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ARTICLE INFO ABSTRACT

Article history The aromatization ofi-tetralones substituted at tfieposition by an ester group is reported u

Received either Cul or Pgdba}. In the case of using Cul (10 mol%) as catalyst @gCO; as base in dioxar

Received in revised form 2-(methoxycarbonylj-tetralones are smoothly converted into the comedjmg methyl 1-hydroxy-2-

Accepted naphthoates at 70 °C under air. Alternatively(dfzh) (1.25 mol%) can also be used as cataly
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1. Introduction mercury(ll) perchloraté, c) a three-component reaction of an

aryne precursorB-keto sulfones and,B-unsaturated estet%)
lithiation-carbonylation ~ of a-methoxynaphthalenés, e)
condensation of phthalides witiB-unsaturated estefsand f)
intramolecular cyclization of aryl substituted allge B-keto
esters by means of phenylselenyl chloride in thes@mce of

11 : 2 H
antiallergy agentSThis 1-hydroxy-2-naphthoate unit is present FeCh or by palladiunt” Although, the most d|r.ect way fgr the
in natural products such the cytotoxic compounds g preparation of these 1-hydroxy-2-naphthoates ithenination-
hydroxymollugin @) and 3-methoxymollugin4j.* In addition dehydrobromination of 2-substitutexitetralones5 bearing an
these hydroxynaphthoates have been used as prectosahe — ©€Ster group at the 2-positi(§ﬁ’.13 Alternatively, dehydrogenation
synthesis of taiwanin C a epipodophyllotoxin analdgp,B-  reactions of compoundsusing an excess of anriodoxybenzoic

sorigenin methyl ethefand olivine trimethyl ethét. acid derivativé or 5% palladium on carbon in refluxing
cymené have been used. We communicate here the first

Naphthol derivatives bearing an ester group attpesition
showed widely biological and medicinal propertiEsr instance,
methyl 1-hydroxy-2-naphthoateld, MHNA)" and ethyl 1,6-
dihydroxy-2-naphthoate)® have shown inflammatory properties
and the corresponding tetrazole derivatives areenfiai

oH OH OH catalyzed direct aromatization 2-(methoxycarbomytetralones
COZMe OO COE OO COMe (5) to methyl 1-hydroxy-2-naphthoatel) inder very simple and
HO mild conditions using Cul or B@lba), as catalysts.
1a 2 0 | OR
3R=H . .
4R =Me 2. Results and Discussion

During our studies on the arylation of 2-(methoxpcenyl)-0-
tetralone %a) with 2-bromoanisol in the presence of copper salts
the so called Hurtley reactidhwe used the conditions recently
described by Kwongt al'® for the arylation of 1,3-dicarbonyl
compounds! Interestingly, we found out that the use of Cul (5

1-Hydroxy-2-naphthoates can be synthesized byeagtion of
isocumarins with the Reformatsky reagéi), annulations of 2-
formylbenzoate thioacetals with,B-unsaturated esters followed
by hydrolysis of the thioacetals witrchlorosuccinimide or with



2 Tetrahedron

mol%), picolinic acid (10 mol%) as ligand and,C6; as base Table 1. Reaction conditions studies for the copper- and
in dioxané® at room temperature (30 °C) for 2 d afforded palladium-catalyzed aromatization of tetralolmasto methyl 1-
exclusively MHNA (la) instead of the correspondimgarylated  hydroxynaphthoateta.?
tetralone. At the same time, trying the Midf&Buchwald® and

Hartwig?® palladium-catalyzed conditions, such as(&g), (2.5 Cu cat, additive
mol%), KsPO, as base in toluene at 70 °C under Ar atmosphere, Co.COn dioxane. 36 h
the same aromatization process was observed. Tnespected o] e '

OH
results prompted us to develop reaction conditionthe general COzMe CO,Me
synthesis of 1-hydroxy-2-naphthoatedrom the corresponding — — OO

1a

2-(methoxycarbonyljx-tetralones. s
a

Pd cat., additive

Firstly, the starting 2-(methoxycarbonyl)tetralongs5h were
prepared by methoxycarbonylation of commerciallgitable a- KgPOy, toluene, 1d
tetralones by means of dimethyl carbonate using 602 as

base under reflux in excellent yields (Schem#& 1).

o) o) N )
Additive Yield
R? NaH, (Me0),CO R4 CO,Me Entry  Cat (mol%) (mol%) T (°C) (%)°
R3 reflux R3 1° Cul (5) Picolinic acid (10) 30 70
R2 R! R2 R! - y, - .
5 2 Cul (10) Picolinic acid (20) 30 85
3 - Picolinic acid (20) 30 32
5a: R! =R2=R3 = R* = H (92%) .
5b: R'=R2=R®=H, R* = OMe (87%) 4 Cul (10) - 30 7
5c: R'=R2=R*=H, R®= OMe (98%) 5° CuNPs (10) - 30 28
5d: R'=R2=H, R3=R*=0Me (97%) & Cul (10) ~ 30 87
5e: R' =R3 =R* = H, R2 = OMe (96%) .
5f: R1=R2=R3=H, R* = F (93%) 7 Cul (10) - 70 94
5g: R'=Me, R?=R®=R*=H (71%) g Cul (10) - 76 10
5h: R' = R®=R*=H, R? = OBn (100%) o ) ) 70 14
10 Cul (100 - 70 5
Scheme 1. Synthesis of keto estebs ut (200)
11 Pc(dba) - 70 81
(1.25)

With the starting tetralonesin hand, they were submitted to the

copper-catalyzed aromatization conditions (Tablelil}he case 12 sz((g)bah BU'sPHBF; (4) 70 88

of tetralone5a the corresponding MHNALa was obtained in

70% vyield working with Cul (5 mol%), GE80O; as base and 13 Pdy(dba) BUSPHBF: (4) 70 82
picolinic acid (10 mol%) as additive under Ar atmosg at 30 (0.5) s

°C during 48 h (Table 1, entry 1). This yield wasreased to 1 PA(OAC) 20 80
85% using 10 mol% of Cul and 20 mol% of picolin@da(Table (2.5) BU'sPHBF, (4)

1, entry 2). In the absence of Cul the reactionegevin 32% @ Cu-catalyzed conditionss (0.2 mmol), Cu-cat (see column),
yield (Table 1, entry 3). However, in the absencepiablinic additive (see column), @30z (0.6 mmol), degassed 1,4-dioxane
acid, Cul was able tecatalyze the aromatization o5a in 77% (3 mL) during 36 h ; Pd-catalyzed conditioBs(0.2 mmol), Pd-
yield (Table 1, entry 4). When Cu nanoparticles (NWsre used g?;;o(sssrfeéohunn;g’lﬁg (0.6 mmol), toluene (3 mL), argon
as catalyst only a 28% yield was observed (Tabknfry 5). On b 1solated yield after chromatography.

the other hand, when this process was performeceiprisence ZUnder Ar. _

of air 87% vyield was obtained (Table 1, entry 6Erémsing the egnté‘:r?\;f/\s/eingzigfﬂ?'r:-at 150w 1h

temperature from 30 °C to 70 °C a higher 94% yielas  Compoundba was obtained el%yielld.

achieved (Table 1, compare entries 6 and 7). Undgv M

irradiation at 70 °C during 1 h only a 10% yield vahieved

(Table 1, entry 8). When this reaction was perfornmedhe

absence of Cul, producta was obtained in only 14% yield Whenba was treated with Bfdba) (1.25 mol%) and KO,
(Table 1, entry 9). On the other hand, when 1 eqCuifwas as basela was obtained in 81% vyield after 24 h at 70 °C in
used the formation of hydroxylated tetralodef” in 61% yield toluene under Ar atmosphere (Table 1, entry 11). &dution of
was mainly observed (Table 1, entry 10). This type oBU3PHBE (4 mol%) and 1 mol% of R(tba) gave a slight
hydroxylation of 1,3-dicarbonytdhas been observed in the casehigher 88% yield (Table 1, entry 12). Reducinghte half the Pd
of malonates with cesium salts unde‘aand with CuOTf as loading, naphtholla was obtained in 82% yield (Table 1, entry

catalyst (10 mol%) and oxaziridines as oxid&nts. 13). Finally, using Pd(OAg) (2.5 mol%) and BWPHBF, (4
mol%) a 80% yield was obtained (Table 1, entry Id)order to

0 work under phosphine-free conditions the first Ptiyaed
CO,Me conditions were chosen as the best method (Taldatdy 11) to
OH perform this aromatization process.

6a . . . .
Parallel studies were considered during the scaopsiest of

this aromatization process with different substilutetetralones



5 (Scheme 2 and Table 2). The synthesidapfvas carried out
under the selected Cu- and Pd-catalyzed reactiodions in
85% and 70 % vyield, respectively (Table 2, entdiesnd 2). In
the case of 7-methoxy substitutaetetralone5b naphthoatelb
was obtained ina higher 94% vyield under Cul catalyzed
conditions (Table 2, entry 3). However, by using(Bda) (1
mol%) the addition of BgPHBE, (4 mol%) was necessary to
achieve a 40% yield (Table 2, entry 4). Naphthdatewith a
methoxy group at the 5-position was also obtainddgher yield
when Cul was used as catalyst (89&6sus70%, Table 2, entries
5 and 6). The aromatization of the 6,7-dimethoxyssituteda-
tetralonesd only worked with Cul givindld in 47% vyield (Table
2, entries 7 and 8). Monomethoxylatedetralone5e gave the
5-methoxynaphthoatde in 87% and 69% yield, respectively
(Table 2, entries 9 and 10). Tloetetralone5f with a fluorine
substituent at the 7-position gave prodattin 77% and 53%

3

1,6-tautomerization of this unsaturateattetralone would
provide the corresponding naphthol.

o}
R4 CO,Me

R3

Cs,CO3 | Cul, air

J szdbag
O

COQMe
[Pd]
H

Q 4
R4 co,Me R
OH
R3
R1

yield, respectively (Table 2, entries 11 and 1X)wer yields R® )

(57% and 35%) were observed in the case of the Hyinet R
substituteda-tetralone5g (Table 2, entries 13 and 14). Finally, H.0 ‘

the 6-benzyloxytetralongh gave producth in very good yields 2 J

RZ R’

‘ PdJH

under both reaction conditions (97% and 83%, Tabkntries 15
and 16).

Cul (10 mol%) R4 CO,Me
Cs,CO3, dioxane, air O‘
0 7050 OH R3
R4 CO,Me R4 CO,Me
— — O
R R3

R2 R! RZ2 R!
5 Pdy(dba); (1.25 mol%) 1

K3PQy, toluene, Ar
70°C OH

R CO,Me
Scheme 2. Syntheis of methyl 1-hydroxy-2-naphthoalelsy aromatization of OO
a-tetralones. R3
R R

A possible mechanism for the copper-catalyzed psocesld
be the formation of the-hydroxylated 2-(methoxycarbonyd)-
tetralone followed by dehydration to the unsaturateétralone
and enolization to the naphthoate. This proposhhsed on the
described methodologies above mentioned,otteydroxylation
of acyclic 1,3-dicarbonyl compounds by means ofuressalts in
DMF* and the Cu-catalyzed oxidation with oxaziridifg©n
the other hand, aromatization processes fronhydroxy
tetralones by dehydration have been describethwever, in the
case of the Pd-catalyzed aromatization, the firbtydroxylation
step was discharged because the Pd-catalyzed reastis
performed under Ar atmosphere. Most of the described
catalyzeda-hydroxylation methodologies are performed in the
presence of air or other oxidafsWe have proposed the initial can be performed in the presence of air, leadingtte
formation of theO-palladium enolate in equilibrium with tHe- corresponding methy 1-hydroxy-2-naphthoate,s irteeyields
palladium enolate, which evolves Byhydride elimination to the 5,4 shorter reaction time.
same unsaturatemttetralone. In fact, aromatization processes of
cyclohexanones and cyclohexenonawlyzed by CuGf®
iodine?® vanadium oxide¥€ or Pd**? have been described. Final

Scheme 3. Proposed mechanisms for the aromatization
processes.

3. Conclusions

The aromatization of tetralon&so 1-hydroxy-2-naphthoates
1 occurs under copper-catalyzed conditions in highversions
at 70 °C, in spite of the substituent at the aromatic .riimy
contrast, the palladium-catalyzed reaction condgishowed to
be very sensitive to substituent effects. The at@aidon of 2-
(methoxycarbonyly-tetralones with Cul is less expensive and
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Table 2. Copper- and palladium-catalyzed aromatization-tétralones to methyl 1-

hydroxynaphthoatet?
Entry 1 Catalyst Time (h) Conversibn Yield (%)
OH
1 | I CO,Me cul 36 100 94
2 1a Pdy(dba) 24 95 81
OH
3 MeOCOZMe cul 36 99 94
1b
4 Pdy(dba)’ 210 40 40
OH
5 COz'V'e cul 36 100 89
MeO
6 1c Pdy(dba)® 48 100 70
0
7 Meomcoz'\ﬂe cul 36 55 47
MeO
8 1d Pdy(dba) 120 - -
OH
9 COzMe cul 36 100 87
10 MeO o Pdy(dba)® 120 74 69
OH
11 F. I il CO,Me cul 36 100 77
12 1 Pdy(dba) 120 55 53
OH
13 COZ""e cul 36 64 57
14 1g Pdy(dba) 48 43 35
OH
15 Coz""e cul 36 100 97
16 BnO 1h Pdy(dba) 48 80 83

2 Cu-catalyzed condition$: (0.2 mmol), Cul (10 mol%), GEO; (0.6 mmol), degassed 1,4-dioxane (3 mL), air atGOPd-
catalyzed conditions (0.2 mmol), Pe{dba} (1.25 mol%), KPO, (0.6 mmol), toluene (3 mL), 70 °C, argon atmospher

b Determined byH NMR (300 MHz).

¢ Isolated yields after chromatography.

4 Pdy(dba); (1 mol%) and-BusPHBF, (4 mol%) were used.

€1 mol% of Pg(dba) was used.

4. Experimental section 200 (400 and 500 MHz) with CDgas solvent and TMS as internal
standard. IR spectra were recorded on a Nicolet BEJ. Low
resolution’s mass spectra were obtained at 70 e¥ldstron impact
Melting points were determined on a Fisatom 430Casgips.*H in a unit for direct insertion, MS Micromass MM12Rnalytical
NMR and**C NMR spectra were obtained using a Varian Gemini-TLC was performed on Merck aluminum sheets witrcailgel 60

4.1. General



F,s. For flash chromatography, Merck silica gel 60040—-0.063
mm) was employed.

4.2. Typical procedure for the

(methoxycarbonyl)tetralones 5.

synthesis of 2-

5
Methyl 6,7-dimethoxy-1-oxo-1,2,3,4-tetrahydronaplghe-2-
carboxylate %d).>® Yield 97%; brown solid; mp = 126-128 °C;(R
0.04 (hexane/EtOAc 10/1). IR (KBr) (¢i): 2937, 2830, 1736,
1657, 1509, 1451, 1372, 1273, 1135, 102A; NMR (CDCk, 400
MHz) 8y: 12.56 (s, 1H), 7.52 (d, = 1.8 Hz, 1H), 7.33 (s, 1H), 6.69
(s, 1H), 6.67 (dJ = 5.6 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.92 (s

A solution of a-tetralone (10 mmol) in dimethyl carbonate (5 3H), 3.91 (s, 3H), 3.82 (s, 3H), 3.78 (s, 3H), 3(68,J = 9.8, 4.8

mL) was added to a stirred suspension of NaH (6@$pedsion, 15
mmol) in dimethyl carbonate (10 mL) under argomagphere. The
solution was refluxed and once the reaction waggddcomplete
after a TLC test the solvent was evaporated. Thdtezg solid was
dissolved in hydrochloric acid (2 M) and the phasese separated.
The aqueous phase was extracted with ethyl ag@atd5 mL). The

Hz, 1H), 3.05 — 3.00 (m, 1H), 3.00 — 2.88 (m, 9RI}9 — 2.71 (m,
1H), 2.60 (dd,) = 11.8, 4.9 Hz, 2H), 2.57 — 2.44 (m, 5H), 2.34t(dd
J=13.4, 6.2, 4.7 Hz, 4H), 2.17 — 2.08 (m, 2HC NMR (CDCE,
100 MHz)5¢: 191.9, 173.2, 170.9, 165.5, 154.0, 150.9, 148.8,83
133.3, 124.8, 122.4, 110.5, 110.2, 108.9, 107.38,986.1, 56.0,
53.8, 52.3, 51.6, 27.5, 27.4, 26.8, 20MS (El) m/z(%): 264 \*),

organic extracts were dried (Mg@Oand evaporated to dryness. 206, 191, 178, 164, 150, 135, 107, 91, 77, 63, 51.

Flash chromatography (EtOAc/hexane 10%) afforded tiure
products.

Methyl 1-oxo-1,2,3,4-tetrahydronaphthalene-2-casiate 5a).*
Yield 92%; brown solid; mp = 66-68 °C; {R0.35 (hexane/EtOAc

Methyl 5-methoxy-1-0x0-1,2,3,4-tetrahydronaphthaign
carboxylate %e).% Yield 96%:; brown solid; mp = 60-62 °C; R.32
(hexane/EtOAc 10/1). IR (KBr) (cit): 2957, 2897, 1726, 1687,
1579, 1362, 1441, 1254, 1205, 1146, 900, 801, 7BIL:NMR

10/1). IR (KBr) (cml): 2946; 2897; 1728; 1677; 1598; 1451; 1372; (CDCl;, 400 MHz)3,;: 12.40 (s, 1H), 7.63 (dd,= 7.9, 0.7 Hz, 1H),

1313; 1156; 949; 900; 7341 NMR (CDCl, 400 MHz)8,: 12.41 (s,
1H), 8.04 (dJ = 7.9 Hz, 1H), 7.78 (d] = 7.6 Hz, 1H), 7.47-7.43 (m,
1H), 7.30-7.23 (m, 3H), 7.21 (d,= 7.6 Hz, 1H), 7.13 (dJ = 7.1
Hz), 3.79 (s, 3H), 3.75 (s, 3H), 3.59 (dds 10.5, 4.7 Hz, 1H), 3.04-

2.92 (m, 2H), 2.77 (ddJ = 10.8, 4.6 Hz, 2H), 2.57-2.51 (m, 2H),

2.49-2.42 (m, 1H), 2.34-2.29 (m, 1HC NMR (CDCE, 100 MHz)
8¢ 193.3, 173.2, 170.7, 165.2, 143.8, 139.5, 13431,.8, 130.6,
130.0, 128.9, 127.8, 127.5, 127.0, 126.7, 124.49,964.5, 52.5,
51.8, 27.8, 27.7, 26.5, 20.MS (EI) m/z (%): 204 \I*), 189, 172,
144, 127, 118, 115, 90, 77, 63, 51.

Methyl 7-methoxy-1-ox0-1,2,3,4-tetrahydronaphthein
carboxylate %b).3* Yield 87%; brown oil; R 0.32 (hexane/EtOAc

7.43 (d,J = 7.8 Hz, 1H), 7.27 (d) = 8.0 Hz, 1H), 7.25 — 7.19 (m,
1H), 7.01 (dd,) = 8.1, 0.6 Hz, 1H), 6.95 — 6.89 (m, 1H), 3.843(4),
3.82 (s, 3H), 3.80 (s, 3H), 3.76 (s, 3H), 3.58 (@d; 10.7, 4.7 Hz,
1H), 3.07 (dtJ = 17.9, 5.1 Hz, 1H), 2.77 (ddd= 14.4, 8.6, 3.8 Hz,
3H), 2.52 (dd,J = 8.6, 7.3 Hz, 2H), 2.43 (tdd,= 10.5, 7.8, 4.9 Hz,
1H), 2.37 = 2.28 (m, 1H)-*C NMR (CDCk, 100 MHz)3¢: 193.6,
173.2, 170.8, 165.1, 156.8, 155.9, 132.8, 131.7,812127.2, 126.9,
119.3, 116.8, 114.7, 112.8, 96.8, 55.8, 55.7, 58224, 51.7, 25.7,
21.3, 20.1, 20.0; MS (Eln/z (%): 234 M*), 234, 202, 174, 159,
148, 131, 120, 103, 90, 77, 63, 51.

Methyl 7-fluoro-1-oxo-1,2,3,4-tetrahydronaphthalehearboxylate
(5).%" Yield 93%; brown solid; mp = 55-57 °C;{R0.22

10/1). IR (KBr) (cmil): 2995, 2946, 2838, 1746, 1677, 1647, 1598,(hexane/EtOAC 10/1). IR (KBr) (ct): 3082, 3024, 2937, 1648,

1569, 1441, 1322, 1264, 1273, 1224, 880, 811, TH2NMR
(CDCls, 400 MHz)8,: 12.44 (s, 1H), 7.50 (dl = 2.8 Hz, 1H), 7.33
(d,J = 2.7 Hz, 1H), 7.15 (d] = 8.4 Hz, 1H), 7.06 (dd] = 8.4, 2.9

1629, 1570, 1433, 1326, 1219, 1200, 1014, 800, ¥HONMR
(CDCls, 400 MHz)3,: 12.34 (s, 1H), 7.69 (dd,= 9.0, 2.7 Hz, 1H),
7.47 (ddJ = 9.5, 2.7 Hz, 1H), 7.27 — 7.17 (m, 2H), 7.12 (@i, 8.3,

Hz, 2H), 6.87 (ddJ = 8.3, 2.7 Hz, 1H)., 3.81 (s, 6H), 3.78 (s, 3H), 5.4 Hz, 1H), 7.00 (td] = 8.4, 2.7 Hz, 1H), 3.83 (s, 1H), 3.78 (s, 1H),

3.77 (s, 3H), 3.59 (dd] = 10.3, 4.7 Hz, 1H), 3.02 — 2.85 (m, 2H),

2.72 (tJ=7.7 Hz, 1H), 2.53 (dd} = 8.7, 6.7 Hz, 1H), 2.46 (ddd=
15.1, 9.4, 4.6 Hz, 1H), 2.37 — 2.28 (m, 1*C NMR (CDCE, 100
MHz) 8¢ 193.51, 173.18, 170.78, 165.13, 156.76, 155.93,7632
131.05, 127.75, 127.15, 126.90, 119.24, 116.81,7114112.79,
96.80, 55.74, 55.67, 54.13, 52.34, 51.69, 25.652%120.03 MS

3.61 (dd,J = 10.2, 4.8 Hz, 1H), 3.09 — 2.90 (m, 2H), 2.77(% 7.8
Hz, 2H), 2.56 (dd,) = 8.8, 6.7 Hz, 2H), 2.53 — 2.44 (m, 1H), 2.41 —
2.32 (m, 1H);*C NMR (CDCk, 100 MHz)3¢: 192.2, 172.9, 170.4,
163.9, 162.9 (dJ = 12.0 Hz), 160.5 (dJ = 14.8 Hz), 139.5 (d,
J=1.5), 134.9 (dJ = 2.4 Hz), 133.3 (dJ = 6.3 Hz), 131.7 (d] = 6.3
Hz), 130.8 (d, J=6.0Hz), 128.8 (d,= 7.6 Hz), 121.4 (dJ = 22.3

(El) m/z(%): 234 M™), 216, 202, 174, 160, 148, 131, 120, 103, 91,Hz), 117.1 (d, J=15.8), 113.6 (d, J=16.5), 111.4)(& 15.9 Hz),

77,63, 51.

Methyl 6-methoxy-1-ox0-1,2,3,4-tetrahydronaphthein
carboxylate %c).!* Yield 98%; brown solid; mp = 78-80 °C;{®.10
(hexane/EtOAc 10/1). IR (KBr) (cth): 2957, 2838, 1720, 1668,
1600, 1254, 1214, 1156, 998, 840, 664 NMR (CDCl, 400 MHz)
8u: 12.47 (s, 1H), 7.99 (d} = 8.8 Hz, 1H), 7.71 (d] = 8.6 Hz, 1H),
6.81 (dd,J = 8.8, 2.5 Hz, 1H), 6.77 (dd,= 8.6, 2.5 Hz, 1H), 6.69-
6.67 (m, 2H), 3.84 (s, 3H), 3.81 (s, 3H), 3.803(d), 3.76, (s, 3H),
3.56 (dd,J = 10.3, 4.7 Hz, 1H), 3.07 — 2.88 (m, 2H), 2.79.732(m,
2H), 2.54 (dd,) = 8.8, 6.6 Hz, 2H), 2.51 — 2.40 (m, 1H), 2.31 (d#id
= 13.4, 10.5, 4.8 Hz, 1H)*C NMR (CDC}, 100 MHz)3: 191.9,
173.2, 170.9, 165.6, 164.1, 161.6, 146.3, 141.0,413126.3, 125.4,
122.9, 113.3, 112.7, 111.8, 94.9, 55.6, 55.4, 5823, 51.6, 28.3,
28.1, 26.6, 20.7MS (El) m/z (%): 234 ("), 202, 174, 160, 148,
131, 120, 103, 91, 77, 63, 51.

97.8, 54.1, 52.5, 51.8, 27.0, 26.9, 26.5, 20.7; (@5 m/z (%): 222
(M*), 207, 190, 162, 145, 133, 115, 108, 90, 63, 57.

Methyl 4-methyl-1-ox0-1,2,3,4-tetrahydronaphthal@rearboxylate
(5¢).%% Yield 71%; brown solid; mp = 65-67 °C;;R0.45
(hexane/EtOAc 10/1). IR (KBr) (cth): 2957, 2848, 1715, 1647,
1618, 1559, 1441, 1352, 1264, 811, 77d; NMR (CDCk, 400
MHZ) 8,4: 12.37 (s, 1H), 8.04 (8= 7.2 Hz, 1H), 7.82 (d] = 7.7 Hz,
1H), 7.54 (dtJ = 14.6, 7.4 Hz, 1H), 7.40 (dd,= 7.1, 4.5 Hz, 1H),
7.35 (dd,J = 6.5, 5.6 Hz, 1H), 7.32 — 7.28 (m, 1H), 7.26Jd; 3.4
Hz, 1H), 7.22 (dJ = 7.5 Hz, 1H), 3.82 (s, 1H), 3.81 (s, 1H), 3.66
(dd,J = 13.5, 4.6 Hz, 1H), 2.97 (dd,= 13.8, 6.9 Hz, 1H), 2.71 (d,
= 6.2 Hz, 1H), 2.67 (dJ = 6.2 Hz, 1H), 2.39 (dd] = 15.6, 7.4 Hz,
1H); ¥*C NMR (CDCh, 100 MHz) 8¢ 193.4, 193.1, 173.3, 170.9,
170.8, 164.6, 148.4, 147.7, 144.3, 134.2, 130.9,112128.3, 128.1,
127.9, 127.8, 126.9, 126.8, 126.6, 126.1, 124.64,955.1, 52.4,
52.3, 51.7, 50.9, 35.0, 33.2, 31.9, 31.0, 28.33,220.3, 20.2; MS
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(El) m/z(%): 218 ("), 203, 187, 171, 158, 144, 131, 115, 104, 91,(s; 3H);13C NMR (CDCk, 100 MHz)dc (ppm) 171.6, 161.1, 160.6,
77,63, 51. 139.3, 125.8, 125.3, 119.6, 117.9, 117.7, 106.2,201065.5, 52.3;
MS (El, 70 eV):m/z(%): 232 M"), 201, 173, 59, 31.
Methyl 5-(benzyloxy)-1-ox0-1,2,3,4-tetrahydronaplehe-2-
carboxylate §h). From5-(benzyloxy)-3,4-dihydronaphthalen-1(2H)- Methyl 1-hydroxy-6,7-dimethoxy-2-naphthoatsd)(** Yield 47%;
one (7)*° Yield 100%; brown solid; mp = 72 °C;{R0.35  white solid; mp = 144-145 °C; ;R0.23 (hexane/EtOAc 10/1). IR
(hexane/EtOAc 10/1). IR (KBr) (ci): 2951, 2924, 2869, 2851, (KBr) (cml): 3000, 2982, 2918, 2850, 1655, 1609, 1587, 1421,
1738, 1679, 1573, 1460, 1257, 1204, 993, 751, 780;NMR 1348, 1262, 1206, 1163, 1083, 974, 74d; NMR (CDCk, 400
(CDCls, 400 MHZz)8y: 12.41 (s, 1H), 7.67 (0} = 7.4 Hz, 1H), 7.46  MHz) §,: 11.91 (s, 1H), 7.70 — 7.63 (m, 2H), 7.15 Jd; 8.8 Hz,
(d,3=7.7 Hz, 1H), 7.45 - 7.32 (m, 10H), 7.24 @& 16.5, 8.0 Hz, 1H), 7.07 (s, 1H), 4.04 (s, 1H), 4.02 (s, 1H), 3(891H);°C NMR
2H), 7.09 (dJ = 7.6 Hz, 1H), 6.98 (d] = 7.9 Hz, 1H), 5.09 (s, 2H), (CDCl;, 100 MHz)3c: 171.7, 159.6, 152.1, 149.3, 133.8, 123.1,
5.07 (s, 2H), 3.81 (s, 3H), 3.76 (s, 3H), 3.60 @ 10.6, 4.7 Hz, 119.5,117.4, 106.4, 104.7, 102.6, 56.2, 56.1,;32S (El) m/z (%):
1H), 3.15 (dtJ = 17.9, 5.2 Hz, 1H), 2.89 (d,= 7.2 Hz, 1H), 2.84 262 ("), 231, 203, 59, 31.
(dd,J = 11.0, 6.7 Hz, 2H), 2.56 — 2.50 (m, 1H), 2.45ddH= 14.4,
9.2, 4.4 Hz, 1H), 2.38 — 2.30 (M, 1HJC NMR (CDCk, 100 MHz)  Methyl 1-hydroxy-5-methoxy-2-naphthoate)(*? Yield 87%:; yellow
8¢t 198.5, 173.2, 1708, 165.1, 155.9, 155.1, 1313K.7, 133.1, solid; mp = 112-114 °C; R0.54 (hexane/EtOAc 10/1). IR (KBr)
1329, 131.2, 128.73, 128.66, 128.3, 128.2, 128211.3, 127.2, (cmil): 2995, 2966, 2888, 1668, 1598, 1441, 1254, 11667, 946;
126.9, 119.6, 117.2, 116.2, 114.4, 96.9, 70.4238/054.1, 52.45, H NMR (CDCE, 400 MHz)8y: 11.91 (s, 1H), 7.98 (dl = 8.4 Hz,
52.38, 51.78, 51.71, 29.8, 25.6, 21.5, 20.3, 1BIRMS calcd for  1H), 7.76 (dJ = 9.1 Hz, 1H), 7.69 (d] = 9.1 Hz, 1H), 7.44 (t) =
C1oH10, 310.1205 found 310.1198. 8.1 Hz, 1H), 6.97 (dJ = 7.7 Hz, 1H), 4.00 (s, 6H)’®C NMR
(CDCls, 100 MHz) 6¢c: 171.5, 160.5, 155.1, 129.1, 125.9, 123.6,
4.3. General procedure for direct aromatization reaction under 115.8, 112.7, 107.6, 106.2, 55.7, 52.3; MS (falx (%): 232 1),
Cu catalysis. 200, 185, 157, 144, 129, 115, 101, 89, 75, 63, 51.
To a mixture of tetraloné& (0.2 mmol), Cul (4 mg, 10 mol%),
CsCO; (195mg, 0.6 mmol) was added degassed 1,4-diox@an®f  Methyl 7-fluoro-1-hydroxy-2-naphthoatdff.** Yield 77%; white
and the mixture was stirred at 70 °C under airHertime indicate in  solid; mp = 85-87 °C; R0.62 (hexane/EtOAc 10/1). IR (KBr) (€m
Table 2. Then water was added (10 mL) and the imvaakas  1): 3084, 2946, 2927, 2848, 1657, 1598, 1509, 14883, 1244,
extracted withethyl acetate (3 x 10 mL). The combined organic1156, 1077, 1008, 811, 752, 748] NMR (CDCk, 400 MHz) 8y
phases were dried over Mg@nd evaporated under vacuum. The 11.92 (s, 1H), 8.01 (dd} = 10.0, 2.4 Hz, 1H), 7.80 — 7.76 (m, 1H),
pure compounds were obtained after flash or prépera 7.74 (d,J = 8.7 Hz, 1H), 7.37 (td] = 8.6, 2.6 Hz, 1H), 7.29 (d,=

chromatography. 8.8 Hz, 1H), 4.01 (s, 3H)];3C NMR (CDCk, 100 MHz)&¢: 171.4,
4.4. General procedure for direct aromatization reaction 162.4, 160.2 (dJ = 5.0 Hz), 159.1, 134.1, 129.9 (@,= 8.5 Hz),
under Pd catalysis. 125.8 (d,J = 8.9 Hz), 123.6 (dJ = 2.3 Hz), 119.5 (dJ = 25.1 H2z),

To a mixture of tetraloné (0.2 mmol), Pe(dbay (5 mg, 1.25 118.5, 108.0 (dJ = 22.5 Hz), 106.4, 52.6; MS (Ef/z (%): 220
mol%), KsPQ, (127 mg, 0.6 mmol) was added toluene (3 mL) and(M*), 207, 188, 164, 132, 108, 94, 81, 74, 63, 51.
the mixture was stirred at 70 °C under argon fortithe indicate in
Table 2. Then brine was added (10 mL) and the imaolvas  Methyl 1-hydroxy-4-methyl-2-naphthoatkg)** Yield 57%; white
extracted withethyl acetate (3 x 10 mL). The combined organicsplid; mp = 92-94 °C; R0.70 (hexane/EtOAc 10/1). IR (KBr) (€m
phases were dried over Mg@nd evaporated under vacuum. The 1): 3058, 2955, 2919, 2850, 1659, 1634, 1445, 13243, 1157,
pure compounds were obtained after flash or prépara 1092, 1001, 799, 762H NMR (CDChk, 400 MHz)3y: 11.80 (s,
chromatography. 1H), 8.45 (ddJ = 8.3, 0.7 Hz, 1H), 7.90 (d, = 8.4 Hz, 1H), 7.66
(ddd,J = 8.3, 6.9, 1.4 Hz, 1H), 7.60 (d= 0.8 Hz, 1H), 7.54 (ddd,
Methyl 1-hydroxy-2-naphthoateld).*® Yield 94%:; brown-yellow  — 8.1, 6.9, 1.1 Hz, 1H), 4.00 (s, 3H), 2.57 J&& 0.9 Hz, 3H);"°C
S0 0~ 8 €1 D0 (el L0, LS ik (€04 100 Wi i 1710, 1597, 1305, 1264 1290
988, 762H NMR (CDCh, 300 MH2)3y: 11.99 (s, 1H), 8.40 (d,= 12)25'.0, 124;6, 1245, 134.2, 123.9, 105.1, 52.49;18S (El) m/z
8.3 Hz, 1H), 7.75 (d] = 8.8 Hz, 2H), 7.64 — 7.56 (m, 1H), 7.51 (ddd, (¥0) 242 M"Na), 216 M").
J=8.2,6.9, 1.4 Hz, 1H), 7.26 (d= 8.9 Hz, 1H), 3.98 (s, 3H}C
NMR (CDCl, 75 MHz)8¢: 171.5, 160.8, 137.3, 129.5, 127.6, 125.9, Methyl  5-(benzyloxy)-1-hydroxy-2-naphthoatéh)( Yield 97%;
124.8, 124.3, 123.9, 118.7, 105.7, 5MB (El) m/z(%): 202 \*), brown solid; mp = 129-132 °C;;®.55 (hexane/EtOAc 10/1). IR
170, 142, 114, 101, 88, 71, 63, 51. (KBr) (cml): 3063, 2998, 2948, 2923, 2868, 2850, 1651, 1599,
1450, 1343, 1250, 1149, 1046, 761, 769; NMR (CDC, 400
Methyl 1-hydroxy-7-methoxy-2-naphthoatelb)(** Yield 94%;  MHz) &y 11.93 (s, 1H), 8.00 (dl = 8.4 Hz, 1H), 7.80 — 7.73 (m,
yellow oil; R 0.51 (hexane/EtOAc 10/1). IR (KBr) (¢h): 1663, 2H), 7.52 (dJ = 7.3 Hz, 2H), 7.46 — 7.40 (m, 3H), 7.36 (dd: 8.6,
1619, 1425, 1340, 1247, 802, 788 NMR (CDCk, 400 MHZ)81: 6.0 Hz, 1H), 7.04 (d] = 7.6 Hz, 1H), 5.24 (s, 2H), 4.00 (s, 34

%1924(5(5‘31.';-)1%'7N1M}<7£%g§’ fgg'l\;ﬁf)g -7'127112?)'1258(8’12% NMR (CDCl, 100 MHz) 8¢ 171.6, 160.6, 154.3, 136.9, 129.4,
2 (S STU: ’ c: 2141 1998, 1508, 1988, 128.2, 127.5, 125,98, 125.96, 123.7, 11613.0, 109.1,

132.6, 129.1, 125.7, 122.1, 121.9, 118.5, 106.1,9065.6, 52.4;
MS (E|) m/z(%) 232 M+)r 200, 157, 144, 130, 100. 106.3, 70.4, 52.4; HRMS calcd f0r1ﬁ1604 308.1049, found

308.1046.

Methyl 1-hydroxy-6-methoxy-2-naphthoate)(** Yield 89%; White

Solid; mp = 103-105 °C; R0.59 (hexane/EtOAc 10/1). IR (KBr) Methyl 2-hydroxy-1-ox0-1,2,3,4-tetrahydronaphthalén
(cnil): 1660, 1609, 1444, 118H NMR (CDCh, 400 MHz)s,  carboxylate 6a).2% In this casel equiv of Cul was used. Yield 61%;
(ppm) 11.95 (s, 1H), 8.31 (d,= 9.2 Hz, 1H), 7.73 (dJ = 8.8 Hz, brown pale solid; mp = 67-69 °C; BR.09 (hexane/EtOAc 10/1). IR
1H), 7.19 — 7.12 (m, 2H), 7.06 @= 2.4 Hz, 1H), 3.98 (s, 3H), 3.94 (KBr) (cm'l): 3462, 1745, 1677, 1273 NMR (400 MHz, CDCJ)



Sy: 8.06 (ddJ = 7.9, 0.9 Hz, 1H), 7.54 (td,= 7.6, 1.3 Hz, 1H), 7.36
(t, J = 7.6 Hz, 1H), 7.27 (dJ = 6.7 Hz, 1H), 4.34 (s, 1H), 3.75 (s,

3H), 3.16 — 3.10 (m, 2H), 2.73 (dk= 13.5, 5.0 Hz, 1H), 2.26 (ddd, 17.

J=13.6, 9.1, 6.2 Hz, 1H}3C NMR (CDCL, 100 MHz)5¢: 194.7,

171.2,144.2,134.6, 130.2, 129.1, 1284, 127.2,32.8, 25.7; MS g

(EI) miz(%): 220 M*), 203, 161, 59, 17.
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