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Abstract – This review deals with synthesis and reactions of 

diazonaphthoquinones during the past 6 years. Various substituted 

diazonaphthoquinones have been prepared by the reaction of the appropriate 

naphthol and 2-azido-1,3-dimethylimidazolinium chloride (ADMC) in short direct 

pathway. This method is likely to find wide spread uses in organic synthesis and 

material chemistry such as for preparing photoresists. In this review, different 

metal catalyzed reactions are investigated and applied successfully to the 

synthesis of important aromatic compounds. In addition, total synthesis of some 

natural compounds has been attempted using this recently developed diazo-

transfer methodology. It is hoped that this compilation, in combination with the 

previously published literatures on diazo-transfer reaction, will provide useful, up-

to-date and comprehensive foundation and reference sources for individuals 

interested in the same field. 
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1. INTRODUCTION 

Recently, orthodiazonaphthoquinones [1-diazo-2(1H)-naphthalenones (1) and 2-diazo-1(2H)-naphthalenones 

(2)], have been the subject of much interest because of their unique structures, reactivity and few known 

preparative method (Figure1).1 They are unique cyclic α-diazocarbonyl compounds, which are used as 

building blocks candidates for many aromatic functional materials, such as solar cells, metal ligands and 

antioxidants.2,3 The Wolff rearrangement of 1,2-diazonaphthoquinones is the key reaction of photoresists, 

therefore they are exclusively used as photoresist materials, such as Novolak–diazonaphthoquinone 

resists.4-6  However, the development of diverse reactions has been partially limited due to their difficult 

synthesis.1 

 
Figure 1. Orthodiazonaphthoquinones (DNQ) 

 
Generally, diazonaphthoquinones are synthesized from naphthols using different pathways, either by 

diazotization of aminophenol derivatives followed by deprotonation (Route a)7 or by 

monosulfonylhydrazonation of quinones followed by elimination of sulfinic acid (Route b),8 as illustrated 

in Scheme 1.  Multi-step reaction and the requirement of regioselective transformation were the main 

drawbacks of both routes, thus diazo-transfer reaction (Route c) was found to be the shortest direct 

synthetic method of diazonaphthoquinones although it is not so popular one.9 

 

 

Scheme 1. Synthesis of diazonaphthoquinones from 2-naphthol 
 

In 1978, Balli et al. have synthesized 2-azido-3-ethylbenzothiazolium tetrafluoroborate, as an efficient 

reagent for diazo-transfer reaction to naphthol, but this method suffered from low yield (eq. 1).10  Thus, 

the development of short efficient direct method for the synthesis of diazonaphthoquinones has become 

an urgent need. 
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Recently, we found that 2-azido-1,3-dimethylimidazolinium salts act as efficient and safe diazo-transfer 

reagents giving easily isolated and high yielded diazo products.11-15 2-Azido-1,3-dimethylimidazolinium 

chloride (ADMC) (3) could be used for the diazo-transfer reaction to naphthols to give corresponding 

various diazonaphthoquinones in good yield. Furthermore, we developed a new synthetic method of 

substituted naphthols by the metal-catalyzed reaction of diazonaphthoquinones, which could be applied 

for the synthetic study of natural products. In this review, we describe our efforts on the synthesis and 

application toward development of synthetic method of diazonaphthoquinones. 

 

2. SYNTHETIC METHOD 

Synthesis of diazonaphthoquinones by diazo-transfer reaction of reaction 2-azido-1, 3-
dimethylimidazolinium chloride (ADMC) (3) with naphthols 

Initially, the reaction of 1-naphthol with ADMC 3 was examined. To a solution of ADMC 3, prepared by 
reaction of chloroimidazolinium chloride (DMC) with sodium azide, 1-naphthol and triethylamine were 
added using acetonitrile at -20 C, as shown in Scheme 2. It is worth noting that; using 15-crown ether for 
such reaction was proved to be very effective in decreasing the reaction time and giving more clean 
reaction mixture. Protic solvent was not to be preferred, because diazonaphthoquinone products 
decomposed to naphthol in an aqueous solution. The choice of base was also important in this diazo-
transfer reaction. Using Et3N, i-Pr2NEt and K2CO3 led to good yield. In contrast, using less basic bases, 
such as aromatic bases (imidazole, pyridine, 4-dimethylaminopyridine), were not suitable for the 
production of diazonaphthoquinone and using DBU (1,8-diazobicyclo[5.4.0]undec-7-ene) resulted in 
unknown products. 

 

Additive Time Yield (%) 
_ 40 min 76 

15-crown -5 30 min 83 
 

Scheme 2. Representative diazo-transfer reaction pathway using 1-naphthol 

HETEROCYCLES, Vol. 92, No. 10, 2016 1763



 

In Table 1, the results of the diazo-transfer reaction for various naphthols and related compounds are 

shown. 1-Nonsubstituted 2-naphthols were converted to 1-diazotized compounds in good yields (entries 

1-5); while 1-substituted 2-naphthols did not yield corresponding diazo compounds (entries 6, 7). 2-

Nonsubstituted 1-naphthol gave 2-diazo derivatives in good yields without influence of the substituent on 

C(3) or C(4) on naphthol (entries 8-15). The reaction of 2-alkyl-1-naphthol became complex and 4-

diazotized compound was formed in low yield (entry 16). Anthrone (equivalent to anthracen-9-ol) gave 

the corresponding diazo compound (4) in good yield (entry 17), but phenol could not be used in the 

diazotization reaction (entry 18).  

Interestingly, 1-formyl-2-naphthol gave isoxazole derivative as a major product, which is further 

transformed to nitrile under stirring for 4 h at rt, as shown in Scheme 3.  
 

 

Scheme 3. Behavior of 1-formyl-2-naphthol toward diazo transfer reaction with ADMC 3 

Table 1. Representative reactions of some naphthols with ADMC 3a 

Entry ArOH Time Product Yield (%) 

    
 

1  R = CH2OTBS 0.5 h    R = CH2OTBS 81 
2  R = CO2Me 1 h    R = CO2Me 75 
3  R = CO2Ph 1 h    R = CO2Ph 62 
4  R = CONHPh 1 h    R = CONHPh 60 [93]b 

5  1 h  
79 

6 1-bromo-2-naphthol 3 h -c  

7 BINOL  2 h -d  
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8  R1 = H, R2 = OMe 1 h R1 = H, R2 = OMe 73 
9  R1 = H, R2 = Cl 1 h R1 = H, R2 = Cl 81 
10  R1 = CH2OTBS, R2 = H 1 h R1 = CH2OTBS, R2 = H 72 
11  R1 = CO2Me, R2 = H 2 h R1 = CO2Me, R2 = H 98 
12  R1 = CO2Ph, R2 = H 2 h R1 = CO2Ph, R2 = H 97 
13  R1 = CO2Ph, R2 = OMe 2 h R1 = CO2Ph, R2 = OMe 94 

   

14e  R = (E)-CH=CH-Ph 3 h  R = (E)-CH=CH-Ph 89 
15  R = CO2Et 4 h  R = CO2Et 60 

16 2-butyl-1-naphthol 1 h -c  

17  0.1 h 4 [86]b,f 

18 PhOH  2 hg -d  
aUnless otherwise noted, the reactions were carried out at -20 C by stirring a mixture of ArOH (1 equiv.) and Et3N 
(2 equiv.) in THF with a solution of ADMC 3 (1.5 equiv.), which was prepared using DMC (1.5 equiv.), sodium 
azide (NaN3) (1.7 equiv.), and 15-crown-5 (30 mol%) in MeCN. bThe yield was determined by 1H NMR 
spectroscopy. cComplex mixture. No compounds were identified. dAr-OH was recovered. eMolar ratio: 
DMC/NaN3/naphthol/Et3N = 5/5/1/5. fAnthraquinone was obtained in 7% yield. gAt room temperature. 

Table 2. Reactions of naphthalenediols with ADMC 3a 

Entry Naphthalenediol Time Products  Yield (%) 

1 

 

0.1 h 

 

80b 

2c 

 

1 h 

 

56 
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3c 

 

1 h 

 

41 

4c 

 

0.5 h  

 

      40 
 

 

20 

5c 
 

1 h 

 

31 

6c 
 

0.5 h 

 

40 

aUnless otherwise noted, the reactions were carried out at -20 C by stirring a mixture of ArOH and Et3N (2 equiv.) 
in THF with a solution of ADMC 3 (1.5 equiv.), which was prepared from DMC (1.5 equiv.), sodium azide (1.7 
equiv.) and 15-crown-5 (30 mol%) in MeCN. b3.0 equiv. of 3 was used. cAfter the diazotization reaction was 
performed, the crude products were treated with acetic anhydride and pyridine.  

 

Table 3. The diazo-transfer reaction of some heterocyclic scaffolds and the novel resulted diazotized 
products.a,b 

Entry Ar-OH Products Yield (%) 

1 
  

80% 

2 

  

42% 

3 
 

 

70% 

4 

  

35% 
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5 

  

40% 

6 

  

74% 

7 

  

82% 

aReaction conditions: the reactions were carried out at -20 C by stirring a mixture of Ar-OH (1 equiv.) and Et3N (2 
equiv.) in THF with a solution of ADMC 3 (1.5 equiv.), which was prepared using DMC (1.5 equiv.) and sodium 
azide (NaN3) (1.7 equiv.) in MeCN. bUnpublished results.  
 

The results of the reaction for naphthalenediols are shown in Table 2. The formation of mono diazotized 

compounds was observed in most cases except for 1,3-naphthalenediol which gave the bis diazotized 

compound in 80% yield when 3 equiv. of 3 was used (entry 1). Subsequent acetylation of the 

monodiazotized products was performed so as to facilitate its isolation. 

For the importance of diazo compounds in both semiconductor manufacturing and medicinal chemistry 

and in order to expand the applicability of this newly developed diazo-transfer methodology, the behavior 

of another OH group-containing heterocyclic scaffolds was explored as shown in Table 3.16 Some 

derivatives of quinoline, isoquinoline, indole and 4-hydroxycoumarin were transformed to corresponding 

diazotized compounds in moderate to good yield.  

A plausible mechanism for the reaction between ADMC 3 and 2-naphthol in the presence of a base is 

shown in Scheme 4. The reaction pathway depends on the base used. Naphtholate I will be formed from 

2-naphthol and the base at equilibrium when the used base has a conjugate acid with an acidity constant 

similar to that of naphthol (pKa  10). Naphtholate I will then attack the terminal nitrogen in 3 (the 

position a in 3) to form intermediate II. Intermediate II will then undergo intramolecular proton 

abstraction to afford the corresponding diazo compound 1 and guanidine III. The reverse reaction will 

occur when naphtholate I attacks the central carbon in the guanidinium (the position b in 3), and 

naphtholate I and 2-naphthol will be reformed at equilibrium. In contrast, naphtholate I will be kinetically 

formed when a strong base (pKaH > 10) is used, and a hard oxygen nucleophile will attack the most 

positive position b in 3 to form IV. In this case, the reverse reaction will be slow because naphtholate I is 
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predominantly formed from 2-naphthol. Naphtholate I will hardly be formed when a weak base is used; 

therefore diazonaphthoquinone 1 will not be formed efficiently. 

 

  

Scheme 4. Plausible diazo-transfer reaction mechanism and the vital role of the base 

3. APPLICATIONS OF DIAZO-TRANSFER REACTION  

The recently developed reaction was involved in many attractive chemical applications, either in different 

metal-catalyzed reaction with the aim to get efficient aromatic compounds or in total synthesis of natural 

compounds.  

3-1. METAL-CATAYZED REACTION 

Pd-Catalyzed formal OH insertion reaction of acetic acid 

Similar to catechol derivatives, 1,2-naphthalenediols are very attractive candidates for aromatic functional 

materials, such as solar cells, metal ligands, and antioxidants.3,17 However, to date, few useful processes 

have been reported for their synthesis.18 In 2011, the synthesis of 1,2-naphthalenediol derivatives was 

first achieved via Pd(II)-catalyzed formal O-H insertion reaction of 1,2-diazonaphthoquinones to acetic 

acid (eq. 2).19 
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Several reaction conditions were examined to obtain naphthalenediol monoacetate, which was then 

subjected to hydrolysis to yield the desired naphthalene diol. It was found that, rhodium(II) acetate, 

cupper salts (CuI, CuCl, CuCl2, Cu(OAc)2), or PdCl2 were ineffective while palladium(II) acetate was 

found to be the most efficient catalyst for the O-H insertion reaction of diazonaphthoquinone. Then, 

synthesis of different 1,2-naphthalenediol derivatives from various diazonaphthoquinones was attempted 

(Table 4). It was observed that, the reactions of 1-diazonaphthoquinones required slightly higher 

temperature than those of 2-diazonaphthoquinones. Furthermore, it was found that the Pd(II)-catalyzed 

reaction performed in the presence of lithium halides produced halonaphthols comparable to the 

Sandmeyer reaction, as shown in eq. 3. In similar manner, Pd(OAc)2-catalyzed O-H insertion reaction of 

typical acyclic -diazocarbonyl compounds was proved to yield acetoxy dicarbonyl compounds smoothly.  

 

Table 4. Synthesis of 1,2-naphthalenediol derivatives by the reaction diazonaphthoquinones and acetic 
acid 

 

Entry 1/2 R1 R2 R3 Conditions Yield (%) 
1 1 H H H 50 C, 1 h 5 79 (65:35)a 
2 1 H H Br 50 C, 4 h 5 67 (63:37)a 
3 1 CO2Me H H 50 C, 6 h 5 85 (>99: <1)a 
4 1 CONHPh H H 50 C, 5 h 5 68 (>99: <1)a 

 5b 2 H OMe H   rt, 5 min complex mixture 
 6b 2 H OMe H rt, 20 min 6 66c 
7 2 H Cl H   rt, 24 h 5 51 (53: 47)a 

 

 

Rh-Catalyzed reaction with acetic anhydride 

aThe ratio of 5α/5β after the purification with column chromatography (SiO2). The 
position of acetyl group is undetermined. b5 mol% Pd(OAc)2 was used. cAfter the Pd-
catalyzed reaction, crude compounds were treated with acetic anhydride and pyridine. 
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Exclusively, Scheme 5 illustrates the practical and efficient Rh2(OAc)4-catalyzed reaction of 1,2-diazo- 

naphthoquinones with acetic anhydride to form 1,2-naphthalenediol diacetates. Thus, protected 1,2-

naphthalenediol derivatives could be synthesized and isolated efficiently. In this reaction, cupper salts and 

Pd catalyst were found to be inefficient while in the presence of Rh(II) acetate, diacetate products were 

obtained smoothly in good yield.20 The possible reaction mechanism for the formation of naphthalenediol 

diacetates is illustrated in Scheme 5. 

The scope and limitations of the Rh2(OAc)4-catalyzed formation of 1,2-naphthalenediol diacetates from 

1,2-diazonaphthoquinones are shown in Table 5. In all experiments, pyridine should be added to the 

reaction mixture following the reaction with catalytic Rh2(OAc)4 in acetic anhydride. 

 
Scheme 5. Synthesis of 1,2 naphthalenediol diacetate and the possible reaction mechanism 

 

Table 5. Synthesis of various naphthalenediol diacetates 7 from 1,2-diazonaphthoquinones 

 

Entry 1/2 R1 R2 R3 R4 R5 Time (h) Yield (%) 
1 1 H H H H H 6 66 
2 1 H H H Br H 9 76 
3 1 CO2Me H H H H 2 81 
4 1 CONHPh H H H H   8a 13b 

5 2 H OMe H H H 3 44 
6 2 H Cl H H H 4 45 
7 2 CO2Et H OMe H OMe  11a 88 

 
aRh-catalyzed reaction was carried out at 70 C b Compound 8 was obtained in 78% yield. 
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In addition, the Rh-catalyzed reaction of 2,4-bis(diazo)-1,2,3,4-tetrahydronaphthalene-1,3-dione (9) was 

examined to yield 1,2,3,4-tetra(acetoxy)naphthalene (10) in moderate yield (eq. 4). 

 
 

Pd-Catalyzed cross coupling reaction with arylboronic acid 

Introduction of substituents to aromatic compounds is a very important process in organic synthesis. 

Regioselective arylation of 1-naphthol remains one of the most difficult issues in the synthesis of the 

substituted phenol derivatives, so that the first palladium-catalyzed cross-coupling reaction of 

diazonaphthoquinone and arylboronic acid has been attempted, providing a novel access to biaryl 

compounds (Table 6).21  It was proved that, using Pd(OAc)2 as catalyst, instead of Pd(0), had a greater 

effect on the yield. In addition, using acetic acid as solvent made the reaction media more clean than 

using other solvent. Moreover, addition of fluoride anion was effective in such reaction as previously 

mentioned in Suzuki-Miyaura coupling reaction.22 

 

Table 6. Pd-Catalyzed coupling of diazonaphthoquinone and various arylboronic acids  
 

 
Entry Ar Time (h) Yield (%) 

1 Ph 3 76 
2 o-MeC6H4 3 56 
3 o-MeOC6H4 3 40 
4 m-MeOC6H4 2 53 
5 p-Me 3 67 
6 p-MeOC6H4 4 25 
7 p-CF3C6H4 5 34 
8 1-naphthyl 4 47 

 

The most believable reaction mechanism is shown in Scheme 6, which is the Pd(II)-catalytic cycle via the 

migratory insertion of a palladium carbene complex.23,24 The reaction is initiated by the transmetallation 

of arylboronic acid by the aid of F– and Pd(OAc)2 to generate intermediate I, which reacts with 

diazonaphthoquinone (2) to form palladium carbene complex II. Migratory insertion of the aryl group to 

the carbene carbon occurs, generating palladium complex III. Finally, protonation of acetic acid to III 

affords the coupling product (11) and regenerates Pd(OAc)2. 
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Scheme 6. Proposed cross coupling reaction mechanism 

 
Diazonaphthoquinones act as aryl donor 

Another application is that, the synthesis of the naphthofuran derivatives with its reported interesting 

biological activities.25 It was proved that dihydronaphthofuran derivatives could be synthesized by Rh-

catalyzed intermolecular cycloaddition reaction of diazonaphthoquinones with enol ethers (12) (Scheme 

7).26  No improvement of the yield was observed either by using Rh2(OCOCF3) or under Kraus reaction 

condition.27 Moreover, no cycloadduct product was formed in absence of Rh catalyst. In addition, it was 

observed that, 2-diazonaphthoquinone having an electron-donating group at C-4 position efficiently 

afforded dihydronaphthofuran in high yield.  

 
Scheme 7. Rh2(OAc)4-Catalyzed cycloaddition reaction of 2-diazonaphthoquinones with enol ethers 
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Furthermore, this methodology was extended to the synthesis of α-arylcarbonyl compounds. The 

Rh2(OAc)4-catalyzed cycloaddition reaction of 2-diazonaphthoquiones with ketene acetals was examined 

and the obtained naphthofuran derivatives  were then transformed to the corresponding α-naphthyl esters 

in high yield by treatment with tetrabutylammonium fluoride (TBAF) (Table 7). In entry 6, the formation 

of the corresponding lactone was observed with 6% yield. 

Table 7. Synthesis of dihydronaphthofurans (13) and α-(1-hydroxy-2-naphthyl) esters (14) by the reaction 

of diazonaphthoquinones and ketene acetals 

 

Entry R1 R2 R3 Conditiona Time (h) Yield (%) 
      13 14 

1 H H Et A 1 76 88 
2 H H Me A 1 51 66 
3 H H tBu B 1.5 80 99 
4 H OMe Et A 0.75 82 80 
5 H Cl Et A 0.75 70 80 
6 OAc H Et A 0.5 53 66 

 
aCondition A: Rh2(OAc)4 (1 mol%), ketene silyl acetal (1.2 equiv.), CH2Cl2, 40 . Condition B: Rh2(OAc)4 (1 
mol%), ketene silyl acetal (1.2 equiv.), ClCH2CH2Cl, 80 C. 
 

It is worth noting to mention that a similar α-(1-hydroxy-2-naphthyl) ester was previously prepared from 

1-naphthol in eight steps.28 Interestingly, this method provides more rapid synthesis via diazotization of 

1-naphthol followed by Rh2(OAc)4-catalyzed reaction with ketene silyl acetal and finally ring opening 

with TBAF. To the best of our knowledge, this novel method was the first to describe that 

diazonaphthoquinones could be used as aryl donors for the metal-catalyzed α-arylation of ester enolate 

equivalents. 

 

Pd-Catalyzed macrocyclization reaction with cyclic ether 

Pd(OAc)2 was found to be an efficient catalyst for several coupling reactions of 1,2-

diazonaphthoquinones. Unexpectedly, new method for the synthesis of medium-sized/macrocyclic ethers 

was developed, during the evaluation of the stability of 2-diazonaphthoquinone (2) when refluxed with 

catalytic amount of Pd(OAc)2 using various solvents (CH2Cl2, toluene, benzene, MeCN and THF).29 As a 

result, new method for the efficient synthesis of protected 1,2-naphthalenediols has been explored. As 
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shown in Scheme 8, cyclic ethers (15) and (16) were obtained in reasonable yield using the determined 

optimum cyclization conditions. It was found that lower temperature (45 C) and using Rh, PdCl2 and 

Pd(OCOCF3)2 catalysts were not efficient for such cyclization. Moreover, no cyclic ethers were obtained 

upon the addition of a halide anion (LiCl) or during the use of Cu reagents, except for Cu(OTf)2 and 

Cu(OTf)·C6H5, a minor amount of C-H insertion product (17) was formed. 

 
Scheme 8. Pd(OAc)2-Catalyzed macrocyclization of 2-diazonaphthoquinone with THF 

 

Next, during investigation of the Pd(OAc)2-catalyzed cyclization reaction using different 

diazonaphthoquinones substrates, it was found that introduction of a C-3 substituent was efficient for the 

selective formation of 8-membered ring cyclic ethers (15). On the other hand, the expected cyclization 

products were not generated using 4-methoxy-2-diazonaphthoquinone but only a dimerization product 

was obtained in 10% yield. 

 
Scheme 9. Pd-Catalyzed cyclization of 2-diazonaphthoquinone with oxetane and THP 
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In addition, examination of Pd(OAc)2-catalyzed reaction of 2-diazonaphthoquinone with oxetane and 

tetrahydropyrane (THP) was proved to yield 15-membered cyclic ether (18) and a mixture of 9-membered 

cyclic ether (19) and 15-membered ether (20), respectively (Scheme 9). It was observed that the reactions 

of 1-diazonaphthoquinone proceeded smoothly in a similar manner. 

Rh-Catalyzed intramolecular C-H insertion reaction 

-Phenylnaphthalene lactones derivatives are widely used as intermediates for the synthesis of many 

bioactive natural products, such as polyketides and biaryl compounds (Figure 2).30  

 

Figure 2. Natural products containing -phenylnaphthalene lactone moiety 

Although Pd-catalyzed intramolecular biaryl coupling of halogenated aryl carboxylic acid aryl esters was 

reported to be the most efficient method, it suffered from several problems such as a limited accessibility 

of starting haloaryl compounds, the reproducibility of the reaction and the harsh reaction conditions.31 We 

developed novel method for the synthesis of β-phenylnaphthalene lactones using Rh-catalyzed 

intramolecular formal C-H insertion cyclization reaction of 3-aryloxycarbonyldiazonaphthoquinones 

(Table 8).32 

Judging from these results, it is apparent that there are two potential reaction sites for the formation of 6-

membered ring in case of meta-monosubstituted phenyl esters. The C-C bond cyclization is favored at the 

para position of the substituent R due to less steric hindrance. In case of ortho-monosubstituted phenyl 

esters, regioselectivity of the present intramolecular Rh-catalyzed cyclization is largely dependent on the 

type of substituent on aromatic ring. Finally, the introduction of a methyl, phenyl or methoxy substituent 

at the 4-position to 3-aryloxycarbonyl-2-diazonaphthoquinone efficiently afforded the cyclized products 

in high yield. 
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Table 8. Rh-Catalyzed cyclization of various 3-aryloxycarbonyldiazonaphthoquinones 

 

Rh-Catalyzed reaction with indole 

Baral et al. have developed a regioselective direct 3-arylation of indoles with 1-diazonaphthalen-2-(1H)-

ones (1) by rhodium(II) pivalate-catalyzed cross-coupling reaction, yielding a variety of novel 3-

naphthylindoles in high yield (eq. 5).33 

 

Rh-Catalyzed reaction with benzyl/acyl halides 

An efficient synthesis of different halonaphthalenyl ethers and esters was achieved via Rh(II)-catalyzed 

reaction of diazo compounds with benzyl halides or acid halides, respectively (eq.6)34  
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3-2. SYNTHETIC STUDY OF NATURAL COMPOUNDS 

Synthetic study of kosinostatin  

One of the most efficient applications of the recently developed diazo-transfer reaction is the synthesis of 

lactone (22), which corresponds to the BCDE ring fragment of kosinostatin aglycon (23).35,36 This 

aglycon (23) constitutes the core structure of the quinocycline/isoquinocyline antibiotics with their unique 

structure and several biological activities (Scheme 10).37 

 

Scheme 10. Retrosynthesis of kosinostatin/quinocycline B  

The D ring of lactone (22) was characterized with three carbon chiral centers, which assumed to be 

constructed by the oxidative cyclization of alkenyl carboxylic acid. Therefore, ester BCD ring (21) was 

set as its precursor and it was synthesized via two routes. First, compound (21) was synthesized from 2,5-

dimethoxybenzaldehyde by the combination of typical known transformations including efficient 

application of non-aqueous OsO4 oxidation in the presence of PhB(OH)2.32 Unfortunately this pathway 

required 15 long steps and suffered from some difficulties. One of its main drawbacks was ortho-

alkoxycarbonylmethylation of 1-naphthol. As a result, this process was improved by 

alkoxycarbonylmethylation using the recently developed diazonaphthoquinone. Scheme 11 illustrates that 

ester (21) was successfully synthesized in 9 steps from the same starting aldehyde applying Horner-Wittig 

reaction. By this new developed synthetic route, the number of reaction steps was reduced to 9 steps and 

the total yield was increased to 8.6% instead of 3.4%. Finally, 21 was stereoselectively converted to 

lactone (22) via trifluoroacetic acid-mediated cyclization of the 3,4-epoxy- cyclohexanecarboxylic acid 

derivative. 
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Reagents and conditions: a) phosphonate 24 (1.2 equiv.), NaH (3 equiv.), THF, -78 °C to rt, 3.5 h (75%); b) 10 M 
KOH aq n-Bu4NBr (0.1 equiv.), 1,4-dioxane, 90 °C, 24 h; c) NaOAc (2 equiv.), Ac2O, 140 °C, 7 h; d) K2CO3, 
MeOH, 1,4-dioxane, rt, 4.5 h (3 steps 42%); e) DMC (5 equiv.), NaN3 (5 equiv.), MeCN, -25 °C, 1.5 h, Et3N (2.5 
equiv.), THF, -25 °C to rt, 3 h (89%); f) CH2=C(OTBS)(Ot-Bu) (2 equiv.), 1 mol% Rh2(OAc)4, 40 °C, 1 h (45%); 
g) n-Bu4NF (2 equiv.), MeI (10 equiv.), Na2S2O4 (0.1 equiv.), THF, rt, 1.5 h (91%); h) CH2=C(CH3)CH2Br, NaH, 
45 °C, 3 h (91%); i) 5 mol% Grubbs 2nd cat., toluene, 80 °C, 12 h (82%); j) CF3CO2H, CH2Cl2, rt, 1.5 h (quant.); 
k) Ce(NH4)2(NO3)6, MeCN, H2O, 0 °C, 10 min; l) m-CPBA, NaHCO3, CH2Cl2, rt, 2.5 h; m) CF3CO2H, CH2Cl2, 
0 °C, 40 min (3 steps 31%). 

Scheme 11. Synthesis of BCD ring fragment 21 and BCDE ring lactone 22 

Synthetic study of pradimicinone 

Another interesting application was the synthesis of pradimicinone (25).32 As shown in Scheme 12, the 

diazo-transfer reaction of ADMC (3) to polysubstituted 1-naphthol afforded diazonaphthoquinone in the 

presence of 15-crown-5. Then Rh-catalyzed cyclization reaction followed by reduction of the formed 

lactone afforded triol, successfully. According to previously reported literature, this triol underwent 

several transformations to yield pradimicinone (25). 
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Reagents and conditions: a) 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCl), N,N-dimethyl-4-
aminopyridine, CH2Cl2, rt, 2 h (51%). b) DMC (4.5 equiv.), NaN3 (4.4 equiv.), 15-crown-5 (30 mol%), MeCN, -
20 °C, 1 h: then 26, Et3N (2 equiv.), THF, -30 °C, 6 h. c) Rh2(oct)4, (1.5 mol%), benzene, reflux, 2.5 h. d) NaBH4 
(4.0 equiv.), THF, MeOH, -45 °C, 4 h (3 steps 55%).  

Scheme 12. Formal synthesis of pradimicinone (25) 

4. CONCLUSION 

Here, we briefly reviewed the current progress of the synthetic chemistry on diazonapthoquiones, which 

are efficiently prepared through short direct pathway and have high chemical reactivity toward several 

types of metal-catalyzed reactions, such as O-H or C-H insertion reaction. Further studies on more wide 

applications of diazo-transfer reactions are in progress. This survey attempts to summarize the synthetic 

methods, reactions and applications for future studies to be done in the same field. 
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