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INTRODUCTION

The production of hydrogen gas by catalytic water
splitting under solar light irradiation gives a sustainable way
to clean energy technologies [1,2]. The development of an
efficient, stable, economic, and eco-friendly catalyst is of vital
importance. Inorganic catalysts such as platinum-based catalysts
are considered to be the most effective catalysts, however, high
cost and scarcity have called for possible alternatives [3,4].
As a result, numerous efforts are put into developing metal-
free organic catalysts for the hydrogen evolution reaction.

Although most studies are focused on highly conjugated
polymers such as linear poly(phenylene)s, promising works
on small molecule organic photocatalysts having narrow π-π*
energy gaps are being reported benefitting from low cost and
easy processability [5-7]. Organic synthesis in general require
large amount of solvents which is somewhat paradoxical consi-
dering the fact that the bigger picture is to develop catalysts for
ecofriendly energy production. Therefore, we used microwave
irradiation which do not require any solvent. Conventional
reactions are often carried out in solution using large quantities
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of toxic reagents and require high temperature and long reaction
time.

However, under microwave irradiation, reaction proceed
to completion within minutes without harsh conditions (high
heat and toxic solvents). Moreover, this kind of reaction reduces
side reactions and hence increases yields [8]. In this paper,
the synthesis of dibenzo[b,f][1,5]diazocines via microwave
irradiation is reported. Microwave irradiation allowed fast and
efficient synthesis without the need for any organic solvent or
high reaction temperature in appreciable yield. To increase
the π-conjugation length, styrene and 4-vinylbiphenyl were
first conjugated to 2-aminobenzophenones. Direct conjugation
to diazocine ring approach was also compared as well as the
effect on the self-condensation when different positions on the
diazocine ring are modified. UV-visible absorption was studied
to check the potential for the water splitting applications.

EXPERIMENTAL

All chemicals including 2-amino-4′-bromobenzophen-
one, 2-amino-5-bromobenzophenone and diphenyl phosphate



(DPP) were obtained from Sigma-Aldrich (St Louis, USA)
and used as received without further purification.

1H & 13C NMR spectra were obtained with Agilent MR400
DD2 (400 MHz) spectrometers. UV absorption spectra were
recorded using JASCO V-770 UV-Vis spectrophotometer.

Synthesis of (E)-(2-aminophenyl)(4-styrylphenyl)-
methanone (1): 2-Amino-4′-bromobenzophenone (3 mmol),
styrene (3 mmol), K2CO3 (6 mmol) and palladium(II) acetate
(0.05 mmol) were dissolved in 10 mL of DMF and reacted at
100 ºC for 12 h under nitrogen atmosphere. Resulting reaction
mixture was filtered and purified by column chromatography
(ethyl acetate/n-hexane = 1/9, v/v) to afford (E)-(2-aminophenyl)-
(4-styrylphenyl)methanone (1). Yield: 79%; pale yellow solid;
1H NMR (DMSO, 400 MHz): δ 7.74 (d, J = 8.3 Hz, 2H), 7.63
(d, J = 8.5 Hz, 2H) 7.58 (d, J = 8.2 Hz, 2H), 7.41(m, 4H), 7.32
(m, 3H), 7.04 (s, 2H), 6.86 (d, J = 7.6Hz, 1H), 6.54(t, J = 6.9
Hz, 1H); 13C NMR (DMSO, 400 MHz): δ 197.7, 152.2, 140.4,
139.2, 137.3, 134.7, 131.0, 129.9, 129.3, 128.6, 128.1, 127.3,
126.7, 117.4, 117.1, 114.7.

Synthesis of (E)-(4-(2-([1,1′′′′′-biphenyl]-4-yl)vinyl)-
phenyl)(2-aminophenyl)methanone (2): 2-Amino-4′-bromo-
benzophenone (3 mmol), 4-vinylbiphenyl (6 mmol), K2CO3

(6 mmol) and palladium(II) acetate (0.05 mmol) were dissolved
in 10 mL of DMF and reacted at 100 ºC for 12 h under nitrogen.
Resulting reaction mixture was filtered and purified by column
chromatography (ethyl acetate/n-hexane = 1/9, v/v) to afford
(E)-(4-(2-([1,1′-biphenyl]-4-yl)vinyl)phenyl)(2-amino-
phenyl)methanone (2). Yield: 32.5%; pale yellow solid; 1H
NMR (DMSO, 400 MHz): δ 7.73 (m, 8H), 7.57 (d, J = 8.3Hz,
2H) 7.48 (m, 2H), 7.44 (m, 2H), 7.37 (m, 1H), 7.30 (m, 2H),
7.04 (s, NH2), 6.86 (m, 1H), 6.52 (m, 1H); 13C NMR (DMSO,
400 MHz): δ 197.6, 152.1, 140.2, 140.0, 139.9, 139.0, 136.3,
134.5, 134.0, 130.4, 129.8, 129.4, 128.0, 127.8, 127.4, 126.9,
126.6, 119.9, 116.9, 114.6.

Synthesis of (E)-(2-amino-5-styrylphenyl)(phenyl)-
methanone (3): 2-Amino-5-bromobenzophenone (3 mmol),
styrene (3 mmol), K2CO3 (6 mmol) and palladium(II) acetate
(0.05 mmol) were dissolved in 10 mL of DMF and reacted at
100 ºC for 12 h under nitrogen. Resulting reaction mixture was
filtered and purified by column chromatography (ethyl acetate/
n-hexane = 1/9, v/v) to afford (E)-(2-aminophenyl)(5-styryl-
phenyl)methanone (3). Yield : 72.3 %; pale yellow solid; 1H
NMR (DMSO, 400 MHz): δ 7.71(d, J = 8.7 Hz, 1H), 7.59 (m,
3H), 7.54 (m, 2H), 7.47 (d, J = 7.4 Hz, 2H), 7.40 (d, J = 19 Hz,
1H), 7.29 (m, 4H), 7.17(t, J = 7.3 Hz, 1H), 7.02 (d, J = 16.4
Hz, 1H), 6.89(m, 2H); 13C NMR (DMSO, 400 MHz): δ 198.1,
152.0, 140.2, 137.9, 133.5, 131.6, 131.5, 129.2, 128.9, 128.7,
127.2, 126.4, 124.6, 123.8, 118.1, 116.5.

Synthesis of (E)-(5-(2-([1,1′′′′′-biphenyl]-4-yl)vinyl)-2-
aminophenyl)(phenyl)methanone (4): 2-Amino-5-bromo-
benzophenone (3 mmol), 4- vinylbiphenyl (6 mmol), K2CO3

(6 mmol) and palladium(II) acetate (0.05 mmol) were dissolved
in 10 mL of DMF and reacted at 100 ºC for 12 h under nitrogen.
Resulting reaction mixture was filtered and purified by column
chromatography (ethyl acetate/n-hexane = 1/9, v/v) to afford
(E)-(5-(2-([1,1′-biphenyl]-4-yl)vinyl)-2-aminophenyl)(phenyl)-
methanone (4). Yield : 28.5 %; pale yellow solid; 1H NMR

(DMSO, 400 MHz): δ 7.72 (m, 1H), 7.36 (m, 2H), 7.60 (m,
6H), 7.55(m, 2H), 7.45 (m, 3H), 7.34 (m, 3H), 7.13 (d, J =
16.3 Hz, NH2), 6.95 (d, J = 3.7 Hz, 1H), 6.91(d, J = 3.8 Hz,
1H); 13C NMR (DMSO, 400 MHz): δ 198.1, 152.1, 140.2, 140.1,
138.7, 137.2, 133.5, 131.63, 131.6, 129.4, 129.2, 128.8, 127.7,
127.2, 126.9, 126.7, 124.1, 123.9, 118.1, 116.5.

Synthesis of (5Z,11Z)-6,12-bis(4-((E)-styryl)phenyl)-
dibenzo[b,f][1,5]diazocine (5): (E)-(2-Aminophenyl)(4-styryl-
phenyl)methanone (1) (3 mmol) was self-condensed in the
presence of catalyst  diphenylphosphate (DPP) (35 mmol) via
microwave irradiation (RE-555 TCW, Samsung) for 1 min.
Resulting reaction mixture was diluted with 100 mL of ethyl
acetate, neutralized with 25 mL of 10 % NaOH and extracted
with ethyl acetate three times, washed with water and dried
using MgSO4. Product was purified by column chromatography
(ethyl acetate/n-hexane = 1/9, v/v) to give (5Z,11Z)-6,12-bis(4-
((E)-styryl)phenyl)dibenzo[b,f][1,5]diazocine (5). Yield : 63.4
%; pale yellow solid; 1H NMR (DMSO, 400 MHz): δ 7.65 (s,
8H), 7.59 (m, 4H), 7.36 (m, 7H), 7.28 (m, 6H), 7.08 (m, 2H), 7.03
(d, J = 1.5 Hz, 2H), 7.01 (d, J = 1.8 Hz, 1H); 13C NMR (DMSO,
400 MHz): δ 168.6, 151.9, 140.6, 137.1, 136.5, 130.9, 130.3, 129.7,
129.2, 128.5, 127.9, 127.8, 127.2, 126.9, 126.5, 124.8, 121.0.

Synthesis of (5Z,11Z)-6,12-bis(4-((E)-styryl)phenyl)-
dibenzo[b,f][1,5]diazocine (6): (E)-(4-(2-([1,1′-Biphenyl]-4-
yl)vinyl)phenyl)(2-aminophenyl)methanone (2) (1 mmol) was
self-condensed in the presence of catalyst DPP (15 mmol) via
microwave irradiation (RE-555 TCW, Samsung) for 1 min.
Resulting reaction mixture was diluted with 100 mL of ethyl
acetate, neutralized with 25 mL of 10 % NaOH and extracted
with ethyl acetate three times, washed with water and dried
using MgSO4. Product was purified by column chromato-
graphy (ethyl acetate/n-hexane = 1/9, v/v) to give (5Z,11Z)-
6,12-bis(4-((E)-styryl)phenyl)dibenzo[b,f][1,5]diazocine (6).
Yield : 60.8 %; pale yellow solid; 1H NMR (DMSO, 400 MHz):
δ 7.80 (m, 5H), 7.51 (m, 3H), 7.41 (m, 14H), 7.31 (t, J = 7.3 Hz, 6H),
7.21 (m, 2H), 7.11 (d, J = 1.5 Hz, 2H), 7.07 (s,1H), 7.05 (s, 1H),
6.96(s, 4H); 13C NMR (DMSO, 400 MHz): δ 160.5, 154.5, 133.0,
131.0, 129.6, 128.8, 128.5, 128.44, 128.4, 127.7, 126.5, 125.9. 121.7.

Synthesis of (5Z,11Z)-6,12-diphenyl-2,8-di((E)-styryl)-
dibenzo[b,f][1,5]diazocine (7): (E)-(2-Aminophenyl)(5-styryl-
phenyl)methanone (3) (3 mmol) was self-condensed in the
presence of catalyst DPP (35 mmol) via microwave irradiation
(RE-555 TCW, Samsung) for 1 min. Resulting reaction mixture
was diluted with 100 mL of ethyl acetate, neutralized with 25
mL of 10% NaOH and extracted with ethyl acetate three times,
washed with water and dried using MgSO4. Product was puri-
fied by column chromatography (ethyl acetate/n-hexane = 1/9,
v/v) to give (5Z,11Z)-6,12-diphenyl-2,8-di((E)-styryl)dibenzo-
[b,f][1,5]diazocine (7). Yield : 58.6 %; pale yellow solid; 1H
NMR (DMSO, 400 MHz): δ 7.69 (m, 4H), 7.67 (d, J = 1.8 Hz,
1H), 7.64 (d, J = 1.8 Hz, 1H), 7.52 (m, 6H), 7.45 (m, 4H), 7.32
(m, 4H), 7.26 (d, J = 1.8 Hz, 2H), 7.21 (m, 2H), 7.17 (d, J =
1.0 Hz, 4H), 7.08 (s, 1H), 7.06 (s, 1H); 13C NMR (DMSO,
400 MHz): δ 151.0, 137.5, 137.4, 133.3, 132.0, 129.3, 129.1,
128.7, 128.3, 128.0, 127.6, 127.1, 126.8, 125.7, 121.6.

Synthesis of (5Z,11Z)-2,8-bis((E)-2-([1,1′′′′′-biphenyl]-4-
yl)vinyl)-6,12-diphenyldibenzo[b,f][1,5]diazocine (8): (E)-
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(4-(2-([1,1′-Biphenyl]-4-yl)vinyl)phenyl)(2-aminophenyl)-
methanone (4) (1 mmol) was self-condensed in the presence
of catalyst DPP (15 mmol) via microwave irradiation (RE-555
TCW, Samsung) for 1 min. Resulting reaction mixture was
diluted with 100 mL of ethyl acetate, neutralized with 25 mL
of 10 % NaOH and extracted with ethyl acetate three times,
washed with water and dried using MgSO4. Product was puri-
fied by column chromatography (ethyl acetate/n-hexane = 1/9,
v/v) to give (5Z,11Z)-2,8-bis((E)-2-([1,1′-biphenyl]-4-yl)vinyl)-
6,12-diphenyldibenzo[b,f][1,5]diazocine (8). Yield: 59.8 %;
pale yellow solid; 1H NMR (DMSO, 400 MHz): δ 7.67 (m,
20H), 7.45 (m, 5H), 7.36 (m, 7H), 7.10 (t, J = 7.4 Hz, 2H), 7.05
(m, 4H); 13C NMR (DMSO, 400 MHz): δ 151.9, 140.6, 140.0,
139.9, 136.5, 136.2, 130.4, 129.7, 129.4, 128.0, 127.8, 127.3,
127.0, 126.9, 126.5, 124.0, 121.9, 121.1, 121.0.

RESULTS AND DISCUSSION

Our group have previously published Friedlander conden-
sation of 2-aminobenzophenones with various heteroaromatic

ketones via microwave irradiation to obtain quinoline deriv-
atives [9,10]. Dibenzo[b,f][1,5]diazocines were obtained as
minor products with relatively low yields. When 2-aminobenzo-
phenone was self-condensed in the presence of acid catalyst,
DPP [11] via microwave irradiation, dibenzo[b,f][1,5]diazocine
was obtained in high yield (89.4%) (Fig. 1) [12]. Conventional
dibenzo[b,f][1,5]diazocine synthesis methods required long
reflux times [13], whereas microwave assisted reaction method
dramatically changed to solventless, no-heat-required and 1
min reaction.

2-Aminobenzophenone derivatives, 2-amino-4′-bromo-
benzophenone and 2-amino-5-bromobenzophenone were first
reacted with styrene or 4-phenylstyrene to give products 1-4
(Fig. 2). We tried self-condensation of 2-amino-4′-bromo-
benzophenone and 2-amino-5-bromobenzophenone first and
subsequent modification to extend the degree of conjugation.
Our hypothesis was that this method would avoid unfavored
steric hindrance during the dibenzo[b,f][1,5]diazocine cycli-
zation because it was found that steric hindrance significantly
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lowered or even prevented self-condensation in previous studies
[9]. Interestingly, this strategy was not successful probably due
to three molecules having to collide together in order to form
the desired products. Therefore, 2-aminobenzophenone deriva-
tives were modified first (products 1-4) to elongate the π-π
conjugation prior to dibenzo[b,f][1,5]diazocine synthesis (Fig.
2).

Modified 2-aminobenzophenone derivatives 1-4 were
further self-condensed to afford dibenzo[b,f][1,5]diazocines
5-6 (Fig. 2). Contrary to our expectation, prior modification did
not stop the subsequent reaction. Dibenzo[b,f][1,5]diazocines
5-6 were synthesized in acceptable yields (~ 60%) compared
to the unmodified dibenzo[b,f][1,5]diazocine (89.4%) as shown
in Table-1. In general, 4′-modified benzophenones 1 and 2 gave
better yields to products 5 and 6 (63.4 and 60.8%, respectively)
than 5-modified benzophenones 3 and 4 to products 7 and 8
(58.6 and 59.7%, respectively). This can be explained by the
structure of products. Products 7 and 8 have 4 substituents on
the non-planar dibenzo[b,f][1,5]diazocine ring whereas products
5 and 6 have only 2 substituents (Fig. 3). Four bulky substi-
tuents on such non-planar ring causes steric hindrance and
therefore is probably less favored [14,15].

TABLE-1 
SELF-CONDENSATION OF 2-AMINOBENZOPHENONES  

(1-4) UNDER MW IRRADIATION TO  
DIBENZO[b,f][1,5]DIAZOCINE PRODUCTS 5-8 

2-Aminobenzophenones 
Product Catalyst 

 X Y 
Yield (%)a 

5 
6 
7 
8 

DPP 
DPP 
DPP 
DPP 

1 
2 
3 
4 

Styryl 
Biphenyl 

H 
H 

H 
H 

Styryl 
Biphenyl 

63.4 
60.8 
58.6 
59.7 

aIsolated yields. 

 
Lastly, dibenzo[b,f][1,5]diazocines with different conju-

gation lengths were subjected to UV-visible spectroscopy to
study the potential on the photocatalytic activity (Fig. 4). UV-
vis absorption shifted to the visible range as the conjugation
length increased (from 300 nm to 400 nm and 430 nm). This
result is similar to other small molecular weight organic mole-
cules applied for the water splitting use [7]. The UV-Vis absor-
ption results show promising potential for photocatalytic activity.
Moreover, presence of nitrogen is reported to enhance inter-
actions with inorganic nanoparticles such as Pt which can result
in improved catalytic activity and durability when made into
a composite [16,17]. As a matter of fact, prepared dibenzo[b,f]-
[1,5]diazocines (5-8) exhibited excellent stability toward acidic
(pH 3), basic (pH 10) and even in electrolyte (NaCl) environ-
ments under both sunlight and UV irradiation (data not shown).
Photocatalysts generally show high efficiency in acidic or basic
conditions [18]. However, these conditions compromise the
stability of most catalysts especially in combination with the
electrolytes. Therefore, the excellent stability of dibenzo[b,f][1,5]-
diazocines show promising potential for hydrogen generation.
Subsequent study of dibenzo[b,f][1,5]diazocines applied into
water splitting device are underway.
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Fig. 3. Structure of four different dibenzo[b,f][1,5]diazocines (5-8)
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Conclusion

In conclusion, dibenzo[b,f][1,5]diazocine derivatives with
extended degree of conjugation were prepared via microwave
irradiation. Microwave assisted reaction allowed fast and
simple synthesis without the need of organic solvent or high
temperature. It was found that pre-modification and subsequent
self-condensation was a better way to prepare dibenzo[b,f]-
[1,5]diazocines than post-modification. Moreover, having less
number of substituents on the dibenzo[b,f][1,5]diazocine ring
was favoured in yields. UV-Vis absorption spectra and excellent
stability in acidic, basic and electrolyte environment showed
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the promising potential of resulting products for the water
splitting applications.
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