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Catalytic Conversions of Isocyanate to Urea and Glucose to 

Levulinate Esters over Mesoporous #$%�&'()4)2. H2O in Green 

Media

Arpita Hazra Chowdhury,[a] Ipsita Hazra Chowdhury,[a] Surajit Biswas,[a] Pekham Chakrabortty [a], Sk. 

Manirul Islam*[a]

We have described a facile solvothermal synthesis of a sheet-like :"�
;/$+4)2. H2O nanomaterial. The material holds 10.7 

nm nanoparticles along with ordered mesopores throughout its hexagonal building blocks.  The material possesses 3.86 eV 

bandgap energy and works as an efficient catalyst for the selective synthesis of ureas from a broad range of isocyanates in 

presence of H2O at room temperature with high product yield (up to 93%) and TOF value up to 15.25 h-1. The :"�
;/$+4)2. 

H2O nanomaterial also catalytically converts glucose to levulinic acid (LA) and subsequently LA to alkyl levulinates in 

presence of different alcohols with high product yield (up to 98%) and TOF value up to 43.00 h-1. Furthermore, all the 

reactions are performed in green and facile catalytic conditions without using any hazardous solvent. The :"�
;/$+4)2. H2O 

catalyst material is also found to be reusable for manifold cycles for all the reactions keeping its catalytic efficiency along 

with its structural and morphological characteristics unaffected, supporting its industrial relevance. 

 ..

Introduction

Phosphate materials with two dimensional open layered framework 

and mesoscopic void spaces have attracted interest of researchers 

as they can be widely used in general catalysis1 as well as 

photocatalysis,2 cosmetic production,3 adsorption4 and solar cells5. 

Among them, titanium phosphates having compositional and crystal 

structure diversity is a well-known material. The modified synthetic 

methods and applications of this material in the generation of 

value-added chemicals are still to be explored by researchers. 

Urea synthesis is one of the most significant organic 

transformations in recent days because of its extensive applicability 

in pharmaceutical, agrochemical and petrochemical industries.6 In 

conventional way, urea synthesis is done by amines reacting with 

phosgene,7 and its derivatives,8 carbonyl-imidazoles,9 or 

CO10a/CO2
10b using costly metal or non-metal based catalysts. It is 

important to notice that phosgene is a toxic and environmentally 

hazardous material. Recently, G. C. Paul et al. reported their work 

on urea synthesis from isocyanates using four-coordinate Co(III) 

complexes as homogeneous catalysts under sunlight irradiation.11 

The reaction was done in inert (Ar) atmosphere in presence of DCM 

as solvent.  Therefore, synthesis of potential and cost-effective 

heterogeneous reusable catalyst which can produce urea in more 

simplified and environmentally benign reaction pathway without 

using any hazardous solvent or material is still to be explored. 

In 21st century, the most challenging issue is to find out an 

environment friendly replacement of fossil-based energy sources. 

That is why clean and renewable energy sources attract attention of 

researchers as a potential substitute. Besides wind and solar, 

among the renewable energy sources biomass is the most profuse 

existing raw material in nature in the form of agricultural wastes.12 

Glucose is the most ideal preferred biomass-derived cheap 

carbohydrate substrate for the production of extensive range of 

platform chemicals such as levulinic acid (LA), hydroxymethyl 

furfural (HMF) and furfural. US Department of Energy has identified 

LA as one of the most promising platform chemicals for the 

production of new biochemicals and biofuel additives.13 Potential 

heterogeneous catalyst for glucose to LA conversion is with 

industrial relevance is still to be explored. Weingarten et al. 

reported solid metal phosphate catalysed LA synthesis from glucose 

at 160 °C for 3 with La yield of 17.3%.13 Recently, V. Bokade et al. 

reported levulinic acid (LA) synthesis from glucose using silicon 

phosphate catalyst in MIBK�water biphasic system with maximum 

81% LA yield at 140 °C for 10 h. 14 Those reports suggested that 

catalysts with acidic sites (Lewis and Brønsted) is essential for 

glucose to LA conversion.13, 14 Therefore, solid heterogeneous 

catalysts containing oxoanions such as (PO4)3-, ( SO4)2-, ( ClO4)1- 

representing strong acidic active sites presence on catalyst surface 

drag attention of researchers. Varieties of precious commodity 

chemicals, used as pharmaceuticals, plasticizers, fuel additives etc15 

can be obtained from LA. Among them, alkyl levulinate is one of the 

most significant commodity chemicals, which can be derived from 

LA esterification with alcohols. Alkyl levulinate is a sustainable and 

environmentally benign replacement of gasoline additives like 

tetraethyl lead.16 The major shortcoming for the commercial 

applicability of levulinate esters is its high production cost. 

Therefore, finding out a potential catalytic pathway to synthesize 

levulinic acid from biomass, followed by its esterification is 

expected to shrink the cost with the extra advantage of renewable 

raw material source.

In this study, we have reported mesoporous titanium phosphate 

catalyst, synthesized by a simplistic solvothermal method, as a 
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LA 

Esteri-

fication

Titanium 

phosphate 

nanomaterial

100 mg 

glucose, 10 mL 

H2O, 

temperature: 

120 0C, 

catalyst: 30 mg, 

reaction time: 

8 h. 

80 This 

study

20 wt%

H4SiW12O40-

SiO2

catalyst (104 

mg), LA (205 

mg), ethanol (2 

mL) 

cyclohexane (5 

mL), 75 °C, 6 h.

75 24

Conclusions

At last, we can conclude that in the present study, a mesoporous 

sheet-like 2D :"�
;/$+4)2. H2O nanomaterial is synthesized through 

a facile solvothermal method. The material holds ordered 

mesopores throughout its hexagonal building blocks as well as 3.86 

eV band gap energy. The synthesized titanium phosphate 

nanomaterial shows brilliant catalytic conversion efficiency for the 

selective synthesis of ureas from a broad range of isocyanates in 

presence of H2O at room temperature with high product yield (up 

to 93%) and TOF value up to 15.25 h-1. Optimization study reveals 

that the production of urea depends on several parameters like 

reaction time, catalyst loading, bulkiness or nucleophilicity of 

isocyanate substrate etc. Bulkier isocyanate   (1-Naphthyl 

isocyanate) is observed to produce the corresponding urea 

derivative with comparatively poorer yield with a slower reaction 

rate than that of phenyl isocyanates. The :"�
;/$+4)2. H2O 

nanomaterial also catalytically converts glucose levulinic acid (LA) 

and subsequently LA to alkyl levulinates in presence of different 

alcohols with high product yield (up to 98%) and TOF value 43.00 h-

1. Moreover, the :"�
;/$+4)2. H2O catalyst is also found to be 

reusable for multiple cycles of all the reactions keeping its catalytic 

efficiency along with its structural and morphological characteristics 

unaltered. 
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