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From natural sources to materials

Wastes from citrus fruits processing industries generate large amounts of products. 

Terpenes, in particular Limonene, are the major components of essential oils of citrus fruit

Polyurethanes
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A rational design

Limonene: a biosourced buiding block

C10H18

IUPAC: 1-methyl-4-(prop-1-en-2-yl)cyclohexene

 Starting building block for many reaction pathways

 Reactivity
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Why polyurethanes?

➢ no co-products (polyaddition!)

➢ versatile polymers

➢ commercial value

The urethane bond
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The world of polyurethanes 

TPU

Flexible

Rigid
Biomedical

Waterborne
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Concerns about polyurethanes

➢ Isocyanate production: phosgenation

➢ Isocyanate reactivity: storage

➢ Isocyanate toxicity

➢ Isocyanate reactivity: by-products
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Isocyanate toxicity 

The most used isocyanates, TDI and MDI, are classified as CMR 

(Carcinogen, Mutagen, Reprotoxic) substances

OCN NCO

NCO

NCO

OCN NCO

2,4-TDI 2,6-TDI 4,4’-MDI



12V. Barbera et al  - From natural sources to materials… MoDeSt – 2021    Lampedusa (I), September 2nd 2021

This work. The rational design

objective
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This work. Polyurethanes from (R)-(+)-limonene

The strategy

Cyclic carbamate

Isocyanate free PU
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This work. Polyurethanes from (R)-(+)-limonene

H
N

OH

R N

O

O

R

(R)-(+)-limonene
bio-sourcedbuilding block

The strategy
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Polyurethanes from (R)-(+)-limonene

CH3, (CH2)5CH3, Bn, Ph

L. Rubino, A.Rescifina, V. Patamia, M. Galimberti, V. Barbera (2021). Submitted for pubblication
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1
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(R)-(+)-limonene epoxide

Polyurethanes from (R)-(+)-limonene
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The aminolysis is regio- and diastereoselective. The approach of the nucleophile is known to

be trans-diaxial (Fürst-Plattner rule). In the case of cis-limonene oxide, the reaction occurs

via a SN1-type mechanism with inversion of configuration at the C-1. For trans-limonene

oxide, a SN2-type reaction can be envisioned at C-2.

cis

trans

[1] Leffingwell, J. C., & Royals, E. E. (1965). Tetrahedron Letters, 6(43), 3829-3837.

[2] Royals, E. E., & Leffingwell, J. C. (1966). The Journal of Organic Chemistry, 31(6), 1937-1944.

[3] Newhall, W. F. (1964).. The Journal of Organic Chemistry, 29(1), 185-187.

Aminolysis of (R)-(+)-limonene oxide
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trans-limonene oxide cis-limonene oxide
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Aminolysis of (R)-(+)-limonene oxide: computational studies
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Aminolysis of (R)-(+)-limonene oxide: computational studies

	

3c
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sp3

A Library of molecules

… and so on!
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Polyurethanes from (R)-(+)-limonene

Synthesis of a library of 
cyclic carbamates via 

DAC chemistry

Green syntheses
No toxic reagents

High Yields

CH3, (CH2)5CH3, Bn, Ph

L. Rubino, A.Rescifina, V. Patamia, M. Galimberti, V. Barbera (2021). Manuscript in preparation
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Isocyanate-free Polyurethane via cationic ring opening polymerization of 

five-membered cyclic carbamates

C11H17O2

(5R)-7a-methyl-5-(prop-1-en-2-yl)hexahydrobenzo[d]oxazol-2(3H)-one

Polyurethanes from biosourced materials
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Polyurethanes from terpenes: award

Isocyanate-free polyurethanes from terpenes: 

ROP of five-membered cyclic carbamates and cyclic carbonates 
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Synthetic route to five-membered

cyclic carbamates (Route A) from D-

limonene. A library was synthetized.

Products characterized by: 1H-NMR, 13C-

NMR, GC/MS, IR, Mass spectrometry

The strategy

Objectives
☺ Use of natural sources as building blocks for innovative platforms of chemicals;

☺ Synthesis of isocyanate-free polyurethanes via Ring-Opening Polymerization (ROP) of 5-membered cyclic carbamates and

carbonates;

☺ Use of PU as super elastomer materials to replace traditional tyre compounds.
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Synthetic route to five-membered

cyclic carbonates (Route B) from D-

limonene.

Products characterized by: 1H-NMR, 13C-

NMR, GC/MS, IR, Mass spectrometry

Introduction
Polyurethanes (PU) represent one of the most versatile class of polymers, being suitable for a large variety of applications. They

are industrially prepared by chemical reaction between polyols and isocyanates.

Isocyanates are known to be highly toxic for health and environment ☹

Cat:  BF3O(Et)2

Monomer / Cat  =  1 / 0.015

r.t., 12h, solvent free                   

Synthesis of a library of 
cyclic carbamates via 

DAC chemistry

R = CH2CH3, Bn, NH-Ph

Green syntheses
No toxic reagents

High Yields

Conclusions

Starting from the natural terpene D-limonene, green and sustainable

reaction pathways were studied and performed to obtain key intermediates

for the synthesis of isocyanate-free polyurethanes. PU oligomers were

efficiently obtained from the ROP of D-limonene cyclic carbamates, thus

replacing the use of hazardous chemicals as isocyanates.

Synthesis of cyclic 
carbonates with CO2

Polycarbonates 
were obtained.

Synthesis of PU in 
progress!
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