)9 A=

WS- 60T; HHSAIZE @ 243
Yield: 40.7 mg (76%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 225-227T; 'H NMR (400
MHz, CDCl;) & 9.62 (d, J = 10.0 Hz, 1H), 8.42 (d, J = 9.5 Hz, 1), 7.80 (t, J = 9.8 Hz, 1H), 7.64-

7.58 (m, 3H), 7.50 (t. J = 9.6 Hz, 1H), 7.31 (s, 1H), 7.15 (t, J = 8.8 Hz, 2H); C{'H} NMR (100 MHz,
acetone-ds) & 167.0, 164.6, 162.2, 153.3, 143.5, 142.8, 139.7, 138.6 (d, J = 34.0 Hz), 135.3 (d, J =

3.1 Hz), 132.7, 132.6, 128.4 (d, J = 39.1 Hz), 120.3, 115.5, 115.3; “FONMR (376 MHz, CDCl3) &
-114.48; IR (film): 2359, 2341, 1647, 1417, 1223, 669, 606 cmil; HRMS (EI) m/ZI[M]+ Caled for CiHyFO,
266.0743; Found 266.0742.

[A A4 17] 2-(3-Chlorophenyl)azulene-1-carboxylic acid (3}3+E 3A-6)9 A=

TS 60T; HHSAIZE @ 243
Yield: 41.8 mg (74%); K = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 202-204C; HONR (400
MHz, DMSO-d;) & 12.46 (s, 1H), & 9.39 (d, J = 10.0 Hz, 1H), 8.60 (d, J = 9.5 Hz, 1H), 7.93 (d, J =

9.8 Hz, 1), 7.68-7.54 (m, 4H), 7.50-7.43 (m, 3H); ~C{H} NMR (100 MHz, DMSO-ds) & 166.6, 150.5,
141.8, 140.8, 139.7, 139.5, 138.6, 137.6, 132.5, 129.7, 129.2, 128.3, 127.7, 127.4, 127.3, 119.2,
115.2; IR (film): 2922, 2360, 1638, 1455, 1338, 1241, 1093, 887, 782, 691 cm ; HRMS (ED) m/z:[M]
Caled for Cplly C10, 282.0448, CoHy C10, 284.0418; Found 282.0446, 284.0837.

[AA]e] 18] 2-(4-Chlorophenyl)azulene-1-carboxylic acid (3}3E 3A-7)¢] A=

WS- 60T; HHSAIZE @ 243
Yield: 44.0 mg (78%); K = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 216-218C; HONR (400
MHz, CDCl;) & 9.63 (d, J = 10.1 Hz, 1H), 8.45 (d, J = 9.6 Hz, 1), 7.82 (t, J = 9.8 Hz, 1H), 7.65-

7.58 (m, 3H), 7.51 (t, J = 9.8 Hz, 1H), 7.44 (d, J = 8.4Hz, 2H), 7.31 (s, 1H); "C{H} NMMR (100 MHz,
DMSO-ds) & 166.7, 150.9, 141.8, 140.9, 139.3, 138.4, 137.4, 136.4, 132.5, 131.4, 127.89, 127.88,

127.7. 127.4. 119.0; IR (film): 2360, 2341, 1641, 1439, 1412, 1345, 1240, 1098 cm ; HRMS (EI) m/z:[M]°
Caled for CyHy C10, 282.0448, CyHy C10, 284.0418; Found 282.0450, 284.0412.
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[0210]

[0211]
[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

SS50ol 10-2498878

[ A4 19] 2-(2-Bromophenyl)azulene-1-carboxylic acid (3}3+E 3A-8)9 A=
© OH
OQ W
Br
HEER 5 60C; WREAIZE 1 2A1%F
Yield: 47.2 mg (72%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 218-220C; 'H NMR (400

MHz, DMSO-ds) & 9.58 (d, J = 10.0 Hz, 1H), 8.63 (d, J = 9.3 Hz, 1H), 7.97 (t, J = 9.8 Hz, 1H), 7.71-

7.66 (m, 2H), 7.61 (t. J = 9.7 Hz, 1H), 7.47-7.38 (m, 2H), 7.34-7.29 (m, 2H): "C{H} NMR (100 MHz,
DMSO-ds) & 166.0, 151.9, 142.0, 140.3, 140.1, 139.7, 138.6, 137.8, 131.8, 130.8, 129.0, 127.9, 127.5,

127.0, 122.5, 119.5, 115.7; IR (film): 2915, 2348, 2360, 1646, 1537, 1118, 668 em 5 HRMS (ED III/Z:[M]+

Caled for CyHy BrO, 325.9942. CyHy' BrO, 327.9922; Found 325.9940, 327.9923.

[AA]e] 20] 2-(4-Chlorophenyl)azulene-1-carboxylic acid (3}3E 3A-9)¢] A=

TS 60T; HHSAIZE @ 243
Yield: 51.1 mg (78%); K = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 244-246C; HONR (400
MHz, DMSO-d;) & 12.40 (s, 1H), 9.35 (d, J = 9.8 Hz, 1H), 8.58 (d, J = 9.5 Hz, 1H), 7.90 (t, J = 9.9

Hz, 1H), 7.65-7.63 (m, 3H), 7.60-7.54 (m, 3H), 7.45 (s, 1H); "C{H } NMR (100 MHz, DMSO-d;) & 166.7,
151.0, 141.9, 140.9, 139.3, 138.4, 137.4, 136.7, 131.7, 130.8, 127.8, 127.4, 121.2, 118.9, 115.0; IR
(film): 2360, 2341, 1537, 1451, 1254, 1105, 750, 668 cm : HRMS (EI) m/z:[M]" Caled for Cyly Bro,

395.9942. CyHy Br0, 327.9922; Found 325.9943, 327.9931.

[ A] o 21] 2-(4-(Trifluoromethyl)phenyl)azulene-1-carboxylic acid (3}3& 3A-10)9] A F

O
OH

OQ (e

W2 60T ; HESAIZE ¢ 2A]%F

3A-10

Yield: 44.1 mg (69%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 238-2407T; 'H NMR (400
Hz, CDCl3) & 9.65 (d, J = 9.8 Hz, 1), 8.46 (d, J = 9.2 Hz, 1H), 7.84 (t, J= 9.4 Hz, 1H), 7.73-7.68

(m, 4H), 7.62 (t, J=9.6 Hz, 1H), 7.52 (t, J = 9.6 Hz, 1), 7.32 (s, 10); C{H} NMR (100 MHz, DMSO-
d) & 166.5, 150.6, 141.9, 140.9, 139.8, 138.9, 137.9, 130.33, 130.32, 127.9, 127.7 (q, J = 31.8 Hz),

127.6, 124.6 (q, J = 3.9 Hz), 124.5 (q, J = 272.0 Hz), 119.3, 115.1; 'F NVR (376 MHz, DMSO-d;) &

-60.84; IR (film): 2928, 2360, 1652, 1455, 1328, 1123, 1067, 808, 668 cmil; HRMS (EI) m/ZI[M]+ Caled
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[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]
[0232]

[0233]

SsE550] 102498878
for C18H11F302 316.0711; Found 316.0710.

[A Ao 22] 2-(4-(Methoxycarbonyl)phenyl)azulene-1-carboxylic acid (3gtE 3A-11)¢] A =x

(@]
OH
(D)oo
3A-11

HES-2- =0 60°C; WHEAIZF @ 2AI7F

gul gul

Yield: 45.9 mg (75%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 240-2427C; 1H NMR (400
MHz, CDCl3) & 9.65 (d, J = 10.0 Hz, 1H), 8.47 (d, J = 9.6 Hz, 1H), 8.13 (d, J = 8.3 Hz, 2H), 7.84 (t,
J=9.8Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.63 (t, J = 10.0 Hz, 1H), 7.52 (t, J = 9.6 Hz, 1H), 7.35
(s, 1H), 3.96 (s, 3H); 13C{lH} NMR (100 MHz, DMSO-ds) & 166.6, 166.2, 150.9, 142.5, 141.9, 140.9,
139.7, 138.9, 137.7, 130.0, 128.7, 128.4, 127.9, 127.6, 119.2, 115.2, 52.2; IR (film): 2923, 2361,
1715, 1649, 1454, 1281, 605 cm{; HRMS (EI) m/Zi[Mf Calcd for CyoHy40, 306.0892; Found 306.0892.

[A A4 23] 2-(Thiophen-2-y1)azulene-1-carboxylic acid (3}3+E 3A-12)9 A=

0
OH
(o<
|
N sa2

SR 60T WHEAIRE ¢ 2417

gul

Yield: 34.3 mg (68%); K = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 187-189C; HONR (400
Miz, CDCls) & 9.46 (d, J = 10.1 Hz, 1), 8.33 (d, J = 9.7 Hz, 10), 7.74 (d, J = 3.4 Hz, 1H), 7.69 (t,
J= 9.7 lz, 1), 7.51-7.39 (m, 4H0), 7.12 (s, 1D); ~C{H} NMR (100 Miz, acetone-ds) & 167.4, 145.4,
143.1, 142.9, 140.0, 139.2, 138.3, 137.9, 130.4, 128.9, 128.61, 128.60, 128.2, 119.6, 115.3; IR
(film): 2919, 2361, 2341, 1647, 1455, 1241, 607 cm ; HRMS (ED) m/z: Ml  Caled for Culi0.S 254.0402;
Found 254.0401.

[ A]of 24] 2-(2-Bromophenyl)-6-methylazulene-1-carboxylic acid (3}g= 3A-13)9 A%

o)
OH
e IO~
3A-13
Br

HES- 2= 60°C; WHEA|ZF @ 12A1%F

gul

Yield: 40.8 mg (60%); R = 0.2 (Acetone:Hexane=1:4); Red solid; Melting point: 233-2357T; 1H NMR (400
MHz, DNMSO-ds) & 11.96 (s, 1H), 9.41 (d, J =10.5 Hz, 1H), 8.47 (d, J = 10.1 Hz, 1H), 7.67 (dd, J = 8.0
Hz, J=1.0 Hz, 1), 7.59 (d, J = 10.5 Hz, 1), 7.51 (d, J = 10.1 Hz, 1), 7.45-7.36 (m, 2H), 7.31-
7.27 (m, 1), 7.21 (s, 1), 2.72 (s, 3H); C{H} NMR (100 MHz, DMSO-d;) & 166.1, 151.8, 150.6, 140.6,
140.2, 139.0, 137.7, 136.9, 131.8, 130.8, 129.3, 128.9, 128.8, 126.9, 122.6, 119.4, 115.6, 27.5; IR
(film): 2739, 1772, 1638, 1454, 1265, 829, 615 cm ; HRMS (EI) m/z:[M]" Calcd for Cilys BrO, 340.0099,
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[0234]

[0235]
[0236]

[0237]

[0238]

[0239]
[0240]

[0241]

[0242]

[0243]

[0244]

SEE56] 10-2498878
Csllys BrO, 342.0079; Found 340.0102, 342.0072.

[A A4 25] 2-(2-Bromophenyl)-6-phenylazulene-1-carboxylic acid (3}gE 3A-14)9] A%

(0]
OH
O 3A-14
Br

T

225 60°C; WESAIZE ¢ 12A]%F

Yield: 44.3 mg (55%); R = 0.2 (Acetone:Hexane=1:4); Blue solid; Melting point: 238-240T; 'H NMR (400
MHz, DMSO-ds) & 11.85 (s, 1H), 9.61 (d, J = 10.6 Hz, 1H), 8.65 (d, J = 10.2 Hz, 1H), 7.90 (dd, J =
10.6 iz, J =1.6 Hz, 1), 7.83-7.79 (m, 30), 7.70 (d, J = 8.0 Hz, 1H), 7.60-7.56 (m, 2I), 7.54-7.50 (m,
M), 7.47-7.40 (m, 2H), 7.34-7.30 (m, 2H); C{H} NWR (100 MHz, DNSO-ds) & 165.5, 151.6, 151.6,
143.2, 140.4, 139.8, 138.8, 137.4, 136.8, 131.5, 130.5, 128.7, 128.5, 128.3, 128.2, 127.4, 126.9,
126.5, 122.2, 119.4, 116.1; IR (film): 3409, 2341, 2114, 1560, 1234, 669, 588 cm ; HRMS (EI) m/z:[M]

Caled for CoHys BrO, 402.0255, CosHy BrO, 404.0235; Found 402.0255, 404.0244.

[A A4 26] 2-(2-Bromophenyl)-3-methylazulene-1-carboxylic acid (3}gE 3A-15)9] A%

OH
! 3A-15
Me Br

Yield: 36.1 mg (53%); K = 0.3 (Acetone:Hexane=1:4); Blue solid; Melting point: 220-222C; HONR (400
MHz, DMSO-ds) & 11.88 (s, 1H), 9.56 (d, J = 9.9 Hz, 1H), 8.57 (d, J = 9.7 Hz, 1H), 7.91 (t, J = 9.7
Hz, 1), 7.72 (d, J = 7.8 Hz, 1), 7.62-7.53 (m, 2H), 7.48-7.45 (m, 1H), 7.35-7.27 (m, 2H), 2.28 (s,
3H); CC{H} MR (100 MHz, DMSO-ds) & 165.9, 151.3, 140.0, 139.7, 139.4, 139.4, 137.2, 135.8, 131.7,
130.6, 128.9, 127.2, 127.0, 126.2, 124.2, 122.5, 114.5, 10.6; IR (film): 3351, 2252, 2126, 1663, 1028,
824, 761, 618 cm ; HRMS (EI) m/z:[M]" Caled for Cully BrO, 340.0099, Cilli; Br0, 342.0079; Found
340.0097, 342.0083.

AAd 111 : o}=d x=Fehi=(azulenofuranone) 33HE (1) A2
o [Cp*IrCl5], (4.0 mol%) lo)
H OH AgOAc (3.0 equiv) 0
(R1)m/\/ N KOACc (1.0 equiv) (R )m\/ S
Ar DMF, 80°C, 12h $ Ar
2 2
3A R 1 R

A 7] stellA 2-olHotz=a-1-7FE A4 S (34) (0.2 mmol, 1.0 equiv), [Cp*IrCls]l, (4.0 mol%, 6.4

mg), AgOAc (3.0 equiv, 100.2 mg), KOAc (1.0 equiv, 19.7 mg) = DMF (1.0 mL)E &&3}aL, 80TlA 12247t
B WRIAIFE Y, gk ¢ 5 & dkE E3ES ARo® WA, AolE =2 dPAZ g, 7 3
A gdE FEHEAZT. a5 IFES A7t A 4 29 A2vEO9 2 A St 52 3gE<Ql of
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[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

SS90l 10-2498878

[ A]¢] 27] 3-Phenyl-1H-azulenol[1,8-bc]furan-1-one (3}3&E 1-1)¢ A=

o)

(0O

Yield: 39.4 mg (80%); R = 0.4 (Acetone:Hexane=1:4); Red solid; Melting point: 198-200TC; lH NMR (400
MHz, CDCl;) & 8.37 (d, J = 9.4 Hz, 1H), 7.99 (d, J = 7.3 Hz, 2H), 7.93 (t, J = 10.3 Hz, 1H), 7.61-
13 1
7.53 (m, 3H), 7.45-7.41 (m, 2H), 2.74 (s, 3H); C{H} NMR (100 MHz, CDCls3) & 163.0, 156.9, 145.2,
143.7, 138.3, 137.6, 135.7, 134.6, 130.0, 128.9, 128.8, 128.2, 127.1, 113.0, 110.7, 12.7; IR (film):
2914, 2359, 1759, 1631, 1501, 748, 606 Cmil; HRMS (EI) m/z: [M]Jr Calcd for CigHp0; 260.0837; Found

260.0840.

oREH, 2-olPolFA-1-7HE A4 SR (UL olFU-1-7HLAN HEE (33} theloolol L EFd B
2 (19 Weonyy ojFdniees H%E (D2 Az A8 FHARLS & 5 Ao

[W]aLe] 1]
7] Aol 27914 [CpxIrCl.]l, & AMESHA] v 21S AQstaes A7) AAle] 273 SdstA wEAIZT. 1
Az}, E2 3l5HE<l 3-Phenyl-1#-azuleno[1,8-bc]furan-1-one (3}3&E 1-1)& AA| H&A}.

o|ZRE, WEA] o]g)E Zujsl EAsts A9 2-olholEa-1- ﬂﬁ*w S3E 309 B4 agd wes
B8 BAss ofFdxwFeE AFE (Do] AZES & 5 Ak, 3, olAF Fuli 2-olPolEUl-1-7 224
e (09 BA U -0 2% @A B5rAe & 5 9

[2A]e] 28 & w]ulef] 2-7]

WSZ0 W olFwl ke EE (19 9-F Az oARE dolry] A3y dr|ek o] A3t
H @ °
OH cat. (4.0 mol%)
oxidant, addmve
+ PhlOTf ———
DMF (0.75mL)
31 4-1 3A-1

ofEd-1-7H544F (3-1) (0.15 mmol, 1.0 equiv), BlA(4-ZFQ ) olo]kF EZHolE (4-1) (1.2
equiv), Zul (4.0 mol%), AFs}Al (1.0-3.0 equiv), H7FAl (0.5-1.0 equiv) Z DMF (0.75 mL)< A3l &
A 33+&E<Q 3-Phenyl-1Hazuleno[1,8-bc]furan-1-one (8}3E 1-1)& #A|F3ch. ¥bg 2o w& v 2
#E 7] & 19 71AEHATE.

F 1
A ] H] 3 o
28 o | 3 | 4 | 5 6 7
Z vl [Cp*IrClyly | [Cp*IrClel, PA(0AC), | [Cp*RACL],
2k}l AgOAc 3.0 eq - 1.0 eq | 1.0 eq | 1.0 eq 1.0 eq 1.0 eq
Cu(0Ac), - 1.0 eq - - - - _
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