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Synthesis of 7-hydroxy-6H-naphtho[2,3-c]coumarin via TsOH-
Mediated Tandem Reaction
Ding Wang, Zhishuang Ma, Nana Wang, Chenyu Li, Tao Wang, Yong Liang‡ and Zunting Zhang* 

A concise and efficient method for the synthesis of 7-hydroxy-6H-
naphtho[2,3-c]coumarin using available 1-(2-hydroxyphenyl)-2-
phenylethanone and meldrum’s acid has been developed. This 
transformation involves tandem Aldol reaction/Lactonization/ 
Friedel-crafts reaction to form a lactone ring and a benzene ring. It 
showed high atom-economical with water and acetone as the 
byproducts. Mechanism studies demonstrate dual roles of 
meldrum’s acid: i) as the reagent for the tandem reaction; ii) as 
the catalyst for the Friedel-crafts reaction. Moreover, the hydroxyl 
group of 7-hydroxy-6H-naphtho[2,3-c]coumarin was further 
functionalized efficiently by arylethynyl, aryl, cyano groups to 
furnish D-π-A compounds with excellent fluorescence emissions 
(ΦF = 0.14−0.78).

Polycyclic conjugated coumarins are wildly found in the natural 
products that have significant pharmacological and biological 
activities.[1] And it also showed interesting applications in materials 
science due to its unique photophysical properties.[2] In particular, 
6H-naphtho[2,3-c]coumarins, a new kind of coumarin skeleton 
which are subunits embedded in chartreusin-type glycosides[3] and 
axially chiral molecules (Fig. 1), have attracted considerable 
attention. For example, the chartreusin (I) was isolated from 
Streptomyces chartreusis strain and found to possess a significant 
anticancer and antibacterial activity.[3c] As for the material field, the 
chiral and fluorescent columnar mesogen (II) bearing a 6H-
naphtho[2,3-c]coumarin could emit fluorescent blue light. This 
liquid crystal comprises a C2-symmetric chiral core with two 
staggered aromatic planes.[2f] Because of their importance, the 
preparation of 6H-naphtho[2,3-c]coumarins is of interest to the 
synthetic chemists.
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Fig. 1 Importance of polycyclic conjugated coumarins.

The general method to synthesize 6H-naphtho[2,3-c]coumarins 
relies on the lactonization of biaryl compounds through transition-
metal-catalysed cross-coupling reactions as the key step.[4] However, 
tedious steps are required to prepare the aryl halides and 
organometallic reagents, resulting in complicated manipulation and 
high costs. In order to avoid these limitations, tandem reactions for 
construction of these frameworks using available substrates were 
seen as an attractive alternative. In this regard, the synthesis of 7,12-
dihydroxy-6H-naphtho[2,3-c]coumarins via Hauser-Kraus reaction 
has been developed[3a-d, 5] (Scheme 1a). In addition, Fan reported the 
preparation of 7-amino-6H-naphtho[2,3-c]coumarins through 
tandem reaction of 2-phenylenylbenzonitriles and Reformatsky 
reagent[6] (Scheme 1b). More recently, Ren and co-workers revealed 
a FeCl3-mediated tandem reaction for transformation of available 1-
isochromanones bearing a diaryl allenic moiety at the C4-position to 
functionalized 5H-naphtho[2,3-c]isocoumarins[7] (Scheme 1c). 
Despite these approaches are efficient and reliable, a motivation on 
develop more streamlined and practical methods from the available 
reagents is highly desirable. Herein, we would like to report a TsOH-
mediated tandem reaction to synthesize 7-hydroxy-6H-naphtho[2,3-
c]coumarins using available 1-(2-hydroxyphenyl)-2-phenylethanone 
and meldrum’s acid (Scheme 1d). 
Initially, the 1-(2-hydroxy-4-isopropoxyphenyl)-2-phenylethanone 
1a was chosen as the model substrate to optimize reaction conditions. 
The desired product 3a was obtained in 17% yield with p-
toluenesulfonic acid (TsOH) as the acid catalyst in p-xylene at 150 
oC (Table 1, entry 1). An appropriate acid might be the key factor 
for the reaction efficiency. Various Lewis acid catalysts were 
screened, only Yb(OTf)3 led to the desired product 3a, but in a 
slightly lower yield than TsOH (entry 2). All other Lewis acid 
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Scheme 1 The synthesis of polycyclic conjugated coumarins via tandem reaction.

catalysts did not work at all, such as MsOH, H2SO4, TFA, FeCl3 and 
AlCl3 (entries 3-7). Changing the amount of TsOH catalyst and 
meldrum's acid did not promote the reaction efficiency (see SI, Table 
S1, entries 1-7). Then, a series of solvents were evaluated. The 
results showed that toluene yielded 3a in 21% (entry 8), while other 
solvents either gave lower yield or did not work at all (entries 9-14). 

Table 1 Optimization of reaction conditionsa

O OH

O

catalyst (20 mol%)

solvent, 150 oC, 4 h

O O O

OH

Entry catalyst solvent Yieldb

1 p-xylene 17%

2 p-xylene 10%

3 p-xylene ND

4 p-xylene

5 p-xylene

6 p-xylene

7 p-xylene ND

8 toluene 21%

9 7%

10 mesitylene mess

11 14%

12

13 1,4-dioxane

14 DCE

1a 3a

O

O

O

O

+

2

PhCF3

PhCl

DMF

15 p-xylene/toluene
(1/1, v/v)

31%

TsOH

Yb(OTf)3

MsOH

H2SO4

TFA

FeCl3
AlCl3
TsOH

TsOH

TsOH

TsOH

TsOH

TsOH

TsOH

TsOH

ND

16c 63%

18e p-xylene/toluene
(1/1, v/v)

73%(70%)fTsOH

TsOH

17d TsOH p-xylene/toluene
(1/1, v/v)

72%

p-xylene/toluene
(1/1, v/v)

ND

ND

ND

ND

ND

aReaction conditions: 1a (0.5 mmol), 2 (1.0 mmol, 2.0 equiv), catalyst (20 mol%), 
5.0 mL solvent, 150 oC, 4 h. bThe yields were determined by 1H NMR analysis 
with dibromomethane and 1,1,2,2-tetrachloroethane as the internal standard. 
cAnother batch of TsOH (20 mol%) and 2 (2.0 equiv) was added when the reaction 
was stirred for 1 h. dThe third batch of TsOH (20 mol%) and 2 (2.0 equiv) was 
added when the reaction was stirred for 2 h. eThe third batch of TsOH (10 mol%) 
and 2 (1.0 equiv) was added when the reaction was stirred for 2 h. fIsolated yield. 
ND: no detected product.

Interestingly, the yield of 3a was boosted to 31% with mixture of p-
xylene/toluene (entry 15). Finally, the reaction temperature was 
optimized as well. Increasing the temperature to 170 oC resulted in a 
slightly poor yield (17%), while lowing the temperature to 120 oC 
only gave trace amount of product (see SI, Table S1, entries 10-12). 
The rapid decomposition of meldrum's acid under high reaction 
temperature might be responsible for the low yield. Thus, multiple 
batches of meldrum's acid and TsOH were added to the reaction to 
improve the yield (entries 16-18). Finally, the yield of 3a was 
significantly improved (70%) when meldrum's acid/TsOH was 
added in three times (entry 18).

Table 2 Scope of substratesa

OH

O

Ar1

Ar2
O

O

O

O
O O

OHAr1

Ar2

TsOH

toluene/p-xylene = 1/1
150 oC

+

O O

OH

O O

OH

MeO

MeO

O O

OH

O
O O

OH

O O

OH

O O

OH

O O

OH

O O

OH

O O

OH

O O

OH

MeO

O O

OH

O O

OH

O O

OH

F Cl

Br

3a, 70% 3b, 76% 3c, 80% 3d, 78%

3e, 85% 3f, 83% 3g, 75%

3i, 62%

O O

OH

O O

OH

O O

OH

O O

OH

OMe

O O

OH

O O

OH

3h, 68%

3n, 87% 3p, 90%, 70%c3o, 88%

3q, 93% (3q'/3q'' = 2/1)b 3r, 83%

3m, 72%

3j, 64% 3k, 57% 3l, 59%

O

COOH

O

Cl

1 2 3

3s, 58%

3q' 3q''

aReaction conditions: 1 (1.0 mmol), 2 (2.0 mmol), TsOH (20 mol%), toluene/p-
xylene (10 mL, 1/1, v/v), 150 oC for 1h. Another batch of 2 (2.0 mmol) and TsOH 
(20 mmol%) was added to the reaction, and stirred at 150 oC for 1 h. Third batch 
of 2 (1.0 mmol) and TsOH (10 mmol%) was added to the reaction, and stirred at 
150 oC for 2 h. bThe ratio of 3q'/3q'' was detected by 1H NMR. c4.5 mmol scale of 
1p for the gram-scale reaction.

With the optimized reaction conditions, the substrate scope was 
investigated. Various 1-(2-hydroxyaryl)-2-phenylethanones were 
investigated, and the corresponding products were obtained in 
moderate to good yields (Table 2). Different substituents on the Ar1 
ring were well tolerated, including electron-neutral or electron-rich 
groups, such as methyl, tert-butyl, methoxyl, isopropoxyl (3a-3j) 
and electron-poor groups, such as fluoro, chloro and bromo (3k-3m). 
Notable, the tert-butyl group (3g) is tolerated as well, which could 
easily occur the alkyl migration, rearrangement or to be removed in 
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the Friedel-Crafts reaction. In addition, the products with halogen 
atoms give the potential chance for late-stage functionalization by 
well-established transition-metal-catalyzed cross-coupling reactions 
(3k-3m). The substituent effect on the Ar2 ring was also studied. The 
results indicated that substrates with ortho- or para-substituents give 
desired products in good yields (3n-3p). When the substrate bearing 
a meta-methyl substituent on Ar2 ring was tested, a mixture of 
regioisomers was obtained with 3:1 ratio in a total yield of 93% (3q' 
and 3q''). The 1-naphthalene ring is also compatible to furnish 3r in 
83%. However, when the para position of Ar2 ring was substituted 
with the chloro group, the reaction completely halted at the Friedel-
crafts reaction step to give 3-carboxy-4-benzylcoumarin product 3s 
in 58%.The steric effect of the ortho-position substituents on the Ar1 
or Ar2 rings was not observed (3e, 3f and 3o), which is contrast to 
the lactonization of 2-arylbenzoic acids.[4a, 4e, 4h, 8] To further 
investigate the synthetic application, a gram-scale synthesis using 
substrate 1p was performed, furnishing the corresponding product 
3p in 70%. This result indicated this method had great potential 
application in practical organic synthesis.

O O O

COOH
20 mol% TsOH

p-xylene/toluene = 1/1
150 oC, 3 h

O O O

OH

O O O

COOH
2.0 eq Meldrum's acid

p-xylene/toluene = 1/1
150 oC, 3 h

O O O

OH

O O O

COOH

2.0 eq Meldrum's acid
20 mol% TsOH

p-xylene/toluene = 1/1
150 oC, 3 h

O O O

OH

(eq. 2)

(eq. 3)

(eq. 4)

3a
No reaction

3a
56% yield

3a
98% yield

4

4

4

O OH

O

2.0 eq Meldrum's acid
no TsOH

p-xylene/toluene = 1/1
150 oC, 3 h

O O O

OH
(eq. 1)

3a
trace1a

Scheme 2 Control experiments.

To gain insight into the reaction process, some control experiments 
were carried out. As shown in Scheme 2, only trace amount of 
product 3a was observed without TsOH (eq.1), indicated TsOH 
played a crucial role in the tandem reaction. However, the TsOH 
could not catalyze the Friedel-crafts reaction, due to no product 3a 
was observed when the key intermediate (3-carboxyl-4-
benzylcoumarin derivatives 4) was used (eq.2). On the other hand, 
the desired product 3a was obtained in 56% yield in the presence of 
two equivalents meldrum's acid (eq.3). In addition, the combination 
of meldrum's acid and TsOH provided nearly quantitative 
conversion to the product 3a (eq. 4), which indicated that TsOH 
could promote the Friedel-crafts reaction in the presence of 
meldrun’s acid.
Based on these results, a plausible mechanism involves aldol 
reaction, lactonization and Friedel-crafts reaction was depicted in 
Scheme 3. First, the α,β-Unsaturated dicarbonyl compound I was 
formed via the Aldol reaction of 1-(2-hydroxyphenyl)-2-
phenylethanone 1 and meldrum’s acid 2, following the lactonization 
process to produce the key intermediate 3-carboxyl-4-
benzylcoumarin 4. In the presence of meldrum’s acid, the compound

OH

O

O
O

O

O

O O

OHTsOH
+

OH

O O

O O
OH

OO

O

aldol reaction
- H2O

O

OO

lactonization

- acetone

Friedel-crafts
reaction

- H2O

tautomerization

1 2 3

4

Ar1

Ar2

Ar1
Ar1

Ar1

Ar1Ar2

Ar2

Ar2

Ar2

I II

Scheme 3 Plausible mechanism for the tandem reaction.

II was generated through intramolecular Friedel-crafts reaction. 
Finally, the desired product 3 was obtained after tautomerization.
All the synthesized 7-hydroxy-6H-naphtho[2,3-c]coumarins 3 
displayed brightly fluorescent under sunlight in organic solvent, 
which indicated these compounds might possess the potential 
application as fluorescent material. The generally methods to 
improve the fluorescent properties of coumarin materials mainly 
focused on following aspects: (1) enhanced fluorescence intensity of 
coumarin derivatives via introducing the electron-donor group at 7-
position and electron-acceptor group at 3-position to the coumarin π-
conjugated skeleton to generate a D-π-A molecule;[9] (2) pursued the 
significant bathochromic shifts in emission by extending the 

Table 3 Transformation of the 7-hydroxy-6H-naphtho[2,3-c]chromen-6-one by cross 
couplinga,b

O OO

O OO

O OO

CN

CN

O OOO OO
CN

O OO
F

O OO
CF3 O OO

O OO

F

CF3

O OO N

6a, 95% 6c, 98%

6d, 93%

6g, 82%

6f, 88%6e, 90%

6h, 75%

6i, 65% 6j, 86%

6b, 96%

O O

OH
1.5 eq Tf2O
2.0 eq DIPEA

DCM, 0 oC~rt

O O

OTf cross coupling

O O

R

3a 5 6

O O O

X-ray of 6h
CDCC# 2005596

aReaction condition: Trifluoromethylation: 3a (0.5 mmol), Tf2O (1.5 equiv), DIPEA 
(2.0 equiv) in 5.0 mL DCM, 0 oC, 1 h. Alkynylation: 5 (0.5 mmol), alkyne arene (1.5 
equiv), Pd(PPh3)2Cl2 (3.0 mmol%), CuI (6.0 mol%) in 10 mL Et3N, 90 oC, 12 h. 
Arylation: 5 (0.5 mmol), ArB(OH)2 (1.3 equiv), Pd(PPh3)4 (3.0 mmol%), K3PO4 (1.6 
equiv) in 5.0 mL 1,4-dioxane, 100 oC, 12 h. Cyanation: 5 (0.5 mmol), ZnCN2 (2.0 
equiv), Pd(PPh3)4 (5.0 mmol%) in 5.0 mL 1,4-dioxane, 100 oC, 12 h. bIsolated yield 
over two steps.
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conjugate system to lower the HOMO-LUMO gap;[10] (3) 
largeStokes shifts, which play a decisive role in the field of optical 
whiteners and brighteners.[11] In this article, in order to explore the 
photophysical properties of these naphtho[c]coumarin derivatives, 
further modification were conducted. According to principles 
discussed above, we introduced a π-conjugated system (arylethynyl 
or aryl groups) or electron-acceptor group (cyano group) to the 7-
position of compound 3a, which has owned an electron-donor group 
(isopropoxyl group) at 3-position, to improve the fluorescence 
properties. As shown in Table 3, the compound 3a could easily 
transform to triflate 5, followed by cross-coupling reactions of 
compound 5 with various coupling partners, such as alkyne arene, 
arylboronic acid and zinc cyanide to give the corresponding 
alkylation products (6a-d), arylation products (6e-i), and the 
cyanidation product (6j) in good yields. The structure of 6h was 
confirmed by the X-ray crystallographic analysis. 
As expected, the emission wavelengths of all of the coupling 
products (6a-j) are bathochromically shifted compared to 3a, and the 
fluorescence quantum yields were improved (Table 4). The 
compounds containing arylethynyl groups (6a-d) exhibited dramatic 
high fluorescence quantum yield up to 78%. Furthermore, most of 
these naphtho[2,3-c]coumarins showed blue-green flurescence in the 
range of approximately 460-570 nm with large Stokes shift. 
Surprisingly, the compound 6i, bearing a 4-(diphenylamino)phenyl 
substituent group at 7-position, exhibited fluorescence maximum at 
563 nm with Stockes shift of 173 nm.

Table 4 Spectral properties of 5 in dichloromethane solution (10-5 mol/L)

F (%)

3a

5

6a

6b

6c

6d

6e

6f

6g

6h

6i

ex (nm) em (nm)

389 459

392 483

415 496

420 511

414 496

417 502

386 463

386 464

387 472

387 480

390 563

17

19

78

77

78

74

28

31

36

39

14

6j 412 514 39

Stokes
shift (nm)

70

91

81

91

82

85

77

78

85

93

173

102

No. abs (nm)

390

394

413

419

412

415

384

385

386

388

392

413

In conclusion, an efficient and easily operated synthetic procedure to 
construct the 7-hydroxy-6H-naphtho[2,3-c]coumarin derivatives was 
developed via TsOH-mediated aldol reaction, lactonization, Friedel-
crafts reaction using available 1-(2-hydroxyphenyl)-2-
phenylethanone and meldrum’s acid. Control experiments indicated 
the meldrum’s acid served as both reagent and catalyst in the 
reaction, and the TsOH promoted the total process. Furthermore, 
transformations of compounds 3 by cross-coupling reaction were 
achieved to afford three types of 7-substituted-6H-naphtho[2,3-
c]coumarin derivatives in good to equivalent yield. Most of these 
compounds have significantly bathochromic shifts, and exhibit high 
fluorescence quantum yields and large Stokes shifts. Further studies 
on the synthetic application and physical properties examination are 
currently ongoing.
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