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In the last decade, 9,10-dihydroanthracenes and their 

analogues have been the focus of a diverse number of research 

areas. Representative examples include their application in the 

design of fluorescent chemosensors,
1
 luminophores

2
 and other 

optoelectronic materials.
3
 They are also claimed as additives to 

electrolytes for rechargeable batteries
4
 and capacitors.

5
 9,10-

Dihydroanthracenes are known as photoinitiators for 

organocatalytic processes.
6
 Dihydroanthracenes and their 

analogues are also precursors of cardiovascular and 

cerebrovascular drugs.
7
  

Dihydroanthracenes are typically synthesized by reduction of 

the parent aromatics.
8 
The transition-metal catalyzed reduction of 

anthracenes by hydrogen under high pressure (up to 200 atm) 

leads to a complex mixture of diverse hydroisomers.
8e-i

 Among 

the selective syntheses of 9,10-dihydroanthracenes are the 

reactions of anthracenes with hydrogen (100 atm, 80 °C) in the 

presence of complex Lewis acids such as 

B(C6F5)3/dibenzo[24]crown-8 (35-59% yield).
9 
9,10-

Dihydroanthracenes were prepared from anthracenes using 

Et3SiH in the superacidic complex BF3•CF3CH2OH.
10

 For the 

regioselective reduction of anthracenes to 9,10-

dihydroanthracenes, catalytic systems such as nano-Co/Li, nano-

Mn/Li, nano-Pd, SmI2, and NiCl2/NaBH4 have been employed.
11 

Therefore, the search for simpler methods for 9,10-

dihydroanthracene synthesis from less expensive and more 

readily available starting materials remains topical. 

Herein, we describe an approach based on our previous work 

regarding the phosphorylation of 9-bromoanthracene with red 

phosphorus (1:3.3) in the KOH/DMSO superbase system (19 

mmol of KOH•0.5H2O per 5 mL of DMSO), wherein, along with 

anthracen-9-ylphosphinic acid, anthracene and 9,10-

dihydroanthracene were formed (Scheme 1).
12

 

 

 

 

 

 

Scheme 1. Phosphorylation of 9-bromoanthracene with red 

phosphorus (Pn) in the KOH/DMSO superbase system.
12

 

This reaction outcome indicated that the Pn/KOH/DMSO 

system might represent an efficient reagent for the reduction of 9-

haloanthracenes to 9,10-dihydroanthracene, if optimized by 

suppressing the formation of anthracen-9-ylphosphinic acid and 

anthracene. 

Indeed, after a series of experiments we found that 

haloanthracenes could be transformed regioselectively into 9,10-

dihydroanthracene in good to excellent yields. For this it was 

necessary to increase the equivalent ratio of haloanthracene:P 

(from 1:3.3 up to 1:~6-9) and to conduct the process at a much 

higher temperature (100 °C instead of 60 °C) in a 10 times more 

dilute solution. Selected examples of the reduction of 9-

haloanthracenes 1a,b and 9,10-dibromoanthracene 1c, featuring 

the effect of the haloanthracene structure and the reaction 

conditions on the yield of dihydroanthracene 2a are reported in 

Table 1. 
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Table 1. Reduction of 9-haloanthracenes 1a,b and 9,10-

dibromoanthracene 1c with Pn in the KOH/DMSO system.
a
 

 
 

Entry Haloanthracene 1 
Ratio 

1:P 
Yield 2a (%) 

1 

 

1a 1:9.5 79 

2 

 

1b 1:9.5 90 

3 

 

1c 1:6.2 95 

4  1a 1:2.7 11b 
a Reagents and conditions: 1 (2.0 mmol), Pn (5.4-19.0 mg-atom), 
KOH•0.5H2O (29.0 mmol), DMSO (48 mL), 100 °C, 3 h, Ar. b Anthracene 

(72%) was formed. 

 

As seen from Table 1, bromoanthracenes 1b,c (90-95%) were 

more easily reduced to dihydroanthracene 2a compared to 

chloroanthracene 1a (79%) (Entries 1-3). The ratio of 1:P had a 

crucial influence on the reduction. When this ratio was decreased 

in accordance with the previous work,
12

 the yield of 

dihydroanthracene 2a dropped from 79% to 11% (Table 2, cf. 

entries 1 and 4) and anthracene was isolated in 72% yield. From 

this result as well as from Scheme 1, it can be assumed that 

anthracenes could also be regioselectively reduced by elemental 

phosphorus to the corresponding 9,10-dihydro derivatives under 

similar conditions. 

Unlike the reduction of haloanthracenes (Table 1), the 
reduction of anthracenes 3a-c was effective with 15 mg-atom of 
Pn (Table 2). The exception was 9-methylanthracene 3b (Entry 4) 
which required 30 mg-atom of Pn, as well as a higher temperature 
(120 °C instead of 100 °C). The yield of 9,10-dihydroanthracenes 
2a-c was also remarkably responsive to the reaction temperature, 
e.g. it dropped from 100% to 85% when the reaction temperature 
decreased by 15 °C (Table 2, cf. entries 1 and 2). The superbase 
system KOH/DMSO was more effective for this reaction than 
NaOH/DMSO (Table 2, cf. entries 1 and 3). The reaction 
tolerated mono- and 9,10-disubstituted anthracene derivatives 
with both alkyl (Me) and aromatic (Ph) groups (Table 2).  

 

Table 2. Regioselective reduction of anthracenes 3a-c to 9,10-

dihydroanthracenes 2a-c with Pn in the KOH/DMSO system.
a
 

 

 

 

 

 

 

Entry Anthracene 3 
Тemp. 
(°C) 

Product 2 
Yield 2 
(%) 

1 
 

3a 100 
 

2a 100 

2  3a 85  2a 85 

3b  3a 100  2a 68 

4c 

 

3b 120 

 

2b 62 

5  3b 100  2b 50 

6d 

 

3c 120 

 

2c 74 

7d  3c 100  2c 59 
a Reagents and conditions: anthracene 3 (4.0 mmol), Pn (15 mg-atom), 
KOH•0.5H2O (22.5 mmol), DMSO (16 mL), 3 h, Ar. b NaOH was used 

instead of KOH. c Pn (30 mg-atom) and KOH•0.5H2O (45 mmol) were used. d 

DMSO (40 mL) was used. 

 

Under the above conditions, 9,10-diphenylanthracene 2c 

formed a mixture of cis-trans isomers in an ~1:6 ratio (
1
H NMR, 

ESI). Such isomerism was also observed upon the reduction of 

anthracene 2c with HI/AcOH and SmI2/H2O systems.
11f,13

 

In the both reduction processes (Table 1, 2), DMSO plays an 

important role not as only a solvent but as a component of the 

superbase KOH/DMSO system.
14

 Other polar non-hydroxylic 

solvents typically produce inferior superbase media.
14 

Presumably, the reduction mechanism involves single-electron 

transfer (SET) steps, such as in the 1-bromonaphthalene case, 

which was supported by ESR data and by reaction inhibition with 

the free radical scavengers hydroquinone and TEMPO.
15

 Herein 

we extend the previous scheme by including the hydrogen radical 

transfer from the phosphinite species as being more likely than 

that from DMSO (Scheme 2). As expected,
16

 cleavage of the P-P 

bond in the Pn macromolecule by the activated 
–
OH anion leads 

to oligomeric phosphide- (A) and phosphinite (B) species. The 

former transfers its electron to the haloanthracene moiety (as 

shown on 9-chloroanthracene). The radical-anion (C), thus 

formed, releases the Cl
–
 anion, and the anthracene radical (D) 

abstracts a hydrogen radical from oligophosphinite B to give 

anthracene. The phosphorus-centered radicals E and F recombine 

to afford the oxidized phosphorus macromolecule, Pn(O) 

(Scheme 2). Furthermore, anthracenes undergo SET sequences, 

i.e. accepting an electron from oligophosphide anion A to give 

radical-anions G which after protonation by water are converted 

to radicals H. Then the latter abstracts a hydrogen radical from 

oligophosphinite B to give 9,10-dihydro derivatives 2 (Scheme 

2). 
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Scheme 2. Plausible mechanism for the reduction of anthracenes 

In summary, a transition-metal free, regioselective 

transformation of anthracenes into the corresponding 9,10-

dihydro derivatives using elemental phosphorus in the superbase 

KOH/DMSO system was developed. The reduction is clean and 

proceeds under mild conditions (85-120 °C, 3 h) to afford the 

target products in 79-100% yield.  
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Highlights 

 Reduction of anthracenes with red phosphorus 

 Metal-free synthesis of dihydroanthracenes  

 Operationally easy procedure no special 

equipment and precautions required 


