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The synthesis of 1, 5-benzodiazepines using Fe3O4@SiO2SO3H 

nanocatalyst. The iron nanoparticle catalyzed condensation of 

o-phenylenediamine with several ketones in methanol at room 

temperature furnished corresponding 1, 5-benzodiazopines.  
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INTRODUCTION 
 

Benzodiazepines are important heterocyclic compounds that 

have attracted much attention of many researchers in drug 

discovery programs because of their wide spectrum of 

promising biological activities. These properties make benzo-

diazepines useful in the treatment of anxiety, depression, 

insomnia, seizures, agitation and other CNS diseases [1]. 

Benzodiazepines are a class of agents that work on the central 

nervous system, acting selectively on gamma-amino butyric 

acid-A (GABA-A) receptors in the brain. It enhances response 

to the inhibitory neurotransmitter GABA, by opening GABA-

activated chloride channels and allowing chloride ions to enter 

the neuron, making the neuron negatively charged and 

resistant to excitation. Benzodiazepines are similar in 

pharmacological action but have different potencies and some 

benzodiazepine work better in treatment of particular 

conditions. They are used as sedatives, hypnotics, anxiolytics, 

anticonvulsants, analgesic, antidepressants, hypnotic, anti-

inflammatory and muscle relaxant agents [2-6]. 
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In particular, 1, 5-benzodiazepines are useful precursors 

for the synthesis of fused ring benzodiazepine 

derivatives such as triazolo, oxadiazolo, oxazino, furano 

benzodiazepines. More recently their use has been 

extended to various diseases such as cancer, viral 

infections (non-nucleoside inhibitors of HIV-1 reverse 

transcriptase) and cardiovascular diseases [7-13]. 

Different reagents such as BF3-etherate, polyphosphoric 

acid, NaBH4, MgO/POCl3, Yb(OTf)3, Ga(OTf)3, lead 

nitrate, L-proline, acetic acid under microwave 

conditions, molecular iodine, and ionic liquids have also 

been used for the synthesis of benzodiazepines [14]. 

Recently the synthesis of benzodiazepines has also been 

reported using different solid acid catalysts such as 

sulfated zirconia, Al2O3/P2O5, Ag3 PW12O40, PVPFeCl3, 

and zeolite catalysts [15]. 

 

In view of their wide range of applications in biological 

and industrial synthetic organic chemistry, the 

development of mild and efficient protocols for the 

synthesis of 1, 5-benzodiazepine analogs continue to be 

a challenging endeavor [16]. However, the most 

commonly employed methods involve the 

cyclocondensation of 1, 2–diamines with α, β-

unsaturated ketones, β-haloketones, alkynes [17]. 

Literature survey reveals the various catalysts and 

routes for the synthesis of these compounds by 

condensation reaction of o-phenylenediamine with α, β-

unsaturated carbonyl compounds in the presence of 

protic organic and inorganic acids catalysts [18]. The 

majority of methods reported in literature have several 

limitations such as high temperature, long reaction time, 

use of expensive reagents, low yields of products, high 

catalyst loading, corrosive reagents, strongly acidic 

conditions and further purification of products. 

Therefore, the need of development of an efficient 

method for the preparation of 1, 5-benzodiazepines is of 

prime importance using nanocatalyst [19]. 

 
RESULTS AND DISCUSSIONS 

 

In continuation of our previous studies on exploration 

of various methods and catalysts in organic 

transformations [20], herein, we report a highly efficient, 

active and recyclable acidic magnetic nanocatalyst for 

the one pot synthesis of 1, 5-benzodiazepines using 

sulfonic acid supported on ferrite-silica supermagnetic 

nanoparticles (Fe3O4@SiO2SO3H NPs) (Scheme 1). It is 

prepared according the procedure reported in literature 

[21]. It has been used as green catalyst in various 

condensation reactions [22]. There is no report available 

in literature describing the use of Fe3O4@SiO2SO3H NPs 

as catalyst for the synthesis of 1, 5-benzodiazepines [23]. 

Initially, we study influence of Fe3O4@SiO2SO3H NPs for 

the synthesis of 1, 5-benzodiazepine using o-

phenylenediammine and acetophenone as a model 

reaction and by changing the amount of 

Fe3O4@SiO2SO3H NPs (Table 1). The catalyst quantity 

was optimized to 20 mol% of Fe3O4@SiO2SO3H NPs and 

excellent results were obtained with 84% yields. The 

solvent effect was studied by performing reaction in 

different solvents varying ketones to furnish 

corresponding 1, 5-benzodiazepines with 70-98% yields 

(Table 2). It has been observed that the better results are 

obtained in methanol solvent. 

 

Table 1: Effect of concentration of Fe3O4@SiO2SO3H 

nanopartilces 

Entry Catalyst (mol%) Time (h) Yields (%) 

1 10 4 73 

2 15 4 78 

3 20 4 84 

4 25 4 84 

Reaction Conditions: o-Phenylenediamine, acetophenone 

and Fe3O4@SiO2SO3H nanoparticles. 

 

Table 2: Effect of solvent on synthesis of 1, 5- 

benzodiazepine. 

S. N. Solvent Time (h) Yield (%) 

1 Ethanol 4 92 

2 THF 4 86 

3 Iso-propanol 3 90 

4 DCM 4 87 

5 Methanol 3 98 

6 Ethyl acetate  5 85 

7    Acetonitrile   5 85 

8 Toluene 6 70 

Reaction Conditions: o-Phenylenediamine, acetone and 

Fe3O4@SiO2SO3H (20 mol%). 
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The scope of present invention checked by performing 

reactions between various substituted o-

phenylenediamines (10 mmol) and ketones (20 mmol) in 

presence of Fe3O4@SiO2SO3H (20 mol%) in methanol 

(Scheme 1 & 2). All the reactions furnished the 

corresponding 1, 5- benzodiazepines with 70-98% yields 

(Table 3). The present protocol is applicable to both 

aliphatic cyclic, acyclic and aromatic ketones without 

significant differences. The progress of reaction was 

monitored by TLC. The analytical and spectral data of 

obtained compounds is matching with the reported in 

literature. 

 

Scheme 1 

 

 

 

Scheme 2 

 

Table 3: Synthesis of 1, 5-benzodiazepines using Fe3O4@SiO2SO3H Nano catalyst 

S. 

N. 
Diamine (1) Ketone (2) Product (3) 

Time 

(h) 

Yield 

(%) 

MP 

(oC) 

MPlit 

(oC) 

1 

 
 

 

3 98 118-120 120-122 

2 

 
 

 

3.5 82 138-140 138-139 

3 

 
 

 

3 84 

 

140-142 

 

142-144 

4 

 
 

 

4 79 120-122 118-120 

5 

  
 

5 77 118-120 118-120 

6 

  

 

4 84 149-151 150-152 
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7 

  

 

6 82 120-122 121-122 

8 

 
 

 

3 84 126-128 127-128 

9 

  

 

5 80 91-93 92-93 

10 

 
 

 

6 87 110-112 112-114 

11 

 
 

 

5 82 112-114 113-114 

12 

   

4 75 136-138 136-137 

13 

 
 

 

5 70 134-136 135-136 

14 

   

6 80 136-138 136-138 

15 

   

6 72 122-124 124-125 

16 

 
 

 

5 78 136-137 138-139 
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EXPERIMENTAL  
 

The commercially available chemicals were used 

without further purification. The progress of the 

reactions was monitored by TLC. The melting points are 

uncorrected. 1H NMR (400 MHz) and 13C (100 MHz) 

spectra were recorded with tetramethylsilane as the 

internal standard. 

  

General procedure for 1, 5-benzodiazepines.  

A mixture of o-phenylenediamine (10 mmol), Ketone (20 

mmol) and Fe3O4@SiO2SO3H (20 mol%) in methanol (10 

ml) was taken in a round bottom flask. The reaction 

mixture was stirred at room temperature for an 

appropriate time as mentioned in Table 3. After 

completion of the reaction, the catalyst was removed 

easily by adsorbing onto the magnetic stirring bar when 

the stirring was stopped. Then, the reaction solution 

was filtered off and the residue was purified by 

washing further with water, to give crude crystalline 

product. The crude product was purified by 

recrystallization by using ethanol to gives the 

corresponding 1, 5- benzodiazepines with 70-98% 

yields. The Fe3O4@SiO2SO3H nano-catalyst was then 

washed with ethanol, air-dried and used directly several 

times in other fresh reactions without loss of efficiency.  

  

2, 3-Dihydro-2, 2, 4-Trimethyl-1H-1, 5-benzodiazepine 

(Entry 1): IR (CHCl3) νmax: 3345, 2109, 1630, 1456, 1246, 

1051, 945, 713 cm-1; 1H NMR (CDCl3, 400 MHz): δ 1.35 

(s, 6H), 2.23 (s, 2H), 2.37 (s, 3H), 2.99 (bs, 1H), 6.73-6.75 

(m, 1H), 6.98-7.01 (m, 2H), 7.13-7.15 (m, 1H); 13C NMR 

(CDCl3, 100 MHz): δ 29.9, 30.5, 45.1, 68.4, 121.8, 122.1, 

125.5, 126.9, 137.9, 140.8, 172.4. 

 

2,3-Dihydro-2, 4-diethyl-2-methyl-1H-1, 5-

benzodiazepine (Entry 2): IR (KBr) νmax: 3329, 

1637,1605 cm-1; 1H NMR (CDCl3, 400 MHz): δ 0.99 (t, 

3H, J = 6.9 Hz), 1.25 (t, 3H, J = 6.9 Hz), 1.70 (q, 2H, J = 6.9 

Hz), 2.15 (m, 2H), 2.35 (s, 3H), 2.69 (q, 2H, J = 6.9 Hz), 

3.25 (br s, 1H, NH), 6.78–7.35 (m, 4H); 13C NMR (CDCl3, 

100 MHz): δ 8.7, 10.6, 26.9, 35.5, 35.7, 42.0, 70.7, 121.7, 

125.2, 126.2, 27.1, 138.0, 140.9, 175.5. 

 

2, 3-Dihydro-2-methyl-2, 4-diphenyl-1H-1, 5-

benzodiazepine (Entry 6): IR (KBr) νmax: 3277, 3061, 

2972, 1559 cm-1; 1H NMR (CDCl3, 400 MHz): δ 1.8 (s, 

3H), 3.1 (d, 1H), 3.2 (d,1H), 6.8-7.7 (m, 14H) 

. 

2, 3-Dihydro-2, 2, 4-trimethyl-8-nitro-1H-1, 5-

benzodiazepine (Entry 11): IR (KBr) νmax: 3280, 1645, 

1600 cm-1;. 1H NMR (CDCl3, 400 MHz), 1.90 (s, 6H), 2.95 

(s, 3H), 3.20 (s, 2H), 7.18 (s, 1H), 8.0–8.10 (m, 1H), 8.5–8.9 

(m, 1H). 

 
CONCLUSION  

 

In conclusion, we have reported green synthesis of 

various substituted 1, 5 benzodiazepines from o-

phenylenediamine and ketones in presence of catalytic 

amount of Fe3O4@SiO2SO3H in methanol. The present 

protocol has several advantages over earlier reported. 

The present protocol will be highly useful method for 

preparation of substituted 1, 5 benzodiazepines.  
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