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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
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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3) Where Imides Fit in Modern Chemistry and Industry

Imide chemistry is foundational to several technology domains:
– �Advanced Composites and Adhesives: Imide modified resins and 

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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4) 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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Part 2 – From Imide to Innovation:
Enhancing Performance Through Tailored Imide Derivatives

In the first article of this series, we explored the foundations of imide chemistry, the unique stability of the 
imide ring, the influence of pendant groups, and the ways these structures support advanced materials.

In this second installment, we shift from fundamentals to functional innovation and examine how tailor-
ing imide derivatives translates into measurable performance gains. Through structure – property case 
studies and examples drawn from real formulation challenges, we show how bench‑scale insights can 
evolve into manufacturing-grade solutions.

Why Tailoring Imide Derivatives Matters

Imides are highly stable structures, but their true power lies in their customizability. By modifying the 
nature of the functional group on the imide nitrogen, the diimide core can be incorporated into different 
polymer families. Moreover, chemists can systematically adjust properties such as:

–  Chain mobility and free volume
–  Solubility in processing solvents
–  Cross-linking behavior
–  Crystallinity vs. amorphous character
–  Dielectric response
–  Curing kinetics
–  Metal coordination capability.

This makes imide derivatives ideal building blocks for high‑performance resins, polyimides, coatings, 
adhesives, composites, and specialty materials used in electronics.

The performance of imide derivatives is determined by interdependent factors such as steric effects, 
system rigidity, polarity, hydrogen‑bonding ability, unsaturation, and aromaticity. Understanding these 
interactions is the key to turning imide chemistry into functional innovation.
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Case Study 1: Linear vs. Branched Carboxylic Acid Pendants

Among the most widely used pendant families are carboxylic acids, which can undergo condensation 
with aliphatic or aromatic diamines to yield polyamides or poly(amide-imide)s, with diols to form polyes-
ters, and with epoxy groups to generate thermosetting resins.

Linear Carboxylates: Structure-Driven Order 
Imide derivatives carrying linear aliphatic carboxylic acid pendants promote more ordered packing. This 
often leads to increased crystallinity, higher rigidity, lower solubility, and sharper melt transitions.

These characteristics can be advantageous for formulations requiring dimensional stability, low creep, or 
mechanical hardness, but they may complicate processing due to reduced solubility in solvents.

Branched Carboxylates: Engineering Flexibility
In contrast, branched carboxylic acid pendants disrupt packing, yielding amorphous materials, greater 
flexibility, improved solubility, and a broader window for processing.

This makes branched carboxylates an excellent choice for high‑solids coatings, photoresists, or fast‑cur-
ing resins, where flexibility and solubility are central to performance.

Industrial Translation 
Choosing between linear and branched pendants is not a decision that should be made on chemistry 
alone but also requires consideration of the subsequent process engineering that will be needed. In 
terms of design-for-manufacturing this choice influences:

–  Reactor compatibility (viscosity stability)
–  Ease of filtration or solvent removal
–  Flow behavior during film casting
–  Cross-linker dispersion quality.
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Case Study 2: Pendant Unsaturation for Radical Cross-Linking 

Imides bearing polymerizable double bonds —commonly allyl groups—are powerful radical cross-linkers, 
particularly in photosensitive polyimides and negative‑tone photoresists.

Why Unsaturation Matters 
Incorporation of C=C unsaturation provides access to:

–  Ultraviolet-activated radical cross-linking
–  Thermally driven curing reactions
–  Covalent network formation, resulting in improved thermal and mechanical stability.

Compared to conventional cross-linkers, imide‑based variants typically offer higher thermal stability of 
the cross-linking node, improved resistance to yellowing, lower dielectric constants (especially for ali-
phatic imides), and enhanced adhesion to substrates such as glass, silicon dioxide (SiO₂), and flexible 
polyimide films.

From Bench to Plant
Scaling imide‑based systems from bench to plant requires rigorous control over factors that influence 
stability and polymerization behavior, including:

– � Inhibitor concentration, to maintain consistent suppression of unwanted radical initiation
– � Storage and handling conditions, ensuring materials are protected from heat, light, and oxygen to 

prevent premature polymerization
– � UV exposure parameters (intensity and wavelength) during any photochemical steps, to ensure repro-

ducible reaction kinetics
– � Efficient removal of residual monomers at scale, to meet purity specifications and minimize down-

stream polymerization risks

The choice of pendant unsaturation is a prime example of how molecular design must align with process 
design for successful commercialization.
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Case Study 3: Phenolic Pendants for Resin Enhancement 

Imide‑based bisphenols—commonly derived from BTA (bicyclo[2.2.2]oct-7-ene-2,3:5,6-tetracarboxylic 
dianhydride) or HBTA (bicyclooctanetetracarboxylic dianhydride derivatives) frameworks—are highly at-
tractive building blocks for high‑performance resins.

Functional Advantages 
Phenolic pendants enable:

– � Reaction with epoxy resins (forming tough, high‑Tg networks)
– � Hydrogen-bonding interactions that enhance cohesion
– � Strong adhesion to polar substrates
– � Improved miscibility with conventional resin systems.

Crucially, imide‑based bisphenols improve thermal stability without sacrificing solubility. This balance is 
a recurring challenge in developing advanced resins.

Process Considerations
In manufacturing, phenolic imide derivatives must be optimized for controlled reactivity to avoid thermal 
pre-conditioning of some types of resin.

Case Study 4: Alcohol Pendants as Curing Agents

Imide derivatives containing alcohol pendants can function as built‑in curing agents. Their hydroxyl 
groups participate in esterification, cross-linking with anhydrides or epoxies, and hydrogen-bonding 
networks for enhanced integrity.
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Why They Are Attractive
–  They reduce the number of separate additives needed in a formulation
–  Their incorporation increases uniformity within the polymer network
–  They improve film properties such as clarity and toughness.

Formulation and Processing Considerations
Because these imide derivatives contain free hydroxyl groups, their behavior during polymer formulation 
requires attention. Moisture sensitivity can influence esterification and cross-linking efficiency, so drying 
protocols, solvent selection, and sequencing of additions becomes more critical at production scale. 
Small variations that are manageable at the bench can have amplified effects in a 1,000‑liter reactor 
during polymer processing.

Case Study 5: Carboxylic Acid Pendants for Metal Coordination 

Carboxylate‑functional imides are exceptional ligands for metal coordination, enabling metal – organic 
networks, functional coatings, and catalytically active polymer systems.

The presence of both imide carbonyls and pendant carboxylates allows multidentate coordination, ena-
bling tunable mechanical and optical properties.

In scale-up, the key factors include metal ion availability, coordination kinetics, and avoiding heteroge-
neous precipitation.
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Turning Bench Insights into Manufacturing‑Grade Formulations 

Across these case studies, a consistent theme emerges: successful implementation of these monomers 
into formulations, requires bridging the space between molecular design and applied process engineering.

Key Success Factors in Scale-Up
1. �Solvent and solubility management: Pendant groups dramatically affect solubility; pilot testing must 

confirm mixing, heat transfer, and stability
2. �Thermal profiling: DSC, thermogravimetric analysis (TGA), and reaction calorimetry data guide safe 

and consistent manufacturing
3. �Impurity and side-product control: Pendant‑group reactivity (especially hydroxyls and unsatura-

tion) dictates purification strategies
4. �Regulatory and quality considerations: Industrial consistency demands validated processes and 

analytical methods suitable for QC environments
5. �End‑use performance alignment: The best molecular design is only successful if it integrates smoothly 

into customer processes—resin compatibility, cure schedules, and optical or dielectric targets all matter.

How a CDMO Adds Value 

A chemistry CDMO such as Valsynthese bridges discovery and manufacturing by providing:

–  Custom synthesis of tailored imide derivatives
–  Process development, including route scouting and optimization
–  Pilot- and industrial-scale production under ISO and GMP
–  Analytical development, ensuring quality and reproducibility
–  Long‑term supply and regulatory support.

By delivering both molecules and the processes behind them, a CDMO helps customers transition from 
R\&D concepts to market‑ready materials.
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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 certi-
fication.

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

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.
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Part 3 – Polyimides and Sustainability:
High-Performance Materials for a Greener Future

In the first article of this series, we explored The Structure and Key Properties of Imides, and how the 
unique stability of the imide ring and the influence of pendant groups support advanced materials. And 
in part 2, we looked at the transition from Imide to Innovation: Enhancing Performance Through Tailored 
Imide Derivatives, and examined how tailoring them – particularly those based on aliphatic dianhydrides 
– translates into measurable performance gains.

In this third article, we’ll look at sustainability considerations, and specifically the advantages of replacing 
bisphenol A (BPA) in polyetherimides (PEIs) with a phenolic imide such as a BTA-based imide with phe-
nol substituent on the nitrogen (BTA-PAP), for reduced toxicity, an improved environmental profile (“free 
from” BPA), and additional functionalization characteristics including controlled cross-linking, adhesion, 
and chemical modifications.

Why Tailoring Imide Derivatives Matters

Sustainability has become one of the strongest forces shaping the future of high performance poly-
mers. Electronics manufacturers want cleaner materials with lower toxicity. Automotive and aerospace 
companies are tightening their environmental specifications, and for biomedical and food contact appli-
cations, there are moves toward ever stricter safety profiles, and, across the board, pressure is growing 
to remove bisphenol A (BPA).

This final article in our imide-chemistry series looks at how phenolic imide derivatives – particularly BTA-
PAP – offer a practical, scalable, and performance preserving path toward BPA-free PEIs.
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Why the Shift Away from BPA Matters

Bisphenol A has been used for decades in high performance thermoplastics, including PEIs, because 
it delivers rigidity, optical clarity, and useful reactivity. The challenge however is that BPA also carries 
well documented endocrine-disrupting concerns because it can mimic, block, or interfere with natural 
hormones. Even though PEIs are often used in industrial settings, the trend is for companies to want 
materials with cleaner toxicological profiles, and regulators are tightening controls around bisphenols.

As a BPA alternative, a phenolic imide like BTA-PAP allows companies to retain the beneficial phenolic 
chemistry needed for polymerization – without the structural features that drive BPA’s biological activity, 
meaning no estrogenic concerns; fewer restrictions in food-contact and biomedical applications; and a 
smoother regulatory outlook for future products.

For marketeers, this is not just about compliance; it is about opening new markets where BPA-based 
PEIs no longer qualify.

The Environmental Case: A Cleaner, More Durable PEI

Removing BPA immediately improves the environmental profile of a PEI system. But the sustainability 
benefits of phenolic imides go further.

Imides tend to degrade into simpler carbonyl rich fragments rather than endocrine active residues, and 
their inherent stability can mean a longer service life – an often underrated but important sustainability 
metric. A polymer that lasts longer generates less waste and needs replacing less frequently.

In real world terms, switching to BTA-PAP can support:
•	 “BPA-free” branding and regulatory positioning
•	 reduced concern around leaching or contamination
•	 easier end-of-life handling due to cleaner degradation behaviors.

And because imide-based PEIs often resist oxidation, hydrolysis, and thermal aging more effectively 
than their BPA-based counterparts, materials may stay looking new for longer and remain in use.
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The Performance Angle: Where Phenolic Imides Could Do More Than Replace BPA

One of the biggest misconceptions is that the use of BPA alternatives leads to a sacrifice performance. 
In the context of PEIs, the opposite may be true for some applications. BTA-based imides are thought 
to introduce certain structural advantages over BPA, including:

Thermal and Mechanical Stability
The bicyclic BTA core introduces some rigidity, which could push glass transition temperature (Tg), 
creep resistance, and dimensional stability to higher levels. The imide ring may also reinforce chemical 
and thermal robustness.

Chemical Resistance
Imide-based PEIs typically show lower solvent uptake, improved hydrolytic stability, and better aging 
behaviors; BTA‑based variants could exhibit similar trends, although this remains to be confirmed ex-
perimentally. These attributes may be important for applications in electronics, automotive ‘under-hood’ 
components, and aerospace interiors.

Optical and Dielectric Properties
Aliphatic-based imides tend to have lower coloration and lower dielectric constants. This could provide 
a meaningful advantage for:
•	 microelectronics packaging
•	 flexible printed circuits
•	 optical films or components
•	 low-k dielectric materials.

Functional Flexibility
This is where BTA-PAP may stand out. The phenolic substituent on the imide nitrogen is thought to open 
new reactivity pathways through:
•	 controlled cross-linking with epoxies or anhydrides
•	 improved adhesion to metals and oxide surfaces
•	 potential for UV-activated curing
•	 compatibility with further chemical functionalization.

In other words, the monomer itself is not just a structural block, and could become a design tool.



Société Suisse des Explosifs Group

VALSYNTHESE SA P.O. Box 636 / Fabrikstrasse 48 / 3900 Brig / Switzerland 
T +41 27 922 71 11 / F +41 27 922 72 00 / info@valsynthese.ch / www.valsynthese.ch 17

What This Means for Formulators and Process Engineers

A more sustainable monomer is only useful if it works on the manufacturing facility floor. One of the 
advantages of phenolic imides is that their behavior can be tuned through pendant selection, which helps 
formulators solve practical problems such as viscosity control, solubility, flow behavior, and cure kinetics.

A few examples from manufacturing practice:
•	 Film casting, spreading a liquid solution or melt onto a flat surface and letting it solidify, becomes 

more predictable when pendant groups increase or decrease chain mobility
•	 Viscosity management during resin preparation benefits from the controlled sterics of the imide 

nitrogen substituent
•	 Adhesion to glass or metal improves through the combined action of phenolic OH groups and imide 

carbonyls
•	 Curing consistency is easier to maintain because imides often exhibit more stable reactivity than 

BPA-based analogues.

In practice, small improvements at the monomer level can translate into big gains in yield, quality, and 
customer benefits.

Why Imides Fit Naturally into Strategies to use Sustainable Materials

Imides support sustainability on multiple fronts. Their intrinsic durability reduces waste; their cleaner 
degradation makes environmental exposure less problematic; and their stability supports mechanical 
recycling or even chemically assisted recovery routes.
Put differently, they solve the sustainability challenge upstream – through better chemistry – rather than 
relying on downstream fixes.
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A few reasons imides align so well with modern sustainability goals:
•	 They last longer in service, which reduces the frequency of replacement
•	 They don’t release endocrine-active fragments
•	 Their thermal stability supports repeated recycling cycles
•	 They can be designed for lower dielectric constants, contributing to energy efficiency in electronics.

So, the chemistry facilitates sustainability frameworks by reducing the potential for harm and extending 
the life of materials.

Making BPA-Free PEIs a Reality: The Role of a CDMO

Designing a monomer is one thing; producing it reliably, at scale, is another. Scaling phenolic imides 
like BTA-PAP requires thoughtful process development – optimized imidization protocols, robust solvent 
systems, careful purification, and stability control throughout storage and shipping.

This is where Valsynthese contributes directly. With experience in:
•	 Custom synthesis of BTA, 4‑Hydroxybenzotriazole (HBTA), and cyclohexane dicarboxylic acid 

(CHDA)-based imides
•	 Route design and optimization for pendant-functionalized imides
•	 Analytical method development for QC and stability
•	 Pilot to multi-ton-scale industrial production under ISO and GMP.

Valsynthese helps its partners take BPA-free PEI concepts off the lab bench and into scalable and 
consistent commercial supply.

The result isn’t simply a safer monomer; it is a dependable ingredient that enables customers to shift 
entire product lines toward more sustainable chemistries.
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Looking Ahead: A New Generation of Polyimides

As industries accelerate toward greener materials, the real opportunity is not just replacing BPA but 
rethinking what PEIs can become. Phenolic imides like BTA-PAP open the door to new cross-linking 
strategies, improved adhesion, better optical clarity, and tailored dielectric behaviors – all while sidestep-
ping the toxicological and environmental concerns of traditional bisphenols.

When performance and sustainability align, innovation tends to follow. BPA-free PEIs built on phenolic 
imides may well define the next generation of high-performance polymers by being smarter, safer, and 
better suited to the demands of modern applications.

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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