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ABSTRACT

AlCl;-mediated cleavage of ethereal methyl-oxygen bond in aroylated 2,7-dimethoxynaphthalene compounds proceeds
chemospecifically and regioselectively. The ethereal bond at the f(2)-position of 1-monoaroylated 2,7-dimeth-oxynaph-
thalene is cleaved readily and predominantly against the f(7)-position, whereas scission of f-ethereal bonds of
1,8-diaroylated 2,7-dimethoxynaphthalene hardly undergoes like the non-aroylated mother frame compound of 2,7-

dimethoxynaphthalene.

Keywords:. Aroylated 2,7-Dialkoxynaphthalene; Chemospecific and Regioselective Scission of Ethereal Alkyl-Oxygen
Bond; Combined Action of AlCl; and Aroyl Group; Neighboring Group Effect

1. Introduction

Congested molecular units having non-coplanar align-
ment of aromatic rings such as biphenyl, binaphthyl, and
other poly (aromatic rings) compounds have been in the
limelight for building block of functional molecules and
polymers [1-4]. Recently, the authors’ group has found
that 2,7-dialkoxynaphthalenes readily undertake acid-
mediated diaroylation with high peri-regioselectivity to
give l-aroyl and 1,8-diaroyl-2,7-dialkoxynaphthalenes in
satisfactory yields [5,6]. In crystal, the aroyl group of the
resulting molecules attaches to the naphthalene ring as
nearly perpendicular manner and for diaroylated deriva-
tives two aroyl groups are situated in opposite directions
(anti-orientation) [7-9]. The authors’ group has inte-
grated the naphthalene-1,8-bis(carbonylarylene) unit into
poly(arylene ether ketone) backbone and reported uni-
que solubility tendency to organic solvents and charac-
teristic thermal behavior of the resulting polymers with
interpretation in relation to the spatial organization of the
repeating unit [10]. In addition, some curious reactions of
the 2,7-dimethoxynaphthalene and its derivatives such as
reversible aroylation depending on Brensted acid strength
[5] and dual aroylation mediated by Lewis acid [6] are
also revealed during the studies on aroylation of naph-
thalene derivatives.

In this article, the authors introduce Methyl-oxygen
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bond cleavage behavior of f-ethereal substituent in aroy-
lated dimethoxynaphthalenes by the combined action of
AICl; and aroyl group and discuss the regioselectivity
and the chemospecificity based on the comparison of the
corresponding reaction behaviors among the homologous
and analogous dialkoxynaphthalene molecules.

As well known methyl aryl ether generally resists ac-
id-mediated Methyl-oxygen bond cleavage. So deprotec-
tion of methyl group from methoxyarenes needs specific
reagents such as iodotrimethylsilane with Lewis acids, or
BBr3; in place of AICI;, which has almost no potential for
this purpose [11-14]. Furthermore, the BBr;-mediated
cleavage often suffers from low regioselectivity. There-
fore, effective and regioselective cleavage of methyl aryl
ether by AICI; is of interest.

2. Results and Discussion

Table 1 shows the results of AlCl;-mediated ether-clea-
vage reaction of 1-monoaroyl-2,7-dimethoxynaphthalene
(1aa) in refluxing CH,Cl, solutions. The methyl-oxygen
bond in 2-methoxy group of 1-monoaroylnaphthalene
laa was cleaved in the presence of three equimolar
amounts of AICl; or more (Entries 1 - 6). Using of five
equimolar amounts of AICl; quantitatively yielded
2-hydroxy-7-methoxy product 2ba (Entry 5). The exclu-
sive scission of 2-methoxy moiety leaving the other
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Table 1. Ethereal Methyl-oxygen bond cleavage reaction of
1-monoar oylnaphthalene 1aa by AICI4¥.

ey

PhH A"sble: Zba
Fbda A'aH - 2ok
Rl A'sH b

_®h . A
CH,

Tan nalixz. X3 rein

AICI, Product Distribution (%)™
Entry .

mmol laa 2ba 2ab 2bb
1 0.1 99 1/0 0
2 0.2 97 3/0 0
3 0.3 88 12/0 0
4 0.4 27 73/0 0
5 0.5 2 98(97)/0 0
6 1.0 1 99/0 0

[@)Reaction conditions: 1-Monoaroylnaphthalene 1aa (0.1 mmol), AICI; (0.1 -
1.0 mmol), CH,Cl, (0.25 ml), reflux, 30 min, N, atmosphere; ®lCalculated on
the basis of 'H NMR spectra. Isolated yield is given in parentheses.

f-ethereal substituent of 7-methoxy group unchanged
was achieved even when ten equimolar amounts of AICl;
were employed against substrate 1aa (Entry 6).

Table 2 presents the results of treatment of non-aroy-
lated mother frame molecule of 2,7-dimethoxynaphtha-
lene (3aa) and the analogous molecule of 3-monoaroyl-
2,7-dimethoxynaphthalene 5aa with AICl;. Dimethoxy-
naphthalene (3aa) essentially gave none of alkyl ether-
cleaved products (Entries 1 and 2). On the other hand,
Methyl-oxygen bond in 3-monoaroyl-2,7-dimetoxy-na-
phthalene 5aa was readily cleaved at the 2-position leav-
ing f(7)-methoxy group unchanged as well as 1-mo-
noaroyl- 2,7-dimethoxynaphthalene 1aa (Entries 3 and 4).

The results of the reaction of monoaroyl-2,7-dimeth-
oxynaphthalenes (laa and 5aa) and the ketonic-car-
bonyl-free analogue, 2,7-dimethoxynaphthalene (3aa),
obviously indicate that the ether cleavage reaction of the
monoaroyl-2,7-dimethoxynaphthalenes proceeds chemo-
specifically and regioselectively. Regioselective methyl-
oxygen bond cleavage at 2-position of monoaroyl-2,7-
dimethoxynaphthalenes laa and 5aa apparently demon-
strates the presence of the neighboring effect of the aroyl
group.

Contrarily, no methyl-oxygen bond cleavage pro-
ceeded for 1,8-diaroyl-2,7-dimethoxynaphthalene (7aa)
under the similar reaction conditions (Table 3, Entry
1). In refluxing CH,CICH,Cl solution, only a trace
amount of halfly ether-cleaved product 8ba was de-
tected (Entry 2). The ether cleavage reaction proceeded
still scarcely even when ten equimolar amounts of AICl;
were employed (Entry 3). In refluxing toluene solution,
1,8-diaroyl-2,7-dimethoxynaphthalene 7aa gave uniden-
tified compounds with trace amounts of halfly and dual-
ly methyl ether-cleaved products 8ba and 8bb (Entry
4).
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Table 2. Ethereal Methyl-oxygen bond cleavage reactionof
dimethoxynaphthalene analogues 3aa/5aa by AICI4.

AlCI; Product Distribution (%)™

Entry Substrate

(mmol) 3335aa 4ba 6ba/6ab  4bb 6bb
1 3aa 0.5 100 0 0
2 3aa 1.0 100 0 0
3 5aa 0.5 0 97(81)/2 1
4 5aa 1.0 0 99/0 1

[Reaction conditions: Dimethoxynaphthalene analogue 3aa or 5aa (0.1
mmol), AICl; (0.5 mmol or 1.0 mmol), CH,Cl, (0.25 ml), reflux, 30 min, N,
atmos- phere; *!Calculated on the basis of "H NMR spectra.

Table 3. Ethereal Methyl-oxygen bond cleavager eaction of
1,8-diar oylnaphthalene 7aa by AICI4¥.

) ) povSey
ATy el
JUN < TO0T mm
AICl; Product Distribution (%)™
Entry - solvent
(mmol) 7aa 8ba 8bb
1 0.5 CH,Cl, 100 0 0
2 0.5 CH,CICH,CI 97 3 0
3 1.0 CH,CICH,CI 91 9 0
44 0.5 toluene 3 8l 9!l

[)Reaction conditions: 1,8-Diaroylnaphthalene 7aa (0.1 mmol), AICI; (0.5
mmol or 1.0 mmol), solvent (dichloromethane, 1,2-dichloroethane, or tolu-
ene; 0.25 ml), reflux, 30 min, N, atmosphere; ®lCalculated on the basis of
'H NMR spectra; “Isolated yields; “'Unidentified compounds were in-
cluded.

The distinct behavior that contrary to complete cleav-
age of f(2)-methyl ether bond of 1-monoaroyl-2,7-di-
methoxynaphthalene laa, the f-methyl ether bonds of
1,8-diaroyl-2,7-dimethoxynaphthalene 7aa were essen-
tially unchanged indicates the plausible origination of the
chemospecificity from the facility of formation of the
required conformation for methyl ether bond cleavage.
The required conformation still remains indeterminable,
however, the probable situation of AlCl; between ketonic
carbonyl oxygen atom and ether oxygen atom might
promote the scission of methyl-oxygen bond. In the case
of 1,8-diaroyl-2,7-dimethoxynaphthalene 7aa, the forma-
tion of the required conformation is presumably ob-
structed sterically compared to 1- and 3-monoaroy- lated
naphthalene derivatives.

The ethyl-oxygen bond cleavage reactions carried out
against the corresponding diethoxynaphthalene homo-
logues (Table 4-6) manifest the essentially similar reac-
tion behaviors to those of 2,7-dimethoxynaphthalene
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Table 4. Ethereal ethyl-oxygen bond cleavage reaction of
1-monoar oylated naphthalene 1cc by AICI.

oS 2SI

- BN Al A'E 2o
THACy | | | RSE R b
tog  hallax 3amin A%l AH -Zbh

AIC; Product Distribution (%)™
Entry
(mmol) lcc 2bc/2ch 2bb
1 0.3 28 72/0 0
2 0.5 0 86(80)/0 14(12)
3 1.0 0 54/0 46

[)Reaction conditions: 1-Monoaroylated naphthalene lcc (0.1 mmol), AICI;
(0.1 - 1.0 mmol), CH,Cl, (0.25 ml), reflux, 30 min, N, atmosphere;
lCalculated on the basis of 'H NMR spectra. Isolated yields are given in
parentheses.

Table 5. Ethereal ethyl-oxygen bond cleavage reaction of
diethoxynaphthalene analogues 3cc/5cc by AlCIH.

. AR ] Fsl -
S SR & -
F0
OO B e o

S5 O sala 3 i : e RLH :

F=H R =

Entry Sub-  AICI Product Distribution (%)™
strate  (mmol)  3ccBcc  4bc  6bc/éch  4bb 6bb
1 3cc 0.5 100 0 - 0
2 3cc 1.0 96 4 - 0
3 5ce 0.5 0 - 54(54)/0  46(38)
4 5cc 1.0 0 - 2202200  78(77)

[@)Reaction conditions: Dialkoxynaphthalene analogue 3cc or 5cc (0.1 mmol),
AICl; (0.5 mmol or 1.0 mmol), CH,Cl, (0.25 ml), reflux, 30 min, N, at-
mosphere; "lCalculated on the basis of "H NMR spectra. Isolated yields are
given in parentheses.

analogues (laa, 3aa, 5aa, and 7aa). Ethyl-oxygen bonds
in I-mono, 3-mono, and 1,8-diaroylnaphthalenes were
somewhat easily cleaved than the methyl-oxygen bonds in
the corresponding homologous molecules. According to
the reaction conditions, halfly ether-cleaved products
were obtained quantitatively or mixtures with dihydroxy
derivatives were yielded. For example, 1-monoaroylated
2-hydroxy-7-ethoxynaphthalene (2bc) was solely formed
by use of a smaller amount of AlCI; (Table 4, Entry 1 vs.
2). However, half ethyl ether cleavage of 1,8-diaroylated
2,7-diethoxynaphthalene (7cc) is rather difficult even un-
der mild conditions (Table 6, Entries 2 and 6). The results
of the cleavage reaction of unsymmetrically dialkoxylated
molecule of 1,8-diaroyl-2-ethoxy-7-methoxy naphthalene
(7ca) suggest that the methyl-oxygen bond cleavage is
promoted after the cleavage of ethoxy group has com-
pleted (Table 6). In refluxing CH,CICH,Cl solution, the
ethyl-oxygen bond of 1,8-diaroyl-2-ethoxy-7-meth-
oxynaphthalene (7ca) was cleaved in preference to the
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Table 6. Alkyl ether cleava?e reaction of 1,8-diaroylated
naphthalene 7cc/7ca by AICIS?.

a o iz,
U =
w553 mminn

L, Raia

T

Entry 7 AICl; Solvent Product Distribution (%)™
(mmol) 7cc7ca 8obc  8ba  8bb

1 c 05 CH,Cl, 90 5 5
2 c 1.0 CH,Cl, 77 6 17
3 ca 05 CH,Cl, 100 0 0 0
4 cc 05 CHCICHClI 43 35(34) 22
5 ¢ 1.0 CH,CICHCI 0 0 100

6[c] cc 1.0 CHCICH,Cl 33 33 34
7 ca 05 CHyCICHCl 46 0 42 12
8 ca 1.0 CHyCICHCl 15 0 70(67) 15
9 «cc 05 toluene 0 0 100 (95)
10 ca 05 toluene 0 7 0 93

(?Reaction conditions: 1,8-Diaroylated naphthalene 7cc or 7ca (0.1 mmol),
AICI; (0.5 mmol or 1.0 mmol), solvent (dichloromethane, 1,2-dichloroethane,
or toluene; 0.25 ml), reflux, 30 min, N, atmosphere; ®lCalculated on the
basis of "H NMR spectra. Isolated yields are given in parentheses. [c] At r.t.

methyl-oxygen bond (Entries 7 and 8). In refluxing tolu-
ene solution, the two kinds of alkyl-oxygen bonds were
thoroughly cleaved (Entry 10).

Figure 1 displays the crystal structures of aroylated
2,7-dimethoxynaphthalenes (laa and 7aa) [15,16] and
aroylated 2-hydroxy-7-methoxynaphthalenes (2ba and
8ba) [17,18]. In 1-monoaroyl-2,7-dimethoxynaphthalene
laa, the aroyl group non-coplanarly attaches to the naph-
thalene ring. On the other hand, the ketonic carbonyl
moiety and hydroxy group in 1-monoaroyl-2-hydroxy-7-
methoxynaphthalene 2ba make a coplanar configuration
with intramolecular hydrogen bond. The same type of
intramolecular hydrogen bond between ketonic carbonyl
moiety and hydroxy group is observed in X-ray crystal
structure of 1,8-diaroyl-2-hydroxy-7-methoxynaphthalene
8ba. However, in contrast to anti-orientation of 1,8-dia-
roylnaphthalene 7aa, 1,8-diaroyl-2-hydroxy-7-methoxy-
naphthalene 8ba has syn-orientation, ie., two aroyl
groups are oriented in same directions.1-Monoaroylna-
phthalene laa and 1,8-diaroylnaphthalene 7aa have ap-
parently same non-coplanar alignment around the aroyl
connections. However, the steric hindrance around the
ketonic carbonyl group might be meaningfully different
to affect the rotational capability. The aroyl groups of
1,8-diaroylnaphthalene 7aa are deviated out of the naph-
thalene ring plane more largely than 1-monoaroylnaph-
thalene laa. The angles between C(carbonyl)-C(naph-
thalene) bond and naphthalene plane are 13.07°and 11.71°
for 7aa and 3.21° for laa.

The bond lengths between ketonic carbonyl group and

1J0C



A. OKAMOTO ET AL. 197

@ (b)

© (d

Figure 1. X-ray crystal structures of aroylnaphthalenes: (a)
molecule 1aa; (b) molecule 2ba; (c) molecule 7aa; (d) mole-
cule 8ba (For clarity, an ethanol molecule is removed from
thefigure).

naphthalene ring of 1,8-diaroylnaphthalene 7aa are longer
than that of 1-monoaroylnaphthalene 1aa (1.516 A and
1.520 A for 7aa; 1.506 A for laa). About the 8-aroyl-
group adjacent to methoxy group in 1,8-diaroyl-2-hy-
droxy-7-methoxynaphthalene 8ba, the corresponding
angle and bond length are 9.13° and 1.509 A, respect-
tively.

These data indicate that steric hindrance around ke-
tonic carbonyl group increases in the order of monoaroyl-
dimethoxy derivative laa<diaroyl-monohydroxymono-
methoxy compound 8ba<diaroyl-dimethoxy compound
7aa. Furthermore, it led us to conjecture that the steri-
cally fixed aroyl group is difficult to promote the methyl
ether-cleavage. In other words, rotation ability of aroyl
group presumably enables to cleave the methyl-oxygen
bond by formation of the suitable arrangement of the
intervening species.

3. Conclusion

Conclusively, the AICl;-mediated scission behavior of
alkyl-oxygen linkage of f-alkoxy groups in non-aroy-
lated, 1-mono-, and 1,8-diaroyl-2,7-dimethoxynaphtha-
lenes (3aa, laa, and 7aa) shows distinct chemospecific-
ity. Methyl-oxygen bond cleavage of 1-monoaroyl-
2,7-dimethoxynaphthalene (1aa) smoothly and regiose-
lectively proceeds at the 2-position, however, that of
1,8-diaroyl- naphthalene (7aa) is apparently deactivated
like the inertness of 2,7-dimethoxynaphthalene (3aa).
The single aroyl group promotes the ether cleavage of the
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adjacent methoxy group, whereas the two adjacent aroyl
groups situated at the peri-position disturb AICl; medi-
ated scission of the neighboring S-methyl ether group.
Replacement of one or two methoxy groups with eth-
oxy ones a little blunts the chemospecificity and the re-
gioselectivity of aroylated naphthalenes. The observed
specificity in the alkyl ether-cleavage reaction affords
some hitherto-unknown aspects in structures and chem-
ical properties relationship of these congested non-copla-
narly aromatic-rings-accumulated molecules.

4. Experimental

All reagents were of commercial quality and were used
as received. Solvents were dried and purified using stan-
dard techniques.

4.1. M easur ement

'H NMR spectra were recorded on a JEOL JNM-AL300
spectrometer (300 MHz) and a JEOL ECX400 spec-
trometer (400 MHz). Chemical shifts are expressed in
ppm relative to internal standard of Me,Si (5 0.00). *C
NMR spectra were recorded on a JEOL JNM-AL300
spectrometer (75 MHz) and a JEOL ECX400 spectrome-
ter (100 MHz). Chemical shifts are expressed in ppm
relative to internal standard of CDCI; (6 77.0). IR spectra
were recorded on a JASCO FT/IR-4100 spectrometer.
Elemental analyses were performed on a Yanaco CHN
CORDER MT-5 analyzer. High-resolution FAB mass
spectra were recorded on a JEOL MStation (MS700) ion
trap mass spectrometer in positive ion mode.

4.2. Typical Procedure of M ethyl-OxygenBond
Cleavage Reaction Mediated by AIClI3

To a solution of 1-(4-chorobenzoyl)-2,7-dimetoxynaph-
thalene (laa, 0.1 mmol, 32.7 mg) and in dichloro-
methane (0.25 ml), AICl; (0.5 mmol, 66.7 mg) was added
by portions at ambient temperature under nitrogen at-
mosphere. After the reaction mixture was stirred in the
refluxing solution for 30 min, it was poured into iced
water (20 ml) and the mixture was extracted with CHCl;
(15 ml x 3). The combined extracts were washed with sat.
NaCl aq. and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure to give
solid. The crude product was purified by recrystallization
(2ca, hexane, isolated yield 75%).

Other ether cleavage reactions were undertaken by es-
sentially the same procedure as above.

4.3. Synthetic Procedur e of Aroylnaphthalenes

1-(4-Chlorobenzoyl)-2,7-dimethoxynaphthalene (1aa).
To a solution of 2,7-dimethoxynaphthalene (0.200 mmol,
68.2 mg) and 4-chlorobenzoyl chloride (0.22 mmol, 38.5
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mg) in dichloromethane (0.5 ml), AICl; (0.22 mmol, 29.3
mg) was added by portions at 0°C under nitrogen atmos-
phere. After the reaction mixture was stirred at r.t. for 3 h,
it was poured into iced water (20 ml) and the mixture
was extracted with CHCI; (15 ml x 3). The combined
extracts were washed with 2 M NaOH agq., sat. NaCl aq.
and dried over anhydrous magnesium sulfate. The sol-
vent was removed under reduced pressure to give pow-
dery product. The crude product was purified by recrys-
tallization (hexane, isolated yield 78%).

3-(4-Chlor obenzoyl)-2,7-dimethoxynaphthalene (5aa).
The title compound was prepared by treatment of a mix-
ture of 2,7-dimethoxynaphthalene (10 mmol; 1.88 g) and
4-chlorobenzoic acid (11 mmol 1.72 g) with phosphorus
pentoxide—methanesulfonic acid mixture (P,0Os-MsOH
[1/10 w/w]; 10 ml) at 60°C for 8 hours. After the reac-
tion mixture was stirred at 353 K for 8 h, the mixture was
extracted with CHCl; (10 ml % 3). The combined ex-
tracts were washed with 2 M aqueous NaOH followed by
washing with brine. The organic layers thus obtained
were dried over anhydrous MgSO,. The solvent was re-
moved under reduced pressure to give cake. The crude
product was purified by recrystallization (ethanol, iso-
lated yield 56%).

1,8-Bis(4-chlor obenzoyl)-2,7-dimethoxynaphthalene
(7aa). To a solution of 2,7-dimethoxynaphthalene (0.200
mmol, 68.2 mg) and 4-chlorobenzoyl chloride (0.66
mmol, 116 mg) in dichloromethane (0.5 ml), TiCl, (1.8
mmol, 341 mg) was added by portions at r.t. under nitro-
gen atmosphere. After the reaction mixture was stirred at
r.t. for 3 h, it was poured into iced water (20 ml) and the
mixture was extracted with CHCI; (15 ml x 3). The com-
bined extracts were washed with 2 M NaOH agq., sat.
NaCl aq. and dried over anhydrous magnesium sulfate.
The solvent was removed under reduced pressure to give
powdery product. The crude product was purified by re-
crystallization (ethanol, isolated yield 88%).

1,8-Bis(4-chlor obenzoyl)-2,7-diethoxynaphthalene
(7cc). To a solution of TiCly (180 mmol, 34.2 g) and 4-
chlorobenzoyl chloride (60 mmol, 10.5 g) in dichloro-
methane (25 ml), 2.7-diethoxynaphthalene/dichlorome-
thane (20 mmol, 4.33 g/25 ml) was added by portions at
r.t. under nitrogen atmosphere. After the reaction mix-
ture was stirred at r.t. for 3 h, it was poured into iced wa-
ter (200 ml) and the mixture was extracted with CHCl;
(40 ml x 3). The combined extracts were washed with 2
M NaOH agq., sat. NaCl aq. and dried over anhydrous
magnesium sulfate. The solvent was removed under re-
duced pressure to give powdery pale white product (94%
yield). The crude product was purified by recrystalliza-
tion (chloroform/ethanol, isolated yield 62%).

1,8-Bis(4-chlor obenzoyl)-2-ethoxy-7-methoxynapht
halene (7ca). To a solution of 1-(4-chlorobenzoyl)-2-
ethoxy-7-methoxynaphthalene (0.200 mmol, 68.2 mg)
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and 4-chlorobenzoyl chloride (0.44 mmol, 77.0 mg) in
dichloromethane (0.5 ml), TiCl; (1.32 mmol, 248 mg)
was added by portions at r.t. under nitrogen atmosphere.
After the reaction mixture was stirred at r.t. for 3 h, it
was poured into iced water (20 ml) and the mixture was
extracted with CHCIl;3(15 ml x 3). The combined extracts
were washed with 2 M NaOH aq., sat. NaCl aq. and dried
over anhydrous magnesium sulfate. The solvent was re-
moved under reduced pressure to give powdery product.
The crude product was purified by silicagel column chro-
matography (hexane : AcOEt =1 : 1, isolated yield 87%).

4.4, |dentification of the Products

1-(4-Chlorobenzoyl)-2,7-dimethoxynaphthalene (1aa).
Colorless needle (hexane), Mp 121.5°C - 122°C; IR
(KBr): 1667, 1628, 1586, 1512 cm™'; '"H NMR 4§ (300
MHz, CDCLs): 3.73 (3H, s), 3.79 (3H, s), 6.78 (1H, d, J =
2.4 Hz), 7.02 (1H, dd, J= 2.4, 9.0 Hz), 7.16 (1H, d, J =
9.0 Hz), 7.39 (2H, d, J = 8.4 Hz), 7.72 (1H, d, J = 9.0
Hz), 7.78 (2H, d, J = 8.4 Hz), 7.87 (1H, d, J = 9.0 Hz)
ppm; “C NMR ¢ (75 MHz, CDCly): 55.168, 56.239,
101.88, 110.05, 117.15, 121.06, 124.34, 128.86, 129.72,
130.87, 131.28, 132.94, 136.45, 139.71, 155.02, 158.96,
196.81 ppm; Calcd for CioHi50;Cl: C, 69.83%; H,
4.63%; Found: C, 69.61%; H, 4.74%.

1-(4-Chlorobenzoyl)-2-hydr oxy-7-methoxynaphthal
ene (2ba). Yellow platelet (hexane), Mp 118°C - 118.5°C;
IR (KBr): 3434, 1623, 1583, 1513, 1214, 843 cm'; 'H
NMR 6 (300 MHz, CDCls): 3.37 (s, 3H), 6.58 (d, 1H, J =
2.4 Hz), 691 (dd, 1H, J = 2.4, 9.0 Hz), 7.07 (d, 1H, J =
9.0 Hz), 7.40 (d, 2H, J = 8.7 Hz), 7.58 (d, 2H, J = 8.7
Hz), 7.63 (d, 1H, J = 9.0 Hz), 7.85 (d, 1H, J = 9.0 Hz),
11.35 (s, 1H) ppm; *C NMR 6§ (75 MHz, CDCl5): 54.5,
106.5, 113.4, 115.8, 116.4, 123.7, 128.9, 130.2, 130.7,
133.8, 136.5, 138.7, 138.8, 158.2, 162.6, 199.1 ppm;
Anal. Calcd for CigH;Cl0;5: C 69.13, H 4.19. Found: C
69.11, H 4.09.

1-(4-Chlor obenzoyl)-2,7-dihydr oxynaphthalene (2bb).
Yellow oil; IR (KBr): 3398, 1653, 1625, 1586, 1515,
1240, 1215 cm'; 1H NMR 6 (400 MHz, CDCl;): 5.18
(1H, s), 6.61 (1H, d, J=2.2 Hz), 6.89 (1H, dd, J = 2.2,
8.6 Hz), 7.07 (1H, d, J = 8.8 Hz), 7.39 (2H, d, J = 8.2
Hz), 7.60 (2H, d, J = 8.2 Hz), 7.66 (1H, d, J = 8.8 Hz),
7.85 (1H, d, J = 8.8 Hz), 11.14 (1H, s) ppm; °C NMR ¢
(100 MHz, CDCls): 109.62, 113.16, 115.07, 116.55,
123.75, 128.95, 130.76, 130.97, 133.92, 136.48, 138.26,
139.07, 154.53, 162.33, 198.71 ppm; HRMS (FAB;
m-nitrobenzyl alcohol [m-NBA]) m/z: [M + H]"; Calcd
for C1;H,,05Cl: 299.0475; Found: 299.0502.

3-(4-Chlorobenzoyl)-2,7-dimethoxynaphthalene (5aa).
Yellow needle (EtOH), Mp 152°C; IR (KBr): 1657, 1622,
1588, 1503 cm'; '"H NMR § (300MHz, CDCl;): 3.82
(3H, s), 3.94 (3H, s), 7.05 (1H, dd, J = 2.4, 8.9 Hz), 7.10

1J0C



A. OKAMOTO ET AL. 199

(1H, d,J=2.4Hz), 7.13 (1H, s), 7.40 (2H, d, J = 8.7 Hz),
7.69 (1H, d, J = 8.7 Hz), 7.77 (2H, d, J = 8.7 Hz), 7.79
(1H, s) ppm; °C NMR § (75 MHz, CDCl3): 55.349,
55.522, 105.03, 105.44, 117.17, 123.20, 127.41, 128.50,
130.08, 130.24, 131.22, 137.28, 138.83, 139.20, 155.67,
159.47, 194.81 ppm; Calcd for C9H;50;Cl: C, 69.83%j;
H, 4.63%. Found: C, 69.75%; H, 4.83%.

3-(4-Chlor obenzoyl)-2-hydr oxy-7-methoxynaphthal
ene (6ba). Yellow needle (AcOEt + hexane); Mp 177°C;
IR (KBr): 3470, 1643, 1594, 1561, 1511 cm'; "H NMR
J (300 MHz, CDCl;): 3.93 (3H, s), 6.94 (1H, br), 6.96
(1H,d,J=8.4,2.4Hz),7.23 (1H, s), 7.52 (2H, d, /= 8.9
Hz), 7.57 (1H, d, J = 8.4 Hz), 7.69 (2H, d, J = 9.0 Hz),
7.99 (1H, s), 11.26 (1H, s) ppm; *C NMR § (75 MHz,
CDCl;): 55.383, 103.68, 111.25, 117.80, 118.50, 122.24,
128.72, 130.78, 131.24, 136.09, 136.36, 138.43, 140.07,
158.17, 161.09, 200.01 ppm; HRMS (FAB; m-NBA) m/z:
[M + HJ]"; Caled for C;sH;405Cl: 313.0631. Found:
313.0624.

3-(4-Chlor obenzoyl)-2,7-dihydr oxynaphthalene (6bb).
Yellow powder (AcOEt + hexane), Mp 148°C - 148.5°C;
IR (KBr): 3422, 1648, 1593, 1561, 1524 cm'; "H NMR
0 (400 MHz, CDCl;): 6.01 (1H, s), 6.94 (1H, dd, J = 8.6,
2.4 Hz), 6.99 (1H, d, J= 2.4 Hz), 7.17 (1H, s), 7.53 (2H,
d, J=8.4Hz),7.63 (1H,d, J=9.2 Hz), 7.69 2H, d, J =
8.8 Hz), 8.02 (1H, s), 11.22 (1H, s) ppm; “C NMR o
(100 MHz, CDCl;): 107.64, 110.70, 116.84, 118.76,
122.33, 128.79, 130.81, 132.00, 136.38, 136.50, 138.55,
140.02, 157.43, 158.03, 200.13 ppm; HRMS (FAB;
m-NBA) m/z: [M + HJ"; Caled for C;H;,05Cl: 299.0475;
Found: 299.0501.

1,8-Bis(4-chlor obenzoyl)-2,7-dimethoxynaphthalene
(7aa). Yellow needle (EtOH + AcOEt), Mp 216°C -
217°C; IR (KBr): 1665, 1611, 1588, 1512 em ', 'TH NMR
0 (300MHz, CDCl3): 3.70 (6H, s), 7.21 (2H, d, J = 9.0
Hz), 7.33 (4H, d, J = 8.6 Hz), 7.64 (4H, d, J = 8.6 Hz),
7.96 (2H, d, J = 9.0 Hz) ppm; “C NMR ¢ (75 MHz,
CDCl;): 56.297, 111.07, 120.57, 125.45, 128.37, 129.90,
130.40, 132.43, 137.07, 138.99, 156.39, 195.95 ppm;
Calcd for CycH;304Cl,: C, 67.11%; H, 3.90%. Found: C,
67.10%; H, 4.09%.

1,8-Bis(4-chlor obenzoyl)-2-hydr oxy-7-methoxynaph-
thalene (8ba). Yellow platelet (EtOH), Mp 232.5°C -
233.5°C; IR (KBr): 1643, 1612, 1587, 1510, 1278, 1089,
831 ecm'; 'TH NMR § (300 MHz, CDCL3): 3.60 (s, 3H),
6.91 (d, J=8.7 Hz, 2H), 7.20 - 7.10 (m, 6H), 7.33 (d, J =
8.7 Hz, 2H), 7.94-7.86 (m, 2H), 9.34 (s, 1H) ppm; "°C
NMR ¢ (75 MHz, CDCl;): 56.0, 110.6, 117.3, 121.3,
124.6, 127.7, 128.5, 130.5, 131.9, 132.6, 133.7, 135.0,
136.3, 136.8, 138.4, 139.7, 157.6, 159.5, 195.1, 196.8
ppm; HRMS (FAB; m-NBA) m/z: [M + H]";calcd for
C,5H1704Cl,, 451.0504; found, 451.0520. Anal. Calcd for
C,sH604Cly: C 66.53, H 3.57. Found: C 66.31, H 3.76.

1,8-Bis(4-chlor obenzoyl)-2,7-dihydr oxynaphthalene
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(8bb). Yellow powder (AcOEt), Mp 302.2°C - 307.4°C;
IR (KBr); 3160 (O-H), 1643 (C=0), 1587 (Ar), 1511 (Ar)
em'; "H NMR 6 (300 MHz, CDCly): 7.11 - 7.15 (4H,
broad), 7.14 (2H, J = 8.7 Hz), 7.25 - 7.28 (4H, m), 7.93
(2H, d, J = 9.0 Hz), 11.13 (2H, s) ppm. 'H NMR § (300
MHz, DMSO): 7.09 2H, d, J=8.7 Hz), 7.49 (4H, d, J =
8.4 Hz), 7.61 (4H, d, J = 8.7 Hz), 7.93 (2H, d, J = 9.0
Hz), 10.12 (2H, s) ppm; “C NMR 4§ (75 MHz, DMSO):
115.44, 117.61, 123.76, 128.79, 131.19, 132.73, 137.65,
137.96, 155.04, 196.56 ppm; HRMS (FAB; m-NBA) m/z:
[M + HJ', caled for CoyH;4CLL,O4Na, 459.0167; found,
459.0132.

1-(4-Chlorobenzoyl)-2,7-diethoxynaphthalene (1cc).
Colorless needle (hexane), Mp 124°C - 125°C; IR (KBr):
1660, 1625, 1582, 1514, 1242, 1216 cm™'; '"H NMR ¢
(400 MHz, CDCl;): 1.09 (3H, t, J = 6.8 Hz), 1.36 (3H, t,
J=172Hz),3.96 (2H, q, J = 10, 14 Hz), 4.04 (2H, q, J =
10, 14 Hz), 6.83 (1H, d, J = 2.4 Hz), 7.01 (1H, dd, J =
2.4,9.2 Hz),7.10 (1H, d, J= 8.8 Hz), 7.38 2H, d, ] = 8.6
Hz), 7.70 (1H, d, J = 8.8 Hz), 7.76 (2H, d, J = 8.6 Hz),
7.83 (1H, d, J =9.2 Hz) ppm; “C NMR § (100 MHz,
CDCly): 14.577, 14.596, 63.394, 64.805, 102.78, 111.20,
117.33, 121.41, 124.32, 128.72, 129.65, 130.72, 131.30,
133.12, 136.99, 139.40, 154.63, 158.35, 196.97 ppm;
HRMS (FAB; m-NBA) m/z: [M + HJ; Caled for
C,1H,00;Cl: 355.1101; Found:355.1061.

1-(4-Chlor obenzoyl)-7-ethoxy-2-hydr oxynaphthale
ne (2ch). Glassy yellow solid (oil); IR (KBr): 3239, 1656,
1619, 1594, 1571, 1513, 1203 cm'; '"H NMR & (400
MHz, CDCl;): 1.22 (3H, t, J= 7.0 Hz), 3.52 2H, q, J =
10, 14 Hz), 6.55 (1H, d, J = 2.5 Hz), 6.90 (1H, dd, J =
2.5, 8.8 Hz), 7.05 (1H, d, J = 8.8 Hz), 7.40 (2H, d, J =
8.4 Hz), 7.57 (2H, d, J = 8.4 Hz), 7.61 (1H, d, J = 9.2
Hz), 7.83 (1H, d, J =9.2 Hz), 11.29 (1H, s) ppm; “C
NMR ¢J (100 MHz, CDCl;): 14.510, 62.898, 107.08,
113.42, 116.25, 116.30, 123.60, 128.93, 130.15, 130.65,
133.86, 136.52, 138.62, 138.78, 138.80, 157.61, 162.48,
199.07 ppm; HRMS (FAB; m-NBA) m/z: [M + HJ";
Calcd for C19H;505Cl: 327.0788; Found: 327.0784.

3-(4-Chlor obenzoyl)-2,7-diethoxynaphthalene (5cc).
Yellow oil (AcOEt+hexane); IR (KBr): 1663, 1626, 1585,
1504, 1211 em™'; 'H NMR ¢ (400 MHz, CDCl;): 1.14
(3H, t, J= 6.8 Hz), 1.49 (3H, t, J = 6.8 Hz), 4.04 (2H, q,
J=10, 14 Hz), 4.16 (2H, q, J = 10, 14 Hz), 7.04 (1H, dd,
J=2.4,8.8Hz), 7.05 (1H, br), 7.07 (1H, s), 7.40 (2H, d,
J=8.4Hz),7.69 (1H, d, J=8.8 Hz), 7.74 2H, d, /= 8.4
Hz), 7.83 (1H, s) ppm; >C NMR 6 (100 MHz, CDCl,):
14.234, 14.777, 63.528, 63.804, 105.65, 106.06, 106.08,
117.35, 123.20, 127.61, 128.31, 130.14, 130.36, 130.99,
137.06, 137.46, 138.83, 154.95, 158.78, 195.18 ppm;
HRMS (FAB; m-NBA) m/z: [M + H]; Caled for
C,1H,00;Cl: 355.1101; Found: 355.1112.

3-(4-Chlor obenzoyl)-7-ethoxy-2-hydr oxynaphthale
ne (6¢b). Yellow needle, (CHCl; + hexane); Mp 151°C;
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IR (KBr): 3448, 1638, 1593, 1560, 1509, 1236, 1209
cm ;s 'TH NMR 6 (300 MHz, CDCl3): 1.49 (3H, t, J = 7.0
Hz), 4.17 (2H, q, J= 11, 14 Hz), 6.95 (1H, brs), 6.95 (1H,
dd, J = 8.8, 2.4 Hz), 7.22 (1H, s), 7.52 (2H, d, J = 8.4
Hz), 7.59 (1H, d, J = 8.7 Hz), 7.69 (2H, d, J = 8.4 Hz),
8.00 (1H, s), 11.26 (1H, s) ppm; *C NMR § (400 MHz,
CDCly): 14.663, 63.699, 104.40, 111.22, 118.09, 118.52,
122.24, 128.77, 128.92, 130.81, 131.27, 136.15, 138.46,
140.21, 158.19, 160.53, 200.05 ppm; HRMS (FAB;
m-NBA) m/z: [M + H]"; Caled for C19H1603Cl:
327.0788. Found: 327.0784.

1,8-Bis(4-chlor obenzoyl)-2,7-diethoxynaphthalene
(7cc). Colorless needle (Chloroform/EtOH), Mp 214.1°C
- 216.2°C; IR (KBr): 1660 (C=0), 1610(Ar), 1510 (Ar),
1274 (0O-Et) cm'; '"H NMR 6 (300 MHz, CDCl5): 0.96
(6H, t, J= 6.9 Hz), 3.97 (4H, q, J= 7.2 Hz), 7.15 (2H, d,
J=9.0 Hz), 7.34 (4H, d, /= 8.4 Hz), 7.67 (4H, d, /= 8.4
Hz), 7.92 (2H, d, J = 8.7 Hz) ppm; *C NMR § (100 MHz,
CDCly); 14.52, 64.48, 112.19, 121.06, 125.53, 128.38,
130.45, 132.52, 137.78, 138.78, 156.10, 196.63 ppm.;
HRMS (FAB; m-NBA) m/z: [M + HJ; caled for
C,3H»3C1,04, 493.0973; found, 493.0958.

1,8-Bis(4-chlor obenzoyl)-2-ethoxy-7-methoxynapht
halene (7ca). Pale yellow needle (silicagel column, hex-
ane: AcOEt = 1:1), Mp 209.3°C - 210.1°C; IR (KBr):
1663, 1609, 1587, 1510, 1267, 1047, 838 cm™'; '"H NMR
d (300 MHz, CDCl;): 0.96 (t, J = 7.0 Hz, 3H), 3.70 (s,
3H), 3.97 (q, J = 10, 14 Hz, 2H), 7.21 - 7.14 (m, 2H),
7.97 - 7.91 (m, 2H), 7.33 (d, J = 8.7 Hz, 4H), 7.67 - 7.63
(m, 4H) ppm; °C NMR 0§ (75 MHz, CDCly): 14.4, 56.4,
65.0, 111.2, 112.3, 121.1, 121.3, 125.6, 128.3, 128.4,
130.2, 1304, 130.5, 132.3, 132.4, 137.3, 137.7, 138.8,
139.0, 156.0, 156.5, 196.0, 196.1 ppm; HRMS (FAB;
m-NBA)m/z: [M + H]"; calcd for C»;H,;04Cl,, 479.0817;
found, 479.0822. Anal. Calcd for C,;H,,04Cl,: C, 67.65;
H, 4.21. Found: C, 67.45; H, 4.10.

1,8-Bis(4-chlor obenzoyl)-2-ethoxy-7-hydr oxynapht
halene (8bc). Yellow powder (silicagel column, AcOEt),
Mp 200.3°C - 203.9°C; IR (KBr): 3378, 1644, 1611,
1589, 1567, 1510, 1208, 1225, 1281, 1090, 803 cm '; 'H
NMR ¢ (400 MHz, CDCl3): 0.85 (3H, t, /= 6.8 Hz), 3.89
(2H, q, J= 10, 14 Hz), 6.88 (2H, d, J= 8.0 Hz), 7.07 (1H,
d, J=8.8 Hz), 7.09 - 7.16 (3H, m), 7.18 (2H, d, J = 8.4
Hz), 7.31 (2H, d, J = 8.4 Hz), 7.88 (1H, d, J = 8.4 Hz),
7.90 (1H, d, J = 8.8 Hz), 9.53 (1H, s) ppm; °C NMR ¢
(100 MHz, CDCl;): 14.043, 69.491, 111.33, 113.98,
117.07, 121.13, 124.39, 127.46, 128.42, 130.31, 131.98,
132.68, 133.70, 135.09, 136.54, 136.73, 138.13, 139.58,
157.08, 159.57, 195.59, 197.12 ppm; HRMS (FAB;
m-NBA) m/z: [M + HT, calcd for CosH;4C1,04, 465.0660;
found 465.0629.
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