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Part 1 - The Structure and Key Properties of Imides -
Foundations and Their Role in Modern Chemistry

Imides combine qualities that are rarely found together: being strong and durable, yet adaptable and
versatile for different applications. For modern materials, they are not just functional moieties; they are
platforms for property tuning. In the pharmaceutical industry, imide derivatives serve as intermediates in
the synthesis of various drugs, including anticonvulsants, sedatives, and anticancer agents, where their
stability and reactivity makes them valuable in drug design and development.

At Valsynthese, we leverage imide derivatives — especially those derived from aliphatic dianhydrides — to
help customers engineer performance in polymers, resins, electronics, and advanced materials. This ar-
ticle, the first in a series of three looking at aspects of the chemistry of imides, introduces the structural
fundamentals, and the key properties that make imides central to today’s high performance chemistries.

1) Structural Overview: the utility of the Imide Ring
The imide functional group is defined by a nitrogen atom bonded to two carbonyl groups.

Why the ring matters: the imide motif imparts mechanical, thermal, and chemical robustness. The
carbonyls enhance polarity and intermolecular cohesion; the cyclic constraint reduces confirmational
freedom, reinforcing dimensional stability. Meanwhile, the pendant group on the imide nitrogen (N-sub-
stituent) is a powerful tuning dial, and allows us to tailor solubility, processability, dielectric behavior and
reactivity while preserving the stabilizing influence of the core ring.

In our work with aliphatic dianhydrides, we can synthesize imides starting from:

— Fully saturated dianhydrides, such as HBTA (bicyclooctanetetracarboxylic dianhydride) and CHDA
(1,2,4,5-cyclohexanetetracarboxylic dianhydride), with the potential to attach pendant groups as required

— Unsaturated dianhydrides — e.g., BTA (bicyclo[2.2.2]oct-7-ene-2,3:5,6-tetracarboxylic dianhydride),
where there is, again, the option to attach pendant groups as required
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2) Key Properties: Stability, Cross Linking, and Tailorability
A) Reticulation & Performance Gains Y/

Imide derivatives of aliphatic dianhydrides act as reticulating (cross link-

ing) agents across various polymer families. Embedding the imide ring

typically improves thermal resistance (higher glass transition/thermal deflection (Tg/Td) temperatures,
chemical stability (solvent/acid/base tolerance), and mechanical integrity (modulus, creep resistance).

B) Photosensitive Polyimides: Radical Cross Linkers

Imides with pendant double bonds serve as radical cross linkers in photosensitive polyimides. Compared
to conventional cross linkers, imide based variants can deliver better thermal stability without sacrificing
photo patternability, supporting finer features and elevated process temperatures, which are common in
electronics manufacturing. Most cross-linkers are trifunctional or tetrafunctional materials. Having a bi-
functional material can bring about better control in reticulation, and more predictable cross-link density,
which in turn will allow greater control in the etching process.

C) Tailoring Materials via Pendant Groups

Pendant selection on the imide nitrogen is a property engineer’s toolkit:

— Linear vs. branched groups: Crystallinity vs. amorphous character: Linear groups promote packing and po-
tential semi-crystallinity; branched groups disrupt order, increasing amorphous behavior and flexibility. The
presence of branched groups can also improve the toxicity profile resulting in improved sustainability. Result:
trade offs in rigidity, toxicity, toughness, and solubility (branched often improves solubility/processability).

— Alcohol pendants: Hydroxyl functionality can act as curing agents, facilitating further cross linking (e.g.,
with epoxies or anhydrides), or enabling secondary hydrogen bonding networks for enhanced cohesion.

— Carboxylic acid pendants: Carboxylates can function as ligands for metal coordination, enabling coor-
dination polymers and hybrid materials with tailored mechanical, optical, or catalytic behavior.

D) Imide Based Bisphenols in Resin Design

Introducing BTA- or HBTA-based imides bearing phenolic pendant groups into resin formulations can
markedly enhance thermal stability while maintaining the solubility that is crucial for processing and film
formation. In high demand applications (electronics, adhesives, composite matrices), this balanced en-
hancement of glass transition temperature, heat deflection, and flow is particularly attractive.
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4) Where Imides Fit in Modern Chemistry and Industry

Imide chemistry is foundational to several technology domains: N

— Advanced Composites and Adhesives: Imide modified resins and 0:{7
cross linkers contribute to high Tg matrices, improved chemical re-
sistance, and better creep/thermal cycling performance, which are
critical attributes for materials used in the aerospace, automotive, and
energy industries.

— Functional Coatings: Coordinating carboxylate pendants and hydroxyl activated curing pathways pro-
vide routes to durable, corrosion resistant, flame retardant and chemically robust coatings.

— Hybrid & Coordination Materials: By leveraging imide carboxylate ligation, we can access metal—-
organic architectures with tailored mechanical/optical properties and potential catalytic or sensing
functions

— Microelectronics and Photolithography: Photosensitive polyimides and low k dielectrics benefit from
the stability of imide rings, and the ability to tune pendant groups, which allows for finer patterning on
layered materials, thermal budgets, and more reliable device fabrication.

Pharmaceutical Development

Imide chemistry plays a role in pharmaceutical development, particularly through its structural and

functional versatility, for example:

— Imide groups appear in certain APIs because they can provide rigidity and planarity, influencing how a
molecule binds to its biological target.

— Used as linkers in drug conjugates or prodrugs, controlled hydrolysis of the imide can be used to
achieve specific release profiles in vivo

—If used as synthetic intermediates for heterocycles and scaffolds, they allow the introduction of
pharmacophores or solubilizing groups

— Imide-containing polymers (e.g., polyimides) can be used in implantable drug delivery systems because
of their thermal and chemical stability, ensuring long-term integrity in the body.
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5) The Valsynthese Approach: End-to-End Custom Chemistry

Valsynthese partners with customers from concept to commercialization to provide:

— Design and Selection: Based on target properties such as Tg, modulus, dielectric, transparency, and
cure kinetics, Valsynthese can help identify saturated vs. unsaturated cores (HBTA, CHDA, BTA)) and
the correct pendant families (carboxylates, alcohols, phenols, alkenes);

— Synthesis and Scale Up: including the development of robust imidization protocols, solvent systems,
and purification steps tailored to suit pilot and production scales. Valsynthese has the capabilities to
scale up robust imidization processes from the kilo to tons.

— Regulatory and Supply: put in place the necessary documentation, quality systems, and secure sourc-
ing strategies for consistent, enduring supply.

Our aim is to provide clients a holistic solution incorporating the customer service and the material solu-
tion. Valsynthese offers an extensive product catalogue of imide derivatives.

Coming Soon in Our Series of looking at The Chemistry of Imides at Valsynthese:

— Part 2 — From Imide to Innovation: enhancing performance through tailored imide derivatives We'll
dive into structure—property case studies, compare pendant strategies, and show how to translate
bench insights into manufacturing grade formulations.

— Blog 3 — Polyimides and Sustainability: High Performance Materials for a Greener Future We'll explore
durability vs. lifecycle, solvent and process choices, low k electronics for energy efficiency, and how
imide chemistry supports longer service life and reduced environmental footprint.

Interested in a Tailored Imide Solution?

Valsynthese SA specializes in custom synthesis and contract manufacturing for the chemical and phar-
maceutical industries. Based in Gamsen - Brig, Switzerland, Valsynthese is part of the SSE Group, which
has a long history of working with hazardous and high-energy chemicals. Valsynthese produces a range of
advanced intermediates and active pharmaceutical ingredients under ISO and cGMP certification.
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