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Pd(II)-catalyzed formal OH insertion reaction of diazo-
naphthoquinones to acetic acid proceeded to afford 1,2-
naphthalenediol monoacetates. In the presence of lithium
halides, halonaphthols were obtained under the reaction
conditions.

OH insertion is a unique reaction of ¡-diazocarbonyl
compounds via carbene or carbenoid formation.1 OH insertion
reactions to alcohols have been thoroughly investigated,2 and
Rh(II) reagents have been recognized as efficient catalysts.3 For
the OH insertion reactions of ¡-diazomonocarbonyl compounds
to carboxylic acids,3i,4 Cu salts have been reported as useful
catalysts, and of these, acetylacetonatocopper(II) ([Cu(acac)2])
has been found to be a superior reagent by Shinada and
Ohfune.4h Additionally, there are a few reports on the insertion
reactions of relatively stable ¡-diazocarbonyl compounds
such as 2-diazo-1,3-dicarbonyl compounds into OH bonds
of carboxylic acids, and Jørgensen has demonstrated that
Rh2(OAc)4 could be used as a catalyst for these reactions.4i

1,2-Diazonaphthoquinone derivatives 1 and 2 are unique
cyclic ¡-diazocarbonyl compounds (Figure 1)5 and are used
exclusively as photoresists such as novolak-diazonaphtho-
quinone resist.6 The Wolff rearrangement of 1,2-diazonaphtho-
quinones, which is the key reaction of the photoresists, has
been widely investigated,7 however, the development of other
reactions has been limited partially because of the difficult
accessibility of 1,2-diazonaphthoquinones.5

1,2-Naphthalenediols are attractive candidates for aromatic
functional materials (or their building blocks), such as solar
cells, metal ligands, and antioxidants, similar to catechol
derivatives.8 However, to date, only a few synthetically useful
processes have been reported for the synthesis of 1,2-naphtha-
lenediols.9 We envisioned that acyl group-protected 1,2-naph-
thalenediol derivatives could be synthesized by an insertion
reaction of 1,2-diazonaphthoquinones into OH bonds of
carboxylic acids followed by aromatization. Herein, we report
the first Pd(II)-catalyzed formal OH insertion reaction of
1,2-diazonaphthoquinones to acetic acid to form 1,2-naphtha-
lenediol derivatives.

1,2-Diazonaphthoquinones 1 and 2 were readily prepared
regioselectively from the corresponding naphthols in one step by
our recently developed method of diazo-transfer using 2-azido-
1,3-dimethylimidazolinium chloride (3) (Scheme 1).10

Initially, the reaction of 2-diazonaphthoquinone (1a) with
acetic acid was examined under several reaction conditions
(Table 1). Although no product was formed by stirring a
solution of 1a in acetic acid at room temperature for 24 h,
1,2-naphthalenediol (4) was obtained in 14% yield after stirring
the solution for 2 h at the reflux temperature (Runs 1 and 2).
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Figure 1. 1,2-Diazonaphthoquinones.
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Scheme 1. Synthesis of 1,2-diazonaphthoquinones from naph-
thols by diazo-transfer with 3.

Table 1. Reaction of diazonaphthoquinone 1a with acetic acid
O

N2

OX
OY

1a

Metal cat.

AcOH
4: X = Y = H, 6a: X = Y = Ac
5a-α: X = H, Y = Ac
5a-β: X = Ac, Y = H

Run Metal cat. (mol%) Conditions Yield/%a

1 none rt, 24 h ®b

2 none reflux, 2 h 4, 14
3 none reflux, 1 hc 6a, 21
4 Rh2(OAc)4 (1) 50 °C, 3 h ®b

5 CuI (10) 50 °C, 3 h ®b

6 CuCl (10) 50 °C, 3 h ®b

7 CuCl2 (10) 50 °C, 3 h ®b

8 Cu(OAc)2 (10) 50 °C, 3 h ®b

9 [Cu(acac)2] (10) 50 °C, 3 h ®b

10 Pd(OAc)2 (10) rt, 4 h 5a, 81 (65/35)d

11 Pd(OAc)2 (5) rt, 8 h 5a, 77 (65/35)d

12 PdCl2 (10) 50 °C, 3 h ®b

13 [Pd2(dba)3] (5) rt, 8 h 5a, 23e (65/35)d

aIsolated yield. b1a was recovered. cAfter the reaction mixture
was stirred for 1 h at reflux temperature, crude compounds
were treated with acetic anhydride and pyridine. dThe ratio of
5a-¡/5a-¢ after the purification with column chromatography
(SiO2). The position of acetyl group is undetermined.
e 1HNMR yield (1,1,2,2-tetrachloroethane was used as an
internal standard).
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Naphthalenediol 4 may be formed by the hydrolysis of 1,2-
naphthalenediol monoacetate 5a, which was the initial product
formed by the insertion reaction. By adding acetic anhydride and
pyridine to the reaction mixture following the consumption of
diazonaphthoquinone 1a, diacetate 6a was isolated in 21% yield
(Run 3). Next, the reaction was examined in the presence of
metal catalysts (Runs 413). The addition of rhodium(II) acetate
or copper salts (CuI, CuCl, CuCl2, Cu(OAc)2, and [Cu(acac)2])
was ineffective for the formation of 1,2-naphthalenediol
derivatives (Runs 49).

On the other hand, palladium(II) acetate (Pd(OAc)2) was
found to be an efficient catalyst for the OH insertion reaction of
diazonaphthoquinone 1a to acetic acid (Runs 10 and 11).11 In the
presence of 10mol% Pd(OAc)2, 1,2-naphthalenediol monoace-
tate 5a was obtained in 81% yield as an equilibrium mixture of
2-acetate 5a-¡ and 1-acetate 5a-¢ (65/35) after purification with
silica gel column chromatography (Run 10).12 Using 5mol%
Pd(OAc)2, monoacetate 5a was obtained in good yield, although
a longer reaction time was needed (Run 11). Conversely, PdCl2
was ineffective for the reaction probably because of its low
solubility in acetic acid (Run 12). As shown in Run 13, a Pd(0)
catalyst such as [Pd2(dba)3] was not as suitable for the formation
of 5a as Pd(OAc)2.

Next, we examined the scope and limitations of the
Pd(OAc)2-catalyzed formation of 1,2-naphthalenediol deriva-
tives from various diazonaphthoquinones (Table 2). 4-Alkoxy-
2-diazonaphthoquinone 1b was more reactive than unsubstituted
diazonaphthoquinone 1a (Runs 1 and 2). Diazonaphthoquinone
1b was consumed within 5min, but no compounds were isolated
from the mixture probably because of the high reactivity of the
product, 4-methoxy-1,2-naphthalenediol monoacetate, to air
oxidation (Run 1). The OH insertion product of 1b was
isolated as the corresponding diacetate 6b after treatment of
the initial products of the Pd-catalyzed reaction with acetic
anhydride and pyridine (Run 2). When 2-diazonaphthoquinone
1c having a chloro group at the C-4 position was used,

naphthalenediol monoacetate 5b was obtained in 51% yield
(Run 3). The reactions of 1-diazonaphthoquinones required
slightly higher temperature than those of 2-diazonaphtho-
quinones (Runs 47). As shown in Run 4, 1-diazonaphthoqui-
none (2a) reacted in acetic acid at 50 °C to give monoacetate 5a
in 79% yield as a mixture of 5a-¡ and 5a-¢ with a ratio similar
to that obtained in the reaction of 2-diazonaphthoquinone (1a)
shown in Runs 10 and 11 in Table 1. 6-Bromo-1-diazonaph-
thoquinone (2b) was converted to monoacetate 5c in 67% yield
as a mixture of regioisomers (Run 5). 3-Substituted 1-diazo-
naphthoquinones 2c and 2d gave corresponding naphthalenediol
monoacetates 5d and 5e, respectively, as single isomers (Runs 6
and 7).

In a further application, we found that the Pd(II)-catalyzed
reaction performed in the presence of lithium halides produced
halonaphthols comparable to the Sandmeyer reaction,13 as
shown in Scheme 2. When the Pd(OAc)2-catalyzed reaction of
2-diazonaphthoquinone (1a) in acetic acid was performed in the
presence of LiCl or LiBr, the corresponding 2-chloro-1-naphthol
(7a) and 2-bromo-1-naphthol (7b) were obtained in 79% and
82% yields, respectively. In the presence of LiCl, the solubility
of PdCl2 in acetic acid was improved, and using it as the catalyst
instead of Pd(OAc)2, increased the yield of chloronaphthol 7a to
91%. 1-Halo-2-naphthols 8a and 8b were synthesized regio-
selectively from 1-diazonaphthoquinone (2a) in high yields.

Subsequently, we examined the Pd(OAc)2-catalyzed OH
insertion reaction of typical acyclic ¡-diazocarbonyl compounds
(eq 1). Similar to that observed for diazonaphthoquinones, the
reaction of 2-diazo-1,3-dicarbonyl compounds 9a and 9b
proceeded smoothly to afford ¡-acetoxydicarbonyl compounds
10a and 10b in 72% and 81% yields, respectively.

10 mol% Pd(OAc)2

AcOH
50 °C

O

Y

O

OAc

10a (Y = Ph) 72% (5 h)
10b (Y = OMe) 81% (3 h)

O

Y

O

N2

9a (Y = Ph)
9b (Y = OMe)

ð1Þ

In Scheme 3, possible reaction mechanisms are depicted for
the Pd(OAc)2-catalyzed formation of naphthalenediol acetate 5a
from 2-diazonaphthoquinone (1a) in acetic acid. First, Pd(OAc)2
reacted with 1a to form palladium carbene complex I, from
which four reaction paths AD could be considered. Mechanism
A: migratory insertion of the ligand (acetoxy group) on metal
center to the carbene carbon and the successive aromatization
occurred generating metal complex III.11 Then, protonation of
acetic acid to III afforded 5a and regenerated Pd(OAc)2.
Mechanism B: Pd+ species IV was formed by protonation of

Table 2. Synthesis of 1,2-naphthalenediol derivatives by the
reaction of diazonaphthoquinones and acetic acid

R1

R4

R2

R3

OX

R4

OY

R3

1: R1 = O, R2 = N2
2: R1 = N2, R2 = O

10 mol% Pd(OAc)2

R5 R5AcOH

5-α: X = H, Y = Ac
5-β: X = Ac, Y = H
6: X = Y = Ac

Run Conditions Yield/%a

1b R3 = R5 = H, R4 = OMe 1b rt, 5min complex mixture
2b R3 = R5 = H, R4 = OMe 1b rt, 20min 6b, 66c

3 R3 = R5 = H, R4 = Cl 1c rt, 24 h 5b, 51 (53:47)d

4 R3 = R4 = R5 = H 2a 50 °C, 1 h 5a, 79 (65:35)d

5 R3 = R4 = H, R5 = Br 2b 50 °C, 4 h 5c, 67 (63:37)d

6 R3 = CO2Me, R4 = R5 = H 2c 50 °C, 6 h 5d, 85 (>99:<1)d

7
R3 = CONHPh,
R4 = R5 = H

2d 50 °C, 5 h 5e, 68 (>99:<1)d

aIsolated yield. b5mol% Pd(OAc)2 was used. cAfter the Pd-
catalyzed reaction, crude compounds were treated with acetic
anhydride and pyridine. dThe ratio of 5-¡/5-¢ after the
purification with column chromatography (SiO2). The position
of acetyl group is undetermined.

O

N2
10 mol% Pd(OAc)2

5.0 equiv LiX

AcOH
rt, 2 h

OH

X

1a 7a (X = Cl) 79% (91%)a

7b (X = Br) 82%

N2

O
10 mol% Pd(OAc)2

5.0 equiv LiX

AcOH
70 °C

X

OH

2a 8a (X = Cl) 90% (5 h)
8b (X = Br) 84% (6 h)

Scheme 2. Synthesis of halonaphthols. aReaction conditions:
PdCl2 (10mol%), LiCl (5 equiv), AcOH, rt ¼ 50 °C, 1 h.
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carbonyl group in I, then the SNAr type substitution with AcO¹

proceeded to give 5a and Pd(OAc)2. Mechanism C: nucleophilic
attack of AcOH to carbene complex I proceeded to form
oxonium ylide V, then 1,2-shift of substituent H in Voccurred to
form carbonyl compounds VI, which was aromatized to 5a
similar to the typical proposed mechanism of Rh(II)-catalyzed
OH insertion to ¡-diazocarbonyl compounds with alcohol/
H2O.14 Mechanism D: concerted OH insertion reaction similar
to Rh(II)-catalyzed CH insertion reaction.15 Although the
actual reaction mechanism is unclear, aromatization, which there
is no need to consider in the reaction of general ¡-diazocarbonyl
compounds, is an important step in the reaction of diazonaph-
thoquinones. In the OH insertion reaction, regioisomers 5-¡
and 5-¢ were formed. We assumed that initially 2-diazonaph-
thoquinone 1 and 1-diazonaphthoquinone 2 were transformed to
2-acetoxyl-1-naphthol 5-¡ and 1-acetoxyl-2-naphthol 5-¢, re-
spectively, and these were isomerized under reaction conditions
and/or purification conditions.

In conclusion, we developed Pd(II)-catalyzed formal OH
insertion reaction of diazonaphthoquinones to acetic acid giving
1,2-naphthalenediol monoacetates. By this method, protected
1,2-naphthalenediol derivatives could be synthesized and iso-
lated efficiently.

This work was supported by the Nagase Science Technology
Foundation and a Grant-in-Aid from the Ministry of Education,
Culture, Sports, Science and Technology of Japan.
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