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Reversible DA Reactions:
DA reversible reactions of furans and maleimides are a type of  “click” reaction that can 
proceed at some lower temperature only to be reversed at a higher temperature. This DA 
reaction can be applied to a variety of applications for example reversible hair fixatives. 
Lets review several of these furan-maleimide approaches: (The oldest reference for this 
reaction is Craven, James M. "Cross-linked thermally reversible polymers produced from condensation 

polymers with pendant furan groups cross-linked with maleimides." U.S. Patent No. 3,435,003. 25 Mar. 1969. )

(1)



(2)

(3)

(4)

(5)



(6) above and others  (7-18)

The above is just a sample of the extensive literature concerning reversible DA 
reactions.

Can this reversible DA reaction have hair care applications. As a reversible cross-linking
mechanism, it would enhance fixative properties but this would be reversible with the 
heat of a curling iron. For example, a Gafquat type copolymer with one of these 
previously discussed suitable reversible DA reactions would fit this idea.

All of the above references have things in common, the Diels-Alder components are 
either terminal or pendant to the polymer chain. I have found only one reference where 
the Diels-Alder component is in the polymer backbone. This seems like an obvious idea 
so why only the one reference? For example:

Scheme 1

dimethyl furan-2,5-dicarboxylate
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Apparently the above scheme doesn't work because the carboxylic esters reduce the 
electron density in the furan ring making it a less attractive DA diene. DA dieneophiles 
can be enhanced in reactivity with transition metal derivatives. Could such enhanced 
dieneophiles work with the above scheme 1 furan dicarboxylates? Can the 
dicarboxylates be moved further away from the furan ring or can the 3,4 furan 
dicarboxylates react because the carboxylates are attached to carbons away from the 
furan ring oxygen? Actually 3,4-furan reacts very well with dieneophiles.(19-20)
 

As the following shows, the hydroxyl derivatives work as DA dienes.

PFS as shown, is DA reactive.(21-22)

Maleic Anhydride and Benzene derivatives:

PFS can be employed in other DA reactions with strong dieneophiles like maleic 
anhydride. For example:



Scheme 2 Possible aromatic derivatives.

7-Oxanorbornenes are readily converted to aromtic derivatives with acidic catalysis. 
Might acetylene work by itself to go more readily to the benzene derivative since many 
references show that even relatively unreactive ethylene reacts with furans under the 
right conditions and will form the benzene derivative.

Polymers E and F above should be water soluble in their carboxylate form. I would 
expect them to also be readily hydrolytically degradable because of the location of the 
carboxylate vs. the ester backbone. This could be a way to degradable PET plastics by 
putting enough of these repeat units in the PET backbone to do the job. When exposed to
sea water for example, they would hydrolyze the anhydrides and cause polymer 
hydrolysis by anchimeric assistance.(23-26) 
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This suggests another possible synthesis:

Scheme 3: Alcohol groups would initially need to be protected. D is a monomeric bis 
imide. E is the adduct of acrylates.

In this case, the alcohols are protected with removable R groups which when removed 
allow the esters or amides to form. If treated with acidic reagents, the resulting 
oxanorbornenes can be transformed into benzene rings. Compound B would therefore be
a very versatile reactant.

Further ideas as in scheme 4 seems related to the “Pincer” DA reaction.

Scheme 4
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3,4 furan dicarboxylic acid is a known compound that can be converted to the anhydride.
I'm suggesting that the DA reaction with maleic anhydride initiates a chain reaction to 
form the above polymer. MW would be controlled by the amount of maleic anhydride or
other suitable dieneophile used to start the reaction. This proposed DA reaction is some 
what similar to “Pincer” DA's, for example:

(27-28)

As can be seen in the above scheme,  that my scheme 3 proposal might have a more 
complicated stereochemistry than I have proposed but the idea is the same.

The 3,4 furan dicarboxylic anhydride could also be converted to the aromatic 
tetracarboxylic dianhydride, a valuable polyimide component.

Scheme 5

Or this is a simpler approach to aliphatic bis-anhydrides vs. the following scheme?
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All that would have to be done is the hydrogenation of the scheme 5 illustrated double 
bond.

Other approaches to polymers are possible. 

Scheme 6: The above polyimide can be post converted to the aromatic derivative, a new 
method of synthesizing polyimide plastics.

In conclusion, derivatives of  Oxabicyclo[2.2.1]heptane are a significant area of organic 
chemistry; therefore, I would think that furan, a readily available RM from biomass 
should inspire new possibilities.(29-30)

The following idea is based on chemistry that Prof. Wolinsky and I developed in the 
1960's.(31-32)

It is based on the reaction of the in-situ formation of a diene from an unsaturated 
carbonyl compound and isopropenyl acetate catalyzed by acid.

n

R' R'

R'R'

O

N

O

O

O

O

N

O

O

NO

O

N

O

O

O

N

O

N

OO

O

NO

O

N

O

O +



Scheme 7
The in-situ formed diene attached to the maleimide dieneophile results in a polymer that 
since the acetoxy cyclohexene can with heat lose acetic acid resulting in a 
cyclohexadiene that can also react to form a bicyclooctane cross-link. These DA 
reactions should be reversible forming “healable” polymers. 

Scheme 8 is one suggested outline synthesis of the starting RM.

Scheme 8

Scheme 9
Alternative polymerization with the unsaturated ketone.
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Thank you for reading these proposals.
Dr. Robert B. Login  rloginconsulting.com
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