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Similar to catechol derivatives, 1,2-naphthalenediols are 

attractive possible aromatic functional materials (or their building 

blocks), such as solar cells, metal ligands, and anti-oxidants.
1
 

However, there are only a few reports regarding the synthesis of 

1,2-naphthalenediols.
2
  

Recently, we developed an easy method of synthesis of 

diazonaphthoquinones (DNQ) from corresponding naphthols by 

diazo-transfer reaction using azidoimidazolinium salt (ADMC) 

(Scheme 1).
3,4 

 By the reaction of 1-naphthol or 2-naphthol with 

ADMC, 2-diazotized DNQ 1 or 1-diazotized DNQ 2 was 

selectively obtained, respectively.  

 

Scheme 1. Synthesis of diazonaphthoquinones by the reaction of 
naphthol with azidoimidazolinium salt (ADMC). 

 

DNQs have been used exclusively as photoresists such as 

novolak-DNQ resist,5 and we are addressing the development of 

poly-substituted aromatic compounds from the DNQs.
6,7

   
During the course our study of Rh(II)-catalyzed reaction

8
 of 

propyloxycaroonyl-2-diazotized DNQ 1a expecting the 

preparation of 3 by intramolecular C–H insertion reaction, we 

found the formation of naphthalenediol 4a, which would be 

formed by the intermolecular O–H insertion of contaminated 

water in solvent (Scheme 2).
9
 Inspired by the result, we 

considered that 1,2-naphthalenediols could be synthesized by the 

Rh(II)-catalyzed intermolecular O–H insertion reaction between 

1,2-DNQs and water and started to examine the consideration.
10

 

Furthermore, we examined the O–H insertion reaction with 

alcohol. In this letter, we report the results in detail.  

 

Scheme 2. Rh-catalyzed reaction of 3-
propyloxycarbonyldiazonaphthoquinone 1a. 
 

As shown in Table 1, naphthalenediols 4 were obtained by the 

Rh(II)-catalyzed reaction of DNQs in the presence of water. 

When a mixture of DNQ 1a in benzene was heated at 60 °C for 7 

h in the presence of 3 mol% Rh2(OAc)4 and 1 equiv. of water, 

naphthalenediol 4a was obtained quantitatively (run 1). Various 

3-carbonylgroup substituted DNQs, such as ester 1a–e and 

aldehyde 1f gave corresponding O–H insertion products 4a–f in 

good yields. When 3-unsubstituted 1h and 3-methyl-substituted 

1i were employed for the reaction, DNQs were consumed within 

1 hour. However, expected O–H insertion products were not 
obtained at all. 3-Alkoxycarbonyl DNQs 1 were found to be 
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Rh(II)-catalyzed O-H insertion reaction of diazonaphthoquinones with water or alocohols 

proceeded to yield 1,2-naphthalenediol derivatives.  
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more stable than 3-unsubstituted and 3-alkyl-substituted DNQs 

like 1h and 1i. Therefore, some of the reasons of the no yield of 

O–H insertion products form 1h and 1i were attributed to the 

stability of DNQ under the reaction conditions and reactivity of 

its Rh carbene complex. However, we presume the main reason 

instability of the expected products, 1,2-naphthalenediols 4h and 
4i, under the reaction conditions. Because, we confirmed the 

decomposition of 4h under the reaction conditions. In addition, 

we also confirmed that Rh-catalyzed O-H insertion reaction of 

alcohol with same DNQ 1h and 1i proceeded to afford mono 

alkyl ethers of 1,2-naphthalenediol which were not decomposed 

under the reaction conditions (vide infra, Table 2 runs 20-22).
11

 
This result suggested DNQ 1h and 1i and its Rh carbenes have 

adequate life-time for the O-H insertion reaction in the reaction 

conditions.  

 

Table 1. Rh-catalyzed O–H insertion reaction of 3-alkoxycarbonyl-

1,2-diazonaphthoquinone 1.a 

 

Run R 
1 4 Time (h) Yield (%) 

1 CO2Pr 1a 4a 7 quant. 
2 CO2Me 1b 4b 5.5 quant. 

3 CO2Et 1c 4c 5 78 

4 CO2Allyl 1d 4d 8 64 

5 CO2Bn 1e 4e 9 84 

6 CHO 1f 4f 7 76 

7 CONHPh 1g 4g 6.5 73 

8 H 1h 4h 1 0 
9 Me 1i 4i 1 0 

a Reaction conditions: 3.0 mol% Rh2(OAc)4 in benzene (0.01 M for 1) at 60 

°C. 

Next, we examined the Rh-catalyzed reaction with alcohol  

(Table 2). In the reaction mixture, molecular sieve 4A was added 

to avoid the formation of diol formed by the reaction with 

contaminated water.  

In runs 1–10 the results of the reaction of 3-methoxycarbonyl  

DNQ 1b and alcohols are shown. Various alcohols, such as 
methanol, benzyl alcohol, tert-butyl alcohol, phenol, and glycolic 

acid ester reacted with 1b to afford corresponding 

naphthalenediol derivatives 5 in good to high yields (runs 1–7). 

In the reaction with allylic alcohol, the reaction mixture became 

complex, but the expected diol derivative 5h was isolated in 40% 

yield (run 8). Interestingly, tricyclic compound 6a was obtained 
primarily in the reaction with propargyl alcohol (run 9).  

Similarly, various 3-carbonyl group substituted DNQ reacted 

with alcohol to give O–H insertion reaction as shown in runs 11–

19. Introduction of methyl group or phenylgroup at C-4 positions 

did not drag down for the O–H insertion reaction (runs 18 and 
19).  

In contrast to the reaction with water, O–H insertion products 

were obtained in high yields by reacting 3-unsubstituted/3-alkyl 
group substituted DNQs and alcohol (Table 2, runs 20–25 versus 

Table 1, runs 7 and 8). 

The O–H insertion reaction is also examined for 1-diazotized 

DNQ 2 (Table 3). 
In case of the reaction with water, O–H insertion products 

were not obtained from 3-unsubstituted and 3-

trifluoromethanesulfonyl DNQ 2a and 2b (runs 1 and 2), while 
naphthalenediol 4b was obtained from 3-methoxylcarbonyl DNQ 

2c (run 3). By the reaction with methanol with DNQ 2a-c, O–H 
insertion product was obtained in high yields (runs 4–6). O-H 

insertion product 7d was also formed by the reaction with 
propargyl alcohol (run 7). 

 

 

Table 2. Rh-catalyzed O-H insertion reaction of 1,2-diazonaphthoquinones 1 with various alcohol.a 
 

 

Run R
1
 R

2
 1 R

3
OH (equiv.)

 
time (h) 5 yield (%) 

1 CO2Me H 1b MeOH (30) 8 5a 88 

2 CO2Me H 1b EtOH(30) 9 5b 88 

3 CO2Me H 1b PrOH(30) 7.5 5c 92 
4 CO2Me H 1b BnOH (5) 8 5d 86 

5 CO2Me H 1b t-BuOH (5) 9.5 5e 72 

6 CO2Me H 1b PhOH (1) 15.5 5f 72 
7 CO2Me H 1b MeCO2CH2OH (5) 10.5 5g 60 

8 CO2Me H 1b CH2=CHCH2OH (30) 21 5h 40 

9 CO2Me H 
1b

 HC≡CCH2OH (30) 8 5i 20b 

10c CO2Me H 1b (CH2OH)2 (5)  14 5j 63 

11 CO2Pr H 1a MeOH (30) 10 5k 88 

12 CO2Pr H 1a BnOH (5) 8 5l 95 

13 CO2Pr H 1a HC≡CCH2OH (30) 9.5 5m 2
 d
 

14 CO2Bn H 1e MeOH(30) 6.5 5n 94 

15 CO2Ph H 1j MeOH (30) 9.5 5o 72 

16 CHO  H 1f MeOH (30) 7 5p 83 
17 CONHPh H 1g MeOH (30) 12 5q 99 

18 CO2Me Me 1k MeOH (30) 5.5 5r 79 

19 CO2Me Ph 1l MeOH (30) 8 5s 77 

20 H H 1h MeOH(30) 4.5 5t 78 

21 Me H 1i MeOH (30) 11 5u 85 

22 Me H 1i BnOH(5) 4.5 5v 97 

23 i-Pr H 1m MeOH (30) 7 5w 95 
24 CH2OTBS H 1n MeOH (30) 4 5x 88 

25 CH2OTBS H 1n BnOH (5) 4.5 5y quant. 
a
 Reaction conditions: 3.0 mol% Rh2(OAc)4 in benzene (0.01 M for 1) at 60 °C. 

b 6a was obtained in 72% yield. 
c Reaction mixture was 0.02 M. 
d 6b was obtained in 76% yield.  
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Table 3. Rh-catalyzed O–H insertion reaction of 3-alkoxycarbonyl-
1,2-diazonaphthoquinone 2a. 

 

Run R1 2 R2 time 

(h) 

product yield 

(%) 

1 H 2a H 0.5 4h 0 
2 OTf 2b H 2.5 4j 0 

3 CO2Me 2c H 1 4b 67 

4 H 2a Me 3 7a 86 

5 OTf 2b Me 3 7b 86 

6 CO2Me 2c Me 1 7c 97 

7 CO2Me 2c
 HC≡CCH2

 b 3 7d 91 
a Reaction conditions: 3.0 mol% Rh2(OAc)4 in benzene (0.01 M for 2) at 60 

°C. 
b MS 4A was added in reaction mixture. 

 

In Scheme 3, possible reaction mechanism is depicted for the 

Rh2(OAc)4-catalyzed formation of naphthalenediol derivatives  

from DNQ 1 by reaction with alcohol. We confirmed that the O–

H insertion reaction did not proceed in the absence of Rh(II) 

catalyst, and the reaction was not affected strongly in the 

presence of radical-trap reagent such as TEMPO (2,2,6,6-

tetramethylpiperidine 1-oxyl).12 Therefore, we suppose this O–H 

insertion reaction proceeds via Rh(II) carbene as intermediate. 

First, Rh2(OAc)4 reacts with DNQ 1 to form Rh(II) carbene 
complex I. Nucleophilic attack of alcohol on carbene complex I 

proceeds to form oxonium ylide II, and then aromatization and 

deprotonation proceeds to form 5 with releasing Rh2(OAc)4. 

 

Scheme 3. Plausible reaction mechanism. 

 

In conclusion, we developed the Rh2(OAc)4-catalyzed 

synthesis of 1,2-naphthalenediol derivatives by the reaction of 

DNQs with water/alcohol. 
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1,2-Napthalendiols were synthesized from 

diazonaphthoquinone. 

1,2-Napthalendiol mono-protected alcohols were 

selectively synthesized. 

Various alcohols and water were used as the 

reactants. 
 

 


